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Abstract

Background: Frailty is an important geriatric syndrome predicting adverse health outcomes in
older adults. However, the longitudinal characteristics of frailty components in post-hip fracture
patients are less understood. Adopting the Fried frailty definition, we examined the longitudinal
trends and sex trajectory differences in frailty and its components over 1 year post-fracture.

Methods: Three hundred and twenty-seven hip fracture patients (162 men and 165 women

with mean age 80.1 and 81.5) from Baltimore Hip Studies 7th cohort with measurements at 22
days after admission, and months 2, 6, and 12 post-fracture were analyzed. Frailty components
included: grip strength, gait speed, weight, total energy expenditure, and exhaustion. Longitudinal
analysis used mixed effect models.

Results: At baseline, men were sicker with worse cognitive status, and had higher weight and
grip strength, but lower total energy expenditure than women (p < 0.001). The prevalence of
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frailty was 31.5%, 30.2%, and 28.2% at months 2, 6, and 12 respectively, showing no longitudinal
trends or sex differences. However, its components showed substantial recovery trends over the
post-fracture year after confounding adjustments, including increasing gait speed, reducing risk

of exhaustion, and stabilized weight loss and energy expenditure over time. Particularly, while
men's grip strength tended to remain stable over first year post surgery within patients, women's
grip strength reduced significantly over time within patients. On average over time within patients,
women were more active with higher energy expenditures but lower grip strength and weight than
men.

Conclusion: Significant recovery trends and sex differences were observed in frailty components

Page 2

during first year post-fracture. Overall frailty status did not show those trends over months 2—-12
since a summary measure might obscure changes in components. Therefore, frailty components
provided important multi-dimensional information on the complex recovery process of patients,
indicating targets for intervention beyond the global binary measure of frailty.
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INTRODUCTION

Frailty has been increasingly recognized as an important geriatric syndrome that predicts
adverse health outcomes and poor health-related quality of life in older adults.1-2 The rapid
growth of the aging population globally has raised public health concerns and the awareness
of the potential impact of frailty. There are many frailty syndrome definitions available
and a recent review identified 15 frailty scales used in orthopedic surgery alone.::3 The
physical frailty phenotype definition by Fried and colleagues has been widely used!24 and
is described as a syndrome of decreased resiliency and reserves, which is characterized

by exhaustion, weight loss, weak grip strength, slow walking speed, and low energy
expenditure. If three or more criteria are present, then the individual is defined as frail.
Given there is no gold standard measurement of underlying true frailty and multiple
components are often dichotomized based on study-specific cut points, it is important to
evaluate this operational physical frailty definition as well as its components in various
populations.

There has been much work on adverse medical consequences in hip fracture patients

who are frail at the time of fracture versus those without frailty. A recent meta-analysis
showed consistent findings in multiple studies linking frailty with in-hospital mortality,
30-day mortality, and surgical complications.® Other work has shown increased length of
hospital stay, higher hospital costs, and poorer functional recovery in patients who were
frail at the time of their hip fracture.b:” However, little work has been done to evaluate
longitudinal trends in frailty and its five components in the recovery of patients after

hip fracture and potential sex differences in this recovery over time. Although it has

been shown that prior to hip fracture men, who represent approximately a quarter of hip
fracture patients today, have poorer health and functioning than women,82 and that women
are frailer than men (have higher Frailty Index scores1?), there has been little work that
explores sex differences in trajectory of frailty and its components post hip fracture. This is
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important information to know when treating hip fracture patients, planning for discharge,
and developing rehabilitation interventions. This article addresses how the singular entity
of physical frailty and its component parts capture longitudinal changes over the complex
recovery process post fracture.

In addition to investigating frailty's five binary criteria, shown in many publications, this
article focuses on individual assessment of the longitudinal characteristics of each of the five
frailty components in their original continuous scale over the first year post-hip fracture.
Even though “frailty” as a geriatric syndrome is often operationalized as a categorical
“abnormality” measure (categorizing the underlying true continuous process by threshold
values), discrete medical categories rarely capture the complexity of underlying functional
declines. So, to capture the complex functional recovery process of hip fracture patients, it is
important to evaluate the longitudinal trends of the five components in their original scales
in men and women. Nonetheless, we recognize the value of the frailty concept and need

for a discrete classification of this abnormality in medical practice and are not proposing a
change to Fried and colleagues' frailty definition.

