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Background. Aging is characterized by declines in physical capacity and bone mineral density (BMD), both of which
contribute to increased risk for fracture. However, it is unclear if these factors coexist or are independent in elderly people,
and if a relationship does exist, whether it varies by sex and/or race.

Methods. Data are from 847 white women, 723 black women, 927 white men, and 544 black men aged 70-79 years
participating in the Health Aging and Body Composition (ABC) Study, a cohort of well-functioning community-dwelling
elders. BMD (g/cm?) of the hip (femoral neck and trochanter) was determined by dual X-ray absorptiometry. Physical
capacity measures included knee extensor strength, repeated chair-stands, gait speed (6 m), walking endurance (400 m),
and standing balance.

Results. In analyses of BMD as a continuous measure, BMD and physical performance were most consistently related
at the trochanter in black women, even after adjusting for body size and several covariates including physical activity. For
each performance measure, black women in the bottom quartile(s) had lower BMD than those in the top quartile(s). For
the femoral neck, there was a significant association with performance tasks, except for the 400-m walk. In comparison,
only chair-rise performance was related to BMD at the femoral neck, and knee extensor strength, chair-rise performance,
and balance with the trochanter in white women. For white and black men, trends existed only for lower BMD in those
with poorer knee extensor strength.

Conclusions. In this cohort of well-functioning young-old seniors, physical capacity is only modestly related to BMD
at the hip. The association was strongest in black women, who as a group exhibited the poorest functional capacity in the
cohort. Our data show that, although both poorer physical performance and low BMD are risk factors for fracture, they
remain largely independent in the well-functioning young-old, except in black women. This independence suggests that
interventions to reduce fracture incidence should be targeted at improving both physical performance and bone density.

OOR physical function and low bone density are
significant risk factors for fracture in older men and
women (1-3). Physical function and performance predict
falls (4,5), and bone density accounts for 50%—80% of the
variance in bone strength (6). In the Study of Osteoporotic
Fractures, low calcaneal bone density and inability to rise
from a chair were risk factors for hip fracture (2), as was
neuromuscular impairment and femoral neck bone mineral
density (BMD) in the EPIDOS (EPIDemiology of Osteo-
porosis) study (3). Hip fracture in elderly people has
devastating consequences resulting in substantial mortality,
morbidity, use of institutionalized care, and reduced quality
of life (7,8).
This analysis was undertaken to determine whether lower
functional capacity and reduced bone density coexist or are
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independent factors in well-functioning older persons. To
date, only limited data are available to investigate this
relationship. Existing studies primarily have examined the
relationship between bone density and muscle strength. In
general, strength is associated with and is an independent
predictor of BMD in older men and women (9-12),
although not all studies found this (13). Moreover, the
association of muscle strength and hip bone density may
differ by sex, being greater in men than in women (14).
Recently, Aoyagi and colleagues (15) reported that, in
Japanese men and women aged 40 years and older, those
with superior grip strength and lower body function,
determined by walking speed and chair-stand ability, had
higher calcaneal BMD. However, only 38 men and 72
women were aged 70 years or older, the population at
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greatest risk for osteoporotic fracture (16) and functional
decline (17).

Thus it remains uncertain the degree to which physical
performance is related to bone density in community-
dwelling elderly people, and whether this association is
independent of body size and other factors that impact bone
such as medications, physical activity, smoking status, sex,
and race. Specifically, does good physical performance
necessarily imply high bone density, and does poor physical
performance imply low bone density?

The purpose of the present analysis was to examine the
cross-sectional association between several measures of
physical capacity (quadriceps strength, chair-rise ability,
gait speed, endurance, and standing balance) that capture
different dimensions of lower extremity function and BMD
of the hip in the well-functioning young-old. We hypothe-
sized that those with superior physical performance will also
have higher BMD, independent of age, body size, medica-
tions affecting bone, smoking, and physical activity, and that
the relationships would be consistent across sex and race.

METHODS

Subjects

Data are from 3041 well-functioning white and black men
and women, aged 70-79 years, participating in the Health
Aging and Body Composition (Health ABC) Study; a pro-
spective cohort study investigating changes in body
composition, health conditions, and social and behavioral
factors in association with functional decline. The cohort
included 847 white women, 723 black women, 927 white
men, and 544 black men, from two field centers located at
the University of Pittsburgh and the University of Tennessee
at Memphis. The full Health ABC cohort consists of 3075
individuals; however, 34 individuals did not undergo a bone
density scan of the hip and were therefore excluded from
this article. Health ABC was established by recruitment of
a population-based cohort based on Medicare records. The
goal of recruitment was not to have a representative sample
for generalizability to the base community but rather
enrollment of a high-functioning cohort to examine early
onset of functional limitations. All black age-eligible
persons in selected zip codes and a random sample of
whites were sent an information letter. Those who did not
indicate unwillingness to participate were called and
received a telephone screen for inclusion/exclusion criteria
including functional status, and so forth. Because enrollment
of black persons lagged, we also instituted recruitment in the
selected areas through community centers and churches,
enrolled cohort members, and private medical practices used
by black persons. For this reason, an absolute response rate
is difficult to estimate, but would be similar to that for
Medicare beneficiaries (approximately 55% of those
eligible). To be eligible for Health ABC, participants had
to report no difficulty walking a quarter of a mile, climbing
10 steps without resting, or undertaking activities of daily
living. Participants provided informed consent after the
study’s approval by the Institutional Review Boards of the
University of Pittsburgh and the University of Tennessee at

Memphis. Data presented are from the baseline examination
that took place between April 1997 and June 1998.

