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Abstract

Background: Menopause is a critical life stage for women'’s health, yet it remains under-recognised
in Malaysia despite an ageing female population and documented ethnic and regional diversity.
Previous studies have reported symptom prevalence and mean age at menopause but lacked an
integrated, population-level approach to understanding biological, sociocultural, and health system
determinants. Methods: We conducted a cross-sectional analysis of baseline data from 632 women
enrolled in the Malaysian arm of the Menopause and Ageing Research in International Environments
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(MARIE) study. Menopause type was classified as natural, medical, or surgical using direct self-
reports supplemented by rule-based derivation from hysterectomy, premature ovarian insufficiency
(POI), and gonadotrophin-releasing hormone (GnRH) analogue use. Descriptive statistics, Wilson
confidence intervals, and multivariable logistic regression with cluster-robust standard errors were
used to examine associations with age, ethnicity, education, employment, and urban versus non-
urban residence. A burden index was developed to assess cumulative disadvantage across clinical,
treatment, and sociocultural domains. Results: The mean age at menopause was 50.1 years (SD 4.5).
Natural menopause predominated (72.7%), with 16.0% experiencing surgical and 11.3% medical
menopause. Surgical menopause was markedly higher among Bumiputera Sarawak women (35.5%)
compared to Chinese (12.5%) and Malay (13.9%) groups. Urban residence was associated with higher
odds of both surgical (OR 2.47, 95% CI 1.25-4.86) and medical menopause (OR 1.87, 1.07-3.26).
Women with surgical menopause had the highest cumulative burden scores. Conclusion: These
findings highlight substantial ethnic and contextual disparities in menopause pathways and
treatment access. Addressing inequities through improved access to conservative care, culturally
sensitive services, and integrated women’s health policies is urgently needed.

Keywords: bridging the gap; evidence; women; menopause; Malaysia; menopause guidelines;
cultural; religious; equity realities; treatment access

Evidence before this study

Earlier Malaysian studies reported a mean age at menopause of around 50 years and documented
high symptom prevalence with notable ethnic and regional differences. Most women relied on
traditional remedies, with very low uptake of hormone replacement therapy (HRT). However,
previous research was largely descriptive, focusing on symptoms or perceptions without

examining structural determinants or applying advanced epidemiological methods.
Added value of this study

This study is the first to integrate biological, sociocultural, and health system factors to classify
natural, medical, and surgical menopause using robust, intersectional modelling. It identifies
marked ethnic and urban—rural disparities, showing surgical menopause to be disproportionately
common among Bumiputera Sarawak women and in urban areas. A novel burden index highlights

cumulative disadvantage, while harmonised metrics allow direct comparison with other countries.
Implications of all the available evidence

Menopause timing in Malaysia aligns with global averages, but care pathways and treatment
access are inequitable. High surgical rates and low HRT uptake reflect systemic gaps in care and
reliance on traditional practices. Addressing these issues requires reducing unnecessary surgeries,
improving access to evidence-based treatments, and integrating menopause into broader women'’s

health and ageing policies.
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Background

Menopause represents a major transition in a woman’s reproductive life course, typically
occurring between the ages of 45 and 55, and is defined by the permanent cessation of menstruation
following twelve consecutive months without a menstrual period [1]. This transition is preceded by
the perimenopausal stage, characterised by irregular cycles and fluctuating hormone levels, and
followed by the post-menopausal stage, when ovarian activity has ceased completely [2,3]. In
Malaysia, where the female population aged 45 and above is steadily increasing due to demographic
shifts and improvements in life expectancy, menopause has become an important yet under-
recognised public health issue [4]. This variation has profound implications for women’s health,
given the associated changes in bone density, cardiovascular risk, and metabolic health that
accompany ovarian ageing. Despite these physiological realities, menopause remains poorly
integrated into mainstream healthcare planning and policy in Malaysia. Many women enter the
transition with limited information, inconsistent clinical support, and significant disparities in access
to care. Understanding the experiences of perimenopausal, menopausal, and post-menopausal
women in Malaysia is therefore critical to improving health outcomes, supporting women’s quality
of life, and planning services that reflect the needs of an ageing population.

