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Abstract

Objectives—To determine for each basic, instrumental, and mobility activity after 

hospitalization for acute medical illness: (1) disability prevalence immediately before and monthly 

for 6 months after hospitalization; (2) disability incidence 1 month after hospitalization; and (3) 

recovery time from incident disability during months 2 to 6 after hospitalization.

Design—Prospective cohort study.

Setting—New Haven, Connecticut.

Participants—A total of 515 community-living persons, mean age 82.7 years, hospitalized for 

acute noncritical medical illness and alive within 1 month of hospital discharge.

Measurements—Disability was defined monthly for each basic (bathing, dressing, walking, 

transferring), instrumental (shopping, housework, meal preparation, taking medications, managing 

finances), and mobility activity (walking a quarter mile, climbing flight of stairs, lifting/carrying 

10 pounds, driving) if help was needed to perform the activity or if a car was not driven in the 

prior month.
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Results—Disability was common 1 and 6 months after hospitalization for activities frequently 

involved in leaving the home to access care including walking a quarter mile (prevalence 65% and 

53%, respectively) and driving (65% and 61%). Disability was also common for activities involved 

in self-managing chronic health conditions including meal preparation (53% and 41%) and taking 

medications (41% and 31%). New disability was common and often prolonged. For example, 43% 

had new disability walking a quarter mile, and 30% had new disability taking medications, with 

mean recovery time of 1.9 months and 1.7 months, respectively. Findings were similar for the 

subgroup of persons residing at home (ie, not in a nursing home) at the first monthly follow-up 

interview after hospitalization.

Conclusion—Disability in specific functional activities important to leaving home to access care 

and self-managing health conditions is common, often new, and present for prolonged time periods 

after hospitalization for acute medical illness. Post-discharge care should support patients through 

extended periods of vulnerability beyond the immediate transitional period.
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Among older persons, new disabilities are common after hospitalization for acute medical 

illness. These disabilities span multiple domains including basic self-care activities such as 

bathing and dressing,[1–6] instrumental activities such as shopping and preparing meals,[1] 

and mobility within and outside of the home.[2, 6, 7] New disabilities are associated with 

multiple adverse outcomes[8] including rehospitalization,[9, 10] nursing home placement, 

and death.[3, 10] Persistent disability is associated with an especially poor prognosis.[3]

Disability prevalence, incidence, and recovery after hospitalization have not been previously 

described at the individual task level across basic, instrumental, and mobility activities 

concurrently and monthly in the post-hospital period. Such granular descriptions of 

disability and recovery in individual functional tasks have been largely restricted to persons 

undergoing elective surgical procedures[11–16] or having experienced injurious falls 

including hip fractures.[17–20] Studies of medical hospitalizations have almost exclusively 

focused on basic activities[3, 21–23] but without pre-hospital assessments or serial monthly 

assessments after discharge to delineate disability incidence and recovery more clearly 

across the full range of individual functional tasks. These data are critical to understanding 

the specific functional needs experienced by older persons after medical illness, how often 

these needs are new, and their expected time course, as well as to design both transitional- 

and post-acute care services rationally to best support older adults after hospitalization, 

many of whom may have new difficulties with leaving their home to access care and with 

self-managing their chronic health conditions.

To examine this topic, we studied medical hospitalizations from the Precipitating Events 

Project (PEP), an ongoing longitudinal study of 754 community-living persons, aged 70 

years or older, who were initially nondisabled in their basic activities.[24] We focused on 

community-living persons because new disability is of greater significance in this context 

rather than among persons who are already institutionalized. We calculated the (1) 

prevalence of disability for each basic, instrumental, and mobility activity immediately 
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before and monthly for 6 months after hospitalization; (2) incidence of disability for each 

activity 1 month after hospitalization; and (3) time to recovery from incident disability for 

each activity during months 2 to 6 after hospitalization.