Physical Performance

Several lower-body physical performance measures were
assessed including knee extensor strength, chair-stands, gait
speed over 6 meters, walking endurance, and balance.
Dynamic knee extensor strength was measured at an
angular velocity of 60°/s on a Kin-Com 125 AP isokinetic
dynamometer (Chattanooga, TN). Participants were famil-
iarized to the testing procedure, and then completed a
maximum of 6 trials with the average maximum torque
determined from 3 reproducible and acceptable trials. The
chair-rise test involved the time required to rise on
command from a standard chair to a full standing position
5 times with arms folded across their chest. For gait speed,
participants were instructed to walk 6 m at their usual
speed. For the test of walking endurance, participants were
required to walk 400 meters, which consisted of 10 laps out
and back over a 20-meter course, as quickly as they could at
a pace they could maintain over the distance. Heart rate was
monitored prior to and throughout the 400-m walk using
a Polar Pacer (model no. 61190, Polar Electro Oy, Finland).
Three balance maneuvers comprised the balance test:
a semitandem stand, tandem stand, and one-leg stand. For
each maneuver, participants were asked to maintain the
position for 30 seconds, with 90 seconds being the maximal
score possible. Good reliability for these physical perfor-
mance measures has been reported in elderly persons (18-20).

Not all participants undertook or completed each
performance test. Three hundred ninety-six participants
did not do the knee extensor strength test, due to elevated
resting systolic blood pressure (BP), while 386 were
ineligible (primarily due to worsening of cardiac symptoms,
elevated standing BP, or a pretest heart rate [HR] >120
beats per minute [bpm]), and 371 were unable to complete
the 400-meter walk (due to obtaining an HR >135 bpm or
other symptoms). Due to the stringent eligibility and
completion criteria for these two performance measures,
we were unable to conclude whether their performance in
these measures would be necessarily poorer than those that
completed these tests. When analyzed by sex and race, there
was no difference for bone density between those that
completed these tests versus those that did not. Therefore,
only participants completing the strength and 400-meter
walk tests are included in the respective analyses. For the
chair-rise test, 91 tried but were unable to stand 5 times;
these subjects were given the highest time-to-complete
value and were included in the poorest performance quartile.
In addition, 26 participants attempted but were unsuccessful
in completing the standing balance maneuvers. These
individuals were allocated a score of zero and were included
in the standing balance analyses.

Bone Mineral Density

BMD (g/cm?) of the hip (proximal femur) was assessed
by dual X-ray absorptiometry (DXA) (Hologic 4500A,
version 8.20a, Waltham, MA). The femoral neck and
trochanter were the hip sites assessed due to their
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Table 1. Subject Characteristics

Women Men

Characteristic* White [1] (N = 847)  Black [2] (N = 723)  White [3] (N = 927) Black [4] (N = 544) p Value Comparison
Age (y) 73.6 £ 2.8 734 29 739 £ 29 735 28 .001 2and 4 <3
Height (cm) 159.5 £ 59 159.6 = 6.3 1735 * 6.4 173.0 £ 7.0 <.001 land 2 < 3 and 4
Body weight (kg) 66.3 = 12.3 75.7 + 16.5 814 = 124 814 = 14.4 <.001 1<2<3and4
BMI (kg/m?) 26.0 = 4.6 29.7 = 6.1 27.0 = 3.7 271 =43 <.001 1<3and4 <2
Lifestyle factors

Smoking (pack-years) 12.5 = 242 11.3 = 21.1 27.7 + 338 22.7 += 263 <.001 land2 <4 <3

Physical activity (% low) 74.0 83.3 51.9 73.5 <.001
Medications

Thiazides (%) 17.4 27.1 9.8 17.5 <.001

Corticosteroids (%) 7.4 4.7 6.6 4.0 .022

Estrogen (%) 25.5 10.8 <.001

Notes: *Mean *= SD (standard deviation).
BMI = body mass index.

significance for fracture (21). DXA quality assurance
measurements were performed at both study sites to ensure
that scanner reliability and identical patient scan protocols
were employed for all participants.

Other Measurements

Height and weight were obtained using a Harpenden
stadiometer (Holtain, Wales, UK) and a standard balance
beam scale, respectively, and body mass index (BMI) was
calculated as weight divided by height squared (kg/m?).
Smoking history (pack-years), physical activity, and med-
ication usage were determined by an interviewer-adminis-
tered questionnaire. Physical activity and exercise were
ascertained by a standardized instrument derived from the
Leisure Time Physical Activity Questionnaire (22). Ap-
proximate metabolic equivalent unit (MET) values were
assigned to each activity and intensity level reported to
derive a caloric expenditure estimate in kcal/kg/hour (23).
Total kilocalories expended in stair climbing, walking, and
exercise activity per week, analogous to the physical activity
measure used in the Harvard University alumni studies (24),
was constructed by multiplying the participant’s weight in
kilograms with kcal/kg/hour expended. Three activity levels
were calculated based on kcals/week expended on walking,
stair climbing, and moderate and vigorous physical activity.
The levels were: low, less than 1000 kcal/week; moderate,
more than 1000 but less than 2000 kcal/week; and high,
greater than 2000 kcals/week. Current thiazide, oral and
inhaled corticosteroid, and estrogen usage was determined
from drug data coded using the Iowa Drug Information
System (IDIS) ingredient codes (25).

Statistical Analyses

Data were analyzed using SPSS statistical software
(SPSS, Inc., Chicago, IL). Descriptive characteristics were
analyzed by analysis of variance for continuous variables
and chi-square for categorical variables. The association
among performance measures was determined by partial
correlation, controlling for age, study site, height, and
weight. To examine the association between physical
performance and BMD, race and sex stratified analysis of

covariance (ANCOVA) was performed for quartiles of
performance and adjusted for age, study site, height, weight,
medications, smoking (pack-years), and physical activity.
Race and sex stratification was performed due to known
differences in BMD and physical capacity between men and
women and blacks and whites (26-30). Where appropriate,
the Bonferroni post hoc procedure for multiple comparisons
was used to locate the source of significant differences in
means. Trend analysis was performed using linear re-
gression and entering quartiles of performance as an ordinal
variable. All tests were two-tailed, and an alpha level of 0.05
was considered statistically significant.

