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Abstract
Objective: The aim of the study is to evaluate the cross-sectional and longitudinal association of early natural men-

opause with changes in cardiovascular risk factors (CVRFs).
Methods: Postmenopausal women from the Swiss CoLaus study, reporting age at natural menopause (ANM) and

having CVRFs measurements (blood lipids, blood pressure, glucose, homeostatic model assessment for insulin resis-
tance [HOMA-IR], and inflammatory markers) at baseline (2003-2006) and first follow-up (2009-2012) were eligible
for analysis. Age at natural menopause was analyzed as a continuous variable and in categories (ANM <45 and
≥45 y old). Linear regression analysis and linear mixed models were used to assess whether ANM is associated
cross-sectionally and longitudinally with changes in CVRFs. Models were adjusted for demographic characteristics,
lifestyle-related factors, time since menopause, medication, and clinical conditions.

Results:We analyzed 981 postmenopausalwomen. The cross-sectional analysis showed that womenwith ANMyounger
than 45 years had lower diastolic blood pressure (β = −3.76 mm Hg; 95% confidence interval [CI] = −5.86 to −1.65) com-
pared with women whose ANM was 45 years or older. In the longitudinal analysis, ANM younger than 45 years was
associated with changes in log insulin (β = 0.26; 95% CI = 0.08 to 0.45) and log homeostatic model assessment for in-
sulin resistance levels (β = 0.28; 95% CI = 0.08 to 0.48). No associations were found between ANM and other CVRFs.
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Conclusions: Early menopause may be associated with changes in glucose metabolism, while it may have little to no
impact on other CVRFs. Larger longitudinal studies are needed to replicate our findings.
Key Words: Blood pressure – Diabetes – Inflammation – Menopause – Prospective study.
enopause indicates the end of the ovulation process.1
MTwelve consecutive months of amenorrhea without
obvious intervention are the criteria for defining nat-

ural menopause, a phenomenon related to changes in multiple
physiological systems, including the cardiovascular system and
glucose metabolism. Recent literature suggests an association of
menopause with a detrimental cardiometabolic profile in women.1,2

In particular, early menopause (<45 y) has been described as a
risk factor for type 2 diabetes,3 ischemic heart disease, and
all-cause mortality.4

However, the association of age at natural menopause (ANM)
with cardiovascular risk factors (CVRFs) (ie, blood pressure,
blood lipids, glucose metabolismmarkers) is not fully understood.
Current knowledge is mainly derived from cross-sectional studies,
and a temporal association is not fully explored.5 Some cross-
sectional studies reported no association of ANM with dyslipid-
emia and carotid atherosclerosis,6,7 while others, including longitu-
dinal studies, showed positive associations.4,8,9 A study combining
data from two population-based cohorts showed that a 1-year de-
lay in menopause onset was associated with a 2% increased odds
of having hypertension. However, Mendelian randomization
(MR) studies failed to show this association is casual.10,11

Evidence on the association of ANM and markers of glucose
metabolism is scarce.12 While MR studies have shown conflict-
ing results on whether ANM has a causal effect on glucose me-
tabolism,11,13 the largest study to date using the most compre-
hensive set of genes demonstrated ANM to be causally related
to the risk of type 2 diabetes.13 Finally, few studies have evalu-
ated the role of ANM in inflammatory biomarkers, showing no
association.11,12

Understanding whether ANM is associated with postmeno-
pausal changes in CVRFs, such as lipids, inflammatory bio-
markers, and glucose metabolism, might help understand fac-
tors that could accelerate cardiovascular aging in women. There-
fore, in this study, using data from a population-based cohort
study in Lausanne, we aimed to determine whether early
ANM is cross-sectionally and longitudinally associated with
changes in CVRFs, including total cholesterol, triglycerides,
low- and high-density lipoprotein, apolipoprotein B (ApoB),
fasting glucose, insulin levels, homeostatic model assessment
for insulin resistance (HOMA-IR), systolic and diastolic blood
pressure, and high-sensitivity C-reactive protein (hsCRP).

