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Abstract

Objective: This study aimed to determine whether polycystic ovary syndrome (PCOS) was associated with age at
menopause, compared with women without PCOS, after adjusting for potential confounders.
Methods: A total of 1,696 reproductive-aged participants from the Tehran Lipid and Glucose Study were included in

this population-based prospective study with a follow-up of approximately 20 years. Of these, 348 women with PCOS
based on the Rotterdam criteria and 1,348 non-PCOS controls were followed to assess the age at which they reached
menopause. An accelerated failure time survival regression model was used to identify the association between PCOS
and the age at natural menopause (ANM), with and without adjustment for potential confounders.

Results: The unadjusted accelerated failure time survival model revealed a significant positive association between
PCOS and ANM; PCOS women experienced time to menopause by a factor of 1.05 than non-PCOS controls (95% con-
fidence interval, 1.02-1.06; P < 0.001). After adjusting for age at baseline, menarche age, history of hypertension, his-
tory of type 2 diabetes mellitus, parity, oral contraceptive use, body mass index, education level, physical activity, and
smoking, the results remained significant (time ratio: 1.03; 95% confidence interval, 1.01-1.06; P = 0.002).

Conclusions: This study indicates that ANM is significantly associated with PCOS in women. Our study findings
may have implications for the fertility and reproductive health of women with PCOS. However, further large longitudi-
nal studies on diverse populations accounting for other relevant confounders are still needed to provide data on the actual

difference in age at menopause and to elucidate the underlying mechanisms of this association.
Key Words: Age at natural menopause — Polycystic ovary syndrome — Tehran Lipid and Glucose Study.

pause as the permanent cessation of menstruation due

to the loss of ovarian follicle activity. Natural menopause
is clinically defined as the permanent cessation of menstruation
for at least 12 consecutive months after ruling out other patho-
logical or physiological causes." It is characterized by some hor-
monal alterations, such as reduced serum estrogen concentra-
tions, a concomitant increase in follicle-stimulating hormone
(FSH) levels, and undetectable values of anti-Miillerian hormone

The World Health Organization (WHO) defines meno-

(AMH).>* The timing of menopause onset is influenced by the
initial size of the follicle pool and its depletion.>® There is also
evidence supporting the notion that women with polycystic ovary
syndrome (PCOS) have a higher ovarian reserve, measured by
antral follicle count (AFC) or AMH than normo-ovulatory
women, which predisposes them to experience a later menstrual
cessation.” The high ovarian reserve in PCOS patients sug-
gests that these individuals may experience a delayed age at
natural menopause (ANM) because of a slower rate of ovarian
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aging.® It has also been documented that gene variants re-
lated to age at menopause are associated with PCOS risk, pos-
sibly through the effects on FSH, luteinizing hormone levels,
and follicle number; hence, women with PCOS may have a
longer reproductive lifespan.'®!!

Several studies have evaluated the ANM in women with PCOS;
however, conflicting results have been reported.*'*'* In some
studies, ANM was estimated in PCOS patients based on the serum
level of AMH, as a biomarker of ovarian aging, which can predict
the reproductive lifespan and age at menopause,™'>'*!° whereas
other studies have assessed actual age at menopause in these
patients.'>'® The discrepancy between previous studies may be
attributed to methodological issues, such as estimation of age at
menopause based on the AMH level rather than the exact meno-
pausal age, cross-sectional designs of studies, recall bias of retro-
spective research, nonpopulation-based design of studies, small
sample size, and failure to adjust for substantial confounders.

With this background in mind, the present population-based
prospective study, with a long-term follow-up, aimed to deter-
mine whether PCOS is associated with later age at menopause,
compared with the non-PCOS controls, after adjusting for po-
tential confounders.

