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Abstract

Background: To examine concurrent prevalence trends of chronic disease, impairment and disability among older
adults.

Methods: We analyzed the 1998, 2004 and 2008 waves of the Health and Retirement Study, a nationally
representative survey of older adults in the United States, and included 31,568 community dwelling adults aged 65
and over. Measurements include: prevalence of chronic diseases including hypertension, heart disease, stroke,
diabetes, cancer, chronic lung disease and arthritis; prevalence of impairments, including impairments of cognition,
vision, hearing, mobility, and urinary incontinence; prevalence of disability, including activities of daily living (ADLs)
and instrumental activities of daily living (IADLs).

Results: The proportion of older adults reporting no chronic disease decreased from 13.1% (95% Confidence
Interval [CI], 12.4%-13.8%) in 1998 to 7.8% (95% CI, 7.2%-8.4%) in 2008, whereas the proportion reporting 1 or more
chronic diseases increased from 86.9% (95% CI, 86.2%-89.6%) in 1998 to 92.2% (95% CI, 91.6%-92.8%) in 2008. In
addition, the proportion reporting 4 or more diseases increased from 11.7% (95% CI, 11.0%-12.4%) in 1998 to 17.4%
(95% CI, 16.6%-18.2%) in 2008. The proportion of older adults reporting no impairments was 47.3% (95% CI, 46.3%-
48.4%) in 1998 and 44.4% (95% CI, 43.3%-45.5%) in 2008, whereas the proportion of respondents reporting 3 or
more was 7.2% (95% CI, 6.7%-7.7%) in 1998 and 7.3% (95% CI, 6.8%-7.9%) in 2008. The proportion of older adults
reporting any ADL or IADL disability was 26.3% (95% CI, 25.4%-27.2%) in 1998 and 25.4% (95% CI, 24.5%-26.3%) in
2008.

Conclusions: Multiple chronic disease is increasingly prevalent among older U.S. adults, whereas the prevalence of
impairment and disability, while substantial, remain stable.
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Background
Disability, such as the inability to dress, bathe or man-
age one’s medications, is prevalent and costly among
older adults in the United States. The development of
such disability among older adults is often complex and
multifactorial [1-3]. Many have postulated that co-mor-
bid chronic diseases are significant risk factors for devel-
oping disabilities [1]. Over the past 20 years, there has
been a rise in chronic disease prevalence [4,5], and the
majority of the older population over age 65 now suffers
from multiple chronic diseases [4,6,7]. However, recent

literature on the patterns of chronic diseases and dis-
ability found that despite the increase in the prevalence
of chronic diseases, disability prevalence has declined
[8-14], although not uniformly across groups of different
age and sex [15-17]. Populations in other developed
countries, such as the Netherlands, have also observed
increases in chronic disease prevalence but stable or
declines in disability rates [18,19]. However, trends in
disability rates among developed countries are not uni-
formly stable or in decline, as Belgium, Japan and Swe-
den reported increases in disability [20].
Considering the pathway to disability, impairments

have been considered an intermediary between chronic
diseases and disability [1,2]. For example, a person with
chronic arthritis may develop mobility impairment; or a
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person with diabetes mellitus may develop diabetic reti-
nopathy which impairs vision. In turn, the mobility or
visually impaired person may become unable to carry
out tasks which are essential for independent living.
Prior examinations of individual impairments–such as
impairments in vision, hearing and cognition [21-23] –
have suggested that they may have become less preva-
lent over time, but other studies have contradicted these
findings, demonstrating that there were no significant
changes [24,25]. The patterns of impairments, which
disproportionately affect older adults, and multiple
impairments over time are not well known. Given the
dynamics between chronic disease, impairment and dis-
ability, and that significant changes have occurred
recently in terms of socio-demographic makeup and
health care among older adults, an up to date examina-
tion of the trends of impairments and disability among
older adults may improve our current understanding of
health care needs for this population.
Therefore our primary objective is to examine the

trends of impairments among older adults in the context
of increasing trends of chronic diseases, and opposing
trends of disability, in order to better describe the health
care needs of older adults. A second objective is to use
the most recent data to examine the continuing detailed
trends of chronic diseases and disability stratified by age
and sex. The Health and Retirement Study (HRS) [26],
which is a nationally representative survey of older
adults in the US, surveys adults on multiple impair-
ments and disability, and thus, provides an excellent
opportunity to examine these concurrent trends among
older adults.

Methods
The Health and Retirement Study (HRS) [26] is a
national longitudinal survey of U.S. adults over age 50
sponsored by the National Institute on Aging and con-
ducted by the Institute for Social Research at the Uni-
versity of Michigan. The study was designed to
investigate the experience of aging among older adults
as they advance from work to retirement with particular
emphasis on health insurance, savings, and trajectories
of economic and physical well-being. The initial wave of
the HRS conducted in 1992 comprised the core sample
of the HRS and included 12,652 community-dwelling
adults between the ages of 51 and 61 or their spouses,
regardless of age, collected via in-home interviews. The
sample was combined in 1998 with the Asset and
Health Dynamics among the Oldest-Old Study
(AHEAD) [27,28], which is a survey of a nationally
representative sample of persons who were born in 1923
or before. Subsequent waves were supplemented with
new birth cohorts every 6 years so as to be representa-
tive of the entire US household population aged 50 and

above. A full description of the procedures used in the
HRS surveys has been published previously [26]. The
survey data are publicly available and do not contain
any unique identifiers. Data from three waves of inter-
views were collated for the present analysis: 1998, 2004
and 2008. We only included older adults who were at
least 65 years of age at the times of the interview.

