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Abstract

Background: Understanding the hierarchy of functional impairment in older adults has helped illuminate mechanisms of impairment and
inform interventions, but little is known about whether hierarchies vary by age. We compared the pattern of new-onset impairments in
activities of daily living (ADLs) and instrumental ADLs (IADLs) from middle age through older age.

Methods: We conducted a cohort study using nationally representative data from 32 486 individuals enrolled in the Health and Retirement
Study. The outcomes were new-onset impairment in each ADL and IADL, defined as self-reported difficulty performing each task, assessed
yearly for 9 years. We used multistate models and competing risks survival analysis to estimate the cumulative incidence of impairment in each
task by age group (ages 50-64, 65-74, 75-84, and 85 or older).

Results: The pattern of incident ADL impairments differed by age group. Among individuals ages 50-64 and 65-74 who were independent
at baseline, over 9 years’ follow-up, difficulties dressing and transferring were the most common impairments to develop. In individuals ages
75-84 and 85 or older who were independent at baseline, difficulties bathing, dressing, and walking were most common. For IADLs, the
pattern of impairments was similar across age groups; difficulty shopping was most common followed by difficulty managing money and
preparing meals. Complementary analyses demonstrated a similar pattern.

Conclusions: These findings suggest that the hierarchy of ADL impairment differs by age. These findings have implications for the development
of age-specific interventions to prevent or delay functional impairment.

Keywords: Activities of daily living, Functional impairment, Middle-aged

Difficulty performing basic activities of daily living (ADLs) such as
bathing and dressing is common in older adults, affecting nearly
25% of people aged 65 or older (1). People who develop these dif-
ficulties, often called “functional impairment,” have poorer quality
of life and a higher risk of acute care utilization, nursing home ad-
mission, caregiving needs, and death (2-4). Prior research shows
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that when older adults develop difficulty performing ADLs, these
difficulties develop in a predictable order, called a “hierarchy of dis-
ability” (5). The first tasks affected are those that require strength,
balance, and coordination, including bathing and dressing, while
tasks that require manual dexterity, such as eating, are affected later
(5-10). Understanding this hierarchy has illuminated mechanisms
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of functional impairment and informed interventions to prevent or
delay impairment among older adults (11-13).

This research has focused almost entirely on older adults.
However, nearly 15% of middle-aged people have functional im-
pairment, and this proportion is increasing (14,15). Furthermore,
when middle-aged people develop functional impairment, these im-
pairments are associated with adverse outcomes similar to those
seen in older adults (16,17). Despite the increasing prevalence
of functional impairment in middle-aged people and its implica-
tions for quality of life, health outcomes, and costs (14), little is
known about the hierarchy of functional impairment in middle
age. Several studies suggest that in contrast to older adults who
typically initially develop difficulty bathing, in middle-aged people,
transferring and walking across a room are the most common ADL
impairments (18,19). However, previous studies in middle-aged
people assessed prevalent rather than incident functional impair-
ment, and therefore did not distinguish between long-standing
impairments due to congenital conditions or trauma versus impair-
ments that develop in middle age and may have different clinical
implications (14,15,18-21). Moreover, previous studies had rela-
tively small sample sizes (18) and infrequent assessment intervals,
up to 10 years apart (20).

Understanding the hierarchy of functional impairment in middle
age and how this hierarchy changes with age may help illuminate
mechanisms of functional impairment, inform interventions, and
identify people in the early stages of impairment who could benefit
from interventions to prevent further decline and promote recovery
(7,20). We used nationally representative, longitudinal data with
2-year assessment intervals to compare the cumulative incidence of
functional impairments in middle age through older age; examine
how risk factors may contribute to differences in the pattern of im-
pairments by age; and determine the order in which impairments
develop.

Method

Setting and Participants

We used longitudinal data from the Health and Retirement Study
(HRS) (22). The HRS is a panel study of a representative sample of
Americans aged 50 or older. The first participants were enrolled in
1992 and additional participants are enrolled every 6 years, such
that the sample remains representative of the population aged 50
or older. Participants are interviewed every 2 years, primarily by
telephone; face-to-face interviews are conducted for those unable to
access a telephone or too ill to participate by telephone.

