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Background. Women in early postmenopause and with low bone mineral den-
sity (BMD) may exhibit early markers for physical frailty as a result of sarcopenia and
osteopenia.

Objective. The purpose of this study was to determine whether women in early
postmenopause and with low BMD exhibit decreased physical performance and
differences in gait variability and fall and fracture rates.

Design. This study was an observational cohort design with participants assigned
to groups on the basis of BMD status.

Methods. Fifty-four women, 31 with low BMD and 23 with normal BMD, partic-
ipated. This study was conducted in a university research facility. Physical perfor-
mance was measured by assessment of dynamic balance (timed backward tandem
walk test), strength (handheld dynamometry of isometric quadriceps muscle force
production), and free gait speed. Gait variability was assessed on the basis of the
coefficient of variation for temporal-spatial gait characteristics. Falls and fractures
were assessed for the year after initial testing.

Results. Significant between-group differences were found for step time and
stance time variability.

Limitations. The limitations of this study included group assignment on the basis
of the results of the most recent bone density scan within the preceding 2 years.

Conclusions. Women in early postmenopause and with low BMD exhibited
increased gait variability in step time and stance time but did not exhibit differences
in balance, strength, or gait speed. Gait variability may be more sensitive for detecting
differences in women in early postmenopause and with or without low BMD than
more typical measures of physical performance.
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Physical frailty describes a pro-
cess in which multiple organ
systems deteriorate. This deteri-

oration both results from and causes
physical inactivity.1 Markers for frailty
include osteopenia, which is the loss
of bone tissue, and sarcopenia, which
is the loss of muscle tissue.2 As women
age, their risk for frailty increases.3

Physical frailty contributes to depen-
dency in daily tasks,4 longer periods of
disability after illness,4 and increased
mortality.5,6

More than 44 million Americans 50
years of age or older have osteopo-
rosis or osteopenia, with women
representing 30 million of those cas-
es.7 People are diagnosed with os-
teopenia when their bone mineral
density (BMD), determined by dual
x-ray absorptiometry (DXA) scan-
ning, falls between 1.1 and 2.5 stan-
dard deviations below the mean for
adults who are healthy; people are
diagnosed with osteoporosis when
their BMD falls more than 2.5 stan-
dard deviations below the mean for
adults who are healthy.7 Osteoporo-
sis is a systemic skeletal disease that
is marked by decreased bone mineral
mass and compromises in bone ar-
chitecture.8 Women with primary
osteoporosis, that is, bone deminer-
alization attributable to aging and
menopause, are at increased risk for
frailty9 because they experience
greater loss of muscle and bone tis-
sue than their peers who are
healthy.10

One definition of frailty is a syn-
drome in which 3 or more of the
following criteria are present: unin-
tentional weight loss of greater than
4.5 kg (10 lb) in a year and self-
reported exhaustion, weakness, de-
creased physical activity, and slow
walking speed.5 Free gait speed is
predicted by knee extensor muscle
strength (force-generating capaci-
ty)11 and is correlated with BMD at
various skeletal sites.12 Variability in
temporal-spatial gait characteristics,
such as step width and step length,
has been investigated in other stud-
ies in relation to both falls13–15 and
the transition to frailty.16 Because
older women with osteoporosis tend
to be more frail than their peers who
are healthy,17 women in early post-
menopause and with low BMD may
exhibit early markers for physical
frailty, including changes in balance
and gait.

Sarcopenia associated with aging
and frailty is related to poorer phys-
ical performance,18–23 which in turn
could result in falls.3 Approximately
half of women who are postmeno-
pausal will sustain an osteoporosis-
related fracture in their lifetime, and
15% will sustain a hip fracture. If
women in early postmenopause are
at risk for frailty, their risk of fracture
from an injurious fall may be ele-
vated because of low BMD8 as well
as weakness and impaired balance.24

To date, no studies have examined
these variables in women in early
postmenopause and with low BMD.
If deficits in balance, strength, and
gait were identified in this popula-
tion, then physical performance
measures could provide an earlier in-
dication of risk for frailty.

The primary aim of this study was to
determine whether women in early
postmenopause and with low BMD
exhibit poorer performance in dy-
namic balance, quadriceps femoris
muscle strength, and free gait speed
than women without low BMD. The

secondary aims were to determine
whether women in early postmeno-
pause and with or without low BMD
exhibit differences in variability in
temporal-spatial gait characteristics
and to determine whether there are
differences in fall and fracture rates
in the year after initial testing.