To further examine the association between performance
and BMD, subjects were classified as osteoporotic, based on
a sex-specific femoral neck T score of more than 2.5 SD
(standard deviation) below that of the young adult mean for
American whites (31), according to World Health Organi-
zation guidelines (32), or nonosteoporotic. This resulted in
194 white women and 72 white men being classified as
osteoporotic but only 53 black women and 11 black men.
Sex-specific logistic regression for whites was then
performed with bone density (osteoporotic/nonosteoporotic)
as the outcome variable, adjusted for age, body size, study
site, medications, smoking history, and physical activity.
This analysis was not performed in blacks due to the low
prevalence of osteoporosis based on the above criteria. At
present, it is unclear what the appropriate cutoff values for
osteoporosis classification should be in black men and black
women.

RESULTS

Subject characteristics are shown in Table 1 and physical
performance and BMD measures adjusted for body size are
displayed in Table 2. Knee extensor strength was greater in
men than women with no difference by race. For the chair-
rise test, measures of walking speed, and balance, white men
performed best and black women the poorest. Bone density
at the hip, after adjustment for body size, medications,
smoking history, and physical activity, was greater in men
than women and in blacks than whites. Low-to-moderate
interrelationships (p < .001) existed among the performance
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Table 2. Physical Performance and Bone Mineral Density Measures

‘Women Men
White [1] Black [2] White [3] Black [4] p Value Comparison

Physical performance*

Knee ext. strength (N/m)* 874 = 1.2 89.1 £ 1.2 1239 * 1.1 127.1 £ 1.4 <.001 land 2 < 3 and 4

Chair-rise (s)* 15.0 £ 0.2 159 £ 0.2 124 = 0.2 143 £0.2 <.001 3<4and1<2

6-m walk time (s)* 5.2 = 0.04 5.9 = 0.04 4.8 £ 0.04 5.5 = 0.04 <.001 3<1<4<2

400-m walk time (s)* 330 £ 2 369 = 3 307 =2 338 £3 <.001 3<land4 <2

Standing balance (s)* 64.3 = 0.9 60.0 = 1.0 74.7 = 09 699 * 1.1 <.001 2<1<4<3
Bone mineral density (g/cm?)’

Femoral neck 0.679 = 0.005 0.751 = 0.005 0.749 £ 0.005 0.831 = 0.005 <.001 1<2and 3 <4

Trochanter 0.613 = 0.005 0.649 * 0.005 0.729 = 0.005 0.770 = 0.005 <.001 1<2<3<4

Notes: Mean * SE (standard error).

*Adjusted for age, study site, height, and weight by ANCOVA (analysis of covariance).
TAdjusted for age, study site, height, weight, thiazides, corticosteroids, estrogen (women), smoking, and physical activity by ANCOVA.
*Subject numbers: Knee extensor strength = 2658; Chair-rise = 2928; 6-meter walk = 3016; 400-meter walk = 2298; Balance = 3028.

measures, indicating that a broad range of lower body
function was assessed (Table 3). The associations were
substantially unchanged when analyzed separately by race
and sex.

There was no independent association observed between
femoral neck BMD and physical performance (Table 4)
except in black women, in whom there was a moderately
strong trend for knee extensor strength, chair-rise capacity,
usual gait speed, and balance, and in white women for chair-
rise capacity. The association between physical performance
and bone density was stronger at the trochanteric site than at
the femoral neck (Table 5). A graded association was found
between knee extensor strength and chair-stand performance
and trochanter BMD in all race and sex groups. For black
women, there was a strong relationship between walking
and balance capacity with a trend in white women for
standing balance. Removing physical activity from the
models had little impact on the findings.

When osteoporotic and nonosteoporotic categories for
femoral neck BMD were constructed, white women in the
lowest performance quartile for chair-stands were twice as
likely as those in the top quartile to be osteoporotic (odds
ratio [OR] 2.05; 95% confidence interval [CI] 1.19-3.54),
while white men with the poorest endurance were 2.78 times
(CT 1.13-6.84) more likely to be osteoporotic at the hip
(Table 6).

DiscussioN

A modest association was found between several physical
performance measures that target different aspects of lower

Table 3. Associations Among Physical Performance Measures

Measures* Knee Strength Chair-Rise 6-Meter Walk 400-Meter Walk
Chair-rise - 0.264"

6-m walk —-0.236 0.358

400-m walk -0.292 0.351 0.595

Standing balance 0.197 —0.164 - 0.249 - 0.254

Notes: *Partial correlations controlling for age, study site, race, sex,
height, and weight.
TAIl correlations are significant at p < .001.

extremity function and bone density at the hip. This
relationship was sex and race dependent, being strongest
in black women, especially at the trochanter. A coexistence
of low function and BMD may exist, as poor physical
function reduces mechanical loading at the hip leading to
a loss of bone mineral. Nevertheless, physical function and
BMD remained largely independent in this young-old
biracial cohort suggesting that both factors need to be
targeted for intervention if fracture risk is to be reduced.