Sample

We created a nationally representative cohort of individuals enrolled
in the 1992, 1993, 1998, 2004, or 2010 study waves. Individuals en-
rolled in 1993 were part of the Asset and Health Dynamics Among
the Oldest Old (AHEAD) study, a cohort of individuals aged 70
or older. Of 35 600 individuals in these waves, we excluded 2 853
who did not complete any follow-up interviews, 244 who were in a
nursing home at their first interview, and 17 who had missing data
for all ADLs and instrumental ADLs (IADLs) at their first interview,
for a final cohort of 32 486 participants. We followed these partici-
pants at approximately 2-year intervals through 2016. The institu-
tional review boards of the University of Pennsylvania, the University
of California, San Francisco, and the San Francisco Veterans Affairs
Medical Center approved the study.

Measures

Outcomes

To determine the hierarchy of functional impairment by age, we
examined 2 sets of outcomes: the cumulative incidence of the first
episode of impairment in each of 6 ADLs, and the cumulative inci-
dence of the first episode of impairment in each of 5 IADLs. We also
examined the order in which ADL impairments developed. To deter-
mine cumulative incidence, we examined the proportion of partici-
pants who developed a first episode of impairment in each ADL and
IADL by age group, accounting for death as a competing risk. Age
groups included 50-64 years (middle age), 65-75 years (young older
age), 75-84 years (older age), and 85 or older (oldest age). To define
ADL and IADL impairments, we used self-reported data. At baseline
(date of study enrollment) and each biennial study wave, partici-
pants reported if they had difficulty performing each ADL (bathing,
dressing, transferring, toileting, eating, walking across a room) and
each TADL (managing money, managing medication, shopping for
groceries, preparing meals, making telephone calls). We defined a
first episode of impairment in each ADL or IADL as reporting dif-
ficulty performing that activity, even if that impairment was only
reported at a single study wave. We chose this definition because an
initial episode of functional impairment has been shown to be a sen-
tinel event that predicts subsequent adverse outcomes, even if that
impairment subsequently resolves (23-25).

Other measures

Other measures included sociodemographics and health status vari-
ables that predict functional impairment among older adults (26).
Sociodemographics were assessed at study entry and included self-
reported age, sex, race/ethnicity, marital status, and educational at-
tainment. We also included year of study enrollment (1992, 1993,
1994, 1998, 2004, or 2010). Measures of health status included
self-reported medical conditions (hypertension, stroke, diabetes, car-
diac disease, chronic lung disease, cancer, arthritis). We also included
visual impairment, defined as self-reported fair or poor eyesight des-
pite best correction, and hearing impairment, defined as self-reported
fair or poor hearing or use of a hearing aid. We assessed cognitive
impairment using a modified version of the Telephone Interview for
Cognitive Status (range, 0-27; dementia defined as a score of 0-6,
cognitive impairment without dementia defined as a score of 7-11,
normal cognition defined as a score of 12-27) (27,28) and depres-
sion using the 8-item Center for Epidemiological Studies-Depression
scale (range, 0-8; clinically significant depressive symptoms de-
fined as a score >3) (29). We calculated body mass index using self-
reported weight and height. We assessed health-related behaviors
including self-reported alcohol use, smoking status, and physical in-
activity, defined as participating in activity once weekly or less (30).

Statistical Analysis

We used descriptive statistics to examine baseline participant char-
acteristics. Analyses incorporated survey weights, strata, and clusters
to account for the complex HRS survey design.

We used complementary methods to determine the cumulative
incidence of each ADL and IADL impairment by age group; to de-
termine how risk factors may explain differences in the pattern of
impairments by age; and to examine the order in which impairments
develop. First, we used multistate survival modeling as our primary
approach to determine the cumulative incidence of the first episode
of each ADL and IADL impairment by age group (31). Multistate
models estimate the probability that individuals transition between
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3 or more states and can be used to characterize longitudinal trajec-
tories in data sets in which participants enroll at different ages and
are followed for different time periods. We used multistate modeling
as our primary approach rather than direct estimates of cumulative
incidence because the study focuses on new-onset functional impair-
ment; multistate models allowed us to statistically mimic a synthetic
cohort of individuals who were aged 50 and difficulty-free at enroll-
ment through age 100. This approach addresses the bias inherent
in a direct analysis of the combined prevalent and incident cohort,
in which individuals who are older at enrollment are more likely
to have prevalent impairment and unobserved impairment before
enrollment. We used a 3-state model based on first-order Markov
assumptions to calculate the probability of transitioning between
states for each ADL and IADL at each age, using the “msm” package
for R (Supplementary Methods 1) (32). The 3 states included (i) inde-
pendently performs that task; (ii) has difficulty performing that task;
and (iii) death. We included current age and gender as covariates in
the models.

