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F1-1

PubmedZ B 1T H2BREBEX B L UVRFFERH

MEDLINE through PubMed (1,817)

1 employment [MH] OR employment [TW] OR employee*[TW]

OR employable[TW]
occupations[MH] OR occupation*[TW] OR "Occupational
Health" [MH]

#3 worker[TW] OR labor[TW] OR work[MH]

#4 vocational[TW] OR "Rehabilitation, Vocational'[MH]

#5 #1 OR #2 OR #3 OR #4

#6 depress*[ALL]

#7 behav*[ALL]

#8 "mental disorders"[MH]

#9 psych*[ALL]

#10 #6 OR #7 OR #8 OR #9

"return to work"[TW] OR "return to work"[MH] OR "return
work"[TW] OR "return to job"[TW] OR "return job"[TW]

#12 absenteeism[TW] OR absenteeism[MH]

#13 “work disability"[TW]

#14 (sick*[TW] AND (leave[TW] OR list*[TW] OR absen*[TW]))
OR "Sick Leave"[MH]

#15 "sick time"[TW]

#16 retirement[TW]

#17 reinstate*[TW]

#18 resumption[TW]

#19 retread[TW]

#20 "work status"[TW]

#21 "work ability”[TW]

#22 "comeback'[TW] OR "come back'[TW]

493 #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #18 OR
#19 OR #20 OR #21 OR #22

#24 "epidemiologic studies"[MH:NOEXP]

#25 "case control"[TW] OR "case control studies"[MH]

"cohort study"[TW] OR "cohort studies"[TW] OR "cohort
studies"[MH] OR "cohort analy*"[TW]
#27 "follow up study"[TW] OR “follow up studies” [TW]

#28 "observational study"[TW] OR “observational studies”[TW]

#29 longitudinal[TW]

430 "cross sectional'[TW] OR “cross-sectional studies”
[MH:NOEXP]

#31 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30

#32 #5 AND #10 AND #23 AND #31

-28 -

151,975

304,579

158,122
19,150
552,495
466,949
1,568,435
1,080,291
705,979

2,865,572

8,022

10,705
1,716

12,626

44
16,000
5,380
8,760
6
1,661
1,263

1,110

60,893

7,435

890,627

1,692,964

589,743
98,506
238,850

352,444

2,334,705
1,817



#1-2 PsycINFOB T 5REXB L UBRRERH

PsycINFO through EBSCO (1,416)

1 MA employment OR TX employment OR TX employee OR
TX employable
MA occupations OR TX occupation* OR MA “Occupational
Health"
S3 TX worker OR TX labor OR MA work
S4 TX vocational OR MA "Rehabilitation, Vocational"
S5S10OR S20RS30R S4
S6 TX depress*
S7 TX behav*
S8 MA "mental disorders"
S9 S6 OR S7OR S8
0 TX "return to work" OR MA "return to work"” OR TX "return
work" OR TX "return to job" OR TX "return job"

S11 TX absenteeism OR MA absenteeism

S12 TX “work disability”
S13 TX "sick leave" OR MA "sick leave"

S14 TX "sick time"

S15 TX retirement

S16 TXreinstate*

S17 TX resumption

S18 TX retread

S19 TX "work status"

S20 TX "work ability”

S21 TX"comeback" OR TX "come back"

S22 S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16
OR S18 OR S19 OR S20 OR S21

(ma “case control studies+") or (ma “prospective studies+")

S23 or (ma “cross sectional studies”) or (ma “case studies”) or
(ma “epidemiological research™)
((case or crosssectional or “cross sectional” or
epidemiologic* or observational) and (study or studies)) or
“case control*” or “case report*” or cohort* or “cross
sectional” or followup* or “follow up*” or followed or
longitudinal* or prospective* or retrospective* (ma “case
control studies+") or (ma “prospective studies+") or (ma
“cross sectional studies”) or (ma “case studies”) or (ma
“epidemiological research”)

S25 S23 OR S24

S26 S5 AND S9 AND S22 AND S25

-29 -

132,881

144,524

128,915
66,289
358,808
323,039
1,466,459
72,233
1,697,552

2,237

5,105

559
1,856

23

10,091
4,294
1,129

3
965
862
495

24,157

721,056

721,056

1,416



#£1-3 CINMHLE T2 BRFXE L VRRFBERH

CINAHL through EBSCO (759)

1 MH employment OR TX employment OR TX employee* OR TX

85,590
employable
. — . .
S92 MH occupations OR TX occupation* OR MH “Occupational 148,347
Health"
S3 TX worker OR TX labor OR MH work 104,914
S4 TX vocational OR MH "Rehabilitation, VVocational” 9,840
S5 S1 OR S20OR S30R S4 295,173
S6 TX depress* 94,370
S7 TX behav* 246,379
S8 MH "mental disorders" 365
S9 S6 OR S7 OR S8 318,462
510 TX "return to work" OR MH "return to work” OR TX "return work" 3929
OR TX"return to job" OR TX "return job" '
S11 TX absenteeism OR MH absenteeism 3,852
S12 TX “work disability” 565
S13 TX "sick leave" OR MH "sick leave" 4,036
S14 TX "sick time" 180
S15 TX retirement 11,426
S16 TX reinstate* 1,387
S17 TX resumption 796
S18 TX retread 2
S19 TX "work status" 648
S20 TX "work ability” 466
S21 TX "comeback" OR TX "come back" 730
S22 S10OR S11 OR S12 OR S13 OR S14 OR S150OR S16 OR S18 22558

OR S19 OR S20 OR S21
(mh “case control studies+") or (mh “prospective studies+") or

S23 (mh “cross sectional studies”) or (mh “case studies”) or (mh 4
“epidemiological research”)

((case or crosssectional or “cross sectional” or epidemiologic* or
observational) and (study or studies)) or “case control*” or “case
report*” or cohort* or “cross sectional” or followup* or “follow up*”

S24 or followed or longitudinal* or prospective* or retrospective* (mh 593,220
“case control studies+") or (mh “prospective studies+") or (mh
“cross sectional studies”) or (mh “case studies”) or (mh
“epidemiological research”)

S25 pt case study 186,195
S26 S23 OR S24 OR S25 732,683
S27 S5 AND S9 AND S22 AND S26 759

-30-



#1-3 EmbaseB T HRERAB L UBRRGERH

Embase (2,151)

1 employment'/exp OR employment OR emploee* OR

66,390
employable
o _— . .
occupations'/exp OR occupation* OR 'occupational 463,315
health'/exp
#3 worker OR labor OR 'work'/exp 338,753
#4 vocational OR ‘rehabilitation, vocational'/exp 21,866
#5 #1 OR #2 OR #3 OR #4 695,492
#6 depress* 562,928
#7 behav* 1,369,696
#8 mental disorders'/exp 1,506,278
#9 #6 OR #7 OR #8 2,647,018
#10 return to work. OR 'return to Yvork /exp OR 'return work 8.225
OR 'return to job' OR 'return job'
#11 absenteeism OR 'absenteeism'/exp 12,483
#12 work disability' 4,866
#13 sick leave' OR 'sick leave'/exp 4,859
#14 sick time' 47
#15 retirement 10,257
#16 reinstate* 5,868
#17 resumption 12,249
#18 retread 3
#19 work status' 1,753
#20 work ability' 1,149
#21 comeback OR 'come back’ 1,257
#10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 54936
OR #18 OR #19 OR #20 OR #21 ’
#23 epidemiologic studies'/de 142,070
#24 case control' OR "case control studies'/exp 13,090
405 cohort study' OR 'cohort studies' OR 'cohort studies'/exp 316,319
OR 'cohort analy*'
#26 follow up study' OR 'follow up studies' 49,159
#27 observational study' OR 'observational studies’ 146,830
#28 longitudinal study' OR ‘longitudinal studies' 96,910
#29 cross sectional' OR ‘cross-sectional studies'/de 288,780

#30 #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 1,062,120

-31-
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#1,817 of records
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PubMed searching
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#1,416 of records
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PsycINFO searching
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Embase searching

— >

#759 of records
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#2,395 of records
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A 4

#4,568 of records after
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#1~2,464
screened by
independent 2 reviewers
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3124 wEE EEE AR BARY TIMAL EETEER AERT FERR
. days absent during the past 30 days due Daily Drinker . OR 1.023 (NS)
French et al. 1998 USA cross-sectional 408 Emotion3
to sickness or injury Smoked cigarettes in the past year OR 1.704 (P<0.05)
20-50 years

- Positive consequences
sleep OR 0.81(0.38-1.71)
lifestyle OR 1.12(0.64-1.95)
smoking OR 1.18(0.61-2.31)
alcohol OR 0.86(0.54-1.36)

- Negative consequences
sleep OR 1.12(0.70-1.80)
lifestyle OR 0.94(0.60-1.48)

Sleep smoking OR 0.58(0.31-1.08)
» X Lifestyle (food habits, physical alcohol OR 0.76(0.37-1.60)
. positive and negative consequences of . . .
Floderus et al. 2005 Sweden cross-sectional 1,350 exercise, reading, etc.) gender and sick leave diagnosis >50 years
long-term sick leave and return to work X -
Smoking - Positive consequences
Use of alcohol sleep OR 3.73(1.38-10.06)

lifestyle OR 0.90(0.40-2.04)
smoking OR 1.21(0.42-3.48)
alcohol OR 1.22(0.54-2.74)
- Negative consequences

sleep OR 0.99(0.45-2.17)
lifestyle OR 0.55(0.26-1.12)
smoking OR 1.09(0.44-2.71)
alcohol OR 2.79(0.69-11.25)

Age, Gender, Education, Follow-up duration
Recruited through the Internet, Duration of sick Trouble falling asleep OR 0.45(0.22-0.93)
leave, Comorbid depression, Explained variance, Refresching sleep OR 2.82(1.06-7.46)

Recovery through sleep
Sonnenschein etal. 2008 Denmark 6 months 99 full return to work Trouble falling asleep

Refreshing slee
g P Exhaustion, and Partial sick leave

Age, gender, marital status, children at home,
- 14-89 abscent days

OR 0.83(0.63-1.10)
+ =90 abscent days
OR 0.70(0.41-1.19)

socioeconomic group, heavy physical work, twisted

Akerstedt et al. 2010 Sweden 2 years 8,300 return from sickness absence Disturbed sleep work posture, shift work, overtime work,
fulltime/part-time work, work demands, work
influence, social support, and fatigue

age, education, work-related factors, and self-

. Smoke cigarettes OR 1.3(0.9-1.9)
Foss et al. 2010 Norway 4 years 8,333 Long-Term (8 wk) Sickness Absence reported general, mental health, lifestyle and social
Alcohol problem o OR 2.3(1.4-3.7)
affiliation
- SAl14
Smoking RR 1.3(1.0-1.8
- 14 days of ongoing sick leave (SA14)  Smoking or using snuff sex, age, marital status, care-giving responsibilities mo- ing . ( )
. ; ) A X ) - Physical activity RR 1.6(1.1-2.3)
Glise et al. 2010 Sweden 2 years 2,683 - aperiod of 60 days of sick leave during Level of physical for children and for adult relatives, and length of SAGO
the last 12 months (SA60) activity(Moderate/intense v. Light) education

Smoking RR 1.3(0.9-1.3)
-33- Physical activity RR 1.8(1.2-2.6)




R REE EEE HRUAR 1RAE TIbALA EEERER AERETF FEHR
age, socioeconomic status, night/shift work, - Men
king, alcohol intake, bod index, physical . 72-11.
Salo et al. 2010 Finland 5 years 56,732 not returning to work after work disability Sleep disturbances SmoKing, alconol intaie, body mass index, physica HR 4.35(1.72-11.11)
activity, diagnosed somatic disease, use of pain + Women
killers, depression, anxiety, and use of anxiolytics HR 1.04(0.80-1.35)
Any sleep problems gender, age, marital status, occupational class,
" 1eep proY ) ) . ) HR 3.71(1.29-10.69)
Difficulties falling asleep working overtime, shift work, work environmental HR 3.53(1.88-6.61)
- h . ‘ k e B o 0.
Lallukka et al. 2011 Finland 8 years 5,986 Disability Retirement Nocturnal awakenings exposure, physical working conditions, computer HR2.15(1.11-4.14)
Difficulties staying asleep work, psychosocial job strain, sleep duration,
Nonrestorative slee hysiciandi ddi king, h HR 2.45(1.34-4.48)
iv
p physiciandiagnosed diseases, smoking, heavy HR 2.62(1.35-5.09)
drinking, physical inactivity, and obesity
No trouble falling asleep OR 2.93(1.53-5.62)
Sleeping all night without waking up OR
2.90(1.50-5.60)
Well-rested and not tired during daytime OR
Sandmark 2011 Sweden 34 months 233 back to work after long-term sick-listing Self-rated quality of sleep none 4.06(1.78-9.26)
Do not wake up too early in the early morning
OR 2.24(1.21-4.18)
Get enough sleep at night (46 hours/night) OR
2.69(1.42-5.08)
Holma et al. 2012 Finland 5 years 269 time to work disability pension Alcohol use disorders gender and age HR 0.99(0.44-2.26)
) ) . . age, tenure, physical and psychosocial work
. . Leisure-time physical activity ) . HR 1.34(1.02-1.77)
Quist et al. 2014 Denmark 12 months 7,401 onset of long-term sickness absence ) factors, occupational type and previous long-term
Smoking . HR 1.23(1.06-1.42)
sickness absence
s , Self- ted ski lor, Ed tion, . .24-29.
Silva-Junior et al. 2014 Brazil case-control 385 long-term sickness absence Tobacco use 286, sex, seffzreported skin color, Ecucation OR 8.08(2.24-29.19)
Alcohol intake Comorbidities, Violence at workplace OR9.07(1.05-78.12)
age, gender, number of sick leave episodes,
number of job changes, number of hospital
. . . - admissions, marital history, results of the
Morita et al. 2016 Japan 2 years 54 Time to sick leave Activity HR 3.38(P=0.018)
psychiatric symptom assessment, results of the
Social Adaptation Self-evaluation Scale score and
results of cognitive function tests
. . Heavy smoking . OR 2.86(1.11-7.38)
van den Berg et al. 2017 Netherland:cross-sectional 8,364 Sick leave 1-365 days gender, age, and educational level

>10 glasses alcohol/wk

OR 0.44(0.24-0.78)
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AHFE TR AR BT X 2 RIPRER o0 3 2 G 1E R © 72 0 0 LIS A A
B3 2 RfiiL v 2 — 2 EME L. IR ENATTEORN 21T 072, £ 3 IXHMEEM
PRI T 2 DEAE SN A DR 2 WG X T 2 A E Y £ 10 0 BREER (RCT)
PRCTORMIIL €2 —Z[FE L7z, 9 DO, BISREE., A LMREICE L TiX, k4
DI RN A DR EZ MG L 7ZRCTR U Z DRFHIL Ea—« X XTF U A
WEIN TV, HEERRZ 7 4[EE (ASD) IC2oWWTiE, CHAL B a2 —I3777E
T2b00, BEHEINERCTIZEIENTIE AL, T2AXTFI LRI fTbTnk
Dolze 2 2T, HEER =2 b 7 AEER ORGSR, A EICB L OB
KN ADHMMEZFHIES 2 & 2 HWIC, 2 ToOIFT 2 JIEAE] D 100 BREER
EMREICINE L, RN L 2 — - 22T F U U REEML 2,

TR SRR 2 AT\, THFSE O RE2474) HRE S vz, B9 E D EIAIC
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A. WHFEHI

R BT BE, RIIKIRO &b K & KT
» Y (Kessler 2003) . fEHEEIC X VRIS 2 <
LB RSN IC b BE#E 3 2 (Henderson
2011) C AR T LT3, IRERMIRI 24 < L,
BB O A 2 FET 5 2 Lk, BEARA
DB S FTHRE WG R o THEETH 2,
TS DERLD 7201 IT, FYELE ST Tlix <,
DHESNADEETH 5 2 R T LT
%

Z 2T, AR CRENOEOm T E T v
AR ERBLCRHML E o — 2 FEM L., KR
I X 2 RSSO 2 5 BN 7 DERAE & WA
ATTEDOBE 2T 0 720 BEIYICIE, ThETIC
Fith & 7z FEAE R E O fH IR (RCT) % [FE
L. FEIREGE 2 FHAEIR D 72 0 O Zh 1 72 D FEAE
SN AZREE L 72,

B. Wt9e75i%

AP ClE, EFRMEREIC X 2 REIREE O
WG EIRC B3 5 L SR e - [E 2 RTEIR O 72
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MR X 2 REIEERE 3 2 DI A1 N
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2 —DOPE AT o 720 AWK TR T 2 AL, 7
FOATEIIEEE - of ABEERIEE - MBI 72 & O
MEE. Vs —va v HRKE TR ST L,
A RECCERE, T ofth, A HIVIC L7248 T
DLHERIIN A ZRET L7z, IS 270 A
THLH, IA—TIHTENATH 32 130D

AAN

IolL, INETIATONEMETAT7372 572
TICOE, R 2= AXTF I v R%HE
L 7z, BAKIYICIZ, ASD#H otk 188, 5t o
7= DIBEDEG - D720 O LI o
ADNREHRH L T 3L TORCTEHR E L=
R E 2= AR T F )L RATH S, HEMREA
&0 AT R IREER (PR L 72 EATHIEX D DR
IR EZFET 272010, BEORHT — &4~
— ADRAZEK L 72, B IZIMEDLINE, CE
NTRAL. PsycINFO, CINAHL. Scopus. ProQu
est Dissertations & Theses, ICTRPIC 35\ T
L7z, HZEHEEL L Clid. developmental disorder
s, AspergerZ D ASDICEH ¥ % ZE. return to work,
supported employment, absenteeism, sick leave
75 & O, ERICBIT 558 . RCT2REKT %
72 ® D Cochrane highly sensitive search strategy
A A DE T2017THETHOH ISR 21T o 72 (5
FEHRD . Fanic X 2 HIRIF TD b0 72, BT,
KD T — < ICBES 2 REAIL € 2 — K
FECIRIE L 72 k2351 U 72 3CHR. ABITSE CIAE
L 7=3CHkZ 51 L 7 SCRR DO FH A f1v, BEERTSE
DEFE R E 21T o 72,

ENTETRE D RPN N ) N e S o )
YEEZHNE L2 ToLEESNNMATH Y,
WSHR 7 0 777 L, SHERRE R S NR &
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TNORRE Lz, 77 b b L ER, Bk, 13
R, My T 23 ia=r—vavAFLT
»H5,

BRICL > TRIEINAZETOWNED XA P Lk
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EIAT T IED D VERL AShigh risk T, EIfF 1 D FEikHs
HO 2 IC E TR W IR L 72, %20
B O R 132 N D FFliE 23507 L CEME L R
—H L WA IFEE L CRHii 2 E L 7,

<«

ey
n

AT

TAEABIC OV TIX, U A 27 L (risk ratio; RR)
L Z DISWISHEAX I & | HHEA T D\ T IRATHE
L7 (standardized mean difference; SMD)
L2 DISWNEHXE AR L 72, W& Lz
T, WNRE KON NICERREEER D 5 LEx
bNTTeD, BEAAIFFEICIET v X L8RET

={i1l3

N Tz, BaHRETED nREME 2 a3 5 72
Bic, it EZ B L 72, AEMEOFHEIC 1295%

BB Z Wz, 227 F Y v RiciE, Review
Manager 5.3% H\»7z,

GRADE Y 2 7 41T X % 2l
HAEINETY P LT EICGTADEY 27 A
KX BFHli 2 T2 72, T b B RO NN T A,
BROJE—EME, v 7 v 2oIElEEE, e
DA X, A4 7 A, ZhHRDOKE & D6IEH
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HIE L 72,
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AR B OER Z - XK TH 5 7-
B, W RE ST 5 AMEYEE FoRE. WHoE
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7 EICBT A MEIZAE U T, MBI c oM IR A
UZew &I L 72,

C. WroesiH
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5 Ofi. BILREE. FAKTRE. BEREA <27 b
7 LEER Y KR, BSERCEb 0%
WREREEICRE T B L T, BEA D EAE A
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2+ J LkEE (ASD) IcowTid, XEkL B a—
IFFET 52 b 0D, tlE I N/ZRCTIXEE Tl
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B ERARTF I AL TbATWidoTz,
% ZC. ASDE DRtk Bk, o7 7= ofhe
DER - WED -0 O LHEERN RN AR E
BETL T2 2TORCTZxRE L-RHFEHL
Ea— - AXTF IV REEfML 7=,
MUCHSEERO 7 v — X4 777 LkRT,
201747 H IS SRR SR % 52t L . 684 0 EELAE SRk %
Pr& . 2207DCHADNEE S L7z, X A4 oL & 1DER
2> O PRI HE % i 72 3R REIE 3 B 2 &I & 7
88HF 7 1C D & AL D F-ll & £7 V>, 8HfFFE A3 ERAIE
R 72 L Qi RSP cH Y 5
[HOWFFED IR & 72 5 72RCTIXTHFTE Rt 5R#247
AN) THotz,

WaEINMEOF L HE

K15 HEE L 7ZRCTORMEZRYT., £ToD
RCTF2012FF DRI IR T T 7z, IR 134
MR Ic BT 10U, 25 CliEM s T
WRWEAL R CIRER I T and LIk
BEE 1 7 Jé T IS 8 2 BN TIIFSE Tk 7 Hh o i
A W AE, JEER. B S i A M & %
nNTwiz, T 5 5, 3W5EIIT 3% 7' m 7

7 LR EFHEE N TEB Y AR IR D29
DAIa=FT—vaV/AFLIL—=V7ZORRE
SR X AT 72, 3T DA ALFIFE X 7=/ A
BHICk o TEMI N ANTEIZT 2 -2 PR~
FEHER F A4 2T X o TEBEI N Tz,

- A DA

ISR 7 0 7T L ORISR Ml L 72 3058 D
55, 1% (Gentry, 2015) (ZfEFEDO YV <=4 v
= fLFOY R4 TR - T HIC X B1{E
L. fTHIWHCEEEL, Yava—FLoas
Az —vavhbhbAv— b7y vy HERF
NAZRERI2T w77 LTHY | 15
(Wehman, 2017) &, HRFED 7DD R F A2 H
. MO W L W, EISHITTEN TR
F BNl a ==y a v RFALEELIS
Ao7 w277 5CHBSEARCH B Y =7 b

b 5 1098 (Hagner, 2012) (27— 7 coil
e Axy 7Ic kAN EHLE Lz HEE - 857
BoORE & FHBOFITIC X 2BIMEI 2 5 R 2R
ER DD AT T v 7T LTH 57z,
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Records identified through
database searching n=2891
(CENTRAL: n=83;
MEDLINE: n =566;
PsycINFO: n=560
Scopus: n=1100;
CINAHL: n=264;
ProQuest Dissertations &
Theses: n=318)
ICTRP (n =35)

Records screened after

From other systematic reviews
(n =6)

duplicates removed (n = 2207)

hd

Full-text articles assessed for
eligibility (n =88)

Excluded after initial screening
of titles and abstracts (n =2119)

h 4

Full text articles excluded (n=80):
Different population (n=47)
Different intervention (n=5)
Non-randomized design (n=15)
Review (n=2)

Duplicates (n=6)
Researches not for employment (n=4)
Other (n=1)

hd

Ongoing study (n =1)

Studies included in
guantitative synthesis (n =7)

Fy

synthesis (n =7)

Studies included in qualitative

hd

hd

Studies of vocational
supports included in
quantitative synthesis
(n =3)

Studies of communication
skills included in
quantitative synthesis

(n =4)

X1. ARBROT0—F AT 7T A
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Ila=F—vavAFEALIL—=VZOME
ZEHMl L 72405809 b, a v B2 — XX T Ly
MRV AZIT 2 72D IE3W5E72 - 72, U
¢ (Strickland, 2013) X [HK D 2 (EFHORIE ||

Mtz RoT 2. [9i992]) . [MEFEzid
2], MEFcET oty 7] w3500
kv avhrohdbavta—XEH0zv LT
AT A TR 7 v 77 F L0 1098 (Smith,
2014) IHEFECHEIC R DAL MPBETD ST
—vVRICEREY T, KRN DD D
ava— XM REBREREA v 22—
JIFE. 1592 (Hayes, 2015) (ZEFALDE T &,
SMEBEBICET DT A2 HWIzA~—1 7
VR T AL R X B T u s T A, 1%
(Morgan, 2014) 33l e — L 7L A4 €T+ 7
4 =Ky 7 T—LDHEEEE
O, RO I B E R FERAN Bt R F LD m
EEEME Lz, 20— NHADPEHE E T 7z

7L —,

WEINTMEDOANATRADY R
NATZDY A7 OFHl DR K2, 31N T,
2fff%¢ iXsequence generation TIK Y R 7 & Gl X
{17z, allocation concealmentiC D ¥ FL#E X 11T\
eI D 5 72, SRIEE LW cfrbiik
L9 BRI A A TR RE KON AEZE~D
774 v MUIEREECcH 5720, £TOMREICE
\»Chlinding participants and personnelid & U A
27 Cd - 7=, blinding assessoriZBI L Tlx. 25
T 7 74V MERRINTwE T ERMEIN
29 CIIANEA, 2t Cldm Y R 7 T
» o 7z, incomplete outcome datalZ D\ T i, 4fff
FTEY 227, 2R TAY, R TR 22T

» o 7=, selective outcome reporting |3 252 T U

T W7z 235,

A7 AR TAHL, IR CE Y R TH o T,
Treatment fidelitylZ 2\ CTlid, W TEY 2 27,
MR CTAHTH o2 DA T RADY X F 1D
WTiE, 12Dt TO AN RE D 2E T v Y
—INTEVEI) RAZ THo7208, T TIE
Ky =27 THotz,

A DN H

W EOH G LT S DR & B
L. alazyr—vavAFALbL—=
v 7 DRhE & G L 722 TR S LTz,
Project SEARCH X (NASD X & % 17 - 723541331
ANHF28 AR THFERICHT L Tzt L, @5
FREEABE 70 77 L EfT o B TI323 AH1
ANDHRTHoT2, T Ia=F—avVAFLIL
— =V OMR R L7220 X 2T F )
VAEIToMER, ala=s—vavAF b
B TR o 72861t
RTEEHHE DEE DRRIZ2.2TTH - 7208, AEAE
72 > 72 (95% (FHIX[E0.73-7.07) ([X14).
GRADEFHfiic X 2 =5 v 208 1%, ##EfED
RIEEfEE L A4 T ATlIT 2D 7L —F Xy
VEMBRDOREXITIZL—FT v IO hEED
B LCHIEL 72

Gentry (2015) H DO TIX, A~v—F 7 1V
BRI 75 4 20T X 297 KRl 122 D/ A
ERICIF62.5 T 23 1R HIMYT TE Tz dicxf L,
delayed intervention#¥ € (3:59.4 £ 16.6 K¢ ft] D 5t

I oWl

L—= v 7 %{To7-5

HTHoTz, T2, Aw—F 74 VEER T4

Ck M XEECERRZEON ABERZD
Supports Intensity Scale (SIS)%329.7+10.9T» -
- i it L. delayed interventionBd % 2 7 i
33.3F11.4TH > Jeo BLHTICSIRZ T L NI,
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A=+ 7 VIR T N I X AR
077 LT3 HDM A TRICHICT.6E
3.2 TH o =D ITx} L, delayed intervention#F
TIZH16.6 75K TH > 72, ERICOWTIE]
W5t (Wehman 2017) CTH##i S TH Y| Project
SEARCH & FASD R % 1T » 72 BECTI 1R I 1T
Rif58.6 L2 9US KA TH o = DITHT L. BEEFI
FrRlE 7 v 777 Lk T o 72 8F CIE KRG 0.6 £
24USFALTH o 77,

AT 24 v A v a—RaTIiconTit,
SR CRHi TN THEY  AXTF Y L A %{To 7
MR, 2lazr—vavixFrtL—=vr%
To 72583 fTbhr > 25E IR, ARICR
a7 23E kL Twz (SMD 0.56, 95%15 X i
0.05-1.06) (X5) ., GRADEFHliic X 2 =& F v
ADHEIL, HFRDNA T R L HEEMDORIERE S T
1F20 7L —FXy v RO REEITIZ L —
N7y 7, hEEOH LHMTL 7%,

RIS HEIC & 228l&. HERE Cichrror
IRl % S L 72981 7 20 o 72,
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K1 & LI AR OR

Age_ complete
mean Format of interve follow- ininter-
Study, women diagnosi diagnostic intellectual  participants interventi treatment ntion up from vention
region N (%) s criteria level conditions ons Interventions Control frequency period baseline group main outcomes
1.Studies of vocational supports
Gentry Intervent 24 ASD *(school record 6% beyond all worked in smartpho smartphone-like portable device based vocational 12 weeks every work day 12 24 26 coaching support
(2015)  ion or medical high school, competitive ne-like  support included: (1) task reminders, (2) task delayed weeks weeks (92.9%) hours, support
USA 28 8 report) 68% high employment portable lists, (3) picture prompts, (4) video-based task-  intervention intensity
Control (16%) school settings device sequencing prompts, (4)behavioral self-
27 diploma, management adaptations, (5) way-finding tools,
24% high (6) communication with the job coach
school
certiicate,
2% less than
high school
Wehman Intervent 19.8 Autism from a previous no students trained  Project SEARCH (PS) plus Autism Spectrum special 10-12 week 9 21 29 employment,
(2017 ion 71%, medical information staff Disorder Supports. PSis an intensive 9-month  education internships months months (93.5%) wage, support
USA 31 14 PDD- diagnosis by a job training program, including internships program as (approx. 720 hours, worked
Control  (25.9%) NOS qualified health learning marketable skills, 180hrs of classroom  determined  hrs) and hours, support
23 18%, care provider time, collaboration between multiple community by their classroom time intensity
Asperge and/or the partners to support students. This study added Individualize (180hrs)
r 8% identification structure and intensity of the learning d Education
on the experiences by ensuring the use of applied Plan
individual’s behavior analytic techniques, in addition to
Individualized increasing the specific social communication
Education Plan skills. We adjusted instructional and behavioral
(IEP)) plans based upon the review and analysis of data.
Hagner Intervent 17.6 ASD The Autism no high school  four a family-centered transition planning project on 1 year Once amonth 9 12 no data student and
(2012)  ion Diagnostic information  students fulltime the transition Individualized Education Plans delayed for group months months family
USA 24 2 Observation staff who consisting of (a) group training sessions for intervention training expectations, self-
Control  (4.3%) Schedule were families in the transition process, (b) person- sessions for determination,
23 master’s- centered planning meetings facilitated by project families and 2.5 and career
level staff, and (c) follow-up assistance with career hrs per week for decision-making
professio exploration and plan implementation career ability
nals exploration
activities
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2.Studies of communication skill training

Hayes
(2015)
USA

Intervent 18 ASD
ion
8 2

Control 7 (13.3%)

diagnosis in
their school
records
receiving
transition
services from a
public school

system
Strickland Intervent 18  high —
(2013)  ion functioni
USA 11 0 ng
Control autism
11 or
Asperge
r's
Disorder
Morgan Intervent ASD DSM-IV-TR
(2014)  ion
USA 13
Control
15
Smith Intervent 24.2 ASD T-score of 60 or
(2014)  ion higher using
USA 16 parent and self-
Control report versions
10 of the Social

Responsiveness
Scale, Second
Edition (SRS-2)

Be able to
speak and
perform
duties related
to a variety of
job functions

but high
functioning
autism or
Asperger’s
Disorder

above 70

at least a 6™
grade reading
level

studentsin  smartpho
high school or ne-like
graduated portable
high school  device
but still

receiving

services from

the transition

program

between the
ages of 16 and
19 years,
mean years of
school
completed
11.2

computer

Student 48%, group
unoccupied  meeting
52%,

employed

22%

adult computer
unemployed software
or or via the
underemploy internet
ed (e,

working less

than half time

and looking

for additional

work)

smartphone-like portable device applicationto  no

watch peer model videos as well as record their intervention
own videos in response to system-delivered
prompts. at the end of

the study)

a multimedia employment training program that no

offers five sections of “Determining Career intervention
Interests,” “Finding a Job,” “Getting a Job,”

“Keeping a Job”, and “Other Job Topics” like

“Leaving a Job.”

low-intensity group-delivered intervention waitlist

aimed at increasing social-pragmatic skills with
an emphasis on those essential to a successful job
interview including discussion, role-play, video
feedback, peer review, and games.

Virtual Reality Job Interview Training designed treatment as
to improve job interview performance by usual
targeting job relevant interview content and

interviewee performance

used VidCoach 1 1
on average 2.02 months months

7(87.5%) Mock Job
Interviews

(given the app times per day

once 30-min 30 7days 11 responses to

virtual practice minutes (100%)  interview

session questions,
behaviors related
to greetings and
farewells

weekly 90-min 12 12 12 Mock Job

meetings weeks weeks (92.3%) Interviews

five 10-hrs 2 weeks 6 (91.3% Role-Play

months session Performance
attendan Total Score, Job
ce) interview self-

sessions within

atwo-week

period
confidence

Abbreviations: ASD = Autism spectrum disorders; PDD-NOS = Pervasive Developmental

Disorder - Not Otherwise
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Fandom sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Treatment fidelity

Other bias

501% 7A%  100%

P
ol
-2

0%

B Lovw risk of hias [ Junciear risk of bias Bl Hioh risk of bias

K2 NRALTADY ZA7 DEE

Allacation concealment (selection hias)
Selective repaoring {reporing bias)

=
=
)

Gentry 2015

- . Treatment fidelity
Other hias

) . Random sequence generation (selection bias)
)

=

Hagrner 2012

= . . Blinding of paticipants and persannel (performance hias)

= . . Blinding of autcome assessment (detection hias)

) . . Incomplete outcome data (attrition bias)

L]

Hayes 20146 | F 7

Morgan 2014 | 7 7

Smith 2014 | (2 | 2 @ >
LAk
@ -

X3. NATADIYR7DY<Y—

Strickland 2012 72 [ 2

=

wehman 2017 | @ | 2

-46 -



Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Evenis Total Events Total Weight IV, Random, 95%Cl Year [V, Random, 95% CI
Communication skill training
Smith 2014 B 16 2 10 727% 2.801[0.66,9.48] 2014 .
Hayes 2014 i g 1 T 27.3% 1.Fa[0.20,15.41] 2014 &
Subtotal {(95% Cl) 24 17 100.0% 22T [0.73,7.07] -*—
Total events 10 3
Heterogeneity: Tau®=0.00; Chif=0.08, df=1(P=078); F=0% : ! : |
Testfor overall effect Z=1.41 (P = 0.16) 0.01 0.1 10 100
Favours [control]  Favours [experimental]
M4, 74 VAR Fay b RFEEOEE
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 895% Cl Year IV, Random, 95% CI
Mock interview score
Maorgan 2014 208 28 12 188 313 12 37.3% 064 [017,1.48] 2014 i
Hayes 2014 3.03 0319 8 286 0839 T248% 019082, 1.21] 2014 =
Subtotal (95% CI) 20 19  61.9% 0.47 [-0.17,1.11] —~ouliii—
Heterogeneity: Tau®=0.00; Chi*= 047, df=1 (F=0.449); F=0%
Testfor overall effect: =143 (F=0158)
Other scales (Interview SKills Rating Instrument & VR-JIT performance scores)
Strickland 2013 1] n 1] 1] 0 1] Mot estimable 2013
Srnith 2014 27 87 16 2845 f.1 10 381% 063012 1.91] 2014 i
Subtotal (95% CI) 16 10 381% 0.69 [-0.12, 1.51] e
Heterogeneity: Mot applicable
Testfor overall effect. Z=1.67 (F=0.10)
Total (95% CI) 36 29 100.0% 0.56 [0.05, 1.06] .
Heterogeneity, Tau®= 0.00; Chi*= 0.65, df= 2P =0.72); P= 0% 52 51 T 15 é

Testfar averall effect: Z= 216 (P=0.03)
Testfor subgroup differences: Chif= 018, df=1 (P= 067, F=0%

X5 ZxVAMTuay h:ala=kl—aliREORaT
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DS D TR 572, % 2 THEL ASDEFITH Lk
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X7 o 72, SRIIIRCER. EiCE col
W&, BIRICERRT Y b h L% L7208
SN A% T 2RCTOEEALE TN S,
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CENTRAL=%Scopus. PsycINFOITHI 2. 2267303
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ASDE DY, B D 720 D ADIhEZ ST L
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E. fifidf

ARIFFE TIXASDE ICHETT D 72 2 O L EfE R
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SEER  REX 30

31
MECLINE (via Ovid) 32
1 exp child development disorders, perva 33
sive/ 34
2 Developmental Disabilities/ 35
3 pervasive development$ disorder$.tw. 36
4 (pervasive adj3 child$).tw. 37
5 (PDD or PDDs or PDD-NOS or ASD 38
or ASDs).tw. 39
6 autis$.tw. 40
7 asperger$.tw. 41
8 kanner$.tw. 42
9 childhood schizophrenia.tw. 43
10 or/1-9 44
11 exp Occupational Therapy/ 45
12 exp Occupational Diseases/ 46
13 exp Occupational Medicine/ 47
14 exp Disability Evaluation/ 48
15 exp WORK/ 49
16 return to work.mp. 50
17 occupational therap$.mp. 51
18 occupational intervention$.mp. 52
19 supported employment.mp. 53
20 employment.mp. 54
21 vocational rehabilitation.mp. 55
22 work capacity evaluation.mp. 56
23 vocational guidance.mp. 57
24 absenteeism.mp. 58
25 occupational health services.mp. 59
26 occupational health.mp. 60
27 unemployed.mp. 61
28 employed.mp. 62
29 unemployment.mp. 63

-51 -

re-employment.mp.
sick leave.mp.

sick$ absence.mp.
retirement.mp.
disability pension.mp.
occupation$.mp.
job.mp.

vocational.mp.
employability.mp.
employable.mp.
employee*.mp.
retirement.mp.

work status.mp.

work ability.mp.
workability.mp.

work activity.mp.

work retention.mp.
job retention.mp.

job loss.mp.

job performance.mp.
work rehabilitation.mp.
or/11-50

randomized controlled trial.pt.
controlled clinical trial.pt.
randomized.ab.
placebo.ab.

drug therapy.fs.
randomly.ab.

trial.ab.

groups.ab.

or/52-59

exp animals/ not humans.sh.
60 not 61

10 and 51 and 62



31

32
PsycINFO (via Ovid) 33
1 exp pervasive developmental disorders/ 34
2 Developmental Disabilities/ 35
3 pervasive development$ disorder$.tw. 36
4 (pervasive adj3 child$).tw. 37
5 (PDD or PDDs or PDD-NOS or ASD 38
or ASDs).tw. 39
6 autis$.tw. 40
7 asperger$.tw. 41
8 kanner$.tw. 42
9 childhood schizophrenia.tw. 43
10 or/1-9 44
11 exp Occupational Therapy/ 45
12 exp Disability Evaluation/ 46
13 return to work.mp. 47
14 occupational therap$.mp. 48
15 occupational intervention$.mp. 49
16 supported employment.mp. 50
17 employment.mp. 51
18 vocational rehabilitation.mp. 52
19 work capacity evaluation.mp. 53
20 vocational guidance.mp. 54
21 absenteeism.mp. 55
22 occupational health services.mp. 56
23 occupational health.mp. 57
24 unemployed.mp. 58
25 employed.mp. 59
26 unemployment.mp. 60
27 re-employment.mp. 61
28 sick leave.mp. 62
29 sick$ absence.mp.
30 retirement.mp.
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disability pension.mp.
occupation$.mp.
job.mp.
vocational.mp.
employability.mp.
employable.mp.
employee*.mp.
retirement.mp.

work status.mp.

work ability.mp.
workability.mp.

work activity.mp.
work retention.mp.
job retention.mp.

job loss.mp.

job performance.mp.
work rehabilitation.mp.
or/11-47
random$.tw.
factorial$.tw.
crossover$.tw.
cross-over$.tw.
placebo$.tw.

(doubl$ adj blind$).tw.
(singl$ adj blind$).tw.
assign$.tw.
allocat$.tw.
volunteer$.tw.
control*.tw.
"2100".md.

or/49-60

10 and 48 and 61



CENTRAL (The Cochrane Library)

1 [mh "child development disorders, perv
asive"

2 [mh "Developmental Disabilities"]

3 pervasive development® disorder*

4 (pervasive near/3 child*)

5 (PDD or PDDs or PDD-NOS or ASD

or ASDs)

autis™®

asperger*®

kanner*

childhood near/1 schizophreni*
10 {or #1-#9}

O© & N O

11 [mh "Absenteeism"]

12 [mh "Sick Leave"]

13 [mh "Employment"]

14 [mh "Unemployment"]

15 [mh "Occupational Health"]

16 [mh "Occupational Health Services"]
17 [mh "Occupational Medicine"]
18 [mh "Rehabilitation, Vocational"]
19 Occupational Therapy

20 Occupational Diseases

21 occupational intervention$

22 ((sick* NEAR/3 leave) or (sick NEAR/
3 list*) or (sick NEAR/3 absen*)):ti,abkw

23 (return* NEAR/3 work*):ti,ab,kw

24 “work disability” or employment or “r
e-employment” or unemployment or unemploye
d or employability or employable or employee*
or “work capacity” or “retirement” or “work s
tatus” or “job satisfaction” or “work ability” or
workability or “work activity” or “work retentio

n” or “job retention” or “job loss” or “job perf

ormance” or “work rehabilitation”

25 ((sick* or absen*) AND (workplace or
(work NEAR/2 related) or occupation* or jo
b)):ti,ab,kw

26 disability pension

27 {or #11-#26}

28 #10 and #27

CINAHL

S51 S9 and S39 and S50

S50 S40 OR S41 OR S42 OR S43 OR $S4
4 OR S45 OR S46 OR S47 OR S48 OR S49

S49 TI ( (control* or prospectiv* or volunt
eer*) ) OR AB ( (control* or prospectiv* or v
olunteer*) )

S48 (MH “Prospective Studies”)

S47 (MH “Evaluation Research+")

S46 TI random™ OR AB random™*

S45 TI placebo* OR AB placebo*

S44 (MH “Placebos”)

S43 TI ( ((singl* or doubl8 or tripl* or tre
bl*) N24 (blind* or mask* or dummy*)) ) OR
AB ( ((singl* or doubl8 or tripl* or trebl*) N
24 (blind* or mask* or dummy*)) ) OR SU (
((singl* or doubl8 or tripl* or trebl*) N24 (bli
nd* or mask* or dummy*)) )

S42 TI (clin* N24 trial*) OR AB (clin* N
24 trial*)

S41 (MH “Clinical Trials+”)

S40 PT clinical trial

S39 S10 OR S11 OR S12 OR S13 OR S1
4 OR S15 OR S16 OR S17 OR S18 OR S19

OR S20 OR S21 OR S22 OR S23 OR S24 O
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R S25 OR S26 OR S27 OR S28 OR S29 OR
S30 OR S31 OR S32 OR S33 OR S34 OR S3
5 OR S36 OR S37 OR S38

S38 TI vocational OR AB vocational OR S
U vocational

S37 TI Job OR AB Job OR SU Job

S36 TT Occupation® OR AB Occupation*®
OR SU Occupation

S35 TI Disability pension OR AB Disabilit
y pension OR SU Disability pension

S34 TI retirement OR AB retirement OR
SU retirement

S33 TI Sick* absence OR AB sick* absenc
e OR SU sick* absence

S32 TI Sick leave OR AB sick leave OR S
U sick leave

S31 TI unemployment OR AB unemploym
ent OR SU unemployment

S30 TI employed OR AB employed OR S
U employed

S29 TI unemployed OR AB unemployed O
R SU unemployed

S28 TI occupational health OR AB occupat
ional health OR SU occupational health

S27 TI occupational health services OR AB
occupational health services OR SU occupatio
nal health services

S26 TI absenteeism OR AB absenteeism O
R SU absenteeism

S25 TI vocational guidance OR AB vocatio
nal guidance OR SU vocational guidance

S24 TI Work capacity evaluation OR AB
Work capacity evaluation OR SU Work capacit

y evaluation

S23 TI vocational rehabilitation OR AB vo
cational rehabilitation OR SU vocational rehabi
litation

S22 TI employment OR AB Employment
OR SU Employment

S21 TI Supported employment OR AB Sup
ported employment OR SU Supported employ
ment

S20 TI Occupational intervention®* OR AB
Occupational intervention® OR SU Occupation
al intervention*

S19 TI Occupational therap* OR AB Occu
pational therap* OR SU Occupational therap*
S18 (MH “Occupational Therapy+")

S17 (MH “Disability Evaluation+")

S16 (MH “Work”)

S15 (MH “Sick Leave”)

S14 (MH “Rehabilitation, Vocational+”)
S13 (MH “Occupational Health+")

S12 (MH “Employment+")

S11  (MH “Job Re-Entry”)

S10 (MH “Job Performance”)

S9 S1 OR S2 OR S3 OR S4 OR S5 OR
S6 OR S§7 OR S8

S8 (MH "Developmental Disabilities")
S7 childhood schizophren*

S6 Kanner*

S5 Rett*

S4 Asperger*

S3 (autis* or ASD or ASDs)

S2 (pervasive development* disorder* or P
DD or PDDs)

S1 (MH "Child Development Disorders,

Pervasive+")
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Scopus

(TITLE-ABS-KEY("development* disorder*" O
R "development* disabilit*" OR (pervasive W/3
child*) OR (PDD or PDDs or PDD-NOS or
ASD or ASDs) OR autis* OR Asperger* OR k
anner* OR “childhood schizophrenia”))

AND

(TITLE-ABS-KEY (“Occupational Therapy” OR
“Occupational Diseases” OR “Occupational Me
dicine” OR “Disability Evaluation” OR “ retur
n to work” OR “occupational therap*” OR “oc
cupational intervention*” OR “supported emplo
yment” OR employment OR “vocational rehabi
litation” OR “work capacity evaluation” OR “v
ocational guidance” OR absenteeism OR “occu
pational health service*” OR “occupational heal
th” OR unemployed OR employed OR unempl
oyment OR re-employment OR “sick leave” O
R “sick™ absence” OR retirement OR “disabilit
y pension” OR occupation* OR vocational OR
employability OR employable OR employee O
R retirement OR “work status” OR “work abili
ty” OR workability OR “work activity” OR “wo
rk retention” OR “job retention” OR “job loss”
OR “job performance” OR “work rehabilitatio
n” ))

AND

((INDEXTERMS ( "clinical trials" OR "clinical
trials as a topic" OR "randomized controlled tr
1al" OR "Randomized Controlled Trials as Topi
c" OR "controlled clinical trial" OR "Controlled

Clinical Trials" OR "random allocation" OR "

Double-Blind Method" OR "Single-Blind Meth
od" OR "Cross-Over Studies" OR "Placebos"
OR "multicenter study" OR "double blind proc
edure" OR "single blind procedure" OR "cross
over procedure” OR "clinical trial" OR "control
led study" OR "randomization" OR "placebo"))
OR (TITLE-ABS-KEY (( "clinical trials" OR "
clinical trials as a topic" OR "randomized cont
rolled trial" OR "Randomized Controlled Trials
as Topic" OR "controlled clinical trial" OR "C
ontrolled Clinical Trials as Topic" OR "random
allocation" OR "randomly allocated" OR "alloc
ated randomly" OR "Double-Blind Method" O
R "Single-Blind Method" OR "Cross-Over Stud
ies" OR "Placebos" OR "cross-over trial" OR "
single blind" OR "double blind" OR "factorial
design" OR "factorial trial"))) OR (TITLE-ABS
(clinical trial* OR trial* OR rct* OR random*
OR blind* )))

ProQuest Dissertations & Theses A&I
all(("development* disorder*" OR "development
* disabilit*" OR (pervasive NEAR/3 child*) O
R (PDD OR PDDs OR PDD-NOS OR ASD
OR ASDs) OR autis* OR Asperger* OR kann
er* OR "childhood schizophrenia"))

AND

all(("Disability Evaluation" OR "return to work
" OR "occupational therap*" OR "occupational
intervention*" OR "supported employment" OR
employment OR "vocational rehabilitation" O
R "work capacity evaluation" OR "vocational g

uidance" OR absenteeism OR "occupational he
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alth service*" OR "occupational health" OR un
employed OR employed OR unemployment O
R re-employment OR "sick leave" OR "sick* a
bsence" OR retirement OR "disability pension”
OR occupation®* OR vocational OR employabili
ty OR employable OR employee OR "work sta
tus" OR "work ability" OR workability OR "wo
rk activity" OR "work retention" OR "job reten
tion" OR "job loss" OR "job performance" OR
"work rehabilitation"))

AND

(SU("Treatment Effectiveness Evaluation") OR
all("Treatment Outcomes”" OR "comparative
stud*" OR (evaluat* NEAR/3 stud*) OR ((singl*
OR doubl* OR trebl* OR tripl*) NEAR/3 (blind*
OR mask*))) OR ti(randomized OR randomised
OR randomly OR trial OR groups) OR
ab(randomized OR randomised OR randomly OR
trial OR groups))
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=V 7 XD OAEICHBEARERb DL
L CTRR2.5), % 7= BREARER 285 o
KRy 7 X0 S AERICD B Okl 6E
PEx A EE#72(RR9.0), TZTWw)
IPS & 1L KE TR & N BT 2 EH
DETAD1DTHY, O 72T
DRGFHEEF N R, @mtd7 Sz & AT
YAy P LY —E R, QBtEN
JEMI 2 HAR. Ot fREEDOMERE, Gl
75 KIBIEE) . ©HERLRY 72 8 & SCHE . DR
A2 BHFRATE. @B T — e R 13F]
H#EOFRENER I NS FORE % FF
D2HDTH 5,

flhd 12 KO ZMHIL €2 — i3, »
b 5 DR IGREE O — g iR R IC
X 2 NEE O EB A ARz ko723 D
THo72., 9 b, AMSTAR2 ic X B 5
DEFHEI CE A E W L FHEi X ., F i
EOWMIEICE TN RCT o&#k% L T
W3 EEZbILs Arends 20123,
Nieuwenhuijsen 20142, van Vilsteren
20152, Doki 2015%, Nigatu 2016
WT, 2TZTlEELED B,

Arends 2012° | 3@ G IR E I X 2 IRERE
o7z 1I0RCT 2 &KL, RETTEHE
% (cognitive behavioral therapy : CBT)

1D

& [REfF L% (problem solving therapy:

PST) b ZiTh i & ik L
7z. CBT, PST &z Z 1 2RCT %
LDOIET VARG L N2, PST Tl
WO EBE coMM2 17 HEMEL 72
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ERRCIIAEEN L, £
CBT THhHAEEVR NG D 5T,
Nieuwenhuijsen 20142 (3 5 24§ 5 >
K& IC X 2 RE 24> 72 23RCT 2 &
B ALFERAN AN AT ZNETDR W
Sty & IR L CONMEE ORISR S S 5
Z & & L (BEHE(L B 4 X 0 SMD -
04), FHEBBELERL LEERT w7
7 L3N S R (SMD 0.45), i
A4 v 74 v CBT I3/MEE(SMD 0.2)
DINRPEH B %N LTz, LaL,
2RCT %R L 7= X 2 fftr <z, FlE%
B CIREH AN AR IR S N o
720

van Vilsteren 2015'2, Doki 2015" 1%
Arends & &8k L 72 RCT 2HE L T3
720, T TIREIET S,
Nigatu 2016 (27 7 v 1L 2 —

DD, FER

Tl
Wb DD Prospero ICEFRT 574k L (&
x5 1 CRD42016033092) 27 Y & 1X
L0 AREFDI ORI EIC X 21K
W#%%»7- 16 RCT 2EM L 7z, CBT
© PST, = — v v 7 HigL REE o Kt
BEMNAE —DICE LT A R T %
fTofz 2h, HBRIIAEEED L,
TEAREIRE <O ARE 161 Hickt
U CRHERE 162 H, INEPEE 13 H L
BEICHMEERD T,

TN = B2 — 0 XL - T T
Eomfie LT, SRMIL E 2 —ik



RaER L 72 X 2@ Tl 7 VR BREBHE, TP LERICHKE AR
ZRHHE L CTWz 23, FRML E2—T HMEx R, BEEHN A 2 g File T
BH L 7z—XWEomse T 4 v ik MEKEIT) 2L I3 TERDP o7,
MOBIE BT, WRE LzEE, A -
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Study Included Included study Limited Diagnosis and Tool for Collected variables | Comparison Outcomes
name databases design selection of | status required assessment of for exposure or group
studies (if for inclusion methodological | intervention
any) among quality
participants
Investigating factors associated with RTW
Lagerveld | PubMed, No restrictions to Studies Depression 10-item Gender, age, Work Mixture reports of longitudinal
2010* PsycINFO, study design, and 9 written in diagnosed by an checklist education, marital participation and cross sectional data led to
Scopus longitudinal English only | expert or based on | designed of the | status, history of including speculate if a factor influenced
observation (Dewa a well-defined study, covering | sick leave, low self- | absence from | on work disability and work
2002, Laitinen- cut-off score for study esteem, hopeless work, and performance, thus have to say
Krispijn 2000, Rystala depressive population, data | about future, low work inconclusive.
2007, Simon 2000, symptoms analysis, data social functioning, functioning
Druss 2001, Lerner presentation and | higher neuroticism, | including
2004)Sanderson 2007, statistical power | more external locus | work
Adler 2006, Michon of control, limitations
2008) and 16 cross- alcoholism, social
sectional studies were adjustment, social
included support, living are,
income level
Cornelius | Medline, 7 longitudinal cohort Published Sick leave or According to Various baseline No quantitative data, but older
20115 PsycINFO, studies with follow-up | only from receiving 16-item quality | characteristics age (>50) was concluded to be
EMBASE, of 1 year or more 1990 to disability benefit assessment for associated with longer time to
CINAHL, (N=7116, 2009 and due to poor prognostic RTW in strong evidence. In
Business Brennninkmeijer limited to mental health at studies limited evidence, personal
Source 2008, Engstorm 2007, | papers in baseline recommended factors (gender, education,
Premier Nieuwenhuijsen 2003, | English by Altman, all history of previous sickness
Nieuwenhuijsen 2004, | language studies were absence, negative recovery
Nieuwenhuijsen 2006, | only deemed high at expectation, socioeconomic

Nieuwenhuijsen 2010,
Vaez 2007)

scores ranging
from 13 to 16
points.

status), health related (stress-
related and shoulder/back pain,
depression/ anxiety disorder)
and external job-related
factors(unemployment, quality
and continuity of occupational
care, supervisor behavior) were
concluded to be associated with
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longer time to RTW.

Ervasti PubMed, 13 cohort studies Not stated Unable to work Cochrane RoB Various baseline The pooled estimates were
20176 Embase (N=36459, Dewa due to depression. | took, additional characteristics derived from 2 to 5 studies
2003, Nieuwenhuijsen Sick leave mainly | 7-item checklist RTW: older age (RR 0.95
2004, Koopmans due to common for cohort (0.84-0.87); somatic
2008, Kronstrom mental disorders studies, comorbidity RR 0.80 (0.77-
2011, Hogelund 2012, other than GRADE 0.83), psychiatric comorbidity,
Hees 2012, depression were RR 0.86 (0.83-0.88); more
Nordenskjold 2013, excluded severe depression (RR =0.96,
Ogawa 2013, Ebrahim 95% CI 0.94-0.98) ; personality
2013, Vemer 2013, trait conscientiousness with
Lammers 2015, FPS higher, RR 1.06 (1.02-1.10)
2016, FPS 2016) While older age and clinical
factors predicted slower return,
significant heterogeneity was
observed between the studies.
Nigatu Medline, 18 cohort studies Not stated Absent from work | Newcastle- Various baseline Full RTW: age (older), HR 0.77
20177 PsycINFO, (N=24664, Laaksonen due to common Ottawa Scale. characteristics (0.65, 0.88); sex (women), HR
EMBASE, 2015, Lammers 2006, mental disorders Full score was 0.93 (0.74, 1.12); education
Prospero SocINDEX, | Hees 2002, Brouwers including 10, and all the (high), HR 1.04 (0.96, 1.13);
registered | Open Grey, | 2009, Prang 216, depressive studies had the Household persons (>1), HR
(CRD420 | Human Gustafsson 2013, de disorders, anxiety | score between 7 0.96, (0.73, 1.19); depression
16033088 | resource and | Rijk 2009, Oyeflaten disorders, OCD, and 9. (yes), HR 0.99 (0.84, 1.15);
) managemen | 2014, de Rijk 2008, PTSD, or self-rated health (bad), 0.80
t databases Landstad 2009, adjustment (0.54, 1.07); contact with
Ekberg 2015, Wahlin disorders medical specialists (yes), 0.64
2012, Netterstrom (0.49, 0.80); RTW self-efficacy
2010, Netterstrom (high), HR 1.79,(1.24, 2.33);
2015, Virtanen 2011, prior sickness absence (yes,
D’Amato 2010, van <365 days), 0.84 (0.42, 1.26);
Beurden 2015, high work ability or low work
Audhoe 2012, demands (1.08 (1.06, 1.11);
Nieuwenhuijsen relationship with colleagues
2004) (good), 0.97 (0.95, 0.99)
Blank Medline, 9 cohort studies Published Not clearly stated, | Not stated Various baseline Preventing factors from RTW
20088 CINAHL, (Barmby 2001, only from but people characteristics were discussed, but no
PsycINFO, Stansfeld 1999, 1985 to suffering episodes quantitative data were provided.
EMBASE, Jenkins 1985, 2005, and in | of poor mental Some factors introduced were:
OSH-ROM, | Nieuwenhuijsen 2004, | English health and in sick work related factors (company
Assia, Web | Laitinen-Krispijin leave sick pay, lower word grade,
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of Science,
CINAHL,
British
Nursing
Index, ENB
Healthcare,
Health
Information
Managemen
t
Consortium,
Business
Source
Premier,
Internationa
|
Bibliograph
y of Social
Sciences

2000, Ginexi 1999,
Russell 1995, Young
1995, Parkes 1996), 5
retrospective survey
(Salkever 2003,
Salkever 2000, Dewa
2003, Dewa 2002,
Semmer 1987)

features of benefit plan, risk of
unemployment, injury at work,
super visor / employer
communication, not RTW in
first 505 days, high job
stressors, not attempted to
return to work), high risk
behaviors (alcohol intake, drug
dependence, overweight,
smoker), social status
(widowed, divorced, single
(male), age (older)), medical
factors (psychiatric illness,
minor psychiatric disorder,
simple phobia, severity of
symptoms)

Investigating interventions associated with RTW

Crowther | Medline, 11 RCT (N=1944, Not stated Severe mental Two items, Supported Prevocational | Obtaining competitive
2001° CINAHL, Bond 1995, Drake illness allocation employment training or employment (supported
PsycLIT, 1996, Drake 1999, concealment supported care | employment vs prevocational
EMBASE Gervey 1994, and training at 6 months, MA of 3
McFarlane 2000, independence of RCTs, RR 0.74 (0.67, 0.82)
Beard 1963, Dincin evaluators rom
1982, Friffiths 1974, those providing
Okpaku 1997, the intervention
Wolkon 1971.,
Chandler 1996)
Noordik Medline, RCT (N=253Greist Not stated Anxiety disorders | Cochrane RoB Exposure in vivo. Another Exposure in vivo compared
2010% CINAHL, 2002, Marks 1988, or anxiety tool and intervention with SSRI (“Work-related
PsycINFO, Cobb 1980), CCT complaints, GRADE including effect”, fixed effect of SMD -
EMBASE (N=267, Aigner 2004, including OCD criteria. 1 OCD anxiolytics or | 0.72 (-1.15, -0.28), MA of 2
Foa 1984, Salyards and PTSD and 1 PTSD antidepressant | RCD for OCD)
2005) study had a low S. Exposure in vivo compared via
RoB, but the a computer or a clinician with
others were high self-relaxation ("Work-related
or unclear. effect”, SMD 0.35 (0.08, 0.79),

0.72 (0.28, 12
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.17), respectively, 1 RCD for
OCD)

Audhoe Medline, 2 RCT (Vinokur Published Unemployed and Downs and Interventions Booklet, Only p-values were presented,
201016 PsycINFO, 2000, Vuori 2002), 1 | from 1990 with mental Black aiming at RTW, waiting list, but seemingly RCTs showed
EMBASE NRCT (Creed 1998), | to 2008, and | distress instrument, 27- | work resumption, literature JOBS Il program (enhancing
2 longitudinal studies | in English, complaints or item checklist job application package the sense of mastery through
(Vuori 2005, Vuori German, distress and/or improved acquisition of job search and
1999) Dutch, and functioning. problem solving skills) better
French Work preparation than the control conditions
program, enhancing
the sense of
mastery through
acquisition of job
search and problem
solving skills, job-
search training
Pomaki Medline, 4 RCT (N=1849, Published Currently absent 29-item criteria | Collaborative Using a Collaborative mental health
20127 CINAHL, Fleten 2006, only from from work or adapted from mental health care control group | care (RTW at 1 year, 85% vs
PsycINFO, Rebergen 2007 to struggling at work | Downs and (1 historical cohort), | was declared 63%), receiving written
EMBASE, 2009,Sogaard 2009, 2009, and in | due to common Black, the receiving written mandatory. information about RTW (RTW,
ISI Web of | Wang 2007), 2 English, mental health Effective Public | information about shorter in the intervention than
Science matched control French, conditions Health Practice | RTW (1 RCT), 3- in the control by 36.6 days), 3-
design, (N=185, Dutch or Project and month group month group rehabilitation
Grossi 2009, Lander German Franche et al. rehabilitation program (RTW, no significant
2009), 1 historical program (1 matched difference up to 5 years),
control (N=124, control design), activating intervention (RTW,
Dewa 2009) activating no significant difference),
intervention (1 guideline-based care by
RCT), physicians (partial RTW, 69%
psychological vs 54%), assessment and
education (1 RCT), feedback by a psychiatrist to GP
assessment and and worker (RTW, 61% vs
feedback by a 65%, negative finding),
psychiatrist (1 structured telephone-based
RCT), structured intervention (job retention at 12
telephone-based months, 93% vs 88%)
intervention (1RCT)
Stergiopo | Medline, 3 RCT (N=86, Gerson | English or Clinical diagnosis | 13-item Combination of Mentioned as | Brief eclectic psychotherapy
ulos PsycINFO, 2000, Hogberg 2006, | French of PTSD. PTSD checklist psychodynamic mandatory (RTW in 3 months, 86%),
201118 EMBASE, Hogberg 2007), 3 pre- not related to modifying therapy and CBT (1 | quality EMDR (RTW no usable data),
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ISI Web of post design (N=126, workplace, or Lagerveld’s RCT), EMDR (2 criterion, but on-site work evaluations (RTW
Science Gunert 1989, Gunert combat-related checklist. Rated | RCT), on-site work | no results in 12 months, 87%), graded
1992, Weis 1999) PTSD was as excellent (2 evaluations (1 pre- from control work exposure (RTW in 6
excluded. studies) and post), graded work groups were months, 88%), prolonged
good (4) exposure (1 pre- reported imaginal exposure (RTW in 6
post), prolonged months, 83%)
imaginal exposure
(pre-post)
Furlan Medline, 10 RCTs (Blonk Not stated Current or Using GRADE, | Interventions in Not stated As the GRADE was very low
201210 PsycINFO, 2006, Smith 2002, remitted and “very low” workplace-based or for all outcomes, no synthesis
EMBASE, Revergen 2009, van depression. for all outcomes | employer was conducted and no
CINAHL, der Feltz-Cornelis Studies that identified facilitated. RCTs intervention was recommended.
CENTRAL, | 2010, Schene 2009, included employed CBT,
Business Korgh 2009, Knekt participants with psychodynamic
Source 2008, Lo Sasso 2006, other mental psychotherapy,
Premier Wang 2007, disorders were enhanced care,
Schoenbaum 2001), 2 included only if quality
cohort studies (Dewa 50% or more had improvement
2009, Kawakami depression. program,
1997) Among 12 occupational
studies, 4 therapy, strength
foucused on those training (aerobic
with disability training, relaxation
leave or sick training). NRCTs
leave, and 4 employed
included a mix or collaborative mental
those working, on health program and
sick leave, or worksite stress
unemployed reduction program.
Arends Medline, 10 RCTs (N=1546, Not stated Absent from work | Cochrane RoB CBT, problem No treatment Duration to partial and full
20123 PsycINFO, Bakker 2007, Blonk due to adjustment | tool solving RTW (CBT, MA of 2 moderate
EMBASE, labour expert 2006, disorder RoB RCTs, days until partial
Cochrane | CINAHL, Blonk psychologis RTW at one year follow-up, -
review CENTRAL, | ts2006, Brouwers 8.78 (-23.26, 5.71); full RTW, -
CCDANCT | 2006, de Vente group 35.7 (-113.1, 41.7); PST, MA of
R, ISI Web 2008, de Vente 2 RCTs, partial RTW, -17.0 (-
of Science, individual 2008, 26.5, -7.5), full RTW -17.7 (-
ICTRP, Rebergen 2009, 37.4,1.9)
ClicalTrials. | Stenlund 2009, van
gov der Klink 2003, van
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Oostrom 2010, Willer
2011)

Hamberg- | Medline, 7 RCT (N=1384, Lo Published Only mentioned Consensus Various. Usual care Only studies with economic
van SCOPUS, Sasso 2006, Bittman only from as distress, Health Interventions evaluations were included.
Reenen NHS-EED- 2003, van Oostrom 2000 to depression, Economic included in RCTs Only 6 studies focused on
2012% HTA, 2010, Brouwers 2007, | 2011, and in | mental health Criteria list were enhanced RTW. No evidence favorable
PsycINFO Rebergen 2009, English problems (CHEC-list) treatment, cost effectiveness of RTW
Schene 2007, Uegaki recreational music interventions among 5 studies.
2010), 1 cohort study making, stress Schene 2007 showed the
(N=38, Vogt 2004), 1 management number of days until work
simulation study program, RTW- resumption was lower at 207
(N=598, Leon 2002), intervention, days compared to the control at
1 other (N not stated, problem solving, 299 days.
Wang 2004) guideline-based
care, occupational
therapy, minimal
intervention by GPs
Kinoshita | Cochrane 14 RCTs (N=2265, Not stated Those with severe | Cochrane RoB Supported No treatment Days in competitive
201310 Schizophren | Bond 2007, Burns mental illness tool employment employment over one year,
ia Group 2007, Drake 1996, including individual supported employment (MA of
Cochrane | Trials Drake 1999, Gold placement and 7 RCTs, RR 3.24 (2.17, 4.82),
review Register 2006, Howard 2010, support model very low quality of evidence)
Killackey 2008,
Latimer 2006,
Lehman 2002, Macias
2006, Mueser 2004,
Tsang 2009,
Twanley 2008, Wong
2008)
Nieuwenh | Medline, 23 RCTs (N=5996) Not stated Some degree of Cochrane RoB Work directed No treatment | reduced sickness absence,
uijsen PsycINFO, absent from work | tool interventions, work-directed intervention,
20142 EMBASE, due to a major antidepressant SMD -0.40 (-0.66 to -0.14; 3
CINAHL, depressive medications, CBT, studies, moderate quality);
Cochrane | CENTRAL disorder or a high telephone or inline exposure-based return to work
review level of CBT, enhanced program, SMD 0.45; -0.00 to

depressive
symptoms

primary care,
exercise

0.91; 1 study), telephone or
online CBT (SMD -0.23; 95%
CI1-0.45t0 -0.01, moderate
quality), a structured telephone
outreach and care management
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program was more effective in
reducing sickness absence than
usual care (SMD - 0.21; 95% CI
-0.37 to -0.05), aerobic exercise
was no more effective in
reducing sickness absence than
relaxation or stretching (SMD -
0.06; 95% CI -0.36 to 0.24,
moderate quality, 2 RCTS).

van Medline, 5 RCTs for sick leave | Not stated Sick leave due to Cochrane RoB Workplace Usual care Significant improvement in
Vilsteren PsycINFO, due to mental health mental health tool interventions time until first RTW (HR 2.64,
2015%2 EMBASE, problems (Blonk problems 95% Cl 1.41 to 4.95), but no
CENTRAL, | 2006, Hees 2012, considerable reduction in
Cochrane | Cochrane Noordik 2013, van lasting RTW (HR 0.79, 95% ClI
review Work Trials | Oostrom 2010, 0.54 t0 1.17).
Register Vlasveld 2012)
Dewa Medline, 6 RCT (N=975, van Published Workers who Cochrane RoB | Problem solving Care asusual, | RTW (partial or full RTW at 3
20154 PsycINFO, der Klink 2003, only from were certified tool skills or treatment months in ven der Klink 2003,
Econlit, Brouwers 2006, Hees | 2002 to sickness absences as usual 98% vs 87%; full RTW at 3
Web of 2010, Nystyuen 2003, | 2014 and related to mental months in Brouwers 2006, 37%
Science Revergen 2009, limited to disorders vs 0%; RTW in good health in
Vlasvled 2013) papers in Hees 2010, 28% vs 24%)
English Sickness leave duration (RTW
language in days in van der Klink 2003,
only 36 vs 53; in Brouwers 2006,
106 vs 121)
Doki Pubmed, 6 RCT for subgroup 1 | Published Workers with sick | GRADE Psychological Care as usual Mean difference of RTW
201513 PsycINFO (N=846, Brouwers only from leave (subgroup interventions by (days), MA of 6 RCTs, -10.48
2007, Rebergen 2009, | 2004 to 1) due to mental occupational health (-22.64, 1.69)
van der Feltz- 2014 illness services staff,
¥cornilis 2010, including problem-
Willert 2011, van solving, Dutch
Oostrom 2010, guideline based
Vlasveld 2013) care, stepwise
communication, 8
CBT sessions
Nigatu Medline, 16 RCT (N=3345, Published Common Absent Cochrane RoB Problem solving, Care as usual RTW, defined as proportion of
2016 PsycINFO, Bakker 2010, only from from work due to | tool. High risk CBT, coping in all studies. employees who returned to
EMBASE, Brouwers 2006, Hees | 1995 to mental disorders of bias was strategies, exposer, work after the intervention, was
Prospero SocINDEX, | 2013, Martin 2013, 2016 and ( no anxiety found in occupational reported 65 and 60% in the
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registered | Open Lagerveld 2012, limited to disorders) blinding of therapy, intervention and control groups,
(CRD420 | GreyHuman | Netterstrom 2013, papers in participants and | psychoeducation, respectively (Random effect RR
16033092 | resource and | Noordik 2013, English personnel. 7 out | diagnosis and 1.05(0.97, 1.12), P=0.21, MA
) managemen | Nystuen 2006, language of 16had consultation and of 16 RCTs)
t databases pdersen 2015, only unclear risk referral Time or duration until full RTW
Revergen 2009, regarding was 151 and 165 days,
Sogaard 2009, ven der blinding of the respectively (Fixed MD -13.38
Feltz-Cornelis 2010, outcomes (-24.07, -2.69), P=0.01, MA of
van der Klink 2003, assessment. 7 RCTs)
van Oostrome 2010,
Vlasveld 2013, volker
2015))
Suijkerbui | Medline, 48 RCTs (N=8743) Not stated Severe mental Cochrane RoB Supported Psychiatric Supported employment was
jk 20171t | PsycINFO, illness tool employment, care more effective than
EMBASE, augmented prevocational training (RR 2.52,
NMA, CINAHL, supported 95% CI 1.21 to 5.24) and
Cochrane | CENTRAL, employment, transitional employment (RR
reveiw CINAHL prevocational 3.49, 95% CI 1.77 to 6.89) and

training, transitional
employment.

prevocational training was more
effective than psychiatric care
only (RR 8.96, 95% CI 1.77 to
45.51) in obtaining competitive
employment. For the long-term
follow-up direct meta-analysis,
we could include 22 trials (N =
5233). Augmented supported
employment (RR 4.32, 95% CI
1.49 to 12.48), supported
employment (RR 1.51, 95% CI
1.36 to 1.68) and prevocational
training (RR 2.19, 95% CI 1.07
to 4.46) were more effective
than psychiatric care only.
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Study name AMATAR-2

1 [2 |3 |4 |5 6 |7 |8 [9 Jio [11 J12 [13 |14 |15 [16
Investigating factors associated with RTW

Lagerveld 2010
Cornelius 2011
Ervasti 2017
Nigatu 2017
Blank 2008

Crowther 2001
Noordik 2010
Audhoe 2010

Pomaki 2012
Stergiopoulos 2011
Furlan 2012

Arends 2012
Hamberg-van Reenen 2012
Kinoshita 2013
Nieuwenhuijsen 2014
van Vilsteren 2015
Dewa 2015

Doki 2015

Nigatu 2016
Suijkerbuijk 2017
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3 BRI NBTEE

Study name

Reasons for exclusion

Killackey 200622 Seems not a systematic review because of no description about
methodology

van Til 201323 Veteran only and generalizability was in doubt.

Marshall 201424 Including not only cohort studies but also systematic reviews.

Ebrahim 201225

Compared depressive symptomatology change between those

with receiving disability benefit and those without

Ebrahim 201426

Overview of systematic reviews.

Dewa 201427

No study design was specified in the article.

