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pAsE 3E
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b4 1.
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Ik (1~2 [a]) 8 36  1.5(0.6,3.9) 7 21 17(06,4.7)

Feler (3 [@LL L) 11 36 26(11,64) 0.033 11 30 27(11,68) 0024

JIS, the Joint Interim Statement on metabolic syndrome definition (2009); JCCMS, Japanese Committee of the Criteria for Metabolic
Syndrome (2005) *fiax, PE. Ffin, PEE A PR
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4L R R
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JIS, the Joint Interim Statement on metabolic syndrome definition (2009); JCCMS, Japanese Committee of the Criteria for Metabolic
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#1 MHEZKHEEOXZZHEK
EBRREER (2K (40mE LA L)
B4 ZH B4&Et ErEEE B4 ZH Bt EhedE

ZHERK 7,099.347| 3,640,935 10,740,282 = 3,745,741] _2,101,737] 5,847,478 =

BE 6,295.960] 3,430,975 9,726,935 90.6%|[ 3,570,070] 1,963,.281] 5,533,351 94.6%
*E 6,313,366] _3,425322] 9,738,688 90.7%|_3,574,841] 1,954916] 5529,757 94.6%
EERE 4,776,922| 2,638430[ 7,415,352 69.0%[| 2,765,368 1,821,699] 4,587,067 78.4%
S 4,799.376] 2,562,438] 7,361,814 68.5%|| 3,342,051 1,812,089] 5,154,140 88.1%
ME 6.230.290] _3.349.530] 9,579,820 89.2%|[_3.537.788] _1,925.370] _5.463.158 93.4%
BqA 5720001] 2.963,349] 8,683,350 80.8%|[ 3,276,493 1,688,742] 4.965.235 84.9%
BRE 805,541 409,071] 1,214,612 11.3% 635,752]  311,532] 947,284 16.2%
FRE 265,717 149.358] 415075 3.9% 228,142] _ 123,794] 351,936 6.0%
) 5678590 _2.960,937] _8.639.527 80.4%|[ 3.261,776] 1.703.616] _4.965.392 84.9%
MWL 5589486] 3.082.479] 8.671,965 80.7%|[ 3.134,615] 1.772.071] _4.906.686 83.9%
SEERCT 4,120 1,055 5175 0.0% 3,949 990 4,939 0.1%
WECTMD-CT. 5 ACTERT) 38,704 16,803 55,507 0.5% 36,180 15,708 51,888 0.9%
EEMAa 47,902 15,572 63,474 0.6% 41,381 10,000 51,381 0.9%
SEERMRI 16,158 8,764 24,922 0.2% 15,201 8,152 23,353 0.4%
DB RRE 2,803 644 3,447 0.0% 2,526 596 3,122 0.1%
EERE RRE 728,833] 278,946 1,007,779 9.4% 481,084] _ 231,224] 712,308 12.2%
IR AR E 392,600]  220,732] 613,332 5.7% 307,536] _ 185,890] 493,426 8.4%
DER 4453527 _2,462,500] 6,916,027 64.4%| 3,080,842] 1,721,391] 4,802,233 82.1%
BRLER 9,253 3,670 12,923 0.1% 8,052 3,186 11,238 0.2%
REE 6,258571] 3,316,306] 9,574,877 89.1%[| 3,529.627] 1,872,999 5,402,626 92.4%
RED 6,273,983] _3,320,167] 9,594,150 89.3%|| 3,536,798] 1,911,955 5,448,753 93.2%
PR I 3611.451] 1.877.730] 5,489,181 51.1%|| _2.207.464] 1.146,597| 3,354,061 57.4%
PRILE 231,803] _ 136,172] 367,975 3.4% 195,081 108,758 303,839 5.2%
SOEY)—5Fo 1,296,047] _ 689,293] 1,985,340 18.5% 790,109] 421,850 1,211,959 20.7%
BUN 1,246,828]  636,806] 1,883,634 17.5% 878,484 445992 1,324,476 22.7%
L7 F=> 3,206,927 1,510,485] 4.717.412 43.9%|_2.098.418] 1,079.201] 3.177.619 54.3%
ZERE RS MR (E 3213172] 1.780.128] 4,993,300 46.5%| 2.142.698] 1.206.758] _3.349.456 57.3%
BEES MLBETE 893,561 560,875 1,454,436 13.5% 567,649]  326,067] _ 893,716 15.3%
EARBE (75g0GTD 6,069 6,298 12,367 0.1% 4,571 4,558 9,129 0.2%
~EFOE Alc 3,700,265 _2.088,894] 5.789.159 53.9%| _2.411.739] 1.363.489] 3.775.228 64.6%
B Bk 3.463,034] 1.929283] 5392317 50.2%|]  2.334.144] 1.278.055] 3.612.199 61.8%
BB E 208,667 119,995 328,662 3.1% 168,654 95,896] 264,550 4.5%
= MEK 4.979,681] 2,821,072] 7,800,753 72.6%|| 3,214,336] 1,821,412] 5,035,748 86.1%
~E50OEY 4,952,613 2,821,319] 7,773,932 72.4%|| 3,203,111 1,818,262] 5,021,373 85.9%
~IRFUUR 3,814,394] 2,169,565 5,983,959 55.7%|| 2,534,939 1,430,674] 3,965,613 67.8%
/MR 1,664,764] 911,582 2,576,346 240%|| 1,123,192 610,032 1,733,224 29.6%
M 8% 162,304] _ 135495] 297,799 2.8% 121,564] _ 103,556] 225,120 3.8%
AST 4,648,522] 2,640,174] 7,288,696 67.9%] 3,002,538] 1,727,886] 4,730,424 80.9%
ALT 4,654,044] _2.643.896] 7.297.940 67.9%| _3.007,533] 1,719.680] _4.727.213 80.8%
Y GTP 4,638,596] 2,669,823] 7,308,419 68.0%| 3,226,874] 1,856,839] 5,083,713 86.9%
HWEYILEY 1,020,088 550,283] 1,570,371 14.6% 509,397| _ 262,154] 771,551 13.2%
LDH 624,826] _ 327.405] _ 952.231 8.9% 475494] _ 248.805] 724,299 12.4%
ALP 1,894,634 1,019,979 2,914,613 27.1%|| 1,352,696] _ 734,243 2,086,939 35.7%
TP 821,857] 455,214 1,277,071 11.9% 604,532] 332,991 937,523 16.0%
Alb 574,770 323,030] _ 897,800 3.4% 445606] 247,781 693,387 11.9%
ME7S5—F 660,783] 345922 1,006,705 9.4% 537,476 _ 270,357] 807,833 13.8%
JUIRTT—B 358,514] _ 158,792] 517,306 4.8% 255545] 120,671 376,216 6.4%
BaLATO—L 2,537,057] 1,283,483 3,820,540 35.6%|| 1,758,609] 887,320 2,645,929 45.2%
LDL 4,711,433 2,695,714] 7,407,147 69.0%| 3,039,463 1,775,008] 4,814,471 82.3%
HDL 4771172 _2.729.292] 7,500,464 69.8%|| _3.113.379] 1,802,090 _4.915.469 84.1%
AR 4,732,858] 2,667,300] 7,400,158 68.9%|| 3,088,064] 1,783.498] 4,871,562 83.3%
RER 3,512,139] 1,827,523] 5,339,662 49.7%[ 2,383,944] 1222719 3,606,663 61.7%
CRP 268,374] 152,341 420,715 3.9% 251,526]  128,022] 379,548 6.5%
ERECRP 50,475 39,549 90,024 0.8% 31,445 23,137 54,582 0.9%
EEm(HZ) 880,182] 425,062 1,305,244 12.2% 719,571 335,393[ 1,054,964 18.0%
& (25 %) 1.626,382] 776575 2,402,957 22.4%|_1.351,023] __ 644.233] _1,995256 34.1%
KESCT 78 23 101 0.0% 78 23 101 0.0%
AERGE SKERET) 4,455 891 5,346 0.0% 4,086 318 4,904 0.1%
AERRE (EAE) 980 255 1,235 0.0% 894 169 1,063 0.0%
EBRE 96 49 145 0.0% 81 18 99 0.0%
B TEELENGE 16,112 8,257 24,369 0.2% 15,109 7,558 22,667 0.4%
#EOLEELERNEE 68,822 37,166] 105,988 1.0% 60,818 31,285 92,103 1.6%
BBt (/o L) 526,137] 238545 764,682 71% 439,552 198,536] _ 638,088 10.9%
BBRUN\JD L) EE 940,564] 416,034 1,356,598 12.6% 754,609]  334,398] 1,089,007 18.6%
FEERCT 2,812 1,332 4,144 0.0% 2,424 1,109 3,533 0.1%




CEA 164,243 85,475 249,718 2.3% 139,789 69,595 209,384 3.6%
AFP 98,204 48,443 146,647 1.4% 84,964 40,095 125,059 2.1%
CA19-9 94,788 49,114 143,902 1.3% 83,148 42,396 125,544 2.1%
SCCHR 19,516 21,340 40,856 0.4% 13,248 14,872 28,120 0.5%
SLX 6,431 1,400 7,831 0.1% 3.879 735 4614 0.1%
PSA 387,350 0 387,350 3.6% 415,479 0 415,479 7.1%
CA125 39,119 68,935 108,054 1.0% 1,472 61,466 62,938 1.1%
CA15-3 1,819 29,170 30,989 0.3% 932 14,182 15,114 0.3%
TI/IAVTIIR 1,778 685 2,463 0.0% 1,508 536 2,044 0.0%
thiEE<—H— 11,445 8,797 20,242 0.2% 9,527 6,667 16,194 0.3%
AWABERVETFT40) 0 298,590 298,590 2.8% 0 245,410 245410 4.2%
DA GBS RIEED) 0 191,892 191,892 1.8% 0 120,183 120,183 2.1%
FEE AR (HlEE2) 0 440,344 440,344 4.1% 0 282,754 282,754 4.8%
FEENAEE (HPVIRE) 0 5,346 5,346 0.0% 0 3,539 3,539 0.1%
PET-CTRZ&E 544 200 744 0.0% 527 188 715 0.0%
TSH 10,377 18,343 28,720 0.3% 8414 14,127 22,541 0.4%
T3 5,953 10,228 16,181 0.2% 4479 7,456 11,935 0.2%
T4 6,573 11,710 18,283 0.2% 4,516 7,635 12,151 0.2%
AYangs—EnyERE 96,109 52,284 148,393 1.4% 87,835 41,279 129,114 2.2%
EQV ik (CasARBRE 3,821 3,338 7,159 0.1% 3,206 2,736 5,942 0.1%
M RIS /=51l 152,042 73,052 225,094 2.1% 124,077 59,441 183,518 3.1%
EAyan\ya—HiR 4,542 1,533 6,075 0.1% 1,272 3,326 10,598 0.2%
NJOERBRE 99 45 104 0.0% 58 45 103 0.0%
HBsHLIR 419,617 281,179 700,796 6.5% 320,627 194,707 515,334 8.8%
HBs#u{k 115,978 154,749 270,727 2.5% 75,707 70,329 146,036 2.5%
HBen/R 423 273 696 0.0% 376 156 532 0.0%
HBe#n ik 425 480 905 0.0% 1,523 1,031 2,554 0.0%
HCVHLUA 218,700 172,589 391,289 3.6% 164,250 115,411 279,661 4.8%
HCVE B IEIRIRE 367 258 625 0.0% 264 235 499 0.0%
FTARRGFY 2,092 847 2,939 0.0% 1,972 700 2,672 0.0%
MENECTRE 35 29 64 0.0% 29 13 42 0.0%
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Table 1. Demographic and socioeconomic characcteristics of survey
respondents.

FEE D5 EEZEEEDIS

Number % Number %
marital status
unmarried 1732 38.5% 1686 37.5%
married 2768 61.5% 2814 62.5%
Income per year (JPY)
Less than 299 M(million) 796 17.7% 746 16.6%
300-499 M 934 20.8% 903 20.1%
500-799 M 941 20.9% 939 20.9%
800-999 M 348 7.7% 399 8.9%
1000-1499 M 306 6.8% 317 7.0%
1,500 M or more 95 2.1% 119 2.6%
No answer 1080 24.0% 1077 23.9%
Employment status
Permanent employee 1773 56.9% 1763 58.6%
Contracted employee 237 7.6% 223 7.4%
Part-time employment 692 22.2% 646 21.5%
Dispatched employee 112 3.6% 85 2.8%
Others 303 9.7% 291 9.7%
Hospital visit or stay
Yes 1562 34.7% 1619 36.0%
No 2938 65.3% 2881 64.0%
Health condition
Good 666 14.8% 607 13.5%
Reasonably good 1357 30.2% 1343 29.8%
Normal 1712 38.0% 1716 38.1%
Reasonably bad 596 13.2% 667 14.8%

Bad 169 3.8% 167 3.7%




Table 2. FBEBLVEEREEDIUISICHETIIBRENE S

FBEDIS TEREEDILS

AR T A N % N %
BEB TV ARIRE
OF(gs) 309 68.7% 330 73.3%
250 [ 304 67.6% 311 69.1%
500 A 291 64.7% 318 70.7%
1000 F4 239 53.1% 294 65.3%
1500 F4 219 48.7% 271 60.2%
2000 M 197  43.8% 287 63.8%
3000 M 184  40.9% 2176 61.3%
4000 A 131 29.1% 284 63.1%
5000 M 114 25.3% 290 64.4%
1AM 93  20.7% 258 57.3%
MmERE
OF () 313  69.6% 360 80.0%
100 246 54.7% 339 75.3%
200 A 216 48.0% 345 76.7%
300 M 204 453% 339 75.3%
500 M 169  37.6% 300 66.7%
7500 H 175 38.9% 335 74.4%
1000 FH 151 33.6% 318 70.7%
2000 M 1 247% 320 71.1%
3000 M 91 20.2% 311 69.1%
5000 M 94  20.9% 299 66.4%
MmERE
OF () 327  72.7% 361 80.2%
100 M 328  72.9% 337 74.9%
200 M 298  66.2% 338 75.1%
300 M 278  61.8% 343 76.2%
500 M 268  59.6% 299 66.4%
7500 M 263  58.4% 337 74.9%
1000 M 239 53.1% 325 72.2%

2000 M 198  44.0% 311 69.1%
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Abstract

Background: We sought to establish the optimal waist circumference (WC) cut-off point for predicting diabetes
mellitus (DM) and to compare the predictive ability of the metabolic syndrome (MetS) criteria of the Joint Interim
Statement (JIS) and the Japanese Committee of the Criteria for MetS (JCCMS) for DM in Japanese.

Methods: Participants of the Japan Epidemiology Collaboration on Occupational Health Study, who were aged
20-69 years and free of DM at baseline (n = 54,980), were followed-up for a maximum of 6 years. Time-dependent
receiver operating characteristic analysis was used to determine the optimal cut-off points of WC for predicting DM.
Time-dependent sensitivity, specificity, and positive and negative predictive values for the prediction of DM were
compared between the JIS and JCCMS MetS criteria.

Results: During 234,926 person-years of follow-up, 3180 individuals developed DM. Receiver operating characteristic
analysis suggested that the most suitable cut-off point of WC for predicting incident DM was 85 cm for men and
80 cm for women. MetS was associated with 3-4 times increased hazard for developing DM in men and 7-9
times in women. Of the MetS criteria tested, the JIS criteria using our proposed WC cut-off points (85 cm for men
and 80 cm for women) had the highest sensitivity (54.5 % for men and 43.5 % for women) for predicting DM.
The sensitivity and specificity of the JCCMS MetS criteria were ~37.7 and 98.9 %, respectively.
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Conclusion: Data from the present large cohort of workers suggest that WC cut-offs of 85 cm for men and
80 cm for women may be appropriate for predicting DM for Japanese. The JIS criteria can detect more people

who later develop DM than does the JCCMS criteria.

Keywords: Waist circumference, Metabolic syndrome, Diabetes mellitus

Background

Metabolic syndrome (MetS) is defined as a clustering of
metabolic abnormalities [1], and has been shown to be
associated with increased risks of developing type 2 dia-
betes mellitus (DM) and cardiovascular disease [2—4].
However, controversy exist over the diagnostic criteria
and utility of MetS [5-7]. Of several MetS criteria pro-
posed [5, 8], the National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III) [1] and the
International Diabetes Federation (IDF) [9] have been most
widely used. In 2009, a Joint Interim Statement (JIS) cri-
teria was published as a combined effort by a number of
international scientific bodies and authorities [8]. Besides
these international definitions, a Japanese-specific MetS
criteria has been proposed by the Japanese Committee of
the Criteria for MetS (JCCMS) [10].

