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            P
opulation aging is an international con-

cern, in part because of consequences 

of coming age-structure changes, e.g., 

growth in the number of elderly, decline in 

the number of youth, and accompanying eco-

nomic and social costs ( 1– 4). These expecta-

tions are based on conventional measures of 

aging that link expected phenotypes to fi xed 

chronological ages. But as life expectancies 

increase and people remain healthy longer, 

measures based solely on fi xed chronologi-

cal ages can be misleading. Recently, we pub-

lished aging forecasts for all countries based 

on new measures that account for changes in 

longevity ( 5– 8). Here, we add new forecasts 

based on disability status. Both types of fore-

casts exhibit a slower pace of aging compared 

with the conventional ones.

Limits to Chronological Age

One advantage of aging forecasts based on 

fi xed chronological ages ( 1,  9,  10) is that the 

United Nations (UN) computes them con-

sistently for all countries of the world. These 

include the proportion of the population 65 

and older, and the old-age dependency ratio 

(OADR), which considers people dependent 

upon others when they reach the age of 65 

(often calculated as the number of people aged 

65 or older, divided by the number of people 

of working age, 15 or 20 to 64). When using 

indicators that assume fi xed chronological 

ages, it is implicitly assumed that there will 

be no progress in important fac-

tors such as remaining life expec-

tancies and in disability rates. But 

many age-specifi c characteristics 

have not remained fi xed and are 

not expected to remain constant 

in the future ( 11). In 1950, for 

example, 65-year-old women in 

Canada, Sweden, and the United 

States could expect to live an aver-

age of around 15 more years. By 

2000, that had risen to about 20 

( 12), and the UN foresees further 

increases. Other forecasts also assume con-

tinuation of trends in life expectancy growth 

seen in the last decades ( 8,  13), although the 

UN forecasts assume that the speed of life 

expectancy increases will slow.

Disability-free life expectancies, which 

describe how many years of life are spent in 

good health, have also been increasing, often 

as fast as unconditional life expectancies, 

because of decreases in age-specifi c disability 

rates ( 14). For example, in the United States, 

the proportion disabled in the age group 65 

to 74 declined from 14.2% in 1982 to 8.9% 

in 2004–05 ( 15). Thus, fi xed chronological 

ages do not work well in evaluating the effect 

of age structure changes on health care costs, 

because most of those costs occur in the last 

few years of life, which happen at ever later 

ages as life expectancies increase ( 16,  17).

Life-Expectancy Adjustments

Defining old age by using life expectancy 

instead of chronological age was fi rst sug-

gested in ( 18), and expanded upon in ( 19). 

The more general point that ages could be 

adjusted for life-expectancy change much 

as fi nancial variables are adjusted for infl a-

tion appeared fi rst in ( 20). Forecasts of aging 

that take life expectancy into account are rel-

atively easy to compute, but several issues 

contributed to their remaining underexplored. 

For example, concern about aging was less 

a priority until relatively recent years. And 

before publication of ( 21), life-expectancy 

adjustments were not available in a consistent 

format for all countries, and people were not 

trained in their use.

Alternative measures that account for 

life-expectancy changes show slower rates 

of aging than their conventional counterparts 

( 5,  8,  21). For example, an alternative to the 

OADR is the prospective old age dependency 

ratio (POADR, defi ned as the number of peo-

ple in age groups with life expectancies of 15 

or fewer years, divided by the number of peo-

ple at least 20 years old in age groups with life 

expectancies greater than 15 years). Effects 

of aging are evident in both measures, but 

when forecasted increases in life expectancy 

are taken into account, the POADR increases 

less rapidly than the OADR (see the table). 

Similar patterns are seen for many countries 

of the world (table S1).

Disability Adjustments

Disability-adjusted aging measures are 

another alternative [e.g., ( 22,  23)]. But consis-

tent disability-adjusted aging measures from 

many countries have not previously appeared 

in the literature. To investigate the effects of 

disability, we defi ne a measure analogous to 

OADR, the adult disability dependency ratio 

(ADDR, defi ned as the number of adults at 

least 20 years old with disabilities, divided by 

the number of adults at least 20 years without 

them) (see the table and table S1).
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Forecasting Dependency of the Elderly Population

Old-age dependency ratios

(OADR)

Prospective OADR

(POADR)

Adult disability dependency ratios

(ADDR)

2005–10 2025–30 2045–50 2005–10 2025–30 2045–50 2005–10 2025–30 2045–50

Switzerland* 0.27 0.41 0.48 0.15 0.18 0.24 0.09 0.10 0.11

Czech Republic 0.23 0.36 0.52 0.20 0.26 0.29 0.08 0.09 0.10

Germany 0.33 0.48 0.63 0.21 0.25 0.34 0.12 0.13 0.15

France 0.28 0.44 0.51 0.18 0.21 0.24 0.09 0.10 0.11

United Kingdom 0.27 0.36 0.41 0.19 0.20 0.22 0.10 0.10 0.10

Hungary 0.26 0.34 0.48 0.25 0.28 0.31 0.21 0.22 0.23

Italy 0.33 0.45 0.68 0.20 0.23 0.31 0.10 0.11 0.12

Japan* 0.35 0.55 0.78 0.18 0.27 0.29 0.10 0.12 0.13

Sweden 0.30 0.40 0.44 0.19 0.23 0.23 0.08 0.09 0.09

United States* 0.21 0.34 0.38 0.13 0.17 0.20 0.09 0.10 0.10

Average

*A country not in the EU-SILC survey.