Bouvet 201528

Written in French

Joyce 201629

Meta-review of systematic reviews

Matthewson 201530

Study design was not specified in the method and systematic

reviews and qualitative studies were include in the results
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We examined the dose—response relationship between long sleep duration and health outcomes
including mortality and the incidence of diabetes mellitus, hypertension, cardiovascular diseases, stroke,
coronary heart diseases, obesity, depression and dyslipidemia. We collected data from 5,134,036 par-
ticipants from 137 prospective cohort studies. For the independent variable, we categorized participants
at baseline as having long sleep duration or normal sleep duration. Risk ratios (RRs) for mortality and
incident health conditions during follow-up were calculated through meta-analyses of adjusted data
from individual studies. Meta-regression analyses were performed to investigate the association be-

Ke ds: . P . .

D‘;ﬁ;ﬁ; Ssm ellitus tween each outcome and specific thresholds of long sleep. Long sleep was significantly associated with
Hypertension mortality (RR, 1.39; 95% CI, 1.31—-1.47), incident diabetes mellitus (1.26, 1.11—1.43), cardiovascular disease
Mortality (1.25, 1.14—1.37), stroke (1.46, 1.26—1.69), coronary heart disease (1.24, 1.13—1.37), and obesity (1.08, 1.02

—1.15). Long sleep was not significantly related to incident hypertension (1.01, 0.95—1.07). Insufficient
data were available for depression and dyslipidemia. Meta-regression analyses found statistically sig-
nificant linear associations between longer sleep duration and increased mortality and incident car-
diovascular disease. Future studies should address whether the relationship between long sleep and

health outcomes is causal and modifiable.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Meta-regression
Sleep deprivation
Vascular disease

Introduction and cohort data [1,2], and by laboratory studies of experimental

sleep restriction and sleep deprivation [3,4]. Fewer studies have

Short and long sleep duration have been associated with a range
of adverse health outcomes. The relationship between short sleep
duration and health outcomes has been examined more closely. A
causal relationship between short sleep duration and adverse
health outcomes is supported by meta-analyses of epidemiological

Abbreviations: CER, control event rate; Cl, confidence interval; HR, hazard ratio;
MOOSE, meta-analysis of observational studies in epidemiology; NOS, New-
castle—Ottawa scale; OR, odds ratio; PRISMA, preferred reporting items for sys-
tematic reviews and meta-analyses; RR, risk ratio.
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addressed the relationship between long sleep duration and health
outcomes, despite the prevalence of long sleep. Long sleep dura-
tion, defined more than 9 h of sleep, is prevalent in several devel-
oped countries, including Australia (an adjusted proportion of 33%
in 2006), Finland (38% in 1999), Germany (40% in 2001), the
Netherlands (25.7% in 2005), Sweden (30% in 2000), the U.K. (26%
in 2005) and the U.S. (38% in 2007), according to a study using a
data from time use survey [5]. A recent survey on behavioral risk
factors conducted in the U.S. revealed that approximately 8% of
adult respondents reported sleeping nine or longer hours [6].
Several systematic reviews have shown that long sleep duration
is associated with important health outcomes including not only
mortality [7—10] but also cardiovascular diseases [11], stroke
[12,13], and diabetes mellitus [14,15]. However, because these re-
views utilized different methodologies, we conducted a systematic
review using the same methodology across all health outcomes.

1087-0792/© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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This approach may allow us to consider the magnitude of long sleep
duration effects on different health outcomes.

We have previously examined the association between short
sleep duration and important health outcomes, and observed sig-
nificant associations with outcomes including mortality (risk ratio
(RR), 1.12; 95% (I, 1.08—1.16), diabetes mellitus (1.37, 1.22—1.53),
hypertension (117, 1.09—1.26), cardiovascular diseases (1.16,
1.10—1.23), coronary heart diseases (1.26, 1.15—1.38), and obesity
(1.38, 1.25—1.53) [16]. In the present study, we conducted a sys-
tematic review, meta-analyses and meta-regression to examine
whether long sleep duration is associated with adverse health
outcomes using the same methodology. Our method also allowed
us to explore the specific sleep duration that is associated with
these adverse health outcomes.

Methods

As described in our previous study on short sleep duration [16],
we performed the study in accordance with PRISMA (preferred
reporting items for systematic reviews and meta-analyses) [17] and
MOOSE (meta-analysis of observational studies in epidemiology)
[18] guidelines; see Appendices S5 and S6 in Supplementary
material for PRISMA and MOOSE checklists.

Two independent researchers (Ol and M]) separately assessed
the eligibility, extracted data, and checked the quality of the
included studies. Any disagreements were resolved through dis-
cussion between these two, with adjudication by a third reviewer
(NW) if disagreements persisted.

Data sources and searches

The studies were initially identified on October 17,2013, through a
search of PubMed, PsycINFO, CINAHL and Embase using pre-specified
search terms (Appendices S1—S4). The review was not limited to
English-language articles. We also hand-searched major medical
journals, conference proceedings, and reference lists of included
studies and previous systematic reviews for published, unpublished,
and ongoing studies. We conducted a search of PubMed using the
same search strategy on October 9, 2014 and on May 6, 2016, to
identify new studies published during the review process.

Study selection

We included studies that compared individuals with long and
“normal” sleep duration on outcomes of mortality and incident
health outcomes. All studies included long-term follow-up, used a
prospective cohort or randomized controlled trial design, and were
conducted in community settings. We limited studies to those with
a minimum follow-up duration of 1 y from baseline, and a mini-
mum of 20 participants. Studies were excluded if most participants
were aged 20 y or less at baseline, or if participants had been
diagnosed with the health outcome at baseline. We also excluded
studies that were conducted in inpatient settings and those that
involved pharmacological interventions.

The eligibility of each study for inclusion was checked at two
stages: 1) review of the title and abstract and 2) review of the full
text.

Data extraction and quality assessment

Definition of long duration

Long sleep duration was defined in one of two ways for each
paper. For some papers, long sleep duration was defined according
to the criteria established by that source paper, given that sleep
duration varies among cultures and ethnicities [19,20]. For papers

that did not establish a criterion, long sleep was defined as the
longest sleep duration range reported for participants in the orig-
inal article. Durations of sleep in the definition of long sleep were
incorporated into subgroup analyses and meta-regression as me-
diators (see below). When both a self-report (e.g., sleep diary) and
objective (e.g., actigraphy or polysomnography) sleep duration
were reported, we selected the former as the independent variable.
Although self-report may capture a different amount of sleep per
night than actigraphy [21] or polysomnography [22], objective
measures are less commonly utilized in community settings,
making self-report measures more widely applicable. When both
sleep duration per night and per 24 h (i.e., including daytime naps)
were reported, we selected the former.

The duration of normal sleep was also defined based on each
source paper, or defined as the reference range for participants in
the original article.

Outcome measures

Outcome measures included mortality and incidence of adverse
health outcomes, specifically diabetes mellitus, hypertension, dys-
lipidemia (hypo or hyperlipidemia), cardiovascular diseases
(including events in the heart and brain), coronary heart diseases,
stroke, obesity, and depression. When a formal diagnosis was not
provided, a surrogate outcome (e.g., coronary artery calcification
instead of a diagnosis of coronary artery disease, or a self-report of
diabetes mellitus without evidence of formal diagnosis) was
included in the primary analyses, but a sensitivity analysis was also
conducted (see below).

Assessment of bias

We employed the Newcastle—Ottawa scale (NOS) [23] to assess
the studies' quality. The instrument has three broad categories
(patient selection, four criteria; comparability of study groups, one
criterion; and assessment of the outcome, three criteria). For the
comparability criteria, we allotted two stars according to the depth
of statistical adjustment for risk factors in the original studies (e.g.,
one star for age, sex, and race only; two stars for further factors).
Therefore, a study could have a maximum quality rating of nine
stars. Although previous meta-analyses [24,25] deemed study
quality as high with five or more stars on the NOS criteria, we set a
threshold of eight or more stars, to focus on very high quality
studies.

We defined adequate follow-up for each disorder in terms of
duration and % attrition (i.e., 3 y and 10% attrition for all-cause
mortality, cardiovascular diseases, and coronary heart disease;
and 2 y and 20% attrition for diabetes mellitus, hypertension, dys-
lipidemia, obesity, and depression).

Data synthesis and analysis

We analyzed data descriptively and conducted a meta-analysis
for each health outcome. In the meta-analysis, we calculated risk
ratios (RRs) by pooling adjusted RRs between long and normal
sleep provided by the original studies, using a random effects
model. If a study provided a point estimate and a p-value but not
confidence intervals of RRs, the intervals were obtained using a
statistical method with log transformations of the estimate [26]. If
hazard ratios (HRs) were reported for a study but RRs were not, the
HRs were regarded as RRs. Among studies where odds ratios (ORs)
were provided but not RRs, we calculated RRs by using the ORs and
control event rates (CERs) in normal duration sleepers reported in
the original studies. For studies in which neither RRs nor CERs were
reported, and only ORs were provided, CERs were borrowed from a
study whose characteristics were similar. For studies in which RRs
were provided for subgroups separately (e.g., male and female),
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data from subgroups were combined using a fixed-effect meta-
analysis.

Statistical heterogeneity between studies was investigated us-
ing the I? statistic [27], assuming an I? of 75% or greater to be an
important level of inconsistency, as employed by a previous review
[28]. To assess publication bias, we used a funnel plot and Egger's
test for all primary outcomes [29]. We used the “trim and fill”
method to adjust the funnel plot, then recalculated results [30].

Because subgroup analyses should be interpreted with caution
[31], we planned a priori to limit our subgroup analyses to a small
number of baseline characteristics such as age and sex (i.e., be-
tween 20 and 65 y, or 65 y or more; male, or female).

Sensitivity analyses were planned a priori for the primary ana-
lyses set by: 1) excluding studies with surrogate outcomes; 2)
limiting studies to those in which sleep duration was reported per
night; 3) limiting analyses to studies with eight or more stars in the
NOS; 4) limiting studies to those with 10 or more y of follow-up;
and 5) excluding studies in which CERs from other studies were
used to calculate RRs.

In order to explore possible mediation by the definition of long
sleep, additional subgroup analyses were conducted by clustering
studies according to the definition of long sleep (e.g., more than 9 h
or more than 10 h). When studies were clustered into three or more
levels of sleep duration for each outcome, meta-regression analyses
were also performed. These analyses examined linear associations
between sleep duration and the outcome of interest, using a
random-effects model and illustrating the regression line and its
95% prediction intervals.

A p-value of less than 0.05 was chosen to test null hypotheses,
despite multiple comparisons, in order to avoid type II over type |
errors. For all outcomes, 95% confidence intervals (Cls) were
calculated. The data were analyzed using the Comprehensive Meta-
Analysis Software (Version 3) [32].

Results
Search results

The initial electronic search yielded 3580 articles, and an
additional database search identified 182 studies on October 9,
2014 and 388 on May 6, 2016. In total, 2521 studies remained
after removing duplicate articles. A hand-search did not identify
any studies that had not been included in the electronic search
(Fig. 1). At the first and second eligibility check stages, two in-
dependent researchers identified 277 articles and 95 articles,
respectively.

Characteristics of included studies

All of the 95 included studies were prospective cohort studies.
From these, 137 datasets for nine outcomes (N = 5,134,036) were
collected. Most studies were conducted in developed countries (see
Table 1 and Tables S1—S9 in Supplementary material). The number
of participants in each dataset ranged from 276 to 392,164; the
duration of follow-up was from 1 to 34 y; and the total NOS scores
ranged from five to nine. Although the definition of long sleep
varied among studies, most defined long sleep as greater than 8 or
9h.

We were unable to pool data from six datasets in meta-analyses
because no usable data for meta-analyses were provided
(Table S10). The number of datasets included in the meta-analyses
for each outcome varied from 8 (hypertension) to 36 (mortality).
Table 1 shows the characteristics of studies included for the mor-
tality outcome.

Effect estimates of long sleep compared to normal sleep from meta-
analyses

Primary analyses

Compared with normal sleep duration, long sleep duration was
associated with a statistically significant increase in all-cause
mortality, with an RR of 1.39 (95% CI = 1.31-147, P < 0.001,
I? = 83%, N of datasets = 36; Fig. 2). Qualitatively similar significant
results were obtained for incident diabetes mellitus (RR = 1.26, 95%
Cl = 1.11-1.43, P < 0.001, I? = 63%, N = 16), cardiovascular disease
(RR = 1.25, 95% CI = 1.14—1.36, P < 0.001, I> = 81%, N = 25), stroke
(RR = 1.46, 95% CI = 1.26—1.69, P < 0.005, I> = 71%, N = 14), cor-
onary heart disease (RR = 1.24, 95% CI = 1.13—1.37, P = 0.003,
I> = 54%, N = 19), and obesity (RR = 1.08, 95% CI = 1.02—1.15,
P = 0.010, I> = 0%, N = 13) (Fig. 3). Long sleep duration was not
associated with a statistically significant increase in incident hy-
pertension compared to normal sleep duration (RR = 1.01, 95%
Cl = 0.95—-1.07, P = 0.309, N = 8). Substantial heterogeneity be-
tween datasets was observed in mortality and cardiovascular dis-
ease outcomes. Only one study each was identified for depression
and dyslipidemia outcomes, and RRs were not provided in the
source studies.

Possible publication bias for primary analyses

No significant publication bias was observed for any outcome in
the funnel plots or results from Egger's test (see Figs. S2, S11, S22,
S32, S42, S52, and S63 in Supplemental material).

Subgroup analyses for age groups

Subgroup analyses were conducted for participants aged
>65 y or <65 y at baseline (Fig. 3). Compared to normal sleep
duration, long sleep duration was associated with a significant in-
crease in the incidence of cardiovascular disease and coronary heart
disease among those >65 y, but not among those <65 y. On the
other hand, long sleep duration was associated with a significant
increase in incident obesity only among participants <65 y, and not
among those >65y.

Subgroup analyses for sex

In comparison with normal sleep duration, long sleep duration
was associated with a significant increase in mortality and incident
diabetes, cardiovascular disease, stroke, and coronary heart disease
for both men and women. Long sleep duration was associated with
a significant increase in incident obesity only among female (Fig. 3).

Sensitivity analyses

Most sensitivity analyses showed qualitatively similar results to
those in the primary analyses (Fig. 3). Analyses limited to high
quality studies based on the NOS (>8 stars) and to studies with
follow-up greater than 10 y did not show statistically significant
findings for incident diabetes (High-quality studies: RR = 1.13,
0.94-1.35, P = 0.191; Long follow-up studies: 1.97, 0.96—4.05,
P = 0.064), or incident obesity (High-quality studies: RR 0.94,
0.40—2.24, P = 0.896; Long follow-up studies: 1.04, 0.95—1.13,
P = 0.441).

Subgroup analyses and meta-regression for specific values of long
sleep duration

Subgroup analyses for specific values of long sleep duration
were conducted for outcomes other than depression and dyslipi-
demia (Fig. 4). In comparison with normal sleep duration, long
sleep duration defined as >8 h was associated with a significant
increase in mortality, stroke, and coronary heart disease; long sleep
defined as >9 h was associated with an increase in incident
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Fig. 1. Flowchart for the included studies. An arrow indicates that the upper limit of the 95% CI is over the scale described here.
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Table 1

Characteristics of studies for mortality outcome.

Study Sample size Male% Mean age + SD (range) in Years of follow Definition of normal Definition of Newcastle—Ottawa
years at baseline up mean + SD sleep duration (h) long sleep Scale: Selection/Comparability/Outcome
duration (h)
Tsubono 1993 [53] 4318 39.8 61.4 (>40) 4 7—8/night >9/night 0 8. 8°2 90 2 902724
Kojima 2000 [54] 5322 45.8 Male: 46.9 (20—67), 11.9 7.0—8.9/night >10/night Fe e Yo ok [ Je ¥ [ de ke
Female: 47.7 (20—67)
Seki 2001 [55] 1065 413 65.3 + 3.6 (60—74) 7.5 7/d >9/d 1 9. 9°2.90 2 902724
Heslop 2002 [56] 1st screening: 1st screening: Male: (<65), 25 7-8/d >8/d 1 2 239072795 234
7028 85.7 Female; (<60)
2nd screening: 2nd screening:
3030 854
Mallon 2002 [57] 1870 48.4 56 (45—65) 12 6—8/night >8/night 0 3. 82 90 2°90 2724
Burazeri 2003 [58] 1842 45.7 Male: median 64 (>50), 9-11 6—8/night >8/night 1.2 23902790 2°8°4
Female: median 63 (>50)
Goto 2003 [59] 724 34.7 Male: median 73 (65—-97), 12 6—7/d >7/d 0 2. 2.8 90 2 902724
Female: median 74 (65—97)
Amagai 2004 [60] 11,325 39.0 55.1(19-93) 82+15 7.0—7.9/night >9/night 1 2 2.2 90 2 902724
Patel 2004 [61] 82,969 0.0 53.4 (40—-65) 14 7/d >9/d Fe e Yo ok [Fe ¥ [ deok
Tamakoshi 2004 [62] 104,010 422 56.6 (40—79) 9.9 7/d >10/d 13 32790 2 90 273 ¢
Ferrie 2007 [63] Phase 1: 9781 NS (35-55) Phase 1: 17.1 7/night >9/night 1°2 3°2°90°3°90°2 84
Phase3: 7729 Phase 3: 11.8
Lan 2007 [64] 3079 56.8 Male: 71.3 (>64), 84 +33 7—7.9/night >10/night 1 3.8.3. 902 90272
Female: 71.9 (>64)
Gangwisch 2008 [65] 9789 37.2 Male; 45.0 (32—59), <8, <10 7 [night >9/night 1 2.2 8982795284
Female; 73.0 (60—86)
Ikehara, 2009 [66] 98,634 421 Male; 58.8 (40—79), Median 14.3 7/d >10/d 13 3°2°90° 290278 ¢
Female; 60.2 (40—79)
Stone 2009 [67] 8101 0.0 77.0 (>69) 6.9 6—8/night >8/night ek [ [Hede ke
Suzuki 2009 [68] 12,601 51.1 74.1 + 5.4 (65-85) 53 7/d >10/d Fe % ek [ K [Hed Kk
Chien 2010 [69] 3430 473 (>35) 15.9 (13.1-16.9) 7/d >9/d 1 $.9°2 902 902724
Mesas 2010 [70] 3820 43.8 71.8 + 7.9 (>60) 6.8 7/d >11/d 0 3. 9°2.90 2 902724
Castro-costa 2011 [71] 1512 383 68.9 + 7.1 (63-75) 7.5 Median: 8.9 7—8/night >9/night 12 2 298390 284
Kripke 2011 [72] 434 0.0 67.6 + 7.9 (50—81) 10.5 5-6.5/d >6.5/d Sk ok [ e [Fe ek
Kronholm 2011 [73] 23,290 488 (25—64) 29-34 7—8/night >10/night e o [Fe e [ Fe ek
Cohen-Mansfield 1166 55.5 83.4 + 5.3 (75-94) 20 7—9/night >9/night 0 8. 8°2 90 2 902724
2012 [74]
Chen 2013 [75] 4064 55.8 73.8 + 5.7 (>65) 9 7 night >9/night 1 3 2 398290 2°2¢
Garde 2013 [76] 4941 100.0 (40-59) 30 6—7/d >8/d e Je ok [ Fe ¥k [ d ke
Hale 2013 [77] 3942 0.0 62.1 (50—79) 11-16 7—8/night >9/night 1 3. 32902 907273 ¢
Kakizaki 2013 [78] 49,256 48.2 (40—-79) 10.8 7/d >10/d 1 3°3°3°90°2°90°2°2¢
Kim 2013 [79] 135,685 456 (45-75) 129 7/d >9/d Fk e [k [k ke
Li 2013 [80] 9455 (38.1) (20-79) 7 7 night >9/night 1 3. 3°2 902 907272 ¢
Magee 2013 [81] 227,815 46.3 (>45) 2.8 7/d >10/d Sk ek [ K [de ek
Yeo 2013 [82] 13,164 414 (>20) 9.44 7/d >10/d 1 2 2.2 90 2 902724
Bellavia 2014 [83] 70,973 533 (45-83) 15 6.6—7.4/d >8/d 0 8. 82 90 2 902724
Lee 2014 [84] 3427 50.9 (>65) 51+09 <10/night >10/night Fe 3k ek [de K [Hed K
Rod 2014 [85] 9098 67.2 45 (35—55) 22 7/night >9/night '8 9°2 98 2 902724
Xiao 2014 [86] 239,896 56.2 (51-72) 14 7—8/night >9/night 1.2 2:3° 9072795 2 3°4
Zuurbier 2015 [87] 1734 46.6 62.2 + 9.3 (45—98) 73+13 6—7.5/night >7.5/night Fe 3k ok ok [d K [ded K
Hall 2015 [88] 3013 48.6 73.6 + 2.9 (70-79) 82+203 7—8/night >8/night 1 22 2902 902724
Cai 2015 [89] 113,138 60.1 Male: (40—75) Median: 7/d >10/d 1 8. 2.8 90 2902724
Female: (44—79) Male: 6.07
Female: 7.12

9£—67 (8102) 6€ smainay auipapy daajs / o 32 a1 ‘W
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Risk LowerUpper

ratio limit  limit Risk ratio and 95% ClI
Tsubono 1993 [53] 1.58 116 2.15 »
Kojima 2000 [54] 149 0.78 2.88 =
Seki 2001 [55] 0.97 0.50 1.89 =
Heslop 2002 [56] 0.92 0.80 1.06 —
Mallon 2002 [57] 1.75 1.16 2.63 =
Burazeri 2003 [58] 1.38 1.33 1.44 -
Goto 2003 [59] 146 1.05 2.03 =
Amagai 2004 [60] 1.24 094 1.63 »
Patel 2004 [61] 140 1.26 1.56 -
Tamakoshi 2004 [62] 1.88 1.63 217 —
Ferrie 2007 [63] 1.81 1.17 2.78 —_— =
Lan 2007 [64] 1.69 140 2.05 —_—
Gangwisch 2008 [65] 1.34 1.15 1.56 —
Ikehara 2009 [66] 147 1.37 1.57 -
Stone 2009 [67] 1.16 0.97 1.39 4+
Suzuki 2009 [68] 1.96 1.49 257 — =
Chien 2010 [69] 1.34 1.08 1.67 =
Mesas 2010 [70] 1.66 1.23 2.24 =
Castro-costa 2011 [71] 1.53 1.12 2.09 »
Kronholm 2011 [73] 1.61 1.25 2.09 =
Cohen-Mansfield 2012 [74]11.32 1.10 1.59 —
Chen 2013 [75] 1.66 1.27 2.16 =
Garde 2013 [76] 0.99 0.87 1.13 —
Hale 2013 [77] 1.50 0.93 2.41 =
Kakizaki 2013 [78] 1.37 1.27 1.47 -
Kim 2013 [79] 1.20 1.15 1.26 -
Li 2013 [80] 1.76 1.25 2.50 =
Magee 2013 [81] 1.26 1.16 1.36 ——
Yeo 2013 [82] 1.36 1.07 1.72 =
Bellavia 2014 [83] 1.23 1.15 1.32 -
Lee 2014 [84] 1.90 1.24 293 _ =
Rod 2014 [85] 146 0.77 2.75 =
Xiao 2014 [86] 111 1.05 1.18 -
Cai 2015 [87] 1.81 1.64 2.00 —
Hall 2015 [88] 1.23 0.93 1.63 =
Zuurbier 2015 [89] 1.18 0.70 1.98 =
Overall (Z=10.95, P<0.001) 1.39 1.31 1.47 -
Heterogeneity (1=83%, P<0.001) 05 1 2

Favors long sleep
duration

Favors normal sleep
duration

Fig. 2. Mortality outcome comparing long with normal sleepers. An arrow indicates that the upper limit of the 95% CI is over the scale described here.

cardiovascular disease. Similar findings were not observed for
diabetes and obesity outcomes.

Meta-regression analyses were performed for mortality, dia-
betes, cardiovascular disease, stroke, coronary heart disease, and
obesity outcomes. Longer sleep duration was significantly associ-
ated in a gradient fashion with increased mortality (coefficient =
0.120, P < 0.0001, R? analog = 0.03, Fig. 5). The 95% Cls of prediction
curves were greater than zero beginning at a sleep duration of
>9.5 h. Longer sleep duration was also associated in a gradient
fashion with incident cardiovascular disease (coefficient = 0.165,
P = 0.002, R? analog = 0.05, Fig. S40). No significant gradient as-
sociations were observed for the other outcomes.

Discussion

To the best of our knowledge, this is the first systematic review
to investigate associations between long sleep duration and mul-
tiple health outcomes using the same methodology for each meta-
analysis, and to explore the dose—response of long sleep duration
on these outcomes using meta-regression analyses. Long sleep
duration was associated with greater mortality and increased
incidence of multiple health conditions. The strength of association
varied across outcomes, with a point estimate RR of 1.46 for stroke,
1.39 for mortality, 1.26 for diabetes mellitus, 1.25 for cardiovascular
disease, 1.24 for coronary heart disease and 1.08 for obesity. Long
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sleep duration was not significantly associated with increased risk
of hypertension, and available evidence was not sufficient to
examine depression and dyslipidemia outcomes.

The present results are similar to those from previous system-
atic reviews. For instance, long sleep duration has been associated
with a RR of 1.23 (N of studies = 17) [7] and 1.30 (N = 16) [8] for
mortality; with a RR of 1.41 (N = 8) for cardiovascular disease [11];
and with an HR of 1.46 for stroke (N = 11) [12]. Our findings
contribute important new information to previous reviews because
of our updated comprehensive literature search and our use of the
same rigorous methodology for each outcome. However, further
epidemiological studies will be needed to investigate the associa-
tion of long sleep with dyslipidemia and depression.

The lack of a statistically significant association between long
sleep duration and hypertension (RR 1.01, 0.95—1.07) is consistent
with findings in a previous review (1.02, 0.91-1.14) [33]. On the
other hand, our findings differ from previous results for the obesity
outcome; we found that long sleep was significantly associated
with obesity (RR 1.08, 1.02—1.15, P = 0.010), whereas a previous
review did not find a statistically significant association (odds ratio
1.06, 0.98—1.15) [34]. This discrepancy may partly be due to
different statistical methodologies, but we also observed narrower
confidence intervals, which is likely due to our inclusion of 15
datasets compared to 10 in the previous review.

In subgroup analyses addressing specific thresholds for long
sleep duration, values greater than 8 or 9 h were associated with
significantly increased mortality and cardiovascular disease in
comparison with normal sleep. In meta-regression, longer duration
of sleep was linearly associated with increased mortality risk. These
findings are again consistent with those in previous studies [9,10].
Although the American Academy of Sleep Medicine and the Sleep
Research Society have not published their recommendations for an
upper limit of appropriate sleep duration, the National Sleep
Foundation issued its recommendations, including 8—10 h for
teenagers (aged 14—17 y), 7—9 h for adults (18—64 y) and 7—8 h for
older adults (>65) [35]. Normative total sleep time is reported to
decrease with age not only in adolescents but also in adults [36],
and most participants included in the present study were aged
between 30 and 70 y. The recommendations match well with the
results from our analyses.

The findings of the present study complement those of our
previous review on short sleep duration [16]. Using identical
methodology to that in the current study, we found that sleep
duration <6 h is associated with a significant increase in mortality
and health outcomes such as diabetes, cardiovascular disease,
coronary heart disease, and obesity. In combination, the findings of
these two papers are consistent with the “U-shaped” relationship
between sleep duration and multiple health outcomes that has
been previously described. However, we did not directly test
curvilinear relationships in these papers. Moreover, the strength of
association with sleep duration varies among the various outcomes,
as described above.

Although several theoretical pathways may explain the rela-
tionship between long sleep duration and health outcomes [37],
our study was unable to examine specific mechanisms. Moreover,
we do not have data showing that changing sleep duration
modifies health risks. Therefore, while we can confidently state
that long sleep duration is a risk factor for adverse health out-
comes, we cannot demonstrate that it is a causal risk factor [38].
Nevertheless, findings from our studies on the health risks of
short and long sleep duration may encourage both mechanistic
studies and intervention studies to investigate whether and how
sleep duration confers health risk. Regarding education, psycho-
therapy, and psychosocial interventions, many studies have
focused on insomnia and the efficacy of these interventions on the

quality of sleep has been reported in recent systematic reviews
[39,40]. To the best of our knowledge, there is no evidence base to
test these interventions in the community for prevention of the
health outcomes. Until such studies are conducted, our findings
may be used in education and health literacy efforts to encourage
adequate duration of sleep as a key component of overall sleep
health [41].

Limitations of the study

Although our findings are internally consistent and consistent
with previous studies, we acknowledge several limitations.

First, our analyses focused on night-time sleep rather than on
24-h sleep. Given the number of primary, subgroup, and sensitivity
analyses, we were concerned about inflating the risk of type I er-
rors. A previous systematic review conducted meta-analyses using
both night-time and 24-h sleep [9], and reported similar findings
with regard to all-cause mortality. Therefore, we believe that our
decision to focus on night-time sleep is unlikely to have had a major
effect on our conclusions.

Secondly, we collected most of the data on sleep duration based
on results from an interview question or a questionnaire, or from a
sleep diary, but not from objective measures (e.g., actigraphy or
polysomnography), because we believed that self-reported mea-
sures were more widely utilized and applicable than objective
measures in community settings. However, sleep duration assess-
ment based on a simple question, sleep diary, and objective mea-
sures have been reported to be inconsistent [42,43]. In addition, the
term “sleep duration” has been sometimes used as the amount of
time in bed in previous epidemiological studies [44]. The definition
of sleep duration utilized in our systematic review relies on the
definition used in original studies and different measurement ap-
proaches might lead to discrepancies among the included studies,
although we have extracted data on actual sleep duration with the
utmost care and attention.

Thirdly, we did not investigate the impact of other di-
mensions of sleep, such as subjective or objective sleep quality,
on health outcomes. Although previous studies have reported
an association between sleep problems such as insomnia and
mortality [45,46], we intended to focus on the duration of sleep
because it is likely that sleep duration is more easily recognized
and accurately reported by participants rather than the quality
of sleep, in community surveys. However, we believe that in-
terventions to reduce unwanted health outcomes should
include information not only about sleep duration but also
about the quality of sleep, because the latter may be an
important factor in mechanisms linking sleep and subsequent
health outcomes.

Fourthly, we have done our meta-analyses by pooling adjusted
RRs between long and normal sleep as provided by the original
studies. However, we were dependent on the original studies as to
whether types of confounders had been adjusted or not, and some
important confounders, including employment status, depression
and excessive amounts of time in bed, were not adjusted in all
studies (Tables S1—S9). This is a limitation of meta-analyses pooling
aggregated data.

Fifthly, we recognize that the role of individual differences
regarding sleep duration preferences is still uncertain [47], and that
the reasons for different durations of sleep vary from person to
person. Previous epidemiological studies have shown that short
sleep duration is associated with characteristics such as being un-
married [48], more frequent binge drinking [49], lower socioeco-
nomic status [49,50], lower education levels [50], working multiple
jobs [51], pre- and post-sleep activities including socializing, self-
care and hygiene, and watching TV [51] and African, Asian and
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Mortality
All
Aged 65 y or more
Aged under 65 y
Female
Male
Sleep defined by night
High quality on the NCO scale
Follow-up no less than 10 y
Non barrowed prevalence rate
Diabetes
All
Aged under 65 y
Female
Male
Sleep defined by night
High quality on the NCO scale
Follow-up no less than 10y
Non barrowed prevalence rate
True outcome
Hypertension
All
Aged 65 y or more
Aged under 65 y
Female
Male
Sleep defined by night
High quality on the NCO scale
Non barrowed prevalence rate
True outcome
Cardiovascular disease
All
Aged 65 y or more
Aged under 65 y
Female
Male
Sleep difined by night
High quality on the NCO scale
Follow-up no less than 10 y
True outcome
Stroke
All
Aged under 65 y
Female
Male
Sleep defined by night
High quality on the NCO scale
Follow-up no less than 10 y
True outcome
Coronary heart disease
All
Aged 65 y or more
Aged under 65 y
Female
Male
Sleep difined by night
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Follow-up no less than 10 y
Non borrowed prevalence rate
True outcome
Obesity
All
Aged 65y or over
Aged under 65y
Female
Male
Sleep difined by night
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Follow-up no less than 10 y
Non borrowed prevalence rate
True outcome
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Definition of N of RiskLowerUpper
long sleep  studies ratio limit limit Risk ratio and 95% CI
Mortality

All 36 1.39 1.31 147 1

> 7 hours 1 1.46 1.05 2.03 i

> 7.5 hours 1 1.18 0.70 1.98 i

> 8 hours 7 1.18 1.03 1.35 ——

> 9 hours 15 1.34 1.24 1.44 ——

> 10 hours 1 1.57 142 1.74 —i—

> 11 hours 1 1.66 1.23 2.24 |
Diabetes

All 16 1.26 1.11 1.43 —]{—

> 8 hours 5 1.36 1.01 1.83 i

> 9 hours 7 1.33 1.09 1.63 ——

> 10 hours 4 1.12 0.88 1.43 i
Hypertension 0.70 0.61 0.81

All 8 1.01 0.95 1.07 —1+

> 7 hours 1 1.05 0.92 1.20 —i—

> 8 hours 1 1.05 0.85 1.30 —r—

> 9 hours 5 1.00 0.95 1.06 —

> 10 hours 1 0.60 0.35 1.03
Cardiovascular disease

All 25 1.25 1.14 1.37 —1+—
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> 10 hours 8 1.48 1.20 1.83 —a—
Stroke
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> 8 hours 3 1.50 1.23 1.83 ——

> 9 hours 8 1.36 1.11 1.67 ——

> 10 hours 3 1.62 1.14 2.30 i
Coronary heart disease

All 19 124 113 1.37 —0—

> 8 hours 6 1.18 1.05 1.33 —u—

> 9 hours 10 1.23 1.03 1.46 ——

> 10 hours 3 1.35 1.16 1.57 ——
Obesity

All 13  1.08 1.02 1.15 —_1

> 7 hours 1 1.00 0.53 1.89 i

> 8 hours 3 1.15 0.95 1.39 |

> 9 hours 8 1.08 1.02 1.15 ——

> 10 hours 1 0.60 0.33 1.09

0.5 1 2
Favors long sleep  Favors normal sleep
duration duration

Fig. 4. Subgroup analyses for duration thresholds of long sleep. An arrow indicates that the upper limit of the 95% CI is over the scale described here.

Hispanic ethnicity [50]. On the other hand, characteristics related to
long sleep duration include Mexican ethnicity, public liability in-
surance [50], and less weekly physical activity [52]. Some of these
characteristics, such as working multiple jobs, may present barriers
for possible interventions aimed at sleep duration because of eco-
nomic disincentives. However, other characteristics associated with
sleep duration may be more amenable to change, including
frequent binge drinking, the amount of physical activity, and using

smart phones and television viewing prior to sleeping. Future
studies focusing on sleep duration must also account for individual
preferences.

Finally, shorter or longer periods of sleep duration are unlikely
to link directly to sleep disorders such as sleep apnea or insomnia.
Therefore, our findings are likely to have limited comparability
with findings derived from patients seeking treatment in clinical
settings.

Fig. 3. Relative risks of mortality and health outcomes comparing long with normal sleepers. NCO scale, Newcastle—Ottawa Scale. For the outcomes of dyslipidemia and depression,
no meta-analyses were performed. An arrow indicates that the upper limit of the 95% Cl is over the scale described here.
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Conclusions

Long sleep duration was associated with a significant increase in
risk for mortality and incident diabetes, cardiovascular disease,
stroke, coronary heart disease, and obesity. Future studies should
address potential mechanisms underlying the relationship be-
tween long sleep duration and adverse health outcomes. Whether
interventions to reduce long sleep duration also reduce health risk
remains an open question.

Practice points

1). Long sleep duration is associated with greater mortality
and increased incidence of mortality, diabetes mellitus,
cardiovascular disease, stroke, coronary heart disease,
and obesity.

2). The strength of association with long sleep duration
varies among these outcomes

3). Longer duration of sleep is linearly associated with
increased mortality risk.

4). Currently, whether interventions to reduce long sleep
duration also reduce health risk remains an open
question.

Research agenda

1). Future studies should address potential mechanisms
underlying the relationship between long sleep duration
and adverse health outcomes.

2). Studies on interventions aimed at sleep duration should
be conducted to investigate whether adverse health
risks decrease in community settings.
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Abstract

This study was conducted to investigate the association between industrial accidents and sleep-related parameters in fac-
tory workers, and to examine the effectiveness of sleep education intervention for improvement of sleep status. 714 factory
workers were included in the study. A baseline survey was conducted using a self-administered questionnaire in December
2013. The questionnaire included items for the evaluation of sleep status (containing PSQI and ESS), sleep-related life-
style habits, and experience of industrial accidents. In January 2014, workers were selected for a sleep education program
that included attendance at a lecture and a take-home leaflet containing information on how to improve their sleep habits.
All of the workers then participated in a follow-up survey in March 2014 to investigate the effectiveness of the education
program. We first analyzed the association between industrial accidents and sleep status at the time of the baseline survey.
Then, using data from the follow-up survey, we examined the effectiveness of sleep education by analyzing the differences
in the improvement of sleep disorders and sleep habits between the groups who did and did not receive sleep education. We
detected a significant association between the occurrence of industrial accidents and PSQI scores from the baseline survey.
With regard to the effectiveness of the sleep hygiene education intervention, the percentage of early risers increased signifi-
cantly in the intervention group among the participants less than 40 years of age. Among the participants aged 40 years or
older, the percentage of those who did not drink an alcoholic beverage before going to sleep increased significantly in the
intervention group.

Keywords Non-randomized controlled trials - Good sleep habits - Insomnia - Circadian rhythm - Occupational injuries -
Epidemiology

Introduction

The diversification of labor and the expansion of the 24-h
society in recent years have been increasingly leading to
sleep problems [1]. In an epidemiological study of the Japa-
nese general population, 12.2% of adult men and 14.6% of
< Yoshitaka Kaneita women reported symptoms of insomnia (difficulty initiating
nusmpublichealth@gmail.com sleep, difficulty maintaining sleep with difficulty resuming
sleep, and early morning awakening with difficulty resuming
sleep), and 3.2% of men and 4.2% of women also suffered
o ) ) o from daytime disorders [2]. A further study also found that a
Division of Public Health, Department of Social Medicine, higher proportion of workers complained of insomnia com-
School of Medicine, Nihon University, Itabashi-ward, Tokyo,
Japan pared with the general adult population [3].

Sleep disorders may constitute a risk factor for the life-
style-related conditions of obesity [4, 5], hypertension [4, 6],
glucose intolerance [4, 7], cardiovascular disease [4, 8], and
depression [9, 10]. Insomnia not only causes distress during
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the night, but also leads to impaired daytime functioning,
with accumulation of fatigue and diminished memory and
attention, potentially resulting in a diminished quality of life
[11, 12]. Insomnia in workers, in particular, reduces working
efficiency and job satisfaction and increases the incidence
of work-related injuries and problems such as absentee-
ism, presenteeism, and early retirement, which incur both
direct and indirect financial losses [13]. Many studies have
reported a relationship between sleep problems and work
injuries. Evidence from these studies recently underwent a
systematic review [14]. This review abstracted 27 obser-
vational studies and featured a meta-analysis of 54 relative
risk estimates from among those studies. The findings of the
meta-analysis suggested that workers with sleep problems
had a 1.62 times higher risk of being injured than work-
ers without sleep problems. The Pittsburgh Sleep Qual-
ity Index (PSQI), developed at University of Pittsburgh
School of Medicine, is a questionnaire used worldwide to
assess of sleep quality [15]. It consists of 10 questions that
assess different aspects of sleep quality. This questionnaire
is advantageous because of its widespread use in a variety
of settings and translation into many languages, including
Japanese [16]. A previous study assessed a healthy (con-
trol subjects) and psychiatric disordered group (insomnia,
depression, anxiety disorder, and schizophrenia) with the use
of the Japanese version of PSQI and reported a reliability
coefficient of 0.77, the sensitivity of 80.0-85.7%, and the
specificity of 86.6% [17]. Therefore, the Japanese version
of the PSQI is convenient and easy-to-use and has sufficient
discrimination power.

Sleep disorders cause serious health and lifestyle-related
problems, and in particular, excessive daytime sleepiness
(EDS) due to a sleep disorder is often a serious problem for
workers. According to a previous research, in a survey of
the general population in Japan, 2.8% of males and 2.5% of
females were aware of EDS [18]. In a survey of the Finnish
population, it was reported that 11% of males and 7% of
females were aware of daytime sleepiness almost every day
[19]. In a similar research conducted in the US population,
the Epworth Sleepiness Scale (ESS) [20], which is a ques-
tionnaire based on self-awareness for the assessment of EDS,
was used [21]. The ESS has been validated clinically in pop-
ulations of sleep disorder patients, showing 74% sensitivity
and 50% specificity relative to the Multiple Sleep Latency
Test (MSLT), which is an objective physiological test [22].
Therefore, the ESS has high sensitivity and specificity for
the assessment of EDS. In the research that used ESS for the
assessment of EDS in the US population, it was reported that
25% of individuals had ESS scores higher than 11 [21]. A
reason that EDS is an important problem for workers is that
EDS lowers behavioral functioning [23-26] and makes them
take poor decisions [27]. Therefore, it has been reported that

@ Springer

EDS is a cause of various traffic and occupational accidents
[28-31].

Under these circumstances, investigation of measures to
improve sleep in workers is an urgent issue. One means of
alleviating insomnia is the use of sleeping pills and other
drug therapies. Although drug therapy may be effective, it
also causes problems such as drug dependency and carry-
over effects, and is, therefore, problematic for workers.

Another, non-drug treatment for insomnia is sleep hygiene
education directed at the population as a whole using talks
and pamphlets. In a previous study, Kakinuma et al. [32]
reported the effectiveness of sleep hygiene education inter-
vention among workers. A total of 391 day-shift workers in
the Japanese information technology (IT) industry were ran-
domly allocated to either an intervention group or a control
group, and the intervention group received 60 min of sleep
hygiene education. However, this intervention did not gen-
erate a significant improvement in sleep quality (Pittsburgh
Sleep Quality Index). There has been a paucity of epidemio-
logical interventional studies on the effects of sleep hygiene
education alone on sleep quality. Therefore, we designed a
new epidemiological interventional study of sleep hygiene
education to overcome the limitations of the study by Kaki-
numa et al. The present study was characterized by (1) a
sufficient sample size to ensure high statistical reliability,
(2) the preparation of new sleep hygiene education materi-
als containing information based on evidence incorporating
the latest conclusions of sleep science research, and (3) a
sufficiently long follow-up period allowing the effect of the
intervention to become apparent. In this study, we investi-
gated the effect of intervention by means of sleep hygiene
education and the association between sleep quality and
experience of occupational accidents in the same group of
subjects.

Materials and methods
Study participants and procedures

The study subjects were employees working rotating shifts
in a factory in Kagoshima Prefecture, Japan, manufacturing
vehicle engine parts on a 24-h basis. The sleep status and
lifestyle habits of all the employees working at the factory
at that point were surveyed in December 2013 (baseline sur-
vey). Study participation was completely voluntary.

The following method was employed in survey: an admin-
istrator of this company delivered (1) the instructions, (2) a
self-administered questionnaire, and (3) an envelope to each
worker. The workers were requested to complete the ques-
tionnaire on their own. After completing the questionnaire,
each worker put it in the envelope and sealed it. The sealed
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envelopes were collected and then opened for the first time
at the investigating institution.

The following six common items were included in the
questionnaires used in this surveys. (1) Basic attributes: the
participants were required to enter their employee number,
sex, employment status (regular/non-regular), job category
(management/non-management), and departments in which
the employees worked. (2) Working conditions: working
hours per day, overtime (hours) per month, number of days
off per month, and Midnight shift work (22:00-5:00). (3)
Sleep status indexes: Japanese version of PSQI [15, 16] and
ESS [20, 33]. (4) Practice of 12 lifestyle habits associated
with sleep (yes/no): (1) eating snacks after dinner, (2) exer-
cising, (3) taking a bath or a shower, (4) Attempting to read
a book, (5) attempting to listen to music, (6) attempting to
maintain a healthy lifestyle, (7) attempting to avoid coffee
and tea, (8) decreasing the duration and number of times
of daytime napping, (9) attempting to go to bed when feel-
ing sleepy, (10) attempting to get up early in the morning,
(11) attempting not to have an alcoholic beverage before
going to sleep, (12) attempting to get early morning sunlight
exposure (5) smoking habit. (6) Occupational accidents or
near-miss experience per month (experienced neither event/
experienced near-miss experiences only/experienced occu-
pational accidents). Employees were asked if they had ever
experienced each of the following accidents: (1) falling from
a height, (2) stumbling, (3) collision, (4) being struck by a
falling/airborne object, (5) being trapped under/hit by a col-
lapsing structure, (6) being caught or entangled, (7) cuts/
abrasions (cut by a box cutter, etc.), (8) directly touching a
very hot or cold object (burns, etc.), (9) electric shock/fire,
(10) directly touching hazardous material, (11) traffic acci-
dent, (12) rebound from bodily movement/excessive bodily
movement.

In January 2014, following a baseline survey, specific
employees attended a lecture on sleep hygiene education.
Attendance was voluntary and limited to employees who
were at work on the date of the lecture.

A follow-up survey of all the employees registered as fac-
tory workers was conducted in May 2014. In addition to the
items covered in the baseline survey, the follow-up survey
also included a question (yes/no format) asking (7) whether
the respondent had attended the sleep hygiene education lec-
ture in January 2014.

Intervention by sleep hygiene education

In 2013, the Japanese Ministry of Health, Labour and Wel-
fare established a Working Group on Sleep Guidelines
Revision, gathering the latest evidence from sleep science
research, and published “Sleep Guidelines 2014 for Health
Promotion” [34]. The document is written in simple lan-
guage, aimed at the general public, and includes “12 basic

sleep guidelines” designed for use in lifestyle coaching to
promote health as part of sleep hygiene education. These
12 sleep guidelines are as follows: (1) good sleep leads to a
healthy body and mind, (2) regular meals and routine exer-
cise are important, (3) lack of sleep correlates strongly with
lifestyle-related diseases, (4) mental health can be main-
tained by rest while asleep, (5) it is important to obtain an
appropriate amount of sleep for an individual’s age and for
the time of year, (6) creating an environment conducive to
sleep is important, (7) young people should avoid staying up
late at night, (8) for working-age people, good sleep allows
recovery from fatigue and improves productivity, (9) it is
important for older people to make arrangements so that they
sleep soundly, (10) go to bed when feeling sleepy, and do not
wake up too late, (11) pay attention to any unusual physi-
cal changes while sleeping, and (12) consult a specialist if
insomnia does not improve. The sleep hygiene education
implemented in this study used a four-page leaflet describing
the content of these 12 sleep guidelines in accessible, sim-
ple language. This was distributed to the audience during a
lecture, comprising an hour-long talk explaining the content
of the leaflet and the 12 sleep-related lifestyle habits, and
providing guidance on how to improve lifestyle habits and
put the guidelines into practice.

Statistical analysis

Respondents who reported attending the sleep hygiene edu-
cation lecture in the follow-up survey were defined as the
Intervention Group. Respondents who had not attended the
lecture or did not answer that specific question were defined
as the Control Group. Data from the baseline survey were
then used to calculate the composition of the Intervention
and Control Groups according to the following parameters:
“basic attributes”, “working conditions”, “sleep status indi-
ces”, “lifestyle habits associated with sleep”, “smoking”,
and “occupational accidents or near-miss experiences per
month”. The two groups were compared using the chi-
squared test.

Next, multivariate analysis was used to investigate the
association between sleep quality status, level of daytime
drowsiness, and experience of occupational accidents, using
study group data from the baseline survey. We examined
the relationship between two indicators of sleep status and
occupational accidents using two different models. In one
model, we used the Pittsburgh Sleep Quality Index (PSQI)
[15, 16] score as an indicator of insomnia. n the other model,
we used the Epworth Sleepiness Scale (ESS) [20, 33] score
as an indicator of daytime disorders. This allowed us to sep-
arately examine the relationship between daytime drowsi-
ness (daytime disorders) and occupational accidents and the
relationship between insomnia (the primary sleep disorder
that causes daytime drowsiness) and occupational accidents.

@ Springer
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Logistic regression analysis was performed using the forced
entry method, with the experience of an occupational acci-
dent or near-miss experience in the previous month as the
objective variable (respondents who answered “experienced
near-miss experiences only” or “experienced occupational
accidents” were classified as having had an occupational
accident or a near-miss experience, and those who answered
“experienced neither event” were classified as not having
had one) and PSQI score as the dependent variable (Model
1). Age, sex, employment status, job category, departments
in which the employees worked, working hours per day,
overtime per month, number of days off per month, midnight
shift work, smoking habits, and exercise habits were inputted
to the model as adjustment factors. The forced entry method
was used because there was no advanced hypothesis regard-
ing the order of importance of the dependent (adjustment)
variables. The same analysis was also performed using the
ESS score as the dependent variable (Model 2).

We then investigated the effectiveness of sleep hygiene
education on sleep-related lifestyle habits. We calculated the
proportion of people in the Intervention and Control Groups
who were putting the 12 sleep-related lifestyle habits into
practice at the time of the baseline survey and of the follow-
up survey. We also used McNemar’s test [35, 36] to compare
the changes between the baseline and follow-up surveys in
the Intervention and Control Groups (comparison within
group), and used a two-sample McNemar’s test [37, 38]
to compare the Intervention and Control Groups with each
other (comparison between groups). We then performed
a sub-group analysis by testing according to age class to
examine the difference in effect of sleep hygiene education
for each age group. According to a previous study in the
field of learning science, comparison of fluid intelligence
and crystallized intelligence is a method for characterizing
the changes in cognitive and learning functions with age
[39, 40]. Fluid intelligence refers to intelligence that reflects
items such as calculation ability, concentration, and intel-
ligence quotient, and fluid intelligence decreases after the
age of 20 years, and in particular, decreases quickly after
the age of 40 years. Crystallized intelligence reflects intel-
ligence that is accumulated with experience, such as empiri-
cal knowledge and decision-making, and this type of intel-
ligence improves with age. Based on these previous studies
in the field of learning science, we performed our analysis
by stratifying participants into two groups, using the age of
40 as the boundary.

Finally, we investigated the effectiveness of sleep hygiene
education for improving sleep quality and daytime drowsi-
ness. The proportions of respondents with a PSQI score
of >6 in the baseline and follow-up surveys were calcu-
lated separately for the Intervention and Control Groups,
and McNemar’s test was used to investigate the difference
between the scores in the baseline survey and follow-up
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survey (comparison within group). We also used a two-sam-
ple McNemar’s test to compare the Intervention and Control
Groups with each other (comparison between groups). The
same analysis was performed for an ESS score of >11 or
occupational accidents/near-miss experience per month.

We set the level of significance at P <0.05. All analyses
were performed using SPSS 22 for Windows (IBM Corp,
Armonk, NY, USA).

Informed consent and ethical considerations

The following instructions were provided to the workers:
(1) this survey is part of a medical study. What is written in
the questionnaire will not be subject to evaluation related
to participants’ working performance or punishment; (2)
subjects’ participation in the survey must be voluntary, and
subjects who do not participate will not suffer any loss; (3)
the completed questionnaires will not be seen by other work-
ers; (4) subjects’ privacy will be strictly protected. In this
survey, permission to conduct the survey was obtained from
the Ethics Committee of Nihon University school of Medi-
cine and the Ethics Committee of Oita University faculty
of Medicine.

Results

An overall flow diagram of this survey is shown in Fig. 1.
In the baseline survey, responses were received from 798
out of a total of 800 registered employees (response rate
99.8%). The sleep hygiene education program was attended
by 287 employees. In the follow-up survey, responses were
received from 783 registered employees. The analysis set
comprised data from 714 individuals, including participants
who had completed both the baseline and follow-up surveys
(complete follow-up rate 89.3%). The following individu-
als (n=69) were excluded due to missing answers, lack of
consent to participate in the study, inability to consolidate
data (according to lack of employee number), or lack of
basic data on sex and/or age. Overall, in the follow-up sur-
vey, 104 individuals answered that they had attended the
sleep hygiene education lecture (Intervention Group). The
Control Group included 217 individuals who answered no
participation of the sleep hygiene education lecture, and 393
individuals who did not answered whether or not they had
attended the sleep hygiene education lecture.

Table 1 shows the profiles of employees at the time
of the baseline survey (Control and Intervention Groups).
The analysis set included 596 men (83.5%) and 118
women (16.5%) with an age range of 18-62 years (mean
age 38.4+11.6 years). Out of the total, 62.9% were
engaged in midnight shift work. The PSQI score was > 6
in 38.0% of the participants, and the ESS score was > 11 in
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Fig. 1 Overall-flow diagram of

this study: baseline and follow- RegiStered DeC., 2013
up survey, and sleep hygiene employees Baseline Survey
education intervention =800 (RCSPOI’I dents=79 8)
Did not attend the Attended the Jan., 201‘4
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education
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Registered May, 2014
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Survey

Missing answers, did not

consent, data could not be

consolidated, missing data
for sex and/or age

n=69

Consolidated baseline
and follow-up survey
data for analysis

n=714
* Answer: “Did not attend sleep hygiene education” Answer: “Attended
n=217 sleep hygiene
- Did not answer the question about sleep education”
hygiene education attendance n=393 n=104
Control Intervention
Group Group

26.9%. Comparisons between the Control and Intervention
Groups for each parameter using chi-squared test found no
significant differences.

Table 2 shows the associations between the occurrence
of occupational accidents/near-miss experiences and PSQI/
ESS scores found in the baseline cross-sectional study. In
Model 1, with the PSQI score input as a dependent vari-
able, the occurrence of occupational accidents/near-miss
experiences was significantly associated with exercise hab-
its (P =0.034) or PSQI score (P =0.009). There was no
significant association with any other dependent variable.
In Model 2, with the ESS score input as a dependent vari-
able, the occurrence of occupational accidents/near-miss
experiences was significantly associated with age group
(P=0.012) and exercise habits (P =0.011). There was no

significant association with any other dependent variable,
including the ESS score (P =0.204).

In a comparison of chronological changes in sleep-
related lifestyle habits in the Intervention and Control
Groups, an investigation of the entire population found
no significant difference in lifestyle habits in intragroup
(baseline vs. follow-up) or intergroup (Control Group vs.
Intervention Group) comparisons. We then performed
a sub-group analysis stratified by age group, and found
that among employees aged <40 years (Table 3) in the
Intervention Group, significantly more employees were
attempting to wake up early in the morning in the follow-
up survey compared with the proportion at the baseline
(P=0.031). This difference was not observed in the
Control Group (P =0.162). There was also a significant
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Table 1 Profile of Employees
at baseline survey (control and
intervention group)
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Control group

Intervention group (%) P

(n=610) (n=104)
Sex 0.422
Male 83.9 80.8
Female 16.1 19.2
Age class 0.068
<30 years 26.9 33.7
30-39 years 22.8 11.5
4049 years 26.9 28.8
>50 years 23.4 26.0
Employment status 0.770
Regular 92.5 923
Non-regular 1.8 1.0
Unknown 5.7 6.7
Job category 0.739
Management 3.0 1.9
Non-management 86.9 89.4
Unknown 10.2 8.7
Working hours per day 0.502
<8 h/day 26.4 24.0
>8 h/day or < 10 h/day 67.5 69.2
>10 h/day 4.9 3.8
Unknown 1.1 29
Overtime per month 0.677
<20 h/month 53.8 48.1
>20 h/month or <45 h/month 34.6 39.4
>45 h/month or < 80 h/month 1.1 1.0
>80 h/month 0.8 0.0
Unknown 9.7 11.5
Number of days off per month 0.352
<4 days 23.1 22.1
5-8 days 5717 62.5
9-12 days 17.0 11.5
>13 days 0.2 1.0
Unknown 2.0 29
Midnight shift work (22:00-5:00) 0.172
No 63.6 58.7
Yes 32.6 337
Unknown 3.8 7.7
Sleep duration 0.334
<5 h/day 5.6 7.7
>5 h/day or <7 h/day 56.7 46.2
>7 h/day or <9 h/day 35.4 423
>9 h/day 1.0 1.9
Unknown 1.3 1.9
PSQI score 0.330
<5 points 53.1 58.7
>6 points 382 36.5
Unknown 8.7 4.8
ESS score 0.821
<10 points 71.0 71.2
>11 points 27.0 26.0
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Table 1 (continued) Control group Intervention group (%) P
(n=610) (n=104)
Unknown 2.0 2.9
Nightcap habit 0.813
None 73.9 75.0
Less than once a week 6.7 5.8
1-2 times per week 5.1 29
3 or more times per week 13.1 14.4
Unknown 1.1 1.9
Smoking habit 0.818
None 53.0 50.0
Not having smoked for > 1 month 3.3 1.9
Sometimes 1.6 1.0
Everyday 39.2 43.3
Unknown 3.0 3.8
Exercise Habit 0.907
Very often 4.9 29
Sometimes 24.8 26.0
Seldom 34.9 33.7
Rarely 31.1 32.7
Unknown 4.3 4.8
Occupational accidents or 0.930
Near-miss experience per month
Experienced neither event 64.6 65.4
Experienced near-miss experiences only 23.9 24.0
Experienced occupational accidents 8.4 6.7
Unknown 3.1 3.8

We have combined all the participants in the baseline study (n=714)
PSQI Pittsburgh Sleep Quality Index, ESS Epworth sleepiness Scale

P was calculated by 4 test

difference between the two groups (Control vs. Inter-
vention) (P =0.005). Furthermore, among employees
aged > 40 years (Table 4) in the Intervention Group,
significantly more employees reported attempts not to
consume alcohol before going to sleep in the follow-
up survey compared with the proportion at the baseline
(P=0.002). This difference was not observed in the Con-
trol group (P =.883). There was also a significant differ-
ence between the two groups (Control vs. Intervention)
(P=0.005).

Table 5 shows a comparison of chronological changes
in PSQI, ESS scores, and Occupational accidents/Near-
miss experience per month in the Intervention and Con-
trol groups. No significant difference was evident in the
PSQI, ESS scores, or Occupational accidents/Near-miss
experience in all intragroup (baseline vs. follow-up) or
intergroup (Control vs. Intervention) comparisons.

Discussion

In this study, we investigated whether or not the experi-
ence of accidents in the workplace was related to sleep
disorder index scores (PSQI or ESS) and whether inter-
vention by means of sleep hygiene education was effec-
tive for improving sleep-related lifestyle habits and sleep
disorder index scores in employees engaged in rotational
shift work. The larger sample size and longer follow-up
period for evaluating the effectiveness of intervention, as
well as the high response and follow-up rates, make this
study more reliable than previous studies.

In this study, we found a significant association between
a high PSQI score, indicating low sleep quality, and the
experience of accidents. A number of previous studies
have also reported that sleep disorders are associated with
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Table2 Associations between the occurrence of occupational acci-
dents/near-miss experiences and PSQI/ESS scores found in the base-
line cross-sectional study

AOR 95% C1 P
Model 1
Age class 0.067
<30 years 1.00
30-39 years 0.82 0.47-1.44
40-49 years 0.51 0.28-0.91
>50 years 0.48 0.25-0.95
Exercise Habit 0.034
Very often 1.00
Sometimes 6.88 1.45-32.69
Seldom 8.36 1.79-39.15
Rarely 9.72 2.05-46.17
PSQI score 0.009
<5 points 1.00
>6 points 1.76 1.15-2.68
Model 2
Age class 0.012
<30 years 1.00
30-39 years 0.77 0.46-1.29
4049 years 0.47 0.27-0.80
>50 years 0.42 0.22-0.78
Exercise habit 0.011
Very often 1.00
Sometimes 4.84 1.32-17.81
Seldom 6.55 1.80-23.75
Rarely 7.79 2.13-28.56
ESS score 0.204
<10 points 1.00
>11 points 1.31 0.87-1.98

Data at the time of the baseline survey were used

P was calculated by logistic regression analysis (Forced Entry
Method)

Missing data were excluded from the statistical analyses (Model 1:
n=490, Model 2: n=567)

PSQI Pittsburgh Sleep Quality Index, ESS Epworth sleepiness Scale,
AOR Adjusted Odds Ratio, CI Confidential Interval, Objective vari-
able occupational accidents or near-miss experience per month,
Adjusted factors sex, employment status, job category, departments
in which the employees worked, working hours per day, overtime per
month, number of days off per month, midnight shift work, smoking
habit

accidents. A study of public transport drivers found that
the incidence of traffic accidents increased proportion-
ally to the level of subjective drowsiness [41]. Individuals
sleeping for < 6 h have been found to fall asleep at the
wheel more frequently than those sleeping for a minimum
of 7 h [42]. It has also been shown that among drivers
causing accidents, those with <6 h of sleep were more
likely to have been involved in a rear-end collision with

@ Springer

another vehicle or involved in a single-vehicle accident
[43]. Insomnia is associated not only with sleep problems
at night, but also physical and mental problems such as
fatigue, reduced concentration, drowsiness, and reduced
motivation, during the day. A study in the United States
found that insomnia accompanied by these daytime symp-
toms increases the risk of injury [44]. Our results were
also consistent with these findings. The logistic regression
analysis in this study considered two models. Although the
PSQI and ESS are separate indicators that assess insom-
nia and daytime disorders, respectively, the PSQI includes
daytime disorders as one of its assessment indicators, and
thus duplicates the primary object of assessment of the
ESS. Therefore, entering both indicators as dependent
variables in the same model could lead to strong multi-
collinearity and inappropriate analysis results. We calcu-
lated Spearman’s rank correlation coefficient to examine
the relationship between PSQI and ESS scores, Spear-
man’s rank correlation coefficient between the PSQI and
ESS scores was r=0.261, P <0.001, thus demonstrating a
significant correlation between them. Consequently, strong
multi-collinearity would be expected when entering both
the PSQI score and ESS score as explanatory variables in
the same model. Therefore, we deemed it appropriate to
enter them into separate models.

In the present study, we did not find a significant cor-
relation between the ESS score (the indicator of daytime
disorders) and experience of occupational accidents. Several
previous studies had reported a relationship between daytime
sleepiness and work injury [45-47]. However, in a system-
atic review of sleep problems and accidents, Uehli et al.
reported that the association between “daytime sleepiness”
and work injuries was weak [14] They discussed whether
this could be explained by sleepy people being aware of their
limitations at the time of risk and adopting coping strategies.
A similar reason could also explain the results of the present
study. As the ESS is a self-administered questionnaire, it is
also possible that the person may not have an accurate grasp
of their sleepiness. Going forward, more research needs to
be conducted.

In the present study, we found that when sleep hygiene
education was provided in the form of a lecture, this resulted
in improvements in some lifestyle habits in specific age
groups; however, there was no significant improvement in
the PSQI or ESS scores, which are indicators of overall sleep
status. Previous studies also found no significant improve-
ment in sleep quality resulting from intervention in the form
of sleep hygiene education alone [32]. One possible reason
for the absence of any effect may have been the education
method used. In our study, we used a simple lecture format
as the main method of sleep hygiene education. Although the
lecture format has the advantage of transmitting knowledge
to a large number of people at the same time, in the field of
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Table 3 Comparison of chronological changes in sleep-related lifestyle habits in the Control and Intervention groups (among those aged less

than 40 years)
Group n Baseline (%) Follow-up (%) Change from 2P (within group) °P (Control
baseline (%) vs. Inter-
vention)
1. Eating snacks after dinner Control 294 255 28.6 3.1 0.306 0.464
Intervention 45 244 222 -2.2 1.000
2. Exercising Control 295 169 22.0 5.1 0.050 0.832
Intervention 45 17.8 24.4 6.7 0.581
3. Taking a bath or a shower Control 294 34.0 333 -0.7 0.912 0.355
Intervention 45 20.0 26.7 6.7 0.549
4. Attempting to read a book Control 294 139 13.3 -0.7 0.885 0.298
Intervention 45 4.4 8.9 44 0.625
5. Attempting to listen to music Control 294 28.6 26.5 -2.0 0.519 0.688
Intervention 45 17.8 13.3 —44 0.727
6. Attempting to maintain a healthy lifestyle Control 294 333 31.0 -24 0.470 0.785
Intervention 45  26.7 26.7 0.0 1.000
7. Attempting to avoid coffee and tea Control 294 18.0 20.1 2.0 0.496 0.848
Intervention 45 11.1 13.3 22 1.000
8. Decreasing the duration and number of Control 293 19.5 14.7 -4.38 0.066 0.725
times of daytime napping Intervention 45 11.1 8.9 -22 1.000
9. Attempting to go to bed when feeling Control 294 43.2 41.5 - 1.7 0.668 0.378
sleepy Intervention 45  31.1 37.8 6.7 0.629
10. Attempting to get up early in the morn-  Control 294 21.8 17.7 —-4.1 0.162 0.005
ing Intervention 45 6.7 20.0 13.3 0.031
11. Attempting not to have an alcoholic Control 292 233 21.6 - 1.7 0.653 0.514
beverage before going to sleep Intervention 45 22.2 15.6 - 6.7 0.549
12. Attempting to get early morning sun- Control 294 119 12.6 0.7 0.868 0.070
light exposure Intervention 45 4.4 13.3 8.9 0.125

Missing data were excluded from the statistical analyses
2P was calculated by McNemar’s test

°P was calculated by two-sample McNemar’s test

school education it has long been known that educational
effectiveness drops dramatically when students are listen-
ing to content delivered unilaterally by a lecturer [48, 49].
Recently, school education has started to incorporate prob-
lem-based learning and other forms of learning that involve
active participation by students in educational activities, to
improve educational effectiveness. These strategies have
been found to be effective [50, 51]. Future studies to inves-
tigate the effectiveness of sleep hygiene education incorpo-
rating active learning are required. A second possible reason
for these findings may be problems with the type of subject
group for which the interventional approach was used. We
utilized the so-called “population approach” [52], involving
the entire group in our sleep hygiene education intervention.
However, it is possible to adopt a “high-risk approach” [53],
where education is focused intensively on the group with
the most severe condition, and this strategy may be more
effective. Future studies are also required to investigate the
effect of different approaches in the field of sleep hygiene

education. A third issue is the number and content of educa-
tional opportunities. The sleep hygiene education consisted
of a single lecture delivered to the study group. It is possible
that there were variations in the relative importance of the
content to the individuals in the study group at the time
the lecture was delivered. It is important for individuals to
adopt and persist with healthy lifestyle behavior to prevent
and treat lifestyle-related diseases and many other chronic
conditions. They must also modify behaviors that have a
negative effect on health, and must maintain these modifica-
tions. Maintaining both types of behavioral changes would
lead to improved health. Health behavior is defined as “any
behavior undertaken with the aim of maintaining or promot-
ing health or recovering from illness” [54]. Health behavior
can be divided into the following five stages: (1) precontem-
plation stage, (2) contemplation stage, (3) preparation stage,
(4) action stage, and (5) maintenance stage [55]. These five
stages are not a one-way progression from (1) to (5); if an
individual is unsuccessful halfway through the process, they

@ Springer



248 Sleep and Biological Rhythms (2018) 16:239-251

Table 4 Comparison of chronological changes in sleep-related lifestyle habits in the Control and Intervention groups (among those aged
40 years or more)

Group n Baseline (%) Follow-up (%) Change from P (within group)* P (Control vs.
baseline (%) Intervention)®
1. Eating snacks after dinner Control 282 22.0 19.9 -2.1 0.504 0.056
Intervention 55 14.5 25.5 10.9 0.146
2. Exercising Control 282 13.8 13.8 0.0 1.000 0.339
Intervention 55 14.5 10.9 -3.6 0.625
3. Taking a bath or a shower Control 283 30.7 27.6 -3.2 0.349 0.495
Intervention 55 25.5 18.2 -73 0.388
4. Attempting to read a book Control 281 12.8 13.2 0.4 1.000 0.373
Intervention 55 16.4 20.0 3.6 0.625
5. Attempting to listen to music Control 281 10.3 14.2 39 0.109 0.297
Intervention 55 14.5 12.7 - 1.8 1.000
6. Attempting to maintain a healthy lifestyle Control 280 26.8 314 4.6 0.118 0.118
Intervention 54 24.1 18.5 -5.6 0.508
7. Attempting to avoid coffee and tea Control 282 16.7 14.5 -2.1 0.451 0.474
Intervention 55 10.9 12.7 1.8 1.000
8. Decreasing the duration and number of ~ Control 277 10.1 11.9 1.8 0.499 0.745
times of daytime napping Intervention 55 16.4 16.4 0.0 1.000
9. Attempting to go to bed when feeling Control 283 43.8 41.7 -2.1 0.571 1.000
sleepy Intervention 54 46.3 444 -19 1.000
10. Attempting to get up early in the morn-  Control 279 20.8 21.5 0.7 0.890 0.929
ing Intervention 54 24.1 24.1 0.0 1.000
11. Attempting not to have an alcoholic Control 276 15.9 16.7 0.7 0.883 0.005
beverage before going to sleep Intervention 55 7.3 255 18.2 0.002
12. Attempting to get early morning sun- Control 280 12.5 16.8 43 0.067 1.000
light exposure Intervention 55 10.9 16.4 5.5 0.508

Missing data were excluded from the statistical analyses
2P was calculated by McNemar’s test

5P was calculated by two —sample McNemar’s test

Table 5 Comparison of chronological changes in PSQI/ESS scores and experienced occupational accidents or Near-miss in the Control and
Intervention groups

Group n Baseline (%)  Follow-up (%)  Change from P (within group)® P (Control vs.
baseline (%) Intervention)®
PSQI score > 6 points Control 544  41.5 39.2 -24 0.259 0.218
Intervention 96 375 39.6 2.1 0.839
ESS score > 11 points Control 583 27.8 26.9 -0.9 0.718 0.376
Intervention 101  26.7 31.7 5.0 0.359
Occupational accidents or Control 579 332 31.8 -14 0.562 0.669
near-miss experience per Intervention 100 32.0 28.0 —-4.0 0.571

month

Missing data were excluded from the statistical analyses
PSQI Pittsburgh Sleep Quality Index, ESS Epworth sleepiness Scale
4P was calculated by McNemar’s test

5P was calculated by two-sample McNemar’s test

@ Springer



Sleep and Biological Rhythms (2018) 16:239-251

249

will revert to the earlier stages. However, continued effec-
tive health coaching is believed to result in progress. As the
behavior, knowledge, and mindset required at each stage dif-
fer, a suitable approach for each stage is needed. Future stud-
ies of sleep hygiene education must also address the diverse
approaches required for individuals at each different stage.

In the present research, we studied the changes in life-
styles related to sleep that resulted from sleep hygiene
education for each age group, and we showed a significant
improvement in different lifestyles for the under 40 and the
40-and-over year age groups. There are some previous stud-
ies that assess aging influence on sleep-related lifestyles.
Changes were noted in the required amount of sleep and
aging. Ohayon et al. performed a meta-analysis of 3577 indi-
viduals in 65 papers investigating night sleep with the use
of polysomnographic data. They reported a decrease in total
sleep time (approximately 7 h at 25 years of age compared
with <6 h after 65 years); increase in the frequency of wake
after sleep onset; decrease in sleep efficiency, which was
particularly significant at > 40 years of age; and decrease in
slow wave sleep with age [56]. A previous study assessed
the relationship between insomnia and age. Lichstein et al.
[57] reviewed 20 studies and reported that the prevalence
and severity of insomnia were associated with age in 60% of
studies. These authors found strong evidence for increased
“Difficulty Maintaining Sleep” with age, but modest evi-
dence for increased “Difficulty Initiating Sleep” and “Early
Morning Awakening” with age. These authors found strong
evidence for increased “Difficulty Maintaining Sleep” with
age, but modest evidence for increased “Difficulty Initiating
Sleep” and “Early Morning Awakening” with age. These
changes may be related to the age-related differences in the
effect of sleep hygiene education.

Several aspects of our findings limit generalization and,
therefore, warrant mention. First, in this study, we were
unable to perform a completely random allocation when
dividing subjects into the Intervention and Control Groups,
as only those individuals who were at work on the day of
the lecture and who wished to attend were allocated to the
Intervention Group. Therefore, in the process of group allo-
cation, there may have been some bias in terms of factors
such as willingness to learn, as this would have depended
on whether or not individuals wanted to attend the lecture.
Second, as self-administered questionnaires were used, some
data obtained would have been subjective. For example,
information on working hours or number of days off per
month was based on self-reported data, and there may have
been some discrepancies between the reported data and the
actual status of individuals. Third, we did not screen for
sleep problems, such as sleep apnea syndrome, when recruit-
ing participants of this study. Therefore, our study groups
may include individuals who were suffering from sleep
problems. Fourth, the relationship between sleep-related

lifestyles (or sleep hygiene education) and frequency of
accidents could not be verified in this study. Of the conceiv-
able causative factors, there might have been an insufficient
period of assessment or inadequate assessment to judge
whether lifestyle has improved. A future study that includes
the above-mentioned parameters will need to be conducted
to verify the present study.