Chronic Disease Definition
In each wave, respondents were asked to self-report
whether they had ever been told by their physician that
they had any of several chronic diseases. Proxy respon-
dents were surveyed if the respondents were not able to
participate in the survey. Chronic diseases surveyed in
all three waves of the HRS studied included hyperten-
sion, heart conditions (which included coronary heart
diseases and heart failure), chronic lung disease (such as
chronic bronchitis or emphysema, but not asthma), dia-
betes, stroke (which also included transient ischemic
attack), cancer (or a malignant tumor of any kind except
skin cancer), and arthritis. We then categorized respon-
dents by whether they self-reported 0, 1, 2, 3 and 4 or
more chronic diseases.

Impairment Definition
In each wave, respondents were asked to self-report
whether they had any of several impairments. We used
a similar approach as Cigolle et al [29] in defining
impairments and included several impairments self-
reported by respondents: (1) vision (fair or poor eyesight
or blindness despite the use of glasses or corrective
lenses as usual); (2) hearing (fair or poor hearing despite
the use of a hearing aid as usual); and (3) cognition.
Cognition was measured in each wave using a standar-
dized test on a 35 point scale [30], with higher scores
indicating better cognitive function. This scale was mod-
ified from the Telephone Interview for Cognitive Status
and contained similar items to the Mini Mental Status
Examination [31], and has been validated as a cognitive
screening instrument. We defined cognitive impairment
as a score at or below 8, which has been previously used
as cutoff score for severe cognitive impairment because
it was consistent with other estimates of the prevalence
of dementia [32]. In addition, for respondents who were
unable to complete the survey and had proxy respon-
dents, proxy reports of fair or poor memory were con-
sidered to be indicative of cognitive impairment of the
respondent, as has been done in prior research [33].
We further included two other impairments com-

monly seen in older adults: urinary incontinence and
mobility impairment. Respondents with loss of control
of their urination in the past 12 months were character-
ized to have urinary incontinence. Prior national survey
data such as the National Health and Nutrition
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Examination Survey (NHANES) also use similar defini-
tion for estimating the prevalence of urinary inconti-
nence [34]. Respondents who reported difficulty in
ambulating across the room were characterized as hav-
ing mobility impairment. This measure has previously
been used in other large scale studies such as the
Women’s Health and Aging Study as a marker for
severe mobility difficulty [35]. In total, we characterized
5 conditions as indicative of impairment (visual, hearing,
cognitive, mobility impairment and urinary inconti-
nence). We then categorized respondents by whether
they self-reported 0, 1, 2, and 3 or more impairments.

Disability Definition
In each wave, respondents were asked to self-report
whether they had any difficulty with any of several activ-
ities of daily living (ADL) and instrumental activities of
daily living (IADL). The following ADLs were surveyed
in each of the three survey waves: bathing, dressing, eat-
ing, toileting and transferring; and the following IADLs
were surveyed: using the telephone, managing money,
managing medications, grocery shopping and prepara-
tion of meals. We characterized respondents as having
disability in a task if they reported difficulty, or received
help for the task, or could not perform the task second-
ary to health reasons. We then categorized respondents
by whether they self-reported any disability in ADL
tasks, in IADL tasks, and in either ADL or IADL tasks.

Other Variables
Several other socio-demographic variables were included
in our analyses for the purposes of describing changes
in population characteristics: age, sex, race, marital sta-
tus and education. We categorized race into categories
of white and non-white, marital status into categories of
married and not married, and education into categories
of under 8th grade education, 8th to 11th grade educa-
tion, high school education, and beyond high school
education. We also included body mass index and cur-
rent smoking status as indicators of body size and health
behaviors.

Statistical Analysis
Respondent characteristics were summarized for each
wave of the HRS: 1998, 2004, and 2008. Next we
described the prevalence of each chronic disease,
impairment and disability in each wave, and summarized
the prevalence of multiple chronic diseases and multiple
impairments in each wave. We examined the concurrent
trends of multiple chronic diseases, impairments and
disability across all three survey years. We then stratified
each sample into age groups of 65-69, 70-74, 75-79, 80-
84 and 85 and above and by sex, and examined the pro-
portions of respondents with different numbers of

chronic diseases, impairments, and disability. The pur-
pose of stratifying in 5 year groups is to (1) examine
whether there are age dependent trends and (2) to clar-
ify that the changes in chronic disease, impairment, and
disability prevalence were not due to the accumulation
of diseases in the same cohort over time. We performed
sensitivity analysis by removing each individual chronic
disease and impairment from the total number of condi-
tions to test if observed trends were due to one condi-
tion only. We used weighted chi square test with Wald
distribution to test group differences in proportions and
one way ANOVA F-test for continuous variables. We
used a p-value threshold of 0.05 for statistical signifi-
cance. We applied sampling weights according to the
methodology described in the HRS manual for the
application of sampling weights for respondent level
characteristics [36]. The respondent level weight is non-
zero for living non-institutionalized respondents in the
appropriate years. It is scaled so as to yield weight sums
which correspond to the number of individuals in the
U.S. population as measured by the March Current
Population Survey (CPS) for the year of data collection.
All analyses were performed using Stata version 8.0
(Stata Corp LP, College Station, TX). Because the HRS
is a publicly available anonymous data source, our study
was exempted from review by the Mount Sinai Institu-
tional Review Board.

