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Abstract

The purpose of this study was to test a model of the factors influencing physical activity, physical
function and physical performance at 2 months post hip fracture and compare model fit between
men and women. ge, cognitive status, comorbidities, pain, resilience, bone mineral density, total
body lean mass, total body fat and grip strength were hypothesized to be directly and/or indirectly
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related to physical activity, physical function and physical performance. This analysis used data
from the seventh Baltimore Hip Studies (BHS-7), a prospective cohort study that included 258
community-dwelling participants, 125 (48%) men and 133 (52%) women, hospitalized for
treatment of a hip fracture; survey and objective data were obtained at 2 months post hip fracture.
In addition to age, sex and comorbidities (modified Charlson scale), data collection included body
composition from dual-energy x-ray absorptiometry (DXA) scans, grip strength, and physical
activity, function and performance based on the Yale Physical Activity Survey, the Short Physical
Performance Battery and the Lower Extremity Gain Scale. Age, cognition, and comorbidities were
not significantly associated with resilience; and, resilience was not associated with pain. In
addition, bone mineral density was not associated with physical activity, physical performance or
physical function. Total lean body mass, resilience and pain were associated with physical activity,
physical function and physical performance in women, but were not consistently associated with
physical and functional outcomes in men. Future research should consider evaluation of muscle
quality and additional psychosocial factors (e.g., depression, social supports) in model testing.

Despite attempts to improve the recovery process post hip fracturel, at least 25% of older
adults do not ever regain their baseline functional ability, especially with regard to transfers,
ambulation and stair climbing 2-4. The return to baseline physical function is influenced by
many factors including cognitive status, surgical intervention, age, sex, other comorbid
conditions, course following surgery, psychosocial factors such as pain, mood, resilience,
and having positive social supports®5-2. he impact of body composition, particularly total
body fat and lean mass, on the recovery process has also been studied. Losses of both bone
mineral density (BMD) and lean mass, and increases in body fat have been observed in the
year following hip fracture, and the rate of decline in BMD is greater than expected
compared to similarly aged older women*10. Normal aging also results in changes in body
composition including a persistent decrease in muscle mass and increase in fat mass!! and
these changes were noted to be associated with declines in physical activity and functional
performancel?-14, It is anticipated, therefore that body composition is likely to influence the
recovery process among older adults post hip fracture.

The Impact of Body Composition (Fat and Lean Muscle Mass) on Function
and Physical Activity

Although there is evidence to support the association between body composition and
function and physical activity, findings regarding the relative importance of body
composition to function or activity are inconsistent. Moreover, the relationship between
these components and outcomes may vary between men and women. One study reported
that lower extremity fat-free mass was associated with a decline in function in both men and
women!®, while other research found the relationship was only significant among
women16-18, Muscle quality, defined as power per unit of muscle size, is significantly
associated with function or performance among both men and women. In women, muscle
quality was associated with both endurance and performance tasks including the 6 minute
walk and chair rise test!”19. In men, muscle quality and physical activity were the best
predictors of lower extremity function (e.g., getting up from a chair) while in women,
muscle quality and the percentage of body fat were the factors that were most predictive of
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functionl”. With regard to muscle quality, healthy older men, in addition to having higher
levels of overall physical activity, lower visceral adiposity, greater lean mass and higher leg
extension power, also have better muscle quality when compared to women.

Differential Recovery Post Hip Fracture among Men and Women

The major focus of hip fracture research has been on older women, given the higher
incidence of fracture among these individuals29-21, Repeatedly, it has been noted that older
men who experience a hip fracture tend to have more comorbidities and are more likely to
die within the 6 months post hip fracture20-25, Differences in recovery of function between
men and women vary based on the sample and the specific outcomes considered. For
example, a recent study of men and women in the first few months post hip fracture showed
that there was no difference in recovery of walking based on self-report by participating men
and women?2. Conversely, a study comparing observations of functional differences between
men and women at approximately the same time point post fracture noted that there was a
significant difference with regard to ambulation and ability to transfer such that men were
more likely to be independent than women3.