Our results suggested that the sleep quality is associated
with the frequency of workplace accidents, and that sleep
hygiene education may improve some lifestyle habits. In the
present study, results of the sub-group analysis of lifestyle
changes associated with sleep hygiene education differed
by age group. This suggests that sleep hygiene education
may yield different changes in lifestyle habits in different
age groups. Further studies are required to increase the
effectiveness of interventions by addressing the content and
methods of sleep hygiene education and the selection of sub-
jects. Further study is also needed to determine factors that
would increase motivation to participate in sleep hygiene
education.
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ARTICLE INFO ABSTRACT

Keywords: The efficacy of omega-3 fatty acids for maintaining a better mental state has not been examined among working
Anxiety populations. We aimed to explore the effectiveness of omega-3 fatty acids for hospital nurses. In a multi-center
Burn Ouf randomized trial, 80 junior nurses were randomly allocated to either omega-3 fatty acids (1200 mg/day of
Depression eicosapentaenoic acid and 600 mg/day of docosahexaenoic acid) or identical placebo pills for 13 weeks. The
ga::gg:_c;ds primary outcome was the total score of the Hospital Anxiety and Depression Scale (HADS), determined by a
Presenteeism blinded rater at week 26 from the study enrolment. Secondary outcomes included the total score of the HADS at

13 and 52 weeks; incidence of a major depressive episode; severity of depression, anxiety, insomnia, burnout,
and presenteeism; utility scores; and adverse events at 13, 26 and 52 weeks. The mean HADS score at baseline
was 7.2. At 26 weeks, adjusted mean scores on the HADS were 6.32 (95% CIs of standard errors: 5.13, 7.52) in
the intervention and 6.81 (5.57, 8.05) in the placebo groups, respectively. The coefficient of the group by time
interaction was not statistically significant at 0.58 (—1.35, 2.50; P = 0.557). Although the intervention group
showed significant superiority on the HADS score at 52 weeks, depression severity at 52 weeks, insomnia se-
verity at 13 weeks, and absolute presenteeism at 26 weeks, no significant superiority or inferiority was observed
on the other outcomes. The additive value of omega-3 fatty acids was not confirmed regarding mental state and
self-evaluated work efficiency.

Clinical trial registry number and website: difference of —0.3 (95% CI, —0.10 to —0.50) by pooling results from
25 randomized controlled trials (RCTs) (Appleton et al., 2015).

Some other previous RCTs have examined the effects of omega-3
PUFAs in terms of preventing depression in non depressed population,
especially for pregnant women who are either mentally healthy (Blasi
et al.,, 1989; Krauss-Etschmann et al., 2007; Makrides et al., 2010;

Mattes et al., 2009; Vaz et al., 2017) or at risk for postpartum depres-

ClinicalTrials.gov: NCT02151162 (registered on May 27, 2014)
https://clinicaltrials.gov/ct2/show/NCT02151162.

1. Introduction

Antidepressive effects of omega-3 polyunsaturated fatty acids
(PUFAs), in particular eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA), have been examined by many previous studies. A
recent Cochrane review showed that omega-3 PUFA supplementation
resulted in a small or modest benefit for depressive symptomatology
compared to placebo for patients with a primary diagnosis of unipolar
or major depressive disorder (MDD), with a standardized mean

* Corresponding author.

sion (Doornbos et al., 2009). However, to the best of our knowledge,
trials investigating the efficacy of PUFAs in preventing depression or
maintaining healthy mental state among ordinary people, including
working populations, are sparse. In a recently published meta-analysis
(Grosso et al., 2014), omega-3 PUFAs were effective in patients diag-
nosed as MDD, but not in preventing depression in healthy subjects. In
this analysis, three parallel RCTs investigating preventive effects for
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depression in healthy subjects were assessed with a follow-up duration
of 3-6 months. The studies employed a daily dose of 1060 mg EPA and
274mg DHA (Mozurkewich et al., 2013), 3000 mg EPA and 600 mg
DHA (DeFina et al., 2011), or 2085 mg EPA and 348 mg DHA (Kiecolt-
Glaser et al., 2012). However, a high daily EPA dose between 1000 and
1500 mg/d with a ratio of 2:1 with DHA has been argued as optimal for
affective disorders (McNamara, 2009). We believe that another meth-
odologically rigorous trial employing optimal doses of EPA and DHA
with long-term follow-up is needed.

Hospital nurses are vulnerable to psychological stress and mental
disorders (Calnan et al., 2001), especially depression. The prevalence of
depressive symptoms above a clinical cut-off among hospital-employed
nurses is 18% in the U.S. (Letvak et al., 2012). Nurses with depression
are not only likely to suffer personally, but their illness may also have
an impact on the quality of care for patients due to presenteeism. In
terms of the monetary burden of patient care, the costs due to increased
falls and medication errors caused by presenteeism are estimated at
1346 USD per nurse annually (Letvak et al., 2012).

Hence, the present study aimed to explore the effectiveness of
omega-3 PUFAs in maintaining a healthy mental state among hospital
nurses. The protocol of the study has already been published elsewhere
(Watanabe et al., 2015).

2. Materials and methods
2.1. Trial design

A factorial-design trial was conducted with 1:1:1:1 allocation, with
a 52-week follow-up. Participants were randomly assigned to one of the
following four intervention arms: a) omega-3 PUFAs plus mindfulness-
based stress management program; b) placebo plus mindfulness-based
stress management program; c) omega-3 PUFAs plus psychoeducation
leaflet; and d) placebo plus psychoeducation leaflet. These interven-
tions were terminated within 13 weeks from the registration of the
participant. The present paper focuses on the comparison between
combined groups of a) and ¢), and b) and d).

2.2. Participants

The inclusion criteria for participants were 1) female, aged between
20 and 59 years, because a previous study demonstrated that omega-3
PUFAs were effective in females but not in males (Nishi et al., 2012).
We focused on females to maximize the benefit; 2) nurses who worked
in inpatient wards at four general hospitals and at one psychiatric
hospital in Tama area, Tokyo, Japan; 3) and those mainly engaged in
caring for patients but not in administrative responsibilities. Thus, head
or senior nurses were excluded. A previous study showed that senior
nurses are less burnout than junior nurses (Voltmer et al., 2013).

The exclusion criteria for participants were those 1) planning to
resign for any reasons within 26 weeks; 2) engaging in structured
psychotherapy; 3) seeing a physician regularly for the treatment of any
mood or anxiety disorders; 4) taking antidepressants, mood stabilizers,
anticonvulsants or antipsychotics; 5) taking omega-3 PUFAs for four or
more weeks within 52 weeks; 6) clinically depressed, judged by sa-
tisfying a total score of 11 or more on the Hospital Anxiety and
Depression Scale (HADS) Depression Subscale (Kugaya et al., 1998) and
that of 15 or more on the Patient Health Questionnaire (PHQ-9) (Spitzer
et al., 1999); 7) consuming fish as the main course of a meal four or
more times a week; or 8) taking anticoagulant drugs at entry or history
of stroke or myocardial infarction.

2.3. Procedures
The participants were randomly assigned to one of the four inter-

vention arms via the EDC using a minimization method, which con-
trolled for place of work; a total score on the HADS of =11 (Kugaya
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et al., 1998) or not; and working as a nurse for =1 year or not.
2.4. Interventions

Omega-3 PUFA capsules were formulated to contain 1200 mg EPA
and 600 mg DHA according to expert recommendations (McNamara,
2009). The participants took the capsules once a day for 90 days. Pla-
cebo capsules contained rapeseed oil (47%), soybean oil (25%), olive
oil (25%), and fish oil (3%) and have identical appearance and similar
odor to omega-3 PUFA capsules. To assess adherence to the regimen, all
the remaining capsules were collected after the 13-week assessment.

Participants who stopped taking the capsules were still asked to
complete the assessments. Participants assigned to the placebo group
were asked not to take omega-3 PUFA supplements for the first 26
weeks.

2.5. Assessment measures

2.5.1. Primary outcome

The primary outcome was the blindly rated total score of the 14-
item HADS (Herrmann, 1997; Zigmond and Snaith, 1983) at week 26,
assessed through their mobile phone by a blinded rater located at Kyoto
University. All participants were requested not to reveal the assigned
treatment to the assessors, in order to keep the assessors’ blindness to
the groups. After each assessment, an assessor guessed which group the
participant has been assigned to, making it possible to examine if the
blinding was successful.

The total score of the HADS (HADS-T) ranges from O to 42, higher
scores indicating more symptoms. The HADS has two sub-scores, each
ranging from O to 21: HADS-D (depression) and HADS-A (anxiety). The
recommended cutoffs of the HADS-T were =9 for possible cases and
=11 for probable cases of anxiety or depressive disorders (Zigmond
and Snaith, 1983).

2.5.2. Secondary outcomes

All self-reported measures other than the HADS were gathered
through the EDC system, where the participants could input their own
data through the Internet at home. Participants were notified at 13, 26,
and 52 weeks to fill in the assessment questionnaires within the fol-
lowing 14, 30, and 30 days, respectively.

2.5.2.1. Depression and anxiety symptoms. The HADS was administered
at baseline, 13 and 52 weeks as secondary outcomes through their
mobile phone by a blinded rater.

2.5.2.2. Major depressive episode. A current major depressive episode,
according to DSM-5, were determined using the Primary Care
Evaluation of Mental Disorders (PRIME-MD) algorithm in the
depression module of the PHQ-9 (Spitzer et al., 1999). The PHQ-9
has been used to assess major depressive disorder, according to DSM-5
(Fried et al., 2013).

2.5.2.3. Anxiety. The GAD-7 (Spitzer et al., 2006) was used to assess
the severity of anxiety symptoms in the participants. Total scores from 5
to 9, 10-14, or 15-21 indicate mild, moderate, or severe anxiety
symptoms, respectively.

2.5.2.4. Burnout. The Maslach's Burnout Inventory (MBI) (Maslach
et al., 1996) was used to assess degree of burnout among nurses. The
MBI is a tool for detecting and measuring the severity of burnout
syndrome. It is a 22-item questionnaire that assesses the degree of
burnout according to the following three subscales: emotional
exhaustion (EE), depersonalization (DP) and personal accomplishment
(PA).

2.5.2.5. Insomnia. The Insomnia Severity Index (ISI) (Bastien et al.,



N. Watanabe et al.

2001; Morin and Espie, 2004) was used to assess insomnia. The ISI is
now considered a standard global measure for assessing the severity of
insomnia and is used in many studies (Morin et al., 2009; Watanabe
et al., 2011). Total scores from 8 to 14 and 15-28 indicate subthreshold
insomnia and clinical insomnia, respectively.

2.5.2.6. Presenteeism. The World Health Organization Heath and Work
Performance Questionnaire (HPQ) was used to assess two types of
presenteeism: the absolute presenteeism score, which is calculated as
the difference between the score for self over the past 28 days and the
score for the average worker in the same job and ranges from 0 (total
lack of performance during time on the job) to 100 (no lack of
performance during time on the job); and the relative presenteeism
score, which is a ratio of actual performance to possible performance
(the performance of most workers in the same job) and ranges from
0.25 to 2.0. The validity of the scale has been confirmed in previous
studies (Kessler et al., 2004; Kessler and Ustun, 2004).

2.5.2.7. Quality of life (QoL). The EuroQol (EQ-5D) (EuroQol Group,
1990) was used to assess health-related QoL. The five domains include
mobility, self-care, usual activities, pain or discomfort, and anxiety or
depression. The following are the three levels of severity for each
domain: no problems, some or moderate problems, and severe or
extreme problems. Each pattern of responses is assigned to an
individual utility score, which ranges from 0 (death) to 1 (perfect
health).

2.5.2.8. Adverse events and other outcomes. Information about types and
severity of an adverse event and degree affecting normal life was
collected through the EDC. Information about sick leave and
consultations on personal mental state was also collected.

2.6. Sample size

The sample size was based on a power analysis conducted for the
HADS scores, basically for the comparison between the stress man-
agement program and leaflet groups, because, to the best of our
knowledge, there had been no published trial on the efficacy of omega-
3 PUFAs in preventing depression among workers. Based on trials that
have used nurses as psychotherapists and the HADS as the primary
outcome (Romeo et al., 2011), we estimated the mean difference in the
HADS scores between the groups to be 4 = 6 (SD). To detect a sig-
nificant difference at P = 0.05 (two-tailed) with a power of 0.9, and
allowing for a 20% dropout rate, 60 participants would need to be re-
cruited per group, which is a total of 120 participants. We considered
that this number was not too small for the comparison between the
omega-3 PUFA and placebo groups, because previous trials on the ef-
ficacy of omega-3 PUFA for depression in a Cochrane meta-analysis
(Appleton et al., 2015) enrolled the median number of participants at
around 50 in total.

However, in the interim follow-up during the study, considering
extremely low dropout rate for the primary outcome assessment (5% in
total), delay in recruitment process, and running out of research grant,
we decided to set a new target number of the participants at 80 in total,
in July 2015.

2.7. Data management and analysis

All of the participants who were randomized at baseline were in-
cluded in the primary analyses (intention-to-treat, ITT). First, a de-
scriptive analysis of the variables at baseline was performed. We did not
plan any statistical tests to detect a difference at baseline among the
trial arms because we aimed to avoid multiple tests; however, when
clinically important differences at baseline were noted, we planned to
perform our analyses by adjusting for all such possible confounds.

Second, for all the continuous outcomes assessed at 13, 26, and 52
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weeks, treatment-by-time interactions were examined using a mixed
model repeated measures analysis. The model included participants for
a random effect and included treatment, time (categorical), treatment-
by-time interaction, and baseline scores for fixed effects. When missing
data existed for categorical variables, which were all negative out-
comes, an ITT principal was applied by assuming that all dropouts did
not satisfy the outcomes.

A P value of < 0.05 was set to test the null hypothesis for all
analyses. We did not plan to perform interim analyses to examine the
study hypotheses. All the analyses were conducted blindly in terms of
the assigned groups, and the results were interpreted before breaking
the group assignment. We used IBM SPSS statistics 23 for all analyses.

We, a priori, planned in the protocol to conduct our analyses in the
present article by focusing on the efficacy of omega-3 PUFAs and to
report that of mindfulness-based intervention in another article.
Moreover, in our post-hoc analysis investigating the interaction be-
tween the efficacy of omega-3 PUFAs and that of mindfulness-based
stress management program, we did not observe any interactions at 13
weeks (P = 0.872), 26 weeks (P = 0.927), and 52 weeks (P = 0.378),
respectively. We believe that this may support our decision to report
our results from the factorial-design trial in multiple articles.

2.8. Ethical issues

The present study complied with the ethical principles established
for research on human beings stipulated in the Declaration of Helsinki
and further amendments thereto.

The study protocol was approved by the institutional review boards
of the National Center of Neurology and Psychiatry (A2014-017), Kyoto
University (C0881) and of Toyama University (26-24). Written in-
formed consent was obtained from all participants. Data for each par-
ticipant were handled with sequentially assigned numbers to keep
participant's confidentiality.

3. Results
3.1. Enrollment and baseline characteristics of the participants

Between June 11, 2014 and August 27, 2015, 83 nurses were as-
sessed for eligibility, of whom 80 were enrolled and randomized to the
omega-3 PUFAs (n = 40) or placebo (n = 40) groups. We did not find
any clinically important differences between these two groups
(Table 1).

3.2. Aurition, adherence and study integrity

We obtained data from 76 participants (95%) for the HADS and 75
(94%) for the other outcomes at 52 weeks (Fig. 1). Reported adverse
events were not associated with dropouts.

The remaining capsules were collected from 39 participants (98%)
in the omega-3 PUFA group and from 36 (90%) in the placebo group.
The mean proportion of taking pills over the total amount provided was
84% (95% ClIs: 77%, 91%) in each of the groups, and the median was
91% and 89% for omega-3 PUFAs and placebo groups, respectively.
These indicated that the blinding of the participants appeared to be
successful.

The agreement rate and kappa value for agreement between the
actual assignment and those guessed by blind assessors at 24 weeks
were 52.0% and 0.03. These indicated that the blinding of the assessors
was successful.

Only one participant in the omega-3 PUFA group reported taking
omega-3 PUFA supplements between 13 and 26 weeks, but none did in
the placebo group and between 26 and 52 weeks.
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Table 1
Characteristics of participants at baseline.

Continuous data: mean *+ SD (range) All Omega-3 fatty acids (N = 40) Placebo
(N = 80) (N = 40)

Age 30.1 = 8.4 29.6 = 9.1 30.5 = 7.8
(21-55) (21-55) (21-49)

Duration of experience as a nurse (year) 4.7 = 5.6 4.0 = 6.2 54 = 5.0
(0-32) (0-32) (0-20)

Consultation for physical illness 18 (22.5%) 10 (25.0%) 8 (20.0%)

Marital status 14; 59; 7 6; 30; 4 8; 29; 3

(Married; Unmarried; Divorced/Widowed)
Education for qualification for a nurse 6; 45; 29 3; 21; 16 3; 24; 13
(Vocational school; College; Postgraduate course)

HADS total 7.2 + 4.6 7.4 + 4.8 7.1 = 45
(0-20) (1-19) (0-20)

HADS depression 3.2 = 27 3.3 =28 3.1 =25
(0-11) (0-11) (0-9)

HADS anxiety 40 = 25 40 = 24 40 = 2.7
(0-11) 0-9) (0-11)

PHQ-9 total 49 + 3.4 51 + 3.4 47 + 3.4
(0-15) (0-12) (0-15)

GAD-7 total 3.1 29 3.0 = 3.0 3.2 29
(0-14) (0-10) 0-14)

ISI total 57 + 4.1 6.4 = 45 50 = 3.5
(0-16) (0-16) (0-13)

MBI Emotional Exhaustion 215 = 11.1 209 = 7.6 19.4 = 10.0
(3-50) (3-50) (5-49)

MBI Depersonalization 7.0 £ 4.9 6.9 * 4.6 7.1 £ 52
(0-22) (1-22) (0-20)

MBI Lack of Personal Accomplishment 21.7 = 8.4 209 = 7.6 226 = 9.1
(4-41) (4-40) (6-41)

Absolute presenteeism 50.6 = 16.4 48.8 = 16.2 52.5 = 16.6
(10-90) (10-80) (20-90)

Relative presenteeism 0.88 = 0.29 0.83 = 0.28 0.92 = 0.30
(0.25-1.80) (0.25-1.50) (0.25-1.80)

Utility score 091 + 0.12 0.90 + 0.13 0.92 + 0.12
(0.66-1.0) (0.66-1.0) (0.66-1.0)

N of incidents in the last 13 weeks 1.3 £ 1.2 1.4 =13 1.2 = 1.2
(0-5) (0-5) 0-4)

N of accidents in the last 13 weeks 0.1 = 0.3 0.1 = 0.4 0.1 £ 0.3
(0-2) (0-2) (0-1)

Abbreviations: HADS, Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index; MBI, Maslach's Burnout Inventory; PHQ-9, Patient Health Questionnaire-

9.
3.3. Primary outcome

At 26 weeks, adjusted mean scores in the HADS-T score were 6.32
(95% CIs of standard errors: 5.13, 7.52) and 6.81 (5.57, 8.05) in the
omega-3 PUFA and placebo groups, respectively (Table 2, Fig. 2). The
coefficient of the group by time interaction was not statistically sig-
nificant at 0.58 (—1.35, 2.50; P = 0.557).

3.4. Secondary outcomes

Regarding major depressive episode at 26 weeks, four and three
participants satisfied the episode in the omega-3 PUFA and placebo
groups, respectively, and there was no statistical difference (P = 0.692)
(Table 3). No statistically significant differences were also observed at
13 weeks or at 52 weeks.

Statistically significant superiority was observed in favor of the
omega-3 PUFA group in terms of the HADS-T score at 52 weeks (group
by time interaction 1.52; 0.46, 2.58; P = 0.005), the HADS-D score at
52 weeks (1.50; 0.26, 2.73; P = 0.018), the Insomnia Severity Index at
13 weeks (2.05; 0.34, 3.76; P = 0.019), and absolute presenteeism at
26 weeks (—6.29; —12.56, 0.02; P = 0.049) (Table 2). No significant
superiority or inferiority was observed in the other outcomes, including
anxiety, burnout, QoL (Table 2), psychiatrist consultation, or psycho-
tropic medication intake (Table 3).

Adverse events were rare in both groups (Table 3). We did not ob-
serve any serious adverse events.
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4, Discussion

To the best of our knowledge, this study is the first to investigate the
effectiveness of omega-3 PUFAs for depression and anxiety symptom
prevention among workers. However, no significant differences be-
tween the omega-3 PUFA and placebo groups were observed in terms of
our primary outcome, the total score of depression and anxiety at 26
weeks. Although some statistically significant results favorable to the
omega-3 PUFA group were observed in the secondary outcomes, in-
cluding the total score of depression and anxiety at 52 weeks, the in-
somnia severity score at 13 weeks, and absolute presenteeism at 26
weeks, we may not be able to eliminate the possibility that these
plausible results are chance findings due to multiple tests. Moreover,
these differences are difficult to be explained biologically, when we
consider effects of omega-3 PUFAs on depression which could occur as
a result of changes in cell membrane structure and function, leading to
impacts on cell communication, inflammatory processes and neuro-
transmitter activities (Haag, 2003; James et al., 2000). The intervention
was terminated at the end of the first 13 weeks, and may not benefit the
long-term outcomes without short-term effects.

On the other hand, no significant results of the incidence of adverse
events or dropouts were observed between the two intervention arms.
We, therefore, concluded that omega-3 PUFAs provide neither benefit
or harm in terms of maintaining healthy mental health state and pre-
venting depression among working populations.

A recent systematic review and meta-analysis have shown that
omega-3 PUFAs do not prevent depressive symptoms among
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Assessed for eligibility (n=83)

(o)

Excluded (n=3)
+ Not meeting inclusion criteria (4 times

A\ 4

or more fish intake a week) (n= 2)
+ Not meeting inclusion criteria (part-time
worker) (n=1)

Randomized (n=80)

Allocation J

v

Allocated to omega-3 fatty acids (n=40) Allocated to placebo (n=40)
+ Received allocated intervention (n=40) + Received allocated intervention (n=40)
Resigning from hospital (n=1)
Providing no reason (n=2
Y [ 13 weeks ] ’ e
Assessed via telephone (n=40) Assessed via telephone (n=37)
Assessed via internet (n=40) Assessed via internet (n=37)
Refused to be assessed via
internet (n=1)
i [ 26 weeks
Assessed via telephone (n=40) Assessed via telephone (n=37)
Assessed via internet (n=40) Assessed via internet (n=36)
Resigning from hospital (n=1)
4 [ 52 weeks ] y
Assessed via telephone (n=40) Assessed via telephone (n=36)
Assessed via internet (n=40) Assessed via internet (n=35)
v [ Analysis ]

Analysed in the primary analysis (n=40)

Analysed in the primary analysis (n=40)

Fig. 1. Participant flow diagram.

populations not diagnosed for depression (Hallahan et al., 2016). Other
trials not included in the systematic review and focusing on healthy
participants also did not show additional benefit of omega-3 PUFAs in
terms of mood (Antypa et al., 2009; van de Rest et al., 2008). Adding
the results of optimal dose administration of omega-3 PUFAs from the
present study to the current evidence, we would conclude that omega-3
PUFAs were unlikely to be a primary prevention strategy for depressive
symptoms in mentally healthy people including working populations.
The present study is not without methodological limitations. First,
we did not manage to recruit the number of participants we initially set
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from a power analysis in the protocol, probably because nurses in the
hospitals might think participating in the present study would be bur-
densome or humiliating. However, our post-hoc analyses showed that
the effect size (Cohen's d) (Cohen, 1988) of the primary outcome for the
completers was —0.03, with 95% CIs from —0.48 to 0.42. Thus, even
from the most optimistic view, the efficacy of PUFAs could only lead to
small effect sizes. Hence, we believe that our conclusion that omega-3
PUFAs are unlikely to provide benefit in terms of preventing depres-
sion, is accurate.

Secondly, although we reminded participants to take assigned pills
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Table 2

Estimated marginal means of Omega-3 and placebo arms for the continuous outcomes.

Journal of Psychiatric Research 102 (2018) 72-80

Estimated marginal means: mean (95% confidence intervals of standard errors)

Baseline

Week 13

Week 26

Week 52

HADS total

Omega-3 fatty acids

Placebo

Group by time interaction

HADS depression

Omega-3 fatty acids

Placebo

Group by time interaction

HADS anxiety

Omega-3 fatty acids

Placebo

Group by time interaction

PHQ-9

Omega-3 fatty acids

Placebo

Group by time interaction

GAD-7

Omega-3 fatty acids

Placebo

Group by time interaction

Insomnia Severity Index
Omega-3 fatty acids

Placebo

Group by time interaction

MBI EE

Omega-3 fatty acids

Placebo

Group by time interaction

MBI DP

Omega-3 fatty acids

Placebo

Group by time interaction

MBI PA

Omega-3 fatty acids

Placebo

Group by time interaction

Absolute presenteeism
Omega-3 fatty acids

Placebo

Group by time interaction

Relative presenteeism
Omega-3 fatty acids

Placebo

Group by time interaction

Utility score

Omega-3 fatty acids

Placebo

Group by time interaction

7.20 (6.00, 8.40)
7.11 (5.491, 8.31)

3.24 (2.56, 3.92)
3.16 (2.50, 3.83)

3.97 (3.30, 4.64)
3.95 (3.28, 4.62)

4.94 (4.02, 5.86)
4.82 (3.90, 5.74)

3.08 (2.33, 3.83)
3.13 (2.38, 3.88)

5.94 (4.83, 7.06)
5.45 (4.36, 6.56)

22.0 (19.3, 24.8)
20.8 (18.2, 23.6)

6.92 (5.46, 8.38)
7.02 (5.60, 8.49)

21.7 (19.7, 23.8)
22.0 (20.0, 24.1)

49.9 (44.4, 55.4)
51.7 (47.2, 56.3)

0.86 (0.78, 0.95)
0.90 (0.82, 0.99)

0.90 (0.86, 0.94)
0.92 (0.88, 0.97)

6.40 (5.20, 7.60)
7.60 (6.36, 8.83)
1.28 (—0.64, 3.21)
P =0.190

2.84 (2.16, 3.52)
3.54 (2.84, 4.24)
0.78(-0.27, 1.84)
P =0.144

3.57 (2.90, 4.24)
4.05 (3.36, 4.74)
0.50 (—0.54, 1.53)
P =0.345

5.42 (4.50, 6.33)
5.83 (4.78, 6.88)
0.53 (—0.89, 1.95)
P = 0.460

3.40 (2.65, 4.15)
3.45 (2.67, 4.22)
—0.01 (—-1.18,1.16)
P =0.986

5.07 (3.96, 6.18)
6.62 (5.47, 7.77)
2.05 (0.34, 3.76)
P =0.019

21.7 (19.0, 24.4)
23.0 (20.2, 25.8)
2.47 (—2.69, 6.63)
P =0.244

8.17 (6.71, 9.63)
7.78 (6.27, 9.30)
—0.49 (—2.93, 2.00)
P =0.694

20.3 (18.3, 22.4)
23.5 (21.4, 25.6)
2.88 (—0.28, 6.04)
P =0.00.74

53.2 (48.7, 57.8)
53.0 (48.4, 57.7)
—2.05(—8.31, 4.21)
P =0.520

0.92 (0.83, 1.01)
0.85 (0.76, 0.94)
—0.12 (-0.25, 0.02)
P =0.088

0.84 (0.80, 0.88)
0.87 (0.83, 0.92)
1.1 (—0.06, 0.08)
P =0.813

6.32 (5.13, 7.52)
6.81 (5.57, 8.05)
0.58 (—1.35, 2.50)
P =0.557

2.69 (2.01, 3.37)
3.05 (2.35, 3.75)
0.45 (—-0.61, 1.50)
P =0.404

3.65 (2.98, 4.32)
3.75 (3.06, 4.44)
0.13 (-0.91, 1.16)
P =0.812

5.39 (4.47, 6.31)
5.31 (4.35, 6.26)
0.04 (—1.39, 1.46)
P =0.960

3.85 (3.11, 4.60)
3.30 (2.52, 4.09)
—0.60 (—1.78, 0.57)
P=0.313

6.09 (4.98, 7.21)
5.36 (4.20, 6.21)
—0.24 (—1.96, 1.47)
P =0.780

23.6 (20.9, 26.3)
22.3 (19.4, 25.1)
—0.11 (—4.28, 4.07)
P = 0.960

8.00 (6.53, 9.46)
7.76 (6.23, 9.30)
—0.33 (-2.79, 2.12)
P =0.789

23.0 (21.0, 25.0)
21.2 (19.1, 23.4)
—2.11 (—5.28, 1.06)
P =0.192

64.4 (59.9, 68.9)

59.9 (55.3, 64.6)
—6.29 (—12.56, 0.02)
P =0.049

0.95 (0.86, 1.03)
0.86 (0.77, 0.95)
—0.13 (-0.27, 0.01)
P = 0.056

0.86 (0.82, 0.90)
0.87 (0.83, 0.92)
—0.01 (—0.08, 0.06)
P =0.744

5.85 (4.65, 7.05)
8.32 (7.07, 9.58)
2.56 (0.63, 4.50)
P =0.010

2.36 (1.68, 3.04)
3.80 (30.9, 4.51)
1.52 (0.46, 2.58)
P = 0.005

3.50 (2.83, 4.17)
4.51 (3.82, 5.21)
1.04 (—0.01, 2.08)
P =0.050

5.42 (4.50, 6.33)
4.79 (3.83, 5.76)
—0.50 (—1.94, 0.93)
P =0.491

3.75 (3.01, 4.50)
3.73 (2.94, 4.52)
—0.08 (—1.26, 1.10)
P =10.893

6.07 (4.96, 7.18)
5.34 (4.16, 6.51)
—0.24 (—1.96, 1.49)
P =0.786

22.0 (19.3, 24.8)
23.5 (20.6, 26.3)
2.62 (—1.58, 6.81)
P=0.221

9.22 (7.76, 10.68)
8.44 (6.89, 10.00)
—0.88 (—3.35, 1.59)
P=0.484

22.3 (20.2, 24.3)
22.0 (19.9, 24.2)
—0.56 (—3.75, 2.63)
P=0.728

62.4 (57.9, 66.9)
61.8 (57.0, 66.5)
—2.48 (—8.77, 3.82)
P =0.440

0.88 (0.79, 0.96)
0.82 (0.73, 0.91)
—0.10 (—0.24, 0.03)
P=0.141

0.87 (0.83, 0.92)
0.87 (0.82, 0.91)
—0.03 (—0.10, 0.04)
P =10.376

Group by time interaction is presented as a coefficient, its 95% Cls, and P-value.
Abbreviations: HADS, Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index; MBI, Maslach's Burnout Inventory; PHQ-9, Patient Health Questionnaire.

regularly by sending monthly e-mails, adherence rates of taking pills,
calculated by counting the remains, were the mean of 84% and the
median of 90% in both the omega-3 PUFA and the placebo groups,
respectively. These seem to be smaller than those in previous trials
reporting actual adherence rates among participants in trials on the
omega-3 PUFA intervention on mental states among non-clinical de-
pressive participants, including 89% (Poppitt et al., 2009), 93% (Sinn
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et al., 2012), 96% (van de Rest et al., 2008), and around 97% (Kiecolt-
Glaser et al., 2012).

Third, because fish consumption is higher in Japan than in other
countries, one may doubt applicability of the findings about omega-3
PUFAs from the present study. A high consumption of fish has been
reported to be correlated with a lower countrywide prevalence of major
depression, according to a study published in 1998 (Hibbeln, 1998).
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Fig. 2. Hospital Anxiety and Depression Scale scores for the assessment com-
pleters (N = 36)

Abbreviations: HADS, Hospital Anxiety and Depression Scale; PUFA, poly-
saturated

fatty acid.

However, we excluded participants who consumed fish as the main
course of meal four or more times a week. We believe that our findings
can be applied to the other countries.

Fourth, the overall effects of omega-3 PUFAs might be attenuated by
counteracting effects of omega-6 PUFAs (Marventano et al., 2015). We
did not collect information about diet including omega-3 PUFAs from
the participants during the study, because we aimed a pragmatic trial.
Future studies may need to investigate the association between the n-3:
n-6 PUFAs ratio and incidence of depression.

5. Conclusion

The additive value of omega-3 PUFAs was not confirmed in terms of
mental state and self-evaluated work efficiency in work populations.
We do not recommend omega-3 PUFAs for the general population who
are willing to maintain their mental health and looking for something
beneficial.
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Table 3
Numbers of participants satisfying secondary dichotomous outcomes at each
assessment.

Number satisfying the outcome/Number remained in the

arm
Week 13 Week 26 Week 52
Major depressive episode
Omega-3 fatty acids  1/39 4/40 4/40
Placebo 3/37 3/36 1/35
P-value for ITT P = 0.305 P = 0.692 P = 0.166
analysis
P-value for P =0.279 P = 0.802 P =0.216
completers
Consulting psychiatrists
Omega-3 fatty acids  0/39 1/40 1/40
Placebo 0/37 0/36 1/35
P-value for ITT P =0.340 P =0.924
analysis
P-value for P =0.314 P = 1.000
completers
Taking psychotropic medication
Omega-3 fatty acids  0/39 1/40 0/40
Placebo 0/37 1/36 1/35
P-value for ITT P =1.000 P =0.282
analysis
P-value for P = 1.000 P =0.314
completers
Adverse events
Dropouts due to adverse events
Omega-3 fatty acids  0/39 0/40 0/40
Placebo 0/37 0/36 0/35
Any adverse events
Omega-3 fatty acids ~ 3/39 1/40 0/40
Placebo 1/37 1/36 0/35
Headache
Omega-3 fatty acids  1/39 1/40 0/40
Placebo 0/37 0/36 0/35
Nausea
Omega-3 fatty acids ~ 2/39 0/40 0/40
Placebo 1/37 1/36 0/35
Depression
Omega-3 fatty acids  0/39 1/40 0/40
Placebo 0/37 0/36 0/35
Other
Omega-3 fatty acids  1/39 0/40 0/40
Placebo 1/37 1/36 0/35

Abbreviations: ITT, intention to treat.
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Original article 1

Efficacy of antidepressants over placebo is similar in
two-armed versus three-armed or more-armed randomized

placebo-controlled trials

Yusuke Ogawa?, Toshi A. Furukawa®®, Nozomi Takeshima?, Yu Hayasaka?,
Lauren Z. Atkinson®®, Shiro Tanaka®, Andrea Cipriani®’ and Georgia Salanti®

Previous studies have reported that effect sizes of
antidepressants were larger in two-armed than in three-
armed or more-armed (multiarmed) randomized trials,
where the probability of being allocated to placebo is lower.
However, these studies have not taken into account the
publication bias, differences among antidepressants, or
covariance in multiarmed studies, or examined sponsorship
bias. We searched published and unpublished randomized-
controlled trials that compared placebo with 21
antidepressants for the acute treatment of major
depression in adults. We calculated the ratio of odds ratios
(ROR) of drug response over placebo in two-armed versus
multiarmed trials for each antidepressant, and then
synthesized RORs across all the included antidepressants
using the multivariate meta-analysis. A random-effects
model was used throughout. Two hundred and fifty-eight
trials (66 two-armed and 192 multiarmed trials; 80 454
patients; 43.0% with unpublished data) were included in the
present analyses. The pooled ROR for response of two-
armed trials over multiarmed trials was 1.09 (95%
confidence interval: 0.96-1.24). The ROR did not materially
change between types of antidepressants, publication year,

Introduction

Pharmacotherapy is the mainstay in today’s treatment of
major depression, and hundreds of randomized-
controlled trials (RC'T's) of various antidepressants have
been conducted so far to examine their efficacy
(Furukawa et /., 2016). Randomized, double-blind,
placebo-controlled trials are required by regulatory
agencies worldwide to obtain their approval for use with
humans, and are considered to be the gold standard for
the evaluation of efficacy of antidepressants.

However, overestimation of drug efficacy in traditional
placebo-controlled trials has been suggested when effect
sizes (ESs) were compared between two-armed and
three-armed RCTs. Although the efficacy of the same
antidepressant over placebo should not be different
whether compared head to head against placebo or
compared against another active drug along with placebo,
the magnitude of the ES for antidepressants in three-
armed RCTs was much smaller than those obtained in
previous analyses that included two-armed trials
(Greenberg e al., 1992). These authors ascribed this

0268-1315 Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

or sponsorship. The differences between two-armed versus
multiarmed studies were much smaller than were
suggested in previous studies and were not significant. /nt
Clin Psychopharmacol 00:000-000 Copyright © 2017
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difference to the greater possibility of unblinding in two-
armed versus multiarmed studies. Blinding may indeed
be difficult to maintain in studies of psychotropic drugs
because these drugs have characteristic side effects
(Margraf ef al., 1991; Even e al., 2000; Moncrieff e al.,
2004). When double-blindness is breached, drug efficacy
over placebo would probably be overestimated (Leucht
et al., 2009).

Some reports have also suggested that antidepressant—placebo
difference was associated negatively with the number of
treatment arms (Khan e 4/., 2004; Papakostas and Fava, 2009;
Sinyor e al., 2010). These authors implicated the role of
expectancy that would lead to greater drug—placebo difference
when the expectancy of receiving placebo is high.

All the above studies, however, have several problems.
First, previous meta-analyses have unfortunately often
been subject to publication bias. Analysis of the trial data
submitted to Food and Drug Administration as a
requirement of their submission process showed that
only half of the phase II or III placebo-controlled trials

DOI: 10.1097/Y1C.0000000000000201
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had positive results, and most of the ‘negative’ trials had
not been published (Turner ez a/., 2008). The reported
difference in ESs between two-armed and three-armed
trials may be because of greater publication bias among
the former as the latter RC'T's may be more likely to be
published even when there is no significant difference
between the antidepressant of interest and placebo
because the publication can focus on the comparison
between the two active drugs. Second, previous studies
have generally assumed that ESs of antidepressants are
the same among all antidepressants. However, it has
been reported that they may be markedly different
(Cipriani er al., 2009). Therefore, intervention effects
should be examined and compared for each anti-
depressant separately. Third, it has been shown that an
antidepressant appeared to be more effective when it was
the new agent rather than the comparator, suggesting
evidence of the so-called ‘novelty effect’ (Barbui ez a/.,
2004; Salanti e al., 2010). The studies cited above
(Greenberg ef al., 1992; Khan e al., 2004; Papakostas and
Fava, 2009; Sinyor ¢7 a/., 2010) have not taken this factor
into account so that the apparently larger ES reported in
two-armed studies might be because of the ‘novelty
effect’ of the agent, which is more likely to be studied in
two-armed rather than multiarmed trials when the agent
is ‘new’ and when the trial is sponsored by the manu-
facturer of the drug.

The aim of the present study is therefore to compare the
odds ratios (ORs) of antidepressants over placebo when
examined in two-armed versus three-armed or more-
armed (heretofore termed multiarmed) trials while taking
into account possible differences among different anti-
depressants on the basis of a dataset compiled with as
little publication bias as possible.

Methods

This is a secondary analysis of published and unpub-
lished data from RC'T's of antidepressants that were col-
lected for GRISELDA, a multinational project to
conduct network meta-analyses of 21 new and old anti-
depressants for adult major depression. The details of the
study methodology have been published (Furukawa
et al., 2016) and thus, here, we present its summary as
relevant to this secondary analysis.

Criteria for considering studies for this review

All double-blind RCT's that compared placebo with the fol-
lowing selected first-generation and second-generation anti-
depressants as monotherapy for the acute-phase treatment
of depression were included: agomelatine, amitriptyline,
bupropion, citalopram, clomipramine, desvenlafaxine, dulox-
etine, escitalopram, fluoxetine, fluvoxamine, levomilnacipran,
milnacipran, mirtazapine, nefazodone, paroxetine, reboxetine,
sertraline, trazodone, venlafaxine, vilazodone, and vortiox-
etine. We included RCTs with patients aged 18 years or
older, of both sexes, and with a primary diagnosis of unipolar

major depression, diagnosed according to any standard oper-
ationalized diagnostic criteria.

Search methods for identification of studies

We searched Cochrane CENTRAL, CINAHL, EMBASE,
LiLACS, MEDLINE, PSYCINFO, trial databases of the
drug-approving agencies, trial registers, and homepages of
pharmaceutical companies that market the included drugs
up to 8 January 2016. The National Institute for Health
and Care Excellence (UK) and the Institut fiir Qualitit und
Wirtschaftlichkeit im Gesundheitswesen (Germany) were
also contacted. The reference lists of the identified RCT's
and recent systematic reviews were checked. No language
restriction was applied.

Data collection

Response to the treatment was defined as a reduction of
at least 50% from baseline on the total score on the
Hamilton Rating Scale for Depression (Hamilton, 1960),
the Montgomery—Asberg Depression Rating Scale
(Montgomery and Asberg, 1979), or any other validated
depression scale at the end of acute-phase treatment. In
the present review, acute treatment was defined as an
8-week treatment (Bauer e /., 2002). If 8-week data
were not available, we used data ranging between 4 and
12 weeks. When the number of responders was not
reported, but the baseline mean and endpoint mean and
SD of the depression rating scales were provided, we
calculated the number of responding patients by using a
validated imputation method (Furukawa ez a/., 2005).

"Two researchers independently examined the titles and
abstracts of all reports obtained through the search
strategy. Full articles of all the potentially eligible studies
were then obtained and inspected by two review authors
to identify trials that fulfilled the review criteria. Data
from each study were extracted into a structured data
abstraction form independently by two researchers. The
risk of bias was assessed for each included study using
the Cochrane Collaboration ‘risk of bias’ tool (Higgins
and Green, 2011) by two independent researchers. Any
disagreement was resolved through discussion or in
consultation with a third member of the review team. On
the basis of assessments of risks of bias for each domain,
we quantified the overall risk of bias for each study as low
risk if none of the domains was rated at high risk and
three or fewer domains at unclear risk; as moderate risk if
one domain was rated at high risk or none rated at high
risk but four or more at unclear risk; or as high risk for all
other cases.

Statistical analysis

For each antidepressant, we first estimated the overall ORs
of response between the antidepressant and placebo by
synthesizing ORs from all two-armed or multiarmed com-
parisons using the random-effects model. We next estimated
the ratio of odds ratios (RORs) and their variance of

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



two-armed versus multiarmed trials for each antidepressant,
and finally meta-analytically synthesized RORs across all the
included antidepressants using the random-effects model.
A random-effects model was used throughout because of
possible clinical heterogeneity across the included trials
because of differences in clinical populations, drugs, and drug
dosages. A summary ROR larger than 1 would mean that
two-armed RCTs show larger intervention effects compared
with placebo than multiarmed trials do. Because two or more
antidepressants were involved in multiarmed studies, the
summary RORs were correlated (the placebo arm is the same
in two estimates in the same trials in common) and we need
to take account of these correlations; for example, the ROR
for placebo versus agomelatine and the ROR for placebo
versus paroxetine will be dependent because they include
data from the same placebo arms in placebo versus agome-
latine versus paroxetine trials. The synthesis of these RORs
was therefore performed using a multivariate meta-analysis
routine in R (rma.mv in the metafor package in R Core
Team; R Foundation for Statistical Computing, Vienna,
Austria) after specifying the entire variance—covariance
matrix (Appendix). We used Review Manager 5.3 (Nordic
Cochrane Centre, Cochrane Collaboration, Copenhagen,
Denmark), Stata 14 (StataCorp LP, College Station, Texas,
USA), and R to carry out the analyses.

We started the assessment of heterogeneity by visual
inspection of the forest plots. We also calculated /* sta-
tistics (Higgins and Green, 2011) and analyzed them on
the basis of the Cochrane Handbook’s recommendations
(I* values of 0—-40%: might not be important; 30-60%:
may represent moderate heterogeneity; 50-90%: may
represent substantial heterogeneity; 75-100%: consider-
able heterogeneity).

Sensitivity analyses
To ascertain the robustness of our findings, we carried
out the following sensitivity analyses:

(1) By excluding studies at high risk of bias.

(2) By excluding studies where primary outcomes were
imputed rather than reported.

(3) By using the fixed-effect model instead of the
random-effects model.

Subgroup analyses
We had a-priori planned to carry out the following sub-
group analyses:

(1) Numbers of arms in the multiarmed trials separately
(three-armed, four-armed, and five-armed).

(2) Type of antidepressants (tricyclic antidepressants
versus new-generation antidepressants).

(3) Publication year [those published until the date of
search, until 1990 (Greenberg e al., 1992), and
unpublished].

Two-armed versus three-armed or more-armed Ogawa et al. 3

(4) Sponsorship (sponsored drug arms and nonsponsored
drug arms in multiarmed trials).

Results

Characteristics of the randomized-controlled trials
included

Three hundred and four placebo-controlled trials were
identified by the electronic search. However, efficacy data
were missing in 35 studies. There were no RCT's com-
paring milnacipran or clomipramine against placebo pro-
viding efficacy data. All placebo-controlled RCTs for
fluvoxamine were three-armed or more-armed. Therefore,
we could not calculate ROR for these three anti-
depressants. Altogether, 258 RCT's (80 454 patients) were
finally included in the present analyses (Fig. 1). Table 1
presents detailed characteristics for two-armed and multi-
armed RCTs. Among the 258 RCT's included in this study,
66 (25.6%) were two-armed and 192 were multiarmed,
including, 139 (53.9%) three-armed RCTs, 43 (16.7%)
four-armed RCTs, and 10 (3.9%) five-armed RC'T's. The
median sample size of each active arm was 98.5 (first
quartile, 43.5; third quartile, 158) for two-armed trials and
118.5 (first quartile, 66; third quartile, 157) for multiarmed
trials. 'The median number of studies per antidepressant
was 13.5 (range: 5-46). Figure 2 summarizes the risk of bias
of the studies included. All in all, 46 studies were rated as
being at low risk of bias, 214 at moderate risk of bias, and
64 at high risk of bias.

Differences in effect size between two-armed and
multiarmed randomized-controlled trials

Pooled response rates for the two treatment groups (anti-
depressants and placebo) were 45.8 and 31.4% in two-
armed RCTs and 49.7 and 37.6% in multiarmed RCTss,
respectively (Fig. 3). There was no significant difference
between two-armed and multiarmed RCT's in the OR of
response between antidepressant and placebo [pooled
ROR: 1.09; 95% confidence interval (CI): 0.96-1.24]
(Fig. 4). The antidepressants are listed in the order of their
approval. There was small to moderate heterogeneity in
RORs across antidepressants (F=39.6%; 95% CI:
0.0-65.6%). Because taking account of the covariance had
little influence on the estimated ROR (the simple pooled
ROR was 1.09 (I?=38.6%; 95% CI: 0.96-1.24), the fol-
lowing sensitivity and subgroup analyses were carried out
without accounting for the covariances because of multi-
armed studies.

Sensitivity analyses

After exclusion of studies at high risk of bias, the ROR
was 1.06 (I* = 34%; 95% CI: 0.92-1.21). After exclusion of
studies that imputed the number of responders, ROR
was 1.06 (7 =45%; 95% CI: 0.90-1.25). Using the fixed-
effect model instead of the random-effects model, ROR
was 1.09 (I*=38.6%; 95% CI: 0.99—1.19).
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Fig. 1
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Subgroup analyses

The pooled ROR was 1.12 (I?=22%; 95% CI: 0.99-1.26)
for two-armed versus three-armed RCTs, 1.03 (/% =33%;
95% CI: 0.87-1.22) for two-armed versus four-armed
RCTs, and 1.10 ([2=36%; 95% CI: 0.84-1.43) for two-
armed versus five-armed RCTs. ROR of tricyclic anti-
depressant versus placebo was 2.00 (95% CI: 0.39-10.32)
and that of new-generation antidepressants versus pla-
cebo was 1.09 (I*=41%; 95% CI: 0.96-1.24). ROR was
1.08 (I*=40%; 95% CI: 0.93-1.25) on the basis of the
studies published up to the date of search (i.e. by
excluding all unpublished studies), 2.34 (FP=0%; 95%
CI: 0.57-9.66) on the basis of the studies up to 1990, and
1.19 (I#=0%; 95% CI: 0.93-1.51) on the basis of the
studies that were not published. Similar results were
obtained when the drugs in multiarmed studies were
marketed by the sponsor of the drug (ROR=1.09;
12:32%; 95% CI: 0.96-1.25) or when they were not
(ROR =1.07; I =37%; 95% CI: 0.90-1.28).

Discussion
The differences between the two-armed versus multi-
armed studies were much smaller than those found in

previous studies, and were not statistically significant.
For this study we used the data of the largest systematic
review of antidepressants including 66 two-armed RCT's
and 192 multiarmed RCTs, corresponding to 80454
patients. The results of subgroup and sensitivity ana-
lyses did not alter this conclusion. RORs appeared larger
for tricyclic antidepressants and for studies before 1990,
but were not statistically significant either.

The differences between the previous studies and the
present study may be explained as follows: first, the
publication bias in our dataset is reduced as we could find
unpublished information for 43.0% of the included stu-
dies through contacts with pharmaceutical companies and
regulatory agencies. We could thus include the largest
number of trials to date (258 trials), in comparison with 22
(Greenberg er al., 1992), 52 (Khan ez a/., 2004), 90 (Sinyor
et al., 2010), or 182 (Papakostas and Fava, 2009). Second,
we used the random-effects model, which produces
wider 95% CI than the fixed-effect model in the pre-
sence of heterogeneity. Although the overall the ORs
tended to be higher in two-armed studies than multi-
armed ones, the differences did not reach statistical
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Table 1 Characteristics of two-armed and three-armed or more-
armed randomized-controlled trials

Two-armed Multiarmed RCTs
RCTs (n=66) (n=192)
Number of RCTs [n (%)] Two-armed: 66 Three-armed: 139
(25.6) (53.9)
Four-armed: 43
(16.7)

Five-armed: 10 (3.9)

Sample size per active arm [median 98.5 (43.5, 118.5 (66, 157)
(interquartile range)] 158)
Antidepressants examined (n of trials, n of participants)
Amitriptyline 2,176 27 3112
Trazodone 2,794 8, 517
Fluoxetine 6,1018 33, 7431
Bupropion 8, 1531 16, 4144
Sertraline 5, 1374 14, 2775
Paroxetine 8, 734 38, 8899
Venlafaxine 2, 290 20, 4895
Nefazodone 1,120 8, 1242
Mirtazapine 3, 297 10, 1450
Reboxetine 4, 368 7, 2244
Citalopram 2, 358 11, 3428
Escitalopram 3, 956 16, 5133
Duloxetine 5, 15699 16, 4673
Agomelatine 5 1112 8, 3061
Desvenlavaxine 2, 876 7, 3503
Vilazodone 4, 1629 4, 1841
Levomilnacipran 3, 1362 2, 1292
Vortioxetine 1, 600 13, 5620
Year of publication [n (%)]
1979-1990 7 (11) 24 (13)
1991-2000 17 (26) 45 (23)
2001-2016 29 (44) 79 (41)
Unpublished 13 (20) 44 (23)
RCT, randomized-controlled trial.
Fig. 2
Random sequence generation
Allocation concealment
Blinding of participant
Blinding of therapist
Blinding of outcome assessment
Incomplete outcome data _
Selective reporting
0% 25% 50% 75% 100%

= Low risk of bias = Unclear risk of bias = Stated but not tested = High risk of bias

‘Risk of bias’ graph: review authors' judgments of each risk of bias item
presented as percentages across all included studies.

Two-armed versus three-armed or more-armed Ogawa et al. 5

Fig. 3

60%

49.79
50% i

45.8%

40% 37.6%

31.4%

30%

20%

10%

0%

Two-armed Three-armed

® Antidepressants ® Placebo

Antidepressant and placebo response rates.

Fig. 4
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Ratio of odds ratios (ROR) between two-armed and multiarmed
randomized-controlled trials (RCTs). The antidepressants are listed in
the order of their approval. Cl, confidence interval.

significance. We believe that our study had performed a
more methodologically rigorous synthesis by estimating
the ROR for each antidepressant, and then meta-
analytically pooling all the RORs of the included anti-
depressants, instead of assuming a common efficacy for
all the antidepressants included. A sensitivity analysis
using the fixed-effect model instead of the random-effects

model confirmed the primary findings. Third, the novelty
effect (Barbui ez 4/, 2004; Salanti e a/., 2010) did not
appear to be at play to explain the possible differences
between two-armed versus multiarmed studies because
our subgroup analysis found little difference when the
drugs in multiarmed studies were marketed by the sponsor
of the drug or when they were not.
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Sinyor e al. (2010) showed that the response rate for
placebo was significantly higher in three-armed studies
than in two-armed studies; thus, it is difficult to show the
superiority of drugs in studies with more active treatment
arms. Although the placebo response rate in multiarmed
studies was indeed larger than that in two-armed studies
in our dataset, so was the response rate on antidepressant
drugs (Fig. 3), resulting in the similar relative efficacy of
drugs over placebo in both types of trials (Fig. 4).

Our study has some limitations. We could not consider
other trial and patient features that may have an impact
on intervention effects, such as the difference in rating
scales, countries and cultures, the proportion of melan-
cholic depression, depression severity, and duration of
the illness or the number of depressive episodes.
Systematic differences in these characteristics between
two-armed versus multiarmed studies might have played
a role, but we would need individual participant data to
examine such effect modifiers. Moreover, given that the
field of antidepressant trials in the past has been prone to
publication bias, we cannot completely rule out the
possibility that some studies are still missing.

In summary, we found that intervention effects were not
significantly different between two-armed and multi-
armed RCTs. Our original hypotheses that possible
breach of the double-blinding in antidepressant clinical
trials or the lower expectancy for the active drug in two-
armed rather than multiarmed trials would lead to over-
estimation of antidepressant efficacy was not borne out.
Our results were different from those in the previous
studies possibly because we appropriately took into
account differences among different antidepressants
through the random-effects model and also because we
could minimize the publication bias.

Acknowledgements

This work was supported by the Japan Society for the
Promotion of Science to Y.O. (16K09033). A.C. is sup-
ported by the NIHR Oxford cognitive health Clinical
Research Facility. G.S. is a Marie Sktodowska-Curie
fellow.

Conflicts of interest

T.A'F. has received lecture fees from Eli Lilly, Janssen,
Meiji, Mitsubishi Tanabe, MSD, and Pfizer, and consultancy
fees from Takeda Science Foundation. He has received
research support from Mochida and Mitsubishi Tanabe.
N.T. has received lecture fees from Otsuka and Meiji. Y.H.
has received lecture fees from Yoshitomi. S.'T'. has received
lecture fees from Kobe City, Astra-Zeneca, Taiho
Pharmaceutical, and Ono Pharmaceutical. He has received
consultation fees from the Pharmaceuticals and Medical
Devices Agency, DeNA Life Science, and CanBus. He has
received outsourcing fees from Public Health Research
Foundation, Japan Breast Cancer Research Group, Satt, and

Asahi Kasei Pharma. S.'T'. has received grants from the Japan
Agency for Medical Research and Development, the
Japanese Ministry of Health Labor and Welfare, and the
Japanese Ministry of Education, Science, and Technology.
He engaged in a research project of the Japan Agency for
Medical Research and Development. His wife had engaged
in a research project of Bayer Yakuhin. A.C. was expert
witness for a patent issue about quetiapine extended release.
For the remaining authors there are no conflicts of interest.

Appendix: multivariate meta-regression to
synthesize RORs

Consider that there are 7, multiarm trials (more than two
arms) that involve drug A and zp multiarm trials that
involve drug B. There are also n multi-arm trials that
involve both drugs A and B; these studies contribute
correlated data to the estimation of OR*V" and ORPVY.
Consequently, the two ratios of odds ratios

ROR® — ORM in two-armed studies

P . . )
ORM?in 5, multiarmed studies

ROR® — ORP" in two-armed studies

ORP"P in np multiarmed studies ’

are correlated because their denominators are correlated.
We need to estimate the covariance «log ROR?, log
RORP). Assuming a fixed-effects model and that the study
weights are known and fixed, it is easy to show that:

¢(logROR?, logROR®) =
¢(logOR*V® in multiarm studies;

logORAVP in multiarm studies).

Consequently:

> wfof (L+4)
| N b 5 i F
c(logROR?, 1ogROR”) = W7

where @ is the inverse of the variance of log OR™ in
the multiarm study i; @P is the inverse of the variance of
log OR®" in the multiarm study i; §; is the number of
successes in the placebo arm in the multiarm study 1; F; is
the number of failures in the placebo arm in the multiarm
study 1.

The synthesis of the RORs was performed using a mul-
tivariate meta-analysis routine in R (rma.mv in the metafor
package) after specifying the entire variance—covariance
matrix.
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Abstract

Background: A strong and growing body of evidence has demonstrated the effectiveness of cognitive behavioral therapy (CBT),
either face-to-face, in person, or as self-help via the Internet, for depression. However, CBT is a complex intervention consisting
of several putatively effective components, and how each component may or may not contribute to the overall effectiveness of
CBT is poorly understood.

Objective: The aim of this study was to investigate how the users of smartphone CBT use and benefit from various components
of the program.

Methods: This is a secondary analysis from a 9-week, single-blind, randomized controlled trial that has demonstrated the
effectiveness of adjunctive use of smartphone CBT (Kokoro-App) over antidepressant pharmacotherapy alone among patients
with drug-resistant major depressive disorder (total n=164, standardized mean difference in depression severity at week 9=0.40,
J Med Internet Res). Kokoro-App consists of three cognitive behavioral skills of self-monitoring, behavioral activation, and
cognitive restructuring, with corresponding worksheets to fill in. All activities of the participants learning each session of the
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program and completing each worksheet were uploaded onto Kokoro-Web, which each patient could use for self-check. We
examined what use characteristics differentiated the more successful users of the CBT app from the less successful ones, split at
the median of change in depression severity.

Results: A total of 81 patients with major depression were allocated to the smartphone CBT. On average, they completed 7.0
(standard deviation [SD] 1.4) out of 8 sessions of the program; it took them 10.8 (SD 4.2) days to complete one session, during
which they spent 62 min (SD 96) on the app. There were no statistically significant differences in the number of sessions completed,
time spent for the program, or the number of completed self-monitoring worksheets between the beneficiaries and the
nonbeneficiaries. However, the former completed more behavioral activation tasks, engaged in different types of activities, and
also filled in more cognitive restructuring worksheets than the latter. Activities such as “test-drive a new car,” “go to a coffee
shop after lunch,” or “call up an old friend” were found to be particularly rewarding. All cognitive restructuring strategies were
found to significantly decrease the distress level, with “What would be your advice to a friend who has a similar problem?” found
more helpful than some other strategies.

Conclusions: The CBT program offered via smartphone and connected to the remote server is not only effective in alleviating
depression but also opens a new avenue in gathering information of what and how each participant may utilize the program. The
activities and strategies found useful in this analysis will provide valuable information in brush-ups of the program itself and of

mobile health (mHealth) in general.
Trial Registration:

Japanese Clinical Trials Registry UMIN CTR 000013693; https://upload.umin.ac.jp/cgi-open-bin/ctr_e/

ctr_view.cgi?recptno=R000015984 (Archived by WebCite at http://www.webcitation.org/6u6pxVwik)

(JMIR Ment Health 2018;5(1):e4) doi:10.2196/mental.9092
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Introduction

Cognitive behavioral therapy (CBT) is the psychotherapy with
the strongest evidence base for the treatment of depression [1-3].
CBT is indeed the only psychotherapy that has been shown to
beat the pill placebo condition, the gold standard control
condition in the evaluation of medical interventions [4]. It has
also been demonstrated to show comparable efficacy as
antidepressant pharmacotherapy, which is the mainstay of the
treatment for major depression today [5].

The broad umbrella term of CBT, however, now subsumes
various and different behavioral and cognitive skills such as
self-monitoring, behavioral activation, cognitive structuring,
assertion training, structured problem solving, mindfulness, and
others [6]. The relative contributions of these various
components to the overall efficacy of CBT remain uncertain
and debated [7-9]. So-called dismantling studies or component
studies to disentangle individual constituents of broadly
conceived CBT have been largely underpowered and
inconclusive, as each study can only examine the value of adding
one particular component in question in a relatively limited
number of patients [10,11]. Another major issue of such studies
is whether the intended components are actually administered
by the therapists and received by the patients, although more
recent trials attempt to assure their delivery through audio or
video recordings.

The development of information and communication
technologies, however, is opening new opportunities to monitor
the delivery of CBT skills and to study differential contribution
of various components of CBT. The CBT itself can be delivered
remotely [12], and the patients’ progress can be remotely
monitored [13,14]. Ecological momentary assessment or
experience sampling enables more fine-tuned follow-up of

http://mental.jmir.org/2018/1/e4/
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patients’ usage of and responses to the program [15,16]. We
have developed a smartphone CBT app, named Kokoro-App
(kokoro means mind in Japanese), with the integrated
Kokoro-Web secure server to which all the activities of the
patients with the app are uploaded. Kokoro-App teaches three
distinctive CBT skills, namely self-monitoring, behavioral
activation, and cognitive restructuring and provides interactive
worksheets that the patients can fill in for each task.

The effectiveness of the system was demonstrated in a
randomized controlled trial (RCT) comparing antidepressant
medication switch plus Kokoro-App against antidepressant
medication switch alone among patients who had been
unresponsive to one or more antidepressants: the effect size of
the intervention was a standardized mean difference of 0.40 in
depression severity as measured by masked assessors (P<.001)
[17]. This study aims to examine how the patients used the
smartphone CBT app during the trial and to investigate what
use characteristics differentiated the more successful users of
the CBT app from the less successful ones.

Methods

Study Design

The original study was a 9-week, multicenter, parallel-group
RCT comparing antidepressant medication switch plus
smartphone CBT against medication switch alone among
patients with antidepressant-resistant depression [17] (Japanese
Clinical Trials Registry UMIN CTR 000013693). A total of 164
patients who had not responded to one or more antidepressants
at adequate dosage for 4 or more weeks [ 18] were randomized
1:1 to the intervention or the control arm. The RCT has been
registered in the Japanese trials registry (UMIN CTR
000013693).
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The randomized comparison showed that the adjunctive use of
smartphone CBT brought about 2.5 (95% CI 1.2-3.7, P<.001)
points greater reduction in the Patient Health Questionnaire-9
(PHQ-9) [19] scores and 4.1 (95% CI 1.5-6.6, P=.002) points
greater reduction in the Beck Depression Inventory-I1[20] scores
after 9 weeks [17]. This study focuses on the 81 patients who
were randomized to the smartphone CBT arm and describes
and analyzes the patients’ use of Kokoro-App.

Kokoro-App

Kokoro-App is a smartphone CBT app and consists of four
parts: sessions, mind maps, actions, and thoughts (Figure 1).

There are eight sessions in which several cartoon characters
provide psychoeducation through easy but fun conversations.
First, the welcome session explains CBT, as well as how to use
iPhone and Siri (voice recognition on iPhone). Sessions 1 and
2 explain how to self-monitor one’s reactions to various
situations according to the cognitive behavioral model. The
sessions introduce mind maps in which the patient can enter
details of the situation and his reactions to it in terms of emotion
and its degree, automatic thoughts, bodily reactions, and
behaviors. The patient chooses between four emotions of sad
or depressed, anxious or worried, angry, and happy and rates
its strength in five grades between 0 and 5.

Figure 1. A screenshot from Kokoro-App.

Furukawa et al

Sessions 3 and 4 explain behavioral activation according to two
principles of “When the body moves, so does the mind” and
“Start small and near.” When the patient clicks on actions, lists
of candidate activities for behavioral activation personal
experiments pop up. The candidates are categorized by the usual
time they require to complete into (1) less than 5 seconds, (2)
less than 5 min, (3) less than 60 min, and (4) 60 min or more.
The patient chooses a candidate and rates his expected mastery
and pleasure levels. When the patient completes the personal
experiment, he can enter his achieved mastery and pleasure
levels. The patient can also enter his own personal experiment
task. After his own experiments, the patient can recommend
certain activities by clicking on “Nice!” button and the number
of “Nice!”’s will be shared by all the patients.

Sessions 5 and 6 explain cognitive restructuring. After providing
a rationale for cognitive restructuring, the app provides four
interactive items to guide the patient to alternative thoughts.
The patient first picks up a mind map to work on. The first item,
“fact glasses,” asks classic questions about evidence for and
evidence against the automatic thought, such as “What facts do
you have to support this thought?” and “What facts are there
that do not support this thought?” Then the item combines the
patient's answers automatically and says, “So you believe XXX
but YYY. If you think this way, how do you feel now?” and
asks the patient to rerate his feeling.

< @ 99% .

SESSIONS

1 Hi. Oliver,

&
-

Welcome to Kokoro-app!

INTRODUCTION

What is CBT?

What is K67

4 K6

7 points

How to use iPhone / iPad

Session 1: HOW YOUR MIND WORKS

1-1 How your mind works

1-2 Let's draw vour mind map

 —
' —
- o—
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Figure 2. A screenshot from Kokoro-Web.
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The second item is called “% Calculator,” which does similar
things as the fact glasses. It asks, “How confident are you in
your thought AAA?” then lets the patient choose between 1%
and 99%. Then it asks, “So you think your thought AAA is 99%
correct. But then what can there be in your other 1%?” The
patient will then answer XXX, and the item will then ask, “So
if you think XXX, how would you feel now?” The third item
is “friend’s call.” The item says, “Ring, ring, ring. You have
just received a phone call from your best friend, saying AAA.
What advice would you give to her?” The rest is the same. The
last item is “What-now microphone.” The item goes, “Let’s just
suppose that your thought AAA is true. If so, what can be done
now?” The patient will then make an action statement, and the
item will then ask, “What if you did do XXX, how would you
be feeling?”

The epilogue session summarizes all the previous sessions and
also provides tips for relapse prevention.

Each session is expected to take 1 week. The new session can
be opened only a week after the last session was started and
after one homework has been completed.

Kokoro-Web

All the activities of the patient with Kokoro-App are uploaded
to the central server and can be viewed on Kokoro-Web (Figure
2) by the patient, as well as by his treating physician.
Kokoro-Web was developed seamlessly and integratively with
Kokoro-App. The communication between the app and the
server through the Internet was certificated by Secure Sockets
Layer.
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Statistical Analyses

We first present the descriptive details of how the patients
utilized Kokoro-App. The continuous outcomes are summarized
by mean and SD and the dichotomous outcomes by number and
percentage.

We next subdivide the patients into beneficiaries and
nonbeneficiaries from Kokoro-App at the median change score
of the PHQ-9 and compare each group’s use of the Kokoro-App.
Because the same patient contributed a variable number of mind
maps, behavioral activations, or cognitive restructurings to
account for the within-person clustering effect, we used the
mixed effects model where appropriate. Given the observational
and hypothesis-generating nature of this study, we set the
threshold for statistical significance for each comparison at
nominal P<.05 throughout. We used STATA (StataCorp) version
14.

Results

Patient Characteristics

Table 1 summarizes the baseline demographic and clinical
characteristics of the cohort. Patients were typically around 40
years of age, had some higher education, slightly more than half
were in some employment, and slightly less than half were
married. They had had several depressive episodes, had been
in the current depressive episode for almost 2 years, and were
in moderately to severely depression at baseline.
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Table 1. Baseline demographic and clinical characteristics of the cohort.

Furukawa et al

Characteristics Mean SD? or n (%)
Demographic
Age (years), mean (SD) 40.2 (8.8)
Women, n (%) 46 (57)
Education (years), mean (SD) 14.6 (2.5)
Employment status
Employed full-time, n (%) 34 (42)
Employed part-time, n (%) 70)
On medical leave, n (%) 21(26)
Housewife, n (%) 6(7)
Student, n (%) 0(0)
Retired, n (%) 0(0)
Not employed, n (%) 13 (16)
Marital status
Single, never married, n (%) 34 (42)
Single, divorced, separated or widowed, n (%) 13 (16)
Married, n (%) 34 (42)
Clinical
Age of onset at first episode (years), mean (SD) 31.8 (10.8)
Number of previous depressive episodes, mean (SD) 3.4 (4.9)
Length of current episode (months), mean (SD) 24.2 (46.3)
PHQ-9b at baseline, mean (SD) 13.5(5.5)
BDI-II® at baseline, mean (SD) 28.2(11.2)

2SD: standard deviation.
bPHQ—‘): Patient Health Questionnaire-9.
“BDI-II: Beck Depression Inventory 2nd edition.

Kokoro-App Use Statistics

Table 2 shows the use statistics of Kokoro-App by the 81
patients.

On average, the patients completed 7.0 out of 8 sessions; it took
them 10.8 days to complete one session, during which they
spent 62 min on the app reading the sessions and also completing
their respective homework (self-monitoring, behavioral
activation, or cognitive restructuring).

They filled in 10 mind maps, more often for sad or depressed,
or anxious or worried feelings but also for angry or happy
feelings. They performed 14 behavioral activation personal
experiments through which they had anticipated and achieved
moderate levels of mastery and pleasure. With respect to
cognitive restructuring, they generated an average of six
alternative thoughts using fact glasses, % Calculator, friend’s
call, or what-now microphone almost equally frequently.

http://mental.jmir.org/2018/1/e4/
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Behavioral Activations

We analyzed the behavioral activations completed by the
patients according to their frequencies, the level of mastery and
pleasure they achieved, and how unexpectedly good they were.

The most frequently chosen behavioral activations were, in the
descending order, “Listen to favorite music,” “Read books and
magazines,” “Brew and drink coffee,” and so on (Table 3). The
levels of mastery or pleasure expected or achieved were typically
in the range 3 to 5 on a scale of 0 to 10.

However, when selected for the levels of achieved mastery or
pleasure, very different sets of activities emerged (Tables 4 and
5). These tables are limited to such activities that were reported
at least three times. Activities that achieved very high levels of
mastery or pleasure included “Test-drive a new car,” “Go to a
coffee shop after lunch,” “Call up an old friend,” and “Exercise.”
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Table 2. Use statistics of Kokoro-App.

Furukawa et al

Use statistics

Mean (SD?), range, and median

Overall

Sessions completed, mean (SD), range
Days taken to complete one session, mean (SD), range

Actual time (min) per session, mean (SD), range, median

Self-monitoring

Mind maps, no. completed per person, mean (SD), range

Mind maps, no. completed per person, by emotion

Sad or depressed, mean (SD), range
Anxious or worried, mean (SD), range
Angry, mean (SD), range

Happy, mean (SD), range

Level of emotion recorded (on a scale of 0-5)

Sad or depressed, mean (SD)
Anxious or worried, mean (SD)
Angry, mean (SD)

Happy, mean (SD)

Behavioral activation

Behavioral activations, no. completed per person, mean (SD), range

Level of mastery or pleasure by behavioral activation (on a scale of 0-10)

Mastery expected, mean (SD)
Mastery achieved, mean (SD)
Pleasure expected, mean (SD)

Pleasure achieved, mean (SD)

Cognitive restructuring

Cognitive restructuring, no. completed per person, mean (SD), range

Cognitive restructuring items used, per person

Fact glasses, mean (SD), range
% Calculator, mean (SD), range
Friend’s call, mean (SD), range

What-now microphone, mean (SD), range

7.0 (1.4), 1-8
10.8 (4.2), 6.3-31
62.3 (96.30), 0-677, 39

10.4 (10.5), 0-45

3.2(3.7),0-16
3.0 (3.3),0-18
2.4 (3.4),0-16
1.9 (3.1), 0-20

3.4(1.3)
3.5(1.3)
3.5(1.3)
32(1.3)

13.8(17.3), 0-118

45(2.8)
43(3.0)
48(2.7)
47(2.9)

6.2 (6.3), 0-31

2.0 (2.0), 0-11
1.5 (1.8), 0-10
1.5 (1.6), 0-7
1.4 (1.5), 0-7

3SD: standard deviation.
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Table 3. Behavioral activations: top 10 activities in terms of frequency and their mastery or pleasure levels.

Activity Frequency (number of reports) Mastery Pleasure

Expected Achieved Expected Achieved
Mean (SD?) Mean (SD) Mean (SD)  Mean (SD)

Listen to favorite music 95 5.2(3.0) 5.0(3.3) 592.7) 5.7(2.9)
Read books and magazines 71 4.9 (3.0) 4.5(3.3) 532.7) 4.8 (2.8)
Brew and drink coffee 50 3.5(3.2) 3.1(2.6) 3.8(2.2) 3.8(2.5)
Hum a tune 41 29 (2.5) 23(1.9) 3.8(2.1) 3422
Take a long bath 36 3.6 (2.0) 3.9 (2.5 44(1.9) 45124
Throw away something you don’t need from the drawer 33 4.3(1.9) 39124 3.6 (2.0) 3.5(2.1)
Go to a coffee shop after lunch 27 8.4 (1.8) 8.3(2.2) 8.4 (1.8) 8.3 (2.1)
Put some bath powder in the bathtub 24 2.9 (2.0) 3.3(2.1) 4.1(2.0) 4.4 (2.0)
Close your eyes for 3 min 21 2.9 (1.7) 2.6 (2.2) 2.7(1.1) 2.5(2.3)
Take a different route on the way back home 20 3.0(1.4) 34(2.3) 3.1(1.1) 3.3(2.2)

3SD: standard deviation.

Table 4. Behavioral activations: top 10 activities in mastery achieved and their frequencies.

