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SPECIAL ARTICLE

AGING, NATURAL DEATH, AND THE COMPRESSION OF MORBIDITY

James F. Fries, M.D.

Abstract The average length of life has risen from 47
to 73 years in this century, but the maximum lite span
has not increased. Therefore, survival curves have as-
sumed an ever more rectangular form. Eighty per cent
of the years of life lost to nontraumatic, premature
death have been eliminated, and most premature
deaths are now due to the chronic diseases of the later
years. Present data allow calculation of the ideal aver-
age life span, approximately 85 years. Chronic iliness
may presumably be postponed by changes in life style,

HIS article discusses a set of predictions that

contradict the conventional anticipation of an
ever older, ever more feeble, and ever more expensive-
to-care-for populace. These predictions suggest that
the number of very old persons will not increase, that
the average period of diminished physical vigor will
decrease, that chronic disease will occupy a smaller
proportion of the typical life span, and that the need
for medical care in later life will decrease.

and it has been shown that the physiologic and psy-
chologic markers of aging may be modified. Thus, the
average age at first infirmity can be raised, thereby
making the morbidity curve more rectangular. Ex-
tension of adult vigor far into a fixed life span com-
presses the period of senescence near the end of life.
Health-research strategies to improve the quality of
life require careful study of the variability of the phe-
nomena of aging and how they may be modified. (N
Engl J Med. 1980; 303:130-5.)

despite a great change in average life expectancy,
there has been no detectable change in the number of
people living longer than 100 years or in the maxi-
mum age of persons dying in a given year.!

The Guinness Book of World Records notes that the cor-
relation between the claimed density of centenarians
in a country and its regional illiteracy rate is 0.83. In
Sweden, where careful investigations of centenarians
are carried out, not one has yet exceeded 110 years
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Compression of Morbidity
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Projections of Alzheimer’s Disease in the
United States and the Public Health
Impact of Delaying Disease Onset

Ron Brookmever, PhD, Sarah Gray, BS, and Claudia Kawas, MD

There has been growing concern and Methods
recognition that as the United States popula-
tion ages, Alzheimer’s disease will place an Age-Specific Incidence Rates of
enormous burden on the country’s health care ~ Alzheimer 5 Disease

TABLE2 —Potential Effects on Prevalence of Interventions to Delay Onset of
Alzheimer’s Disease

Alzheimer’s Disease Prevalence (Millions)

Relative Risk
of Intervention

Mean Delay, y 1997 2007 2027 2047
1.00 0 2.32 2.89 4.74 8.64
0.95 0.5 2.32 2.79 452 8.26
0.90 1.0 2.32 2.68 431 7.87
0.75 2.0 2.32 2.32 3.64 6.70
0.50 5.0 2.32 1.74 2.49 4.60

(Brookmeyer et al. AJPH 1998; 88: 1337-42 —&ptR % ) 10
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cite as: J Gerontol B Psychof Sci Soc Sci, 2018, Vol. 73, No. S1, S65-S72

b4 G doi:10.1093/geronb/gby001
) 4 GERONTOLOGICAL s

SOCIETY OF AMERICA®

Supplement Article

Are Trends in Dementia Incidence Associated With
Compression in Morbidity? Evidence From The
Framingham Heart Study

Carole Dufouil, PhD,'? Alexa Beiser, PhD,? Genevieve Chéne, MD, PhD,"2 and
Sudha Seshadri, MD3*#

Abstract

Objectives: Several epidemiological studies suggest declining trends in dementia over the last three decades with both
decreasing age-specific prevalence and incidence. There is limited data on whether this delayed clinical onset is accom panied
by a shorter postdiagnosis survival.

Methods: A total of 5,205 participants from the Framingham Original and Offspring cohorts were studied. Four epochs were
considered from 1977-1984 to 2004-2008. Gender and education adjusted 5-year mortality risks were estimated using delayed
entry Cox models with the earliest epoch as reference category. Stratified analyses by sex, education, and age were undertaken.
A nested case control study of 317 dementia cases and 317 controls matched on age, gender and epoch was initiated.

Results: In the whole sample, 5-year mortality risk has decreased with time, it was 33% lowet in the last epoch compared
to the eatliest. In the 317 persons who developed dementia, age at onset increased (1.5 yearsfepoch), and years alive with
dementia decreased (1 year/epoch) over time. We observed however, a decreased adjusted relative mortality risk (by 18%)
in persons with dementia in 1986-1991 compared to 1977-1983 and no significant change from then to the latest epoch.
The nested case control study suggested in matched controls that 5-year mortality relative risk had increased by 60% in
the last epoch compared to Epoch 1.

