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Abstract
Objective—To determine the sex-specific relationships between physical activity, aerobic fitness,
adiposity (%Fat), mineral-free lean mass (MFLM) and balance and gait performance in older adults.

Design—Eighty-five female and 49 male sedentary, healthy, community-dwelling older adults (M
±SD; 69.6±5.4 and 70.3±4.7 years, respectively) were evaluated on habitual physical activity via
questionnaire, aerobic fitness by a maximal oxygen consumption treadmill test, whole and regional
body composition by DXA, and lower-extremity physical function (LEPF) using gait tasks and
computerized dynamic posturography.

Results—As expected, males had less body fat, more lean mass and higher aerobic fitness than
females, and tended to perform better on all LEPF tasks (all p≤0.1). Physical activity was not related
to gait; however, fitness was related to gait in both sexes (r>0.50, all p<0.05). Body fat was related
to gait in women (r=−0.38, p<0.05) but not men. Neither fitness nor body composition was related
to balance in men, whereas in women leg MFLM was positively associated (r=0.27, p<0.05). Women,
but not men, with a greater body weight to leg MFLM ratio performed worse on gait tasks (p<0.001).
There was an interaction with sex for %Fat on gait (p=0.05), and for MFLMLEG on balance (p<0.05).

Conclusions—In sedentary healthy older adults the relation between body composition, aerobic
fitness and balance and gait differs between sexes such that women are more strongly impacted by
alterations in body composition. Lower %Fat and preservation of lower body lean mass have
important implications for reducing the risk of physical disability, especially in older women.
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INTRODUCTION
Similar to other indicators of health status, there are sex disparities with regard to physical
function. Older women consistently perform worse on both balance and gait tasks than their
male counterparts 1-3. Furthermore, the prevalence of falling 4,5 and the incidence of physical
disability 6,7 is greater in older women than men. Importantly, detriments in physical function
are predictive of falls, fractures, hospitalizations, psychological impairments, loss of
independence and mortality 8-11. It is therefore imperative to identify modifiable risk factors
that influence the sex disparity in functional limitations and to elicit targeted interventions to
prevent functional decline with age. These disparities may be partially explained by sex
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differences in body composition, physical activity and aerobic fitness. Specifically, older
women typically engage in less habitual physical activity and have lower cardiorespiratory
fitness than their male counterparts 12. Additionally, older women have greater adiposity and
less lean mass than men 13, and body composition measures have been shown to have a stronger
relation to risk for disability in older women compared to men 14.

Reductions in lower-extremity physical function (LEPF), defined here as functional tasks
relying primarily on the lower limbs for force production and support, have been associated
with poor aerobic fitness, obesity, and reductions in muscle mass 15-18. There is no consensus
in the literature with regard to specific components of body composition and function; recent
prospective studies have yielded conflicting results in regard to changes in body composition
(lean vs. fat) and levels of disability and preservation of physical capacity 19,20. However,
with regard to lean mass, it is speculated that leg fat-free mass (FFM) specifically is related to
physical performance 21 and loss of leg FFM may be a main predictor of functional decline
19.

Recently, Chen and Guo demonstrated the possibility of a sex-dimorphism in the relationship
between body composition and physical function, particularly in regard to lower extremity
mobility 22. This sex difference may partially explain the varying findings regarding the
influence of fat and lean masses on function, as analyses are often performed in combined
samples with little regard to sex specific sub-analyses. Furthermore, because physical fitness
and body composition are inter-related, the independent relationships between these indicators
of health status and physical function remain unclear. Few studies have simultaneously
assessed the contributions of habitual physical activity, aerobic fitness, whole body adiposity
(%Fat) and both whole body and regional lean mass to LEPF encompassing both static balance
and gait performance. In this context, the primary aim of the present study was to determine
the sex-specific relationships between habitual physical activity, aerobic fitness, adiposity,
mineral-free lean mass (MFLM) and balance and gait performance in older adults. A secondary
aim was to explore the relation of a novel characterization of body composition, MFLM of the
legs (MFLMLEG) expressed relative to total body mass (MFLMLEG/WB mass), to LEPF.

