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Abstract
Purpose Menopause modifies women’s lipid profiles. However, the fact that it is still unclear whether high-density lipoprotein-
cholesterol (HDL-C) levels decrease in postmenopausal women necessitated a systematic review and meta-analysis.
Methods The PubMed, EMBASE, Cochrane Library, and Web of Science databases were searched and 498 articles published
between 1987 and 2020 were retrieved. Studies reporting HDL-C, low-density lipoprotein-cholesterol (LDL-C), total cholesterol
(TC), and triglyceride (TG) levels in both postmenopausal and premenopausal populations were included. The quality of the
included studies was assessed using the Cross-Sectional/Prevalence Study Quality tool. The standardmean difference (SMD) and
95% confidence interval (CI) were estimated using random effects models. A meta-regression analysis and subgroup analysis
were performed to identify potential modifiers. Egger’s test and funnel plots were constructed to evaluate publication biases.
Results Lipid profiles from 18 cross-sectional studies and two cohort studies including 5652 postmenopausal women and 7825
premenopausal women were meta-analyzed. HDL-C levels were not significantly different between the postmenopausal and
premenopausal women (SMD= − 0.053, 95%CI − 0.171 to 0.066, p = 0.383) and were not affected by country, publication year,
study quality in the meta-regression analysis, or significant publication bias. Higher LDL-C, TC, and TG levels were detected in
postmenopausal women than in premenopausal controls.
Conclusion Unlike increased LDL-C, TC, and TG levels, HDL-C levels in pre- and postmenopausal women were not different in
this first meta-analysis of lipid profiles in premenopausal and postmenopausal women. Prospective studies with large populations
examining HDL-C levels and functions in women with different menopausal statuses are essential in the future.
Trial registration number None.
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Introduction

The menopause transition is an inevitable physiological pro-
cess that occurs in women and is characterized by biological
changes such as reductions in estradiol levels and
proatherogenic lipid profiles [1]. An increased risk of cardio-
vascular disease (CVD) has been observed during this phase
of life. In particular, the risk doubles in women aged 45–
54 years [2], indicating harmful changes in the metabolic pat-
tern between the pre- and postmenopausal periods. High-
density lipoprotein cholesterol (HDL-C), a robust, indepen-
dent, and traditional CVD risk factor, has exhibited inconsis-
tent changes in a quantitative analysis of menopause-related
changes. In addition to the dichotomous findings of either
lower or higher HDL-C levels in postmenopausal women
[3–5], recent cross-sectional studies did not identify a signif-
icant difference in HDL-C levels between pre- and postmen-
opausal women [6, 7]. The long-established view
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acknowledges that HDL-C levels negatively correlate with the
risk of CVD in the overall population [8]. However, accumu-
lating evidence of a positive association between HDL-C
levels and atherosclerosis-related diseases in postmenopausal
women challenges the cardioprotective effect of high HDL-C
levels [9, 10]. An open-ended question is whether a high
HDL-C level is a CVD risk marker after menopause.
Elevated levels of low-density lipoprotein cholesterol (LDL-
C), triglyceride (TG), and total cholesterol (TC) are related to
CVD, with substantial interrelationships with HDL-C levels.
An improved understanding of the changes in the levels of
HDL-C and other lipids in response to menopause status will
ensure a more reliable investment in strategies aiming to re-
duce CVD risk.

To our knowledge, we have performed the first meta-
analysis to clarify whether HDL-C, LDL-C, TG, and TC
levels are altered after the menopausal transition. The results
of the meta-regression and subgroup analyses may explain the
heterogeneity of changes in HDL-C levels during the meno-
pause transition.

Methods

Data sources and database searches

We searched four public electronic databases, namely
PubMed, Web of Science, EMBASE, and the Cochrane
Library, for related articles. The following search terms were
used: “Postmenopause” or “Postmenopausal period,” and
“Premenopause” or “Premenopausal period” in combination
with “Lipoproteins, HDL” or “High-density Lipoproteins.”
The search was restricted to articles published in the English
language that included human participants. Subsequent to our
search, the articles included studies published from the begin-
ning of 1987 to 2020. All titles and abstracts yielded by the
search were then screened for potential suitability. Those arti-
cles that appeared to be relevant were retrieved and examined
in more detail. This search was supplemented by manual
searches of the reference lists of all retrieved studies. We
followed the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines to conduct and report
the results of our meta-analyses [11].