Discussion: In the FHS, in the last 30 years, disease duration in persons with dementia has decreased. However, age-
adjusted mortality risk has slightly decreased after 1977-1983. Consequences of such trends on dementia prevalence should
be investigated.

Keywords: Alzheimer’s disease, Dementia, morbidity, prevention, secular trends, survival.
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Wouterse et al. BMC Health Services Research  (2015) 15:574
DOl 10.1186/512913-015-1239-8 BMC Health SerVices Research

The effect of trends in health and @
longevity on health services use by older adults

Bram Wouterse! 23" Martijn Huisman*®, Bert R. Meijboom!, Dorly JH. Deeg*® and Johan J. Polder'

Abstract

Background: The effect of population aging on future health services use depends on the relationship between
longevity gains and health, Whether further gains in life expectancy will be paired by improvements in health is
uncertain. We therefore analyze the effect of population ageing on health services use under different health
scenarios, We focus on the possibly diverging trends between different dimensions of health and theireffect on
health services use,

Methods: Using longitudinal data on health and health services use, a latent Markov model has been estimated that
includes different dirmensions of health, We use this model to perform a simulation study and analyze the health
dynamics that drive the effect of population aging. We simulate three health scenarios on the relationship between
longevity and health (expansion of morbidity, compression of morbidity, and the dynamic equilibrium scenario), We
use the scenarios to predict costs of health services use in the Netherlands between 2010 and 2050,

Results: Hospital use is predicted to decline after 2040, whereas long-term care will continue to rise up to 2050,
Considerable differences in expenditure growth rates between scenarios with the same life expectancy but different
trends in health are found. Compression of morbidity generally leads to the lowest growth, The effect of additional
life expectancy gains within the same health scenario is relatively small for hospital care, but considerable for
long-term care,

Conclusions: By comparing different health scenarios resulting in the same life expectancy, we show that health
improvements do contain costs when they decrease morbidity but not mortality, This suggests that investing in
healthy aging can contribute to containing health expenditure growth,

Keywords: Health expenditures, Scenario analysis, Aging, Health trends
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Cohen JT, et al: Does preventive care save money? Health economics and the
presidential candidates? New England Journal of Medicine 358(7):661-663,2008.

2000~2005F [ZH K INT-5995m X E xR
FFD>56Cost-savingZZt D (&, FL4RIZH T HHIbD O F U imE—ER,
FREABEDERARMDIRDAFIXIZIZIEHLYLLY,

[l Preventive measures [0 Treatments for existing conditions

Proportion of Published Cost-Effectiveness Ratios
o
o
1

1

Cost-saving <10,000 10,000to 50,000to 100,000to 250,000 to =1,000,000 Increases
<50,000 <100,000 <250,000 <1,000,000 cost and

worsens
health

Cost-Effectiveness Ratio ($ per QALY)

BERBEOFHXMRIIEZGTIRETHLHM.
ENICKDHIARMEIEZ ZTITIE TS,

(Russell LB. Preventing Chronic Disease: An Important Investment, But
Don’t Count On Cost Savings. Health Affairs 2009;28:42-45)

“Over the four decades since cost-effectiveness analysis

was first applied to health and medicine, hundreds of

studies have shown that prevention usually adds to
medical costs instead of reducing them.”
“Medications for hypertension and elevated cholesterol,

diet and exercise to prevent diabetes, and screening and

early treatment for cancer all add more to medical costs

than they save.”
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MDEFERIBR. NILAT T IEEREZEHNT 518
[CEEASINASD TIEALY

(Woolf SH: A closer look at the economic argument for
disease prevention. JAMA 2009;301(5):536-538.)

“The question of whether prevention saves money is
incorrectly framed. Health care, like other goods, is not
purchased to save money.”

“The proper question for a preventive (or therapeutic)
intervention is how much health the investment purchases.
This is typically measured in terms of cost-effectiveness or
cost-utility, the ratio between the cost of a service and its
benefits.”

]

BlEE - R ERDEEERE

VB (ST RETHD, MR 1 !
LA, B kY £ EEBRELEAT D,
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(Barendregt JJ et al. The Health Care Costs of Smoking. N Engl J Med 1997; 337:1052-7)

BLHEG ) —T EIEBES )L—T
MINDEREZLEEICH-oTL 7,0001
BIAUIal—iav iR,
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6,000 ’

40— 60X TIEBES IL—T DA
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" \f700

600

4,0001 | 500

LML70FEBEDEMERL , JEBE
BIIN—TDEEREINELLES,

3000 _.% a0t

Per Capita Costs ($)

FDHEEB EEICHAINDIEERED 2,000
{RREILIEIET V=T DALTL
L1, ol

9&’5@“‘@@“‘ & A » P P
S R I A AR A LA

*F200

100

Age Group (years)

