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Abstract

Background/Objectives: Defining common patterns of recovery after an acute health stressor 

(resiliency groups) has both clinical and research implications. We sought to identify groups of 

patients with similar recovery patterns across 10 outcomes following hip fracture (stressor) and to 

determine the most important predictors of resiliency group membership.

Design: Secondary analysis of 3 prospective cohort studies.

Setting: Participants were recruited from various hospitals in the Baltimore Hip Studies network 

and followed for up to 1 year in their residence (home or facility).
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Participants: Community-dwelling adults aged ≥65 with recent surgical repair of a hip fracture 

(n=541).

Measures: Self-reported physical function and activity measures using validated scales were 

collected at baseline (within 15-22 days of fracture), 2, 6, and 12 months. Physical performance 

tests were administered at all follow-up visits. Stressor characteristics, co-morbidities, 

psychosocial and environmental factors were collected at baseline via participant report and chart 

abstraction. Latent class profile analysis was used to identify resiliency groups based on recovery 

trajectories across 10 outcome measures and logistic regression models to identify factors 

associated with those groups.

Results: Latent Profile Analysis identified three resiliency groups that had similar patterns across 

the 10 outcome measures and were defined as “high resilience” (n=163, 30.1%), “medium 

resilience” (n=242, 44.7%), and “low resilience” (n=136, 25.2%). Recovery trajectories for the 

outcome measures are presented for each resiliency group. Comparing highest to the medium and 

low resilience groups, self-reported pre-fracture function was by far the strongest predictor of high 

resilience group membership with AUC=0.84. Demographic factors, co-morbidities, stressor 

characteristics, environmental factors, and psychosocial characteristics were less predictive, but 

several factors remained significant in a multivariable model (AUC=0.88).

Conclusions: These three resiliency groups following hip fracture may be useful for 

understanding mediators of physical resilience, and provide a more detailed description of 

recovery patterns in multiple outcomes for use in clinical decision-making.

Keywords

Resilience; Groups; Hip Fracture

Introduction

Clinicians have long recognized the wide variability in how rapidly and completely older 

adults recover from a physical stressor such as an illness or injury. Those with rapid and 

complete recovery are said to be highly physical resilient, while those who do not decline at 

all may be considered robust;1,2 in this paper we refer to both concepts as “resilience” 

because our measurement approach considers all possible trajectories. The concepts of 

physical resilience and frailty, commonly defined as a state of physiological vulnerability to 

stressors resulting from age‐related decline in biological systems, are likely related but have 

potentially important distinctions.3 While frailty is a state that imparts a high likelihood of 

decline following a physical stressor, resilience measures the individual’s ability to recover 

from the stressor, which may depend on different mechanisms. Physical resilience is further 

likely impacted by psychological, social and environmental factors.

A better understanding of the factors associated with patterns of physical resilience is 

potentially useful for several reasons. First, clinical decision-making may be enhanced if 

clinicians are able to counsel patients and caregivers on what recovery pattern to expect so 

that they can better plan for their needs. Second, health service delivery and policy can be 

refined so that we target enhanced rehabilitation services and other interventions more 

efficiently. Finally, new research discoveries about mediators and biological pathways 

Colón-Emeric et al. Page 2

J Am Geriatr Soc. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



underlying physical resilience can be leveraged to develop resilience-promoting 

interventions.

Recovery from hip fracture is a logical condition in which to study physical resilience in 

older adults. It is clinically important, causing substantial morbidity, mortality and cost 

worldwide4. However, there is variation in the timing and completeness of recovery between 

individuals and across multiple outcomes.5-10 Prior longitudinal studies have defined 

average trajectories of recovery for individual outcomes9 and described outcomes for 

subgroups of patients with similar baseline characteristics.6 However, a description of 

common patterns of recovery across multiple outcomes simultaneously (i.e., resilience 

“group”) is not available. Once resilience groups after hip fracture are defined, we can then 

identify patient characteristics, stressor characteristics, and other factors associated with 

resilience.

Selection of factors associated with resilience should be guided by a conceptual model of 

physical resilience. Current models suggest that a person’s recovery group is determined by 

their underlying demographic and psychosocial characteristics, environmental factors, and 

physiologic reserve.1 Physiologic reserve is likely determined in part by co-morbidities11-13 

and biological processes at the tissue, cellular, or subcellular level14 and may be manifest in 

the individual’s baseline functional status.13 The magnitude and duration of the stressor 

could also affect the subsequent recovery pattern.

