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Background: Available preliminary data on menopause does not relate changes in body fat mass (BFM) 

and handgrip strength (HGS) (an indicator of body/muscle strength) to gait parameters. 

Objective: To determine the relationship between BFM, HGS and gait parameters, namely, stride length 

(SL) (an indicator of walking balance/postural stability), stride frequency (SF), and velocity (V) (gait out- 

put), to guide gait training. 

Methods: Ninety consenting (45 postmenopausal and 45 premenopausal) female staff of the University 

of Nigeria Teaching Hospital, Enugu, were randomly selected and assessed for BFM and HGS with a hy- 

dration monitor and dynamometer, respectively, in an observational study. The mean of 2 trials of the 

number of steps and time taken to cover a 10-m distance at normal speed was used to calculate SF, SL, 

and V. Data were analyzed using an independent t test and a Pearson correlation coefficient at P < 0.05. 

Results: Premenopausal (BFM = 42.93% [12.61%], HGS = 27.89 [7.52] kg, stride ratio = 1.43, and velocity 

= 1.04 [0.01] m/sec) and postmenopausal (BFM = 41.55% [12.71%], HGS = 30.91 [7.07] kg, stride ratio = 

1.44, and velocity = 1.06 [0.01] m/sec) women showed no significant differences in gait output/velocity 

( t = 0.138; P = 0.89; d = 0.029). At postmenopause, BFM was significantly and negatively ( r = –0.369; r 
2 = 0.1362; P = 0.013) correlated with SL, whereas HGS was positively and significantly ( r = 0.323; r 2 

= 0.104; P = 0.030) correlated with gait output at premenopause. 

Conclusions: BFM may adversely influence walking balance at postmenopause, whereas HGS may enhance 

gait output at premenopause but not postmenopause. Therefore, muscle strengthening alone may not 

enhance gait output in postmenopausal women without balance training. 

© 2017 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Women may experience a decline in physical function dur-

ng menopause, 1 but there are inconsistent views on whether

his decline is due to aging or changes in hormonal status. 1 The

enopausal period in women has been associated with a decline
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n estrogen production, 2,3 which often causes marked physiologic

hanges in the body, including fatigue, 4 decreased strength, 5 and

ascular calcification. 6 This will have some implications for body

at mass (BFM) 7 and hand grip strength (HGS) 4 and, consequently,

he parameters of human walking because the skeleton and mus-

les are parts of the locomotor apparatus. 

Early postmenopausal status is associated with a preferential

ncrease in intra-abdominal fat and weight gain, 8 but whether or

ot these changes are caused by menopause or hormone therapy

as attracted discordant views. 9 So far, several scientific studies

ave identified aging and lifestyle as the primary factors behind
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eight gain in women around the time of menopause. 10–;12 Ag-

ng is associated with a slowing of the metabolism, 13,14 wherein

ean body mass decreases while body fat accumulates through-

ut adulthood. 15 Independent of weight variations, menopause has

een shown to be associated with major changes in body compo-

ition and fat distribution 

16 that may affect physical function, 17 in-

luding HGS. 4 Therefore, an essential part of physical examinations

s the evaluation of hand muscle strength, 18,19 which is defined as

he force applied by the hand to pull on or suspend from an ob-

ect. HGS is a specific, sensitive, reproducible, simple, and noninva-

ive test of sympathetic function. 20 It is important as an index of

eneral health and a screening test for the integrity of both upper

nd lower motor neurons, which innervate vital locomotor organs,

nd should have implications for human walking. 21 HGS has been

onsidered among of the most reliable physical measures of human

trength and is seen as the single item most reasonably representa-

ive of total body strength. 22 Many factors influence the strength of

he grip, including muscle strength, hand dominance, fatigue, time

f day, age, nutritional status, restricted motion, and pain. 23 HGS

s related to, and predictive of, other health conditions, although

he relationship is not thought to be causative. For instance, nor-

al HGS is positively related to normal bone mineral density in

ostmenopausal women, with some researchers suggesting that it

hould be used as a screening tool for women at risk of osteo-

orosis. 20 So far, available preliminary data have not related BFM

nd HGS to basal gait parameters in women at menopause. This

s relevant for understanding the contributions of muscle strength

indicated by HGS) and BFM to changes in physical function char-

cterized by gait output at menopause and likewise informs the

elevant interventions. 

