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Abstract

Objectives: Hospital-associated disability (HAD), defined as loss of independence in activities 

of daily living (ADL) following acute hospitalization, is observed among older adults. The study 

objective is to determine overall prevalence of HAD among older adults hospitalized in acute care, 

and to assess the impact of study initiation year in moderation of prevalence.

Design: Meta-analysis of data collected from randomized trials, quasi-experimental and 

prospective cohort studies. English-language searches to identify included studies were completed 

February 2018 and updated May 2018 of electronic databases and reference lists of studies and 

reviews. Included studies were human subjects investigations that measured ADL ≥ 2 time points 

before/during and after hospitalization and reported prevalence of ADL decline among older 

adults.

Setting: Acute care hospital units.

Participants: Adults aged ≥ 65 years hospitalized in medical-surgical acute care. Total sample 

size across all included studies was 7,375.

Methods: Independence in ADL was assessed using the Katz Index of Independence in 

Activities of Daily Living and Barthel Index of Independence in Activities of Daily Living.

Results: Random effects meta-analysis across included studies identified combined prevalence of 

HAD as 30% (95% CI: 24%, 33%; p < 0.001). The effect of study initiation year on prevalence 
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rate was minimal. A large amount of heterogeneity was observed between studies, which may be 

due in part to non-standardized measurement of ADL impairment or other methodological 

differences.

Conclusions and Implications: Hospitalization in acute care poses a significant risk to 

functional independence of older adults and this risk is unchanged despite shorter lengths of stay. 

The evidence supports the continued need for hospital-based programs that provide assessment of 

functional ability and identification of at risk older adults in order to better treat and prevent HAD.

Brief Summary:

Prevalence of hospital-associated disability in acute care older patients is 30%, which has 

remained consistent overtime despite shorter lengths of stay. Hospitalization is a sentinel event 

leading to older adult disability.
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INTRODUCTION

Mounting evidence now exists to indicate the negative impact of acute care hospitalization 

on health outcomes among older adults. Chief among the adverse consequences is increased 

risk for loss of functional independence and chronic disability.1–6 This phenomenon, often 

referred to as hospital-associated disability (HAD), is frequently defined as loss of 

independence in activities of daily living (ADL) following hospitalization.7

The World Health Organization’s International Classification of Functioning, Disability, and 

Health (ICF) describes functional impairments in activities as having a limitation in 

independent execution of daily tasks including self-care (bathing, dressing, using the toilet, 

and eating) and mobility (transferring from bed or a chair, walking across the room).8 

Investigation of changes in ADL from before hospitalization to during and following 

hospitalization showed that longer length of stay in acute care is associated with greater 

likelihood of functional impairment;6,9,10 and led to seminal findings about the short and 

long-term consequences of hospitalization for many older adults. For example, Gill and 

colleagues have reported that hospitalization places older adults at risk for new or worsening 

disability, and reduces the likelihood of recovery from disability.2,3 Additionally, Fortinsky 

et al. and Brown et al. independently reported that older hospitalized patients who 

experience a loss of functional independence are at increased risk for nursing home 

admission at discharge.1,11 Brown et al. showed that these patients are also at increased risk 

for death.1

Change in ADL independence has been used as a marker of functional changes in various 

studies, including studies characterizing HAD and those testing the efficacy of interventions 

designed to reduce HAD. The main objective of this meta-analysis is to provide a systematic 

and thorough examination of the literature to identify the overall prevalence that older adults 

develop HAD, as exhibited by a clinical decline in ADL (i.e. ADL impairment) from pre-

hospitalization to post-hospitalization. Additionally, considering that length of stay has 
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decreased over time across the USA and Europe,12,13 a secondary objective assesses the 

effect of year of study initiation on the prevalence of HAD in this population.

METHODS

This meta-analysis is registered with PROSPERO14, protocol number: CRD42018091097.

Data Sources and Searches

Articles were identified through English-language searches of human subjects research in 

February 2018 and updated in May of 2018 using the following electronic databases: 

PubMed, Embase, CINAHL, Scopus, Proquest (PsychINFO & ProQuest Dissertations & 

Theses Global), NICHSR ONESearch, and ClinicalTrials.gov. List A1 contains lists of 

search terms used for online databases. Terms were deliberately wide-ranging to capture 

many different aspects of disability (e.g. cognition), but we restricted this analysis to change 

in activities of daily living. The reference lists of enrolled articles were also reviewed by 

hand to improve the integrity of this study. Our search was not limited to a specified time-

period.

Study Selection

Using a two-step process, two investigators independently screened abstracts and evaluated 

full-text articles to identify studies meeting pre-specified eligibility criteria (Table A1). 

