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Background and Purpose: Metabolic syndrome is a multifactorial condition closely related to 
cardiovascular diseases and diabetes. Hormonal changes during menopause make women 
prone to metabolic syndrome. This study investigated the relationship between menopause and 
metabolic syndrome in the data registration phase of the Tabari cohort population.

Materials and Methods: The present study is a cross-sectional study conducted within the 
framework of the Tabari cohort study (part of the national cohort studies titled “prospective 
epidemiological studies in Iran”) using data collected in the study’s first phase. The samples consist 
of 6106 women aged 35-70 who were selected via the census method between June 2015 and 
November 2017. Women who reported menopause and met the diagnostic criteria for metabolic 
syndrome based on the adult treatment panel III (ATP III) were included in this study. Descriptive 
statistics were employed to describe the variables and the chi-square test and logistic regression 
were used to analyze the association between two qualitative variables. SPSS software, version 21 
was used for data analysis. P≤0.05 was also considered significant.

Results: Post-menopausal women were 1.46 times more at risk of metabolic syndrome than pre-
menopausal women (P=0.001). Women aged 55 years and older had 1.39 times more chance of 
developing metabolic syndrome than women younger than 40 years.

Conclusion: Menopause and post-menopause age had a significant relationship with metabolic 
syndrome. Therefore, it is necessary to make plans to increase women’s awareness and change 
their lifestyle and health levels during menopause.
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Introduction

etabolic syndrome (also called syn-
drome X) is an insulin resistance syn-
drome. It involves a set of disorders 
in glucose metabolism, dyslipidemia, 
hypertension and central obesity that 

can predict the progression of cardiovascular diseases 
(CVD) and type 2 diabetes in the future [1, 2]. The in-
ternational diabetes federation (IDF) and the adult 
treatment panel III (ATP III) guidelines have provided 
different definitions for the components of metabolic 
syndrome [3-5]. Numerous studies have suggested that 
metabolic syndrome is associated with an increased 
risk of coronary heart disease and heart attack [6] and 
an increase in deaths from CVDs by 3 to 5 times [7, 8]. 
The prevalence of metabolic syndrome is increasing 
worldwide. A systematic and meta-analysis study re-
ported 36.9% and 34.6% prevalence rates for metabolic 
syndrome in Iran based on the ATP III and IDF criteria, 
respectively [9]. The prevalence of metabolic syndrome 
can be affected by various factors such as age, gender, 
family history, stress, inactivity, hormonal factors, mal-
nutrition and the socioeconomic status of a community. 
These factors and their prevalence rates vary in differ-
ent geographical areas [10]. One of the factors affecting 
the prevalence of metabolic syndrome is menopause. 
Menopause refers to the complete cessation of ovarian 
function, which occurs spontaneously (natural meno-
pause) or iatrogenic (secondary menopause) [11]. The 
average age of women at menopause is 51 years, and 
only 4% of women experience natural menopause be-
fore the age of 40 [12]. Hot flashes, night sweats, vagi-
nal atrophy, osteoporosis, psychiatric disorders, sexual 
dysfunction, skin lesions, CVD, cancer, metabolic disor-
ders and obesity are the most obvious symptoms that 
occur in the menopausal age and continue until old age. 
These factors can adversely affect the quality of life of 
women [13]. A study conducted on Moroccan women 
showed that metabolic syndrome and abdominal obesi-
ty are more common in post-menopausal women than 
pre-menopausal women, and menopausal women with 
metabolic syndrome had at least three risk factors for 
this syndrome [14]. Studies conducted in the USA have 
found that the incidence of metabolic syndrome is high-
er in post-menopausal women than in pre-menopausal 
women [2]. Menopause induces lipid metabolism im-
pairment and altered fatty acid synthesis, promoting 
insulin resistance, abdominal obesity and dyslipidemia, 
thereby increasing cancer risk [15, 16]. Concurrently, es-
trogen deficiency independently elevates hypertension 
susceptibility in postmenopausal women [17].

Given the high prevalence of metabolic syndrome, 
obesity, CVD and diabetes in recent years in the world, 
and also since no study has addressed metabolic syn-
drome and its relationship with menopause among 
women living in Mazandaran Province, Iran, the present 
study sought to examine the relationship between met-
abolic syndrome and menopause in the Tabari cohort 
population. The insights from this study can be used by 
health education experts and planners of the Ministry 
of Health, Treatment and Medical Education to develop 
future interventions and policies.