Malaysia’s diverse cultural landscape adds complexity to how menopause is understood,
experienced, and managed [5]. The country is home to multiple ethnic groups, including Malay,
Chinese, Indian, and various Indigenous communities such as the Bumiputera Sarawak, each with
distinct cultural beliefs and health practices [6]. These cultural frameworks shape women’s
perceptions of menopause, influencing whether symptoms are considered a natural part of ageing, a
health problem requiring treatment, or a private matter to be endured silently. In many communities,
discussing reproductive ageing remains taboo, limiting open conversations about symptoms and
treatment options both within families and with healthcare providers [7]. Traditional medicine
continues to play an important role in Malaysian society, with herbal remedies and alternative
practices frequently used to manage menopausal symptoms [8]. While these approaches are
culturally embedded and often accessible, they may delay engagement with biomedical services or
be used as substitutes when hormone replacement therapy (HRT) or other evidence-based treatments
are unavailable or unaffordable [9,10]. Furthermore, differences in healthcare access between urban
and rural areas, alongside socio-economic disparities, create additional barriers to timely and
effective care. For instance, women in rural settings may have limited access to specialist
gynaecological services, while urban women may face fragmented or overly medicalised care
pathways, including higher rates of surgical intervention for gynaecological conditions [11,12].
Understanding these cultural and systemic dynamics is essential to developing interventions that are
both clinically effective and culturally sensitive.

Rationale

Despite growing recognition of the importance of menopause as a public health concern, there
is limited empirical research describing the patterns and determinants of menopause in Malaysia.
Most available data focus on symptom prevalence or small-scale clinical observations, leaving critical
gaps in understanding how biological, cultural, and health system factors interact to shape women'’s
experiences and outcomes. Surgical menopause, for example, remains common in Malaysia, but the
underlying drivers—whether related to clinical decision-making, availability of conservative
treatments, or patient preferences are poorly understood. Similarly, little is known about the
accessibility and acceptability of HRT, which remains a highly effective treatment for managing
menopausal symptoms yet is under-utilised in many parts of the country. By integrating detailed
demographic, clinical, and sociocultural data, this study provides a comprehensive examination of
menopause in Malaysia, identifying patterns of natural, medical, and surgical menopause across
different ethnic groups and geographical contexts. The inclusion of intersectional modelling allows
for the exploration of how factors such as ethnicity, education, employment, and place of residence
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interact to produce health inequities. Understanding these dynamics is vital for guiding health policy,
improving service delivery, and reducing disparities in care. Furthermore, harmonising these data
with findings from other MARIE study sites offers a unique opportunity to place Malaysia within a
global context, enabling cross-country comparisons and shared learning. This study therefore
addresses an urgent need for high-quality evidence to inform culturally relevant, equitable, and
evidence-based approaches to menopause care in Malaysia.

Methods

Study Design and Setting

We conducted a cross-sectional analysis using baseline data from the Malaysian arm of the
Menopause and Ageing Research in International Environments (MARIE) study. Data were extracted
from the “Baseline” survey dataset. The study population included respondents residing in Malaysia
at the time of participation.

Participants

Participants were eligible for inclusion if they provided information on at least one key
menopausal variable: menopausal stage, age at menopause, or menopause type. There were no
exclusions based on comorbidities or treatment history.

Classification of Menopause Type

Menopause type was first taken from the participant’s direct response (“natural” vs “due to a
health condition”). If this was missing/unclear, we applied standardised rules:

e Medical menopause: current or previous use of gonadotropin-releasing hormone (GnRH)
analogues or a diagnosis of premature ovarian insufficiency (POI).

e  Surgical menopause: self-report of hysterectomy with oophorectomy when available; when
oophorectomy status was not reported, hysterectomy alone was provisionally classified as
surgical with a planned sensitivity analysis (see Data analysis) because ovarian function may be
retained after uterine removal.

For equity/subgroup analyses, menopause type was collapsed into three mutually exclusive
categories: natural, medical, and surgical.

Variables

Demographic variables: age (years), self-reported race/ethnicity, place of residence (free-text,
later mapped to urban/non-urban). Menopause-related variables include menopausal stage, self-
reported age at menopause, hysterectomy + oophorectomy, GnRH analogue use, POI diagnosis,
current hormone replacement therapy (HRT) use, and current traditional-remedy use (for
menopause or general health).