Method
Study Design
This study was an observational co-
hort study. Participants were as-
signed to groups on the basis of BMD
status. Participants were assigned to
the low BMD group if their BMD was
�2.0 standard deviations below the
mean for adults who are healthy at
one or more skeletal sites in accor-
dance with the DXA scan results.8

The results of each DXA scan were
confirmed by the radiologist’s writ-
ten DXA scan report. Participants
were assigned to the normal BMD
group if their BMD was within 1.0
standard deviation of the mean for
adults who are healthy. Participants
were excluded from the latter group
when any skeletal site had a bone
density of 1.1 to 1.9 standard devia-
tions below the mean for adults who
are healthy. This exclusion criterion
recognizes that although severe os-
teopenia is defined as 2.0 standard
deviations below the mean for adults
who are healthy,25 the range of 1.1
to 1.9 is still classified as osteopenia.

All testing occurred at Arcadia Uni-
versity. Pilot testing was conducted
to estimate sample size. Eight
women, 4 with low BMD and 4 with
normal BMD, completed the pilot
testing. These women had a mean
(SD) age of 59.1 (3.1) years; had
been postmenopausal for, on aver-
age, 6.3 (SD�2.2) years; had a mean
(SD) body mass index (BMI) of 24.3
(1.5) kg/m2; and had a mean (SD)
physical activity level of 2,214.1
(189.8) kcal/d, as determined with
the Stanford 7-Day Physical Activity
Recall Questionnaire. Results from
the pilot study indicated that women
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in early postmenopause and with
low BMD exhibited differences in
backward tandem walk time and
quadriceps femoris muscle strength
compared with their peers who
were healthy. Effect sizes were large
(r��.75) for backward tandem walk
time and medium for the strength of
both quadriceps femoris muscles
(r�.43). The study was powered
with a medium effect size because it
represented the lowest effect size for
the specific aims. Given a power of
at least 0.80, a medium effect size of
r�.43, and an alpha level of .05, a
target sample of 28 women per
group, for a total of 56 participants,
was assumed.26 Data collection for
the main study took place from Au-
gust 2006 to April 2007. Perfor-
mance data were collected in one
session, which lasted approximately
1 hour. Participants were contacted
by telephone 1 year after perfor-
mance testing.

Participants
Participants were recruited through
informational flyers placed in Arcadia
University–area community buildings
for people aged 55 years and older,
churches, gymnasiums, synagogues,
physical therapy clinics, and libraries
and advertisements placed in church
bulletins and local newspapers. A to-
tal of 82 women responded to re-
cruitment flyers and advertisements.

After potential participants made
contact with the principal investiga-
tor (K.M.P.), they were telephoned
and screened with inclusion and ex-
clusion criteria. To be considered for
inclusion in the study, participants
had to be community-dwelling
women who were 50 to 65 years of
age and 3 to 10 years after meno-
pause, who had DXA test results
from within the preceding 2 years,
and who were able to ambulate in-
dependently. Years after menopause
was assessed by reading the defini-
tion of menopause, which is “cessa-
tion of the menstrual period for a

Figure 1.
Flow diagram of study recruitment. BMD�bone mineral density, BMI�body mass
index.
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span of time of at least 12 months,”27

and then asking, “At what age did
your period cease?”

Participants were excluded if they
were organ transplant recipients,
had active, severe liver or kidney dis-
ease, were undergoing chemother-
apy or renal dialysis, had chemical
menopause or menopause because
of oophorectomy, had chronic, se-
vere cardiac or pulmonary disease,
had a history of bone cancer or bone
metastases, used corticosteroids for
a long period of time, or had medical
issues that affected the lower ex-
tremities and that, in turn, could af-
fect ambulation. Examples of such
medical issues were joint replace-
ment; joint inflammation causing
swelling, tenderness, or both; lower-
extremity surgery within the preced-
ing 6 months; or neurological dis-
eases that could affect ambulation,
such as Parkinson disease, multiple
sclerosis, or residual weakness from
a cerebrovascular accident. Twenty-
four women did not meet all of the
inclusion criteria (age, n�1; years
after menopause, n�12; DXA scan
test date, n�2; chronic lung disease
or use of asthma inhalers, n�2;
menopause because of oophorec-
tomy, n�4; lower-extremity joint re-
placement, n�2; and neurological

disease affecting the lower extremi-
ties, n�1), and 1 woman declined
to participate without financial
compensation.