METHODS

Study population

The Baltimore Hip Studies (BHS) 7th cohort was a prospective observational study designed
to examine sex differences in the recovery process after hip fracture.® Hip fracture patients
were recruited from eight participating BHS network hospitals in the Baltimore metropolitan
area between 2006 and 2011. To ensure recruiting enough men and women patients to

reach the study power, approximately equal proportion of men and women patients within
calendar time were recruited from each hospital. Eligible participants were 65 years or

older at the time of hospital admission for hip fracture (ICD-9 codes 820.00-820.9) and
consented to enroll or had a proxy provide informed consent within 15 days of admission.
Exclusion criteria included pathologic fracture, not community-dwelling at the time of
fracture, non-English speaker, being bedbound for 6 months before fracture, residence >70
miles from the hospital, weight >300 pounds, no surgery, and hardware in the contralateral
hip. This study protocol was approved by the University of Maryland Institutional Review
Board (IRB) and the review boards of participating hospitals.

Study visits were conducted at baseline (within 22 days of admission) and at 2, 6, and

12 months after admission including questionnaires, measures of body composition, and
functional performance. Hip fracture surgery was usually done within 3 days of admission
and all baseline testing was done post-surgery. Out of 362 hip fracture patients in the
BHS-7th cohort, 23 participants were removed: five participants failed to provide data at
the baseline and 2-month follow-up visit, and another 18 were removed as a result of an
IRB-requested post procedure audit, leaving 339 in the primary study analytic sample.8

For these analyses, our analytic sample contained 327 participants (165 women and 162
men) with available frailty measurements at month 2, since walking speed was first assessed
during that visit.
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Frailty and its components in BHS-7

Fried et al.'s operational definition of frailty from the CHS study was applied to BHS-7
study participants.! Details of the measurement methods and cut points for the five frailty
criteria used in the BHS-7 study are summarized in Table 1. Out of these five binary criteria,
four of them were defined based on dichotomizing the associated continuous functional
measurements, including best grip strength among six trials (three left and three right, in kg),
speed of walking 3 m (m/s, gait speed), weight change (kg), and total energy expenditure
based on self-report of physical activities in a typical week in the past month from the

Yale questionnaire (kcal/week).8:11.12 Since the Yale questionnaire is different from the
Minnesota Leisure Time Activities Questionnaire used in Fried et al.'s CHS study, our

low energy expenditure criterion used a study-specific cut point.8:11:12 The measurement
methods and cut points for weight loss, slowness (sex-specific criteria), weakness (sex-
specific criteria), and exhaustion in the BHS study were the same as Fried et al.'s definition
in the CHS study.! Since the focus of this article is the longitudinal characteristics and

sex trajectory differences of frailty components in original continuous scales, not binary
measures, the key findings of this article are not sensitive to those cut points.

This operational definition indicated that “frailty” as an important summary geriatric
syndrome can be clinically diagnosed utilizing its continuous components capturing patients'
resiliency declines over threshold values. To better understand the complex functional
recovery process of hip fracture patients within first year post surgery, the primary outcomes
of interest are binary frailty status and its five components in original scales using all
available longitudinal data, including continuous weight, best grip strength among six trials,
walking speed over 3 m, total energy expenditure in the week prior to measurement, as well
as binary exhaustion. While most variables of interest are available at baseline and follow-up
(months 0, 2, 6, and 12), walking speed and overall frailty status are only available at the
three follow-up visits (month 2, 6, and 12).

Covariates and potential confounders

The confounders considered in this study were the following baseline covariates: age,
education (in years), race (White vs non-White), comorbidity (Charlson Comorbidity Index),
BMI (kg/m?2), ADL (reported pre-fracture Lower Physical Activities of Daily Living), and
3MS (Modified Mini-Mental State Examination) score as a measure of baseline cognitive
status.8:9

Statistical analysis

To assess sex differences in the baseline characteristics of our study sample, we used Student
ttest for continuous variables and chi-square tests for categorical variables in descriptive
analyses. To visualize the longitudinal trends of frailty and its components across men and
women, we compared their mean trajectories in plots.