The purpose of this paper is to: 1) identify groups of patients with similar recovery patterns 

across 10 outcome measures following hip fracture (resilience groups); 2) determine the 

most important predictors of resilience group group membership; and 3) estimate average 

trajectories for the outcome measures for each resilience group to assist with clinical 

decision-making.

Methods

This was a secondary analysis combining 3 cohorts of the Baltimore Hip Studies (BHS) 

(n=727) [BHS-4 (n=180 females), BHS-5 (n=208 females), BHS-7 (n=171 females and 168 

males)]; a series of longitudinal studies enrolling older adults during or immediately 

following a hospitalization for a low trauma hip fracture during the years 1998-2011.10,15,16 

Enrollment criteria, measures, data collection protocols, and follow-up times were similar 

for the 3 studies, with exceptions noted below. Two of the studies included randomization to 

an exercise intervention or control, however the two intervention groups did not differ in 

their functional outcomes.16,17 Nevertheless, all analyses are adjusted for cohort 

membership and intervention group assignment.

Subjects and Enrollment

Across the 3 cohorts, eligible subjects were community-dwelling adults aged 65 years and 

older admitted for surgical repair of a non-pathologic hip fracture to select hospitals within 

the BHS hospital network in the greater Baltimore area [BHS-4 3 hospitals, BHS-5 6 

hospitals and BHS-7 8 hospitals] and were English-speaking, able to walk without human 

assistance prior to the fracture, and lived within 70 miles of the study center. The two 
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intervention studies included only females and excluded patients with moderate or severe 

cognitive impairment as defined by a Mini-Mental Status Exam score ≤ 20, end stage renal 

disease, cirrhosis, or metastatic cancer. Two of the studies that measured bone mineral 

density (BHS4 and BHS7) excluded those with hardware in the contralateral hip or weight > 

300 lbs.. For this analysis subjects from the 3 BHS studies were excluded if they did not 

have outcome data available at 2 months and at least one of the 6 or 12-month follow-up 

periods for a final analytic sample of n=541.

Eligible patients were approached for study enrollment within 15 days of the hip fracture or 

hospital admission. Informed consent was obtained from all participants or their legally 

authorized representative. The eligibility rate for the 3 cohort studies ranged from 18%-19% 

for the 2 RCTs (BHS-4 and BHS-5) to 54% for observational study (BHS-7). The proportion 

of eligible patients enrolled in the 3 studies ranged from 39% for BHS-7 and 69%-74% for 

the RCTs. All study procedures were approved by the Institutional Review Board at the 

University of Maryland and at the individual study hospitals where recruitment took place.

Data Collection

Study data were collected by trained research assistants in the hospital at baseline, and 

subsequently in the participant’s place of residence (private home, rehabilitation or skilled 

nursing facility, or long-term care facility) at 2, 6, and 12 months.

At baseline, subjects or their representatives provided demographic information and 

completed validated self-report measures of their pre-hip fracture functional status. These 

included ambulatory status, Instrumental Activities of Daily Living (IADL) 18, Physical 

Activities of Daily Living (PADL) 18, and the Yale Physical Activity Scale19. Chart 

abstractors recorded information about medical diagnoses, medications, hip fracture type, 

anesthesia, surgical approach, and rehabilitation received. Hospital complications, including 

incident delirium, cardiovascular events, infections, and surgical complications were 

recorded.

Follow-up visits at 2, 6, and 12 months post-fracture took place in the participant’s place of 

residence and self-reported functional measures were repeated. In addition, physical 

performance tests were administered including 3 meter gait speed, a balance test (Short 

Physical Performance Battery 20 or Tinetti Gait and Balance Test 21), grip strength using a 

hand dynamometer, timed single chair stand 22, and the Lower Extremity Gain Scale 

(LEGS) 23. Subjects wore activity monitors over 2 days.

Outcomes

The outcomes of interest were trajectories of physical activity, physical performance, and 

functional status. The scoring and interpretation of each scale is as follows:

1. Self-reported ambulatory status. Participants were asked to report if they needed 

help to walk a block, scored as 1) Needs Assistance; 2) Uses Device; 3) 

Independent.

