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Abstract

Objective—To examine trajectories of recovery and change in patterns of personal care and 

instrumental functional activity performance to determine whether different assessment interval 

designs within a 12-month period yield different estimates of improvement and decline following 

acute hospitalization and inpatient rehabilitation.

Design—Secondary analysis of a 12-month prospective cohort study.

Setting—Transition to the community.

Participants—Adults (N=419) admitted to acute care and receiving inpatient rehabilitation for a 

neurological, lower-extremity musculoskeletal, or medically complex condition.

Interventions—Not applicable

Main Outcome Measures—Improvement, no change, and decline as measured by the personal 

care and instrumental scale of the Activity Measure for Post-Acute Care.

Results—Assessment at the end of a single 12-month follow-up assessment interval showed that 

over 60% of the participants improved. In contrast, analysis of 2 fixed-length 6-month assessment 

intervals revealed an almost 40% decrease in the proportion who improved from 6 to 12 months. 

Fewer participants continued to improve in the time periods further from the acute hospitalization 

and the proportion of subjects who declined increased from 21.4% to 31.2% to 38.0% over the 3 
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consecutive assessment intervals (baseline to 1mo, 1–6mo, 6–12mo). Only 58 (19.7%) participants 

continued on the same path of recovery from baseline to 12 months (9.9% improved over all 3 

consecutive time periods, 3.1% made no change, 6.8% declined).

Conclusions—Examination of change over shorter compared with longer assessment intervals 

revealed considerable variability in the trajectories of recovery. Research is needed to determine 

the appropriate frequency and timing for measuring and monitoring function and recovery 

following an acute hospitalization.
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Activities of daily living; Outcome assessment (health care); Recovery of function; Rehabilitation

The goal of rehabilitation services is to minimize the impact of impairments and illness on 

patients’ ability to live and function independently and in the community. The challenge for 

clinicians is the dynamic nature of the disability process as each patient exhibits a unique 

trajectory of recovery that may include periodic setbacks in the period following an acute 

hospitalization.1,2 Greater insight into the variability of recovery patterns would be helpful 

to guide planning for more effective intervention and health service strategies. However, to 

date there has been little empirical work on change in recovery patterns over time and the 

trajectories that diverse populations of rehabilitation patients follow after discharge from 

acute care. This study was designed to address this need by examining patterns of change in 

functional activity performance across 12 months in a population of adults who were 

hospitalized acutely and subsequently received inpatient rehabilitation.

Currently, the most common approach to evaluating functional outcomes uses two 

assessment points, that is, an initial measure of function is used to predict a later end-point, 

or a single measure of change is calculated. Analyses using 2 time points assume that 

patients continue in essentially the same linear trajectory over the time period studied and do 

not allow examination of intraindividual variations or interindividual similarities in 

trajectories of recovery over time.3 Furthermore, this approach may inadvertently obscure 

clinically meaningful patterns of change that occur between the 2 measurements. Thus, it is 

reasonable to question whether previous longitudinal studies of rehabilitation outcomes have 

provided an accurate description of improvement and decline in function PAC.

Evidence from the aging literature also suggest that rehabilitation outcomes may have been 

misestimated when the assessment interval has been long, that is more than 6 months, 

because this design overlooks the possibility of intermediate transitions between patterns of 

recovery.4 Studies of aging and disability (defined here as the inability to perform ADLs) 

have reported that it is common for community-dwelling elders to transition in and out of 

disability over the course of only 2 years. For example, a study of 439 community-dwelling 

older adults found that more than half of the episodes of decline were temporary and no 

longer present at 1 year.5 This pattern would go undetected with traditional analyses using 

only 2 assessment points or long assessment intervals.1,6 In fact, longitudinal studies using 

these designs (2 assessments or long assessment intervals) have been shown to substantially 

underestimate the occurrence of disability and recovery in the aging population.2,7,8 It is 

possible that the same issue may apply in rehabilitation outcomes research.
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Repeated measurements of rehabilitation outcomes using shorter (≤6mo) assessment 

intervals may help reveal differential patterns of improvement, no change, and decline, and 

where and how often in the path of recovery these changes occur for different people.2,6 

