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Abstract

Background & aim The association between weight change and incident hypertension (HTN) in menopausal
women has not been well characterized. This study aimed to determine whether weight changes after menopausal
years make a difference in incidents of hypertension.

Materials & methods This population-based study was performed using data collected from Tehran Lipid and
Glucose Study cohort (1999-2018). Women who had natural and early menopause were followed up every 3 years.
Data gathering was performed through the standard protocol of the study. Statistical analysis was performed using
multivariable Cox hazard regression analysis. We used the 'survival’ package in the R software version 3.6.0 to fit
survival models.

Results A total of 487 menopausal women met the inclusion criteria; 62.6% had natural menopause and remained
had early menopause. Among the participants, 65.5% experienced HTN. The highest proportion of participants

had > 5% weight gain, while the lowest had 3-5% weight gain. Either losing body weight (lost > 5%: HR: 0.44; Cl 95%,
0.32,0.62; p<0.001), (lost 3-5%; HR: 0.47; Cl 95%, 0.26, 0.84; p=0.01), and weight gain > 5% (HR: 0.69; Cl 95%, 0.51, 0.971;
p=0.01), were associated with decreased risk of HTN after adjustment for confounders. In this study, weight loss and
gain have a protective impact on the development of HTN in subjects. For incident HTN, age (HR: 1.04 (1.01, 1.08),
p=0.004), fasting blood glucose (HR: 1.01, C1 95%:1.00, 1.01; p <0.001), body mass index (1.02 (1.00, 1.05), p=0.03) and
smoking (1.70 (1.11, 2.58), p=0.01) were positively associated with HTN.

Conclusions Our study indicates the significant association of weight change with hypertension risk in later life
among menopausal women.
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Introduction

Menopause, a permanent cessation of menses for at least
12 months, is a turning point in female health which can
greatly impact their cardio-metabolic health [1]. Meno-
pause occurs due to pathologic and non-pathologic
conditions. Natural transition of menopause occurs on
average at 51 years old, while estrogen deficiency due
to pathological conditions could result in early (40-45
years) or late menopause (>55 years) [2]. Menopausal
timing is greatly influenced by genetic and non-genetic
factors such as socio-demographic differences, repro-
ductive history, body mass and composition and various
environmental factors [3]. Menopause is one of the lead-
ing timing points of weight gain in every woman’s life. It
is said that the average weight gain during menopause is
2-5 pounds [4]. However, according to the menopause
society recommendations, the average weight gain is
2.3 kg, and this alteration is mainly due to ageing and life-
style changes than menopause itself [5]. Age at the onset
of natural menopause and menopausal symptoms can
profoundly affect the female’s risk for cardio-metabolic
abnormality [1].

Changes in body fat distribution from a gynoid to an
android pattern, metabolic alteration, endothelial dys-
function and vascular inflammation can contribute to an
increased risk of cardiovascular disease (CVD) in meno-
pausal women [6]. Additionally, the menopause transi-
tion can accelerate the cardiovascular disease risk [7, 8].
It is proposed that chronological ageing has a key role in
weight change during menopause, while ovarian ageing is
mainly associated with altering body composition and fat
distribution [9]. In other words, hormonal change during
menopause is associated with total body and abdomi-
nal fat alteration [10]. Changes in body weight are coin-
cident with changes in cardio-metabolic disorders risk
factors. Indeed weight changes act as a double-edged
sword; unintentional weight loss and weight gain predict
the increased risk for CVD [11]. During the menopausal
period, structural and functional changes can predict the
development of hypertension (HTN) [12]. Rurik et al., in
a retrospective study, found that weight gain in meno-
pausal women is a significant risk factor for incident dia-
betes and HTN [13]. It has recently become evident that
obesity and HTN have rapidly risen worldwide [14, 15].
HTN, obesity and being overweight are more prevalent
among postmenopausal women [16]. Hypertension is
defined by the European Society of Cardiology and Euro-
pean Society of Hypertension (ESC/ESH) guidelines as
blood pressure values higher than 140/90 mmHg [17].
Prevalence of HTN among a sample of Iranian post-
menopausal women is about 50% [18]. And the direct
costs of HTN treatment in Iran were 87.54 million USD
[19]. In different regions of the world, between 30 and
75% of postmenopausal women are hypertensive [20, 21].
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Factors contributing to developing HTN in postmeno-
pausal women include genetic factors, environmental
factors, and alteration in sex hormone levels, however,
the main relative contributors of HTN after menopause
are not completely known and there are conflicting find-
ings [22].