METHODS
Subjects

Older community-dwelling individuals (N=85 women, 49 men; M±SD; 69.6±5.4 and 70.3±4.7
years, respectively) were eligible if they were sedentary for a minimum of past 6 months, a
body mass index (BMI) between 22 and 38 kg/m2, and medical clearance from a physician.
Exclusion criteria included history of inflammatory disease or cancer, severe arthritis,
uncontrolled metabolic or cardiovascular disease, HIV, smoking and inability to perform
moderate intensity exercise training. Participants were recruited from a parent study assessing
the effect of exercise on immune function; all data was collected at baseline. The university
Institutional Review Board (IRB) approved all procedures used in the study and all subjects
signed an IRB approved informed consent prior to enrollment in the study.

Physical Activity and Aerobic Fitness
Physical activity level was determined using the Physical Activity Scale for the Elderly (PASE)
23 which estimates the total level of household, occupational and leisure-time physical activities
on a weekly basis. A graded treadmill exercise test was performed to determine maximal
aerobic capacity. Oxygen uptake was continuously measured using open-circuit spirometry
(Parvomedics True Max 2400, Sandy UT). Subjects walked on a treadmill at a brisk, but
comfortable pace at 0% grade for 3-4 min, followed by a grade increase of 1 to 2% every 1 or
2 min. Test termination was determined by volitional exhaustion, symptom limitation or ECG
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changes precluding safe exercise continuation. As the great majority but not all participants,
reached a true maximal value, the highest attained oxygen uptake, averaged over a 30 sec
interval, was used to define peak aerobic capacity (VO2peak); however, notably men and women
performed similarly in terms of effort on the test.

Body Composition
Body composition was measured using dual energy x-ray absorptiometry (DXA) (Hologic
QDR 4500A, software version 11.1:3, Waltham MA). A whole body scan was used to
determine total fat mass and a regional analysis was performed per manufacturer guidelines,
which involved placing lines bisecting the femoral neck and the glenohumeral joint to
determine mineral free lean mass of the legs (MFLMLEG) and appendicular lean mass (aLM).
The MFLM of all arm and leg regions were summed to determine aLM, and the appendicular
skeletal muscle index (ASMI) was calculated by dividing aLM by height (m) squared [aLM
(kg)/ht(m)2].

Lower Extremity Physical Function (LEPF)
Balance—Balance was assessed using computerized dynamic posturography (EquiTest:
NeuroCom International, Clackamas, OR). For safety, participants wore a harness attached to
an overhead bar throughout testing. The six test conditions were: 1) normal vision, fixed
support, 2) eyes closed, fixed support, 3) vision sway-referenced, fixed support, 4) normal
vision, support sway-referenced, 5) eyes closed, support surface sway-referenced, and 6) vision
and support surface both sway-referenced. Three trials were completed of each condition and
each trial lasted 20 seconds. Scores across trials and conditions were averaged to create a
composite balance score. For a complete description of the EquiTest procedures, see Nashner
24.

Gait—Gait performance was assessed using the timed up-and-go (UPGO), a 7 meter walk
(WALK), and a 7 meter walk with obstacle (OBWALK). For the UPGO, subjects sat in a chair
and on the command “go,” were told to stand and move as quickly as possible around a cone
placed 2.5 m away from the chair and return to the chair and sit down while being timed.
Similarly, each subject completed two trials of a 7 meter walk with and without stepping over
a 30 cm obstacle at the 4 meter point, walking at their normal pace. Subjects also performed a
stair ascent (STAIRUP) and descent (STAIRDOWN) on a flight of 15 stairs (18 cm riser, 27
cm tread) and were instructed to ascend and descend at their normal pace, preferably without
using the handrail if they could do so safely. A composite gait score was computed by summing
the Z-scores for each of the five dynamic tasks to provide an index of global gait function.

