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Abstract
Objectives—To determine whether body mass index (BMI) at the time of hospitalization or
weight change in the period immediately following hospitalization predict physical function in the
year after hip fracture.

Design—Prospective observational study.

Setting—Two hospitals in Baltimore, Maryland.

Participants—Female hip fracture patients age 65 years or older (N=136 for BMI analysis,
N=41 for analysis of weight change).

Measurements—Body mass index was calculated based on weight and height from the medical
chart. Weight change was based on DXA scans at 3 and 10 days post fracture. Physical function
was assessed at 2, 6 and 12 months following fracture using the Lower Extremity Gain Scale
(LEGS), walking speed and grip strength.

Results—LEGS score and walking speed did not differ across BMI tertiles. However, grip
strength differed significantly across BMI tertiles (p=0.029), with underweight women having
lower grip strength than normal weight women at all time points. Women experiencing the most
weight loss (>4.8%) had significantly lower LEGS scores at all time points, slower walking speed
at 6 months, and weaker grip strength at 12 months post-fracture relative to women with more
modest weight loss. In adjusted models, overall differences in function and functional change
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across all time points were not significant. However, at 12 months post fracture, women with the
most weight loss had an average grip strength 7.0kg lower than women with modest weight loss
(p=0.030).

Conclusions—Adjustment for confounders accounts for much of the relationships between BMI
and function and weight change and function in the year after fracture. However, weight loss is
associated with weakness during hip fracture recovery. Weight loss during and immediately after
hospitalization appears to identify women at risk of poor function and may represent an important
target for future interventions.
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Introduction
Overweight and obesity are associated with increased risk of developing disability in older
adults (1, 2). However, little is known about the relationship between body mass index
(BMI) and physical function after hospitalization, and the health effects of excess BMI may
differ in this context. For example, obesity is associated with reduced post-hospitalization
mortality for cardiac admissions (3–5) and reduced risk for some complications of
hospitalization, such as pressure ulcers (6). Hospitalization is also associated with weight
loss (7–9). Although weight loss is an important predictor of disability, little research has
examined the association between weight change and function after hospitalization (10).

The purpose of this study is to examine the association between weight and physical
function in older women hospitalized for a hip fracture using two different measures of
weight. Specifically, this study examines how BMI at the time of hospitalization and weight
change occurring during and after hospitalization effect function in the year following hip
fracture. This research extends prior work in three ways. First, although research has
emphasized lean mass declines following fracture (11), little research has examined total
weight. Weight may be more amenable for use as an intervention target in clinical practice,
because it can be measured easily in the hospital or outpatient setting. Second, little research
has examined the effects of weight change in the period immediately after hip fracture. This
is particularly important because the changes in body composition are greatest in the first
two months after fracture (12). Third, few studies have addressed the association between
BMI and physical performance longitudinally after hospitalization (13).

Methods
Data

Participants for the third Baltimore Hip Study, a prospective study of hip fracture recovery,
were recruited from two area hospitals from 1992–1995. Participants were recruited within
48 hours of admission and included 205 Caucasian women age 65 years or older with a new
hip fracture of the proximal femur. Participants were evaluated at 3 and/or 10 days after
hospital admission and at 2, 6 and 12 months later (12). When possible, assessments were
conducted at both 3 and 10 days. However, because of the instability of patient health during
the immediate post-fracture period, many participants did not participate in both
assessments.

The analytic sample for BMI analysis included 136 participants with complete covariate
data and a record of BMI at hospital admission. The analytic sample for weight change
analysis included 41 participants with complete covariate data and a DXA scan at 3 and 10
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days post-fracture (Figure 1). Women who were excluded from the BMI sample due to
missing data (N=69) were older and had longer lengths of hospital stay, higher anesthesia
scores, and lower cognitive scores compared to the remaining sample, but did not differ in
terms of co-morbidities, smoking status or pre-fracture difficulty with lower extremity
activities of daily living. Women who were excluded from the analytic sample for weight
change due to missing data (N=164) had a longer length of stay but did not differ with
regard to age, co-morbidities, anesthesia score, smoking status, cognitive function, or pre-
fracture disability.