Inclusion and exclusion criteria

We included comparative studies of postmenopausal and pre-
menopausal women published in the English language that
met the following criteria: (1) original articles that included,
(2) both healthy pre- and postmenopausal women, and (3)
simultaneously reported HDL-C, LDL-C, TC, and TG levels.
Postmenopausal status was defined as more than 12months of
amenorrhea and premenopausal state was defined as regular

menstrual cycles. Studies were excluded when (1) the pre- or
postmenopausal women had lipid-altering diseases, including
diabetes, coronary artery disease, malignancy, and thyroid
functional abnormalities; (2) the pre- or postmenopausal
women received hormone replacement therapy (HRT) or oth-
er medications affecting lipid metabolism; (3) the premeno-
pausal women were pregnant; or (4) the women underwent
menopause due to surgery or other unnatural causes. Studies
were also excluded if they used only menopause status as a
covariate or if they reported overlapping data or consisted of
studies of a single case or reviews.

Data extraction and methodological quality
assessment

Two authors (HWL and QC) independently extracted and
summarized the data from the included studies. The papers
were required to have indicated the total numbers of postmen-
opausal subjects and premenopausal subjects as well as the
mean HDL-C level ± standard deviation (SD) or the mean
HDL-C level ± standard error of mean (SE). When multiple
publications reported the same or overlapping data, we includ-
ed the most recent study with the largest sample size. The
following data were extracted from each study: first author,
year, country, sample sizes of the case and control groups,
mean age, and the levels of TC, TG, LDL-C, and HDL-C,
as well as their SD or SE. We extracted the baseline data from
cohort studies if multiple time points were provided. The level
of quality of all cross-sectional studies was evaluated using the
Cross-Sectional/Prevalence Study Quality tool recommended
by the Agency for Healthcare Research and Quality. An item
received a score of “1” if the answer was “Yes” and a score of
“0” if the answer was “No” or “Unclear” [12]. Studies with
scores of 0–3 points were classified as “low quality,” studies
with a score of 4–7 points were classified as “moderate qual-
ity,” and studies with a score of 8–11 points were classified as
“high quality” [13]. Two reports were cohort studies [5, 14],
and the same checklist was also used to assess their quality.
One of the selected papers was a high-quality study and the
remaining 19 papers were moderate quality. The majority of
the included studies were considered to display an acceptable
level of quality [see Table S1 in Additional file 1].

Statistical analysis

All statistical analyses were conducted using STATA soft-
ware (version 15.0). A two-tailed p value of < 0.05 for any
test or model was considered significant. All extracted data on
TC, HDL-C, LDL-C, and TG levels were converted into mg/
dL. The pooled standardized mean difference (SMD) and its
95% confidence interval (CI) were calculated for the meta-
analysis of the lipid (HDL-C, LDL-C, TC, and TG) levels,
which were included as continuous variables, in both cross-
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sectional studies and the baseline data from cohort studies, as
mentioned in similar studies [15]. Heterogeneity was assessed
using the I2 statistic, which describes the percentage of vari-
ability in the effect estimates due to heterogeneity rather than
chance. An approximated normality test (z-test) was used to
analyze the aggregated results. Heterogeneity was considered
significant when the probability value of the chi-square test
was < 0.05. As recommended by the Cochrane Handbook for
the Systematic Reviews of Interventions, an I2 value < 40%
suggests that “heterogeneity might not be important,”whereas
an I2 value > 75% suggests “considerable heterogeneity.”We
pooled the data across trials using the fixed effects model
(Mantel-Haenszel) if heterogeneity was absent or the random
effects model if heterogeneity was present. A meta-regression
was performed to explore the effects of publication year, sam-
ple size, country, and study quality on the effect estimates and
identified the potential sources of the heterogeneity. Subgroup
analyses were performed after stratification according to the
publication year, sample size, and country to evaluate the as-
sociation between HDL-C levels and menopausal status.
Additionally, a sensitivity analysis was performed by repeat-
ing the meta-analysis after one study or a few studies were
sequentially removed to assess whether a particular study sig-
nificantly affected the pooled estimates. Potential publication
bias was tested by creating a funnel plot that represented the
standard error as the measure of the sample size and SMD as
the measure of the pooled effect and Egger’s test.

Results

Search results

The literature search yielded 498 related papers. Three hun-
dred fifty studies remained after removing duplicates. Two
hundred forty-five articles were then excluded because they
did not include pre- and postmenopausal women as subjects;

lacked HDL-C, LDL-C, TC, and TG data; and were interven-
tional studies. One hundred and five studies met the initial
inclusion criteria, of which 85 studies were excluded because
of exclusion of both pre- and postmenopausal populations,
inclusion of surgical menopausal women, and studies using
the same populations. The remaining 20 original articles were
included in the meta-analysis. The literature selection criteria
and the reasons for exclusion are presented in Fig. 1. Eighteen
of the 20 original articles were cross-sectional studies, and the
remaining two articles were cohort studies.

