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Prevalence of early and late 
menopause and its determinants 
in Rafsanjan cohort study
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Our investigation aimed to evaluate the prevalence of early and late menopause and its determinants 
in adult women of Rafsanjan cohort study. We used data obtained from the Rafsanjan Cohort Study, 
as a part of the prospective epidemiological research studies in Iran. In this cross‑sectional research, 
2002 postmenopausal women were included in the present study. Menopause age were divided into 
three groups (≤ 41 years, 42–54 years, and ≥ 55 years) based on the 10th and 90th percentile. The 
association between age at menopause with demographic and reproductive characteristics and some 
clinical risk factors of women was evaluated by logistic regressions. The mean age at menopause 
among the study participants was 48.63 ± 5.37 years. In this study, 11.49% and 11.39% of the women 
experienced early and late menopause respectively. After adjusting for all potential confounders, the 
results showed that taller and smoker women had higher odds of early menopause (OR 1.03, 95% CI 
1.00–1.06) and OR 1.85, 95% CI 1.01–3.41) respectively) and women with history of using hormonal 
contraceptive more than median had lower odds of early menopause (OR 0.61, 95% CI 0.41–0.91). Also 
older women (OR 8.65, 95% CI 5.31–14.08) and women with a history of diabetes (OR 2.42, 95% CI 
1.63–3.60), hypertension (OR 2.06, 95% CI 1.42–2.97), thyroid disease (OR 1.85, 95% CI 1.07–3.20) and 
depression (OR 2.00, 95% CI 1.35–2.97) had higher odds of late menopause. The results showed that 
the year of birth, height, smoking, history of diabetes, hypertension, thyroid disease and depression 
and using hormonal contraceptive were significantly associated with the menopausal age. Since age at 
menopause can affect subsequent health in women, understanding the determinants of menopausal 
age is important and should be pursued.

Menopause is an important event in the woman’s life that occurs due to the suppression of ovarian function 
and leads to the end of the reproductive  period1. The median age of menopause in women is 51 years, and 
approximately 4% of women experience menopause before the age of 40  years2. It has been reported that women 
in developing countries experience menopause earlier than women in developed  countries3. A review study 
reported that the median age of menopause in Iran was 48.57 years with the maximum and minimum ages of 
52.00 and 46.34 years  respectively4. Previous studies have shown that menopause can be influenced by genetic 
factors, obesity, alcohol consumption, social status, ethnicity, education, diet, exposure to pesticides, reproduc-
tive  factors5, and area of  residence3 but the results are inconsistent. Recently, special attention has been paid to 
the age at menopause because it can affect subsequent health in  women6. There is evidence that early menopause 
increases the risk of cardiovascular disease, atherosclerosis, stroke,  osteoporosis6 and alzheimer’s7. On the other 
hand, late menopause was associated with an increased risk of breast cancer, ovarian and endometrial  cancers8. 
Therefore, identifying the factors associated with early and late menopause, especially those that are modifiable, 
may be very important to prevent these chronic diseases. According to some authors, menopausal age is consid-
ered as a health  indicator9. Thus, a better understanding of this issue can improve the life quality of middle-aged 
women. This study aimed to determine the mean age at menopause and identify the factors related to early and 
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late menopause in adult women of Rafsanjan cohort study, with the hope that the results would promote the 
knowledge regarding the risk factors of these phenomena.

Methods
This cross-sectional study was carried out based on the data of Rafsanjan Cohort Study (RCS), as part of the 
Prospective Epidemiological Research Studies in Iran (PERSIAN)10 which was conducted in Rafsanjan, one of the 
cities located in the southeast of Iran. RCS is a population-based prospective cohort launched in August 2015. The 
enrollment phase ended in December 2017, and a 15-years follow-up is planned. At the baseline study, trained 
questioners collected data on socio-demographic and anthropometric measurements, medical history, lifestyle, 
nutrition, reproductive characteristics of participants using a laptop-based questionnaire. All participants pro-
vided written informed consent. Study protocol was approved by the ethics committee of Rafsanjan University 
of Medical Sciences (Ethical codes: ID: IR.RUMS.REC.1400.142). Detailed information about the study design, 
methods and recruitment procedures have been described  previously11. In this study, 9991 participants, including 
5336 women aged 35–70 years were recruited. Among them, 2359 women were postmenopausal and reported 
valid data of menopause age. Women who had a history of cancer and those who had history of hysterectomy 
or ovariectomy (unilateral or bilateral) before menopausal age were excluded from the study. Finally, 2002 post-
menopausal women were included in the present study.