Across sex and race, the association between performance
and hip BMD was stronger in black women, possibly
because they are further along the disablement pathway
(33). This was evidenced by their slower gait speed, chair-
rise time, and poorer balance performance than the other
groups. Several studies indicate that older blacks have
a higher risk and earlier onset of functional disability than
whites (34,35). A result of poorer function may be reduced
mechanical strain on bone resulting from reduced physical
activity and consequently a reduction in BMD. In this
regard, the association between performance and BMD may
be similar to that between strength and functional limitation,
where the association is only readily apparent below a given
threshold in strength (36,37). Further, blacks had a lower
level of physical activity than whites, which has been
previously reported (37,38); however, we controlled for
physical activity in our analyses. Moreover, the associations
between physical performance and BMD were not signif-
icantly altered when physical activity was not included in
the model, indicating that physical activity is not an
intermediate between performance and bone density in the
present cohort.

Although we adjusted for physical activity in our models,
the effect of current or past physical activity on BMD is
inconsistent (39). Cross-sectional studies of athletes and
nonathletes indicate substantial increases in bone mass and
density, up to 30% or more in athletes (40), whereas
exercise interventions in adults are less impressive, with
bone loss arrested or modest gains in the order of 1%—3%
(41). However, the gains to bone health may be greater than
that reported by DXA, as the integrity of bone is dependent
not only on bone mass but also bone architecture and

220z 1snbny 9| uo Jasn sonsnr Jo uswuedad 'S'N A9 6267ES/YEBIN/O L/8S/31o1nte/ABojojuciaBpawiolg/woo dnooiwapese//:sdiy Wwoll papeojumod



938 TAAFFE ET AL.

Table 4. Association of Femoral Neck Bone Mineral Density to Physical Performance by Sex and Race*

‘Women

Performance Measure’ White (g/cmz)

Black (g/cmz)

Men

White (g/cmz)

Black (g/cmz)

Knee extensor strength quartiles

4 0.654 = 0.007 0.769 = 0.009 0.775 = 0.009 0.843 = 0.012
3 0.651 = 0.007 0.758 = 0.009 0.769 = 0.008 0.866 = 0.012
2 0.653 = 0.007 0.743 = 0.009 0.764 = 0.008 0.843 = 0.012
1 0.643 = 0.007 0.739 £ 0.009 0.754 = 0.009 0.832 = 0.012
ANCOVA p =.700 p =.099 p =410 p =217
Trend p = .350 p =.014 p = .096 p=.322
Chair-rise quartiles
4 0.654 = 0.007 0.765 = 0.009 0.779 = 0.008 0.845 = 0.011
3 0.660 = 0.006 0.768 = 0.009 0.769 = 0.008 0.856 = 0.012
2 0.645 = 0.007 0.741 = 0.008 0.758 = 0.008 0.846 = 0.010
1 0.640 = 0.007 0.733 = 0.009 0.759 = 0.008 0.838 = 0.011
ANCOVA p=.22 p=.011;1<3 p=215 p =754
Trend p = .048 p = .002 p =.053 p=.572
6-m walk quartiles
4 0.651 = 0.007 0.766 = 0.009 0.768 = 0.008 0.858 = 0.011
3 0.650 = 0.007 0.759 = 0.009 0.766 = 0.008 0.844 = 0.011
2 0.650 = 0.007 0.748 = 0.009 0.772 = 0.008 0.845 = 0.011
1 0.650 = 0.007 0.734 = 0.009 0.760 = 0.008 0.837 = 0.011
ANCOVA p = .998 p = .079 p =.782 p = .591
Trend p =911 p =.010 p = .661 p =.196
400-m walk quartiles
4 0.648 = 0.008 0.752 = 0.011 0.770 = 0.009 0.848 = 0.013
3 0.659 = 0.007 0.771 = 0.011 0.768 = 0.009 0.859 = 0.013
2 0.651 = 0.008 0.742 = 0.011 0.769 =+ 0.009 0.850 = 0.013
1 0.650 = 0.008 0.735 = 0.011 0.754 = 0.009 0.830 = 0.013
ANCOVA p=.718 p=.111 p = .549 p = 450
Trend p =947 p=.113 p =278 p = .276
Standing balance quartiles
4 0.657 = 0.007 0.745 = 0.009 0.767 = 0.007 0.839 = 0.009
3 0.651 = 0.007 0.770 = 0.009 0.758 £ 0.012 0.847 = 0.014
2 0.651 = 0.007 0.756 = 0.009 0.760 = 0.008 0.846 = 0.011
1 0.641 = 0.007 0.731 = 0.009 0.774 = 0.008 0.854 = 0.011
ANCOVA p = .420 p=.013;1<3 p =.535 p = .815
Trend p=.114 p = .163 p = .669 p=.353

Notes: In mean = SE (standard error).

*Adjusted for age, study site, height, weight, use of thiazides, corticosteroids, estrogen (women), smoking pack-years, and physical activity.

Performance improves with higher quartiles, 1 = low and 4 = high.
*Post hoc analysis; numerals refer to quartiles being compared.
ANCOVA = analysis of covariance.

quality. Recently, Vuillemin and colleagues (39) reported
that sports participation in the teenage years is a predictor
of lumbar spine but not femoral neck or total body BMD
in later life, whereas lifetime participation in sport was
a predictor at the femoral neck. Interestingly, sporting
activity within the past 20 years was associated with lower
femoral neck BMD in their cohort of older men and women.
Beneficial results of current and lifelong exercise on hip
BMD have been reported in the Rancho Bernardo study
(42), however, similar results were not found for a Swedish
population (43). What appears crucial is the type of physical
activity with increased mechanical loading conferring
skeletal benefits with the effects being site specific
(44,45). Apart from the magnitude of loading, the hormonal
and nutritional environment, as well as when the activity is

initiated (46) are important determinants of the effectiveness
on BMD.