ethods 

opulation and study design 

Ninety consenting female staff members of the University of

igeria Teaching Hospital, Enugu, including 45 women at pre-

enopause (mean age = 33.98 (16.99) years; mean height = 1.607

) and 45 women at postmenopause (mean age = 49.22 (24.5)

ears; mean height = 1.611 m), were examined in a cross-sectional

bservational study for responses of gait output to HGS and BFM

t postmenopausal stages. Enugu was selected because many stud-

es have been done on menopause in Enugu, 24,25 most of which

ave investigated functional decline associated with menopause, 26 

nd therefore the results of this study would be easily situated

n the current literature for easy comparison. The sample size for

he study was calculated using the Fisher equation based on an

stimated national menopause prevalence of 3.6%, giving a sam-

le size of 58 participants. This is reasonable, because 0 to 3 pa-

ients per month seen by gynecologists across Nigeria presented

ith symptoms of menopause, 27 and a 1% prevalence rate of pre-

ature menopause has been previously reported. 28 

At the onset, a mailing was sent to all female workers in the

ospital explaining the purpose of the study and soliciting their

articipation. Using the hospital telephone directory, telephone

ext messages were also sent to each female staff member by 6

rained research assistants, and 248 female workers who indicated

 willingness to participate in the study were enlisted. This pop-

lation was further categorized into 2 broad groups comprising

28 clinical and 120 nonclinical staff. Thereafter, the target pop-

lation was separated into 4 categories based on information pro-

ided by them on a self-reported questionnaire. Menopausal status

as classified into 3 groups, namely premenopausal stage: regu-

ar menstrual cycles; perimenopausal stage: ≥3 months without

enses, large changes in cycle length, and hot flashes; or post-

enopausal stage: ≥12 months without menses or had undergone

 hysterectomy. Based on this classification, 93 pre- and 72 post-
enopausal women who had not undergone hysterectomy were

dentified and asked to provide further information on whether

r not they had used estrogen. Based on the available data, they

ere further categorized into 4 groups, namely never used es-

rogen, used estrogen for ≤5 years, used estrogen for ≥5 years,

nd not sure of ever using estrogen. A list of women who never

sed estrogen was drawn up comprising 86 (38 clinical and 48

onclinical) premenopausal and 64 (31 clinical and 33 nonclini-

al) postmenopausal women, from which the required number was

elected by a simple random sampling method while providing

or almost equal representation for clinical and nonclinical staff.

he study process involved 3 stages: obtaining informed consent,

hysical assessment, and gait analysis. The test instrument was a

at analyzer/hydration monitor (Jamar Hand Dynamometer Model 

8010; Misfit, Helsinki, Finland), a stadiometer, measuring tape,

nd a stopwatch. These instruments were used to measure the

FM, HGS, height, and walk time, respectively. 

thical approval 

Participants gave their written informed consent before par-

icipation and after the purpose of the study was explained to

hem. This study followed the principles of the Declaration of

elsinki and informed participants of their right to withdraw from

he study at any time of their choice, which was strictly re-

pected. The study protocol was also approved by the University

f Nigeria Health Research Ethics Committee on certificate number

HREC/05/01/2008B. Participants’ confidentiality was maintained 

y using code numbers instead of names and ensuring that records

ere destroyed at the end of the study. 

ata collection 

The investigators had the approval of the hospital administra-

ion, including heads of clinical and nonclinical departments of the

ospital, to approach and recruit consenting female staff members

or the study. The participants who met the eligibility criteria for

he study were subjected to various physical assessments and gait

nalysis. Five inclusion criteria were applied as follows: at least 1

ear of a regular menstrual cycle before the study for women at

remenopause; nonmenstruation for at least 1 year for women at

ostmenopause; no history of other diseases of a metabolic, neuro-

ogic, or orthopedic nature; age not < 25 years but not > 64 years;

nd natural menopause (ie, no hysterectomy or bilateral oophorec-

omy before final menstrual period). 