MATERIALS AND METHODS

Study population
The CoLaus study is a population-based cohort study including

participants aged 35-75 years living in Lausanne, Switzerland. The
baseline recruitment was conducted between 2003 and 2006, and
the first follow-up was between 2009 and 2012. The design of
the study has been described elsewhere.14
use, Vol. 30, No. 6, 2023
Age at natural menopause
Women participating in the CoLaus cohort who reported

menopause also reported age at menopause and whether their
menopause was natural or due to other causes. Age at natural
menopause was defined as self-reported age at the last men-
strual period. Additional verification of menopausal status was
performed through self-reporting of present or absent menstrua-
tion at each of the study measurements

Cardiovascular risk factors
In our study, the CVRFs included were fasting lipid profile

(total cholesterol, triglycerides, low- and high-density lipopro-
tein), ApoB, fasting glucose, insulin levels, HOMA-IR,15 sys-
tolic and diastolic blood pressure, and hsCRP. Apolipoprotein B
was not evaluated in the longitudinal analysis. The laboratory
Centre Hospitalier Universitaire Vaudois Clinical Laboratory
measured all biomarkers in fasting serum (see Supplemental Dig-
ital Content 1, http://links.lww.com/MENO/B111, which list the
characteristics of the laboratory test used for measuring the bio-
markers).14,16 Low-density lipoprotein was estimated with the
Friedewald formula,17 and HOMA-IR was estimated with the
formula: fasting glucose (in millimoles per liter)� fasting insulin
(in milliunits per liter) / 22.5.18,19

Blood pressure was measured thrice after a rest of at least
10 minutes in a seated position, with an appropriately sized cuff
using an Omron HEM-907 automatic sphygmomanometer. The
average of the last two measurements was used in our analysis.

Assessment of covariates
Demographic, lifestyle, and medication use (statins, antihy-

pertensive, hormone therapy [HT]) data were recorded during
the interview. Hormone therapy was established through the
question, “have you ever taken a hormone replacement ther-
apy?” (yes/no). Education was classified as low (primary educa-
tion), intermediate (general secondary or vocational education),
or high (higher vocational education or university). Smoking
status was defined as never, current, or former. Alcohol con-
sumption was categorized as drinkers (>0 per/wk) and non-
drinkers (0 per/wk). Physical activity was established with the
question, “How many times a week do you engage in physical
activity for at least 20 minutes?” (none, once a week, twice a
week, three or more times per week).

Body weight and height measurements were taken with cali-
brated instruments under standardized procedures during the study
interviews.20 Body mass index (BMI) was calculated as weight di-
vided by height squared (in kilograms per meter squared). Clin-
ical characteristics such as the history of cardiovascular disease
were confirmed with medical records. Diabetes was defined as
fasting plasma glucose ≥7 mmol/L and/or the use of antidia-
betic treatment.
© 2023 The Author(s)
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EARLY MENOPAUSE AND CARDIOVASCULAR INDICES
Inclusion and exclusion criteria
All postmenopausal women at baseline were included. Exclu-

sion criteria were as follows: no information on ANM or reporting
an age of menopause younger than 40 years or older than 60 years,
surgical menopause (oophorectomy or hysterectomy), missing out-
come information at baseline, or conflicting reproductive informa-
tion (older age at menarche than the age at menopause or older age
at menopause than chronological age).

Statistical analysis
Age at natural menopause was analyzed as a continuous var-

iable and in categories (ANM <45 and ≥45 y old). Menopause
onset before 45 years old was considered early menopause. The
distribution of the variables was evaluated with histograms and
the Shapiro-Wilk test. We described the characteristics of the
participants with median and interquartile range (IQR) or abso-
lute and relative frequencies; medians across ANM categories
were compared with Mann-Whitney test, and categories were
compared with χ2 and Fisher exact test. Variables that did not
follow an average distribution were natural log-transformed.
Cross-sectional analyses were conducted using ordinary