Potential participants who met the
inclusion criteria were scheduled for
assessment. Participants were in-
formed of the study objectives and
provided written informed consent
before data collection. Fifty-seven
women, 33 with low BMD and 24
with normal BMD, participated in
the testing for this study. Two par-
ticipants were excluded from the
low BMD group because their phys-
ical activity levels were greater than
2 standard deviations above the par-
ticipant mean (4,130.23 and 4,166.20
kcal/d, respectively), and 1 partici-
pant was excluded from the normal
BMD group because both her phys-
ical activity level and BMI were
greater than 2 standard deviations
above the group mean (3,953.73
kcal/d and 42.2, respectively) (Fig.
1). Four participants (3 in the normal
BMD group and 1 in the low BMD
group) were lost to follow-up for the
1-year evaluation of falls and frac-
tures despite numerous attempts to
contact them.

Demographic Variables
The participants completed a demo-
graphic and health status question-
naire that included questions about
age, number of years after meno-
pause, date and results of the last
DXA scan, medical history, current
medications, and use of calcium and
vitamin D supplements. With the ex-
ception of the DXA scan results,
these variables are associated with
BMD,28–31 physical perfor-
mance,32–34 or both. Participants’
height (in meters) and weight (in ki-
lograms) were measured on a cali-
brated physician scale,* and BMI (kg/
m2) was calculated from these
values. The BMI was calculated be-
cause it is associated with sarcope-
nia35 and BMD.28

Next, the participants were adminis-
tered the Stanford 7-Day Physical Ac-
tivity Recall Questionnaire.36 Physi-
cal activity level was measured as a
potential covariate because activity
level could affect both physical per-
formance37–39 and BMD.40 The Stan-
ford 7-Day Physical Activity Recall
Questionnaire was selected because
it has been used with both older
women41 and women who are post-

* Health O Meter Inc, 11800 S Austin Ave, #B,
Alsip, IL 60803.

Table 1.
Demographic Characteristics of Participants

Characteristic

Values for Participants With the Following Bone Mineral Density:

P

Low (n�31) Normal (n�23)

X (SD) Range X (SD) Range

Age, y 59.19 (3.30) 52.00–65.00 58.13 (3.33) 51.00–65.00 .125

Years after menopause 6.19 (2.56) 3.00–10.00 5.89 (2.33) 3.00–10.00 .329

Body mass index (kg/m2) 23.52 (3.09) 18.30–29.20 26.33 (3.60) 19.30–32.30 .002a

Physical activity level 2,290.61 (376.32) 1,517.82–3,161.13 2,683.79 (573.05) 1,568.29–3,719.57 .003a

No. of medications 2.77 (1.89) 0.00–7.00 2.39 (2.31) 0.00–8.00 .253

No. of comorbidities 1.84 (1.79) 0.00–7.00 1.83 (1.67) 0.00–6.00 .490

Habitual gait speed (m/s) 1.35 (0.17) 1.03–1.69 1.38 (0.20) 0.96–1.73 .260

Fast gait speed (m/s) 1.96 (0.18) 1.53–2.44 2.03 (0.23) 1.56–2.24 .105

a Statistically significant.
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menopausal and have low BMD.42–45

This questionnaire asks people to re-
call the number of hours slept each
night as well as the number of hours
spent in moderate, hard, and very
hard activities during the preceding
7 days. Examples of moderate, hard,
and very hard physical, social, and
occupational activities are provided
to each individual. A description of
exertion levels also is provided. En-
ergy expenditure is calculated from
the numbers of hours spent in sleep
and in activity and is reported as kilo-
calories per day. The reliability36 and
validity46 of Stanford 7-Day Physical
Activity Recall Questionnaire scores
have been reported.