Results
A total of 10,390, 10,621 and 10,557 respondents were
included in the HRS waves in 1998, 2004 and 2008,
respectively. Among all three survey waves, the average
age was 74.6, 57.3% were female, 89.1% were white, and
55.1% were married (Table 1) and there were no clinically
significant differences in the age, sex, race, and marital
status across all three survey years. However, education
levels and average BMI rose in subsequent survey years,
from 33.1% to 40.3% completing an education above high
school and from 26.0 to 27.5 kg/m2 respectively.

Chronic Disease Trends
Among the chronic diseases examined, nearly all dis-
eases, including hypertension, diabetes, cancer, chronic
lung disease and arthritis showed an increasing trend
throughout the study period (Table 1). On the other
hand, the prevalence of heart conditions increased initi-
ally from 1998 to 2004 and subsequently remained
stable as of 2008. The proportion of respondents report-
ing varying number of chronic diseases changed over
the study period (Table 2 and Figure 1A in the online
supplement; p value < 0.001). The proportion reporting
no chronic disease decreased from 13.1% in 1998 to
8.8% in 2004 to 7.8% in 2008, as did the proportion
reporting 1 chronic disease, from 26.9% in 1998 to
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Table 1 Descriptive statistics of adults aged 65 and over in the Health and Retirement Study (HRS) in 1998, 2004 and
2008

Demographic characteristics Overall 1998
(n = 10390)

2004
(n = 10621)

2008
(n = 10557)

p-value

Mean age, y (95% CI) 74.6
(74.5, 74.7)

74.4
(74.3, 74.5)

74.9
(74.7, 75.0)

74.5
(74.3, 74.6)

< 0.001

Female sex, % (95%CI) 57.3
(56.7, 57.9)

58.1
(57.0, 59.1)

57.1
(56.0, 58.1)

56.9
(55.9, 58.0)

0.26

Race 0.40

White, % (95% CI) 89.5
(89.2, 89.8)

89.4
(88.8, 89.9)

89.8
(89.3,90.4)

89.4
(88.8,90.0)

Black, % (95% CI) 8.3
(8.0, 8.6)

8.5
(8.0, 9.0)

8.1
(7.6, 8.6)

8.3
(7.9, 8.8)

Other, % (95% CI) 2.2
(2.0, 2.4)

2.1
(1.8, 2.4)

2.1
(1.8, 2.4)

2.3
(2.0, 2.6)

Married, % (95% CI) 55.1
(54.4, 55.7)

55.3
(54.3, 56.4)

55.9
(54.9, 56.9)

54.1
(53.0, 55.2)

0.05

Education, % (95% CI) < 0.001

Under 8th grade 7.5
(7.2, 7.8)

9.6
(9.1, 10.2)

7.1
(6.6, 7.6)

6.0
(5.6, 7.5)

8-11 grade 20.6
(20.1, 21.1)

24.2
(23.4, 25.1)

20.2
(19.4, 21.1)

18.0
(20.1, 21.1)

High school 34.9
(34.4, 35.5)

33.1
(32.1, 34.1)

35.8
(34.8, 36.8)

35.7
(34.4, 35.5)

Above high school 37.0
(36.4, 37.6)

33.1
(32.1, 34.1)

36.9
(35.9, 37.9)

40.3
(36.4, 37.6)

Current Smoker, % (95% CI) 10.1
(9.7, 10.4)

10.9
(10.3, 11.6)

9.3
(8.8, 10.0)

10.1
(9.4, 10.8)

0.002

Body Mass Index, (95% CI) 26.7
(26.6, 26.8)

26.0
(25.9, 26.1)

26.6
(26.4, 26.7)

27.5
(27.3, 27.6)

< 0.001

Chronic diseases, %

(95%CI)

Hypertension 59.7
(59.2, 60.3)

52.5
(51.5, 53.5)

60.5
(59.5, 61.5)

65.0
(63.9, 66.0)

< 0.001

Heart conditions 31.4
(30.8, 32.0)

30.7
(29.7, 31.6)

31.9
(30.9, 32.9)

31.6
(30.6, 32.5)

0.20

Stroke 9.3
(9.0, 9.7)

9.8
(9.2, 10.4)

8.9
(8.4, 9.6)

9.2
(8.6, 9.8)

0.14

Diabetes 19.3
(18.8, 19.8)

15.2
(14.5, 15.9)

19.3
(18.4, 20.1)

22.7
(21.8, 23.6)

< 0.001

Cancer 17.4
(16.9, 17.9)

14.6
(13.9, 15.3)

18.1
(17.3, 18.9)

19.1
(18.2, 19.9)

< 0.001

Chronic lung disease 11.6
(11.2, 12.0)

10.8
(10.1, 11.4)

11.6
(10.9, 12.3)

12.3
(11.6, 13.0)

0.01

Arthritis 65.5
(64.9, 66.1)

59.1
(58.1, 60.1)

67.7
(66.7, 68.6)

68.8
(67.8, 69.8)

< 0.001

Impairments, %

(95% CI)

Severe Cognitive
Impairment

4.3
(4.1, 4.6)

4.9
(4.5, 5.3)

4.2
(3.8, 4.5)

4.0
(3.6, 4.4)

0.01

Visual Impairment 23.7
(23.2, 24.2)

25.4
(24.5, 26.3)

23.6
(22.7, 24.5)

22.4
(21.6, 23.3)

< 0.001

Hearing Impairment 25.8
(25.3, 26.4)

25.4
(24.5, 26.3)

