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Abstract

Postmenopausal oestrogen deficiency accelerates skeletal
muscle catabolism, predisposing women to Sarcopenia.
Handgrip strength is a validated neuromuscular surrogate
for Sarcopenia endorsed by international consensus
groups, but integrated data from Indian postmenopausal
women remain scarce.

This cross-sectional study, conducted at GSVM Medical
College, Kanpur, between August 2024 and January
2026, evaluated bilateral handgrip strength in 150
postmenopausal women (age 45 years or more;
amenorrhoea for more than five years) compared with 50
premenopausal controls, using a calibrated Jamar hand
dynamometer and the Southampton protocol. Sarcopenia
was classified using two internationally recognised
diagnostic thresholds.

Fasting lipids, glycated haemoglobin, vitamin D, thyroid-
hormone, calcium and

stimulating haemoglobin,

electrolytes were measured, and ten-year fracture risk
was estimated using a validated fracture-risk assessment
algorithm. Postmenopausal women showed significantly
lower right-hand (17.48+4.24 versus 22.82+2.15 kg) and
left-hand (16.90+4.21 versus 22.18+2.12 Kkg) grip
strength than controls (both p<0.0001), representing a
23-24% reduction.

Sarcopenia prevalence was 18.0% by the earlier, more
liberal threshold and 4.1% by the revised, stricter
threshold. Mean fracture-risk score was higher in
postmenopausal women (15.35+5.71 versus 7.71+1.49;
p<0.0001), with 44% high

Triglycerides, glycated haemoglobin and blood pressure

classified as risk.
were significantly higher, while vitamin D, haemoglobin
and serum calcium were significantly lower in
postmenopausal women (all p<0.01); total cholesterol
and thyroid-stimulating hormone did not differ between

groups. Grip strength is a reliable, reproducible and cost-
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effective surrogate for early Sarcopenia screening in

postmenopausal women, and the accompanying

metabolic  derangements amplify  musculoskeletal
vulnerability beyond oestrogen deficiency alone.

Routine grip - strength measurement combined with
metabolic profiling and fracture-risk assessment should
be integrated into postmenopausal healthcare.

Keywords: Handgrip

strength, Menopause,

Osteoporosis, Postmenopausal women, Sarcopenia,
Vitamin D deficiency, Fracture risk

Introduction

Menopause is defined as the permanent cessation of
menstruation resulting from irreversible loss of ovarian
follicular activity, confirmed after 12 consecutive months
of amenorrhoea.

It is characterised by a profound decline in endogenous
17-B oestradiol (E2) and a compensatory rise in follicle-
stimulating hormone (FSH), influencing multiple organ
systems and  producing vasomotor instability,
genitourinary atrophy, neuro psychological disturbances,
and progressive musculoskeletal deterioration.®2

Among the musculoskeletal consequences of oestrogen
deficiency, Sarcopenia - defined by EWGSOP2 as the
presence of low muscle strength as the primary criterion,
with reduced muscle mass confirming the diagnosis and
poor physical performance indicating severity - has
emerged as a major public health concern.?
Postmenopausal women face a nearly threefold greater
risk of Sarcopenia compared to premenopausal women.
Globally, Sarcopenia affects approximately 10% of
individuals above 60 years, with prevalence of 14-33%
in institutionalised populations.*

An equally important phenomenon is Dynapenia - the
age-related decline in muscle strength independent of
muscle mass — which frequently precedes measurable
mass loss in postmenopausal

women. Oestrogen

© 2026 1IIMSIR, All Rights Reserved

maintains skeletal muscle integrity through satellite cell
stimulation, up regulation of insulin-like growth factor-1
(IGF-1), and attenuation of pro-inflammatory cytokines
including interleukin-6 (IL-6) and tumour necrosis
factor-alpha (TNF-a).5® Withdrawal of oestrogen at
menopause compromises these pathways simultaneously,
producing accelerated muscle catabolism.

Handgrip strength (HGS), measured with a portable
calibrated dynamometer, has been extensively validated
as a non-invasive surrogate of overall neuromuscular
integrity. It is a primary diagnostic criterion in both
EWGSOP2 and AWGS 2019, correlating strongly with
lower limb strength, physical performance, and all-cause
mortality.>’

In resource-limited settings, its portability and low cost
make it a practical first-line screening tool.