least-squares linear regression to evaluate the association of
ANM with CVRFs at baseline. Age at natural menopause was
evaluated both as a continuous variable and by categories. To
account for the confounding effect of factors such as anthropo-
metric, clinical, and lifestyle characteristics on the association
of ANM and CVRF,3,21-23 the following three iterative models
were used: model 1 being the unadjusted model; model 2 ad-
justed for chronological age, drinking (yes, no), smoking status
(never, former, current), physical activity (once, twice, three
times per week, and none), history of cardiovascular diseases
(yes vs. no), diabetes (yes vs. no); model 3 additionally adjusted
for age of menarche, use of antihypertensive medication, HT,
statins (yes vs. no), and BMI. In addition, we evaluated the inter-
action between time since menopause and ANM, the presence
of outliers, linearity, and normality in the residuals of model 3.
Prospective analyses were conducted using multilevel linear

mixed models to evaluate the longitudinal association between
ANM and changes in CVRFs. The association of ANM with
CVRFs changes over time was calculated by the interaction
term between reported ANM and time from baseline to first fol-
low-up. The models were constructed following the same
models implemented in the cross-sectional analysis.
We performed several sensitivity analyses. First, we evaluated

the cross-sectional association of four categories of ANM (early,
40-44 y; intermediate, 45-49 y; average, 50-54 y [reference];
and late, ≥55 y) with CVRFs. Second, linear trends were tested
by examining whether the β estimates changed monotonically
with increasing ANM categories. Third, we performed a strati-
fied analysis according to categories of time since menopause
(early postmenopause, ≤5 y; and late postmenopause, >5 y).
Fourth, we excluded women who received HT and reported
smoking. Fifth, we built an ordinary least-squares linear regression
model using restricted cubic splines with three knots to explore
nonlinearity; furthermore, each model was adjusted for the same
confounders as model 3. Sixth, to explore the potential of selection
bias, we repeated the cross-sectional analysis in the excluded
women (thosewith at least one exclusion criteria) with information
on CVRFs as baseline (n = 925). Finally, we analyzed a subgroup
of 365 women still having menses at baseline and who reported
menopause in the first follow-up; within this group, we studied
the association of ANM (continuous and categories) with CVRFs,
adjusting for the same variables included in model 3.

Longitudinal analysis
We performed sensitivity analyses by evaluating the associa-

tion of ANM by early, intermediate, average, and late age at
menopause categories and restricting the analysis to women
without comorbidities, those without HT, and women in early
and late postmenopausal stage.

Finally, to account for multiple comparisons, we applied a
Bonferroni correction, which considers the correlation among
the outcomes evaluated. Therefore, cross-sectional and longitu-
dinal findings were interpreted with an adjusted P value of
0.007.24 Analyses were performed on Stata V.15.1 (Stata Corp,
College Station, TX) and R software (version 3.6.3; R Founda-
tion for Statistical Computing, Vienna, Austria).

Ethical considerations
The institutional ethics committee of the University of Lau-

sanne, which afterward became the Ethics Commission of Can-
ton Vaud (http://www.cer-vd.ch), approved the baseline CoLaus
study (reference 16/03). The approval was renewed for the first
follow-up (reference 33/09). The study was performed in
agreement with the Helsinki Declaration and its former amend-
ments and in accordance with the applicable Swiss legislation.
All participants gave their signed informed consent before en-
tering the study.

RESULTS

Selection and characteristics of participants
One thousand nine hundred six women were eligible for in-

clusion in our study. Of these, 461 were excluded because of
surgical menopause, 71 reported menopause out of the age
range 40-60 years, and 33 did not have data on age at meno-
pause. Three hundred twenty-four were excluded because of
missing information on the first follow-up, and 36 because of
inconsistent or missing information on reproductive factors at
baseline and follow-up. Thus, 981 women were included in
our cross-sectional and longitudinal analysis (see Supplemental
Digital Content 2, http://links.lww.com/MENO/B112, which il-
lustrates the participant flowchart and Supplemental Digital
Content 3, http://links.lww.com/MENO/B113, where the char-
acteristics of excluded women are described).

