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Abstract

Objective: Musculoskeletal disorders frequently affect postmenopausal women. This study aims to compare muscle disor-

ders between women according to the type of experienced menopause: premature (PM) or normal age of menopause (NAM).

Methods: This was a cross-sectional study conducted in nine Latin American countries in which late postmenopausal
women (55 to 70 years) were surveyed with a general questionnaire, the Menopause Rating Scale (MRS: item #4 explor-
ing musculoskeletal discomfort), and strength, assistance with walking, rising from a chair, climbing stairs, and falling
questionnaire (risk of sarcopenia).

Results: A total of 644 women were included: 468 who had NAM, and 176 who had PM (116 spontaneous and 60
surgical). The overall mean age of the participants was 60.9 + 4.2 years. Women who had PM experienced more mus-
culoskeletal discomfort (33.5% vs 20.9%, P <0.001) and a higher likelihood of sarcopenia (35.2% vs 19.9%, P <0.001)
than women who had a NAM. Women who had surgical PM exhibited a higher prevalence of severe musculoskeletal
discomfort (46.7% vs 29.3%, P < 0.02) and a higher likelihood of sarcopenia (45.0% vs 27.6%, P < 0.02) than women
who had a NAM. After adjusting for covariates (age, body mass index, menopausal hormone therapy use, physical ac-
tivity, education, cigarette consumption, use of antidepressants, sexual activity, comorbidities, and having a partner), our
logistic regression model determined that spontaneous PM was not associated with higher odds of musculoskeletal dis-
comfort and higher odds of sarcopenia. On the other hand, women who had surgical PM were more likely to experience
musculoskeletal discomforts (odds ratio: 2.26; 95% confidence interval: 1.22-4.17) and higher odds for sarcopenia
(odds ratio: 2.05; 95% confidence interval: 1.16-3.65) as compared to women who experienced a NAM.

Conclusions: Women experiencing surgical PM have a higher likelihood of developing muscle disorders. This un-
derscores the potential significance of hormonal levels in influencing musculoskeletal health during postmenopause.
Key Words: Muscle disorders — POI — Premature menopause — Primary ovarian insufficiency — Sarcopenia —

Surgical menopause.
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uscle pain is a prevalent menopausal symptom. A
M classic German study showed that in general, women

experience more pain than men, and the prevalence
of this discomfort increases in the female population around
the age of 50." Another study, conducted in more than 8,000
Latin American middle-aged women, found that 63% of them
presented muscle pain, of which 15.6% pain was severe.” In
the United States, the SWAN study also confirmed that this
symptom is the most prevalent during menopause, affecting
54.3% of women aged 40 to 55.% In Thailand, it is also the most
prevalent symptom bothering 56.4% of postmenopausal women
in the first year of amenorrhea.* This prevalent symptom ap-
pears linked to menopause, as demonstrated by a study showing
that women with natural menopause, after adjusting for
covariables, have a higher odds of musculoskeletal pain (odds
ratio [OR]: 1.43, 95% confidence interval [CI]: 1.20-1.69).°

Not only is muscle pain associated with the menopausal pe-
riod; but also, muscle function, and mass. A meta-analysis that
evaluated six studies showed that women who had premature
ovarian insufficiency (POI) had lower handgrip strength and
gait speed compared to women who had a normal age of meno-
pause (NAM). Unfortunately, no comparisons were made re-
garding muscle mass assessment, due to insufficient data on
POI women.® Despite this, a known fact is that women during
normal menopausal transition experience a decrease in skeletal
muscle mass and an increase in total and central fat mass in as-
sociation with a decrease in sex hormone levels.”

Due to the progressive deterioration of muscle function and
mass in the postmenopausal period, assessment of the muscle-
estrogen relationship acquires special relevance. Ovarian hormone
levels decrease significantly in women who have experienced pre-
mature menopause (PM), either spontaneous or surgical. One study
found lower median estradiol blood levels in women <40 years who
had surgical PM (7.15, interquartile range :5.0-20.5 pg/mL) as com-
pared to premenopausal women of similar age (34.30, interquartile
range: 25.3-44.9 pg/mL). Testosterone levels also fell significantly
in women with surgical PM.® Another study of Korse et al’ found
that women with surgical menopause aged 46 displayed estradiol
levels of 11.1 pmol/L lower than levels in natural postmenopausal
women of 56 years of age. Furthermore, testosterone levels of
natural postmenopausal women remained stable at a level of
0.89 nmol/L, while testosterone levels of surgical postmeno-
pausal women declined by 0.04 nmol/L per year.