These criteria differ in several aspects, including the
cut-off points of waist circumference (WC), handling of
the WC component (prerequisite or optional for the diag-
nosis of MetS), and the criteria of hyperglycemia and
dyslipidemia. These differences have led to confusion re-
garding the choice of the criteria to diagnose MetS. One
major concern for Japanese individuals is the WC cut-off
point. The JCCMS adopts cut-offs of WC 285 cm for men
and >90 cm for women [10]. In Japan, cross-sectional
studies have suggested cut-off points of 85-90 cm for
men and 77-83 cm for women for predicting the presence
of multiple other MetS components [11-13], and a recent
prospective study showed that the optimal cut-off point of
WC for predicting cardiovascular disease (CVD) was
90 cm in men and 80 cm in women [14]. Several pro-
spective studies have examined the ethnic specific WC
cut-off values in relation to DM risk among Koreans,
Mexicans, and Americans [15-17]; however, no such
study has yet been performed in the Japanese population.

Here, we examined the optimal WC cut-off points for
predicting the development of DM and compared the
predictive ability of two MetS criteria (JIS [8] and JCCMS
[10]) in a large-scale working population in Japan.

Methods

Survey description

The Japan Epidemiology Collaboration on Occupational
Health (J-ECOH) Study is an ongoing multicenter epide-
miologic study among workers from several companies
in Japan. A total of 12 companies covering various

industries (electric machinery and apparatus manufac-
turing; steel, chemical, gas, and non-ferrous metal
manufacturing; automobile and instrument manufac-
turing; plastic product manufacturing; and health care)
participated in the J-ECOH study. As of May 2014,
eleven participating companies provided health check-
up data obtained between January 2008 and December
2013 or between April 2008 and March 2014. In this
study, the data from the earliest examination (mostly
carried out in 2008) were regarded as the baseline data;
however, if the 2008 dataset contained a large number
of missing data, the data from the 2009 or 2010 (one
company each) examination were used as the baseline.
The outcomes of the present prospective analysis were
determined using data from the health check-ups after
the baseline through 2014.

The J-ECOH Study was announced in each company
using posters. In Japan, workers are obliged to undergo
health examination at least once a year under the Industrial
Safety and Health Act; nearly all workers attend their
health examination in each year. Participants did not pro-
vide their oral or written informed consent to take part in
the study but were given an opportunity to refuse the use
of their data for research, according to the Japanese Ethical
Guidelines for Epidemiological Research [18]. The de-
tails of the J-ECOH Study have been described else-
where [19, 20]. The study protocol was approved by the
Ethics Committee of the National Center for Global
Health and Medicine, Japan.

Study participants

As shown in Fig. 1, of 95,040 participants who attended
the baseline health check-up, we excluded those who
were aged <20 or >70 years, who had DM or missing
data necessary for the diagnosis of DM or MetS, and
who attended the health check-up in a non-fasting state
or lacked information on smoking. Of the remaining
58,753 participants, we further excluded those who did not
attend any subsequent health check-up or who attended
but did not receive glucose measurements, leaving 54,980
participants (46,981 men and 7999 women) for analysis.

Measurements

The body height, body weight, WC, and blood pressure
were measured according to a standard protocol of each
company. Body mass index (BMI) was calculated as the
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Excluded participants aged <20 or >70
| years (N=1,622)

Excluded participants:
Had diabetes at baseline (N=5,323)

Had missing data necessary for DM
diagnosis at baseline (N=15,653)

Without complete data for assessment of
metabolic syndrome at baseline (N=3,293)

Measured in a non-fasting state at baseline
(N=9,057)

Had missing values for the smoking
variable at baseline (N=1,339)

Excluded participants who did not attend
any subsequent health check-ups or who
attended but did not receive glucose
measurements (N=3,773)

95,040 participants at the
baseline
93,418 participants at the
baseline
—
v
58,753 participants at the
baseline
y
54,980 participants for this
analysis
Fig. 1 Flow chart of participant selection

weight in kilograms divided by the squared height in
meters. WC was measured at the umbilical level using
a measuring tape, with the subjects in the standing pos-
ition [21]. Blood pressure was measured in a sitting
position. Hypertension was defined as systolic blood pres-
sure 2140 mmHg, diastolic blood pressure 290 mmHg, or
as receiving medical treatment for hypertension [22].
Smoking status was ascertained via a self-administered
questionnaire.

The plasma glucose was measured by the enzymatic or
glucose oxidase peroxidative electrode method. Glycated
hemoglobin (HbAlc) was measured by using latex agglutin-
ation immunoassay, high-performance liquid chromatog-
raphy, or the enzymatic method. Total cholesterol (TCH),
triglyceride (TG), low-density lipoprotein-cholesterol
(LDL-C), and high-density lipoprotein-cholesterol (HDL-C)
level were measured by the enzymatic method. All labora-
tories involved in the health checkup in the participating

companies have received satisfactory scores (rank A or
a score >95 out of 100) from external quality control
agencies.

Criteria of MetS
We defined the presence of MetS using the following
two criteria (Table 1): JIS [8] and JCCMS [10].

Outcome

DM was identified using data from the annual health
check-ups for a maximum of 6 years after the baseline
examination. DM was defined as HbAlc >6.5 %, fast-
ing plasma glucose 2126 mg/dl, random plasma glu-
cose 2200 mg/dl, or currently under medical treatment
for DM, according to the American Diabetes Associ-
ation criteria for the diagnosis of DM [23]. Individuals
without DM at baseline who met any of the above
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Table 1 Diagnostic criteria for metabolic syndrome
Risk factor ~ JIS JCCMS
WC M=>90 Cm W>80 cm M=>85cm W>90 cm

BP SBP > 130 and/or SBP > 130 and/or
DBP >85 mmHg or DBP >85 mmHg or
on treatment for HPT on treatment for HPT

FPG >100 mg/dl or diagnosed >110 mg/dl or diagnosed
DM DM
TG >150 mg/dl or TG >150 mg/dl or

treatment for TG or
HDL < 40 mg/dl

Treatment for TG

HDL-C M <40 mg/dl, W < 50 mg/d|
or treatment for HDL
Criteria At least 3 WC + 2 or more

WC waist circumference, FPG fasting plasma glucose, TG triglyceride, HDL-C
high-density lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic
blood pressure, M men, W women, DM diabetes mellitus, HPT hypertension,
Modified NCEP-ATP Ill National Cholesterol Education Program Adult Treatment
Panel lll (2005), JIS the Joint Interim Statement on metabolic syndrome definition
(2009), JCCMS Japanese Committee of the Criteria for Metabolic Syndrome (2005)

conditions in the subsequent check-ups were considered
to have an incident case of type 2 DM.

Statistical analyses

All analyses were performed separately by sex. Descrip-
tive statistics were generated using the sample size,
percentage, and mean. Chi-square tests for categorical
variables or t-tests for continuous variables were used to
examine differences in baseline characteristics between
subjects with incident DM and those who did not develop
it. Age-standardized incidence of DM and mean WC for
each company were calculated by direct standardization to
the total population of the present study. Time-dependent
receiver operating characteristic (ROC) curves for WC for
predicting the development of DM in the next 5 years
were depicted with the Kaplan-Meier method [24]. The
optimal WC cut-offs on the ROC curve were determined
by applying the Youden’s index [25] and the closest top-
left point approaches [26].

Person-time was calculated from the date of the base-
line examination to the date of the first diagnosis of DM
in a subsequent examination or to the date of the last
examination, whichever occurred first. Cox proportional
hazards regression models were used to estimate the
hazard ratios (HRs) for the development of DM associ-
ated with MetS in men and women, respectively. Covari-
ates included age (years) and tobacco smoking (current
smoker, non-current smoker). Company was treated as a
cluster variable to account for intraclass correlations.
The time-on-study was used as the primary time scale.
We verified that the proportional hazards assumption was
not violated for our main exposure and other covariates
by including interaction terms with time, and we used the
Wald chi-square procedure to test whether all coefficients
equaled 0. To compare the predictive ability of the JIS and
the JCCMS MetS criteria, the sensitivities, specificities,
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and positive and negative predictive values at 5-year
follow-up were determined [27].

The JCCMS criteria requires WC as a prerequisite for
the diagnosis of MetS [10]. Hence, additional analyses
were performed to determine if the sensitivity and speci-
ficity of JCCMS could be improved when having WC as
an “optional” rather than “essential” criterion (modified
JCCMS criteria).

The time-dependent sensitivities, specificities, and posi-
tive and negative predictive values for different criteria of
MetS were performed using R version 3.2.2 (R Foundation
for Statistical Computing, Vienna, Austria). All other
statistical analyses were performed using SAS version
9.3 (SAS Institute, Cary, NC, USA). A two-sided P <0.05
was considered statistically significant.

Results

During 234,926 person-years of follow-up (a median of
4.9 years), 3180 individuals (2963 men and 217 women)
developed DM. The incidence rate of progression to DM
was 14.7 per 1000 person-years of observation for men,
and 6.5 per 1000 person-years for women. The age-
standardized incidence of DM across companies ranged
between 9 and 15 per 1000 person-years for men, and
between 6 and 7 per 1000 person-years for women.

The baseline characteristics of the subjects according
to the presence or absence of incident DM are shown in
Table 2. For both sexes, the mean age, BMI, WC, systolic
blood pressure, diastolic blood pressure, fasting plasma
glucose, TCH, TG, and LDL-C in subjects who devel-
oped DM were greater than in those who did not, while
the HDL-C was lower. Moreover, the prevalence rates of
hypertension and smoking were higher in subjects with
incident DM than in those who did not develop it for
both men and women. The coefficients between BMI
and WC were 0.88 for men and 0.84 for women. The age-
standardized mean WC across companies ranged between
81.0 and 84.0 cm for men, and between 74.0 and 77.0 cm
for women. The characteristics of the study participants
by MetS and sex are shown in Additional file 1.

Optimal WC cut-off points

Figure 2 shows ROC curves for the prediction of the de-
velopment of DM within the next 5 years using baseline
WC. The AUCs were 0.67 (95 % confidence interval
[CI], 0.61-0.72) for men, and 0.70 (0.62-0.78) for
women. The optimal cut-off points of WC according to
the ROC curve for predicting incident DM for men and
women are shown in Table 3. In men, a cut-off point of
85.0 cm (sensitivity 64.0 %, specificity 59.6 %) yielded
both the maximal Youden index and minimum distance
from the top left corner of the ROC curve. In women, a
cut-off point of 83.0 cm (sensitivity 55.5 %, specificity
79.4 %) yielded the maximal Youden index, and 80.0 cm
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Table 2 Baseline characteristics of subjects

Men Women

No DM DM No DM DM
N 44018 2963 7782 217
Age (years) 454+89 492 +76% 439+89 484 +78*
BMI (kg/m?) 234+30 253+£37% 215+£33 253£54%
WC (cm) 829+82 88.0+9.3% 754+89 843+11.8*
FPG (mg/dl) 963 £83 109.2 +9.7% 90.8+78 104.1 +£10.2*
TCH (mg/dl)® 2009 +326 2082 +33.3% 2008+ 335 2157 +34.2%
TG (mg/dl) 125.5+90.1 159.7 + 124.4* 749+£416 1217 £112.7%
LDL-C (mg/dl) 1202+ 295 1264 +30.5% 113.7+299 128.7 +32.7*
HDL-C (mg/dl) 571144 535+ 139*% 69.6+ 15.5 634+£17.1%
SBP (mmHg) 1215+148 1281 +16.2% 1153160 1274 +183%
DBP (mmHg) 77.1+104 81.5+10.7% 716106 786+ 114
Hypertension (%) 19.7 36.8* 10.1 31.8%
Smoking (%) 40.5 45.8* 10.7 15.2%

Data was expressed as mean + SD or as percentages

DM diabetes mellitus, BMI body mass index, WC waist circumference, FPG fasting plasma glucose, TCH Total cholesterol, TG triglyceride, LDL-C low-density lipoprotein
cholesterol, HDL-C high-density lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure

*Difference between groups is statistically significant (P < 0.05)

“Data were available for 46,152 subjects

0.9

0.8

0.7

0.6f

Sensitivity

0.5f

0.4

0.3f
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0.1

1-specificity
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Sensitivity

00 . . .
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04 05 06 07 08 09 1.0
1-specificity

Fig. 2 ROC curves for the prediction of diabetes in the next 5 years using baseline WC. ROC curves showing the ability of baseline waist
circumference (WC) to predict the development of diabetes in the next 5 years
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Table 3 Performance of different waist thresholds to predict
the development of diabetes in the next 5 years

Waist thresholds — Sensitivity — Specificity ~ Youden index  Distance®

Men
97.0 cm 16.2 % 94.6 % 0.108 0.840
950 cm 187 % 93.5 % 0.122 0816
90.0 cm 35.0 % 835 % 0.185 0671
88.0 cm 49.1 % 73.0 % 0.221 0.576
850 cm 64.0 % 596 % 0.235 0.541
83.0 cm 68.6 % 542 % 0.228 0.555
80.0 cm 814 % 388 % 0.202 0.640

Women
90.0 cm 293 % 94.0 % 0.234 0.709
87.0 cm 38.8 % 90.0 % 0.287 0.621
84.0 cm 50.6 % 84.0 % 0.346 0.519
830 cm 55.5 % 794 % 0.349 0490
80.0 cm 62.8 % 70.7 % 0334 0474
78.0 cm 64.9 % 67.0 % 0319 0482
750 cm 750 % 546 % 0.296 0518

Distance, the distance from a point on the curve to the point (0, 1)

(62.8 %, 70.7 %) yielded the minimum distance from the
top left corner of the ROC curve. Taken together with
earlier studies in Japan [11-13], we thus propose WC
cut-off points of 85 cm for men and 80 cm for women.

Association between MetS and DM
The prevalence of MetS ranged from 12.0 to 22.1 % in
men and 1.3 to 8.0 % in women according to the different
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criteria of MetS (Table 4). The incidence rates of DM were
higher in subjects with MetS than in those without for
both sexes (P < 0.05). In men, the adjusted HRs (95 % CI)
for the development of DM according to the different cri-
teria of MetS were as follows: JIS (Asian WC cut-off value)
3.72 (3.46-4.00), JIS (proposed WC cut-off value) 3.84
(3.69-4.00), and JCCMS (same for Japanese central
obesity criteria and proposed WC cut-off point) 4.16
(3.89-4.45). In women, the adjusted HRs were as follows:
JIS (same for Asian WC cut-off value and proposed WC
cut-off value) 7.08 (6.19-8.09), JCCMS (Japanese central
obesity criteria) 9.63 (8.17-11.36), and JCCMS (proposed
WC cut-off point) 7.40 (5.68-9.64). Kaplan-Meier esti-
mates of DM-free survival by MetS and sex are provided
in Additional file 2.

Sensitivity and specificity

Table 5 shows the sensitivity and specificity for predic-
tion of incident DM in the next 5 years using MetS. In
both sexes, the JIS criteria [8] had a higher sensitivity
than the JCCMS criteria [10]. In men, a large increase in
sensitivity (44.1 to 54.5 %), with only a moderate de-
crease of the positive predictive value (18.5 to 17.1 %),
was seen in the JIS criteria when the WC cut-off point
(90 cm) was substituted by our proposed value (85 cm).
In women, the sensitivity increased (JCCMS, 13.3 to
25.8 %) when the Japanese obesity criteria (WC =90 c¢cm)
[10] was substituted by our proposed cut-off point
(80 cm). The specificity for all criteria ranged from 80.6
to 98.9 %. The positive and negative predictive values
were approximately ~28 and 95 %, respectively.