However, the appropriate frequency and timing for measuring functional status following an 

acute hospitalization has not been clinically or empirically established. One approach is the 

use of fixed-length follow-up intervals. A fixed-frequency for repeated measurements 

provides the opportunity to determine the natural course of recovery or disease by 

establishing rates of change and patterns of association over periods of time that are held 

constant. Another approach, as suggested with chronic diseases exhibiting indeterminate 

beginning and ending points, is to define the illness into phases such as acute, maintenance, 

chronic complications, and so on.9,10 Phases that define measurement points for patients 

who have had an acute event requiring hospitalization and inpatient rehabilitation might be 

divided similarly: a short initial interval as is traditionally done when assessing outcomes 

associated with acute and inpatient care,11 a 6-month assessment as is typically done in 

studies predicting recovery from a disabling event,12 and follow-up assessments over 3- to 

6-month intervals to monitor change as suggested for primary and secondary prevention 

measures such as blood pressure and cholesterol levels associated with broader 

outcomes.13,14 It is unclear whether measuring function related to phases of care or using 

fixed-length intervals is more appropriate for studying trajectories of recovery. To our 

knowledge, a comparison of results obtained by using different designs has not yet been 

conducted in research on functional activity outcomes following an acute hospitalization and 

inpatient rehabilitation. Such a comparison requires availability of outcome measures that 

are suitable for use across the broad range of settings and that capture a broad range of 

patient function.

The measures of function most commonly used in rehabilitation research have limited 

ability to document patterns of change in function beyond the setting for which they were 

designed.15 Instruments designed to measure a more basic level of function16,17 are limited 

in the extent of change that can be captured due to ceiling effects.15,18–21 Similarly, 

measures developed for PAC are not useful measures for people with more severe 

impairments due to floor effects.22–25 Thus analysis of functional outcomes across service 

settings and beyond rehabilitation services using these existing measures may not accurately 

detect a treatment effect or the actual magnitude of change from one period of measurement 

to the next. This limitation is especially problematic when repeated measurements can no 

longer detect change.26,27 Thus, our assessment of functional recovery in this study used an 

instrument developed specifically to enable tracking as patients move along the continuum 

of health service settings.

The purpose of the present study was to compare different designs for analyzing change in 

functional activity performance over 12 months to determine how the choice of design 

affects the estimate of recovery patterns. In order to achieve this aim we examined patterns 

of improvement, no change, and decline in functional activity performance comparing 

results from a single assessment interval of 12 months with those from analyses of shorter 

intervals within the same year. Several comparisons were made to elucidate whether there 

are common trajectories of recovery in a diverse population of rehabilitation patients, and 
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whether use of traditional longitudinal analyses under or overestimates improvement and 

decline.

METHODS

For this study, we conducted secondary analyses of data collected in a 12-month prospective 

longitudinal study. The first section below provides an overview of the ROS during which 

the original patient data were collected. We then describe the sample, measures, and 

analyses for the present study of recovery patterns. The university institutional review board 

approved both the original and the present studies.

Patient Recruitment and Data Collection

The ROS, conducted from 1999 to 2003, was designed to examine the performance of a 

comprehensive set of measures to monitor functional recovery in patients who had an acute 

hospitalization and subsequently received rehabilitation in the hospital or in an independent 

rehabilitation facility. Patients who were receiving rehabilitation services in either setting 

were recruited. To be eligible, subjects had to be 18 years of age or older, English speaking, 

and receiving inpatient rehabilitation services at the time of recruitment. Patients who were 

not expected to live 12 months after the acute hospitalization (according to the physician 

report) were excluded from the study. The treating clinician assessed the patient’s ability to 

participate based on whether the subject could understand the interview questions, sustain 