Of the 57 women who participated
in the testing for this study, 55 were
white and 2 were African American.
On average, the women were 58.8
(SD�3.3) years of age and had been
postmenopausal for 6.1 (SD�2.5)
years. Analysis of the results indi-
cated significant between-group dif-
ferences for BMI and level of physi-
cal activity. Participants with low
BMD had a mean BMI that fell within
the healthy category, and those with
normal BMD had a mean BMI that
fell in the overweight category. Par-
ticipants with low BMD had a mean
(SD) physical activity level of
2,290.61 (376.32) kcal/d, or 13 h/wk,
and those with normal BMD had a
mean (SD) physical activity level of
2,683.79 (573.05) kcal/d, or 15
h/wk. All participants walked at
speeds that exceeded reported
thresholds for successful community
ambulation, such as crossing the
street within the timing of a traffic
light (1.0–1.2 m/s).47

The most common types of medica-
tions included over-the-counter sup-
plements, daily aspirin, statins, and
osteoporosis medications for partici-
pants in the low BMD group. The
most common comorbidities were
high cholesterol levels and hypothy-
roidism (Tab. 1).

Physical Performance Variables
Physical performance measures in-
cluded assessment of dynamic bal-
ance, quadriceps femoris muscle
strength, and gait. The order of test-
ing was the same for all participants.
Dynamic balance was assessed with
a timed, backward tandem walk
test.48,49 Participants were instructed
to walk backward as quickly as pos-
sible in a heel-to-toe fashion on a
2.44-m line. This test is timed with a
stopwatch.37 Participants were al-
lowed 1 practice trial to become ac-
customed to the testing procedure.
They then performed 2 trials of the
test. The time for the 2 trials was
recorded in seconds, and the mean
time for the 2 trials was calculated.
This test was selected to minimize
the ceiling effect that can occur
when subjects under age 65 are test-
ed; other balance measures that use
ordinal scales, such as the Berg Bal-
ance Scale, have a documented ceil-
ing effect for such subjects.50 The
backward tandem walk test has been
used for older adults49 and people
with osteoporosis.48 The validity of
the backward tandem walk test for
isokinetic knee extension strength
has been reported.49

Isometric quadriceps femoris muscle
force production for each leg was
measured with a MicroFET 2 hand-
held dynamometer.† Participants sat
upright on a plinth of sufficient
height to prevent the feet from
touching the floor. The upper thighs
were strapped to the plinth to pre-
vent compensatory movements, and
the knees were flexed to 90 de-
grees.51 The dynamometer was
placed on the anterior tibia just prox-
imal to the malleolus.51 Participants
were asked to push as hard as possi-
ble for 5 seconds while the investi-
gator matched the resistance (make
test). The left lower extremity was
tested first. Participants performed 2

practice trials and then a minimum
of 2 maximal-effort trials with a
1-minute rest period between the tri-
als. The peak force for each trial was
recorded, and the mean for the 2
trials was calculated.52 In the event
that the 2 trials were not within 10%
of each other (�50% of the partici-
pants), additional trials were per-
formed. The quadriceps femoris
muscle complex was chosen be-
cause quadriceps femoris muscle
strength has been found to predict
gait speed11 and is associated with
static and dynamic balance in
women with osteoporosis.42 Hand-
held dynamometry has been re-
ported to have reliability42 and
validity.53 Handheld dynamometry52

and similar testing procedures42–44

have been used to assess lower-
extremity strength in women with
osteoporosis.

Free gait speed data were collected
with the GaitMat II‡ to determine
temporal and spatial gait characteris-
tics. The GaitMat II is a 3.87-m walk-
way containing pressure-sensitive
switches54 (Fig. 2). Free gait speed
was chosen as a variable because
walking speed is one of the criteria
included in the definition of frailty.5

The participants completed 2 trials
of free speed with the instruction to
“walk across the mat at your normal
speed.” Individually determined rest
periods were given between the tri-
als. Gait variability was calculated
from the walking trials as the coeffi-
cient of variation of free speed step
length, stride length, step width,
step time, and stance time as de-
scribed by Brach et al13 (Fig. 1). The
coefficient of variation, calculated as
(standard deviation/mean) � 100,13

represents the variability within a
distribution of numbers. The reliabil-
ity and validity of data obtained with
the GaitMat II have been reported.54

† Hogan Health Industries, 8020 South 1300
West, West Jordan, UT 84084.