Decision disagreements were resolved by a third investigator to establish consensus. The 

results were tracked in an electronic database using the web application Rayyan (Qatar 

Computing Research Institute; Doha, Qatar).15

Eligible studies included randomized controlled trials, prospective cohort and quasi-

experimental studies. The target population was adults, aged ≥ 65 years, hospitalized in 

acute care on medical-surgical units. Studies that included patients from psychiatry, 

cardiology, and neurology units in addition to patients from general medical-surgical units 

were included in the analysis. In the studies that used experimental study design, the target 

population for this review consisted only of patients in the control group. All studies 

assessed patient functional independence at ≥ two time points (e.g. 1] prior to hospitalization 

or at hospital admission, and 2] at discharge or following the index hospitalization).

We excluded studies that only admitted older adults to rehabilitative or restorative care in 

acute care settings such as inpatient rehabilitation units or geriatric-specialty units. Geriatric-

specialty, or Acute Care for Elders (ACE) units are specifically designed to improve 

functional outcomes for older patients using an interdisciplinary model and were recently 

the subject of a different systematic review and meta-analysis.16,17

Data Extraction and Quality Assessment

A team of investigators individually extracted data on characteristics of study populations, 

interventions, comparators, outcomes (including findings related to population subgroups), 

study designs, settings, and methods including study time-points when ADL data was 

collected before and after hospitalization. An independent investigator verified the 
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completeness and accuracy of the extracted data. Two independent investigators rated the 

quality of the individual studies as good, fair, or poor using the National Institute of Health’s 

Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies and the 

Cochrane Risk of Bias Tool or the Jadad Scale for reporting randomized controlled trials.

Data Synthesis and Analysis

Evidence tables containing study characteristics, results, and quality bias ratings were 

developed and synthesized into one database. Studies were organized chronologically based 

on publication year. Included studies used the Katz Index of Independence in Activities of 

Daily Living or Barthel Index to measure ADL.18,19 The Katz index is scored 0 – 6 points, 

with higher scores indicating greater ADL dependence.18 The Barthel index is scored 0 – 

100 points, with higher scores indicating greater ADL independence.19 Modifications to the 

Katz and Barthel Indices have been made over time including changes in the ADLs that are 

included and changes to the level of independence assessed (e.g. independent, needs some 

assistance, needs total assistance). All studies examined change in ADL score between data 

collection time points, including how many patients experienced a clinically significant 

decline in ADL score at or after discharge. The primary outcome used in the meta-analysis 

was prevalence of ADL decline from pre-hospitalization to post-hospitalization. To 

minimize the effect of pre-hospitalization illness on ADL decline, we completed a sensitivity 

analysis assessing prevalence restricted to studies that reported changes in ADL 

independence from 2 weeks prior to admission (PTA) to discharge or within a month of 

discharge of the index hospitalization.

Statistical Analysis

For each study, the prevalence (number of participants that experienced ADL decline/total 

participants in the control group or in the study) with 95% confidence intervals (95% CI) 

were collected and entered into the study database. The scores on the Katz and Barthel 

Indices were converted to effect sizes to make them comparable across studies. The scores in 

the individual studies were combined using random effects meta-analysis to determine 

overall effect of hospitalization on ADL decline. The random effects model was utilized 

because it better accounts for heterogeneity between studies.20 Heterogeneity between 

studies was assessed using Cochran’s Q.21 Weighting by sample size was used to avoid 

excessive influence of smaller studies. Funnel plots and Fail Safe N were used to assess 

presence of study bias and robustness of results.22,23 Additional analyses included the year 

of study initiation as a moderator of the effect on prevalence rates of ADL decline to 

examine changes in rates over time. All analyses were conducted using the metafor 
package24 in R Studio (R Development Core Team, Auckland, New Zealand).

RESULTS

Study Characteristics

The initial literature search yielded 802 study titles and abstracts for screening. After 

discarding duplicate titles and abstracts and applying the inclusion and exclusion criteria, 

164 study full texts were identified and screened. Of these, 15 studies fit the review criteria 

and were used for meta-analysis (Figure 1).
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A summary of sample characteristics of included studies is presented in Table 1. These 

studies occurred during the years of 1983 to 2013. Eleven studies were based in the USA 

and 4 in other countries (2 in Italy, 1 in France, and 1 in Israel). Sample sizes ranged from 

71 to 1,279 participants, and the total sample size across all included studies was 7,375. 