The procedures for the study were explained to the partici-

ants, and only those who gave their written informed consent

ere involved in the study. Participants’ anthropometric data were

easured, including weight and height. The data generated were

mputed into the bi-impedance electronic fat analyzer for each in-

ividual, who was requested to stand barefoot on the equipment

ntil readings of their body compositions were displayed on the

iquid-crystal display screen. HGS was subsequently measured us-

ng a dynamometer as prescribed by the American Society for

urgery of the Hand and the American Society of Hand Thera-

ists, which is described in detail elsewhere. 29 Subsequently, par-

icipants were required to demonstrate their normal gait at a self-

elected speed over a distance of 10 m marked out on the floor as

reviously described. 30,31 The number of steps and time required

o complete the distance were noted, and the mean of 2 trials

as determined and used to calculate the basal gait parameters

ie, stride length, stride frequency, and velocity). 

ata/statistical analysis 

With the number of steps and time taken to complete the 10-

 distance, it was possible to calculate the basal gait parameters—
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Table I 

Classification of participants based on menopausal status (N = 90). 

Menstrual status n N% MA ∗ MH 

Premenopausal women 45 50 33.98 (16.99) 1 .607 

Postmenopausal women 45 50 49.22 (24.5) 1 .611 

Total 90 100 

MA = mean age; MH = mean height; n = frequency; N% = number of participants 

in percentage. 
∗ Values for mean height are presented as mean (SD). 
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tride length, stride frequency, and gait output (ie, velocity), using

he following mathematical relationships: 

1. Strides = 

No. of steps 
2 

2. Stride frequency = 

No. of strides 
time 

3. Velocity = 

distance 
time 

, OR 

4. Velocity = stride length × stride frequency 

Additionally, the stride ratio was determined as the quotient of

stride frequency / stride length. 

5. Stride ratio = stride length/stride frequency 

The phases of stride studied were the stance duration, swing

duration, and double-support duration. The phases of stride for

participants were calculated using the mean ordinary stride du-

ration for normal walking as the input in the regression equa-

tion (Phase duration = A + B × S), where S is the stride du-

ration or the inverse of stride frequency. Thus, the following

equations were used: 

6. Stance duration = −0 . 17 + 0 . 72 sec 

7. Swing duration = 0 . 18 + 0 . 27 sec 

8. Double-support duration = −0 . 18 + 0 . 24 sec 

Data were analyzed using the independent t test to compare

he mean values of the parameters between the groups, whereas

he Pearson correlation coefficient was used to determine the rela-

ionship between the parameters, at P < 0.05. 

esults 

Altogether, 90 women comprising 45 women at premenopause

mean age = 33.98 (16.99) years, mean height, 1.607 m) and 45

omen at postmenopause (mean age = 49.22 (24.5) years, mean

eight = 1.611 m), were studied ( Table I ). There was no signifi-

ant decrease ( t = 1.964; P = 0.053; (95% CI, –0.03570–6.08015) in

GS ( Table II ) of postmenopausal women (27.89 [7.52] kg) com-

ared with premenopausal women (30.91 [7.07] kg). The effect

ize was moderate ( d = 0.414). Similarly, there was no signifi-

ant increase in the BFM of postmenopausal compared with pre-

enopausal women ( t = –0.519; P = 0.053; 95% CI, –6.69133–

.91800; d = –0.109). In addition, there was no significant decrease

n the stride length ( t = 0.367; P = 0.714; 95% CI = –0.03899–

.056 6 6) of postmenopausal (1.22 [0.12] m) compared with pre-

enopausal women (1.23 [0.11] m), and the effect size was small

 d = 0.087). Stride frequency was not significantly decreased ( t =
.229; P = 0.819; 95% CI, –0.03003–0.03785; d = 0.133) when post-

enopausal women (0.85 [0.07] strides/sec) were compared with
Table II 

Mean (SD) of body fat mass (BFM), hand grip strength (HGS), and basal gait parameter

[SW], double-support duration [DS], and stride ratio [SR] in pre- and postmenopausal 

Group HGS BFM SL SF 

Pre 30.91 (7.07) 41.55 (12.71) 1.23 (0.11) 0.86 (0.08) 

Post 27.89 (7.52) 42.93 (12.61) 1.22 (0.12) 0.85 (0.07) 

t value 1.964 –0.519 0.367 0.229 

P value 0.053 0.605 0.714 0.819 

∗ Calculated as stride length / stride frequency. 
remenopausal women (0.86 [0.08] strides/sec). Similarly, stride

elocity was not significantly decreased ( t = –0.138; P = 0.890;

5% CI, –6.29466–7.23598; d = 0.029), and the effect size was

mall ( d = 0.029), when postmenopausal women were compared

ith premenopausal women. 