Table 4 Risk for the development of diabetes associated with metabolic syndrome

Incidence of diabetes per 1000
person-years

Metabolic syndrome Prevalence at baseline (%)  Without With Adjusted HR (95 % Cl) for incident DM?
JIS (Asian cut-off points for WQ)
Men 16.5 9.7 420 3.72 (3.46-4.00)
Women 80 4.1 371 7.08 (6.19-8.09)
JIS (Proposed cut-off points for WQ)
Men 221 85 383 3.84 (3.69-4.00)
Women 80 4.1 37.1 7.08 (6.19-8.09)
JCCMS
Men 120 103 50.2 4.16 (3.89-4.45)
Women 13 57 721 9.63 (8.17-11.36)
JCCMS (Proposed cut-off points for WC)
Men 120 103 50.2 4.16 (3.89-4.45)
Women 34 5.0 53.0 740 (5.68-9.64)

DM diabetes mellitus, IDF International Diabetes Federation, JIS the Joint Interim Statement on metabolic syndrome definition, Asian cut-off points for WC waist
circumference >90 cm in men or >80 cm in women, Proposed cut-off points for WC waist circumference >85 cm in men or >80 c¢cm in women, JCCMS Japanese

Committee of the Criteria for Metabolic Syndrome
®HRs are adjusted for age and tobacco use
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Table 5 Sensitivity and specificity of JIS and JCCMS criteria for
the prediction of diabetes in the next 5 years

JIS Asian JIS New JCCMS JCCMS new

Sensitivity

Men 441 545 37.7 37.7

Women 435 435 133 258
Specificity

Men 85.7 80.6 90.0 90.0

Women 93.5 93.5 989 97.3
PPV

Men 185 17.1 217 21.7

Women 179 179 28.2 238
NPV

Men 954 96.0 952 95.2

Women 98.1 98.1 97.2 976

JIS the Joint Interim Statement on metabolic syndrome definition, Asian waist
circumference >90 cm in men or >80 cm in women; New: our proposed waist
circumference >85 cm in men or >80 cm in women; JCCMS Japanese Committee of
the Criteria for Metabolic Syndrome, PPV positive predictive value, NPV negative
predictive value

Additional analyses

When having WC as an “optional” rather than “essential”
criterion (modified JCCMS criteria), the sensitivity
modestly increased from 37.7 to 41.7 % in men and
from 13.3 to 14.2 % in women. The specificity slightly
decreased from 90.0 to 89.7 % in men and from 98.9 to
98.8 % in women.

Discussion

In the present prospective study of a large Japanese
working population, we demonstrated that the optimal
cut-off points of WC for predicting DM were 85 and
80 ¢cm for men and women, respectively. In the compari-
son of the JCCMS criteria, the JIS criteria using the
above WC cut-off points provided the highest sensitivity
for predicting DM. To our knowledge, this is the first
prospective study in Japan to assess the optimal WC
cut-off points for predicting DM and to compare the
predictive abilities of different MetS criteria for the de-
velopment of DM.

In the present study, the incidence rate of DM was
14.7 per 1000 person-years for men and 6.5 per 1000
person-years for women. According to a systematic re-
view and meta-analysis of Japanese studies [28], the inci-
dence rates of DM showed varied considerably among
studies (2.3-52.6 per 1000 person-years). This could be
attributable to differences in background characteristics
(e.g., age and gender), follow-up durations, and diagnos-
tic procedures among studies. In line with the present
findings, previous studies in the Japanese population also
found a higher incidence of DM among men than
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among women [29, 30]. For instance, the incidence rate
of DM was 20.9 per 1000 person-years for men and 9.8
per 1000 person-years for women in the Ibaraki Prefec-
tural Health Study (age range: 40—79 years) [29].

Much controversy exist over the current Japanese cut-
offs for WC (85 c¢cm for men and 90 cm for women)
[31], which have been adopted in the JCCMS. The
results of the present ROC analysis indicate that the
optimal cut-off points of WC for predicting the develop-
ment of DM are 85 cm for men and 80 ¢cm for women.
Several studies in the Asian population have reported
that the optimal WC cut-offs for predicting DM were
80-85 c¢m for men and 75-80 c¢cm for women, based on
cross-sectional data relating WC to the presence of DM
[32-34]. A prospective cohort study in Korea also sug-
gested that WCs of 85 cm for men and 80 cm for
women were appropriate cut-offs to predict the develop-
ment of DM [15]. Taken together, WC cut-off points of
85 cm for men and 80 cm for women may be suitable
for the prediction of development of DM. Besides, a
community-based cohort study in Japan suggested that
the optimal WC cutoff points for predicting CVD were
90 cm for men and 80 cm for women [14]. Further pro-
spective studies are required to confirm whether optimal
cut-off points of WC for predicting DM are different
from those for predicting CVD.

To determine whether, and to what extent, our pro-
posed WC cut-off points (85 cm for men and 80 cm for
women) can improve the performance of the MetS criteria
for predicting DM, we further analyzed the impact of dif-
ferent WC cut-off points on the sensitivity and specificity
of MetS for predicting the development of DM. In
women, the sensitivity of the JCCMS criteria substantially
increased from 13.3 to 25.8 % after substituting the ori-
ginal WC cut-off (90 cm) with our proposed cut-off
(80 c¢m). Similarly, in men, the sensitivity of the JIS criteria
increased from 44.1 to 54.5 % when the WC cut-off
(90 cm) was substituted by our proposed value (85 cm).
These findings suggest that a MetS criteria using WC
cut-offs of 85 cm for men and 80 cm for women can
identify a greater number of people with increased risks of
DM than the cut-offs for the Asian population (for men)
or the current Japan central obesity criteria (for women).

Several prospective studies outside Japan have investi-
gated the predictability of MetS (defined by IDF, NCEP,
WHO, and the European Group for the Study of Insulin
Resistance) for the development of DM [4]. The Hong
Kong Cardiovascular Risk Factor Prevalence Study showed
that the sensitivity of the modified NCEP-ATP III (similar
to the JIS criteria) tended to be higher compared with the
IDF criteria (41.7 % versus 31.9 %) in the total population
[3]. Further, another study in Beijing, China, also showed
that the sensitivity of the modified NCEP-ATP III was
higher than that of the IDF criteria (52 % versus 44 %)
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[35]. In our study, the JIS criteria (Asian WC cut-off
values, 44.1 % for men and 43.5 % for women; proposed
cut-off values, 54.5 % for men and 43.5 % for women) was
more sensitive for predicting incident DM than the
JCCMS criteria (Japanese central obesity criteria, 37.7 %
for men and 13.3 % for women; proposed cut-off values,
37.7 % for men and 25.8 % for women), whereas both two
criteria had similar positive predictive values (approxi-
mately ~28 %) and negative predictive values (>95 %).
Therefore, the JIS criteria seems to have superior sensitivity
to predict incident DM in East Asian populations.

Our additional analyses showed only a slight increase
in sensitivity in both sexes when WC was treated as an
optional component of the JCCMS criteria. This finding
suggests that including WC as an “optional” component
in the current JCCMS criteria has minimal impact on its
predictability for DM. One possible explanation is that
WC itself may not be a good risk predictor of DM. In
fact, FPG has much higher ability to identify individuals
with high risk of DM than do other components of the
MetS [3, 36, 37].

Limitations

The main strengths of our study include its prospective
design, large sample size, and sufficient number of DM
events. However, several limitations need to be considered.
First, because the majority of study participants were
employees of large companies, caution should be exercised
in generalizing the present finding to workers in smaller-
sized companies or non-working population. Second, the
sample size for women was relatively small and the
estimates obtained were unstable. Third, the methods of
blood glucose and HbAlc measurements differed among
the companies. Given the highest level of quality control
achieved in all of the participating companies, however,
measurement bias is unlikely. Measurement error is also
inevitable in the assessment of exposures including WC
and blood pressure. Such error usually occurs in random
manner and thus might have attenuated the association.
Fourth, because data on family history of DM and lifestyle
other than smoking (e.g., diet and physical activity) were
not collected in a standardized manner across the partici-
pating companies, we were unable to control for the
effects of these confounders. Lastly, our data are not able
to discriminate between type 1 and type 2 DM. However,
given that the prevalence of type 1 DM is as low as 1.75
per 10,000 in Japanese adults aged 20 years and over [38],
most cases in the present study maybe type 2 DM.

Conclusion

In conclusion, the results of the present study show that
WC cut-offs of 85 cm for men and 80 ¢cm for women
are appropriate for predicting incident DM in the Japanese
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population. Use of the JIS criteria detected more cases of
incident DM compared to the JCCMS criteria.
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Abstract

Aims

The control of blood glucose levels, blood pressure (BP), and low-density lipoprotein cho-
lesterol (LDL-C) levels reduces the risk of diabetes complications; however, data are scarce
on control status of these factors among workers with diabetes. The present study aimed to
estimate the prevalence of participants with diabetes who meet glycated hemoglobin
(HbA1c), BP, and LDL-C recommendations, and to investigate correlates of poor glycemic
control in a large working population in Japan.

Methods

The Japan Epidemiology Collaboration on Occupational Health (J-ECOH) Study is an ongo-
ing cohort investigation, consisting mainly of employees in large manufacturing companies.
We conducted a cross-sectional analysis of 3,070 employees with diabetes (2,854 men and
216 women) aged 20—69 years who attended periodic health examinations. BP was mea-
sured and recorded using different company protocols. Risk factor targets were defined
using both American Diabetes Association (ADA) guidelines (HbA1c < 7.0%, BP < 140/90
mmHg, and LDL-C < 100 mg/dL) and Japan Diabetes Society (JDS) guidelines (HbA1c <
7.0%, BP < 130/80 mmHg, and LDL-C < 120 mg/dL). Logistic regression models were used
to explore correlates of poor glycemic control (defined as HbA1c > 8.0%).
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Results

The percentages of participants who met ADA (and JDS) targets were 44.9% (44.9%) for
HbA1c, 76.6% (36.3%) for BP, 27.1% (56.2%) for LDL-C, and 11.2% (10.8%) for simulta-
neous control of all three risk factors. Younger age, obesity, smoking, and uncontrolled dys-
lipidemia were associated with poor glycemic control. The adjusted odds ratio of poor
glycemic control was 0.58 (95% confidence interval, 0.46—0.73) for participants with treated
but uncontrolled hypertension, and 0.47 (0.33—0.66) for participants with treated and con-
trolled hypertension, as compared with participants without hypertension. There was no sig-
nificant difference in HbA1c levels between participants with treated but uncontrolled
hypertension and those with treated and controlled hypertension.

Conclusion

Data from a large working population, predominantly composed of men, suggest that
achievement of HbA1c, BP, and LDL-C targets was less than optimal, especially in younger
participants. Uncontrolled dyslipidemia was associated with poor glycemic control. Partici-
pants not receiving antihypertensive treatment had higher HbA1c levels.

Background

Diabetes and its complications are a major public health issue throughout the world [1]. It is esti-
mated that 387 million people had diabetes in 2013, and this number will rise to 592 million by
2035 [2]. In Japan, the prevalence of diabetes has markedly increased in the past few decades [3].
In 2013, there were 7.2 million cases of diabetes in Japan [2], foreboding future growth in prema-
ture mortality, morbidity, and economic burden, which are largely associated with its complica-
tions. The risk of diabetes complications can be reduced by intensive control of blood glucose [4],
blood pressure (BP) [5,6], and blood lipid profile [7]. The American Diabetes Association (ADA)
recommends that most adults with diabetes achieve a glycated hemoglobin (HbAlc) < 7.0%,

BP < 140/90 mmHg, and low-density lipoprotein cholesterol (LDL-C) < 100 mg/dL [8]. Simi-
larly, the Japan Diabetes Society (JDS) has established targets for the three risk factors for patients
with diabetes: HbAlc < 7.0%, BP < 130/80 mmHg, and LDL-C < 120 mg/dL [9].

Despite evidence showing the benefits of simultaneous control of HbAlc, BP, and LDL-C in
reducing the risk of diabetes complications and death [10,11], studies from Western [12-14]
and Asian [15-17] countries showed that attainment of all three goals simultaneously was low
(10-30%). In Japan, there are limited data on treatment and/or achieving rates for patients
with diabetes with respect to these risk factors [18,19]. In a clinic- and hospital-based study,
34% of patients had HbAlc < 6.5% and half of the patients had BP < 130/80 mmHg [18]. Ina
study of health check-up attendants, 44.7% of patients under treatment of anti-diabetic drugs
achieved HbAlc (< 7.0%), 51.8% for BP (< 130/80 mmHg), and 58.1% for LDL-C (< 120 mg/
dL) [19]. However, these studies did not report the proportion of patients meeting all three tar-
gets [18,19]. In addition, no study assessed diabetes control status in the Japanese working pop-
ulation, in which 8.0% of men and 3.3% of women had diabetes [20].

Knowledge about demographic and clinical characteristics associated with glycemic control
would be helpful for health-care providers. Younger age, obesity, long duration of diabetes, and
co-morbidity are associated with poor glycemic control [21,22]. Use of antihypertensive or
lipid-lowering drugs may also influence glycemic control [23-25]. A study in the Netherlands
reported lower HbA1c levels in patients with diabetes treated for hypertension compared with

PLOS ONE | DOI:10.1371/journal.pone.0159071

July 20,2016 2/13



@’PLOS ‘ ONE

Diabetes Control in Japanese Employees

patients with diabetes without hypertension [23]. However, it remains elusive, among patients
with diabetes treated for hypertension, whether control status of hypertension is additionally
associated with glycemic level.

In Japan, employees are required by law to receive an annual health examination including
measurement of glycemic status. This provides a valuable opportunity to assess the current
control of diabetes in the working population. We conducted a cross-sectional study in partici-
pants with diabetes using data of the Japan Epidemiology Collaboration on Occupational
Health (J-ECOH) Study. The present study aimed to (1) estimate the prevalence of participants
who meet ADA (and JDS) recommendations for HbAlc, BP, and LDL-C and (2) investigate
correlates of poor glycemic control.

Methods
Survey description

The J-ECOH Study is an ongoing, multicenter, epidemiologic study among employees of 12
companies mainly in the manufacturing industry (electric machinery and apparatus
manufacturing; steel, chemical, gas, and non-ferrous metal manufacturing; automobile and
instrument manufacturing; plastic product manufacturing; and health care). The investigators
of the J-ECOH Study have been collecting several types of health-related data from each partic-
ipating company, and the present study was based on health check-up data. In Japan, employ-
ees are obliged to undergo periodic health examination under the Industrial Safety and Health
Act. As of May 2014, 11 of the 12 participating companies provided health check-up data
obtained between January 2008 and December 2013 or between April 2008 and March 2014.

Prior to the collection of data, the conduct of the J-ECOH Study was announced in each
company by using posters that explained the purpose and procedure of the study. Participants
did not provide their verbal or written informed consent to join the study but were allowed to
refuse their participation. This procedure conforms to the Japanese Ethical Guidelines for Epi-
demiological Research, where the procedure of obtaining consent may be simplified for obser-
vational studies using existing data [26]. The details of the J]-ECOH Study have been described
elsewhere [20,27]. The study protocol including consent procedure was approved by the Ethics
Committee of the National Center for Global Health and Medicine, Japan (NCGM-G-001140-
05).

Participants

There were a total of 83,234 male and 15,820 female employees in the participating companies
in 2013. The majority of employees were male (84%), representing the ratio of male to female
employees in the manufacturing industry. Of the employees in the participating companies,
about 95% of male and 90% of female employees attended the annual health check-up during
the period between January 2013 and December 2013 or between April 2013 and March 2014.
In the present study, our analysis was restricted to participants aged 20-69 years who were
receiving medical treatment for diabetes, which was defined in two ways: (1) anti-diabetic drug
use or non-pharmacological treatment, such as lifestyle modification (five companies, consist-
ing of 76.9% of total study participants, were asked about these) and (2) anti-diabetic drug use
(six companies). Of the J-ECOH Study participants, we identified 3,395 diabetic participants
under medical treatment. Of these, we excluded those who had missing values for HbAlc, BP,
triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), LDL-C, antihypertensive
treatment, and lipid-lowering treatment (n = 108). Of the remaining 3,287 participants, we
excluded participants measured in a non-fasting state (n = 217), leaving 3,070 participants
(2,854 men and 216 women) for analysis.
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Measurements

The body height, weight, and waist circumference (WC) were measured according to a stan-
dard protocol of each company. Body mass index (BMI) was calculated as the weight in kilo-
grams divided by the squared height in meters. WC was measured at the umbilical level using a
measuring tape, with the participants in the standing position [28]. Smoking status and medi-
cal treatment status for diabetes, hypertension and dyslipidemia were self-reported. Data about
medication types and adherence to therapy were not available.