As muscle deterioration increases with female age,'® the objective
of this study was to evaluate the impact of different types of meno-
pause over muscle discomfort and function in late postmenopausal
women aged 55 and over. We hypothesized that the presence of more
pronounced muscle symptoms in women who had experienced PM
compared to those who experienced menopause later could be attrib-
uted to a more prolonged time that PM women have been deprived
of estrogen, and not age (at survey both groups will be similar).

METHODS

Study design and participants
This was a cross-sectional, observational, and multinational
study, conducted between January 2023 and November 2023
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in general gynecological consultations in the following nine
Latin American countries: Argentina, Bolivia, Brazil, Colombia,
Costa Rica, Ecuador, Mexico, Panama, and Peru. Participants were
otherwise healthy women aged 55 to 70 years who attended a rou-
tine health check-up (convenience sampling) and either had meno-
pause before the age of 40 (spontancous or surgical) or natural
menopause at the age of 45 years or older. We excluded women
who had undergone chemotherapy or radiotherapy that might have
impacted ovarian function or had surgical menopause after the age
of 40; also, those with a diagnosis of dementia that did not allow
them to understand the questionnaires or suffered from deafness
or blindness or declined participation. All women were required
to be literate in either Spanish or Portuguese (Brazil). The majority
of the women included in the study had moderate incomes and re-
ceived healthcare services from private and/or state clinical centers.
Investigators from the participating centers were requested to sur-
vey 100 postmenopausal women, with at least one-third having ex-
perienced PM.

Studied variables

We collected the following data: age (years), years of education
(years), body mass index (BMI; weight [kg]/squared height [m]),
parity/number of children, current partner status, sexual activity
(sexual intercourse at least once in the last year), housewife,
smoker, inactive lifestyle (performs <75 min/wk of intense aero-
bic physical activities such as running, gym, tennis, etc., or
<150 min/wk of moderate acrobic physical activities as fast walk-
ing, cycling, and dancing),!' postmenopausal stages (defined ac-
cording to the STRAW +10 criteria), hysterectomy, bilateral oo-
phorectomy, systemic use of menopause hormone therapy
(MHT), former MHT use, hypertension (either self-reported or
on medication), diabetes mellitus (either self-reported or on medi-
cation), and the use of antidepressants, hypnotics, or medication for
dyslipidemia.

For this study, PM was defined as women experiencing men-
opause before the age of 40.'? Additionally, PM women were
subclassified as spontaneous or surgical. The latter category
comprised women with a history of bilateral oophorectomy.
For this investigation, “NAM” was defined as menopause pre-
sentation at the age of 45 or later.

Musculoskeletal discomfort was assessed using question #4
of the Menopause Rating Scale (MRS). This scale has 11 items
and allows participants to grade each symptom from 0 (not pres-
ent) to 4 (very severe). For this research, we considered muscu-
loskeletal discomfort to be severe when women scored 23
points on item# 4. It is worth noting that the MRS has previously
been validated in both the Spanish'® and Portuguese (Brazil)
languages, ensuring the reliability and accuracy of the collected
data in these linguistic contexts.'*

The risk of sarcopenia was assessed using the SARC-F tool,
which has been designed as a rapid screening tool for the risk
of sarcopenia. This instrument comprises the following five
components: strength, assistance with walking, rising from a
chair, climbing stairs, and falling (SARC-F). Participants were
scored on each component from 0 to 2 points, resulting in a total
score ranging from 0 to 10. A score 24 on the SARC-F is
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indicative of an increased risk of sarcopenia and poor outcomes.'>
The SARC-F is an excellent test to exclude muscle function
impairment and sarcopenia.'®

Sample size calculation

Assuming that the prevalence of women with severe / very se-
vere muscle and joint aches in a population with NAM is 15.6%°
and our study is interested in estimating the effect of PM, with an
odds ratio of 2, at the significance level of 5% (two-sided test)
and power of 80%, the sample size with ratio of case to control
of 2: 1 would be 160 cases and 320 controls (Fleiss with correc-
tion for continuity).'” Thus, with 10% losses, the total number is
176 cases and 352 controls.