attention for an hour, and reliably respond to the questions.28–30

The sample was stratified with the intent to include an approximately equal number of 

subjects in 3 major diagnostic groups: (1) neurologic disorders including stroke, multiple 

sclerosis, Parkinson’s disease, brain injury, spinal cord injury, and neuropathy, (2) lower-

extremity musculoskeletal disorders including fractures, joint replacements, orthopedic 

surgery, and joint or muscular pain, and (3) medically complex disorders including debility 

resulting from illness, cardiopulmonary conditions, or postsurgical recovery. Of the 516 

participants recruited, 23.3% were admitted for a neurologic disorder, 32.4% for a lower-

extremity musculoskeletal disorder, and 44.4% for a complex medical condition. Using 

scores on the adapted Modified Rankin Scale, the sample was also stratified to assure good 

representation of levels of disability severity.31 There was a similar proportion of subjects 

representing mild, moderate, and severe levels.

The majority of participants (63.4%) were recruited from an independent rehabilitation 

facility as opposed to an acute hospital, and the average number of days between admission 

to the acute hospital and date of the baseline interview ± standard deviation was 19.6±18.2. 

A trained data collector conducted personal interviews with each participant lasting 

approximately 45 minutes to an hour at baseline, 1-, 6-, and 12-month follow-up. Interviews 

at baseline were conducted in the location of recruitment (either the acute hospital or 

independent rehabilitation facility), and interviews following baseline were conducted at the 

subject’s living location or a mutually convenient location. All data were self-report with the 

exception of diagnosis, disease severity, and acute hospital LOS that were obtained from the 

medical record. Receipt of nursing or rehabilitation services following baseline were also 

self-report and were not confirmed with health service records.
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Sample

Timing of the baseline assessment is an important factor for predicting the potential for 

recovery.32 The influence of intervening factors such as spontaneous recovery or receipt of 

rehabilitation intervention is more likely for patients with a baseline assessment of the 

primary outcome further from the acute hospital admission date (an administrative proxy 

variable for the onset of the acute event). To better align the timing of the follow-up 

assessments in relation to the acute hospital admission date and reduce the variability in the 

recovery period analyzed for each patient, this study of recovery patterns and trajectories 

was restricted to the 419 patients who had their baseline assessment completed within 28 

days of the acute hospital admission (81.2% of the original study’s sample). Compared to 

the full ROS sample population of 516 patients, this study’s sample population of 419 

patients was not significantly different in age, sex, race, diagnosis, medical or sensory 

comorbidity, perception of health, or function at baseline but did have a larger proportion 

living at home prior to the hospitalization (P=.02) and had a shorter acute hospital LOS (P<.

001).

Measures

Patient characteristics measured at baseline included age, sex, race, level of educational 

attainment, living location and situation prior to hospitalization, and the participants’ 

perceived health status prior to hospitalization as measured by the first question of the 

Medical Outcomes Study 8-item Short-Form.33 This item was self-rated on a 6-point Likert 

scale from very poor to excellent, and has been used previously as a self-report measure of 

general health status.34,35 Clinical characteristics included admitting diagnosis, presence of 

medical and sensory comorbidities, baseline personal care and instrumental functional 

activity performance score, acute hospital LOS, and number of days between hospital 

admission and the baseline assessment.

Outcome measure—The AM-PAC was developed specifically to enable tracking of 

functional recovery as patients move along the continuum of health service settings. The 

instrument’s content, guided by the ICF,36 covers 3 domains of functional recovery: 

physical and movement activities, applied cognitive activities, and personal care and 

instrumental activities.28–30,37 The PCI scale was selected as the outcome measure of the 

present study as it includes the majority of functional activities most commonly used in the 

United States to assess the impact of chronic disease and impairments on the ability of adults 

to live independently.35,38 The activities examined by the PCI scale are frequently referred 

to as basic and instrumental ADLs, and most closely parallel the self-care and domestic ICF 

domains.