We then used these transition probabilities to simulate functional
outcomes for each ADL and IADL every year through age 100 for a
large number of microsimulated participants (1 million male and 1
million female) who were independent at study entry at age 50. The
large number of microsimulations ensures negligible Monte Carlo
error is introduced into the point estimates; uncertainty in the es-
timate is determined by bootstrapping the entire microsimulation
process as described below, and is thus determined only by the actual
sample size of the data.

Next, we used the data generated through multistate modeling
to determine the cumulative incidence of developing new impair-
ment in each ADL and IADL for each age group. To do so, we used
competing risks survival analysis to account for the competing
risk of death (33-35). For individuals ages 50-64, we defined the
baseline as age 50 and the event time as the years to onset of im-
pairment before age 65. We used a similar approach for the other
age groups. We censored participants who ended their observation
period without the event and did not die. We performed survey-
weighted bootstrapping to calculate 95% confidence intervals
(95% Cls). We used 100 bootstrap samples and generated 100 000
microsimulations for each sample (50 000 male and 50 000 female;
Supplementary Methods 1).

In sensitivity analyses, we calculated confidence intervals without
weights. We also fit a multistate model with gender and 4 restricted
cubic splines of age as time-variant covariates and 5 knots estimated
using default quantiles. We compared the model with splines to the
linear model using a likelihood ratio test. Although the model con-
taining splines fit significantly better, the predictions were similar to
those for the linear model (Supplementary Table 1; Supplementary
Figures 1-11). Thus, since we used only the predicted transition
probabilities for the microsimulations, we chose the more parsimo-
nious linear model (36,37). The maximum follow-up time varied
across age groups (ie, 14 years for ages 50-64, 9 years for 65-74 and
75-84, and 15 years for 85 or older). To have a uniform follow-up
time across age groups, we reported the cumulative incidence at
9 years.

Next, we performed sensitivity analyses in which we directly esti-
mated the cumulative incidence of each ADL and IADL impairment
using a survival analysis framework. The purpose of these models
was twofold: first, to provide a comparison, using real data, for the
multistate models; and second, to use these models to determine how
risk factors may explain differences in the pattern of impairments by
age group. In these analyses, we began with the same overall cohort
of 32 486 individuals used in the multistate models. To maximize

the sample size in the oldest age groups, we created individual co-
horts for each ADL and IADL, rather than replicating the multistate
models in which participants were independent in all ADLs and
IADLs at baseline. We excluded individuals with impairment in the
ADL or IADL of interest at enrollment, but included individuals
with other ADL or IADL impairments (Supplementary Methods 2).
We defined the baseline as age 50 and the event time as the age
of onset of impairment. Because HRS assessments are biennial, the
date of onset of functional impairment cannot be observed exactly.
We estimated the event time to be halfway between the date when
impairment was first reported and the date of the previous assess-
ment. We censored participants who ended their observation period
or were lost to follow-up; we retained those who missed the first
follow-up but had a subsequent assessment. In unadjusted models,
we estimated the cumulative incidence of each ADL and IADL in the
presence of death (Supplementary Methods 2) (35).

To examine how risk factors may contribute to patterns of ADL
and TADL impairment by age group, we used the same competing
risks survival analysis framework, now adjusting for potential risk
factors. We used these models to calculate adjusted subdistribution
hazard ratios for the association of risk factors with each ADL and
IADL impairment in the presence of death as a competing risk (38).
These models included probability weights and a derived survey
cluster variable to adjust the standard errors for the complex sam-
pling design. We used the same risk factors in each model (see
Table 1), selected based on their importance for predicting functional
impairment among older adults (26) and assessed at baseline. To
account for cohort effects, we included year of enrollment. We tested
interaction terms between age and several variables that we hypothe-
sized may interact with age (gender, married/partnered, educational
attainment, body mass index, smoking, cognition). All of these terms
were significant and thus we ran 2 sets of adjusted models, one with
and one without interactions (Supplementary Methods 2).

We used these models to calculate adjusted cumulative incidences
of each ADL and IADL and each age group at the means of the
predictors in the model, using the Stata command “stcurve.” These
analyses do not include confidence intervals, as “stcurve” does not
currently compute standard errors or confidence intervals for cumu-
lative incidence functions.