2. Instrumental Activities of Daily Living (IADL).18 Participants were asked to rate 

themselves as fully independent (1), requiring assistance (2) or fully dependent 
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(3) on the following tasks over the last 2 weeks: getting to places out of walking 

distance; shopping for groceries or clothes; preparing meals; and housecleaning. 

Scores ranged from 4-12 with higher scores indicating greater level of assistance.

3. Lower Extremity Physical Activities of Daily Living (LPADL). The LPADL is a 

measure of lower extremity disability specifically adapted for hip fracture 

patients from the Functional Status Index.24 Participants were asked to rate the 

level of assistance they required for each of 12 tasks over the past week. Tasks 

included walking various distances, transferring, bathing, dressing, toileting, and 

reaching to pick up an item from the ground. Responses for each activity 

included: no help, used equipment, used human assistance, used equipment and 

human assistance, did not perform due to health reasons, and did not perform due 

to non-health reasons.9 Higher total scores (0-12) indicate greater use of 

assistance.

4. Yale Physical Activity Scale.19 Participants were asked whether or not they had 

engaged in any of 31 physical activities in 5 categories during a typical week in 

the past month; housework, yardwork, caretaking, exercise, and recreational 

activities. For each activity, they noted how many times they did it and the 

duration (hrs/week). The total time was multiplied by a standard intensity code 

for the activity (kcal/min) and summed across all activities to provide a total kcal 

of physical activities over the past month.

5. Gait speed. Research assistants recorded average time to walk a 3-meter distance 

at usual pace.

6. Balance test. For one cohort the Short Physical Performance Battery20 was used 

to assess balance. Participants were asked to balance for 10 seconds with their 

feet in a side-by-side, semi-tandem, and tandem position. Scores ranged from 0-4 

with higher scores indicating worse balance. In the other 2 cohorts, the Tinetti 

Gait and Balance Test 21 was completed. The participant’s balance was rated in 9 

categories as they rose from a seated position, stood with and without eyes 

closed, were nudged, turned 360 degrees, and sat down. Scores ranged from 0-16 

with higher scores indicating better balance. Because of the different scales used, 

the SPPB was reverse coded so that higher scores indicated better balance, and a 

Z score indicating standard deviations above/below the mean was used to 

compare across scales.

7. Grip strength was measured using a calibrated research grade dynamometer. 

Both hands were assessed and the maximal value across all trials was used.

8. Timed single chair stand.22 Research assistants recorded the average time to 

complete a single chair stand.

9. Lower Extremity Gain Scale (LEGS).23 Participants were asked to (1) walk 3m 

(10ft); put on a (2) sock and (3) shoe on the fractured side; (4) rise from an 

armless chair; step (5) up and (6) down 4 stairs; get (7) on and (8) off the toilet; 

and (9) reach for an item on the ground from a sitting position. Each item is 
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scored 0-4 reflecting the time taken and whether they were able to complete it 

independently, with higher total scores (range 0-36) indicating better function.

10. Activity monitoring. Each participant wore a research grade activity monitor 

during waking and sleeping hours over 2 days, removing it for bathing. One 

cohort used an Actigraph™, one used a Step Activity Monitor (SMA), and the 

third used a Caltrac™.

Data Harmonization and Missing Data

Variable names and categories were harmonized to be consistent across the 3 cohorts. Where 

different scales or methods were used to measure the same construct (e.g., 2 different 

balance scales, steps/day vs. Kcal/day) outcomes were standardized by dividing by the 

pooled standard deviation. Missing data were common during follow-up especially for the 

physical performance tests. Where the reason for missing data was known (e.g., coded by 

the data collector as “unable” or “too sick to perform”) a logical value was imputed (e.g., 

gait speed = 0 m/sec). Where the reason for missing data was unknown, multiple imputation 

was used as described below.

Analysis

Latent Class Profile Analysis (LCPA), a form of Latent Growth Mixture Modeling, was used 

to define groups of patients with common recovery patterns.25-27 This method allows us to 

incorporate trajectories of multiple outcome measures simultaneously (e.g., gait speed, 

balance, strength, self-reported function, etc.). Groups or classes of individuals who have 

similar patterns of recovery are identified.