When considering both hip sites, the associations with
performance measures were stronger at the trochanter. The
associations may be stronger at the trochanter, as this site
has a greater percentage of metabolically active trabecular
bone than the femoral neck (47) and is more responsive to
mechanical loading (44). Further, the trochanter has direct
muscle attachment by the vastus lateralis, gluteus medius,
and gluteus minimus, compared to the femoral neck, which
is intracapsular with no direct muscle attachment. Conse-
quently, muscle pull at the trochanter resulting from
locomotion and movement or unloading resulting from
reduced activity may result in a closer association between
measures of performance and bone mineral.
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Table 5. Association of Trochanter Bone Mineral Density to Physical Performance by Sex and Race*

Women Men
Performance Measure' White (g/cmz) Black (g/cmz) White (g/cmz) Black (g/cmz)
Knee extensor strength quartiles
4 0.595 £ 0.007 0.680 = 0.009 0.764 = 0.009 0.809 * 0.012
3 0.591 * 0.007 0.656 * 0.009 0.752 = 0.008 0.800 * 0.012
2 0.587 £ 0.007 0.640 = 0.009 0.740 = 0.008 0.787 £ 0.012
1 0.569 £ 0.007 0.628 * 0.009 0.724 = 0.009 0.762 = 0.012
ANCOVA p = .075 p=.001;1,2< 4t p=.016;1<4 p = .052
Trend p = .018 p <.001 p = .001 p = .007
Chair-rise quartiles
4 0.596 £ 0.007 0.668 = 0.009 0.753 = 0.008 0.797 £ 0.011
3 0.593 * 0.006 0.662 * 0.009 0.753 = 0.008 0.794 = 0.012
2 0.584 £ 0.007 0.641 £ 0.009 0.743 = 0.008 0.793 £ 0.010
1 0.568 * 0.007 0.622 * 0.009 0.731 = 0.008 0.761 * 0.011
ANCOVA p=.022;1<4 p=.001;1<3,4 p=.173 p = .088
Trend p = .003 p <.001 p = 034 p = 041
6-m walk quartiles
4 0.590 * 0.007 0.671 = 0.009 0.757 = 0.008 0.794 + 0.011
3 0.588 £ 0.007 0.655 £ 0.008 0.743 = 0.008 0.794 = 0.011
2 0.585 = 0.007 0.652 * 0.008 0.747 = 0.008 0.792 £ 0.011
1 0.579 £ 0.007 0.619 = 0.009 0.733 = 0.008 0.771 £ 0.011
ANCOVA p = .654 p<.01;1,2,3<4 p =.235 p = 404
Trend p=.219 p <.001 p = .069 p = .163
400-m walk quartiles
4 0.597 £ 0.008 0.674 £ 0.011 0.749 = 0.009 0.805 * 0.013
3 0.595 £ 0.007 0.677 £ 0.010 0.752 = 0.009 0.794 £ 0.013
2 0.585 + 0.007 0.631 = 0.010 0.750 = 0.009 0.783 £ 0.013
1 0.579 £ 0.008 0.624 = 0.011 0.731 = 0.009 0.771 £ 0.014
ANCOVA p = .358 p<.01;1,2<3,4 p =319 p =319
Trend p = .082 p < .001 p = .203 p = .061
Standing balance quartiles
4 0.596 £ 0.007 0.658 = 0.009 0.750 = 0.007 0.787 £ 0.010
3 0.583 £ 0.007 0.664 = 0.008 0.743 = 0.012 0.784 * 0.015
2 0.588 £ 0.007 0.645 = 0.009 0.741 = 0.008 0.786 * 0.011
1 0.573 £ 0.007 0.627 = 0.009 0.740 = 0.008 0.785 £ 0.011
ANCOVA p=.132 p=.0151<3 p = 818 p =.997
Trend p = .044 p = .004 p = 429 p = 911

Notes: Mean * SE (standard error).

*Adjusted for age, study site, height, weight, use of thiazides, corticosteroids, estrogen (women), smoking pack-years, and physical activity.

Performance improves with higher quartiles, 1 = low and 4 = high.
fPost hoc analysis; numerals refer to quartiles being compared.
ANCOVA = analysis of covariance.

In a cross-sectional analysis of elderly women in the
EPIDOS study (48), total body BMD was inversely
associated with instrumental activities of daily living IADL)
disability. It is possible that IADL disability may reduce
skeletal loading leading to a loss of bone mineral. Similarly, in
black women, those with poorer physical performance had
lower hip BMD. As muscle strength and physical function are
related to falls, those with poorer performance attributes may
be at a greater risk of falls, and if BMD were compromised
would be at an increased risk of fracture once a fall had taken
place. A targeted intervention aimed at improving physical
function in black women may therefore have beneficial effects
on skeletal loading and BMD.

Although a number of therapeutic strategies target
skeletal tissue, such as bisphosphonates and hormone
replacement therapy (49), two forms of physical activity,

resistance training and increased weight-bearing activity,
appear to have complimentary effects on targeting both
BMD and physical performance. High-intensity resistance
training has a dramatic effect on muscle strength in elderly
individuals, resulting in improvement in indices of physical
performance (50,51), and results in the maintenance or
modest improvement in bone density (45,52). Recently,
Snow and colleagues (53) found that a long-term lower-
body exercise program in postmenopausal women with a
weighted vest, which included jumps, not only improved
neuromuscular performance (54) but also maintained hip
BMD over a 5-year period. The improved physical
performance following both exercise modes would reduce
fall risk while maintenance of hip BMD aids in the
preservation of bone strength and resistance to fracture
following a fall. Further, once a hip fracture has occurred
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Table 6. Logistic Regression Models for the Association Between Physical Performance and Hip Osteoporosis in White Women and Men

White Women"" White Men"

Measure* Values OR (95% CI) Values OR (95% CI)
Knee extensor strength (N/m)

4 >90.8 Reference >151.2 Reference

3 79.0-90.7 1.37 (0.71-2.64) 129.4-151.1 0.84 (0.28-2.52)