Study characteristics

The characteristics of all 20 selected studies, which included
5652 postmenopausal women and 7825 premenopausal wom-
en, are summarized in Table 1 [4, 5, 7, 14, 16–31]. Asian
participants from China, Korea, Japan, and India included
4979 postmenopausal women (88.1%) and 7132 premeno-
pausal controls (91.1%), while non-Asian participants
consisted of 673 postmenopausal women (11.9%) and 693
premenopausal females (8.9%). These eligible studies were
conducted in ten countries, four of which were from the
USA [4, 14, 23, 27], three articles were from Argentina [18,
24, 25], three articles were from Korea [19, 20, 28], two arti-
cles were from Japan [22, 31], two articles were from China
[5, 23], and two articles were from Slovakia [7, 17]. The other
four articles were from Brazil [21], India [16], Turkey [30],
and the Netherlands [29].

Association between menopause and HDL-C

HDL-C levels in the postmenopausal and premenopausal
women extracted from the 20 studies were synthesized. Due
to heterogeneity, which was > 70%, we conducted a meta-
analysis of the 20 included studies using the random effects
model to identify differences in HDL-C levels between post-
menopausal women and premenopausal women (Fig. 2a). The

Fig. 1 Flow chart of the literature
search and study selection process
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HDL-C levels were not significantly different between post-
menopausal and premenopausal women (SMD = − 0.053,
95% CI − 0.171 to 0.066, p = 0.383). Significant heterogene-
ity was observed among the available studies (p < 0.001 and
I2 = 82.5% for the heterogeneity test). A meta-regression anal-
ysis was conducted to identify potential moderators of this
heterogeneity, but associations between HDL-C levels and

covariates, including the publication year, sample size, and
country, were not observed (Table 2). We performed a sub-
group analysis after stratification by publication year, sample
size, and country (Table 3). In the subgroups with a sample
size ≤ 500 and non-Asian countries, the I2 value was signifi-
cantly reduced by more than 20%. In the sensitivity analysis,
no studies which were sequentially omitted affected the

Fig. 2 Forest plots of the meta-
analysis of HDL-C (a), LDL-C
(b), TG (c), and TC (d) levels
using random effects models.
SMD standardized mean differ-
ence, CI confidence interval
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association between the menopause status and HDL-C levels
(Fig. 3a). A funnel plot was generated and Egger’s test was
performed to assess the publication bias of the studies includ-
ed in this meta-analysis. The shapes of the funnel plots did not
reveal any obvious asymmetry and Egger’s test revealed β =
0.390 and p = 0.616. Both the appearance of the funnel plot
and Egger’s test results confirmed a lack of significant publi-
cation bias (Fig. 3e).

Association between menopause and the levels of
other lipid components

Higher LDL-C (SMD = 0.507, 95% CI = 0.373 to 0.642,
p < 0.001) (Fig. 2b), TG (SMD= 0.958, 95% CI = 0.587 to
1.330, p < 0.001) (Fig. 2c), and TC levels (SMD= 0.563, 95%
CI = 0.415 to 0.711, p < 0.001) (Fig. 2d) were detected in post-
menopausal women than in premenopausal women. No associ-
ations between the modifiers publication year, sample size,
country, and LDL-C, or TC levels were identified (Table 2) in
meta-regression analyses. However, TG levels tended to be af-
fected by study quality (Table 2). The subgroups of a sample

size of ≤ 500, year < 2008, and non-Asian countries presented a
greater than 20% decrease in the I2 value. For TC and LDL-C
levels, no subgroup showed a significant reduction in the I2

value (Table 3). The sensitivity analysis revealed a decrease in
the random effects estimates after omitting the study conducted
by Zhou et al., [5] indicating that this study was a potential
source of heterogeneity (Fig. 3c). The funnel plot of the meta-
analysis of TG levels showed apparent asymmetry (Fig. 3g),
although Egger’s test did not reveal significant publication bias
(β = 2.779, p = 0.281). After removing this study, no association
was observed between TG levels and study quality in the meta-
regression analysis (β = − 0.084, p = 0.467), but the synthesized
higher TG levels observed in postmenopausal women compared
with premenopausal controls were not affected (SMD= 0.433,
95% CI 0.319 to − 0.548, p < 0.001). In the sensitivity analysis,
no studies which were sequentially omitted affected the associ-
ation between the menopause status and LDL-C and TC levels
(LDL-C: Fig. 3b; TC: Fig. 3d). Both the appearance of the
funnel plot (LDL-C: Fig. 3f; TC: Fig. 3h) andEgger’s test results
(LDL-C: β = − 1.015, p = 0.242; TC: β = − 0.720, p = 0.465)
showed no significant publication bias in the meta-analysis of
LDL-C and TC levels in postmenopausal and premenopausal
women.