First, we constructed trajectories for each outcome within each individual. The intercept was 

defined as the 2-month value for the outcome, and the slope was calculated using the best 

fitting line from that point through the 6 and 12 month values. Only subjects with complete 

data for all 10 outcomes were considered in a latent growth mixture model using Mplus v.

7.4 to define resilience groups. Bayes Information Criterion (BIC), and other indices of fit 

were used to determine the number of classes.

To incorporate subjects missing one or more measures, 10 iterations of multiple imputation 

using PROC MI in SAS v9.4 were performed for the missing outcomes. The latent class 

structure was computed and the class membership probability for each participant was 

estimated. The participant was assigned to the group based on their average probability over 

the imputed datasets.

Associations of demographic and clinical variables with group membership were estimated 

by ANOVA without Type-I error adjustment for multiple outcomes. In the next step, 

multinomial logistic regression models were constructed to identify variables associated 

with group membership. Domains of variables (demographic characteristics, comorbidities, 

pre-stressor status, stressor characteristics, psychosocial characteristics, and environmental 

characteristics) were then tested in aggregate in the prediction of group membership. The 

area under the curve was employed for discriminating group membership, combining 
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adjacent ordinal groups to provide ease of contrast. In the final step, an adjusted model 

including all variables significant from the first step from each domain was conducted.

Results

Using latent class profile analysis, three groups in which subjects all had similar patterns of 

improvement across the 10 outcome measures (IADL disability, time to complete single 

chair stands, gait speed, grip strength, balance score, LPADL disability, steps/day, 

ambulatory status category, Yale Activity Scale) were identified using the Bayes Information 

Criterion (BIC). Participants on average had >95% probability of membership in assigned 

group, and the entropy estimate for the final model was 0.954. Entropy is a measure of 

certainty and information in a set of data. In latent class analysis under Mplus, it is a 

measure of likelihood of classification into a given class or class overlap. With a maximum 

value of 1, higher values indicate less overlap between classes. The complete case analysis 

included 93 individuals. For self-reported outcomes, missingness ranged from 1-8%. For 

physical performance tests, missingness ranged from 4% for grip strength to 38% for chair 

stands. There were similar rates of missing variables at the 6 and 12 month visit for each 

outcome. The complete case analysis included 93 individuals.

The latent class profile analysis method does not assume that the direction and rate of 

recovery is the same for all outcome measures. However, the three groups did exhibit 

roughly parallel trajectories within the 10 outcomes, with one group having low 2-month 

values and slow rate of recovery, another with intermediate 2-month values and intermediate 

rate of recovery, and the third with highest 2-month values and the fastest rate of recovery. 

These groups were therefore labelled as “low”, “intermediate”, and “high” resilience groups. 

Overall, 136 subjects (25.2%) were classified as low, 242 (44.7%) as intermediate, and 163 

(30.1%) as highly resilient.

Characteristics of the entire cohort together and by resilience group are shown in Table 1. In 

general, individuals at the higher resilience levels were younger, less likely to be male, and 

had higher income and education level. More resilient subjects reported better self-rated 

health and functional status, and higher activity levels, but lower levels of depression before 

the hip fracture than less resilient subjects. Highly resilient subjects were less likely to have 

general anesthesia or a partial/total arthroplasty as their hip fracture repair, had shorter 

length of stay, fewer complications, and were more often discharged home from the hospital 

rather than to a rehabilitation or skilled nursing facility.

The average trajectories for all outcome variables by group are shown in Figure 1 as 

exemplars. The trajectories for LEGS, Ambulatory status category, and Yale Activity Scale 

were parallel to the gait speed trajectory, while the IADL trajectory was parallel to the lower 

extremity LPADL trajectory. Although the highest resilience group was fully recovered in 

LPADL and IADL by 12 months, on average they continued to have a slow gait speed (0.6 

m/sec) and low daily step counts (2000 steps/day). Supplementary Table 1 shows the mean 

outcome measure values at each time point for each resilience group.
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The association of demographics, psychosocial characteristics, pre-stressor status, co-

morbidities, stressor characteristics, and environmental factors on resilience group 

membership are shown in table 2. When variables were added to a multinomial logistic 

regression model in aggregate groups by type, the pre-stressor status variables were the most 

strongly predictive of the highest resilience group membership (as compared to the low or 

intermediate group), with an area under the curve (AUC) of 0.84. Demographic factors and 

co-morbidities were less associated with this group membership contrast, each with AUC of 

