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	Item No
	Recommendation

	Title and abstract
	1
	Early menarche and late menopause and their association with hypertension among Bangladeshi women: A community-based cross-sectional study in Dhaka, Bangladesh

	
	
	Background: A significant modifiable risk factor for cardiovascular disease, hypertension is becoming more common among middle-aged and older women because of hormonal changes, growing obesity, and lifestyle choices. There is a dearth of research and data in Bangladesh about the relationship between early menarche and late menopause, and increased obesity, which may affect the risk of hypertension. Thus, this study aimed to examine the relationship and determine whether obesity acts as an associated factor in developing hypertension, which is crucial for developing effective prevention strategies targeting aging women.

Methods: This cross-sectional, community-based study included 301 menopausal women from Dhaka district, Bangladesh. A pre-tested semi-structured questionnaire was used to assess socio-demographic, women-specific, and diet- and lifestyle-related factors. Anthropometric measurements included height, weight, waist circumference, and hip circumference. Hypertension was defined as systolic BP ≥140 mmHg and/or diastolic BP ≥90 mmHg, a previous physician’s diagnosis, or current use of antihypertensive medications. Binary logistic regression was performed to identify independent risk factors for hypertension using SPSS (version 25).

Results: The mean age of women was 51.63 years (SD ±5.775), and the prevalence of hypertension was 46.2%. Women who experienced late menopause (≥46 years) and early menarche (≤12 years) had a considerably higher risk of developing hypertension. One important associated factor in this association was obesity (AOR=7.18, (CI=1.95-26.42), which was indicated by high BMI, and larger waist circumferences (≥104.14 cm). Additionally, the study showed that a significant number of women had sedentary lifestyles (97.0%), were uneducated (42.9%), and had lower monthly wages (67.8%). The study also revealed the association of independent factors such as the use of contraceptive medications, menstrual irregularities, and high salt intake with hypertension.

Conclusion: Early menarche and late menopause are associated with an increased risk of hypertension among middle-aged and older Bangladeshi women. Obesity and central adiposity appear to be associated with this relationship. Targeted public health interventions focusing on lifestyle modification, obesity management, and awareness campaigns are essential. Maintaining a healthy body weight and adopting healthy lifestyle practices may help reduce the risk of developing hypertension in this population.

	Introduction

	Background/rationale
	2
	Hypertension, a long-standing health issue, is a leading cause of death related to cardiovascular diseases [1]. Globally, an estimated one billion people suffer from hypertension, and by 2025, that number is expected to rise to 1.5 billion [2]. Around the world, an estimated 1.28 billion persons between the ages of 30 and 79 suffer from hypertension; the majority of these individuals (two-thirds) reside in low- and middle-income nations, and 46% of those individuals are not aware that they have the condition [3].

The prevalence of hypertension has been rising globally, with a notable increase in low- and middle-income nations like Bangladesh as a result of shifting demographics, urbanization, and lifestyles [4]. Women were found to have higher rates of hypertension than men [5]. According to the WHO and other studies, 26.2% of persons in Bangladesh who are 25 years of age or older have hypertension, with a greater prevalence among women [4]. 

Several risk factors for hypertension have been found, including smoking, obesity, a poor diet, physical inactivity, early menarche, and late menopause [6], [7], [8]. Increased risks of obesity, diabetes, and several types of cancer, such as ovarian, endometrial, and breast malignancies, are also associated with early menarche and late menopause [9], [10]. 

Women who have long reproductive years and are exposed to estrogen for an extended period of time are more likely to be obese and to develop hypertension in the years following menopause [11], [12], [13]. The risk of developing or exacerbating hypertension may rise due to the decrease in estrogen after menopause [14]. Due to hormonal and metabolic changes, women around menopause had higher body weights [15]. Postmenopausal women may have an obesity prevalence of up to 40% [16]. In this case, obesity is a significant factor in hypertension in postmenopausal women [17].