The PCI scale consists of 2 linked forms: an inpatient form and a community form. The 

inpatient form, designed for use only with inpatients, contains activities typically performed 

in this environment and was used with all participants at baseline and any participant who 

was in an inpatient setting for any of the 3 follow-up assessments. On the other hand, the 

community form was used with participants beyond baseline who were no longer in 

inpatient settings as it includes activities more typically performed at home. Each form of 

the instrument consists of 10 items that ask about the difficulty of performing an activity (a 
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5-point rating) or the use of assistance to perform an activity (6-point rating). The inpatient 

instrument asks about difficulty performing and use of assistance with basic self-care 

activities, while the community instrument asks about difficulty and assistance needed with 

more complex activities. Together the linked PCI instruments assess a range of relevant 

activities from personal hygiene to putting the dishes away. All items were selected from a 

common item pool based on their collective ability to provide useful measurement 

information across a broad spectrum of functional activity performance. In contrast to other 

measures of function or ADLs, the PCI scale does not include mobility or communication 

items as they are examined by the physical and movement and applied cognitive scales of 

the AM-PAC. The range of activities included reduces the likelihood of floor and ceiling 

effects, as demonstrated in previous analyses.39 Furthermore, this design allows clinicians 

and researchers to measure functional activity performance outcomes across a wide variety 

of patient groups and health delivery settings, capturing the greatest range of abilities from 

the acute setting to at least 1 year posthospitalization.30,39

Raw scores on the PCI scale are transformed onto a 0- to 100-interval level scale using 

tables derived from Rasch analyses, which also provide a unique SE of measurement 

estimate for each possible score. Higher scores reflect less difficulty and less use of 

assistance.30 Test-retest reliability estimates for the longer scale from which these short 10-

item forms were derived ranged from .91 to .97.40 Additional psychometric information 

about the PCI scale and the AM-PAC has been reported previously.28,30

Statistical Analysis

Benchmark—The benchmark for determining the minimal detectable change, the amount 

of change necessary to conclude that the difference is not attributable to measurement 

error,41 was specific to the time period in question (interval of time defined by 2 

assessments) and to the sample with data available for both assessments defining the 

interval. A unique benchmark was calculated for each assessment interval: the traditional 

longitudinal interval starting from baseline to a specific end-point of 12 months, and the 5 

comparison intervals of baseline to 1 month, baseline to 6 months, 1 to 6 months, and 6 to 

12 months. As is common in the literature,42–44 the benchmark for change in function used 

for this study was ±1 SE of measurement, calculated as the mean of the median SE scores 

(table 1) from the 2 time points.

Assessment of change—Change in PCI was assessed by computing raw change scores 

(eg, PCI at 12mo minus PCI at 6mo) for each assessment interval for each person and then 

comparing the magnitude of change for each assessment interval to the calculated 

benchmark. The results were categorized into 3 patterns for each assessment interval: 

improvement, no change, and decline. A difference smaller than the benchmark for any 

specific interval was categorized as no change as compared to improvement (positive 

difference) and decline (negative difference). Subjects who died or could not participate due 

to illness were classified as having declined. Participants with undocumented status for a 

follow-up interview or missing a PCI score were excluded from analysis of recovery 

patterns (table 2).
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Demographics, comparison of patterns, and illustration of trajectories—The 

central purpose of this study was to compare different designs for analyzing change in 

function over 12 months, and therefore, patient characteristics were only used to describe the 

sample and not examined for their association with the different patterns of recovery. 

Descriptive statistics were calculated for the full sample of 419 patients and for the group 

who had complete data for analyzing trajectories of recovery (N=295). Chi-square tests for 

specified proportions (goodness of fit test) and 1-sample t tests were used to determine if the 

trajectory subsample was significantly different than the full sample for this study, and also 

to compare baseline characteristics for those who completed the study, including those who 

were documented as too ill or dead, with those patients who were missing (undocumented 

status) for the 12-month assessment.