Socio-economic status was measured according to the Wealth score index (WSI). WSI was estimated by 
multiple correspondence analysis (MCA) of the variables such as access to a dish washer, access to a computer, 
access to a car, the price of the car, owning a mobile, number of international trips in lifetime. Marriage status 
was dichotomized as married and single status including never married, divorced, widowed or other. Smoking 
status (having smoked at least 100 cigarettes during lifetime: yes, no) and opium usage (having used opium at 
least once per week for 6 months: yes, no) were self-reported. The level of physical activity was calculated based 
on metabolic equivalent task hours (MET-hours/day). Women that reported diagnosis age of diabetes, hyper-
tension, depression, myocardial infarction (MI), cardiac diseases, fatty liver and thyroid disease by a physician 
before menopausal age were considered as positive history of these diseases. Year of women birth categorized 
into three groups based on the 25th and 50th percentile.

Menopause age (≤ 41 years, 42 ± 54 years, and ≥ 55 years) and menarche age (≤ 12 years, 13–15 years, 
and ≥ 16 years) were divided into three groups based on the 10th and 90th percentile. History of using hormo-
nal contraceptive (oral contraceptive pills (OCP), implants and long-term progesterone injection) was divided 
into three groups as never used, ≤ median and > median in users. Other reproductive characteristics, including 
first marriage age, age at first pregnancy, age at first delivery, number of live children and total breastfeeding 
duration were divided into two groups based on median. Age at first pregnancy, number of live children and 
total breastfeeding duration were asked in women with at least one pregnancy. Age at first delivery was asked in 
women with at least one live child. The frequency difference between total number and some of the variables was 
related to missing data. Accuracy and precision of all methods were performed in accordance with the relevant 
guidelines and regulations.

Statistical analysis. The series of characteristics of individuals were compared across the groups of meno-
pausal age (normal, early, elevated) using chi-square test for categorical variables and the Kruskal–Wallis test for 
non-normally distributed quantitative variables. Quantitative variables were described as the median (IQR) and 
categorical variables as the frequency and percentage.

We used multinomial logistics regression models to determine the odds ratios (ORs) and the corresponding 
95% confidence intervals (CI) for the association between menopause age and selected characteristics com-
pared to the menopausal age at 42–54 years as the reference. Potential confounding variables were sequentially 
entered into model according to their hypothesized strengths of association with menopausal age. Variables 
with a p-value < 0.25 were selected as confounders. The adjusted model included for year of birth (categorical 
variable), height (continuous variable), waist (continuous variable), wealth status index (continuous variable), 
education years (continuous variable), physical activity level (continuous variable), has job (yes, no), cigarette 
smoking (yes/no), diabetes (yes/no), hypertension (yes/no), thyroid disease (yes/no), cardiac diseases (yes/no), 
depression (yes/no), menarche age (continuous variable), first marriage age (continuous variable), number of live 
children (continuous variable), breastfeeding duration (continuous variable) and using hormonal contraceptive 
(categorical). All analyses were performed using State V.12. All p-values are two-sided, and p-values < 0.05 and 
95% confidence intervals were considered as statistically significant.

Ethics approval and consent to participate. The ethics committee of Rafsanjan University of Medi-
cal Sciences approved this study (Ethical codes: ID: IR.RUMS.REC.1400.142). Written informed consent was 
obtained from the participants. The data of Participants kept confidential and was only accessible to the study 
investigators.

Results
The mean age at menopause among the study participants was 48.63 ± 5.37 years. In this study, 11.49% (n: 230) 
and 11.39% (n: 228) of the women experienced early and late menopause respectively. Table 1 shows some 
selected characteristics including socio-demographic, anthropometric measures, personal habits and clinical 
risk factors stratified by age at menopause. We observe significant differences between the three menopausal 
age groups with year of birth, WSI, education, job, history of diabetes, hypertension, cardiac diseases, MI and 
depression (Table 1, p < 0.05). The frequency of women with early menopause increased and frequency of women 
with late menopause decreased across year of birth from ≤ 1953 until ≥ 1958.
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Table 1.  Demographic characteristics of women according to age at menopause in Rafsanjan Cohort Study 
(RCS). WSI Wealth score index, BMI body mass index, MI myocardial infarction.