‡ E.Q. Inc, PO Box 16, Chalfont, PA 18914-
0016.
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Figure 2.
(A) GaitMAT II System. (B) Step length, defined as the distance between contacts of the contralateral extremities. Step length is
defined with respect to the advancing limb.77 (C) Step width, defined as the lateral distance between contralateral footfalls. Thus,
right step width is defined with respect to the left trailing limb and left step width is defined with respect to the right trailing limb.77

(D) Stride length, defined as the distance from the contact of one foot to the subsequent contact of the same foot. Initial contact
typically is used as the measurement reference. One stride represents the completion of one cycle of gait.77 (E) Step time, defined
as the time necessary to complete a right or left step length.77 (F) Stance time, defined as the time a limb is in contact with the
ground.77 Photographs used with permission of E.Q. Inc.
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Data on Falls and Fractures
Data on falls and fractures were col-
lected for the year after initial test-
ing. Participants were contacted 1
year from their initial test date and
were provided with the definition of
a fall: “A fall is defined as uninten-
tionally coming to rest on the ground,
floor, or other lower level.”55(p1619)

Participants then were asked
whether they had fallen in the pre-
ceding year and, if so, how many falls
they had sustained. Participants also
were asked whether they had sus-
tained any fractures or broken bones
in the preceding year and, if so,
which bones they had broken. They
were not questioned about the cir-
cumstances of the fall or whether a
hospitalization resulted from the fall.

Data Analysis
All data were analyzed with SPSS
software, version 14.0.§ Descriptive

statistics were determined for all de-
mographic and health-related vari-
ables. Data were excluded from the
analyses when a participant’s physi-
cal activity level or BMI exceeded 2
standard deviations of the group
mean to prevent outliers from skew-
ing the results. Independent sample t
tests were performed to assess
between-group differences for all de-
mographic variables and to assess
potential between-group differences
between the pilot sample and the
full-study sample for both the low
BMD group and the normal BMD
group.

Analyses of variance were performed
to test differences in physical perfor-
mance variables (primary aim) and
differences in gait variability (sec-
ondary aim). Chi-square analyses
were performed to test differences
in rates of falls and fractures (second-
ary aim). We treated falls and frac-
tures as dichotomous variables in-
stead of using the numbers of falls

and fractures as metrics. Statistical
significance was set at P�.05.

Role of the Funding Source
This study was funded, in part, by
grants from the Pennsylvania Physi-
cal Therapy Association and the Sec-
tion on Women’s Health of the
American Physical Therapy Associa-
tion. The funding received for this
study allowed for office supply costs,
such as postage and purchases of pa-
per and statistical software; photo-
copying costs; advertising costs for
recruitment purposes; and partial
salary support for the principal in-
vestigator (K.M.P.). The principal in-
vestigator was required to submit a
poster presentation of preliminary
results to the Pennsylvania Physical
Therapy Association and one article
related to her dissertation to the
Journal of Women’s Health Physi-
cal Therapy as part of the funding
stipulations. This study was con-
ducted in partial fulfillment of Dr
Palombaro’s doctoral degree.

§ SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.

Table 2.
Results of Data Analysis of Primary Variables

Variable

X (SD) for Participants With the
Following Bone Mineral Density:

Results of Analysis
of Variance for

Groups

Low (n�31) Normal (n�23) F P

Backward tandem walk time (s) 10.04 (3.65) 8.76 (3.89) 1.54 .221

Right quadriceps femoris muscle force output (N) 155.8 (30.57) 166.4 (35.6) 1.39 .244

Left quadriceps femoris muscle force output (N) 151.2 (28.20) 154.7 (36.2) 0.274 .603

Free gait speed (m/s) 1.35 (0.17) 1.39 (0.20) 0.447 .507

Table 3.
Results of Analysis of Variance (ANOVA) for Gait Variabilitya

Variable

X (SD) CV for Participants With the
Following Bone Mineral Density:

Results of ANOVA for
Groups

Low Normal F P

Step length 0.03 (0.016) 0.03 (0.012) 0.386 .537

Step width 0.17 (0.224) 0.12 (0.084) 1.130 .293

Stride length 0.02 (0.013) 0.02 (0.013) 2.071 .156

Step time 0.09 (0.13) 0.03 (0.02) 4.323 .043b

Stance time 0.07 (0.09) 0.03 (0.02) 4.064 .049b

a CV�coefficient of variation.
b Statistically significant.
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Results
There were no significant between-
group differences in backward tan-
dem walk time, free gait speed, or
isometric quadriceps femoris muscle
force. However, women with low
BMD had poorer balance (slower
times on the backward tandem walk
test), slower walking speeds, and
less strength (isometric quadriceps
femoris muscle force) than women
with normal BMD (Tab. 2).