Data Cleaning and Quality Assurance

Pre-specified data cleaning rules were applied to ensure plausibility and minimise errors.
Reported age values were retained only if they fell between 18 and 99 years inclusive (18 < age < 99).
Age at menopause values were retained if they were between 20 and 65 years inclusive (20 < age at
menopause < 65)(20 < age at menopause < 65). Where both current age and age at menopause were
reported, age at menopause could not exceed current age, and inconsistent entries were set to
missing. All analyses were performed using a complete-case approach with no imputation of missing
data. To maintain confidentiality and ensure statistical stability, group-level prevalence estimates
were reported only for subgroups containing at least five individuals (n 2 5).
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Data Analysis

Continuous variables were summarised using descriptive statistics, including means, standard
deviations (SD), medians, and ranges. Categorical variables were described as counts and
proportions, accompanied by Wilson 95% confidence intervals (Cls) to provide more reliable
estimates, particularly for smaller sample sizes. For subgroup analyses examining the distribution of
menopause type by race, ethnicity, and place of residence, any groups with fewer than five
participants were excluded from range calculations to avoid unstable estimates.

All data management and analyses used Python 3.11 with pandas and SciPy; model fitting used
stats models. Final analytic datasets and outputs were exported into Excel files to facilitate
transparency, reproducibility, and verification of findings.

Data Preparation and Inclusion

We used the Visit-1 dataset for Malaysia (n=632) and acknowledged 462 Visit-2 completions per
the study records. Age values were retained if 18< age <99. Analyses were performed on a complete-
case basis for each outcome; no imputation was undertaken.

Classification of Menopause

Where participants directly indicated type, responses were recorded as “natural” or “due to a
health condition”. If this item was missing or ambiguous, we applied rules: “medical menopause”
was assigned if the participant reported POI or GnRH analogue exposure; “surgical menopause” was
assigned if the participant reported hysterectomy (noting that ovarian function may be retained). For
inequality analyses we used the collapsed three-level type: Natural / Medical / Surgical.

Descriptive Statistics

Descriptive statistics for continuous variable X we computed the sample size #, mean

Standard deviation, median and range as;

SD = \/anl > (@i — )2

For proportion with k events out of n observations, we reported percentages with Wilson 95%

confidence intervals, which have good coverage even for small n. Let
p=k/nandz=1.96

For a 95% interval where the Wilson centre and half width are

giving the interval
[ﬁ —h, p+ h]

For inequality summaries, we reported the absolute range of prevalence across groups with
atleast 5 women in the denominator;

max, p, — ming p,
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Inequality metrics, for each category within a stratify, we compute the absolute range across
eligible groups;

Range = maxp, — minp,, where groups g satisfy n, > 5.
g g

Small-sample robustness (Bayesian add-on), where yes/no outcomes were reported, we used
Jeffreys posterior with a Beta (1/2, ¥2) prior. For k events in n;

k+ 1

1 1
p|k,n~Betak+ 3, n—k+3), Elp = SOTIEE

Multivariable Modelling

The outcome is nominal with three categories, we modelled two logistic regressions with natural
as the common references one-vs-reference logistic regressions: Medical vs Natural and Surgical vs
Natural. This is numerically equivalent to a multinomial analysis when the contrasts are interpreted
relative to the same reference. For individual ii with covariate vector xixi, the logistic model is

T

logit{Pr(Y; = 1| x;)} = log -
T

:/30+X3T/Ba

so that the odds ratio (OR) for a one-unit increase in a continuous predictor is expi/oi(Bj)exp(pj), and
for a categorical predictor it is the ratio of odds between the category and its reference. We
standardised age before modelling, using the z-score

x —_—
2=2"F
o
where pp and oo are the sample mean and standard deviation of age in the analytic subset.
Categorical predictors were encoded with indicator variables; for ethnicity, Bhumiputra Sarawak
served as the reference category (Chinese, Malay, and Other as indicators). Education was coded as
Higher vs not, and employment as Employed vs not. Models were fit by maximum likelihood.
Intersectional and contextual modelling. To account for unobserved heterogeneity at the place-
of-residence level (free-text locality), we estimated logistic generalised linear models with cluster-
robust (sandwich) standard errors by residence. Let 3”3be the maximum-likelihood estimate, XX the

design matrix, WW the diagonal weight matrix from the fitted model, and gg index clusters
(residences). The sandwich variance estimator is;

Var(B) = (X' WX) ! Z X, 4,1, X, | (X'WX)~

where u”gug are the cluster wise score residuals. This produces wider, more honest confidence
intervals when observations are correlated within localities. The intersectional specification included
age (z-scored), ethnicity, education, employment, and an urban/non-urban indicator derived from
locality text; odds ratios and 95% Cls were reported as;
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exp(B) and exp(f + 1.96 SE

Covariates

Age (z-scored), ethnicity (reference = largest group in the analytic subset; see model tables),
education (Higher vs Not), employment (Employed vs Not), and residence (Urban vs Non-urban)
derived from locality text. Categorical predictors were coded with indicator variables. To account for
clustering by locality, we used cluster-robust (sandwich) standard errors with clusters defined by
residence.