Variable Total (n = 2002)

Menopause age

 ≤ 41 (n = 230) 42–54 (n = 1544)  ≥ 55 (n = 228) p-value

Year of birth- n. (%)  < 0.001

 ≤ 1953 495 (24.73) 45  (19.57) 346 (22.41) 104 (45.61)

 1954–1957 470 (23.48) 50 (21.74) 333 (21.57) 87 (38.16)

  ≥ 1958 1037 (51.80) 135 (58.70) 865 (56.02) 37 (16.23)

WSI 0.027

 Median (IQR) − 0.51 (− 1.04–0.48) − 0.17 (− 0.98–0.48) − 0.44 (− 0.98–0.48) − 0.51 (− 1.15–0.08)

BMI.kg/m2 0.429

 Median (IQR) 29.49 (26.32–32.55) 28.97 (26.3–32.38) 29.50 (26.3–32.46) 29.90 (26.56–33.02)

Weight.kg 0.98

 Median (IQR) 70.5 (63–79) 70 (63–79) 70.5 (63–78.5) 71 (62.5–80)

Height.cm 0.12

 Median (IQR) 154.6 (151.1–158.3) 155.2 (151.7–158.9) 154.6 (151–158.35) 154 (150.75–158)

Waist.cm 0.234

 Median (IQR) 100.6 (93.9–107.1) 100.02 (94–107) 100.06 (93.8–107) 101.06 (95–108.25)

Education. Year  < 0.001

 Median (IQR) 5 (0–8) 5 (1–9) 5 (1–8) 2 (0–5)

Physical activity 0.214

 Median (IQR) 37.35 (35.25–39.4) 37.53 (35.48–39.48) 37.33 (35.25–39.4) 37.13 (34.73–39.15)

Has Job- no. (%) 0.005

 Yes 186 (9.30) 26 (11.30) 152 (9.85) 8 (3.52)

 No 1814 (90.70) 204 (88.70) 1391 (90.15) 219 (96.48)

Residence type- no. (%) 0.076

 Urban 1699 (84.87) 189 (82.17) 1306 (84.59) 204 (89.47)

 Rural 303 (15.13) 41 (17.83) 238 (15.41) 24 (10.53)

Smoking-no. (%) 0.085

 Yes 86 (4.30) 15 (6.52) 58 (3.76) 13 (5.70)

 No 1914 (95.70) 215 (93.48) 1484 (96.24) 215 (94.30)

Opium consumption- no. (%) 0.796

 Yes 129 (6.44) 15 (6.52) 97 (6.28) 17 (7.46)

 No 1873 (93.56) 215 (93.48) 1447 (93.72) 211 (92.54)

History of diabetes- no. (%)  < 0.001

 Yes 256 (12.79) 9 (3.91) 190 (12.31) 57 (25)

 No 1746 (87.21) 221 (96.09) 1354 (87.69) 171 (9.79)

History of hypertension—no. (%)  < 0.001

 Yes 355 (17.73) 9 (3.91) 276 (17.88) 70 (30.70)

 No 1647 (82.27)` 221 (96.09) 1268 (82.12) 158 (69.30)

History of MI—no. (%) 0.023

 Yes 16 (0.80) 0 (0) 11 (0.71) 5 (2.19)

 No 1986 (99.20) 230 (100) 1533 (99.29) 223 (97.81)

History of cardiac ischimic—no. (%) 0.021

 Yes 77 (3.85) 2 (0.87) 62 (4.02) 13 (5.70)

 No 1925 (96.15) 228 (99.13) 1482 (95.98) 215 (94.30)

History of depression- no. (%) 0.001

 Yes 345 (17.23) 22 (9.57) 271 (17.55) 52 (22.81)

 No 1657 (82.77) 208 (90.43) 1273 (82.45) 176 (77.19)0

History of fatty liver- no. (%) 0.434

 Yes 46 (2.30) 3 (1.30) 39 (2.53) 4 (1.75)

 No 1956 (97.70) 227 (98.70) 1505 (97.47) 224 (98.25)

History of thyroid disease- no. (%) 0.258

 Yes 146 (7.29) 12 (5.22) 114 (7.32) 21 (9.21)

 No 1856 (92.71) 218 (94.78) 1431 (92.68) 207 (90.79)
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The reproductive characteristics of participants stratified by age at menopause are shown in Tables 2. The 
median of pregnancy number, number of live children, history of infertility, total duration of breastfeeding and 
history of using hormonal contraceptive had significant relationships with menopausal age groups (Table 2, 
p < 0.05). The frequency of pregnancy number > median, live children number > median, positive history of infer-
tility, breastfeeding duration > median and history of using hormonal contraceptive > median was significantly 
higher among women with late menopause compared to other menopausal age groups.