Additional Factors that Influence Function and Physical Activity Post Hip

Fracture

Methods

Pain and resilience have also been noted to be associated with recovery of function and
physical activity in the post hip fracture period. Pain, and management of pain, are
particularly relevant in the early period post hip fracture following surgery?2 as well as being
associated with long-term endurance and ambulation in the community?4. Resilience,
defined as “the process of adapting well in the face of adversity, trauma, tragedy, threats or
significant sources of stress” 25, helps individuals manifest adaptive behavior, especially
with regard to social and physical functioning, morale, and somatic health. Resilient
individuals are less likely to succumb to illness or disability?6:27 and to develop into stronger
more resilient individuals. In the post hip fracture period resilience has been associated with
disability, overall function and quality of life such that those who are more resilient had less
disability, better function and better quality of life28.29,

Based on these prior findings, we proposed and tested a model of the factors influencing
overall physical activity, physical function and physical performance at 2 months post hip
fracture. Further, we tested whether or not the model fit would be similar among men and
women. As shown in Figure 1, it was hypothesized that age, cognitive status, comorbidities,
pain, physical resilience, bone mineral density, total body lean mass, total body fat and grip
strength would all be directly and/or indirectly related to time spent in all physical activity,
physical function and physical performance.

This analysis used data from the seventh Baltimore Hip Studies (BHS-7). BHS-7 was an
observational prospective study and was carried out in eight hospitals that were part of the
BHS hospital network. The study was approved by the University of Maryland Institutional
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Review Board and review boards at each of the study hospitals. Community-dwelling
patients with a hip fracture were screened and enrolled within 15 days of admission to the
hospital. Female enrollment was frequency- and temporally-matched to males within each
hospital so that females were only screened for enroliment when a male had been enrolled.
Demographic data were obtained at baseline and all other measures were obtained at 2
months post hip fracture. For verbal reporting of data, a proxy was asked to respond for
participants with a score <36 on the Modified Mini-Mental State Examination (3MS).30

Eligible patients were community-dwelling, aged 65 years or older and admitted for surgical
repair of a hip fracture to one of eight study hospitals. Individuals were excluded if they
were not community dwelling, lived more than 70 miles from the hospital, not English
speaking, had a pathologic fracture, were bed-bound or wheel chair dependent for 6 months
prior to the fracture, weighed more than 300 pounds, or had some type of hardware in the
contralateral non-fractured hip (either due to hip fracture or hip replacement) leaving no
unaffected hip for bone mineral density measurement. A total of 1705 hip fracture patients
were screened and 917 (54%) were eligible (405 males, 512 females). Of those eligible, 180
men and 182 women consented to participate in the study. Twenty-three participants were
withdrawn from the study. Specifically, five of these individuals failed to provide data at the
baseline and 2-month follow-up visit and another 18 participants were removed from the
analysis sample as a result of an IRB-requested post procedure audit. The audit identified six
participants who were found to be ineligible because they did not meet study inclusion
criteria and 12 participants were determined to be ineligible secondary to failures in the
informed consent process. The remaining 339 participants were included in the final analytic
sample (168 men, 171 women). At 2 months, 258 participants (125 (48%) men and 133
(52%) women) provided data. Based on Little’s Missing Completely at Random test for the
2 month follow up data, complete responses on each measure ranged from 11% to 32% and
data were not missing at random3L. The observed measures such as the Lower Extremity
Gain Score and the Short Physical Performance Battery had the greatest amount of missing
data and this may have been because these individuals were unable or unwilling to perform
these measures. There was no difference, however, between those who were recruited into
the study at baseline and those who had follow up data obtained with regard to demographic
factors, cognition or comorbidities (data not shown). Missing data was handled by the
AMOS statistical program and the use of a maximum likelihood solution as described below.

Demographic and descriptive factors, including age, sex, comorbidities (modified Charlson
scale)32 and cognition based on the Modified Mini-Mental State Examination3%: were
collected using a face-to-face survey. Resilience was measured using a modified version of
the 25-1tem Resilience Scale 3334, Pain was evaluated based on total number of areas in
which the individual experienced pain (upper extremity, hip, knee, back or ankle pain).
Measures of body composition were based on dual-energy x-ray absorptiometry (DXA)
scans using either Lunar or Hologic equipment, depending on the particular hospital to
which the patient had been admitted. No differences were noted between the different
machine types for any of the study outcomes (total body fat, total lean mass and total bone
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mineral density), although we controlled for type of machine used in all model testing. Total
lean mass and body fat are reported in kilograms (kg).