0.67, followed by stressor characteristics (AUC=0.62), environmental factors (AUC=0.60), 

and psychosocial characteristics (0.59). An adjusted model in which significant variables 

from all groups were included had an AUC of 0.88 for the high vs. medium/low resilience 

contrast. In the fully adjusted model, factors that retained significance as predictors of high 

versus low/medium resilient recovery after hip fracture included younger age, lower BMI, 

better pre-fracture function, non-intracapsular fracture, and discharge home following 

hospitalization.

Discussion

Helping patients and families understand their likely time course for recovery in multiple 

outcomes following an acute health stressor is important in planning for the most 

appropriate rehabilitation setting, level of personal care assistance, and need for family 

medical leave. Prior studies have developed clinical prediction models for mortality after hip 

fracture 28, have reported average trajectories of functional recovery,9 or have used cluster 

analysis to define 6-month self-reported function based on common baseline characteristics.
6 Our approach extends these findings by defining three common long-term recovery 

patterns for multiple outcomes simultaneously. Our approach accounts for the heterogeneity 

in the speed and completeness of recovery, and provides a rich description of recovery for 

clinicians, patients, and families as they plan for care after a hip fracture.

Our findings have several other clinical implications. First, we found that the rate of 

improvement in most outcomes (i.e., the “slope” of the recovery trajectory) is similar within 

the 3 resilience groups regardless of where they start, with the notable exception of activity 

levels. Therefore, clinicians should be concerned about any individual who is not improving 

at the expected rate, even if they are likely to be in the low resilience group. Early 

monitoring of the rate of recovery should be implemented for all hip fracture patients. 

Second, many of the variables demonstrated parallel recovery trajectories or had relatively 

flat slopes suggesting that clinicians and researchers may not need to complete as large a set 

of measures in order to monitor or classify recovery.. We suggest that baseline grip strength, 

and serial measures of gait speed, self-reported activity, and either IADL or LP ADL 

measures is sufficient to define resilience groups after hip fracture, as other measures have 

parallel slopes and measure similar domains. Self-reported measures could be substituted for 

gait speed or physical performance testing where the trajectories are parallel to reduce staff 

burden, because their recovery trajectories mirror the more burdensome performance tests.

Consistent with prior studies6,7,10,29,30, we found that baseline self-reported function is by 

far the strongest predictor of subsequent recovery; indeed, these measures by themselves 

provided excellent discrimination between the resilience groups with AUCs >0.80. It was 
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relatively less informative to consider co-morbidities, psychosocial, environmental, and 

stressor characteristics (AUCs 0.60-0.67), although individual variables within these 

categories remained significantly associated with resilience group in multivariable models. 

This finding, combined with the observation noted above that recovery trajectories are 

frequently parallel between the resilience groups, suggests that these groups are likely a 

better reflection of underlying physiologic reserve rather than physical resilience.3 Other 

measures of physical resilience that describe how much better or worse an individual 

recovers than they are expected to based on their baseline health and functional status have 

been proposed, and may be more appropriate for mechanistic studies of physical resilience.
31

These recovery groups following hip fracture can now be used in future research to identify 

factors that mediate or moderate resilience. For example, psychological factors such as self-

efficacy32 and depression33, or environmental factors such as neighborhood34 may be 

modifiable mediators of resilience. We can now also identify biomarkers associated with 

resilience class membership, and this may generate hypotheses about underlying biological 

pathways that can be targeted.

Our work has several limitations that should be considered. As in most clinical research with 

older adults, there is likely a healthy volunteer bias which is further compounded by the 

exclusion of patients with significant cognitive impairment in 2 of the 3 cohorts. However, 

our goal was to identify factors associated with greater levels of resilience and this selection 

bias may have been helpful in enriching the sample for more resilient individuals. The BHS 

studies had limited racial and ethnic diversity, but represented the hip fracture population of 

the recruitment hospitals. Given the long length of follow-up and need for physical 

performance testing in this frail population, missing data was an issue and multiple 

imputation was used. In addition, our slopes were based on data collected at three time 

points and it is possible that more dynamic recovery groups may have been detected with 

more frequent measurements over a longer period of follow-up. Our existing datasets did not 

consistently include some outcome domains of interest, such as mood, cognition, or quality 

of life. Future research should determine whether recovery patterns are associated with these 

domains of health. Data on environmental and psychosocial factors were also limited. 