There was no significant correlation between BFM and HGS

 Table III ) in premenopausal women ( r = 0.175; P = 0.250, r 2 

 0.031) or postmenopausal women ( r = 0.142; P = 0.351; r 2 =
.020). Similarly, BFM was not significantly correlated with stride

ength ( r = –0.257; P = 0.089; r 2 = 0.0 6 6), stride frequency ( r

 –0.210; P = 0.167; r 2 = 0.044), or stride velocity ( r = –0.18;

 = 0.222; r 2 = 0.032) in premenopausal women. Although BFM

as not significantly correlated with stride frequency ( r = –0.108;

 = 0.012; r 2 = 0.480) or velocity ( r = –0.146; P = 0.021; r 2 =
.338) in postmenopausal women, it was, in contrast, significantly

egatively correlated with stride length ( r = –0.369; P = 0.013; r 2 

 0.136). Furthermore, HGS was not significantly correlated with

tride length ( r = 0.175; P = 0.031; r 2 = 0.249) or stride fre-

uency ( r = 0.147; P = 0.336; r 2 = 0.022) in postmenopausal

omen, unlike stride velocity ( r = 0.323; P = 0.030; r 2 = 0.104),

hich showed a significant positive relationship. 

iscussion 

There was no significant difference in the total BFM between

re- and postmenopausal women, although the postmenopausal

omen had a relatively higher BFM than the former. However,

his does not imply that the regional distribution of fat may not

ave varied significantly. For instance, an earlier study 32 revealed

hat subcutaneous abdominal adipose tissue areas were signifi-

antly greater in premenopausal women, whereas visceral abdom-

nal adipose tissue areas and the subcutaneous to visceral abdom-

nal adipose tissue area ratios were significantly greater in post-

enopausal participants. After adjusting for body mass index, no

ignificant differences emer ged between the 2 groups in regard

o total abdominal adipose tissue areas, waist circumference, hip

ircumference and waist-hip circumference ratio. The same trends

ay be applicable to this study, considering that women at post-

enopause had greater BFM than those at premenopause. 

elevance of findings to the field 

There could be a recompartmentalization of body composition

t postmenopause as indicated by the findings of this study. This

s consistent with the fact that menopause is a biological land-

ark that defines the transition from the reproductive to the non-

eproductive phase of life in women. 33 The physiologic response to

he decline in estradiol and related hormonal changes leads to cli-

acteric symptoms 34 that are characteristic of this phase of life.

ncreased adiposity and consequent loss of muscle mass are sig-

ificant physiologic developments associated with menopause, 35 

hich lead to significant loss of muscular strength and a de-

line in the functional capacity of women. 36 It was evident in this

tudy that although the total BFM was marginally increased, HGS

as also marginally reduced in postmenopausal women, unlike
s (stride length [SL], sctride frequency [SF], stance duration [SD], swing duration 

women (N = 90). 

Velocity ST SW DS SR ∗

1.05 (0.17) 0.67 (8.83) 0.49 (3.56) 0.099 (2.82) 1 .43 

1.04 (0.15) 0.68 (10.12) 0.50 (4.04) 0.102 (3.25) 1 .44 

0.465 2.713 2.373 ∞ 

0.643 0.996 0.9901 1.000 
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Table III 

Relationship between handgrip strength (HGS), body fat mass (BFM), and basal gait parameters (stride length [SL], stride frequency [SF], and stride velocity [SV]) among 

premenopausal and postmenopausal women (N = 90). 