Last, we examined the order in which ADL impairments developed
at the level of the participant. We focused on ADLs with the most pro-
nounced difference in relative cumulative incidence by age group, namely
bathing, dressing, and transferring. To conduct these analyses, we created
a cohort without missing data for these ADLs at baseline (Supplementary
Methods 3). We then examined the proportion of participants with each
of 26 outcomes in the following 6 categories: (i) did not develop diffi-
culty in bathing, dressing, or transferring over follow-up; (ii) developed
difficulty with 1 of the 3 ADLs; (iii) developed difficulty with 2 of the 3
ADLs in the same wave; (iv) developed difficulty with all 3 ADLs in the
same wave; (v) developed difficulty with 2 ADLs in different waves; or
(vi) developed difficulty with 3 ADLs in different waves.

We performed analyses using SAS/STAT 15.1 (SAS Institute Inc.,
Cary, NC), Stata 16.1 (StataCorp LLC, College Station, TX), and R
version 4.0.4 (2021 The R Foundation for Statistical Computing,
Vienna, Austria).

Results

Participant Characteristics

Of the 32 486 participants, 53.5% were women, 78.0% were White,
10.7% Black, and 8.1% Latino (Table 1). The majority were ages
50-64 at study enrollment (74.1%), with smaller percentages ages
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65-74 (16.5%), 75-84 (7.6%), or 85 or older (1.8%). One-quarter
(24.6%) had less than a high school education. The most common
chronic condition was hypertension (37.3%), followed by arthritis
(32.7%), heart disease (13.6%), and diabetes (11.4%). More than

Table 1. Characteristics of 32 486 Community-Dwelling Adults
Ages 50 or Older

Participants,

No. (weighted %)
Characteristics (N =32 486)
Age group at baseline

50-64 years 21965 (74.1)

65-74 years 6439 (16.5)

75-84 years 3285 (7.6)

85 years or older 797 (1.8)
Enrollment year and years of birth

1992 (born 1931-1941) 9 841 (19.7)

1993 (born <1924) 6529 (15.5)

1994 (born 1924-1930) 3611 (9.5)

1998 (born 1942-1947) 3 364 (14.9)

2004 (born 1948-1953) 4457 (20.7)

2010 (born 1954-1959) 4684 (19.8)
Female 18 216 (53.5)
Race/ethnicity

White 22 401 (78.0)

Black 5668 (10.7)

Hispanic/Latino 3513 (8.1)

Other 861 (3.2)
Married/partnered 22 724 (70.7)
Educational attainment

Less than high school 9961 (24.6)

High school 9 445 (28.4)

Some college 7013 (23.8)

College or higher 6061 (23.3)
Chronic medical conditions

Hypertension 12 864(37.3)

Stroke 1475 (4.0)

Diabetes 3997 (11.4)

Heart disease 4772 (13.6)

Chronic lung disease 1765 (5.3)

Cancer (other than nonmelanoma 2317 (6.9)

skin cancer)

Arthritis 10 866 (32.7)
Depression* 5067 (21.8)
Visual impairment 6505 (18.1)
Hearing impairment 5479 (16.0)

Body mass index
<18.5 (underweight) 466

(1.3)
18.5-24.9 (normal weight) 10 541 (32.2)
25-29.9 (overweight) 12 582 (39.2)
>30 (obese) 8450 (27.3)
Number of drinks per day >3 2 643 (10.1)
Currently smokes 6 747(20.8)
Infrequent physical activity* 17 897 (66.2)

Cognitive status based on Telephone Interview for Cognitive
Impairment score

Normal cognition 24 827 (83.7)
Cognitive impairment without dementia 4854 (12.5)
Dementia 1663 (3.8)

Notes: Analyses incorporated survey weights, strata, and clusters to account
for the complex Health and Retirement Study (HRS) survey design.

*Variables excluded from multivariable competing risks regression models
due to high percentage of missing data.

one-fifth (21.8%) had clinically significant depressive symptoms.
Sensory impairments were common, with 18.1% reporting visual
impairment and 16.0% hearing impairment. More than one-third
(39.2%) were overweight and 27.3% were obese. The majority were
physically inactive (66.2%).