Table 3 presents the association of early and late menopause with the selected variables using multinomial 
logistics regression model. As seen in this table, height and smoking were associated with higher odds of early 
menopause (OR 1.03, 95% CI 1.00–1.06 and OR 1.85, 95% CI 1.01–3.41 respectively). Women with history of 
diabetes, hypertension and thyroid disease had lower odds of early menopause by 64%, 76% and 51% respectively 
(OR 0.36, 95% CI 0.17–0.76; OR 0.24, 95% CI 0.12–0.48; OR 0.49 95% CI 0.30–0.80). Also, using hormonal 
contraceptive > median was related to decreased odds of early menopause by 39% (OR 0.61, 95% CI 0.41–0.91). 
We observed significant association between the increased odds of late menopause with year of birth, history 
of diabetes, hypertension and thyroid disease and depression. The odds of late menopause was highest among 
women with year of birth ≤ 1953 (OR 8.65, 95% CI 5.31–14.08). The odds of late menopause among women born 
during 1954–1957, was 7.14 (95% CI 4.56–11.18).

Discussion
The results of this cross sectional study of 2002 postmenopausal women in Rafsanjan showed that the mean age 
at menopause is 48.63 years, which is in accordance with many studies that have reported a mean age of 48 years 
for menopause age in Iranian  communities12. Iranian women reached the menopause earlier in comparison 
to the other parts of geographic regions such as Europe (50.1–52.8) and North America (50.5–51.4). But the 
menopause age of our population was more than Middle East (46.9–47.8) and Latin America (45.9–41.6)13. An 
interesting finding in the study of some selected variables related to menopause age was that late menopause 
decreased across year of birth from ≤ 1953 until ≥ 1958. It was found that year of birth can be an important 
determinant of age at menopause. The older women (birth year ≤ 1953) were accompanied with more chance to 
experience menopause at the older age (8.65 times). This data is in contrast with the study of Gottschalk et al. 
in Norway population which has reported an increase in the age at menopause from 50.31 among women born 
during 1936–1939 to 52.73 among women born during 1960–196414.

Also in study of Northeast et al. in China, the early menopause was more prevalent in subjects born during 
1943–1947 (OR 1.708, 1.205–2.420) and 1933–1937 (OR = 2.445, 1.525–3.921) compared with the reference group 
(born from 1948 to 1952)15. The lower age at menopause not exactly reflect increasing in the incidence of earlier 
menopause, but it is an alarm for women health. The early menopause following estrogen deficiency besides 
premature loss of fertility was associated with subsequent health problems such as osteoporosis, cardiovascular 
disease, sexual dysfunction, neurologic outcomes, cancers and  mortality7,16. Early menopause may be a result 
of an accelerated aging process due to genetic or non-genetic  causes16. The variation in menopausal age may be 
due to the differences in race, lifestyle behavior, area of residence, diet, reproductive  characteristics8 and social 
and economic  factors13. Some differences in the levels of endogenous hormones in Asian population compared 
to Western women reflected the role of  ethnicity17.

The results showed that taller women had more odds for the early menopause (OR: 1.03(1.00–1.06)). Incon-
sistent with our results, there was a significant trend toward late age at menopause in taller women among Yemen 
 women18. However in some previous studies the authors reported that there was no relationship between height 
and the age at  menopause19. Our results also showed an increased odds of early menopause among smoker 
women (1.8 times). It’s in accordance with the other studies that showed smoking was correlated with the early 
onset of  menopause8. The proposed mechanism is that nicotine accelerates the loss of ovarian follicles and affects 
converting androgen into estrogen by blocking the aromatase enzyme. Also it was demonstrated that the peak 
of the luteinizing hormone delayed in the middle of the cycle by inhalation of tobacco  smoke20.

Interestingly in women with a history of diabetes, the odds of early menopause decreased by 64% (play a pro-
tective role) and the odds of late menopause increased about 2.5 times. In accordance with our results a positive 
relationship has been showed between the late menopause and diabetes in a previous  study15. Also, Brand et al.21 
reported that diabetes developed at a younger age (< 20 years) was associated with a lower age at menopause, 
while diabetes started at an older age (> 50 years) was associated with late menopause. It has been shown that 
premature vascular aging in Type 1 diabetes leads to the early depletion of ovarian follicle pool and causes early 
 menopause22. However our finding is in contrast with the study of Sekhar et al. which reported type 2 diabetes 
increased the risk of lower age at  menopause23.