Activity Frequency (number of reports) Mastery achieved, mean (SD?)
Test-drive a new car 3 9.7 (0.6)
Go to a coffee shop after lunch 27 8.3(2.2)
Exercise 3 8.3(2.9)
Call up an old friend 4 7.8 (2.9)
Go to yoga with a friend 6 72(1.2)
Go to a hairdresser 3 6.7 (1.5)
Go to a gym 7 6.6 (3)
Walking 8 6.5(0.8)
Get a haircut 4 6.5(3)
Go to a meal with a friend 13 6.3 (2.8)
2SD: standard deviation.
Table 5. Behavioral activations: top 10 activities in pleasure achieved and their frequencies.
Activity Frequency (number of reports) Pleasure achieved, mean (SD?)
Test-drive a new car 3 9.7 (0.6)
Call up an old friend 4 9.0 (1.4)
Exercise 3 8.7(2.3)
Go to a coffee shop after lunch 27 8.3 (2.1)
Go to yoga with a friend 6 7.8 (1)
Call up a family and hear their voice 5 7.4 (1.5)
Go to a meal with a friend 13 7.2 (2.3)
Go out for a luxurious lunch 17 6.8 (2.9)
Take a walk 8 6.6 (2)
Nail art 4 6.3 (3.8)
SD: standard deviation.
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Some activities brought greater levels of mastery and pleasure
than initially expected. Such pleasant surprises included
“Exercise,” “Do a makeup,” “Buy a comic book at a
convenience store,” “Call up an old friend,” or “Go out for a
luxurious lunch” (Tables 6 and 7).

Cognitive Restructurings

All the cognitive restructuring items showed statistically
significant reductions in sad or depressed, anxious or worried,
or angry feelings when the emotion levels were compared
pre-post within each situation that the patient worked on (Table
8). Typically, the level of emotion went down from
approximately 3.5 to 2.1, showing a reduction greater than 1
point, on a scale of 0 to 5.

When the four tools were compared against each other, again
within each situation, friend’s call and % Calculator both
outperformed fact glasses. The average change in emotion level
was —1.6 (SD 1.3),-1.5(SD 1.3),-1.4 (SD 1.3),and —1.3 (1.3),

Furukawa et al

respectively, for friend’s call, what-now microphone, %
calculator, and fact glasses.

Contrasts Between Beneficiaries and Nonbeneficiaries
of Kokoro-App

The median of the final change score on PHQ-9 was 4. We
therefore split the cohort into beneficiaries from Kokoro-App
(change greater than 4: n=31) and nonbeneficiaries (change of
4 or less: n=49, including six who showed deterioration from
baseline).

Although the beneficiaries tended to complete more sessions,
need fewer days to complete one session, and spent more time
per session, the group differences were not statistically
significant (Multimedia Appendix 1).

Neither did the numbers of mind maps completed, overall and
by emotion differ between the two groups, although the
beneficiaries tended to report a slightly higher level of happy
emotion.

Table 6. Behavioral activations: top 10 activities in unexpected mastery and their frequencies.

Activity Frequency (number of reports) Mastery achieved-expected, mean (SD?)
Exercise 1.3 (2.3)
Buy a comic book at a convenience store 4 1.0 (1.4)
Call up an old friend 3 1.0 (1.7)
Do a makeup 5 0.8 (1.3)
Call up a family and hear their voice 5 0.8 (1.3)
Go see a movie 4 0.8 (1.0)
Test-drive a new car 3 0.7 (0.6)
Nail art 3 0.7 (2.1)
Take a long bath 32 0.6 (1.7)
Put some bath powder in the bathtub 21 0.5 (1.0)

4SD: standard deviation.

Table 7. Behavioral activations: top 10 activities in unexpected pleasure and their frequencies.

Activity

Frequency (number of reports) Pleasure achieved-expected, mean (SD?)

Do a makeup

Call up an old friend

Test-drive a new car

Go out for a luxurious lunch

Say hurray!

Borrow and watch a DVD

Go to a gym

Put some bath powder in the bathtub
Take a long bath

Throw away something you don’t need from the drawer

5 1.0 (1.7)
3 1.0 (1.7)
3 0.7 (0.6)
15 0.6 (1.9)
9 0.6 (0.7)
8 0.6 (2.7)
7 0.6 (2.9)
21 0.5 (1.0)
31 0.4 (1.2)
25 0.4 (1.7)

4SD: standard deviation.
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Table 8. Changes in emotion levels by cognitive restructuring items. The statistical test was done with within-situation paired ¢ test.

Item and emotion Before, mean (SD?) After, mean (SD) Change, mean (SD) P value
Fact glasses
Sad or depressed (n=68) 3.5(1.3) 24(1.3) -1.5(1.3) <.001
Anxious or worried (n=61) 3.7(1.1) 2.2(1.4) -1.5(1.2) <.001
Angry (n=44) 3.8(1.2) 2.3(1.3) -1.1(1.3) <.001
% Calculator
Sad or depressed (n=48) 3.5(1.3) 22(1.2) -1.3(1.3) <.001
Anxious or worried (n=49) 3.7(1.1) 2.1(1.4) -1.6(1.2) <.001
Angry (n=33) 3.8(1.3) 22(1.1) -1.5(1.3) <.001
Friend’s call
Sad or depressed (n=50) 3.6(1.3) 2.1(1.2) -1.5(1.3) <.001
Anxious or worried (n=46) 3.7(1.2) 2.1(1.2) -1.7(1.3) <.001
Angry (n=30) 3.4(1.3) 2.0(1.1) -1.4(1.3) <.001
‘What-now microphone
Sad or depressed (n=41) 3.4(1.3) 2.0(1.2) -1.4(1.3) <.001
Anxious or worried (n=45) 3.9(1.1) 2.1(1.2) -1.8(1.2) <.001
Angry (n=30) 3.6 (1.3) 24(1.2) -1.2(1.3) <.001

3SD: standard deviation.

The use of behavioral activation differed significantly in many
aspects between the successful users and the less successful
ones. The former conducted almost twice as many behavioral
activations and expected and achieved greater levels of mastery
or pleasure. The kinds of behavioral activation tasks chosen
were significantly different: differences by more than 3% were
found for activities such as “Listen to favorite music,” “Read
books and magazines,” “Go to a coffee shop after lunch” (all
more frequent among the beneficiaries), and “Take a long bath”
(more frequent among nonbeneficiaries). The time categories
of activities chosen were also different: the beneficiaries chose
activities likely to require 60 min, whereas the nonbeneficiaries
chose activities requiring 5 min or less.

The successful users of Kokoro-App also conducted more
cognitive restructuring than the less successful ones, especially
those using fact glasses and % Calculator. The decrease in
emotion levels, however, was significantly different between
the two groups only when using % Calculator.

Discussion

Summary of Findings

Kokoro-App was well accepted among the patients who had
been unresponsive to one or more antidepressants and were
moderately to severely depressed at baseline. The patients
proceeded with the sessions in Kokoro-App at their own pace,
spending approximately 60 min across 10 days for each session.
Over the course of 9 weeks, on average, they completed 10
mind maps for self-monitoring own emotions and thoughts,
conducted 14 behavioral activation personal experiments, and
filled in six cognitive restructuring worksheets.

http://mental.jmir.org/2018/1/e4/
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To the best of our knowledge, this study is the first study to
examine specific details of behavioral activation or cognitive
restructuring tasks conducted by the patients undergoing remote
CBT or face-to-face CBT among a sizable number of clinical
patients. Very interesting pictures emerged. Although patients
often conducted activities with expected and achieved mastery
or pleasure levels, around 4 to 5, a number of candidate activities
emerged that achieved higher than expected mastery or pleasure.
Such activities included, among others, “Test-drive a new car,”
“Go to a coffee shop after lunch,” “Exercise,” “Call up an old
friend,” “Do a makeup,” and “Go out for a luxurious lunch.”
All the cognitive restructuring items were able to reduce the
emotion levels significantly.

The study is also the first to compare details of the behavioral
and cognitive skills practiced by the patients with regard to the
outcome. The successful users of Kokoro-App conducted twice
as many behavioral experiments of different kinds and of
different time requirements than those who were less successful.
The former also conducted significantly more cognitive
restructuring tasks, especially using % Calculator.

Limitations of the Study

These are several caveats in the interpretation of the current
findings. First, although the original study was an RCT
examining the value of adjunctive use of Kokoro-App, this study
is by nature an observational study of the users of Kokoro-App.
The current results therefore indicate association but not
necessarily causation. The amount and nature of behavioral
activation tasks or cognitive restructuring worksheets are
potential mediators in the causative process from using the
smartphone CBT to reduction in depressive symptomatology.
It is possible that the beneficiaries of Kokoro-App got better
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because they engaged in more behavioral activations, or it is
also possible that they conducted more behavioral activations
because they had already felt better and had more energy.
Second, in accordance with the observational nature of the study,
we did not correct for multiple statistical testing and the analyses
remain hypothesis-generating rather than confirmatory. The
insights gained need be examined in future confirmatory
experiments to provide ultimate guidance on how to conduct
CBT. Third, strictly speaking, the findings only apply to
Kokoro-App and the Japanese patients with moderate to severe
depression on an antidepressant treatment. Whether they would
apply to other smartphone or Internet CBT (iCBT), or whether
they apply to Japanese nonclinical populations or to
non-Japanese patients when they use Kokoro-App cannot be
taken for granted. For example, “Take a long bath” or “Put some
bath powder in the bathtub” may be particularly comforting for
the Japanese people who traditionally take great pleasure in
taking baths and may not necessarily apply to people living in
different cultural traditions. The candidate activities list must
certainly be culturally adapted when Kokoro-App is transferred
to different countries. It must also be emphasized that app
contents need be contextualized for each user’s age, sex,
personal relationships, disabilities, and so on to make them more
specific.

Implications of the Study Findings

Nonetheless, our findings have important implications at three
levels. First, they suggest how Kokoro-App can be improved
in the next upgrade. Currently Kokoro-App lists the candidate
activities according to the number of “Nice!”’s that the patients
have voted. This is probably a good feature of the app, creating
an atmosphere of a therapeutic community. The next version
of Kokoro-App can probably add another dimension to the
recommendation by highlighting such activities that may not

Furukawa et al

have been experimented by many but which turned out to
produce great mastery or pleasure. The next version of
Kokoro-App may also choose to emphasize % Calculator, and
possibly do away with fact glasses as the latter has been found
to be less effective than the other items. % Calculator and fact
glasses aim to derive the same kinds of information, namely
evidence for and evidence against the automatic thoughts but
through different Socratic questions. % Calculator may be easier
to understand for the users.

Second, they provide some insight on how iCBT and CBT in
general can be better practiced. Our results suggest that
behavioral activation best distinguishes the more from the less
successful users of smartphone CBT. This finding is in line with
a growing number of RCTs showing similar effectiveness of
behavioral activation in comparison with the full CBT package,
including cognitive restructuring [7-9]. However, these studies
compared the different versions of CBT in the face-to-face
settings. Whether the iCBT may as well consist only of
behavioral activation or need to include cognitive restructuring
is an empirical question warranting a direct randomized
comparison.

Third, they also provide suggestions for the next generation of
mobile health (mHealth). Providing the mHealth intervention
on the Web or via a smartphone increases accessibility of the
intervention but is only taking advantage of one aspect of the
technology. The program can be used to collect valuable
information of what the users of the program do or feel. It may
also be combined with habit formation activities. Development
of such an e-monitoring system has its own difficulties and
complexities, including privacy, integration, and customization
[21] but our Kokoro-Web presents one successful example and
our study an example of how such a system enables collection
of important and fertile information.
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Comparative efficacy and acceptability of 21 antidepressant
drugs for the acute treatment of adults with major depressive
disorder: a systematic review and network meta-analysis

Andrea Cipriani, Toshi A Furukawa®, Georgia Salanti*, Anna Chaimani, Lauren Z Atkinson, Yusuke Ogawa, Stefan Leucht, Henricus G Ruhe,
Erick H Turner, Julian P T Higgins, Matthias Egger, Nozomi Takeshima, Yu Hayasaka, Hissei Imai, Kiyomi Shinohara, Aran Tajika,
John P A loannidis, John R Geddes

Summary

Background Major depressive disorder is one of the most common, burdensome, and costly psychiatric disorders
worldwide in adults. Pharmacological and non-pharmacological treatments are available; however, because of
inadequate resources, antidepressants are used more frequently than psychological interventions. Prescription of
these agents should be informed by the best available evidence. Therefore, we aimed to update and expand our previous
work to compare and rank antidepressants for the acute treatment of adults with unipolar major depressive disorder.

Methods We did a systematic review and network meta-analysis. We searched Cochrane Central Register of
Controlled Trials, CINAHL, Embase, LILACS database, MEDLINE, MEDLINE In-Process, PsycINFO, the websites
of regulatory agencies, and international registers for published and unpublished, double-blind, randomised
controlled trials from their inception to Jan 8, 2016. We included placebo-controlled and head-to-head trials of
21 antidepressants used for the acute treatment of adults (=18 years old and of both sexes) with major depressive
disorder diagnosed according to standard operationalised criteria. We excluded quasi-randomised trials and trials
that were incomplete or included 20% or more of participants with bipolar disorder, psychotic depression, or
treatment-resistant depression; or patients with a serious concomitant medical illness. We extracted data following a
predefined hierarchy. In network meta-analysis, we used group-level data. We assessed the studies’ risk of bias in
accordance to the Cochrane Handbook for Systematic Reviews of Interventions, and certainty of evidence using the
Grading of Recommendations Assessment, Development and Evaluation framework. Primary outcomes were
efficacy (response rate) and acceptability (treatment discontinuations due to any cause). We estimated summary
odds ratios (ORs) using pairwise and network meta-analysis with random effects. This study is registered with
PROSPERO, number CRD42012002291.

Findings We identified 28 552 citations and of these included 522 trials comprising 116 477 participants. In terms of
efficacy, all antidepressants were more effective than placebo, with ORs ranging between 2-13 (95% credible interval
[CrI] 1-89-2-41) for amitriptyline and 1-37 (1-16-1-63) for reboxetine. For acceptability, only agomelatine (OR 0-84,
95% CrI 0-72-0-97) and fluoxetine (0-88, 0-80-0-96) were associated with fewer dropouts than placebo, whereas
clomipramine was worse than placebo (1-30, 1-01-1- 68). When all trials were considered, differences in ORs between
antidepressants ranged from 1-15 to 1-55 for efficacy and from 0- 64 to 0-83 for acceptability, with wide CrIs on most
of the comparative analyses. In head-to-head studies, agomelatine, amitriptyline, escitalopram, mirtazapine,
paroxetine, venlafaxine, and vortioxetine were more effective than other antidepressants (range of ORs 1-19-1-96),
whereas fluoxetine, fluvoxamine, reboxetine, and trazodone were the least efficacious drugs (0-51-0-84). For
acceptability, agomelatine, citalopram, escitalopram, fluoxetine, sertraline, and vortioxetine were more tolerable than
other antidepressants (range of ORs 0-43-0-77), whereas amitriptyline, clomipramine, duloxetine, fluvoxamine,
reboxetine, trazodone, and venlafaxine had the highest dropout rates (1-30-2-32). 46 (9%) of 522 trials were rated
as high risk of bias, 380 (73%) trials as moderate, and 96 (18%) as low; and the certainty of evidence was moderate
to very low.

Interpretation All antidepressants were more efficacious than placebo in adults with major depressive disorder.
Smaller differences between active drugs were found when placebo-controlled trials were included in the analysis,
whereas there was more variability in efficacy and acceptability in head-to-head trials. These results should serve
evidence-based practice and inform patients, physicians, guideline developers, and policy makers on the relative
merits of the different antidepressants.
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Research in context

Evidence before this study

Antidepressants are routinely used worldwide for the treatment
of major depressive disorder, which is one of the most
important global health challenges; however, in the scientific
literature, there remains considerable debate about both their
effectiveness as a group, and the potential differences in
effectiveness and tolerability between individual drugs. With the
marketing of new antidepressants and increasing numbers of
trials published every year, an updated systematic review and
network meta-analysis was required to synthesise the evidence
in this important clinical area.

Added value of this study

This network meta-analysis represents a major update and
extension of our previous study, which addressed 12 anti-
depressants with data for head-to-head comparisons only, and
provides the best currently available evidence base to guide the
choice about pharmacological treatment for adults with acute

Introduction

Psychiatric disorders account for 22-8% of the global
burden of diseases.’ The leading cause of this disability
is depression, which has substantially increased since
1990, largely driven by population growth and ageing.’
With an estimated 350 million people affected globally,
the economic burden of depressive disorders in the
USA alone has been estimated to be more than
US$210 billion, with approximately 45% attributable to
direct costs, 5% to suicide-related costs, and 50% to
workplace costs.’ This trend poses a substantial
challenge for health systems in both developed and
developing countries, with the need to treat patients,
optimise resources, and improve overall health care in
mental health.

Grouped into various classes of drugs with slightly
different mechanisms of action, antidepressants are
widely used treatments for major depressive disorder,
which are available worldwide. However, there is a long-
lasting debate and concern about their efficacy and
effectiveness, because short-term benefits are, on
average, modest; and because long-term balance of
benefits and harms is often understudied.* Therefore,
innovation in psychopharmacology is of crucial
importance, but the identification of new molecular
targets is difficult, primarily because of the paucity of
knowledge about how antidepressants work.’ In routine
practice, clinicians have a wide choice of individual
drugs and they need good evidence to make the
best choice for each individual patient. Network
meta-analyses of existing datasets make it possible to
estimate comparative efficacy, summarise and interpret
the wider picture of the evidence base, and to understand
the relative merits of the multiple interventions.® There-
fore, in this study, we aimed to do a systematic
review and network meta-analysis to inform clinical

major depressive disorder. We now include a more
comprehensive list of 21 antidepressants and placebo, consider
three new clinical outcome measures and many potential effect
modifiers, and use the most advanced statistical methodology
for network meta-analysis to date.

Implications of all the available evidence

Our findings should inform clinical guidelines and assist the
shared decision making process between patients, carers, and
clinicians in routine practice on selecting the most appropriate
antidepressant for adults with acute major depressive
disorder. Future research should seek to extend network
meta-analysis to combine aggregate and individual-patient
data from trials in a so-called individual-patient data network
meta-analysis. This analysis will allow the prediction of
personalised clinical outcomes, such as early response or
specific side-effects, and the estimate of comparative efficacy
at multiple timepoints.

practice by comparing different antidepressants for
the acute treatment of adults with unipolar major
depressive disorder.

Methods

Search strategy and selection criteria

We did a systematic review and network meta-analysis.
We searched the Cochrane Central Register of Controlled
Trials, CINAHL, Embase, LILACS database, MEDLINE,
MEDLINE In-Process, PsycINFO, AMED, the UK
National Research Register, and PSYNDEX from the date
of their inception to Jan 8, 2016, with no language
restrictions. We used the search terms “depress*” OR
“dysthymi*” OR “adjustment disorder*” OR “mood
disorder*” OR “affective disorder” OR “affective
symptoms” combined with a list of all included
antidepressants.

We included double-blind, randomised controlled
trials (RCTs) comparing antidepressants with placebo or
another active antidepressant as oral monotherapy for the
acute treatment of adults (=18 years old and of both
sexes) with a primary diagnosis of major depressive
disorder according to standard operationalised diagnostic
criteria (Feighner criteria, Research Diagnostic Criteria,
DSM-III, DSM-III-R, DSM-IV, DSM-5, and ICD-10). We
considered only double-blind trials because we included
placebo in the network meta-analysis, and because
this study design increases methodological rigour by
minimising performance and ascertainment biases.
Additionally, we included all second-generation anti-
depressants approved by the regulatory agencies in
the USA, Europe, or Japan: agomelatine, bupropion,
citalopram, desvenlafaxine, duloxetine, escitalopram,
fluoxetine, fluvoxamine, levomilnacipran, milnacipran,
mirtazapine, paroxetine, reboxetine, sertraline, venlafaxine,
vilazodone, and vortioxetine. To inform clinical practice
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globally, we selected the two tricyclics (amitriptyline and
clomipramine) included in the WHO Model List of
Essential Medicines). We also included trazodone and
nefazodone, because of their distinct effect and tolerability
profiles. Additionally, we included trials that allowed rescue
medications so long as they were equally provided among
the randomised groups. We included data only for drugs
within the therapeutic range (appendix pp 133, 134). Finally,
we excluded quasi-randomised trials and trials that were
incomplete or included 20% or more of participants with
bipolar disorder, psychotic depression, or treatment-
resistant depression; or patients with a serious concomitant
medical illness.

The electronic database searches were supplemented
with manual searches for published, unpublished, and
ongoing RCTs in international trial registers, websites
of drug approval agencies, and key scientific journals in
the field.* For example, we searched ClinicalTrials.gov
using the search term “major depressive disorder”
combined with a list of all included antidepressants.
We contacted all the pharmaceutical companies
marketing antidepressants and asked for supplemental
unpublished information about both premarketing
and post-marketing studies, with a specific focus on
second-generation antidepressants. We also contacted
study authors and drug manufacturers to supplement
incomplete reports of the original papers or provide
data for unpublished studies.

Six pairs of investigators (ACi, TAF, LZA, SL, HGR,
YO, NT, YH, EHT, HI, KS, and AT) independently
selected the studies, reviewed the main reports and
supplementary materials, extracted the relevant
information from the included trials, and assessed the
risk of bias. Any discrepancies were resolved by
consensus and arbitration by a panel of investigators
within the review team (ACi, TAF, LZA, EHT, and JRG).

The full protocol of this network meta-analysis has
been published.®

Outcomes

Our primary outcomes were efficacy (response rate
measured by the total number of patients who had a
reduction of =50% of the total score on a standardised
observer-rating scale for depression) and acceptability
(treatment discontinuation measured by the proportion
of patients who withdrew for any reason).® All-cause
discontinuation was used as a measure for the
acceptability of treatments, because it encompasses
efficacy and tolerability.” Secondary outcomes were
endpoint depression score, remission rate, and the
proportion of patients who dropped out early because of
adverse events. When depressive symptoms had been
measured with more than one standardised rating scale,
we used a predefined hierarchy, based on psychometric
properties and consistency of use across included trials.®
In the absence of information or supplemental data from
the authors, response rate was calculated according to

a validated imputation method.® We recorded the
outcomes as close to 8 weeks as possible for all analyses.’
If information at 8 weeks was not available, we used data
ranging between 4 and 12 weeks (we gave preference to
the timepoint closest to 8 weeks; if equidistant, we took
the longer outcome). We checked trial protocols where
available and compared published with unpublished
data. We extracted data following a predefined hierarchy
described in our protocol and gave priority to unpublished
information in case of disagreement.®

Data analysis

For studies published more than once (ie, duplicates), we
included only the report with the most informative and
complete data. Full details of the applied statistical
approaches are provided in the protocol.® We estimated
summary odds ratios (ORs) for dichotomous outcomes
and standardised mean differences (SMD, Cohen’s d) for
continuous outcomes using pairwise and network meta-
analysis. In network meta-analysis, we used group-level
data; the binomial likelihood was used for dichotomous
outcomes and the normal likelihood for continuous
outcomes. The study effect sizes were then synthesised
using a random-effects network meta-analysis model. We
accounted for the correlations induced by multi-group
studies by using multivariate distributions. The variance
in the random-effects distribution (heterogeneity variance)
was considered to measure the extent of across-study and
within-comparison variability on treatment effects.
Additionally, in network meta-analysis, we assumed that
the amount of heterogeneity was the same for all treatment
comparisons. To assess the amount of heterogeneity, we
compared the posterior distribution of the estimated
heterogeneity variance with its predictive distribution." To
rank the treatments for each outcome, we used the surface
under the cumulative ranking curve (SUCRA) and the
mean ranks.” The transitivity assumption underlying
network meta-analysis was evaluated by comparing the
distribution of clinical and methodological variables that
could act as effect modifiers across treatment com-
parisons.® We did a statistical evaluation of consistency (ie,
the agreement between direct and indirect evidence)
using the design-by-treatment test” and by separating
direct evidence from indirect evidence.*

We assessed the studies’ risk of bias in accordance to
the Cochrane Handbook for Systematic Reviews of
Interventions. Additionally, we assessed the certainty
of evidence contributing to network estimates of the
main outcomes with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
framework.”

We evaluated whether treatment effects for the
two primary outcomes were robust in subgroup analyses
and network meta-regression using study year,
sponsorship, depressive severity at baseline, dosing
schedule, study precision (ie, small study effect), and
novelty effect.® The appendix (pp 133-36) summarises
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the definition of covariates. The sensitivity of our
conclusions was evaluated by analysing the dataset with
the following restrictions: studies with reported response
rate, studies using accepted doses in all groups, studies
with unpublished data, multi-centre studies, and
head-to-head studies. We used comparison-adjusted
funnel plots to investigate whether results in imprecise
trials differ from those in more precise trials.”

We fitted all models in OpenBUGS (version 3.2.2)*
using the binomial likelihood for dichotomous outcomes,
uninformative prior distributions for the treatment effects,
and a minimally informative prior distribution for the
common heterogeneity SD. We assumed uninformative
priors—ie, N(0,1000)—for all meta-regression coefficients.
Convergence of models was ensured by visual inspection
of three chains and after considering the Brooks—
Gelman-Rubin diagnostic. The codes of analyses,
statistical details of the meta-analysis, and meta-regression
models are presented in the appendix (pp 182, 183).
Statistical evaluation of inconsistency and production of
network graphs and result figures were done using the
network and network graphs packages in Stata
(version 14.2).” Network meta-analyses of the primary
outcomes were duplicated using the netmeta 0.9-6 package
in R (version 3.4.0).” The appendix (p 289) lists the changes
to the original protocol. The study was done from
March 12, 2012, to June 4, 2016, and data analysis was done
from June 5, 2016, to Sept 18, 2017

This study is registered with PROSPERO, number
CRD42012002291.

Data sharing

With the publication of this Article, the full dataset will be
freely available online in Mendeley Data, a secure online
repository for research data, which allows archiving of any
file type and assigns a permanent and unique digital
object identifier (DOI) so that the files can be easily
referenced (DOI:10.17632/83rthbp8ys.2).

Role of the funding source

The funder of this study had no role in study design, data
collection, data analysis, data interpretation, writing of
the report, or in the decision to submit for publication.
ACi, TAF, GS, ACh, LZA, and YO had full access to all
the data, and ACi was responsible for the decision to
submit for publication.

Results

28552 citations were identified by the search and
680 potentially eligible articles were retrieved in full text
(figure 1). We included 421 trials from the database search,
86 unpublished studies from trial registries and
pharmaceutical company websites, and 15 from personal
communication or hand-searching other review articles.
Overall, 522 double-blind, parallel, RCTs (comprising
116477 patients) done between 1979 and 2016, and
comparing 21 antidepressants or placebo were included

in the analysis (appendix pp 6-64). The appendix
(pp 65-114) summarises the characteristics of included
studies. The mean study sample size was 224 participants
(SD 186). In total, 87052 participants were randomly
assigned to an active drug and 29425 were randomly
assigned to placebo. The mean age was 44 years (SD 9) for
both men and women; 38404 (62-3%) of 61681 of the
sample population were women. The median duration of
the acute treatment was 8 weeks (IQR 6-8). 243 (47%) of
522 studies randomly assigned participants to three or
more groups, and 304 (58%) of 522 were placebo-
controlled trials. 391 (83%) of 472 were multi-centre
studies and 335 (77%) of 437 studies recruited outpatients
only. 252 (48%) of 522 trials recruited patients from North
America, 37 (7%) from Asia, and 140 (27%) from Europe
(59 [11%] trials were cross-continental and the remaining
34 [7%] were either from other regions or did not specify).
The great majority of patients had moderate-to-severe
major depressive disorder, with a mean reported baseline
severity score on the Hamilton Depression Rating Scale
17-item of 25-7 (SD 3-97) among 464 (89%) of 522 studies.
Response rate was imputed in 20608 (17-7%) of
116447 cases. Rescue medications (typically benzo-
diazepines or other sedative hypnotics) were allowed in
187 (36%) of 522 studies. 409 (78%) of 522 studies were
funded by pharmaceutical companies. We retrieved
unpublished information for 274 (52%) of the included
trials. Consistent with the study protocol, the primary
analysis was based on the 474 studies (comprising
106 966 patients) that used drugs within the licensed dose
range (ie, the dosage approved by the regulatory agencies
in the USA and Europe; appendix pp 133, 134).

Figure 2 shows the network of eligible comparisons for
efficacy and acceptability. All antidepressant drugs,
except milnacipran, had at least one placebo-controlled
trial. Only levomilnacipran was not directly compared
with at least another active drug in any of the networks.
The appendix (pp 139-44) provides detailed results of
pairwise meta-analyses. Figure 3 shows the network
meta-analysis’ results for the primary outcomes. In terms
of efficacy (432 RCTs, comprising 102443 patients), all
antidepressants were more effective than placebo, with
ORs ranging between 2-13 (95% credible interval [CrI]
1-89-2-41) for amitriptyline and 1-37 (1-16-1-63) for
reboxetine. In terms of acceptability (422 RCTs,
comprising 99787 patients), agomelatine (OR 0-84,
95% Crl 0-72-0-97) and fluoxetine (0-88, 0-80-0-96)
were associated with fewer dropouts than placebo;
by contrast, clomipramine was worse than placebo
(1-30, 1-01-1-68).

The relative efficacy of antidepressants compared with
placebo is also shown for remission (appendix
pp 152, 153). The random-effects summary SMD for all
antidepressants was 0-30 (95% CrI 0-26-0- 34; p<0-0001;
appendix pp 150, 151). In terms of dropouts due to
adverse events, all active drugs were associated with
higher withdrawal rates than placebo with ORs ranging
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between 1-64 and 4-44, and 95% Crl excluding the
null, except agomelatine (OR 1-21, 95% CrI 0-94-1-56;
appendix pp 154-55). For the full results of the secondary
outcomes see the appendix (pp 150-55).

In the analysis of response rate, 8% of the loops were
inconsistent (17 of 219 loops; p value of the design by
treatment test was 0-063), and also 8% of the loops were
inconsistent for dropouts (16 of 210 loops; p=0-219). The
median heterogeneity variances were estimated at
0-044 (95% CrI 0-028-0-063) for response and
0-040 (0-023-0-062) for dropout, suggesting moderate-
to-low heterogeneity. Subgroup meta-regression analyses
revealed that the use of placebo in trials was the strongest
explanation of heterogeneity and inconsistency in those
evaluated. Exclusion of placebo-controlled trials resulted

in a 24% relative reduction in heterogeneity variance for
response and 45% for dropout. Additionally, we found
that smaller and older studies presented larger effects
of the active interventions versus placebo (in particular
for amitriptyline, bupropion, fluoxetine, and reboxetine;
appendix pp 182-96). The year of randomisation or study
precision did not materially impact on the relative
treatment effects between active interventions (appendix
p 228). Overall, 46 (9%) of 522 trials were rated as high
risk of bias, 380 (73%) trials as moderate, and 96 (18%) as
low (appendix pp 115-32).

We also synthesised head-to-head studies separately to
assess the differences between drugs. Figure 4 presents
these data for the primary outcomes (194 studies
with at least two active groups at licensed dose and

4030 unpublished records identified
through other sources* reviews
11 identified from personal

communication

311 identified from ten hand-searched

24200 records identified through
database searching

3909 excluded 307 excluded because duplicate 23656 excluded because of title and
256 duplicate abstract
g 3653 wrong study design or g g
population
A y A
121 full-text studies completed 15 full-text studies assessed for 544 full-text articles assessed for
and potentially eligible eligibility eligibility
123 excluded
35 excl_uded because of no results 102 not fulflling eligibility
available -
—p P criteria
4 unable to check eligibility
17 duplicate publication

v A4 A 4

86 unpublished studies selected | | 15 published studies selected

| | 421 selected for inclusion

A 4

522 double-blind RCTs included in the network meta-analysist

23 agomelatine vs placebo or another active comparison
96 amitriptyline vs placebo or another active comparison
33 bupropion vs placebo or another active comparison
38 citalopram vs placebo or another active comparison
20 clomipramine vs placebo or another active comparison
9 desvenlafaxine vs placebo or another active comparison
30 duloxetine vs placebo or another active comparison
42 escitalopram vs placebo or another active comparison
117 fluoxetine vs placebo or another active comparison
32 fluvoxamine vs placebo or another active comparison
6 levomilnacipran vs placebo
10 milnacipran vs placebo or another active comparison
34 mirtazapine vs placebo or another active comparison
21 nefazodone vs placebo or another active comparison
114 paroxetine vs placebo or another active comparison
17 reboxetine vs placebo or another active comparison
54 sertraline vs placebo or another active comparison
26 trazodone vs placebo or another active comparison
68 venlafaxine vs placebo or another active comparison
9 vilazodone vs placebo or another active comparison
15 vortioxetine vs placebo or another active comparison

Figure 1: Study selection process

RCTs=randomised controlled trials. *Industry websites, contact with authors, and trial registries. The total number of unpublished records is the total number of
results for each drug and on each unpublished database source. 522 RCTs corresponded to 814 treatment groups.
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Figure 2: Network meta-analysis of eligible comparisons for efficacy (A) and acceptability (B)
Width of the lines is proportional to the number of trials comparing every pair of treatments. Size of every circle is
proportional to the number of randomly assigned participants (ie, sample size).

comprised 34196 patients). Agomelatine, amitriptyline,
escitalopram, mirtazapine, paroxetine, venlafaxine,
and vortioxetine were more effective than other
antidepressants (ORs ranging between 1-19 and 1-96),
whereas fluoxetine, fluvoxamine, reboxetine, and
trazodone were among the least efficacious drugs
(ORs ranging between 0-51 and 0-84). In terms of
acceptability, agomelatine, citalopram, escitalopram,
fluoxetine, sertraline, and vortioxetine were more
tolerable than other antidepressants (ORs ranging
between 0-43 and 0-77), whereas amitriptyline,

clomipramine, duloxetine, fluvoxamine, reboxetine,
trazodone, and venlafaxine were the antidepressants
associated with the highest dropout rates (ORs ranging
between 1-30 and 2-32). When all trials were considered,
differences in ORs between antidepressants ranged
from 1-15 to 1-55 for efficacy (appendix p 147) and
from 0-64 to 0-83 for acceptability (appendix p 149),
with wide Crls on most of the comparative analyses.
Figure 5 reports the two-dimensional graphs about
efficacy and acceptability in all studies and head-to-head
studies. Results for the secondary outcomes were in line
with the findings for the primary outcomes (appendix
pp 197-230). Within the head-to-head comparisons,
when a treatment was the novel or experimental drug of
comparison, it appeared to be significantly more
effective than when that same treatment was the older
or control drug of comparison (difference 1-18-times,
95% Crl 1-09-1-27). Adjusting for this novelty effect
diminished the differences between antidepressants.

We incorporated the GRADE judgments in figure 4.
The certainty of evidence for the relative treatment
effects of efficacy and acceptability varied; it was
moderate for most of the comparisons involving
agomelatine, escitalopram, citalopram, and mirtazapine,
and low to very low for most comparisons involving
vortioxetine, nefazadone, clomipramine, bupropion,
and amitriptyline (appendix pp 231-65). The appendix
(pp 266-85) presents the ranking of treatments based
on cumulative probability plots and SUCRAs.

In accordance with the review protocol, we also did a
sensitivity analysis, including all the studies that used
the drugs within the accepted doses (ie, doses
recommended in some international clinical guidelines;
appendix pp 133, 134) and the results did not change
substantially (appendix p 187).

Discussion

This study is based on 522 double-blind studies,
which included 116477 patients randomly assigned to
21 individual first-generation and second-generation
antidepressant drugs or placebo. The project extends
our previous work that had addressed 12 antidepressants
with data for head-to-head comparisons.” The present
analysis is substantially more comprehensive because it
includes 21 active treatments and placebo. The much
larger evidence base (about 117000 vs 26000 patients),
obtained through exhaustive search for published and
unpublished information, allowed us to investigate
additional important outcomes, such as remission,
change in mood symptoms and dropouts due to
side-effects, and a number of methodological issues,
such as sponsorship, dosing schedule, study precision,
and novelty effect.”

We found that all antidepressants included in the meta-
analysis were more efficacious than placebo in adults
with major depressive disorder and the summary effect
sizes were mostly modest. Some antidepressants, such as
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escitalopram, mirtazapine, paroxetine, agomelatine, and
sertraline had a relatively higher response and lower
dropout rate than the other antidepressants. By contrast,
reboxetine, trazodone, and fluvoxamine were associated
with generally inferior efficacy and acceptability profiles
compared with the other antidepressants, making them
less favourable options. To make our results as relevant
and robust as possible to inform clinical practice, we
decided to focus on head-to-head studies and at the same
time emphasise the certainty of the retrieved evidence.
Our assessment overall found few differences between
antidepressants when all data were considered, while there
was more diversity in the range of efficacy and dropout
patterns seen across the head-to-head comparisons than
the meta-analysis of antidepressants versus placebo.

The present findings in adults contrast with the efficacy
of antidepressants in children and adolescents, for which
fluoxetine is probably the only antidepressant that might
reduce depressive symptoms.” This differential efficacy
across age groups might reflect heterogeneous mech-
anisms and causes of depression,” smaller number of
studies in young people, or different methodological issues
affecting adult and paediatric trials.” The effect sizes were
also smaller in more recent and larger placebo-controlled
trials than in older and smaller ones, which might be an
indicator of bias.

Estimated differences between drugs were smaller in
placebo-controlled trials than in head-to-head studies.
There are several potential explanations, as many factors
have been associated with higher placebo response rates,
such as randomisation ratio and the expectation of
receiving an active treatment, the therapeutic setting, or
the frequency of study visits.* In our dataset, we found that
response to the same antidepressant was on average
smaller and dropouts more likely to occur in placebo
controlled trials than in head-to-head studies. Moreover,
for the same drug and the same probability of receiving
placebo, larger all-cause dropout rates were associated with
a lower response to treatment. The use of the last
observation carried forward (LOCF) approach for imputing
missing outcome data might have affected the estimates
of treatment effect” Depressive symptoms tend to
spontaneously improve over time and this phenomenon
contributes to the high percentage of placebo responders
in antidepressant trials.”® Patients randomly assigned to
the active drug in a double-blind, placebo-controlled trial
might leave studies earlier than in head-to-head studies
because they might suspect they have been allocated to
the placebo group than to the intervention group.
Antidepressants usually take full effect only after weeks of
treatment; therefore, participants who dropped out earlier
tend to have poorer responses than those who remain on
treatment, which are carried forward to the end of the trial
by the LOCF analysis. The final result can be an
underestimate of the true efficacy of the active drug.

Another possible explanation could be a bias in conduct,
analysis, or reporting of head-to-head trials, driven by

A

- Significantly in favour of active drug

—=— Non-significant result

—&- Significantly in favour of placebo OR (95% Crl)

Efficacy (response rate)

Amitriptyline 2:13(1-89-2-41)
Mirtazapine 1-89 (1-64-2-20)
Duloxetine 1.85 (1-66-2-07)
Venlafaxine 178 (1-61-1-96)
Paroxetine 175 (1-61-1.90)
Milnacipran 174 (1-37-2-23)

Fluvoxamine 1-69 (1-41-2-02)

Escitalopram 1-68 (1-50-1-87)

Nefazodone 1-67 (132-2-12)
Sertraline 1-67 (1-49-1-87)
Vortioxetine 1-66 (1-45-1.92)
Agomelatine 1-65 (1-44-1-88)
Vilazodone 1-60 (1-28-2-00)

Levomilnacipran 1-59 (1-24-2-05)

Bupropion 1.58 (1.35-1-86)
Fluoxetine 1-52 (1-40-1-66)
Citalopram 1.52 (133-1.74)
Trazodone 1.51(1-25-1-83)

Clomipramine 1-49 (1-21-1.85)
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Figure 3: Forest plots of network meta-analysis of all trials for efficacy (A)
and acceptability (B)

Antidepressants were compared with placebo, which was the reference
compound. OR=o0dds ratio. Crl=credible interval.
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0-90* 0.93* 1.03f 0-79* 0.75* 0-85* 0-87* 0.71* 0-81* 0-83* 072t 0-83* 0-55* 0-88* 0.70* 0.75* 127%
(0-71-1-14) [ (0-74-117) | (0-70-1-51) |(0-65-0-97) [(0-58-0-97) | (0-67-1-08) (0-70-1-09) |(0-53-0-96) | (0-60-1-11) | (0-63-1-08) [ (0-45-1-18) | (0-67-1-03) | (0-37-0-81) | (0-69-1-12) | (0-49-1-00) [(0-60-0-94) | (0-73-2:25)
120% 1.25% 138t 1.06* 1.00% 114* 0-82% 0-94* 0-95* 0-83t 0-95* 0-631 101t 0-81* 0-87t 146t
(0-99-1-48) [(1-06-1-48) | (0-97-1-97) | (0-87-129) [ (0-81-1-24) | (0-91-1-44) | (1-11-1-61) (0-64-1.04) | (0-72-1-20) | (0-77-116) [ (0-54-1:30) | (0-83-1-09) |(0-44-0-90) | (0-84-1-21) | (0-60-1-09) [ (0-74-1-01) | (0-85-2:53)
1.20* 1251 1381 1.06* 1.01% 114t 134* 1.00% 114t 116* 1.01f 116* 077t 1.23* 0-99% 1.06* 178%
(0-91-1-61) | (0-99-1-59) | (0-93-2:07) | (0-82-1-39) | (0-76-1-32) | (0-85-1:54) | (1-03-1.75) | (0-80-1-25) (0-84-156) [ (0-89-1:52) | (0-62-171) | (0-90-1-49) [ (0-51-1-17) | (0-94-1-63) | (0-69-1-42) | (0-80-1:38) | (1.00-3-24)
1.07% 1111 1.23t 0-94t 0-89f 1.01% 119* 0-89* 0-89t 1.02 0-88% 1.02% 0671 1.08* 0-86* 093* 1561
(0-80-1-44) | (0-86-1-43) | (0-81-1-85) | (0-71-1-26) | (0-67-1-19) | (0-74-1:38) | (0-90-1:58) | (0-70-1-13) | (0-67-1-17) (0-75-1:37) | (0-54-1-44) | (0-80-1-31) | (0-45-1-03) | (0-82-1-44) | (0-60-1-25) | (0-71-1-22) | (0-89-2-84)
0-93* 0-97* 107 0-82* 0.78* 0-88* 1.04* 0.78* 0.78* 0-87* 087 1.00* 0-66* 1.06* 0-85* 0-91* 153t
(072-1:21) [ (0-77-121) | (0-73-1-57) | (0-65-1-05) [ (0-60-1-01) | (0-67-1-16) [ (0-82-1:32) [(0-64-0-94) |(0-60-0-99) [ (0-66-1-15) (0-55-1-41) | (0-82-1-23) [(0:45-0-99) | (0-84-1-35) | (0-62-118) | (0-73-1-13) | (0-89-2:72)
115F 119+ 132% 1.01% 0-96% 1.09% 1.28* 0-96% 0.95% 1.07+ 1.23* 115% 075% 1.23f 0-98% 1.04% 176t
(0-76-1.76) | (0-80-1-78) | (0-80-2-20) | (0-67-1-54) | (0-63-1-45) | (0-71-1-68) | (0-86-1-94) | (0-66-1-40) | (0-63-1-46) | (0-70-1-67) | (0-82-1-86) (074-178) | (0-43-1:32) | (0-77-1:90) [ (0-57-1-64) | (0-66-1-65) | (0-90-3-56)
1.01% 105t 116t 0-89* 0-84t 0-95f 1.12% 0-84* 0-84* 0-94t 1.08* 0-88% 0-66F 1.06* 0-85t 0:91* 153t
(0-82-124) | (0-89-1-23) [ (0-81-1-64) | (0-72-1.09) | (0-68-1.03) | (0-76-1-19) | (0-93-1-35) |(0-73-0-95) | (0-67-1-04) | (0-75-1-18) | (0-89-1-30) | (0-60-1-27) (0-46-0.94) | (0-88-1-28) [ (0-63-1-15) | (0-77-1:07) | (0-90-2:66)
1.44* 1.50f 1.651 127t 1.20f 1361 1.60* 1.20f 120t 1.35f 1.54* 125% 143t 1.61f 129t 138t 2:32f
(1-02-2.04) | (1.07-2-07) [ (1-05-2-60) | (0-92-175) | (0-84-1-70) [ (0-95-1-95) | (1-14-2-23) [ (0-88-1.62) | (0-83-1-71) | (0-92-1-95) | (1.09-2-17) | (0-77-2:01) (1-05-1-94) (1:09-2-34) | (0-81-2-01) [(0-94-1-99) [ (1-24-4-41)
1.07* 111% 123t 0-95+ 0-90t 1.02% 1.20% 0-89% 0-891 1.00t 115* 0-93 1.07* 075t 0-80* 0-86* 145t
(0-85-1:37) | (0-92-1-35) | (0-85-1-79) | (0-76-1-18) | (0-71-1-13) | (0-79-1-32) | (0-97-1-48) | (0-76-1-05) | (0-70-1-13) | (0-77-1:30) | (0-93-1-43) | (0-63-1:37) | (0-90-1-26) | (0-54-1-04) (0:58-1-11) | (0-70-1-05) | (0-84-2:54)
136* 141t 1.561 1.20* 113f 1.28t 1.51* 113t 113t 127* 1.45* 118f 135% 0-94% 1261 1.07+ 1.80t
(0-99-1-87) |(1:06-1-86) [ (1-04-2-31) | (0-88-1-63) | (0-83-1-54) [ (0-92-1.79) | (1:12-2-04) | (0-87-1-46) [ (0-82-155) | (0-91-1.76) |(1:09-1-94) | (0-75-1-84) | (1-04-1-75) | (0-64-1-39) [ (0-95-1:67) (077-1-47) | (0-98-3:38)
1.01* 1.05f 1161 0-90t 085t 0-96f 113* 0-84 0-84* 0-95* 1.09* 0-88% 1.011 0.70% 0.94* 0.751 169
(0-82-1-26) | (0-87-1-27) | (0-82-1-65) | (0-72-1:10) | (0-67-1-06) | (0-77-1-21) | (0-93-1:37) |(0-73-0-97) | (0-66-1:07) [ (0-73-1-23) | (0-89-1:33) [ (0-59-1-30) | (0-86-1-17) | (0-51-0-97) [ (0-78-113) |(0-57-0-98) (1-01-2-86)
0-73% 0.76% 0-83 0641 0-61t 0-69t 0-81% 0-60t 0-60t 0-681 0-78% 0-63t 072t 0.51f 0-681 0-541 072t
(0-42-126) | (0-44-129) [ (0-45-1:54) | (037-111) | (0-35-1-05) | (0-40-1-20) | (0-47-1-39) | (0-36-1-02) [ (0-34-1-05) | (0-39-1-20) | (0-45-1:34) | (0-33-1-19) | (0-43-1-22) |(0-28-0-92) [ (0-39-116) |(0-30-0-95) | (0-43-1-19)

Figure 4: Head-to-head comparisons for efficacy and acceptability of the 21 antidepressants
Drugs are reported in alphabetical order. Data are ORs (95% Crl) in the column-defining treatment compared with the row-defining treatment. For efficacy, ORs higher than 1 favour the
column-defining treatment (ie, the first in alphabetical order). For acceptability, ORs lower than 1 favour the first drug in alphabetical order. To obtain ORs for comparisons in the opposite direction,
reciprocals should be taken. Significant results are in bold and underscored. The certainty of the evidence (according to GRADE) was incorporated in this figure (appendix pp 231-65). OR=odds ratio.
Crl=credible interval. Agom=agomelatine. Amit=amitriptyline. Bupr=bupropion. Cita=citalopram. Clom=clomipramine. Dulo=duloxetine. Esci=escitalopram. Fluo=fluoxetine. Fluv=fluvoxamine.
Miln=milnacipran. Mirt=mirtazapine. Nefa=nefazodone. Paro=paroxetine. Rebo=reboxetine. Sert=sertraline. Traz=trazodone. Venl=venlafaxine. Vort=vortioxetine. *Moderate quality of evidence. fLow
quality of evidence. $Very low quality of evidence.

commercial interests.” In our analyses, funding Dby
industry was not associated with substantial differences in
terms of response or dropout rates. However, non-industry
funded trials were few and many trials did not report or
disclose any funding. We also observed that drugs tended
to show a better efficacy profile when they were novel and
used as experimental treatments than when they had
become old. This novelty effect might arise where a novel
agent is perceived to be more effective and better tolerated;
alternatively, selective analyses and outcome reporting
bias might be more prominent when a treatment is
first launched.*

Our literature search was as comprehensive as possible,
including the largest amount of unpublished data to date,
which are associated with less favourable effect sizes for
antidepressants.” Although it is possible that a certain
amount of unpublished data could not be retrieved, our
comparison-adjusted funnel plots did not suggest that
small studies gave different results from larger studies

either among placebo-controlled trials or head-to-head
comparison trials (appendix pp 179-81, 225-27). The
estimates of treatment effect from our study are in line
with previous reviews on the same matter,” but they are
considerably more precise because of our larger quantity
of data and resulting statistical power.

Our review has some limitations. According to the
GRADE framework, the quality of many comparisons was
assessed as low or very low for amitriptyline, bupropion,
and venlafaxine, whereas it was often rated as moderate
for agomelatine, escitalopram, and mirtazapine. We
incorporated the certainty of evidence in the main results
of our analysis to highlight the most robust findings for
further use in clinical judgment. However, many trials did
not report adequate information about randomisation and
allocation concealment, which restricts the interpretation
of these results. To increase the methodological rigour of
the contributing evidence, we included only double-blind
trials, which were generally very similar in design and
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conduct. The poor information in terms of risk of bias
assessment might be a matter of reporting; however, we
presented full details about the risk of bias of all included
studies in the appendix (pp 115-32). We did not do a formal
cost-effectiveness analysis. All of the most effective anti-
depressants are now off patent and available in generic
form. Some of the antidepressants are included in the
WHO Model List of Essential Medicines, which makes
them available worldwide and ready to use also in
developing countries.

We analysed only average treatment effects and were not
able to investigate potentially important clinical and
demographical modifiers of treatment response at the
individual patient level (eg, age, sex, severity of symptoms,
or duration of illness). Patients recruited in randomised
trials tend to be highly selected and we also excluded
patients with psychotic or treatment-resistant depression,
which might limit the applicability of the results to these
clinical subgroups, but it was intended as a methodological
strength to assure transitivity in the network. We did
not cover important clinical issues that might inform
treatment decision making in routine clinical practice
(eg, specific adverse events, withdrawal symptoms, or
combination with non-pharmacological treatments).
Additionally, because of the paucity of information
reported in the original studies, we were not able to
quantify some outcomes, such as global functioning. It
should also be noted that some of the adverse effects of
antidepressants occur over a prolonged period, meaning
that positive results need to be taken with great caution,
because the trials in this network meta-analysis were of
short duration. The current report summarises evidence of
differences between antidepressants when prescribed
as an initial treatment. Given the modest effect sizes,
non-response to antidepressants will occur. Our infor-
mation unfortunately cannot guide next-step choices after
failure of such a first step (ie, they do not apply to treatment-
resistant depression), for which well performed trials
are scarce.”

Using the data made available on the websites of the
US Food and Drug Administration and European
Medicines Agency, on the international trial registries,
and from contacting study authors and pharmaceutical
companies, we managed to incorporate in the analysis a
considerable amount of unpublished data for some
drugs—namely, agomelatine, escitalopram, paroxetine,
reboxetine, sertraline, venlafaxine, vilazodone, and vorti-
oxetine—but not for all the antidepressants included in
the network meta-analysis. This limitation in the primary
trials might affect the validity of the findings for some
antidepressants, but the incorporation of both direct and
indirect comparisons might have contributed to reduce
the potential risk of bias.*® We did our best to retrieve
all unpublished data and contacted study authors
for supplemental material, but we are aware that a
substantial amount of information is still not available to
the public. There are online archives where trials are
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Figure 5: Two-dimensional graphs about efficacy and acceptability in all studies (A) and head-to-head (B)
studies only

Data are reported as ORs in comparison with reboxetine, which is the reference drug. Error bars are 95% Crls.
Individual drugs are represented by different coloured nodes. Desvenlafaxine, levomilnacipran, and vilazodone
were not included in the head-to-head analysis because these three antidepressants had only placebo-controlled
trials. ORs=o0dds ratios. 1=agomelatine. 2=amitriptyline. 3=bupropion. 4=citalopram. 5=clomipramine.
6=desvenlafaxine. 7=duloxetine. 8=escitalopram. 9=fluoxetine. 10=fluvoxamine. 11=levomilnacipran.
12=milnacipran. 13=mirtazapine. 14=nefazodone. 15=paroxetine. 16=reboxetine. 17=sertraline. 18=trazodone.
19=venlafaxine. 20=vilazodone. 21=vortioxetine. 22=placebo.

prospectively registered; however, they collect reliable
information only about the most recent studies and we
cannot rule out the possibility that some studies are
absent or the same study has been counted twice in our
analyses. It is not uncommon for the same study to
go by different names in different publications, which
complicates the process of data synthesis.” By making
the dataset fully and freely available, we welcome any
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information that might help clarify any mistakes in
our dataset.

Notwithstanding these limitations, the findings from
this network meta-analysis represent the most compre-
hensive currently available evidence base to guide the
initial choice about pharmacological treatment for acute
major depressive disorder in adults. All statements
comparing the merits of one antidepressant with another
must be tempered by the potential limitations of the
methodology,” the complexity of specific patient
populations, and the uncertainties that might result from
choice of dose or treatment setting. We hope that these
results will assist in shared decision making between
patients, carers, and their clinicians.
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ABSTRACT
Background

Antipsychotic (neuroleptic) medication is used extensively to treat people with chronic mental illnesses. Its use, however, is associated
with adverse effects, including movement disorders such as tardive dyskinesia (TD) - a problem often seen as repetitive involuntary
movements around the mouth and face. This review, one in a series examining the treatment of TD, covers miscellaneous treatments
not covered elsewhere.

Objectives

To determine whether drugs, hormone-, dietary-, or herb-supplements not covered in other Cochrane reviews on TD treatments,
surgical interventions, electroconvulsive therapy, and mind-body therapies were effective and safe for people with antipsychotic-induced

TD.
Search methods

We searched the Cochrane Schizophrenia Group’s Study-Based Register of Trials including trial registers (16 July 2015 and 26 April
2017), inspected references of all identified studies for further trials and contacted authors of trials for additional information.

Selection criteria

We included reports if they were randomised controlled trials (RCTs) dealing with people with antipsychotic-induced TD and
schizophrenia or other chronic mental illnesses who remained on their antipsychotic medication and had been randomly allocated to
the interventions listed above versus placebo, no intervention, or any other intervention.

Data collection and analysis

We independently extracted data from these trials and we estimated risk ratios (RR) or mean differences (MD), with 95% confidence
intervals (Cls). We assumed that people who left early had no improvement. We assessed risk of bias and created ’Summary of findings’

tables using GRADE.

Miscellaneous treatments for antipsychotic-induced tardive dyskinesia (Review) W
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Main results

We included 31 RCTs of 24 interventions with 1278 participants; 22 of these trials were newly included in this 2017 update. Five
trials are awaiting classification and seven trials are ongoing. All participants were adults with chronic psychiatric disorders, mostly
schizophrenia, and antipsychotic-induced TD. Studies were primarily of short (three to six6 weeks) duration with small samples size
(10 to 157 participants), and most (61%) were published more than 20 years ago. The overall risk of bias in these studies was unclear,
mainly due to poor reporting of allocation concealment, generation of the sequence, and blinding.

Nineteen of the 31 included studies reported on the primary outcome "No clinically important improvement in TD symptoms’. Two
studies found moderate-quality evidence of a benefit of the intervention compared with placebo: valbenazine (RR 0.63, 95% CI 0.46
t0 0.86, 1 RCT, n = 92) and extract of Ginkgo biloba (RR 0.88, 95% CI 0.81 to 0.96, 1 RCT, n = 157), respectively. However, due to
small sample sizes we cannot be certain of these effects.

We consider the results for the remaining interventions to be inconclusive: Low- to very low-quality evidence of a benefit was found
for buspirone (RR 0.53, 95% CI 0.33 to 0.84, 1 RCT, n = 42), dihydrogenated ergot alkaloids (RR 0.45, 95% CI 0.21 to 0.97, 1
RCT, n = 28), hypnosis or relaxation, (RR 0.45, 95% CI 0.21 to 0.94, 1 study, n = 15), pemoline (RR 0.48, 95% CI 0.29 t0 0.77, 1
RCT, n = 46), promethazine (RR 0.24, 95% CI 0.11 to 0.55, 1 RCT, n = 34), insulin (RR 0.52, 95% CI 0.29 t0 0.96, 1 RCT, n =
20), branched chain amino acids (RR 0.79, 95% CI 0.63 to 1.00, 1 RCT, n = 52), and isocarboxazid (RR 0.24, 95% CI 0.08 t0 0.71,
1 RCT, n = 20). There was low- to very low-certainty evidence of no difference between intervention and placebo or no treatment for
the following interventions: melatonin (RR 0.89, 95% CI 0.71 to 1.12, 2 RCTs, n = 32), lithium (RR 1.59, 95% CI 0.79 to 3.23, 1
RCT, n = 11), ritanserin (RR 1.00, 95% CI 0.70 to 1.43, 1 RCT, n = 10), selegiline (RR 1.37, 95% CI 0.96 to 1.94, 1 RCT, n = 33),
oestrogen (RR 1.18, 95% CI 0.76 to 1.83, 1 RCT, n = 12), and gamma-linolenic acid (RR 1.00, 95% CI 0.69 to 1.45, 1 RCT, n = 16).

None of the included studies reported on the other primary outcome, 'no clinically significant extrapyramidal adverse effects’.
Authors’ conclusions

This review has found that the use of valbenazine or extract of Ginkgo biloba may be effective in relieving the symptoms of tardive
dyskinesia. However, since only one RCT has investigated each one of these compounds, we are awaiting results from ongoing trials
to confirm these results. Results for the remaining interventions covered in this review must be considered inconclusive and these
compounds probably should only be used within the context of a well-designed evaluative study.

PLAIN LANGUAGE SUMMARY
Miscellaneous treatments for antipsychotic-induced tardive dyskinesia
What is the aim of this review?

The aim of this Cochrane Review was to find out if drugs, supplements, surgical interventions, electroconvulsive therapy, or mind-
body therapies not covered in other Cochrane reviews of tardive dyskinesia can improve tardive dyskinesia. We collected and analysed
all relevant randomised controlled trials to answer this question.

Key messages

The drug valbenazine and extract of the herb Ginkgo biloba probably improves symptoms of tardive dyskinesia. But we still need more
high-quality studies to confirm these findings that were taken from only one study per intervention.

‘What was studied in the review?

Antipsychotic drugs are used to treat chronic mental illnesses such as schizophrenia by controlling, for instance, abnormal perceptions
(hallucinations), disordered thinking and fixed false beliefs (delusions). Tardive dyskinesia is a disfiguring and disabling disorder of
abnormal, repetitive and involuntary movements, and it is often caused by antipsychotic drugs. More than 20% of people who rely on
antipsychotic drugs to control their mental illness have developed tardive dyskinesia. Many different interventions have been studied
for easing the symptoms of tardive dyskinesia. Several Cochrane reviews have summarised the effects of the many treatments used
to manage these involuntary movements. This review focusses on ‘miscellaneous’, a group of other non-connected, interventions not
covered in the other Cochrane reviews on tardive dyskinesia.

What are the main results of the review?

Miscellaneous treatments for antipsychotic-induced tardive dyskinesia (Review) W
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We found 31 studies that reported on 24 different interventions to improve tardive dyskinesia in 1278 people who take antipsychotic
medication for their chronic mental illnesses. Unfortunately most studies followed up on participants for a short time (most were three
to six weeks) and included few participants (the average number of participants was 41 per study).

* Valbenazine probably reduces symptoms of tardive dyskinesia to a clinically important extent compared with placebo (moderate-
certainty evidence). However, this evidence is based on only one study in the USA with 92 participants; we are awaiting results from
recently completed and ongoing trials to confirm these results.

* Extract of Ginkgo biloba probably reduces symptoms of tardive dyskinesia to a clinically important extent compared with placebo
(moderate-certainty evidence). However, this evidence is based on only one study in China with 157 participants; we are awaiting
results from recently completed and ongoing trials to confirm these results.

* Evidence for the remaining interventions was of low- to very low-certainty evidence and we consider the results for these other
interventions to be inconclusive.

How up-to-date is this review?

We searched for studies that had been published up to 26 April 2017.

Miscellaneous treatments for antipsychotic-induced tardive dyskinesia (Review) W
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd. l L EY
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ABSTRACT

Objective: The dose—response of short sleep duration in mortality has been studied, in addition to the
incidences of notable health complications and diseases such as diabetes mellitus, hypertension, car-
diovascular diseases, stroke, coronary heart diseases, obesity, depression, and dyslipidemia.
Methods: We collected data from prospective cohort studies with follow-ups of one year or more on asso-
ciations between short sleep duration and the outcomes. For the independent variable, we divided partici-
pants at baseline into short sleepers and normal sleepers. The primary outcomes were defined as mortality and
an incident of each health outcome in the long-term follow-up. Risk ratios (RRs) for each outcome were
calculated through meta-analyses of adjusted data from individual studies. Sub-group and meta-regression
analyses were performed to investigate the association between each outcome and the duration of short sleep.
Results: Data from a cumulative total of 5,172,710 participants were collected from 153 studies. Short
sleep was significantly associated with the mortality outcome (RR, 1.12; 95% CI, 1.08—1.16). Similar sig-
nificant results were observed in diabetes mellitus (1.37, 1.22—1.53), hypertension (1.17, 1.09—1.26),
cardiovascular diseases (1.16, 1.10—1.23), coronary heart diseases (1.26, 1.15—1.38), and obesity (1.38, 1.25
—1.53). There was no sufficient usable evidence for meta-analyses in depression and dyslipidemia. Meta-
regression analyses found a linear association between a statistically significant increase in mortality and
sleep duration at less than six hours. No dose—response was identified in the other outcomes.
Conclusions: Based on our findings, future studies should examine the effectiveness of psychosocial
interventions to improve sleep on reducing these health outcomes in general community settings.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

[1]. In several developed countries, the prevalence rate is not higher
than in the U.S,, but 11.3% in Canada and 9.8% in the U.K. [2].

Short sleepers are prevalent throughout the world. In the U.S., the
age-adjusted mean sleep duration was 7.18 hours and the prevalence
of sleepers reporting less than six hours of sleep was 29.2% in 2012

Abbreviations: CER, control event rate; Cl, confidence interval; HR, hazard ratio;
MOOSE, meta-analysis of observational studies in epidemiology; NOS,
Newcastle—Ottawa scale; OR, odds ratio; PRISMA, preferred reporting items for
systematic reviews and meta-analyses; RR, risk ratio.
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Several systematic reviews have shown that short sleep dura-
tion is associated with important health outcomes including not
only mortality [3—6] but also hypertension [5,7], cardiovascular
diseases [8], stroke [9], diabetes mellitus [10,11], and obesity [12].
These have been regarded as phenotypes of metabolic abnormal-
ities [13] or arteriosclerosis promotion [ 14,15] associated with short
sleep duration. However, because these reviews investigated as-
sociations between short sleep duration and these health outcomes
utilized various methodologies in conducting reviews, another
systematic review may be needed where the same methodology is
used across health outcomes. In this review, associations between
short sleep and incidents of some important health outcomes,
including dyslipidemia and depression, which have not yet been
examined in previous reviews, should also be investigated.
Although sleep duration less than six hours is reported to be
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associated with higher risk than that of seven to eight hours
(especially in terms of mortality outcome in previous cohort studies
[16—19]), to the best of our knowledge, this has not been system-
atically examined in meta-analyses and meta-regression, which
can contribute to publication bias and to let researchers speculate
on mediator effects of sleep duration on health outcomes.

We therefore conducted a systematic review, meta-analyses,
and meta-regression to examine if short sleep duration is associ-
ated with a higher prevalence of health outcomes using the same.

2. Methods

We performed the study in accordance with the PRISMA
(preferred reporting items for systematic reviews and meta-
analyses) [20] and the MOOSE (meta-analysis of observational
studies in epidemiology) [21] guidelines, with these checklists (see
Appendices S5 and S6 in the Supplementary material).

Two independent researchers (Ol and M]J) separately assessed
the eligibility, extracted data, and checked the quality of the
included studies. Any disagreements were resolved through dis-
cussion between these two, and with a third reviewer (NW) if
disagreements persisted.

2.1. Data sources and searches

The studies were initially identified on October 17, 2013,
through a search of PubMed, PsycINFO, CINAHL, and Embase using
pre-specified search terms (Appendices S1—S4). Major medical
journals, conference proceedings, and reference lists of included
studies and previous systematic reviews were also hand-searched
for published, unpublished, and ongoing studies. To identify new
studies published during the review process, we conducted a
search of PubMed using the same search strategy on October 9,
2014 and on May 6, 2016.

2.2. Study selection

We included studies with a prospective cohort or randomized
controlled trial design, conducted in community settings, which
compared short with normal sleepers for mortality and incidence of
health outcomes in a long-term follow-up. We limited studies to
those with a minimum follow-up duration of one year from baseline,
and a minimum of 20 participants. Studies were excluded if most
participants were aged 20 years or younger at baseline, or if par-
ticipants had been diagnosed with the health outcome at baseline.
We also excluded studies that were conducted in inpatient settings
and those that involved pharmacological interventions.

The eligibility of each study for inclusion was checked at two
stages: (1) looking through the title and abstract and (2) checking
the full text.

2.3. Data extraction and quality assessment

2.3.1. Definition of sleep duration

The definition of short sleep was based on the original paper
because common sleep duration varies among cultures and eth-
nicities [22,23]. Durations of short sleep were incorporated into
subgroup analyses and meta-regression as mediators (see below).
When both a subjective (eg, sleep diary) and objective sleep
duration (eg, actigraphy or polysomnography) were reported, we
selected the former as the independent variable. Although a self-
report survey may be unlikely to capture the actual amount of
sleep per night in comparison with actigraphy [24] or poly-
somnography [25], objective measures may not always be utilized
in general community settings and subjective measures might be

preferable because of their applicability. When both sleep durations
per day (possibly including a daytime nap) and per night were
reported, we selected the latter.

The duration of normal sleep was also defined based on the
original paper.

2.3.2. Outcome measures

The outcome was defined as mortality and incidence of health
outcomes, which were diabetes mellitus, hypertension, dyslipide-
mia (hypo or hyperlipidemia), cardiovascular diseases (including
events in the heart and brain), coronary heart diseases, stroke,
obesity, and depression. When a formal diagnosis was not provided,
a surrogate outcome (eg, coronary artery calcification instead of
diagnosis of coronary artery diseases, a self-report of diabetes
mellitus without evidence of formal diagnosis) was included in the
primary analyses, but a sensitivity analysis was planned (see below).

2.3.3. Assessment of bias

We employed the Newcastle—Ottawa scale (NOS) [26] to assess the
studies’ quality. The instrument has three broad categories (patient
selection, four criteria, comparability of study groups, one criterion,
and assessment of the outcome, three criteria). For the comparability
criteria, we allotted two stars according to the depth of statistical
adjustment for risk factors in the original studies (eg, one star for age,
sex, and race only, two stars for beyond these). Therefore, a study
could reach a full mark with nine stars. For the second and third items
of the outcome criteria, we defined, a priori, follow-up durations as
reasonably long enough, and adequate follow-up of cohorts in terms
of the percent lost to follow-up that was allowed for each disorder (ie,
three years and 10% for any cause of mortality, two years and 20% for
diabetes mellitus, two years and 20% hypertension, two years and 20%
for dyslipidemia, three years and 10% for cardiovascular diseases, three
years and 10% for coronary heart diseases, two years and 20% for
obesity, and two years and 20% for depression, respectively).

Although previous meta-analyses [27,28| deemed quality of a
study as high when it had five or more stars on the NOS criteria, we
(a priori) set eight or more stars as high in order to focus on very
high quality studies.

2.4. Data synthesis and analysis

We analyzed data y and conducted a meta-analysis for each
dependent outcome. In the meta-analysis, we calculated risk ratios
(RRs) by pooling adjusted RRs between short and normal sleep
provided by the original studies with a random effects model. If
hazard ratios (HRs) were reported in a study but RRs were not, the
HRs were regarded as RRs. Among studies where odds ratios (ORs)
were provided but not RRs, we calculated RRs by using the ORs and
control event rates (CERs) in normal sleepers reported in the
original studies. Regarding studies where both RRs and CERs were
not reported, and only ORs were provided, CERs were borrowed
from a study whose characteristics were similar. In the primary
analyses, regarding studies where RRs were provided for subgroups
separately (eg, male and female), data from these subgroups were
combined using a fixed-effect meta-analysis.

Statistical heterogeneity between studies was investigated us-
ing the I? statistic [29], assuming an I? of 75% or greater to be an
important level of inconsistency, as a previous review employed
[30]. To assess publication bias, we used a funnel plot and Egger’s
test for all primary outcomes [31]. We used the “trim and fill”
method to adjust the funnel plot and recalculated the results [32].

Although subgroup analyses should be interpreted with caution
[33], we planned, a priori, to perform analyses for several types of
baseline characteristics (ie, between 20 and 65 years of age, or aged
65 years or more; male or female).
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Sensitivity analyses were planned for the primary outcome by:
(1) excluding studies with surrogate outcomes, and limiting studies
to those (2) where sleep duration was reported per night, (3) with
eight or more stars in the NOS, (4) those following up participants
for no less than ten years, and (5) excluding studies where CERs
were borrowed from the others to calculate RRs. Moreover, for the
purpose of exploring mediator effects of the duration of definition
of short sleep, subgroup analyses were performed for clustering
included studies according to the duration (eg, less than five hours
or six hours) for each outcome. When ten or more studies were
included [34] and studies were clustered into three or more levels
in each outcome, meta-regression analyses were also performed to
examine a linear association between sleep duration and increase
in the outcome frequency, using a random-effects model and
illustrating, if any, regression line and its 95% prediction intervals.

A P-value of less than 0.05 was chosen to test the null hypothesis
despite multiple comparisons in order to avoid type II over type I

0. Itani et al. / Sleep Medicine 32 (2017) 246—256

errors. For all outcomes, 95% confidence intervals (CIs) were
calculated. The data were analyzed using the Comprehensive Meta-
Analysis Software (Version 3) [35], with double data entry to avoid
input errors.

3. Results
3.1. Search results

The initial electronic search yielded 3580 articles, and an addi-
tional database search identified 182 studies on October 9, 2014
and 388 on May 6, 2016. In total, 2521 studies remained after
removing duplicate articles. A hand-search did not identify any
studies that had not been included in the electronic search (Fig. 1).

At the first and second eligibility check stages, two independent
researchers identified 277 articles with an inter-rater reliability of
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database searching additional database searching
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g PsycINFO: 270
b MEDLINE: 1,284
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Fig.1. Flowchart for the included studies.
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kappa statistic at 0.79 (95% CI: 0.75—0.82) and 108 articles at 0.64
(0.54—0.73), respectively.

3.2. Characteristics of included studies

All of the 108 included studies were prospective cohort studies.
Forty-five studies reported data for two or more health outcomes,
and 153 datasets for nine outcomes (N =5,172,718) were collected
from the 108 studies. Most studies were conducted in developed
countries (see Table 1 and Tables S1—-S8 in the Supplementary
material). The number of participants in each dataset ranged from
276 to 392,164, the duration of follow-up was from one to 30 years,
and the total NOS scores were from five to nine. The studies’ defi-
nitions of short sleep varied, but most defined it as less than five or
six hours.

Of the included studies for the systematic review, we could not
pool data from 14 datasets in the meta-analyses, mainly because no
usable data for meta-analyses were provided (Table S9). The
number of datasets included in the meta-analyses on each outcome
varied from ten (hypertension) to 36 (mortality). Table 1 shows the
characteristics of the studies included for the mortality outcome.

3.3. Effect estimates of short sleep compared to normal sleep from
meta-analyses

3.3.1. Primary analyses

Compared with normal sleep, short sleep showed a statistically
significant increase in mortality due to all causes at a RR of 1.12 (95%
CI 1.08—1.16, P<0.005, I>=25%, N of datasets = 36; Figs 2 and 3).
Qualitatively similar significant results were obtained for diabetes
mellitus, hypertension, cardiovascular disease, coronary heart dis-
ease, and obesity, at RR of 1.37 (1.22—1.53, P<0.005, 1*>=53%,
N =18), 1.17 (1.09—1.26, P < 0.005, I* = 48%, N = 10), 1.16 (1.10—1.23,
P<0.005, 1>=49% N=24), 126 (115-1.37, P<0.005, >°=51%,
N=19), and 1.38 (1.25-1.53, P<0.005, I>=60%, N=16), respec-
tively (Fig. 2). In terms of stroke, short sleep showed no statistically
significant increase compared to normal sleep at a RR of 1.08
(0.98—1.19, P=0.10, N=14). No important level of heterogeneity
between datasets was observed for all outcomes. For the depres-
sion and the dyslipidemia outcomes, only one study was included
in each and meta-analyses were therefore not performed.

3.3.2. Possible publication bias for primary analyses

In the funnel plots and results from Egger’s test (see Figs S1—S3
in the Supplementary material), significant publication bias was
observed for coronary heart disease (P=0.005) and obesity
(P=0.037). However, all the imputed RRs using the trim and fill
method still indicated a statistically significant increase in incident
of these outcomes among short sleepers.