BFM HGS SL SF SV 

Pre Post Pre Post Pre Post Pre Post Pre Post 

BFM ( r ) 1 1 0 .175 0 .142 –0 .257 –0 .369 –0 .210 –0 .108 –0 .18 –0 .146 

r 2 1 1 0 .031 0 .020 0 .066 0 .136 0 .044 0 .012 0 .032 0 .021 

P value 0 .250 0 .351 0 .089 0 .013 ∗ 0 .167 0 .480 0 .222 0 .338 

HGS ( r ) 0 .175 0 .142 1 1 0 .175 0 .090 0 .147 –0 .139 0 .323 ∗ -0 .110 

r 2 0 .031 0 .020 1 1 0 .031 0 .008 0 .022 0 .019 0 .104 0 .012 

P value 0 .250 0 .351 0 .249 0 .555 0 .336 0 .362 0 .030 ∗ 0 .471 

SL ( r ) –0 .257 –0 .369 0 .175 0 .090 1 1 0 .498 ∗∗ 0 .133 0 .704 ∗∗ 0 .534 ∗∗

r 2 0 .066 0 .136 0 .031 0 .008 1 1 0 .248 0 .017 0 .496 0 .285 

P value 0 .089 0 .013 0 .249 0 .555 0 .385 0 .0001 ∗∗∗ 0 .0001 ∗∗∗

SF ( r ) –0 .210 –0 .108 0 .147 –0 .139 0 .498 ∗∗ 0 .133 1 1 0 .747 ∗∗ 0 .727 ∗∗

r 2 0 .044 0 .012 0 .022 0 .019 0 .248 0 .018 1 1 0 .558 0 .529 

P value 0 .167 0 .480 0 .336 0 .362 0 .0001 ∗∗∗ 0 .385 0 .0001 ∗∗∗ 0 .0001 ∗∗∗

SV ( r ) –0 .186 –0 .015 0 .323 ∗ –0 .110 0 .704 ∗∗ 0 .534 ∗∗ 0 .747 ∗∗ 0 .727 ∗∗ 1 1 

r 2 0 .035 0 .000 0 .104 0 .012 0 .496 0 .285 0 .558 0 .529 1 1 

P value 0 .222 0 .338 0 .030 0 .47 0 .0001 ∗∗∗ 0 .0001 ∗∗∗ 0 .0001 ∗∗∗ 0 .0001 ∗∗∗

∗ Significant at P < 0.05. 
∗∗ Significant at P < 0.001. 
∗∗∗ Significant at P < 0.0 0 01. 
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remenopausal women. This suggests a possibility that changes

n BFM may adversely influence total muscle strength in post-

enopausal women. Because menopause induces muscle loss and

onsequently a loss of muscle strength, it is reasonable that the

ssociated gain in BFM may play a role in distorting the muscular

onfiguration that optimizes physical functioning, especially walk- 

ng function. Invariably, physical function, which relies on muscle

trength among other factors, may be more compromised in post-

enopausal women than premenopausal women. This might ex-

lain why BFM was significantly and negatively correlated with

tride length in postmenopausal women. 

Stride length is a reliable measure of balance and an indica-

or of postural control in human walking. 30,31,37 Thus, a decline

n stride length in postmenopausal women compared with pre-

enopausal women suggested an increased tendency for imbal-

nce and postural instability that may predispose postmenopausal

omen to a fall, which has been previously reported. 38 In essence,

ncreased BFM seems to adversely influence stride length, which

ay negatively influence walking balance and postural control in

ostmenopausal women. The relationship between HGS and ve-

ocity (gait output) in premenopausal women supports the above

onclusion. This is reasonable because it was revealed that as HGS

an index of muscle strength) increased, there was a possibility

f a significant and proportionate increase in velocity (gait out-

ut) in premenopausal women, unlike in postmenopausal women.

his implies that increased HGS (an index of muscle strength) may

ranslate to improved gait function in premenopausal women, but

ot postmenopausal women. The other components of the neu-

omuscular system that support a safe upright stance in walking

ppeared to be optimized in premenopause. Therefore, there may

e other intervening physiologic variables that influence walking

peed in postmenopausal women apart from muscle strength. In

ssence, improving the muscle strength of postmenopausal women

lone may not necessarily translate to improved gait speed or

alking function. It is possible that other factors, such as balance

oordination, information processing for motor performance, and 

eaction time, which all deteriorate with aging, may play media-

ory roles. 39 In fact, the influence of aging on physical function-

ng could be a contributory factor that might explain variations in

GS (muscle strength) and its relationship with gait output in this

tudy. Cooper et al 40 studied a birth cohort of women born in the

ame week who completed physical performance tests at the same

ge. Their findings revealed that natural menopause correlated

a  
ith comparable physical functioning levels in premenopausal and

erimenopausal women, giving credence to the view that variation

n age may partly explain the observed relationship between HGS

nd gait velocity in postmenopausal women compared with pre-

enopausal women in this study. However, this does not discount

he significant contributions of menopause in recompartmentaliz-

ng the body, particularly in the redistribution of body fat between

he visceral and subcutaneous adipose tissues, as already high-

ighted. 