Comorbidity co-occurrence. For binary conditions AA and BB, we quantified pairwise clustering
using the phi coefficient;

b — n11Mopo — M107M01
\/ﬂl.ﬂg.n.l’n.o

I

where nab are the cell counts of the 2x22x2 table, and nl1-,n0 - n-1,n-0nl-n0-,n-1n-0 are the
corresponding margins. We computed ¢¢ overall and within each menopause-type stratum to reveal
whether specific pairs of conditions co-occur differentially by pathway.

Burden index of menopausal disadvantage. We constructed a cumulative index as the sum of
three domain scores:

Burdentotal — Burdenclinical + Burdentreatment + Burdensocioculturalg

where the clinical domain added one point each for any reported long-term condition, POI, and
surgical menopause; the treatment domain added one point for absence of current HRT and one for
GnRH analogue exposure; and the sociocultural domain added one point for lower education, one
for non-urban residence, and one for current traditional-remedy use. We summarised the total and
domain scores by menopause type using n, x~, SD, median, [min{/o,maxi/o]]

Cross-country comparison metrics. To prepare like-for-like reporting across MARIE sites, we
tabulated three harmonised indicators for Malaysia: mean age at menopause, prevalence of surgical
menopause, and prevalence of current HRT use. The same definitions and cleaning rules will be
applied to each comparator country to ensure comparability. Small-cell handling and stability. To
avoid unstable estimates and protect confidentiality, we reported group-level prevalence only where
the denominator was at least five; no range metrics were calculated for smaller strata. Confidence
intervals for rare categories were computed using Wilson’s method to improve coverage at the limits
of the distribution.

Health-related quality of life (HRQoL) was assessed using a composite score ranging from 0 to
23, where higher scores indicate greater impairment. Data cleaning and preparation were performed
using Python (pandas, numpy) to ensure consistency across variables and to standardise categorical
responses such as menopausal stage, menopause type, medication use, and endometriosis diagnosis.

Descriptive statistics were first generated to summarise HRQoL distribution, including the
mean, median, interquartile range (IQR), and range of scores. Group-level summaries for
menopausal stage, menopause type, medication use, and endometriosis diagnosis were calculated,
reporting median (IQR), mean (SD), and minimum/maximum values.

Given the non-normal distribution of HRQoL scores, confirmed visually by histograms and
violin plots, non-parametric statistical tests were used for group comparisons. For comparisons
involving more than two groups, such as menopausal stage and menopause type, the Kruskal-Wallis
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test was applied to assess overall differences. For binary comparisons (e.g.,, medication use,
endometriosis diagnosis), the Mann-Whitney U test was used.

Results

Participant Flow and Overall Cohort Characteristics

A total of 632 women completed the baseline (Visit-1) survey, representing the full Malaysian
cohort recruited to the MARIE study. Follow-up data were available for 461 participants (72.9%),
closely matching the 462 completions recorded in study logs, indicating minimal loss to follow-up.
Analyses presented here focus on Visit-1 data.

Data quality checks were applied to ensure plausible and internally consistent values. Current
age was retained for 486 women (76.9%) and age at menopause for 411 (65.0%). Implausible values
outside predefined ranges (18-99 years for current age; 20-65 years for age at menopause) were
excluded, and cases where age at menopause exceeded current age were set to missing. Among valid
records, the mean current age was 56.7 years (SD 8.1, range 28-88), and the mean age at menopause
was 50.1 years (SD 4.5, range 23-60). These distributions indicate a typical menopausal onset around
50 years, consistent with global norms, but with considerable individual variation that may reflect
differences in genetics, health status, and sociocultural factors.

Menopausal Stage at Baseline

At the time of baseline assessment, most women were at or beyond the menopausal transition.
Of the 632 women, 236 (37.3%) reported being in menopause and 164 (25.9%) reported post-
menopause. Smaller numbers were pre-menopausal (65 women, 10.3%) or perimenopausal (49
women, 7.8%). This stage distribution provided a strong basis for examining both transition-related
symptoms and longer-term post-menopausal outcomes while capturing a minority of women in
earlier reproductive phases for prevention and early-intervention insights.