Despite growing recognition of Sarcopenia, systematic
studies simultaneously evaluating HGS with metabolic,
hematological, and skeletal parameters in Indian
postmenopausal women remain limited. This study was
undertaken to assess bilateral HGS in postmenopausal
women, compare it with premenopausal controls using
bothn  EWGSOP1 and EWGSOP2

characterize the metabolic derangements that amplify

criteria, and

musculoskeletal vulnerability.

Materials and Methods

Study design and setting

A cross-sectional observational study was conducted at
the KPS Post Graduate Institute of Medicine, Lala Lajpat
Rai Hospital, GSVM Medical College, Kanpur, Uttar
Pradesh, India, from August 2024 to January 2026.

The study was approved by the Institutional Ethics
Committee (IEC), GSVM Medical College, Kanpur. All
participants provided written informed consent in

accordance with the Declaration of Helsinki.
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Participants
A total of 200 women were enrolled: 150 post
menopausal and 50 premenopausal. Postmenopausal
women were defined as those with natural amenorrhoea
for > 12 consecutive months, confirmed for >5 years at
enrolment, aged > 45 years.

Premenopausal women aged > 45 years with regular
menstrual cycles served as controls. Women with
surgical or iatrogenic menopause, current/prior hormone
replacement therapy, known diabetes mellitus, serious
acute illness (stroke, acute coronary syndrome), or
menopausal duration <5 years were excluded.

Handgrip strength measurement and Sarcopenia
classification

Bilateral HGS was measured using a calibrated Jamar
hydraulic hand dynamometer (Sammons Preston, USA)
following the Southampton protocol®: standardised
standing position, arms relaxed alongside torso, elbows at
90°, forearms in neutral rotation.

Two successive measurements per hand were recorded,;
the higher value was used. Sarcopenia was classified
using EWGSOP1 criteria (HGS <20 kg for women)® and
EWGSOP2 criteria (HGS <16 kg for women).®
Metabolic, hematological and skeletal assessment
Fasting venous blood samples were analysed for: serum
total cholesterol and
colorimetric method; HbAlc by HPLC; 25- Hydroxyl
D [25(0OH) D] by chemilumine

immunoassay; TSH by electro chemilumine scence

triglycerides by enzymatic

vitamin scence

Table 1: Age distribution of postmenopausal women (n=150)

immunoassay; haemoglobin by automated haematology
analyser; serum calcium, sodium, and potassium by
standard laboratory methods. Fracture risk was estimated
using the FRAX® algorithm for the Indian population
shef.ac.uk/FRAX),
probability of major osteoporotic fracture. Osteoporosis

(Www. computing the 10-year
risk was stratified as low (A1), moderate (A2), or high
(A3). Blood pressure was recorded in the seated position
after five minutes of rest. BMI (weight [kg]/height [m]?)
and waist-hip ratio (WHR) were measured using
standard anthropometric methods.

Statistical analysis

Data were analysed using SPSS version 20.0 (IBM Corp.,
USA). Continuous variables are expressed as mean *
standard deviation (SD). Between-group comparisons
were made using the independent samples t-test.
Categorical variables were compared using Pearson's chi-
square test. A p-value <0.05 was considered statistically
significant.

Results and Discussion

Demographic and anthropometric profile

The 150 postmenopausal participants had a mean age of
61.83+7.33 years. The largest proportions were in the
6570 year (22.0%) and 61-65 year (21.33%) age groups
(Table 1). Mean BMI was 26.52+4.84 kg/m? in post
menopausal versus 28.69£3.53 kg/m2 in premenopausal
women (p=0.003). Mean WHR was 17.76£3.79 versus
23.89+2.31 (p<0.0001), reflecting significant differences

in body fat distribution between groups.

Age group (years) n Percentage (%)
45-50 9 6.00

51-55 30 20.00

56—-60 26 17.33

6165 32 21.33

66—70 33 22.00

© 2026 1IIMSIR, All Rights Reserved
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Age group (years) n Percentage (%)
>70 20 13.33

Total 150 100.00

Mean £ SD (years) 61.83 £ 7.33

Figure 1: Age distribution of postmenopausal women (n=150)
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Postmenopausal women demonstrated significantly lower

bilateral HGS compared to premenopausal controls

22.0%

13.3%

66-70 =70

(Table 2). Mean right HGS was 17.48+4.24 kg versus
22.82+2.15 kg (p<0.0001) and mean
16.90+4.21 kg versus 22.18+2.12 kg (p<0.0001),

representing a 23-24% reduction.