Discussion

To the best of our knowledge, this is the first meta-analysis
conducted to identify an association between the menopause
status and blood lipid profiles. Based on the results of our
study, HDL-C levels in postmenopausal women were not sig-
nificantly different from those in premenopausal women. This
finding is consistent with some large population studies [5,
19], which indicated that menopause did not affect HDL-C
levels. In the subgroup analysis, sample size ≤ 500 and non-
Asian countries affected the heterogeneity of this meta-analy-
sis. Although the value was not significant, a small sample
size potentially affected the association between HDL-C
levels and menopause status (Table 3). The difference in
HDL-C levels between pre- and postmenopausal women po-
tentially originates from the analysis of cross-sectional data.
Wang et al. [32] identified significantly lower HDL-C levels
in postmenopausal women than in premenopausal women in
longitudinal studies but not in cross-sectional studies. Due to
insufficient evidence of HDL-C changes during the meno-
pause transition, more large population-based prospective
studies are crucial to determine the association between
HDL-C levels and the menopause transition.

Unlike HDL-C levels, LDL-C, TG, and TC levels were
significantly increased in postmenopausal women compared
with premenopausal controls. A recent large population-based
study also observed significantly higher LDL-C and TC levels
in postmenopausal women than in premenopausal women,

Table 2 The meta-regression analysis of HDL-C, LDL-C, TG, and TC
levels

95% CI

Β Lower CI limit Upper CI limit p

HDL-C

Publication year 0.094 − 0.123 0.312 0.360

Sample size 0.000 − 0.000 0.000 0.823

Country 0.096 − 0.118 0.311 0.344

Study quality 0.064 − 0.045 0.173 0.235

LDL-C

Publication year − 0.014 − 0.045 0.017 0.350

Sample size 0.000 − 0.000 0.000 0.734

Country − 0.042 − 0.120 0.036 0.276

Study quality − 0.067 − 0.244 0.109 0.433

TG

Publication year 0.044 − 0.094 0.183 0.508

Sample size 0.000 − 0.001 0.001 0.951

Country − 0.187 − 0.519 0.145 0.252

Study quality 1.090 0.454 1.726 0.002*

TC

Publication year − 0.013 − 0.045 0.019 0.395

Sample size 0.000 − 0.000 0.000 0.826

Country − 0.024 − 0.106 0.059 0.558

Study quality − 0.036 − 0.223 0.152 0.693

The correlation coefficients of publication year, sample size, country, and
study quality with 95% confidence intervals (CI) for the effect size of
HDL-C, LDL-C, TG, and TC of this meta-analysis are presented and
considered significant to be heterogeneity sources with p < 0.05(*)
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while HDL-C levels were not different between postmeno-
pausal and premenopausal women [33]. Menopause-induced

proatherogenic lipid profile changes may mainly affect LDL-
C, TG, and TC levels.

Table 3 The subgroup analyses
of HDL-C, LDL-C, TG, and TC
levels

N SMD (95% CI) (mg/dl) p I2 (%) Weight (%)