Cumulative Incidence of ADL Impairments by

Age Group

In analyses based on multistate models, the cumulative incidence
of each ADL increased with age with the exception of transferring,
for which the cumulative incidence was similar in the 2 oldest age
groups (Figure 1). The pattern of incident ADL impairments dif-
fered between the younger and older age groups. In individuals ages
50-64 years, difficulty dressing developed most commonly over
9 years’ follow-up (14.4%; 95% CI, 13.6%-15.1%), followed by
difficulty transferring (12.4%; 95% CI, 11.7%-13.1%), toileting
and walking (with similar incidences of 8.8% [95% CI, 8.1%-9.5%]
and 8.7% [95% CI, 8.1%-9.3%], respectively), bathing (7.3%;
95% CI, 6.7%-7.9%), and eating (4.0%; 95% CI, 3.5%-4.4%).
The pattern of impairments was similar in participants ages 65-74;
difficulty dressing developed most commonly (27.2%; 95% CI,
26.4%-28.0%), followed by transferring, walking, bathing, and toi-
leting (with similar incidences of 20.8% [95% CI, 20.1%-21.4%];
20.2% [95% CI, 19.5%-20.8%]; 19.7% [95% CI, 19.0%-20.5%;
and 18.7% [95% CI, 17.9%-19.5%], respectively). Difficulty eating
developed least commonly (11.0%, 95% CI, 10.4%-11.6%).

For participants ages 75-84, the pattern of ADL impairments
shifted, with bathing and walking impairment becoming more
common and transferring becoming less common. While diffi-
culty dressing still developed most commonly (36.3%; 95% CI,
35.3%-37.3%), followed by difficulty bathing (32.2%; 95% CI,
31.4%-33.0%), walking (30.3%; 95% CI, 29.4%-31.1%), toi-
leting (26.4%, 95% CI, 25.5%-27.3%), transferring (25.6%; 95%
CL, 25.0%-26.6%), and eating (18.6%; 95% CI, 18.0%-19.3%).
For participants ages 85 or older, difficulty bathing, dressing,
and walking had similar cumulative incidences (41.2% [95% CI,

~=—Dressing difficulty ~ —s~Transferring difficulty ——Toileting difficulty
Walking difficulty —=—Bathing difficulty —=—Eating difficulty

20

Cumulative Incidence (%)

50-64 years

65-74 years
Age Groups

75-84 years 85 years or older

Figure 1. Cumulative incidence of ADL impairments by age group. ADL
indicates activities of daily living. The figure shows the cumulative incidence
of new ADL impairments at 9 years with 95% confidence intervals for each
age group (ie, 50-64 years, 65-74 years, 75-84 years, and 85 years or older).
Cumulative incidences were determined using multistate modeling and
competing risk survival analysis to account for the competing risk of death.
Analyses incorporated survey weights, strata, and clusters to account for the
complex Health and Retirement Study (HRS) survey design.
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39.8%-42.5%; 39.2% [95% CI, 37.5%-40.8%; 36.1% [95%
Cl, 34.7%-37.6%], respectively), followed by difficulty toileting
(29.8%; 95% CI, 28.3%-31.3%), transferring (25.7%; 95% ClI,
24.5%-26.9%), and eating (24.7%; 95% CI, 23.6%-25.9%). In
sensitivity analyses using unweighted data, point estimates and con-
fidence intervals were similar.

In sensitivity analyses using direct cumulative incidence esti-
mates, the pattern of ADL impairments by age group was generally
similar to that based on the multistate model (Supplementary Figure
12). However, transferring difficulty developed less commonly in
participants ages 65-74, and bathing difficulty developed most com-
monly in participants ages 75-84 and 85 or older, compared to just
in the oldest age group in the multistate model. Additionally, the cu-
mulative incidence of each ADL impairment in the oldest age group
was higher than those based on the multistate model, and the width
of the corresponding confidence intervals were considerably wider
than those for estimates derived using the multistate model.

Cumulative Incidence of IADL Impairments by

Age Group

In analyses based on multistate models, the cumulative incidence
of IADLs increased with age, as for ADLs (Figure 2). However, the
pattern of impairments was more similar by age for IADLs than
ADLs. For participants ages 50-64, shopping difficulty developed
most commonly (10.2%; 95% CI, 9.5%-10.9%), followed by dif-
ficulty managing money (7.4%; 95% CI, 6.8%-7.9%), preparing
meals and managing medications (with similar incidences of 5.8%;
95% CI, 5.3%-6.3% and 5.3%; 95% CI, 4.8%-5.8%), and making
telephone calls (3.7%; 95% CI, 3.3%-4.1%). Impairments showed
the same pattern for participants ages 65-74. For participants ages
75-84 and 85 or older, the pattern of impairments differed slightly.
Difficulty shopping still developed most commonly, but difficulty
preparing meals was more common than difficulty managing money,
and difficulty making telephone calls was more common than diffi-
culty managing medications.