Statistical analysis

SPSS software (version 21.0 for Windows; SPSS Inc., Chicago,
IL) was used for statistical analysis. Data are presented as means,
standard deviations, or frequencies/percentages. The Levene test
was used to assess the homogeneity of variance, with statistical sig-
nificance set at P > 0.05. The normality of data distribution was
evaluated with the Kolmogorov-Smirnov test. Based on the results
of these tests, differences between numeric variables were analyzed
using either the Student ¢ test for parametric data or the Mann-
Whitney U test for nonparametric data. Logistic regression analysis
was performed to determine the model that predicts higher muscu-
loskeletal discomfort scores (3 or more in MRS # 4) or a higher
likelihood for sarcopenia (SARC-F score =4)."> The covariates
were categorized according to median values, except for age, year
of education, and BMI, which were treated as continuous values.
Additionally, the diagnoses of hypertension, diabetes, and hyper-
cholesterolemia were combined into a single variable referred to
as “comorbidities” in the logistic regression model. A stepwise
procedure was used for the inclusion of the variables into the
model, considering a significance level set at 10%. The variance
inflation factor was used to evaluate multicollinearity in the

regression analysis (variance inflation factor <10). Interactions
between variables found to be statistically significant in the bi-
variate analysis were also considered. A P value of <0.05 was
considered statistically significant for all calculations.

Ethical considerations

The study protocol was approved by the ethics committee of
the Southern Metropolitan Health Service, Santiago de Chile,
Chile (Memorandum 15/2022; June 22, 2022) and complies
with the Declaration of Helsinki. All participants were informed
of the study, its aims, and used tools, after which they provided
written consent for participation.

RESULTS

The present study includes 644 women, 468 women with
NAM, and 176 with PM (116 spontaneous and 60 surgical).
The overall mean age of the participants in the entire sample
was 609 + 42 years, with a mean education level of
12.9 + 4.8 years, and a mean BMI of 26.5 + 5.8 kg/m*. Among
the participants, 43.6% were identified as housewives and had
an average of 2.5 + 1.8 children. Additionally, 65.1% reported
having a partner. Lifestyle factors included 50.3% of women with
an inactive lifestyle, 68.0% who had never smoked, and 55.7%
who had engaged in sexual activity within the past 12 months.
Regarding medication use, 15.5% of the participants used
MHT, 24.4% hypnotics, 17.9% antidepressants, and 14.3% anxi-
olytics. The main cardiometabolic risk factors found in this pop-
ulation were hypertension 42.4%, hypercholesterolemia 38.6%,
obesity 19.8% (BMI > 30 kg/m?), and diabetes mellitus 17.2%
(data not shown in tables). Women who had PM had an average
of 25.4 £ 6.2 years of postmenopause versus 10.2 & 4.7 for those
who had a NAM (data not presented in tables).

Women with PM exhibit distinct features, despite having
comparable age and BMI as compared to women with NAM.

TABLE 1. Clinical characteristics of postmenopausal women who had premature menopause (POI or surgical) and those who had a normal age at
menopause

Premature menopause (PM)

Normal age of

Spontaneous Surgical PM All PM menopause
Characteristics (n=116) (n=60) (n=176) (n = 468)
Age (yr) 61.1+£45 61.0+43 61.1+44 60.8 =42
BMI (kg/m?) 264 44 273 +4.0 267 +43 264 +5.0
Years of education 11.7+44 125+44 11.9+44 13.3+£4.9¢
Housewives 62 (53.4) 27 (45.0) 89 (50.6) 192 (41.0)*
No. children 22+£1.5 2.8+ 1.9 24+1.6 26+1.9
With partner 67 (57.8) 36 (60.0) 103 (58.5) 316 (67.5)°
With sexual activity 51 (44.0) 24 (40.0) 75 (42.6) 284 (60.7)°
Never smoker 61 (52.6) 23 (38.3) 85 (55.9) 342 (69.5)°
Inactive lifestyle 53 (45.7) 18 (30.0)* 105 (59.7) 219 (46.8)
MHT users 10 (8.6) 6(10.0) 16 (9.1) 84 (17.9)
Anxiolytics users 16 (13.8) 15 (25.0) 31(17.6) 61 (13.0)
Antidepressants users 17 (14.7) 24 (40.0)° 41 (23.3) 74 (15.8)"
Hypnotics users 27 (23.3) 28 (46.7) 55(31.3) 102 (21.8)*
Arterial hypertension 62 (53.4) 39 (65.0) 101 (57.4) 172 (36.8)°
Diabetes mellitus 23 (19.8) 19 (31.7) 42 (23.9) 69 (14.7)
Hypercholesterolemia treatment 46 (36.2) 34 (56.7) 76 (43.2) 172 (36.8)

Data are presented as mean + standard deviation or frequencies, n (%).