Table 2: Comparison of handgrip strength between postmenopausal and premenopausal women.

left HGS

Parameter Postmenopausal (n=150) Mean + SD Premenopausal (n=50) Mean £+ SD p-value
Right HGS (kg) | 17.48 £ 4.24 22.82 +2.15 <0.0001*
Left HGS (kg) 16.90 + 4.21 2218 +2.12 <0.0001*

*Statistically significant (p<0.05). HGS = Handgrip Strength; SD = Standard Deviation

Figure 2: Comparison of bilateral handgrip strength between postmenopausal and premenopausal women
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© 2026 1IMSIR, All Rights Reserved

p<0.0001*

Left HGS

old (20 kg)
old (16 kg)

]

oo

[\
",



Dr. Palak Mittal, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR)

This magnitude of decline is consistent with data from
the SWAN cohort (Kurina et al.), where the transition to
post menopause was independently associated with a
1.04 kg decline in grip strength beyond the effect of
ageing alone,’® and with Phillips et al., who first
demonstrated a rapid decline in specific muscle force in
women at menopause, effectively prevented by hormone
replacement therapy.!

The hormonal basis of this decline is multi factorial:
oestrogen deficiency impairs my osatellite cell
proliferation, attenuates IGF — 1 - mediated anabolic
signaling via the PI3K/ Akt/ mTOR pathway, and
amplifies the NF-kB-driven inflammatory cascade
characterised by elevated IL-6 and TNF-a, collectively
producing a catabolic myocellular environment.5®
Willoughby et al.

confirmed that even early — to — inter mediate
postmenopausal women exhibit significantly elevated
biomarkers of neuromuscular junction degeneration (c-
terminal fragment of agrin), inflammation (TNF-a), and
muscle proteolysis (urinary titin), alongside reduced
motor unit activation.*

Sarcopenia prevalence

Applying EWGSOP1 criteria (HGS <20 kg), Sarcopenia
was identified in 27 of 150 postmenopausal women
(18.0%). Under the more stringent EWGSOP?2 threshold

(HGS <16 kg), prevalence was 4.1% (n=6).

This divergence is consistent with findings by Warzecha
et al., who reported identical prevalence rates (18% vs.
4.1%) using the same two criteria in postmenopausal
women aged >60 years,*? and with Buckinx& Aubertin -
Leheudre, who highlighted that updated EWGSOP2
thresholds may underestimate prevalence in women who
develop weakness at relatively younger ages.*?

The clinically meaningful intermediate HGS deficit range
(16-20 kg), not captured by EWGSOP2,
appreciable fall

carries
and fracture risk in Indian post

menopausal women, whose mean age at natural
menopause (~46-47 years) is substantially earlier than in
Western populations, supporting retention of the
EWGSOP1 threshold for

population.®®

early detection in this
FRAX® score, osteoporosis risk and comparative
data

Mean FRAX

postmenopausal women (15.35+5.71 vs.

score was significantly higher in
7.71+£1.49;
p<0.0001) (Table 3). On osteoporosis risk stratification,
44.0% of postmenopausal women were in the high-risk
category (A3) versus none of the premenopausal women
(p<0.0001). The moderate-risk (A2) category also
differed significantly (31.33% vs. 46.0%; p=0.004).

Table 3: Comparison of FRAX® score and osteoporosis risk stratification between groups.

Parameter Postmenopausal (n=150) Premenopausal (n=50) p-value
FRAX® score (Mean + SD) 15.35+5.71 7.71+£1.49 <0.0001*
Low risk A1, n (%) 37 (24.67%) 27 (54.0%) 0.21
Moderate risk A2, n (%) 47 (31.33%) 23 (46.0%) 0.004*
High risk A3, n (%) 66 (44.00%) 0 (0.0%) <0.0001*

*Statistically significant (p<0.05). FRAX® = Fracture Risk Assessment Tool

© 2026 1IIMSIR, All Rights Reserved
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Figure 3: Comparison of FRAX® score and osteoporosis risk stratification between groups.
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The significantly elevated FRAX scores and the finding
that 44% of postmenopausal women were in the high
osteoporosis risk (A3) category — compared to none in
the premenopausal group — reflect the bone—muscle unit
paradigm: loss of mechanical loading through sarcopenic
muscle synergises with the direct skeletal effects of
oestrogen deficiency to accelerate bone loss.'® Long et
al., in a meta-analysis of 10 studies encompassing
1,287,021 postmenopausal women, confirmed that
advancing age, BMI, diabetes mellitus, prior fractures,
and early menopause are the strongest predictors of
osteoporotic fracture.!’