The proportion of the sample exhibiting each pattern for each assessment interval was 

calculated and presented in three alternative designs: (1) a single 12-month assessment 

interval capturing change from baseline to 12 months; (2) two 6-month fixed-length 

assessment intervals illustrating change from baseline to 6 months and 6 to 12 months; and 

(3) 3 assessment intervals representing a model for phases of rehabilitation and recovery 

including intervals for baseline to 1 month, 1 to 6 months, and 6 to 12 months. The patterns 

assessed prospectively were mapped to illustrate the most common 12-month trajectories of 

recovery for the participants in this sample with data at all time points (N=295).

RESULTS

The sample of patients with a baseline study assessment within 28 days of their acute 

hospital admission (N=419) had a wide range in age from 19 to 100 years. The largest 

diagnostic group included those patients admitted with complex medical conditions (42.0%). 

More than half of the sample was female (54.2%), and a large majority were white (90.7%) 

and living at home prior to the acute hospitalization (95.3%). Table 3 presents the baseline 

characteristics for the total sample of 419 patients and compares these characteristics with 

those in the group with data at all time points and with those whose status was not 

documented at 12 months.

Of the 419 participants in the sample, 88 (21.0%) were missing at 12 months. These patients 

were significantly younger in age than the total sample (mean, 66.0y vs 69.1y, P=.03) and 

fewer reported a medical comorbidity (72.7% vs 81.0%, P=.03). Admitting diagnosis, sex, 

race, education, presence of a sensory comorbidity, baseline PCI, acute hospital LOS, and 

living situation (alone), location (home), and perception of health prior to acute 

hospitalization were not associated with being lost to follow-up with undocumented status in 

this study. Furthermore, there were no significant differences between the full sample and 

those who completed each assessment in this study (N=295).

Recovery Patterns

Figures 1A–1C display the change in PCI for 3 assessment interval designs over 12 months: 

a single assessment interval of 12 months; 2 fixed-length assessment intervals of 6 months 

each; and assessment intervals in phases over 12 months (baseline to 1mo, 1–6mo, 6–12mo). 
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Each figure illustrates the proportion of those who improved, made no change, or declined, 

died, or were too ill in the intervals indicated.

Figure 1A illustrates results obtained from a traditional outcomes analysis model of 2 time 

points where baseline data are compared to functional activity performance 12 months post 

hospitalization. Comparing figure 1A to data in figures 1B and 1C suggests that the 

proportion of people who declined or did not change in 12 months is underrepresented when 

change in PCI is assessed over a 12-month interval from baseline. Variability in recovery 

and decline is not captured by this long 12-month assessment interval.

Figure 1B depicts 2 fixed-length assessment intervals of 6 months. In this analysis, PCI 

performance seems to plateau for the majority after 6 months (34.4%), more than twice the 

proportion that made no change in PCI from baseline to 6 months (14.8%). This finding 

contrasts with results from the 12-month interval in figure 1A where there appeared to be 

fewer people who made no change (10.1%) over the duration of the study. Analysis of 2 

fixed-length intervals of 6 months also revealed the proportion who improved dropped 

almost 40% after 6 months.

The assessment intervals in figure 1C represent phases associated with rehabilitation and 

recovery: the baseline to 1-month interval, postacute recovery from 1 to 6 months, and a 6-

month follow-up interval. The characteristics of this rehabilitation population support this 

phase model of assessing outcomes. The majority of patients had transitioned from the acute 

hospital or inpatient rehabilitation to the community by the 1-month assessment and had 

been discharged either to home or to an assisted living environment (83.4%). By 6 months, 

rehabilitation services for most patients had been discontinued (78.0%) and the living 

location was stable (94.7% at home).

The intervals presented in figure 1C provide detail on recovery patterns over the course of 

12 months that cannot be estimated from the 12-month interval in figure 1A. Examining 

change across the most acute 1-month period separately from the following 5-month interval 

in figure 1C provides additional information about recovery patterns in the period closer to 

acute hospitalization that is not available in the baseline to 6-month assessment in figure 1B. 