27.2
(26.2, 28.1)

25.0
(24.1, 25.9)

0.003

Urinary incontinence 23.8
(23.3, 24.4)

19.8
(19.0, 20.6)

23.6
(22.7, 24.4)

27.5
(26.5, 28.4)

< 0.001

Mobility Impairment 8.2
(7.9, 8.6)

8.3
(7.8, 8.9)

7.9
(7.3, 8.4)

8.5
(7.9, 9.1)

0.27
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23.1% in 2004 to 21.2% in 2008. The proportion report-
ing 1 or more chronic diseases increased from 86.9% in
1998 to 91.2% in 2004 to 92.2% in 2008. In contrast, the
proportion reporting 3 chronic diseases increased from
19.1% in 1998 to 22.7% in 2004 to 23.9% in 2008, as did
the proportion reporting 4 or more chronic diseases,
from 11.6% in 1998 to 15.2% in 2004 to 17.4% in 2008.

Impairment Trends
Among impairments, the prevalence of hearing and
mobility impairment remained stable, whereas the pre-
valence of visual and cognitive impairment declined
slightly (Table 1). Urinary incontinence, however,
increased in prevalence. The proportion of respondents
reporting varying number of impairments changed over
the study period (Table 3 and Figure 1B in the online
supplement; p = 0.001). The proportion of respondents
reporting no impairments declined slightly from 47.3%
in 1998 to 45.3% in 2004 and 44.4% in 2008, whereas
the proportion reporting 1 impairment increased
slightly, from 31.0% in 1998 to 32.7% in 2004 to 33.1%
in 2008. The proportion of respondents reporting 2 or 3
or more impairments remained stable.

Disability Trends
Among ADL and IADL disabilities, with the exception
of money management, the prevalence of the various

disabilities examined during the study time period
remained stable (Table 1). The proportion of respon-
dents reporting any ADL disability did not change con-
sistently over the study period, from 19.2% in 1998 to
17.4% in 2004, to 18.4% in 2008 (Table 4 and Figure 1C
in the online supplement; p = 0.01), and there was a
non-significant decline in the proportion reporting any
IADL disability, from 17.8% in 1998 to 17.7% in 2004 to
16.6% in 2008 (p = 0.06). The proportion of respondents
reporting any ADL or IADL disability declined initially
from 26.3% in 1998 to 25.3% in 2004, but remained
steady as of 2008 at 25.4% (p = 0.23).

Age-Stratified Trends
For chronic disease trends, there was an increasing
trend towards higher proportion of respondents with
higher number of chronic diseases among all age groups
(Table 2). For impairment trends, there were no consis-
tent patterns observed among respondents in all age
group except among those aged 65-69, where the pro-
portion with no impairment declined from 58.8% in
1998 to 53.0% in 2008 and the proportion of respon-
dents with 1 and 2 impairments increased (Table 3). For
disability trends, there was a significant decline in IADL
disability (p < 0.01) and any disability (p = 0.02) among
the oldest age group (85 and above), as well as in IADL
disability among those aged 75-79 (p < 0.01; Table 4).

Table 1 Descriptive statistics of adults aged 65 and over in the Health and Retirement Study (HRS) in 1998, 2004 and
2008 (Continued)

Disability, % (95%

CI)

ADL dependence
Bath

8.6
(8.3, 9.0)

9.8
(9.2, 10.4)

8.2
(7.6, 8.8)

8.1
(7.5, 8.6)

0.001

Bed transfer 6.0
(5.7, 6.3)

6.9
(6.4, 7.4)

5.3
(4.9, 5.8)

5.9
(5.4, 6.4)

0.001

Dress
Eating

10.9
(10.5, 11.3)

3.8
(3.6, 4.1)

11.5
(10.8, 12.1)

4.1
(3.7, 4.5)

10.2
(9.5, 10.8)

3.7
(3.3, 4.1)

11.0
(10.4,11.7)

3.8
(3.4, 4.2)

0.01
0.28

Toileting 6.3
(6.1, 6.6)

6.9
(6.4, 7.5)

5.8
(5.3, 6.3)

6.4
(5.8, 6.9)

0.01

IADL dependence

Meal preparation 7.6
(7.2, 7.9)

7.8
(7.2, 8.3)

7.5
(7.0, 8.1)

7.4
(6.9, 8.0)

0.66

Medication management 4.0
(3.8, 4.2)

3.9
(3.5, 4.2)

3.9
(3.5, 4.3)

4.2
(3.8, 4.6)

0.53

Money management 7.1
(6.8, 7.5)

7.4
(6.9, 7.9)

7.0
(6.5, 7.5)

7.1
(6.5, 7.6)

0.56

Shopping 11.1
(10.7, 11.4)

11.7
(11.0, 12.3)

11.2
(10.6, 11.9)

10.4
(9.8, 11.0)

0.02

Telephone use 5.6
(5.3, 5.9)

5.9
(5.5, 6.4)

5.6
(5.1, 6.1)

5.6
(4.8, 5.7)

0.15

Abbreviations: CI, confidence interval; ADL, activities of daily living; IADL, instrumental activities of daily living.

Note: All estimates used sampling weights to account for survey design (with 95% confidence intervals in parentheses); p- values were derived from the Wald
chi-square tests for categorical variables and ANOVA F-test for continuous variables for association between the proportion or characteristics of respondents and
year of survey.

