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Obijective: This study aimed to compare the prevalence of sarcopenia between postmenopausal and premenopausal women and evaluate
the diagnostic performance of various screening methods combining anthropometric measurements and functional assessments.
Methods: A total of 1630 women (794 postmenopausal, 836 premenopausal) were included. Data on upper arm circumference (AC),
calf circumference (CC), and SARC-F questionnaire scores were collected. ROC curve analysis was performed to assess the
sensitivity, specificity, and accuracy of individual and combined diagnostic models.

Results: The overall prevalence of sarcopenia was 6.44%, with a higher prevalence in postmenopausal women (7.43%) than in
premenopausal women (5.50%). Sarcopenic individuals had lower BMI and poorer functional performance. Among postmenopausal
women, the SARC-F + CC combination demonstrated the highest diagnostic accuracy (AUC = 91.2), while in premenopausal women,
the SARC-F + AC model was most effective (AUC = 85.53). The SARC-F + CC combination showed the best sensitivity (89.0%) and
specificity (75.0%) across all participants.

Conclusion: Sarcopenia is more prevalent in postmenopausal women, with menopause identified as a key risk factor. Combining
SARC-F with calf circumference enhances diagnostic accuracy and is recommended for early screening in primary healthcare settings
to facilitate timely interventions and improve patient outcomes.

Keywords: sarcopenia, menopause, non-menopausal, prevalence, diagnostic methods, upper arm circumference, calf circumference,

SARC-F questionnaire

Background

Sarcopenia is a prevalent and increasingly severe geriatric syndrome characterized by the progressive loss of skeletal
muscle mass, strength, and function, which exacerbates with age." This condition not only significantly impacts physical
function and quality of life in older adults, but is also closely associated with a higher risk of falls, fractures, frailty,
urological cancers (e.g., bladder and kidney cancers), stress urinary incontinence, and mortality, placing a substantial
burden on individuals and healthcare systems.”

Postmenopausal women are at particularly high risk for developing sarcopenia, primarily due to the significant decline
in estrogen levels that occurs after menopause. Estrogen plays a crucial role in maintaining muscle mass and function by
regulating protein synthesis and degradation, enhancing antioxidant defenses, and supporting mitochondrial function.>*
Research has shown that the decrease in estrogen after menopause accelerates muscle mass loss and promotes fat infiltration
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into muscle, which significantly increases the risk of sarcopenia.’ In addition, postmenopausal women often experience
a decline in physical activity and inadequate nutrition, which further exacerbates the process of muscle degeneration.’

Despite the higher risk of sarcopenia in postmenopausal women, it is often underrecognized and underdiagnosed in
clinical practice. This is mainly due to the subtle signs of sarcopenia and the lack of clear diagnostic criteria and simple
screening tools. Current standards, like those from the Asian and European Working Groups for Sarcopenia, often rely on
complex techniques such as dual-energy X-ray absorptiometry (DXA) and bioelectrical impedance analysis (BIA), which
are not practical for use in primary healthcare settings.”® As a result, there is an urgent need for simple, cost-effective,
and reliable screening methods for early detection.

Recently, clinical tools such as the SARC-F questionnaire, arm circumference (AC), and calf circumference (CC)
have been suggested for screening. However, research shows these methods have limited accuracy on their own.” !
Therefore, combining multiple screening methods holds promise in improving the accuracy and clinical practicality of
sarcopenia screening.

This study aims to compare the prevalence of sarcopenia in postmenopausal versus premenopausal women and
evaluate the effectiveness of various diagnostic tools and their combinations. By conducting receiver operating char-
acteristic (ROC) curve analysis, we will identify the optimal combination of arm circumference, calf circumference, and
the SARC-F scale, as well as the most suitable diagnostic thresholds. The findings will contribute to the development of
early intervention strategies and improve the management of sarcopenia, particularly in postmenopausal women, a high-
risk group. As the global population ages, sarcopenia will become an increasingly significant public health issue.
Therefore, understanding its prevalence and developing effective screening and intervention strategies is crucial for
enhancing the health and quality of life of aging women.