Measures
Physical function was assessed at 2, 6 and 12 months following fracture. The Lower
Extremity Gain Scale (LEGS) is a performance-based measure of function for use in hip
fracture patients (14, 15). The LEGS includes timed performance on nine tasks scored from
0 to 4. Higher scores represent better performance (summary range: 0–36). Participants
unable to complete a task are assigned a score of 0 for that task. Walking speed was
measured by timing participants walking three meters at their usual pace. Maximum grip
strength was measured using a hand-held dynamometer (Jamar, Clifton NJ).

BMI (kg/m2) was calculated using height and weight recorded in the medical record at
hospital admission. Weight change between 3 and 10 days after admission was measured
based on total body mass from DXA.

Age, number of co-morbidities, anesthesia score, length of hospitalization and number of
post-operative complications were abstracted from the medical record. Number of co-
morbidities was summed across eight conditions: osteoarthritis, coronary heart disease,
congestive heart failure, stroke, dementia, diabetes, chronic obstructive pulmonary disease
and peripheral vascular disease (16). The American Society of Anesthesiologists (ASA)
rating of operative risk was used as a proxy for severity of health problems at hospital
admission (17, 18). Number of post operative-complications was summed across twenty
nine complications (e.g., pressure sores, infection, anemia).

Pre-fracture function, current smoking status, and cognition were assessed through patient
interviews conducted at the 3 or 10 day visit. Pre-fracture function was measured as the
number of limitations with 11 activities of daily living requiring lower extremity function
(LE-ADLs) (19). Smoking status was assessed based on self-report of current smoking.
Cognition was assessed using the Mini Mental State Exam (20).

Analysis
Differences in baseline characteristics were compared across tertiles of BMI and percent
weight change using ANOVA and Fisher’s exact tests. To assess the effects of BMI and
percent weight change on strength and function during the 12 months following hip fracture,
mixed effect models were fit predicting each outcome based on BMI or weight change
tertiles, with the middle tertile serving as the referent group. Models were fit by maximum
likelihood estimation, allowing the use of outcome data for all individuals with at least one
observation. Models were adjusted for covariates significantly associated with the outcome
at 12 months. All analyses were conducted using STATA-V9.

Results
Characteristics of the BMI and weight change study samples are described in Table 1.
Tertiles of BMI were generally consistent with standard classification (21): underweight
(BMI<20.5), normal weight (BMI 20.5–24.0), and overweight or obese (BMI> 24.6). Only
age (p=0.003) and percent weight loss (p=0.037) differed significantly across BMI groups.
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Tertiles of percent weight change reflect women who experienced the greatest weight loss
(4.8–10.4%), modest weight loss (0.4–4.3%), and who remained weight stable (weight loss
<0.5% to gaining 4.8%). Only ASA rating (p=0.004) differed significantly across weight
change groups.

Figure 2 illustrates unadjusted trajectories in LEGS score, walking speed and grip strength
by tertile of BMI and percent weight change. LEGS score and walking speed trajectories did
not differ across BMI tertiles. However, grip strength trajectories were significantly different
(p=0.029), with underweight women having lower grip strength than normal weight women
at all time points. Women experiencing the greatest weight loss (>4.8%) had significantly
lower LEGS scores at all time points, slower walking speed at 6 months, and weaker grip
strength at 12 months post-fracture relative to women with modest weight loss.

Table 2 provides the adjusted change in LEGS score, walking speed and grip strength
between 2 and 12 months post-fracture across tertiles of BMI and weight change. In adjusted
models, rates of change between 2 and 12 months did not differ across tertiles of BMI or
weight change. However, differences in grip strength across tertiles of weight change at 12
months post-fracture remained significant. Women with the greatest weight loss had an
average grip strength 7.0kg lower than women with modest weight loss (p=0.030) 12
months post-fracture.

Additional sensitivity analysis compared tertiles based on absolute weight change, rather
than percent weight change. Results were similar. Generally, the estimated differences
between BMI and weight change groups were greater, suggesting that the main analysis,
using relative weight change, represents a conservative approach to estimating the effect of
weight change on function.

Discussion
In this study of older women hospitalized for a hip fracture, women who were underweight
(<20.5kg/m2) or experienced the greatest weight loss (>4.8%) had worse physical function
and strength in the 12 months after fracture relative to women who were normal weight or
who experienced modest weight loss. Adjusting for confounders accounted for differences
in lower extremity function, walking speed, and grip strength.