METHODS

Study Population

Study participants are a subset of members of the PEP, a longitudinal study of 754 

community-living persons, aged 70 years or older, who required no assistance at the time of 

the initial PEP study enrollment in four basic activities: bathing, dressing, walking inside the 

house, and transferring from a chair.[24] Participants were drawn from a computerized list 

of 3157 age-eligible members of a large health plan in greater New Haven. They were 

excluded if they had significant cognitive impairment and no available proxy, if they did not 

speak English, if they had a limited life expectancy of less than 12 months based on the 

presence of a terminal diagnosis, or if they planned to move away from New Haven in the 12 

months after enrollment. Eligibility was determined during a screening telephone interview 

and confirmed by a research nurse during an in-home assessment.[25] Of the 2753 potential 

participants who were age eligible, alive, and could be contacted by telephone, only 4.6% 

declined to complete the screening interview. Ultimately 75.2% of potentially eligible 

participants agreed to study enrollment. The Yale Human Investigation Committee approved 

the study protocol, and all study participants provided verbal informed consent.

Comprehensive home-based assessments were completed at baseline and subsequently at 

18-month intervals for 216 months (with the exception of 126 mo), and telephone interviews 

were completed monthly through June 30, 2016. For participants who had significant 

cognitive impairment or were otherwise unavailable, a proxy was interviewed using a 

rigorous protocol, with demonstrated reliability and validity.[26] A total of 516 (89.6%) 

participants died after a median of 110 months; 20 (2.6%) dropped out of the study after a 

median of 56 months. Data were otherwise available for 99.5% of 6486 monthly interviews.

Analytic Samples

Assembly of the primary analytic sample is summarized in Supplementary Figure S1. From 

the cohort of 754 PEP participants, we included the first hospitalization and drew baseline 

characteristics from the last face-to-face interview before the hospitalization. Because our 

aim was to evaluate disability and recovery after hospitalization for medical illness, we did 

not include hospitalizations for surgical procedures[27] or with in-hospital death. We also 

did not include hospitalizations involving stays in an intensive care unit because persons 

with critical illness are a distinct population with frequent disability and prolonged recovery 

as previously described.[28–30]

Included hospitalizations originated from the emergency department because these are less 

likely to be elective. We excluded hospitalizations among participants residing in a nursing 

home in the month before hospitalization as well as among participants discharged on 

hospice because many of these people have significant preexisting disabilities and advanced 

illness and would therefore not be expected to recover from incident disability in a new 
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activity after hospitalization. We also excluded hospitalizations resulting in death after 

discharge but before the first follow-up interview. We ultimately retained only the first 

hospitalization per participant to eliminate bias from participants contributing more than one 

hospitalization to the analytic sample.

We additionally examined disability among the subgroup of participants residing at home at 

the first monthly follow-up interview after hospital discharge. Disabilities in this secondary 

analytic sample may be particularly challenging to manage in the absence of the around-the-

clock supports for basic, instrumental, and mobility activities.

Data Collection

The baseline characteristics of hospitalized participants were drawn from the last 

comprehensive homebased assessment performed before hospitalization. In addition to 

demographic factors describing age, sex, ethnicity, educational attainment, and living 

situation (alone or not), we also examined factors from four domains related to 

disability[31]: health status, psychosocial, behavioral, and physical capacity. Health status 

factors included nine self-reported chronic conditions, cognitive impairment (Mini-Mental 

Status Examination score <24),[32] corrected near vision,[33] hearing,[34] self-report of 4.5 

kg of weight loss in the past year,[35] and body mass index (BMI).

Psychosocial factors included depressive symptoms[36] and social support.[37] Behavioral 

factors included smoking status and physical activity levels.[38] Physical capacity factors 

included a modified version of the Short Physical Performance Battery (score range = 0–12)

[39] that included the standard balance maneuvers but substituted three timed chair stands 

(instead of five) and a timed rapid gait test instead of a timed usual gait test,[40] as well as 

dominant hand grip strength adjusted for sex and BMI.[35]

Trained research staff collected data on disability during the monthly telephone interviews 

based on participant self-report. Disability was defined for each basic (bathing, dressing, 

walking across a room, transferring from a chair), instrumental (shopping, housework, meal 

preparation, taking medications, managing finances), and mobility activity (walking a 

quarter mile, climbing a flight of stairs, lifting or carrying 10 pounds) if help was needed 

from another person to perform the activity. For driving, disability was defined as not driving 

a car in the prior month as previously described.[31] Reliability of these assessments was 

substantial when 126 participants were interviewed twice within 3 days by different 

interviewers,[24] and it was moderate or better for 11 of the 13 activities.[41]