Statistics
Data were analyzed with SPSS for Windows version 14.0 (SPSS, Inc., Chicago, IL). Means
and standard deviations were calculated for all participant characteristics and primary outcome
variables. Distribution statistics were computed to ensure data were normally distributed, based
on Shapiro-Wilk test statistics. Independent samples t-tests were conducted to determine sex
differences. Pearson correlations were conducted to examine the bivariate associations among
variables of interest. Due to known physiological differences between men and women, the
impact of these parameters was further assessed with analyses performed separately within
gender. To further evaluate the influences of fitness and body composition on LEPF, primary
variables of interest (VO2peak, %Fat, MFLMLEG and MFLMLEG/WB Mass) were median split
and sex differences were evaluated using independent samples t-test analyses. To determine if
the impact of these variables on function outcomes differed between sexes, a 2 × 2 ANOVA
was used to test for sex-interactions. All data are presented as mean±SD except the figures
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which express variability using standard error bars. All significance tests were conducted at
the p≤0.05 level.

RESULTS
Data were considered normally distributed. Men and women were similar in age and BMI. As
expected, women were shorter and weighed less, had more absolute and relative body fat, were
less fit, had lower MFLMLEG and had a lower ASMI (see Table 1). On the EquiTest composite
score, men tended to out-perform women (p<0.10), representing a consistently better
performance of 3%. For gait performance, women tended to perform slower on the UPGO and
7 meter walk (p≤0.07), representing a 7% and 5% difference, respectively. Women also took
longer to complete the OBWALK, STAIRUP and STAIRDOWN (all p<0.05), corresponding
to a slower performance of 9%, 9% and 7%, respectively. These sex differences remained when
adjusted for height to account for stride length, with the exception of the OBWALK. When
evaluating the composite Z-score representing global balance or gait function, men scored
better than women on gait tasks (p<0.01), but did not statistically differ on balance tasks (Table
2).

As expected, there were significant relations among the body fat measures (r=0.80 for the entire
sample, r>0.90 within gender) and between body fat and aerobic fitness (r range=−0.46 to
−0.66; data not shown). Total body fat mass was positively associated with MFLMLEG in the
entire sample (r=0.23), which was strengthened when assessed within gender (r=0.71 and 0.34
in women and men, respectively). MFLMLEG/WB Mass was strongly inversely related to body
fat measures (r range=−0.66 to −0.89). Additionally, associations among dynamic gait
measures ranged from r=0.53 to 0.86, while there was more variable associations between
static measures, ranging from r=0.18 to 0.83.

Aerobic fitness had the strongest relation to gait measures in both genders (r range=−0.34 to
−0.49 in men; −0.42 to −0.60 in women, all p<0.05; Table 3); however, physical activity
measured by PASE had no relation to any measures of LEPF (all p>0.05). In women, both %
Fat and MFLMLEG/WB Mass were inversely related to all measures of dynamic LEPF (r
range=−0.24 to −0.41, all p<0.05), whereas only the UPGO was correlated with %Fat in men
(r=0.29, p<0.05). Similarly, neither body composition nor fitness was related to balance
performance in men. However, in women, MFLMLEG was positively associated with EquiTest
composite score (r=0.27, p<0.05), but no other measures of body composition or fitness were
related to balance.