Material and Methods 

The current study is a cross-sectional study conducted 
within the framework of the Tabari cohort study (TCS), 
and the data collected in the first phase of the study 
was used. TCS is a part of the national cohort study 
entitled prospective epidemiological research studies 
in Iran (Persian), the details of which are mentioned 
in other studies of the Tabari cohort [18-20]. The TCS 
recruited participants from June 2015 to November 
2017 using a census-based sampling method. In urban 
regions, two health care volunteers identified eligible 
individuals, while health care workers facilitated enroll-
ment in mountainous areas. Urban recruitment started 
from the right side of the cohort center. Recruitment in 
mountainous regions was conducted through house-
hold registries maintained at local health houses. From 
an initial pool of 12191 eligible urban residents, 7012 
were included in the Tabari cohort. Similarly, among 
4417 eligible individuals in mountainous areas, 3243 
were enrolled. The first phase of TCS comprised 10255 
participants aged 35–70 years (7012 urban and 3243 
mountainous populations) from Sari City, Mazandaran 
Province, Iran. 

Data were collected using a structured questionnaire 
standardized by the PERSIAN cohort team. Moreover, 
fasting blood samples (12-hour fast) were taken from 
all participants for laboratory tests. Fasting blood sugar, 
cholesterol level, triglyceride and high-density lipopro-
tein (HDL) cholesterol levels were measured using BT 
1500 (Biotechnic, Italy). The blood pressure of all par-
ticipants in the TCS was measured twice with an interval 
of 10 minutes using a Riester dial sphygmomanometer. 
Measurement of anthropometric indicators was done 
by trained personnel based on standard protocol [21].

 The exclusion criteria of this study were cancer and 
kidney transplants. The sampling was performed using 
the census method; in the first phase of the Tabari co-
hort, 6106 women aged 35-70 were enrolled. Women 

M
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who self-reported menopause and one year had passed 
since their last period were considered menopausal. Ac-
cording to the ATP III criteria, women who had at least 
three of the following were considered to have meta-
bolic syndrome:

1) Waist circumference size more than 88 cm; 2) Tri-
glyceride equal to or more than 150 mg/dL or drug use; 
3) HDL cholesterol less than 50 mg/dL; 4) Hypertension, 
defined as a systolic blood pressure of 130 mm Hg or 
higher and a diastolic blood pressure of 85 mm Hg or 
higher, or receiving medication and 5) Hyperglycemia, 
characterized by a fasting blood sugar level of 100 mg/
dL or higher or receiving medication [3, 5].

The demographic and medical information investigat-
ed in this study included age, sex, occupation, marital 
status, educational status, socioeconomic status, place 
of living, underlying disease, body mass index (BMI), 
metabolic syndrome indicators, menopause age, and 
its cause. Descriptive statistics such as Mean±SD and 
frequency were used to describe the variables. The 
chi-square test and logistic regression were used to de-
termine the relationship between the two qualitative 
variables. The data were entered into SPSS software, 
version 21 for analysis. P≤0.05 was also considered sig-
nificant.

Results 

In the current study, 6106 women aged 35-70 were 
enrolled, of which 2591 were post-menopausal. Among 
post-menopausal women, 2033 participants (78.5%) 
had metabolic syndrome and 558 (21.5%) did not. The 
results of the chi-square test indicated no significant 
association between metabolic syndrome and factors 
such as the presence of menopause (P=0.181), age at 
menopause (P=0.058), natural menopause (P=0.27), 
unnatural menopause (P=0.69) and the type of meno-
pause (natural versus unnatural) (P=0.181).

The association between metabolic syndrome and 
confounding variables (correlated) was examined using 
the chi-squared statistical test. Table 1 presents findings 
from the chi-square analysis indicating significant rela-
tionships between metabolic syndrome and several fac-
tors, including socioeconomic status (P<0.001), place of 
living (P<0.001), marital status (P=0.040), age (P<0.001), 
indicators of physical activity (metabolic equivalents 
[MET]) (P<0.001), educational status (P<0.001), BMI 
(P<0.001), occupational status (P<0.001) and presence 
of menopause (P<0.001). 

To mitigate the influence of confounding variables, 
those variables that demonstrated a significant associa-
tion with metabolic syndrome were incorporated into 
the logistic regression model, with a threshold P<0.2.