Metabolic, haematological and blood pressure
parameters

Full comparative data between groups are presented in
Table 4. Triglycerides (142.58+32.01 vs. 130.64+26.27
mg/dL; p=0.01) and HbAlc (6.10+0.88 vs. 5.51+0.48%;
p<0.0001) were significantly higher in postmenopausal
Total (203.52+31.30 s,

women. cholesterol

Osteoporosis Risk Stratification

Premenopausal
(n=50)

202.44+24.28 mg/dL; p=0.82) and TSH (3.48+1.46 vs.
3.46£1.29 plU/mL; p=0.93) did not differ significantly.
Vitamin D was significantly lower in postmenopausal
women (21.2745.04 vs. 27.12+4.11 ng/mL; p<0.0001),
indicating deficiency across the cohort (sufficiency
threshold >30 ng/mL). Haemoglobin was markedly lower
(8.63+1.05 vs. 10.58+0.69 g/dL; p<0.0001), reflecting
high anaemia prevalence. Serum calcium was
significantly lower (3.92+0.66 vs. 4.14+0.08 mg/dL;
p=0.01). significantly higher
(142.40+4.17 vs. 139.3+1.56 mEqg/L; p<0.0001);
potassium did not differ (4.41+1.05 vs. 4.34+0.47
mEqg/L; p=0.64). Both systolic (140.60£10.09 vs.
126.62+4.84 mmHg; p<0.0001) and diastolic blood
pressure (84.10+8.07 vs. 81.54+4.12 mmHg; p=0.03)

were significantly elevated in postmenopausal women.

Serum sodium was

Table 4: Comparison of metabolic, hematological and blood pressure parameters between groups.

Parameter Postmenopausal (n=150) Mean + SD | Premenopausal (n=50) Mean £ SD | p-value
Total cholesterol (mg/dL) 203.52 + 31.30 202.44 + 24.28 0.82
Triglycerides (mg/dL) 142.58 £ 32.01 130.64 £ 26.27 0.01*
TSH (uIU/mL) 3.48+1.46 3.46 +1.29 0.93

© 2026 1IMSIR, All Rights Reserved
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HbAlc (%) 6.10 + 0.88 551+0.48 <0.0001*
Vitamin Ds [25(OH)D] | 21.27 £ 5.04 27.12+4.11 <0.0001*
(ng/mL)

Haemoglobin (g/dL) 8.63+£1.05 10.58 £ 0.69 <0.0001*
Serum calcium (mg/dL) 3.92 £ 0.66 4,14 £0.08 0.01*
Serum sodium (mEg/L) 142.40 £ 4.17 139.3+£1.56 <0.0001*
Serum potassium (mEg/L) 4,41 +£1.05 4.34 £0.47 0.64
Systolic BP (mmHg) 140.60 £ 10.09 126.62 + 4.84 <0.0001*
Diastolic BP (mmHg) 84.10 £ 8.07 81.54+4.12 0.03*
BMI (kg/m?) 26.52 +4.84 28.69 + 3.53 0.003*
WHR 17.76 £ 3.79 23.89+2.31 <0.0001*

*Statistically significant (p<0.05). BP = Blood pressure; WHR = Waist-hip ratio; SD = Standard Deviation

Figure 4: Comparison of metabolic, haematological and blood pressure parameters between groups.