The present study also showed that hypertension and thyroid disease decreased the odds of early menopause 
(by 76%, and 51% respectively). Bustami et al. reported that hypertension was associated with normal or late 
 menopause24. However, in contrast with our result some studies showed that women with hypertension reach 
to menopause  earlier19,25. In addition, thyroid has also been postulated to lower menopause age in a Iranian 
 population25. Adjustment factors or other methodological differences may explain this controversy.

Our results showed that women with a history of depression had more odds of late menopause. This find-
ing is in agreement with the study of Li et al. that reported women with depression were associated with later 
menopause compared to women with no such  history26. The authors concluded that since depression is common 
among women with PCOS (polycystic ovary syndrome), possibly the same biological mechanisms causes delayed 
menopause in women with PCOS and  depression26. But inconsistent results have been reported in other studies 
that concluded medically treated depression was associated with early  menopause27.

The results of this study showed that the women who had used hormonal contraceptive more than median, 
had lower odds of early menopause (by 39%). While, in study of Aydin et al. earlier menopause was associated 
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Table 2.  Reproductive characteristics of women according to age at menopause in Rafsanjan Cohort Study 
(RCS).

Variable Total (n = 2002)

Menopause age

Early: ≤ 41 (n = 230) Normal: 42–54 (n = 1544) Late: ≥ 55 (n = 228) p-value

Menarche age no. (%) 0.226

 ≤ 12 476 (23.78) 57 (24.78) 371 (24.03) 48 (21.05)

 13–15 1314 (65.63) 144 (62.61) 1022 (66.19) 148 (64.91)

 ≥ 16 212 (10.59) 29 (12.61) 151 (9.78) 32 (14.04)

 Median (IQR) 14 (13–15) 14 (13–15) 14 (13–15) 14 (13–15) 0.18

Marital status no. (%) 0.275

 Single 391 (19.53) 47 (20.43) 291 (18.85) 53 (23.25)

 Married 1611 (80.47) 183 (79.57) 1253 (81.15) 175 (76.15)

First marriage age-no. (%) 0.277

 ≤ Median 1131 (56.72) 129 (56.33) 862 (56.05) 140 (61.67)

 > Median 863 (43.28) 100 (43.67) 676 (43.95) 87 (38.33)

 Median (IQR) 19 (17–22) 19 (17–22) 19 (17–22) 18 (16–21) 0.06

Age at first pregnancy-no. (%) 0.550

 ≤ Median 1148 (58.45) 136 (60.99) 875 (57.79) 137 (60.35)

 > Median 816 (41.55) 87 (39.01) 639 (42.21) 90 (39.65)

 Median (IQR) 20 (18–22) 20 (17–22) 20 (18–22) 20 (17–22) 0.246

Number of Pregnancy-no. (%)  < 0.001

 ≤ Median 1246 (62.39) 157 (68.26) 997 (64.78) 92 (40.35)

 > Median 751 (37.61) 73 (31.74) 542 (35.22) 136 (59.65)

 Median (IQR) 6 (4–8) 5 (3–7) 6 (4–7) 7 (5–9)  < 0.001

Age at first delivery-no. (%) 0.355

 ≤ Median 1152 (59.05) 139 (62.61) 874 (58.19) 139 (61.23)

 > Median 799 (40.95) 83 (37.39) 628 (41.81) 88 (38.77)

 Median (IQR) 21 (18–23) 21 (18–23) 21 (19–23) 20 (18–23) 0.265

History of abortion-no. (%) 0.643

 Yes 769 (39.15) 81 (36.32) 597 (39.43) 91 (40.09)

 No 1195 (60.85) 142 (63.68) 917 (60.57) 136 (59.91)

Number of live children-no. (%)  < 0.001

 ≤ Median 1150 (58.55) 144 (64.57) 918 (60.63) 88 (38.77)

 > Median 814 (41.45) 79 (35.43) 596 (39.37) 139 (61.23)

 Median (IQR) 5 (4–7) 5 (3–6) 5 (4–6) 6 (5–8)  < 0.001

History of stillbirth-no. (%) 0.660

 Yes 225 (11.46) 26 (11.66) 169 (11.16) 30 (13.22)

 No 1739 (88.54) 197 (88.34) 1345 (88.84) 197 (86.78)