Physical Activity, Physical Function, Physical Performance and Strength Outcomes

Measurement of time spent in all physical activity was based on the Yale Physical Activity
Survey (YPAS) 35. The YPAS is a self-report measure with input from the participant or
proxy. Questions focus on five categories of physical activity: housework, yard work,
caretaking, recreational activities and exercise (moderate intensity activity, such as brisk
walking, biking, dance, etc.) performed during a typical week. Prior use provided evidence
of two week repeatability (r=0.63, p<.001), and the YPAS has been validated against several
physiological variables that are indicative of habitual activity3>-36. Time spent across all of
these types of physical activity was summed and reported in hours per week.

Physical function was evaluated using the Lower Extremity Gain Scale (LEGS)3". LEGS is
an observed, timed measure that focuses on clinically relevant aspects of functioning for hip
fracture patients. Completion of the LEGS included observing the participant reach for an
item on the ground from a sitting position, putting a sock and shoe on the fractured lower
extremity, stepping down four stairs, and getting on and off the toilet. Prior use provided
evidence of reliability based on a significant correlation with performance over a two day
period (intra-class correlations ranging from 0.63 to 0.96) and validity based on evidence of
functional improvement over time3”.

Physical performance was measured using the Short Physical Performance Battery
(SPPB)38. The SPPB is an observed measure and focuses on the performance of three
physical activities: balance based on multiple stances, time to walk three meters, and chair
rise. There is prior evidence of reliability and validity of this measure when used with older
adults38:39, Lastly, grip strength was measured using the reliable and valid JAMAR
Hydraulic Hand Dynamometer 4041, Three measures of right hand and three measures of
left hand grip strength were taken and the maximum measure across both was used as the
optimal grip strength recording.

Data Analysis

Descriptive analyses were performed to characterize the sample and Analysis of Variance
was done to evaluate differences between men and women for all model variables. With the
exception of time in physical activity which was negatively skewed, the variables included in
the models were normally distributed. A log transformation for the negatively skewed
variable was performed. Multi-collinearity was evaluated based on the variance inflation
factor (VIF); the VIFs of all of the model variables were less than 3 indicating no significant
multi-collinearity#2. Model testing was performed using structural equation modeling and
the AMOS statistical program3. he sample covariance matrix was used as input and a
maximum likelihood solution sought. The chi-square statistic divided by degrees of freedom
was used to estimate model fit. The larger the probability associated with the chi-square
divided by degrees of freedom the better the fit of the model to the data. ratio of < 3 was
considered to be a good fit*4. Path significance (i.e., significance of the Lambda values) was
based on the Critical Ratio (CR), which is the parameter estimate divided by an estimate of
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the standard error. A CR > 2 in absolute value was considered significant*3. Significance for
path estimates was set at p < 0.055. A squared multiple correlation (R2) was calculated for
each of the dependent variables or outcomes (total areas of pain, total pain intensity, and
upper and lower extremity function). The R2 indicates the proportion of variance in the
dependent variable accounted for by the set of independent variables in the model.
Invariance testing to determine if there were differences in model fit between models with
nonsignificant paths included or removed and between males and females were based on
significant changes between the XZ and degrees of freedom of each model#4.

Means and standard deviations for all model variables and comparisons between sexes are
shown in Table 1. There was a significant difference between men and women at 2 months
post hip fracture as noted by the fact that men had more comorbidities, less cognitive
impairment, spent less time in physical activity, and had higher grip strength, greater bone
mineral density, and higher total lean body mass.