There were 85 people who no longer improved from 1 to 6 months. Furthermore, the 

intermediate assessment at 1 month identifies a group who declined during the postacute 

rehabilitation and recovery interval who would have been missed otherwise.

In summary, the recovery patterns in figure 1C show that fewer people continued to improve 

in time periods further from the acute hospitalization, while the proportion of individuals 

who declined increased from 21.4% to 31.2% to 38.0% over the 3 consecutive intervals. 

Although a large proportion (34.4% of the sample with data at 12mo) experienced a plateau 

in PCI and made no further change after 6 months, 27.6% improved in this 6-month follow-

up interval.

Trajectories

Figure 2 presents a tree diagram displaying each of the trajectories of recovery over 12 

months that were experienced by at least 5% of the participants who had PCI data for all 4 
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interview points. The figure collectively describes 60.3% of the sample population. Mapping 

the 3 possible patterns of improvement, no change, or decline resulted in a total of 27 

possible patient trajectories over 3 intervals of time across 12 months. In this rehabilitation 

sample, all 27 trajectories were present. Only 58 of the 295 participants continued in the 

same pattern over time: 9.9% improved over all three consecutive periods, 3.1% made no 

change, and 6.8% continued to decline over 12 months.

Of the patients who declined from baseline to 1 month, more than 50% continued to decline 

from 1 to 6 months and then two thirds continued to decline from 6 to 12 months. The 

number of people who improved in PCI in the first month was more than 3 times greater 

than the number who made no change or declined. Despite this, only 46.2% continued to 

improve from 1 to 6 months after which there was an almost equal prognosis of 

improvement, no change, or decline from 6 to 12 months (χ2
2=11.7, P<.009).

DISCUSSION

The purpose of the present study was to examine the possibility that different approaches to 

analyzing change over time may yield a different picture of recovery patterns in a population 

of adults who were hospitalized and subsequently received inpatient rehabilitation. Our 

results suggest that traditional methods of analysis for longitudinal studies may overshadow 

the extent of improvement and decline revealed by assessments conducted over shorter 

intervals. The finding of 27 different trajectories of recovery in the sample of 295 patients 

who were assessed four times in a year further illustrates the interindividual heterogeneity 

possible in the recovery process. These findings suggest that the number of assessments, 

length of each assessment interval, and sensitivity of the measurement instrument are 

significant factors affecting estimates of improvement and decline following an acute 

hospitalization with inpatient rehabilitation. Results from our baseline to 12-month design 

for examining change illustrate 2 primary limitations of outcome studies with a lengthy 

interval between the 2 assessment points. This design assumes a linear trajectory of 

recovery, which we found was experienced by only 20% of our sample. In addition, this 

design greatly misrepresented the proportion that improved, declined, or made no change 

during this time period. For example, results from the single 12-month assessment interval 

suggest that over 60% of the sample improved over 12 months when in fact, analysis by the 

smallest intervals possible in this study revealed that 60% improved in the first month and 

only 27% improved from 6 to 12 months. Findings demonstrate the value of examining 

recovery in the year after hospitalization using shorter assessment intervals.

Measuring functional activity performance with shorter and more frequent assessment 

intervals would also provide the opportunity to examine intraindividual change and 

interindividual similarities in trajectories of recovery and factors related to these variations. 

Several of the patterns revealed by trajectory mapping are worth noting. The importance of 

making gains in function early in the episode of illness is suggested by the finding that a 

greater proportion of these patients improved further from the acute hospitalization or 

transitioned toward better performance in the latest phase evaluated. However, even among 

those who showed improvement in their scores from baseline to 12 months, many 

experienced phases of no change or decline while recovering. These findings are clinically 
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important as they suggest that improvement from baseline to 1 month is important for 

continued gains in PCI.