METHODS

Study design and participants

Participants for our study were selected from among those
who participated in the Tehran Lipid and Glucose Study
(TLGS). The TLGS is an ongoing prospective cohort initiated
in 1998, which assessed 15,005 participants 3 years or older.?°
In brief, information on various risk factors for noncommunicable
diseases, demographic variables, and reproductive histories was
collected during face-to-face interviews conducted every 3 years.
To date, TLGS has completed even phases at 3-year intervals
(phase 1, 1999-2001; phase 2, 2002-2005; phase 3, 2005-2008;
phase 4, 2008-2011; phase 5, 2011-2014; phase 6, 2014-2017;
and phase 7: 2017-2021). Current data are available for seven
phases, including the baseline and six follow-up visits.

In the third phase of TLGS, we assessed the PCOS status of
reproductive-aged participants (aged 20-45 y) using the
Rotterdam criteria. Because PCOS is considered a lifelong diag-
nosis, the previous data collected in phases 1 and 2 are also con-
sidered (n = 2,941). We excluded those without any follow-up
visit (n = 134), those with only hyperandrogenism (HA)
(n = 433), those with only anovulation (AOV) (n = 233), and
those with only polycystic ovary morphology (n = 167). Those

Women aged 20-45 years
participated in TLGS whose
their PCOS status was
identified according to the
Rotterdam criteria
N==2941
Excluded:
Had no follow-up visit (n= 134)
Only HA (n=433)
Only AOV (n=233)
Only PCOM (n=167)
Remained
N=1.974
Control PCOS
N=1572 N=402
Excluded:
Had reached menopause Excluded:
before initiation of the study Had teached menopause
(@=58) before xmn?uox; ;)f the study
: o=
Susgical menopause (n= Surgical menopause (n=47)
146) ~ POI(a=3)
POI (o= 20)
Non-PCOS control PCOS
N=1.348 N=348
Not reached Reached Not reached
Reac?g:g;’i"pam menopause menopause menopause

- < =656 N=115 N=233

FIG. 1. Flowchart of the study. AOV, anovulation; HA, hyperandrogenism; PCOS, polycystic ovary syndrome; PCOM: polycystic ovary morphology; POI:

premature ovarian insufficiency; TLGS, Tehran Lipid and Glucose Study.
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women who were already menopausal (n = 62); those who had
histories of hysterectomy, oophorectomy, or any other kind of sur-
gery on their ovaries (n = 193); and those with premature ovarian
insufficiency (n = 23) were also excluded. Among the remaining
1,696 participants, 348 women (20.5%) were diagnosed with
PCOS, and 1,348 women (79.5%) were in the non-PCOS control
group. All these women had at least one follow-up visit in addi-
tion to their two baseline and first follow-up visit.

During follow-up visits, 692 control women (51.3%) and 115
women with PCOS (33.0%) reached menopause, and their age at
menopause was recorded; the remaining participants, including
656 women in the non-PCOS control group and 233 women in
the PCOS group, who had not reached menopause were consid-
ered censored participants. Figure 1 illustrates the study flowchart.

Measurements

Medical, obstetric, and family histories were obtained from
all study participants using pretested questionnaires.?' Clinical
and anthropometric measurements were assessed by trained ex-
aminers at each follow-up, as previously described.?” In brief,
weight was measured with participants minimally clothed using
a digital scale (Seca 707, Seca GmbH) and rounded to the
nearest 100 g. Height was measured without shoes in the standing
position with shoulders in normal alignment, using a tape mea-
sure. Waist circumference was measured with an unstretched tape
measure at the level of the umbilicus without any pressure on the
body surface and recorded to the nearest 0.1 cm. Hip circumfer-
ence was measured at the level of the anterior superior iliac spine
without any pressure on the body surface. Body mass index
(BMI) was calculated as weight in kilograms divided by height
squared (square meters). Systolic blood pressure and diastolic
blood pressure (DBP) were measured twice on the right arm with
the participant in a seated position using a standard mercury
sphygmomanometer after the participant had sat for 15 minutes;
the mean of these two measurements was recorded.

Fasting plasma glucose was assayed using an enzymatic col-
orimetric method with glucose oxidase. Analyses were per-
formed using related kits (Pars Azmon, Inc, Tehran, Iran) and
a Selecta 2 autoanalyzer (Vital Scientific, Spankeren, the
Netherlands). The intra-assay and interassay coefficients of var-
iation for glucose were both 2.2%.