~=—Shopping
Managing medications —=—Making telephone calls

~=—Managing money Preparing meals

R N
S & o o o

N
153

Cumulative Incidence (%)
N
o

@

10

50-64 years

65-74 years
Age Groups

75-84 years 85 years or older

Figure 2. Cumulative incidence of IADL impairments by age group. IADL
indicates instrumental activities of daily living. The figure shows the
cumulative incidence of new IADL impairments at 9 years with 95% confidence
intervals for each age group (ie, 50-64 years, 65-74 years, 75-84 years, and
85 years or older). Cumulative incidences were determined using multistate
modeling and competing risk survival analysis to account for the competing
risk of death. Analyses incorporated survey weights, strata, and clusters to
account for the complex Health and Retirement Study (HRS) survey design.

In sensitivity analyses using direct cumulative incidence es-
timates, the pattern of IADL impairments was generally similar
(Supplementary Figure 13). However, among participants ages
65-74, difficulty making telephone calls developed more commonly
than difficulty managing medications, and in the oldest age group,
the cumulative incidences were similar for difficulties shopping and
managing money. Also, the cumulative incidence of each IADL im-
pairment in the oldest age group was higher compared to those
based on the multistate model, and the width of the corresponding
confidence intervals were wider than those based on the multistate
model.

Adjusted Cumulative Incidences of ADL and IADL
Impairments by Age Group

In sensitivity analyses using direct estimates of cumulative inci-
dence adjusted for potential risk factors and cohort year, the pat-
terns of ADL and IADL impairments were similar to the other
analyses (Supplementary Results 1-2; Supplementary Tables 2—4;
Supplementary Figures 14 and 15). However, in the 3 oldest age
groups, the cumulative incidences for all ADLs and IADLs were sub-
stantially lower than in the unadjusted analyses.

In adjusted cumulative incidence analyses including interaction
terms, the patterns of ADL and IADL impairments in the 3 youngest
age groups were again similar to the other analyses (Supplementary
Results 1-2; Supplementary Tables 5 and 6; Supplementary Figures
16 and 17). However, the cumulative incidences of several ADLs and
IADLs in individuals ages 85 or older were lower than in individ-
uals ages 75-84. The pattern of IADL impairments also differed in
individuals ages 85 or older, with difficulty managing money more
common than difficulty shopping.

Order in Which ADL Impairments Developed by

Age Group

In analyses examining the order in which impairments in bathing,
dressing, and transferring developed, the findings were consistent
with the cumulative incidence analyses, while revealing additional
patterns in the development of combinations of ADL impairments
(Figure 3; Supplementary Table 7).

First, consistent with the cumulative incidence analyses, the pat-
tern of affected ADLs differed by age. Dressing and transferring dif-
ficulty developed more commonly in younger age groups, whereas
bathing difficulty developed more commonly in older age groups.
Specifically, among participants ages 50-64, dressing difficulty was
most common (5.6%; 95% CI, 5.3%-6.0%), followed by trans-
ferring (3.1%; 95% CI, 2.8%-3.4%) and bathing (1.9%; 95% CI,
1.7%-2.2%). This pattern shifted in the older age groups. In par-
ticipants ages 65-74, dressing difficulty was most common (8.4%,
95% ClI, 7.6%-9.2%), followed by bathing (6.8%; 95% CI, 6.1%—
7.4%). In persons ages 75-84, bathing and dressing difficulties had
similar incidences (7.9%; 95% CI, 6.7%-9.2% and 6.4%; 95% CI,
5.5%~-7.4%, respectively). In persons aged 85 or older, bathing diffi-
culty alone and bathing and dressing difficulty in the same wave had
similar incidences (10.2%; 95% CI, 7.8%-12.6% and 8.5%; 95%
CI, 6.4%-10.7%) and were more common than dressing difficulty
alone (4.6%; 95% CI, 2.9%—6.4%).