Materials and Methods

Study Population

This study included a total of 1630 women aged 20 to 90 years, recruited from Boai Hospital in Zhongshan, Guangdong
Province. Participants were categorized into two groups based on their menopausal status: 794 postmenopausal women
(defined as having no menstruation for more than 12 consecutive months without other medical or surgical causes) and
836 premenopausal women.

Diagnostic Criteria and Screening Tools
Sarcopenia diagnosis was based on the 2019 Asian Working Group for Sarcopenia (AWGS) guidelines,” which include
the following assessment criteria (Figure 1).

Demographic and Clinical Characteristics
Baseline demographic and clinical data were collected, including age, height, weight, body mass index (BMI), upper arm
circumference (AC), calf circumference (CC), left and right handgrip strength, and SARC-F questionnaire scores. The
SARC-F questionnaire served as a preliminary screening tool to assess the risk of sarcopenia. All participants underwent
bioelectrical impedance analysis (BIA) to assess muscle mass, ensuring compliance with the 2019 Asian Working Group
for Sarcopenia (AWGS) diagnostic criteria for sarcopenia.

Stratification Variable

Participants were stratified into postmenopausal and premenopausal groups based on menopausal status. Menopause is
a key factor affecting muscle mass and function, primarily due to the decline in estrogen, which accelerates muscle loss
and increases the risk of sarcopenia.®'? Estrogen plays a crucial role in maintaining muscle metabolism, and its reduction
after menopause contributes to decreased muscle strength and physical performance.” Given these differences, stratifica-
tion allows for a clearer comparison of sarcopenia prevalence and diagnostic accuracy between the two groups.
Additionally, analyses were conducted for the total cohort to evaluate overall trends and the effectiveness of different
screening models across all participants.
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Sarcopenia Diagnostic Flowchart

—— Appendicular Skeletal Muscle Mass (ASM):
Dual-energy X-ray absorptiometry
Men: <7.0 kg/m?, Women: <5.4 kg/m?

or Bioelectrical impedance analysis
Men: <7.0 kg/m?, Women: <5.7 kg/m?

Diagnosis —
_ Physical Performance:
6-metre walk  <1.0 m/s
Muscle Strength
— Handgrip strength
Men: <28 kg, Women: <18 kg
Sarcopenia Severe Sarcopenia
Low ASM + (Low muscle strength Low ASM + Low muscle strength
OR Low physical performance) AND Low physical performance

Figure | Sarcopenia Diagnostic Flowchart based on the 2019 Asian Working Group for Sarcopenia (AWGS) criteria.

Diagnostic Models
Seven diagnostic models were developed using combinations of AC, CC, and the SARC-F questionnaire to identify the

most effective screening strategy:

e Model A: Upper arm circumference (AC)

Statistical Analysis

Data analysis was performed using SPSS version 25.0.

Model B: Calf circumference (CC)
Model C: SARC-F questionnaire
Model D: AC + CC
Model E: AC + SARC-F
Model F: CC + SARC-F
Model G: AC + CC + SARC-F

e Continuous variables were expressed as mean =+ standard deviation (Mean + SD) and compared using an

independent sample #-test.

¢ Categorical variables were presented as frequencies (n, %) and compared using the chi-square test.
e Logistic regression models were constructed to assess the diagnostic performance of various screening combina-

tions. Predictors such as upper arm circumference (AC), calf circumference (CC), and SARC-F questionnaire scores
were analyzed as continuous variables in both the regression analyses and receiver operating characteristic (ROC)
analyses. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were
calculated, and the area under the curve (AUC) was used to assess overall diagnostic accuracy.

e A significance level of P < 0.05 was considered statistically significant.
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Results

Prevalence of Sarcopenia

A total of 1630 women were included in this study, comprising 794 postmenopausal and 836 premenopausal women. The
overall prevalence of sarcopenia was 6.44% (105/1630), with a higher prevalence observed in postmenopausal women
(7.43%, 59/794) compared to premenopausal women (5.50%, 46/836). As shown in Table 1, postmenopausal women had
a higher prevalence of sarcopenia, indicating a greater risk in this population.