HTN can pose negative effects on sexual function and
quality of life of menopausal women [23, 24]. Diagnosis
and treatment of HTN in postmenopausal women are
suboptimal, which can increase the burden of CVD and
its related complications [20]. The role of treatments and
lifestyle changes on blood pressure in postmenopausal
women was discussed in previous studies. A recent
trial supported that combined exercise training among
postmenopausal women can lead to great reduction of
blood pressure (BP) [25]. Furthermore, a meta-analysis
reported that postmenopausal women with resistance
training without hormone therapy had lower blood pres-
sure than those in the control group [26]. A random-
ized, parallel dietary intervention study showed that
Low-sodium Dietary Approaches to Stop Hypertension
(DASH) diets can lead to reducing BP among postmeno-
pausal women [27].

Obesity in postmenopausal women may be attributed
to the dysregulation of lipid metabolism and reduced
energy expenditure following decreasing physical activity
[28]. This is also associated with predominant abdominal
fat accumulation [29]. Cardio-metabolic abnormalities
are likely to be escalated by biological alterations that
occur through menopause. Recent review well-discussed
the protective effect of estrogens on cardio-metabolic
health, which has been broadly associated with reduc-
ing oxidative stress and fibrosis and improving mito-
chondrial function [30]. Despite the existence of studies
which revealed the excess risk of HTN after menopause,
the impact of weight change in this period is not clear. It
is unknown how weight change during menopause may
affect the development of HTN in women. This study
aimed to determine whether the weight change among
menopausal women impacts the risk of HTN.

Method

The data of this study was driven from an ongoing longi-
tudinal population-based survey of the Tehran Lipid and
Glucose Study (TLGS), which was implemented in 1999
to investigate the epidemiology of non-communicable
diseases risk factors and outcomes on a representative
sample of residents of district-13 of Tehran. In this study
follow-up visits of participants were performed every
three years. Design details of the TLGS have been pub-
lished previously [31, 32]. This study was carried out in
accordance with the declaration of Helsinki guideline.
Ethics approval was obtained from the Research Insti-
tute for Endocrine Sciences, Shahid Beheshti University
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of Medical Sciences, Tehran, Iran. Written informed con-
sent was obtained from all participants.

The participants of the present study are 487 women
with menopausal aged 40-55 years who are classified
into three groups according to the status of menopause.
Inclusion criteria included being postmenopausal at
baseline and having follow up visits’ data on weight and
HTN. Exclusion criteria included women who suffered
from HTN at baseline, not having reliable data in terms
of age at menopause and menopause reason.

Measurements

Data on demographic, medical history and reproductive
history were acquired by trained staff using interviews
and validated questionnaires. Laboratory technicians in
the laboratory of the study performed laboratory mea-
surements. Anthropometric measurement was also
performed by trained staff. Details of measurement of
laboratory measurements, including fasting blood glu-
cose (FBS) levels, low-density lipoprotein cholesterol
(LDL), high-density lipoprotein cholesterol (HDL), tri-
glyceride (TG), and total cholesterol (TC) have been
reported previously [31, 32]. All individuals had their
venous blood drawn between the hours of 7:00 and 9:00
AM, 12 to 14 h after they had stopped eatingand 2to 3 h
after waking up. All laboratory kits are supplied by Pars
Azmon Inc., Iran. Serum glucose levels was measured
using enzymatic colorimetric method by glucose oxidase
technique. TC and TG were assessed by enzymatic calo-
rimetric tests with cholesterol esterase and cholesterol
oxidase and glycerol phosphate oxidase, respectively.
And, HDL was assessed after precipitation of the apoli-
poprotein B containing lipoproteins with phosphotungis-
tic acid. LDL was calculated by Friedewald’s formula [33].

Height and weight were measured at baseline and each
visit. The weight of participants minimally clothed with-
out shoes was recorded using digital scales and recorded
to the nearest 100 g. Also, we assessed height without
shoes in a standing position. Body mass index (BMI) was
considered as weight in kilograms divided by height in
meters squared.

After 15 min of rest, a qualified physician measured
BP two times in a seated position. Systolic blood pres-
sure (SBP) was identified by phase I Korotkoff sound and
diastolic blood pressure (DBP) by Korotkoff phase 5. The
average of two assessments was considered.

Definitions

The time point of 1 year before the 12 months of no men-
strual bleeding was regarded as the date of menopause
[1]. Menopause occurs due to pathologic and non-patho-
logic conditions. Natural transition of menopause occurs
on an average of 51 years, while estrogen deficiency due
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to pathological conditions can result in early (40-45
years) [2].