Second, younger individuals were less likely than older individ-
uals to develop impairments in multiple ADLs in a single wave. For
example, in individuals ages 50-64 and 65-74, developing impair-
ments in all 3 ADLs in a single wave was the third-most common pat-
tern (1.8%; 95% CI, 1.6%—-2.0% and 6.7%; 95% CI, 6.0%~7.4%,
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—=—Developed dressing difficulty over follow-up
Developed transferring difficulty over follow-up
Developed bathing difficulty over follow-up
~+—Developed bathing, dressing, and transferring difficulty in the same wave
-=—Developed bathing and dressing difficulty in the same wave
—=—Developed bathing difficulty first and dressing and transferring difficulty second

Percentage Incidence (%)

1

50-64 years 65-74 years 75-84 years

Age Groups

85 years or older

Figure 3. Order in which incident difficulty dressing, transferring, and
bathing developed by age group. The figure shows the order in which
incidence difficulty dressing, transferring, and bathing developed by age
group (ie, 50-64 years, 65-74 years, 75-84 years, and 85 years or older)
among individuals who were independent in these activities of daily living
(ADLs) at baseline. The figure shows the proportion of individuals with each
of the listed outcomes, which were the most common incident impairments
observed in the cohort. Proportions were determined by counting new-onset
ADL impairments over follow-up. Analyses incorporated survey weights,
strata, and clusters to account for the complex Health and Retirement Study
(HRS) survey design.

respectively). In individuals ages 75-84 and 85 or older, it was the
most common pattern (ages 75-84, 12.6%; 95% CI, 11.2%-13.9%;
ages 85 or older, 16.9%; 95% CI, 13.5%-20.3%).

Discussion

In this nationally representative study, we found that patterns
of incident ADL impairment differed in younger versus older age
groups. In individuals ages 50-64 and 65-74, difficulties dressing
and transferring developed more frequently than difficulties toi-
leting, walking, bathing, and eating, whereas in individuals ages
75-84 and 85 or older, difficulties bathing, dressing, and walking
were most common. In contrast, patterns of [ADL impairment were
similar across age groups, with difficulty shopping developing more
frequently than difficulty managing money or preparing meals. The
patterns of ADL and IADL impairment were similar across differing
modeling approaches and after multivariable adjustment. Analyses
of the order in which ADL impairments developed were consistent
with the cumulative incidence analyses and also showed that older
individuals were more likely to develop multiple ADL impairments
in a single study wave. These findings suggest that a hierarchy of
ADL impairment exists in middle-aged as well as older adults and
that this hierarchy differs by age. These findings have implications
for the development of age-specific interventions to prevent or delay
ADL impairment.

Consistent with prior research, we found that among adults
aged 75 or older, impairments in bathing, dressing, and walking
were more common than impairments in transferring, toileting, and
eating (5-10). This ordering is thought to reflect a hierarchy in which
tasks requiring strength, balance, and coordination are affected first,
while tasks requiring manual dexterity, such as eating, are affected
later (5-10). To our knowledge, prior research has not examined
the hierarchy of incident ADL and IADL impairment in middle-aged
adults, although studies have examined the hierarchy of higher-level

physical functions such as running and lifting weights (7). However,
cross-sectional research shows that the most common ADL impair-
ments in middle-aged people are transferring and walking (18,39).

Our study extends this work by using longitudinal data to com-
pare the patterns of incident ADL impairments in middle-aged versus
older adults. Consistent with prior cross-sectional studies, we found
that dressing and transferring difficulties were most common in
adults ages 50-64 and 65-74, while bathing and walking difficulties
were less common. This pattern persisted after multivariable adjust-
ment. Analyses of the order in which ADL impairments developed
were also consistent with this pattern, showing that younger parti-
cipants were more likely to develop dressing and transferring diffi-
culty, whereas older participants were more likely to develop bathing
difficulty. Younger participants were also less likely than older parti-
cipants to develop multiple ADL impairments in a single wave.