Significant between-group differ-
ences were found for step time and
stance time variability. Additionally,
a tendency toward increased vari-
ability in step width was found for
the low BMD group (Tab. 3). Nine
women with low BMD (30%) and 5
women with normal BMD (25%) sus-
tained at least 1 fall in the year after
physical performance testing. Two
women with low BMD sustained a
total of 3 fractures. These differences
were not statistically significant.

Discussion
The primary aim of the present study
was to address potential physical
performance differences in women
in early postmenopause and with or
without low BMD. Although there
was a tendency for women in early
postmenopause and with low BMD
to demonstrate poorer performance
in the physical performance mea-
sures than their peers with normal
BMD, no statistically significant dif-
ferences were found. The tendency
toward poorer performance did not
translate to clinically meaningful
between-group differences for bal-
ance (1.28 seconds) and strength
(4.58–10.63 N).

Although other studies12,42,44 have
demonstrated that women in late
postmenopause and with low BMD
exhibit significantly poorer physical
performance in measures of balance,
quadriceps femoris muscle strength,
and gait speed, the differences in
samples as well as the types of tools

used to measure physical perfor-
mance may partially explain the con-
flicting results. In the present study,
on average, women were 59 years of
age and had been postmenopausal
for 6 years, had a mean BMI of 25
kg/m2, and had a mean physical ac-
tivity level of 2,457.65 kcal/d (14
hours of activity per week). In earlier
research, subjects had an age range
of 68.3 to 69.4 years, a BMI range of
24.7 to 25.9 kg/m2, and total physi-
cal activity times ranging from 6 to
21 h/wk.12,42,44 Two studies in-
cluded women who had been post-
menopausal for at least 5 years,42,44

and 1 study did not have minimum
or maximum cutoffs for years after
menopause.12 Thus, the subjects in
earlier research were, on average,
older, more sedentary, and likely to
be in late postmenopause because of
age and menopause inclusion crite-
ria. The between-group differences
in these studies12,42,44 may have been
larger because of the effects of aging
and physical activity on bone density
and physical performance. Finally,
the tests and measures used in the
present study to assess physical per-
formance and activity levels may not
be sensitive enough to detect changes
at the level of functional limitations
in women in early postmenopause.

Earlier research focusing on women
in late postmenopause revealed a re-
lationship between physical perfor-
mance and BMD.12,42,44 Our results
for dynamic balance and isometric
force output testing contrasted with
those in the studies of Carter et al,42

and Liu-Ambrose et al,44 who found
associations of quadriceps femoris
muscle strength and dynamic bal-
ance (as measured with the Figure-
of-8 Test) with BMD in older women
(mean age of �65 years) who were
postmenopausal. Our free gait speed
results also differed from the findings
of Lindsey et al,12 who reported an
association between free gait speed
and BMD.

A secondary aim of the present study
was to explore more-sensitive mea-
sures of gait variability to determine
whether subtle changes were occur-
ring in gait at the level of impair-
ment. Our study revealed statistically
significant differences in step time
and stance time; women with low
BMD exhibited increased variability
in both of these variables. Women
with low BMD also demonstrated a
tendency toward increased step
width variability. As in our study,
Hausdorff et al15 found increased
stance time variability in older adults
who had fallen. Maki14 found in-
creased step time variability and a
tendency toward step width variabil-
ity in older adults who had fallen.
Brach et al13 found an association
between increased step width vari-
ability and falls in older adults walk-
ing at normal speeds. Kressig et al16

found that stride length variability
increased in older adults who were
transitioning to frailty, a finding that
supports the hypothesis that spatial
gait characteristics may change be-
fore changes in strength and balance
are detectable. Because step width
variability may be a more-sensitive
measure for differentiating people
who have fallen from those who have
not fallen, step time and stance time
may be more-sensitive measures for
detecting progression to frailty in
women in early postmenopause.