Triglycerides
(mg/dL) HbALc (%)
2501 10
40 1
200 4 p=0,01" 8 pe0,0001°
30
1501 6
20 1
1004 4
504 2 10
04 1] 0-
Post: Pre- Post: o
menapausal mancpausal menopausal menopausal
Haemoglobin Systolic BP
(g/dL) (mmHg)

15.0 1 200 120
12.5 4 p=<0.0001" p=<0,0001" 100
150
10.0 4 80 1
151 100 60
5.01 40
50
2.54 201

0.0 0

Post-
menbpaual

Pre-
mEnopaLsl

ot
menopaLsal

0

EE Postmenopausal (n=150) WM Premenopausal (n=50)

Each of these metabolic derangements exerts an
independent adverse effect on skeletal muscle. Vitamin D
deficiency (mean 25[OH]D 21.27 ng/mL) impairs type 1l
muscle fibre integrity and calcium—calmodulin-mediated
myosin-actin  cross-bridge cycling, contributing to

neuromuscular weakness independent of oestrogen
status.’® Anaemia (mean Hb 8.63 g/dL) reduces skeletal
muscle oxygen delivery, accelerating aerobic fatigue and
The

triglycerides and HbAlc in postmenopausal women

functional ~ weakness. significantly  higher

Post.
mEnbpaUsl

Vitamin Ds
(ng/mL)

pe<0.0001"

o
menapausal

Diastolic BP
(mmHg)

functional capacity through endothelial dysfunction and

advanced glycation end-product accumulation in
myofibrillar proteins.’® Notably, total cholesterol and
TSH did not differ significantly between groups,
consistent with Fouad Kadhuim, who similarly found no
significant difference in total cholesterol between pre-
and  postmenopausal
elevations in triglycerides, LDL-C, and VLDL-C.?° This

reinforces that total cholesterol alone is an insufficient

women  despite  significant

marker of cardiovascular risk in postmenopausal women; o

represent cardio metabolic risk that further compromises composite atherogenic indices incorporating triglycerides C\ql)
oo
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and HDL-C provide better risk stratification. The
significantly elevated blood pressure (systolic 140.60
mmHg; diastolic 84.10 mmHg) is consistent with
published data on postmenopausal hypertension driven
by oestrogen-mediated vasodilatory loss and rennin —
angiotensin — aldosterone system activation.?! The lower
BMI in postmenopausal compared to premenopausal
women (26.52 vs. 28.69 kg/m?;, p=0.003) in this cohort
may reflect the specific demographic profile of this
tertiary care population and the exclusion of women with
known diabetes mellitus, who tend to have higher
adiposity.

Comparison with other studies

Compared to prior Indian studies, these findings are
consistent with Mahishale & Kulkarni, who reported
mean HGS of 15.39+5.47 kg (right) and 15.10 £5.35 kg
(left) in postmenopausal women in a cross - sectional
design,?? and with Khadilkar, who highlighted that
musculoskeletal ~ deterioration  during  menopause
significantly contributes to loco motor disability and
reduced quality of life in Indian women.*®

The meta-analysis by Zhao et al. further corroborates the
observation that multiple interacting factors - weight,
physical inactivity, prior fractures, and co morbidities -
collectively determine fall risk, reinforcing the value of
composite rather than isolated assessment.??

Strengths and limitations

Strengths of this study include the simultaneous
evaluation of musculoskeletal, metabolic, cardiovascular,
hematological, and skeletal parameters in a single cohort
with a premenopausal comparison group, and the
application of both EWGSOP1 and EWGSOP?2 criteria.
Limitations  include the cross-sectional  design
(precluding causal inference), single-centre recruitment,
unequal group sizes, and the absence of DEXA-based

body composition, hormonal profiling (oestradiol, FSH),

physical activity quantification, and dietary assessment.
Future longitudinal, multicentre studies incorporating
these parameters are warranted.

Conclusion

Handgrip strength is a valid, reproducible, and cost-
effective surrogate marker for early Sarcopenia screening
in postmenopausal women. Postmenopausal women
exhibit a 23-24% bilateral HGS reduction, Sarcopenia
prevalence of 18.0% (EWGSOP1l) and 4.1%
(EWGSOP2), significantly elevated FRAX scores with
44% in the high osteoporosis risk category, higher
triglycerides, HbAlc, and blood pressure, and lower
vitamin D, haemoglobin, and serum calcium compared to
premenopausal women. These findings underscore the
multisystem vulnerability of this population. Routine
HGS measurement, FRAX risk assessment, and
integrated metabolic profiling should be incorporated
into postmenopausal health surveillance to facilitate early
preventive interventions - including structured resistance
training, vitamin D and calcium supple mentation,
glycaemic  optimisation, and cardiovascular risk
reduction strategies.
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