BP was measured with the patient in a sitting position using automatic BP monitors. In
most participating companies, BP was measured once, followed by the second measurement if
the first measurement was equal to or higher than a certain cutoff defined by the companies (sys-
tolic/diastolic BP: 130/85 mmHg, 140/90 mmHg, or 150/90 mmHg). If both first and second
measurements were recorded, we used the first one in the present analysis to improve compara-
bility among companies. In two companies in which BP was measured twice for all participants,
the lower value was recorded for one company, whereas the first value was recorded in another
company. The details of measurement method of BP were shown in S1 Table.

Plasma glucose was measured by the enzymatic or glucose oxidase peroxidative electrode
method. HbAlc was measured by using latex agglutination immunoassay, high-performance
liquid chromatography, or the enzymatic method. The details of measurement of glucose and
HbA1lc were shown in S2 Table. In all participating companies, TG, LDL-C, and HDL-C level
were measured by the enzymatic method. All laboratories involved in the health check-up in
the participating companies have received satisfactory scores (rank A or a score > 95 out of
100) from external quality control agencies.

Hypertension was defined as systolic BP > 140 mmHg, diastolic BP > 90 mmHg, or as
receiving medical treatment for hypertension [29]. Dyslipidemia was defined as TG of > 150
mg/dl, LDL-C of > 140 mg/dl, HDL-C of < 40 mg/d]l, or as receiving medical treatment for
dyslipidemia, based on the criteria for the Japan Atherosclerosis Society [30].

Treatment goals

For HbAlc, BP, and LDL-C, the goals used for this study were based on the 2015 ADA guide-
lines (HbAlc < 7.0%, BP < 140/90 mmHg, and LDL-C < 100 mg/dL) [8] and 2013 JDS guide-
lines (HbAlc < 7.0%, BP < 130/80 mmHg, and LDL-C < 120 mg/dL) [9], respectively. We
also examined secondary lipid targets: TG < 150 mg/dL and HDL-C > 40 mg/dL in men

and > 50 mg/dL in women [8].

Statistical analyses

Characteristics of study participants were described in means for continuous variables and per-
centages for categorical variables by age groups. Trend association was assessed by assigning
ordinal numbers to each age group (20-49, 50-59, and 60-69 years old) and was tested using a
linear regression analysis and the Cochran—-Armitage trend test for continuous and categorical
variables, respectively.

We calculated the percentage of participants who met individual and all three (HbAlc, BP,
and LDL-C) risk factor goals. For BP and lipids, we identified participants who reported receiv-
ing medical treatment at the time of health check-up (lipid-lowering treatment, or antihyper-
tensive treatment). We then examined goal attainment rates for these participants with respect
to lipids and BP management.

We analyzed the correlates of poor glycemic control (HbAlc > 8.0%) compared with opti-
mal control defined as HbAlc <7.0% [8,9]. HbAlc of 8.0% is considered as a “take action”
threshold in the ADA and JDS guidelines [8,9] and was treated as a cut-off point of poor
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glycemic control in previous studies [12,19,31,32]. Thus, HbAlc > 8.0% is considered as poor
glycemic control in our study. In this analysis, we excluded participants with HbAlc of 7.0-
7.9%, which is commonly considered as sub-optimal [12,31,32]. Logistic regression analysis
was performed to estimate odds ratio (OR) and 95% confidence interval (CI) of poor glycemic
control for age, sex, WC (< 90 cm or > 90 cm for men, < 80 cm or > 80 cm for women), BMI
(< 25kg/m?, 25 to < 30 kg/m?, and > 30 kg/m?), smoking status (current smoker or non-cur-
rent smoker), dyslipidemia (none, untreated, treated but uncontrolled, treated and controlled),
and hypertension (none, untreated, treated but uncontrolled, treated and controlled). We
adjusted age, sex, and, worksite in the basic model and additionally adjusted for WC, BMI,
smoking status, hypertension, and dyslipidemia in the full model. All statistical analyses were
performed using SAS version 9.3 (SAS Institute, Cary, NC, USA), and two-sided P < 0.05 was
considered statistically significant.

Results
Participant characteristics

Of 3,070 participants with diabetes, 6.2% were female. The mean age was 53.7 + 7.3 years. The
characteristics of participants by age group are shown in Table 1. The prevalence of smoking
was higher in the younger age group (P for trend < 0.001). The mean WC, BMI, HbAlc,

Table 1. Characteristics of participants with diabetes.

Age (years) Total
20-49 50-59 60-69

N 869 1470 731 3,070
Female, % 7.3 5.7 5.9 6.2
Current smoker™, % 43.9 39.9 32.9% 39.4
WC (cm) 94.6+13.0 89.7+9.9 87.1+8.9* 90.5+11.0
BMI (kg/m?) 28.315.4 25.9+4 1 24.743.4* 26.3t+4.5
HbA1c (%) 7.7¢1.5 7.3¢1.2 7.1+1.0* 7.3+1.2
FPG (mg/dL) 152.4+44.5 146.5+36.8 141.5432.4* 147.0+38.4
BP
SBP (mmHg) 127.4+14 .1 127.7414.9 129.8+15.4* 128.1£14.8
DBP (mmHg) 81.2+10.0 80.4+9.7 78.5+8.6* 80.2+9.6
Hypertension, % 48.2 57.1 63.3* 56.0
Anti-hypertension treatment, % 79.7 88.7 88.3* 86.4
Lipids
LDL-C (mg/dL) 122.7+30.1 116.3+30.3 113.2426.4* 117.3+29.6
TG (mg/dL) 169.3+143.1 146.5£120.2 130.1+£78.2% 149.0£119.8
HDL-C (mg/dL) 48.8+11.8 52.4+13.9 54.1+14.2* 51.8+13.5
Dyslipidemia 74.2 69.2 60.3* 68.5
Lipid-lowering treatment*, % 53.3 62.4 56.9 58.5

Data was expressed as mean +SD or as percentages.

*P for trend < 0.001.

] Data were available for 3006 participants.

1The denominator is the total number of people with hypertension.

FThe denominator is the total number of people with dyslipidemia.

WC: waist circumference, BMI: body mass index, FPG: fasting plasma glucose, SBP: systolic blood pressure, DBP: diastolic blood pressure, LDL-C: low-
density lipoprotein cholesterol, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol.

doi:10.1371/journal.pone.0159071.t001
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fasting plasma glucose, diastolic BP, LDL-C, and TG were higher in younger participants,
whereas systolic BP and HDL-C were higher in older participants (P for trend < 0.001). The
prevalence of hypertension and the proportion of participants under hypertension treatment
among those with hypertension increased with advancing age (P for trend < 0.001). The preva-
lence of dyslipidemia was higher in the younger age group (P for trend < 0.001). No age differ-
ence was found in the prevalence of lipid-lowering treatment.

Prevalence of meeting risk factor targets

Table 2 shows the prevalence of meeting risk factor targets in participants with diabetes. Of the
participants, 44.9% met the target for HbAlc (< 7.0%). Approximately three-fourths and one-
quarter of participants met ADA targets for BP (< 140/90 mmHg) and LDL-C (< 100 mg/dL),
respectively. Approximately one-third and one-half of participants met JDS targets for BP

(< 130/80 mmHg) and LDL-C (< 120 mg/dL), respectively. The proportion of attainment of
all three (HbAlc, BP, and LDL-C) target achievements was 11.2% by the ADA recommenda-
tions and 10.8% by the JDS recommendations. Approximately two-thirds had TG values < 150
mg/dL, and four-fifths had HDL-C > 40 mg/dL (50 mg/dL for women). The prevalence of
HbAlc, LDL-C, TG, and HDL-C control increased with age (P for trend < 0.001).

Table 3 shows goal attainment rates for participants who were receiving antihypertensive or
lipid lowering treatment. Of participants with antihypertensive treatment (n = 1,488), 67.5%
and 24.3% met ADA target for BP (< 140/90 mmHg) and JDS target for BP (< 130/80
mmHg), respectively. Of participants with lipid-lowering treatment (n = 1,230), 29.4% and
57.0% met ADA target for LDL-C (< 100 mg/dL) and JDS target for LDL-C (< 120 mg/dL),
respectively. Approximately three-fifths had TG values <150 mg/dL, and three-fourths had
HDL-C > 40 mg/dL (50 mg/dL for women). The prevalence rates of BP, LDL-C, TG, and
HDL-C control increased with age (P for trend < 0.05).

Table 2. Prevalence of meeting risk factor targets in participants with diabetes.

Age (years) Total
20-49 50-59 60-69

HbA1c < 7.0%, % 36.6 46.1 52.3*% 44.9
BP, %

ADA (< 140/90 mmHg) " 75.4 77.4 76.6 76.6

JDS (< 130/80 mmHg) § 35.8 36.4 36.8 36.3
LDL-C, %

ADA (< 100 mg/dL) T 215 28.1 31.9% 27.1

JDS (< 120 mg/dL) § 48.2 58.1 61.7* 56.2
HbA1c, BP and LDL-Ct, %

ADA (HbA1c, BP and LDL-C) " 7.0 12.8 13.1% 11.2

JDS (HbA1c, BP and LDL-C) § 7.8 11.2 13.4*% 10.8
TG < 150 mg/dLT, % 58.3 66.5 72.0% 65.5
HDL-C > 40 mg/dL"*, % 73.1 81.8 83.5% 79.7
*P for trend < 0.001.

9] American Diabetes Association Standards of medical care in diabetes— 2015.

§ Japan Diabetes Society Treatment Guide for Diabetes—2013.

TMeeting targets for all three risk factors simultaneously.

150 mg/dL for women.

BP: blood pressure, LDL-C: low-density lipoprotein cholesterol, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol.

doi:10.1371/journal.pone.0159071.t002
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Table 3. Prevalence of meeting risk factor targets in participants receiving blood pressure- and lipid-
lowering treatment.

Age (years) Total
20-49 50-59 60-69

Anti-hypertension treatment, n 334 745 409 1,488
ADA (BP < 140/90 mmHg) 7, % 61.4 68.2 71.4% 67.5
JDS (BP < 130/80 mmHg)%, % 18.9 24.4 28.6* 24.3
Lipid-lowering treatment, n 344 635 251 1,230
ADA (LDL-C < 100 mg/dL)", % 27.0 28.4 35.5% 29.4
JDS (LDL-C < 120 mg/dL)$, % 50.0 57.3 65.7* 57.0
TG < 150 mg/dL", % 50.9 59.8 68.5% 59.1
HDL-C > 40 mg/dL" ", % 70.0 80.8 80.5% 77.6

*P for trend < 0.05.

9 American Diabetes Association Standards of medical care in diabetes— 2015.

§ Japan Diabetes Society Treatment Guide for Diabetes— 2013.

150 mg/dL for women.

BP: blood pressure, LDL-C: low-density lipoprotein cholesterol, TG: triglyceride, HDL-C: high-density
lipoprotein cholesterol.

doi:10.1371/journal.pone.0159071.t003

Correlates of poor glycemic control

In our study, 721 participants had HbAlc level > 8.0%. Associations of demographic and clini-
cal characteristics with poor glycemic control are presented in Table 4. Younger age is signifi-
cantly associated with poor glycemic control, with the OR being 2.02 (95% CI, 1.52-2.70) and
1.33 (1.02-1.72) for the age groups of 20-49 years and 50-59 years, respectively, as compared
with 60-69 years old. Larger WC and BMI are associated with poor glycemic control. The OR
of poor glycemic control for current smoking versus non-current smoking was 1.28 (1.05-
1.57).

Participants with untreated hypertension had a non-significant 22% higher odds (OR, 1.22;
95% CI, 0.86-1.74) for poor glycemic control compared with participants without hyperten-
sion. In contrast, participants with treated hypertension, irrespective of BP control, were less
likely to have poor glycemic control than participants without hypertension. The OR of having
poor glycemic control was 0.58 (0.46-0.73) for participants with treated but uncontrolled
hypertension and 0.47 (0.33-0.66) for participants with treated and controlled hypertension.
No significant difference was observed in HbAlc levels between the two groups.

Uncontrolled dyslipidemia was associated with poor glycemic control, with the OR being
1.70 (1.32-2.19) and 1.70 (1.31-2.20) for participants with untreated dyslipidemia and partici-
pants with treated but uncontrolled dyslipidemia, respectively, as compared with participants
without dyslipidemia. There was no such association for participants with treated and con-
trolled dyslipidemia (OR, 0.89; 95% CI 0.64-1.25).

Discussion

In the present study among a large working population in Japan, the percentages of partici-
pants who met ADA (and JDS) targets were 44.9% (44.9%) for HbAlc, 76.6% (36.3%) for BP,
27.1% (56.2%) for LDL-C, and 11.2% (10.8%) for simultaneous control of all three risk factors.
Younger age, obesity, smoking, and uncontrolled dyslipidemia were associated with increased
odds of poor HbA 1c control, whereas antihypertensive treatment was associated with reduced
odds.
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Table 4. Factors related with poor glycemic control (HbA1c > 8.0%).

OR (95% Cl)
N Basic modelT Full model"

Age (years)
2049 614 3.15(2.42-4.11) 2.02 (1.52-2.70)
50-59 991 1.60 (1.24-2.05) 1.33 (1.02-1.72)
60-69 494 Referent Referent
Sex
Male 1,958 Referent Referent
Female 141 0.94 (0.65-1.35) 0.95 (0.64—1.40)
WCT (cm)
<90 1,050 Referent Referent
> 90 1,049 1.48 (1.22-1.79) 1.24 (0.94-1.64)
BMI (kg/m?)
<25 905 Referent Referent
25-<30 844 1.41 (1.15-1.74) 1.25 (0.95-1.64)
> 30 350 1.69 (1.29-2.22) 1.60 (1.09-2.33)
Current smoker
No 1,268 Referent Referent
Yes 787 1.32 (1.09-1.60) 1.28 (1.05-1.57)
Hypertension

None 921 Referent Referent
Untreated 168 1.34 (0.95-1.88) 1.22 (0.86-1.74)
Treated but uncontrolled 748 0.68 (0.55-0.84) 0.58 (0.46-0.73)
Treated and controlled® 262 0.52 (0.37-0.72) 0.47 (0.33-0.66)
Dyslipidemia

None 662 Referent Referent
Untreated 604 1.90 (1.49-2.42) 1.70 (1.32-2.19)
Treated but uncontrolled 544 1.79 (1.39-2.30) 1.70 (1.31-2.20)
Treated and controlled® 289 0.87 (0.62—1.21) 0.89 (0.64—1.25)

1 Age was adjusted by sex and worksite; sex was adjusted by age and worksite; WC, BMI, current smoker, dyslipidemia, and hypertension were adjusted by

age, sex, and worksite.

Y All variables including age, sex, worksite, WC, BMI, current smoker, dyslipidemia, and hypertension were entered.

180 cm for women.

§ Controlled hypertension was defined as systolic blood pressure < 130 mmHg and diastolic blood pressure < 80 mmHg, based on the 2014 Japanese
Society of Hypertension Guidelines for the Management of Hypertension.
£ Controlled dyslipidemia was defined by TG of < 150 mg/dL, LDL-C of < 120 mg/dL, and HDL-C of > 40 mg/dL, based on the criteria for the Japan

Atherosclerosis Society.

doi:10.1371/journal.pone.0159071.t004

HbA1c, BP, and LDL-C control

Regarding HbA1c, less than half of the participants in our study reached the HbAlc target.
This finding is similar to that in a previous Japanese study of patients who received anti-dia-
betic drugs (HbAlc < 7.0%, 44.7%) [19]. Similar achievement rates for HbAlc have also been
reported from other countries [12,15,33]. The U.S. National Health and Nutrition Examination
Survey (NHANES) 2007-2010 reported that 52.5% of adults diagnosed with diabetes achieved
HbAlc < 7.0% [12]. In the Korean National Health and Nutrition Examination Survey, 49.1%
of adults diagnosed with diabetes had HbAlc < 7.0% in 2010 [15]. A national survey in China
showed that 39.7% of patients treated for diabetes had optimal glycemic control in 2010 [33].
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Although these studies differed in their sample sizes, population, and survey period, the results
showed that glycemic control is a challenge in both Asian and Western countries.