Differences in Demographic and Clinical Characteristics
As presented in Table 1, sarcopenic individuals were significantly older than non-sarcopenic individuals. Among
postmenopausal women, the mean age of the sarcopenic group was 63.41+10.69 years, compared to 56.99+4.97 years
in the non-sarcopenic group. Similarly, in premenopausal women, sarcopenic individuals were older (50.32+6.84 years)
compared to non-sarcopenic individuals (43.45+7.12 years).

BMI was notably lower in the sarcopenic group across all populations. In the total cohort, sarcopenic individuals had
a BMI of 20.77+2.53, whereas non-sarcopenic individuals had a higher BMI of 23.71£3.41. Similar trends were observed
in both postmenopausal and premenopausal groups.

Functional performance, as assessed by the SARC-F questionnaire, was poorer in sarcopenic individuals. As seen in
Table 1, postmenopausal women with sarcopenia had a median SARC-F score of 8 (IQR: 7-10), higher than non-
sarcopenic individuals (5 (IQR: 4-7)). Sarcopenic individuals also exhibited significantly lower handgrip strength and

calf circumference measurements compared to non-sarcopenic individuals, indicating reduced muscle strength and mass.

Diagnostic Performance of Different Models
As shown in Table 2 and Figure 2, the diagnostic performance of various models for sarcopenia screening was evaluated
across postmenopausal, premenopausal, and total populations.

1) Postmenopausal Women: The highest diagnostic accuracy was observed with the SARC-F + CC combination,
achieving an AUC of 91.2, with a sensitivity of 89.8% and specificity of 77.8%. The AC + CC combination also
demonstrated good performance with an AUC of 91.0%.

2) Premenopausal Women: In premenopausal women, the SARC-F + AC + CC combination had the highest AUC of
89.5, with sensitivity and specificity values of 89.0% and 74.2%, respectively.

3) Total Cohort: Across the entire cohort, the highest AUC was achieved by the SARC-F + AC + CC combination
(89.09), with a sensitivity of 89.0% and specificity of 75.0%.

Among the individual diagnostic tools, calf circumference (CC) alone showed strong discriminatory ability, with an
AUC of 91.0 in postmenopausal women and 88.34 in premenopausal women. However, its statistical significance was
not observed in all subgroups.

Key Findings and Implications
Based on the results in Tables 1 and 2, several important observations can be made:

1. Postmenopausal women exhibited a higher prevalence of sarcopenia, highlighting the need for targeted screening
in this population.

2. Lower BMI and reduced muscle strength were closely associated with sarcopenia across all groups.

3. Combining simple, non-invasive measures such as SARC-F and calf circumference significantly improved
diagnostic accuracy, making them practical tools for clinical screening.

4. The SARC-F + CC combination emerged as the most effective model for postmenopausal women, while the
SARC-F + AC + CC model provided the highest diagnostic accuracy for the total population.
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Table | Characteristics of the Study Participants

Characteristic Total Cohort Postmenopausal Women Premenopausal Women

All n=1630 Sarcopenia Non-Sarcopenia P-value | All n=794 Sarcopenia Non-Sarcopenia P-value | All n=836 Sarcopenia Non-Sarcopenia P-value

n=105 n=1525 n=59 n=735 n=46 n=790

Sarcopenia Prevalence, % (n) 6.44 (105) 7.43 (59) 5.50(46)
Age, Mean (SD) 49.19(10.72) 56.06(16.00) 48.96(10.23) <0.001 57.47(5.83) 63.41(10.69) 56.99(4.97) <0.001 | 41.33(8.06) 50.32(6.84) 43.45(7.12) 0.426
BMI, Mean (SD) 23.52(3.44) 20.77(2.53) 23.71(3.41) <0.001 24.03(3.40) 21.53(2.59) 24.23(3.38) 0.012 23.04(3.41) 21.92(2.70) 23.97(3.49) 0.003
SARC-F Score*, Median(IQR) (1) 2(4) (1) <0.001 (1) 3 (4.25) (1) <0.001 I(1) - 1(1) 0.828
Grip Strength, Mean(SD),kg 24.09(4.41) 19.80(4.20) 25.50(3.90) <0.001 23.39(4.26) 18.50(4.30) 24.70(4.10) <0.001 24.76(4.45) 20.10(4.50) 26.00(4.20) <0.001
CalfCircumference, Mean(SD). cm | 34.08(2.66) 29.60(2.40) 32.70(2.80) <0.001 33.79(2.52) 28.90(2.60) 32.50(2.90) <0.001 34.36(2.76) 30.10(2.30) 33.00(2.70) <0.001

