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Abstract

Background: Following menopause, the risk of many diseases is increased, and this situation may be due to changes in anthropo-
metric indices (AI), while the association between adiposity and age at natural menopause (ANM) is not clear yet.
Objectives: This longitudinal study was conducted to investigate the ability of AI in predicting ANM.
Methods: For this purpose, a total of 3,876 women aged > 20 years old from participants of the Tehran lipid and glucose study
(TLGS) met our eligibility criteria. The association between ANM and various AIs was assessed using the Accelerated Failure Time
(AFT) model, and time ratio (TR) with 95% confidence intervals was reported in this longitudinal study.
Results: The median [interquartile range (IQR) 25 - 75] of the survival time was 12.5 (7.9 - 15.8) years. At the end of the follow-up,
1,479 (38.2%) of the participants reached menopause. The median time to natural menopause was decreased by about 2% with one
standard deviation (SD) increase of both a body shape index (ABSI) (time ratio (TR): 0.98, 95% CI: 0.97, 0.99) and lipid accumulation
product (LAP) (TR: 0.98, 95% CI: 0.98, 0.99) z-scores; and this time was increased by about 1% (TR: 1.01, 95% CI: 1.00, 1.02) with one SD
increase in body mass index (BMI) z-score.
Conclusions: The ABSI, LAP, and BMI were the most useful AIs for identification of the time to menopause onset, and ABSI and LAP
were inversely associated with the ANM. Also, the BMI was directly associated with the ANM.
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1. Background

Menopause is considered one of the most impor-
tant milestones during the reproductive age of women.
There is a considerable individual variation in the age of
menopause onset; its median is equal to 52.5 years old,
but it varies from 40 to 60 years of age, and about 10%
of women reach menopause by 45 years of age (1, 2). It
has been shown that the level of general health is higher
among the women with older age at natural menopause
(ANM) versus ones with early menopause, experiencing
the menopause before 40 years of age; early menopause
is associated with a higher risk of cardiovascular disorders
and premature mortality; however, late menopause is also
associated with some cancers such as ovarian cancer and
melanoma (3, 4).

Studies have shown that the menopause transition is
related to the reorganization of the subcutaneous fat from
the gluteal/femoral reservoir to the abdominal one (5),

which is appropriate for the menopause condition, includ-
ing the end of ovarian function and reduced activity, en-
ergy spending, and fat oxidation (6). Therefore, Cardio-
Metabolic (CM) risk factors increase in women reaching
menopause (7-9). Several indicators have been introduced
for assessment of obesity. Body Mass Index (BMI) is the
most common one; however, this index does not differen-
tiate between the weight caused by fat accumulation and
muscle weight (10, 11), nor does it differentiate the periph-
eral fat from abdominal one (12) and importantly, abdomi-
nal fat is a factor, which is more strongly associated with
the development of non-communicable diseases (NCDs).
Besides, the waist circumference (WC) and waist-to-hip ra-
tio (WHR), as indicators of central adiposity, have also been
recommended owing to their relevance with the fat distri-
bution (13, 14), which are more precise than the BMI in pre-
dicting the mortality and cardiovascular disease (CVD) (15,
16).
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Currently, several composite indicators have been in-
troduced body shape index (ABSI) (17), which can precisely
predict premature death more than that predicted by BMI
and WC (18). The body roundness index (BRI) is another in-
dicator (2013) (19). It has been shown that BRI can predict
CVD (20). Recently, more indicators have been introduced,
including the visceral adiposity index (VAI) and lipid ac-
cumulation product (LAP) (21). Since the relationship be-
tween anthropometric indices and menopausal age is not
clear, the present study was carried out to investigate the
association between the ANM and various anthropometric
indices (AIs) using the data collected by the Tehran lipid
and glucose study (TLGS).

2. Methods

2.1. Subjects

For the aim of this longitudinal cohort community-
based study, data of the women participating in the TLGS
were used. In fact, TLGS is an ongoing prospective study
initiated in 1998 to specify the prevalence of NCD risk
factors where 15,005 people aged ≥ 3 years old are fol-
lowed up every three years, and the data on any changes
in the demographic, anthropometric, reproductive, and
metabolic characteristics and laboratory assessments are
documented (22).

A standard questionnaire of the TLGS was completed
for all of the subjects. Our study population included all
the women aged > 20 years who participated in the TLGS (n
= 5,405). The exclusion criteria were menopausal women
at baseline (n = 125), those with missing data (322), those
who met the eligibility criteria, including lack of a history
of surgical menopause or any other ovarian surgery at all
of the follow-ups (n = 183), and lost to follow up (n = 899).
Finally, 3,876 women completed the follow-up (Figure 1).