As for BP, only one-third of participants achieved the JDS goal of BP (< 130/80 mmHg).
Similar low achievement rates for BP (< 130/80 mmHg) goal have also been reported from
other Asian countries [15,17]. A joint research among seven Asian countries showed that
32.3% of patients with diabetes enrolled through physicians met target for BP < 130/80 mmHg
in 2007-2009 [17]. The Japanese Society of Hypertension emphasizes that the target BP level
for patients with hypertension and diabetes should be less than 130/80 mmHg because strict
BP control is necessary in patients with hypertension and diabetes for preventing cardiovascu-
lar disease, especially stroke [29]. Our further analysis showed that only approximately 20% of
participants with hypertension and diabetes achieved BP goal (< 130/80 mmHg). This indi-
cates that a large proportion of participants with hypertension and diabetes are at high risk of
developing cardiovascular disease, including stroke.

For LDL-C, approximately one-quarter of participants achieved the ADA LDL-C (< 100
mg/dL) goal and one-half achieved the JDS goal of LDL-C (< 120 mg/dL). The U.S. NHANES
2007-2010 survey showed that more than half of the patients with diabetes achieved the ADA
LDL-C goal [12]. In Korea, nearly half of the patients with diabetes reached the ADA LDL-C
goal [15]. The relatively low achievement rates for LDL-C goal (< 100 mg/dL) in Japanese
patients may be due to the less stringent JDS LDL-C goal (< 120 mg/dL) [10] and/or subopti-
mal management of dyslipidemia in patients with diabetes. In our study, only half of partici-
pants with dyslipidemia were receiving lipid-lowering treatment, and 29.4% of those treated
for dyslipidemia achieved the ADA LDL-C goal.

In the present study, only one in ten met all three targets. This finding is comparable to
those in Asian studies [15-17], in which approximately 10% of patients met all three targets.
To reduce the risk of future complications, there is a need to improve the comprehensive man-
agement of diabetes in the Japanese working population.

Correlates of poor glycemic control

We analyzed characteristics that could be associated with the poor control of HbAlc (> 8.0%).
Younger participants were less likely to meet risk factor goals and had a poorer glycemic control,
as reported in previous studies [12,22]. It is speculated that younger patients may be busy with
their job and have less time to comply with a healthy lifestyle and treatment [22]. In addition,
younger patients may not perceive the need for good diabetic control because their quality of life
has not yet been affected by diabetic complications, which take a number of years to develop
[34]. Consistent with previous studies [22,35], obesity and smoking were related with poor glyce-
mic control. Increased insulin resistance occurs in smokers with and without diabetes [36,37].

Participants with untreated hypertension had a nonsignificant 22% higher odds of poor gly-
cemic control compared with participants without hypertension. In contrast, participants
receiving antihypertensive treatment (regardless of whether BP was controlled or not) were
more likely to have optimal HbA1lc control compared with participants without hypertension.
The reason for this is unclear. One possible explanation might be that some antihypertensive
drugs have beneficial effects on glucose metabolism [38]. The Japanese Society of Hypertension
recommends the use of angiotensin-converting enzyme inhibitors (ACE inhibitors) and angio-
tensin receptor blockers (ARBs), which enhance insulin sensitivity [39], for patients with dia-
betes and hypertension [29]. A study in Japan showed that 33% of patients with hypertension
and diabetes were taking ACE inhibitors and/or ARBs [40].

Our results indicated that participants with uncontrolled dyslipidemia (untreated or treated
but uncontrolled) were more likely to have poor HbA1c control. In line with our findings,
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previous studies also showed that poor lipid profiles were associated with poor glycemic con-
trol [41,42]. The mechanisms have not been completely clarified. The higher HbA1c levels in
patients with abnormal lipids may partly be due to the adverse effect of free fatty acids on insu-
lin sensitivity [43]. Further study is needed to clarify the role of dyslipidemia and its treatment
in diabetes control.

Limitations

Our real-life data reflect actual treatment status in participants with diabetes in the working
population. However, several limitations need to be considered. First, because the majority of
study participants were employees of large companies, caution should be exercised in general-
izing the present findings to workers in smaller-sized companies or non-working populations.
Second, because the majority of the participants were male employees of manufacturing com-
panies, the results thus may not be generalizable to female and employees in other industries.
Third, the methods of blood glucose and HbA1c measurements differed among the companies.
Given satisfactory results of external quality control in all of the participating companies, how-
ever, measurement bias is unlikely. We used the first BP reading in analysis to improve compa-
rability across companies. This might have led to some overestimation of poor BP control.
Fourth, we did not have detailed data about medication types and patients’ adherence to medi-
cations for diabetes, hypertension, and dyslipidemia. This has limited our interpretation of the
results. Fifth, the control rates of hypertension and dyslipidemia may be somewhat underesti-
mated because some patients might have skipped their medications on the day of health check-
up. Finally, a causal relationship between dyslipidemia, hypertension, and glycemic control
cannot be established in this cross-sectional study.

Data from a Japanese working population, predominantly composed of men, suggest that
achievement of management targets for HbAlc, BP, and LDL-C is less than optimal, especially
in younger participants. Uncontrolled dyslipidemia was associated with poor glycemic control.
Participants not receiving antihypertensive treatment have higher HbA1lc levels. The control of
blood glucose, BP, and lipid should be strengthened to reduce the cardiovascular risk of
patients with diabetes in Japan.

Supporting Information

S1 Table. Measurement of blood pressure according to participating companies.
(DOCX)

$2 Table. Measurement of glucose and HbA1c according to participating companies.
(DOCX)
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Abstract: Data are limited on the sex-specific prevalence of diseases and their risk factors in middle-
aged and older workers in Japan. In this cross-sectional study, we investigated the age- and sex-spe-
cific prevalence of hypertension, diabetes, dyslipidemia, metabolic syndrome (defined using joint state-
ment criteria), obesity, underweight, abdominal obesity, and smoking among approximately 70,000 to
90,000 Japanese workers (predominantly men) aged 20—69 years in 2014. We also investigated the
prevalence of low cardiorespiratory fitness in 2012 and no leisure-time exercise in 2014. In both sexes,
the prevalence of lifestyle-related risk factors, including hypertension, diabetes, dyslipidemia, meta-
bolic syndrome, obesity, and abdominal obesity, was increased with aging. In contrast, the prevalence
of underweight was decreased with aging. Smoking prevalence exceeded 30% in men regardless of
age, whereas the prevalence was around 10% in women of all age groups. Prevalence of no leisure-
time exercise exceeded 50% among middle-aged and older workers in both sexes. Among workers
aged 50—64 years, less than half of men had low fitness, whereas more than half of women had low fit-
ness. Given the high prevalence of lifestyle-related risk factors among middle-aged and older workers,
effective strategies to prevent cardiovascular disease in this age group are needed in Japan.
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Introduction

Japan, a country that has successfully achieved good
population health”, is now facing new challenges caused
by a rapidly aging population®. Statistics in Japan suggest
that the proportion of people aged 75 and over will exceed
25% until 2025%, whereas the proportion of the working
population will decrease®. Given that these situations may
threaten the sustainability of economic growth and health
insurance®, there is an urgent need to develop effective
strategies to overcome these issues. One promising solu-
tion is prolonging working life and emphasizing health
promotion among workers®. For effective health promo-
tion, it is important to understand the current health status
of middle-aged and older Japanese workers.

To date, few studies have shown the age- and sex-spe-
cific prevalence of cardiovascular risk factors in middle-
aged and older workers in Japan. Suka et al.® recently
reported a higher prevalence of hypertension, hyperlipid-
emia, diabetes, and obesity in male workers than female
workers (n=approximately 120,000), and a high preva-
lence of these factors among middle-aged and older work-
ers in both sexes. Similar results were shown for hyper-
tension, hyperlipidemia, and diabetes in a national survey
of 11,140 Japanese male and female workers”. We also
reported similar trends for diabetes and pre-diabetes in
55,000 male and female workers®). In addition, descriptive
data among Japanese workers are limited for metabolic
D physi-
cal activity'>'?, and fitness'?, which would all be impor-
tant factors for health management.

Providing updated and systematic data on diseases and

syndrome”, abdominal obesity'*'", underweight

their risk factors among Japanese workers—with a special
emphasis on middle-aged and older workers—would lead
to a better understanding of the current health situation and
help develop effective strategies for health promotion in
the occupational settings of Japan. Here, we show data on
the age- and sex-specific prevalence of hypertension, dia-
betes, dyslipidemia, metabolic syndrome, obesity, under-
weight, abdominal obesity, and smoking among Japanese
workers aged 20—69 years in 2014 using health checkup
data from large-scale companies. Among subgroups, we
also show data on leisure-time exercise in 2014 and cardio-
respiratory fitness in 2012.

Participans and Methods

Study settings
The present descriptive analyses were performed using

K KUWAHARA et al.

cross-sectional data on periodic health checkups from the
Japan Epidemiology Collaboration on Occupational Health
(J-ECOH) Study, an on-going, large-scale multi-company
based study among Japanese workers from more than 10
companies. In Japan, workers are obliged to undergo health
examination at least once a year under the Industrial Safety
and Health Act. The details of the J-ECOH Study'® and
sub-cohorts for analysis of fitness'> and physical activity'®
have been described elsewhere. The J-ECOH Study was
announced in each company using posters. Participants
did not provide their verbal or written informed consent
to take part in the study but were given an opportunity to
refuse the use of their data for research, according to the
Japanese Ethical Guidelines for Epidemiological Research.
The study protocol was approved by the Ethics Commit-
tee of the National Center for Global Health and Medicine,
Japan.

For analysis of data other than exercise and fitness, we
extracted data on 91,150 workers (77,264 men and 13,886
women), aged 20—69, from 11 companies who received
health checkups between April 2014 and March 2015
(in some companies, between January 2014 and Decem-
ber 2014). For analysis of leisure-time exercise, we used
data on 50,864 workers (8,389 women) aged 20—69 who
underwent their health checkups between April 2014 and
March 2015 from one of the 11 participating companies'®.
For cardiorespiratory fitness, we extracted data on 4,346
workers (810 women) aged 20—64 collected between
January 2012 and December 2012 from another one of the

participating companies'”.

Participants

We excluded individuals who did not have data on tar-
get outcomes for respective analysis, which yielded differ-
ent population sizes in each analysis, as shown in Fig. 1.
Excluded participants were 1,845 men and 278 women for
hypertension; 20,126 men and 3,201 women for diabetes;
14,779 men and 2,415 women for dyslipidemia; 19,926
men and 3,137 women for metabolic syndrome; 12,853
men and 2,212 women for waist circumference; and 790
men and 36 women for BMI. For leisure-time exercise
analysis, we excluded 5,526 men and 958 women who
did not have data on leisure-time exercise or who engaged
only in unspecified activity in one of the participating com-
panies. For cardiorespiratory fitness, 889 men and 240
women were excluded in another one of the participating
companies.

Industrial Health 2016, 54, 505-514
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—1 Health checkups in 11 companies mainly in 2008-2014

Health checkups in 11 companies mainly in 2014
n=91,150 (77,264 men and 13,886 women)
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Participants who remained in each analysis

- 89,027 (75,419 men) for hypertension

- 67,823 (57,138 men) for diabetes

- 73,956 (62,485 men) for dyslipidemia

- 68,087 (57,338 men) for metabolic syndrome
- 76,085 (64,411 men) for waist circumference
-90,324 (76,474 men) for body mass index

- 86,245 (72,947 men) for smoking

Health checkups in 1 company mainly in 2014
n=50,864 (42,475 men and 8,389 women)

Participants were excluded for each analysis
- No data on hypertension (n=2123)

- No data on diabetes (n=23,327)

- No data on dyslipidemia (n=17,194)

- No data on metabolic syndrome (n=23,063)
- No data on waist circumference (n=15,065)
- No data on body mass index (n=826)

- No data on smoking (n=4905)

44,380 (36,949 men) for leisure-time exercise |

Health checkups in 1 company in 2012

I 7 . -
| -No data on leisure-time exercise dose (n=6484)

L,
n=4346 (810 women)
3217 (2,647 men) for fitness
Fig. 1. Sampling design.

General health examination

Body height and weight were measured at each company
in accordance with a standard protocol. Body mass index
(BMI) was calculated as weight (kg) divided by squared
height (m). Blood pressures were measured using an auto-
mated sphygmomanometer. Smoking habits and treat-
ment for hypertension, dyslipidemia, and diabetes were
self-reported using a questionnaire. Biochemical measure-
ments included plasma glucose, hemoglobin Alc (HbAlc),
low-density lipoprotein (LDL)-cholesterol, high-density
lipoprotein (HDL)-cholesterol, and triglycerides. Plasma
glucose level was determined by enzamatic method in ten
companies and glucose oxidase peroxidative electrode
method in one company. HbAlc level was determined
by latex agglutination immunoassay in eight companies,
high-performance liquid chromatography method in two
companies, and enzymatic method in one company. LDL-
cholesterol, HDL-cholesterol, and triglycerides levels were
estimated by enzymatic method in all participating compa-
nies. All laboratories involved in the health examinations
in the participating companies have received sufficiently
high scores (score >95 out of 100 or rank A) from external
quality control agencies, including National Federation of
Industrial Health Organization, the Japan Medical Asso-

=|I -Nodata on estimated VO,,,, (n=1129)

ciation, and Japanese Association of Laboratory Medical
Technologists.

Diagnosis of disease

Hypertension was defined as systolic blood pressure
of >140 mm Hg, diastolic blood pressure of >90 mm
Hg, or under treatment for hypertension. Dyslipidemia
was defined as LDL-cholesterol of >140 mg/dL, HDL-
cholesterol of <40 mg/dL, fasting triglycerides of >150
mg/dL, or under treatment for dyslipidemia. Diabetes was
defined as fasting plasma glucose of >126 mg/dL, HbAlc
of >6.5%, or self-report (under treatment for diabetes and/
or history of diabetes). Metabolic syndrome was defined
according to the criteria of the joint interim statement'” as
the presence of any three or more of the following criteria:
(1) high waist circumference for Asians: >90 cm in men
and >80 cm in women; (2) high triglycerides: >150 mg/
dL; (3) low HDL cholesterol: <40 mg/dL in men, <50 mg/
dL in women; (4) high blood pressure: systolic blood pres-
sure > 130 mmHg or diastolic blood pressure >85 mmHg;
and (5) high fasting glucose: >100 mg/dL. Participants
reporting current treatment for dyslipidemia, hypertension,
or diabetes were considered to meet the criteria for high
triglycerides, high blood pressure, and high fasting glu-
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cose, respectively, irrespective of the data measured at the
checkups.

Measurement of cardiorespiratory fitness and leisure-time
exercise

As an indicator of cardiorespiratory fitness, we assessed
estimated VOi;nax. Estimated VO;nax was obtained by
an incremental endurance exercise test using a bicycle
ergometer (Aerobike 900 U, Combi, Tokyo, Japan) with
three phases of three minutes duration each (a total of 9
minutes). Details of this fitness measurement has been
described previously'®. Participants were divided into two
levels of cardiorespiratory fitness based on the criteria by
Ministry of Health, Labour, and Welfare, Japan'®: high
cardiorespiratory fitness in men was defined as >39 mL/
kg/min among individuals aged <40 years, >35 mL/kg/
min among individuals aged 40-<60 years, and >32 mL/
kg/min among individuals aged >60 years, whereas high
cardiorespiratory fitness in women was defined as >33
mL/kg/min among individuals aged <40 years, >30 mL/
kg/min among individuals aged 40-<60 years, and >26
mL/kg/min among individuals aged >60 years.

Weekly dose of leisure-time exercise expressed in meta-
bolic equivalent (MET) hours was calculated using data
on types, frequency, and duration of exercise or sports
activities during leisure using a standard questionnaire as
described elsewhere'®. Participants were categorized into
four groups according to the dose of leisure-time exercise
per week: no exercise (0 MET hours), low (>0 to <7.5
MET hours), medium (7.5 to <15.0 MET hours), or high
(>15.0 MET-hours) in harmony with recommended dose
of physical activity by World Health Organization'?.

Statistical analysis
Data are shown as mean (standard deviation) for con-
tinuous variables and percentages for categorical variables.

Results

The crude prevalence of hypertension was 22.0% and
11.6% in men and women, respectively (Table 1). The
prevalence of hypertension increased linearly with advanc-
ing age, reaching 48.4% and 37.4% among men and
women aged 60—69 years, respectively. A large increase
was observed in both men and women aged 30—69 years.

The crude prevalence of diabetes was 9.8% and 3.8%
in men and women, respectively. The prevalence of dia-
betes increased with advancing age (Table 1), reaching
21.7% and 12.7% among men and women aged 60—69
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years, respectively. A large increase was observed in both
men and women aged 40—59 years. A similar trend was
observed for fasting glucose and HbAlc in both men and
women.