Study Outcomes

For each basic, instrumental, and mobility activity, outcomes included (1) disability 

prevalence in the month before hospitalization and each of the 6 months after 

hospitalization; (2) disability incidence at the first monthly follow-up interview after 

hospitalization among persons without disability in the month before hospitalization; and (3) 

recovery from incident disability during months 2 to 6 after hospitalization. For all activities 

other than driving, recovery was defined as the ability to once again perform the activity 

without help from another person. For driving, recovery was defined as the performance of 

this activity once again.
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Statistical Analysis

We reported characteristics of all hospitalized patients before the included hospitalizations 

using counts (percentages) or means with standard deviations. We also separately reported 

preadmission characteristics for hospitalized patients with incident disability in each basic, 

instrumental, and mobility activity in the month after hospitalization.

We calculated the prevalence of disability in each basic, instrumental, and mobility activity 

in the month before hospitalization and each of the 6 months after hospitalization. We then 

calculated the proportion of participants with new disability (ie, incident) in each basic, 

instrumental, and mobility activity comparing the month after hospitalization with the month 

before hospitalization. We next used Kaplan-Meyer survival curves to evaluate time to 

recovery for each activity among incident cases only, with follow-up starting from month 2 

after hospitalization. The cumulative probability of recovery for each activity was estimated 

after accounting for censoring due to mortality and loss to follow-up. We finally calculated 

the proportion of participants with incident disability in each basic, instrumental, and 

mobility activity who were nondisabled in the specific activity 6 months after 

hospitalization. We repeated all analyses for the subset of study participants who were at 

home, rather than in a nursing facility, at the first monthly follow-up interview after hospital 

discharge.

All analyses were performed using SAS v.9.4); a two-tailed P < .05 was considered 

statistically significant.

RESULTS

Table 1 shows the characteristics of the 515 study participants before the first index 

hospitalization. The mean age was 82.7 years. Geriatric conditions, living alone, and low 

social support were common. Table 2 shows a subset of characteristics before the first index 

hospitalization among the 402 study participants reporting incident disability in specific 

activities after hospitalization. Supplementary Tables S1 and S2 show the characteristics of 

the 368 study participants residing at home during the first monthly follow-up interview 

after hospital discharge and the subgroup of 238 reporting incident disability in specific 

activities at this interview, respectively.

Figure 1 shows the prevalence of disability for each basic, instrumental, and mobility 

activity in panels A, B, and C, respectively. At months 1 and 6 after hospitalization, 

disability was common for activities frequently involved in leaving the home to access care 

including dressing (25% and 18%), walking across a room (19% and 9%), transferring from 

a chair (prevalence 18% and 10%, respectively), walking a quarter mile (65% and 53%), 

climbing a flight of stairs (45% and 31%), and driving (65% and 61%). Disability at months 

1 and 6 after hospitalization was also common for activities involved in health promotion 

and self-management including meal preparation (prevalence 53% and 41%, respectively) 

and taking medications (41% and 31%). Supplementary Figure S2 shows the prevalence of 

disability among study participants residing at home during the first follow-up interview. 

Although disability was less common among participants at home, it was still often present.
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Figure 2 shows the incidence of disability at the first monthly follow-up interview after 

hospitalization for each basic, instrumental, and mobility activity in panels A, B, and C, 

respectively. New disability was common after hospitalization. For example, 30.6% of 

participants had new disability in bathing, 41.5% had new disability with housework, 30.0% 

had new disability taking medications, and 43.0% had new disability walking a quarter mile. 

Supplementary Figure S3 shows the incidence of disability at the first monthly follow-up 

interview after hospitalization among study participants residing at home during the first 

follow-up interview. Incident disability was again common.

Figure 3 shows the cumulative probability of recovery in disability among participants with 

incident disability in basic, instrumental, and mobility activities in panels A, B, and C, 

respectively. Mean time to recovery varied between 1.3 and 2.0 months across activities. 

Recovery trajectories were comparable for each activity within a domain, with the exception 

of driving, for which recovery was less common compared with the other mobility activities. 

Supplementary Figure S4 likewise shows the cumulative probability of recovery in disability 

among participants with incident disability in basic, instrumental, and mobility activities 

who were at home at their first monthly follow-up interview.