BMI, body mass index; MHT, menopause hormone therapy; NAM, normal age of menopause; POI, premature ovarian insufficiency.
When spontaneous and surgical PM women are compared: “P < 0.05, 2P <0.01, and °P <0.001 as determined with Student # test or the X 2 test as appropriate. The same
applies when all PM (POI and surgical) women are compared to those experiencing NAM.
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Specifically, they are more frequently identified as housewives
and tend to lead sedentary lifestyles and use antidepressants
and hypnotics more frequently, in addition to presenting higher
rates of diabetes and hypertension. Furthermore, women who
had PM less commonly reported having a partner, engaging in
sexual activity, and using MHT (Table 1).

Table 2 reveals significant differences among women who
had a PM, indicating that those who underwent surgical PM
displayed significantly higher scores for item 4 of the MRS
and a higher rate of severe musculoskeletal discomfort (46.7%
vs 29.3%, P < 0.02) as compared to spontancous PM women.
They also presented more frequently the likelihood of sarcope-
nia (45.0% vs 27.6%, P < 0.02). When combining both types
of PM (spontaneous and surgical) and comparing them with
women who experienced menopause at a normal age, a notably
increased prevalence of musculoskeletal discomfort (33.5% vs
20.9%, P < 0.001) and a higher likelihood of sarcopenia
(35.2% vs 19.9%, P < 0.001) was evident in the former group.

After adjusting for age, BMI, MHT use, physical activity,
years of education, cigarette consumption, use of antidepres-
sants, sexual activity, comorbidities, and having a partner, our
binary logistic regression model found that spontanecous PM
was not associated with higher odds for musculoskeletal dis-
comfort (odds ratio [OR]: 1.05; 95% CI: 0.64-1.72) compared
to women experiencing natural age menopause. However,
women with surgical PM had higher odds of presenting these
discomforts (OR: 2.26; 95% CI: 1.22-4.17). Notably, MHT
use was associated with reduced odds of such discomfort (OR:
0.20; 95% CI: 0.08-0.48) in these women with premature surgi-
cal menopause, while comorbidities were associated with in-
creased odds (OR: 3.14; 95% CI: 1.87-5.28).

After adjusting for covariates, the odd for sarcopenia did not
differ significantly between women with spontaneous PM and
those experiencing natural age menopause (OR: 1.05; 95%
CI: 0.70-1.92). However, women with surgical PM menopause
had significantly higher odds of sarcopenia in the same compar-
ison (OR: 2.05; 95% CI: 1.16-3.65). Furthermore, MHT use and

physical activity were associated with reduced odds of sarcope-
nia (OR: 0.40; 95% CI: 0.18-0.89; and OR: 0.41; 95% CL
0.27-0.64, respectively) in these women with surgical PM, while
comorbidities were associated with increased odds (OR: 1.90;
95% CI: 1.23-2.92).

DISCUSSION

This study shows that musculoskeletal discomfort and the
risk of sarcopenia increase in postmenopausal women who un-
derwent menopause before the age of 40, as opposed to those
who experienced menopause at age 45 or later. Previous studies
have shown that musculoskeletal pain is a common symptom re-
lated to menopause, and its prevalence tends to rise with age.>”
However, discerning whether hormonal deficiency or aging is the
primary factor contributing to musculoskeletal discomfort is chal-
lenging. Nevertheless, our findings seem to imply that hormonal
factors may bear an important significance. Indeed, in our study,
this conclusion may be supported by the fact that there were no
significant age differences between groups at the moment of clin-
ical evaluation (PM: 61.1 vs NAM: 60.8 years), despite a substan-
tial disparity in the duration of hormonal deprivation between
them (PM: 25.4 vs NAM: 10.2 years).

The modulation of pain and its perception is influenced by
neurochemical changes in various pathways that impact both
the central and peripheral nervous systems. Serotonin is among
the extensively studied neurotransmitters related to pain disor-
ders. Estrogen can alter serotonin synthesis and metabolism,
therefore influencing pain perception.'® In addition to the de-
cline in estrogen levels during the climacteric phase, the reduc-
tion of testosterone further plays a role by promoting pain relief
through the inhibition of proinflammatory cytokine production
(ie, IL-3 and TNF-aw). This interplay of hormonal changes
may contribute to the greater antinociception observed in males
compared to females.'