The crude prevalence of dyslipidemia was 47.7% and
27.1% in men and women, respectively (Table 1). In men,
the prevalence of dyslipidemia increased with advanc-
ing age, reaching 51.2% in workers aged 50—59 years;
the prevalence of dyslipidemia was slightly decreased in
workers aged 60—69 years (47.8%). In women, the preva-
lence of dyslipidemia increased linearly with aging, reach-
ing 47.3% in workers aged 60—69 years. Similar changes
with aging were observed for triglycerides and LDL cho-
lesterol. HDL cholesterol levels were not materially differ-
ent by age group in both sexes.

The crude prevalence of metabolic syndrome, defined by
the 2009 joint statement criteria, was 23.2% and 12.7% in
men and women, respectively (Table 1). The prevalence of
metabolic syndrome increased with advancing age, reach-
ing 36.8% and 36.7% in men and women aged 60—69
years, respectively. A large increase was observed in men
aged 30—69 years and in women aged 40—69 years.

Regarding abdominal obesity, defined as a waist circum-
ference >90 c¢cm in men and >80 c¢cm in women, the crude
prevalence was 21.9% in men and 31.4% in women. In
men, the prevalence of abdominal obesity increased with
aging for workers aged 50—-59 years (reaching 24.6%),
and then slightly decreased in workers aged 60—69 years
(reaching 23.8%). In women, the prevalence of abdominal
obesity gradually increased with aging, reaching 45.5% in
workers aged 60—69 years.

The crude prevalence of obesity (BMI >25.0 kg/m?)
was 29.5% and 15.9% in men and women, respectively
(Table 1). In men, the prevalence of obesity increased
with advancing age, reaching 32.7% in workers aged
40—49 years, then, the prevalence of obesity was slightly
and gradually decreased in workers aged 50—69 years. In
women, the prevalence of obesity increased linearly with
aging; the highest prevalence of obesity was observed in
workers aged 60—69 years (22.9%). Similar changes with
aging were observed for mean BMI levels.

The crude prevalence of underweight (< 18.5 kg/m?) was
3.5% and 14.6% in men and women, respectively (Table
1). The prevalence of underweight decreased with advanc-
ing age, reaching 2.2% and 9.2% in men and women aged
60—69 years, respectively.

The crude prevalence of smoking was 36.1% and 11.1%
in women, respectively (Table 1). In both sexes, the preva-
lence of smoking increased in workers aged 20—39 years;
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Table 1. Age- and sex-specific prevalence of smoking, diabetes, hypertension, dyslipidemia, metabolic syndrome,
abdominal obesity, obesity, and underweight (n=67,823 to 90,324)

Categories of age (year)

Characteristics All
<30 30to 39 40 to 49 50to 59 >60 (20 to 69)
Men, n 11,778 14,989 24,362 19,617 6,518 77,264
Smoker 36.9 38.3 37.6 342 30.1 36.1
Fasting glucose, mg/dL 91+10 95+14 99+17 105+22 109+22 101+19
HbA., % 5.3+04 5.4+0.5 5.6£0.6 5.8+0.8 5.9+0.7 5.6+0.7
Diabetes 1.0 3.4 6.8 14.8 21.7 9.8
SBP, mmHg 118+12 119+£13 121+14 125+15 129+16 122+ 14
DBP, mmHg 68+9 73£10 7711 80+10 80+10 7611
Hypertension 3.6 8.2 19.6 37.0 48.4 22.0
Fasting triglyceride, mg/dL 92+78 117+£93 130+104 132+96 127492 126+97
LDL-cholesterol, mg/dL 105+29 119+30 125+30 124+30 122+30 121431
HDL-cholesterol, mg/dL 56+12 56+14 56+14 58+15 58+15 57+15
Dyslipidemia 29.2 44.7 50.3 51.2 47.8 47.7
Metabolic syndrome 3.6 11.1 20.3 31.1 36.8 232
Waist circumference, cm 77.8+9.1 81.7+£9.7 84.0+9.4 84.7+8.7 84.6+7.9 83.5£9.3
Waist circumference >90 cm 9.7 17.6 23.5 24.6 23.8 21.9
BMI, kg/m2 22.7+3.7 23.6+3.8 24.1+3.6 239+3.2 23.7+£29 23.7+3.5
Weight status
>30.0 kg/m? 4.8 5.9 6.3 43 2.8 5.2
25.0 to <30.0 kg/m? 15.9 21.8 26.4 27.7 26.7 243
23.0 to <25.0 kg/m? 17.9 21.6 25.0 26.4 27.3 23.8
18.5 to <23.0 kg/m? 54.2 46.4 39.8 393 41.1 433
<18.5 kg/m? 7.2 43 2.6 23 22 35
Women, n 2,051 2,859 5,219 2,939 818 13,886
Smoker 8.6 13.3 11.5 10.4 9.7 11.1
Fasting glucose, mg/dL 88+9 89+10 92+13 96+14 100+18 93+13
HbA, % 53+04 54+04 5.5+0.5 5.7+0.5 5.9+0.6 5.5+0.5
Diabetes 1.2 1.7 2.5 6.1 12.7 39
SBP, mmHg 108+11 110+£13 114+£16 121+17 127+18 115£16
DBP, mmHg 63+£8 6710 T1+11 75+11 76+11 70£11
Hypertension 0.7 34 9.3 23.1 37.4 11.6
Fasting triglyceride, mg/dL 61+33 71+45 75+50 87+48 98+55 78+49
LDL-cholesterol, mg/dL 98426 105428 115£29 130+31 129430 116+31
HDL-cholesterol, mg/dL 68+14 67+14 69+16 72+£17 68+17 69+16
Dyslipidemia 12.4 15.0 22.7 42.7 473 27.1
Metabolic syndrome 1.4 5.2 8.4 21.1 36.7 12.7
Waist circumference, cm 70.7+7.4 74.7+9.0 76.3+9.6 77.9+10.0 79.0+9.5 76.24+9.6
Waist circumference >80 cm 10.3 24.9 30.4 39.0 45.5 314
BMI, kg/m? 20.9+3.2 21.5+3.7 22.0+3.8 22.3+3.8 22.7+£3.5 21.8+3.7
Weight status
>30.0 kg/m? 2.4 3.6 44 4.8 4.2 4.0
25.0 to <30.0 kg/m? 7.0 10.0 12.5 14.1 18.7 11.9
23.0 to <25.0 kg/m? 8.1 11.2 13.2 15.6 19.6 12.9
18.5 to <23.0 kg/m? 62.5 58.4 56.3 53.8 48.4 56.7
<18.5 kg/m? 20.1 16.8 13.6 11.7 9.2 14.6

Data are shown as (%) for categorical variables and mean=standard deviation for continuous variables.

in men and women aged 60—69 years, the prevalence of  62.3% and 77.0% in men and women, respectively (Table
smoking slightly but steadily decreased with aging, reach-  2). The prevalence of no leisure-time exercise increased
ing 30.1% and 9.7%, respectively. in men aged 20—49 years, while in workers aged 60—69

The crude prevalence of no leisure-time exercise was  years, the prevalence of no leisure-time exercise decreased
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Table 2. Weekly dose of leisure-time exercise by age and sex (n=44,380)
Categories of age (year)
Characteristics
<30 30 to 39 40 to 49 50 to 59 >60 All (20 to 69)
Men, n 5,483 7,506 11,873 8,973 3,159 36,949
Weekly exercise dose
0 MET-hour 2,982 (54.8) 4,869 (64.9) 7,709 (64.9) 5,736 (63.9) 1,732 (54.8) 23,028 (62.3)
>0to <7.5MET-hours  1,215(22.3) 1,191 (15.9) 1,718 (14.5) 1,135(12.7)  420(13.3) 5,679 (15.4)
7.5t0 <15.0 MET-hours 632 (11.6) 766 (10.2) 1,245(10.5) 989 (11.0) 401 (12.7) 4,033 (10.9)
>15.0 MET-hours 609 (11.2) 680 ( 9.1) 1,201 (10.1) 1,113 (12.4)  606(19.2) 4,209 (11.4)
Women, n 1,134 1,643 2,492 1,590 572 7,431
Weekly exercise dose
0 MET-hour 800 (70.6) 1,328 (80.8) 1,970 (79.1) 1,195(75.2)  425(74.3) 5,718 (77.0)
>0 to <7.5 MET-hours 184 (162)  181(11.0)  278(11.2)  205(12.9)  64(11.2)  912(12.3)
7.5 to <15.0 MET-hours 76 ( 6.7) 68 ( 4.1) 128 ( 5.1) 91 ( 5.7 40 ( 7.0) 403 ( 5.4)
>15.0 MET-hours 74 ( 6.5) 66 ( 4.0) 116 ( 4.7) 99 ( 6.2) 43 ( 1.5) 398 ( 5.4)

Data are shown as number (%).

Table 3. Cardiorespiratory fitness level by age and sex (n=4,346)
Categories of age (year)
Characteristics

<30 30to 39 40 to 49 50t059  60to64 All (20 to 64)

Men, n 433 719 708 707 80 2,647
High cardiorespiratory fitness” 287 (66.3) 351 (48.8) 469 (66.2) 438 (62.0) 65(81.3) 1,610 (60.8)
Low cardiorespiratory fitness 146 (33.7) 368 (51.2) 239(33.8) 269 (38.1) 15(18.8) 1,037 (39.2)

Women, n 158 109 150 153 3 573
High cardiorespiratory fitness” 71 (54.2) 38 (34.9) 77 (51.3) 55(36.0) 2(66.7) 246 (42.9)
Low cardiorespiratory fitness 84 (53.8) 71(65.1) 73(48.7) 98(64.1) 1(33.3) 327 (57.1)

Data are shown as number (%).

“ High cardiorespiratory fitness was defined as >39 mL/kg/min in individuals aged <40 years, >35 mL/kg/min in
individuals aged 40 to <60 years, and >32 mL/kg/min in individuals aged >60 years.

® High cardiorespiratory fitness was defined as >33 mL/kg/min in individuals aged <40 years, >30 mL/kg/min in
individuals aged 40 to <60 years, and >26 mL/kg/min in individuals aged >60 years.

with aging, reaching 54.8%. In women aged 20—39 years,
the prevalence of no leisure-time exercise increased; how-
ever, the prevalence of no leisure-time exercise decreased
with aging in workers aged 60—69 years, reaching 74.3%.

The crude prevalence of low cardiorespiratory fit-
ness was 39.2% and 57.1% in men and women, respec-
tively (Table 3). In men, the prevalence of low fitness was
33.7%, 51.2%, 33.8%, 38.1%, and 18.1% in workers aged
<30, 30—-39, 40—-49, 50-59, and 60—64, respectively.
In women, the corresponding values were 53.8%, 65.1%,
48.7%, 64.1%, and 33.3%, respectively.

Discussion

The present study among Japanese workers aged 20— 69
years from large-scale companies in Japan showed that the
crude prevalence of cardiometabolic risk factors including
hypertension, diabetes, dyslipidemia, metabolic syndrome,

obesity, and abdominal obesity were 22.0%, 9.8%, 47.7%,
23.2%, 29.5%, and 21.9% in men, respectively, and 11.6%,
3.9%, 27.1%, 12.7%, 15.9%, and 31.4% in women, respec-
tively. The prevalence of these factors increased overall
with advancing age in both men and women. In contrast,
the prevalence of underweight decreased linearly with
increasing age in both men and women. The prevalence of
smoking exceeded 30% in men regardless of age group,
whereas smoking prevalence was around 10% in women.
In both men and women, more than half of workers did not
engage in leisure-time exercise regardless of age group.

In the present study, the prevalence of cardiometabolic
risk factors including hypertension, dyslipidemia, diabe-
tes, obesity defined by BMI, abdominal obesity defined by
waist circumference, and metabolic syndrome increased
with aging both in men and women. This finding is sup-
ported by previous studies among Japanese workers on
hypertension® 7, dyslipidemia, diabetes®”, obesity®, waist
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circumference'”, and metabolic syndrome”. The present
findings, together with existing data of Japanese workers,
suggest the importance of effective strategies for protect-
ing cardiovascular health among middle-aged and older
workers in Japan. A high-risk approach using a risk pre-
dicting score for cardiovascular disease’” and/or a popu-
lation-based approach to improve cardiovascular health?"
would serve such a purpose. Given the nature of our cross-
sectional design, we could not elucidate the incidence of
untreated and uncontrolled hypertension or other diseases.
Future longitudinal studies should investigate these issues
to develop a better health management system in Japanese
occupational settings.

Our study showed lower age- and sex-specific preva-
lence of hypertension and obesity compared with those in
the nationally representative sample of Japanese, which
included the self-employed, the unemployed, and the
housewife’>?®. The national survey in 2013?? showed
that the prevalence of hypertension in individuals aged
20-29 years, 30—39 years, 40—49 years, 50—59 years,
and 60—69 years were 11.6%, 17.9%, 32.9%, 56.4%, and
68.0% in men, and 1.8%, 5.7%, 16.4%, 34.7%, and 57.7%
in women, respectively. The national survey in 2014>®
showed that the corresponding prevalence of obesity were
20.9%, 27.2%, 30.9%, 34.4%, 31.2%, respectively, in men,
and 10.4%, 15.9%, 17.0%, 23.7%, and 24.0% in women,
respectively. Further, a previous study using health checkup
data in 2000 from five occupational health organizations®?
reported that, among men, prevalence of hypertension and
obesity were slightly lower among workers in large-scale
companies than those in small-scale enterprises. Thus, our
finding of lower prevalence of hypertension and obesity
than those in the national representative sample may be
ascribed to the fact that our sample did not include workers
in small and medium-sized enterprises. Although preva-
lence of dyslipidemia and metabolic syndrome in our sam-
ple were higher than those in the nationally representative
sample®> >, this difference may be ascribed to the differ-
ences in the definition of the diseases (i.e., low HDL-cho-
lesterol and self-report for dyslipidemia®”; abdominal obe-
sity plus any one or more of the three conditions including
high blood glucose, high blood pressure, and dyslipidemia
for metabolic syndrome? in the national surveys). Previ-
ously, we reported similar age- and sex-specific prevalence
of diabetes compared to those in nationally representative
sample when using the same definition with HbAlc and
self-report®).

We found that the prevalence of no leisure-time exer-
cise was high, especially in women. Although both male
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and female workers aged 60—69 years tended to engage
in leisure-time exercise compared with younger work-
ers, the prevalence of no exercise among workers aged
60—69 years exceeded 50% in men and 70% in women.
This finding is supported by a recent national survey in
Japan'?
sports time among workers. Additionally, another national
survey of general population conducted in Japan in 2013

showing similar age and sex difference in weekly

showed that the proportion of adults who did not engage
in exercise (>2 days per week of >30 min of exercise in
a day for at least 1 year) was 66.2% in men and 72.8% in
women”?. In addition, our results on the lower prevalence
of no leisure-time exercise among workers aged 60—69
years compared with younger groups agree with this sur-
vey’s findings*?. Given that women after menopause are
at high risk of osteoporosis®®
among middle-aged to older women would help to prevent

, physical activity promotion

this disease?” and contribute to healthy life span. Given
the decreasing trend of energy expenditure at work®® and
the high prevalence of no leisure-time exercise, workplace
interventions for physical activity, including workstation
interventions and promoting the use of stairs*”, may be
a solution for maintaining or increasing regular physical
activity level for Japanese workers.

In the present study, the prevalence of low fitness was
30-50% in men aged 20—59 years and approximately
20% in men aged 60—64 years. In women, the prevalence
of low fitness was approximately 50—70% among work-
ers aged 20—59 years, and approximately 30% in workers
aged 60—64 years. However, only three women aged 60 to
64 years provided cardiorespiratory fitness data. Thus, any
conclusion can be drawn for women aged 60 and over. The
low prevalence of low fitness in men aged 60—64 years
may be due to the selective inclusion of healthy workers,
rather than a true prevalence; indeed, the proportion of
those who did not provide cardiorespiratory fitness data
increased with aging (data not shown). A previous study
of Japanese workers showed that, compared with work-
ers aged 50—59 years, workers aged 60—64 years and
those aged 65 years and over tended to have lower fitness,
although the proportion of women in each age group in
that study is unclear'®. To minimize non-participation bias,
measurement of grip strength, which is another indicator
of fitness and can be assessed more simply, quickly, and
inexpensively, and has been considered to be a promising
biomarker of aging®”, may help stratify target individuals
for intervention in occupational settings.