2.2. Definition

Menopause was defined as the absence of spontaneous
menstrual bleeding for more than 12 months, for which
no other pathologic or physiologic cause could be deter-
mined according to the World Health Organization (WHO)
classification (23). Age at menopause was calculated based
on their last reported menstrual cycle. AIs were calculated
as follows:

BMI =
weight (kg)

square of height (m)

LAP for women

= Waist circumference [cm] − 58

× (Triglyceride concentration [mmol/L])

VAI (for women) = WC/36.58 + (1.89 × BMI) × (TG/0.81)
× (1.52/High-density lipoprotein cholesterol (HDL-C)

ABSI =
WC (cm)

BMI 2
3
× height (cm) 1

2

BRI = 364.2 − 365.5 ×

√
1 −

(
wc
2π

)
2

(0.5height)2

2.3. Sample Size

We calculated our sample size using the formula pro-
vided in Hsieh’s, Philip’s, and Lavori’s.

The formula was as below:

D =
(Z1− α + Z1− β)2

σ2 (log∆)2

N =
D

ρ

α = 0.05; β = 0.2; σ = 5; ∆ = 0.95; ρ = 0.38

Where σ2 is the variance of BMI and ∆ is the log haz-
ards ratio associated with a one-unit change in BMI ob-
tained from previous studies. D is the required number of
menopause events, ρ is the overall menopause rate in this
study, and N is the needed sample size.

2.4. Statistical Analysis

According to the one-sample Kolmogorov–Smirnov
test, continuous variables were checked for normality
based on. The accelerated failure time (AFT) model was
used to determine which of the AIs is associated with the
ANM. Although the Cox proportional hazards model is the
most popular model for the analysis of survival data and
is used by most researchers in medical fields, results of ac-
celerated failure time models have often been more valid
and have had minor bias since these models have better fit-
ness in similar conditions due to a specific statistical distri-
bution for the survival time and their no need for PH (pro-
portional hazard) assumption Anthropometric indices, in-
cluding the ABSI, BRI, VAI, LAP, WHR, waist-to-height ra-
tio (WHtR), BMI, and WC, were separately included in the
AFT model as a time-dependent covariate. The AIs were
converted to z-scores. In the AFT models, coefficients are
most intuitively defined in the exponential form [time ra-
tio (TR)]. A TR > 1 is related to prolonged survival time,
whereas TR < 1 is associated with a decrease in survival
time. AFT models with different parametric distributions
have been applied in this analysis, and the Weibull distri-
bution has been found as the best distribution fitted to
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Figure 1. Study flowchart

the time to menopause onset based on Akaike informa-
tion criterion (AIC). Moreover, the predictive power of the
fitted models was measured by Harrell’s C and Somers’ D
method.

Survival time was considered the interval between the
age at the time of enrollment into the study and attained
age at menopause or last follow-up. Women who did
not reach menopause at the end of the follow-up period

were censored. Statistical analysis was performed using
the STATA software. Before doing the study, written in-
formed consent was obtained from all participants be-
fore the study, and all procedures were approved by the
Ethics Committee of the Research Institute for Endocrine
sciences.
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3. Results

The required number of menopause events would be
517, and a sample size of 1361 was needed. So, our sample
size of 3,876 was considered to be sufficient for this study.
The characteristics of the participants according to base-
line, “reached menopause at the end of the follow-up” and
“not reached menopause (or censored) at the end of the
follow-up”. The baseline characteristics of the participants
are shown in Table 1. The mean (SD) age of 3,876 subjects
included in the study was 33.9 (8.9) years old. At the end
of the follow-up, 1,479 (38.2%) of the participants reached
menopause, and the mean (SD) age was 51.0 (4.0) years. The
median (interquartile range) of the survival time (years)
was 12.5 (7.9 - 15.8) years (phase 1 to 6 of TLGS study). The
mean (SD) of BMI, WHR, WHtR, and ABSI were 27.0 (5.1)
kg/m2, 0.8 (0.1), 0.5 (0.1), and 0.75 (0.05), respectively.