Supplementary Figure S5 shows the proportion of participants with incident disability in 

basic, instrumental, and mobility activities who were nondisabled in the specific activity 6 

months after hospitalization in panels A, B, and C, respectively. Recovery was often 

incomplete even 6 months after hospital discharge. For example, the proportion nondisabled 

at 6 months was just 65.4% for bathing, 65.4% for meal preparation, 57.8% for taking 

medications, 76.1% for walking a quarter mile, and 54.8% for driving. Supplementary 

Figure S6 likewise shows the proportion of participants with incident disability who were at 

home at their first monthly follow-up interview after hospital discharge and were 

nondisabled in the specific activity 6 months after hospitalization. Recovery was again often 

incomplete.

DISCUSSION

Through examination of more than 500 medical hospitalizations among initially community-

living older persons participating in the PEP, we found that disability in specific functional 

activities important to leaving the home to access care and self-managing chronic health 

conditions such as transferring from a chair, driving, and taking medications is frequently 

present in the 6 months after hospital discharge. We also found that disabilities across basic, 

instrumental, and mobility activities are often new following hospitalization and that 

recovery from disability in these activities is often incomplete and even when complete, 

slow to occur. These findings apply even to persons residing at home, and not in a nursing 

home, 1 month after hospital discharge. Transitional- and post-acute care services should 

therefore be designed to support functionally disabled persons, many of whom will have new 

needs to which they are unaccustomed for extended time periods after hospitalization.

Findings extend the literature in a number of ways. We have identified common disabilities 

in function after medical hospitalization at the task level, many of which are important to 

accessing care and self-managing health. These include disabilities in walking across a room 
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(prevalence 19% at first monthly follow-up interview after hospitalization), transferring from 

a chair (prevalence 18%), walking a quarter mile (prevalence 65%), preparing meals 

(prevalence 53%), and taking medications (prevalence 41%). We have also shown that many 

of these disabilities are new and last for prolonged periods of time following hospitalization, 

suggesting that many older persons will require extended support. For example, 31% of 

participants had new disability in bathing at the first monthly follow-up interview, more than 

one-third of whom could not bathe independently even 6 months after discharge.

Findings extend to patients at home at the time of the first monthly follow-up after 

hospitalization who may not have around-the-clock support for basic and instrumental 

activities. For example, 16% of such persons had new disability taking medications, and 

32% had new difficulty walking a quarter mile. These results extend previous work finding 

decrements in self-reported basic activities after medical hospitalizations,[3, 21–23] albeit at 

a more granular level by month and across multiple functional tasks including instrumental 

and mobility activities.

Our study found that the long-term prevalence of disability at the task level is higher than 

after hospitalizations for elective intra-abdominal surgery,[12] including for gastric and 

colorectal cancer,[11] and lower than after hospitalizations for hip fractures,[19, 20, 42] as 

might be expected based on the types of patients experiencing these events and their planned 

versus unplanned nature. Our results are also consistent with previous research finding 

worse long-term community mobility following medical hospitalizations compared with 

surgical hospitalizations, many of which were elective.[43]

The current study has a number of strengths. Functional status was assessed prospectively 

before hospitalization, thereby avoiding any potential concerns that bias in recall of 

preadmission functional status could influence determinations of disability incidence. 

Function was also determined monthly following hospitalization across basic, instrumental, 

and mobility domains with minimal loss to follow-up, permitting granular descriptions of 

disability prevalence, incidence, and recovery at the task level. Assessments of these tasks 

were shown to have moderate to high test-retest reliability.[24] The PEP also includes 

information on a broad range of factors including geriatric impairments, living situation, 

social support, and other variables that help contextualize study findings.

Results should be interpreted in the context of the following potential limitations. First, 

measures of function were based on participant self-report rather than objective 

measurements. However, self-reported function is strongly associated with adverse health 

outcomes[3, 8] and often used to guide coverage determinations in the Medicare program.