Hung et al. BMC Geriatrics 2011, 11:47
http://www.biomedcentral.com/1471-2318/11/47

Page 5 of 12



Table 2 Percentage of respondents with 0, 1, 2, 3, or 4 or more chronic diseases by survey year, overall and stratified
by age and by sex

Number of chronic diseases, % (95% Confidence Interval)

0 1 2 3 4+

Overall*

1998, n = 10390 13.1
(12.4, 13.8)

26.9
(26.0, 27.8)

29.4
(28.5, 30.3)

19.1
(18.3, 19.9)

11.6
(10.9, 12.2)

2004, n = 10621 8.8
(8.2, 9.4)

23.1
(22.3, 24.0)

30.2
(29.2, 31.1)

22.7
(21.8, 23.6)

15.2
(14.5, 16.0)

2008, n = 10557 7.8
(7.2, 8.4)

21.2
(20.4, 22.1)

29.7
(28.8, 30.7)

23.9
(23.0, 24.8)

17.4
(16.6, 18.2)

Respondent Age

65-69 years*

1998, n = 3018 17.0
(15.5, 18.5)

30.8
(29.1, 32.6)

27.0
(25.3, 28.8)

16.1
(14.7, 17.5)

9.1
(8.1, 10.3)

2004, n = 3392 12.2
(11.0, 13.5)

26.9
(25.3, 28.6)

29.4
(27.8, 31.1)

19.8
(18.3, 21.3)

11.7
(10.6, 12.9)

2008, n = 3128 11.7
(10.3, 13.2)

25.0
(23.2, 26.9)

30.3
(28.4, 32.3)

20.4
(18.8, 22.1)

12.7
(11.4, 14.2)

70-74 years*

1998, n = 2720 14.8
(13.4, 16.3)

27.7
(26.0, 29.5)

30.1
(28.3, 31.9)

17.6
(16.2, 19.2)

9.8
(8.7, 11.0)

2004, n = 2656 10.4
(9.2, 11.8)

24.3
(22.6, 26.2)

29.5
(27.6, 31.4)

21.5
(19.9, 23.3)

14.2
(12.8, 15.8)

2008, n = 2908 7.5
(6.5, 8.6)

21.7
(20.1, 23.5)

30.8
(28.9, 32.7)

23.2
(21.5, 25.0)

16.8
(15.4, 18.4)

75-79 years*

1998, n = 2284 11.2
(9.9, 12.7)

24.8
(22.9, 26.7)

30.0
(28.0, 32.1)

20.3
(18.6, 22.2)

13.7
(12.2, 15.3)

2004, n = 2031 6.4
(5.3, 7.6)

20.9
(19.0, 22.9)

32.0
(29.8, 34.2)

24.1
(22.2, 26.2)

16.6
(14.9, 18.5)

2008, n = 2180 5.7
(4.7, 6.9)

19.3
(17.5, 21.3)

28.5
(26.4, 30.6)

26.6
(24.6, 28.7)

19.9
(18.1, 21.9)

80-84 years*

1998, n = 1465 8.3
(6.9, 10.1)

23.7
(21.4, 26.2)

30.1
(27.6, 32.8)

22.6
(20.3, 25.0)

15.3
(13.3, 17.5)

2004, n = 1609 5.9
(4.8, 7.3)

19.1
(17.0, 21.4)

30.3
(27.9, 32.9)

25.2
(22.9, 27.7)

19.5
(17.4, 21.7)

2008, n = 1517 4.6
(3.6, 5.9)

16.8
(14.9, 19.0)

30.6
(28.1, 33.2)

28.1
(25.7, 30.7)

19.8
(17.7, 22.1)

≥ 85 years*

1998, n = 1306 7.7
(6.1, 9.5)

22.2
(19.6, 24.9)

32.0
(29.1, 35.0)

24.4
(21.8, 27.3)

13.8
(11.8, 16.1)

2004, n = 1425
2008, n = 1588

5.0
(3.8, 6.6)

4.5
(4.6, 6.2)

20.7
(18.3, 23.3)

17.7
(18.2, 21.0)

30.0
(27.3, 32.9)

27.4
(27.8, 31.1)

26.4
(23.7, 29.2)

26.3
(24.1, 27.2)

17.9
(15.6, 20.5)

24.1
(18.7, 21.6)

Respondent Sex

Male*

1998, n = 4463 13.6
(12.6, 14.8)

27.2
(25.8, 28.6)

28.7
(27.3, 30.1)

19.2
(17.9, 20.4)

11.3
(10.4, 12.4)

2004, n = 4595 9.8
(8.9, 10.7)

22.7
(21.4, 24.1)

29.2
(27.8, 30.7)

23.0
(21.7, 24.4)

15.4
(14.3, 16.5)

2008, n = 4441 8.9
(7.9, 9.9)

21.1
(19.8, 22.6)

28.4
(26.9, 30.0)

24.1
(22.7, 25.5)

17.5
(16.3, 18.7)
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Sex-Stratified Trends
For chronic disease trends, the increase in multiple
chronic disease prevalence was similar among men and
women (Table 2). For impairments, there was a trend
towards increasing multiple impairments among
women, but not men (Table 3). For disability trends,
among both men and women, there were fluctuations in
the prevalence of disability but no consistent trends
were observed (Table 4).

Sensitivity Analysis
Removing each individual chronic disease in the count
for multiple chronic diseases demonstrated that no indi-
vidual chronic disease was responsible for the observed
trends. For impairment trends, the significant increases
in multiple impairments appear to be largely due to the
rise in the prevalence in urinary incontinence. Other
individual impairments did not account for any signifi-
cant trends in multiple impairments.