Table 2 shows the TR and corresponding 95% CI for
AIs z-score estimated using Weibull AFT models regarding
the ANM-related data. After adjusting, it was revealed that
the TR (95% CI) for ANM associated with ABSI z-score and
LAP z-score were 0.98 (0.97, 0.99) and 0.98 (0.98, 0.99), re-
spectively; indicating that per one SD increment of ABSI
and LAP z-scores, the median time to natural menopause
decreases by about 2%. BMI z-score was positively associ-
ated with ANM [TR: 1.01, 95% CI: (1.00, 1.02)], which showed
per one SD increase of BMI, the median time to natural
menopause increases by 1% times.

4. Discussion

The results of this large cohort study on the Iranian
population conducted over 15 years of follow-up showed
that LAP and ABSI are inversely associated with the ANM,
while it is positively associated with BMI.

Our results showed that the ABSI z-score is inversely as-
sociated with the ANM so that, 1 SD increase in the ABSI
z-score leads to a 2% decrease in a median time of natu-
ral menopause. Recently, ABSI has been introduced as a
strong AI that can better show the health status and pre-
dict early atherosclerosis (24). Several studies have investi-
gated the association between the ABSI and NCDs, but they
are mainly observational (25, 26). ABSI provides a valuable
description regarding visceral fat (26). Besides, it can show
information about the fat-free mass in people with similar
BMI (27). Furthermore, ABSI is inversely associated with the
fat-free mass in obese men and women such that higher
ABSI is associated with lower fat-free mass (27). Remark-
ably, this AI is supposed as a better predictor than the BMI
for all-cause mortality and diabetes (17, 25). A relationship

has also been reported between the ABSI and CM risk fac-
tors, serum vitamin D, and HDL-C (28, 29).

The LAP is an advanced index of the visceral lipid that
can be used to assess the CM risk factors (30). Our results
showed that the LAP z-score is inversely associated with the
ANM. So, one SD increase in the LAP leads to an almost 2%
decrease in the median time to natural menopause. The
LAP is considered a reliable predictor for the assessment of
metabolic profiles and CVD risks among the healthy pop-
ulation (31-33). LAP has also been introduced as a novel AI
to predict the risk of metabolic syndrome (34). It has been
found that the LAP could be a better parameter for the as-
sessment of the association between lipid accumulation
and diabetes (as a CVD risk factor) compared to other AIs
(35).

The findings of a systematic review have shown an un-
clear association between BMI and ANM (36). Our findings
showed that the BMI, as the most common AI indicator, is
directly associated with the ANM such that one SD increase
in the BMI z-score leads to a 1% increase in a median time
of natural menopause. Zhu et al., in a study conducted on
24,196 women with natural menopause, reported that the
risk of early menopause increases by two times in under-
weight women, whereas overweight and obesity are asso-
ciated with more than 50% higher risk of undergoing late
menopause (ANM ≥ 56 years) (37).

In fact, BMI is the most commonly used adiposity in-
dicator. Nevertheless, it has several limitations, including
not providing comprehensive information on the adipos-
ity, distribution of the body fat, body shape, and the fac-
tors associated with the risk of obesity-related NCDs (38-
40). The association between BMI and ANM has been in-
vestigated previously, however, the results of a systematic
review have revealed an unclear association in this regard
(36).

4.1. Strengths and Limitation

The strength of our study was using an AFT model in
a sample of women selected from an ongoing population-
based cohort with an average follow-up of 12.5 years and ad-
justing the results for the main known confounders. AFT
regression gives more valid results and minor bias than PH
cox models due to a specific statistical distribution for the
survival time (41-43). The ANM was determined retrospec-
tively so that the women were asked to remember the time
of their last menstrual cycle within three years since their
last interview. However, the recordings regarding the time
of menopause onset were believed to be sufficiently valid
as it has been shown that 70% of women can accurately re-
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Table 1. Baseline Characteristics of the Participants

Characteristics Baseline (N = 3876) Reached Menopause at the End of Follow-up
(N = 1479)

Not reached Menopause or Censored at the
End of Follow-up (N = 2397)

Age (y) a 33.9 (8.9) 51.0 (4.0) 42.2 (6.3)

Total cholesterol (mmol/L) a 5.0 (1.1) 5.2 (1.1) 4.8 (0.9)

High-density lipoprotein (mmol/L) a 1.1 (0.3) 1.3 (0.3) 1.3 (0.3)

Low-density lipoprotein (mmol/L) a 3.2 (0.9) 2.7 (6.6) 2.0 (9.3)

Triglyceride (mmol/L) b 1.3 (0.9 - 1.9) 1.6 (1.2 - 2.1) 1.3 (0.9 - 1.8)

Weight (kg) a 66.5 (12.6) 73.4 (12.5) 71.8 (13.5)