The transition from improvement to decline and no change (transition toward worse 

performance) was more common than the transition from decline or no change to 

improvement (transition toward better performance). Examination of those who declined 

from baseline to 1 month revealed that they were most likely to decline in the following 

periods. However, decline for some was a temporary state. These trends and highly variable 

trajectories were not unlike those found in studies of functional change in community-

dwelling elders.5,45

The transition between patterns, as shown in this study when assessing change over 

consecutive shorter assessment intervals, would not have been captured in studies designed 

with a long single assessment interval or measurement instruments insensitive to change for 

both high and low functioning persons. Using one instrument to measure function that is 

both reliable and valid across the continuum of PAC is key to assessing change in function 

and across providers and health services. Instruments commonly used for measuring 

function in clinical rehabilitation practice and research do not meet this requirement. The 

AM-PAC was found to have larger standardized response means than the FIM across patient 

and severity groups and to be more sensitive to small changes in activity performance.39 In 

addition, the instrument’s ability to capture a large range in performance helped reveal 

patterns of improvement and decline even across late periods. Only 5% of the subjects in 

this study reached ceiling on the PCI scale and no subjects were at floor prior to the final 

measurement at 12 months. Further advances in understanding functional outcomes over an 

extended period will depend on the use of measures that are applicable across the continuum 

of PAC settings and that capture the performance of both high and low functioning people.

Studies extending longer than 1 year with frequent measures of function, across short, fixed-

length assessment intervals are needed to more clearly delineate the epidemiology of 

recovery. Although this research design can be financially and administratively resource 

intensive and may be subject to high drop-out rates due to participant burnout, the approach 

has the potential to identify an optimal schedule for measurement to capture clinically 

meaningful change based on the patients’ condition. Ongoing monitoring, as has been 

implemented with several chronic and infectious disease measures, is needed to minimize 

the frequency and severity of subsequent periods of decline,45 to detect a change in health 

status, and to make clinicians aware of the need for intervention.46 An incomplete 

understanding of the epidemiology of recovery, particularly in periods further from the acute 

hospitalization, may be an impediment to the provision of rehabilitation services in later 

phases of recovery.

From a health policy perspective, functional decline is one of the most distressing health 

outcomes for society and the health system as it has been shown to lead to deteriorating 

health status, dependence, institutionalization, high health care costs, and death.47–50 This 

study clearly illustrates the possibility that the extent of decline following an acute 

hospitalization and inpatient rehabilitation may have been seriously underrepresented in 

previous studies that did not assess change over short consecutive intervals of time with an 
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instrument both valid and reliable across health delivery settings for high to low functioning 

people.

Study Limitations

The primary purpose of the present study was to examine the effect of using different 

designs to analyze change. However, it is important to note that patterns of recovery and 

trajectories over time may be influenced by patient demographic and clinical characteristics, 

continued health service use, living location, and the role of other environmental factors. 

These factors were not accounted for in this study and are the focus of future work designed 

to identify the predictors of recovery. Because the study involved secondary analysis of 

existing data analyses were limited to the time periods of the original assessments, which 

were determined by the purposes of the original study. Future prospective longitudinal 

studies are needed that a more representative sample, including patients from rural and 

urban health facilities, more from minority groups, and more patients admitted from 

institutional care.

CONCLUSIONS

These findings illustrate the importance of short assessment intervals in providing more 

detailed estimates of change in functional activity performance over 12 months. Previous 

studies with traditional analysis of 2 time points and long assessment intervals have 

potentially misrepresented actual change over time. Although the phase approach to 

analyzing outcomes data provided the most specific representation of recovery in this study, 

even shorter fixed-length assessment intervals should be evaluated over a period longer than 

1 year for their utility in examining function. Research to determine the appropriate 

frequency and timing for measuring and monitoring function following an acute 

hospitalization and the risk factors for change will more clearly delineate the epidemiology 

of recovery and may help determine the optimal timing of the delivery of health care 

services to prevent decline and promote improvement.
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ICF International Classification of Functioning, Disability and Health