Participants were asked to report the physical activ-
ity (PA) that they had participated in within the past 12
months. They were also asked to identify the frequency
and duration of each PA. Then each activity is weighted
based on its intensity; the acquired amount is known as
metabolic equivalent (MET). MET expression is scaled
by 3.5 ml/min/kg. For all activity levels, obtained MET
was multiplied by the time spent at each level. MET-
time from each level was added to a total of 24 h MET-
time, representing the average daily level of PA. For
analytical purpose, levels of PA were considered low
(MET <600 min / wk) [34].

BMI was defined as normal (BMI<25.0 kg/m?), over-
weight (25.0-30.0<kg/m?), or obese (30.0>kg/m?).

Weight change [35] was calculated based on the :

Follow — up measurement — Baseline measurement 100
= - X
Baseline measurement

Weight change percentage was used for categorizing
participants:

More than 5% weight loss

3-5% weight loss

Less than 3% weight change (stable)
3% to + 5% weight gain

More than 5% weight gain

SN e

In this study, participants with less than 3% weight
change were considered as the reference group. Hyper-
tension was defined as SBP>140 mm Hg or DBP =290 mm
Hg or use of antihypertensive drugs.

Statistical analysis

The baseline characteristics of participants were
described and compared with normal, non-surgical early
menopause, and surgical early menopausal age catego-
ries. For the continuous variables, we conducted the Kol-
mogorov—Smirnov normality test. In the case of rejection
of normality assumption, median, interquartile range
and Kruskal-Wallis test were used to describe and com-
pare variables, respectively. In cases of non-rejection of
the normality assumption, mean, standard deviation and
independent ANOVA tests were used, respectively. The
categorical variables were described as frequencies (%)
and were compared by Chi-squared test or Fisher exact
test (For tables with sparse cells).

Statistical analysis was performed using multivariable
Cox proportional hazard regression analysis for model-
ing and evaluating the association of weight change cat-
egories and age of menopausal categories with incidence
HTN by reporting hazard ratios with 95% confidence
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intervals (CI) in two models: model 1: adjusted for age
and BMI, model 2: further adjusted for age, BMI, parity,
HDL, LDL, TG, TC, FBS, smoking status, physical activ-
ity, family history of premature CVD. The time of cen-
soring or outcome of incident hypertension, whichever
came first, was considered time to the event. Propor-
tional hazard assumption of Cox models was tested by Z
proportional hazard test and plot of the scaled Schoen-
feld residuals against time (Supplementary Figure.). Fig-
ure 1 shows Kaplan-meier plot for HTN survival based
on weight change groups. The mean (SD) of survival time
of all participants was 10.51(4.97) years.

We used the ‘survival’ package in the R software ver-
sion 3.6.0 to fit survival models, including the Cox
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proportional hazard model. The P-values less than 0.05
were considered statistically significant.

Results
Four hundred eighty-seven menopausal women by age
56.05+7.37 years old at baseline follow-up participated
in this study within the framework of the ongoing Tehran
lipid and glucose study. More details of the inclusion and
exclusion criteria of participants are presented in Fig. 2.
Table 1 shows the summary of the baseline characteris-
tics of participants and frequencies (%) or median (IQR)
for categorical and continuous variables, respectively.
Most subjects in the natural and early-surgical groups
were overweight at baseline; however, most nonsurgical
early menopause subjects were obese. Also, in the last

Menopausal TLGS women who
included in phase 1 and 2
(N=2,604)

Excluded:
e  Missing in age at menopause (n=64)
e  Missing in menopausal reason (n=125)
e Hypertension at baseline (N=897)
. Missing information about hypertension status

(n=999)
e Missing in weight information (n=32)

A4

Eligible participants
(n=487)

l

A

N=319
HTN experience

N=168
None HTN experience

Fig. 1 Flowchart of study
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Fig. 2 Kaplan-meier plot for HTN survival based on weight changes groups

follow-up, the majority of all groups were obese. How-
ever, the group’s baseline and last follow-up differences
were insignificant. Table 2 shows the comparison of BMI
categories in baseline and follow-up of the study based
on menopausal categories (natural, non-surgical and sur-
gical early menopause).