BMI (kg/m2) a 27.0 (5.1) 30.5 (5.0) 28.7 (5.2)

WC (cm) a 84.3 (12.3) 99.5 (11.6) 91.6 (12.0)

WHR a 0.8 (0.1) 0.9 (0.1) 0.9 (0.1)

WHtR a 0.5 (0.1) 0.6 (0.1) 0.6 (0.1)

ABSI a 0.75 (0.05) 0.82 (0.05) 0.78 (0.05)

BRI a 4.23 (1.72) 6.5 (2.0) 5.1 (1.8)

VAI b 2.07 (1.31 - 3.43) 2.4 (1.6 - 3.6) 1.9 (1.2 - 2.9)

LAP b 32.02 (16.86 - 59.35) 64.2 (43.4 - 94.0) 41.0 (24.5 - 66.8)

Parity a 3 (1.7)

Education (y)

< 6 759 (19.6) 355 (24) 316 (13.2)

6 - 12 2571 (66.3) 630 (42.6) 1950 (81.3)

> 12 546 (14.1) 494 (33.4) 131 (5.5)

Ever smoker (yes) 139 (3.6) 80 (5.4) 131 (5.5)

Physical activity (yes) 1076 (27.8) 447 (30.2) 569 (23.7)

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-hip-ratio; WHtR, waist-height-ratio; ABSI, a body shape index; BRI, body roundness index;
VAI, visceral adiposity index; LAP, lipid accumulation product.
a Mean (standard deviation).
b Median (inter-quartile range).

Table 2. Time Ratio and Corresponding 95% Confidence Interval for Anthropometric Indices z-Scores Estimated Using Weibull AFT models a

Anthropometric
Indices z-Scores

Model 1 b Model 2 c

TR 95% CI P-Value AIC TR 95% CI P-Value AIC Harrell’s C Index
Difference

P-Value for Harrell’s
C Index Difference

ABSI z-score 0.98 (0.97, 0.99) < 0.001 1631.9 0.98 (0.97, 0.99) < 0.001 1419.5 0.003 0.5

BRI z-score 1.00 (0.99, 1.01) 0.9 1633.1 1.00 (0.99, 1.01) 0.6 1420.2 0.001 0.6

VAI z-score 0.99 (0.98, 1.0) 0.5 1624.7 .99 (0.98, 1.00) 0.4 1413.3 0.004 0.6

LAP z-score 0.99 (0.98, 0.99) 0.03 1624.1 0.98 (0.98, 0.99) 0.01 1413.5 0.003 0.8

WHR z-score 0.99 (0.98, 1.00) 0.2 1633.6 0.99 (0.98, 1.00) 0.2 1420.1 0.004 0.8

WHtR z-score 1.00 (0.99, 1.01) 0.9 1633.1 1.00 (0.99, 1.01) 0.5 1421.1 0.002 0.6

BMI z-score 1.01 (1.00, 1.02) 0.02 1634.9 1.01 (1.00, 1.03) 0.01 1421.4 0.004 0.7

WC z-score 1.00 (0.99, 1.01) 0.9 1633.1 1.00 (0.99, 1.01) 0.5 1420.9 0.001 0.9

Abbreviations: TR, time ratio; CI, confidence interval; ABSI, a body shape index; BRI, body roundness index; VAI, visceral adiposity index; LAP, lipid accumulation product;
WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; BMI, body mass index; WC, waist circumference; AIC, akaike information criterion.
a P-value was significant at level of 0.05.
b Model 1: adjusted for age at baseline.
c Model 2: adjusted for age, age at menarche, education, parity, smoking, and physical activity at baseline.
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call the time of their menopause onset within a year after
the event (44). Although the results of this study showed a
statistically significant relationship between some AIs and
ANM; however, due to the small values of this association,
it may not be clinically valuable. It should be noted about
2,397 (61.8%) participants did not reach menopause at the
end of the follow-up; however, the ongoing characteristic
of TLGS enables us to upgrade our results in the future.

4.2. Conclusion

The results of the present longitudinal cohort
community-based study revealed that the ABSI and
LAP might be considered new AIs for the assessment of
ANM. These new AIs were inversely associated with the
ANM. On the contrary, BMI, as a traditional AI, was di-
rectly associated with the ANM. However, since the risk
of some diseases, especially NCDs, is increased following
menopause, it is recommended that clinicians pay more
attention to the association between AI and ANM for
detecting age at menopause, also doing screening and
special caring after menopause. We recommend other
studies should be carried out among other populations
for a longer time, and the results should be compared with
the current results.
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