Evaluating median splits for fitness, %Fat and MFLMLEG illustrates the relative importance
of each within gender (Figure 1). Females having higher %Fat performed worse on dynamic
function tasks compared to those with lower %Fat (p<0.01), whereas %Fat did not alter
dynamic function in males (p>0.10; Figure 1A). Alternatively stated, there was a significant
interaction between sex and %Fat such that %Fat impacted dynamic function in females but
not males (p=0.05, Figure 1). Similarly, both men and women with higher fitness levels
performed better on dynamic tasks compared to individuals with lower fitness (p=0.05 and
p<0.01, respectively; Figure 1B); however, the interaction between sex and fitness did not
reach significance (p>0.1) suggesting that fitness impacted dynamic function similarly in males
and females. When split along the median of the ratio of MFLMLEG / WB Mass, women with
higher levels, (i.e. relatively speaking have more leg MFLM to support a lower body mass)
outperformed those with low levels (p<0.01), however this ratio did not significantly impact
function in men (p>0.10; Figure 1C). Static balance measures were significantly better in
women with greater MFLMLEG (Figure 2) compared to women with less MFLMLEG (p=0.01),
yet had no influence on balance in men (p=0.65) rendering the sex and MFLMLEG interactive
effect on balance function significant (p<0.05, Figure 2).
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DISCUSSION
The results from the present study add to the accruing body of literature attempting to identify
the interactive effects of physical activity, fitness, fat mass and lean mass on age-related
declines in physical function. The most notable findings in the present study are a) the sex-
specific influence of different body composition components, specifically fat and lean tissue,
on balance and gait function and b) the ratio of MFLMLEG/WB Mass is significantly related
to gait LEPF in women. Whereas others have reported that sex differences in function appear
to be mediated by BMI, we have expanded this finding to more descriptive measures of body
composition.

The extent to which body composition components impact performance on functional tasks is
not well characterized. Several studies have reported positive associations between increases
in BMI or fat mass and risk for physical disability 15,25-32, which appears to be stronger in
women than men 31. Although BMI has often been used as a surrogate of obesity, to our
knowledge, no study has assessed the relationship between body fat and lean mass, particularly
regionally, and LEPF between sexes. Due to known sex differences in the relative fat and lean
tissues comprising BMI, we found it pertinent to assess the relations of both body composition
and fitness to physical function separately within sex. Furthermore, although others have
observed a stronger relationship between “adiposity” and physical function in women than
men, these studies have typically used BMI as the adiposity measure. Indeed, in the present
study, body fat was related to all measures of dynamic LEPF in women, but not men. Adiposity
had no relation with overall static balance ability in the present study (Table 3).

Evidence also suggests that muscle mass is the primary predictor of physical function 16,17.
Alternatively, others have demonstrated no greater likelihood of disability in individuals with
moderate sarcopenia and those with normal muscle mass 17. Similar to Jankowski et al. 33,
there was no correlation between ASMI and LEPF in men or women in the present study;
however, it should be recognized that our population was healthy, ambulatory and not at risk
for sarcopenia. Further breakdown of regional components of lean tissue have identified leg
muscle mass specifically to be strongly associated with LEPF, a logical association 34. Despite
no relation between lean mass and function in men, MFLMLEG was positively correlated to
balance in women. While the associations were moderate (r=0.27), the physiological and
clinical relevance are unknown. Very minimal evidence exists regarding body composition
and balance; however, it is presumable that increased MFLMLEG leading to increased balance
would have important implications on fall prevention.

Given the impact of both lean and fat mass on LEPF, we believed it was prudent to assess the
ratio of MFLMLEG, the burden carrying portion of the body, to whole body mass (WB Mass),
the total load to be moved (MFLMLEG / WB Mass). While this ratio had no relation to LEPF
in men it was related to all measures of dynamic LEPF in women. Our results clearly suggest
an increased risk of disability with disordered body composition in women. Although BMI has
been frequently utilized to assess the relationship between body composition and function, our
data suggest this may be inappropriate, as it does not allow for dichotomizing the impact of
lean and fat masses on LEPF. This is in agreement with a recent report by Woo and colleagues
35, which determined that fat mass was a predictor of walking speed, which remained when
adjusting for BMI.

As previously demonstrated 36, aerobic fitness was strongly correlated to LEPF (composite
gait Z-scores, r=0.51 and 0.59 in men and women, respectively). Although high fit individuals
performed better than low fit individuals, this relationship did not differ between sexes; with
fitness likely accounting for at least part of the sex disparity in functional performance. Unlike
Koster and colleagues (37), who recently demonstrated that low levels of physical activity were
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predictive of limitations in mobility, particularly in women, we saw no relation in our cross-
sectional analysis, and similar relations between fitness and LEPF in men and women. This is
likely due, at least in part, to recruitment criteria of the parent study, all subjects were able to
perform activities of daily living; however, they all fell within a narrow range of habitual
physical activity levels (i.e., relatively sedentary) which likely accounts for the lack of relation
between PASE and LEPF. The influence of habitual physical activity in the activities of daily
living domain may be an important component of physical function independent of purposeful
exercise; an area that needs further investigation.