The strengths of this study include a large sample size
and measurement of cardiorespiratory fitness, although fit-
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ness data were available only in a subgroup. However, there
are limitations of our study. First, this study used existing
data from more than 10 companies. Thus, questionnaires
for lifestyles, history of disease, and medication, and the
procedures for measuring anthropometric and biochemi-
cal data, were different by companies. All laboratories that
conducted biochemical measurements for the participat-
ing companies, however, have participated in one or more
external quality control programs and received the highest
rank of certification. Second, although cancer’" and men-
tal health®” in a working population are growing concerns
in Japan, we did not systematically collect data on either
of these factors. Future studies should elucidate the current
situations of these issues among Japanese workers. In addi-
tion, we have no data on social class and occupation, and
thus are not able to examine whether socioeconomic sta-
tus is related to health among Japanese workers*®. Lastly,
study participants were workers mainly from large-scale
companies (electric machinery and apparatus manufactur-
ing, steel, chemical, gas, non-ferrous metal manufacturing,
automobile and instrument manufacturing, plastic product
manufacturing). Therefore, the present findings may not be
applicable to workers in small- to mid-sized companies,
companies with different background, or general popula-
tion in Japan.

We found that the prevalence of lifestyle-related risk
factors including hypertension, diabetes, dyslipidemia,
metabolic syndrome, and obesity was higher in men than
women, and that the prevalence of these factors was high
overall in workers aged 60—69 years. These findings
reinforce the importance of developing effective strate-
gies for the prevention of cardiovascular disease among
middle-aged and older Japanese workers, especially in
men. Regardless of age group, the prevalence of smoking
exceeded 30% in men, whereas the prevalence of smok-
ing was about 10% in women; smoking cessation and pre-
vention of smoking initiation should be recommended,
especially for men regardless of age. The prevalence of
underweight was lowest among workers aged 60—69 years
regardless of sex. Given the low proportion of workers
who engaged in leisure-time exercise regardless of age
or sex, physical activity promotion may yield large health
benefits.
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aged 30-59 years, free of diabetes at baseline, and followed up for 7 years (2008-2015). Exposure was cumula-
tive body mass index (BMI)-years, which was defined as the area of BMI units above or below baseline BMI dur-
ing follow-up, and was treated as a time-dependent variable in the Cox proportional hazards regression models.
During the 263,539 person-years of follow-up, 3465 participants developed diabetes. The adjusted hazard ratio

Ié?gg?ﬁ; index (HR) of diabetes for a 1-unit increase in cumulative BMI-years was 1.11 (95% confidence interval (CI): 1.09,
Obesity 1.12). The association was more pronounced among overweight (HR = 1.11; 95% CI: 1.08, 1.14) and obese
Diabetes (HR = 1.12; 95% CI: 1.08, 1.15) adults compared with normal- and under-weight (HR = 1.07; 95% CI: 1.03,
Epidemiology 1.11) adults (P for interaction of cumulative BMI-years X baseline BMI-group = 0.002). The association of higher

cumulative BMI-years with incident diabetes did not substantially differ by metabolic phenotype. The present re-
sults emphasize the importance of avoiding additional weight gain over an extended period of time for the pre-
vention of type 2 diabetes, especially among overweight and obese adults, irrespective of metabolic health status.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Diabetes is a major public health issue throughout the world, and

Asian countries contribute to >60% of the world's diabetic population
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Krishnan et al., 2007; Morimoto et al., 2011; Nanri et al., 2011; Oguma
et al., 2005 and Wannamethee and Shaper, 1999) is known to increase
the risk of type 2 diabetes. However, most prospective studies linking
weight gain and type 2 diabetes have focused primarily on the degree
of weight change in a specified period before baseline (Kaneto et al.,
2013; Krishnan et al., 2007; Morimoto et al., 2011; Nanri et al., 2011;
Oguma et al., 2005 and Wannamethee and Shaper, 1999), without ac-
counting for weight change during follow-up. Long duration of obesity
had significant metabolic consequences, such as a fall in the insulin re-
sponse to glucose and in the rate of total glucose oxidation, and a rise
in glucose levels (Felber et al.,, 1988). Additionally, some epidemiologi-
cal studies suggest that a greater cumulative obesity exposure is associ-
ated with an increased risk of diabetes (Abdullah et al., 2012 and Felber
etal.,, 1988). Given these findings, it would be critical to account for both
the degree and duration of obesity simultaneously to precisely estimate
diabetes risk in association with obesity.

To the best of our knowledge, only two prospective studies among
Western populations have addressed this issue using cumulative body
mass index (BMI)-years, which is a time-dependent variable
representing both the degree to which his or her BMI at each interim ex-
amination exceeds/falls below his or her baseline/reference BMI and the
length of time since baseline (Lee et al., 2012 and Wei et al., 2015). Both
studies showed that higher levels of cumulative BMI-years were associ-
ated with an increased risk of diabetes (Lee et al., 2012 and Wei et al.,
2015). Importantly, Lee et al. (2012) showed that models including cu-
mulative BMI-years had better predictive ability for diabetes than did
models including baseline BMI only. These studies, however, have
some limitations. Specifically, one study assessed BMI and diabetes sta-
tus solely based on self-report (Lee et al., 2012), and the other measured
BMI once in every 3-6 years (Wei et al., 2015). Studies with more fre-
quently and objectively measured BMI and precise detection of incident
diabetes are needed to better estimate the association between cumula-
tive BMI-years and diabetes. Moreover, this type of study is lacking in
Asian population, which have a higher prevalence of diabetes compared
with Westerners at the same level of BMI (Chan et al.,, 2009 and Ma and
Chan, 2013), probably due to their higher body fat percent than West-
erners (Wang et al.,, 1994).

In this study, we assessed the association between the degree and
duration of weight change, expressed as BMI-years and incident type
2 diabetes among Japanese employees using data from the Japan
Epidemiology Collaboration on Occupational Health (J-ECOH) Study.
The J-ECOH Study provides a valuable opportunity to estimate accurate-
ly the cumulative impact of weight change on the risk of incident diabe-
tes because the participants received an annual health examination that
included measurements of BMI and glycemic status.

2. Materials and methods
2.1. Survey setting

The J-ECOH Study is an ongoing multicenter epidemiologic study
among workers from 12 companies covering various industries (electric
machinery and apparatus manufacturing; steel, chemical, gas, and non-
ferrous metal manufacturing; automobile and instrument manufactur-
ing; plastic product manufacturing; and health care). In Japan, workers
are obliged to undergo health examination at least once a year under
the Industrial Safety and Health Act; nearly all workers attend their
health examination each year. As of May 2015, 11 participating compa-
nies provided health check-up data obtained between January 2008 and
December 2014 or between April 2008 and March 2015.

Prior to the collection of the data, the format of the ]-ECOH Study
was announced in each company by using posters that explained the
purpose and procedure of the study. Participants did not provide their
verbal or written informed consent to join the study but were allowed
to refuse their participation. This procedure conforms to the Japanese
Ethical Guidelines for Epidemiological Research, where the procedure

for obtaining consent may be simplified for observational studies that
use existing data (The Ministry of Health, Labour and Welfare,
Ministry of Education, Culture, Sports, Science and Technology, 2002).
The details of the ]-ECOH Study have been described elsewhere (Hu
et al., 2016 and Uehara et al., 2014). The study protocol, including the
consent procedure, was approved by the Ethics Committee of the Na-
tional Center for Global Health and Medicine, Japan.

In this study, the data from the earliest examination (mostly carried
out in 2008) were regarded as the baseline data; however, if the 2008
dataset contained a large number of missing data, then the data from
the 2009 or 2010 (one company each) examination were used as the
baseline. The outcomes of the present prospective analysis were deter-
mined using data from the health check-ups after the baseline and
through March 2015.

2.2. Study participants

From a total of 75,857 participants aged 30-59 years, we excluded
participants who had diabetes at baseline (n = 4924); who had missing
information on glucose (n = 6246), glycated hemoglobin (HbAlc, n =
1085), or medical treatment of diabetes (n = 407); and who had blood
drawn while they were non-fasted (n = 7022). Of the remaining 56,173
participants, we excluded participants with missing data on smoking
status (n = 1282) and participants (n = 44) with missing data on
other covariates at baseline. After further exclusion of participants
who did not attend any subsequent health check-ups (n = 2135) or
who attended but did not receive glucose (n = 124) or BMI (n = 49)
measurements, 52,539 participants remained. Some participants met
more than one of the exclusion criteria. We further excluded 762 partic-
ipants who had an unusual weight change, defined as more than three
standard deviations from the mean annual BMI change from baseline
to incident diabetes or the date of the last examination. Finally, 51,777
participants, comprising 44,324 men and 7453 women, remained in
the analysis.

2.3. Health check-up

At the health check-up, participants received physical examinations,
anthropometric measurements, and measurements of blood pressure
(BP), blood glucose, and lipids. The body height and weight were mea-
sured using a scale while the participant wore light cloth and no shoes.
BMI was calculated as the weight in kilograms divided by the squared
height in meters. BP was measured with the participants in a sitting po-
sition using an automatic BP monitor. The plasma glucose was
measured with either the enzymatic or glucose oxidase peroxidative
electrode method. HbA1c was measured using a latex agglutination
immunoassay, high-performance liquid chromatography, or the
enzymatic method. Triglyceride, low-density lipoprotein-cholesterol,
and high-density lipoprotein-cholesterol levels were measured with
the enzymatic method. All of the laboratories involved in the health
check-ups of the participating companies have received satisfactory
scores (rank A or a score > 95 out of 100) from external quality control
agencies.

Each participant also filled out a questionnaire about medical history
and health-related lifestyle behaviors. Because the questions on life-
style, including physical activity and alcohol use, were markedly differ-
ent across the participating companies, only smoking was considered in
the present study.

24. Cumulative BMI-years

To account for duration and degree of weight change, we calculated
‘BMlI-years’, which was defined as the area of BMI units above or below
baseline BMI during follow-up (Wei et al., 2015). Cumulative BMI-years
for each participant was calculated for each interim heath check-up by
summing the area defined by the time between health check-ups and
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the linear interpolation of starting BMI and interim-health check-up
BMI from baseline to incident diabetes or the date of the last examina-
tion (Wei et al.,, 2015). An example is shown in Appendix Table 1. If
BMI at an examination was missing (2.0% of all measurements), then
we averaged BMI values between adjacent examinations to create a
value for the missing BMI. For example, a participant with BMI values
of 27 and 29 kg/m? at baseline and year 2, respectively, was assigned
a BMI of 28 kg/m? at year 1.

2.5. Covariates

Other covariates measured at baseline included age, sex, BMI,
smoking, hypertension, dyslipidemia, metabolic phenotypes, fasting
plasma glucose (FPG), and HbA1c. Hypertension was defined as systolic
BP > 140 mm Hg, diastolic BP > 90 mm Hg, or receiving medical treat-
ment for hypertension (Shimamoto et al,, 2014). Dyslipidemia was de-
fined as triglyceride level > 150 mg/dl, low-density lipoprotein-
cholesterol level > 140 mg/dl, high-density lipoprotein-cholesterol
level < 40 mg/dl, or receiving medical treatment for dyslipidemia,
based on the criteria for the Japan Atherosclerosis Society (Teramoto
et al.,, 2013). We used different BMI cut-points in the definition of base-
line BMI groups and metabolic phenotype groups. Baseline BMI groups
were defined as obesity (BMI > 27.5 kg/m?), overweight
(23 < BMI < 275 kg/m?), and normal- and under-weight
(BMI < 23 kg/m?) according to the Asian BMI criteria (World Health
Organization, 2004). Baseline metabolic phenotype was defined accord-
ing to the criteria used in a Japanese study (Heianza et al., 2014), in
which study participants were classified according to BMI (obese:
>25kg/m?, non-obese: <25kg/m?) and metabolic health status deter-
mined by the presence/absence of >2 components of metabolic syn-
drome using the Joint Interim Statement criteria (Alberti et al., 2009),
except waist circumstance. The components of metabolic syndrome
used for classification were (1) systolic BP > 130 mm Hg or diastolic
BP > 85 mm Hg or medication for hypertension; (2) FPG > 100mg/dl
or medication for diabetes; (3) triglycerides >150mg/dl or medication
for dyslipidemia; and (4) high-density lipoprotein-cholesterol
<40mg/dl in men, and <50mg/dl in women. Participants were catego-
rized into four groups: metabolically healthy non-obese (MHNO), met-
abolically healthy obese (MHO), metabolically unhealthy non-obese
(MUNO), and metabolically unhealthy obese (MUO).

2.6. Outcome

Incident diabetes was identified using data from the annual health
check-ups after the baseline examination. Diabetes was defined as
HbA1lc 2 6.5%, FPG > 126 mg/dl, random plasma glucose >200 mg/dl,
or currently under medical treatment for diabetes, according to the
American Diabetes Association criteria for the diagnosis of diabetes
(American Diabetes Association, 2015). Individuals without diabetes
at baseline who met any of the above conditions in the subsequent
check-ups were considered to have an incident case of type 2 diabetes.

2.7. Statistical analyses

Characteristics of the study participants were described as means for
continuous variables and percentages for categorical variables. Chi-
square tests for categorical variables or t-tests for continuous variables
were used to examine differences in baseline characteristics between
subjects with incident type 2 diabetes and those who did not develop it.

Person-time was calculated from the date of the baseline examina-
tion to the date of the first diagnosis of diabetes in a subsequent exam-
ination or to the date of the last examination, whichever occurred first.
Multivariable Cox proportional hazards regression models were used to
estimate hazard ratios (HR) and 95% confidence intervals (CI) for the
development of diabetes associated with cumulative BMI-years. Cumu-
lative BMI-years was included as a time-dependent variable. All the

other covariates were based solely on baseline values. To address any
potential concerns about whether baseline FPG and HbA1c should be
adjusted, we performed two models. Model 1 adjusted for age, sex,
BMI, smoking (current smoker, non-current smoker), hypertension,
and dyslipidemia. Model 2 further adjusted for FPG and HbA1c. We test-
ed the 2-way interactions of cumulative BMI-years X sex, cumulative
BMI-years X age, cumulative BMI-years X baseline BMI-group, cumula-
tive BMI-years X baseline metabolic health status (irrespective of obesi-
ty status), cumulative BMI-years X baseline metabolic phenotype (with
consideration of obesity status), and cumulative BMI-years X smoking.
To display the effect of the interactions, we performed subgroup analy-
ses by age group, baseline BMI group, and metabolic phenotype group.
We also performed a subgroup analysis by age and baseline BMI.

All statistical analyses were performed using SAS version 9.3 (SAS
Institute, Cary, NC, USA). A two-sided P < 0.05 was considered statisti-
cally significant.

3. Results

During the 263,539 person-years of follow-up (a median of
5.9 years), 3465 individuals (3223 men and 242 women) developed di-
abetes. The incidence rate of progression to diabetes was 14.2 per 1000
person-years of observation for men and 6.5 per 1000 person-years for
women. Table 1 shows the baseline characteristics of the participants
according to the presence or absence of incident diabetes. The mean
age, systolic BP, diastolic BP, FPG, HbA1c, triglyceride, and low-density
lipoprotein-cholesterol in participants who developed diabetes were
greater than those in participants who did not, while the high-density
lipoprotein-cholesterol was lower. Moreover, the prevalence of

Table 1
Baseline characteristics according to the presence or absence of incident diabetes, ]-ECOH
Study, Japan, 2008-2014.