Dehydroepiandrosterone sulfate (DHEAS), 17-hydroxyprogesterone,
total testosterone (TT), and androstenedione (A4) were mea-
sured by enzyme immunoassay using Diagnostic Biochem
Canada Co (Ontario, Canada) kits. Sex hormone binding glob-
ulin (SHBG) was measured using immunoenzymometric assay
with Mercodia kits (Uppsala, Sweden). All ELISA tests were
performed using the Sunrise ELISA reader (Tecan Co, Salz-
burg, Austria). Prolactin and thyroid-stimulating hormone were
measured by the immunoradiometric assay using Izotop kits
(Budapest, Hungary) and a gamma counter (Wallac Wizard, Turku,
Finland). The free androgen index (FAI) was calculated based on
the following formula: TT (nmol/L) x 100/SHBG (nmol/L).
Intra-assay and interassay coefficients of variation for TT were
3.6% and 6.0%; for DHEAS, 1.9% and 3.2%; for SHBG,
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1.1% and 4.1%; for A4, 2.2% and 3.5%; for thyroid-stimulating
hormone, 1.9% 3.4%; and for prolactin (PRL), 2.1% and 4.3%.

Term definition

According to the WHO classification, menopause was de-
fined as the absence of spontaneous menstrual bleeding for
more than 12 months, for which no other pathologic or physio-
logic cause could be determined.!

Polycystic ovary syndrome was diagnosed based on the
Rotterdam criteria, which require the presence of two or more of
the following: oligo/anovulation (ANOVU), hyperandrogenemia
and/or HA, and polycystic ovaries.”> Anovulation was defined as ei-
ther regular or irregular menstrual cycles 234 days or those who had
a history of eight or fewer menstrual cycles in a year
Hyperandrogenism was defined as hirsutism that was assessed based
on a modified Ferriman-Gallwey scale with a cutoff value of 28,
moderate acne, or androgenic alopecia.>**® Hyperandrogenemia
was defined as an increased level of one or more serum androgens
above the 95th percentile (0.89 ng/mL for TT, 2.9 ng/mL for A4,
179 mg/dL for DHEAS, and 5.39 for FAI).?’ Polycystic ovary was
diagnosed by the presence of 12 or more follicles in each ovary,
measuring 2 to 9 mm in diameter and/or increased ovarian vol-
ume of more than 10 mL.*®

Hypertension was defined as mean systolic blood pressure of
2140 mm Hg, mean DBP of 290 mm Hg, or current use of an-
tihypertensive medicine. Systolic blood pressure ranges from
120 to 139 mm Hg and/or DBP of 80 to 89 mm Hg were defined
as prehypertension,?%->

The American Diabetes Association criteria were used for di-
agnosing type 2 diabetes (T2DM) and pre-T2DM.*! According
to these criteria, T2DM was defined as fasting blood sugar
(FBS) of 27 mmol/L, or 2-hour plasma glucose level of
211.1 mmol/L, or using antidiabetic drugs. Pre-T2DM was con-
sidered as impaired fasting glucose with FBS levels between 5.6
and 6.9 mmol/L or impaired glucose tolerance with 2-hour
plasma glucose levels that were 7.77 to 11.1 mmol/L.

For evaluating physical activity, a modified activity question-
naire was used, which is evaluated and validated in the Iranian
population. Physical activity has been specified as low (MET,
<600 min/wk), moderate (MET, 600-1,499 min/wk), and high
(MET, 21,500 min/wk) levels.**-?

Smoking status was classified into two categories: ever
smokers (current users and those who used to smoke in the past)
and never smokers.