Note: *Only subjects with SARC-F Scores were greater than 0 were shown. n=98. — Unmeasurable.
Abbreviations: SD, Standard Deviation; IQR, Interquartile Range.
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Table 2 Performance of Different Diagnostic Models in Various Populations

Diagnostic Model Population Cut-off AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) Z-value P-value
SARC-F Postmenopausal Women 1.13 85.5 91.5 64.2 17 99 3.98 <0.001
SARC-F Premenopausal Women 1.06 84.52 90.2 62.1 145 98.8 2.75 0.006
SARC-F Total Cohort 1.02 85.02 91.3 63 15.5 98.9 3.69 <0.001
AC Postmenopausal Women 26.6 85.2 949 60.5 16.2 99.3 4 <0.001
AC Premenopausal Women 26.5 85.13 92.1 59.7 13.8 99 2.59 0.01
AC Total Cohort 26.2 85.45 934 60.1 15 99.2 3.46 0.001
CcC Postmenopausal Women 325 91 932 737 222 99.3 1.09 0.274
cC Premenopausal Women 324 88.34 90.5 712 19 99.2 1.79 0.073
CcC Total Cohort 325 888l 92 72 205 99.3 1.13 0.258
SARC-F + AC Postmenopausal Women 85.7 94.9 60.1 16 99.3 392 <0.001
SARC-F + AC Premenopausal Women 85.53 91.2 6l 14 99.1 2.39 0.017
SARC-F + AC Total Cohort 85.51 925 6l 14.8 99.2 341 <0.001
SARC-F + CC Postmenopausal Women 91.2 89.8 778 245 99 -0.71 0.48
SARC-F + CC Premenopausal Women 88.82 888 74.3 20 99.3 1.13 0.261
SARC-F + CC Total Cohort 88.9 89 75 21.5 99.3 1.01 0315
AC + CC Postmenopausal Women 9l 94.9 72.5 21.7 99.4 0.99 0.321
AC + CC Premenopausal Women 89.08 92.3 70 18.5 99.4 2.13 0.033
AC + CC Total Cohort 88.98 935 705 19.8 994 0.94 0.346
SARC-F + AC + CC Postmenopausal Women 91.2 89.8 77.8 24.5 99 -0.71 0.48
SARC-F + AC + CC Premenopausal Women 89.5 89 74.2 19.8 99.2 1.13 0.261
SARC-F + AC + CC Total Cohort 89.09 89 75 21.5 99.3 0.94 0.346

Note: Cut-off values for positive tests were as follows: SARC-F 2 defined threshold, AC < defined threshold, and CC < defined threshold.

Discussion

This study underscores the significant impact of menopause on the prevalence of sarcopenia and provides valuable
insights into the effectiveness of various diagnostic models. The findings highlight the need for early screening and
targeted interventions, particularly in postmenopausal women, to mitigate the adverse effects associated with sarcopenia.

Higher Prevalence of Sarcopenia in Postmenopausal Women
Our study revealed a higher prevalence of sarcopenia in postmenopausal women (7.43%) compared to premenopausal
women (5.50%), consistent with previous research suggesting that hormonal changes, especially the decline in estrogen,

contribute to muscle loss and functional impairment. Estrogen plays a crucial role in maintaining muscle mass by
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Figure 2 ROC Curve Results for the Seven Methods of Sarcopenia Prediction: (A) Postmenopausal Women; (B) Premenopausal Women; (C) Total Cohort.
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modulating protein synthesis and mitochondrial function. Its decline after menopause accelerates muscle deterioration,
leading to increased frailty and a higher risk of falls and fractures.*