Classification of Menopause Type

Menopause type was determined for 275 women (43.5% of the full cohort) using direct self-
report, supplemented by rule-based derivation from hysterectomy, premature ovarian insufficiency
(PQOI), and gonadotrophin-releasing hormone (GnRH) analogue use. Natural menopause was most
common, reported by 200 women (72.7%, Wilson 95% CI 67.2-77.7), while surgical menopause was
reported by 44 women (16.0%, 12.1-20.8) and medical menopause by 31 women (11.3%, 8.1-15.6).
Thus, almost one in four women had a non-natural pathway to menopause.

The relatively high proportion of surgical menopause indicates a significant reliance on
operative interventions for gynaecological conditions such as fibroids, endometriosis, and abnormal
uterine bleeding. This highlights potential differences in care pathways and the availability of
conservative treatment options (Figure 1).
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Figure 1. Menopausal categories according to the ethnicity.

Use of Hormone Replacement Therapy and Traditional Remedies

Among 498 women with complete data on treatment use, only 40 reported current hormone
replacement therapy (HRT), corresponding to a prevalence of 8.0% (Wilson 95% CI 6.0-10.8). By
contrast, 60 women (12.1%, 9.5-15.2) reported current use of traditional remedies such as herbal
preparations or alternative therapies. The higher use of traditional remedies compared with HRT
suggests a substitution effect, whereby women may rely on culturally familiar or more accessible
approaches in the absence of affordable, acceptable biomedical options. These findings indicate a
need for health system strategies that improve access to safe, evidence-based treatments while
recognising the continuing role of traditional practices.

Multivariable and Intersectional Modelling

Two one-vs-reference logistic models were fitted to examine predictors of menopause type. In
the Medical vs Natural comparison, older age was associated with lower odds of medical menopause
(OR per one SD increase 0.43, 95% CI 0.25-0.73). In the Surgical vs Natural model, older age also
reduced the odds (OR 0.69, 0.49-0.98). Compared with Bumiputera Sarawak women, both Chinese
(OR 0.31, 0.20-0.49) and Malay (OR 0.29, 0.12-0.70) women had significantly lower odds of surgical
menopause, even after adjustment. Education and employment showed potentially protective effects
against surgical menopause (e.g., higher education OR 0.23, 0.04-1.28), though these associations
were imprecise, reflecting limited statistical power in some strata.

Intersectional models with cluster-robust standard errors accounted for clustering by locality
and included an urban versus non-urban variable derived from free-text residence data. Urban
residence was associated with higher adjusted odds of both medical menopause (OR 1.87, 1.07-3.26)
and surgical menopause (OR 2.47, 1.25-4.86). Ethnic disparities remained significant, indicating that
urbanicity, education, and employment did not fully explain the elevated surgical rates among
Bumiputera Sarawak women. These findings suggest the role of healthcare system factors and
culturally mediated care pathways in shaping menopause type.

Comorbidity Patterns

Diabetes and hypertension were the most frequent long-term conditions in the cohort. Pairwise
clustering using the phi coefficient revealed stronger co-occurrence of these conditions among
women with surgical menopause compared with natural or medical menopause, indicating a
compounded burden of cardiometabolic risk in those who had undergone surgery.
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Drug Profile

Out of the 632 participants assessed at baseline, 248 individuals (39.2%) reported taking at least
one prescribed medication, while 384 (60.8%) reported no current medication use (Figure 2). The most
commonly reported drug was amlodipine, an antihypertensive agent, used by 59 participants (9.3%).
Metformin, which is prescribed for the management of type 2 diabetes, was the second most frequent
drug, reported by 49 participants (7.8%). Simvastatin (n = 31, 4.9%) and atorvastatin (n = 24, 3.8%)
were the leading lipid-lowering agents identified in the dataset. Other antihypertensive medications
reported included perindopril (n = 18, 2.8%), losartan (n = 7, 1.1%), and telmisartan (n = 4, 0.6%).
Insulin therapy was documented in 12 participants (1.9%), indicating a subset with advanced or
poorly controlled diabetes. Oral hypoglycaemic agents such as gliclazide (n = 7, 1.1%) and
empagliflozin (n = 3, 0.5%) were also noted. Beta-blockers, including metoprolol and atenolol, were
each reported by five participants (0.8%), while bisoprolol was reported by four participants (0.6%).
The distribution of reported medications highlights a predominance of cardiovascular and metabolic
conditions, including hypertension, diabetes, and dyslipidaemia, within this cohort. These findings
emphasise the importance of integrated management of chronic diseases among midlife women,
particularly given that many of these commonly used drugs may interact with menopause-related
treatments such as HRT.
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Figure 2. Medications used by participants (N = 632). Among these, 248 participants reported taking at least one
medication, while 384 reported none. Each bar represents the number of unique participants who listed that
specific medication, with duplicates within individual responses removed. Drug names were standardised, and
non-drug terms (e.g., disease names, generic categories such as “hypertension” or “vitamins”) were excluded to
ensure accuracy. The top three medications reported were amlodipine (n = 59), metformin (n = 49), and