Therefore, the logistic regression model was designed 
with variables of presence or absence of menopause, 
age of post-menopause (quantitatively and qualitative-
ly), natural menopause versus secondary menopause, 
as well as removing confounding variables, such as 
educational status, age (due to correlation with age of 
menopause), place of living, BMI, indicators of physical 
activity MET, socioeconomic status, and marriage.

After removing confounding variables, the logistic regres-
sion model revealed a significant relationship between the 
presence of menopause and post-menopausal age equal 
to and greater than 55 years (qualitatively) and metabolic 
syndrome. Post-menopausal women were 1.46 times more 
at risk of metabolic syndrome than pre-menopausal wom-
en (P=0.001). Women aged 55 years and older had 1.39 
times more chance of developing metabolic syndrome 
than women younger than 40 years (P=0.004). There was 
no significant relationship between post-menopausal age 
in quantitative form (P=0.147), post-menopausal age in 
qualitative form, the age range of 40-54 years (P>0.05), 
and natural menopause (P=0.302) with metabolic syn-
drome. The results relating to the logistic regression model 
are presented in Table 2.

Discussion 

The present study investigated the association between 
menopause and metabolic syndrome based on the data 
from the enrollment phase of the TCS. The results showed 
that 78.5% of 2591 post-menopausal women (2033 women) 
had metabolic syndrome. The prevalence of metabolic syn-
drome was 65.13% in Brazilian cohort studies (with a popu-
lation of 99 post-menopausal women) [22], 32.6% in Canada 
(with a population of 1035 post-menopausal women) [23], 
25.4% in South Korea (with a population of 464 post-meno-
pausal women) [24], 30% in Taiwan (with a population of 
11484 post-menopausal women), 74.18% in non-cohort 
studies in Morocco (with a population of 213 post-meno-
pausal women) [25] and 42% in India (with a population of 
100 post-menopausal women) [2]. Different geographical 
locations and the non-uniformity of the studied population 
can account for the inconsistent findings reported in previ-
ous studies. Since low education and educational inequality 
in developing countries have increased the rate of metabolic 
syndrome [26], these countries should mainly focus on plan-
ning health policies to improve education and information 
about metabolic syndrome in post-menopausal women.
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Table 1. Association between factors related to metabolic syndrome

Variables
No. (%)

Total P
Met S Non-Met S

Socioeconomic status

1 (lowest) 643(48.8) 675(51.2) 1318

<0.001

2 633(52.7) 568(47.3) 1201

3 638(52.9) 568(47.1) 1206

4 494(44.5) 616(55.5) 1110

5 (highest) 475(44.8) 586(55.2) 1061

Place of living
Urban 2020(50.6) 1972(49.4) 3992

<0.001
Rural 863(45.3) 1041(54.7) 1904

Marital status
Single, widowed, divorced 339(45.4) 407(54.6) 746

0.046
Married 2544(49.4) 2606(50.6) 5150

Age

35-39 259(25.5) 757(74.5) 1016

<0.001
40-49 888(42.2) 1217(57.8) 2105

50-59 1085(60.8) 699(39.2) 1784

60-70 651(65.7) 340(34.3) 991

Physical activity indica-
tors MET

Medium> 1605(52.8) 1434(47.2) 3039
<0.001

Medium≤ 1278(44.7) 1579(55.3) 2857

Educational status

Academic 336(32.7) 690(67.3) 1026

<0.001

2nd high school (9-12 years of 
education) 683(44.8) 841(55.2) 1524

1st high school (6-8 years of 
education) 319(52.9) 284(47.1) 603

Elementary (1-5 years of 
education) 856(53.4) 747(46.6) 1603

Illiterate 689(60.4) 451(39.6) 1140

BMI (kg/m2)