Impact of Age and BMI on Sarcopenia

As shown in Table 1, individuals with sarcopenia were significantly older than those without, consistent with interna-
tional findings that aging is a key risk factor for sarcopenia due to changes in muscle metabolism, neuromuscular
function, and hormonal levels.'*'* Additionally, sarcopenic women had significantly lower BMI, suggesting that lower
body mass may indicate higher sarcopenia risk. Reduced BMI is often associated with inadequate protein intake,
decreased physical activity, and metabolic changes that contribute to muscle wasting.'> Huang et al further highlighted
the importance of dietary quality for muscle strength in multi-ethnic Asian populations, emphasizing nutrition as a crucial

factor in sarcopenia prevention.'®

Functional and Muscle Strength Decline in Sarcopenic Women

Functional limitations, as assessed by the SARC-F questionnaire, were more pronounced in sarcopenic women, with
higher median SARC-F scores indicating greater difficulties in daily activities. The significant reduction in grip strength
and calf circumference further confirmed the loss of muscle strength and mass in sarcopenic individuals. Consistent with
our findings, Lu et al reported that SARC-F has high specificity but only moderate sensitivity, highlighting the need to
combine it with objective anthropometric measures to improve screening accuracy.'’ These results support the utility of
combining functional assessments with objective muscle measurements to improve the accuracy of sarcopenia screening
and facilitate early intervention.'®

Diagnostic Performance of Different Models
The evaluation of diagnostic models (Table 2) demonstrated that the combination of SARC-F and calf circumference
(SARC-F + CC) achieved the highest diagnostic accuracy in postmenopausal women (AUC = 91.2). This combination
provided a good balance between sensitivity (89.8%) and specificity (77.8%), making it a practical and effective
screening tool. These findings are consistent with Bahat et al, who reported enhanced diagnostic accuracy when
combining SARC-F with calf circumference (SARC-CalF), especially among Asian populations.'®

For the total cohort, the combination of SARC-F, AC, and CC yielded the highest AUC (89.09), with balanced
sensitivity (89.0%) and specificity (75.0%). This finding indicates that a multi-parameter approach improves diagnostic
accuracy and may be more suitable for broader population-based screening programs.”’ Notably, the individual
performance of calf circumference alone (AUC = 91.0 in postmenopausal women) suggests its strong potential as

a single, easy-to-use screening measure, although its performance in premenopausal women was less robust.*'**

Clinical Implications

Our findings suggest that integrating functional and anthropometric assessments into routine clinical practice can enhance
sarcopenia detection, particularly in postmenopausal women who are at greater risk. Given the high sensitivity of the
SARC-F + CC combination, it may be especially useful for initial screening in primary care settings, allowing for early
identification and intervention before severe functional decline occurs.

Study Limitations and Future Directions

Despite the valuable insights gained from this study, several limitations should be considered. First, the study was conducted in
a single center and focused exclusively on an Asian population, which may limit the generalizability of the findings to other
ethnic or geographic groups. Anthropometric measures such as calf circumference (CC) and arm circumference (AC) are
population-dependent, and prior studies have demonstrated significant differences in these measures between Asian and
European populations, likely due to variations in body composition and nutritional patterns.*'** Future multi-center studies
with larger and more ethnically diverse samples are necessary to validate the diagnostic models and confirm their applicability
in diverse settings. Additionally, the cross-sectional nature of the study prevents the establishment of causal relationships
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between sarcopenia and its associated risk factors. Longitudinal studies are required to better understand the progression of
sarcopenia over time and the long-term effects of different interventions.

Future research should also explore the integration of advanced imaging techniques, such as dual-energy X-ray
absorptiometry (DXA), to further enhance the precision of sarcopenia diagnosis. Furthermore, incorporating biochemical
markers of muscle metabolism could provide additional insights into the underlying mechanisms of sarcopenia in
postmenopausal women.

Conclusion

This study highlights the higher prevalence of sarcopenia in postmenopausal women and the utility of combining functional
and anthropometric measures for improved screening accuracy. The SARC-F + CC combination emerged as a highly effective
screening tool, offering a balance of sensitivity and specificity. Evidence suggests that dietary quality plays a key role in
maintaining muscle strength, particularly among Asian populations, highlighting the importance of nutrition in preventing
sarcopenia. Given that anthropometric indicators such as CC and AC are population-dependent, further validation in diverse
cohorts is warranted. Early detection and tailored interventions, including lifestyle modifications and nutritional support, are
crucial for preventing the progression of sarcopenia and improving health outcomes in aging women.
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