[44] Second, formal statistical comparisons of recovery across functional activities were not 

possible because participants in each sample of incident disability differed. Third, the study 

does not include surgical hospitalizations or hospitalizations for severe medical illnesses 

requiring stays in an intensive care unit because these patient subgroups are distinct with 

unique recovery trajectories based on previous analyses.[12, 20, 29]

Our findings have implications for clinical practice and research. The many patients who 

have disability after hospitalization may have undue difficulty leaving their homes to access 
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office-based ambulatory care and may therefore benefit from care delivered to the home. 

These include persons initially discharged home from the hospital as well as those who 

eventually return home after a nursing home stay. Interventions for these patients can 

include provider house calls,[45] home-based laboratory and radiology testing, and 

telehealth.[46] Unfortunately, delivery of these services has been hampered by poor 

reimbursement rates by payers,[47] limited workforce capacity,[47] and regulatory 

restrictions limiting qualification for these options.[44, 46] These restrictions have often also 

extended to nonskilled providers such as home health aides and homemakers,[48] who can 

help patients self-manage their health through many means including meal preparation and 

medication management.

In the absence of these resources, patients may benefit from greater access to home-

delivered medications and meals in the post-hospital period,[49] especially if they live alone, 

as was the case for more than two-fifths of study participants. These home services may also 

be needed for prolonged periods of time well beyond the 30-day period that has been the 

focus of hospitals’ readmission prevention efforts to date. Our analysis characterized post-

hospitalization disability starting in the month after hospitalization and still found it to be 

common and frequently unresolved even 5 months later.

Findings also suggest that discharge planning should include preparation for life after 

serious illness resulting in hospitalization. Planning discussions around hospitalization 

frequently include topics related to life-sustaining treatment,[50] but patients may also 

benefit from ensuring that necessary supports are in place to manage basic, instrumental, and 

mobility activities for extended time periods after returning home, if necessary.

Further research is needed to understand the determinants of disability in individual 

functional tasks after hospitalization including the hospitalization experience itself[8, 51, 52] 

and care received following hospital discharge. These findings can inform development of 

data-driven interventions to reduce incident disability and hasten recovery in function after 

hospitalization.

In conclusion, we found that many community-living older persons discharged from the 

hospital after acute medical illness have disability in specific functional activities important 

to leaving the home to access care and self-managing health conditions. We also found that 

these disabilities are often new following hospitalization and that recovery from disability is 

frequently incomplete 6 months after discharge, even among persons who return home in the 

month after hospitalization. As our health system increasingly moves from volume to value, 

transitional and post-acute care models will need to adapt in turn to help recently 

hospitalized patients overcome specific disabilities in efficient and effective ways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Prevalence of disability before and after hospitalization for acute medical illness for each 

basic, instrumental, and mobility activity. Data on disability were collected during monthly 

telephone interviews. Disability was defined for each basic (bathing, dressing, walking 

across a room, transferring from a chair), instrumental (shopping, housework, meal 

preparation, taking medications, managing finances), and mobility activity (walking a 

quarter mile, climbing a flight of stairs, lifting or carrying 10 pounds) if help was needed 

from another person to perform the activity. Disability was defined for driving if the 
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participant did not drive a car in the month preceding the interview. The number of 

participants contributing data was 515 in the month before hospitalization and 515, 499, 489, 

481, 478, and 472 during months 1 through 6 after hospital discharge, respectively. Data for 

basic activities are shown in panel A, instrumental activities in panel B, and mobility 

activities in panel C.
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Figure 2. 
Proportion newly disabled at 1 month after hospitalization for acute medical illness for each 

basic, instrumental, and mobility activity. We calculated the incidence proportion of 

disability in each basic, instrumental, and mobility activity comparing the month after 

hospitalization with the month before hospitalization in panels A, B, and C, respectively.
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Figure 3. 
Cumulative probability of recovery after hospitalization for acute medical illness for each 

basic, instrumental, and mobility activity. We used Kaplan-Meyer survival curves to evaluate 

time to recovery for each activity among incident disability cases at the first monthly 

interview after hospitalization with follow-up starting from month 2 after hospitalization. 