The significance of hormonal changes characteristic of men-
opause in the development of climacteric musculoskeletal pain
is underscored by the findings of our study. Our results indicate

TABLE 2. Muscle disorders in postmenopausal women according to type of experienced menopause

PM

Normal age

Spontaneous Surgical All PM of menopause
Parameters (n=116) (n=60) (n: 176) (n=468)
Musculoskeletal discomfort (MRS #4)
Score 1.59 +1.40 218 £1.51° 1.79 + 1.46 1.36 +1.29¢
Women with severe discomfort 34 (29.3) 28 (46.7)" 59 (33.5) 98 (20.9)°

(MRS # 4 score 23)

SARC-F
1. Strength 0.61 +£0.67 0.75 £ 0.65 0.66 +0.67 0.43 £ 0.63°
2. Assistance in walking 027 +0.46 0.53 + 0.68” 0.36 + 0.56 027 +0.51N8
3. Rise from a chair 0.40 +0.57 0.63 +0.61° 0.48 +0.60 0.28 +£0.53°
4. Climb stairs 0.59 +0.70 0.80 + 0.63¢ 0.66 + 0.68 0.40 + 0.59¢
5. Falls 0.36 % 0.60 0.62 +0.61 0.45+0.61 0.38 + 0.58"°
Total SARC-F score 2224205 333 +£2.39¢ 2.60+£223 1.76 £2.13°
Higher likelihood for sarcopenia (total SARC-F score 24) 32 (27.6) 27 (45.0)¢ 62 (35.2) 93 (19.9)°

Data are presented as mean + standard deviations or frequencies, n (%).

MRS, Menopause Rating Scale; NAM, normal age of menopause; NS, nonsignificant; PM, premature menopause; POI, premature ovarian insufficiency; SARC-E,
Strength, Assistance with walking, Rising from a chair, Climbing stairs, and Falls.

When POI and surgical PM women are compared: “P < 0.05, °P<0.01, and °P < 0.001 as determined with Student 7 test, Mann-Whitney U or the % test as appropriate.
The same applies when all PM (POI and surgical) women are compared to those experiencing NAM.
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that women who have experienced PM and, consequently endur-
ing more prolonged hormonal deprivation, report a higher prev-
alence and intensity of musculoskeletal pain compared to
women who had a NAM. Moreover, women who underwent
early surgical menopause, marked by a more extensive hor-
monal deprivation than those experiencing nonsurgical PM, '’
exhibited an even greater intensity of musculoskeletal pain.
These observations highlight the pivotal role of hormones in
the musculoskeletal pain associated with menopause.

We analyzed the risk of sarcopenia (as determined with the
SARC-F) among studied women. Females demonstrate a distinct
pattern of muscle aging compared to males, potentially due to
menopause when the production of endogenous sex hormones
declines.?® In the present study, we observed that women who
had PM displayed higher SARC-F total scores and thus a greater
risk of sarcopenia as compared to women who had NAM. This
was expected, because we know that estrogens play a pivotal role
by interacting with their receptors located in muscle cells, thus
influencing the expression of genes associated with muscle
growth, differentiation, and regeneration. Additionally, estrogens
control intracellular signaling pathways responsible for muscle
contraction, relaxation, and adaptation to physical activity.?' This
multifaceted impact of estrogens results in several advantageous
outcomes for muscle health, including improvements in muscle
mass, strength, and quality. During the female menopausal transi-
tion and aging, progressive muscle degeneration occurs.'® This
muscle dysfunction results from diminished proliferation of mus-
cle satellite cells, heightened levels of inflammatory markers, and
fluctuations in sex hormone levels, collectively exposing women
to an augmented prevalence of sarcopenia.”*

On the other hand, we must also consider the potential role of
testosterone deficiency in the muscle deterioration observed in
postmenopausal women. In this study, we observed that women
with spontaneous PM did not experience significant muscular
impact compared to women who underwent menopause at a later
age. Conversely, women with surgical PM exhibited more mus-
culoskeletal discomfort and a higher likelihood of sarcopenia.
This increased muscle deterioration could be attributed, at least
partially, not only to estrogen deficiency but also to testosterone
deficiency. Testosterone, known for its anabolic actions, acts di-
rectly through androgen receptors and indirectly through conver-
sion to estradiol.”® The decline in testosterone levels is gradual
during natural postmenopause but more abrupt in surgical
menopause.”* Some studies have demonstrated positive effects
on muscle function with testosterone therapy. For instance, one
study showed that low doses of testosterone in women elevated
serum testosterone concentrations and induced a significant in-
crease in total lean body mass, along with microscopic type 11
muscle fiber hypertrophy.”> However, a meta-analysis did not
yield conclusive results regarding the effect of testosterone on
muscle function.?® Nonetheless, because of the scarcity of studies
that rigorously assess muscle mass and function in women with
early menopause, drawing conclusions requires caution.