<25 187(18.2) 842(81.8) 1029

<0.00125-29.9 1077(45.5) 1291(54.5) 2368

≥30 1619(64.8) 880(35.2) 2499

Occupation

Employee 403(37.4) 675(62.6) 1078

<0.001
Housewife 2335(51.1) 2231(48.9) 4566

Unemployed 6(27.3) 16(72.7) 22

Retired or disabled 139(60.4) 91(39.6) 230

Presence of menopause
Post-menopause 1635(63.1) 956(36.9) 2591

<0.001
Pre-menopause 1248(37.8) 2057(62.2) 3305

Met S: Metabolic syndrome; Non-Met S: Non-metabolic syndrome.
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The data in the present study revealed a significant 
association between the presence of menopause and 
metabolic syndrome. Post-menopausal women were 
1.46 times more at risk of metabolic syndrome com-
pared to pre-menopausal women. Consistent with the 
data in the present study, a cohort study on 17460 Tai-
wanese women (11484 post-menopausal women and 
5976 pre-menopausal women) also showed that the 
prevalence rates of metabolic syndrome in post-meno-
pausal and pre-menopausal women were 30% versus 
14%, respectively. Post-menopausal women had the 
chance of developing metabolic syndrome 1.17 times 
more than pre-menopausal women [27]. Furthermore, 
a cohort study in South Korea on 5275 women in the 
age range of 42-53 years (464 post-menopausal women 
and 1038 pre-menopausal women) showed that the 
metabolic syndrome indicators (blood pressure and 
diabetes) were 25.4% and 16.6% in post-menopausal 
and pre-menopausal women. Post-menopausal women 
had 3.90 times more chance of suffering from meta-
bolic syndrome (blood pressure) than pre-menopausal 
women [24]. In addition, a systematic and meta-analysis 
review of 112 studies with a population of 95115 people 
(in the age range of 20 to 78 years) conducted globally 
from 2004 to 2017 reported the prevalence of metabol-
ic syndrome in post-menopausal women to be 37.17%. 

The results also indicate that the chance of developing 
metabolic syndrome in post-menopausal women is 3.54 
times higher than in pre-menopausal women [28]. Since 
the studies reviewed above and the present study have ad-
dressed large sample sizes, their results have acceptable 
credibility. The rate of metabolic syndrome in post-meno-
pausal women in the present study was higher than the rate 
reported in other studies. The focus on industrial growth in 
developing countries has neglected correct lifestyle educa-

tion for post-menopausal women. The high prevalence of 
metabolic syndrome among adults aged 65-69, especially 
among women living in cities and older adults in Iran, is a 
matter of concern [29]. It seems that menopause plays a 
significant role in the development of metabolic syndrome. 
Although technology is currently a suitable tool for achiev-
ing lifestyle changes, it is ineffective compared to personal 
education [30]. As a result, changes should be made in the 
educational methods to improve their efficiency.

The findings from the present study showed that post-
menopausal age equal to and greater than 55 years is 
significantly (qualitatively) associated with metabolic syn-
drome. Women aged 55 years and older had 1.39 times 
more chances of developing metabolic syndrome than 
women younger than 40 years. In line with the findings of 
the present study, another study in Iran (Shiraz Cohort Cen-
ter) on 924 women over 40 years old (434 post-menopaus-
al women and 490 pre-menopausal women) also shows 
the prevalence rates of metabolic syndrome as 51.2% and 
30% in post-menopausal and pre-menopausal women. The 
findings also indicate that the risk of developing metabolic 
syndrome in post-menopausal women over 60 years is 4.8 
times higher than in women under 40 years [31]. A study 
on 701 Indian women aged 35 to 66 (224 post-menopausal 
women and 274 pre-menopausal women) shows that the 
prevalence rates of metabolic syndrome are 55% and 45% 
in post-menopausal and pre-menopausal women, respec-
tively. Moreover, women aged 56 years and older have 
4.09 times more chances of developing metabolic syn-
drome than women aged less than 40 years [32]. A study 
in Brazil on 958 women (681 post-menopausal women and 
277 pre-menopausal women) reports the prevalence rates 
of metabolic syndrome in post-menopausal and pre-meno-
pausal women as 22.2% and 9.4%, respectively. 

Table 2. Association between menopause and metabolic syndrome 

Variables Odds Ratio (OR)
95% CI 

P
Lower Limit Upper Limit

Menopause 1.46 1.21 1.76 0.001

Re
m

ov
in

g 
th

e 
ag

e 
gr

ou
p Post-menopause age (quantitative) 1.01 0.99 1.02 0.147

Post-menopause age (qualitative) (y)