The cumulative probability of recovery for each activity was estimated after accounting for 

censoring due to mortality and loss to follow-up. Data for basic, instrumental, and mobility 

Dharmarajan et al. Page 15

J Am Geriatr Soc. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



activities are shown in panels A, B, and C, respectively. Error bars denote standard 

deviations.
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Table 1

Characteristics of Hospitalized Participants at Last Face-to-Face Interview Before Hospitalization for Acute 

Medical Illness (N = 515)

Characteristic Measurement details N (%) or mean (SD)

Demographics

 Mean (SD) age, y 82.7 (5.6)

 Female sex 338 (65.6)

 Non-Hispanic white ethnicity 458 (88.9)

 Living alone 240 (46.6)

 Did not complete high school 185 (35.9)

Health related

 Mean (SD) chronic conditions, n Nine self-reported physician-diagnosed conditions 2.2 (1.3)

 Cognitive impairment MMSE score <24 92 (17.9)

 Moderate or severe visual impairment Jaeger card score >696 130 (25.2)

 Moderate or severe hearing impairment Two or more tones missed on hearing test 168 (32.6)

 Depressive symptoms CES-D score ≥20 100 (19.4)

 Weight loss ≥4.5 kg in past year 129 (25.1)

 Overweight or obese BMI ≥25 mg/m2 283 (54.9)

Psychosocial

 Low social support MOS score ≤18 138 (26.8)

Behavioral

 Current smoker 35 (6.8)

 Low physical activity PASE score <52 (women) or <64 (men) 258 (50.1)

Physical capacity

 Mean (SD) SPPB score Score range = 0–12 5.6 (2.8)

 Hand grip less than sex-specific and BMI-specific cut points 352 (68.4)

Abbreviations: BMI, body mass index; CES-D, Center of Epidemiologic Studies Depression Scale; MMSE, Mini-Mental State Examination; MOS, 
medical outcomes study; PASE, physical activity scale for the elde rly; SD, standard deviation; SPPB, short physical performance battery.

Note: Study participants are a subset of members of the Precipitating Events Project, as described in the Methods section of the text.
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Table 2

Characteristics of Hospitalized Participants with New Disability in Specific Activities After Hospitalization 

for Acute Medical Illness

Functional domain (n = newly 
disabled in domain)

Mean (SD) age, 
y

Female sex, n 
(%)

Non-Hispanic 
white ethnicity, 

n (%)

Did not complete 
high school, n 

(%)

Mean (SD) 
chronic 

conditions

Basic activities

 Bathing (n = 136) 84.2 (5.1) 103 (75.7) 126 (92.7) 48 (35.3) 2.3 (1.3)

 Dressing (n = 100) 84.4 (5.2) 70 (70.0) 91 (91.0) 37 (37.0) 2.4 (1.3)

 Walking across a room (n = 96) 84.8 (5.5) 73 (76.0) 89 (92.7) 33 (34.4) 2.4 (1.4)

 Transferring from a chair (n = 79) 845 (5.4) 61 (77.2) 68 (86.1) 25 (31.7) 2.4 (1.4)

Instrumental activities

 Shopping (n = 127) 82.7(5.1) 87 (68.5) 116 (91.3) 39 (30.7) 2.4 (1.3)

 Housework (n = 95) 82.1 (4.8) 64 (67.4) 83 (87.4) 36 (37.9) 2.3 (1.3)

 Meal preparation (n = 153) 83.0 (4.8) 113 (73.9) 138 (90.2) 48 (31.4) 2.3 (1.4)

 Taking medications (n = 128) 83.8 (4.7) 90 (70.3) 114 (89.1) 41 (32.0) 2.3 (1.3)

 Managing finances (n = 101) 83.8 (5.4) 67 (68.4) 92 (93.9) 28 (28.6) 2.1 (1.3)

Mobility activities

 Walking quarter mile (n = 113) 83.0 (5.2) 70 (62.0) 103 (91.2) 36 (31.9) 2.2 (1.3)

 Climbing a flight of stairs (n = 146) 840 (5.3) 100 (68.5) 129 (88.4) 49 (33.6) 2.2 (1.2)

 Lifting or carrying 10 pounds (n = 
133) 82.8 (5.3) 97 (72.9) 118 (88.7) 46 (34.6) 2.1 (l.2)

 Driving (n = 62) 82.2 (4.9) 41 (66.1) 54 (87.1) 19 (30.7) 2.2 (1.3)

Abbreviation: SD, standard deviation.

Note: Total N = 402 participants with incident disability in one or more of the 13 functional activities.
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