We cannot dismiss the possibility that the heightened risk of
sarcopenia observed in women who had PM may stem from
an underlying condition that contributes to both disorders. For

example, it has been suggested that combinations of specific
genes could be linked to increased longevity.?” Consequently,
women experiencing PM might lack these particular genes,
thereby leading to the early cessation of ovarian function as an
outcome rather than a causative factor of premature aging in
general.?® Sarcopenia, in this context, could be regarded as an-
other manifestation of this premature aging phenomenon. Con-
sistent with this hypothesis, it has been reported that early men-
opause is associated with lower longevity.>

In our study, MHT use was associated with a 72% reduction in
the rate of presenting musculoskeletal pain (OR: 0.28). This find-
ing adds a compelling layer to our understanding of the relation-
ship between hormonal dynamics and climacteric musculoskele-
tal pain, suggesting that MHT may play a protective role in miti-
gating such pain during menopause. These findings are linked to
the antiallodynic, anti-inflammatory, and neuroprotective effects
of estrogen.>® Supporting evidence from an observational study”
indicates that MHT users present a decreased odds of experienc-
ing musculoskeletal pain (OR: 0.75; 95% CI: 0.62-0.9).

Concerning sarcopenia, the impact of estrogen on muscle be-
comes apparent when comparing premenopausal women with
postmenopausal ones. The latter group exhibits diminished muscle
mass and strength, yet the effects of menopause on markers of
muscle damage and the expression of genes involved in metabolic
signaling pathways remain unclear. Some studies suggest a benefi-
cial effect of estrogen therapy on muscle size and strength, but the
evidence is largely conflicting and inconclusive.?’

We noted in our series a positive impact of physical activity
on musculoskeletal discomfort and the risk of sarcopenia. This
aligns with findings from a study involving middle-aged
women, where moderate physical activity was associated with
a reduction in muscle pain at a 2-year follow-up.®' Similarly, a
study conducted among Chinese women demonstrated that en-
gaging in light and moderate physical activity correlated with
a decreased risk of muscle mass loss.** These outcomes under-
score the potential benefits of maintaining an active lifestyle in
mitigating musculoskeletal discomfort and reducing the likeli-
hood of developing sarcopenia.

Concerning the limitations of the current study, it is important
to acknowledge its observational nature, which precludes the es-
tablishment of causal relationships. Furthermore, the inclusion
of women from both private and public healthcare settings
should be noted, implying that the findings may not be general-
ized to the broader Latin American population, which predom-
inantly relies on the public health sector. The absence of wide-
spread access to preventive health check-ups in Latin America
introduces a potential selection bias. Another constraint lies in
the utilization of screening instruments, specifically the MRS
for muscle pain and the SARC-F for sarcopenia risk. To en-
hance the precision of future investigations, it is recommended
to use diagnostic instruments with greater specificity and sensi-
tivity for the evaluation of pain and sarcopenia.

Despite these limitations, however, our study has several
strengths, such as the representation of common characteristics
of Latin American women, including ethnicities, cultural and
socioeconomic factors, and social female roles. Furthermore,
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the study included a multinational sample of women living in
Latin America, and validated tools were used specifically for
that population. In addition, all women were evaluated by doc-
tors specialized in female health, and valid statistical methods
were used to control for various potential confounders.

CONCLUSIONS

Our findings suggest that muscle discomfort and the likeli-
hood of sarcopenia in women in the late postmenopausal stage
may be more closely linked to hormonal deficiency than to
chronological age alone. Our observations indicate that, at com-
parable ages, women who had a surgical PM, thus experiencing
an extended period of hormonal deficit, have a heightened like-
lihood of developing muscle disorders compared to those who
had a NAM. This underscores the potential significance of hor-
mone levels in influencing musculoskeletal health during the
postmenopausal phase, emphasizing the need for further explo-
ration of the nuanced interplay between hormonal deficiency
and the risk of muscle-related conditions in women.
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