History of infertility, no. (%) 0.028

 Yes 324 (16.22) 43 (18.70) 232 (15.07) 49 (21.49)

 No 1673 (83.78) 187 (81.30) 1307 (84.93) 179 (78.51)

History of using infertility drugs, 
no. (%) 0.574

 Yes 95 (4.76) 13 (5.65) 69 (4.48) 13 (5.70)

 No 19.02 (95.24) 217 (94.35) 1470 (95.52) 215 (94.30)

Tubectomy no. (%) 0.399

 Yes 666 (33.27) 73 (31.74) 525 (34) 68 (29.82)

 No 1336 (66.73) 157 (68.26) 1019 (66) 160 (70.18)

Total duration of breastfeeding 
-no. (%)  < 0.001

 ≤ Median 992 (50.51) 124 (55.61) 791 (52.25) 77 (33.92)

 > Median 972 (49.49) 99 (44.39) 723 (47.75) 150 (66.08)

 Median (IQR) 78 (48–120) 72 (40–108) 76 (46–114) 102 (60–144)  < 0.001

History of using hormonal con-
traceptive, no. (%) 0.186

 No 1084 (54.15) 133 (57.83) 831 (53.82) 120 (52.63)

 ≤ Median in users 460 (22.98) 59 (25.65) 349 (22.60) 52 (22.81)

 > Median in users 458 (22.88) 38 (16.52) 364 (23.58) 56 (24.56)

 Median (IQR) in users 34 (12–72) 12 (2–36) 24 (3–60) 24 (6–72) 0.026
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with longer years on oral contraceptive, in multivariate  analysis19. In agreement with our study, a systematic 
review and meta-analysis study showed that use of oral contraceptives before menopause was associated with 
later  menopause28. One physiologic reason for this association may be that oral contraceptives suppress the FSH 
level, and consequently delay age at  menopause29.

The strengths of the present study included the large sample size and comprehensive evaluation of various 
factors on the menopausal age among women. Therefore, a major strength of our investigation has been adjust-
ment of different potential confounders such as demographic information, history of diseases and reproductive 
characteristics. Nonetheless, there were a number of limitations in our research. First, the data of outcome 
and exposure variables were collected mainly based on self-reported and therefore some women may have 
been misclassified and may be subject to reminder bias. However, previous studies on reproducibility of self-
reported age at natural menopause have shown that menopausal age by recall is reasonably  well30. Second, due 
to cross-sectional design of study, we could not provide causal association between the various factors and age 
at menopause. Further longitudinal studies are needed to clarify these associations.

Conclusion
This study showed that taller and smoker women had higher odds of early menopause. Also older women, women 
with history of using hormonal contraceptive and women with a history of diabetes, hypertension, thyroid dis-
ease and depression had higher odds of late menopause. Since age of menopause can affect subsequent health in 
women, understanding the determinants of menopausal age is important and should be pursued.

Data availability
The datasets used during the current study are available on the Persian Adult Cohort Study Center, Rafsanjan 
University of Medical Sciences, Iran. The data is not available publicly. However, upon a reasonable request, the 
data can be obtained from the corresponding author.

Table 3.  The association of early and late menopause with the selected variables using multinomial logistics 
regression model. The adjusted model is adjusted for confounding variables: year of birth (categorical 
variable), height (continuous variable), waist (continuous variable), wealth status index (continuous variable), 
education years (continuous variable), physical activity level (continuous variable), has job (yes, no), cigarette 
smoking(yes/no), diabetes (yes/no), hypertension (yes/no), thyroid disease (yes/no), cardiac diseases (yes/no), 
depression (yes/no), menarche age (continuous variable), first marriage age (continuous variable), number 
of live children (continuous variable), breastfeeding duration (continuous variable) and using hormonal 
contraceptive (categorical).

Variables

Adjusted model (OR (95% CI))

Early menopause Late menopause

Year of birth

 ≤ 1953 0.77 (0.50–1.17) 8.65 (5.31–14.08)

 1954–1957 0.91 (0.62–1.32) 7.14 (4.56–11.18)

 ≥ 1958 1 1

Height 1.03 (1.00–1.06) 1.01 (0.98–1.04)

Waist 1.00 (0.99–1.01) 1.01 (0.99–1.02)

WSI 1.02 (0.82–1.20) 1.06 (0.89–1.26)

Education 0.99 (0.95–1.03) 0.98 (0.954–1.03)

Physical activity 1.01 (0.96–1.05) 1.03 (0.98–1.07)