In China, Korea, Singapore, or Western nations, earlier research indicated that an early menarche was associated with hypertension and elevated blood pressure (BP) [18], [19], [20], [21]. According to a similar study, women who had their menarche before the age of 12 were 1.13 times more likely to acquire hypertension than those who had it at the age of 12 or later [22]. Conversely, according to some research, women who had their menarche at a later age are more likely to develop hypertension [23]. The connection between hypertension and menopause has long been a topic of discussion.[24]. Several studies have demonstrated the association between hypertension and late menopause [25], [26]. 

Inconsistencies have been highlighted by the fact that while some research indicates a connection between menopause and hypertension, others have found no association or even an inverse relationship [18], [27].

	Objectives
	3
	This study aimed to use a cross-sectional community-based study in Dhaka, Bangladesh, to examine the relationship between menarche, menopause age, and the association of obesity with hypertension in middle-aged and older Bangladeshi women. 

	Methods

	Study design
	4
	This research used a quantitative approach with a community-based cross-sectional design. The study population comprised menopausal women residing in Dhaka district, where data were collected through door-to-door visits. We classified women as menopausal if they had not had a period for more than a year [28].


	Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection

	Participants
	6
	This research employed a quantitative approach with a community-based cross-sectional design. The study population included menopausal women residing in Dhaka district, and data were collected through door-to-door visits from 25 April to 30 August 2024.

	
	

	Variables
	7
	Outcome variable

Prior diagnosis of hypertension, including those who are on medication, or an average SBP of ≥140 mmHg and/or DBP of ≥90 mmHg, were all considered to be indicators of hypertension [26], [29]. The prior diagnosis of hypertension was verified based on documentation provided by doctors and diagnostic reports. The "hypertension status" has been classified in our analysis as "no hypertension" and "hypertension".

Independent variables
Variables were assessed through self-reporting, including age, education, place of residence, occupation, religion, monthly income, marital status, age of menarche, and menopause. A person's age at menarche is the age at which they first had menstruation, and their age at menopause is the age at which their menstrual cycle ends [30], [31]. The state of marital status was classified as "married and others", "divorced", "widowed", and "never married" were among the "others". Among the religions were "Islam", "Hindu", and "others". "Buddhist" and "Christian" were among the others. The categories "yes" and "no" apply to "smokeless tobacco," which includes chewing tobacco, gutkha, and zarda. In the study, BMI was computed and classified as "underweight or healthy" and "overweight or obese". The International Physical Activity Questionnaire (IPAQ) was used to evaluate the participants' level of physical activity [32], [33]. In our research, we classified physical activity status as either "inactive or moderately active" or "active". The status of salt consumption was evaluated using a Likert scale (never, occasionally, often, always) [34]. Then, we categorized the study participants' salt consumption status in three categories: "low," "moderate," and "high" [34]. Menstrual irregularities ( any changes in the normal pattern of a woman’s menstrual cycle, including timing, flow, or frequency [35]) response were "yes" and "no". Since cardiovascular disease and other health concerns are linked to a greater waist circumference [36], we evaluated and classified the waist circumference in our study as "normal" (≤88.9 cm), "moderate" (91.44–101.6 cm), and "large" (≥104.14 cm).



	Data sources/ measurement
	8*
	The study population comprised menopausal women residing in Dhaka district, where data were collected through door-to-door visits.

	Bias
	9
	the study may be biased by recollection because it uses self-reported data for menarche and menopause ages,we explained it at the limitation section

	Study size
	10
	The sample size was calculated using the Cochran’s sampling equation [37]:

n=(z^2 pq)/d^2 ;

 n=(〖1.96〗^2×0.26×(1-0.26))/〖0.05〗^2 

=295.64

≈296
Here, 

n = number of samples

z = 1.96 (95% confidence level)

p= prevalence estimate (25.84% or 0.26) according to previous study in Bangladesh [30]. 

q = (1-p)

d = Precession of the prevalence estimate (10% of 0.05)

Here, the minimum required sample size was 296, and the study included a total of 301 participants, which exceeds the minimum requirement and fulfils the standard.