In earlier research on gait variabili-
ty,13–16 older adults with mean ages
ranging from 79 to 82 years were
examined. The participants in our
sample, with a mean age of 59 years,
represent an earlier point on the age
continuum of gait variability. How-
ever, the percentage differences in
variability between the group with
low BMD and the group with normal
BMD in the variables of step time (9%
versus 7%) and step width (17% ver-
sus 12%) mirror the findings of Brach
et al.13 Our findings may indicate
that women with low BMD are be-
ginning to experience some balance
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instability. This notion is supported
by our finding of a tendency toward
increased time on the backward tan-
dem walk test in women with low
BMD.

Another aim of the present study
was to determine whether there
were differences in fall and fracture
rates between women who were in
early postmenopause and had low
BMD and women who were in early
postmenopause and did not have
low BMD. Although no significant
between-group differences were
found, 9 women with low BMD
(30%) fell, and 2 women with low
BMD sustained a total of 3 fractures.
The percentage of falls in our sample
of women with osteoporosis mirrors
the reported rate of falls of 32%,56

whereas the percentage of fractures
in women in the low-BMD group
who fell (10%) exceeds the reported
rate of fractures of 2.8% in the age
group of 50 to 64 years.57

The detection of differences in gait
variability and at the level of func-
tional limitations in balance,
strength, and gait speed was ex-
plored as a possible method for de-
tecting and thus preventing58 early
frailty. Poorer performance on tasks
related to functional limitations may
be subtle in a younger cohort of
women. Fried et al59 defined preclin-
ical disability as an increase in the
time needed to complete a task,
modification of a task, or a decrease
in the frequency of task perfor-
mance. In community-dwelling peo-
ple, compensatory strategies may
mask early changes that indicate the
potential to progress to frailty.60

Compensatory strategies may have
accounted for the tendency toward
poorer performance in all physical
performance tasks and the signifi-
cant differences in gait variability ob-
served in the present study.

Physical activity level and resultant
BMI may have been important medi-

ators in the present study. Partici-
pants in the low-BMD group had a
significantly lower BMI and lower ac-
tivity levels than those in the group
with normal BMD. Changes in total
daily physical activity are associated
with 3-year changes in mobility per-
formance, as measured by deficits in
the time needed to rise from a chair
and timed walking.61 Physical activ-
ity and mobility limitations were
found to be mediated by knee exten-
sion strength in a sample of 3,075
adults who were 70 to 79 years of
age.62 Increasing physical activity
levels from the onset of middle age
results in a slower progression of
functional limitations and preven-
tion of disability.61,63,64 Although
women with low BMD in the present
study exhibited significantly lower
physical activity levels than women
with normal BMD, there were no ob-
servable deficits in balance, strength,
and gait speed. Addressing physical
activity in women in early postmeno-
pause and with low BMD (similar to
the women in our sample) might
serve as a preventative intervention
to limit progression to frailty.

Clinical Relevance
Early detection of functional limita-
tions and disability is vital to prevent-
ing frailty.58 A recently published
consensus report recommended fo-
cusing on domains such as mobility,
muscle strength, balance, endur-
ance, fatigue, and physical activity in
older adults who are likely at risk for
frailty because these areas are strong,
independent predictors of frailty.65

That report also emphasized that in-
terventions to prevent frailty should
target people most likely to benefit.
Those who would likely benefit the
most might be similar to the women
in the present study who, although
not exhibiting changes in physi-
cal performance measures, were be-
ginning to demonstrate changes in
the more-sensitive measure of gait
variability.

As part of their role in health and
wellness promotion, clinicians
should ask women who are in early
postmenopause (women in their
mid-40s to mid-50s) and are being
seen by physical therapists for exam-
ination or screening whether they
have had a DXA scan and what the
DXA scan results were. Although
most clinicians do not have access to
instrumented gait analysis systems,
they nevertheless should be aware
that women in early postmenopause
and with low BMD might have subtle
changes in gait variability that are
not detected by more-typical mea-
sures of physical performance, such
as balance, strength, and gait speed.
Knowledge that potential subclinical
changes could be occurring would
allow physical therapists to provide
their patients in early menopause
with education about the benefits of
regular physical activity that includes
weight-bearing and resistance exer-
cises66 to preserve physical func-
tion3,18,21,63 and to reduce the risk of
injurious falls.37,43 Clinicians could
use the results of a physical activity
questionnaire as a starting point for
patient education because patient
education programs about self-
management of osteoporosis have
been reported to be successful.67

Physical activity could be assessed
with standardized tools, such as the
one used in the present study (Stan-
ford 7-Day Physical Activity Recall
Questionnaire), or tools that might
be less time-consuming, such as the
Rapid Assessment of Physical Activi-
ty68 and the International Physical
Activity Questionnaire.69 These tools
might be more useful in a clinical
setting. Such programs would ad-
dress prevention of the transition to
frailty in women in late postmeno-
pause and with low BMD while si-
multaneously addressing factors that
lead to injurious falls in adults.