Thirteen prospective studies were categorized as hospital-based, i.e. participants were 

recruited upon admission to acute care hospitalization and followed throughout the index 

hospitalization and, often, during the post-discharge period. The hospital-based studies 

included 9 studies based in the USA and 4 based in other countries with a mean age range 

from 73.9 to 84.1 years. Seven of the hospital-based studies were completed at a teaching 

hospital, 2 at VA hospitals, 2 at large hospital centers, and 1 at a safety net hospital. Of the 

hospital-based studies, 8 assessed ADL change from 2 weeks prior to admission to 

discharge, 1 assessed ADL change from 2 weeks prior to admission to 1-week post-

discharge, 3 assessed ADL change from admission to discharge, and 1 assessed ADL change 

from admission to 3 months post-discharge. Of the 15 included studies, 2 USA-based cohort 

studies were categorized as community-based, i.e. participants were recruited from the 

community and followed over multiple years during which time acute care hospitalization 

data was collected. The community-based studies collected information on participants at 6-

month intervals, so that pre-hospitalization assessment of ADL could occur up to 6 months 

prior to hospitalization and post-hospitalization assessment of ADL could occur up to 6 

months after hospitalization depending on when the participant was interviewed. The 

determination of HAD varied considerably among investigations. The studies used either the 

Katz or Barthel index to assess ADL; however all but two studies used a modified version of 

these tools (Table 1). Of note, 9 studies excluded the ADL assessment of continence 

independence,1,3,6,10,25–29 10 studies added assessments of independence in walking,
1,3,4,6,10,25,27,29–32 and 2 studies added assessment of independence in grooming.29,32

Prevalence of Hospital-Associated Disability

Prevalence among all hospital-based studies ranged from 17% to 61% (Figure 2). Random 

effects meta-analysis showed the combined prevalence across studies was 30% (95% CI: 

24%, 36%; p<0.001). Sensitivity analysis of only studies assessing ADL decline from 2 

weeks prior to admission to discharge or within a month of discharge showed a combined 

prevalence of 33% (95% CI: 26%, 41%; Figure A1). Analysis including the 2 community-

based studies did not appreciably change the prevalence rates (Figure A2). Removal of the 2 

studies that included patients from psychiatry, cardiology, and neurology units in addition to 

patients from general medical-surgical units did not change the combined prevalence (data 

not shown).

Moderator Effect of Time

Moderation analyses using year of study initiation among hospital-based studies did not 

show any significant effects of time (QM = 1.32, p = 0.25). The cumulative meta-analysis 

also showed no significant change in the prevalence rate over time (Figure 3). Although the 

earliest studies did report the highest prevalence of HAD, there was still considerable 

overlap of the 95% confidence intervals with later studies. Similarly, among only studies that 

reported ADL decline from 2 weeks prior to admission to post-hospitalization, there was no 

significant effects of time on moderation of prevalence (QM = 0.01, p = 0.92) and the 
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cumulative meta-analysis did not show significant change in prevalence rate over time 

(Figure A3).

Quality of Studies

All studies received a quality bias score of fair or good (Table 1). Studies that received a 

score of fair often failed to report whether study assessors and interviewers were blinded or 

reported that the assessors were not blinded to participant grouping. Additionally, these 

studies often failed to report participation rates and the justification for sample size used via 

power analysis.

Funnel plots for the prevalence showed substantial heterogeneity across the studies, which 

was confirmed by Cochran’s Q test (Figure A4, hospital-based studies only: Q=242.5, 

df=12, p<0.0001; Figure A5, 2 week PTA only: Q=123.7, df=8, p<0.0001; Figure A6, all 

studies: Q=499.5, df=14, p<0.0001). In addition, the funnel plots showed that many studies 

(even those with large sample sizes) lacked precision in their estimates, as shown by the 

wide horizontal spread in the plot. The funnel plots showed skew in the lower part of the 

plot, suggesting potential publication bias among smaller studies.

Despite these limitations, the Fail-Safe N analysis showed a strong effect for HAD 

prevalence (average effect size: −1.03, p < 0.0001). Among hospital-based studies, the Fail-

Safe N for prevalence estimates indicated that 561,016 negative unpublished studies would 

need to be added to change meta-analysis results to be non-significant.

DISCUSSION

This meta-analysis identified that among older adults hospitalized in acute care the overall 

prevalence rate of HAD was 30%. In light of evidence that hospital-associated ADL 

impairment puts older adults at increased risk for nursing home placement and death,1 these 

results support that nearly one-third of hospitalized older adults could be at elevated risk of 

institutionalization and mortality after leaving the hospital. Furthermore, the number of 

cases of HAD is likely to rise as the older adult population continues to expand in the 

coming years,33 placing increased burden on global health care systems through increased 

costs and overloading of systems that provide post-hospital services such as nursing homes 

and home health care agencies. Thus, there is a continued need for elevated awareness of 

HAD in hospitalized older adults, improved systematic assessment of hospital-associated 

functional decline, and implementation of effective HAD prevention and treatment efforts 

such as hospital programs centered on maintenance of functional independence.