Finally, although our approach explicitly considers the heterogeneity in outcomes, there 

remains variability within the average trajectories for each resilience group which must be 

considered in making clinical decisions.

In summary, we identified three physical resilience groups following hip fracture in older 

adults depicting recovery trajectories in 10 outcomes of functional independence and 

physical performance. These can be defined in future studies with a more limited set of 

variables and may be useful for understanding mediators of physical resilience and clinical 

decision making. Pre-fracture self-reported function is the most important predictor of 

recovery patterns after hip fracture.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Average recovery trajectories for selected outcomes in each of the 3 resilience groups.
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Table 2.

Variables associated with being in high vs. low/medium resilience recovery group in logistic model with the 

Area Under the Curve for each group of variables.

Variable Odds Ratio (95% CI)
Adjusted for Group
Variables

Odds Ratio (95% CI)
Full Adjusted Model
(AUC 0.88)

Demographics (AUC 0.67)

Age, 1 year difference 0.91 (0.89-0.94) 0.94 (0.90-0.98)

White (vs. all other) 2.34 (0.82-6.70)

Male 0.55 (0.32-0.94) 0.88 (0.42-1.86)

Psychosocial Characteristics (AUC 0.61)

Education ≤ High School (vs. > HS Diploma) 0.65 (0.44-0.96) 0.68 (0.41-1.13)

Annual Income ≥ $20,000 1.60 (1.09-2.35) 1.39 (0.84-2.31)

Depression 0.77 (0.52-1.13)

Pre-Stressor Status (AUC 0.84)

Days too sick to do activities in last 6 months, 1 day difference 1.00 (0.98-1.02)

LPADL 1 additional disability 0.70 (0.56-0.87) 0.73 (0.58-0.92)

Self-rated health, 1 point worse 0.67 (0.52-0.85) 0.71 (0.56-0.91)

IADL 1 additional disability 0.58 (0.45-0.75) 0.51 (0.38-0.69)

Needs Human Assistance or Non-Ambulatory (vs. independent) 0.23 (0.09-0.56) 0.25 (0.10-0.63)

Any Hospitalizations past 0.82 (0.39-1.72)

Self-reported Activity Level per 100 kcal/week 1.00 (1.00-1.00)

Weight loss in past year 0.59 (0.24-1.47)

Comorbidities (AUC 0.67)

Body Mass Index, 1 kg/m2 higher 0.95 (0.91-0.99) 0.93 (0.88-0.98)

Diabetes 0.71 (0.41-1.23)

Chronic Lung Disease 0.98 (0.58-1.66)

Cardiovascular Disease 0.63 (0.42-0.93) 0.78 (0.48-1.28)

Cancer last 5 years 0.82 (0.47-1.43)

Stroke 0.42 (0.22-0.82) 0.71 (0.31-1.63)

Thyroid Disease 0.92 (0.58-1.47)

Rheumatoid Arthritis 0.87 (0.26-2.97)

Current smoker 1.14 (0.50-2.62)

Current alcohol use 1.68 (1.03-2.75) 1.47 (0.83-2.61)

Stressor Characteristics (AUC 0.60)

Intracapsular fracture 2.77 (1.07-7.22) 3.02 (1.01-8.99)

General Anesthesia 0.71 (0.45-1.12)

Partial or Total arthroplasty 1.01 (0.59-1.73)

Any in-hospital complication 0.53 (0.29-0.96) 0.97 (0.45-2.09)

Delirium 1.20 (0.47-3.03)

Environmental Factors (AUC 0.60)
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Variable Odds Ratio (95% CI)
Adjusted for Group
Variables

Odds Ratio (95% CI)
Full Adjusted Model
(AUC 0.88)

Inpatient Rehab /Skilled Nursing Facility (vs. home, outpatient or none) 0.26 (0.13-0.51) 0.24 (0.09-0.69)

Each Additional PT Session in Hospital 1.03 (0.97-1.08)
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