Job 0.98 (0.61–1.58) 0.53 (0.25–1.16)

Smoking 1.85 (1.01–3.41) 0.74 (0.38–1.45)

Diabetes 0.36 (0.17–0.76) 2.42 (1.63–3.60)

Hypertension 0.24 (0.12–0.48) 2.06 (1.42–2.97)

Thyroid disease 0.80 (0.42–1.50) 1.85 (1.07–3.20)

Cardiac diseases 0.34 (0.08–1.43) 1.63 (0.80–3.31)

Depression 0.49 (0.30–0.80) 2.00 (1.35–2.97)

Menarche age 1.02 (0.93–1.11) 1.04 (0.95–1.14)

First marriage age 0.97 (0.93–1.01) 1.02 (0.97–1.06)

Number of live children 0.99 (0.89–1.10) 1.07 (0.97–1.19)

Breastfeeding duration 1.00 (0.99–1.01) 1.00 (1.00–1.01)

Using hormonal contraceptive

 0 1 1

 ≤ Median 1.01 (0.71–1.43) 1.08 (0.74–1.58)

 > Median 0.61 (0.41–0.91) 1.13 (0.78–1.63)



7

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1847  | https://doi.org/10.1038/s41598-023-28526-y

www.nature.com/scientificreports/

Received: 1 June 2022; Accepted: 19 January 2023

References
 1. Farjam, M., Amiri, Z., Sharafi, M. & Bahramali, E. Factors Associated with Delayed Menopause in Iran: Findings from Fasa Cohort 

Study, a Branch of Persian Cohort Study. Galen Med. J. 7, e922 (2018).
 2. Ziaei, S., Ziagham, S. & Sayahi, M. Relationship between menopausal age and metabolic syndrome in non-obese postmenopausal 

women. J. Arak Univ. Med. Sci. 16(5), 41–48 (2013).
 3. Zamaniyan, M. et al. Age of natural menopause and related factors among the tabari cohort. J. Menopaus. Med. 26(1), 18 (2020).
 4. Saei, G. N. M., Sayehmiri, F., Kiani, F. & Ozgoli, G. A systematic review and meta-analysis on the average age of menopause among 

Iranian women. Evid. Based Care 8, 26 (2019).
 5. Langton, C. R. et al. Association of parity and breastfeeding with risk of early natural menopause. JAMA Netw. Open 3(1), e1919615 

(2020).
 6. Schoenaker, D. A., Jackson, C. A., Rowlands, J. V. & Mishra, G. D. Socioeconomic position, lifestyle factors and age at natural 

menopause: A systematic review and meta-analyses of studies across six continents. Int. J. Epidemiol. 43(5), 1542–1562 (2014).
 7. Harlow, B. L. & Signorello, L. B. Factors associated with early menopause. Maturitas 35(1), 3–9 (2000).
 8. Wang, M. et al. Age at natural menopause and associated factors in adult women: Findings from the China Kadoorie Biobank 

study in Zhejiang rural area. PLoS ONE 13(4), e0195658 (2018).
 9. Xiaoyan, S., Weiguo, L., Rui, Z., Lirong, W., Xiping, S., Yongbin, L., et al. Effects of parity on the age at menopause and menopausal 

syndrome: A cross-sectional study in Northwest China. medRxiv. 2020.
 10. Poustchi, H. et al. Prospective epidemiological research studies in Iran (the PERSIAN Cohort Study): Rationale, objectives, and 

design. Am. J. Epidemiol. 187(4), 647–655 (2018).
 11. Hakimi, H. et al. The profile of Rafsanjan cohort study. Eur. J. Epidemiol. 36(2), 243–252 (2021).
 12. Azadi, T., Arghavani, H., Karezani, P. & Sayehmiri, K. Estimation of mean age of menopause in Iran: A systematic review and 

meta-analysis. J. Ilam Univ. Med. Sci. 26(4), 85–93 (2018).
 13. Palacios, S., Henderson, V., Siseles, N., Tan, D. & Villaseca, P. Age of menopause and impact of climacteric symptoms by geographi-

cal region. Climacteric 13(5), 419–428 (2010).
 14. Gottschalk, M. S., Eskild, A., Hofvind, S., Gran, J. M. & Bjelland, E. K. Temporal trends in age at menarche and age at menopause: 

A population study of 312 656 women in Norway. Hum. Reprod. 35(2), 464–471 (2020).
 15. Fu, Y. et al. Menopausal age and chronic diseases in elderly women: A cross-sectional study in Northeast China. Int. J. Environ. 