(Hayashida K, et al. Difference in lifetime medical expenditures between
male smokers and non-smokers. Health Policy 2010;94:84-89)

A0 BHEDBES )L —T EIEES )L —TEEEICHh->TEHTSET
ILSHT,

EERMICIEEES LT OANEREERELNELLD,

LALEES )L —T IR RIS T T ARSI B EEICHINDIERE(L
TLAELES,

KEE(LHET SESTHD, fEBRIZ ! ! !
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DNARRZITHETRETHD M 11
LML, PAREZIIERELZIERSE D,

(BN BILERDATRES
BN RDNARREZITHIL IR AUIZK BT EEZ R TIES,
(Lancet 2014; 384: 2027-35)

LAOLEIAL RN ARREZ &, BIALRDNAICH NS EREZBIESE S,
(Overdetection, overtreatment and costs in prostate-specific antigen
screening for prostate cancer. Brit J Cancer 2009; 101: 1833-8.)

BRiH TORIMLIRNAIRE DERE ST

EREZT IL—T10H5 ADD25F /22378 ADFIMLIRMNANE RSN,
mn/ /nﬁ’éa&)f‘? %Fﬁ'i%’]3000751 D&nt%énf:o _7.3_ *ﬁn/
JI—T10A ADBIF4956 NIZRIILIRDANFER SN, ZORERIE
#6000 1—O&HESINT-.

AR X BREZHIBT 2=HIZP2 TS D TIEZELY,
BEEZNMT T DAAICEDRTZRSI CEXZBRICPOTLND,

10
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9.

. Zhuo X, Zhang P, Gregg EW, et al. A nationwide community-based lifestyle program could delay or

prevent type 2 diabetes cases and save $5.7 billion in 25 years. Health Affairs 2012; 31(1): 50-60.

. Eddy DM, Schlessinger L, Kahn R. Clinical outcomes and cost-effectiveness of strategies for

managing people at high risk for diabetes. Annals of Internal Medicine 2005; 143(4): 251-64.

. Gillies CL, Lambert PC, Abrams KR, et al. Different strategies for screening and prevention of type 2

diabetes in adults: cost effectiveness analysis. BMJ 2008; 336(7654): 1180-5.
Jacobs-van der Bruggen MA, et al. Lifestyle interventions are cost-effective in people with different
levels of diabetes risk: results from a modeling study. Diabetes Care 2007; 30(1): 128-34

. Feldman I, et al. Heterogeneity in cost-effectiveness of lifestyle counseling for metabolic syndrome

risk groups -primary care patients in Sweden. Cost Eff Resour Alloc 2013; 11(1): 19.
Bertram MY, et al. Assessing the cost-effectiveness of drug and lifestyle intervention following
opportunistic screening for pre-diabetes in primary care. Diabetologia 2010; 53(5): 875-81.

. Ackermann RT, Marrero DG, Hicks KA, et al. An evaluation of cost sharing to finance a diet and

physical activity intervention to prevent diabetes. Diabetes Care 2006; 29(6): 1237-41.

. Hoerger TJ, Hicks KA, Sorensen SW, et al. Cost-effectiveness of screening for pre-diabetes among

overweight and obese U.S. adults. Diabetes Care 2007;30(11): 2874-9.
Schaufler TM, Wolff M. Cost effectiveness of preventive screening programmes for type 2 diabetes
mellitus in Germany. Applied health economics and health policy 2010; 8(3): 191-202.

10.Herman WH, Hoerger TJ, Brandle M, et al. The cost-effectiveness of lifestyle modification or

metformin in preventing type 2 diabetes in adults with impaired glucose tolerance. Annals of Internal
Medicine 2005; 142(5): 323-32.

X systematic review CIEHYFEE A 12
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XihE = 2T D AR ICER(AH.~QALY)
1 254F Cost saving
2 304 fd] 1,989
3 504 fH] 111
4 704 H 68
5 85m =T 155
6 +E 229
7 HE 20
8 HE 120
9 HE 8
10 A 16

ICER : Incremental cost-effectiveness ratio Y& ERNE L)
13

MRF - DA 2B I ETFEEIETIOT I L

KEMedicarelZHT5T7F Lk LB ER

(McCall N, et al. Results of the Medicare Health Support disease-
management pilot program. New England Journal of Medicine
2011;365(18):1704-1712.)