To capture the complex continuous patient-specific post-surgery recovery process and
quantify the longitudinal characteristics of frailty and its measurements in men and women,
mixed effect models (REM)13:14 were used for this longitudinal study. Comparing to
longitudinal analyses using marginal models (estimated by GEE), mixed effect models
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(REM) were chosen due to their superior properties.1314 REM models used random effects
(i.e., random intercepts in this study) to account for the heterogeneity in the study sample
beyond what the observed variables could explain. The interpretations of REM results
focused on patient-specific trajectory changes and sex trajectory differences within patients,
which were more scientifically appealing in tracking patients' progress than the “population
average differences” that marginal models typically provide. Furthermore, REM models
provided better protections on their inference and results against the potential data missing
at random issues. Sequential model fitting techniques were used in sharpening the mixed
effect models, accounting for various levels of confounding adjustment and interaction
terms. The final model was chosen based on AIC, BIC, and likelihood ration tests. In the
final chosen REM models, “time” (month 0, 2, 6, and 12) was treated as a categorical
variable and month indicators were used to capture longitudinal trends for overall frailty
and its components. The interaction terms between time and sex were used to capture

the longitudinal differences in frailty and its components' trajectories between women

and men. These models provided not only more consistent interpretations on longitudinal
trends across outcomes, but also same degree of flexibility in accommodating nonlinear
longitudinal trends across all outcomes within first year follow up. Data were analyzed using
SAS version 9.3 software (SAS Institute) and R software (RStudio 2021).

RESULTS

Table 2 shows the baseline characteristics by sex. On average over the 162 men and 165
women with a hip fracture, men were sicker with worse baseline cognitive status than
women as shown by their significantly higher Charlson Comorbidity Index and lower 3MS
scores. Men had higher body weight and grip strength, but reported lower total energy
expenditure prior to the fracture than women. Furthermore, no significant sex differences
were observed for age, education level, race, BMI, exhaustion, gait speed at month 2, and
baseline ADL.

Table 3 shows the longitudinal summary of frailty status and its five components in both
binary and continuous scales during the year after hip fracture. The prevalence of frailty
decreased very slightly within the first year of follow-up with 31.5% being frail at month 2,
30.2% at month 6, and 28.2% at month 12. Frailty status was not available at baseline

due to unavailable gait speed. Figure 1 captures the associated longitudinal trajectory
differences across men and women, where panel (A) shows the prevalence of the binary
frailty components, and panel (B) shows the prevalence of overall frailty status and its
components in their original continuous scales. The frailty plot in Figure 1B indicates that
men on average had higher prevalence of frailty in months 2 (35.8%) and 6 (33.7%), but
lower prevalence in month 12 (25.6%) than women (27.3%, 26.9%, and 30.4% at months
2, 6, and 12, respectively). However, both the longitudinal trends and the sex trajectory
differences of frailty were not statistically significant. Table 3 also shows the recovery trends
in the frailty components (in both scales), including substantial decreasing prevalence of
weight loss, exhaustion, slowness, and low energy expenditure over month 2-12, as well

as increasing trends in mean gait speed and total energy expenditure and stabilized weight
over time after month 2. Comparing trajectories of frailty components in their original
scale between men and women, Figure 1B shows that men were heavier, had greater grip
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strength, and lower total energy expenditure than women on average over time. Using the
binary scale of the frailty components, Figure 1A shows men had a higher percentage of
weight loss, and statistically significantly higher prevalence of weakness at month 2 as
well as higher prevalence of low energy expenditure at month 6 than women. Even though
frailty and its components both showed recovery trends over month 2 to month 12, the
magnitudes of longitudinal trends and sex trajectory differences were considerably smaller
and non-significant in overall frailty compared to its original components.

To quantify the longitudinal trends and associated sex trajectory differences of frailty and its
five components over the 1 year, longitudinal data analyses (LDA) were conducted. Table 4
shows the results of the two final models: while results from LDA model 1 (random effect
model with simple adjustment) confirmed the findings in Table 3 and Figure 1, the focus
would be on the interpretations of LDA model 2 results after full confounding adjustment.
Results for overall frailty showed no significant sex trajectory differences or longitudinal
trends within participants over month 2-12 after confounding adjustment. Within the same
fracture patient, even though the odds of being frail in month 12 was on average less than the
same odds in month 2, this longitudinal trend was not statistically significant. Even though
women seemed to have lower risk of being frail than men within same patient on average
over time, this sex difference was not significant after adjusting for confounders.