A dose-response effect of exercise on
fracture risk has been reported in the
literature, with higher activity levels
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being related to lower fracture
risk.70,71 This finding has particular
bearing in younger people with low
BMD, who may be at risk for distal
radius fractures. Distal radius frac-
tures often are the initial symptom of
low BMD.72 People who are 50 years
of age and sustain a distal radius frac-
ture have a 17% lifetime risk of hip
fracture; the risk in the general pop-
ulation is 11%.73 These findings sup-
port physical therapist interventions
that target frailty-related musculo-
skeletal changes with the aim of re-
ducing injurious falls in women with
low BMD.

Additionally, there is a lack of pub-
lished literature about physical per-
formance variables in women in
early postmenopause. Although no
between-group differences in mea-
sures of balance, strength, and gait
speed were found in the present
study, the physical performance data
from this study can provide clini-
cians with initial values with which
to compare measures from their own
patients in early postmenopause.

Limitations
There were several limitations of the
present study. The pilot study results
indicated significant between-group
differences in balance and strength.
The study was powered with a me-
dium effect size. Power was reana-
lyzed at the completion of data col-
lection. Effect size was small for all
variables and indicated that 175
women would have to be recruited
to detect between-group differ-
ences. Data analysis showed that the
pilot sample was different from the
full-study sample for all variables for
the low-BMD group and for mean
quadriceps femoris muscle force out-
put for the group with normal BMD.
These differences might have re-
sulted in underpowering of the
present study. Replicating the study
with a larger sample might demon-
strate between-group differences in
measures of physical performance.

Additionally, a larger sample might
have introduced greater variability in
demographic variables, such as the
number of years after menopause or
age, which are mediators of bone
density. The lack of variability in
these variables inhibited the consid-
eration of their impact on BMD and
physical performance.

Another limitation was that leg
length was not measured; therefore,
step length was not adjusted for leg
length. No significant between-
group differences were found for
height, but without adjustment for
leg length. It is unknown whether
the between-group differences for
gait speed were larger or smaller
than those in the unadjusted data.

A final limitation was the reliance on
the results of the most recent DXA
scan to categorize BMD status. Cur-
rent guidelines for DXA scanning
suggest testing every 2 years for peo-
ple with osteopenia or osteoporosis
and every 5 years for people with
normal BMD.74–76 In an attempt to
be more stringent, we required all
participants to have had a DXA scan
within the preceding 2 years. It
would have been most accurate to
test participants’ BMD just before
group assignment because some
women with normal BMD, as deter-
mined from their most recent DXA
scan, might have been categorized in
the low-BMD group or excluded
when their BMD fell into the range of
1.1 to 1.9 standard deviations below
the mean. However, the physical
performance of the 2 groups was
similar, so this limitation in methods
might not have affected the final re-
sults of the present study.

Conclusion
The results of the present study dem-
onstrated a tendency toward poorer
physical performance and a ten-
dency toward increased rates of falls
and fractures in women in early post-
menopause and with low BMD but

no significant between-group differ-
ences. Significantly increased step
time and stance time variability and a
tendency toward increased step
width variability were found. Gait
variability might be more sensitive
than more typical measures of phys-
ical performance for detecting differ-
ences in women in early postmeno-
pause and with or without low BMD.
The subtle changes in gait variability
observed in the present study indi-
cated a need for preventive physical
therapist interventions to maintain
and improve current physical func-
tioning in women in early postmeno-
pause and with low BMD, thus
addressing the potential for the tran-
sition to frailty in this population.
Research examining physical perfor-
mance in a wider age range of
women in postmenopause and with
or without low BMD might help to
identify the point at which the pro-
gression to frailty occurs and would
provide a more complete descrip-
tion of the transition to frailty in
women in early postmenopause and
with low BMD.
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