2 66.3-78.9 1.61 (0.84-3.08) 109.2-129.3 1.15 (0.43-3.12)

1 <66.2 1.77 (0.92-3.41) <109.1 2.47 (0.96-6.32)
Trend p = .026 p = .003
Chair stands (s)

4 <11.87 Reference <10.98 Reference

3 11.88-13.71 1.02 (0.60-1.73) 10.99-12.72 0.89 (0.40-1.97)

2 13.72-16.37 1.53 (0.91-2.58) 12.73-14.97 0.85 (0.39-1.87)

1 >16.38 2.05 (1.19-3.54) >14.98 1.85 (0.92-3.72)
Trend p = .002 p = .062
6-m walk (s)

4 <4.58 Reference <4.16 Reference

3 4.59-5.03 0.83 (0.50-1.37) 4.17-4.71 0.69 (0.31-1.56)

2 5.04-5.69 0.79 (0.47-1.33) 4.72-5.25 0.56 (0.24-1.30)

1 >5.70 0.92 (0.54-1.57) >5.26 1.73 (0.85-3.51)
Trend p = .929 p = .085
400-m walk (s)

4 <294.1 Reference <273.3 Reference

3 294.2-323.2 0.90 (0.50-1.63) 273.4-299.6 1.47 (0.61-3.58)

2 323.3-352.8 1.38 (0.76-2.51) 299.7-333.2 1.57 (0.64-3.88)

1 >3529 1.61 (0.87-2.99) >3333 2.78 (1.13-6.84)
Trend p = .019 p = 011
Balance (s)

4 >88.5 Reference =90.0 Reference

3 69.5-88.4 0.96 (0.57-1.62) 79.1-89.9 1.49 (0.62-3.62)

2 57.1-69.4 1.04 (0.60-1.80) 65.5-79.0 1.70 (0.85-3.41)

1 <57.0 1.53 (0.90-2.61) <65.4 1.81 (0.91-3.60)
Trend p=.182 p = .049

Notes: *Osteoporotic: women 22.9%, men 7.8%.

+Adjustc:d for age, study site, height, weight, use of thiazides, corticosteroids, estrogen (women), smoking pack-years, and physical activity.

*Performance improves with higher quartiles, 1 = low and 4 = high.
OR = odds ratio; CI = confidence interval.

and medical management has taken place, appropriate
programs to improve muscle strength and aspects of
neuromuscular performance would aid in the recovery of
mobility and independence (55).

Although BMD and physical performance have an
underlying genetic basis, other factors contribute such as
physical activity, nutritional patterns, and hormonal status.
In the absence of neurological and degenerative disorders, it
is likely that poor physical performance in elderly people
results from reduced physical activity, and a consequence of
the reduced mechanical loading would be a reduced bone
mass and density. Therefore, a relationship may exist
between bone and physical performance, as both reflect, to
varying degrees, the underlying health of the individual and
physical activity. Indeed, in black women, physical activity
was related to chair-rise performance (p for trend = .029)
and the 6-meter and 400-meter walk (p < .001), with those
in the lowest category for physical activity having poorer
performance, although there was no association between
physical activity and BMD.

Participants in this study were well functioning and free
of lower-extremity functional limitations, and thus are not
representative of all black and white elderly adults. Indeed,
it is possible that the associations may have been stronger
and consistent across race and sex had we included
participants representative of all stages of functional
ability, including the disabled. Further, due to the cross-
sectional nature of this study, we were not able to
determine the causal pathway involved in the associations.
Nevertheless, it has been proposed that forces resulting
from muscle contraction have a strong influence on
skeletal tissue (56,57).

In summary, physical performance was modestly related
to hip BMD in healthy young-old seniors, with the
association strongest and most consistent in black women.
As poor physical performance predicts falls, and both falls
and low BMD are risk factors for fracture, our data shows
that they remain largely independent in the well-functioning
young-old, except in black women. This independence
suggests that, to reduce fracture incidence, targeted
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interventions that improve both physical performance and
bone density, either via separate focused treatments or by
a combined strategy such as resistance training, require
implementation.

ACKNOWLEDGMENTS

This study was funded by National Institute on Aging contract numbers

NO01-AG-6-2102, NO1-AG-6-2103, and NO1-AG-6-2106.

Address correspondence to Dennis R. Taaffe, PhD, School of Human

Movement Studies, Faculty of Health Sciences, University of Queensland,

Connell Building, St.

Lucia, Queensland 4072, Australia. E-mail:

dtaaffe@hms.uq.edu.au

REFERENCES

1.

Nguyen T, Sambrook P, Kelly P, et al. Prediction of osteoporotic
fractures by postural instability and bone density. BMJ. 1993;307:
1111-1115.

. Cummings SR, Nevitt MC, Browner WS, et al. Risk factors for hip

fracture in white women. Study of Osteoporotic Fractures Research
Group. N Engl J Med. 1995;332:767-773.

. Dargent-Molina P, Favier F, Grandjean H, et al. Fall-related factors and

risk of hip fracture: the EPIDOS prospective study. Lancet. 1996;348:
145-149.

. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among

elderly persons living in the community. N Engl J Med. 1988;319:
1701-1707.

. Nevitt MC, Cummings SR, Kidd S, Black D. Risk factors for recurrent

nonsyncopal falls. A prospective study. JAMA. 1989;261:2663-2668.

. Genant HK, Gluér CC, Lotz JC. Gender differences in bone density,

skeletal geometry, and fracture biomechanics. Radiology. 1994;190:
636-640.

. March LM, Cameron ID, Cumming RG, et al. Mortality and morbidity

after hip fracture: can evidence based clinical pathways make a differ-
ence? J Rheumatol. 2000;27:2227-2231.