We found significant sex differences and marginally significant sex trajectory differences
in grip strength. Women's grip strength on average was 11.15 kg lower (95% CI:

[-12.78, —-9.53], p-value <0.0001) than men's over time within patients, after adjusting

all confounders. Longitudinally, women's grip strength showed a decreasing trend over first
year post fracture, while men's grip strength tended to remain stable over time. The grip
strength reduction within the same patient across month 12 versus month 0 was on average
1.50 kg more (95% CI: [-0.19, 3.20]) in women than men with a p-value 0.056 using
likelihood ratio test or 0.082 using #test, after adjusting all confounders.

We also found significant sex differences and sex trajectory differences in total energy
expenditure over 1 week. Women were more active on average than men throughout the
1-year follow-up. Women's total energy expenditure in a week was on average 994.4 kcal/
week more (95% ClI: [485.9, 1502.9]) than men's over time within patients after adjusting
for confounders. Longitudinally, both men's and women's total energy expenditure decreased
over the year compared to pre-fracture reported at baseline, and men's declining trends were
all significant across all months. Within the same patient, total energy expenditures dropped
the most in the first 2 months after admission, and this total energy expenditure drop within
first 2 month in women was on average 701.9 kcal/week (95% CI: [-1267.6, —136.3]) more
than men after adjusting confounders. No such sex trajectory differences were detected in
later months.

For exhaustion and weight, significant longitudinal trends were found in men with or
without confounding adjustments, and no significant trajectory differences within patients
were seen across men and women. Within same patient, the odds of being exhausted at
month 2, month 6, or month 12 decreased significantly comparing to month 0 (baseline)
after confounding adjustment. Furthermore, results showed that hip fracture patients lost
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significant weight on average over the 1-year period versus baseline within men shown by
significant “time” (in month) effects, and this significant decreasing trend was faster within
the first 2 months, and slowed down at month 6 and month 12. This model confirmed that
women's weights were 13.67 kg (95% ClI: [-15.9, —11.4]) on average less than men's over
time.

For walking speed, significant longitudinal increasing trends were found in men, and no
significant trajectory differences within patients were seen across men and women. Men's
walking speed increased significantly during month 2 to month 12 post-surgery. Within the
same patient, his walking speed at month 6 and month 12 were 0.06 m/s (95% CI: [0.03,
0.10]) faster and 0.11 m/s (95% ClI: [0.07, 0.15]) faster than his speed at month 2 on average,
after adjusting for confounders.

SUMMARY AND DISCUSSION

This article uniquely evaluates the longitudinal characteristics of five frailty components

in their original continuous scale during the first year of post-surgery recovery. Both sex
differences and sex trajectory differences also were evaluated to provide insight on how
men and women differ in their recovery from hip fracture, which is relevant for both
discharge planning and developing rehabilitation programs to improve outcomes in this
condition. Since gait speed and frailty were not available at baseline, the longitudinal trends
comparisons across frailty and its components below focused on month 2 to month 12,
their commonly available time period. Even though all five individual frailty components

in their original scales showed various levels of significant sex differences, longitudinal
trends, and sex trajectory differences in month 2-12, the magnitudes of those trends and
sex differences were considerably smaller and non-significant in overall frailty. With respect
to the longitudinal recovery trends, four individual components (exhaustion, total energy
expenditure, gait speed, weight) showed substantial improvements over the post-fracture
year, while overall frailty prevalence did not. No sex differences and/or sex trajectory
differences were observed for the binary frailty status, but they were found for grip strength
and weight over month 2-12.

The overall frailty status summarizing the five dichotomous components was useful in
capturing the overall physical syndrome of decreased resiliency and reserves in older
adults.124 However, for post fracture patients, the frailty components measured in their
original scales without dichotomization might capture the complex post-surgery recovery
trends better than the binary frailty status over months 2—12. This summary frailty indicator
might also be obscuring the different changes that are happening in its components
longitudinally when comparing men and women. The individual components of frailty
provide important multi-dimensional information on the complex recovery process of post-
fracture patients, which could be useful biomarkers or prognostic factors facilitating the
patient subgroup identification for intervention allocation and target therapy to reduce frailty
and improve patients' post fracture functioning recovery.