simvastatin (n = 31).

Burden Index of Menopausal Disadvantage

A cumulative burden index was constructed across three domains: clinical (any long-term
condition, PO surgical menopause), treatment (absence of HRT, GnRH analogue exposure), and
sociocultural (lower education, non-urban residence, reliance on traditional remedies). The index
demonstrated a clear gradient by menopause type: women with natural menopause had the lowest
scores, those with medical menopause were intermediate, and those with surgical menopause had
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the highest. This pattern highlights the intersection of biological, healthcare, and social disadvantage
concentrated among women experiencing surgical menopause.

Cross-Country Comparison

For harmonised international reporting, three indicators were derived for Malaysia: mean age
at menopause (50.1 years), prevalence of surgical menopause (16.0%), and current HRT use (8.0%).
Preliminary comparison with other MARIE sites suggests that while menopausal timing in Malaysia
aligns with global norms, surgical menopause rates are relatively high and HRT uptake is
comparatively low. These findings indicate both gaps in access to conservative gynaecological care
and under-utilisation of evidence-based menopause treatments.

Ethnic Inequalities in Menopause Type

Among the 275 women with both ethnicity data and a determinable menopause type, the largest
subgroups were Chinese (n=128), Malay (n=95), and Bhumiputra Sarawak (n=32). Smaller numbers
were classified as Indian (n=16) or other ethnic groups (n=5). Marked differences were observed in
the distribution of menopause type across ethnic groups. Among Chinese women, natural
menopause predominated (75.8%, 95% CI 67.7-82.4), followed by medical menopause (11.7%, 95%
CI 7.2-18.4) and surgical menopause (12.5%, 95% CI 7.8-19.3). A similar pattern was seen among
Malay women, with natural menopause accounting for 73.9% (95% CI 64.1-81.8), medical menopause
for 12.2% (95% CI 6.9-20.5), and surgical menopause for 13.9% (95% CI 8.3-22.4).

In contrast, Bhumiputra Sarawak women exhibited a very different profile: 51.6% (95% CI 34.8—
68.0) experienced natural menopause, while 35.5% (95% CI 21.1-53.1) reported surgical menopause,
and 12.9% (95% CI 5.4-27.4) medical menopause. This indicates that over one-third of women in this
group underwent surgical menopause, a rate more than double that seen in Chinese and Malay
groups.

When these differences were summarised as absolute ranges across ethnic groups with sufficient
sample sizes (n>5), the range for natural menopause was 0.80, for surgical menopause 0.60, and for
medical menopause 0.20. These wide ranges indicate substantial heterogeneity between groups,
especially for surgical menopause. The strikingly higher surgical prevalence among Bhumiputra
Sarawak women suggests potential disparities in healthcare pathways, such as differential access to
conservative treatments or culturally mediated differences in healthcare-seeking behaviour.

Marked ethnic differences were evident in menopause type. Among women with both ethnicity
and determinable type, the largest groups were Chinese, Malay, and Bhumiputra Sarawak. Natural
menopause predominated in the Chinese (approximately three-quarters) and Malay groups, with
comparable, smaller shares of medical and surgical menopause. In contrast, Bhumiputra Sarawak
women showed substantially higher surgical menopause. When summarised as absolute ranges
across ethnic groups with at least five women in the denominator, the spread was 0.80 for natural
menopause, 0.60 for surgical menopause, and 0.20 for medical menopause, indicating large between-
group heterogeneity, particularly for surgical pathways.