HDL-C

Total 20 − 0.053 (− 0.171, 0.066) 0.383 82.5 100.00

Sample size

> 500 5 0.089 (− 0.109, 0.286) 0.379 95.0 40.73

≤ 500 15 − 0.147 (− 0.296, 0.001) 0.052 47.1 59.27

Year

≥ 2008 9 − 0.119 (− 0.247, 0.010) 0.070 77.8 51.89

< 2008 11 0.036 (− 0.137, 0.210) 0.681 65.4 48.11

Country

Asia 10 − 0.024 (− 0.190, 0.142) 0.775 90.7 58.91

Not Asia 10 − 0.105 (− 0.242, 0.032) 0.134 20.9 41.09

LDL-C

Total 20 0.507 (0.373, 0.642) < 0.001 86.4 100.00

Sample size

> 500 5 0.506 (0.332, 0.680) < 0.001 93.3 38.29

≤ 500 15 0.553 (0.323, 0.783) < 0.001 77.5 61.71

Year

≥ 2008 9 0.467 (0.304, 0.631) < 0.001 86.6 51.27

< 2008 11 0.584 (0.353, 0.815) < 0.001 80.6 48.73

Country

Asia 10 0.529 (0.373, 0.686) < 0.001 88.9 57.36

Non-Asian country 10 0.490 (0.215, 0.766) < 0.001 78.4 42.64

TG

Total 20 0.958 (0.587, 1.330) < 0.001 98.5 100.00

Sample size

> 500 5 2.094 (1.261, 2.926) < 0.001 99.7 26.47

≤ 500 15 0.529 (0.308, 0.749) < 0.001 75.7 73.53

Year

≥ 2008 9 1.436 (0.727, 2.146) < 0.001 99.4 45.64

< 2008 11 0.500 (0.291, 0.710) < 0.001 76.2 54.36

Country

Asia 10 0.467 (0.190, 0.744) < 0.001 99.3 49.29

Non-Asian country 10 1.416 (0.842, 1.991) 0.001 79.0 50.71

TC

Total 20 0.563 (0.415, 0.711) < 0.001 89.2 100.00

Sample size

> 500 5 0.555 (0.331, 0.779) < 0.001 96.0 36.09

≤ 500 15 0.592 (0.363, 0.822) < 0.001 77.5 63.91

Year

≥ 2008 9 0.535 (0.352, 0.718) < 0.001 89.5 50.32

< 2008 11 0.634 (0.374, 0.894) < 0.001 85.2 49.68

Country

Asia 10 0.610 (0.427, 0.793) < 0.001 92.1 56.08

Non-Asian country 10 0.511 (0.229, 0.793) < 0.001 79.6 43.92

SMD, standardized mean difference; CI, confidential interval

55Hormones (2021) 20:49–59



Fig. 3 Sensitivity analysis and funnel plot of the meta-analysis of HDL-C, LDL-C, TG, and TC levels. Sensitivity analysis (a, b, c, d) and funnel plots (e,
f, g, h) were performed to examine the heterogeneity of this meta-analysis. SMD standardized mean difference, CI confidence interval
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The study quality of the included articles was not
associated with HDL-C, LDL-C, TG, and TC in meta-
regression analyses (Table 2). We strictly followed the
inclusion and exclusion criteria to include relevant stud-
ies in our meta-analysis. No significant source of hetero-
geneity was identified and no low-quality studies were
included. The sensitivity analysis identified the study
conducted by Zhou et al. [5] as a source of heterogeneity
in the pooled analysis of TG levels (Fig. 3c), but its
omission did not affect the conclusion of increased TG
levels in postmenopausal women compared with pre-
menopausal women.

Besides quantitative HDL-C levels, novel metrics for
evaluating HDL quality strongly pointed to these levels
being independent cardiovascular risk factors. Compared
with HDL levels of premenopausal women, less oxida-
tive resistance of HDL among postmenopausal women
was demonstrated, together with an impaired ability to
inhibit LDL oxidation [25]. On the other hand, large
HDL particle concentrations and HDL-mediated choles-
terol efflux capacity has been reported to be increased in
the early menopausal transition [34]. These novel HDL
metrics may explain the pathophysiological changes in
late perimenopausal and postmenopausal women, which
needs to be confirmed by acquiring additional evidence
and performing further studies.

Estrogen, which is the most important female sex hor-
mone, displays decreased levels in postmenopausal
women. Hormone replacement therapy and estrogen re-
ceptor modulators have been reported to improve lipo-
protein levels in postmenopausal populations [35, 36].
Additional studies are needed to explore the effects of
sex hormones on postmenopausal lipid functions.

Strengths and limitations

Our study is, as far as we know, the first meta-analysis to
compare the association of HDL-C levels between
healthy postmenopausal and premenopausal women,
which increases the knowledge base regarding the poten-
tial association between HDL-C levels and the meno-
pause status. One of the limitations of this study is that
most of the participants came from Asia because of large
sample size–based Korean and Japanese studies; thus,
more clinical data derived from further studies from
Western countries are required to better represent global
populations. The definition of menopause status is based
on the time from the last bleeding pattern, regardless of
sex hormone levels. Additionally, although some studies
have used FSH levels as a criterion to confirm meno-
pause status, consensus on the cut-off values for post-
menopausal FSH levels has not as yet been established
[22, 28]. Another limitation is the small number of

included cohort studies and sample sizes; therefore, fur-
ther prospective studies would help to improve the infer-
ences of causality.

Conclusions

Based on the evidence of this meta-analysis, HDL-C
levels are not associated with menopause status. Higher
LDL-C, TG, and TC levels are observed in postmeno-
pausa l women than in p remenopausa l women .
Prospective studies with large sample sizes examining
HDL-C levels and HDL functions in women with differ-
ent menopause statuses are needed.
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