The clinical and sociodemographic characteristics of the 981
women included in our analysis were summarized in Table 1 ac-
cording to menopause onset categories (ANM <45 vs. ANM
≥45 y old). Regarding the timing of menopause, 10.0%
(n = 99) of women reported early ANM (<45 y old). Women
in the early ANM category reported the highest smoking fre-
quency, 27.3% (n = 27), and had lived longer with menopause
(median of 14.1 y since last menses). In addition, women who
reported early ANM had the lowest systolic and diastolic blood
Menopause, Vol. 30, No. 6, 2023 601
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TABLE 1. Baseline characteristics of the participants by categories of
age at natural menopause

Age at natural menopause

Pa

<45 y old ≥45 y old
n = 99 n = 882

Median (IQR) Median (IQR)

Age 56.3 (51.0–61.6) 60.6 (56.2–65.3) <0.01
Age at menarche, yb 13 (12–14) 13 (12–14) 0.19
Time since menopause, y 14.1 (9.5–20.2) 9.2 (5.0–15.3) <0.01c

Body mass index, kg/m2 24.9 (22.1–27.9) 24.6 (22.1–27.8) 0.33
Total cholesterol, nmol/L 5.7 (5.3–6.3) 5.9 (5.2–6.6) 0.23
Low-density lipoprotein,

mmol/L
3.6 (3.2–4.4) 3.8 (3.2–4.5) 0.48

High-density lipoprotein,
mmol/L

1.7 (1.5–2.1) 1.8 (1.5–2.1) 0.29

Triglycerides, mmol/L 1.0 (0.8–1.4) 1 (0.8–1.4) 0.68
Apolipoprotein B, mg/dLd 143.0 (98.6–221.0) 141.6 (101.2–196.0) 0.77
High sensitivity C-reactive

protein, μg/mLe
1.7 (0.7–3.5) 1.5 (0.7–2.9) 0.74

Glucose, mmol/L 5.2 (4.9–5.6) 5.3 (4.9–5.7) 0.23
Insulin, microIU/mLf 7.4 (4.6–11.1) 6.8 (4.6–10) 0.36
HOMA-IR 1.7 (1.1–2.8) 1.6 (1.1–2.5) 0.67
Systolic blood pressure,

mm Hgg
121 (110.0–134.0) 129 (117.0–141.0) <0.01h

Diastolic blood pressure,
mm Hgg

76.0 (68.0–83.0) 79 (72.0–85.0) <0.01i

n (%) n (%)

Smoking categories
Never 41 (41.4) 444 (50.3) 0.17
Former 31 (31.3) 259 (29.4)
Current 27 (27.3) 179 (20.3)

Alcohol drinker (yes) 59 (59.6) 585 (66.3) 0.25
Educational level
High 9 (9.1) 113 (12.8) 0.37
Middle 31 (31.3) 232 (26.3)
Low 58 (59.6) 537 (60.1)

Physical activity (20 min)j

None 36 (36.4) 288 (32.7) 0.14
Once a week 9 (9.1) 48 (5.4)
Twice a week 52 (52.5) 539 (61.1)
≥Thrice a week 2 (2.0) 7 (0.8)

Diabetes, n (%)j 5 (5.1) 31 (3.5) 0.40
Hormone therapy (yes) 54 (54.5) 511 (57.9) 0.74
Prevalence of

cardiovascular diseases
(yes)