Model testing results for men and women are shown in Tables 2 and 3. Across all of the
models, in both men and women, age, cognition, and comorbidities were not significantly
associated with resilience; and, resilience was not associated with pain. In addition, bone
mineral density was not associated with physical activity, physical performance as measured
by the SPPB or physical function as measured by the LEGS. Total lean body mass was
associated with physical activity, physical function and physical performance in women,
although it was only associated with the physical function in men. Among women, those
with higher lean mass were less physically active and did worse on physical function and
physical performance testing based on the LEGS and the SPPB, respectively. Among men,
those with higher lean mass did better with regard to physical function. In women, grip
strength was significantly associated with both physical function and physical performance
such that those who were stronger did better performing the functional tasks on the LEGS
and physical performance activities on the SPPB. Total fat mass was only associated with
physical activity among men such that those with higher total fat mass were less physically
active. In men, cognition and age were associated with physical activity, physical
performance and physical function (except for a trend rather than statistical significance in
the relationship between age and physical function). Those who were more intact cognitively
were more physically active and did better with regard to physical function and physical
performance. Those who were older consistently did worse across all outcomes.

Resilience was associated with physical activity, physical performance and physical function
among women, but only associated with physical activity in men. Those that were more
resilient spent more time in physical activity and among women did better with regard to
physical function and physical performance. Lastly, pain was only associated with physical
activity and physical function in women. Women who experienced pain in more areas were
more physically active but did worse with regard to physical function based on the LEGS.

With the exception of time spent in physical activity for females, there was improvement in
model fit when nonsignificant paths were removed (Table 4). With regard to comparisons of
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model testing between men and women, all of the models fit the male subsample better than
the female subsample. Further, the amount of variance accounted for by the proposed
models was consistently higher for the male subsample. Specifically, the proposed model for
physical activity explained 80% of the variance in men versus 50% in women, 76% of the
variance was explained for physical function based on the LEGS when used with men and
this dropped to 48% for women, and 88% of the variance for physical performance based on
the SPPB was explained when used with men versus only 59% for women.

Discussion

The findings from this study provide new information about factors that influence recovery
between men and women post hip fracture. They support some, but not all, of the prior work
considering the relationship between body composition and physical activity, physical
function and physical performance among older adults. Our findings add to what is currently
known in this area and support prior work with hip fracture patients indicating that men post
hip fracture had more comorbidities, were more intact cognitively, engaged in less overall
physical activity, had stronger grip strength and higher bone mineral density than
women3:22:4546 As would be expected, there was a difference between men and women at 2
months with regard to total lean body mass such that the men had a higher total lean body
mass than the women.

Our proposed model fit the data across all of the outcomes, although the fit was consistently
better in men than women (ledf being less than 3 among men and less than 5 among
women)#4. Further the models all explained approximately 50% or more of the variance in
physical activity, physical function or physical performance. Other factors that might help to
more comprehensively explain these outcomes that might be added in future research are
mood, surgical intervention, type of fracture, medications, social supports and
motivation347:48, Women particularly, given differences in model fit, may be more likely to
be influenced by these additional psychosocial factors.

Our findings support prior work with patients post hip fracture in that there was no
association between physical activity, physical function, or physical performance with bone
mineral density and generally limited associations between physical activity, physical
function, and physical performance with total fat mass#°. In contrast, our findings were not
consistent when compared to studies exploring these associations among healthy older
adults in the community with regard to lean body mass'2-17. Lean body mass among our
study participants, particularly the women, was significantly associated with physical
activity, physical performance, and physical function (particularly lower extremity function
as per the LEGS) such that those with higher lean mass spent less time in physical activity
and had lower levels of physical function and physical performance. This may have been due
to the psychosocial factors noted above including motivation, mood and social supports.
Conversely, in studies with community based healthy participants, lean body mass was
associated with upper extremity rather than lower extremity function and the percentage of
body fat was associated with both lower extremity performance and endurance®12:17.50.51,
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The importance of lean body mass post hip fracture, particularly in women, may be due to
the deconditioning that occurs during the post fracture recovery process and thus a decreased
ability overall to compensate. Others have also suggested that variation in body composition
may actually be more important for women than men and this includes total lean mass®1:52,
Increasingly there has been a focus on muscle quality (defined as power per unit of muscle
size) and the relationship between muscle and fat rather than just absolute muscle
quantityl”>1, Focusing on muscle quality, specifically muscle power and strength, may help
to explain the inverse association we noted between lean muscle mass and physical activity,
physical function and physical performance in both women and men.