. Randell AG, Nguyen TV, Bhalerao N, Silverman SL, Sambrook PN,

Eisman JA. Deterioration in quality of life following hip fracture: a
prospective study. Osteoporos Int. 2000;11:460-466.

. Kritz-Silverstein D, Barrett-Connor E. Grip strength and bone mineral

density in older women. J Bone Miner Res. 1994;9:45-51.

. Glynn NW, Meilahn EN, Charron M, Anderson SJ, Kuller LH, Cauley

JA. Determinants of bone mineral density in older men. J Bone Miner
Res. 1995;10:1769-17717.

. Hughes VA, Frontera WR, Dallel GE, Lutz KJ, Fisher EC, Evans WIJ.

Muscle strength and body composition: associations with bone density
in older subjects. Med Sci Sports Exerc. 1995;27:967-974.

. Nguyen TV, Center JR, Eisman JA. Osteoporosis in elderly men and

women: effects of dietary calcium, physical activity, and body mass
index. J Bone Miner Res. 2000;15:322-331.

. Madsen OR, Lauridsen UB, Sorensen OH. Quadriceps strength in

women with a previous hip fracture: relationships to physical ability
and bone mass. Scand J Rehabil Med. 2000;32:37-40.

. Nguyen TV, Kelly PJ, Sambrook PN, Gilbert C, Pocock NA, Eisman

JA. Lifestyle factors and bone density in the elderly: implications for
osteoporosis prevention. J Bone Miner Res. 1994;9:1339-1346.

. Aoyagi K, Ross PD, Hayashi T, et al. Calcaneous bone mineral density

is lower among men and women with lower physical performance.
Calcif Tissue Int. 2000;67:106—110.

. Riggs BL. Overview of osteoporosis. West J Med. 1991;154:63-77.
. National Center for Health Statistics. Health, United States, 1999 With

Health and Aging Chartbook. DHHS publication number (PHS) 99-
1232. Hyattsville, MD; 1999:18.

. Seeman TE, Charpentier PA, Berkman LF, et al. Predicting changes in

physical performance in a high-functioning elderly cohort: MacArthur
Studies of Successful Aging. J Gerontol Biol Sci Med Sci. 1994;
49A:M97-M108.

. Jette AM, Jette DU, Ng J, Plotkin DJ, Bach MA. Are performance-

based measures sufficiently reliable for use in multicenter trials?
J Gerontol Med Sci. 1999;54A:M3-M6.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

941

Simonsick EM, Gardner AW, Poehlman ET. Assessment of physical
function and exercise tolerance in older adults: reproducibility and
comparability of five measures. Aging Clin Exp Res. 2000;12:274-280.
Greenspan SL, Myers ER, Maitland LA, Kido TH, Krasnow MB,
Hayes WC. Trochanteric bone mineral density is associated with type
of hip fracture in the elderly. J Bone Miner Res. 1994;9:1889-1894.
Taylor HL, Jacobs DR Jr, Schucker B, Knudsen J, Leon AS, Debacker
G. A questionnaire for assessment of leisure time physical activities.
J Chron Dis. 1978;31:741-755.

Ainsworth BE, Haskell WL, Leon AS, et al. Compendium of physical
activities: classification of energy costs of human physical activities.
Med Sci Sports Exerc. 1993;25:71-80.

Paffenbarger RS Jr, Wing AL, Hyde RT. Physical activity as an index
of heart attack risk in college alumni. Am J Epidemiol. 1978;108:161—
175.

Pahor M, Chrischilles EA, Guralnik JM, Brown SL, Wallace RB,
Carbonin P. Drug data coding and analysis in epidemiologic studies.
Eur J Epidemiol. 1994;10:405-411.

DeSimone DP, Stevens J, Edwards J, Shary J, Gordon L, Bell NH.
Influence of body habitus and race on bone mineral density of the
midradius, hip, and spine in aging women. J Bone Miner Res. 1989;4:
827-830.

Edelstein SL, Barrett-Connor E. Relation between body size and bone
mineral density in elderly men and women. Am J Epidemiol. 1993;
138:160-169.

Miller DK, Carter ME, Miller JP, et al. Inner-city older blacks have
high levels of functional disability. J Am Geriatr Soc. 1996;44:1166—
1173.

Ostchega Y, Harris TB, Hirsch R, Parsons VL, Kington R, Katzoff M.
Reliability and prevalence of physical performance examination
assessing mobility and balance in older persons in the US: data from
the Third National Health and Nutrition Examination Survey. J Am
Geriatr Soc. 2000;48:1136-1141.

Perry HM 1III, Horowitz M, Morley JE, et al. Aging and bone
metabolism in African American and Caucasian women. J Clin
Endocrinol Metab. 1996;81:1108-1117.

Bone density reference data. In: Favus MJ, ed. Primer on the Metabolic
Bone Diseases and Disorders of Mineral Metabolism. 4th Ed.
Philadelphia: Lippincott Williams & Wilkins; 1999:483.

World Health Organization. Assessment of Fracture Risk and Its
Application to Screening for Postmenopausal Osteoporosis. Technical
Report Series No. 843. Geneva: WHO; 1994

Verbrugge LM, Jette AM. The disablement process. Soc Sci Med.
1994;38:1-14.

Clark DO, Maddox GL. Racial and social correlates of age-related
changes in functioning. J Gerontol Psychol Sci Soc Sci. 1992;47B:
$222-S232.

Mendes de Leon CF, Beckett LA, Fillenbaum GG, Brock DB, Evans
DA, Berkman LF. Black-white differences in risk of becoming disabled
and recovering from disability in old age: a longitudinal analysis of two
EPESE populations. Am J Epidemiol. 1997;145:488-497.