10 (10.1) 64 (7.3) 0.28

Statin therapy (yes) 12 (12.2) 101 (11.5) 0.76
Antihypertensive

medication (yes)
16 (16.2) 195 (22.1) 0.14

HOMA-IR, homeostatic model assessment for insulin resistance; IQR, interquar-
tile range; n, number of women.
aWilcoxon rank sum test for continuous variables andχ2 test for categorical variables.
bThree missing values.
cP value = 0.001.
dSixty-one missing values.
eOne missing value.
fOne hundred sixty-eight missing values.
gTwo missing values.
hP value = 0.0001.
iP value = 0.0037.
jFisher exact test.
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pressure median levels and the lowest percentage of high educa-
tion levels; however, differences between educational groups
were not significant. More than 50% of women in both ANM
categories received HT. Finally, six outcomes had missing
values; the variable insulin had the highest number of missing
data (n = 168; Table 1).
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Cross-sectional association of ANM and CVRFs
We found no association between ANM and cardiovascular

risk factors, except for diastolic blood pressure in the fully ad-
justed model (Table 2). In model 3, women in the early ANM
category had on average 3.76 mm Hg less in diastolic blood
pressure levels than women with ANM 45 years or older (see
Supplemental Digital Content 4, http://links.lww.com/MENO/
B114, where estimates for models 1 and 2 can be found). The
normality assumption was met in the evaluation of the residuals
of the third model. The exclusion of outliers did not change the
estimates or their significance. No interaction was found be-
tween time since menopause and ANM (data not shown).

Longitudinal association of ANM and changes in CVRFs
Women were followed for a median (IQR) of 5.6 years

(4.6–8.4 y). In model 3, we found increased levels of log insulin
(β = 0.264) and log HOMA-IR (β = 0.280) in women in early
menopause compared with women with ANM 45 years or older
(see Supplemental Digital Content 5, http://links.lww.com/
MENO/B115, where estimates for longitudinal models 1 and 2
can be found). Aside from insulin and HOMA-IR, none of the
other models showed an association between ANM and longitudi-
nal CVRFs changes in fully adjusted models (Table 3, Figure 1).

Sensitivity analysis
Cross-sectional analysis

The characteristics of the women according to four ANM cat-
egories (early, intermediate, average, and late) are presented in
Table S5, http://links.lww.com/MENO/B115. When ANM was
analyzed in four categories, no association with CVRFs was ob-
served (see Supplemental Digital Content 6, http://links.lww.
com/MENO/B116, which shows the cross-sectional analysis
of the four categories of ANMs and CVRFs, and Supplemental
Digital Content 7, http://links.lww.com/MENO/B117, which
presents the baseline characteristics of the women in the four
categories analyzed).

Stratified analyses, in general, showed similar results to the
main analysis (see Supplemental Digital Content 8, http://
links.lww.com/MENO/B118, which presents estimates from
the analysis restricted to women without HT, nonsmokers,
women within the first 5 years after experiencing menopause).

None of the restricted cubic spline models assessing associa-
tions of ANM and CVRFs at baseline was significant (see Sup-
plemental Digital Content 9, http://links.lww.com/MENO/
B119, which presents the nonlinear associations of ANM and
CVRFs). In the analysis of the 925 menopausal women ex-
cluded from the analysis, no association between ANM and
CVRFs was observed (see Supplemental Digital Content 10,
http://links.lww.com/MENO/B120, where the cross-sectional
analysis estimates for excluded women are presented). In the
evaluation of 365 women who reported experiencing meno-
pause at first follow-up, each year of later ANM was associated
with 0.801 mmHg increase in systolic blood pressure P < 0.001
(See Supplemental Digital Content 11, http://links.lww.com/
MENO/B121, where cross-sectional analysis estimates for these
newly menopausal women are presented and see Supplemental
© 2023 The Author(s)
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TABLE 2. Cross-sectional association of age at natural menopause and cardiovascular risk factors at baselinea

Age at natural menopause

Continuous

P

<45 y old vs ≥45 y old (Ref )