LOS length of stay

PAC postacute care

PCI personal care and instrumental

ROS Rehabilitation Outcomes Study
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Fig 1. 
Proportion of the sample exhibiting each pattern for the specified interval. (A) Single 

assessment interval. (B) Two fixed-length intervals. (C) Intervals by phase of recovery.
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Fig 2. 
Twelve-month trajectories of recovery experienced by at least 5% of those participants with 

PCI functional activity performance measured at all 4 follow-up interviews over the course 

of 12 months (N=295). NOTE. Each box indicates the number of participants exhibiting the 

indicated pattern of improvement, no change, or decline and the percentage of the sample 

with complete PCI data at all 4 time points.
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Table 1

Benchmarks for Change in PCI Functional Activity Performance

Time Period Change in Function Benchmark
(mean of the median SE for 2
assessments in a time period)

Longitudinal Interval

  Baseline to 12mo 3.755

Comparison Intervals

  Baseline to 1mo 3.055

  Baseline to 6mo 3.465

  One to 6mo 3.330

  Six to 12mo 4.000
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Table 2

Participation in this Study and Sample Size by Follow-Up Interview With the Percentage of the Total 

Indicating Missing Data

Study Participation Baseline 1 Month 6 Months 12 Months

Participated 419 338 (80.7) 316 (75.4) 284 (67.8)

Deceased (total) NA 12 (2.9) 24 (5.7) 34 (8.1)

Too ill NA 19 (4.5) 8 (1.9) 13 (3.1)

Missing NA 50 (11.9) 71 (17.0) 88 (21.0)

Outcome measure missing 9 (2.1) 3 (0.7) 14 (3.3) 12 (2.9)

Total sample by follow-up interview* 410 (97.9) 366 (87.4) 334 (79.7) 319 (76.1)

NOTE. Values are n (%).

Abbreviation: NA, not applicable.

*
The sample included in the analysis of each assessment interval was dependent on the availability of a complete outcome score for the relevant 

time points or documentation of illness or having died in order to be categorized into the decline group.
(Sample total calculated for each follow-up assessment as the number who participated + the deceased + participants who were too ill – the number 
missing a measured outcome.)
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Table 3

Baseline characteristics of All Participants in This Study, for Participants With Data at All Time Points 

(complete data), and for Those Missing (undocumented status) at 12 Months

Variable Full Sample
(n=419)

Complete Data
(n=295)

Missing
(n=88)

Categorical

Diagnostic group

  Neurologic 99 (23.6) 70 (23.7) 22 (25.0)

  Lower-extremity musculoskeletal 144 (34.4) 103 (34.9) 27 (30.7)

  Complex medical 176 (42.0) 122 (41.4) 39 (44.3)

Sex: females 227 (54.2) 156 (52.9) 49 (55.7)

Race: white 380 (90.7) 268 (90.9) 78 (88.6)

Education: high school diploma or less† 181 (45.3) 123 (42.9) 42 (52.5)

Medical comorbidity (reported at least 1 of 6) 336 (81.0) 242 (82.9) 64 (72.7)*

Sensory comorbidity: vision and/or hearing 149 (35.9) 105 (35.8) 33 (37.9)

Good-excellent perceived health status prior 243 (59.3) 175 (59.7) 50 (59.5)

Living alone prior‡ 149 (39.3) 103 (38.0) 36 (47.4)

Living location prior: home 385 (95.3) 275 (96.2) 77 (92.8)

Continuous

Age 69.1±15.0 69.5±13.6 66.0±19.5*

Baseline personal care & instrumental function 57.8±12.4 57.0±12.7 60.0±11.9

Acute hospital LOS§ 7.6±4.9 7.5±5.1 7.4±3.9

Days from hospital admission to baseline 13.4±7.1 13.6±7.1 13.3±7.1

NOTE. Values are n (%) or mean ± standard deviation.

*
P range, .01–.05.

†
5% not reported;

‡
9.6% not reported;

§
19% not documented.
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