Discussion
Our analysis of recent concurrent trends in chronic dis-
ease, impairment and disability demonstrate that the
prevalence of chronic diseases and multiple chronic dis-
eases has increased over time among older adults. In
contrast, the prevalence of impairments and multiple
impairments, except urinary incontinence, have largely
remained stable, as have the prevalence of ADL and
IADL disabilities. Overall, despite the increase in the
prevalence of chronic disease and multiple chronic dis-
eases, we did not observe a concurrent increase in the
prevalence of impairment or disability. Our findings are
consistent with older trends, demonstrating the rising
prevalence of chronic disease among older adults, as
well the relative stability of impairment trends and the
declining trends in the prevalence of disability, but clar-
ify that these trends remain consistent when examined
concurrently and have persisted as of 2008.
We also found that there were age and gender dispari-

ties in disability trends. Disability for IADL and ADL

has declined mostly among the oldest old, and the pre-
valence of disability was higher in women than men at
every time point. For impairments, we observed
increases in impairments among the 65-69 age group
and among women, which we found were due to the
increase in the prevalence of urinary incontinence.
Although the overall prevalence of multiple impairments
did not increase over time, we observed that the preva-
lence of multiple impairments remained high particu-
larly among the oldest old group.
Our finding that the prevalence of impairments and

disability has largely not been increasing despite growing
burden of chronic disease is consistent with prior work
on trends. Prior reports have found an increase in
chronic disease prevalence throughout the 1990s and
2000s [4,9]. Our findings add to this literature not only
by examining more recent data, but also by using a sin-
gle population to also estimate impairment and disabil-
ity prevalence. That impairment trends were largely
stable while chronic disease prevalence increased sug-
gests that chronic diseases were becoming less likely to
be associated with impairments over time. Finally, our
finding that disability trends were similarly stable is con-
sistent with prior reports which showed that disability
has slightly declined over the years, but has been stable
more recently [10,11,14].
There are several possible explanations for our finding

that impairment and disability patterns over time have
not changed significantly despite the dramatic increase
in chronic disease prevalence among older adults, parti-
cularly given the relationship between chronic diseases
and impairments. First, increased screening of chronic
disease is likely to identify more disease, but of a less
severe variety, such that adults with chronic disease now
appear to live with the disease for longer periods of
time before causing impairment. Second, either separate
from or perhaps partly due to chronic diseases being
diagnosed at an earlier stage, chronic diseases may be
better managed, reducing the risk of developing impair-
ment from these chronic diseases. For instance, the

Table 2 Percentage of respondents with 0, 1, 2, 3, or 4 or more chronic diseases by survey year, overall and stratified
by age and by sex (Continued)

Female*

1998, n = 5927 12.8
(11.9, 13.7)

26.7
(25.5, 27.9)

29.9
(28.7, 31.2)

19.0
(17.9, 20.1)

11.7
(10.9, 12.6)

2004, n = 6026 8.1
(7.3, 8.8)

23.5
(22.3, 24.7)

30.9
(29.7, 32.2)

22.4
(21.3, 23.6)

15.1
(14.2, 16.1)

2008, n = 6116 6.9
(6.2, 7.7)

21.3
(20.2, 22.5)

30.7
(29.5, 32.0)

23.8
(22.6, 25.0)

17.3
(16.2, 18.4)

Values are weighted percentages, with 95% confidence intervals in parentheses, derived by using the HRS respondent population weights of each year to adjust
for the sampling design of survey.

* P value < 0.001, derived from the Wald chi-square tests which were performed to examine group differences in proportions of characteristics across years of
survey. P-values refer to whether the proportions or characteristics were significantly different among groups between years.
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availability of greater numbers of pharmaceutical treat-
ments with differing mechanisms of action for coronary
heart disease, hypertension, diabetes, COPD and many
other diseases over the past 20 years may have improved
the management of these diseases among older adults.
Examples of diseases which might respond to treatment
include arthritis treatment improving mobility; improved

treatment of diabetes (better control) may lead to
improvement in eye sight, and may also be related to
cognition and incontinence. Improved management of
chronic lung disease may also improve mobility. Third,
improved management of chronic disease and screening
for potential sequelae of chronic disease may have
reduced the likelihood or impact of impairment arising
from disease. An example of this would be improved
podiatric care and retinopathy screening among adults
with diabetes. Higher education levels over the recent
past may also have contributed to greater patient self-
seeking of preventive care and improved self-manage-
ment of chronic disease.
The rise in prevalence in multiple chronic disease

among older adults in the U.S. is likely to be associated
with rising health care utilization and costs, although
thus far, has not been associated with increased rates of
impairments and disability. This may seem to suggest
that our health care system is working effectively. How-
ever, when we consider how the U.S. population is
rapidly aging [37], these rates may be misleading. The
absolute number of older adults with multiple chronic
diseases, impairment and disability all continue to climb
even though prevalence rates may be stable for impair-
ments and disability. These trends have substantial
ramifications on overall costs incurred by the older
adult population. Therefore, it is important to continue
to find ways, such as new models of care or reimburse-
ment structures, to effectively manage this expanding
population with multiple chronic diseases with substan-
tial burden of disability.
Our study has several strengths. First, we used a large

nationally representative database which contains data
on chronic diseases, impairments, and disability, allow-
ing for the most up-to-date concurrent examination of
national trends to enhance our understanding of health
problems faced by older adults today. Due to the aging
of the sample in the cohort and replenishment of new
birth cohorts, we were able to compare rates of chronic
disease, impairments, and disability when the sample
was stratified by age and sex. However, our study has
limitations as well. First, in order to utilize sampling
weights to estimate nationally-representative prevalence
rates for all 3 survey waves, we limited our study to
community-dwelling respondents and excluded respon-
dents residing in nursing homes. Because the overall
size of the nursing home population in the United States
has declined over the study period [38], we would
expect that adults previously cared for in nursing homes
would be more likely to be in the community and thus
that prevalence rates of impairment or disability would
have risen, rather than remained flat as we observed.
Second, our measures of chronic disease, impairment,
and disability were based on self-report of conditions.