β (95% CI) β (95% CI) P

Total cholesterol, mmol/L 0.001 (−0.014 to 0.016) 0.929 −0.046 (−0.248 to 0.157) 0.659
Log high-density lipoprotein −0.002 (−0.006 to 0.001) 0.166 −0.006 (−0.053 to 0.040) 0.790
Low-density lipoprotein, mmol/L 0.003 (−0.011 to 0.018) 0.669 −0.027 (−0.222 to 0.169) 0.790
Log triglycerides 0.005 (−0.001 to 0.011) 0.116 −0.028 (−0.112 to 0.056) 0.514
Log apolipoprotein B 0.001 (−0.008 to 0.010) 0.838 0.035 (−0.095 to 0.165) 0.596
Log glucose 0.002 (0.0008 to 0.003) 0.033 −0.020 (−0.042 to 0.003) 0.083
Log insulin 0.0002 (−0.008 to 0.008) 0.944 −0.027 (−0.140 to 0.086) 0.644
Log HOMA-IR 0.002 (−0.007 to 0.011) 0.631 −0.047 (−0.167 to 0.072) 0.438
Log high sensitivity C-reactive protein −0.004 (−0.018 to 0.011) 0.617 0.027 (−0.171 to 0.225) 0.789
Systolic blood pressure, mm Hg 0.076 (−0.183 to 0.336) 0.564 −1.890 (−5.418 to 1.638) 0.293
Diastolic blood pressure, mm Hg 0.157 (0.001 to 0.312) 0.048 −3.759 (−5.865 to −1.652) <0.001

HOMA-IR, homeostatic model assessment for insulin resistance; <45 Years, menopausal onset before 45 years; ≥45 Years menopause onset at 45 years or older.
aThe reported results correspond to model 3: adjusted for chronological age, body mass index, drinking status (yes vs. no), smoking (never, current, former), physical
activity (once, twice, thrice per week, and none), history of cardiovascular diseases (yes vs. no), diabetes (yes vs. no), age at menarche, use of antihypertensive medi-
cation, hormone therapy, and statins (yes vs. no).
Log apolipoprotein B n = 917; Log glucose n = 978; Log insulin n = 811, Log HOMA-IR n = 811; Log high sensitivity C-reactive protein n = 977; systolic blood pres-
sure n = 976; diastolic blood pressure n = 976.
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Digital Content 12, http://links.lww.com/MENO/B122, where
characteristics of newly menopausal women are available).

Longitudinal analysis
In the longitudinal sensitivity analyses, no association between

ANM categories and CVRFs was found (see Supplemental
Digital Content 13, http://links.lww.com/MENO/B123, where
estimates of the longitudinal association of ANM in four cate-
gories and CVRFs are presented). Restricting the analysis to
women without HT and in the late postmenopausal stage did
not change the trend of the main findings, early ANM was still
associated with changes in log insulin and log HOMA-IR; how-
ever, P values increased and could not be considered significant
under the Bonferroni-corrected P value of 0.007. In the analy-
sis of nonsmokers, an association of later ANM and changes in
low-density lipoprotein (β = 0.10 mmol/L, P = 0.006) were ob-
served (see Supplemental Digital Content 14, http://links.lww.
com/MENO/B124, which presents the finding for the longitu-
dinal stratified analysis).
TABLE 3. Longitudinal analysis association of age at natur

Continuous

β (95% CI)

Total cholesterol, mmol/L 0.017 (−0.008 to 0.043)
Log high-density lipoprotein 0.002 (−0.005 to 0.008)
Low-density lipoprotein, mmol/L 0.019 (−0.006 to 0.043)
Log triglycerides −0.004 (−0.015 to 0.007)
Log glucose 0.001 (−0.002 to 0.004)
Log insulin −0.004 (−0.018 to 0.010)
Log HOMA-IR −0.003 (−0.018 to 0.012)
Log high sensitivity C-reactive protein 0.002 (−0.024 to 0.028)
Systolic blood pressure, mm Hg −0.123 (−0.599 to 0.354)
Diastolic blood pressure, mm Hg 0.080 (−0.207 to 0.366)