40-44 0.93 0.63 1.38 0.154

45-49 0.77 0.53 1.10 0.894

50-54 0.97 0.68 1.39 0.125

≥55 1.39 0.91 2.14 0.004

Natural menopause 0.89 0.71 1.1 0.302
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The results also reveal that with the increasing age of 
menopausal women, the incidence of metabolic syn-
drome increases, so that women aged 56-65 years have 
a 5.94 times higher chance of developing metabolic syn-
drome than women under 40 years [33]. In line with the 
findings from the present study, other studies have also 
suggested that the incidence of metabolic syndrome 
increases as the age of post-menopause increases [22, 
25]. Since metabolic syndrome increases with inappro-
priate diet [34], inactivity [35], lack of physical activity 
[36] and sleep disorders [37], it seems that post-meno-
pausal women are more exposed to the mentioned 
problems (inappropriate diet, inactivity, lack of physi-
cal activity and sleep disorders) due to increasing age. 
As a result, the risk of metabolic syndrome increases. 
Contrary to the present study, a study in Tehran City, 
Iran, on 639 women (418 post-menopausal women and 
221 pre-menopausal women) in the age range of 40 to 
60 years shows no statistically significant difference in 
terms of the prevalence of metabolic syndrome and 
age in the two groups of women and the prevalence 
rates of metabolic syndrome are 87.7% and 87.5% in 
post-menopausal and pre-menopausal women [38]. 
Another study in Iran on 140 post-menopausal women 
in Shiraz (2009) shows no significant relationship be-
tween age and metabolic syndrome indicators (except 
for fasting blood sugar) [39]. A study in South Korea on 
892 post-menopausal women (in 2005) also shows no 
statistically significant relationship between the age of 
post-menopause and metabolic syndrome [40]. Since 
the reviewed studies were conducted 10-24 years ago, 
it can be concluded that, in addition to menopause, the 
passage of time would affect the prevalence of meta-
bolic syndrome. The growing use of technology can af-
fect people’s lifestyles and cause less mobility in people 
in different age groups, especially older adults. Thus, 
technological growth can be a reason for the increase 
in metabolic syndrome. A cohort study in Canada on 
12611 women (10035 post-menopausal and 2576 pre-
menopausal) aged 45-85 years shows that although 
the prevalence rates of metabolic syndrome are 36.2% 
and 20.5% in post-menopausal and pre-menopausal 
women, respectively, menopause was associated with 
an increased risk of metabolic syndrome independent 
of age [23]. It seems that in addition to the variations 
in the prevalence of metabolic syndrome in different 
geographical regions [10], public education and health 
in the prevention of diseases and metabolic syndrome is 
higher in developed countries than in developing coun-
tries.

A systematic and meta-analysis study conducted in 29 
African countries on 156464 persons from 2004 to 2022 
reported a higher occurrence of metabolic syndrome 
in women (36.9%) compared to men (26.7%) [41]. Fur-
thermore, the prevalence of metabolic syndrome is sig-
nificantly higher in women than in men over the age of 
50 [42]. Even though pre-menopausal women may be 
protected against CVD, post-menopause increases the 
risk of CVD in them with the possibility of hormonal 
changes [43]. Physical changes during menopause, such 
as decreased insulin function, increased triglycerides 
[44, 45], estrogen deficiency, a relative increase in an-
drogen levels and an increase in fat deposition in the 
abdominal area [45, 46], can be associated with some 
systemic metabolic disorders, exposing the person to 
the risk of CVD [46, 47]. Numerous studies have sug-
gested that the range of metabolic syndrome indicators 
changes during menopause beyond the normal range 
[48, 49]. Thus, to reduce the incidence of metabolic 
syndrome and CVD in post-menopausal women, some 
health-promoting protocols and lifestyle modifications 
should be considered for this group of women. 

Conclusion

In this study, 78.5% of post-menopausal women have 
metabolic syndrome. The data also show that the pres-
ence of menopause and increased age in women dur-
ing post-menopause are significantly associated with 
metabolic syndrome. Hence, as a preventive healthcare 
solution, the necessary training should be provided to 
menopausal women. Although it is difficult to control all 
the risk factors of metabolic syndrome, the occurrence 
of metabolic syndrome can be prevented during meno-
pause through lifestyle changes and periodic monitor-
ing of women. Engaging in daily physical activity, losing 
weight, and quitting smoking are changes that can help 
lower blood pressure and balance blood sugar and fat 
levels. These changes can contribute to reducing the 
risk of metabolic syndrome.

Study limitations and suggestions 

One of the strengths of the present study is using co-
hort phase data, which increased the accuracy of the 
data and findings. Participants were selected from only 
one region in Iran that was not representative of the 
entire population of the country, and the present study 
was a cross-sectional design, which has its limitations. 
Therefore, future studies with longitudinal design and 
larger sample sizes with follow-up methods are recom-
mended. 
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