3.3.3. Subgroup analyses for age groups

Subgroup analyses for those aged 65 years or more and those
under 65 at baseline were conducted (Fig. 2). For outcomes where
both age groups were analyzed, short sleep was associated with a
significant increase in incidents of outcome among those aged
under 65 years but did not among those aged over 65 years for
hypertension, cardiovascular disease, and obesity, in comparison
with normal sleep. Short sleep was not associated with a significant
increase in either age group for the mortality outcome; however,
short sleep was associated significantly in both age groups for the
coronary heart disease outcome. For outcomes where only sub-
group analyses were conducted for those aged less than 65 years,
short sleep was associated with a significant increase in incidents of
diabetes mellitus, but not for stroke.

3.3.4. Subgroup analyses for sex

Subgroup analyses for sex were performed for outcomes other
than depression and dyslipidemia. In comparison with normal
sleep, short sleep was associated with a significant increase in both
sexes in mortality, cardiovascular disease, coronary heart disease,
and obesity. Short sleep was associated with a significant increase
among males but not females for diabetes mellitus, but vice versa
for hypertension and stroke (Fig. 2).

3.3.5. Sensitivity analyses

A majority of sensitivity analyses showed qualitatively similar
results to those in the primary analyses (Fig. 2), although the result
was not statistically significant in an analysis limiting studies
judged to be high quality using the NOS in hypertension outcome
(RR=0.93, 95% CI 0.47—1.84, N=2) (P=0.835).

3.3.6. Subgroup analyses and meta-regression for the duration of
definition of short sleep

Subgroup analyses for the duration were conducted for the
outcomes other than depression and dyslipidemia (Fig. 4). In
comparison with normal sleep, short sleep defined as the duration
less than six hours was associated with a significant increase in
mortality, diabetes, cardiovascular disease, and obesity. In hyper-
tension, stroke, and coronary heart disease outcomes, this trend
was not observed probably due to a small number of studies in a
cluster.

Meta-regression analyses were performed for mortality, dia-
betes, hypertension, cardiovascular, and obesity outcomes. In
mortality outcome, shorter duration of definition of short sleep was
significantly associated with increase in the outcome (coef-
ficient = —0.056, SE = 0.021, P = 0.008, R? analog = 0.84, Fig. 5), and
the 95% Cls of prediction curves were above zero at the definition of
sleep less than six hours. In obesity outcomes, however, shorter
sleep duration was associated with decrease in the outcome
(coefficient = 0.181, SE = 0.089, P = 0.042, R? analog = 0.33, Fig. 54),
and the 95% Cls of prediction curves were above zero at the defi-
nition of sleep more than five hours. No significant association was
observed in diabetes (P=0.237), hypertension (P =0.655), or car-
diovascular disease (P =0.819) outcomes.

4. Discussion

To the best of our knowledge, this is the first systematic review
where the association between short sleep duration and multiple
important health outcomes was investigated with the same
methodology used in meta-analyses, and where dose—response of
short sleep duration on these outcomes was explored in meta-
regression analyses. The present review revealed that short
sleepers were likely to be associated with greater mortality than
normal sleepers with a RR of around 1.12, in other words around a
12% absolute increase. For the other outcomes, short sleepers were
likely to have a point estimate of an absolute increase of 37% for
diabetes mellitus, 17% for hypertension, 16% for cardiovascular
disease, 26% for coronary heart disease and 38% for obesity. In terms
of depression and dyslipidemia, no sufficient evidence from meta-
analyses existed to conclude whether short sleep was associated
with an increase in the incidents in the meta-analyses.

The present results are similar to those of previous systematic
reviews, such as a RR of 1.12 (N of studies = 15) for the mortality
outcome [4] and of 1.23 (N = 6) for the hypertension outcome [5].
We believe that the findings of our review add to those in these
previous reviews because of our updated comprehensive search
and rigorous methodology. However, further epidemiological
studies are needed to investigate the association of short sleep with
dyslipidemia and depression.



Table 1

Characteristics of studies for the mortality outcome.

Author, Year Sample size Male % Mean age + SD (range) Years of follow up Definition of Short Definition of normal sleep Newcastle—Ottawa Scale:
in years at baseline Mean +SD sleep duration (h) duration (h) Selection/Comparability/Outcome
Tsubono etal. 1993 [36] 4,318 39.8 61.4 (40+) 4 <6/night 7—8/night e e A [Fe K [k K
Kojima etal. 2000 [37] 5,322 45.8 Male: 46.9 (20—67) 119 —6.9/night 7.0—8.9/night 12 2°0 90290 372 2
Female: 47.7 (20—67)
Seki etal. 2001 [38] 1,065 41.3 65.3 +3.6 (60—74) 7.5 <6/day 7/day 0 3.8°2.90 2902784
Heslop etal. 2002 [39] Base line: 7,028 Baseline: 85.7 Male: (—65) 25 <7/day 7—8/day 0 3. 8°2 90 2 902784
2nd screening: 3,030 2nd screening: 85.4 Female: (—60)
Mallon etal. 2002 [40] 1,870 484 56 (45—65) 12 <6/night 6—8/night L 3 2°2 90°2°90 2.3 4
Goto etal. 2003 [41] 724 34.7 Male: median 73 (65—-97) 12 <6/day 6—7/day 0 3.2 2 90 2°90°2°2 4
Female:
median 74 (65—97)
Amagai etal. 2004 [18] 11,325 39.0 55.1 (19-93) 82+15 <5.9/night 7.0—7.9/night 0 322 90 2902724
Patel etal. 2004 [42] 82,969 0.0 53.4 (40—65) 14 <5/day 7/day Fode Yo A [He K [k K
Tamakoshi etal. 2004 [19] 104,010 42.2 56.6 (40—79) 9.9 <4/day 7/day b 2.2:3-90°2'90 2734
Ferrie etal. 2007 [43] Phasel: 9,781 (35-55) Phasel: 17.1 <5/night 7/night 1" 8°2 98 2 902724
Phase3: 7,729 Phase3: 11.8
Lan etal. 2007 [44] 3,079 56.8 Male: 71.3 (64+) 84+33 <7/night 7—7.9/night b 2.2 2 98390 2734
Female: 71.9 (64+)
Gangwisch etal. 2008 [45] 9,789 37.2 Male: 45.0 (32—-59) -8, -10 <5/night 7/night 0 3.2 2 90 2°90°2°2 4
Female: 73.0 (60—86)
Ikehara etal. 2009 [46] 98,634 421 Male: 58.8 (40—79) Median 14.3 <4/day 7/day 2.2 8°2°90°2 90°2 '8 ¢
Female:
60.2 (40—79)
Mallon etal. 2009 [47] 3,523 49.7 40+ 10 (30—65) 20 <6/night >6/night 2.2 .8°2°90°2 90°2 78 ¢
Stone etal. 2009 [48] 8,101 0.0 77.0 (69+) 6.9 <6/night 6—8/night £ 2.2 8°98°2°98°2°3°4
Suzuki etal. 2009 [49] 12,601 51.1 74.1 +5.4 (65—-85) 53 <5/day 7/day Fode Yrde [He K [k K
Chien etal. 2010 [50] 3,430 473 (35+) 15.9 (13.1-16.9) <5/day 7/day £ 2 2:3°90°2°95°2°3°4
Mesas etal. 2010 [51] 3,820 43.8 71.8+7.9 (60+) 6.8 <5/day 7/day 2.2 .8°290°2 90°2°8 ¢
Vgontzas etal. 2010 [52] 1,741 42.6 Male: 50.1+14.5 (20+) Male: 14 <6/night >6/night without insomnia 0 8. 2.2 90 2902724
Female: 47.4+12.6 (20+) Female: 10 without insomnia,
<6/night with
insomnia
Castro-Costa etal. 2011 [53] 1,512 38.3 68.9+7.1(63-75) 7.5 <6/night 7 to <8/night 2 2.2 8 98390 2784
Median: 8.9
Kripke etal. 2011 [54] 434 0.0 67.6+7.9 (50—81) 10.5 <5/day 6—6.5/day Kk [ o [hdek
Kronholm etal. 2011 [55] 23,290 48.8 (25—64) 29-34 <5/night 7—8/night 0 3. 8°2 90 2°90°2°2 4
Cohen-Mansfield etal. 2012 [56] 1,166 55.5 83.4+5.3(75-94) 20 <7/night 7—9/night 1 3. 2°2 90 2 902 2%
Ensrud etal. 2012 [57] 2,505 100.0 75.7+5.2 (67+) 34+05 <5/day >5/day '3 8 8.9 2.90°2°24
Chen etal. 2013 [58] 4,064 55.8 73.8+5.7 (65+) 9 <4/night 7/night e de A [Fe K [k kK
Garade etal. 2013 [59] 4,941 100.0 (40-59) 30 <6/day 6—7/day '3 2 290 290 3 23
Hale etal. 2013 [60] 3,942 0.0 62.1 (50—79) 11-16 <5/night 7—8/night L 2 2°2 90 2 90 2.3 4
Kakizaki etal. 2013 [61] 49,256 48.2 (40-79) 10.8 <6/day 7/day 0 3. 8°2 90 2902724
Kim etal. 2013 [62] 135,685 45.6 (45-75) 12.9 <5/day 7/day L 2 23907290 2734
Li etal. 2013 [63] 9,455 (38.1) (20-79) 7 <5/night 7/night L3 2290 2 90 2 34
Magee etal. 2013 [64] 227,815 46.3 (45+) 2.8 <6/day 7/day 2.2 .8°2 90°5 90 218 ¢
Yeo etal. 2013 [65] 13,164 414 (20+) 9.44 <5/day 7/day ok ok ok [ de [Fe Fe ko
Bellavia etal. 2014 [66] 70,973 53.3 (45-83) 15 <6/day 6.6—7.4/day L3 2290 2 98 2 34
Rod etal. 2014 [67] 9,098 67.2 45 (35—55) 22 <5/night 7/night 1:3°2°2 90292 3.3 4
Xiao 2014 [68] 239,896 56.2 (51-72) 14 <5/night 7—8/night 13 2°2 98 2 92 3 34
Zawisza 2015 [69] 2,449 35.0 Male: 72 +5.8 22 <5/day b 2.2 2 98°3°90 2784
Female: 2.5+5.7
Zuurbier 2015 [70] 1,734 46.6 62.2+9.3 (45-98) 73+13 <6/night 6—7.5/night "9 2. 92.2.90°2°24
Hall 2015 [71] 3,013 48.6 73.6+2.9(70-79) 82+23 <6/night 7—8/night ok ok ok [ g [Je F K
Median:
Cai 2015 [72] 113,138 60.1 Male: (40—75) Male: 6.07 4-5/day 7/day b2 2 2902 90 2.3 4
Female: (44—79) Female: 7.12

Filled stars indicate applicable for the item. The empty stars indicate not applicable for the item.
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Nof  RiskLowerUpper

studies ratio limit limit Risk ratio and 95% CI
Mortality
All 36 1.12 1.08 1.16 g
Aged 65 or more 8 1.02 094 1.1 ——
Aged under 65 9 1.07 0.99 1.16 —a—
Female 19 1.15 1.07 1.23 ——
Male 18 111 1.05 1.18 —a—
Sleep defined by night 19 1.13 1.09 1.18 -
High quality on the NOS 27 111 1.07 1.15 B 3
Follow-up no less than 10 years 17 1.11 1.06 1.17 —-
Non barrowed prevalence rate 36 1.12 1.08 1.16 k3
Diabetes
All 18 137 122 1.53 —a—
Aged under 65 8 1.63 1.27 2.09 R —
Female 2 1.19 0.97 1.45 ——
Male 2 223 1.26 3.95 —_—>
Sleep defined by night 10 140 1.21 1.62 —
High quality on the NOS 6 1.27 1.07 1.51 e —
Follow-up no less than 10 years 3 1.57 0.98 252 =
Non barrowed prevalence rate 12 1.31 1.15 1.50 —
True outcome 13 1.44 122 1.70 .
Hypertension
All 10 117 1.09 1.26 —0—
Aged 65 or more 1 1.05 0.89 1.24 B ——
Aged under 65 8 121 1.11 132 ——
Female 5 1.14 1.06 1.22 ——
Male 4 1.11 0.94 1.32 —_—
Sleep defined by night 8 1.16 1.09 1.24 —a—
High quality on the NOS 4 1.14 0.97 1.33 ——
Non barrowed prevalence rate 8 1.17 1.08 1.27 —a—
True outcome 8 1.17 1.06 1.30 ——
Cardiovascular disease
All 24 116 1.10 1.23 ——
Aged 65 or more 3 1.04 0.86 1.25 —_—
Aged under 65 9 1.17 1.06 1.29 —a—
Female 13 1.14 1.07 1.21 —a—
Male 1 1.10 1.08 1.17 ——
Sleep difined by night 10 1.17 1.08 1.26 —.—
High quality on the NOS 14 1.17 1.08 1.26 —a—
Follow-up no less than 10 years 17 1.19 112 1.27 —a—
True outcome 9 1.13 1.04 1.23 —a—
Stroke
All 14  1.08 0.98 1.19 —0—
Aged under 65 3 141 0.78 2.54 =
Female 7 1.09 0.98 1.22 ——
Male 8 1.03 0.78 1.37 o
Sleep defined by night 5 1.16 1.01 1.33 —
High quality on the NOS 9 1.08 0.98 1.20 -—
Follow-up no less than 10 years 8 1.03 0.93 1.14 —
True outcome 7 1.16 1.04 1.29 —a—
Coronary heart disease
All 19 126 1.15 1.38 —0—
Aged 65 or more 1 1.88 1.18 2.99 —_— >
Aged under 65 8 1.22 1.03 1.45 —
Female 9 1.35 1.13 1.61 .
Male 9 1.39 1.11 1.75 —_—
Sleep difined by night 10 1.18 1.05 1.33 — e
High qulatiy on the NOS 1 1.34 119 1.50 —a—
Follow-up no less than 10 years 15 1.26 1.15 1.38 —a—
Non borrowed prevalence rate 18 1.26 1.15 1.38 —a—
True outcome 11 1.23 110 1.37 —_—
Obesity
All 16 138 1.25 1.53 —0—
Aged 65 or over 1 145 0.89 2.36 =
Aged under 65 10 143 124 164 —a
Female 8 1.36 1.16 1.60 —
Male 8 1.39 1.10 1.75 —_——
Sleep difined by night 6 144 118 1.75 —_—
High quality on the NOS 2 1.30 1.04 1.63 —_—
Follow-up no less than 10 years 2 1.14 1.04 1.25 —a—
Non borrowed prevalence rate 7 1.30 1.11 1.52 —a—
True outcome 9 1.53 1.28 1.83 e —
Dyslipidemia
All 1 1.23 1.02 1.48 _
Depression
All 1 1.50 0.94 2.40 =
Short sleep decreases the Short sleep increases the
incidence of outcomes incidence of outcomes

Fig. 2. Relative risks of mortality and health outcomes comparing short with normal sleepers. NOS, Newcastle—Ottawa Scale. For the outcomes of dyslipidemia and depression, no
meta-analyses were performed.
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Risk LowerUpper

ratio limit limit
Tsubono 1993 1.26 0.80 1.98
Kojima 2000 1.35 0.91 2.02
Seki 2001 1.74 0.72 4.22
Heslop 2002 1.03 0.95 1.13
Mallon 2002 1.04 0.70 1.57
Goto 2003 2.08 1.21 3.58
Amagai 2004 1.91 1.12 3.23
Patel 2004 1.08 0.96 1.22
Tamakoshi 2004 1.50 1.04 2.16
Ferrie 2007 140 1.10 1.78
Lan 2007 1.02 0.83 1.26
Gangwisch 2008 1.17 0.99 1.39
Ikehara 2009 1.28 1.09 1.51
Mallon 2009 0.98 0.77 1.25
Stone 2009 1.02 0.87 1.19
Suzuki 2009 0.92 0.66 1.28
Chien 2010 1.15 0.90 1.46
Mesas 2010 142 1.03 1.95
Vgontzas 2010 1.30 0.87 1.97

Castro-costa 2011 1.09 0.78 1.53
Cohen-Mansfield 20120.98 0.84 1.14

Ensrud 2012 1.07 0.67 1.70
Chen 2013 1.00 0.75 1.33
Garde 2013 1.06 0.90 1.25
Hale 2013 1.01 0.69 147
Kakizaki 2013 1.01 0.93 1.09
Kim 2013 1.14 1.09 1.21
Li 2013 1.23 0.68 2.20
Magee 2013 113 1.02 1.26
Yeo 2013 1.21 1.03 1.42
Bellavia 2014 1.18 1.09 1.28
Rod 2014 1.15 0.85 1.57
Xiao 2014 116 1.10 1.23
Zuurbier 2015 112 0.77 1.64
Hall 2015 1.06 0.83 1.35
Cai 2015 111 1.00 1.23
Overall 1.12 1.08 1.16
(Z=6.79,P < 0,005) 0.5

Heterogeneity (I° = 25%, P = 0.088)

Risk ratio and 95% CI

2

Favors short sleep  Favors normal sleep

Fig.3. All-cause mortality outcome comparing short with normal sleepers.

Our study (as in a previous review [5]) reported that in subgroup
analyses, a gender difference was found in associations between
short sleep duration and health outcomes, such as diabetes mellitus
and hypertension. However, each gender may have one illness but
not the other in association with short sleep, as observed in the
present review.

Subgroup analyses also showed that short sleep defined as a
duration less than six hours was associated with a significant in-
crease in mortality, diabetes, cardiovascular disease, and obesity. In
meta-regression, shorter duration of sleep definition was linearly
associated with an increase in the mortality outcome. A significant
association in the opposite trend was observed in the obesity
outcome, and no significantly linear association was observed for
the other outcomes; however, we were not able to conclude
whether the association existed or not because of the small
numbers of studies included in each outcome. An important limi-
tation of prior epidemiological studies is that definitions of short
sleep across studies can lead to prevention of adequate compari-
sons [73]. We believe this issue can be approached by the meth-
odology we used in the present review.

Although the study confirmed that short sleep duration was
associated with an increase in the important health outcomes, the
mechanisms do not seem straightforward. Previous studies have
showed that sleep deprivation reduces energy expenditure in
healthy men [74], an insulin-resistant state in human adipocytes
[75], and inadequate pancreatic insulin secretion and increased
plasma glucose concentrations after a meal [ 76]. Thus, chronic sleep
curtailment may lead to consequent outcomes related to metabolic
systems. In addition, short sleep duration has been reported to be
associated with increased ghrelin and decreased leptin, which is
likely to increase appetite [77,78], possibly explaining increase in
obesity and diabetes mellitus [79]. As well as changes in these
hormones, sympathetic nervous system overactivity and changes
in circadian rhythm may play an important role in development of
hypertension [80,81]. Cardiovascular diseases can be caused by
complex combinations of these metabolic and circulatory abnor-
malities. Although these endocrine and cardiovascular illnesses had
been adjusted in statistical model in most of the studies investi-
gating the mortality outcome, these illnesses might have occurred
or worsened during the course in participants and caused
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N of Risk Lower Upper
studies ratio limit limit

Risk ratio and 95% CI

Mortality
All 36 1.12 1.08 1.16 En
<4hours 3 124 1.09 142 —_—
<5hours 14 1.15 111 1.19 E 3
<6hours 15 1.10 1.05 1.15 -
<7hours 4 1.03 0.96 1.10 ——
Diabetes
All 18 1.37 122 1.53 —a—
<5hours 7 139 1.20 1.62 —
<55hours 1 153 1.19 197 —_—
<6hours 7 1.31 1.07 1.60 —_—
<7hours 2 1.80 1.23 2.63 —_—a>
<8hours 1 0.96 0.73 1.27 —_——
Hypertension
All 10 117 1.09 1.26 —0—
<4 hours 2 0.93 0.47 1.84
<5hours 7 117 1.08 1.26 —a—
<6 hours 1 1.22 0.93 1.60 —_
Cardiovascular disease
All 24 1.16 1.10 1.23 -
<5hours 11 1.13 1.07 1.20 —-—
<6 hours 10 124 111 1.38 —
<7hours 3 1.10 0.92 1.32 —t——
Stroke
All 14 1.08 0.98 1.19 —a—
<5hours 4 1.04 092 1.18 —r—
<6hours 10 1.12 0.97 1.30 ——
Coronary heart disease
All 19 1.26 1.15 1.38 —a—
<4 hours 1 1.36 0.88 2.10
<5hours 8 123 110 1.37 —a
<6hours 9 1.39 1.15 1.68 —_—
<7hours 1 1.08 0.90 1.29 —t—
Obesity
All 16 1.38 1.25 1.53 —a—
<5hours 11 1.27 117 1.38 —
<6hours 4 1.66 1.19 2.31 ———>
<7hours 1 1.73 113 2.64 —_———
0.5 2

Fig.4. Subgroup analyses for the duration of the definition of short sleep.

subsequent death. Although our findings appear to be very
convincing, one may need to practice caution in terms of consid-
ering implications of the results in the community. First, although
short sleep is associated with increased mortality and other health
outcomes, there is no rigorous evidence that lengthening sleep
duration can lead to smaller frequency of these outcomes. We do
not intend to recommend hypnotics for people whose sleep is less
than six hours a night. With regard to psychoeducation, psycho-
therapy, and psychosocial interventions, many studies have focused
on insomnia and the efficacy of these interventions for the quality
of sleep, which was reported in recent systematic reviews [82,83].
To the best of our knowledge, there has been no evidence to
recommend these interventions for the community for the purpose
of decreasing the frequency of mortality and other health out-
comes. It should also be noted that the role of individual differences
regarding sleep duration preferences is still uncertain [84]. Un-
married persons [85], those with lower socioeconomic status, or
those who engage in frequent binge drinking [86] have been re-
ported to be more likely to be short sleepers. It seems likely that
psychoeducation or psychosocial intervention about the present
review’s results of the relationship between short sleep and health
outcomes can encourage people to modify their behaviors; yet, the
effects of this intervention may not lead to subsequent decrease in
the frequency of health outcomes, and their preferences in terms of
sleep should be taken into consideration. A pragmatic effectiveness
comparative study in general community settings is needed to
determine if psychoeducation, psychosocial, or lifestyle in-
terventions can lead to prevention of premature death and the
other important health outcomes.

4.1. Limitations of the study

First, we did not investigate the relationship between long sleep
duration and mortality or health outcomes. Long sleep duration has
been reported to be more widespread than short sleep [2].
Although a critical review argues that it is premature to conclude a
U-shaped association between sleep duration and mortality risks
[87], previous systematic reviews have repeatedly suggested that
long sleep can be associated with an increase in mortality
[3,4,6,73,88,89], hypertension [5,90,91], diabetes mellitus [91,92],
and cardiovascular diseases [8,92]. We decided not to report out-
comes associated with long sleep duration because of the journal’s
limited space, but we are planning (July 2016) a systematic review
of long sleep duration using the same methodology.

Impacts of the quality of sleep in either subjective or objective
measures on the prevalence of the health outcomes were also not
investigated in the present review. Although previous studies have
reported the association between insufficient sleep such as
insomnia and mortality [63,93], we intended to focus on the
duration of sleep because it is likely that sleep duration is more
easily recognized and accurately reported by participants rather
than the quality of sleep in community surveys. However, in-
terventions to reduce mortality and the incidents of the other
health outcomes may include information about not only sleep
duration but also sleep quality. Previous systematic reviews on
cognitive behavioral therapy for insomnia (CBT-I) delivered
through the Internet [83] and self-help interventions [94]| have
revealed that CBT-I is likely to improve the sleep quality, thus
components of these low-intensity interventions might be
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Fig.5. Meta-regression for the duration of the definition of short sleep in mortality. Regression line and its prediction intervals (95% Cls) were presented in the figure.

considered to be incorporated to those conducted in the commu-
nity settings.

Third, we did not include previous important surveys [15,69,95]
that seemed eligible for the present systematic review, because we
focused on studies that defined short and normal sleep duration
and compared the incidence of health outcomes between those
within these two conditions. These studies reported odds ratios of
outcomes for each hour increase in sleep duration, and we
regretted that we were not able to include the results from the
study. However, we intended to include as many studies as we
could by using several methodologies, such as calculating a RR from
an OR using a CER. We believe that this is among merits of our
systematic review.

5. Conclusions

Short sleep defined as the duration less than six hours was
associated with a significant increase in mortality, diabetes, car-
diovascular disease, coronary heart disease, and obesity. For clinical
practice, the effectiveness of psychoeducation or psychosocial
intervention to improve sleep in short sleepers on reducing mor-
tality and the incidence of these health outcomes should be
examined in general community settings.
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Abstract

Aims: There are no legal regulations in Japan governing minors’ consumption of alcohol-
flavoured non-alcoholic beverages (AFNAB); therefore, we examined if their consumption could
lead to increased alcohol use among adolescents in Japan.

Methods: This cross-sectional study used a nonclinical, nationally representative sample of 38,494
junior (19,662 boys) and 61,556 senior (31,925 boys) high school students recruited in 2012. We mea-
sured AFNAB consumption rates and the order that adolescents first consumed AFNAB and alcohol.
Results: The AFNAB consumption was strongly associated with alcohol use in high school stu-
dents. Among all age groups, alcohol was more commonly consumed before AFNAB for both
males and females.

Conclusions: Consumption of AFNAB is more prevalent among minors than alcohol consumption
and it has a strong association with alcohol consumption. However, concerns that AFNAB use
would lead to increased alcohol use were not supported because AFNAB consumption usually
started after adolescents began consuming alcohol.

Short Summary: Consumption of AFNAB is more prevalent among high school students than
alcohol consumption and it has a strong association with alcohol consumption. However, con-
cerns that AFNAB use would lead to increased alcohol use were not supported because AFNAB
consumption usually started after adolescents began consuming alcohol.

INTRODUCTION unintentional injury (Hingson et al., 2000) and unsafe sex (Hingson
Relative to adults, adolescents experience greater physical and social et al., 2003) and leads to alcohol dependence (Hingson ez al., 2006).
harm with alcohol use. Adolescent alcohol use elevates the risk of Furthermore, early alcohol consumption is a strong predictor of
© The Author 2016. Medical Council on Alcohol and Oxford University Press. All rights reserved. 351
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illicit drug use (Kandel and Yamaguchi, 1993). Young people who
have an earlier drinking onset are at more risk of alcohol depend-
ence/abuse and of unintentionally injuring themselves after drinking
(Hingson and Zha, 2009). Therefore, adolescent alcohol use is prohib-
ited in numerous countries. However, in a Japanese study conducted in
2010, the prevalence of alcohol use in 12th grade students within the
30 days preceding the study was 21.0% in boys and 18.5% in girls
(Central Research Services, Inc., 2010). In a similar study conducted in
the United States in 2011, prevalence rates were 42.1 and 37.5% in
boys and girls, respectively (Patrick et al., 2013). Furthermore, while
the prevalence of adolescent alcohol use tends to decrease annually, it
remains high (Osaki ez al., 2009; Patrick and Schulenberg, 2010).

In Japan, the sale of alcohol-flavoured non-alcoholic beverages
(AFNAB) has increased in recent years (SUNTORY, 2015), and there
is some concern that consumption of these beverages could lead to an
increase in adolescents’ alcohol use. The average price of AFNAB
(1.40 US dollars) is 1.4 times higher than that of soft drinks (1.00 US
dollar) and is the same price as alcohol. The demand for these bev-
erages has increased in Japan since 2007 due to the implementation of
a campaign to reduce drinking and driving. Alcohol-free beer was
launched in Japan in 2009, and beverage companies subsequently
released various non-alcoholic beverages, such as those that taste like
wine, cocktails, and alcopops, increasing sales of AFNAB. The number
of adults who consume AFNAB is increasing because people are per-
mitted to drive after drinking AFNAB and women can drink AFNAB
when they are pregnant and breastfeeding. In addition, some AFNAB
are authorized as ‘food for specified health uses’, which means that they
are deemed positive for health by the Consumer Affairs Agency under
the Japanese Government (Nikkei Asian Review, 2015). Moreover,
beverages with an alcohol content of <1% are classified as soft drinks
in Japan. Therefore, the consumption and purchase of AFNAB by
minors is permitted in Japanese legislation. In addition to alcohol, bev-
erage companies and retailers self-regulate AFNAB advertisements
towards minors (Liaison Committee about Alcohol Advertising, 2012).

A survey of Japanese parents (aged in their 30s and 40s) revealed
that more than 60% permitted their minor children to consume
AFNAB (Miyaki, 2012). Reasons for this included that AFNAB are
permitted by law, there is no reason to prohibit AFNAB, and AFNAB
prevent minors from drinking alcohol. AFNAB are not considered det-
rimental to one’s health even though they appear and taste remarkably
similar to alcoholic drinks. On the other hand, the reason why some
parents did not allow their children to consume AFNAB was that it
creates a habit of drinking alcohol and strengthens minors’ interest in
alcohol. Consequently, there is some concern that consumption of
these beverages could lead to an increase in adolescents’ alcohol use.

A study conducted in 2011 that examined AFNAB consumption
rates among 9775 Japanese senior high school students (Kubo et al.,
2015) revealed that 25.8% of senior high school boys and 26.1% of
senior high school girls had consumed AFNAB at least once. In the
current study, we investigated AFNAB consumption in a nationally
representative sample of Japanese adolescents containing both junior
and senior high school students in order to examine whether
AFNAB consumption occurs at an earlier age. We hypothesized that
AFNAB would be consumed at an earlier age than alcohol.

MATERIALS AND METHODS

Participants
A single-stage cluster sampling method was employed, with 10,018
junior and 4603 senior high schools (14,621 in total) in Japan

registered for the study as of May 2012. Of these, 140 junior (selec-
tion rate: 1.4%) and 124 senior high schools (selection rate: 2.7%)
were randomly selected. Probability proportional to size sampling
was employed to ensure that the probability of selection was pro-
portional to the number of students enrolled. The sample size was
determined according to school response rates and confidence inter-
val ranges based on the variance in the results of five preceding
nationwide surveys examining alcohol consumption behaviour
(1996, 2000, 2004, 2008 and 2010; Suzuki et al., 2000; Ohida
et al., 2004; Kaneita et al., 2006; Munezawa et al., 2011; Morioka
et al., 2013). The sample size was similar to those of the previous
surveys (Morioka et al., 2013).

Japanese children enter junior high school at the age of 13 years
and study for 3 years; they then attend senior high school for a fur-
ther 3 years. In this report, years 1-3 of junior and senior high
school are referred to as grades 7-9 and 10-12, respectively.

Survey Procedure

Letters of invitation to participate in the survey were sent to the
principals of the selected schools, with sufficient questionnaires and
envelopes for all students included. Homeroom teachers distributed
the questionnaires to the students. To protect respondents’ privacy
and obtain frank responses, teachers were asked to comply with the
following guidelines: (a) please do not make positive or negative
remarks about alcohol use prior to the survey, (b) please do not
read the students’ responses while they are completing the question-
naires and (c) envelopes should remain sealed to protect students’
privacy. Teachers were also asked to inform the students that the
questionnaire envelopes would remain sealed. To ensure compliance
with these guidelines, teachers were provided with survey implemen-
tation guides. In addition, the questionnaire included a statement
confirming that the teachers would not see the completed question-
naires. Students were instructed to insert the completed question-
naire into the envelope provided and seal the adhesive flap. The
teachers sent the sealed envelopes to the Nihon University School of
Medicine. Participants gave their informed consent on the first page
of the questionnaire and they did not receive any credit or money
for participation. The survey was conducted between October 2012
and March 2013. The study was approved by the ethics committee
of the School of Medicine, Nihon University, and conducted in
accordance with the Declaration of Helsinki.

Response Rates

In total, 101,134 responses to the 2012 survey were obtained from
94 junior (response rate 67.1%) and 85 senior high schools
(68.5%), which accounted for 59.8% and 61.3% of the junior and
senior school students, respectively. The number of valid responses
was 100,050 (51,587 boys and 48,463 girls) following exclusion of
invalid responses with missing sex or grade data. We combined
unweighted data for all grades and compared subtotal prevalence
for the junior and senior high schools. School characteristics, such
as type (private, vocational or general), were chosen to represent the
study population. Average numbers of enrolled students did not dif-
fer between responding and non-responding schools.

Measures

Two questionnaire items were used to measure the consumption of
AFNAB. The first item asked participants, ‘Do you drink beverages
without alcohol (e.g. non-alcohol, alcohol-free, alcohol zero) such as
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non-alcoholic beer, non-alcoholic cocktails and non-alcoholic alco-
pops?’ Participants chose between five answers: ‘I have never; I have
before, but not now; I do sometimes; I usually do; and I do not
know’. If participants had consumed both alcohol and AFNAB, they
were asked the second item, ‘What did you drink first: beverages
without alcohol (e.g. non-alcohol, alcohol-free, alcohol zero) such as
non-alcoholic beer, non-alcoholic cocktails and non-alcoholic alco-
pops or alcohol?” Again, participants chose between five answers:
‘beverages without alcohol, alcohol, both almost at the same time,
I have drunk either only beverages without alcohol or alcohol, and
I do not know’.

The other questionnaire about alcohol use was based on those of
the preceding five surveys (1996, 2000, 2004, 2008 and 2010; Suzuki
et al., 2000; Ohida et al., 2004; Kaneita et al., 2006; Munezawa et al.,
2011; Morioka et al., 2013). Accordingly, the questionnaire concerning
alcohol use focused on participants’ experiences, frequency of alcohol
use, amount of alcohol consumed, and binge drinking frequency. Binge
drinking was defined as consumption of more than six glasses of
alcohol per occasion.

Statistical analysis

Participants’ alcohol and AFNAB use behaviour were calculated
according to sex, grade (7-12), and school stage (junior and senior).
The odds ratio of grades in relation to the 7th grade, and of girls in
relation to boys regarding each AFNAB consumption behaviour
(‘consume at least once’ or not, ‘sometimes consume’ or not and
‘usually consume’ or not) were calculated using the odds ratio for-
mula. The odds ratio of ‘AFNAB consumed at least once’ in relation
to ‘never consume AFNAB’ in terms of alcohol drinking behaviour
(at least one instance of alcohol consumption or not, and alcohol
consumption within the last 30 days or not) were also calculated
using the odds ratio formula, according to sex and school stage (jun-
ior and senior). Then, a binominal logistic regression analysis was
performed to calculate the odds ratios of AFNAB consumption fre-
quency in relation to ‘never consume AFNAB’ regarding alcohol
drinking behaviour. Alcohol drinking behaviour (at least one
instance of alcohol consumption or not, and alcohol consumption

within the last 30 days or not) was treated as the dependent vari-
able, and AFNAB consumption status (‘never consume’, ‘consumed
before, but not now’, ‘consume sometimes’ or ‘usually consume’)
was treated as an explanatory variable. With regard to which type
of drink the students consumed first (i.e. AFNAB or alcohol), we
used the data from participants who had consumed both alcohol
and AFNAB, and then calculated the odds ratio according to sex,
grade (7-12) and school stage (junior and senior). All analyses were
performed using the SPSS 22.0 software programme (IBM Corp.,
Armonk, New York).

RESULTS

Table 1 shows the participants’ characteristics concerning alcohol
use behaviour by sex and grade. As the grade increased, the fre-
quency of alcohol drinking and binge drinking increased. Drinking
‘one time or more in the lifetime’ and ‘more than once a month’ was
higher in girls; however, drinking ‘more than once a week’ was higher
in boys.

Table 2 shows the consumption rate of AFNAB by sex and
grade. Compared to the data shown in Table 1, the ‘consumed at
least once’ rates of AFNAB were higher than those of alcohol con-
sumption in 7th to 10th grade boys and girls. The percentages of
students who had consumed AFNAB were lowest in seventh grade
boys and girls. The grade odds ratios increased until grade 10, and
then decreased or did not change in all AFNAB consumption cat-
egories. The sex odds ratios of consuming AFNAB were higher in
girls than boys, except for ‘usually consume’ in grades 7-9 and 11.

Table 3 shows the percentages and odds ratio of alcohol drink-
ing behaviour according to AFNAB consumption. The odds ratio
for both ‘at least one instance of consuming alcohol’ and ‘drank
alcohol within 30 days’ increased as AFNAB consumption increased.
These relationships were shown regardless of the school stage or
gender.

Table 4 shows the proportion of students for whom AFNAB
consumption preceded and followed alcohol use according to alco-
hol use behaviour among consumers of both AFNAB and alcohol.

Table 1. Participants’ characteristics concerning alcohol use behaviour by sex and grade

Grade Total  Alcohol drinking frequency (%)

Alcohol binge drinking

n frequency® (%)
One time or more in the More than once a More than once a One time or more in the lifetime
lifetime month? week?
Boys
Junior high school 7th 6880 16.2 3.3 0.9 10.2
8th 6527 18.0 4.6 1.1 11.4
9th 6161 20.3 6.9 2.3 14.1
Senior high school 10th 11,207 26.3 11.0 3.0 16.3
11th 10,448 28.5 13.3 3.9 18.2
12th 10,178 28.8 14.7 4.9 20.8
Girls
Junior high school 7th 6457 14.8 3.4 0.9 10.1
8th 6302 18.0 5.7 1.1 11.2
9th 5994 19.2 6.8 1.6 12.0
Senior high school 10th 10,220 26.9 12.2 2.8 15.8
11th 9514 29.7 13.6 3.0 17.4
12th 9793 31.7 15.2 3.0 19.2

*This contains ‘once or twice a month’; ‘weekly’, ‘several times per week’ and ‘every day’.

PThis contains ‘weekly’, ‘several times per week’ and ‘every day’.

““Alcohol binge drinking” means drinking more than six glasses of alcohol per occasion.
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Table 2. The rate of alcohol-flavoured non-alcoholic beverages consumption behaviour and the odds ratios of grade and sex in terms of alcohol-flavoured non-alcoholic beverages consump-
tion behaviour

Consumed at least once®

Consume sometimes

Usually consume

Girls’ odds

ratio (95% CI)°

Girls’ odds

ratio (95% CI)°

Girls odds ratio
(95% CI)©

7th

8th

9th

10th

11th

1pth

Junior
high
school

Senior
high
school

Boys Girls
%  Grade odds %  Grade odds
ratio (95% CI)® ratio (95% CI)®
22.6 1.0 (reference)  26.7 1.0 (reference)
24.8 1(1.1-1.2) 29.4 1(1.1-1.2)
26.3 1.2 (1.1-1.3) 30.7 1.2 (1.1-1.3)
29.0 1.4 (1.3-1.5) 36.2 1.6 (1.5-1.7)
27.7 1.3 (1.2-1.4) 35.1 5 (1.4-1.6)
27.0 1.3(1.2-1.4) 34.8 1.5(1.4-1.6)
24.5 1.0 (reference) 28.9 1.0 (reference)
27.9 1.2 (1.2-1.2)¢ 354 1.4 (1.3-1.4)

Boys Girls
o Grade odds %  Grade odds
ratio (95% CI)® ratio (95% CI)®

5.0 1.0 (reference) 6.3 1.0 (reference)
6.3 1.3 (1.1-1.5) 7.8 1.3 (1.1-1.5)
6.6 1.4 (1.2-1.6) 7.6 1.2(1.1-1.4)
76 1.6(1.4-1.8) 114 1.9 (1.7-2.2)
7.1 5(1.3-1.7) 11.5 1.9(1.7-2.2)
6.6 1.4 (1.2-1.6) 10.4 1.7 (1.6-2.0)
5.9 1.0 (reference) 7.2 1.0 (reference)
7.1 1.2 (1.1-1.3)¢ 11.1 1.6 (1.5-1.7)¢

Boys Girls
o Grade odds %  Grade odds
ratio (95% CI)® ratio (95% CI)®

1.0 1.0 (reference) 0.8 1.0 (reference)
1.1 0(0.7-1.4) 1.3 1.7 (1.2-2.5)
1.4 1.4 (1.0-1.9) 1.7 2.3 (1.6-3.3)
14 1.4(1.0-1.8) 2.0 2.6 (1.9-3.6)
1.4 1.3(1.0-1.8) 1.7 2.3 (1.7-3.1)
1.2 1.2 (0.9-1.6) 1.7 2.3 (1.7-3.2)
1.2 1.0 (reference) 1.3 (reference)
1.3 1.1 (1.0-1.3)¢ 1.8 1.5 (1.2-1.7)¢

1.3 (1.2-1.5)¢

Note: AFNAB = alcohol-flavoured non-alcoholic beverages; CI = confidence interval.

*This contains ‘consumed before, but not now’ (not shown in this table), ‘consume sometimes’ and ‘usually consume’.

"The 8th to 12th grades’ odds ratios in relation to the seventh grade for each AFNAB consumption behaviour (‘consume at least once’ or not, ‘sometimes consume’ or not and ‘usually consume’ or not) were all calculated

by sex.

“The girls’ odds ratios in relation to boys for each AFNAB consumption behaviour (‘consume at least once’ or not, ‘sometimes consume’ or not and ‘usually consume’ or not) were all calculated by grade.

9The girls’ odds ratios in relation to boys for each AFNAB consumption behaviour (‘consume at least once’ or not, ‘sometimes consume’ or not and ‘usually consume’ or not) were calculated by each school stage.

“The senior high school students’ odds ratios in relation to junior high school students for each AFNAB consumption behaviour (‘consume at least once’ or not, ‘sometimes consume’ or not and ‘usually consume’ or not)

were calculated by sex.
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Table 3. The percentages of students who drink alcohol for each alcohol-flavoured non-alcoholic beverages consumption behaviour and
the odds ratios of alcohol-flavoured non-alcoholic beverages consumption behaviours for ‘never consume’ in relation to alcohol drinking
behaviour by each school stage and sex

Consumption behaviour of AFNAB

Among consumed at least Among usually consume

once®

Among never consume Among consume sometimes

%" Odds ratio (95% CI) %P  Odds ratio (95% CI) %"  Odds ratio? (95% CI) %°  Odds ratio® (95% CI)

Boys
At least one instance of drinking alcohol
Junior high school total 10.1 1.00 (reference) 45.6 7.5 (6.9-8.1) 61.7 14.3 (12.6-16.3) 67.4 18.4 (13.9-24.4)
Senior high school total 17.5 1.00 (reference) 57.9 6.5(6.1-6.8) 74.1 13.5(12.2-14.9) 74.6 13.8 (11.1-17.3)
Drank alcohol within the last 30 days
Junior high school total 3.2 1.00 (reference) 20.6 8.0 (7.1-9.0) 349 16.5(14.1-19.2) 46.5 26.7(20.3-35.1)
Senior high school total 7.8 1.00 (reference) 31.3 5.4(5.0-5.8) 49.7 11.6 (10.6-12.8) 56.6 15.4(12.6-18.7)
Girls
At least one instance of drinking alcohol
Junior high school total 8.4 1.00 (reference) 41.6 7.8 (7.2-8.4) 60.4 16.6 (14.6-18.8) 72.6 28.9 (21.6-38.8)
Senior high school total 16.8 1.00 (reference) 549 6.0(5.7-6.4) 70.5 11.8 (10.8-12.8) 79.5 19.2 (15.5-23.8)

Drank alcohol within the last 30 days
Junior high school total 2.7 1.00 (reference) 20.0 9.0 (7.9-10.2) 34.8 19.2 (16.5-22.4) 56.4 46.5(35.2-61.4)

Senior high school total 7.6 1.00 (reference) 29.5 5.1(4.7-5.4) 43.6 9.4 (8.6-10.2) 57.7 16.5 (13.8-19.8)

Note: AFNAB = alcohol-flavoured non-alcoholic beverages; CI = confidence interval.

*This contains ‘consumed before, but not now’ (not shown in this table), ‘consume sometimes’ and ‘usually consume’.

b9 indicates the proportion of ‘at least one instance of alcohol drinking’ or ‘alcohol drinking within the last 30 days’ among each AFNAB consumption behav-
iour (‘never consume’, ‘consume at least once’, ‘sometimes consume’ and ‘usually consume’).

“The odds ratio of ‘AFNAB consumed at least once’ in relation to ‘never consume AFNAB’ in terms of alcohol drinking behaviour (at least one instance of alco-
hol consumption or not, and alcohol consumption within the last 30 days or not) were calculated by each sex and school stage (junior and senior).

4A binominal logistic regression analysis was performed to calculate the odds ratios of AFNAB consumption frequency in relation to ‘never consume AFNAB’
in terms of alcohol drinking behaviour. Alcohol drinking behaviour (at least one instance of alcohol consumption or not, and alcohol consumption within the last
30 days or not) was treated as the dependent variable, and AFNAB consumption status (‘never consume’, ‘consumed before, but not now’ (not shown in this
table), ‘consume sometimes’ or ‘usually consume’) was treated as an explanatory variable. The values represent the odds ratio (95% Cl) for students who

responded ‘never consume’.

The proportion of students for whom alcohol consumption preceded
AFNAB use was similar in boys and girls, and was higher in senior
high school students relative to junior high school students. The pro-
portion of students for whom AFNAB consumption preceded alco-
hol use was higher in junior high school students relative to senior
high school students. The percentages of students who answered ‘I
do not know’ ranged from 16.7 to 26.0% (not shown in Table 4).

DISCUSSION

This study confirmed that more than 20% of seventh grade students
in Japan have consumed AFNAB, and that the percentage of stu-
dents who have consumed AFNAB is higher than the percentage of
students who have consumed alcohol, with the exception of grade
11 and 12 boys. Therefore, there is the possibility that AFNAB are
easier for minors to obtain. Many adults do not see AFNAB con-
sumption as a problem (Miyaki, 2012), and AFNAB are easier to
consume than alcohol.

Moreover, the percentage of students who have consumed
AFNAB increased as students aged, reaching a peak in grade 10.
Only in senior high school boys was the percentage of students who
consumed AFNAB lower than the percentage who consumed alco-
hol. A previous study reported that 12th grade students had high
motivation for drinking to get drunk, which cannot be achieved via
AFNAB consumption (Patrick and Schulenberg, 2013). Therefore,
senior high school students may be more likely to demand alcohol
rather than AFNAB relative to junior high school students.

On the other hand, this study revealed that the percentage of
female students who had consumed AFNAB was higher than the
percentage who had consumed alcohol and was higher than in boys,
respectively. One reason for the higher experimentation rates in girls
may be the sweet taste of AFNAB (SUNTORY, 2015). A recent
report found that the sweet taste of alcopops was preferred by girls
(Metzner and Kraus, 2008). Additionally, the packaging of AFNAB
is colourful and cute, and actors whom girls prefer appear in com-
mercials to encourage girls’ attraction to AFNAB. Moreover,
AFNAB being good for beauty and health is emphasized in adver-
tisements. Another reason is that the Japanese culture has typically
been intolerant toward women drinking alcohol; therefore, girls
might be more encouraged to consume AFNAB.

It was found that AFNAB consumption was strongly associated
with alcohol use among junior and high school students. The odds
ratio for alcohol use increased as the frequency of consuming
AFNAB increased. The students who consumed AFNAB more often
were the students who consumed alcohol more frequently. This is
consistent with previous results (Kubo et al., 2015). Research
addressing junior high school students’ drinking behaviour and girls’
drinking behaviour is lacking (Osaki et al., 2009; Patrick and
Schulenberg, 2010) and examining the link with AFNAB may shed
light on this issue.

We determined the order in which AFNAB and alcohol were first
consumed among students who have experience with both AFNAB
and alcohol. In all grades and sexes, alcohol use preceded AFNAB
consumption for the majority of students. The percentages were not
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Table 4. Proportions of participants for whom alcohol-flavoured
non-alcoholic beverages consumption preceded/followed alcohol
use among students who have consumed both alcohol-flavoured
non-alcoholic beverages and alcohol®

Drank Drank Drank both
AFNARB first alcohol first at the same
time®

Totaln %° Totaln %° Totaln %"

Boys

7th 164 25.0 29%4 447 28 4.3
8th 152 209 364 501 49 6.7
9th 127 16.3 432 554 54 6.9
10th 284 15.7 1099 60.8 105 5.8
11th 234 14.0 1043 62.3 95 5.7
12th 203 12.5 1048 64.3 106 6.5

Junior high school total 443 20.5 1090 504 131 6.1
Senior high school total 721 14.1 3190 62.4 306 6.0

Girls

7th 161 24.8 287 44.2 35 5.4
8th 162 204 391 49.2 54 6.8
9th 136 17.1 457 574 62 7.8
10th 299 15.2 1165 59.3 122 6.2
11th 272 15.1 1122 62.3 98 5.4
12th 233 12.0 1252 64.4 111 5.7

Junior high school total 459 20.5 1135 50.7 151 6.7
Senior high school total 804 14.1 3539 62.0 331 5.8

Note: AFNAB = alcohol-flavoured non-alcoholic beverages.

*The participants were the students who had experienced both AFNAB
consumption and alcohol use.

"The participants who answered ‘I do not know’ are not shown in the
table; thus, the sums of the percentages do not equal 100%.

“At the same time’ indicates the students who had experienced both
AFNAB and alcohol.

different between boys and girls. Considering the order, it seems
that AFNAB was not a trigger for using alcohol for most students.
Current alcohol drinkers might consume AFNAB as an alternative
to alcohol. The difference between AFNAB consumption preceding
alcohol use and alcohol use preceding AFNAB consumption was
smaller in junior high school students and larger in high school stu-
dents. More than 20% of junior high school students consumed
AFNAB first; therefore, drinking AFNAB first might be a trigger for
drinking alcohol for some students, especially junior high school stu-
dents. Because AFNAB are rapidly spreading beverages and the pro-
portion of participants who consumed AFNAB before alcohol was
higher in the younger high school students than in the older students
in this study, there is the possibility that AFNAB could be a gateway
drug in future. Further studies are required to reveal the characteris-
tics of students who are triggered by AFNAB to consume alcohol.
This study has some limitations. First, this was a cross-sectional
study; therefore, the analysis concerning drinking order only con-
tained students who had consumed both AFNAB and alcohol, and
did not contain students who will drink in the future. To reveal any
real order effects, a cohort study is necessary. Second, the partici-
pants in this study were all Japanese, there are many types of
AFNAB products and advertisements, and it is easy to acquire
AFNAB in Japan. Therefore, the amount of AFNAB consumption in
Japan might be higher than it is in other countries. However, when
beverage industries expand the sale of AFNAB to other countries
these results might be useful. Third, the measuring method of
AFNAB consumption and alcohol use in this study was completed

by self-report. It is presumed that the amount of consumption of
AFNAB or alcohol was underestimated because minors drinking
alcohol is illegal. To offset this limitation, teachers did not look at
students’ answer sheets, the questionnaires were anonymous, and
they were placed in an envelope and sealed when submitted.
Additionally, there was the probability of recall bias concerning the
consumption of AFNAB and alcohol. A survey of 18-89-year-old
individuals showed that recall bias regarding the onset age of alco-
hol consumption was underestimated by 0.31 years and it was smal-
ler in younger individuals (Liang et al., 2012). The recall bias
concerning the consumption of AFNAB and alcohol seems small
because high school students first drink AFNAB and alcohol within
several years.

In conclusion, AFNAB consumption was strongly associated
with alcohol use, but AFNAB consumption generally did not pre-
cede alcohol use. Our results did not illustrate that AFNAB con-
sumption leads to increased alcohol use among adolescents in
Japan. A longitudinal study is needed to reveal the actual order. In
Japan, AFNAB are easier to consume than alcohol; therefore, we
have to determine the influence of AFNAB on minors in order to
prevent minors from drinking alcohol.
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Objective: To clarify the prevalence of stress, and examine the relationship between sleep disorders and
stress coping strategies among highly stressed individuals in the general Japanese population.
Methods: A cross-sectional nationwide survey was undertaken in November 2007. Men and women
were randomly selected from 300 districts throughout Japan. Data from 7671 (3532 men (average age
53.5 + 17.0 years) and 4139 women (average age 53.9 + 17.7 years)) were analyzed. Participants
completed a self-reported questionnaire on stress, sleep disorders, and stress coping strategies in the
previous month.
Results: Highly stressed individuals comprised 16.6% (95% confidence interval 15.8—17.5%) of the total
sample, and most were aged 20—49 years. In multiple logistic regression, symptoms of insomnia (ie,
difficulty initiating sleep, difficulty maintaining sleep, and early morning awakening), excessive daytime
sleepiness, nightmares, daytime malfunction, and lack of rest due to sleep deprivation were more prone
to occur in highly stressed individuals. In addition, logistic regression analysis controlling for other
adjustment factors revealed that stress coping strategies such as ‘giving up on problem-solving’,
‘enduring problems patiently’, ‘smoking’ and ‘drinking alcohol’ were positively associated with the
above-mentioned sleep disorders. On the other hand, stress coping strategies such as ‘exercising’,
‘enjoying hobbies’, and ‘sharing worries’ were inversely associated with the above-mentioned sleep
disorders.
Conclusions: Distraction-based stress coping (eg, hobbies, exercise, and optimistic thinking) was found to
be preferable to problem-based stress coping in a highly stressed Japanese general population.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction Like sleep disorders, stress is also considered an important so-

cial issue in modern society. Chronic exposure to psychological

Sleep disorders are important conditions in modern society
because they have been found to increase the risk of developing
various diseases such as obesity, impaired glucose tolerance, car-
diovascular diseases, and metabolic syndrome [1—4]. A meta-
analysis reported an association between sleep and total deaths
[5]. Sleep has even been linked to an increase in mistakes during
exertion and a greater risk of accidents [6]. Moreover, symptoms of
insomnia are often seen in depression 7], while insomnia itself is
known as a potential risk factor for depression [8,9].
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stress has been associated with multi-system physiological dysre-
gulation [10,11]. For example, several meta-analyses have reported
an association between mental stress and various diseases such as
coronary artery disease [12,13], metabolic syndrome [14], and
diabetes [15]. Stress is also widely known to induce sleep disorders
[16—18]. For example, when subjective stress is high, people sleep
about 10% less and feel the lack of sleep more than they do when
they are not stressed [19]. Furthermore, life events such as divorce
[20] or the death of a spouse [21] are stressors that have been
linked to potential insomnia. In addition, stressful times can have
negative effects on adolescents’ sleep fragmentation [22].

In very stressful situations, implementing an appropriate
method of coping with stress (stress coping) can prevent stress-
related diseases [23]. Lazarus and Folkman [23] defined stress
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coping as a person's constantly changing cognitive and behavioral
efforts to manage specific external and/or internal demands that
are appraised as taxing or exceeding the person's resources. In
general, stress coping that aggressively resolves problems by fac-
ing health and behavioral problems is effective in stressful situa-
tions that can be controlled under one's own power. On the other
hand, stress coping through diversion rather than directly solving
the problem itself is known to be more effective at reducing stress
in situations that are impossible to control [24]. Workers who use
problem-solving-based or diversion-based stress coping have
better mental health, and several studies have reported an asso-
ciation between avoidance-based stress coping and mental dis-
orders [25,26]. One meta-analysis reported that illness
perceptions and coping played an important role in the explana-
tion of distress outcomes [27]. Therefore, the continuous accu-
mulation of epidemiological knowledge on stress coping is
essential for examining the problem of mental health disorders in
modern society.

To date, there have been few studies on sleep disorders and
stress coping [28—30]. Among these limited previous studies is one
that reports that people who pessimistically implement stress
coping have poorer quality of sleep than those who implement
positive stress coping [28]. In addition, some maladaptive coping
strategies are mechanisms by which stress exposure precipitates
insomnia [31]. Furthermore, Abe et al. [29] reported that stress
coping to resolve problems is associated with an improvement in
sleep disorders. It is believed that the present study is the only one
to examine this topic in Japanese men and women [29].

There are many reports regarding the relationship between
sleep disorders and stress, and the influence of stress on sleep is
known; however, it is not sufficiently clear which specific sleep
disorders are strongly associated with high stress. Moreover, no
previous studies could be found that examined which stress coping
strategies contribute to the alleviation or exacerbation of sleep
disorders in highly stressed people.

Therefore, the aims of the present study were to: 1) collect
epidemiological data on the nature of the relationship between
stressful situations and sleep disorders, and 2) examine which
stress coping strategies alleviate or exacerbate sleep disorders in
highly stressed people if a relationship between stress and sleep
disorders does indeed exist. This study could help identify methods
of preventing the exacerbation of sleep disorders, even in situations
where stress is difficult to alleviate.

2. Methods
2.1. Data source

The present study was performed using data collected by the
National Health and Nutrition Survey (NHNS) conducted in
November 2007 by the Japanese Ministry of Health, Labour and
Welfare. The NHNS is a nationally representative sample, cross-
sectional survey of the general Japanese population. The study
comprised approximately 18,000 members aged >1 year from 300
survey district units randomly selected from the national census
unit districts. The study had three components: physical exami-
nation of individuals; dietary assessment of households and in-
dividuals; and a questionnaire on health-related behaviors, habits,
and lifestyle factors. The examination protocol and data collection
design were completely documented in the NHNS annual reports
[32,33]. Quality assurance in data processing has been described
elsewhere [34]. All survey respondents provided verbal informed
consent to participate. This study conformed to the ethics guide-
lines of the Ministry of Health, Labour and Welfare, and the Min-
istry approved this study.

2.2. Participants

Of the 9611 men and women enrolled in NHNS 2007, those aged
>20 years, excluding pregnant or lactating women, with available
data on lifestyle factors were selected as study participants.

2.3. Measures and definitions

The main questions of this study pertained to the following
seven issues: (1) basic attributes (sex and age), (2) bedtime habits
(use of hypnotics), (3) sleep situation (sleep duration, sufficiency
level of rest obtained through sleep, difficulty initiating sleep (DIS),
difficulty maintaining sleep (DMS), early morning awakening
(EMA) and excessive daytime sleepiness (EDS)); (4) smoking habit,
(5) alcohol drinking habit, (6) stress, and (7) stress coping
strategies.

The question for bedtime habits was: Did you take a sedative or
sleeping aid at bedtime in the previous month? (1. Never, 2.
Seldom, 3. Sometimes, 4. Often, 5. Always). ‘Often’, and ‘Always’
were taken as affirmative answers to the question.

The six questions for sleep situation over the previous month
were as follows:

1. How many hours did you sleep at night on average? (1. <5, 2. >5
but <6, 3. >6 but <7, 4. >7 but <8, 5. >8).

2. How would you rate your amount of sleep? (1. Very sufficient, 2.
Sufficient, 3. Insufficient, 4. Very insufficient). ‘Insufficient’ and
‘Very insufficient’ were taken to indicate lack of rest due to sleep
deprivation [35].

3. Did you have difficulty falling asleep at night? (1. Never, 2.
Seldom, 3. Sometimes, 4. Often, 5. Always). ‘Often’ and ‘Always’
were taken to indicate DIS [36,37].

4. Did you wake up during the night after you had gone to sleep?
(1. Never, 2. Seldom, 3. Sometimes, 4. Often, 5. Always). ‘Often’
and ‘Always’ were taken to indicate DMS [36,37].

5. Did you wake up too early in the morning and have difficulty
getting back to sleep? (1. Never, 2. Seldom, 3. Sometimes, 4.
Often, 5. Always). ‘Often’ and ‘Always’ were taken to indicate
EMA [36,37].

6. Did you feel excessively sleepy during the daytime? (1. Never, 2.
Seldom, 3. Sometimes, 4. Often, 5. Always). ‘Often’ and ‘Always’
were taken to indicate EDS [36,37].

Insomnia was defined as being present when an affirmative
answer was obtained for any of DIS, DMS or EMA [34,38].

The questions for smoking and alcohol habits were as described
below:

Have you smoked in the previous month? (1. Every day, 2.
Sometimes, 3. No). ‘Every day’ and ‘Sometimes’ were taken as
affirmative answers to the question.

How many days did you consume alcoholic beverages in the
previous month? (1. Every day, 2. 5—6 days/week, 3. 3—4 days/
week, 4. 1-2 days/week, 5. 1-3 days/month, 6. None). ‘Every day’,
‘5—6 days/per week’ and ‘3—4 days/per week’ were taken as affir-
mative answers to the question.

The question related to stress was: Did you feel dissatisfied or
distressed, or have difficulties and stress in the past month? (1.
Frequently, 2. Sometimes, 3. Rarely, 4. Never). ‘Frequently’ was
taken to indicate high stress in accordance with previous surveys
[29,34]. For stress coping strategies, men and women were asked to
choose how they cope with stress from the following list (multiple
answers permitted):

1. Aggressively solving problems, 2. Being physically active and
performing exercise, 3. Enjoying hobbies or relaxing alone,
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4, Watching television or listening to the radio, 5. Sharing worries
and concerns with family and friends, 6. Giving up on problem-
solving, 7. Enduring problems patiently, 8. Thinking positively and
working through problems, 9. Looking for stimulation and excite-
ment, 10. Drinking alcoholic beverages, 11. Smoking, 12. Eating, and
13. Nothing’.

2.4. Statistical analysis

First, the percentage of highly stressed individuals and the 95%
confidence interval (CI) were calculated. Second, the associations
between sleep disorders during the previous month and stress
were examined by multiple logistic regression analyses. Third, the
percentage of stress coping strategies by age group among highly
stressed individuals was calculated using the Chi-squared test.
Finally, for highly stressed individuals, multiple logistic regression
analyses were performed to examine the stress coping strategies
associated with each sleep disorder during the previous month. The
study adjusted for confounding variables by using each of the basic
attributes (sex and age), use of hypnotics, alcohol drinking, smok-
ing, and stress as co-variables. The level of significance was set
at p < 0.05. All analyses were performed using SPSS version 17.0 for
Windows (SPSS, Inc., Chicago, IL).

3. Results

3.1. Prevalence of highly stressed individuals among the general
Japanese population

Table 1 shows the prevalence of highly stressed individuals
among the general Japanese population. The sample was limited to
adults aged >20 years, and further excluded those with any missing
data for the variables included in the analysis. The final sample for
analysis comprised 7671 adults: 3532 men (average age 53.5 + 17.0

Table 1
Prevalence of highly stressed individuals in the general Japanese population.
Population N Highly stressed  Percentage  95% CI p
individuals (n)

Total

Age group (years)
20—-29 720 156 21.7 18.7 247 <0.001
30-39 1262 292 23.1 208 255
40—-49 1200 276 23.0 206 254
50—-59 1399 263 18.8 16.7 208
60—69 1494 165 11.0 9.5 12.6
>70 1596 125 7.8 6.5 9.2
Total 7671 1277 16.6 15.8 17.5

Men

Age group (years)
20—-29 324 68 21.0 165 254 <0.001
30-39 570 137 24.0 205 276
40—-49 575 132 23.0 195 264
50—-59 655 109 16.6 13.8 195
60—69 698 64 9.2 7.0 11.3
>70 710 49 6.9 5.0 8.8
Total 3532 559 15.8 146 17.0

Women

Age group (years)
20—-29 396 88 222 181 263 <0.001
30—-39 692 155 22.4 193 255
40—-49 625 144 23.0 19.7 264
50—-59 744 154 20.7 178 236
60—69 796 101 12.7 104 15.0
>70 886 76 8.6 6.7 104
Total 4139 718 17.3 162 185

p-value was calculated by the Chi-squared test.
Subjects with missing data were excluded from the analysis.
CI: confidence interval.

years) and 4139 women (average age 53.9 + 17.7 years), with a
mean age of 53.6 + 17.4 years (age range 20—99). Among both men
and women, most highly stressed individuals were aged 20—49.
Individuals aged >50 were found to be less prone to stress.

3.2. Association between each sleep disorder and high stress among
the general Japanese population

Table 2 shows the association between each sleep disorder and
high stress among the general Japanese population. Multiple lo-
gistic regression showed that all sleep disorders were significantly
positively associated with high stress.

3.3. Percentage of stress coping strategies among highly stressed
individuals by age group

Table 3 shows the percentage of stress coping strategies among
highly stressed individuals by age group. Significant associations
were observed for almost all stress coping strategies except for
‘aggressively solving problems’, ‘being physically active and per-
forming exercise’, ‘enduring problems patiently’ and ‘nothing’. The
frequency of using many of the stress coping strategies tended to be
lower as age increased. However, ‘being physically active and per-
forming exercise’, ‘watching television or listening to the radio’,
‘sharing worries and concerns with family and friends’ and
‘enduring problems patiently’ were highly frequent stress coping
strategies among respondents aged >70 years. ‘Enjoying hobbies or
relaxing alone’, ‘watching television or listening to the radio’,
‘sharing worries and concerns with family and friends’, ‘enduring
problems patiently’, and ‘thinking positively and working through
problems’ were practiced by >30% of the respondents.

3.4. Association between sleep disorders and stress coping
strategies among highly stressed individuals

Highly stressed individuals were only selected, then the asso-
ciation between sleep disorders and stress coping strategies was
analyzed using multiple logistic regression. The results are sum-
marized in Tables 4 and 5. Table 4 shows the association between
insomnia, EDS, and stress coping strategies among highly stressed
individuals. Multiple logistic regression analysis with insomnia (ie,
DIS, DMS, and EMA) and EDS during the previous month as the
dependent variable showed significant associations with sex and
age group. Multivariate logistic analysis showed the two stress
coping strategies of ‘being physically active and performing exer-
cise’ and ‘thinking positively and working through problems’ had a
significant negative relationship with DIS. Conversely, stress coping
strategies with a significant positive relationship with DIS included
‘enduring problems patiently’, ‘looking for stimulation and excite-
ment’, and ‘smoking’. None of the stress coping strategies had a
significant negative relationship with DMS. On the other hand, the
three stress coping strategies of ‘enduring problems patiently’,
‘giving up on problem-solving’, and ‘drinking alcoholic beverages’
had a significant positive relationship with DMS. None of the stress
coping strategies had a significant positive relationship with EMA.
In contrast, ‘being physically active and performing exercise’ and
‘drinking alcoholic beverages’ had a significant negative relation-
ship with DMS. None of the stress coping strategies had a signifi-
cant negative relationship with EDS. Only ‘smoking’ had a
significant positive relationship with EDS.

Table 5 shows the associations between nightmares, daytime
malfunction, and lack of rest due to sleep deprivation and stress
coping strategies among highly stressed individuals. Multiple
logistic regression analysis with each of these sleep disorders
during the previous month as the dependent variable showed
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Table 2

Association between each sleep disorder and high stress in the general Japanese population.

Sleep disorder DIS DMS EMA EDS Nightmares Daytime malfunction Lack of rest due to sleep deprivation
Crude OR 3.01 1.99 1.44 3.04 345 5.57 4,70

95% CI 2.59—-3.51 1.73-2.30 1.25-1.66 2.29-4.03 2.63—-4.53 4.48—6.92 4.14-534

Adjusted OR 2.58 2.10 1.59 2.46 3.49 3.67 3.31

95% CI 2.17-3.06 1.80—2.46 1.36—1.86 1.81-3.35 2.59-4.71 2.90-4.64 2.87-3.83

The presence of EDS was defined as an Epworth Sleepiness Scale score of >P11.
Subjects with missing data were excluded from the analysis.

Adjusted for sex, age, sleep duration, use of hypnotics, alcohol drinking, smoking and stress by multiple logistic regression.

p-value was calculated by multiple logistic regression analysis.

AOR: adjusted odds ratio; CI: confidence interval; DIS: difficulty initiating sleep; DMS: difficulty maintaining sleep; EMA: early morning awakening; EDS: excessive daytime

sleepiness.
Table 3
Stress coping strategy use among highly stressed individuals by age group.
Variable
Age group (years) 20—29 30—-39 40—-49 50—-59 60—69 >70 Total p
n 156 292 276 263 165 125 1277
Stress coping strategy
Aggressively solving problems 20.5 19.9 225 24.0 224 144 21.1 0.366
Being physically active and performing exercise 109 15.8 15.6 9.9 14.5 16.0 13.8 0.239
Enjoying hobbies or relaxing alone 52.6 31.2 344 27.0 27.3 184 31.9 <0.001
Watching television or listening to the radio 333 27.7 37.7 34.6 36.4 43.2 34.6 0.040
Sharing worries and concerns with family and friends 46.8 39.7 42.4 422 29.1 28.8 39.2 0.002
Giving up on problem-solving 12.8 8.6 5.1 49 8.5 7.2 7.4 0.035
Enduring problems patiently 39.7 40.4 449 35.7 41.8 36.0 40.1 0.321
Thinking positively and working through problems 34.6 35.6 40.9 36.9 37.6 19.2 35.6 0.002
Looking for stimulation and excitement 4.5 34 1.1 1.1 1.2 0.0 2.0 0.019
Drinking alcoholic beverages 16.7 216 283 209 121 6.4 19.6 <0.001
Smoking 23.1 243 19.6 16.0 9.7 7.2 17.9 <0.001
Eating 25.6 23.6 214 16.3 9.1 6.4 183 <0.001
Nothing 2.6 4.8 14 23 0.6 24 2.5 0.075
p-value was calculated by the Chi-squared test.
Table 4
Association between insomnia, EDS, and stress coping strategies among highly stressed individuals.
Stress coping strategy DIS DMS EMA EDS
AOR 95% CI p AOR 95% CI p AOR 95% CI p AOR 95% CI p
Aggressively solving problems 095 067 134 0.777 101 0.72 142 0947 111 079 156 0550 096 051 1.80 0.901
Being physically active and performing exercise 0.58 037 090 0.016 0.83 055 124 0361 064 044 093 0.018 1.03 050 2.11 0.944
Enjoying hobbies or relaxing alone 0.79 058 1.07 0.133 093 0.69 126 0.638 105 077 142 0775 1.01 059 172 0.986
Watching television or listening to the radio 0.88 066 1.18 0.391 0.81 0.61 1.07 0.142 127 095 1.70 0.101 0.78 0.46 132 0.363
Sharing worries and concerns with family and friends 0.91 0.68 123 0543 096 0.71 128 0.765 103 076 139 0840 069 041 1.17 0.170
Giving up on problem-solving 1.14 070 1.86 0594 2.01 125 3.24 0.004 094 056 157 0804 190 0.89 4.04 0.096
Enduring problems patiently 144 110 189 0.008 135 1.03 1.77 0030 079 060 1.04 0.098 0.77 047 127 0.308
Thinking positively and working through problems 0.73 054 097 0.031 080 0.60 1.07 0.128 1.07 0.80 142 0.664 0.68 040 1.17 0.165
Looking for stimulation and excitement 281 120 6.60 0018 028 0.06 125 0.094 103 036 297 0955 1.65 045 6.08 0455
Drinking alcoholic beverages 073 050 1.05 0.089 166 1.18 233 0.004 0.70 0.50 0.99 0.043 098 053 1.80 0.943
Smoking 153 107 217 0.018 071 048 1.04 0079 131 089 194 0.173 270 154 474 0.001
Eating 098 068 140 0902 1.00 0.70 143 1.000 1.08 074 156 0701 1.67 096 292 0.070
Nothing 053 019 144 0210 197 0.89 440 0.096 1.54 0.55 429 0410 159 043 590 0.487

Subjects with missing data were excluded from the analysis.
Adjusted for sex and age by multiple logistic regression analysis.
p-value was calculated by multiple logistic regression analysis.

AOR: adjusted odds ratio; CI: confidence interval; DIS: difficulty initiating sleep; DMS: difficulty maintaining sleep; EDS: excessive daytime sleepiness; EMA: early morning

awakening.

significant associations with sex and age group. ‘Sharing worries
and concerns with family and friends’ had a significant negative
relationship with nightmares. Conversely, ‘drinking alcoholic bev-
erages’ had a significant positive relationship with nightmares.
The four stress coping strategies of ‘being physically active and
performing exercise’, ‘enjoying hobbies or relaxing alone’, ‘sharing
worries and concerns with family and friends’, and ‘thinking
positively and working through problems’ had a significant nega-
tive relationship with daytime malfunction. ‘Enduring problems
patiently’ had a significant positive relationship with daytime

malfunction. ‘Enjoying hobbies or relaxing alone’ and ‘watching
television or listening to the radio’ had a significant negative rela-
tionship with sleep deprivation; enduring problems patiently had
a significant positive relationship with lack of rest due to sleep
deprivation.

4. Discussion

This study used data from a survey with a high level of national
representation to examine the relationship between stress coping
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Table 5

Association between nightmares, daytime malfunction and lack of rest due to sleep deprivation and stress coping strategies among highly stressed individuals.
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Sleep disorder

Stress coping strategy Nightmares Daytime malfunction Lack of rest due to sleep deprivation
AOR  95% CI p AOR  95%Cl p AOR 95% CI p
Aggressively solving problems 088 048 161 0675 083 052 132 0434 0.88 0.66 1.18 0.385
Being physically active and performing exercise 055 024 123 0144 029 013 063 0.002 0.88 0.62 1.24 0.464
Enjoying hobbies or relaxing alone 061 035 1.05 0075 060 040 090 0.014 0.64 0.49 0.83 0.001
Watching television or listening to the radio 103 064 166 0894 087 060 125 0437 0.72 0.56 0.92 0.010
Sharing worries and concerns with family and friends 0.53 031 091 0020 062 043 090 0.012 0.94 0.73 1.21 0.624
Giving up on problem-solving 128 061 268 0517 063 032 125 0.188 0.97 0.62 1.52 0.893
Enduring problems patiently 114 072 179 0578 184 131 259 <0001 1.31 1.03 1.66 0.029
Thinking positively and working through problems 079 048 129 0342 062 043 091 0.014 0.82 0.64 1.05 0.120
Looking for stimulation and excitement 237 072 7.83 0157 176 055 563 0.339 2.19 0.93 5.19 0.074
Drinking alcoholic beverages 231 137 387 0002 095 061 147 0813 0.87 0.64 1.17 0.345
Smoking 101 056 181 0978 133 086 2.05 0204 1.06 0.77 1.46 0.710
Eating 078 042 148 0451 094 061 144 0.760 1.15 0.85 1.56 0.359
Nothing 0.73 016 334 0682 074 026 208 0.564 1.55 0.70 3.41 0.278

Subjects with missing data were excluded from the analysis.
Adjusted for sex and age by multiple logistic regression analysis.
p-value was calculated by multiple logistic regression analysis.
AOR: adjusted odds ratio; ClI: confidence interval.

strategies and sleep disorders among highly stressed people. The
results showed that: (1) highly stressed individuals may be more
prone to have symptoms of insomnia, nightmares, daytime mal-
function, and lack of rest due to sleep deprivation, and (2) appro-
priate stress coping strategies can improve sleep disorders even in
the most highly stressed individuals. Conversely, this study sug-
gested that certain stress coping strategies could also exacerbate
sleep disorders. To date, there have been very few reports of
epidemiological studies examining the association between stress
coping strategies and sleep disorders in the general Japanese
population. The results of the present study could serve as an
important reference in devising countermeasures for stress and
approaches for good sleep hygiene habits.