ANM, age at natural menopause; HOMA-IR, homeostatic model assessment for insu
Model 3: using linear mixed models' regression, adjusted for chronological age, drink
twice, three times per week and none), history of cardiovascular diseases (yes vs. no), d
medication, hormone therapy and statins (yes vs. no), body mass index, and interacti
DISCUSSION
In general, our study showed no consistent associations be-

tween ANM and changes in CVRFs. However, our results indi-
cated potential adverse changes in glucose metabolism related
to early ANM. Our study found an association between early
menopause and changes in insulin and HOMA-IR levels. Most
evidence has evaluated the association between early meno-
pause and the risk of type 2 diabetes, but few studies have eval-
uated its association with biomarkers of glucose metabolism as
was done in the present work.4 Early menopause has been in-
consistently associated with an increased risk of type 2 diabe-
tes.3,4,25 Prospective cohort studies and genetic studies showed
that women with early ANM had a 1.4-2.4 higher risk of devel-
oping type 2 diabetes than women with average ANM.3,26 Like-
wise, the most recentMR analysis using 290 genetic variants re-
lated to ANM found that genetically mediated later ANM has
beneficial effects on type 2 diabetes.13 However, another MR
study using 56 genetic variants related to ANM did not find
an association with glucose or glycated hemoglobin HbA1C.11
al menopause with changes in cardiovascular risk factors

Age at natural menopause

<45 y old vs ≥45 y old (Ref )

P β (95% CI) P

0.191 0.010 (−0.310 to 0.330) 0.951
0.593 −0.041 (−0.122 to 0.041) 0.328
0.135 0.062 (−0.244 to 0.367) 0.692
0.504 0.080 (−0.058 to 0.219) 0.256
0.609 0.015 (−0.023 to 0.052) 0.444
0.566 0.264 (0.076 to 0.451) 0.006
0.713 0.280 (0.079 to 0.482) 0.006
0.893 −0.023 (−0.349 to 0.303) 0.889
0.614 2.420 (−3.549 to 8.389) 0.427
0.585 −0.468 (−4.051 to 3.115) 0.798

lin resistance.
ing status (yes vs. no), smoking (never, current, former), physical activity (once,
iabetes (yes vs. no), age at menarche, use of antihypertensive medication, diabetes
on term ANM and follow-up time in years.
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FIG 1. Longitudinal changes in insulin and HOMA-IR. (A) Changes in log insulin in women with early menopause compared with women with menopause at
average or late menopause. (B) Changes in log HOMA-IR in women with early menopause compared with women with average or late menopause. Model 3:
using linear mixedmodels' regression, adjusted for chronological age, drinking status (yes vs. no), smoking (never, current, former), physical activity (once, twice,
three times per week and none), history of cardiovascular diseases (yes vs. no), diabetes (yes vs. no), age at menarche, use of antihypertensivemedication, diabetes
medication, hormone therapy and statins (yes vs. no), body mass index, and interaction term ANM and follow-up time in years. Early menopause <45 years old,
average and late ≥45 years old (Ref). ANM, age at natural menopause; HOMA-IR, homeostatic model assessment for insulin resistance.
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Possible mechanisms behind the association of early meno-
pause with changes in insulin and HOMA-IR could be the insu-
lin resistance profile associated with the drastic decrease in es-
trogen and estrogen receptorα activity. In addition, androgen se-
cretion and decreased sex hormone binding globulin (SHBG),
common in postmenopausalwomen, are also associated with in-
creased insulin resistance.27,28 Iron metabolism could be an-
other mechanism underlying the association of early menopause
with insulin. Previous studies have shown that iron metabolism
changes after menopause.29,30 Similarly, an association between
iron biomarkers and insulin resistance has been reported,31 and
the SWAN study found that elevated iron was associated with
insulin resistance in women with the largest increase in iron
levels after menopause.29

Few studies have evaluated the association of ANM with
CVRFs, and none have assessed the role of early ANM on lipid
profile. However, similar to our study, a longitudinal study of
915 postmenopausal women from the UK Medical Research
Council National Survey of Health and Development found no
evidence of an association between ANM and changes in tra-
jectories of blood lipids in postmenopausal women.22 How-
ever, the Study of Women's Health Across the Nation showed
that 1–3 years after menopause, later ANMwas associated with
less adverse changes in triglycerides, total cholesterol, and low-
density lipoprotein. These effects did not translate into a re-
duced risk for subclinical carotid disease.32