	Quantitative variables
	11
	The Statistical Package for Social Sciences (SPSS) version 25 was used for all statistical analyses. Sociodemographic, anthropometric, women-specific, and lifestyle-related variables were summarized using descriptive statistics; continuous variables were presented as mean ± standard deviation (SD), and categorical variables were expressed as frequencies and percentages; the variance inflation factor (VIF) was used to check for multicollinearity among independent variables, making sure that no strong correlations distorted the regression estimates; the Hosmer–Lemeshow test (χ² = 9.105, df = 8, p = 0.334) was used to determine the model's goodness-of-fit. A chi-square test was used to assess whether there was a significant correlation between categorical variables and hypertension. The study employed binary logistic regression analysis to evaluate the relationship between hypertension and important predictor variables. Both adjusted odds ratios (AOR) and crude odds ratios (COR), along with 95% CI, were presented. All the variables in the crude model were added adjusted model as well. Prior to performing the regression, multicollinearity was assessed. All tolerance values were above 0.1, and variance inflation factors (VIF) were below 10, indicating that the independent variables were not highly correlated and multicollinearity was within acceptable limits [38]. Statistical significance was obtained when the p-value was less than 0.05. 



	Statistical methods
	12
	The Statistical Package for Social Sciences (SPSS) version 25 was used for all statistical analyses. Sociodemographic, anthropometric, women-specific, and lifestyle-related variables were summarized using descriptive statistics; continuous variables were presented as mean ± standard deviation (SD), and categorical variables were expressed as frequencies and percentages; the variance inflation factor (VIF) was used to check for multicollinearity among independent variables, making sure that no strong correlations distorted the regression estimates; the Hosmer–Lemeshow test (χ² = 9.105, df = 8, p = 0.334) was used to determine the model's goodness-of-fit. A chi-square test was used to assess whether there was a significant correlation between categorical variables and hypertension. The study employed binary logistic regression analysis to evaluate the relationship between hypertension and important predictor variables. Both adjusted odds ratios (AOR) and crude odds ratios (COR), along with 95% CI, were presented. All the variables in the crude model were added adjusted model as well. Prior to performing the regression, multicollinearity was assessed. All tolerance values were above 0.1, and variance inflation factors (VIF) were below 10, indicating that the independent variables were not highly correlated and multicollinearity was within acceptable limits [38]. Statistical significance was obtained when the p-value was less than 0.05. 




Continued on next page

	Results

	Participants
	13*
	The study included 330 women in total. After 29 individuals with insufficient blood pressure data were removed, the data of 301 women were examined. Table 1 lists the participants' attributes. Most (85.0%) were over 45 years old. 46.2% of study participants had hypertension. With a standard deviation of 5.78 years, the mean age was 51.63. Nearly 67.8% of participants had a lower household monthly income, and 42.9% lacked formal education. 

According to anthropometric measurements, the average waist circumference was 103.305±12.310 cm, and 47.5% of people had a waist circumference of at least 104.14 cm. 86.4% of participants were overweight or obese, with a mean BMI of 28.51±3.59 kg/m². In terms of reproductive traits, 48.2% of women menarched at or before the age of 12, and the mean menarche age was 12.20±2.36 years. 56.5% of women reported menopause at ≤45 years of age, with the mean age of menopause being 44.96±3.46 years. 57.1% of individuals experienced irregular menstruation. 

Regarding lifestyle, 63.8% of people had a family history of high blood pressure. Among the participants, 60.1% used smokeless tobacco. 64.1% drank caffeinated beverages, and 41.5% reported using contraceptive medication. In terms of physical activity, the majority (97.0%) were either inactive or moderately active. 