In a 2008 Cabinet Office survey of stress in the general Japanese
population [39], approximately 50% of the total respondents
answered that they felt stressed; 14.9%, many of which were in
their 20s—50s, answered that they felt highly stressed. The present
study found a similar prevalence of highly stressed individuals in
the general Japanese population at 16.6%. This study showed that
developing high stress due to dissatisfaction, worries, hardships
and other factors makes people more conscious of symptoms of
insomnia, EDS, nightmares, daytime malfunction, and lack of rest
due to sleep deprivation. Previous surveys of the general Japanese
public also reported a facilitatory association between mental
stress and symptoms of insomnia or EDS [40,41]. Furthermore, a
survey of Japanese workers found that occupational stress is
significantly associated with symptoms of insomnia and poor sleep
quality [17,42]. Many epidemiological studies conducted in other
countries have also demonstrated a strong correlation between
stress and insomnia [43—45]. Morin et al. wrote that stress is the
most significant cause of insomnia [46]. Stress is therefore a very
important factor that hinders sleep in humans.

The present study showed that those who exercised, enjoyed
hobbies, watched television or listened to radio, shared worries and
concerns with family or friends, and thought positively and worked
through problems as strategies to cope with stress had a signifi-
cantly lower odds ratio of sleep disorders than those who practiced
none of these strategies. These strategies were therefore consid-
ered means of coping with stress that are beneficial to sleep.
Conversely, those who patiently endured problems, looked for
stimulation and excitement, and smoked as strategies to cope with
stress had a significantly higher odds ratio of sleep disorders than

those who did not practice these strategies, suggesting that they
were means of coping with stress that are disadvantageous to sleep.
To date, very few studies have investigated the relationship be-
tween sleep disorders and stress coping strategies. Among this
small number of studies is one by Kales et al., who reported that
insomniacs were less satisfied with their interpersonal relation-
ships and less able to engage in proper stress coping than the
control group [47]. Other reports have described how insomniacs
are more likely to choose emotion-focused stress coping strategies
[46,48]. Yet another report described how patients with breast
cancer and prostate cancer who implement avoidance-based stress
coping also had poor sleep quality [49]. People with hypertension
and insomnia symptoms showed less effective coping strategies
than non-insomniacs [50]. The samples in these previous studies
had poor representation, were performed in people with specific
diseases, and thus had many flaws that prevented the results from
being generalizable. However, emotion-focused stress coping,
especially avoidance-based stress coping, was generally assumed to
be bad for sleep. The present study also categorized ‘enduring
problems patiently’ and ‘looking for stimulation and excitement’ as
avoidance-based or emotion-focused stress coping, which was
consistent with previous studies. The results of the present study
have strong academic value because a sample with high national
representation was used. Many reports correlated stress coping by
means of suppressing emotions or avoidance with poor mental
health [51—54], and these means of stress coping themselves may
potentially increase stress.

In the present study, ‘thinking positively and working through
problems’ emerged as a good stress coping strategy. Thinking posi-
tively is considered to improve sleep disorders by developing the
ability to explore new means of adaptation through re-examination
of cognitive process, suppressing feelings of anxiety, and seeking
diversion. In their study, Abe et al. [29] suggested that stress coping
by ‘taking it easy’ is a good coping strategy for insomniacs with
depression, which was supported by the present results.

This research also suggested that exercising, as a means of stress
coping, is beneficial to DIS, EMA, and daytime malfunction. An
epidemiological study in the general Japanese public identified a
relationship between a lack of routine exercise and insomnia [40].
Furthermore, a longitudinal study in healthy elderly Japanese
people found that physical activity at least five days a week inhibits
the onset of insomnia [55]. Another study reported that using
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exercise as a stress coping strategy could potentially reduce overall
stress levels [56,57], and that the mechanism behind exercise could
also improve sleep disorders. Exercising as a means of stress coping
therefore has a positive effect on sleep disorders. However, the
present study did not investigate intensity, frequency or duration of
exercise. A report has also suggested that intensive exercise before
going to bed prevents the onset of sleep [58]. An epidemiological
study taking these matters into consideration is needed to clarify
these issues going forward.

The results of the present study indicated that ‘enjoying hobbies
or relaxing alone’ are beneficial stress coping strategies for daytime
malfunction and lack of rest, ‘watching television or listening to the
radio’ are beneficial for daytime malfunction, and ‘sharing worries
and concerns with family and friends’ is beneficial for nightmares
and daytime malfunction. Morin et al. [59] reported that instead of
stress coping, cognitive behavioral therapy, such as listening to
music before going to bed and relaxing by reading a book, improves
insomnia, while Abe et al. [29] reported that Japanese insomniacs
who watched television or listened to the radio experienced
exacerbated insomnia. The results of the present study revealed no
significant relationship between coping with stress by watching
television or listening to the radio and symptoms of insomnia.
Instead, the results of the present study suggested that coping with
stress by watching television and listening to the radio has minimal
effect on stress-induced symptoms of insomnia. Sharing worries
and concerns with family and friends has a positive effect on
mental health, as this allows a person to reveal emotions and
organize feelings. Moreover, this behavior has been reported to
prevent the onset of stress-related diseases [51]. Improving sleep
disorders by using stress coping strategies imparts mental relaxa-
tion and reduces stress, which could allow for rest during sleep and
lower sensitivity to feeling daytime malfunction.

The present study indicated that smoking, as a means of coping
with stress, was disadvantageous for DIS and EDS. Previous studies
have reported a close relationship between smoking and stress
[60—66]. Smoking has also been reported to alleviate stress
[62—64,66]; however, other reports have claimed that smoking has
harmful effects on stress [66—68], indicating a lack of consensus.
Among smokers, those who do not practice any other particular
stress coping strategy besides smoking are known to be especially
prone to feeling the urge to smoke in stressful situations [69].
People with a lot of stress and fewer other stress coping strategies
have a greater tendency to smoke and may be more susceptible to
exacerbation of sleep. While much remains unclear about the as-
sociation between smoking and sleep, the results of the present
study suggest that quitting smoking is important to improving
sleep disorders in highly stressed people.

Drinking alcohol was also found to be a stress coping strategy
that was disadvantageous to DMS and nightmares. Drinking alcohol
has the unique ability to both relieve stress and be the cause of it
[70,71]. Drinking immediately after experiencing a stress-inducing
event is reported to suppress cortisol and markedly prolong feel-
ings of tension [72]. Furthermore, people who use drinking as a
means of coping with stress often use avoidance-based coping
strategies or practice few coping strategies [73]. Drinking as a means
of coping with stress is therefore considered to have a negligible
effect on improving stress. Stress has also been cited as a cause of
nightmares [74]. When stress coping strategies fail to work, stress
accumulates, which may explain the results of the present study.

This study revealed no clear association between aggressive
problem-solving and sleep disorders. The study by Abe et al. [29],
which examined stress coping strategies in Japanese people with
insomnia, revealed that only problem-solving-based coping was re-
ported to improve insomnia. Folkman and Lazarus [24] reported that
the stress response is reduced when problem-focused coping is used

when coping is deemed possible, whereas emotion-focused coping is
used when coping is deemed impossible. It is therefore likely that the
use of emotion-focused coping reduces stress and helps deal with
sleep disorders in highly stressed people, such as those in the present
study, who are already in situations of inevitable stress where solu-
tions to the problem cannot be actively sought.

The present study had several limitations. First, this was a cross-
sectional study in which the relationship between sleep disorders,
stress and stress coping strategies could not be determined in terms
of trends over time and causal relationships. A future longitudinal
study is needed to examine how sleep disorders change and how
stress coping strategies are learned in highly stressed people. Sec-
ondly, this study used self-administered questionnaires. Measure-
ments of objective indices, such as polysomnography to examine
sleep and measurement of salivary cortisol to examine stress, may
provide stronger evidence to support the results of this study. Thirdly,
no data on work, educational background or income of the partici-
pants could be obtained in this study. Given that these factors have a
high likelihood of influencing stress coping, they should be examined
in more detail in future studies. Fourthly, stress coping itself might
directly influence sleep, independently of stress. This study only
asked about coping to alleviate stress, and not about coping to
improve sleep; however, while minimal, there remains a possibility
that coping to improve sleep might directly influence sleep.

Despite the above limitations, one of this study's strengths was
that it involved a national survey performed by the Ministry of
Health, Labour and Welfare that focused on highly stressed people
in the general Japanese population. This study did not evaluate
stress coping strategies by category, but rather examined the in-
dividual effects of such strategies on sleep disorders. Very few prior
studies have conducted such an analysis. Stress is strongly associ-
ated with sleep disorders and this study demonstrated that certain
stress coping strategies might improve or exacerbate sleep disor-
ders even in highly stressed people. Stress has a wide range of
causes and while it is important to alleviate stress itself, it is not
easy. The stress coping strategies presented in this study are rela-
tively easy to implement in daily life, and while they may not
completely eliminate stress, they could be of great significance if
they were to somewhat improve sleep. To date, few epidemiolog-
ical studies have examined the relationship between stress coping
strategies and sleep disorders, leaving a demand for future studies
that expand on this topic. Many treatments for sleep disorders use
drug therapy as their main component, while few reports have
described treatments that rectify stress. It is essential for doctors
who treat sleep disorders to increase patient awareness of the
strong association between stress and sleep disorders, as well as
their understanding of favorable stress coping during routine visits.

5. Conclusion

This study revealed that the prevalence of stressed individuals in
the general Japanese population is as high as 16.6%. Some stress
coping strategies used by highly stressed individuals, such as
‘enduring problems patiently’, and ‘smoking’, may act as precipi-
tating or perpetuating factors for sleep disorders. On the other hand,
it was found that several acceptable stress coping strategies were
practiced by participants in this study, such as ‘being physically
active and performing exercise’ and ‘enjoying hobbies or relaxing’.
These findings may offer critical insights for developing effective
sleep education and preventative programs for sleep disorders.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.



44

Y. Otsuka et al. / Sleep Medicine 37 (2017) 38—45

Acknowledgements

The authors report no other financial affiliation or relationship

relevant to the subject of the article.

Conflict of interest

None.
The ICMJE Uniform Disclosure Form for Potential Conflicts of

Interest associated with this article can be viewed by clicking on the
following link: http://dx.doi.org/10.1016/j.sleep.2017.06.007.

References

[1]
[2]
[3]

[4]

[5

[6]

[7

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]

Itani O, Kaneita Y, Murata A, et al. Association of onset of obesity with sleep
duration and shift work among Japanese adults. Sleep Med 2011;12:341-5.
Beihl DA, Liese AD, Haffner SM. Sleep duration as a risk factor for incident type
2 diabetes in a multiethnic cohort. Ann Epidemiol 2009;19:351—7.

Amagai Y, Ishikawa S, Gotoh T, et al. Sleep duration and incidence of cardio-
vascular events in a Japanese population: the Jichi Medical School cohort
study. ] Epidemiol 2010;20:106—10.

Troxel WM, Buysse DJ, Matthews KA, et al. Sleep symptoms predict the
development of the metabolic syndrome. Sleep 2010;33:1633—40.
Cappuccio FP, D'Elia L, Strazzullo P, et al. Sleep duration and all-cause mor-
tality: a systematic review and meta-analysis of prospective studies. Sleep
2010;33:585—92.

Katz DA, McHorney CA. The relationship between insomnia and health-
related quality of life in patients with chronic illness. ] Fam Pract 2002;51:
229-35.

Kaneita Y, Ohida T, Uchiyama M, et al. The relationship between depression
and sleep disturbances: a Japanese nationwide general population survey.
] Clin Psychiatry 2006;67:196—203.

Chang PP, Ford DE, Mead LA, et al. Insomnia in young men and subsequent
depression the Johns Hopkins Precursors study. Am ] Epidemiol 1997;146:
105-14.

LiL, WuC, GanY, et al. Insomnia and the risk of depression: a meta-analysis of
prospective cohort studies. BMC Psychiatry 2016;16:375.

Gallo LC, Jimenez JA, Shivpuri S, et al. Domains of chronic stress, lifestyle
factors, and allostatic load in middle-aged Mexican-American women. Ann
Behav Med 2011;41:21-31.

Glei DA, Goldman N, Chuang YL, et al. Do chronic stressors lead to physio-
logical dysregulation? Testing the theory of allostatic load. Psychosom Med
2007;69:769—76.

Wei J, Rooks C, Ramadan R, et al. Meta-analysis of mental stress-induced
Myocardial ischemia and subsequent cardiac events in patients with coro-
nary artery disease. Am ] Cardiol 2014;114:187—-92.

Backé E-M, Seidler A, Latza U, et al. The role of psychosocial stress at work for
the development of cardiovascular diseases: a systematic review. Int Arch
Occup Environ Health 2012;85:67—79.

Bergmann N, Gyntelberg F, Faber ]. The appraisal of chronic stress and the
development of the metabolic syndrome: a systematic review of prospective
cohort studies. Endocr Connect 2014;3:R55—80.

Cosgrove MP, Sargeant LA, Caleyachetty R, et al. Work-related stress and Type 2
diabetes: systematic review and meta-analysis. Occup Med 2012;62:167—73.
Deguchi Y, Iwasaki S, Ishimoto H, et al. Relationships between temperaments,
occupational stress, and insomnia among Japanese workers. PLoS One
2017;12:e0175346.

Doi Y, Minowa M, Tango T. Impact and correlates of poor sleep quality in
Japanese white-collar employees. Sleep 2003;26:467—71.

Tachibana H, Izumi T, Honda S, et al. The prevalence and pattern of insomnia
in Japanese industrial workers: relationship between psychosocial stress and
type of insomnia. Psychiatry Clin Neurosci 1998;52:397—402.

Hicks RA, Garcia ER. Level of stress and sleep duration. Percept Mot Ski
1987;64:44—6.

Cartwright RD, Wood E. Adjustment disorders of sleep: the sleep effects of a
major stressful event and its resolution. Psychiatry Res 1991;39:199—209.
Pasternak RE, Reynolds 3rd CF, Hoch CC, et al. Sleep in spousally bereaved
elders with subsyndromal depressive symptoms. Psychiatry Res 1992;43:
43-53.

Dewald JF, Meijer AM, Oort FJ, et al. Adolescents' sleep in low-stress and high-
stress (exam) times: a prospective quasi-experiment. Behav Sleep Med
2014;12:493-506.

Lazarus RS, Folkman S. Stress, coping and adaptation. New York: Springer; 1984.
Folkman S, Lazarus RS. An analysis of coping in a middle-aged community
sample. ] Health Soc Behav 1980;21:219—39.

Nagase Y, Uchiyama M, Kaneita Y, et al. Coping strategies and their correlates
with depression in the Japanese general population. Psychiatry Res 2009;168:
57—-66.

Antonovsky A. Unraveling the mystery of health: how people manage stress
and stay well. San Francisco, CA, US: Jossey-Bass; 1987.

[27]

[28]

[29]

[30]

[31]

[32]

[33]
(34]
[35]
[36]
[37]

[38]

[39]

[40]
[41]
[42]

[43]

[44

[45]
[46]
[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]

Dempster M, Howell D, McCorry NK. Illness perceptions and coping in
physical health conditions: a meta-analysis. ] Psychosomatic Res 2015;79:
506—13.

Fortunato VJ, Harsh J. Stress and sleep quality: the moderating role of negative
affectivity. Personality Individ Differ 2006;41:825—36.

Abe Y, Mishima K, Kaneita Y, et al. Stress coping behaviors and sleep hygiene
practices in a sample of Japanese adults with insomnia. Sleep Biol Rhythms
2011;9:35—45.

Palagini L, Mauri M, Faraguna U, et al. Insomnia symptoms, perceived stress
and coping strategies in patients with systemic lupus erythematosus. Lupus
2016;25:988—-96.

Pillai V, Roth T, Mullins HM, et al. Moderators and mediators of the rela-
tionship between stress and insomnia: stressor chronicity, cognitive intru-
sion, and coping. Sleep 2014;37:1199—-208.

Ministry of Health, Labour and Welfare, Japan. Annual report of the National
health and nutrition survey in 2007. Japan: Ministry of Health, Labour and
Welfare; 2016 [Online] Available from: http://www.mhlw.go.jp/bunya/
kenkou/eiyou09/dl/01-04.pdf [Accessed 16 October 15].

Ikeda N, Takimoto H, Imai S, et al. Data resource profile: the Japan National
Health and nutrition survey (NHNS). Int ] Epidemiol 2015;44:1842—9.
Furihata R, Kaneita Y, Jike M, et al. Napping and associated factors: a Japanese
nationwide general population survey. Sleep Med 2016;20:72-9.

Kaneita Y, Ohida T, Osaki Y, et al. Insomnia among Japanese adolescents: a
nationwide representative survey. Sleep 2006;29:1543—50.

Foley DJ, Monjan AA, Brown SL, et al. Sleep complaints among elderly persons:
an epidemiologic study of three communities. Sleep 1995;18:425—32.

Liu X, Uchiyama M, Kim K, et al. Sleep loss and daytime sleepiness in the
general adult population of Japan. Psychiatry Res 2000;93:1—11.

Munezawa T, Kaneita Y, Osaki Y, et al. The association between use of mobile
phones after lights out and sleep disturbances among Japanese adolescents: a
nationwide cross-sectional survey. Sleep 2011;34:1013—20.

Cabinet Office of Japan. White paper on the national lifestyle. 2008. Available
from: http://www5.cao.go.jp/seikatsu/whitepaper/h20/06_eng/index.html
[Accessed 16 October 15].

Kim K, Uchiyama M, Okawa M, et al. An epidemiological study of insomnia
among the Japanese general population. Sleep 2000;23:41-7.

Kaneita Y, Ohida T, Uchiyama M, et al. Excessive daytime sleepiness among
the Japanese general population. ] Epidemiol 2005;15:1-8.

Utsugi M, Saijo Y, Yoshioka E, et al. Relationships of occupational stress to
insomnia and short sleep in Japanese workers. Sleep 2005;28:728—35.
Urponen H, Vuori I, Hasan J, et al. Self-evaluations of factors promoting and
disturbing sleep: an epidemiological survey in Finland. Soc Sci Med 1988;26:
443-50.

Ancoli-Israel S, Roth T. Characteristics of insomnia in the United States: results
of the 1991 National sleep foundation survey. Sleep 1999;22:5347—53.
Ribet C, Derriennic F. Age, working conditions, and sleep disorders: a longi-
tudinal analysis in the French cohort E.S.T.E.V. Sleep 1999;22:491—-504.
Morin CM, Rodrigue S, Ivers H. Role of stress, arousal, and coping skills in
primary insomnia. Psychosom Med 2003;65:259—67.

Kales A, Kales JD. Evaluation and treatment of insomnia. USA: Oxford Uni-
versity Press; 1984.

Hoyt MA, Thomas KS, Epstein DR, et al. Coping style and sleep quality in men
with cancer. Ann Behav Med 2009;37:88—93.

Thomas KS, Bower ], Hoyt MA, et al. Disrupted sleep in breast and prostate
cancer patients undergoing radiation therapy: the role of coping processes.
Psycho Oncol 2010;19:767—-76.

Palagini L, Bruno RM, Cheng P, et al. Relationship between insomnia symp-
toms, perceived stress and coping strategies in subjects with arterial hyper-
tension: psychological factors may play a modulating role. Sleep Med
2016;19:108—15.

Gross JJ, John OP. Individual differences in two emotion regulation processes:
implications for affect, relationships, and well-being. ] Personal Soc Psychol
2003;85:348.

Spira AP, Zvolensky M]J, Eifert GH, et al. Avoidance-oriented coping as a pre-
dictor of panic-related distress: a test using biological challenge. ] Anxiety
Disord 2004;18:309—23.

Kashdan TB, Barrios V, Forsyth JP, et al. Experiential avoidance as a general-
ized psychological vulnerability: comparisons with coping and emotion
regulation strategies. Behav Res Ther 2006;44:1301—20.

Kaholokula JK, Antonio MC, Ing CK, et al. The effects of perceived racism on
psychological distress mediated by venting and disengagement coping in
Native Hawaiians. BMC Psychol 2017;5:2.

Inoue S, Yorifuji T, Sugiyama M, et al. Does habitual physical activity prevent
insomnia? A cross-sectional and longitudinal study of elderly Japanese.
] Aging Phys Act 2013;21:119-39.

Cairney ], Kwan MY, Veldhuizen S, et al. Who uses exercise as a coping
strategy for stress? Results from a national survey of Canadians. ] Phys Act
Health 2014;11:908—16.

Bahrke MS, Morgan WP. Anxiety reduction following exercise and meditation.
Cognitive Ther Res 1978;2:323—33.

Driver HS, Taylor SR. Exercise and sleep. Sleep Med Rev 2000;4:387—402.
Morin CM, LeBlanc M, Daley M, et al. Epidemiology of insomnia: prevalence,
self-help treatments, consultations, and determinants of help-seeking be-
haviors. Sleep Med 2006;7:123—30.


http://dx.doi.org/10.1016/j.sleep.2017.06.007
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref1
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref1
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref1
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref2
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref2
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref2
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref3
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref3
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref3
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref3
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref4
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref4
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref4
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref5
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref5
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref5
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref5
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref6
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref6
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref6
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref6
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref7
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref7
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref7
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref7
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref8
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref8
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref8
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref8
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref9
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref9
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref10
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref10
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref10
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref10
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref11
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref11
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref11
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref11
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref12
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref12
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref12
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref12
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref13
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref13
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref13
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref13
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref13
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref14
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref14
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref14
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref14
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref15
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref15
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref15
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref16
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref16
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref16
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref17
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref17
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref17
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref18
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref18
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref18
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref18
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref19
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref19
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref19
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref20
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref20
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref20
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref21
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref21
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref21
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref21
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref22
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref22
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref22
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref22
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref23
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref24
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref24
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref24
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref25
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref25
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref25
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref25
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref26
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref26
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref27
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref27
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref27
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref27
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref28
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref28
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref28
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref29
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref29
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref29
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref29
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref30
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref30
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref30
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref30
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref31
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref31
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref31
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref31
http://www.mhlw.go.jp/bunya/kenkou/eiyou09/dl/01-04.pdf
http://www.mhlw.go.jp/bunya/kenkou/eiyou09/dl/01-04.pdf
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref33
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref33
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref33
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref34
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref34
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref34
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref35
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref35
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref35
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref36
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref36
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref36
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref37
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref37
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref37
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref38
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref38
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref38
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref38
http://www5.cao.go.jp/seikatsu/whitepaper/h20/06_eng/index.html
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref40
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref40
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref40
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref41
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref41
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref41
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref42
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref42
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref42
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref43
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref43
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref43
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref43
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref44
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref44
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref44
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref45
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref45
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref45
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref46
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref46
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref46
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref47
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref47
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref48
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref48
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref48
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref49
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref49
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref49
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref49
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref50
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref50
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref50
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref50
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref50
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref51
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref51
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref51
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref52
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref52
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref52
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref52
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref53
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref53
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref53
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref53
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref54
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref54
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref54
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref55
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref55
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref55
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref55
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref56
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref56
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref56
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref56
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref57
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref57
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref57
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref58
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref58
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref59
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref59
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref59
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref59

[60]
[61]
[62]
[63]

[64]

[65]

[66]

[67]

Y. Otsuka et al. / Sleep Medicine 37 (2017) 38—45 45

Todd M. Daily processes in stress and smoking: effects of negative events,
nicotine dependence, and gender. Psychol Addict Behav 2004;18:31-9.

Liu X. Cigarette smoking, life stress, and behavioral problems in Chinese ad-
olescents. ] Adolesc Health 2003;33:189—92.

Revell AD, Warburton DM, Wesnes K. Smoking as a coping strategy. Addict
Behav 1985;10:209—24.

Hadaway P, Beyerstein B, Kimball M. Addiction as an adaptive response: is
smoking a functional behavior? J Drug Issues 1986;16:371—-90.

Choi D, Ota S, Watanuki S. Does cigarette smoking relieve stress? Evi-
dence from the event-related potential (ERP). Int J Psychophysiol 2015;98:
470—6.

Hajek P, Taylor T, McRobbie H. The effect of stopping smoking on perceived
stress levels. Addiction 2010;105:1466—71.

Taylor G, McNeill A, Girling A, et al. Change in mental health after smoking
cessation: systematic review and meta-analysis. BM] (Clinical research ed)
2014;348:g1151.

Epstein LH, Perkins KA. Smoking, stress, and coronary heart disease. ] Consult
Clin Psychol 1988;56:342.

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Gilbert DG, Robinson JH, Chamberlin CL, et al. Effects of smoking/nicotine on
anxiety, heart rate, and lateralization of EEG during a stressful movie. Psy-
chophysiology 1989;26:311—-20.

Shadel WG, Mermelstein R]. Cigarette smoking under stress: the role of
coping expectancies among smokers in a clinic-based smoking cessation
program. Health Psychol 1993;12:443.

Anthenelli RM. Overview: stress and alcohol use disorders revisited. Alcohol
Res Curr Rev 2012;34:386—90.

Sudhinaraset M, Wigglesworth C, Takeuchi DT. Social and cultural contexts of
alcohol use: influences in a social-ecological framework. Alcohol Res Curr Rev
2016;38:35—45.

Bernardy NC, King AC, Parsons OA, et al. Altered cortisol response in sober
alcoholics: an examination of contributing factors. Alcohol 1996;13:493—8.
Cooper ML, Russell M, Skinner JB, et al. Stress and alcohol use: moderating
effects of gender, coping, and alcohol expectancies. ] Abnorm Psychol
1992;101:139-52.

Spoormaker VI, Schredl M, van den Bout J. Nightmares: from anxiety symp-
tom to sleep disorder. Sleep Med Rev 2006;10:19—-31.


http://refhub.elsevier.com/S1389-9457(17)30257-5/sref60
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref60
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref60
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref61
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref61
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref61
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref62
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref62
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref62
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref63
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref63
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref63
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref64
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref64
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref64
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref64
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref65
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref65
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref65
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref66
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref66
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref66
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref67
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref67
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref68
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref68
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref68
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref68
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref69
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref69
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref69
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref70
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref70
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref70
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref71
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref71
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref71
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref71
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref72
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref72
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref72
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref73
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref73
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref73
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref73
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref74
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref74
http://refhub.elsevier.com/S1389-9457(17)30257-5/sref74

Sleep Medicine 38 (2017) 3743

journal homepage: www.elsevier.com/locate/sleep

Contents lists available at ScienceDirect

Sleep Medicine

Original Article

Predictors of insomnia onset in adolescents in Japan

@ CrossMark

Mikiko Tokiya ?, Yoshitaka Kaneita ™ *, Osamu Itani ¢, Maki Jike °, Takashi Ohida °

@ Department of Public Health and Epidemiology, Faculty of Medicine, Oita University, Oita, Japan
b Division of Public Health, Department of Social Medicine, Nihon University School of Medicine, Tokyo, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 28 December 2016
Received in revised form

28 June 2017

Accepted 29 June 2017
Available online 24 July 2017

Keywords:
Cohort studies
Lifestyle
Parasomnias
Risk factors
Incidence

Objective: The objective of this study was to clarify the incidence rate and predictive factors of insomnia
in Japanese junior and senior high school students.

Methods: We conducted a baseline survey on first year junior and senior high school students (seventh
and 10th graders) throughout the nation. A follow-up survey was then conducted two years later. For
both surveys, we used self-administered questionnaires inquiring about sleep, mental health status,
lifestyle, participation in club activities, and study hours.

Results: A total of 3473 students (776 junior high and 2697 senior high) were suitable for analysis. During
the two years leading to the follow-up study, the incidence rate of newly developed insomnia was 7.8%
among junior high and 9.2% among senior high school students. Multiple logistic regression analyses
revealed that factors associated with new insomnia onset were ‘sleep paralysis experience’ and ‘poor
mental health status’ in junior high school students, and ‘being woken by a nightmare’, ‘poor mental
health status’, ‘>2 h of extracurricular learning per day’ and ‘mobile phone use for >2 h per day’ in senior
high school students.

Conclusions: In junior and senior high school students, parasomnias such as nightmares and sleep pa-
ralysis, and mental health status can be predictors of insomnia onset. For senior high school students,
longer use of mobile phones can be a predictor of insomnia onset. The present findings suggest that sleep

health must be promoted among junior and senior high school students in the future.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Previous studies have demonstrated that sleep plays a crucial
role in the healthy development of adolescents, especially the
development of important psychosomatic functions such as
behavior, emotion, and attention [1—7]. However, qualitative or
quantitative disturbance of sleep is common among adolescents,
and is now considered a serious school health problem. Studies in
various countries have indicated that 4—39% of adolescents have
insomnia symptoms [8—25], although the definitions of insomnia
used in these studies vary. A few longitudinal studies have clarified
the factors associated with the onset of insomnia symptoms in
adolescents. Our cohort study of 698 Japanese junior high school
students revealed that sleep disorders are associated with future
development of poor mental health. In addition, poor mental

* Corresponding author. Division of Public Health, Department of Social Medi-
cine, Nihon University School of Medicine, 30-1 Ohyaguchikami-machi, Itabashi-ku,
Tokyo, 173-8610, Japan. Fax: +81 3 3972 5878.

E-mail address: nusmpublichealth@gmail.com (Y. Kaneita).

http://dx.doi.org/10.1016/j.sleep.2017.06.028
1389-9457/© 2017 Elsevier B.V. All rights reserved.

health increases the risk of onset of sleep disorders [26]. A longi-
tudinal study that was announced later, confirmed the bidirectional
association between sleep disorders and onset of a number of
neurological symptoms [27,28]. In the United States, Robert et al.
reported a similar finding in a longitudinal study of 3134 youths
aged 11—17 years conducted between 2000 and 2001 [29]. It is also
known that chronic insomnia is a predictor of future problems
related to somatic health and interpersonal and psychological
function, including poor mental health, lower subjective life satis-
faction, and depressive mood [30]. Thus, insomnia is a predictor of
poor mental and somatic health, and of alcohol and drug abuse
among adolescents. However, the factors that affect insomnia onset
among adolescents have not yet been fully elucidated due to the
limited number of longitudinal studies completed to date [31,32].
As described above, limited predictors for insomnia onset have
been identified to date. We postulated that predictors of insomnia
onset can be identified in the lifestyle of junior high and high school
students and that these may be useful for developing preventive
measures for insomnia.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:nusmpublichealth@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2017.06.028&domain=pdf
www.sciencedirect.com/science/journal/13899457
www.elsevier.com/locate/sleep
http://dx.doi.org/10.1016/j.sleep.2017.06.028
http://dx.doi.org/10.1016/j.sleep.2017.06.028
http://dx.doi.org/10.1016/j.sleep.2017.06.028

38 M. Tokiya et al. / Sleep Medicine 38 (2017) 37—43

Therefore, we conducted an epidemiological, self-administered
questionnaire-based survey of junior and senior high school stu-
dents sampled nationwide to examine the factors affecting the
sleep of adolescents. The objectives of this study were (1) to clarify
the incidence rates of insomnia among junior and senior high
school students in Japan, and (2) to elucidate the factors predicting
the onset of insomnia in adolescents.

2. Material and methods
2.1. Study population and design

In 2008, we conducted a cross-sectional nationwide survey
evaluating the lifestyle habits of 170 Japanese junior and senior
high school students who were selected by random sampling [33].
In January 2010, we invited the head teachers of 170 schools to
participate in the present longitudinal-epidemiological survey. The
following documents were sent to the schools: (1) a document
seeking cooperation in the study, (2) a research plan describing the
study's purpose and methodology, and (3) a sample of the ques-
tionnaire. With regard to the survey process, we explained that a
baseline survey involving students in the seventh and 10th grades
would be conducted, and that a follow-up survey would be con-
ducted two years later, when these students had advanced to the
ninth and 12th grades, respectively. Furthermore, we explained
that the data collected from the self-administered questionnaires
would not be used or made available for any purposes other than
for this study and that the privacy of the respondents would be
safeguarded. Out of the 170 schools contacted, a total of 10 and 14
junior and senior high schools, respectively, agreed to participate in
this study.

The 24 schools consisted of 5687 students (1304 and 4383
students in the seventh and 10th grades, respectively) who
participated in the study. The baseline survey was conducted be-
tween October and November 2010, and the follow-up survey of
the same cohort of students was conducted two years later over the
same months in 2012. Each survey adopted the same methodology
with the homeroom teacher delivering the following information
to each student during class: (1) the instructions, (2) the self-
administered questionnaire, and (3) an envelope. After
completing the questionnaire, each student placed and sealed the
forms in the envelopes. The sealed envelopes were collected and
opened for the first time at the investigating institution. Permission
to conduct the study was obtained from the Ethics Committee of
the institution to which the authors are affiliated (Nihon University
School of Medicine Ethics Committee, Faculty of Medicine, Oita
University Ethics Committee).

2.2. Measurement

The following five categories of data were included in the
questionnaires used for each survey. (1) Personal data, including,
school name, class name, student name, sex, and birth date. (2)
Sleep status, including sleep duration, time of going to bed, time of
getting out of bed, difficulty initiating sleep (DIS), difficulty main-
taining sleep (DMS), early morning awakening (EMA), subjective
sleep assessment, disorders of arousal, nightmares, sleep paralysis,
self-treatment to aid sleep onset, and the Japanese version of the
Epworth Sleepiness Scale (JESS) [34,35], comprising eight questions
designed to measure subjective daytime sleepiness. The total JESS
score (0—24) is obtained by summing the scores (0—4) for each
question. Individuals with a JESS score of >11 points were consid-
ered to have excessive daytime sleepiness. This cutoff point was
also adopted in the present study. (3) Lifestyle factors, including,
eating habits, exercise habits, club activities, study time,

commuting time, attendance at cram schools or after-school les-
sons, coffee or tea intake, time spent watching television, playing
electronic games, and using mobile phones, respectively, in-
cidences of bullying, reasons for bullying, personal worries, pres-
ence of an advisor, and days spent in the school nurse's office. (4)
Physical status such as height and weight. (5) Mental health status,
including, contentment with daily life, and the Japanese version of
the 12-item General Health Questionnaire (GHQ-12) consisting of
12 questions [36]. The total GHQ-12 score (0—12) was obtained by
summing the scores (0—1) for each question. Higher scores were
considered to indicate poorer mental health status. Although the
GHQ was developed for surveys targeting adults, it is known that
valid results can also be obtained when administered to adoles-
cents [26,37]. In previous studies conducted by our research group,
the GHQ-12 was used for the measurement of poor mental health,
and reasonable results could be obtained even at puberty
[26,33,37]. Therefore, the GHQ 12 was also used in this study.

The students were provided with the following instructions: (1)
this survey is part of a medical study, and their answers for the
questionnaire would not affect the participant's academic perfor-
mance or result in penalties, (2) Participation in the survey must be
voluntary, and subjects not opting to participate would not be
penalized, (3) The completed questionnaires would not be seen by
the participants' teachers, (4) The participants' privacy would be
strictly protected.

Participation in the study was voluntary and written informed
consent was obtained from all of the participating students.

2.3. Definition

We questioned the participants about the following three is-
sues: (1) difficulty initiating sleep, (2) difficulty maintaining sleep,
and (3) early morning awakening, for which the respective ques-
tions were phrased as follows: “Over the past month, have you had
difficulty falling asleep at night?”, “Over the past month, have you
woken up during the night after going to sleep?”, and “Over the
past month, have you woken up too early in the morning and had
difficulty getting back to sleep?” Each question had five possible
replies: “never,” “seldom,” “sometimes,” “often,” or “always.”
“Often” and “always” were interpreted as affirmative answers to
each question, and such responses were considered to indicate that
students had DIS, DMS, or EMA. Insomnia was defined as the
presence of one or more of these symptoms.

We also questioned participants about nightmares and sleep
paralysis. Regarding nightmares, the question was phrased as “Over
the past month, have you been woken by a nightmare?” There were
five possible replies: “never,” “seldom,” “sometimes,” “often,” and
“always.” “Often” and “always” were taken as affirmative answers,
and these responses were considered to indicate that the student
suffered from nightmares. Regarding sleep paralysis (kanashibari in
Japanese), the question was phrased as: “Over the past month, have
you suffered a sensation characterized by not being able to move
your hands, feet and body when waking up or falling asleep?” There
were two possible replies: “yes” or “no.” Students with GHQ-12
scores of >4 were defined as having poor mental health status.

"o« ” o«

” o« ” o«

2.4. Statistical analyses

All analyses in this study were performed separately for the
junior and senior high school students. First, the prevalence of
insomnia at baseline was calculated. Second, individuals did not
demonstrate baseline insomnia, but those who had insomnia at the
time of the follow-up survey were defined as subjects developing
insomnia during the survey period. The incidence rate of insomnia
onset was then calculated. Third, the factors associated with
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insomnia onset were examined using the chi-square test and
multiple logistic regression analysis. Only participants who did not
have insomnia at baseline were included in the multiple logistic
regression analysis. The presence of insomnia at the time of the
follow-up survey was used as a target variable, and the following
items at baseline were used as covariates: seX, sleep duration,
extracurricular learning (studying at home or at a cram school, a
specialized private school that trains students to pass entrance
examinations, after regular school hours), hours of mobile phone
use per day, and presence or absence of nightmares, sleep paralysis,
poor mental health status, breakfast, coffee or tea intake, exercise
habits, and availability of an advisor. The forced entry method was
used for multiple logistic regression analyses. SPSS for Windows
version 22 (IBM Corp., Armonk, NY, USA) was used for statistical
analyses.

3. Results

At the time of the baseline survey, 5687 students (1304 juniors
and 4383 seniors) agreed to participate in the study, however, only
3473 students (776 juniors and 2697 seniors) agreed to participate
in the follow-up survey. The overall response rate was 61.1% (59.5%

Table 1
Subject characteristics at baseline.

Junior high school students Senior high school students

N % N %

Sex

Male 372 47.9 1556 57.7

Female 404 52.1 1141 423
Sleep duration (h/day)

<6 65 8.4 697 25.8

=6 708 91.2 1994 73.9

Unknown 3 0.4 6 0.2
Extracurricular learning (h/day)

<2 592 76.3 2531 93.8

=2 172 222 153 5.7

Unknown 12 1.5 13 0.5
Mobile phone use (h/day)

<2 660 85.1 1520 56.4

=2 106 13.7 1165 432

Unknown 10 13 12 04
Nightmares

No 747 96.3 2614 96.9

Yes 26 34 81 3.0

Unknown 3 0.4 2 0.1
Sleep paralysis

No 678 87.4 2247 83.3

Yes 30 3.9 156 5.8

Unknown 68 8.8 294 109
Poor mental health (GHQ score >4)

No 557 71.8 1595 59.1

Yes 215 27.7 1093 40.5

Unknown 4 0.5 9 0.3
Skipped breakfast

No 727 93.7 2325 86.2

Yes 44 5.7 367 13.6

Unknown 5 0.6 5 0.2
Habitually consumed caffeine

No 669 86.2 2101 779

Yes 103 133 590 219

Unknown 4 0.5 6 0.2
Exercise habits

No 108 13.9 981 36.4

Yes 666 85.8 1703 63.1

Unknown 2 0.3 13 0.5
Advisor

No 99 12.8 407 15.1

Yes 672 86.6 2250 834

Unknown 5 0.6 40 1.5

and 61.5% for junior and for senior high school students, respec-
tively). Subject characteristics at baseline are shown in Table 1.
Individuals with a sleep duration <6 h per night accounted for 8.4%
and 25.8% of junior and senior high school students, respectively.
The proportion of junior high school students who undertook >2 h
per day of extracurricular learning was higher than that for the
senior cohort. In contrast, nearly half of the senior cohort used their
mobile phones for >2 h per day. The proportions of individuals
with poor mental health, those who skipped breakfast, and who
habitually consumed caffeine were higher in the senior cohort than
in the junior cohort. The proportions of students who suffered from
nightmares and sleep paralysis, and who had access to an advisor
were comparable between junior and senior high school students.

The prevalence rate of insomnia at baseline, shown in Table 2,
was 9.3% (72 out of 776) and 10.2% (275 out of 2697) among junior
and senior high school students.

The incidence rate of insomnia, shown in Table 3, over the two
years between the baseline and follow-up surveys was 7.8% and
9.2% in the junior and among senior high school students,
respectively.

The results of the chi-squared analysis to examine the factors
associated with insomnia onset are shown in Table 4. Sleep paral-
ysis, poor mental health status, and the presence/absence of an
advisor were significantly associated with insomnia onset among
junior high school students. Among senior high school students,
hours of extracurricular learning, hours of mobile phone use,
nightmares, poor mental health status, and the presence/absence of
an advisor, were significantly associated with insomnia onset.

The results of multiple logistic regression analyses of the factors
associated with insomnia onset among each cohort of junior and
senior high school students are shown in Table 5. The presence of
sleep paralysis experiences and poor mental health status at
baseline facilitated insomnia onset among junior high school stu-
dents. Four factors facilitated insomnia onset among senior high
school students: the presence of nightmares, poor mental health
status, extracurricular learning for >2 h per day, and mobile phone
use for >2 h per day.

4. Discussion

In this study, we performed longitudinal epidemiological sur-
veys of junior and senior high school students, and examined
predictors of insomnia onset in each cohort. This study had a
number of strengths. First, the sample size was sufficient. Second,
participants were sampled from schools across Japan. Third, pre-
dictive factors for insomnia onset were examined by performing
two surveys of the same cohort using a longitudinal design. This
was also the first study to have evaluated predictors of insomnia
onset in junior and senior high school students in Japan. To date,
predictors of insomnia in puberty have not been sufficiently
elucidated. The novel finding of this study is the identification of a
predictor of insomnia in the normal lifestyle of junior and high
school students selected from across Japan. The predictor identified
in this study will contribute to the development of preventive

Table 2

The prevalence rate of insomnia at the baseline.
Insomnia at  Junior high school Senior high school Total
the baseline  students students

N % N % N %

No 695 89.6 2407 89.2 3102 893
Yes 72 9.3 275 10.2 347 10.0
Unknown 9 1.2 15 0.6 24 0.7
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Table 3
The incidence rate of insomnia during the 2 years between the baseline and follow-
up surveys.

Table 5
Multiple logistic regression analyses of the factors associated with insomnia onset
among each cohort (junior high school students, senior high school students).

Insomnia at  Junior high school Senior high school Total
follow up students students
N % N % N %
No 638 91.8 2174 90.3 2812 90.7
Yes 54 7.8 221 9.2 275 8.9
Unknown 3 0.4 12 0.5 15 0.5
Table 4

The incidence rate of insomnia and the factors associated with insomnia onset.

Junior high school students Senior high school students

% N p % N p
Overall 7.8 692 9.2 2395
Sex 0.54 0.76
Male 85 331 9.1 1378
Female 7.2 361 9.4 1017
Sleep duration (h/day) 0.62 0.94
<6 6.0 50 9.2 600
=6 8.0 639 9.3 1791
Extracurricular learning (h/day) 0.14 <0.01
<2 8.8 525 8.8 2252
=2 5.1 156 16.5 133
Mobile phone use (h/day) 0.64 <0.01
<2 7.4 596 7.8 1381
=2 8.8 91 11.2 1005
Nightmares 0.81 <0.01
No 7.9 673 8.7 2342
Yes 6.3 16 34.6 52
Sleep paralysis <0.01 0.07
No 7.3 606 9.1 2011
Yes 24.0 25 14.0 121
Poor mental health (GHQ score > 4) <0.01 <0.01
No 5.4 520 7.1 1473
Yes 154 169 12.8 915
Skipped breakfast 0.66 0.12
No 8.0 653 8.9 2093
Yes 5.9 34 11.7 299
Habitually consumed caffeine 0.72 0.44
No 8.0 601 9.0 1887
Yes 6.9 87 10.1 504
Exercise habits 0.94 0.92
No 7.6 92 9.3 845
Yes 7.8 599 9.2 1539
Advisor 0.01 0.02
No 15.0 80 12.7 347
Yes 6.9 608 8.7 2017

Subjects with missing data were excluded from the analysis. p was calculated by >
test.

measures targeting individuals going through puberty. Specifically,
it is necessary for students with sleep paralysis, nightmares, or poor
mental health status to be aware that there is a risk of developing
insomnia in the following years. We suggest that it is important to
recognize this predictor and provide health counseling and health
guidance for students. For students with extensive mobile phone
use time, it will be necessary to draw their attention to this habit. In
our view, the results of this research will be valuable for the future
development of health guidance aimed at students.

The incidence rate of insomnia among Japanese adolescents was
7.8% and 9.2% in the junior and senior high school students,
respectively. In the United States, Robert et al. reported an annual
incidence rate of insomnia of 14.0% among adolescents aged 11—-17
years (N = 3134), based on the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV) [32]. In China, Luo
et al. reported an annual incidence rate of insomnia of 16.0% among
adolescents aged 11—18 years (N = 2787), as defined by the

Junior high school students Senior high school students

AOR 95% Cl p AOR  95%Cl p
Sex 0.44 0.54
Male 1.00 1.00
Female 0.78 0.41-1.48 090 0.65-1.25
Sleep duration (h/day) 0.44 0.33
<6 1.00 1.00
=6 0.60 0.16—2.20 084  0.59-1.19
Extracurricular learning (h/day) 0.24 0.01
<2 1.00 1.00
=2 0.61 0.27-1.39 210 1.23-3.60
Mobile phone use (h/day) 0.58 0.03
<2 1.00 1.00
=2 1.27 0.55—2.96 139  1.03-1.89
Nightmares 0.41 <0.01
No 1.00 1.00
Yes 039 0.04—-3.72 446  2.36-8.42
Sleep paralysis 0.02 0.31
No 1.00 1.00
Yes 3.59 1.19-10.83 134 0.76-2.36
Poor mental health (GHQ score > 4) <0.01 <0.01
No 1.00 1.00
Yes 2.69 1.41-5.15 1.62 1.18-2.21
Skipped breakfast 0.54 0.19
No 1.00 1.00
Yes 0.63 0.14—2.82 132  0.87-1.99
Habitually consumed caffeine 0.64 0.98
No 1.00 1.00
Yes 0.79 0.29-2.12 1.00 0.69-1.43
Exercise habits 0.91 0.97
No 0.95 0.38—-2.36 1.01 0.73-1.39
Yes 1.00 1.00
Advisor 0.05 0.32
No 217 0.98—4.78 122 0.82—-1.82
Yes 1.00 1.00

Subjects with missing data were excluded from the analysis. p was calculated by the
multiple logistic regression analysis. AOR, adjusted odds ratio; CI, confidence in-
terval; GHQ, general health questionnaire.

Insomnia Severity Index [31]. While a direct comparison may not
be appropriate because the definitions of insomnia used in these
studies differed, the incidence rates of insomnia among the Japa-
nese adolescents were lower than that reported for the Chinese and
North American adolescents.

The multiple logistic regression analyses conducted in this study
revealed a number of predictors of insomnia onset. First, poor
mental health status at baseline appeared to be a predictor of
insomnia onset for both high school cohorts. This result was
consistent with those of previous studies investigating the associ-
ation between sleep and mental health among adolescents [26,29].
Previously, Robert et al. suggested that symptoms of depression (a
depressed mood, anhedonia, and irritability) could be predictive
factors for insomnia [29]. Furthermore, in a two-year follow-up
study of 516 Japanese junior high school students, Kaneita et al.
indicated that poor mental health status could be a predictor of
sleep disorders [26]. Similarly, other studies using a range of co-
horts have also reported poor mental health status as a predictor of
insomnia onset, suggesting that this factor may be a universal
phenomenon [27,28,38,39]. Two explanations for this should be
considered. First, insomnia symptoms are widely reported in the
majority of patients diagnosed with depression, while improve-
ment in depressive symptoms was reportedly correlated with an
improvement in insomnia status. This supports the possibility that
poor mental health status can cause insomnia. Second, despite the
absence of a causal association between poor mental health status
and insomnia, the presence of a confounding factor that is corre-
lated with both of these factors may support the association.
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Moreover, students incidentally recognized poor mental health
status at an earlier stage than insomnia. While we adjusted for the
effects of confounding factors by entering assumed models in our
multiple logistic regression analyses, we could not rule out the
possibility that some confounding factors were not adjusted for in
our analysis.

This study revealed that sleep paralysis was a predictor of
insomnia among Japanese junior high school students, i.e. students
who did not have insomnia symptoms, but who had experienced
sleep paralysis at baseline tended to become aware of having
insomnia over the following two years. Sleep paralysis is a state in
which a person is unable to move their limbs, body, and head,
although he/she is subjectively awake. It is known to be one of the
symptoms of narcolepsy [40]. Takeuchi et al. conducted a physio-
logical experiment using polysomnography on 1314 Japanese uni-
versity students who had neither cataplexy nor narcolepsy. They
investigated the sleep phase during which sleep paralysis occurred
by intentionally interrupting the sleep of these participants. They
found that once sleep had been interrupted, REM sleep occurred
upon resuming sleep without a non-REM sleep phase, and that
sleep paralysis was induced during this REM sleep after sleep
resumption [41]. This study indicated that sleep paralysis and DMS
(one of the symptoms of insomnia) were closely associated. The
results of our study suggested that participants had first become
aware of their sleep paralysis before becoming aware of insomnia
symptoms by the time of the follow-up survey. Therefore, sleep
paralysis may be recognized earlier than symptoms of insomnia.

This study also revealed that having nightmares could be a
predictor of insomnia onset among senior high school students.
Nightmares are defined as awakening from a frightening dream and
rapidly becoming oriented and alert, according to the DSM-IV [42],
and this is known to be a phenomenon incidental to DMS. Our
previous study showed that experiences of sleep paralysis were
significantly more frequent among adolescents in whom the fre-
quency of nightmares was higher, and an association between
these factors was identified [43]. The key finding in the present
study is that the experience of nightmares tended to be recognized
before insomnia, as with sleep paralysis. Sleep paralysis and
nightmares are both classified as ‘REM-related parasomnia’ in the
third edition of the International Classification of Sleep Disorders
(ICSD-3), and are considered to be linked physiologically [44]. The
present study revealed that sleep paralysis and nightmares could
be potential predictors of DMS. Accordingly, they are important
signs that may appear before individuals become aware of
insomnia. DMS tends to occur under conditions of physical and
mental stress, in individuals exhibiting unhealthy lifestyles, or who
experience disturbances in their normal sleep rhythm [45]. Treat-
ment of sleep paralysis or nightmares as soon as such disorders are
recognized may help to prevent DMS onset. Therefore, such dis-
orders need to be taken into consideration in the context of student
health.

This study revealed that extracurricular learning for >2 h per
day could be a predictor of insomnia onset in senior high school
students. This result was somewhat unexpected, as initially, it
would appear more likely that reduced sleep duration resulting
from longer extracurricular learning would increase sleepiness and,
therefore, promote sleep. This result needs to be interpreted care-
fully. One possible explanation is that another factor promoted both
longer extracurricular learning and insomnia, and that longer
extracurricular learning was the first ‘symptom’ to develop. For
instance, it could be postulated that strong psychological stress due
to the preparation for entrance exams may increase the motivation
for longer extracurricular learning, leading to insomnia. Another
possible mechanism is that studying until just before bedtime may

disturb the mechanism for sleep regulation. Around a few hours
before the time of sleep onset, the level of arousal (state of
excitement) becomes maximal, therefore overriding any increased
need to sleep. Sleepiness then increases rapidly, and changes
appear in different sleep-promoting physiological parameters. The
appropriate phase associations among these parameters are sus-
tained, allowing sleep to be initiated and maintained [46]. How-
ever, it can be inferred that studying during this time zone may
maintain the high level of arousal until immediately before sleep
[47,48]. Previous studies have indicated that a higher arousal level
before sleep onset prevents sleep, and that allowing at least 1 h of
relaxation before bedtime effectively provides good sleep [47,48].
However, considering that in contemporary Japanese society, many
junior and senior high school students are pressured with heavy
homework loads, it is quite common for these students to continue
studying until bedtime. It is highly probable that the resulting brain
activation during this period may induce insomnia. To mitigate the
risk of insomnia onset, it is essential for students to consider these
results, and adjust their study schedule accordingly, after returning
home from school.

This study revealed that >2 h of mobile phone use per day by
senior high school students could be a predictor of insomnia onset.
In recent years, studies on the association between the use of
electronic devices, such as mobile phones, and insomnia among
adolescents have been conducted from different perspectives
[33,49,50]. A cross-sectional study of 95,680 junior and senior high
school students in Japan by Munezawa et al. in 2008 indicated that
the number of students displaying insomnia symptoms increased
significantly with the frequency of mobile phone usage after
switching off their bedroom light [33]. In 2010, Aora et al. con-
ducted a cross-sectional study of 738 youths aged 11—13 years in
the United Kingdom to investigate the association between the
frequent use of technology, including, mobile phones, and the
quality/quantity of sleep. The authors reported that the odds ratios
(ORs) of insomnia symptoms (DIS, DMS, EMA) for students who
used their devices every night were significantly higher [49].
Hysing et al. performed a cross-sectional study in 2010 involving
9846 Norwegian youths aged 16—19 years to investigate the asso-
ciation between the use of electronic devices with a display
(including, personal computers, mobile phones, tablets, game
consoles, televisions) and sleep. The results indicated that students
who used the devices for >2 h during the day or before the time of
sleep onset had a sleep onset latency of at least 60 min [50].
However, all of these studies were cross-sectional and a causal
association between electronic device usage and insomnia in ado-
lescents could not be determined. Our study was longitudinal and
the results indicated that longer mobile phone usage increased the
risk of insomnia onset after a two-year period.

A number of studies have investigated the association between
use of electronic devices, such as mobile phones, and melatonin
[51-53]. The blue light emitted from the display of electronic de-
vices has been reported to have the strongest suppressive effects on
melatonin secretion, compared to lights in other parts of the visual
spectrum [51,52]. Furthermore, the blue light was reported to
prematurely advance the plasma melatonin rhythm phase. Even at
a low illuminance level (8 lux [28 pW/cm?]), blue light exerts the
same degree of phase advancement as 12,000 lux of white light
(4300 yW/cm?) [53]. Meanwhile, a longitudinal study by Fossum
et al.,, reported that using a mobile phone in bed, or before going to
bed was a predictor of insomnia onset and evening chronotype
onset [54]. Light exposure by the device displays may delay the
sleep phase. It is important to conduct a comprehensive examina-
tion of the associations among factors such as the use of mobile
phones, insomnia, DSPD, and chronotype. Furthermore, similarly to
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the effects of extracurricular learning, mobile phone use before
bedtime may activate the user's brain and induce insomnia. In
2008, Foley et al. conducted a nationwide survey of 2107 children
aged 5—18 years in New Zealand to investigate the association
between their behaviors during the 90 min before sleep and after
sleep onset. The authors reported that sleep onset was delayed in
the screen-based sedentary behavior group [55]. Furthermore,
adolescence is a period when sleep onset shifts towards more
nocturnal patterns [2,4,56]. Specifically, sleep/wake patterns are
reported to change among adolescents of senior high school age [1].
Therefore, adolescents need to be educated on sleep-related health
issues so that they have a better idea of how to spend time before
sleep onset.

This study had some limitations. First, the definitions of the
insomnia symptoms we used were not the diagnostic criteria
defined in the second edition of the ICSD (ICSD-2). The ICSD-2
stipulates that the following two features are essential for the
diagnosis of insomnia: (1) complaints of insomnia symptoms dur-
ing nocturnal sleep, and (2) daytime sleep-related mental and/or
physical impairment [57]. Previous self-administered question-
naire surveys included questions regarding the presence of DIS,
DMS, and EMA in order to identify the presence of insomnia
symptoms [17,24,33,58]. The present study was consistent with
previous studies in this aspect. Second, because of ethical consid-
erations and space limitations in the questionnaire, questions
regarding a number of items could not be included. Examples are
socioeconomic status (family financial conditions, academic per-
formance), problematic behavior (drinking alcohol and smoking),
sleep environment (bedroom temperature and humidity), and
reliability of anamnesis. We cannot exclude the possibility that
these factors may affect the predictors found in the present study as
well as insomnia onset, and should be considered in future studies.
Third, this study used self-reported data. Fourth, we did not mea-
sure the Delayed Sleep Phase Disorder (DSPD) or chronotype. DSPD
or chronotype may be a confounding factor in relation to lifestyle
and insomnia. It is crucial to gather information on DSPD and
chronotype for future research. Finally, the number of junior high
school students who participated in this study was smaller than
that of the senior students. This may have decreased the statistical
power of the study. Future studies will need to include a sufficient
number of schools and participants.

5. Conclusions

This study has obtained useful epidemiological data on pre-
dictors of insomnia onset among Japanese junior and senior high
school students. We found that parasomnia, such as nightmares
and sleep paralysis, as well as mental health status were associated
with insomnia. We also found that the use of mobile phones for
>2 h per day and extracurricular learning for >2 h per day affected
the sleep of senior high school students. These results provide
scientific evidence that will be useful for the development of public
health strategies targeting adolescents. The present findings sug-
gest that sleep health should be promoted among junior and senior
high school students in the future.
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Background: This longitudinal study investigated the effects of various lifestyle-related factors —
including sleep duration, shift work, and actual days taken off work — on new-onset metabolic syndrome
(MetS).
Methods and results: A total of 39,182 male employees (mean age 42.4 + 9.8 years) of a local government
organization in Japan were followed up for a maximum of seven years, between 1999 and 2006.
Multivariate analysis (Cox proportional hazard method) identified seven high-risk lifestyle factors that
were significantly associated with new-onset MetS or a range of metabolic factors (obesity, hypertension,
hyperglycemia, dyslipidemia): (1) short sleep duration (<5 h/day), (2) shift work, (3) insufficient number
of days off work, (4) always eating until satiety, (5) not trying to take every opportunity to walk, (6)
alcohol intake >60 g/day, and (7) smoking. In addition, a higher number of these high-risk lifestyle
factors significantly promoted the onset of MetS. The hazard ratio for MetS associated with 0—1 high-risk
lifestyle parameters per subject at the baseline was set at 1.00. Hazard ratios associated with the
following numbers of high-risk lifestyle parameters were: 1.22 (95% CI 1.15—1.29) for 2—3 of these pa-
rameters; and 1.43 (1.33—1.54) for 4—7.
Conclusion: An increase in the number of high-risk lifestyle factors — such as short sleep duration, shift
work, and an insufficient number of days off work — increased the risk of MetS onset. Comprehensive
strategies to improve a range of lifestyle factors for workers, such as sleep duration and days off work,
could reduce the risk of MetS onset.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

2010 [1]. NCDs are currently the leading cause of death in several
countries, impoverishing individuals and families but also limiting

According to the World Health Organization (WHO), fatalities
resulting from non-communicable diseases (NCDs) accounted for
36 million (63.2%) of 57 million deaths from all causes, occurring
worldwide in 2008 [1]. The fatalities according to disease were as
follows: 17.3 million from cardiovascular diseases, 7.6 million from
cancer, 4.2 million from chronic respiratory disease, and 1.3 million
from diabetes mellitus [1]. The total direct medical costs for treat-
ing these four diseases were estimated to be 2.88 trillion dollars in

* Corresponding author. Division of Public Health, Department of Social
Medicine, Nihon University School of Medicine, 30-1 Ohyaguchikami-machi,
Itabashi-ku, Tokyo 173-8610, Japan. Fax: +81 3 3972 5878.
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the social and economic development of countries. The United
Nations and WHO have issued warnings that NCDs and their so-
cioeconomic effects are the largest health problem of the 21st
century; however, it is anticipated that implementation of national-
level comprehensive action plans would decrease NCD-related
morbidity and adverse socioeconomic effects [1,2].

In Japan, the National Health Promotion Movement for the 21st
Century has been strongly promoted as a national project to com-
bat NCDs since 2002 [3]. Implementation of Specific Health
Checkups and Specific Health Guidance [4], focusing specifically on
metabolic syndrome (MetS), was endorsed for this project [3]. MetS
is a cluster of different diseases affecting a single individual,
including abdominal obesity, insulin resistance, dyslipidemia, and
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elevated blood pressure, and is known to significantly increase the
risk of cardiovascular disease and type 2 diabetes mellitus [5]. MetS
is currently attracting attention as an important target in strategies
for the prevention of arteriosclerotic diseases.

Improvement of lifestyle is regarded as the most important
prevention strategy against MetS [6]. Previous studies have iden-
tified a range of lifestyle factors that pose a high risk for MetS onset,
including exercise |7], diet [8], alcohol intake [9,10], and smoking
[11]. More recently, further risk factors have been identified, such as
short sleep duration and insufficient days off work [12]. Itani et al.
reported that insufficient days off work per week was a risk factor
for new-onset MetS in a cohort study involving approximately
30,000 male public servants who worked for local governments in
Japan [13]. However, these studies had considerable limitations.
First, no causal association could be determined, due to the cross-
sectional design of the studies [12]. Second, the diagnosis of MetS
may have been potentially inaccurate, due to insufficient data on
the treatment of the individual diseases constituting MetS [13]. In
addition, evaluation of the cumulative incidence over time was
insufficient because the data collected during the observation
period were not included in data analysis [13].

A longitudinal epidemiological study was planned to examine
the association between MetS and lifestyle factors, avoiding the
above-mentioned limitations. The present study met the following
criteria: (1) identification of multiple individual risk factors for
MetS onset among the key lifestyle-related parameters affecting
workers, including sleep, work conditions (shift work), and days
off; (2) a sample size of several tens of thousands of subjects; (3) a
longitudinal study design; (4) inclusion of all data obtained during
the observation period in the analysis; and (5) use of a database
including treatment of individual diseases constituting MetS.
Furthermore, a novel parameter was assessed: the effects of an
increase in the number of high-risk lifestyle parameters on the
onset of MetS, or the individual diseases constituting MetS. The
effects of individual lifestyle factors on MetS onset have been
investigated in previous epidemiological studies. To date, however,
limited research on the effects of an increase in the number of
lifestyle-related factors, including sleep and days off work, on MetS
onset has been conducted in Japan and worldwide. The present
study included sleep, shift work, and days off work as lifestyle-
related factors for analysis. This resulted in a comprehensive
analysis of the key lifestyle parameters affecting workers. It was
considered that identifying the effects of an increase in the number
of lifestyle habits on the onset of MetS might contribute to the
development of recommendations for prevention of MetS.

2. Methods
2.1. Study subjects and data collection

This cohort study retrospectively analyzed the medical checkup
data for employees of a local government organization in Japan.
Medical checkups of all employees were conducted annually, and
the data included in this study were from medical checkups be-
tween 1999 and 2006. The number of female employees (3286) was
markedly smaller than that of male employees (42,136), and the
types of work and work environment for males and females were
substantially different in this organization. The study therefore
excluded data for female employees from analyses, in order to
ensure sample homogeneity. A total of 39,182 male employees
underwent medical checkups in 1999 (consultation rate: 93.0%)
and were followed up for a maximum of 7 years between 1999 and
2006. Most employees reaching the mandatory retirement age (60
years of age in this organization) retired, and were precluded from
further annual medical checkups. Therefore, these employees were

treated as dropouts. Finally, a total of 22,423 male employees
receiving annual medical checkups between 1999 and 2006 were
included in this study (complete follow-up rate: 57.2%).

2.2. Study variables and measurements

The checkups included the following: (1) body height/weight,
blood pressure measurement; (2) blood test; (3) urinalysis; (4) a
self-administered questionnaire; (5) electrocardiography; and (6)
chest X-ray. Physical assessments included measurements of
height, body weight, and blood pressure (systolic/diastolic). Blood
pressure was measured twice in the right upper arm with the
subject seated on a chair, using the auscultatory method.

As a condition of blood collection, the subjects were instructed
not to take any food or beverage, except for water and tea, within
10 h before the checkup. The parameters included in the blood test
were high-density lipoprotein (HDL) cholesterol, triglyceride, and
fasting plasma glucose.

The questionnaire sought information on previous or present
diseases (including current medication and outpatient care),
physical and mental complaints, sleep duration, actual availability
of weekly rest days, presence/absence of shift work, eating habits,
exercise, alcohol consumption, and smoking. With regard to sleep
hours, the subjects were requested to select their sleep hours per
day as <5 h, >5 h but <7 h, or >7 h. The work regime followed in
this organization was either fixed daytime work or shift work; the
shift work cycles were: (1) a night shift every 3 days, (2) a night
shift every 4 days, (3) a night shift every 5 days, (4) a night shift
every 6 days, and (5) a night shift every 8 days. In this study, all five
of these patterns were classified as “shift work”. The organization
for which the subjects worked stipulated that 1 or 2 rest days per
week were periodically provided in principle. It was also asked
whether the subjects had been able to take weekly rest days over
the past 1-2 months, with the following answer options: “able to
take most of the available weekly rest days off” and “unable to often
take weekly rest days off”.

Regarding eating habits, subjects were asked whether they ate in
moderation, and were requested to select one of the following an-
swers: always, sometimes, or never. Regarding exercise habits,
subjects were asked whether they tried to take every opportunity to
walk, for instance, by using the stairs, where possible. A two-point
scale (yes or no) was used for the evaluation of exercise habits.

With regard to drinking habits, the subjects answered a ques-
tion on whether they consumed alcoholic beverages. Subjects were
asked to report their alcohol consumption per drinking session on a
Japanese sake (rice wine)-converted basis. The pure alcohol intake
was then calculated on the basis that the pure alcohol content per
180 mL of Japanese sake corresponds to 20 g. With regard to
smoking habits, the subjects answered a question on whether they
smoked, by selecting an option from among “yes”, “no”, and “quit
smoking”. Smokers were asked to report the number of cigarettes
smoked per day. With regard to mental complaints, the subjects
answered questions such as whether they experienced irritability,
reduced concentration, and lethargy.

2.3. Definitions of various metabolic diseases

2.3.1. Obesity

Obesity was defined as a body mass index (BMI) of >25 kg/m?
according to the standards of the Japan Society for the Study of
Obesity [14].

2.3.2. Hypertension
Hypertension was defined as a mean value of two systolic blood
pressure measurements of >140 mmHg or a mean value of two
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diastolic blood pressure measurements of >90 mmHg, in accor-
dance with criteria determined by WHO [15] and the Japanese
Society of Hypertension [16]. Patients prescribed antihypertensive
medication were also defined as hypertensive.

2.3.3. Hyperglycemia

Furthermore, in accordance with the criteria stipulated by the
Japan Diabetes Society [17], a fasting plasma glucose level of
>126 mg/dL was considered to represent hyperglycemia. Patients
prescribed hypoglycemic medication were also defined as
hyperglycemic.

2.3.4. Dyslipidemia

In accordance with the criteria stipulated by the Japan Athero-
sclerosis Society [ 18], a serum triglyceride level of >150 mg/dL was
considered to be high, and an HDL cholesterol level of <40 mg/dL
was defined as low. Patients prescribed antilipidemic medication
were also defined as dyslipidemia.

2.4. Definition of metabolic syndrome

The definition of MetS in this study was adapted from the
diagnostic criteria set by the Japanese Committee to Evaluate
Diagnostic Standards for Metabolic Syndrome [19]. Specifically, the
present study replaced the endpoint of visceral fat accumulation
from the abdominal circumference criteria in the original criteria
with the BMI criteria. The diagnostic criteria for MetS used in the
present study were as follows: BMI >25 kg/m? and two or more of
the following conditions being met: (1) systolic blood pressure
measurements of >130 mmHg, or diastolic blood pressure mea-
surements of 85 mmHg, or use of antihypertensive medication; (2)
triglyceride >150 mg/dL, or HDL cholesterol <40 mg/dL, or use of
antilipidemic medication; and (3) glucose >110 mg/dL, or use of
hypoglycemic medication.

2.5. Definition of clustering of lifestyle factors

The following seven lifestyle-related parameters were defined
as conferring a significantly high risk for new-onset obesity, hy-
pertension, hyperglycemia, dyslipidemia, or MetS: (1) <5 h/day of
sleep; (2) shift work; (3) insufficient days off work; (4) always
eating until satiety; (5) not attempting to take every opportunity to
walk; (6) consuming >60 g/day of pure alcohol (>540 mL of Jap-
anese sake); and (7) smoking.

2.6. Statistical analyses

The prevalence of obesity, hypertension, hyperglycemia, dysli-
pidemia, and MetS was calculated by age class (<30, 30—39, 40—49,
>50 years) at the baseline (1999). A Mantel—Haenszel test for trend
was performed to examine the age-class-based trends in the
prevalence of each disease. The level of significance was set at
p < 0.05.

After selecting subjects who were obese at the baseline, the Cox
proportional hazards model (forced entry method) was applied,
using new-onset obesity during the observation period as the
endpoint. The following seven lifestyle-related parameters were
used as explanatory variables in this test: sleep duration (>5/<5 h/
day); shift work (no/yes); actual use of weekly rest days (most rest
days taken/most rest days not taken); eating in moderation (al-
ways/sometimes/never); trying to take every opportunity to walk
(yes/no); alcohol intake (no current drinking habit/<60/>60 g/day
pure alcohol intake); smoking (non-smoker or quit smoking/<40/
>40 cigarettes/day). The analysis was adjusted for the following
factors: age class; hypertension; hyperglycemia; dyslipidemia; and

mental health complaints (irritability, reduced concentration, and
lethargy). Subjects who did not undergo a medical checkup during
the observation period were withdrawn from follow-up at that
point. For hypertension, hyperglycemia, dyslipidemia, and MetS,
the tests were performed in the same way as for obesity.

Finally, any lifestyle-related parameters found to be significantly
associated with new onset of any of the following diseases was
defined as high-risk: obesity, hypertension, hyperglycemia, dysli-
pidemia, or MetS. The Cox proportional hazards model was then
applied, using the onset of each of the above-mentioned diseases as
the objective variable, and the number of high-risk lifestyle pa-
rameters present at the baseline as the explanatory variable. The
model was adjusted for the following variables: age class, hyper-
tension, hyperglycemia, dyslipidemia, and mental health com-
plaints. Subjects who did not undergo a medical checkup during
the observation period were withdrawn from follow-up at that
point. For hypertension, hyperglycemia, dyslipidemia, and MetS,
the tests were performed in the same way as for obesity. All ana-
lyses were performed using SPSS 22 for Windows (IBM Corp,
Armonk, NY, USA).

2.7. Ethical considerations

For the present study, the following measures were exercised to
safeguard the privacy of the subjects: (1) only one researcher had
access to the personal data of the subjects, and (2) the files con-
taining the subjects’ personal data were managed separately from
those used for statistical analyses. This study was conducted in
accordance with the tenets of the Personal Information Protection
Act enforced in Japan and the Ethical Guidelines for Epidemiolog-
ical Studies jointly announced by the Ministry of Health, Labor and
Welfare and the Ministry of Education, Culture, Sports, Science and
Technology of Japan.

3. Results

The characteristics of the subjects at the baseline (1999) are
shown in Table 1. They ranged in age from 18 to 65 years
(mean + standard deviation (SD), 42.4 + 9.8 years). Overall, 44.6% of
the subjects worked shifts.

The prevalence of obesity, hypertension, hyperglycemia, dysli-
pidemia, and MetS by age class at the baseline (1999) are shown in
Table S1. The prevalence (95% CI) of obesity, hypertension, hyper-
glycemia, dyslipidemia, and MetS were 44.7% (44.2—45.2%), 20.6%
(20.2—-21.0%), 7.9% (7.6—8.2%), 40.7% (40.2—41.2%), and 16.9%
(16.5—17.3%), respectively. The Mantel-Haenszel test for trend
indicated that the prevalence of each disease increased with age,
and this correlation was statistically significant (all p < 0.001).