To the best of our knowledge, the study presented herein is the first meta-analysis of 

prevalence of functional disability among older adults hospitalized in acute care. Another 

very important systematic review and meta-analysis was published in 2012 assessing 

hospital-associated disability and related health outcomes and the effectiveness of Acute 

Care for Elders (ACE) model of hospital care, however the ACE study did not present 

prevalence of functional outcomes but rather focused on weighted mean differences and risk 

ratios for functional decline between usual care and intervention groups.17 Thus, our 
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findings are novel and build on the findings of Fox et al. by illustrating that ACE models of 

care, which prevent and reduce HAD, are greatly needed.

Implications for Clinical Practice

Hospital-based programs have been designed that are cost-effective solutions to preventing 

and reducing HAD for older patients. Specifically, the ACE model focuses on preventing 

functional decline and other hospital-related issues among hospitalized older adults in acute 

care settings.34–36 Fox et al. showed that in-patient care of older adults that included ACE 

model components was beneficial for reducing ADL impairment from pre-hospitalization 

baseline function to hospital discharge functional status. This analysis also showed that ACE 

decreased discharge to the skilled nursing facility and increased discharge to home.17 

Furthermore, the ACE unit is cost-effective and reduces 30-day readmission, which is 

essential for the sustainability of a program targeting a rapidly growing older adult 

population.37 The findings of our meta-analysis support that programs such as ACE, which 

use a systematic assessment or intervention for preventing HAD are greatly needed, thus 

clinicians should be supported and encouraged to develop and implement them in their 

hospitals.

Strengths and Limitations

This study has notable strengths. First, to our knowledge, it is the first meta-analysis 

conducted examining HAD among older adults hospitalized in acute care. Secondly, we 

were able to include a large number of studies encompassing a range of geographic areas 

and populations, thus increasing generalizability of the results. However, there are also 

limitations to acknowledge. First, many articles published on this subject were excluded due 

to non-standardized and poorly described evaluation processes or outcome measurement for 

ADL decline. Secondly, it is recognized that some clinical diagnoses such as stroke or hip 

fracture may lead to functional dependence that would be attributed to HAD. However, 

many older adults are admitted with diagnoses that do not directly impact on function. 

Thirdly, included studies showed a large amount of heterogeneity. Heterogeneity could be 

the result of methodological differences between studies or clinical differences in the 

populations, as well as potential publication bias. Additionally, despite including two studies 

that derived a portion of the study samples from specialty units, this meta-analysis was 

largely focused on HAD among patients in general acute care hospital settings. Therefore, 

the results presented may not apply to patients cared for on various types of hospital units 

and in facilities with specialty care such as rehabilitation. Finally, despite the wide range of 

search terms, such searches inevitably miss some studies. We are aware of 3 studies that 

examined ADL impairment following acute care hospitalization in older adults that were not 

identified in our search: Covinsky et al.38, Volpato et al.39 and Mudge et al.40 Reanalysis 

including these studies did not appreciably change the results (data not shown), indicating 

that omission of a small number of studies is unlikely to change our conclusions. This is 

further supported by the large Fail-Safe N for the prevalence estimates.
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Conclusions and Implications

This meta-analysis shows that hospital associated disability remains a common problem 

among older adults hospitalized in acute care. Overall, the findings illustrate the continued 

need for hospital-based programs with function-focused care such as Acute Care for Elders.

This work also highlights a need for research aimed at establishing a standardized 

methodology for assessing and characterizing HAD. The lack of standardized methods for 

assessing ADL among hospitalized patients observed in this meta-analysis suggests that our 

use of functional disability as an outcome measure is not consistent. An important negative 

consequences of this is the inability to assess the effectiveness of quality patient care in the 

hospital. Furthermore, the results show a need for standardization of the timing of HAD 

assessment before and after hospitalization. In light of evidence supporting the important 

role of pre-hospitalization illness on ADL impairment,11,38 it is recommended that clinicians 

determine patient ADL status upon admission and follow up with patients at discharge or 

after hospitalization to assess for HAD. Another meta-analysis suggested a similar approach 

for evidence collection to increase the possibility that conclusions could be made about the 

effectiveness of treatments for patients.41 Ultimately, standardizing methods for assessing 

ADL status will assist in further characterizing HAD and in testing new interventions for 

mitigating the negative effects of hospitalization for older adults in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA flow diagram for included studies.
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Figure 2. Forest plot of the prevalence of hospital-associated disability (HAD): hospital-based 
studies only.
Prevalence rates from 13 individual hospital-based studies were combined using random-

effects meta-analysis with a generalized linear mixed model. Vertical reference line indicates 

prevalence rate of 0 (no HAD); size of squats is proportional to the weight of the study in the 

analysis. CI=confidence interval.
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Figure 3. Cumulative meta-analysis of all included studies showing time as a moderator of 
prevalence of hospital-associated disability (HAD).
Prevalence rates were estimated after the addition of each study in chronological order of 

study initiation year to examine changes in prevalence over time. Vertical reference line 

indicates prevalence rate of 0 (no HAD).
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