Regarding blood pressure traits, the present cross-sectional
analysis found that early ANM was associated with lower di-
astolic blood pressure levels, but this association was not ob-
served in the longitudinal analysis. Similarly, in the SWAN
study, during the transition to menopause, a subgroup of women
showed a decrease in systolic, diastolic, and mean arterial
blood pressure after menopause; however, age of menopausal
onset was not associated with these changes.33 These results
are in line with a recent MR study our group has published
showing no causal association between ANM and blood pres-
sure traits.10

Other studies have reported adverse cardiovascular profiles
after menopause,23,34 especially among women with early
604 Menopause, Vol. 30, No. 6, 2023
menopause.4 The physiological mechanisms behind these associ-
ations are unclear; hypotheses on estrogen anti-inflammatory and
antioxidative activity changes and the role of inflammatory states
related to the aging process are part of the possible explanations.
Likewise, the concurrence of changes in estrogen receptors and
secretion patterns and age-associated vascular changes may ex-
plain these changes.35 Estrogens' effects depend on the state of
the cardiovascular system so that in the presence of small fatty
plaques (common in women going through menopause), estro-
gens may not have their recognized protective effect and instead
be associated with a higher risk of cardiovascular events.35

Strengths and limitations
Our study has several strengths, including the prospective,

detailed, and longitudinal collection of data performed in the
CoLaus Cohort. We evaluated exclusively women with natural
and early menopause (ANM between 40 and before 45 y old).
We have used multilevel models that account for the clustering
of repeated measures and adjusted for various confounders. In
addition, we performed several sensitivity analyses to evalu-
ate the robustness of our findings, including the analysis of
women who reported going through menopause during the
study follow-up, which addresses the selection bias of choos-
ing women based on their menopausal status.

However, our analysis has some limitations that should be con-
sidered in interpreting our findings. These include self-reporting
of menopause status and ANM, as well as HT. Self-report ANM
has shown to be inaccurate, for instance, women who have early
menopause overestimate age at menopause, while women who
have late menopause underestimate age at menopause.36 Further-
more, women on HTexperiencing periods may not be aware of
their ANM. Nevertheless, there is evidence for the reliability of
self-reports of all these reproductive variables among postmen-
opausalwomen.37 In addition, there is no gold standard for mea-
suring ANM,5 and in our study, we implemented a strict algo-
rithm to identify inconsistencies about reported biological men-
opausal age. In case our study incurred misclassification it was
nondifferential between the main two groups of comparison,
which could bias the estimates to the null. Furthermore, more
© 2023 The Author(s)
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than 55% of the women reported receiving HT, which despite
being included in the models as a confounding factor, may still
be generating some residual confounding, making this finding
worth interpreting with caution. To note, when women receiv-
ing HT were excluded, the longitudinal associations of early
ANM with insulin and HOMA-IR were no longer significant
under Bonferroni-corrected threshold.
Moreover, more than 50% of included women had lived 9 or

more years with menopause, especially women with early
menopause, where more than 75% have lived more than 9
years with menopause, which affects the generalization of our
findings and could attenuate the association between ANM
and CVRFs. Finally, although our study has repeated measures,
we have just two data points for analysis, which limits the anal-
ysis of the trajectories of CVRF changes in postmenopausal
stages. Dietary information was also not included in this analy-
sis. Although diet can affect CVRFs, its association with ANM
is inconsistent and, thus, should not affect our main analysis.
Only alcohol consumption has a consistent association38 and
therefore was included in the current analysis.

CONCLUSIONS
Our finding suggests that ANM is not consistently associated

with changes in cardiovascular risk factors in the postmeno-
pausal years. However, early ANM may be associated with ad-
verse changes in insulin and HOMA-IR postmenopause. Larger
studies with validated menopause status and ANM are needed
to replicate our findings and to explore further whether ANM
has short or long-term effects on CVRFs.
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