It is not yet clear why dressing and transferring difficulties de-
velop more commonly than bathing and walking difficulties in
middle-aged adults. These tasks require similar abilities, including
upper and lower extremity strength and mobility (9,40). However,
studies suggest that in older adults, difficulty bathing is prevalent
because it is a complex activity: bathing includes multiple subtasks
and impairment results from the interplay of risk factors including
balance difficulty, arthritis, and fear of falling (40). Compared to
older adults, middle-aged adults have a lower prevalence of balance
difficulties and falls (41). On the other hand, transferring is affected
by conditions which are common in middle-aged people, including
arthritis, obesity, back pain, and neck pain (14). While we adjusted
for arthritis and body mass index in our models, we were unable to
adjust for balance difficulty, physical performance, or fear of falling,
as these variables were not available for all age groups. Thus, these
factors may contribute to the observed differences in patterns of
ADLs by age. The finding that younger participants were less likely
to develop multiple ADL impairments in a single study wave con-
trasts with prior hypotheses that ADL impairment in middle versus
older age is more likely to be “catastrophic,” meaning that a discrete
event such as an accident or stroke simultaneously affects an indi-
viduals’ ability to perform multiple tasks (5,42). Study assessments
in the HRS are biennial, and thus we cannot determine if impair-
ments reported in a single wave occurred simultaneously. However,
our findings show that developing individual ADL impairments—
namely dressing and transferring—is the most common pattern in
middle-aged adults, whereas older adults are more likely to develop
impairment in multiple ADLs.

While patterns of ADL impairment differed by age, patterns of
IADL impairments were similar. Difficulty shopping was the most
common impairment in all age groups and there were only minor
differences in the ordering of other IADLs. These patterns persisted
after adjustment for sociodemographics, health status, and cogni-
tion. However, the pattern of impairments in the oldest age group
changed after adjusting for these characteristics plus interactions be-
tween age and potential risk factors, with difficulty managing money
and making telephone calls becoming more common. Moreover, the
adjusted cumulative incidences of these IADLs in participants ages
85 or older were lower than in those ages 74-85. These results sug-
gest that in the 3 younger age groups, these risk factors had a rela-
tively similar effect on risk of IADL impairment. However, in the
oldest age group, the impact of these risk factors differed. Additional
study is needed to understand why some risk factors may affect risk
of IADL impairment differently among the oldest old.

These findings have clinical implications. Current approaches to
addressing ADL impairment in middle age are often reactive, such
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as treatments for arthritis or chronic pain that are delivered after
functional impairment develops. Our findings suggest that like in
older adults, ADL impairment in middle age is common and has
a unique hierarchy of development. Thus, a proactive approach to
preventing ADL impairment in this age group is needed. Among
older adults, understanding the hierarchy of functional impairment
has informed interventions to prevent or delay ADL impairment
(11-13). Similar interventions may hold promise for middle-aged
adults. However, interventions will need to be adapted to focus on
preventing the ADLs that develop most frequently in middle age,
namely difficulty dressing and transferring. Studying the components
of these activities among middle-aged adults, similar to studies of
bathing in older adults (10,40), may help inform preventive interven-
tions for middle-aged people.

This study has several limitations. Measures of ADLs and IADLs
were self-reported. However, self-reported functional status is an im-
portant patient-centered measure (45) that strongly predicts adverse
outcomes (2-4,45). The multistate models were adjusted only for
age and gender, and thus the cumulative incidences represent gross
population estimates. However, the multistate cumulative incidence
estimates were similar to the direct estimates after multivariable ad-
justment. To conduct direct estimates of cumulative incidence, we
included individuals enrolled at age 70 or older. These participants
are more likely to have unobserved impairment before baseline com-
pared to participants who enrolled at younger ages. Thus, the direct
cumulative incidence estimates for older age groups are more likely
to include individuals with prior functional impairment. In analyses
of the order of ADL impairments, we focused on ADLs with the
most pronounced differences in relative cumulative incidence, rather
than all 6; examining 3 ADLs resulted in 26 possible combinations,
many with low incidence. Including all 6 ADLs would generate a
very large number of combinations and make it more difficult to
draw meaningful inferences. Due to high levels of missingness for
depression and physical inactivity, we were unable to adjust for these
variables in the multivariable analyses.

Conclusions

We found that the hierarchy of ADL impairment differs by age. In
people ages 50-64 and 65-74, difficulty dressing and transferring
developed most commonly, whereas in adults ages 75 or older, dif-
ficulty with bathing, dressing, and walking were most common. In
contrast, the pattern of IADL impairments was relatively similar
by age. These findings were similar across differing modeling ap-
proaches and after multivariable adjustment. Analyses of the order
in which ADL impairments developed were consistent with the
cumulative incidence analyses. Our findings suggest that interven-
tions to prevent or delay ADL impairment in middle age need to be
tailored to meet the specific functional needs of this age group, which
differ from those of older adults.
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