13.1 8.8 7.8

26.9
23.1 21.2

29.4
30.2 29.7

19
22.7 23.9

11.6 15.2 17.4

0%

20%

40%

60%

80%

100%

1998 2004 2008

Year

U.
S.

 O
ld

er
 A

du
lts

, %

0 1 2 3 4+ diseases

47.3 45.3 44.4

31 32.7 33.1

14.5 14.7 15.2
7.2 7.4 7.3

0%

20%

40%

60%

80%

100%

1998 2004 2008

Year

U.
S.

 O
ld

er
 A

du
lts

, %

0 1 2 3+ impairments

26.3 25.3 25.4

19.2
17.4 18.417.8 17.7 16.6

0
5

10
15
20
25
30

1998 2004 2008

Year

U.
S.

 O
ld

er
 A

du
lts

, %

ADL/IADL disability ADL disability
IADL disability

Figure 1 Percentage of older adults aged 65 and over who
have 0, 1, 2, 3, or 4 or more chronic diseases (A), 0, 1, 2, or 3
or more impairments (B) and disability in activities in daily
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Health and Retirement Study in 1998, 2004 and 2008. All
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Table 3 Percentage of respondents with 0, 1, 2, or 3 or more impairments by survey year, overall, and stratified by
age and by sex

Number of Impairments, % (95% Confidence Interval)

0 1 2 3+

Overall*

1998, n = 10390 47.3
(46.3, 48.4)

31.0
(30.0, 31.9)

14.5
(13.8, 15.3)

7.2
(6.7, 7.7)

2004, n = 10621 45.3
(44.2, 46.3)

32.7
(31.6, 33.7)

14.7
(13.9, 15.4)

7.4
(6.9, 8.0)

2008, n = 10557 44.4
(43.3, 45.5)

33.1
(32.1, 34.1)

15.2
(14.5, 16.0)

7.3
(6.8, 7.9)

Respondent Age

65-69 years†

1998, n = 3018 58.8
(56.9, 60.7)

28.6
(26.9, 30.4)

9.1
(8.0, 10.2)

3.6
(2.9, 4.3)

2004, n = 3392 55.7
(53.8, 57.5)

30.1
(28.4, 31.8)

10.2
(9.1, 11.4)

4.1
(3.4, 4.9)

2008, n = 3128 53.0
(50.9, 55.1)

32.2
(30.3, 34.2)

11.2
(9.9, 12.6)

3.6
(2.9, 4.5)

70-74 years

1998, n = 2720 51.4
(49.3, 53.3)

31.5
(29.6, 33.3)

12.4
(11.1, 13.7)

4.7
(4.1, 5.8)

2004, n = 2656 49.2
(47.1, 51.2)

32.9
(30.9, 34.9)

12.5
(11.2, 14.0)

5.4
(4.6, 6.5)

2008, n = 2908 49.1
(47.1, 51.2)

32.7
(30.9, 34.7)

13.5
(12.1, 14.9)

4.7
(3.9, 5.6)

75-79 years

1998, n = 2284 44.5
(42.2, 46.7)

33.4
(31.3, 35.5)

15.2
(13.6, 16.8)

7.1
(6.0, 8.3)

2004, n = 2031 43.2
(40.9, 45.6)

35
(32.7, 37.2)

15.6
(14.0, 17.4)

6.3
(5.3, 7.5)

2008, n = 2180 41.2
(38.9, 43.5)

36.5
(34.3, 38.8)

15.3
(13.7, 17.1)

7
(5.8, 8.3)

80-84 years

1998, n = 1465 35.1
(32.4, 37.9)

32.8
(30.2, 35.6)

21.5
(19.2, 23.9)

10.6
(9.0, 12.5)

2004, n = 1609 38.1
(35.5, 40.8)

35.2
(32.7, 37.9)

17.1
(15.1, 19.2)

9.6
(8.2, 11.3)

2008, n = 1517 36.3
(33.7, 39.1)

34.7
(32.1, 37.4)

18.7
(16.7, 20.9)

10.2
(8.7, 12.0)

≥ 85 years

1998, n = 1306 24.1
(21.5, 27.0)

28.4
(25.6, 31.3)

26.4
(23.8, 29.3)

21
(18.6, 23.8)

2004, n = 1425 23.6
(21.0, 26.3)

30.9
(28.1, 33.8)

25.8
(23.2, 28.6)

19.8
(17.4, 22.4)

2008, n = 1588 25.5
(23.0, 28.2)

29.5
(26.9, 32.2)

25.5
(23.0, 28.2)

19.5
(17.3, 21.9)

Respondent Sex

Male

1998, n = 4463 47.5
(45.9,49.1)

32.2
(30.7, 33.7)

14.2
(13.1,15.3)

6.2
(5.5, 6.9)

2004, n = 4595 47.5
(45.9, 49.0)