Model comparisons across sexes provide strong support for evidence of differences between
the two groups. Specifically, there were differences in significance of the paths between
psychosocial factors and physical activity and physical function in men versus women.
Resilience and pain were associated with physical activity, physical function and physical
performance in women (with the exception of pain and physical performance) versus
resilience being significantly associated only with physical activity in men. Resilience may
be more relevant for women with regard to recovery and future testing in this area should be
considered. Prior work has also shown that pain tends to be more commonly noted and
reported in women post hip fracture versus men and is more likely to influence behavior3.
As would be expected, pain in our sample was negatively associated with physical function.
Pain was, however, positively associated with physical activity such that women with more
areas of pain engaged in more physical activity. It is possible that these individuals were
experiencing pain due to osteoarthritis in multiple areas and thus may have increased their
physical activity as one strategy to manage their pain. Conversely, these women may have
experienced more pain due to engagement in physical activity.

Study Limitations and Conclusions

Although one of the strengths of this study was the inclusion of equal numbers of men and
women, the study was relatively small in size and included hip fracture patients from a
single metropolitan area. We did not directly measure muscle quality which should certainly
be considered in future work. Although missing data was controlled for using maximum
likelihood estimation in the Amos statistical program, the findings may be biased in that
those who had missing data may have been sicker or impaired functionally to the point that
they were unable or unwilling to perform particularly the observed measures. Lastly,
physical activity was based on recall and subjective input which may have been inflated and
in some situations proxy reporting was done when participants were significantly cognitively
impaired. Despite these limitations, this study adds to what is currently known about body
composition and the impact it has on physical activity, physical function and physical
performance across both sexes and provides recommendations to guide future research
particularly the inclusion of mood, muscle quality, social supports and motivation in model
testing.
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Highlights

Men post hip fracture had more comorbidities, were more intact cognitively,
engaged in less overall physical activity, had stronger grip strength and higher
bone mineral density than women.

There was a difference between men and women at 2 months post hip fracture
with regard to total lean body mass such that the men had a higher total lean
body mass than the women.

There was no association between physical activity, physical function, or
physical performance with bone mineral density and generally limited
associations between physical activity, physical function, and physical
performance with total fat mass.

Lean body mass among our study participants, particularly the women, was
significantly associated with physical activity, physical performance, and
physical function (particularly lower extremity function as per the LEGS)
such that those with higher lean mass spent less time in physical activity and
had lower levels of physical function and physical performance.

Resilience and pain were associated with physical activity, physical function
and physical performance in women (with the exception of pain and physical
performance) versus resilience being significantly associated only with
physical activity in men.
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Full Model Testing
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Resilience . Pain
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Figure 1.

*(Same model tested for Short Physical Performance Battery; Lower Extremity Gain Scale)
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Table 1
Model Variables by Sex
Variable Men Women Total Sample  Sex Comparison
Mean (SD) Mean(SD) Mean (SD) F(p)*
Age 80.41(7.70)  80.96(7.66)  80.96(7.67) 37(.54)
Charlson comorbidity index ™ 247(1.88)  L70(161)  2.08(1.79) 14.11(.001)
Total activity (hoursiweek) ** 7.80(8.70)  10.79(11.34) 9.43(10.32)  4.67(.03)
Resilience 5.86(.81) 5.76(.95) 5.80(.89) 65(.42)
Cognition (Modified Mini-mental State Examination)  80.50(18.50) 87.26(14.58) 83.97(16.90)  9.96(.002)
Lower Extremity Gains Score 14.92(10.65) 17.11(9.54)  16.07(10.11)  .65(.42)
Short Physical Performance Scale 3.11(2.64) 3.69(2.63) 3.40(2.65) 2.33(.13)
Grip Strength (kg) ** 29.49(847)  18.70(5.81)  23.97(9.01)  117.35(.001)
Bone Mineral Density (gm/cm?) ** 80(.14) 72(14) 76(.15) 17.55(.001)
Total Body Fat (kg) 21.66(8.54)  22.99(9.90)  22.32(9.23) .96(.33)
Total Lean Mass (kg) * 50.34(7.31)  35.83(5.97)  43.21(9.87)  215.72(.001)
Pain 2.05(1.39) 2.40(1.39) 2.24(1.40) 3.43(.07)
*ps.055
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Hk
Variable is either Physical activity (PA); Lower Extremity Gains Score (LEGS); Short Physical Performance Battery (SPPB) depending on the

model being tested
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