Significant correlations between several parameters and hypertension were found using chi-square tests including Age at menarche (p<0.001), age at menopause (p<0.001), waist circumference (p<0.001), BMI (p<0.001), educational status (p<0.001), family history of hypertension (p<0.001), use of smokeless tobacco (p<0.001), use of contraceptive medication (p<0.001), use of antihypertensive medication (p=0.001), and consumption of caffeinated beverages (p<0.001) were all significantly linked to hypertension.

Table 2 displays the probabilities of hypertension related to different factors. Waist circumference (≥91.44 cm), overweight/obesity (COR=6.109, p<0.001), early menarche (≤12 years) (COR=3.055, p=0.002), late menopause (≥46 years) (COR=2.484, p<0.001), irregular menstruation (COR=3.856, p<0.001), family history of hypertension (COR=4.252, p<0.001), use of smokeless tobacco (COR=3.976, p<0.001), use of contraceptive medication (COR=3.981, p<0.001), and consumption of caffeinated beverages (COR=3.610, p<0.001) were all significant predictors of hypertension in the unadjusted model (crude odds ratio, or COR). 

Several factors remained significant even after controlling for confounders (adjusted odds ratio, or AOR). The odds of having hypertension were 5.67 times higher for participants with a waist circumference of 91.44 to 101.6 cm (p=0.015) and 4.98 times higher for those with a circumference of ≥104.14 cm (p=0.025). Obese and overweight people were 7.2 times more likely to have high blood pressure (p=0.003). Menarche at ≤12 years was connected with 4.29 times higher chances (p=0.009), and menopause at ≥46 years was linked to a 4.07 times higher risk (p=0.001). An increased risk of hypertension was associated with irregular menstruation (AOR=3.960, p<0.001). Consuming contraceptive pills was linked to 2.92 times greater odds (p=0.005) of having hypertension among lifestyle factors, and consuming a lot of salt was significantly linked (AOR=2.700, p=0.049). Significant correlations were also found for lower household income, living in a rural area, and being uneducated.



	Discussion

	Key results
	18
	According to the study findings, early menarche and late menopause are positively associated with hypertension. A major contributing factor is central adiposity, which is indicated by higher waist circumferences and overweight or obesity. To reduce the risk of hypertension, the study findings emphasize the necessity of focusing public health interventions that emphasize the management of obesity and reproductive health awareness.

This study found that early menarche (≤12 years) is substantially related to a 4.29 times higher risk of hypertension (p = 0.009) than menarche at ≥15 years, which is consistent with other findings. These results align with a prior meta-analysis that indicated a 25% increased risk of hypertension/high blood pressure among women who menarched early (OR: 1.25, 95% CI: 1.17–1.34, P < 0.001). Research involving more participants (≥1500) revealed an even greater risk (OR: 1.27, 95% CI: 1.19–1.36) [39]. According to a study of 15,807 Caucasian women, women who menarched earlier than 12 years of age were more likely to develop hypertension (OR = 1.13, 95% CI: 1.02–1.24) [40]. This investigation supported a study of 6,242 women aged 21–92 years, which found a strong correlation between a later menarche (≥18 years) and a lower risk of hypertension (OR = 0.71, 95% CI: 0.57–0.89) [41].


This study shows that among Bangladeshi women, menopause at the age of 46 or more increases the risk of hypertension 4.07 times (p = 0.001). Obesity indicators such as BMI and waist circumference are significantly associated with the association between later menopause (≥46years) and higher blood pressure and hypertension, according to a study done in Guangzhou, China, involving 5,429 women who were going through the natural menopause [42]. An additional study involving 7,893 women in China discovered that a later menopausal age was initially linked to an increased risk of hypertension (OR = 1.02 per year delay, 95% CI: 1.01–1.03) [26]. 