The associations between lifestyle-related parameters (sleep
duration, shift work, actual use of weekly rest days, eating habits
(eating in moderation), exercise habits (trying to take every op-
portunity to walk), alcohol intake, and smoking) at the baseline and
new-onset obesity, hypertension, hyperglycemia, dyslipidemia, and
MetS, during the seven-year follow-up period are shown in Table 2.
The associations between the following lifestyle-related parame-
ters and diseases were significant: sleep duration and new-onset
obesity, hypertension, and MetS (all p < 0.001); shift work and
new-onset hypertension (p = 0.018), dyslipidemia (p = 0.034), and
MetS (p = 0.029); actual use of weekly rest days and new-
onset obesity (p = 0.039), dyslipidemia (p = 0.016), and MetS
(p = 0.001); eating in moderation and new-onset obesity
(p < 0.001), hypertension (p = 0.040), dyslipidemia (p = 0.051), and
MetS (p < 0.001); trying to take every opportunity to walk and new-
onset hypertension (p = 0.020) and MetS (p = 0.010); alcohol intake
and new-onset obesity (p = 0.026), hypertension (p < 0.001),



90 0. Itani et al. / Sleep Medicine 39 (2017) 87—94

Table 1
Baseline characteristics of the study population.
n %
Age, years
18—-19 32 0.1
20-29 5572 14.2
30-39 8886 22.7
40—-49 13,786 35.2
50—59 10,692 273
60—65 214 0.5
Sleep duration, hours/day
<5 15,518 38.5
>5 and <7 24,478 60.8
>7 269 0.7
Shift work
Day work only 16,835 45.4
A night shift every 3 days 889 24
A night shift every 4 days 14,504 39.1
A night shift every 5 days 2507 6.8
A night shift every 6 days 2236 6.0
A night shift every 8 days 43 0.1
Others 78 0.2
Actual use of weekly rest days
Most taken 32,390 83.5
Most not taken 6396 16.5
Eating in moderation
Always 23,084 59.0
Sometimes 11,216 28.7
Never 4834 124
Taking every opportunity to walk
Yes 25,659 65.6
No 13,438 344
Drinking habits
No drinking 6800 17.4
Intake of pure alcohol <40 g/day 14,463 37.0
Intake of pure alcohol 40—60 g/day 11,315 29.0
Intake of pure alcohol 60—100 g/day 5707 14.6
Intake of pure alcohol >100 g/day 773 2.0
Smoking habits
No or quit smoking 16,609 42.5
Number of cigarettes smoked <20/day 4138 10.6
Number of cigarettes smoked >20/day and <40/day 15,480 39.6
Number of cigarettes smoked >40/day and <60/day 2675 6.8
Number of cigarettes smoked >60/day 204 0.5
Mental complaints
Irritability
No 37,876 96.7
Yes 1306 33
Reduced concentration
No 38,710 98.8
Yes 472 1.2
Lethargy
No 38,452 98.1
Yes 730 1.9

Of 39,182 male employees who underwent a medical checkup at the baseline
(1999), those with missing data were excluded before the calculation was
performed.

dyslipidemia (p = 0.009), and MetS (p < 0.001); and smoking and
new-onset obesity (p = 0.010), hypertension (p = 0.002), hyper-
glycemia (p < 0.001), and dyslipidemia (p < 0.001).

The associations between the number of high-risk lifestyle pa-
rameters present at baseline and new-onset obesity, hypertension,
hyperglycemia, dyslipidemia, and MetS during the observation
period are shown in Table 3. Obesity (p = 0.002), hyperglycemia
(p < 0.001), dyslipidemia (p < 0.001), and MetS (p < 0.001) were
significantly associated with the number of high-risk lifestyle pa-
rameters present at baseline. The hazard ratio for first onset of MetS
associated with 0—1 high-risk lifestyle parameters per subject at
the baseline was set at 1.00. The hazard ratios associated with the
following numbers of high-risk lifestyle parameters were: 1.22
(95% CI 1.15—1.29) for 2—3 of these parameters; 1.43 (1.33—1.54) for
4—7. It was noteworthy that an increase in the number of high-risk

lifestyle parameters was associated with an increase in the hazard
ratio (Table 3 and Fig. 1).

4. Discussion

The present longitudinal epidemiological study identified the
high-risk lifestyle parameters associated with new-onset MetS, and
examined the effect of the number of such parameters on the onset
of MetS. This study had several advantages over previous in-
vestigations. First, it was a longitudinal study that included a suf-
ficiently large sample of subjects, in the order of several tens of
thousands. This ensured high epidemiological reliability and
allowed conclusions to be drawn about causal associations between
variables. Furthermore, the quality of the research was high, as the
sampled population consisted of employees of a single organiza-
tion, thus achieving high sample homogeneity and a high survey
participation rate. Second, lifestyle-related parameters — such as
sleep duration, shift work, and actual use of days off work — were
included among the risk factors for first onset of MetS. The asso-
ciation between MetS onset and these factors has not been widely
examined, and hours of sleep per day, and days off work, represent
two of the key parameters related to lifestyle outside working
hours. Therefore, the present study allowed a comprehensive
evaluation of factors related to the daily lifestyles of workers that
impacted on MetS. Third, the present study examined the effects of
the number of high-risk lifestyle parameters on new-onset MetS.
Although the effects of individual lifestyle habits on the onset of
MetS have been reported previously, this is the first study to have
examined the effects of the number of such lifestyle-related factors
(including sleep duration, shift work, and actual use of days off).

4.1. Effect of the number of high-risk lifestyle parameters present on
incidence of MetS

The present findings suggested that the number of high-risk
lifestyle parameters present in any given individual is able to pre-
dict the onset of MetS. Previous studies have examined the effects
of the number of lifestyle habits on a range of diseases: Breslow
et al. examined the association between seven healthy habits and
mortality [20]; Morimoto et al. examined the association between
eight healthy habits and the onset of cardiovascular diseases [21];
and Ikeda examined the association between six healthy habits and
the prevention of lifestyle-related diseases [22]. Wada et al. con-
ducted a seven-year cohort study of 9554 individuals to analyze the
association between the three sets of healthy habits proposed by
Breslow [20], Morimoto [21], and Ikeda [22], in the studies referred
to above, and the onset of MetS. The authors concluded that Ikeda's
six healthy habits (smoking, food intake, alcohol intake, exercise,
rest, and enjoyable pursuits) [22] had the greatest impact on the
risk of MetS, and that there was a significant association between
the number of lifestyle habits engaged in and the onset of MetS. In
addition to Ikeda's six health-related parameters, the present study
revealed that short sleep duration (<5 h) and shift work were
additional risk factors for new-onset MetS [23]. These findings give
valuable insight into the lifestyle-related parameters affecting the
health of workers. Furthermore, the reliability of the current
research is high, due to the larger sample size that was employed, in
comparison to the study by Wada et al.

From a public health perspective, the current results are sig-
nificant for a number of reasons. First, it was found that lifestyle-
related parameters, which have not conventionally been regarded
as important factors in health guidance strategies, such as sleep and
actual use of days off work, could prevent the onset of MetS. The
authors believe that health guidance on how to improve daily
lifestyle should be provided after identifying the factors that can
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Table 2
The associations between lifestyle habits at baseline and new-onset obesity, hypertension, hyperglycemia, dyslipidemia, or MetS (1999—2006).
Lifestyle habits at baseline Obesity? Hypertension” Hyperglycemia“ Dyslipidemia® Metabolic syndrome®
HR 95% CI p HR 95%Cl p HR 95%Cl p HR 95% Cl p HR 95% CI p
Sleep duration, hours/day <0.001 <0.001 0.444 0.991 0.001
>5 1.00 1.00 1.00 1.00 1.00
<5 1.13 1.06—1.20 0.92 0.88-0.96 0.98 0.91-1.04 1.00 0.95-1.05 1.08 1.03—1.14
Shift work 0.115 0.018 0.883 0.034 0.029
No shift work 1.00 1.00 1.00 1.00 1.00
Shift work 1.05 0.99-1.12 1.06 1.01-1.10 1.01 0.94-1.07 1.05 1.00-1.10 1.06 1.01-1.11
Actual use of weekly rest days 0.039 0.602 0.222 0.016 0.001
Most taken 1.00 1.00 1.00 1.00 1.00
Most not taken 1.09 1.00-1.19 0.99 0.93-1.04 1.05 0.97-1.14 1.08 1.01-1.14 1.12 1.05-1.19
Eating in moderation <0.001 0.040 0.913 0.015 <0.001
Always 1.00 1.00 1.00 1.00 1.00
Sometimes 1.24 1.15-1.33 1.07 1.01-1.12 1.02 0.95-1.09 1.05 1.00-1.10 140 1.33-147
Never 130 1.18-1.44 1.03 0.96-1.10 1.00 0.91-1.10 1.10 1.03-1.19 153 1.42-1.64
Taking every opportunity to walk 0.600 0.020 0.061 0.051 0.010
Yes 1.00 1.00 1.00 1.00 1.00
No 1.02 0.95-1.09 0.95 0.91-0.99 0.94 0.88—-1.00 1.05 1.00-1.10 1.07 1.02-1.12
Drinking 0.026 <0.001 0.338 0.009 <0.001
No drinking 1.00 1.00 1.00 1.00 1.00
Intake of pure alcohol <60 g/day 0.90 0.83—0.97 1.34 1.26—1.42 0.95 0.88—-1.04 0.95 0.89-1.01 0.95 0.89-1.01
Intake of pure alcohol >60 g/day 0.94 0.85—1.05 1.65 1.53-1.78 1.00 0.90-1.11 1.04 0.96-1.12 1.13 1.04-1.22
Smoking 0.010 0.002 <0.001 <0.001 0.133
No or quit smoking 1.00 1.00 1.00 1.00 1.00
Number of cigarettes smoked 0.91 0.85-0.97 0.92 0.88—0.96 1.28 1.20-1.37 1.28 1.22-1.34 0.98 0.94-1.03
<40/day
Number of cigarettes smoked 0.92 0.81-1.04 0.94 0.87-1.02 143 1.28-1.60 134 1.22—-1.46 1.08 0.98—-1.18
>40/day

The analysis was performed after excluding subjects with missing data or subjects with a follow-up period <1 year.
Only male employees were subjected to analysis.
Data for subjects who did not fulfill the criteria for each disease at the baseline were analyzed, and subjects were monitored for new-onset disease over a maximum period of 7
years.
Adjusted factors; obesity: age, hypertension, hyperglycemia, dyslipidemia, mental complaints (irritability, reduced concentration, lethargy).
Hypertension: age, obesity, hyperglycemia, dyslipidemia, mental complaints (irritability, reduced concentration, lethargy).
Hyperglycemia: age, obesity, hypertension, dyslipidemia, mental complaints (irritability, reduced concentration, lethargy).
Dyslipidemia: age, obesity, hypertension, hyperglycemia, mental complaints (irritability, reduced concentration, lethargy).
Metabolic syndrome: age, mental complaints (irritability, reduced concentration, lethargy).
P-value was calculated by Cox proportional hazards model (forced entry method).
Abbreviations: CI, Confidence Interval; HR, Hazard Ratio.
2 Obesity: BMI >25 kg/m?.
b Hypertension: >140/90 mmHg, or use of antihypertensive medication.
¢ Hyperglycemia: >126 mg/dL, or use of hypoglycemic medication, hypertriglyceridemia: >150 mg/dL, Low HDL cholesterol: <40 mg/dL.
d Dyslipidemia: hypertriglyceridemia and/or low HDL cholesterol, or use of antilipidemic medication.
¢ Metabolic syndrome: BMI >25 kg/m? and two or more of the following conditions being met: 1) blood pressure >130/85 mmHg, or use of antihypertensive medication, 2)
triglyceride >150 mg/dL, or HDL cholesterol <40 mg/dL, or use of antilipidemic medication; and 3) glucose >110 mg/dL, or use of hypoglycemic medication.

Table 3
The associations between the number of high-risk lifestyle parameters present at baseline and new-onset obesity, hypertension, hyperglycemia, dyslipidemia, or MetS
(1999—-2006).

Number of high-risk lifestyle Obesity® Hypertension” Hyperglycemia“ Dyslipidemia® Metabolic syndrome®
parameters at the baseline e ™0 0" HR 95%CI  p HR  95%C1 p HR 95%ClI  p HR  95%C1  p

0-1 1.00 0.002 1.00 0.853 1.00 <0.001 1.00 <0.001 1.00 <0.001
2-3 1.11 1.03-1.18 0.99 0.94-1.04 1.18 1.09-1.26 126 1.20-1.32 122 1.15-1.29

4-7 1.18 1.07-1.30 0.98 0.92—-1.05 1.20 1.09-1.32 142 1.32-1.52 143 1.33-1.54

The analysis was performed after excluding subjects with missing data or subjects with a follow-up period of <1 year.
Only male employees were subjected to analysis.
Data for subjects who did not fulfill the criteria for each disease at baseline were analyzed, and subjects were monitored for new-onset disease over a maximum period of 7
years.
Adjusted factors; obesity: age class, hypertension, hyperglycemia, dyslipidemia, mental complaints (irritability, reduced concentration, lethargy).
Hypertension: age class, obesity, hyperglycemia, dyslipidemia, mental complaints (irritability, reduced concentration, lethargy).
Hyperglycemia: age class, obesity, hypertension, dyslipidemia, mental complaints (irritability, reduced concentration, lethargy).
Dyslipidemia: age class, obesity, hypertension, hyperglycemia, mental complaints (irritability, reduced concentration, lethargy).
Metabolic syndrome: age class, mental complaints (irritability, reduced concentration, lethargy).
P-value was calculated by Cox proportional hazards model (forced entry method).
Abbreviations: CI, Confidence Interval; HR, Hazard Ratio.
@ Qbesity: BMI >25 kg/m?.
> Hypertension: >140/90 mmHg, or use of antihypertensive medication.
Hyperglycemia: >126 mg/dL, or use of hypoglycemic medication, hypertriglyceridemia: >150 mg/dL, low HDL cholesterol: <40 mg/dL.
Dyslipidemia: hypertriglyceridemia and/or low HDL cholesterol or use of antilipidemic medication.
Metabolic syndrome: BMI >25 kg/m? and two or more of the following conditions being met: 1) blood pressure >130/85 mmHg, or use of antihypertensive medication, 2)
triglyceride >150 mg/dL, or HDL cholesterol <40 mg/dL, or use of antilipidemic medication; and 3) glucose >110 mg/dL, or use of hypoglycemic medication.
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Fig. 1. Kaplan—Meier curves for onset of MetS based on the number of high-risk lifestyle parameters present at the baseline. MetS, metabolic syndrome.

affect workers’ health both during and outside working hours,
including sleep and days off. Second, the study found that an in-
crease in the number of high-risk lifestyle parameters significantly
increased the incidence of MetS onset. Therefore, a comprehensive
evaluation of the daily lifestyles of workers may be warranted, with
encouragement to decrease the number of risk factors to which
they are exposed, and thus helping to reduce the rate of MetS onset.
For example, shift work is a risk factor for MetS, and it is important
to establish whether shift workers also have other associated risk
factors, such as those related to diet or exercise. In addition to the
provision of appropriate education and information on the risk of
MetS, shift workers should be offered guidance on reducing the
number of their risk factors as far as possible, in order to decrease
their risk of developing MetS. Currently, Specific Health Checkups
and Specific Health Guidance [4]| to MetS are widely available in
Japan [3], and particular support is provided for patients diagnosed
with borderline MetS, in order to reduce or eliminate their risk
factors. As part of this health guidance aimed at high-risk patients,
it may be effective for counsellors to focus on reducing the number
of high-risk lifestyle parameters per patient. Specifically, patients
may be able to better understand how they can improve their
lifestyle if they are made aware of the number of these high-risk
parameters to which they are exposed. Furthermore, improve-
ments in public health require wide dissemination of the relevance
of a number of high-risk lifestyle-related factors. It is anticipated
that the current findings will contribute to the development of
public health strategies (high risk or population approach) aimed at
reducing risk factors for MetS in the Japanese population.

4.2. Short sleep duration and MetS

The findings of the present study indicated that short sleep
duration was significantly associated with the onset of MetS. Xi et al.
conducted a systematic review and meta-analysis of the association
between sleep duration and MetS, and identified 12 related studies

(10 cross-sectional and two longitudinal) [24]. They then performed
a meta-analysis, and found a significant association between short
sleep duration and MetS (Odds Ratio 1.27, p = 0.002), but no sig-
nificant association between long sleep duration and MetS. The re-
sults of the present study do not contradict the findings of this meta-
analysis. However, in comparison with previous studies, the level of
epidemiological evidence in the present study was high, due to the
large sample size and longitudinal design. There are a number of
possible biological mechanisms that might underlie the association
between short sleep duration and MetS. It is suggested that short
sleep duration increases body weight and changes glucose meta-
bolism [25]. In experimental studies, inadequate sleep significantly
changes the main components of energy homeostasis, including
glucose tolerance, food craving, and hormones critical to appetite
regulation [26]. For instance, sleep restriction could reduce leptin
and elevate ghrelin, which regulate satiety and hunger, respectively
[27], thereby increasing the cravings for calorie-dense and
carbohydrate-rich food.

4.3. Shift work and MetS

The present study indicated that shift work significantly pro-
moted the onset of MetS. In a systematic review on the association
between shift work and MetS, Canuto et al. selected 10 studies
(three longitudinal, six cross-sectional, and one case—control
study) and found a positive association between shift work and
MetS in eight of them [28]. However, only three of the studies
included sleep duration as a confounding variable, and the findings
of the studies were contradictory. Canuto et al. concluded that there
was insufficient epidemiological evidence for a correlation between
shift work and onset of MetS, and identified three desirable pre-
requisites for epidemiological studies investigating this associa-
tion: (1) a sufficiently large sample size; (2) a clear definition of
shift work (night work only or rotating shifts); and (3) inclusion of
sleep duration as a confounder.
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The present longitudinal study satisfied all of these conditions
and is one of the highest-quality epidemiological studies to have
investigated the association between shift work and MetS onset.
The effect of shift work on cardiovascular risk factors may be
attributable to a disturbance of circadian rhythm. It is well estab-
lished that mice with mutation in the Clock gene, which regulates
circadian rhythm, tend to develop dyslipidemia and hyperglycemia
[29]. Other studies have also suggested that circadian rhythm
disturbance may induce MetS [30—32]. Steals has noted that there
is interplay between the metabolic pathways associated with
lipogenesis and catabolism, involving the glucocorticoid receptor,
peroxisome proliferator-activated receptors o and v, and the Clock
gene. Disruption of these pathways leads to onset of MetS [33].

4.4. Actual use of weekly rest days and MetS

The present study demonstrated a significant association be-
tween actual use of weekly rest days and new-onset MetS. A
number of epidemiological studies have reported an association
between working hours and MetS [34—37]. Although resting status
is, effectively, the opposite of working status, few studies have
investigated the effects of actual use of weekly days off. It has
previously been reported that insufficient use of days off signifi-
cantly promoted MetS onset [13], and these findings were corrob-
orated by the present study. Importantly, the present study had
higher data reliability, and resolved the limitations of earlier
research, suggesting that weekly days off are not simply days off
work but have a direct effect on the health status of workers.
However, the present study did not identify the physiological
mechanism whereby insufficient use of weekly days off increases
the risk of MetS onset.

In addition to weekly days off, generally corresponding to 1 or 2
days of rest from work per week, workers can take longer periods
off work as vacations. Gump et al. studied the effects of vacations on
health, and followed up 12,338 middle-aged men at high risk of
cardiovascular disease in the United States for 9 years [38]. In
comparison with men who did not take annual vacations, the
relative risk of all-cause mortality for subjects who did take annual
vacations was 0.83, and the relative risk of mortality due to car-
diovascular disease and non-cardiovascular disease was 0.71 and
0.98, respectively. Gump et al. argued that vacationing could
release subjects from continuous or potential stress that might
trigger or exacerbate coronary heart disease, and concluded that
vacationing may offer opportunities for social contact with family
members and friends and for physical activities, thus also allowing
physiological recovery. Weekly days off may confer benefits similar
to those of vacationing. However, the underlying mechanisms of
any such beneficial effects have not yet been clarified, and further
epidemiological and physiological data are required.

4.5. Limitations

The present study had a number of limitations. First, as it was
retrospective and utilized previously collected data, not all the
necessary data were included in the questionnaire. For example, it
did not consider data on how leisure time was spent on weekly days
off. Therefore, the effects of different types of leisure time could not
be analyzed. Furthermore, the data relating to weekly days taken
off work were only available for a limited period of time — 1-2
months before the subjects were asked about it. Therefore, it is
possible that any health problems resulting from difficulties in
taking weekly days off in the mid-term to long-term may not have
been evaluated. Second, some of the data, including those per-
taining to taking weekly days off work, sleep duration, and smoking
habits, were obtained by a self-administered questionnaire and

could not be independently verified. A prospective study including
these parameters would therefore be useful for corroborating the
findings.

5. Conclusions

In conclusion, the present study demonstrated that several
lifestyle-related parameters, including sleep duration, shift work,
and days off, are risk factors for new-onset MetS, and that an in-
crease in the number of these high-risk lifestyle parameters in any
given individual further increases the risk of developing MetS.
Therefore, it is important to comprehensively evaluate the daily
living habits of workers, and also consider lifestyle-related pa-
rameters that have not traditionally been targeted by health guid-
ance, such as sleep duration and days off, in order to devise
strategies for the prevention of MetS using multiple approaches.
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Abstract

The objective of this study was to determine the prevalence of nightmares and sleep paralysis and their associated factors in
the general population in Japan. This study was designed as a cross-sectional sampling survey conducted in November 2007.
Subjects were selected randomly from among 300 districts throughout Japan. Data from 8099 people (3748 men and 4351
women) were used. Participants completed a self-reported questionnaire on the frequency of nightmares and sleep paralysis
in the previous month. In the total sample, the prevalence (95% confidence interval) of nightmares and sleep paralysis was
3.0% (2.6-3.4%) and 2.4% (2.1-2.8%). As for nightmares, multiple logistic analyses revealed that long sleep duration, use
of hypnotic medication, difficulty initiating sleep, difficulty maintaining sleep, early morning awakening, excessive daytime
sleepiness, and distress had higher odds ratios. As for sleep paralysis, younger age, smoking, difficulty maintaining sleep,
and distress had higher odds ratios. This study revealed the prevalence of nightmares and sleep paralysis among the general
Japanese population. The results indicate that nightmares and sleep paralysis are induced by high levels of stress and insomnia
symptoms in Japanese adults. Therefore, adequate stress-coping skills, sleep education to raise awareness of the importance
of maintaining an appropriate circadian rhythm, and effective treatments for insomnia are required.

Keywords Parasomnia - Nightmares - Sleep paralysis - Epidemiology - Prevalence - Japan

Introduction activity during sleep [7]. The phases of sleep can be broadly

divided into rapid eye movement and non-rapid eye move-

Sleep disorders are highly prevalent in developed countries
[1]. They are known to increase susceptibility to various
physical problems [2—4]. The association between sleep
and all-cause mortality [5] was reported in a meta-analysis.
Sleep disorders include many clinical conditions, such as
insomnia, hypersomnia, and sleep apnea [6]. However, most
studies examining sleep problems have focused on sleep
deprivation, insomnia, and sleep apnea; other types of sleep
disturbances have not been adequately investigated.

The term parasomnia encompasses any sleep disorder
characterized by abnormal behavioral or physiological
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ment. Nightmares and sleep paralysis are considered to be
rapid eye movement sleep parasomnias. Usually, dreams
occur during rapid eye movement sleep [8]. Occasionally,
we remember the content of our dreams. Sometimes, we
have nightmares, which we are more inclined to remember.
Hence, we feel that we only have nightmares [9]. Recur-
rent nightmares may cause a lack of recovery from fatigue,
as well as sleepiness, depression, and fear of sleep, which
could hamper performance in normal daily activities [10].
Sleep paralysis is a phenomenon in which individuals expe-
rience inability to move as if someone/something is hold-
ing them down, and this causes a heightened fear response.
In Japanese, this phenomenon is called kanashibari [11].
Sleep paralysis tends to be considered a spiritual phenom-
enon among different cultures and religions [11, 12]. It is
easily imaginable that people experiencing sleep paralysis
feel strong fear or anxiety.

According to the previous studies, the onset of night-
mares is mostly observed between the ages of 3 and 6 years
[13]. It is characterized by repeated nightmares during rapid

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s41105-017-0138-2&domain=pdf

188

Sleep and Biological Rhythms (2018) 16:187-195

eye movement sleep followed by awakening with intense
fear and anxiety [14]. Large-scale epidemiological studies
worldwide have reported that the prevalence of nightmares
once a week or more is 0.9-6.8% in the general population
[14, 15]. However, the prevalence of nightmares in patients
with post-traumatic stress disorder (PTSD) or borderline
personality disorder is increased to between 49 and 71%
[16, 17]. Nightmares have been reported to be associated
with mental stress [17], physical problems [18], and sui-
cide risk [19]. Hence, the presence nightmares is a clinically
important symptom and may be a treatment target. A large
systematic review [20] estimated the lifetime prevalence of
sleep paralysis to be 7.6% in the general population, 28.3%
in college students, and 31.9% in patients with psychiatric
disorders. Sleep paralysis is often experienced by patients
with narcolepsy, along with other symptoms, such as hyp-
nagogic/hypnopompic hallucinations, hypersomnolence, and
cataplexy [21]. Sleep paralysis can also occur in the absence
of narcolepsy; for instance, it may occasionally occur in
patients with obstructive sleep apnea, sleep deprivation, and
circadian misalignment [22]. Therefore, sleep paralysis is a
clinically important symptom and requires early detection.

Nightmares and sleep paralysis have not been routinely
studied, because they frequently diminish with age and they
involve marked individual differences in severity [10, 11].
Sleep paralysis is more frequently encountered in children
and adolescents than in adults [20]. This may be attribut-
able to physical and mental factor affecting the occurrence
of nightmares and sleep paralysis. Unlike studies on other
sleep disorders, most of the physical and mental effects of
nightmares and sleep paralysis are yet to be clarified despite
their clinical importance. The only reliable Japanese study
on nightmares and sleep paralysis published to date had an
exclusively adolescent sample [23]. Another report [24],
with young Japanese adults, had a small sample that was
not representative of the general population. Therefore, no
large-scale epidemiological studies on this topic have been
conducted on the general adult population in Japan.

Thus, the prevalence of nightmares and sleep paralysis
and their associated factors in Japanese adults are unknown.
Elucidating the factors associated with nightmares and sleep
paralysis may facilitate the promotion of health and the
improvement of the quality of life of those afflicted, as was
accomplished with studies on other sleep disorders. In the
present study, we used the data collected in the National
Health and Nutrition Survey (NHNS) conducted in 2007
by the Japanese Ministry of Health, Labour, and Welfare as
data of a nationally representative sample. The objectives of
our study were as follows: (1) to determine the prevalence of
nightmares and sleep paralysis in Japanese adults and (2) to
investigate the factors associated with nightmares and sleep
paralysis and compare them to those reported by previous
studies.
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Methods
Data source

This study was performed using data collected by the
NHNS, which was conducted in November 2007 by the
Japanese Ministry of Health, Labour, and Welfare. The
NHNS was a cross-sectional survey of a nationally rep-
resentative sample of the general Japanese population.
The survey intended to develop measures for national
health promotion and included an interview and data per-
taining to the physical examination of individuals, nutri-
tional intake and diet, and lifestyle. The survey targeted
approximately 18,000 individuals aged 1 year or older
in 300 survey district units, randomly selected from the
national census unit districts. The number of individu-
als that finally participated in the survey was 9611. The
response rate was 53.4%. The examination protocol and
data collection design are fully documented in the NHNS
annual reports [25]. Quality assurance in data processing
has been described elsewhere [26]. This study conformed
to the ethical guidelines of the Ministry of Health, Labour,
and Welfare, and the Ministry approved this study. The
staff of the public health centers where the physical exami-
nations were conducted obtained oral informed consent
from the participants.

Participants

Of the 9611 subjects that participated in the 2007 NHNS,
those aged 20 years or older, excluding pregnant or lactating
women, with available data for lifestyle factors were selected
as study subjects. The number of participants was 3748 men
and 4351 women with an average age of 53.5+17.0 and
53.9+17.7 years, respectively.

Measures and definitions

The following questions about nightmares and sleep paraly-
sis were included.

“Have you been awakened by a nightmare during the pre-
vious month?” with response choices of “never,” “seldom,”
“sometimes,” “often,” and “always.” Responses of “often,”
and “always” were considered to be affirmative answers
regarding the occurrence of nightmares.

“Have you experienced ‘kanashibari’ in which you could
not move your hands, feet, or body when waking up or
falling asleep during the previous month?” with response
choices of “yes,” “no,” and “I don’t know.” The response
“yes” was considered to be an affirmative answer regarding
the occurrence of sleep paralysis.
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The other questions pertained to the following six issues:
(1) basic personal attributes (sex, age); (2) use of hypnotic
medication; (3) sleep situation [sleep duration, sufficiency
level of rest obtained through sleep, difficulty initiating sleep
(DIS), difficulty maintaining sleep (DMS), early morn-
ing awakening (EMA), and excessive daytime sleepiness
(EDS)]; (4) smoking; (5) alcohol drinking; and (6) distress.

The question for the use of hypnotic medication was
phrased as: “Have you taken a sleeping pill at bedtime in
the previous month?” with response choices of “never,”
“seldom,” “sometimes,” “often,” and “always.” Responses
of “often” and “always” were considered to be affirmative
answers to the question.

The six questions for sleep-related factors over the previ-
ous month were phrased as follows:

99 <

1. How many hours did you sleep at night on average? With
response choices of “< 5h,” “>5hbut<6h”, “>6h
but <7 h”, “>7hbut <8 h”, and “> 8 h”.

2. How would you rate your amount of sleep? With
response choices of “very good”, “good”, “bad”, and
“very bad”. Responses of “bad” and “very bad” were
considered to signify subjective insufficient sleep (SIS).

3. Did you have difficulty falling asleep at night? With
response choices of “never”, “seldom”, “sometimes”,
“often”, and “always”. Responses of “often” and
“always” were considered to signify DIS [27].

4. Did you wake up during the night after you went to
sleep? With response choices of “never”, “seldom”,
“sometimes”, “often”, and “always”. Responses of
“often” and “always” were considered to signify DMS
[27].

5. Did you wake up too early in the morning and had dif-
ficulty getting back to sleep? With response choices of
“never”, “seldom”, “sometimes”, “often”, and “always”.
Responses of “often” and “always” were considered to
signify EMA [27].

6. Did you feel excessively sleepy during the daytime?
With response choices of “never”, “seldom”, “some-
times”, “often”, and “always”. Responses of “often”” and
“always” were considered to signify EDS [27].

The questions for smoking and alcohol drinking were
phrased as follows:

1. Have you smoked in the previous month? With response
choices of “every day”, “sometimes”, and “no”.
Responses of “every day” and “sometimes” were con-
sidered to be affirmative answers to the question.

2. How many days did you consume alcoholic beverages
in the previous week? With response choices of “every
day”, “5-6 days/per week”, “3—4 days/per week”, “1-2
days/per week”, and “1-3 days/per week”, and “none”.

LEINNY3

Responses of “every day”, “5-6 days/per week” and
“3—4 days/per week” were considered to be affirmative
answers to the question.

The question related to distress was, “Did you feel dis-
satisfied or distressed, or experienced difficulties and stress
in the past month?” with response choices of “frequently,”
“sometimes,” “rarely,” and “never.” The response of “fre-
quently” was considered to signify distress [26].

Statistical analysis

First, the prevalence of nightmares and sleep paralysis and
the 95% confidence intervals (CIs) were calculated. Second,
the prevalence of both relative to sex and age group was cal-
culated. Third, the associations among nightmares and sleep
paralysis during the previous month and factors pertaining to
personal attributes, lifestyle, sleep status, and distress were
examined. The significance of categorical data, such as the
prevalence of nightmares and sleep paralysis, was analyzed
using the chi-squared test. Finally, multiple logistic regres-
sion analyses were performed to separately examine the fac-
tors associated with nightmares or sleep paralysis during the
previous month.

Regarding the responses to the questions pertaining to
nightmares, 162 questionnaires were excluded, because sex
or age was not specified or the answers were inconsistent.
The data of the remaining 7657 questionnaires were ana-
lyzed. Regarding the responses to the questions pertaining to
sleep paralysis, 150 were excluded, because sex or age was
not specified or the answers were inconsistent. The data of
the remaining 7669 questionnaires were analyzed. We set
the level of significance at P <0.01. All analyses were per-
formed using SPSS version 17.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Results

Prevalence of nightmares and sleep paralysis
in the general Japanese population

Table 1 shows the prevalence of nightmares and sleep paraly-
sis in the general Japanese population. The prevalence (95%
CI) of nightmares was 3.0% (2.6-3.4%) in the total sample,
3.1% (2.6-3.7%) among men, and 2.9% (2.4-3.4%) among
women. A significant difference was observed between age
groups (P <0.001); however, no significant difference was
observed between the sexes (P=0.489). Among men, the
prevalence of nightmares gradually increased from the sixth
to the eighth decade of life. Among women, the prevalence of
nightmares was highest in those aged 20-29 years, followed
by those aged 70 years or older. The prevalence (95% CI) of
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Table 1 Prevalence of nightmares and sleep paralysis in the Japanese general population

Population Men Women
N Prevalence (%) 95% C1 P value® N Prevalence (%) 95% CI P value® P value®
Nightmares age group, years
20-29 323 1.2 0.0-2.5 <0.001 20-29 394 5.1 29-73 0.039 0.004
30-39 567 23 1.1-3.5 30-39 692 2.9 1.64.1 0.509
40-49 574 2.8 1.4-4.1 40-49 624 2.1 1.0-3.2 0.428
50-59 651 1.8 0.8-2.9 50-59 742 2.0 1.0-3.0 0.810
60-69 699 3.7 2.3-5.1 60-69 793 2.5 1.4-3.6 0.182
70+ 710 5.6 3.9-73 70+ 888 35 2.3-4.7 0.039
Total 3524 3.1 2.6-3.7 Total 4133 2.9 24-34 0.489
Sleep paralysis age group, years
20-29 324 52 2.8-7.7 0.002 20-29 396 6.6 4.1-9.0 <0.001 0.486
30-39 570 14 04-24 30-39 692 3.0 1.84.3 0.057
40-49 574 2.1 0.9-3.3 40-49 624 1.9 0.8-3.0 0.836
50-59 655 22 1.0-3.2 50-59 744 24 1.3-3.5 0.763
60-69 698 1.3 0.5-2.1 60-69 795 2.1 1.1-3.1 0.215
70+ 710 2.7 1.5-3.9 70+ 887 1.6 0.8-2.4 0.120
Total 3531 22 1.7-2.7 Total 4138 2.6 2.1-3.1 0.317

Participants with missing date were excluded from the analysis

CI confidence interval

*The P value was calculated with the chi-squared test among age groups

®The P value was calculated with the chi-squared test by sex for each age group

sleep paralysis was 2.4% (2.1-2.8%) in the total sample, 2.2%
(1.7-2.7%) among men, and 2.6% (2.1-3.1%) among women.
No statistically significant difference was observed between
the sexes (P=0.292). However, a statistically significant dif-
ference was observed between the age groups (P <0.001). For
men and women, sleep paralysis was most prevalent among
those in their 20 s.

Association of the prevalence of nightmares

and sleep paralysis with personal, lifestyle, sleep
status, and distress factors in the Japanese general
population

Table 2 shows the association of the prevalence of nightmares
and sleep paralysis with personal, lifestyle, sleep status, and
distress factors in the Japanese general population. With regard
to nightmares, significant associations were observed in almost
all variables except for sex, smoking, and alcohol drinking.
With regard to sleep paralysis, significant associations were
observed in almost all variables except for sex, alcohol drink-
ing, and use of hypnotic medication.
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Association of nightmares with personal, lifestyle,
sleep status, and distress factors in the Japanese
general population

Table 3 shows the adjusted odds ratios of nightmares with
personal, lifestyle, sleep status, and distress factors in the
Japanese general population. When nightmares were used
as the dependent variable in multiple logistic regression
analysis, significant associations were observed with sleep
duration, use of hypnotic medication, DIS, DMS, EMA,
EDS, and distress. Particularly, a substantially higher odds
ratio was observed for the use of hypnotic medication, DMS,
and distress. In addition, no significant associations were
observed with the frequency of sleep paralysis.

Association of sleep paralysis with personal,
lifestyle, sleep status, and distress factors
in the Japanese general population

Table 4 shows the adjusted odds ratios of sleep paralysis
with personal, lifestyle, sleep status, and distress factors in
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Table 2 Association of the

: Variables Nightmares Sleep paralysis
prevalence of nightmares and
sleep paralysis with personal, N % 95% CI P value N % 95% CI P value
lifestyle, sleep status, and
distress factors in the Japanese Sex
general population Men 3524 3.1 2.6-3.7 0.489 3531 22 1.7-2.7 0.292
Women 4133 29 24-34 4138 2.6 2.1-3.1
Age groupy
20-29 717 33 2.0-4.7 0.002 720 6.0 4.2-7.7 <0.001
30-39 1259 2.6 1.7-3.5 1262 2.3 1.5-3.1
40-49 1198 24 1.5-33 1198 2.0 1.2-2.8
50-59 1393 1.9 1.2-2.7 1399 2.3 1.5-3.1
60-69 1492 3.1 2.2-4.0 1493 1.7 1.1-2.4
70+ 1598 49 3455 1597 2.1 1.4-2.8
Smoking
No 5714 3.0 2.6-3.5 0.858 5724 2.1 1.7-2.5 0.002
Yes 1934 29 22-3.7 1936 34 2.64.2
Drinking alcohol
No 5260 2.8 24-33 0.146 5269 24 2.0-2.8 0.807
Yes 2394 34 2742 2397 2.5 1.9-3.1
Sleep duration (h)
<5 484 4.5 2.7-6.4 <0.001 483 52 3.2-7.2 <0.001
>5but <6 1690 29 2.1-3.7 1695 2.8 2.0-3.6
>6but <7 2896 2.1 1.6-2.6 2901 2.1 1.6-2.6
>7but <8 1606 3.7 2.84.7 1607 1.7 1.1-2.3
>8 979 4.0 2.8-5.2 981 2.7 1.6-3.7
Hypnotic
No 7152 24 2.0-2.7 <0.001 7163 24 2.0-2.7 0.271
Yes 504 11.7 8.9-14.5 505 32 1.6-4.7
Difficulty initiating sleep
No 6725 22 1.9-2.6 <0.001 6737 22 1.8-2.5 <0.001
Yes 931 8.8 7.0-10.6 931 4.3 3.0-5.6
Difficulty maintaining sleep
No 6327 1.8 1.5-2.1 <0.001 6340 2.1 1.7-2.4 <0.001
Yes 1327 8.6 7.1-10.1 1326 42 3.1-53
Early morning awakening
No 6123 2.1 1.8-2.5 <0.001 6134 22 1.9-2.6 0.026
Yes 1524 6.4 5.2-7.17 1524 32 2.3-4.1
Excessive daytime sleepiness
No 7441 2.8 24-3.1 <0.001 7452 24 2.0-2.7 0.010
Yes 214 11.2 7.0-15.5 215 5.1 2.1-8.1
Subjective insufficient sleep
No 5972 2.4 2.0-2.8 <0.001 5984 1.9 1.6-2.3 <0.001
Yes 1683 5.1 4.0-6.1 1683 4.3 33-52
Distress
No 6380 22 1.8-2.5 <0.001 6390 1.9 1.5-2.2 <0.001
Yes 1274 7.1 5.7-8.6 1276 5.3 4.0-6.5
Sleep paralysis/nightmares
No 7467 29 25-32 <0.001 7423 2.3 1.9-2.6 <0.001
Yes 186 8.6 4.5-12.7 230 7.0 3.6-10.3

The presence of excessive daytime sleepiness was defined as an Epworth Sleepiness Scale score of P11
Participants with missing data were excluded from the analysis
The P value was calculated by the chi-squared test

CI confidence interval
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Table 3 Association of nightmares with personal, lifestyle, sleep sta-
tus, and distress factors in the Japanese general population

Table 4 Association of sleep paralysis with personal, lifestyle, sleep
status, and distress factors in the Japanese general population

Variables Odds ratios Variables Odds ratios
N AOR 95% CI P value N AOR  95% CI P value

Sleep duration (h) Age group, years

<5 482 1.18 0.68-2.05 <0.001 20-29 715  3.68 2.15-6.30 <0.001

>5but<6 1684 2.55 1.43-4.55 30-39 1258 1.23  0.70-2.15

>6but <7 2885 1.00 40-49 1194  1.00

>7but <8 1600 1.93 1.04-3.56 50-59 1385 1.35  0.78-2.34

>8 970 1.21 0.69-2.10 60-69 1481 1.17  0.65-2.10
Hypnotic 70+ 1588 1.36  0.75-2.46

No 7120 1.00 <0.001 Smoking

Yes 501 2.78 1.91-4.05 No 5691  1.00 0.004
Difficulty initiating sleep Yes 1930 1.66 1.17-2.35

No 6695 1.00 0.005 Difficulty maintaining sleep

Yes 926 1.64 1.16-2.32 Never/seldom/sometimes 6301  1.00 0.006
Difficulty maintaining sleep Often/always 1320 1.71 1.17-2.51

No 6301 1.00 <0.001 Distress

Yes 1320 2.63 1.91-3.62 No 6351 1.00 <0.001
Early morning awakening Yes 1270  2.02 1.43-2.86

No 6102 1.00 <0.001 . . ]

Yes 1519 183 134-2 51 CI confidence interval, AOR adjusted odds ratio
Excessive daytime sleepiness The presence .of excessive daytime sleepiness was defined as an

Epworth Sleepiness Scale score of P11

No 7408 1.00 0.003 Participants with missing data were excluded from the analysis

S.(es 213 212 129-3.49 The P value was calculated with multiple logistic regression analysis
Distress Adjusted for sex, drinking alcohol, sleep duration, hypnotic, diffi-

No 6351 1.00 <0.001 culty maintaining sleep, early morning awakening, excessive daytime

Yes 1270 2.40 1.74-3.30 sleepiness, subjective insufficient sleep, and nightmares

The presence of excessive daytime sleepiness was defined as an
Epworth Sleepiness Scale score of P11

Participants with missing data were excluded from the analysis
The P value was calculated with multiple logistic regression analysis

Adjusted for sex, age group, smoking, drinking alcohol, subjective
insufficient sleep, and sleep paralysis

ClI confidence interval, AOR adjusted odds ratio

the Japanese general population. When sleep paralysis dur-
ing the previous month was used as the dependent variable
in the multiple logistic regression analysis, significant asso-
ciations were observed with sex, age group, smoking, DMS,
and distress. Particularly, a higher odds ratio was observed
for distress. In addition, a higher odds ratio was observed for
being in the third compared to being in the fifth decade of life.
No significant associations were observed in the frequency of
nightmares.

Discussion
This study is the first to reveal the prevalence of nightmares

and sleep paralysis in the general Japanese population. This
survey has two main strengths. First, it included a nationwide
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sample. Second, the survey sample comprised of randomly
selected individuals from the general Japanese population
without regard to age, sex, place of residence, or occupa-
tion. Therefore, the participants were fairly representative
of the general Japanese population. In addition, our results
revealed that distress was associated with nightmares and
sleep paralysis. This result has not been highlighted in previ-
ous sleep surveys conducted anywhere in the world.

The prevalence of nightmares in the previous month in
our study was approximately 3%, which was similar to that
reported by studies conducted in other countries [15, 28].
The prevalence of sleep paralysis in both men and women
was slightly higher than 2%. Although it was slightly higher
among women than men, no significant difference was
observed. Notably, these values appear to be lower than
those reported by studies conducted in other countries [20].
However, as the survey methods used in this and other stud-
ies differed, simple comparisons should be avoided. For
example, in the present study, the frequency of nightmares or
sleep paralysis during the previous month was investigated.
In contrast, other studies investigated the lifetime prevalence
or the prevalence of nightmares or sleep paralysis during the
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previous week. According to a study on Japanese junior and
high school students that utilized a survey method similar
to that employed in this study, the prevalence of nightmares
and sleep paralysis was 35.2 and 8.3% [23]. Furthermore, the
prevalence of both disorders was distinctly higher in junior
and high school students than in adults. It was suggested
that the prevalence of nightmares and sleep paralysis was
significantly affected by age.

The present study indicated that nightmares and sleep
paralysis were correlated with distress. According to the
previous studies on the association between nightmares
and stress, as stress increased, the frequency of nightmares
[29] increased concomitantly. The findings of these reports
suggested that there is continuity between nightmares and
waking thoughts [30]. In addition, nightmares have been
associated with stress-related diseases such as anxiety [31],
depression [32], suicide [33], and with neurotic character-
istics [34]. Furthermore, recurrent nightmares can lead to
inadequate daytime activity and functioning, which in turn
increase stress, resulting in a vicious cycle [35]. It has been
reported that the prevalence of nightmares is very high
in patients with PTSD [16]. Picchioni et al. [36] reported
that nightmares were positively associated with adequate
social support and stress-coping strategies, and proposed
the hypothesis that nightmares themselves serve as coping
mechanisms to alleviate stress.

Similarly, several studies have also reported associations
between sleep paralysis and stress [37-39]. The cortex of
the frontal lobe, the cingulate convolution, hypothalamus,
hippocampus, and amygdala in the limbic system has been
reported to be associated with the evaluation and cognition
of stress [40]. According to Phan et al. [41], fear process-
ing implicates amygdala hyperactivity. Maquet et al. [42]
found functional interactions between the amygdala and
the brainstem during rapid eye movement sleep. Owing to
the fact that sleep paralysis is characterized by augmented
rapid eye movement sleep activity and significant fear, it is
possible that patients with sleep paralysis have an overac-
tive amygdala. Therefore, stress and sleep paralysis may be
closely associated.

DMS was a factor associated with both nightmares and
sleep paralysis in the present study. Some previous studies
have argued for a strong association between nightmares and
insomnia [43, 44]. Because nightmares frequently appears
in the latter half of the sleep cycle, DMS and EMA could
result; subsequently, resuming sleep could be difficult.
Among the few studies on the association between sleep
paralysis and insomnia, Miyashita et al. [45] conducted a
study using a forced awakening method; the sleep of healthy
subjects was interrupted for certain periods of time during
the non-rapid eye movement phase of nocturnal sleep. The
results indicated that sleep paralysis was experimentally
induced during the sleep-onset rapid eye movement period

at a high rate. This suggests that frequent awakening during
sleep may cause sleep-onset rapid eye movement sleep and
induce sleep paralysis even among healthy individuals. In
addition, sleep-onset rapid eye movement sleep is reportedly
prone to occur, while the amplitude of the circadian rhythm
is reduced, such as during shifted sleep periods [46], sleep
in inversed sleep-waking cycles [47], and in patients with
depression [48]. Frequent awakening during sleep decreases
the amplitude of the circadian rhythm, which induces sleep-
onset rapid eye movement sleep. Consequently, this can
induce sleep paralysis. In the present study, nightmares were
associated with both DMS and EMA and with DIS and EDS.
That is, it was suggested that nightmares have stronger asso-
ciations with insomnia symptoms than with sleep paralysis.

This study indicated some differences in the factors asso-
ciated with nightmares and sleep paralysis. First, the asso-
ciations with age differed. There was no recognized asso-
ciation between nightmares and age. However, this study
suggested that sleep paralysis develops in adolescence and
that its appearance rate decreases in people in their 30 s and
onwards. In contrast, nightmares were frequently observed
in young children, according to a previous study [34].
Fukuda et al. [11] found that many subjects experienced
the first episode of sleep paralysis in the latter half of ado-
lescence, and inferred that their circadian rhythm was more
predisposed to be disrupted because of preparation for the
university entrance examinations in Japan. This was consid-
ered to be one of the background factors for sleep paralysis.
The age of new-onset sleep paralysis is adolescence [11].
These ages corresponded to the later phases of develop-
ment of secondary sexual characteristics. Second, the asso-
ciations with sex differed. In our study, nightmares had no
association with sex, but the odds ratio of sleep paralysis for
women was higher than that for men. Specifically, Ohayon
et al. [49] reported that the risk of nightmares was higher
for women than for men, which did not coincide with the
findings of the present study. However, Munezawa et al.
[23] reported a higher odds ratio for boys than for girls. In
this regard, further epidemiological studies are required.
Third, the associations with smoking differed. In the present
study, while nightmares were not associated with smoking,
sleep paralysis was. Nicotine contained in tobacco stimu-
lates the central nervous system, promoting wakefulness,
resulting in prolonged sleep latency and reduced total sleep
duration and rapid eye movement sleep [50]. Zhang et al.
[51] reported that the sleep of habitual smokers tends to
become shallower. Degraded sleep quality caused by smok-
ing may induce sleep paralysis. Since the action of nicotine
absorbed by smoking can last approximately 1 h, smoking
before sleeping may induce DIS. A future investigation of
the presence/absence of smoking soon before sleep may
clarify the association between nightmares and smoking.
Fourth, associations with the use of hypnotic medications
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were different. In our study, hypnotics were associated with
nightmares, but not with sleep paralysis. Hypnotics, along
with beta-adrenergic antagonists and alpha-adrenergic ago-
nists, were reported to increase the prevalence of night-
mares [52]. Nevertheless, their pharmacological mechanism
has not been elucidated. Insomnia treatment is frequently
practiced with poor medication adherence and compliance
[53]. Such inappropriate use of hypnotic medication may
worsen the sleep rhythm, which in turn, could easily induce
nightmares.

This study had some limitations. First, the study was a
cross-sectional survey, and this limits any consideration
of causality. Second, as the data were collected through
a self-administered questionnaire, there could have been
information bias present. Third, the definitions of night-
mares and sleep paralysis were not provided and could
have been interpreted differently by each participant. The
limited space in the questionnaires did not allow us to
expand on the definitions of nightmares and sleep paraly-
sis; therefore, the participants could have understood the
meaning of nightmares and sleep paralysis only on the
basis of the information in the questions related to these
phenomena. Particularly, sleep paralysis may have been
confused with other phenomena such as sleep inactivity
or difficulty in waking up. Sleep paralysis would be dif-
ficult to distinguish from such phenomena on the basis of
the explanation provided in the questionnaire. In addition,
sleep paralysis is often observed in patients with narco-
lepsy [22]. Nightmares may also have been confused with
bad dreams. Therefore, this study may not necessarily rep-
resent the actual prevalence of pathological nightmares
and sleep paralysis. Patients with pathological nightmares
and sleep paralysis are difficult to select based only on
epidemiological data. However, a more accurate diagnosis
may be possible by providing highly detailed information
about the symptoms to the participants. In future studies,
we would like to resolve these problems to more accurately
determine the prevalence of nightmares and sleep paraly-
sis. Fourth, sociodemographic data, such as those relating
to occupation, academic achievement, and income, were
not collected in the present study. However, these factors
may affect sleep habits, and their effects should be sur-
veyed to improve the validity of future studies. Fifth, the
influence of drugs other than hypnotics was not evaluated.
Therefore, a future study should be conducted to evaluate
the effects of these drugs on nightmares.

Conclusion
This study was a nationwide survey of nightmares and

sleep paralysis in the general Japanese adult population.
Nightmares and sleep paralysis were associated with high
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levels of stress and insomnia symptoms in Japanese adults.
Therefore, adequate stress-coping skills, sleep education
to raise awareness about the importance of maintaining an
appropriate circadian rhythm, and effective treatments for
insomnia are required.
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Psychological and educational interventions are valuable adjuncts in the manage-
ment of adult atopic dermatitis. We performed a systematic review and meta-analysis
of randomised controlled trials (RCTs) of the efficacy of these interventions.
Twelve articles published between 1986 and 2013 were identified through elec-
tronic searches. The methodological quality was assessed according to the Cochrane
Handbook for Systematic Reviews of Interventions, version 5.1.1 (Higgins & Green,
2015). A random-effects model was used to estimate the standardised mean differ-
ence (SMD). No significant difference was found in eczema severity determined in
three RCTs (124 participants; SMD, -0.29; 95% CI [-0.64, 0.07]) and dropout rate
in five RCTs (198 participants; relative risk, 0.66; 95% CI [0.20, 2.17]). Educa-
tion via online video was significantly superior to handouts in ameliorating eczema
severity in one RCT (80 participants). We conclude that, rather than a combina-
tion of these interventions with conventional therapy being of no value, the data
did not have sufficient power to provide evidence-based conclusions.

B Keywords: atopic dermatitis, meta-analysis, psychological and educational inter-
ventions, systematic review

Atopic dermatitis (AD) is a chronically relapsing skin disorder with a significant social

and financial burden (Arkwright, Stafford, & Sharma, 2014; Bieber, 2008; Leung &
Guttman-Yassky, 2014; Weidinger & Novak, 2015). AD commonly presents before

the age of 5 years, with achievement of remission before adolescence in 70% of
patients. However, severe cases may persist until adulthood. In addition, adult-onset

AD differs in morphology and distribution of eruptions from childhood AD (Bannister

& Freeman, 2000; Garmhausen et al., 2013; Ozkaya, 2005). It is currently estimated

that 10-20% of children and 1-3% of adults in developed countries are affected by the

disorder (Asher et al., 2006; Silverberg & Hanifin, 2013). The overall prevalence of

48 AD has increased by two- to threefold over the last 3 decades in industrialised countries
—  (Leung & Bieber, 2003; Odhiambo, Williams, Clayton, Robertson, & Asher, 2009).
Intractable itching, a hallmark of the disease, causes sleep disturbance and as-

sociated daytime tiredness, a lack of concentration, anxiety, depression, feelings of
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unattractiveness, and financial strain (Carroll et al., 2005; Garmhausen et al., 2013;
Linnet & Jemec, 2001; Slattery et al., 2011). Stressful life events can aggravate skin
symptoms through several possible mechanisms, such as alteration of pruritus percep-
tion and modulation of the immune response (Peters et al., 2014). Management of
AD is thus complex and often requires a well-planned, multidisciplinary approach for
optimal care to break the vicious cycle of itching and scratching (Arkwright et al.,
2013; Schneider et al., 2012). In general, the choice of therapy depends on the severity
of the eczema and the age of the patient, including identification and avoidance of
exacerbating factors, skin hydration, and topical and systemic remedies. While top-
ical corticosteroids and emollients are the first-line treatment for AD, these are not
always effective. Furthermore, an unpleasant sensation from greasy ointment, steroid
phobia related to fear of adverse effects, and repeated hospital visits lead to frustration,
disappointment, and poor adherence to treatment (Charrman, Morris, & Williams,
2000). Thus, AD represents a major public health problem because of the significant
morbidity, impaired quality of life (QOL), and healthcare costs.

Two previous meta-analyses (Chida, Steptoe, Hirakawa, Sudo, & Kubo, 2007;
Ersser et al., 2014) suggested that psychological and educational interventions rep-
resented a critical option for successful management of childhood and adult AD.
Because of differences in the course of disease and cognition between children and
adults (Arkwright et al., 2014; Bieber, 2008; Friedman, Nessler, Cycowicz, & Horton,
2009; Leung & Guttman-Yassky, 2014; Weidinger & Novak, 2015), we assumed that
the efficacy of these interventions in the management of AD should be verified sep-
arately. In this analysis, we extended our studies and aimed to systematically review
randomised control trials (RCTs) to determine the effectiveness of psychological and
educational interventions in addition to conventional treatment modalities in the
management of adult AD.

Methods

We conducted a review of RCTs in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guideline (Moher, Liberati,
Tetzlaff, Altman, & PRISMA Group, 2009). All of the objective, inclusion and
exclusion criteria, primary and secondary outcomes, and methods of synthesis were
prespecified. Approval from the Institutional Review Board was withheld as the data
review had no direct subject involvement.

Inclusion Criteria

We included RCTs that compared psychological and educational interventions in
addition to conventional treatment (intervention group) with conventional treatment
only (control group) in AD patients aged 16 years or older irrespective of publication
status, date, country, or language. In this review, conventional treatment was primarily
pharmacotherapy. Quasi-randomised studies were excluded. 49

Interventions

The psychological interventions included supportive, cognitive, behavioural, and
psychodynamic psychotherapies, cognitive-behavioural therapy, and physical training
such as progressive muscle relaxation. Lectures, audiotapes, books, videotapes, and
question-and-answer sessions for the educational interventions contained information
on the disease, treatment options, and strategies for management and prevention. We
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considered simple provision of handouts as a component of conventional treatment.
Both individual and group formats of the interventions were conducted. A trial in
which psychological intervention followed educational intervention was classified as
psychological, as the components of psychological interventions are often educational
(Chida et al., 2007; Ersser et al., 2014). We included interventions of any duration
and those remotely administered through telephone calls or video.

Outcome Measures

Primary outcomes were the severity of AD based on previously published named
scoring systems, and the dropout rate defined as the proportion of patients who could
not complete the required program for any reason. Secondary outcomes included
QOL, anxiety, depression, sleep disturbance, use of medical resources such as topical
corticosteroids and emollients, and financial cost.

Identification of Trials

We electronically searched the Cochrane Central Register of Controlled Trials (CEN-
TRAL), MEDLINE, PsycINFO, Scopus, and CINAHL up to May 2014 with appro-
priate variations of the following terms: [atopic dermatitis; eczema; neurodermatitis;
Besnier prurigo] (diagnosis or keyword) and [psychotherapy; behavior; behavior, cog-
nitive; training; counseling; relaxation; program; education] (intervention). We also
searched clinical trial databases such as the International Standard Randomized Con-
trolled Trial Number, the U.S. National Institutes of Health ClinicalTrials.gov, and
the World Health Organization International Clinical Trial Registry platform. A
manual search of major dermatology and medical journals from reference lists of the
articles was also conducted. No language restriction was imposed on the search. When
necessary, the relevant authors were contacted to supplement any incomplete data in
the original manuscript. Two authors (UO and KH) independently reviewed the titles
and abstracts of the references retrieved from the searches and selected all potentially
relevant trials. Disagreement in the trial selection was discussed with another author
(NT) to reach consensus.

Data Extraction and Management

Using data extraction forms, as exemplified in Furukawa, McGuire, and Barbui (2002),
two authors (UO and KH) extracted the following data from the original reports: the
first author’s last name, publication year, characteristics of the participants (sample
size, age, sex, and baseline disease severity), characteristics of the interventions (type of
intervention, number and length of session, and duration of follow-up), and outcome
measurements.

50 Assessment of the Risk of Bias

The same authors (UO and KH) independently assessed the methodological quality of
the selected trials based on the quality checklist recommended by the Cochrane Hand-
book for Systematic Reviews of Interventions, version 5.1.1 (Higgins & Green, 2015).
The checklist contains six main sections, that is, sequence generation, allocation
concealment, blinding, incomplete outcome data, selective outcome reporting, and
other potential sources of bias. Any discrepancies were resolved by discussion among
all authors.
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Measures of Treatment Effect, Data Synthesis, and Assessment of
Heterogeneity

For dichotomous variables, the relative risk (RR) and 95% confidence interval (CI)
were calculated using a random-effects model. For continuous variables, the standard-
ised weighted mean difference (SMD) and 95% CI were calculated using a random-
effects model (Furukawa, Guyatt, & Griffith, 2002). Data were entered into Review
Manager 5.3 (http://www.cc-ims.net/RevMan) and double-checked for accuracy (Fu-
rukawa, Guyatt, & Griffith, 2002). Statistical heterogeneity among the trials was
evaluated using the I statistic and Q statistic (x* test) for heterogeneity among
the results of each outcome analysed. The significance level of the x? test was set

at 0.10.

Results
Study Selection

Figure 1 shows a flowchart of the search process. The electronic search conducted
on May 19, 2014 identified 394 trials from CENTRAL, 231 from MEDLINE, 128
from PsycINFO, 2,027 from Scopus, and four from CINAHL. After looking over their
titles and abstracts, we identified 67 articles as potentially relevant for inclusion in
the review. Ten additional studies were identified through the clinical trial databases.
Finally, a total of 12 trials (Armstrong et al., 2011; Bae et al., 2012; Bostoen et al.,
2012; Guerra-Tapia et al., 2007; Habib & Morrissey, 1999; Jaspers et al., 2000; Lin-
net & Jemec, 2001; Melin et al., 1986; Norén & Melin, 1989; Schut et al., 2013;
Shi et al., 2013; Van Os-Medendorp et al., 2012) satisfied the eligibility criteria
(Table 1).

Study Characteristics

The included RCTs were published between 1986 and 2013 with sample sizes of 18—
109 in studies with six educational interventions (Armstrong, Kim, Idriss, Larsen, &
Lio, 2011; Bostoen, Bracke, De Keyser, & Lambert, 2012; Guerra-Tapia, Lleonart, &
Balafid, 2007; Jaspers, Span, Molier, & Coenraads, 2000; Shi, Nanda, Lee, Armstrong,
& Lio, 2013; Van Os-Medendorp et al., 2012) and sample sizes of 1645 in studies with
six psychological interventions (Bae et al., 2012; Habib & Morrissey, 1999; Linnet &
Jemec, 2001; Melin, Frederiksen, Norén, & Swebilius, 1986; Norén & Melin, 1989;
Schut et al., 2013). The age of participants ranged from 30 to 40 years, and severity
of symptoms varied from mild to severe. All interventions were delivered in primary-
and secondary-care settings except two RCTs with either population-based (Habib &
Morrissey, 1999; Schut et al., 2013) or unclear (Bae et al., 2012; Guerra-Tapia et al.,
2007) settings. The intervention formats were individual except three trials where
interventions were given in a group (Jaspers et al., 2000; Bostoen et al., 2012; Shut
et al., 2013). The length of the intervention varied from 3—5 minutes to 52 weeks,
with two to six sessions in most RCTs. The follow-up duration after the interventions 5]
ranged from 1 day to 1 year, with a corresponding period in the control groups. The
severity of AD was scored based on the SCORAD index (Bostoen et al., 2012; Jaspers
etal., 2000; Linnet & Jemec, 2001; Schut et al., 2013), EASI (Bae et al., 2012; Bostoen
et al., 2012), IGA (Guerra-Tapia et al., 2007; Shi et al., 2013), ADAM (Habib &
Morrissey, 1999), POEM (Armstrong et al., 2011), the extent plus severity part of
ISDL (Van Os-Medendorp et al., 2012), and an unnamed scoring system (Melin et al.,
1986; Norén & Melin, 1989). Psychological interventions consisted of habit reversal
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TABLE 1
Characteristics of the Trials
Source Sample size: Qutcome
(No. of Intervention/ measure:
participants) Setting control Intervention Severity QoL
Melin et al.,  Clinic 7/9 Behavioural therapy. Physician’s
1986 (28) based Individual. own
Habit reversal evaluation
(behavioural
habit-breaking
method): patients
were instructed to
use the competing
responses such as
grasping objects
when they felt an
urge to scratch.
Norén and Clinic 23/22 Behavioural therapy. Physician’s
Melin, based Individual. own
1989 (29) Habit reversal evaluation
(behavioural

habit-breaking
method): patients
were instructed to
use the competing
responses such as
clenching their
fists when they felt
an urge to scratch.

‘|e 18 ojoWIyseH oyoAey|


https://www.cambridge.org/core/terms
https://doi.org/10.1017/bec.2017.4
https://www.cambridge.org/core

abuey) inoineyag

$°£102°390//£101°0L/BJ0"10p//:sd1Y *swiusy/a403/6.10 9bpLiquied mmm//:sdny e

Duration sessions

TABLE 1
Continued
Source Sample size:
(No. of Intervention/
participants) Setting control Intervention
Habib and Population 9/8 Cognitive
Morrissey, based behavioural
1999 (30) therapy.
Individual.
Program includes
cognitive
restructuring with
reference to the
itch-scratch cycle,
self-
consciousness,
anxiety, and anger
management.
Jaspers Hospital 31/32 Educational therapy.
et al., 2000 based Group.
(31) 6-hour sessions to

inform patients
about influencing
factors,
appropriate skin
care, and to
promote coping
with AD, including
stress
management and
self-control.
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TABLE 1
Continued
Source Sample size: Outcome
(No. of Intervention/ No. of measure:
participants) Setting control Intervention Duration sessions Follow-up Severity QoL
Linnet and Clinic 16/16 Psychodynamic 26 weeks 15.5 52 weeks SCORAD STAI
Jemec., based therapy. (11-18)
2001 (12) Individual.
Method focused
on illness-related
conflicts involving
perception of AD,
disfigurement,
anxiety and
aggression related
to itch-scratch
patterns, and
depressive
feelings about
living with a
chronic illness.
Guerra-Tapia Unclear 56/563 Educational therapy. 26 weeks 3 26 weeks IGA STAI

et al., 2007
(32)

Individual.
Educational
material contained
information about
everyday
patient-oriented
aspects of AD and
a diary for
recording itch and
redness intensity
using VAS.
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TABLE 1
Continued
Source Sample size: Outcome
(No. of Intervention/ No. of measure:
participants) Setting control Intervention Duration sessions Follow-up Severity QoL
Armstrong Clinic 40/40 Educational therapy. 12 weeks 1* 12 weeks POEM VAS
et al., 2011 based Individual.
(33) Online video
education on the
clinical
manifestations of
AD, contributing
environmental
factors, and
abating
techniques.
Bae et al., Unclear 15/10 Relaxation therapy. 4 weeks 56 4 weeks EASI STAlI BDI VAS
2012 (34) Individual.
Progressive
muscle relaxation
using video and
audio programs at
home twice a day
after procedures
being supervised
by a psychologist.
b
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TABLE 1
Continued
Source Sample size: Outcome
(No. of Intervention/ No. of measure:
participants) Setting control Intervention Duration sessions Follow-up Severity QoL
Bostoen Hospital 10/11 Educational therapy. 13 weeks 24 39 weeks SCORAD, DLAQl, BDI
et al., 2012 based Group. EASI Skindex-
(35) 2-hour sessions 29
containing
education on AD, a
healthy lifestyle
such as diet,
physical training,
sleep hygiene and
smoking.
Van Os- Clinic Unclear Educational therapy. 52 weeks 52 weeks ISDL DLQl
Medendorp based Individual
et al., 2012 Eczema portal
(36) consists of
internet-guided
monitoring,

self-management
training with
general
information about
AD. Nurses could
provide advices by
e-consultation.
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TABLE 1
Continued
Source Sample size: Outcome
(No. of Intervention/ No. of measure:
participants) Setting control Intervention Duration sessions Follow-up Severity QoL
Schut et al.,, Population 17/14 Cognitive behavioural 5weeks 5 8 weeks SCORAD HADS HADS
2013 (37) based therapy. Group.
3-hour session
focused on
cognitive
restructuring and
enhancing
problem-solving
strategies.
Shietal., Clinic 8/10 Educational therapy. 3to5 1 1 day IGA HADS
2013 (38) based Individual. minutes**

Eczema Action Plan
contained handout
information on
appropriate skin
care method with
an emphasis on
controlling skin
inflammation,
moisturising and
relieving itching.

Note: ADAM = Atopic Dermatitis Assessment Measure; DLQI = Dermatology Life Quality Index; EASI = Eczema Area and Severity Index; HADS = Hospital Anxiety and
Depression Scale; IGA = Investigator’s Global Assessment; ISDL = Impact of chronic skin disease on daily life; PANAS = Positive Affect, Negative Affect Scale; POEM =
Patient-Oriented Eczema Measure; SCORAD = Severity scoring of atopic dermatitis; SF-36, Short form (36) health survey; STA = Spielberger’s State-Trait Anxiety; VAS =

Visual Analog Scale

*Online video available to participants to view more than once.; **Time for answering the questionnaire.
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2794 Records identified
throughdatabase searching
394 CENTRAL
231 MEDLINE
128 PsycINFO
14 CINHAL
2027 Scopus
A 4
2545 Records screened after
duplicates removed
2478 Excluded after initial screening of
» titles and abstracts
¥
67 Full-text articles assessed
for eligibility
s 10 From other sources (from trial registers
websites and other systematic reviews)
65 Full text articles excluded
5 Duplicates
10 Non-randomized design
9 Reviews
» 33 Different population
8 Different intervention
1 Completed but the results not reported
1 Discontinue
2 Ongoing
¥
12 Studies included

FIGURE 1
Flowchart of the literature search and study selection process.

(Melin et al., 1986; Norén & Melin, 1989), cognitive behaviour therapy (Habib
& Morrissey, 1999; Schut et al., 2013), psychodynamic therapy (Linnet & Jemec,
2001), and progressive muscle relaxation (Bae et al., 2012). The interventions in six
other studies (Armstrong et al., 2011; Bostoen et al., 2012; Guerra-Tapia et al., 2007;
Jaspers et al., 2000; Shi et al., 2013; Van Os-Medendorp et al., 2012) were categorised

as educational.
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# Low risk of bias
Unclear risk of bias
% High risk of bias

Sequence generation

Allocation concealment

Blinding of participants and personnel
Blinding of assessor

Incomplete outcome data

Selective outcome reporting

Researcher allegiance
Quality control of intervention
other bias

0% 20% 40% 60% 80% 100%

FIGURE 2

Risk of bias. Review authors’ judgment of each trial is presented as percentage across all
included trials.

Quality Assessment

Figure 2 shows the risk of bias, which indicates the quality of the included trials.
Three of the trials (Armstrong et al., 2011; Bostoen et al., 2012; Van Os-Medendorp
et al., 2012) had adequate sequence generation, and four (Armstrong et al., 2011;
Bostoen et al., 2012; Van Os-Medendorp et al., 2012; Schut et al., 2013) concealed
treatment allocation appropriately. Blinding of the assessor was adequate in two trials
(Bostoen et al., 2012; Schut et al., 2013). Risk of bias was low for incomplete outcome
data in three trials (Armstrong, 2011; Bae et al., 2012; Norén & Melin, 1989) and
for selective outcome reporting in one trial (Van Os-Medendorp et al., 2012). Some
RCTs had methodological weaknesses. Risk of bias was high for researchers’ allegiance
in four trials (Bostoen et al., 2012; Melin et al., 1986; Norén & Melin, 1989; Van
Os-Medendorp et al., 2012). Blinding of participants and personnel was not possible
in all 12 RCTs because of the nature of the psychological interventions. No studies
reported quality control of psychotherapy regarding, for example, qualifications of the
therapists and sessions.

Outcome Measurements —

The follow-up duration was arbitrarily divided into <6 months and 6 months to
1 year, designated as short term and long term respectively. Of 11 RCTs that as-
sessed the severity at short-term follow-up (Armstrong et al., 2011; Bae et al,,
2012; Bostoen et al., 2012; Guerra-Tapia et al., 2007; Habib & Morrissey, 1999;
Linnet & Jemec, 2001; Melin et al., 1986; Norén & Melin, 1989; Schut et al.,
2013; Shi et al., 2013; Van Os-Medendorp et al., 2012), the intervention group
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showed better results compared with the control group in four trials (Armstrong
et al., 2011; Habib & Morrissey, 1999; Melin et al., 1986; Norén & Melin, 1989).
However, the eczema severity, when measured at long-term follow-up, did not
significantly differ between intervention and control groups in five RCTs (Arm-
strong et al., 2011; Guerra-Tapia et al., 2007; Jaspers et al., 2000; Linnet & Jemec,
2001; Van Os-Medendorp et al., 2012). Five trials (Armstrong et al., 2011; Jaspers
et al., 2000; Melin et al., 1986; Schut et al., 2013; Shi et al., 2013) disclosed the
dropout rates, four at short-term follow-up and one at long-term follow-up, and
ranged from O to 17.6% in the intervention group, and 0 to 12.5% in the control
group.

Results of the secondary outcome measurements were as follows. QOL was compa-
rable between two groups at short-term follow-up in four trials (Armstrong et al., 2011;
Bostoen et al., 2012; Jaspers et al., 2000; Van Os-Medendorp et al., 2012). Anxiety
was significantly reduced in the intervention group compared with the control group
as assessed at short-term follow-up in two studies (Habib & Morrissey, 1999; Bae et al.,
2012) and at long-term follow-up in three studies (Bae et al., 2012; Habib & Morrissey,
1999; Linnet & Jemec, 2001) of the six RCTs (Bae et al., 2012; Guerra-Tapia et al.,
2007; Habib & Morrissey, 1999; Linnet & Jemec, 2001; Schut et al., 2013; Shi et al.,
2013). Four trials (Bae et al., 2012; Bostoen et al., 2012; Habib & Morrissey, 1999;
Schut et al., 2013) examined depression at short-term follow-up, with one trial (Bae
et al., 2012) reporting significant alleviation only in the intervention group. Loss of
sleep was significantly ameliorated in the intervention group at short-term follow-up
in one trial (Bae et al., 2012). The intervention group used more emollients and less
topical corticosteroids than the control group when examined at short- and long-term
follow-up in one study (Jaspers et al., 2000). Another study reported a reduction in
long-term costs in the intervention group because of fewer days of absenteeism from
work compared with the control group (Van Os-Medendorp et al., 2012). However,
cost-effectiveness was not apparent 6 months after the interventions when the pro-
gram costs and use of medical resources were taken into account (Bostoen et al., 2012).
Clinical heterogeneity could not be examined because of the paucity of the pooled
data.