Statistical analysis

Statistical analysis was performed using the software pack-
age STATA (version 13; STATA, Inc, College Station, TX)
with a significance level of P < 0.05 and a confidence interval
(CI) 0f 95%. Continuous variables were assessed for normality
using the Shapiro-Wilk test, with normally distributed vari-
ables presented as mean + SD and nonnormal distributed var-
iables presented as median (interquartile range). Categorical
variables were expressed as percentages. Differences between
the PCOS and non-PCOS groups were assessed using indepen-
dent ¢ tests or Pearson % tests for continuous and categorical
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TABLE 1. Baseline characteristics of participants in PCOS and non-PCOS control women

Variable PCOS (n =348) Non-PCOS control (n = 1,348) P
Age, y* 30.0 (6.3) 33.2(8.1) <0.001
Weight, kg” 66.5 (12.9) 65.3(11.9) 0.08
BMI, kg/m* 26.5 (5.0) 26.3 (4.7) 0.6
Education”

Diploma and upper 203 (58.3) 773 (57.3) 0.7
Physical activity (moderate to high)b 99 (28.5) 402 (29.8) 0.6
Ever smoker’ 6 (1.7) 44 (3.3) 0.1
Menarche age, y* 13.3(1.5) 13.5(1.3) 0.01
Parity” 1.7 (1.2) 1.8 (1.6) 0.1
Prevalence of chronic diseases”

History of hypertension (Bles/no)h 16 (4.6) 107 (7.9) 0.03

History of CVD (yes/no) 0 13 (1) 0.06

History of prediabetes (yes/no)” 45 (13.0) 178 (13.6) 0.8

History of type 2 diabetes mellitus (yes/no)” 4(1.1) 50 (3.7) 0.01

History of metabolic syndrome (yes/no)” 62 (17.8) 283 (21.0) 0.2

History of thyroid disorders (yes/no)” 10 (2.9) 56 (4.1) 0.3

History of cancer (yes, no) 0 1(0.07) 0.6

History of CKD (yes, no)” 5(1.5) 41 (3.0) 0.1
Total testosterone, ng/mL* 0.5 (0.3-0.8) 0.3 (0.1-0.6) <0.001

DHEAS, pg/dL® 159 (91.3-213.1) 119 (65.3-179.7) <0.001
SHBG, nmol/L® 45.7 (34.2-60.2) 57.5 (43.5-80.7) <0.001
Free androgen index” 1.1 (0.6-1.9) 0.6 (0.2-1) <0.001
Androstenedione, ng/mL¢ 1.7 (1-2.3) 1.1 (0.9-1.7) <0.001
Fasting plasma glucose, mg/dL* 86.7 (8.7) 89.9 (19.2) 0.002
2-h plasma glucose, mg/dL* 103.3 (27.1) 107.1 (36.2) 0.07

Bolded values show the groups that differ significantly, with a P-value of less than 0.05.
BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; DHEAS, dehydroepiandrosterone sulfate; PCOS, polycystic ovary syndrome;

SHBG, sex hormone binding globulin.

“Values are presented as mean (SD).

bValues are presented as number (percentage).
“Values are expressed as median (interquartile range).

data, respectively. Skewed distribution was addressed using the
Mann-Whitney U test.

To determine whether PCOS status was associated with age at
menopause, we used an accelerated failure time (AFT) survival
regression model, which assumes a linear relationship between
the logarithm of age at menopause and PCOS status, along with
other covariates. This model assumes that the effect of a covar-
iate is to multiply the hazard by some constant, and an AFT
model assumes that the effect of a covariate is to accelerate or
decelerate the life course of a disease by some constant.** We
applied different AFT models with various parametric distribu-
tions and found that the Weibull distribution was best suited to
time-to-menopause data based on Akaike information criteria.*

In AFT models, a positive coefficient indicates that there is a
positive association between PCOS and age at menopause. This
means that individuals with PCOS are expected to experience
menopause at a later age compared with individuals without
PCOS. Exponentiated regression coefficients correspond to ac-
celeration factors or the ratio of mean survival times between the
groups. Thus, a time ratio of 1.0 indicates no association be-
tween PCOS and time to menopause, with values less than 1.0
indicating a decrease in the time to menopause and values
greater than 1.0 indicating a delay in development (1.0 is the
null value). The event date was operationally defined as the oc-
currence of the desired outcome, namely, menopause. Subse-
quently, we calculated the proposed ANM, which we

TABLE 2. Results of Weibull AFT survival regression model to explore the effect of PCOS status on age at natural menopause