mplications for care teams and policymakers 

Janssen et al 41 revealed that there are menopause-related in-

reases in visceral adipose tissues independent of age, and this has

een supported by evidence from cross-sectional 42,43 and longitu-

inal studies 44,45 The physiologic mechanisms responsible for this

re not yet fully understood, but in vitro administration of folli-

le stimulating hormone to preadipocytes in murine studies caused

 redistribution of visceral fat mass and an increase in adipocyte

ipid droplets and adipocyte lipid synthesis. 46 In fact, there was an

lteration of the serum concentration of adipokines that included

eptin and adiponectin as well as subgroups of lipids, especially

riglycerides. This therefore suggests that follicle stimulating hor-

one might trigger fat redistribution and add to a proinflamma-

ory environment. 46 The same is applicable for cortisol, which en-

ances visceral fat expansion 

47 but does not vary significantly in

remenopausal compared with postmenopausal women. However, 

erum concentrations of estrogen may alter the expression of cor-

isol receptors in visceral fat and local levels of glucocorticoids, 47 

nd may have implications for physical functioning. Therefore, a

ecline in estrogen levels may alter the expression of cortisol re-

eptors in visceral fat in postmenopausal women and may partly

xplain the increase in BFM recorded in this study for this popula-

ion. 

Available studies revealed that women with surgical menopause

ecorded slower chair-rise times compared with women with nat-

ral menopause. Additionally, women who experienced natural 

enopause at older ages recorded faster walking speeds and less

elf-reported functional limitation in later life than women who

xperienced natural menopause at younger ages. This points to the

elevance of estrogen in modulating gait function through its influ-

nce on fat distribution, muscle bulk, and muscle strength, which

re important variables that may determine the efficiency and ef-
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t  
ectiveness of the human locomotor apparatus. Early age at surgi-

al menopause was also linked to increased levels of self-reported

unctional limitations. It was observed that differences in walk-

ng speed and chair-rise times persisted after adjusting for poten-

ial confounding variables or covariates, 40 and may be predictive

f future health outcomes. 48 This will have implications for walk-

ng velocity because velocity is the quotient of distance and walk-

ime (ie, distance / time). Velocity is also the product of stride

ength and stride frequency and, in essence, reflects the propor-

ional combination of stride length and stride frequency under a

hysiologic drive that may be influenced by menopausal changes

n women. It was evident from the results of this study that there

as a marginal decrease in walking velocity in postmenopausal

ompared with premenopausal women; the stride ratio (ie, stride

requency and stride length) was also marginally altered. Therefore,

he neural drive for walking function in pre- and postmenopausal

omen may not be similar. 

Although the stride length was marginally greater in pre-

enopausal women than postmenopausal women, the stride ratio

as greater in the latter compared with the former. Because stride

atio is a quotient of stride length and stride frequency (ie, stride

ength / stride frequency), 49 this implied that relative to stride fre-

uency the stride length was increased in postmenopausal women

ompared with premenopausal women, if velocity was constant

nd will have implications for the interaction of stride length and

tride frequency to produce velocity (ie, velocity = stride frequency

stride length). Because stride length is a reliable measure of

alance control, 37 its increase relative to stride frequency in post-

enopausal women could represent an attempt to improve bal-

nce control, probably due to an imbalance in the system. This

ould be an indication of a greater tendency toward instability

n the system, which should elicit a compensatory drive to opti-

ize stability and prevent a fall by increasing the double-support

uration—an indicator of postural stability. 37,50 This was in fact ob-

erved, because double-support duration was increased in post-

enopausal women compared with premenopausal women. The

ouble-support duration is not only an indicator of postural stabil-

ty but also of speed transition, especially a switch from walking to

unning. Invariably, increased double-support duration represented

n attempt to minimize speed change and delay speed transi-

ion from walking to running in postmenopausal women compared

ith premenopausal women. Therefore, postmenopausal women

hould be slower walkers compared with premenopausal women,

nd this explains why the stride velocity or gait output was slower

n postmenopausal women than premenopausal women in this

tudy. Ordinarily, at a constant velocity, a decrease in stride length

bserved in postmenopausal women would trigger a compensatory

esponse to increase stride frequency. However, this was not real-

zed in postmenopausal women, because their stride length, stride

requency, and velocity did not equal the values recorded in pre-

enopausal women. Therefore, the equation for the relation be-

ween velocity, stride length, and stride frequency, (ie, velocity =
tride length × stride frequency) experienced a physiologic limita-

ion in postmenopausal women. 