Meta-Analyses

When the data from three trials (Armstrong et al., 2011; Bae et al., 2012; Schut et al.,
2013) were examined in a meta-analysis, the severity of AD at short-term follow-up
did not differ between 65 participants in the intervention group and 59 participants in
the control group (SMD = -0.29, 95% CI [-0.64, 0.07], I* = 0%; Figure 3). However,
Armstrong et al. (2011) showed that education through online video (intervention),
including clinical manifestations, contributing environmental factors, and bathing
and handwashing techniques, was significantly superior to handouts (control) in im-
60  proving the severity of AD. The dropout rate obtained from the data of five studies
~ 1 (Armstrong et al., 2011; Jaspers et al., 2000; Melin et al., 1986; Schut et al., 2013;
Shi et al., 2013) was 5.82% in 103 participants in the intervention group and 8.42%
in 95 participants in the control group, with no significant difference between the
groups (RR = 0.66,95% CI[0.20, 2.17], I = 10%; Figure 4). These data suggested that
there was no difference in the acceptability of the treatment between both groups.
A meta-analysis of secondary outcomes was not possible because of limitations in the
available data.
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Trial Intervention Control Weight (%) SMD (Random) (95% CD
No. Mean (SD) No Mean (SD)
1) Educational
Armstrong?? 37 5.73(3.71) 35 7.6(3.8) 57.8 L
-*—-
2) Psychological
Bae® 14 7.1 (6.5) 10 7.9 19.3
Schut?® 14 26.6(10.20 14 27025 231
—*—

Total (95%CD 65 50 100.0 E—

. ;,1 05 U Uiﬂ 7
Heterogeneity : X*=1.73 1=0% 3
Overall effect : Z=1.57 P=0,12)

Favours Intervention Favours Contral
FIGURE 3

Forest plot of the severity scores for the intervention group versus control group. The square
boxes indicate effect size and sample size (the larger the box, the larger the sample size)
with the line indicating the 95% Cl in each trial. The diamond shape shows the pooled effect
size and the width the 95% CI.

Note: Cl = confidence interval, SD = standard deviation, SMD = standardised mean differ-
ence.

Discussion

The present study systematically and comprehensively reviewed RCTs to assess the
effect of psychological and educational interventions as an adjunct to conventional
therapy on skin and psychological symptoms, and financial burden in adult AD.
To this end, an attempt was made wherever possible to adhere to the Cochrane
methodology of conducting systematic reviews. We not only searched the electronic
databases, international conference abstracts, and references for relevant trials, but
also contacted the authors of relevant studies to retrieve detailed information essential
for the analyses. Thus, a large number of studies on psychological and educational
interventions as the effect modifier were included. Furthermore, a meta-analysis of
the relevant trials was performed to answer physicians’ concerns, with statistically
greater power and better quality of analyses.

This review revealed that there is currently only limited research evidence to
provide a definite conclusion about the efficacy of educational and psychological
approaches when used alongside conventional treatment of adult AD. A strong cor-
relation between clinical manifestations of AD and mental burden has been well
documented (Carroll et al., 2005; Linnet & Jemec, 2001 ). Dermatitis severity is posi-
tively associated with symptoms of anxiety and depression, and sleep deprivation, with 41
resultant impairment of daytime functioning. Educational interventions in adolescent
and adult patients improve self-care and disease control, and increase knowledge of
treatments (Barbarot & Stalder, 2014; Staab et al., 2006; Williams, 2006). In con-
firmation of the previous studies (Chida et al., 2007; Ersser et al., 2014), addition
of psychological and educational interventions to conventional treatment provided
better therapeutic results regarding alleviation of eczema severity, and psychological
symptoms. One study (Van Os-Medendorp et al., 2012) showed that health care prac-
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Trial Intervention (wN) Control (n/N} Weight (%) RR (Random) (95% CD
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FIGURE 4

Forest plot of the dropout rate for the intervention group versus control group. The square
boxes indicate effect size and sample size with the line indicating the 95% Cl in each trial.
The diamond shape shows the pooled effect size and the width the 95% CI.

Note: Cl = confidence interval, RR = relative risk.

tice supported by electronic communication was as effective as usual face-to-face care
in improving disease severity and QOL, with substantial cost savings. These results
strongly suggest that psychological support and education are a promising adjunct to
pharmacotherapy in AD. However, the meta-analysis showed no clear difference in
the therapeutic effect of either intervention on eczema severity and the acceptability
of the intervention as exemplified by the dropout rate in the two groups. Of note is the
trial by Armstrong et al. (2011) showing that attainment of optimal treatment results
depended on the strategy of disseminating information on AD. Good treatment results
are obtained through appreciation by both patients and family members of what AD is
and how to treat the disease. At the same time, clear verbal and written outlines should
also be provided. In this context, an online video for patient education is an effective
and appealing tool for improving clinical outcomes compared with pamphlet-based
education. To maintain a satisfactory skin condition for an extended period of time,
educational interventions should be regularly delivered and reinforced.

This study has several limitations. First, although we contacted authors to supple-
ment missing data if necessary, the included trials were too small in number to perform
some of the preplanned analyses. The fact that the present meta-analysis could not
identify psychological and educational interventions as the effect modifier could be

62  attributed to the low statistical power. Second, the included studies provided a range
of interventions, from a single 15-minute consultation to a comprehensive series of
sessions delivered to either individuals or groups. Third, the diagnostic criteria and
outcome measures were heterogeneous in the included trials. The Hanifin and Rajka
diagnostic criteria were employed in five trials (Armstrong et al., 2011; Bae et al.,
2012; Linnet & Jemec, 2001; Schut et al., 2013; Shi et al., 2013). EASI, SCORAD,
and POEM were used for the severity score. Tools for secondary outcome measures
were varied and included, for example, DLQI, SF-36, Skindex-29, and VAS for QOL.
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Furthermore, a point in time for outcome measurement varied from trial to trial,
suggesting that the efficacy was diverse even under the same interventions. Finally,
the risk of bias was unclear or high in many trials, resulting in a meta-analysis with a
limited number of the trials and only for the primary outcome measures.

Poor adherence to therapy is a significant issue in the management of AD (Bass,
Anderson, & Feldman, 2015). Self-management and behavioural changes to improve
adherence have been increasingly emphasised in the treatment of chronic diseases.
Psychological and educational interventions may be an important option in this
regard. However, this review and others (Chida et al., 2007; Ersser et al., 2014)
have confirmed that the evidence base remains limited regarding the efficacy of these
interventions in the management of adult AD. We conclude that, rather than the
combination of these interventions with conventional therapy being of no value, the
data reported to date are not sufficiently powerful to detect evidence-based efficacy.
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1 | BACKGROUND

Psychological well-being is an important factor for residents to com-
plete a specialty training programme. Mental health problems in the
medical workforce can have negative effects on clinical performance
and patient care (Demerouti, Bakker, & Leiter, 2014).

Burnout is a psychological condition that may occur in all work-
ers after being exposed to excessive and prolonged work-related
stresses, and is characterized by three dimensions: emotional exhaus-
tion (EE), cynicism (CY) and reduced personal efficacy (PE) (Maslach,
Schaufeli, & Leiter, 2001). Although burnout is closely related to
depression, these two conditions can be differentiated from each
other because burnout is limited to work-related situations, while
depression is more general.

Suicidal ideation is a significant symptom of depression that may

result in a catastrophic outcome such as completed suicide. Previous

Y

Aim: Burnout is a psychological condition that may occur in all workers after being exposed to
excessive work-related stresses. We investigated suicidal ideation and burnout among Japa-
nese psychiatric trainees as a part of the Burnout Syndrome Study (BoSS) International.
Methods: In the Japanese branch, 91 trainees fully completed suicide ideation and behaviour
questionnaire (SIBQ) and Maslach Burnout Inventory—General Survey (MBI-GS).

Results: Passive suicidal ideation was reported by 38.5% of Japanese trainees and 22.0% of
them had experienced active suicidal ideation. The burnout rate among Japanese subjects was
40.0%. These results were worse compared to the all 1980 trainees who fully completed the
main outcome measure in BoSS International, 25.9%, 20.4% and 36.7%, respectively.
Conclusions: Our results suggest a higher risk of suicide among Japanese residents. Japan has
a higher suicide rate than other countries. Early detection of, and appropriate intervention for,

suicidal ideation is important in preventing suicide in psychiatry residents.

suicide, suicidal ideation, burnout, depression, psychiatric trainee

studies have demonstrated that burnout is independently associated
with suicidal ideation in medical professionals (Shanafelt, Balch, Dyr-
bye, et al., 2011). Early detection of, and appropriate intervention for,
suicidal ideation is important in preventing suicide in medical
workers.

In this paper, we report the results of our survey which investi-
gated burnout and suicidal ideation among psychiatric trainees in

Japan.

2 | METHODS

This survey on suicidal ideation and burnout among psychiatric trai-
nees in Japan was conducted as a part of the Burnout Syndrome
Study (BoSS) International (Jovanovic, Podlesek, Volpe, et al., 2016).

BoSS International was initiated by members of the European
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Federation of Psychiatric Trainees (EFPT) and the European Psychiat-
ric Association-European Early Career Psychiatrists (EPA-EECP). The
aim was to assess burnout rates among psychiatric trainees and
explore factors that are associated with burnout. The subjects were
psychiatric trainees in 22 countries/regions and they were requested
to answer online questionnaires. A national coordinator in each coun-
try was recruited using the EFPT, EPA-EECP and World Psychiatric
Association (WPA) fellowship programme networks. For the Japanese
branch of the study, a national coordinator (the first author of this
paper) recruited study collaborators all over Japan using the Japan
Young Psychiatric Organization (JYPO) mailing list, and psychiatric
trainees working at their medical institutes were invited to participate
in BoSS International by email. In Japan, all trainees from 15 university
hospitals and their affiliated teaching institutions were enrolled. Out
of 7468 psychiatric trainees internationally who received an email
invitation, 1980 trainees (26.0%) fully completed the main outcome
measure. Of them, 95 were from Japan (response rate: 41.5%). In the
Japanese branch, 91 out of 95 trainees fully answered questionnaires
to assess suicidal ideation and burnout.

Suicidal ideation and burnout were assessed by using the suicide
ideation and behaviour questionnaire (SIBQ) (Marusic, Roskar, &
Zorko, 2007) and the Maslach Burnout Inventory—General Survey
(MBI-GS) (Maslach, Jackson, & Leiter, 1996), respectively. SIBQ is a
short instrument to assess suicidality as a trait that arises from pas-
sive and active suicidal ideation through to suicidal behaviour and sui-
cide attempts (Jovanovi¢, Podlesek, Medved, et al., 2013). The
criteria for severe burnout in this survey were defined as EE scores
of 2.20 and higher, and CY of 2.00 and higher. Statistical analysis was
performed by using IBM SPSS Statistics 22.

The study protocol was approved by the ethics committee of
Sapporo Medical University, and this study was conducted in com-
pliance with the Helsinki Declaration. The aim of this study was
clearly stated on the online survey's first page. Answering the ques-
tionnaire was deemed to constitute consent, with an initial question
asking for the subject's agreement to participate. All respondents
participated in this study without any incentive provided by the

study investigators.

TABLE1 A two-group comparison of work environment and
burnout between absence and presence of passive suicidal ideation
assessed by using suicide ideation and behaviour questionnaire

Absence Presence
(n = 56) (n = 35) P-value
Age (years old) 321 +51 313+ 44 0.4180
Clinical experience 40 + 2.6 3.0+ 19 0.0628
(years)
Weekly working 64.8 + 21.0 723 £ 241 0.1219
hours
Weekly supervision 55+ 61 42 + 3.9 0.1380
Maslach Burnout Inventory—General Survey subscore
Emotional 286 + 14 326 + 1.5 0.1961
exhaustion
Cynicism 2.06 + 14 262+ 15 0.0704
Personal efficacy 3.86 + 1.2 344 + 1.0 0.0831

3 | RESULTS

The mean age of the 91 Japanese psychiatric trainees (67.0% male)
enrolled in BoSS International was 31.8 + 4.8. Their mean clinical
experience was 3.6 + 2.4 years. The mean weekly working hours in
the workplace were 67.7 4+ 22.4.

Regarding experienced suicidal ideation measured by SIBQ, pas-
sive suicidal ideation (Have you ever thought it would be better if you
die?) was reported by 38.5% of Japanese trainees and 22.0% of them
had experienced active suicide ideation (Have you ever thought about
committing suicide?). These rates were higher than the means of the
whole study, 25.9% and 20.4%, respectively. Statistical analysis
demonstrated a significant difference between the Japanese sample
and the whole data set with regard to passive suicidal ideation
(P = .0089), while the difference was not significant on active suicide
ideation (P = .7964). With regard to the period of suicidal ideation,
77.1% of psychiatric trainees with passive suicidal ideation and
70.0% of those with active suicidal ideation experienced it before
entering psychiatry training programmes.

Mean scores on MBI-GS subscales for Japanese subjects were
EE 3.0 +£ 1.5, CY 2.3 + 1.4 and PE 3.7 &+ 1.1. All three scores were
worse compared to the means for all 1980 subjects: 2.6 + 1.4,
20+ 14 and 4.5+ 1.1, respectively. Two group comparisons
between presence and absence of suicidal ideation demonstrated no
statistically significant difference. However, the trainees with current
or previous suicidal ideation had higher EE and CY, and lower PE
scores on MBI-GS, that is, they had more severe burnout compared

to those without suicidal ideation (Table 1).

4 | DISCUSSION

Japan has a higher suicide rate than most other countries. Organisation
for Economic Co-operation and Development (OECD) data show that
the annual suicide rate in Japan is 20.9 per 100 000 population, fourth
highest among 34 member countries (OECD, 2014). This is much
higher than the mean for all OECD countries, 12.4 per 100 000.

Previous studies have revealed that the suicide rate among phy-
sicians is much higher than in the general population
(Schernhammer & Colditz, 2004). This fact may be explained, at least
partially, by the stigma against psychiatric services among non-
psychiatry specialists and the fear that receiving psychiatric treatment
could lead to the loss of their medical license although they are aware
of the necessity of psychiatric intervention (Rubin, 2014).

To the best of our knowledge, this study is the first to investigate
suicidal ideation among psychiatric trainees in Japan by using SIBQ.
Our results demonstrated that, among 91 Japanese psychiatric trai-
nees who replied to our invitation, 38.5% had experienced passive
suicidal ideation and 22.0% of them had experienced active suicidal
ideation. Both of the rates were higher than those among psychiatry
trainees in other countries, suggesting a higher risk of suicide.

The burnout rate among Japanese psychiatric trainees was
40.0% according to the results of the MBI-GS subscales, while the
rate of burnout was 36.7% in the whole study. A tendency for corre-

lation was observed between current/previous suicidal ideation and
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burnout. Burnout may be linked to drop out from speciality training
programmes and malpractice in clinical settings (Thomas, 2004).

Statistical analyses of the whole data set from BoSS International
(n = 1980) showed that younger age and longer working hours were
associated with burnout (Jovanovi¢ et al., 2016). Further analyses
revealed that reduced contact hours with their supervisors could be
related to burnout among psychiatric trainees. Clinical mentors
should be aware of the higher risk of burnout in young residents and
the importance of regular and sufficient supervision to prevent burn-
out and to diminish suicidal ideation. Furthermore, programme direc-
tors should pay careful attention to trainees with current/previous
suicidal ideation because they may be more susceptible to burnout.

This study has several limitations. Sample size was too small to
draw definitive conclusions because the total number of trainees in
Japan at the time of study was estimated as 1922 (representative
rate: 4.9%). However, this is the largest study on suicidal ideation and
burnout among psychiatric trainees in Japan. Previous history of sui-
cidal ideation may affect motivation for entering psychiatry training
programmes and this fact may bias the results. There may be differ-
ences in the time when thoughts and behaviours assessed by SIBQ
and MBI-GS were experienced.

The Japanese Government revised the Industrial Safety and
Health Act in order to improve the mental health of workers in every
field, and obliged employers to regularly conduct “psychological stress
checks” of all workers since December 2015. The results of BoSS
International reveal that burnout was associated with long working
hours, lack of supervision and not having regular rest. More attention
should be paid to the work conditions of psychiatric trainees because
some of them might have a risk of suicide.
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Concerns About Selective Outcome
Reporting

To THE EpITOR: In their recent article in Journal of Clinical
Oncology titled “Randomized Controlled Trial of Family Therapy
in Advanced Cancer Continued Into Bereavement,” Kissane et al'
reported on results from their trial of family therapy for at-risk
families when one of their members had advanced cancer. In their
abstract as well as in their main article, the authors showed
a significant effect of family-focused grief therapy (FFGT) based on
the results of the Complicated Grief Inventory (CGI). We are
concerned that their manuscript is an example of selective outcome
reporting” and of abstract spin.’

First, in their protocol (published online simultaneously with
the main article), the primary outcomes were clearly defined as the
Brief Symptom Inventory (BSI) and the Beck Depression Inventory
(BDI; pp. 15) and used as the basis for sample size calculation
(pp- 32), whereas the article reported the results of the CGI and
BDI as if they were the primary outcomes. Moreover, the article did
not report on the BSI at all. Thus, it seems as if the CGI became the
main focus of the published article because of its significant results.
If there were any justifiable revisions to the original protocol, the
authors should have explained those changes in the article.
Compliance with the CONSORT 2010 guidelines should be
a prerequisite for publication.

Second, in the abstract, Kissane et al concluded that FFGT was
efficacious by focusing on the positive results derived from the
analysis of the CGI. We are concerned that such a focus on the
positive findings of the CGI analysis in the abstract, with a passing
note on only one of their two predefined primary outcomes, will
overemphasize the beneficial effects of intervention and therefore
subsequently mislead readers.*®

CORRESPONDENTCE

We agree with the authors’ statement that family-centered
cancer care is needed. However, reporting all primary results
transparently, in both the text and the abstract, is essential to
promote the appropriate and informed application of FFGT and
to lead future research in the right direction.
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Review article

Background

The influence of baseline severity has been examined for
antidepressant medications but has not been studied
properly for cognitive-behavioural therapy (CBT) in
comparison with pill placebo.

Aims

To synthesise evidence regarding the influence of initial
severity on efficacy of CBT from all randomised controlled
trials (RCTs) in which CBT, in face-to-face individual or group
format, was compared with pill-placebo control in adults with
major depression.

Method

A systematic review and an individual-participant data
meta-analysis using mixed models that included trial effects
as random effects. We used multiple imputation to handle
missing data.

Results

We identified five RCTs, and we were given access to
individual-level data (n=509) for all five. The analyses
revealed that the difference in changes in Hamilton Rating
Scale for Depression between CBT and pill placebo was not
influenced by baseline severity (interaction P=0.43).
Removing the non-significant interaction term from the
model, the difference between CBT and pill placebo was a
standardised mean difference of —0.22 (95% CI —0.42 to
—0.02, P=0.03, >=0%).

Conclusions
Patients suffering from major depression can expect as

Initial severity of depression and efficacy
of cognitive—behavioural therapy:
individual-participant data meta-analysis
of pill-placebo-controlled trials

Toshi A. Furukawa,* Erica S. Weitz,* Shiro Tanaka,* Steven D. Hollon, Stefan G. Hofmann,
Gerhard Andersson, Jos Twisk, Robert J. DeRubeis, Sona Dimidjian, Ulrich Hegerl, Roland Merg],
Robin B. Jarrett, Jeffrey R. Vittengl, Norio Watanabe and Pim Cuijpers

much benefit from CBT across the wide range of baseline
severity. This finding can help inform individualised treatment
decisions by patients and their clinicians.
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Antidepressant medications and psychotherapies, especially
cognitive-behavioural therapy (CBT), constitute two major
options as empirically supported treatments for adults with major
depression."? Psychotherapies have traditionally been believed to
be better suited for treating people with mild depression. For
example, the third edition of the practice guidelines for major
depression published by the American Psychiatric Association
states: ‘Use of a depression-focused psychotherapy alone is
recommended as an initial treatment choice for patients with mild
to moderate major depressive disorder. However, controversies
have arisen recently with regard to the influence of baseline
severity on the efficacy of psychotherapies for depression. One
study-level analysis of trials comparing various psychotherapies,
including CBT, interpersonal psychotherapy and supportive
therapy, against pill placebo did not find an association between
the study’s effect size and mean baseline depression severity.” Yet

*These authors contributed equally to the work.

another analysis at the study level found no effect of pre-treatment
depression scores on the effect size of different psychotherapies
over various control conditions (including waiting list, no
treatment or pill placebo), but did find a clear indication that
the effect size was bigger and statistically significant in high-
severity patients and smaller and non-significant in low-severity
patients in the small subset of studies that had examined such
differences within each study.* However, these study-level analyses
are limited in statistical power and are subject to the ecological
fallacy that the relationships observed at the group level may
not reflect the true relationships at the individual level.” Meta-
analyses based on individual-participant data (IPD-MA) are
necessary to examine patient-level effect moderators, including
baseline severity. An IPD-MA of low-intensity psychotherapies
(such as guided self-help bibliotherapy and internet-delivered
therapy: 16 randomised controlled trails (RCTs), 2470 patients)
found a significant albeit small interaction between baseline
severity and treatment effect, suggesting that patients who are
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initially more depressed demonstrate slightly larger treatment
effects with such low-intensity interventions.®

Given the direct relevance of baseline severity with respect to
tailoring treatment and informed consent for patients with mild,
moderate and severe symptoms, the possibility of the influence
of baseline severity on efficacy of treatments for adults with major
depression merits further investigation. Such investigation needs
to be methodologically rigorous in applying individual-
participant-level meta-analysis and procedurally comprehensive
in identifying and assembling individual data to be so analysed.
The current study aims to systematically identify all RCTs
examining CBT in a face-to-face format in comparison with pill
placebo in the treatment of adults with major depression, retrieve
their individual-level data and apply IPD-MA to examine the
possible influence of baseline depression severity on its efficacy.
CBT is by far the best-researched and widely practised form of
psychotherapy for depression.”® We chose pill placebo as the
control condition in this IPD-MA mainly for two reasons. First,
traditional control conditions used in psychotherapy trials, such
as waiting list, no treatment or treatment as usual, are too
heterogeneous and may be affected by publication bias.”'
Second, and more importantly, the pill-placebo condition will
control for non-specific placebo effects including expectation,
attention and support and will offer a common comparison
condition for both antidepressants and psychotherapies. Our
hypothesis was that increases in baseline severity would be
associated with increases in the advantages of CBT over pill
placebo among adult patients with major depression.

Method

Selection of studies and data extraction
The eligibility criteria for the present IPD-MA were as follows:
(a) RCT;

(b) the participants were adult patients with major depressive
disorder, diagnosed according to any operational diagnostic
criteria including the Research Diagnostic Criteria, DSM-III,
DSM-III-R, DSM-IV, DSM-5 or ICD-10;

the intervention was face-to-face CBT in individual or group
format. We defined CBT as a psychotherapy focused on the
impact of a patient’s dysfunctional thoughts on his/her
current behaviour and future functioning and aimed at
evaluating, challenging and modifying such dysfunctional
beliefs (cognitive restructuring). We included two subtypes
thereof, namely one in which cognitive restructuring is the
core element and one in which it is an important component
but in which at least two other components such as behavioural
activation, social skills training, relaxation or coping skills also
have a prominent role;!!

(c

~

(d) the non-specific control was pill placebo. The trial could have
other active or non-active intervention arms.

We conducted a systematic and cumulative search of all
RCTs of psychotherapies for depression (www.evidencebased
psychotherapies.org). The searches included PubMed, PsycInfo,
EMBASE and the Cochrane Central Register of Controlled Trials
using keywords indicative of psychological treatment and
depression, and were supplemented by examination of published
meta-analyses of psychological treatments for depression, up to
January 2014. An updated search was conducted on 16 January
2015 with PubMed and the Cochrane Central Register. We
identified the relevant studies satisfying our eligibility criteria
from this database and then asked the primary authors of all
the identified studies to contribute individual-participant data

for our primary and secondary outcomes (see below) as well as
any possible effect moderators that each study may have
measured. Study quality was assessed using four criteria from
the Cochrane Collaboration’s risk of bias tool for random
sequence generation, concealment of random allocation, masking
of assessors and complete outcome reporting. When the
information provided in the publications was not clear, we sought
information from the original study authors.

Outcomes

Our pre-specified primary outcome measure was change in the
Hamilton Rating Scale for Depression (HRSD)'? scores from
baseline to the last study time point at which valid comparison
between CBT and pill placebo could be made. Two studies
employed the pill-placebo arm only through week 8 of a 16-week
study,'>'* in which case we were able to compare CBT against pill
placebo up to that time point only. Our secondary outcome was

change in the Beck Depression Inventory (BDI)."

Analyses

We first verified the integrity of the individual-participant data by
comparing their descriptive statistics against the published figures.
We conducted IPD-MA to estimate the difference in symptom
change scores between the CBT and pill-placebo arms and to
examine the influence of the baseline symptom severity on this
difference. Because the original studies used different versions of
the HRSD and BDI with different item questions and with
different numbers of items, such continuous outcomes were
standardised within each study, that is, the individual patients’
raw scores at baseline and at end-point were divided by the
study-specific standard deviations of end-point scores. After this
standardisation of scores from different scales, when we
graphically presented the relationship between the scores at
baseline and the changes in scores, we subtracted the grand mean
of all the studies’ standardised scores from individual standardised
scores in order to anchor the horizontal and vertical axes in the
figure. The relationships between these standardised baseline
symptom severity scores and the differences in symptom change
scores were examined as the interaction term between baseline
severity and treatment in the mixed models. When this interaction
term was not statistically significant, we dropped the interaction
term and estimated the main effect of treatment. The mixed
models included trial effects as random effects throughout.

Missing data in HRSD and BDI scores were handled by the
multiple imputation method using study, treatment, age, gender,
minority status, marital status, employment, education, age at
onset, diagnosis of depression subtype, presence of previous
episodes, length of current episode, comorbid anxiety disorders,
past substance use disorders, length of treatment and HRSD or
BDI scores at baseline and at the last study time point as predictors.
Multiple imputation is one of the currently recommended
alternatives to the long-used last-observation-carried-forward
(LOCF) method.'® It has some advantages over hierarchical linear
modelling as well as LOCF because auxiliary variables that are not
included in the final analysis model can be used in the imputation
model."”

We also conducted sensitivity analyses (a) excluding studies
that continued the pill-placebo arm only through the mid-point
of acute treatment, (b) excluding studies that administered CBT
in a group format, (c) including patients diagnosed with
dysthymia or minor depression at baseline, (d) employing the
multiple imputation using the predictors other than treatment,
and (e) restricted to only those participants who completed the
treatment.



All reported P-values are two-tailed and P<0.05 was chosen
as the threshold for statistical significance. An academic
statistician (S.T.) conducted all statistical analyses using SAS
version 9.3. This study was conducted in accordance with
PRISMA and PRISMA-IPD guidelines.'®

Results

Studies and participants

We found five RCTs that satisfied our eligibility criteria (online
Fig. DS1).!*'*121 One study®' included some patients with
minor depression or dysthymia: the latter patients were excluded
in our primary analyses but were included in a sensitivity analysis
to give a wider range of baseline severity. All the primary authors
and their collaborators agreed to contribute to the present study
by providing individual-level data for the primary and secondary
outcomes as well as possible effect moderators that they had
measured. The data from the NIMH Treatment of Depression
Collaborative Program'® were in the public domain and available
for inclusion.

Table 1 lists the characteristics of the five RCTs that compared
CBT against pill placebo. We obtained individual-patient data for
509 patients with major depression and 46 patients with minor
depression and dysthymia. The mean age of the patients with
major depression participating in these trials was in the 30s or
40s, with a preponderance of women. In addition to CBT and
pill-placebo arms, the comparison of interest in the present study,
all the studies had an antidepressant medication arm and three
studies also included a different psychotherapy from CBT. One
study®' used the original 17-item version of HRSD, one study’
the 21-item version, and the remaining three studies!>1+10
employed the modified HRSD with additional items for atypical
symptoms. Two studies'®*® used the original BDI and three
studies'>'**' used the second version.

All the studies were rated at low risk of bias for random
sequence generation, allocation concealment, masking and
incomplete outcome reporting, except for one study whose risk
of bias was rated unclear as to allocation concealment but low
for all the other aspects.'* Raters masked to treatment assignment
administered the HRSD in all studies. As a self-report measure,
patients knew whether they were receiving CBT or were in a
‘medication’ condition when they completed the BDI; however,
they were masked as to whether they were taking an active
medication or a pill placebo.

Baseline severity and symptom change
in CBT and pill placebo

Figure 1 depicts observed and estimated changes in standardised
HRSD scores in the CBT or pill-placebo arms. The end-point
standard deviations used to standardise the HRSD score were
5.8 for DeRubeis et al,'® 6.6 for Dimidjian et al.'* 6.3 for Elkin
et al,'® 6.2 for Hegerl et al*! and 7.3 for Jarrett et al,?® and we used
the grand means of the standardised scores from all the studies,
3.2 for baseline scores and 1.3 for change scores, as subtrahends
in scaling the axes in Fig. 1. The individual participant-level
meta-analysis revealed that the differences in changes in HRSD
between CBT and pill-placebo arms were not influenced by
baseline HRSD severity. The slopes in the CBT and placebo arms
were estimated to be —0.615 (95% Cl1 —0.839 to —0.392,
P<0.01) and —0.526 (95% CI —0.733 to —0.319, P<0.01),
respectively and the interaction term, i.e. the difference between
the slopes, was —0.089 (—0.311 to 0.133, P=0.43).

The interaction between baseline severity and treatment
condition was also not significant with change in BDI as the

Initial severity of depression and efficacy of CBT

CBT
= Placebo
° o Observed score (CBT)
o e QObserved score (placebo)

Change in standardised HRSD score
o
|

Standardised HRSD score at baseline

Fig. 1 Observed (dots) and estimated (lines) changes in
standardised scores on Hamilton Rating Scale for Depression

(HRSD) in the cognitive-behavioural therapy (CBT) and pill-placebo
arms.

dependent variable. The slopes in the CBT and pill-placebo arms
were estimated to be —0.541 (95% CI —0.724 to —0.358,
P<0.01) and —0.615 (95% CI —0.793 to —0.438, P<0.01),
respectively and the interaction term was 0.074 (—0.175 to
0.323, P=0.56). Removing the higher-order non-significant
interaction terms from the models, the IPD-MA revealed that the
standardised mean difference (SMD) between CBT and pill-placebo
arms was —0.220 (95% CI —0.419 to —0.022, P=0.03, 12:0%)
for the HRSD and —0.046 (95% CI —0.264 to 0.172, P=0.68,
I?=0%) for the BDI (Table 2).

Sensitivity analyses

We also conducted sensitivity analyses to examine the robustness
of our primary analyses by (a) excluding DeRubeis et al'®> and
Dimidjian et al’s"* studies that had the pill-placebo arm only up
to the mid-point of the study, (b) excluding Hegerl et al’s study®’
that administered group-format CBT, (c) including patients
diagnosed with dysthymia or minor depression at baseline, (d)
multiple imputation using the predictors other than treatment
and (e) restricting the sample to participants who completed
the treatment only (Table 3). The interaction terms were all
statistically non-significant. The treatment effects in models in
which the interaction term was excluded were statistically
significant in the sensitivity analyses (c) and (e) above but not
in (a), (b) or (d), likely because of reduced sample sizes or to
residual bias related to missing data. However, the estimated
effects ranged between —0.16 and —0.27, and in all instances
their 95% confidence intervals overlapped with those from the
primary analysis (—0.22, 95% CI —0.42 to —0.02).

Discussion

Main findings

We identified five pill-placebo-controlled randomised studies of
CBT conducted to date, obtained their individual-level data
(509 patients with major depression), and conducted an IPD-
MA to examine the influence of baseline depression severity on
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Initial severity of depression and efficacy of CBT

Table 2 Treatment effects of cognitive-behavioural therapy (CBT) over pill placebo on different outcome measures

P for excluding the (main effect)?
interaction interaction term (95% CI)
Hamilton Rating Scale for Depression change 0.43 0.03 —0.220 (—0.419 to —0.022)
Beck Depression Inventory change 0.56 0.68 —0.046 (—0.264 t0 0.172)

a. Estimated by random-effects models after multiple imputation without the interaction term.

P for main effect Standardised mean difference

Table 3 Sensitivity analyses

P for main effect Standardised mean difference
P for excluding the (main effect)?
interaction interaction term (95% ClI)
Excluding two trials that continued the pill-placebo arm only through the
mid-point of acute treatment and in which the comparison between CBT
and placebo was therefore possible only up to the middle of the study'™ 0.21 0.12 —0.217 (—0.494 t0 0.060)
Excluding a trial that administered CBT in group format?" and limiting to CBT
in individual format 0.67 0.08 —0.191 (—0.407 to 0.024)
Including minor depression and dysthymia 0.43 0.02 —0.230 (—0.431 to —0.030)
Multiple imputation using predictors other than treatment 0.34 0.13 —0.158 (—0.364 t0 0.048)
Complete-case analysis 0.39 0.01 —0.266 (—0.480 to —0.053)
CBT, cognitive-behavioural therapy.
a. Estimated by random-effects models without the interaction term after multiple imputation except for the complete-case analysis.

its efficacy. There was no statistically significant influence of base-
line depression severity, measured either with HRSD or BDI, on
subsequent differential symptom change between CBT and pill
placebo. The findings, thus, did not support our initial hypothesis
that the efficacy of CBT over pill placebo would increase as
baseline depression severity increased, when it was measured
either by patient report or clinician ratings.

Finding that baseline severity has little influence on the
efficacy of CBT can be said to be largely in accord with the
previous literature, using study-level data®** or individual-
participant data.® Although a handful of studies that examined
subgroup differences between low- v. high-severity groups have
found evidence for moderation (with differences relative to pill
placebo emerging only among patients with more severe
depression) that was only the case for more purely behavioural
interventions or interpersonal psychotherapy.* The IPD-MA that
did find moderation by baseline severity concluded that the
magnitude of interaction was small and that patients who were
less severely depressed could derive as much benefit from low-
intensity psychotherapies as did individuals who were more
severely depressed.® Taken together, the evidence to date regarding
the comparison of CBT v. pill placebo suggests that we can expect
as much benefit from CBT across a wide range of baseline
depression severity.

Excluding the non-significant interaction term and compared
with pill placebo, CBT led to greater symptom reduction, on
average, by an SMD of —0.22 (95% CI —0.42 to —0.02,
P=0.03) on HRSD. The SMD in terms of BDI was —0.05 and
was not statistically significant (95% CI —0.26 to 0.17,
P=0.68). The HRSD was the prespecified primary outcome in this
IPD-MA, as it was in all the included studies.'>'*'92! Generally,
observer-rating scales including HRSD are said to be more
sensitive to change than self-rating scales such as BDL>>**
Specifically in all the included studies, the HRSD was rated by
assessors masked to all the treatments whereas the BDI was self-
rated by participants who were masked to the distinctions in
medications (active v. placebo) but not to those between CBT v.
medications. It must also be pointed out that BDI was more often
missing than HRSD in the original data-set (19.5% v. 13.7%).

Comparison with findings from other studies

The SMD of 0.22 found in the primary analysis of this meta-
analysis is smaller than the previously estimated SMD of CBT over
waiting-list conditions, the most common control condition in
the psychotherapy trials, such as 0.82%° or 0.85.% However, it must
be remembered that the magnitude of effect is dependent not only
on the effects of treatment but also on the effects of the control
condition against which the therapy is compared. Waiting-list
control conditions are known to lead to greater effect estimates
than other control conditions, including clinical management that
is accompanied by the provision of medication placebos.'®* In
the control arms in four of the five trials in our data-set'>!'*!'*2°
the pharmacotherapists explicitly followed the clinical management
protocol originally developed for the NIMH Treatment of
Depression Collaborative Program®* and in the remaining study”'
the psychiatrists’ practices were in accord with this protocol, so
that these pill-placebo conditions have included strong supportive
components. Furthermore, the effect size estimates obtained in
previous comparisons of psychotherapies with various control
conditions may have been inflated by the inclusion of poor-quality
studies®® and by publication bias.” Our choice of the pill-placebo
condition, which controls for the non-specific effects of
expectation, attention and support, our comprehensive and
systematic search of the relevant literature, and the high quality
of the included studies including masked assessment of the
outcome should have mitigated these problems.

Second, our estimate of the CBT—pill-placebo difference was
also smaller than that reported in a previous study-level meta-
analysis of pill-placebo-controlled trials. Lynch et al*’ reported
an SMD of 0.41 (95% CI 0.21-0.61) between CBT and pill placebo
from a study-level aggregate data meta-analysis of four of the five
studies included in our IPD-MA.'*'*'*2° This meta-analysis took
effect size estimates for the included studies according to the
original publications (see Table 1). One of the estimates was based
on hierarchical linear modelling (HLM),13 two others on the
LOCF data'®* (although results from random regression were
available from one** but were not used), and another on
completers’ data.'* In the arms of the included studies, 15-64%
of the randomised patients dropped out per arm and therefore
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did not provide data at the end-point assessment. How drop-out was
handled in the respective studies would be expected to influence
estimates of the CBT v. pill-placebo difference. Although in the
original publications, the trial authors may have used statistical
approaches, including HLM'*?! that are currently considered
appropriate or were deemed to be so at the time they were published,
the systematic review authors were obliged to extract data in the
format amenable to meta-analysis, as detailed above. However, as
methods have progressed today, neither the LOCF nor the completers’
data would be considered the standard method to summarise and
analyse data with missing values.'® By contrast, we were able to
meta-analyse the five studies with individual-participant data, which
allowed us to use multiple imputation and test for effects using a
mixed model. It is increasingly recognised that IPD-MA has many
advantages, albeit with its own difficulties,”® and some authors
consider it to be the gold standard in evidence synthesis.”’

Many questions remain when we try to factor antidepressant
pharmacotherapy into the comparison between CBT and pill
placebo. First, our estimated standardised effect size of 0.22
appears smaller than the publication-bias-free estimate of 0.31
of newer antidepressants over pill placebo.’® However, it is
problematic to compare these estimates directly with each other,
as they were obtained from different original investigations.
Moreover, our estimate for CBT v. pill-placebo difference is based
on IPD-MA using multiple imputation, whereas that of the
antidepressant v. pill-placebo difference derives from an aggregate
data meta-analysis from published and unpublished trials, many
of which used LOCE Second, when directly compared in a
study-level meta-analysis, the difference between CBT and
second-generation antidepressants was not statistically significant.”’
A recent study applying IPD-MA to 1466 patients from 14 out of 24
identified relevant studies comparing CBT and pharmacotherapies
revealed a small difference in effect size (SMD=0.11, P=0.03)
but no significant differences in response or remission rates (odds
ratio (OR) =1.24, P=0.12 and OR=1.18, P=0.22, respectively).32
Lastly, the independence of the effect of CBT for depression from
the baseline severity, as shown in the present analysis, is also in
contrast to some claims to the contrary with regard to the effect
of antidepressant drugs.” There is collateral evidence that the effect
of antipsychotic drugs is also moderated by baseline psychotic
severity.”* However, the question of the influence of baseline
symptom severity on antidepressant medications’ efficacy is hardly
closed,®® and hence neither is the issue if such influences may
differ between antidepressant medication and psychotherapies.

Limitations

Our study has limitations. First, detection of an interaction effect
requires a large sample size. The present findings require
replication with a larger sample of trials designed to test the
interaction. The trials from which the data were extracted were
not designed to test this hypothesis, but do provide a ‘first look’
into this question using all available data. Given the wide
confidence interval around zero for the interaction coefficient in
the present study, it is possible that our finding represents a type
II error. Although none of the sensitivity analyses were suggestive
of possible interaction effects, future studies may nonetheless still
reveal an interaction that we failed to detect in the data available
to us. It is disappointing that there were only 5 studies that
compared CBT with pill placebo, whereas more than 20 studies
compared it with antidepressant medications®* and hundreds of
studies have compared antidepressants with pill placebo.*® Second,
we were not able to examine important potential moderators such
as therapist competence or other patient characteristics including
comorbid personality disorder because such data were not
consistently available in the obtained data-set although such

covariates were requested in the source data from parent trials.
Third, as the included studies used different versions of HRSD
or BDI, we were obliged to standardise these severity measures
using their means and standard deviations. This was unavoidable
in order to synthesise different metrics across studies. Lastly, in
combining data, we also ignored some design features from the
parent studies that may or may not prove to be important in
future understanding of antidepressant treatment effects (for
example exclusive focus on subtypes of major depression in some
studies, such as atypical depression,zo primary care settings;21
inclusion of a ‘non-specific treatment run-in’ prior to random-
isation;'>*° differential lengths of acute phase treatment; or
inclusion of active psychotherapy arms other than CBT in the
study). In view of today’s growing emphasis on the importance
of the totality of evidence’” and hence systematic reviews
including IPD-MAs,” researchers may benefit by making
concerted efforts to measure core variables in their original
research and then by contributing to the common database.>®

Implications

Clinical implications of the present study may be as follows. First
of all, patients and their clinicians can expect as much benefit
from CBT for major depression across its wide range of baseline
severity from mild through severe. Second, the benefit that can
be expected was an effect size of 0.22, from which it can be
calculated that the number needed to treat (NNT) is 12 for typical
cases of major depression, for whom the expected placebo response
rates may be between 30 and 50%.>° This would compare favourably
with the NNT of nine that can be expected for antidepressants with
an effect size of 0.31 over placebo.”® The difference in NNTs to
obtain one more response with CBT or antidepressant medications
than with pill placebo is therefore small enough to allow value
judgements and preferences of individual patients to play a major
role in treatment decision-making.

There are several research implications. We have been fortunate
in having been able to identify and assemble all the relevant
randomised evidence on the topic. We need to foster further
collaborations in the field of psychotherapy research. Similar
collaboration is burgeoning and is welcome in all fields of medi-
cine.?® It is also expected that such collaboration after completion
of individual studies will increase the research community’s aware-
ness of the need for greater collaboration before individual studies
by agreeing on common core variables to be assessed in the studies.
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Background: This study was a nationwide epidemiological study of insomnia in Japan. It was conducted
because very few studies on this topic have previously been performed for the general Japanese population.
Methods: An interview survey on symptoms of insomnia (difficulty initiating sleep, difficulty maintain-
ing sleep with difficulty resuming sleep, and early morning awakening with difficulty resuming sleep)
and daytime dysfunction was conducted on the general nationwide population in the winter (February)
and summer (August) of 2008. Data from 2614 participants who provided valid responses (age range

gfg\‘;‘:f;ﬁsc‘e 20-95 years, valid response rate 54.2%) were analyzed.

Associated factors Results: The prevalence of difficulty initiating sleep, difficulty maintaining sleep with difficulty resum-
Season ing sleep, and early morning awakening with difficulty resuming sleep was 8.3%, 5.8%, and 5.8%, respectively,
Region in men, and 11.0%, 8.1%, and 7.4%, respectively, in women. The prevalence of insomnia was 12.2% in men
Winter and 14.6% in women, and the prevalence of insomnia with daytime dysfunction was 3.2% in men and
Summer 4.2% in women. The results of logistic regression analyses indicated that the factors aggravating insom-

nia for men were unemployment and having mental health issues, and for women they were being aged
>70 years, completing fewer years of schooling, and having mental health issues. Seasonality and regionality
in association with insomnia were also examined, but no significant associations were found.
Conclusion: In the present survey, insomnia was defined by using criteria that were closer to the clini-
cal diagnostic criteria (eg, coexistence of both difficulty resuming sleep and daytime dysfunction was
considered). Therefore, it is believed that the results of this study were representative of the clinical ac-
tuality of insomnia in Japan.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction sleep (DIS), difficulty maintaining sleep (DMS), and early morning

awakening (EMA). The results indicated that the prevalence of in-

Previous studies have found that insomnia is a common sleep
disorder and an important risk factor for various physical and mental
disorders [1]. High-quality epidemiological studies are extremely
important for accurately understanding the actual status of insom-
nia and taking measures to improve this condition. As such, studies
on the prevalence of, and factors associated with, insomnia have
been actively conducted in many areas of the world [2].

In 1997, Doi et al. conducted a nationwide epidemiological study
of insomnia in Japan; they used 2800 individuals aged >20 years
who were randomly selected from the general population [3]. This
self-administered questionnaire survey defined insomnia as the pres-
ence of any of the following three symptoms: difficulty initiating

* Corresponding author. Department of Public Health and Epidemiology,
Faculty of Medicine, Oita University, Hasama-machi, Yufu-shi, Oita 879-5593, Japan.
Fax: +81 97 586 5739.

E-mail address: nusmpublichealth@gmail.com (Y. Kaneita).

http://dx.doi.org/10.1016/j.sleep.2016.05.013
1389-9457/© 2016 Elsevier B.V. All rights reserved.

somnia was 17.3% in men and 21.5% in women. Another nationwide
study was conducted in 1997 by Kim et al. on 3030 individuals aged
>20 years who were randomly selected from the general popula-
tion [4]. The prevalence of insomnia determined from this interview
survey was 20.5% in men and 22.3% in women. These are the only
two nationwide-scale epidemiological studies of insomnia that have
been performed in Japan.

Therefore, the present study was designed to address the short-
comings of the previous studies in order to clarify the actual status
of insomnia in Japan. The first consideration was the definition of
insomnia used to evaluate its prevalence. Differences in the defi-
nition of insomnia and the use of various criteria to define it have
resulted in substantially large differences in the reported preva-
lence of insomnia in previous epidemiological studies worldwide
[2].

In the two previous nationwide epidemiological studies of in-
somnia in Japan, insomnia was defined as merely having symptoms
of insomnia [3,4]. In those studies, the questions regarding DMS and
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EMA were inadequate because they did not contain the element of
difficulty resuming sleep (DRS). Therefore, the previous studies
merely queried the presence of awakening from sleep. Several pre-
vious studies have indicated that mere nocturnal awakening is not
always a pathological condition [5,6]. Ohayon et al. proposed that
nighttime awakening must be assessed in terms of both the fre-
quency and coexistence of DRS [5]. Based on the above findings, the
present study considered the coexistence of DRS when investigat-
ing DMS and EMA as symptoms of insomnia.

Previous epidemiological studies of insomnia have reported that
individuals who had daytime dysfunction (such as sleepiness, fatigue,
mood disturbance, cognitive difficulties, social impairment, or oc-
cupational impairment) [7] in addition to insomnia required more
full-scale health care, and were more likely to have mental disor-
ders or organic diseases than those who had insomnia alone [2,8].
Therefore, in the present study, the presence/absence of daytime
dysfunctions was also considered in the definition of insomnia. It
was expected that considering the coexistence of daytime dysfunc-
tion would increase the clinical utility of any epidemiological study
of insomnia.

Furthermore, while the two previous Japanese studies did not
examine varying prevalences of insomnia based on differences in
seasons or regions, the present study examined the seasonality and
regionality of insomnia. To this end, the survey was conducted twice
- in the summer and winter - and information was collected re-
garding the residence (place, size of the city, etc.) in each survey.

The present study had two objectives. First, it aimed to perform
an epidemiological study of insomnia with high clinical utility by
using new defining criteria such as the coexistence of DRS with
symptoms of insomnia, and the coexistence of daytime dysfunc-
tion with insomnia. Second, it aimed to examine the seasonality or
regionality of insomnia in Japan.

2. Materials and methods
2.1. Participants

The participants were sampled using the stratified three-stage
random sampling method. The data were obtained by first per-
forming stratification, in which: (1) the municipalities across the
country were classified into 12 blocks using prefecture or city as a
unit, and (2) each block was further divided into 19 large cities, other
cities, and towns/villages according to their size. Based on a pop-
ulation aged >20 years, a total of 4000 samples were proportionally
allocated in strata of the size of blocks and cities. In the three-
stage extraction (to match the population distribution of Japan),
predetermined criteria were used to determine the number of ex-
tractions for:

(1) Survey locations: the number of samples were proportion-
ally allocated according to the estimated population of each
stratum, and then adjusted so that the number of samples
in one survey area became approximately 25 as a standard.
Through this method, the number of survey areas (primary
sampling units) was determined to be 157.

(2) Households: for selection of households (secondary sam-
pling units), using a residential map database, every fourth
house in the survey areas selected, as described in (1), was
chosen as a subject household.

(3) Participants: upon contact with any member of a subject
household, the researcher asked for the member of the subject
household who would first reach his/her 20th birthday or
older after the first of the survey month, and that person was
selected as the subject. If the subject was not at home, the
researcher was instructed to visit the house at least three
times. If the researcher was unable to meet the subject, the

interview with that subject was determined to be impossi-
ble. Other indices were extracted randomly. This tried to
ensure an authentic representation of the general Japanese
population.

The survey was conducted in February 2008 (winter survey) and
August 2008 (summer survey). In the winter survey, the research-
ers were able to make contact with a member from 2449/4000
subject households; 1308 who agreed to participate in the survey
were interviewed. Trained interviewers visited the selected house-
holds and interviewed persons aged >20 years. Verbal informed
consent was obtained from the participants, and their privacy was
protected in accordance with the Declaration of Helsinki. Strati-
fied random sampling was similarly performed for the summer
survey, and 1306/2371 selected subjects agreed to participate in the
interview survey.

2.2. Interview method

The present survey employed a face-to-face interview method.
Well-trained researchers visited the subject households and inter-
viewed the subjects using a questionnaire that had been prepared
beforehand. A structured interview method was employed, wherein
aresearcher read the questions exactly as they appeared on the ques-
tionnaire. Sheets indicating the answer options were presented to
the subjects for their selection of a response.

2.3. Measures

The questionnaire inquired about the following four items, which
are described in detail below: (1) basic attributes, (2) questions re-
garding the symptoms of insomnia, (3) questions regarding daytime
dysfunction, and (4) mental health status.

(1) Basic attributes

(a) Gender and age

(b) Occupation: Agricultural, forestry, or fishery worker/
commercial, industrial, or service business worker/clerk/
laborer/freelancer or managerial staff/housewife without
a job/student/others or unemployed.

State of occupation: For the statistical analyses, agricultural, for-
estry, or fishery workers, commercial, industrial, or service business
workers, clerks, laborers, freelancers, and managerial staff were cat-
egorized as “with occupation.” Housewives without a job were
categorized as “housewives.” Students, others, or the unemployed
were categorized as “without occupation.”

(c) Regions: Hokkaido and Tohoku/Kanto, Keihin, and
Koshinetsu/Hokuriku and Tokai/Kinki and Hanshin/
Chugoku and Shikoku/Kyushu.

(d) Size of the city of residence: 18 large cities; 17
government-decreed cities, and Tokyo Metropolis)/city/
municipality.

(e) Years of schooling completed: junior high school/senior
high school/college or university.

(2) Questions regarding the symptoms of insomnia

The following three questions about symptoms of insomnia were

asked:

(a) Question related to DIS

Q: “Have you had difficulty initiating sleep over the past one
month?”

A: Never/seldom/sometimes/often/always

(b) Question related to DMS with DRS

Q: “Have you awoken at night and had difficulty falling asleep
again over the past one month?”

A: Never/seldom/sometimes/often/always

(¢) Question related to EMA with DRS
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Q: “Have you awoken early in the morning (at dawn) and had
difficulty falling asleep again over the past one month?”
A: Never/seldom/sometimes/often/always
Participants who selected often or always for questions (a), (b),
and (c) were defined as having DIS, DMS with DRS, and EMA with
DRS, respectively. Analysis of these data was subsequently per-
formed. In addition, participants who had at least one of DIS, DMS
with DRS, or EMA with DRS, were defined as having insomnia, and
analysis of these data was performed.
(3) Questions regarding daytime dysfunction
The following two questions about daytime dysfunction were
asked:

(a) Q: “Have you been excessively sleepy during the daytime
and unable to prevent yourself from falling asleep when
you must not sleep over the past one month?”

A: Never/seldom/sometimes/often/always

(b) Q: “Have you felt physically or mentally disordered or had
any trouble in your daily life as a result of lack of good
sleep over the past one month?”

A: Never/seldom/sometimes/often/always
Participants who selected often or always for question (a) or (b)
were defined as having daytime dysfunction, and analysis of this
data was performed. In addition, participants who had both in-
somnia and daytime dysfunction were defined as having insomnia
with daytime dysfunction, and analysis of this data was performed.
(4) Mental health status
The following two questions about mental health status were
asked:

(a) Q: “Have you felt an unusual amount of unhappiness and
depression over the past one month?”

A: Not at all/no more than usual/more than usual/much more
than usual

(b) Q: “Have you been able to enjoy normal activities more
than usual over the past one month?”

A: More so than usual/same as usual/less than usual/much less
than usual

To evaluate the mental health statuses of the respondents, two
independent factors (depression/anxiety and decrease in positive
feeling) included in the 12-item General Health Questionnaire (GHQ-
12) [9,10] were used, and one item from each factor was selected
for the total score. One of the items from the depression/anxiety
factor was evaluated. One of the items from the decrease in posi-
tive feeling factor was also evaluated. Each item described a
symptom, and there were four possible answers: the two answers
that indicated a lack of the symptom were assigned a rating of 0;
the two answers that indicated a presence of the symptom were
assigned a rating of 1. Thus, the overall score fell within the range
of 0-2, and, accordingly, the higher the total score, the poorer the
state of mental health. In the present study, participants who had
total scores of >1 were considered to have poor mental health. Pre-
vious studies have shown that evaluation of mental health status
using depression symptoms with the GHQ-12 and with this cut-
off point has a sensitivity of 87.0% and a specificity of 85.1% [11].
These methods and cut-off were employed in other large-scale epi-
demiological studies [12-20].

2.4. Statistical analysis

First, the participants were stratified separately according to sex.
The prevalence of DIS, DMS with DRS, EMA with DRS, insomnia, and
insomnia with daytime dysfunction according to age class, state of
occupation, region, size of the city of residence, years of schooling
completed, season (February or August) of the survey, and mental
health status were calculated. The Chi-squared test was used to de-
termine statistical significance.

Second, multiple logistic regression analyses based on sex were
performed by using DIS, DMS with DRS, EMA with DRS, insomnia,
and insomnia with daytime dysfunction as the response variables.
As the predictor variables, age class, state of occupation, region, size
of the city of residence, years of schooling completed, season (Feb-
ruary or August) of the survey, and mental health status were used.
Significance was set at p < 0.05. All analyses were performed using
IBM SPSS Statistics, version 22 ] for Windows (IBM Corp., Somers,
NY, USA).

2.5. Ethical considerations

The following ethical considerations were taken into account:
(1) participation was voluntary, but informed consent was re-
quired from the participant; (2) researchers who performed data
collection were different from those who performed statistical anal-
ysis, to prevent access to the participants’ personal data; (3) collected
data were coded to protect personal information and maintain con-
fidentiality; and (4) prior approval was obtained from the Ethics
Committee for Epidemiological Study of Nihon University School
of Medicine.

3. Results

From the total of 4820 subjects selected for the two surveys, 2614
(men 1189, women 1425) responded to the questions (response rate
54.2%). The ages of the participants ranged from 20 to 95 years. The
mean age (+SD) of the participants in total was 52.4 years (+16.9);
the mean ages for men and women were 52.2 years (+17.7) and 52.6
years (+16.5), respectively. The backgrounds of the participants based
on sex are shown in Table 1.

Of the 2614 respondents, nine failed to complete data about in-
somnia symptoms. The prevalence of insomnia symptoms (DIS, DMS
with DRS, and EMA with DRS) based on sex is shown in Table 2.
The prevalence of each symptom was as follows: DIS, 8.3% in men
and 11.0% in women; DMS with DRS, 5.8% in men and 11.0% in
women; and EMA with DRS, 5.8% in men and 7.4% in women. The
Chi-squared test indicated that DIS was significantly associated with
mental health status (p < 0.01) for men and with age class (p <0.01),
state of occupation (p = 0.02), years of schooling completed (p <0.01),
and mental health status (p < 0.01) for women. DMS with DRS was
significantly associated with state of occupation (p =0.01) and mental
health status (p <0.01) for men and with age class (p <0.01), state
of occupation (p <0.01), years of schooling completed (p = 0.03), and
mental health status (p < 0.01) for women. EMA with DRS was sig-
nificantly associated with state of occupation (p <0.01) and mental
health status (p < 0.01) for men and with age class (p <0.01), state
of occupation (p=0.02), and mental health status (p <0.01) for
women. With regard to the season of the survey, region, and size
of the city of residence, no significant associations with DIS, DMS
with DRS, or EMA with DRS were found.

The prevalence of insomnia and insomnia with daytime dys-
function based on sex is shown in Table 3. The prevalence of
insomnia was 12.2% in men and 14.6% in women, and the preva-
lence of insomnia with daytime dysfunction was 3.2% in men and
4.2% in women. The Chi-squared test indicated that insomnia was
significantly associated with mental health status (p <0.01) for men
and with age class (p <0.01), state of occupation (p=0.01), years
of schooling completed (p < 0.01), and mental health status (p <0.01)
for women. Insomnia with daytime dysfunction was significantly
associated with size of the city (p = 0.02) and mental health status
(p<0.01) for men and with age class (p <0.01), state of occupa-
tion (p < 0.01), years of schooling completed (p = 0.05), and mental
health status (p < 0.01) for women. With regard to the season of the
survey and region, no significant associations were found with either
insomnia or insomnia with daytime dysfunction.
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Table 1
Background of the survey subjects.
Male Female
N % N %
Age class
20-29 years 142 119 146 10.2
30-39 years 214 18.0 226 15.9
40-49 years 181 15.2 241 16.9
50-59 years 195 16.4 283 19.9
60-69 years 224 18.8 277 19.4
>70 years 233 19.6 252 17.7
Occupation
Agricultural, forestry, or fishery worker 27 2.3 26 1.8
Commercial, industrial, or service 162 13.6 109 7.6
business worker
Clerk 269 22.6 201 141
Laborer 295 24.8 242 17.0
Freelancer or managerial staff 64 5.4 16 11
Housewife without a job 0 0.0 677 47.5
Student 31 2.6 19 13
Others or unemployed 341 28.7 135 9.5
Years of schooling completed
Junior high school 149 12.6 215 15.2
Senior high school 599 50.5 782 55.1
College or university 439 37.0 421 29.7
Seasons of the survey
Winter (February) 589 49.5 719 50.5
Summer (August) 600 50.5 706 49.5
Regions
Hokkaido and Tohoku 155 13.0 174 12.2
Kanto, Keihin, and Koshinetsu 433 36.4 483 33.9
Hokuriku and Tokai 182 15.3 201 141
Kinki and Hanshin 166 14.0 248 174
Chugoku and Shikoku 112 9.4 153 10.7
Kyushu 141 11.9 166 11.6
Size of the city of residence
18 large cities 284 239 357 251
City 783 65.9 910 63.9
Municipality 122 10.3 158 111
Mental health status
Good 872 733 969 68.0
Poor 317 26.7 456 32.0

Subject with missing data was excluded from the analysis.

The results of multiple logistic regression analyses for separate-
ly stratified men and women by using DIS, DMS with DRS, or EMA
with DRS as response variables are shown in Table 4. The adjusted
odds ratios (AORs) for DIS, DMS with DRS, and EMA with DRS were
significantly increased for mentally unhealthy subjects, both in men
and women, when those in good mental health were used as the
reference. In addition, for women, the AOR of DIS was signifi-
cantly decreased for college or university graduates when junior or
senior high school graduates were used as the reference.

The results of multiple logistic regression analyses for separate-
ly stratified men and women by using insomnia or insomnia with
daytime dysfunction as a response variable are shown in Table 5.
The AORs for insomnia and insomnia with daytime dysfunction were
significantly increased for mentally unhealthy male and female sub-
jects when those in good mental health were used as the reference.
For men, the AORs for insomnia and insomnia with daytime dys-
function were significantly increased for those without occupation
when those with occupation were used as the reference. In women,
the AOR for insomnia was significantly increased for those aged >70
years when those aged 20-29 years were used as the reference. In
addition, the AOR for college or university graduates was signifi-
cantly decreased in women when junior or senior high school
graduates were used as the reference. Moreover, in men, the AOR
for insomnia with daytime dysfunction was significantly in-
creased for those living in municipalities when those living in cities
were used as the reference.

4. Discussion
4.1. Prevalence of insomnia symptoms or insomnia

The overall prevalence of insomnia in the present study was
13.5%, including DIS (9.8%), DMS with DRS (7.1%), and EMA with DRS
(6.7%). The prevalence of insomnia, DMS, and EMA were substan-
tially lower in the present study than in previous studies: insomnia
17.3-21.4% [3,4]; DIS 8.3-12.6% [3,4]; DMS 12.9-16.2% [3,4]; EMA
8.0% [4]. One reason for these differences may have been the stricter
definition of insomnia, which was closer to the clinical definition
(ie, considering the coexistence of DRS in DMS and EMA). In pre-
vious studies conducted in Japan, the prevalence of insomnia might
have been overestimated because individuals who had DMS or EMA,
but could not be defined as having insomnia, were defined as having
insomnia. Therefore, the results of the present study may provide
a more clinically accurate representation of insomnia in Japan.

In this study, the overall prevalence of insomnia with daytime
dysfunction was 3.8%. This was the first study that considered the
coexistence of daytime dysfunction, as this was not taken into
account in previous epidemiological studies of insomnia in Japan.
Ohayon classified previous epidemiological studies of insomnia into
four categories according to the definitions employed, and re-
ported the prevalence of insomnia in each category. The prevalence
of insomnia ranged from 4 to 6% when the strictest definition of
insomnia was used (ie, employing diagnostic criteria (such as those
provided in the DSM-III-R [21] and DSM-IV [7] and the Interna-
tional Classification of Sleep Disorders [22]) [2]. In the present study,
evaluation criteria that were similar to the clinical diagnostic cri-
teria for insomnia were adopted. Specifically, the duration of
insomnia symptoms was set to one month and the coexistence of
daytime dysfunctions was considered in the survey questions. There-
fore, the study results may be more clinically accurate.

The prevalence rates of the symptoms of insomnia, insomnia
itself, and insomnia with daytime dysfunction were higher in women
than in men. Lichstein et al. reviewed 33 previous studies that com-
pared the prevalence of insomnia based on sex and reported that
the prevalence of insomnia symptoms, and of insomnia itself, was
higher in women than in men [23]. The results of the present study
are consistent with this finding.

4.2. Associated factors of insomnia

The results of multivariate analyses indicated that the factors ag-
gravating insomnia for men were being without occupation and
having mental health issues, and for women they were being >70
years (compared with the 20-29 year age group), completing fewer
years of schooling, and having mental health issues. In two previ-
ous epidemiological studies of insomnia in Japan [3,4], the factors
associated with insomnia for men were never having been married,
being widowed, or unemployed; for women they were older age,
being unemployed, lack of habitual exercise, poor perceived health,
psychological stress, and being unable to cope with stress.

Lichstein et al. reviewed 20 studies and reported that the prev-
alence and severity of insomnia were associated with age in 60%
of those studies [23]. These authors found strong evidence for
increased DMS with age, but modest evidence for increased DIS
and EMA with age. Ohayon et al. performed a meta-analysis of
sleep parameters reported in 65 studies of subjects ranging in age
from five to 102 years [24]. They reported that sleep latency and
the percentages of stage 1 and stage 2 sleep appeared to increase
significantly with age, while the percentage of REM sleep de-
creased in adults. This indicates that, in the elderly, the mechanism
for maintaining sleep is significantly impaired compared with the
mechanism for initiating sleep. This result did not contradict the
findings of the review by Lichstein et al. However, several other
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Table 2
Prevalence of insomnia symptoms.
DIS DMS with DRS EMA with DRS
Male Female Male Female Male Female
% 95% CI p % 95% ClI p % 95% CI p % 95% CI p % 95% CI p % 95% ClI p
Overall 8.3 6.7-9.9 11.0 9.4-12.6 5.8 4.5-71 8.1 6.7-9.5 58 4.5-71 74  6.0-88
Age class 0.57 <0.01 0.14 <0.01 0.36 <0.01
20-29 years 9.2 4.4-14.0 8.2 3.7-12.7 49 1.3-85 5.5 1.8-9.2 49 1.3-8.5 34 0.5-63
30-39 years 6.5 3.2-9.8 8.9 5.2-12.6 5.1 2.2-8.0 4.0 1.4-6.6 3.7 1.2-6.2 4.5 1.8-7.2
40-49 years 7.7 3.8-11.6 6.6 3.5-9.7 33 0.7-5.9 5.4 2.5-8.3 44 14-74 50 2.2-78
50-59 years 114 6.9-15.9 12.8 8.9-16.7 4.7 1.7-7.7 8.8 5.5-12.1 5.7 24-9.0 85 53-11.7
60-69 years 8.5 4.8-12.2 10.5 6.9-14.1 9.4 5.6-13.2 10.1 6.6-13.6 7.6 41-111 8.3 5.0-11.6
>70 years 73 4.0-10.6 175 12.8-22.2 6.5 3.3-9.7 12.7 8.6-16.8 78  4.3-113 12.3 8.2-16.4
State of occupation 0.36 0.02 0.01 <0.01 <0.01 0.02
With occupation 7.9 6.0-9.8 8.6 6.3-10.9 4.7 3.2-6.2 5.6 3.7-75 4.5 31-5.9 51 3.3-6.9
Housewife 0.0 0.0-0.0 12.0 9.6-14.4 0.0 0.0-0.0 9.3 71-115 0.0 0.0-0.0 89 6.8-11.0
Without occupation 9.4 6.4-12.4 16.2 10.4-22.0 8.4 5.6-11.2 12.3 71-175 86 5.7-115 9.7 5.0-14.4
Years of schooling completed 0.25 <0.01 0.42 0.03 0.07 0.07
Junior or senior high school 9.0 6.9-11.1 129 10.8-15.0 6.2 4.5-79 9.1 7.3-10.9 6.7 4.9-85 8.2 6.5-9.9
College or university 71 4.7-9.5 6.9 4.5-93 5.0 3.0-7.0 5.7 3.5-79 41 2.2-6.0 5.5 3.3-77
Seasons of the survey 0.82 0.62 0.23 0.34 0.64 0.07
Winter (February) 8.2 6.0-10.4 115 9.2-13.8 6.6 4.6-8.6 74 5.5-9.3 6.1 4.2-8.0 6.1 4.3-79
Summer (August) 85 6.3-10.7 10.6 8.3-12.9 5.0 3.3-6.7 8.8 6.7-10.9 55 3.7-73 86  6.5-10.7
Regions 0.50 0.27 0.59 0.92 0.88 0.62
Hokkaido and Tohoku 7.7 3.5-119 13.8 8.7-18.9 5.8 2.1-9.5 9.8 5.4-14.2 52 1.7-8.7 6.9 3.1-10.7
Kanto, Keihin, and Koshinetsu 74 4.9-9.9 9.7 71-12.3 6.7 43-91 7.5 5.2-9.8 6.3 4.0-8.6 6.6 4.4-8.8
Hokuriku and Tokai 10.0 5.6-14.4 115 7.1-15.9 6.6 3.0-10.2 9.0 5.0-13.0 55 2.2-8.8 70  3.5-105
Kinki and Hanshin 9.0 4.6-134 13.7 9.4-18.0 4.2 11-7.3 7.3 41-10.5 6.0 24-96 7.3 41-105
Chugoku and Shikoku 5.4 1.2-9.6 11.2 6.2-16.2 27 -03-57 7.8 3.6-12.0 3.6 0.1-7.1 7.2 3.1-113
Kyushu 114 6.1-16.7 7.3 3.3-113 6.4 2.3-10.5 8.5 4.2-12.8 71 2.8-114 10.9 6.1-15.7
Size of the city of residence 0.10 0.34 0.62 0.46 0.28 0.69
18 large cities 5.6 2.9-8.3 112 7.9-14.5 6.4 3.5-9.3 7.8 5.0-10.6 5.7 3.0-84 76  4.8-104
City 8.8 6.8-10.8 116 9.5-13.7 5.4 3.8-7.0 8.6 6.8-10.4 54  3.8-70 7.6 5.9-9.3
Municipality 115 5.8-17.2 7.6 3.5-11.7 74 2.8-12.0 5.7 21-93 9.0 3.9-141 5.7 21-93
Mental health status <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Good 55 4.0-7.0 7.0 5.4-8.6 4.3 2.9-5.7 4.7 3.4-6.0 4.3 2.9-5.7 48 3.4-62
Poor 16.2 12.1-20.3 19.9 13.6-26.2 10.2 6.9-13.5 15.5 12.2-18.8 10.2 6.9-13.5 13.0 9.9-16.1
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Subject with missing data was excluded from the analysis.
p was calculated by y? test.
Abbreviations: DIS, difficulty initiating sleep; DMS, difficulty maintaining sleep; DRS, difficulty resuming sleep; EMA, early morning awakening; CI, confidential interval.
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Table 3
Prevalence of insomnia.
Insomnia Insomnia with daytime dysfunction
Male Female Male Female
% 95% CI p % 95% CI p % 95% CI p % 95% CI p
Overall 12.2 10.3-14.1 14.6 12.8-16.4 3.2 2.2-4.2 4.2 3.2-5.2
Age class 0.84 <0.01 0.90 <0.01
20-29 years 9.9 5.0-14.8 103 5.4-15.2 2.9 0.1-5.7 34 0.5-6.3
30-39 years 117 7.4-16.0 103 6.3-14.3 2.8 0.6-5.0 1.8 0.1-3.5
40-49 years 11.0 6.4-15.6 9.1 5.5-12.7 2.8 0.4-5.2 29 0.8-5.0
50-59 years 145 9.5-19.5 16.0 11.7-20.3 4.7 1.7-7.7 32 11-53
60-69 years 129 8.5-17.3 15.9 11.6-20.2 31 0.8-5.4 43 1.9-6.7
>70 years 121 7.9-16.3 234 18.2-28.6 3.1 0.9-5.3 9.1 5.5-12.7
State of occupation 0.05 0.01 0.06 <0.01
With occupation 10.9 8.8-13.0 115 8.9-14.1 2.6 1.5-3.7 25 1.2-38
Housewife 0.0 0.0-0.0 16.4 13.6-19.2 0.0 0.0-0.0 49 3.3-6.5
Without occupation 14.9 11.3-18.5 18.8 12.6-25.0 4.6 2.5-6.7 7.8 3.6-12.0
Years of schooling completed 0.15 <0.01 0.11 0.05
Junior or senior high school 13.2 10.8-15.6 16.7 14.4-19.0 3.8 2.4-52 4.9 3.6-6.2
College or university 10.3 7.5-13.1 10.0 7.1-12.9 2.1 0.8-3.4 2.6 11-41
Seasons of the survey 0.82 0.32 0.95 0.83
Winter (February) 119 9.3-14.5 13.7 11.2-16.2 33 1.9-4.7 4.3 2.8-5.8
Summer (August) 124 9.8-15.0 15.6 12.9-18.3 3.2 1.8-4.6 41 2.6-5.6
Regions 0.14 0.78 0.58 0.47
Hokkaido and Tohoku 104 5.6-15.2 17.8 12.1-235 2.6 0.1-5.1 4.6 1.5-7.7
Kanto, Keihin, and Koshinetsu 113 8.3-14.3 141 11.0-17.2 3.5 1.8-5.2 3.7 2.0-54
Hokuriku and Tokai 15.0 9.8-20.2 14.6 9.7-19.5 5.1 1.9-8.3 35 0.9-6.1
Kinki and Hanshin 133 8.1-18.5 15.7 11.2-20.2 3.0 0.4-5.6 44 1.8-7.0
Chugoku and Shikoku 6.3 1.8-10.8 13.2 7.8-18.6 2.7 -0.3-5.7 7.2 3.1-113
Kyushu 16.4 10.3-22.5 12.7 7.6-17.8 14 -0.5-3.3 3.0 0.4-5.6
Size of the city of residence 0.12 0.74 0.02 0.25
18 large cities 9.9 6.4-13.4 15.2 11.5-18.9 2.5 0.7-4.3 43 2.2-64
City 12.2 9.9-14.5 14.8 12.5-17.1 2.8 1.6-4.0 32 21-4.3
Municipality 17.2 10.5-23.9 12.7 7.5-17.9 74 2.8-12.0 5.1 1.7-8.5
Mental health status <0.01 <0.01 <0.01 <0.01
Good 8.6 6.7-10.5 10.1 8.2-12.0 1.6 0.8-2.4 1.7 0.9-2.5
Poor 223 17.7-26.9 24.6 20.6-28.6 7.7 4.7-10.7 9.7 7.0-12.4

Subject with missing data was excluded from the analysis.
p was calculated by y? test.
Abbreviations: CI, confidential interval.

epidemiological studies of insomnia have refuted any significant as-
sociations between age and insomnia after adjustment for other
important comorbidities [25-27]. No definitive epidemiological con-
clusion regarding the association between age and insomnia has yet
been drawn. In the present study, a significant association was only
observed between insomnia and specific age classes (20-29 years
and >70 years old) in women. However, no significant associa-
tions were observed between age and the symptoms of insomnia
in men and women.

Some previous studies have reported associations between in-
somnia and education as well as socioeconomic status (income and
employment). An epidemiological study of 3684 public servants
working for local authorities in Japan reported a significant asso-
ciation between employment grade and the Pittsburgh Sleep Quality
Index (PSQI) score (an index of insomnia) in men, but not in women
[28]. A study of 94 women aged 61-90 years reported a signifi-
cant association between PSQI score and socioeconomic status
defined according to education and income [29]. In add