Although we present novel findings regarding the interactions of fitness, fatness and physical
function within gender, the present study is not without limitations. First, the cross-sectional
design precludes any causal interpretation; however, our data provide insight into testing
various behavioral interventions (increased aerobic or muscular fitness, decreased adiposity,
maintenance of lean mass in the legs) to enhance LEFP in the elderly. Second, our study sample
was limited to healthy community-dwelling older adults, with similar BMI to the current
national average 37 and may not be applicable to other populations such as older, more frail,
and those with more disordered body composition, i.e., sarcopenic and obese.

It is concluded that both aerobic capacity as well as body composition are associated with
LEPF. Exercise training has been shown unequivocally to increase aerobic capacity, even in
elderly subjects 38. Weight loss through exercise has been shown to prevent or attenuate
physical dysfunction in the elderly 39,40. It may be that the optimal intervention (i.e. caloric
restriction for weight loss and exercise mode aerobic and/or strength training) may differ for
men compared to women to prevent physical disability in the older population.

Summary

The purpose of this study was to identify sex-specific relationships between physical
activity, fitness, body composition and balance and gait in older adults. Our results indicate
that balance and gait are more strongly influenced by body composition (both adiposity and
lean mass) in women than men.
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Figure 1.
Median splits of %Fat (A), VO2peak (B) and the ratio of MFLMLEG / WB Mass (C) in relation
to composite gait Z-scores in women and men.

Valentine et al. Page 9

Menopause. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Median splits of MFLMLEG in relation to EquiTest composite balance scores in women and
men.
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Table 1

Subject characteristics (M±SD)

Characteristics Women
N=85

Men
N=49 P-value

Age (yrs) 69.6 ± 5.4 70.3 ± 4.7 0.438

Weight (kg) 72.1 ± 12.8* 87.6 ± 15.1 <0.001

Height (m) 1.60 ± 0.06* 1.75 ± 0.07 <0.001

BMI (kg/m2) 28.1 ± 4.7 28.6 ± 4.3 0.549

Bodyfat (%) 38.7 ± 5.6* 27.8 ± 5.7 <0.001

Total Fat Mass (kg) 28.9 ± 8.7* 25.3 ± 8.7 0.024

Total MFLMLEG (kg) 13.3 ± 2.0* 19.3 ± 2.3 <0.001

MFLMLEG / WB Mass 18.35 ± 1.62* 22.07 ± 2.13 <0.001

Appendicular Skeletal Muscle Index (kg/m2) 6.85 ± 0.89* 8.74 ± 0.91 <0.001

VO2peak (ml/kg/min) 18.1 ± 3.9* 22.2 ± 4.2 <0.001

PASE 143.3 ± 66.8 141.4 ± 72.7 0.885

*
Indicates a significant sex difference, p < 0.05
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Table 2

Measures of lower extremity physical function in women and men (M±SD)

Women
N=85

Men
N=49 P-value

Balance

EquiTest Composite Score 75.4 ± 7.6 77.3 ± 5.7 0.100

Gait

Timed Up and Go (sec) 6.5 ± 1.3 6.1 ± 1.0 0.071

7 meter walk (sec) 6.6 ± 1.1 6.3 ± 0.7 0.064

7 meter walk with obstacle (sec) 7.0 ± 1.2* 6.4 ± 0.8 <0.001

Stair Up (sec) 8.9 ± 2.2* 8.2 ± 1.5 0.003

Stair Down (sec) 9.2 ± 1.7* 8.6 ± 1.4 0.020

Gait Composite Z-score† −0.72 ± 4.7* 1.25 ± 2.9 0.003

*
Indicates a significant sex difference, p < 0.05

†
Z-score was generated using the entire sample in order to compare across gender
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