Unadjusted model Adjusted model”

Time ratio 95% CI P Time ratio 95% CI P
PCOS 1.05 1.02-1.06 <0.001 1.03 1.01-1.06 0.002
Age at baseline — 0.99 0.99-1.0 0.01
Age at menarche — 1.01 0.99-1.01 0.5
History of hypertension — 0.98 0.97-1.01 0.06
History of T2DM — 0.97 0.95-0.99 0.01
Parity — 0.99 0.99-1.01 0.08
OCP use — 0.99 0.98-1.02 0.9
BMI — 1.01 0.99-1.02 0.1
Education level (upper diploma) — 0.99 0.97-1.01 0.1
Physical activity (moderate to high) — 1.02 1.01-1.04 0.01
Smoking (yes) — 0.98 0.96-1.02 0.5

Bolded values show the groups that differ significantly, with a P-value of less than 0.05.
BMI, body mass index; CI, confidence interval; OCP, oral contraceptive; PCOS, polycystic ovary syndrome; T2DM, type 2 diabetes mellitus.
“Adjusted variables include age at baseline, age at menarche, history of hypertension, history of T2DM, parity, OCP use, BMI, education level, physical activity, and smoking.
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FIG. 2. Survival function plot (A) unadjusted and (B) adjusted model for ANM based on PCOS status. Adjusted variables include age at entrance, age at
menarche, history of hypertension, history of T2DM, parity, OCP use, BMI, education level, physical activity, and smoking. ANM, age at natural
menopause; BMI, body mass index; OCP, oral contraceptive; PCOS, polycystic ovary syndrome.

consistently denoted as ANM throughout this article. The sur-
vival time in the study was determined either by the attained
age at menopause or, if menopause did not occur during the
follow-up period, by the attained age at last available follow-
up. Women who did not experience menopause during the study
were considered censored, and their data were recorded until the
end of the study or until the last follow-up point, whichever
came first.

Unadjusted and adjusted AFT regression models were both
considered. Variables with a P value <0.2 in the univariate anal-
ysis were added to the final multivariate models to control for
the effects of confounding variables. The confounding impact
of age at menarche, age at baseline, parity, oral contraceptive
(OCP) use, BMI, education status, physical activity, smoking
status, diabetes mellitus, and hypertension at baseline were con-
trolled, and time ratios along with 95% CIs were reported.

RESULTS
The baseline characteristics of the study groups, including
PCOS and non-PCOS controls, are presented in Table 1. A total
of 348 women (20.5%) had PCOS, whereas 1,348 women
(79.5%) were in the non-PCOS control group. Women with PCOS

134 Menopause, Vol. 31, No. 2, 2024

were significantly younger than non-PCOS controls (30.0 + 6.3 vs
332 + 81y, P < 0.001) and had an earlier menarche age
(133 +1.5vs 135+ 1.3y, P=0.01). The mean (SD) BMI was
26.5 + 5.0 and 26.3 + 4.7 kg/m* in PCOS and non-PCOS control
groups, respectively. Women with PCOS had higher serum con-
centrations of TT, DHEAS, FAI and A4 and lower concentrations
of SHBG compared with non-PCOS controls (all P <0.001).

A median follow-up of 18.9 years (interquartile range, 15.5-20.3 y)
and 16.0 years (interquartile range, 11.0-19.5 y) for PCOS and
non-PCOS control women has been recorded, respectively
(P < 0.001). At the end of follow-up, a lower percentage of
women in the PCOS group reached menopause compared with
non-PCOS controls (33.1% vs 51.3%, P <0.001) (Fig. 1).