Res. Public Health 13(10), 936 (2016).
 16. Shuster, L. T., Rhodes, D. J., Gostout, B. S., Grossardt, B. R. & Rocca, W. A. Premature menopause or early menopause: Long-term 

health consequences. Maturitas 65(2), 161–166 (2010).
 17. Baber, R. East is east and West is west: Perspectives on the menopause in Asia and The West. Climacteric 17(1), 23–28 (2014).
 18. AbdulHalim, F., Mehras, A. A., Assabri, A., Alkobaty, M. & Albourhi, A. Menopause among Yemen Women. Adv. Aging Res. 7(04), 

65 (2018).
 19. Aydin, Z. D., Erbas, B., Karakus, N., Aydin, O. & Sule, K. Sun exposure and age at natural menopause: A cross-sectional study in 

Turkish women. Maturitas 52(3–4), 235–248 (2005).
 20. McLean, B., Rubel, A. & Nikitovitch-Winer, M. The differential effects of exposure to tobacco smoke on the secretion of luteinizing 

hormone and prolactin in the proestrous rat. Endocrinology 100(6), 1566–1570 (1977).
 21. Brand, J. S. et al. Age at menopause, reproductive life span, and type 2 diabetes risk: Results from the EPIC-InterAct study. Diab. 

Care 36(4), 1012–1019 (2013).
 22. Yarde, F. et al. Age at menopause in women with type 1 diabetes mellitus: The OVADIA study. Hum. Reprod. 30(2), 441–446 (2015).
 23. Sekhar, T. V. D. S., Medarametla, S., Rahman, A. & Adapa, S. S. Early menopause in type 2 diabetes: A study from a South Indian 

tertiary Care centre. J. Clin. Diagn. Res. JCDR 9(10), 08–10 (2015).
 24. Bustami, M. et al. Age of natural menopause among jordanian women and factors related to premature and early menopause. Risk 

Manag. Healthc. Policy 14, 199–207 (2021).
 25. Amiri, M., Rahmati, M., Farahmand, M., Azizi, F. & Tehrani, F. R. Age at natural menopause in women with a history of chronic 

diseases: A population-based cohort study. Maturitas 158, 16–24 (2022).
 26. Li, J., Eriksson, M., Czene, K., Hall, P. & Rodriguez-Wallberg, K. A. Common diseases as determinants of menopausal age. Hum. 

Reprod. https:// doi. org/ 10. 1093/ humrep/ dew264 (2016).
 27. Harlow, B. L., Cramer, D. W. & Annis, K. M. Association of medically treated depression and age at natural menopause. Am. J. 

Epidemiol. 141(12), 1170–1176 (1995).
 28. Roman-Lay, A. A., do Nascimento, C. F., Horta, B. L. & Dias-Porto-Chiavegatto-Filho, A. Reproductive factors and age at natural 

menopause: A systematic review and meta-analysis. Maturitas 131, 57–64 (2020).
 29. Vries, E. D. et al. Oral contraceptive use in relation to age at menopause in the DOM cohort. Hum. Reprod. 16(8), 1657–1662 

(2001).
 30. Rödström, K., Bengtsson, C., Lissner, L. & Björkelund, C. Reproducibility of self-reported menopause age at the 24-year follow-up 

of a population study of women in Göteborg, Sweden. Menopause 12(3), 275–280 (2005).

Author contributions
Z.J., H.V. and A.E.N. designed the study and supervised the project. F.A. collected the data and prepared Tables 1, 
2, 3. P.K. performed the statistical analysis. Z.J. and M.V. wrote the initial paper. Z.J. revised the paper. All the 
authors read and approved the final manuscript.

Funding
The Iranian Ministry of Health and Medical Education has contributed to the funding used in the PERSIAN 
Cohort through Grant no 700/534. This study has also been supported by the Vice Chancellery for Research & 
Technology of Rafsanjan University of Medical Sciences. The context of this article are the views of the authors 
and the funder had no role in design of the study and collection, analysis, and interpretation of data, decision 
to publish and writing the manuscript.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1093/humrep/dew264


8

Vol:.(1234567890)

Scientific Reports |         (2023) 13:1847  | https://doi.org/10.1038/s41598-023-28526-y

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to Z.J.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prevalence of early and late menopause and its determinants in Rafsanjan cohort study
	Methods
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Discussion
	Conclusion
	References