Medicare Health Support Pilot Program: 820 M Rt %I &2EREE IO S A

(5]

R HERE . DA E., FIEWAZET 5242417 A
FTAB163,107 A=>0— Lo 3—Z N L-BEMICK D EFEBHREXIE
XTHREE79,310 A= B EDEHE

HETERHT % . & D= 2 ¥ (Difference-in-difference analysis)

IURRAUR: ABR-BENKOFA. 400TOERIEE. AT47T7DERE
(#5£]

8D2NTATSLDTRTIZHENT,

AR BN KRZZIE. NABREBEOBTAERELL,

40D TAERIBEFEFNIL. NAICKYFEICHELEDITHTH4IER, 14
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Japan
Frontline of shrinking and ageing society

T —— 1 l......_........}; ----------
- 128,057 Projection
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2025 is the epoch when first baby boomers enters old-old (75+).
2035 will be the next epoch when baby boomer juniors enter age65+.

Source; http://www.ipss.go.jp/s-info/e/ssj2014/001.html

Japanese versioh of FEM;
The first fruit

Forecasting Trends in Disability in a Super-Aging'
Society: Adapting the Future Elderly Model to Japan.

Journal of the economics of ageing

Chen, B. K., Jalal, H., Hashimoto, H., Suen, S., Eggleston, K.,
Hurley, M., Schoemaker, L., Bhattacharya, J. 2016; 8: 42-51

OBased on Japanese sister panel survey (JSTAR) with
US HRS

OProblem; age range (lacking age +75) and selective
attrition in older layer due to institutionalization
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Alternative data sources

1 (I?l:zsatig)nal Comprehensive Survey of Living Conditions of People

O Nationally representative with two-staged cluster sampling

O Aprx 600,000 individuals from 295,000 households

O Repeated cross-sectional every 3 years: 2001 - 2013

O Comorbid condition, subjective health, functional status,

and mobility status with demographic and socioeconomic variables

1 Vital Statistics
O Individual mortality records: 2000 — 2014

@ 1.2 million per year

1 Population Census 2010

Pseudo panel approach basically following FEM frame

(1) First order Markov process
(2) Absorbing health statuses
(3) Additive assumption for multiple mortality causes




Exact estimation of dynamic equilibrium using
contingency tables (manuscript to be submitted)

Assumptions

* Disease (d,,) incidence holds in equilibrium with prevalence
and mortality in the cohort within a period (month).

* Comorbidity of 14 health statuses as reflected in all possible
combinations of two statuses

* Use of contingency tables for exact estimation of “transition
probability” over time periods

dide di=0 di':l
pop:(0,0) pop:(0,1)

d] =0 Qlbaseline OlbaselinetOldi
pop(1,0) pop:(1,1)

d] = 1 abaseline+adj abaseline+adi+adj

Future Projection of disease burden 2013->2034

Coronary heart disease and stroke will reduce in absolute number
despite of population ageing

2013 Heart Disease (in thousand)

g
.

male)  IStatic Modet

2013 Stroke (in thousand)

o
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Future Projection of disease burden 2013-> 2034

Cancer incidence and case fatality will be lowered, while the size of
population at risk will grow due to population ageing, resulting in similar
prevalence in number with older age distribution (longer survival! )

2013 Cancer (in thousand) - 2034 Cancer {in thousand)
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2013 Diabetes {in thousand)

2o e o e Di@abetes will increase
in number and with
older distribution

2034 Diabetes {in thousand}
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Future Projection of disease burden 2013-> 2034

Those with difficulties in daily activities and cognitive dysfunction will
increase in number (though less than originally expected thanks to
improvement in cardiovascular morbidity), and shifted toward older

2013 Prevalence of ADL 1+ (in thousand} 2034 Prevalence of ADL 1+ {in thousand)
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Projection of medical and long-term care
expenditure for age 65+ (billion JPY 2013 value)

45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

2013 2022 2034 2046

® homecare M institutional care  ® outpatient service inpatient service

Notel; effects of price inflation and innovative technology are not considered.

Note2; Age-sex-condition specific expenditure based on regression results from national
claim database (3% sample) and long-term care claim database was multiplied by the
estimated number of comorbidity conditions.

Note3; long-term care utilization as expected from comorbidity (currently about 30% are
replaced by informal care)

11

Conclusion

« Japan in the frontline of population shrinkage and ageing needs
detailed future projection using Future Elderly Model framework.

« Complementary use of pseudo panel method could provide
stable and convergent estimation of older-old population.

* Compared to traditional static average-out projection, a new
projection provides different views of future burden of
disease/disability in future, implying different messages for
health policy makers.

 Socioeconomic disparity in disease prevalence in older-old is
complicated due to balance between improved incidence and
case fatality. Microsimulation could be used as an experimental
tool for searching the mechanism of health disparity, as well as
for evaluating future policy impact among older-old population.
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