The significant negative relationship between BFM and stride

ength in postmenopausal women suggested that increased BFM

ight adversely influence both walking balance and gait output

n postmenopausal women. In essence, increased BFM, which is

 common feature of menopause, 41–43 might distort the physio-

ogic relationship between the basal gait parameters, especially

tride length and stride frequency, with implications for gait ve-

ocity, balance, and postural stability. However, the difference in

he mean of these parameters between pre- and postmenopausal

omen was not significant. Nevertheless, the results highlighted

mportant trends that may have prognostic utility in clinical prac-

ice. 
i  
trengths and weaknesses of the study 

The findings of this study may be different from other studies,

nd may be explained by differences in the method of gait assess-

ent, because other studies have used the slower walk-time of 2

ttempts to calculate gait speed (in meters per second) in the usual

teps, over a distance of 4 m. 51 However, it is not plausible that an

ndividual’s gait will be fully expressed over such a short distance,

hich informed the use of a 10-m distance for gait assessment in

his study. In addition, this study used the average or mean value

f stride and time required to cover the 10-m distance in 2 trials to

etermine the velocity and speed of walking, unlike several studies

lready described, 51 which used the slower time of 2 attempts to

etermine the speed of walking. The mean value should be more

epresentative of the gait characteristics of the participants. 

The lack of power of the statistical tests in view of the small

umber of the participants (n = 45 per group) could be a limi-

ation of the study. In addition, the cross-sectional observational

esign of this study limited the exploration of gait parameters

or changes that might occur over time with menopausal (pre-

enopausal to postmenopausal) phases in relation to progres-

ive variations in BFM and HGS. This would have fully elucidated

he influence of menopause on gait characteristics in women and

he likely functional implications that might arise, but was not

one. Additionally, the whole spectrum of walking speeds 30,31 was

ot explored, because only the normal walking speed was mea-

ured to situate the findings in the contemporary literature, given

hat a previous study 51 also explored normal walking speed in this

opulation. However, different activities of daily living require ex-

ression of various gait speeds other than normal walking speed.

oreover, the influence of certain physiologic limitations in human

alking is amplified at high and slow speeds, but not at normal

alking speed, and vice versa. Therefore, the findings of this study

id not reflect events across the full spectrum of human walking

peeds to elucidate how these events were influenced by different

tages of menopause. Furthermore, the bioelectric impedance anal-

sis that was used in this study is able to quantify BFM, 51 sim-

lar to a variety of measurement tools such as dual-energy x-ray

bsiorptiometry or computed tomography; however, no standard

efinitions are available to relate specific cutoff points to various

evels of risks of mortality and physical functioning, particularly

mbulatory function. This would have easily situated the findings

f this study in the contemporary literature for easy comparison.

espite these limitations, this study was able to demonstrate that

hysiologic changes associated with menopause could have impli-

ations for gait, particularly walking balance and postural stabil-

ty. It demonstrated the possibility that some physiologic limita-

ions are imposed on the relationship between basal gait parame-

ers such that they could no longer compensate for one another at

ostmenopause. Therefore, to a reasonable extent, the objective of

he study was realized and may have clinical relevance in practice.

onclusions 

Unequal stride ratios were observed in pre- and post-

enopausal women, with the latter being greater than the for-

er. This suggests that at constant velocity (gait output), stride fre-

uency could not compensate for stride length in postmenopausal

omen compared with control or premenopausal women. Thus,

elocity was produced by an increase in stride length (index of

tability) relative to stride frequency (index of speed change) in

ostmenopausal women compared with premenopausal women.

his could be an indication that nonidentical neuromuscular strate-

ies are employed to emphasize safety and balance control more

han speed changes in postmenopausal women, and vice versa

n premenopausal women. The study revealed that increases in
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FM may adversely influence stride length (a measure of stabil-

ty) in postmenopausal women, whereas an increase in HGS (an

ndex of body/muscle strength) may positively enhance gait out-

ut, and, invariably, physical function in premenopausal women.

ecause HGS has no positive relationship with velocity in post-

enopausal women, unlike in premenopausal women, it could be

hat muscle strengthening programs alone may not be sufficient

o enhance gait output in postmenopausal women without addi-

ional interventions to reduce BFM, improve coordination and bal-

nce training. The significant negative relationship between BFM

nd stride length (an indicator of balance and postural control)

upports this conclusion. Therefore, postmenopausal changes in 

omen may compromise walking balance, which may increase

he tendency to fall. This highlights the need for a preventive in-

ervention using exercise programs that not only improve muscle

trength and balance coordination but also minimize BFM redistri-

ution in postmenopausal women. 
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