The likely mechanisms linking early menarche and later menopause with hypertension include extended reproductive years, central obesity, and higher BMI. Previous studies suggest that prolonged estrogen exposure associated with early menarche and late menopause can lead to metabolic changes, increased body fat, and a higher risk of central obesity [43], [44]. Women are also at increased risk for hypertension due to changes in vascular anatomy, increased arterial stiffness, disturbances in blood pressure regulation, and heightened sympathetic nervous system activity [45], [46]. This extra fat, especially around the abdomen, raises blood pressure, contributes to inflammation, and increases insulin resistance, all of which impair normal cardiovascular function [47], [48]. Asian women are more likely to have central adiposity [49], which increases their risk of hypertension. One of the main factors of the onset of hypertension is fat [17]. The study reveals this alarming pattern among women in this area, who are genetically inclined to store extra adiposity and tend to be physically inactive. 

Similar findings from earlier research indicate that adiposity acted as a factor in the relationship between an earlier menarche age and a higher prevalence of hypertension [50], [51]. Abdominal obesity is a key factor in the pathogenesis of hypertension, as evidenced by this study's finding that a higher waist circumference was substantially related to hypertension (AOR for waist circumference 36–40 inches = 5.675, and ≥41 inches = 4.978). Furthermore, the discovery that people who were overweight or obese had a noticeably increased risk of developing hypertension (AOR = 7.186) emphasizes the role that obesity plays as a factor in the development of hypertension. This study addresses an important gap by demonstrating that longer reproductive years contribute to central adiposity [52]. In addition, lifestyle factors such as physical inactivity may also play a significant role in the development of hypertension [53].

According to several studies, late menarche and early menopause are associated with hypertension. According to a study of 7,119 women in southwest China, late menarche is typically linked to a higher risk of hypertension [54].  In a different study, 5,102 Chinese women aged 15 and older were found to have a 15% higher risk of hypertension for every year after menarche (OR = 1.15, 95% CI: 1.11–1.19) [55]. A higher prevalence of hypertension is independently linked to an early natural menopause, according to certain research, including one involving 13,406 postmenopausal women [25]. A meta-analysis of earlier research indicates that an elevated risk of arterial hypertension is linked to menopause at an early age (less than 45 years) [56]. Further investigation and a longitudinal study are required to better understand this relationship.

Early menarche and late menopause are strongly associated with hypertension, with central adiposity and obesity as key mediators. These findings highlight the need for public health interventions such as community-based nutrition and physical activity programs, school- and workplace-based reproductive health education, and awareness campaigns on healthy weight management and the risks of prolonged reproductive years. Future research should involve prospective cohort studies with repeated blood pressure and anthropometric measurements and formal mediation analyses to clarify causal pathways and quantify the role of adiposity in linking reproductive factors to hypertension.



	Limitations
	19
	Strengths and Study Limitations
The relationship between early or late menarche and menopause, and hypertension is still up for controversy. Although some studies have found a significant relationship, the results have been mixed, which emphasizes the need for more investigation to fully understand this relationship. Notably, no previous research has looked at this association in the population of Bangladesh. Being the first to fill this gap, our study offers vital insights and establishes the basis for further research in this area. Our research offers strong evidence that among Bangladeshi women, early menarche and late menopause are substantially linked to a higher risk of hypertension. The findings are consistent with earlier studies that indicate long-term consequences on cardiovascular health may result from prolonged exposure to estrogen brought on by an extended reproductive year.  Besides its strength, it is important to recognize that this study has limitations despite its noteworthy findings. Initially, the cross-sectional form of the study restricts the capacity to demonstrate causality and temporal relationship between hypertension and reproductive variables (age at menarche and menopause). Confirmation of these connections requires longitudinal research. Second, the study may be biased by recollection because it uses self-reported data for menarche and menopause ages. Third, the use of convenience sampling from a relatively small portion of Dhaka may limit the generalizability of the findings. Future research with larger, more diverse populations and longitudinal designs would enhance external validity and help confirm causative relationships
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*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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