Ferrucci L, Guralnik JM, Buchner D, et al. Departure from linearity in
the relationship between measures of muscular strength and physical
performance of the lower extremities: the Women’s Health and Aging
Study. J Gerontol Med Sci. 1997;55A:M275-M285.

Rantanen T, Guralnik JM, Izmirlian G, et al. Association of muscle
strength with maximum walking speed in disabled older women. Am J
Phys Med Rehabil. 1998;77:299-305.

Tuten C, Petosa R, Sargent R, Weston A. Biracial differences in
physical activity and body composition among women. Obes Res.
1995;3:313-318.

Vuillemin A, Guillemin F, Jouanny P, Denis G, Jeandel C. Differential
influence of physical activity on lumbar spine and femoral neck bone
mineral density in the elderly population. J Gerontol Biol Sci. 2001;
56A:B248-B253.

Suominen H. Bone mineral density and long term exercise: an overview
of cross-sectional athlete studies. Sports Med. 1993;16:316-330.
Wolff I, van Croonenborg JJ, Kemper HCG, Kostense PJ, Twisk JWR.
The effect of exercise training programs on bone mass: a meta-analysis
of published controlled trials in pre- and postmenopausal women.
Osteoporos Int. 1999;9:1-12.

220z 1snbny 9| uo Jasn sonsnr Jo uswuedad 'S'N A9 6267ES/YEBIN/O L/8S/31o1nte/ABojojuciaBpawiolg/woo dnooiwapese//:sdiy Wwoll papeojumod



942

42.

43.

44.

45.

46.

47.

48.

49.

Greendale GA, Barrett-Connor E, Edelstein S, Ingles S, Haile R.
Lifetime leisure exercise and osteoporosis. The Rancho Bernardo study.
Am J Epidemiol. 1995;141:951-959.

Brahm H, Mallmin H, Michaélsson K, Strom H, Ljunghall S.
Relationships between bone mass measurements and lifetime physical
activity in a Swedish population. Calcif Tissue Int. 1998;62:400-412.
Bassey EJ, Ramsdale SJ. Increase in femoral bone density in young
women following high impact exercise. Osteoporos Int. 1994;4:72-75.
Kerr D, Morton A, Dick I, Prince R. Exercise effects on bone mass in
postmenopausal women are site-specific and load-dependent. J Bone
Miner Res. 1996;11:218-225.

Kannus P, Haapasalo H, Sankelo M, et al. Effect of starting age of
physical activity on bone mass in the dominant arm of tennis and
squash players. Ann Intern Med. 1995;123:27-31.

Mundy GR. Bone remodeling. In: Favus MJ, ed. Primer on the
Metabolic Bone Diseases and Disorders of Mineral Metabolism. 4th
Ed. Philadelphia: Lippincott Williams & Wilkins; 1999:30-38.
Nourhashémi F, Andrieu S, Gillette-Guyonnet S, Vellas B, Albareéde
JL, Grandjean H. Instrumental activities of daily living as a poten-
tial marker of frailty: a study of 7364 community-dwelling elderly
women (the EPIDOS Study). J Gerontol Med Sci. 2001;56A:M448—
M453.

Wark JD. Osteoporotic fractures: background and prevention strategies.
Maturitas. 1996;23:193-207.

gerontology

50.

51

52.

53.

54.

55.

56.

57.

TAAFFE ET AL.

Fiatarone MA, Marks E, Ryan ND, Meredith CN, Lipsitz LA, Evans
WIJ. High-intensity strength training in nonagenarians: effects on
skeletal muscle. JAMA. 1990;263:3029-3034.

Taaffe DR, Duret C, Wheeler S, Marcus R. Once-weekly resistance
exercise improves muscle strength and neuromuscular performance in
older adults. J Am Geriatr Soc. 1999;47:1208-1214.

Nelson ME, Fiatarone MA, Morganti CM, Trice I, Greenberg RA,
Evans WIJ. Effects of high-intensity strength training on multiple risk
factors for osteoporotic fractures: a randomized controlled trial. JAMA.
1994;272:1909-1914.

Snow CM, Shaw JM, Winters KM, Witzke KA. Long-term exercise
using weighted vests prevents hip bone loss in postmenopausal women.
J Gerontol Med Sci. 2000;55A:M489-M491.

Shaw JM, Snow CM. Weighted vest exercise improves indices of fall
risk in older women. J Gerontol Med Sci. 1998;53A:M53-M58.
Magaziner J, Hawkes W, Hebel JR, et al. Recovery from hip fracture
in eight areas of function. J Gerontol Med Sci. 2000;55A:M498—
M507.

Frost HM. On our age-related bone loss: insights from a new paradigm.
J Bone Miner Res. 1997;12:1539-1546.

Burr DB. Muscle strength, bone mass, and age-related bone loss.
J Bone Miner Res. 1997;12:1547-1551.

Received August 7, 2002
Accepted December 13, 2002

The Gerontological Society of America is
pleased toannounce thatThomas M.Hess,PhD,
will edit the Journal of Gerontology: Psychological
Sciences starting January 2004. Beginning January
1, 2004, all new submissions to the Journal of
Gerontology: Psychological Sciences should be
submitted online at http://jgps.allentrack.net or
directed to Dr. Hess at the provided address.

New
Psychological
Sciences
Editor
Announced

Thomas M. Hess, PhD, Editor
Journal of Gerontology:
Psychological Sciences
Department of Psychology
North Carolina State University
Box 7801

Raleigh, NC 27695-7801

Revised instructions to authors will
appear in the January 2004 issue.

220z 1snbny g1 uo Jasn aonsnr jo Juswyedaq ‘SN AQ 6267£S/7E6IN/01/8G/9101e/ABojojuoiabpawolq/wod dnoroiwepese//:sdjy Woly papeojumoq