Importantly, although we found no differences in the rate of change in functional outcomes
during hip fracture recovery, the associations between weight change and grip strength
remained significant 12 months following fracture even after adjustment for confounders.
This suggests that weight change does not impact the rate of recovery or strength decline,
per se, but does predict level of strength during recovery. Women who lost the most weight
had an average grip strength 7kg lower than women who lost less weight (p=0.030). Hand
grip strength is predictive of disability in older adults and is highly correlated with motor
function after hip fracture (22, 23). Weight loss in the period during and after hospitalization
may be a risk factor for poor strength in the year following a fracture or may be an indicator
of underlying frailty or cachexia.

Although we did not directly compare these two measures because of differences in the
study sample available for each, results provide some evidence that differences in strength
and function were greater across tertiles of percent weight change than across tertiles of
BMI. This suggests that weight loss during and immediately following hospitalization may
be a stronger predictor of post-hip fracture function than BMI. Interestingly, relative to their
starting weight, underweight women lost the most weight (4.6% versus 1.3% in normal
weight and 2.7% in overweight women), suggesting they are at higher risk of adverse
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outcomes as a result of weight loss and might be considered a potential target for
interventions aimed at reducing weight loss during hospitalization.

There were no differences in high compared with medium tertiles. While excess weight has
been associated with disability in older adults, overweight women in this study did not
perform worse on measures of lower extremity function and walking speed and were no
weaker than women of normal weight 12 months following fracture, suggesting these
women are not at increased risk of disability in the year after hospitalization for fracture.

Our study builds on previous research by examining the effects of weight change in the
period during and after hospitalization. Only a few studies have quantified weight change
associated with hospitalization (8, 9). The majority of research on the health effects of
weight in acute settings has focused on measures of malnutrition (30–32). Strengths of this
study include repeated measures of objective physical function in the year following hip
fractures, as well as the availability of BMI ascertained at hospital admission and weight
change in the period immediately after fracture.

This study also has limitations. First, primary analysis was limited to subjects with complete
data, and only a small number of women received a DXA scan at 3 and 10 days post-
fracture. However, in multivariate models none of the covariates predicted the likelihood of
being observed, suggesting little sampling bias based on these characteristics. Second, if
weight loss occurs during the first three days of hospitalization, weight change based on
DXA at 3 days may underestimate percent change since injury. Weight change may have
also been influenced by swelling or edema in the fractured leg. However, results were
similar in sensitivity analyses correcting for edema. Third, statistical power was limited by
our small sample size. Fourth, mortality varied by BMI and was greatest in the underweight
group, which could result in an underestimation of the association between underweight and
function. Fifth, DXA provides a more accurate measure of weight than self- reported weight,
and the use of multiple measures of DXA may reduce measurement error. These
measurement differences could contribute to differences in the strength of the association
between weight and function across different measures (i.e., DXA-assessed weight change
versus BMI from self-reported weight). Finally, length of hospital stay for hip fracture has
declined since the time this study was conducted, and it is unclear how this might impact
results.

In summary, although both high and low BMI have been associated with poorer function in
community-based studies of older adults, we find that the association between weight and
function differs in an acute setting. In women with hip fracture, both low BMI and weight
loss were associated with poor function after fracture, but these relationships were largely
accounted for by adjustment for covariates. We did find some evidence that weight loss
occurring during and after hospitalization predicts weakness in the year following discharge.
Weight loss may identify women at risk of poor function post-fracture and may represent an
important target for future interventions.
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Figure 1.
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Figure 2.
Physical Function at 2, 6, and 12 months following hip fracture by tertiles of body mass
index and weight change
The p value displayed on graphs represents the statistical test that all differences between all
three trajectories=0; *p<0.05 for the difference between low and medium tertiles;
LEGS=Lower Extremity Gain Scalea. Low tertile (14.8, 20.5 kg/m2), Med tertile (20.5, 24.0
kg/m2), High tertile (24.6, 33.2 kg/m2); b. Low tertile (−10.4, −4.8%); Med tertile (−4.3,
−0.4%), High tertile (−0.3, 4.8%)
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