31.9
(30.4, 33.4)

14.4
(13.3, 15.5)

6.3
(5.6, 7.1)

2008, n = 4441 47.8
(46.1, 49.5)

32.3
(30.7, 33.8)

14.5
(13.3, 15.7)

5.5
(4.8, 6.2)
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Table 4 Percentage of respondents with disability in activities of daily living (ADL), instrumental activities of daily
living (IADL) and either ADL or IADL, stratified by age and by sex

ADL or IADL Disability, % (95% Confidence Interval)

Any ADL Any IADL Either ADL or IADL

Overall

1998, n = 10390 19.2 (18.4, 20.0) 17.8 (17.0, 18.6) 26.3 (25.4, 27.2)

2004, n = 10621 17.4 (16.6, 18.2) 17.7 (16.9, 18.5) 25.3 (24.4, 26.2)

2008, n = 10557 18.4 (17.6, 19.2) 16.6 (15.8, 17.4) 25.4 (24.5, 26.3)

p = 0.01 p = 0.06 p = 0.25

Respondent Age

65-69 years

1998, n = 3018 12.4 (11.2, 13.7) 9.1 (8.0, 10.2) 16.3 (14.9, 17.8)

2004, n = 3392 11.3 (10.2, 12.6) 9.2 (8.2, 10.4) 15.5 (14.2, 16.9)

2008, n = 3128 13.1 (11.7, 14.7) 9.5 (8.3, 10.8) 17.0 (15.5, 18.7)

p = 0.15 p = 0.89 p = 0.31

70-74 years

1998, n = 2720 15.3 (13.9, 16.8) 12.6 (11.0, 13.5) 20.4 (18.8, 22.0)

2004, n = 2656
2008, n = 2908

13.4 (12.0, 14.9)
13.2 (11.9, 14.6)

12.2 (10.9, 13.6)
11.7 (10.5, 13.1)

19 (17.4, 20.7)
19 (17.4, 20.6)

p = 0.08 p = 0.84 P = 0.38

75-79 years

1998, n = 2284 19.4 (17.7, 21.3) 19.1 (17.4, 20.9) 27.6 (25.6, 29.6)

2004, n = 2031 17.1 (15.3, 18.9) 17.6 (15.8, 19.4) 25.7 (23.7, 27.8)

2008, n = 2180 19.2 (17.4, 21.2) 15.1 (13.4, 16.8) 25.4 (23.4, 27.5)

p = 0.12 p = 0.01 p = 0.27

80-84 years

1998, n = 1465 26.5 (24.1, 29.1) 26.7 (24.2, 29.2) 37.6 (34.9, 40.4)

2004, n = 1609 22.2 (20.1, 24.5) 23.4 (21.1, 25.8) 32.8 (30.3, 35.4)

2008, n = 1517 23.1 (22.4, 25.2) 24.6 (22.3, 27.1) 35.1 (32.5, 37.8)

p = 0.03 p = 0.17 p = 0.05

≥ 85 years

1998, n = 1306 41 (38.0, 44.2) 46.6 (43.3, 49.6) 56.4 (53.2, 59.5)

2004, n = 1425 36.6 (33.7, 39.3) 44.7 (41.5, 47.7) 54.0 (50.9, 57.1)

2008, n = 1588 36.4 (35.9, 39.4) 39.1 (41.0, 44.5) 50.2 (47.2, 53.1)

p = 0.08 p = 0.002 p = 0.02

Table 3 Percentage of respondents with 0, 1, 2, or 3 or more impairments by survey year, overall, and stratified by
age and by sex (Continued)

Female*

1998, n = 5927 47.2
(46.9, 48.6)

30.1
(28.9, 31.4)

14.8
(13.8, 15.8)

7.9
(7.2, 8.7)

2004, n = 6026 43.6
(42.3, 45.0)

33.3
(32.0, 34.6)

14.9
(13.9, 15.9)

8.3
(7.6, 9.1)

2008, n = 6116 41.8
(40.4, 43.2)

33.7
(32.4, 35.0)

15.8
(14.8,16.9)

8.7
(7.9, 9.5)

Values are weighted percentages, with 95% confidence intervals in parentheses, derived by using the HRS respondent population weights of each year to adjust
for the sampling design of survey.

* P value < 0.001, derived from the Wald chi-square tests which were performed to examine group differences in proportions of characteristics across years of
survey. P-values refer to whether the proportions or characteristics were significantly different among groups between years.

† P value = 0.01.
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The HRS provides unique longitudinal survey data to
identify population health trends. In population-based
cohorts, self-reporting of health conditions is an
accepted methodology for large, nationally representa-
tive survey for which detailed chart review is not feasible
and the concordance between self report and medical
record review is generally good (� = 0.60) [39].
Although the survey is limited by its use of self report
to ascertain chronic disease, impairment and disability,
prior studies have suggested that self-report provides
accurate prevalence estimates for all three [39-44].

Conclusions
A main goal of successful aging is the maintenance of
independence [45]. In fact, a main aspect of the health
care of older adults is the attention paid to maintain
functional ability; preventing disability by the effective
management of chronic diseases and impairments is of
paramount importance to the care of older adults so
that they can continue to live independently in the com-
munity for as long as possible. Our study shows that
multiple chronic diseases have become increasingly pre-
valent and impairments and disability continue to be a
substantial, although not rising, burden among older
adults. The aging, U.S. population continues to need
high-quality care, focused on managing multiple chronic
diseases and preventing impairment and disability.
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