The association between PCOS status and the ANM, esti-
mated by the Weibull AFT model, is shown in Table 2. The un-
adjusted AFT survival model showed a significant positive asso-
ciation between PCOS and ANM,; the ratio of the mean survival
times between the groups was 1.05 (95% CI, 1.02-1.06;
P < 0.001), indicating a delay in ANM. Our results remained
significant even after adjustments, that is, age at baseline, age
at menarche, history of hypertension, history of T2DM, parity,
OCP use, BMI, education level, physical activity, and smoking,
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indicating that for women with PCOS, the mean time to natural
menopause increases by approximately 3% (95% CI, 1.01-1.06;
P =0.002). To illustrate the clinical implications of this finding,
we can use an example. If we assume that the mean age of men-
opause for individuals without PCOS is 50, then applying the
time ratio of 1.03 for PCOS status, we would expect an individ-
ual with PCOS to experience menopause at approximately
51.5 years of age (50 x 1.03). This suggests that the expected
age at menopause for an individual with PCOS is approximately
3% later compared with an individual without PCOS, while
holding other covariates constant.

Moreover, survival curves based on AFT regression models
were plotted in Figure 2. As shown in the figure (for both unad-
justed and adjusted models), PCOS was associated with higher
probability of not reaching menopause compared with
non-PCOS controls.

DISCUSSION

The findings from this 20-year population-based prospective
study revealed that PCOS is associated with later age at meno-
pause, compared with non-PCOS controls. This result remained
significant even after adjusting for potential confounders.

Previous studies investigating the age of menopause in
women with PCOS have reported inconclusive results, mainly
because of methodological issues such as estimating age at men-
opause based on serum concentration of AMH instead of exact
menopausal age, different statistical approaches, recall bias in
retrospective studies, nonpopulation-based designs, low sample
sizes, and failure to adjust for important confounders.®'*'° Sev-
eral studies have calculated reproductive lifespan and age at
menopause in women with PCOS based on the AMH concen-
trations or the antral follicle count earlier in life.®'*'*!1° To
the best of our knowledge, Mulders et al'* (2004) conducted
the first longitudinal study and demonstrated that the decline
in AMH overtime is less pronounced in PCOS patients identi-
fied based on the Rotterdam criteria compared with controls.
It is worth noting that the cohort participants were nonfertile
women attending a fertility clinic, and thus the results may not
be generalizable to the general population. Another study con-
ducted among participants of TLGS estimated the reproductive
lifespan of PCOS patients using AMH and found it to be ex-
tended on average by 2 years beyond that of women with ovula-
tory menstrual cycles (51 vs 49 y).® In a subsequent study from
the same database but with a longer follow-up duration, a frac-
tional polynomial regression model (instead of a linear regres-
sion model) was used to provide a nonlinear ANM prediction
with a precise estimation that can be more generalizable to other
settings. This study showed that AMH levels in women with
PCOS are two to three times higher, and the estimated mean
age at menopause is significantly longer than normal controls
(49.7 y in PCOS vs 51.4 y in controls).'? Both studies on partic-
ipants from TLGS identified PCOS using National Institutes of
Health criteria, which could be associated with missing mild
cases of PCOS. A nested case-control study within the prospec-
tive cohort study on women aged 35 to 44 years showed that
lower AMH levels were significantly associated with a higher

risk of natural menopause before the age of 45 years. Significant
associations between AMH and early menopause were observed
in various subgroups of women, including those with and with-
out a history of infertility, smoking, and menstrual irregularity.
However, it should be noted that this study had several limita-
tions, such as the nonlongitudinal design, the lack of measuring
AMH in women younger or older than 35 years, and low statis-
tical power because of a limited number of participants with
AMH measurements.'® In contrast, a retrospective cohort study
on a large population of infertile patients with PCOS did not
support the hypothesis of prolongation of the reproductive
lifespan for PCOS women, despite the increased number of 0o-
cytes in the fourth decade. It is important to note that this dis-
crepancy can be explained by variations in the study design
and population because it had a retrospective design, which
could lead to recall bias and included only infertile women.'?