0.28 0.41 0.53 0.19 0.23 0.27 0.11 0.12 0.12

Dependency ratios. Authors’ calculations. OADR and POADR are based on ( 11). ADDR based on ( 11) and ( 28). The 
lower age boundary in all denominators is 20. See SOM §1 and tables S1 and S2 for more detailed methods and 
additional countries. 
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The OADRs increase much faster than the 

ADDRs. In the United Kingdom, for exam-

ple, the OADR increases from 0.27 in 2005–

10 to 0.36 in 2025–30 to 0.41 in 2045–50. In 

contrast, the ADDR stays constant at 0.10. 

Although the British population is getting 

older, it is also likely to be getting healthier, 

and these two effects offset one another. Not 

only does the ADDR increase less rapidly 

than the OADR, it also increases less rapidly 

than the POADR, so that adjusting for the 

likely future path of disability rates does not 

simply replicate the results of adjusting aging 

measures for changes in longevity.

In our forecasts for the United States, in 

2023 the number of expected years of dis-

ability above age 65 is 4.1. This fi nding dif-

fers slightly from ( 22), which forecast that 

fi gure to be 3.7 years in 2022. If the number 

of years of disability were forecast to change 

as in ( 22), the increase in ADDRs would be 

even less.

Previous forecasts were made for years 

2003 to 2030 of the number of people 65 and 

older with severe disabilities for 12 countries 

of the Organization for Economic Coopera-

tion and Development (OECD) from data 

that were not harmonized across countries 

( 23). Constant age- and sex-specifi c disability 

rates were applied to future populations, and 

the trend in age- and sex-specifi c disability 

rates between two recent surveys was extrap-

olated. However, age- and sex-specifi c dis-

ability rates are changing, and trends between 

two surveys taken only a few years apart can 

be misleading, especially in the case of age- 

and sex-specifi c disability rates, because of 

the noisiness of those data.

Making consistent multicountry forecasts 

of the disability rates underlying the ADDR 

was diffi cult in the past. Data with a consis-

tent measure of disability, harmonized across 

countries, were lacking. Data available for 

only one country, with disability-adjusted 

forecasts based on self-evaluated defi nitions 

of health, could refl ect cultural specifi city. 

The European Union Statistics on Income 

and Living Conditions survey (EU-SILC) 

survey now provides harmonized data on 

a specifi c defi nition of disability based on 

activity limitations [supporting online mate-

rial (SOM) §2] for a large enough set of coun-

tries. A forecasting methodology was also 

needed that accounted for long-term relations 

between disability rates and mortality rates, 

and relations of disability rates across ages 

and sexes (SOM §1).

Even with the EU-SILC data, there are still 

problems. The EU-SILC could be biased if it 

systematically omits older people with dis-

abilities. The survey does not include people 

in nursing homes (SOM §3.2 shows that this 

has little effect). In addition, we can currently 

only make disability-adjusted aging forecasts 

for high-income OECD countries, although 

we feel that this is suffi cient to illustrate the 

potential advantages of the approach.

Better Tools for Policy-Making

Policy analysts long had little choice but to 

use aging forecast measures (e.g., published 

by the UN) based on chronological age. More 

recently, however, measures have been devel-

oped that do not assume that improvements in 

health and longevity will cease. These mea-

sures are not just different metrics for mea-

suring the same thing. They measure differ-

ent aspects of aging, ones in which biologi-

cal and behavioral factors play a larger role. 

Other perspectives on aging are also pos-

sible, for example, in terms of prevalence of 

chronic diseases or of frailty, but these would 

also require new measures that are not based 

on chronological age.

The fi gures presented here are based on 

UN forecasts of survival rates. But popula-

tions are heterogeneous, and how this hetero-

geneity is treated infl uences how survival rates 

are forecast ( 24). Uncertainty in our forecasts 

comes primarily from two sources, (i) life-

expectancy forecasts and (ii) disability rates 

that are conditional on those forecasts. But 

ADDRs are rather robust to differences in the 

speed of forecast life-expectancy changes and 

thus fairly insensitive to how heterogeneity is 

treated in making those forecasts (SOM §3.1). 

Use of ADDR could thus limit the scope for 

political speculation and controversy.