To examine independent correlates of menopause type we estimated adjusted one-vs-reference
logistic models comparing Medical vs Natural and Surgical vs Natural menopause. Predictors
included standardised age, ethnicity (Chinese, Malay, Other; Bhumiputra Sarawak as the reference),
education (Higher vs not), and employment (Employed vs not). In the Medical vs Natural contrast,
older age was associated with lower odds of medical menopause (odds ratio [OR] per one SD increase
in age 0.43, 95% CI 0.25-0.73). In the Surgical vs Natural contrast, older age was again associated with
lower odds (OR 0.69, 95% CI 0.49-0.98). Relative to Bhumiputra Sarawak women, Chinese (OR 0.31,
95% CI 0.20-0.49) and Malay (OR 0.29, 95% CI 0.12-0.70) women had markedly lower odds of surgical
menopause after adjustment, consistent with the unadjusted disparities. Point estimates for
education and employment suggested potentially protective associations for surgical menopause
(e.g., High education OR 0.23, 95% CI 0.04-1.28), but intervals were wide and included the null,
reflecting limited power in some strata.
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We further assessed inequalities in a contextual framework by fitting logistic generalised linear
models with cluster-robust standard errors by place of residence (free-text locality), thereby allowing
for within-place correlation of outcomes. In these intersectional models, urban residence was
associated with higher adjusted odds of both medical menopause (OR 1.87, 95% CI 1.07-3.26) and
surgical menopause (OR 2.47, 95% CI 1.25-4.86) compared with non-urban settings, even after
controlling for age, ethnicity, education, and employment. The ethnicity gradients persisted:
compared with Bhumiputra Sarawak, Chinese and Malay women had significantly lower odds of
surgical menopause. Taken together, these findings indicate that the elevated surgical proportion in
Bhumiputra Sarawak women is not simply a function of education, employment, or basic geography,
and that contextual factors in urban care settings may channel women towards medical or surgical
pathways more frequently.

To relate menopause type to broader clinical context, we mapped the co-occurrence of common
long-term conditions where available. Diabetes and hypertension were frequent, with stronger
pairwise clustering among women with surgical menopause than among those with natural or
medical menopause, suggesting a compounded burden where surgical pathways and
cardiometabolic disease intersect. We also constructed a burden index of menopausal disadvantage
that sums indicators across clinical (presence of any long-term condition, POI, or surgical
menopause), treatment (absence of current HRT, GnRH analogue exposure), and sociocultural
domains (lower education, non-urban residence, reliance on traditional remedies). The index showed
a monotonic gradient: women with natural menopause had the lowest mean burden scores, those
with medical menopause were intermediate, and those with surgical menopause had the highest,
highlighting cumulative disadvantage concentrated in the surgical group.

For Malaysia, the mean age at menopause was 50.1 years, the prevalence of surgical menopause
was 16.0%, and current HRT use was 8.0%. These values will be set alongside equivalent estimates
from other participating countries to contextualise Malaysia in global perspective; preliminary
inspection indicates that, while menopausal timing is broadly aligned with international norms,
surgical menopause is comparatively high and HRT uptake comparatively low.

Quality of Life and the Malaysian Contextuality

HRQoL scores (0-23; higher indicating worse quality of life) demonstrated a right-skewed
distribution, with a median of 8 (IQR 4-10). HRQoL varied significantly across menopausal stages
(Kruskal-Wallis H=294.7, p<0.001), with later stages generally exhibiting higher burden. Menopause
type was also associated with HRQoL (H=310.3, p<0.001); surgically induced menopause showed
worse scores compared with natural menopause. Participants reporting current medication use had
higher HRQoL scores than non-users (Mann-Whitney U=34,928.5, p=5.97x10-%), aligning with greater
multimorbidity among medication users. In contrast, HRQoL did not differ by physician-diagnosed
endometriosis (U=14,812.0, p=0.563). Collectively, these findings indicate substantial HRQoL
impairment concentrated among surgically menopausal participants and those using long-term
medications, underscoring the need for integrated care that addresses chronic disease management
alongside menopause-related concerns.
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HRQoL by menopausal stage
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Figure 3. Quality of life and the menopausal stage.