Although proposed models of age at menopause based on the
AMH levels have shown satisfactory reliability, they may not be
as accurate as actual menopausal age because of potential vari-
ations caused by hormonal assay methods.*® In addition, be-
cause AMH levels decline at different rates among women,>’
using AMH measurements as a proxy for determining meno-
pausal age can lead to inaccurate results. Several studies have
compared the actual age of menopause between PCOS patients
and healthy control groups, with conflicting results.'>'® For ex-
ample, data collected from hospital records of more than 300
British women diagnosed with PCOS by histopathologic criteria
could not detect a significant difference in menopausal age in
women with PCOS compared with the control group. However,
it should be noted that the majority of these women had under-
gone ovarian surgery, including wedge resection, which could
diminish their ovarian reserve and accelerate their menopausal
age.'® In contrast, a prospective population-based study of
women aged 40 to 74 years undergoing mammography in
Sweden showed that PCOS was associated with delayed meno-
pause. They observed that the crude ANM was highest for
women with a premenopausal diagnosis of PCOS (56 y) com-
pared with those without such a history (52-53 y).'> Although
a cross-sectional study conducted on Sweden women in 1992
demonstrated a higher menopausal age in women with PCOS
diagnosed based on the histopathologic criteria compared with
age-matched controls,'® the 21-year follow-up of that cohort
and their age-matched controls showed no difference in meno-
pausal age between women with PCOS reevaluated by
Rotterdam criteria and non-PCOS controls.!” However, this
study had some methodological problems such as selection bias
because it recruited a large number of cases undergoing ovarian
surgery like wedge resection, which could lead to a decrease in
the ovarian reserve.

The result of the adjusted AFT model revealed that the ex-
pected age at menopause for an individual with PCOS would
be approximately 3% later compared with an individual without
PCOS. It suggests that women with PCOS may experience men-
opause slightly later than those without PCOS, although the
magnitude of the difference may not be clinically significant.
Therefore, further longitudinal studies on different populations
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with large sample sizes considering other confounding variables
are required to gain a better understanding of the topic and to
draw more definitive conclusions.

The major strength of this study was its design as a large
population-based prospective study with a long follow-up, using
an AFT regression model. The association between PCOS and
age at menopause has been described by several approaches in
the literature. Although the Cox proportional hazards model is
widely used, AFT models are often more valid and exhibit better
fitness under similar conditions. They also do not require a pro-
portional hazards assumption.® Because the present study
assessed androgens and ovarian morphology in all participants,
regardless of menstrual pattern, it was unlikely to miss any
hyperandrogenemic or polycystic ovary morphology participants.
Intra-assay variability of the collected data was also likely to be
minimal, as all laboratory measurements were performed in the
study's research laboratory. The participants were followed at
3-year intervals on average and asked about their menstrual cy-
cles. However, the study had some limitations that need to be ad-
dressed before interpreting of the results. First, although the diag-
nosis of menopause relied on self-reporting using the WHO
criteria, this method may have some limitations, especially for
women with PCOS who may have irregular or prolonged men-
strual cycles and may find it more difficult to figure out when
their cycles have permanently ceased. This could lead to some
misclassification of menopausal status and age at menopause in
our study, which can affect the accuracy of our findings. How-
ever, self-reported menopause has been shown to have high
agreement with FSH levels and clinical diagnosis of menopause
in previous studies.***° It should also be noted that none of the
participants were menopausal at the baseline visit, and short
follow-up intervals of the TLGS (average 3 y) minimized recall
bias for estimating age at menopause. Second, PCOS patients
were younger than the control group, but age was controlled as
a confounding variable in the adjusted models. Third, we
attempted to control our results for several potential confounders
through statistical adjustments, but residual confounding may
still exist and affect our findings. For example, age at meno-
pause can be influenced by genetic characteristics, socioeco-
nomic status, ethnicity, and lifestyle factors, which were not
adjusted for in this study because of data unavailability. These
factors may confound or modify the association between PCOS
and age at menopause and should be considered in future stud-
ies. Moreover, we lacked data on maternal age at menopause,
which is an important variable that could have been adjusted
for if it had been collected. Therefore, we urge caution in inter-
preting our findings.

CONCLUSIONS

This study indicates that age at menopause is significantly asso-
ciated with PCOS in women. Our study findings may have impli-
cations for the fertility and reproductive health of women with
PCOS. However, further large longitudinal studies on diverse pop-
ulations accounting for other relevant confounders are still needed
to provide data on the actual difference in age at menopause and to
elucidate the underlying mechanisms of this association.
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