No diabetes  Incident diabetes Total
N 48,312 3465 51,777
Age (years) 451 4+ 77 483 + 72" 453 + 7.7
Male, % 85.1 934" 85.6
BMI, %
<23 kg/m? 51.7 27.3" 50.3
23-<27.5 kg/m> 40.1 482 405
>27.5 kg/m? 8.2 245 9.2
SBP (mm Hg) 1204 1280 + 162" 1209
+ 15.0 + 152
DBP (mm Hg) 762 + 106 814 + 10.7° 76.5 + 10.7
Hypertension, % 17.6 36.3" 18.7
Anti-hypertension treatment, %* 44.4 55.4" 45.6
FPG (mg/dl) 954 + 84  108.7 + 9.9" 962 + 9.1
HbAlc (%) 54 + 03 59 + 03" 55+ 04
TG (mg/dl) 1193 159.6 + 125.8° 1215
+ 88.0 + 91.2
LDL-C (mg/dl) 119.8 127.1 + 306" 1203
+ 29.6 + 29.7
HDL-C (mg/dl) 589 + 153 538 + 14.1° 586 + 15.3
Dyslipidemia, % 427 63.9" 439
Lipid-lowering treatment, %” 95 17.0" 10.1
Metabolic phenotype, %
MHNO 58.5 17.5" 55.8
MHO 115 9.6 113
MUNO 17.7 335 18.8
MUO 123 394 141
Smoking, % 36.8 446" 37.2

Data was expressed as mean =+ SD or as percentages.
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting blood glucose; HbA1c,
glycated hemoglobin; HDL-C, low-density lipoprotein-cholesterol; ]-ECOH, Japan Epide-
miology Collaboration on Occupational Health; LDL-C, low-density lipoprotein-cholester-
ol; SBP, systolic blood pressure; TG, triglyceride; MHNO, metabolically healthy non-obese;
MHO, metabolically healthy obese; MUNO, metabolically unhealthy non-obese; MUO,
metabolically unhealthy obese.

¢ The denominator is the total number of people with hypertension.

b The denominator is the total number of people with dyslipidemia.

* P<0.001.
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overweight/obese, hypertension, anti-hypertension treatment, dyslip-
idemia, lipid-lowering treatment, MUNW, MUO, and smoking was
higher in participants with incident diabetes than in those who did
not develop it.

Among participants, cumulative BMI-years from baseline to incident
diabetes or the date of the last examination varied from —12.7 to 12.9.
As shown in Table 2, after adjusting for age, sex, worksite, hypertension,
and dyslipidemia, cumulative BMI-years was significantly associated
with incident diabetes. The HRs of diabetes risk for a 1-unit increase in
cumulative BMI-years were 1.10 (95% CI: 1.10, 1.13) and 1.10 (95% CI:
1.07,1.12) in younger and middle-aged adults, respectively (P for inter-
action of cumulative BMI-years X age-group = 0.79). The HRs of diabe-
tes risk for a 1-unit increase in cumulative BMI-years were 1.07 (95% CI:
1.03, 1.11) for people with a baseline BMI < 23 kg/m?, 1.11 (95% CI: 1.08,
1.14) for people with a baseline BMI between 23 and 27.4 kg/m?, and
1.12 (95% CI: 1.08, 1.15) for people with a baseline BMI > 27.5 kg/m?
(P for interaction of cumulative BMI-years X baseline BMI-group =
0.002). The HRs of diabetes risk for a 1-unit increase in cumulative
BMI-years were 1.16 (95% CI: 1.11, 1.21) for people with MHO, 1.11
(95% CI: 1.08, 1.14) for people with MUO, 1.08 (95% CI: 1.05, 1.12) for
people with MUNO, and 1.09 (95% CI: 1.05, 1.14) for people with
MHNO (P for interaction of cumulative BMI-years X baseline metabolic
phenotype < 0.001). After further adjustments for FPG and HbA1c, the
cumulative BMI-years were more strongly associated with incident dia-
betes, whereas the association between baseline BMI and diabetes was
attenuated. The interactions among baseline BMI, metabolic phenotype,
and cumulative BMI-years to incident diabetes remained statistically
significant.

The results of the subgroup analysis by BMI and age revealed similar
findings (Table 3). There was no significant difference in the HRs of di-
abetes risk for a 1-unit increase in cumulative BMI-years between youn-
ger and middle-aged adults. Cumulative BMI-years was associated with
a significantly higher risk of diabetes in overweight and obese adults
compared with normal- and under-weight adults.

The results did not change when we repeated the analyses without
imputation of missing BMI values. Including persons whose annual
BMI change were more than three standard deviations from the mean
of annual BMI change also did not influence the results.

4. Discussion

In the present prospective study of a large Japanese working popula-
tion, we demonstrated that higher levels of cumulative BMI-years, a
measure of degree and duration of weight change, were associated
with an increased risk of diabetes, independent of baseline BMI. Over-
weight and obese adults had a greater relative risk of developing diabe-
tes compared with normal- and under-weight adults with similar
weight gain. The association of higher cumulative BMI-years with inci-
dent diabetes did not substantially differ by metabolic phenotype (a
small P-value for interaction could reflect the large sample size). To
our knowledge, this is the first study in Asia to examine the association
between the degree and duration of weight change and incident
diabetes.

We found that the HR of diabetes risk for a 1-unit increase in cumu-
lative BMI-years was 1.11 (95% Cl:1.09, 1.12) after adjusting for baseline
BM], age, sex, smoking, hypertension, and dyslipidemia and that this as-
sociation was independent of baseline HbA1c and FPG. Such indepen-
dent associations with cumulative BMI-years or a similar index have
been documented previously. Based on anthropometric data measured
every 3-6 years, Wei et al. (2015) reported that BMI-years were signif-
icantly associated with a risk of type 2 diabetes in Whites and younger
Blacks, even after adjusting for sex, baseline BMI, FPG, and other cardio-
metabolic factors. Using excess weight calculated as self-reported BMI
over a reference BMI (25 kg/m? for adults or 85th percentile for adoles-
cents) from 1981 through 2006, Lee et al. (2012) found that White men
aged 40 years with 200 excess BMI-years had a 2.94 times higher odds

Table 2
Hazard ratios for the association of cumulative BMI-years with incident diabetes, ]-ECOH
Study, Japan, 2008-2014.

Model 1° Model 2°
HR (95%CI)  HR (95% CI)
Total
N 51,777 51,777
No. of incident diabetes 3465 3465
Baseline BMI (1 unit) 1.16 (1.15, 1.07 (1.06,
1.17) 1.08)
Cumulative BMI-years (1 unit) 1.11 (1.09, 1.15 (1.14,
1.12) 1.17)
Age-group
30-44 years
N 25,442 25,442
No. of incident diabetes 1128 1128
Baseline BMI (1 unit) 1.19 (1.17, 1.08 (1.07,
1.20) 1.10)
Cumulative BMI-years (1 unit) 1.10 (1.08, 1.15(1.12,
1.13) 1.17)
45-59 years
N 26,335 26,335
No. of incident diabetes 2337 2337
Baseline BMI (1 unit) 1.12 (1.10, 1.05 (1.03,
1.13) 1.06)
Cumulative BMI-years (1 unit) 1.10 (1.07, 1.16 (1.14,
1.12) 1.19)
P for interaction of cumulative BMI-years X 0.79 0.08
age-group
BMI-group
BMI < 23 kg/m?
N 26,048 26,048
No. of incident diabetes 964 964
Baseline BMI (1 unit) 1.05 (1.01, 0.97 (0.92,
1.11) 1.02)
Cumulative BMI-years (1 unit) 1.07 (1.03, 1.09 (1.05,
1.11) 1.12)
23 kg/m? < BMI < 27.5 kg/m?
N 20,986 20,986
No. of incident diabetes 1666 1666
Baseline BMI (1 unit) 1.20 (1.16, 1.08 (1.04,
1.25) 1.12)
Cumulative BMI-years (1 unit) 1.11 (1.08, 1.17 (1.14,
1.14) 1.20)
BMI > 27.5 kg/m?
N 4743 4743
No. of incident diabetes 835 835
Baseline BMI (1 unit) 1.12 (1.10, 1.05 (1.03,
1.14) 1.07)
Cumulative BMI-years (1 unit) 1.12 (1.08, 1.18 (1.14,
1.15) 1.21)
P for interaction of cumulative BMI-years X 0.002 <0.001
BMI-group
Metabolic phenotype
MHNO
N 28,882 28,882
No. of incident diabetes 605 605
Baseline BMI (1 unit) 1.09 (1.04, 1.01 (0.97,
1.14) 1.06)
Cumulative BMI-years (1 unit) 1.09 (1.05, 1.10 (1.06,
1.14) 1.15)
MHO
N 5874 5874
No. of incident diabetes 333 333
Baseline BMI (1 unit) 1.22 (1.17, 1.12 (1.08,
1.26) 1.16)
Cumulative BMI-years (1 unit) 1.16 (1.11, 1.21 (1.16,
1.21) 1.26)
MUNO
N 9718 9718
No. of incident diabetes 1161 1161
Baseline BMI (1 unit) 1.04 (1.01, 1.10 (0.96,
1.08) 1.03)
Cumulative BMI-years (1 unit) 1.08 (1.05, 1.13 (1.14,
1.12) 1.21)
MUO
N 7303 7303
No. of incident diabetes 1366 1366
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Table 2 (continued)

Model 1? Model 2°
HR (95% CI) HR (95% CI)
Baseline BMI (1 unit) 1.11 (1.09, 1.05 (1.04,
1.13) 1.07)
Cumulative BMI-years (1 unit) 1.11 (1.08, 1.17 (1.14,
1.14) 1.20)
P for interaction of cumulative BMI-years X <0.001 <0.001

metabolic phenotype

BMI, body mass index; Cl, confidence interval; HR, hazard ratio; J]-ECOH, Japan Epidemiol-
ogy Collaboration on Occupational Health; MHNO, metabolically healthy non-obese;
MHO, metabolically healthy obese; MUNO, metabolically unhealthy non-obese; MUO,
metabolically unhealthy obese.

2 Adjusted for sex, worksite, baseline age, hypertension, dyslipidemia, and smoking.

b Adjusted for sex, worksite, baseline age, hypertension, dyslipidemia, smoking, fasting
plasma glucose, and HbA1c.

of developing diabetes compared with men of the same age and race
with 100 excess BMI-years. These findings highlight the importance of
preventing weight gain during adulthood for the prevention of diabetes
across ethnic groups.

Previous cohort studies in Asian (Nanri et al., 2011) and Western
(Schienkiewitz et al., 2006 and The et al., 2013) populations suggested
that weight gain during early adulthood may have a greater impact on
risk of diabetes than that during middle-to-late adulthood. However,
the interpretation of these findings requires caution due to a few rea-
sons. For instance, the length of the observation period differed between
early adulthood and middle-to-late adulthood, and weight change was
measured before baseline. Wei et al. (2015) reported that younger peo-
ple (30-44 years) were at greater relative risk of developing diabetes
compared with middle-aged people (45-59 years) for a given level of
cumulative BMI-years (HRs for younger adults versus middle-aged
adults, 1.35 versus 1.11 in Whites, P for cumulative BMI-years X
age = 0.008; 1.18 versus 1.02 in Blacks, P for cumulative BMI-years X
age = 0.047). Contrary to those results, we did not find such an age dif-
ference in diabetes risk for a given level of cumulative BMI-years. Given
limited and conflicting findings regarding the effect of age on the asso-
ciation between cumulative BMI-years and risk of diabetes, further
studies are needed on this issue.

In the current study, we found that the HRs of diabetes risk for a 1-
unit increase in cumulative BMI-years were higher in overweight and
obese adults compared to normal- and under-weight weight adults.
The study by Wei et al. (2015) reported that HRs of diabetes risk for a
weight gain of two additional BMI units over 9 years increased from
1.42 in normal-weight Whites to 1.95 and 2.69 in overweight and
obese middle-aged whites, respectively. Most (Bao et al.,, 2015; Chan
et al., 1994; Hartwig et al., 2015 and Resnick et al., 2000) but not all
(Morimoto et al., 2011) prospective studies using other types of weight
gain measured before baseline also observed similar findings, despite
the difference in study population, length of follow-up, obesity criteria,
and measure of weight change (absolute or relative weight change be-
fore baseline). For instance, obese men had a higher HR of diabetes for
a given weight change compared with non-obese men (1.68 vs 1.16)
(Hartwig et al., 2015). The reason for the stronger association in over-
weight and obese participants is unclear, but overweight and obese peo-
ple, who are already at a higher risk of diabetes, may be more likely to
progress into diabetes with additional weight gain.

The strengths of our study include its prospective design, large sam-
ple size, and sufficient number of diabetes events. In addition, weight
and blood glucose were measured annually during the follow-up, en-
suring an accurate estimation of the association between cumulative
BMI-years and incident diabetes. Several limitations also warrant atten-
tion. First, given that the majority of study participants were employees
of large companies, caution should be exercised in generalizing the
present finding to workers in smaller-sized companies, the self-
employed, or the unemployed. Likewise, because the lifestyle in Japan
is different from people in other Asian countries, the present findings

may not be applied to Asians in general. Second, blood glucose and
HbA1c were measured according to the protocol of each company.
Given the high level of quality control achieved in all the participating
companies, however, measurement bias is less likely. Third, because
data on socioeconomic status were not collected, and data on family his-
tory of diabetes and lifestyle other than smoking were not collected in a
standardized manner across the participating companies, we were un-
able to control for the potential effects of these factors. Lastly, our data
did not allow us to discriminate between type 1 and type 2 diabetes.
Given the low prevalence of type 1 diabetes among Japanese adults
(1.75 per 10,000) (Tajima, 2008), however, most cases in the present
study are likely to be type 2 diabetes.

Table 3
Hazard ratios by age and baseline BMI groups for the association of cumulative BMI-years
with incident diabetes, -ECOH Study, Japan, 2008-2014.

30-44 years 45-59 years
old old
HR (95% CI) HR (95% CI)
Model 1¢
BMI < 23 kg/m?
N 13,391 12,657
No. of incident diabetes 248 716
Baseline BMI (1 unit) 1.08 (0.99, 1.04 (0.99,
1.19) 1.10)
Cumulative BMI-years (1 unit) 1.07 (1.01, 1.07 (1.02,
1.14) 1.11)
23 kg/m? < BMI < 27.5 kg/m?
N 9504 11,482
No. of incident diabetes 463 1203
Baseline BMI (1 unit) 1.23 (1.15, 1.19 (1.13,
1.33) 1.24)
Cumulative BMI-years (1 unit) 1.10 (1.06, 1.11 (1.08,
1.14) 1.15)
BMI > 27.5 kg/m?
N 2547 2196
No. of incident diabetes 417 418
Baseline BMI (1 unit) 1.14 (1.11, 1.09 (1.06,
1.18) 1.13)
Cumulative BMI-years (1 unit) 1.12 (1.08, 1.11 (1.06,
1.16) 1.16)
P for interaction of cumulative BMI-years X 0317 0.044
BMI-group
Model 2"
BMI < 23 kg/m?
N 13,391 12,657
No. of incident diabetes 248 716
Baseline BMI (1 unit) 1.06 (0.97, 0.93 (0.88,
1.17) 0.99)
Cumulative BMI-years (1 unit) 1.08 (1.02, 1.10 (1.06,
1.14) 1.15)
23 kg/m? < BMI < 27.5 kg/m?
N 9504 11,482
No. of incident diabetes 463 1203
Baseline BMI (1 unit) 1.07 (0.99, 1.08 (1.03,
1.15) 1.13)
Cumulative BMI-years (1 unit) 1.14 (1.10, 1.19 (1.15,
1.18) 1.22)
BMI > 27.5 kg/m?
N 2547 2196
No. of incident diabetes 417 418
Baseline BMI (1 unit) 1.05 (1.02, 1.05 (1.01,
1.09) 1.09)
Cumulative BMI-years (1 unit) 1.17 (1.13, 1.18 (1.13,
1.22) 1.24)
P for interaction of cumulative BMI-years X 0.003 0.001

BMI-group

BMI, body mass index; CI, confidence interval; HR, hazard ratio; J-ECOH, Japan Epidemiol-
ogy Collaboration on Occupational Health.

¢ Adjusted for sex, worksite, baseline age, hypertension, dyslipidemia, and smoking.

b Adjusted for sex, worksite, baseline age, hypertension, dyslipidemia, smoking, fasting
plasma glucose, and HbA1c.
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5. Conclusions

Higher levels of cumulative BMI-years were associated with an in-
creased risk of diabetes, independent of baseline level of obesity, and
the association was pronounced among overweight and obese adults,
irrespective of the clustering of metabolic syndrome components.
These data suggest that the degree and duration of weight change
should be simultaneously accounted for when assessing the impact of
weight change over time on the development of diabetes. The present
results emphasize the importance of avoiding additional weight gain
over an extended period of time for the prevention of type 2 diabetes,
especially among overweight and obese adults, irrespective of
metabolic health status.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ypmed.2016.12.046.
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