Such new measures of aging can help edu-

cate the public about likely consequences of 

improvements in health and longevity. Slow 

and predictable changes in pension age, for 

example, justifi ed by an increased number 

of years of healthy life at older ages, may be 

more politically acceptable than large, abrupt 

changes justifi ed on the basis of budgetary 

stringency. In 2000, the normal retirement 

age in the United States was 65. Today, it is 

66; current legislation has it increasing to 67 

in 2027 ( 25); and it is likely to increase fur-

ther to help avoid reductions in future pen-

sion payouts. In the United Kingdom, the 

normal pension age is scheduled to rise from 

65 to 68 by 2044 ( 26) and in Germany from 

65 to 67 by 2031 ( 27). A change in U.S. leg-

islation, for example, that would increase the 

normal pension age by one-half year for each 

year of additional life expectancy at age 65 

would go a long way to ensuring the sustain-

ability of Social Security payouts, even with-

out further reforms. People who enjoy longer 

lives would fi nance part of their additional 

years of retirement themselves.

Population aging will certainly be the 

source of many challenges in coming 

decades. But there is no reason to exagger-

ate those challenges through mismeasure-

ment. We will be able to address those prob-

lems better with a larger array of measures of 

aging, using those that are appropriate to the 

task at hand. 

References and Notes
 1. UN, World Population Ageing 2009 (UN, New York, 2009).

 2. J.-P. Cotis, OECD Observer, No. 239 (2003).

 3. OECD, Ageing Populations: High Time for Action (OECD, 

Paris, 2005) www.oecd.org/dataoecd/61/50/34600619.pdf.

 4. P. Peterson, Gray Dawn: How the Coming Age Wave Will 
Transform America—and the World (Times Books, New 

York, 1999).

 5. W. C. Sanderson, S. Scherbov, Nature 435, 811 (2005).  

 6. W. Sanderson, S. Scherbov, Demogr. Res. 16, 27 (2007).  

 7. W. Sanderson, S. Scherbov, Popul. Bull. 63, 4 (2008);

www.prb.org/pdf08/63.4aging.pdf.

 8. W. Lutz, W. Sanderson, S. Scherbov, Nature 451, 716 

(2008).  

 9. UN, World Population Ageing 2007 (UN, New York, 2007).

 10. UN, World Population Ageing: 1950–2050 (UN, New 

York, 2001).

 11. UN, World Population Prospects: The 2008 Revision (UN, 

New York, 2009).

 12. Human Mortality Database, www.mortality.org.

 13. J. Oeppen, J. W. Vaupel, Science 296, 1029 (2002).  

 14. J. Bhattacharya et al., Front. Health Policy Res. 7, 75 

(2004). 

 15. K. G. Manton, X. L. Gu, V. L. Lamb, Proc. Natl. Acad. Sci. 
U.S.A. 103, 18374 (2006).  

 16. K. Christensen, G. Doblhammer, R. Rau, J. W. Vaupel, 

Lancet 374, 1196 (2009).  

 17. G. Schultz, J. Shoven, Putting Our House in Order: A 
Guide to Social Security and Health Care Reform (Norton, 

New York, 2008).

 18. N. B. Ryder, Popul. Index 41, 3 (1975).  

 19. S. Jacob, A. Siegel, Generation of Change: A Profi le of 
America’s Population (Russell Sage Foundation, New 

York, 1993), 647 pp.

 20. V. R. Fuchs, Milbank Mem. Fund Q. Health Soc. 62, 143 

(1984).  

 21. W. Sanderson, S. Scherbov, Conventional and prospective 

measures of population aging, 1955, 2005, 2025, and 

2045 (2008); www.prb.org/excel08/age-aging_table.xls.

 22. K. G. Manton, X. Gu, V. L. Lamb, Popul. Dev. Rev. 32, 81 

(2006).  

 23. G. Lafortune, G. Balestat, and the Disability Study Expert 

Group Members, OECD Health Working Papers, No. 26 

(2007).

 24. K. G. Manton, E. Stallard, J. W. Vaupel, J. Am. Stat. Assoc. 
81, 635 (1986).  

 25. Social Security Administration, Retirement Benefi ts 
(Social Security Administration, Washington, DC, 2010); 

www.ssa.gov/pubs/10035.pdf.

 26. UK, Calculating Your State Pension Age, www.direct.gov.

uk/en/Pensionsandretirementplanning/StatePension/

DG_4017919.

 27. Social Security Administration, Social Security Throughout 

the World: Europe, Germany, 2008; www.ssa.gov/policy/

docs/progdesc/ssptw/2008-2009/europe/germany.html.

 28. European Health Expectancy Monitoring Unit (EHEMU), 

Data on activity limitation from Statistics on Income and 

Living Conditions (SILC) Survey (2009); log onto data-

base at www.ehemu.eu/.

 29. The authors thank J. Vaupel and J. Goldstein for comments.

Supporting Online Material
www.sciencemag.org/cgi/content/full/329/5997/1287/DC1

10.1126/science.1193647

Published by AAAS

 o
n 

O
ct

ob
er

 2
0,

 2
01

0 
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org