One interesting feature of this study is that the prevalence of frailty in BHS-7 study
sample was significantly higher in men than in women, which was different from the study
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population of the Cardiovascular Health Study (CHS).! This finding that men with hip
fracture had more frailty than women was compatible with previous research showing that
male hip fracture patients did worse than females patients.?:1%:16 The CHS study played

a critical role in establishing Fried and colleagues' operational definition of frailty as

an important geriatric syndrome for predicting adverse health outcomes in older adults.
This study adds a valuable description of longitudinal characteristics of frailty and its five
components in post hip fracture patients.

The findings of this study might be limited to the patient population in the metropolitan
areas of Baltimore or areas with similar patient populations and care practices as in

the Baltimore region.8:9:15 Also, this study is limited to the patient population who live

in the community at the time of fracture; we did not include the individuals admitted

from the nursing home, or being bedbound for 6 months before fracture. At the time

study participants were enrolled, to the best of our knowledge, none of the eight study
hospitals had orthogeriatric care programs, or established hip fracture specific nutrition or
rehabilitation programs. Our study population was predominately White, with an average
education consistent with some college education, and might not be generalizable to a more
diverse hip fracture population. The longitudinal data analysis methods we used provided
robust inference and results accounting for two types of missing data problems: missing
completely at random and missing at random. Even though these two types of missing
mechanisms could explain most of the missing data in observational studies, the higher
death rate in men in BHS-7 post hip fracture patients®16 could potentially raise concern

of informative missing issue, which could be investigated in future studies. Despite some
limitations, this study was the first quantifying the longitudinal characteristics of frailty and
its five components measured in their original scales across men and women over the 1
year post hip fracture recovery period, as well as comparing various trends across those
outcomes over months 2—-12. The BHS-7 empowered this study with a comprehensive data
set of equally sampled men and women hip fracture patients, providing enough power for
our direct comparison by sex.

In caring for patients with hip fracture, early identification of the vulnerable patients at
higher risk for poor recovery and providing more intensive rehabilitation is an important
goal. The challenges in using binary frailty status to identify patients at risk post fracture

are the multiple ways within the five domains that people can meet the criteria for frailty.
There is also a range of recovery patterns in patients that frailty status alone does not
capture as demonstrated here. Even though binary frailty measure can miss important
longitudinal recovery trends and changes in hip fracture patients, its individual components
measured in their original scales can provide more concrete multi-dimensional information
on the complex functional recovery process. Some studies have shown that individual frailty
components can reveal important information about function prior to meeting the criteria for
frailty.1” This article provides valuable information supporting the use of individual frailty
components as biomarkers or prognostic factors for early identification of patients at higher
risk of poor recovery for intervention allocation to improve patients' long-term outcomes.
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Key points

. Even though five individual frailty components in their original scales showed
various levels of significant longitudinal recovery trends, sex differences, and
sex trajectory differences in the first year post fracture recovery, the overall
binary physical frailty status did not show any of those trends over months
2-12.

Why does this paper matter?

In contrast to using physical frailty status, the individual frailty components provided
more precise multi-dimensional information of the complex recovery process of post
fracture patients. The individual components could be useful biomarkers or prognostic
factors for early identification of the vulnerable hip fracture patients at higher risk who
are more likely to benefit from therapy or intervention for improving patients' post
fracture functional recovery.
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Longitudinal trajectory differences of frailty and its components across men and women
over 1 year post hip fracture. Panel (A): frailty binary components, including (from top to
bottom) exhaustion, weight loss, weakness, slowness, and low energy expenditure. Panel
(B): overall frailty and its continuous components in their original scales, including (from
top to bottom) overall frailty (binary), weight (kg), grip strength (kg), gait speed (m/s), and
total caloric expenditure (kcal/week). Except the first row, the plots in each row are paired to
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show the longitudinal trajectories of the same frailty components in the binary scale (panel
A) and continuous scale (panel B).
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