Discussion

This study provides the first comprehensive analysis of menopause experiences in a Malaysian
population, drawing on data from 632 women in the MARIE study. The cohort was predominantly
composed of women at or beyond the menopausal transition, with a mean age at menopause of 50.1
years, aligning with global averages but showing considerable individual variation. Natural
menopause was the most common pathway, yet nearly one in four women experienced a non-natural
menopause, either through surgical intervention (16.0%) or medical induction (11.3%). Marked ethnic
differences were observed, with surgical menopause being substantially higher among Bumiputera
Sarawak women compared to Chinese and Malay groups, a pattern that persisted even after adjusting
for socio-demographic factors and place of residence [13,14]. Urban settings were associated with
higher odds of both surgical and medical menopause, suggesting that local healthcare infrastructure
and treatment pathways influence how menopause is managed. HRT use was strikingly low (8.0%),
while reliance on traditional remedies was higher (12.1%), indicating gaps in access to and acceptance
of evidence-based care. Women undergoing surgical menopause also showed higher rates of co-
occurring cardiometabolic conditions and greater cumulative disadvantage across clinical, treatment,
and sociocultural domains, reinforcing the intersection of biological and structural factors in shaping
menopausal health.

Population Health and Symptom Burden

These findings have significant implications for population science, particularly in
understanding how menopause interacts with broader health and social systems. The higher surgical
menopause rates among Bumiputera Sarawak women highlight structural and cultural inequities,
potentially reflecting differential access to conservative treatments, variations in health-seeking
behaviours, or provider-level biases in surgical decision-making. The observed clustering of diabetes
and hypertension among women with surgical menopause underscores the syndemic nature of
reproductive ageing and chronic disease, indicating that menopause should be considered within
integrated non-communicable disease (NCD) frameworks. The burden index developed in this study
revealed a clear gradient of disadvantage, with surgical menopause concentrated among women
with lower education, non-urban residence, and reliance on traditional remedies. These factors point
to the role of social determinants in influencing both symptom severity and healthcare utilisation.
The combination of low HRT uptake and high symptom burden particularly among women with
non-natural menopause suggests that large segments of the population are managing menopause
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with limited access to effective, evidence-based treatments, leading to avoidable suffering and
reduced quality of life. This highlights the need for culturally informed public health interventions
that bridge biomedical and traditional care systems.

Clinical Practice Implications

From a clinical perspective, these findings call for urgent attention to the pathways leading to
non-natural menopause and the low uptake of HRT in Malaysia. The relatively high rate of surgical
menopause suggests an over-reliance on operative interventions such as hysterectomy for
gynaecological conditions, where conservative treatments might be appropriate but under-utilised.
Enhancing access to minimally invasive alternatives, improving clinical decision-making, and
implementing shared decision-making models could reduce unnecessary surgical procedures. The
ethnic and urban-rural disparities observed point to the need for equitable service delivery, with
targeted strategies to reach populations at greatest risk of disadvantage, particularly Bumiputera
Sarawak women and those living in urban centres where surgical pathways appear more common.
The very low HRT uptake, coupled with higher use of traditional remedies, suggests both supply-
side barriers such as availability and cost and demand-side factors, including stigma and lack of
knowledge among clinicians and patients. Integrating menopause care into primary health services,
providing culturally sensitive counselling, and ensuring affordable access to HRT could substantially
improve outcomes. In parallel, clinicians should be aware of the elevated cardiometabolic burden
among women undergoing surgical menopause, ensuring that these patients receive proactive
monitoring and management to mitigate long-term health risks. These results underscore the
importance of positioning menopause as a core component of women'’s health policy and practice,
bridging reproductive and chronic disease care to achieve better population-level outcomes.

Strengths and Limitations

A major strength of this study is its large, diverse, and nationally representative cohort,
providing one of the most comprehensive datasets on menopause experiences in Malaysia to date.
The integration of biological, sociocultural, and health system variables allowed for a
multidimensional analysis, including intersectional modelling and the development of a novel
burden index. Standardised data cleaning and rigorous analytic methods, including cluster-robust
approaches, ensured the robustness and reproducibility of findings. However, the cross-sectional
design limits causal inference, and missing data on some variables, including oophorectomy status
and symptom severity, may have introduced residual uncertainty.

Conclusions

This study highlights significant ethnic and contextual disparities in menopause pathways in
Malaysia, with high rates of surgical menopause and very low uptake of hormone replacement
therapy. The findings underscore the intersection of biological, sociocultural, and health system
factors, revealing a concentration of disadvantage among women with non-natural menopause.
Addressing these inequities through equitable service delivery, culturally sensitive interventions,
and improved access to conservative and evidence-based treatments is essential to improve health
outcomes and quality of life.
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