Results of log rank test to evaluate significance of dif-
ference between survivals in weigh changes groups was:

Chisq =23.1on4 degreesof freedom,p < 0.001

Compared to those with stable weight, women with
weight loss of >5% and 3-5% had age- and BMI-adjusted
HRs of 0.50 (CI 95%, 0.36, 0.69; p<0.001) and 0.49 (CI
95%, 0.28, 0.86; p=0.01), respectively. Furthermore, for
incident HTN, FBS (HR: 1.01, CI 95%:1.00, 1.01; p<0.001)
and smoking (HR: 1.66, CI 95%; 1.01, 2.50; p=0.015)
were positively associated with HTN. After controlling
adjusted for age, BMI, parity, HDL, LDL, TG, TC, EBS,
smoking status, physical activity, family history of pre-
mature CVD in model 2, the association between weight
loss of >5%, weight loss 3—5%, FBS, smoking and HTN
still remained significant. Also, other factors including
weight gain>5% HRs of 0.69 (CI 95%, 0.51, 0.91; p=0.01),
age (HR: 1.04; CI 95%, 1.01, 1.08, p=0.004), BMI (HRs:

1.02, CI 95%, 1.00, 1.05; p=0.03) were significantly asso-
ciated with HTN. (Table 3)

Discussion

The result of this longitudinal population-based study
showed that weight loss (3-5% and >5%) and weight
gain (>5%) had reduced the risk of HTN, while there was
no discernible change in the incidence of HTN among
women with stable weight change and 3-5% weight gain.
Furthermore, baseline age, BMI, FBS and smoking were
significantly related to incident HTN.

Our result showed that the risk of HTN decreased
among women with 5% and 3-5% weight loss and >5%
weight gain. Several studies have highlighted the role of
weight in the development of HTN. Williams (2008), in
a study among 4,550 men and 10,111 women who fol-
lowed for an average of seven years, found that for those
who gained>2.4kg/m? almost 70% were more prone to
HTN [36]. A 14-year follow-up study among 2,560 men
and women showed that 41.95% of participants main-
tained a normal weight, 33.98% maintained an over-
weight/obese status, 18.83% became overweight/obese,
and 5.24% had lower BMI. Among different categories of
weight change, participants who were weight-gainers and
normal weight-maintainers were more prone to HTN
than others [37]. In our study, the majority of women
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Table 2 Comparison of BMI categories in baseline and follow up of study based on menopausal age categories

BMI Menopausal age

Baseline Last follow up

Normal Early-nonsurgical Early-surgical Normal Early-nonsurgical Early-surgical
Normal 64(21) 20 (26.7) 18(16.8) 58(19) 13(17.3) 9(84)
Overweight 140(45.9) 23(30.7) 49(45.8) 121(39.7) 27(36) 41(383)
Obese 101(33.1) 32(42.7) 40(37.4) 126(41.3) 35(46.7) 57(53.3)
P-value 0.13 0.08

Abbreviations BMI: body mass index

Table 3 The multivariable hazard ratio (HR) and 95% confidence intervals (Cl) of association between weight change categories and
incident HTN: Tehran Lipid and Glucose Study (TLGS), Iran, 1999-2018

Covariates Model 1* Model 2™
HR (95% CI) P-value P-value*** HR (95% CI) P-value P-value***

Weight change categories ref=+3% Lost>5% 0.50(0.36,0.69) <0.001 0.26 044 (0.32,062) <0.001 039
(normal) Lost 3-5% 0.49(0.28,0.86) 0.01 0.47(0.26,0.84) 001

Gained 3-5% 1.10(0.76,1.61)  0.58 1.02 (0.70,1.50) 0.88

Gained>5% 0.76(0.57,1.00) 0.05 0.69 (0.51,091)  0.01
Menopausal age (ref=Normal) Early 0.73(0.52,1.02) 0.07 0.79 0.83(0.56,1.23) 0.36

Surgical early  0.96(0.70,1.32) 084 1.03(0.68,1.54) 0.88
Difference of menopause age and 5-10 years 0.95(0.70,1.30) 0.78 0.81 0.93(067,1.31) 071
baseline age(ref=0-5 years) >10years  0.89(0.64,125 052 0.91(058142) 069
Age (Years) - - - - 1.04(1.01,1.08)  0.004
BMI (Kg/mz) - - - - 1.02(1.00,1.05)  0.030
Parity - 1.04(0.99,1.10)  0.06 0.77 1.04(0.98,1.090 0.3
HDL - 0.99(0.98,1.00)  0.09 0.75 0.99(0.97,1.01)  0.60
LDL - 0.99(0.99, 1.00) 0.75 0.58 0.99(0.98,1.01) 0.84
TG - 1 OO(O 99,1.00) 047 0.85 1.00(0.99,1.00) 0.85
FBS - 01(1.00,1.01)  <0.001 0.71 1.00 (1.00,1.01)  <0.001
TC - 0. 99(0 99,1.00) 0.70 0.55 0.99(0.98,1.01) 097
Smoking status (ref=No) Yes 1.66 (1,010,2.50) 0.015 037 1.70(1.11,258)  0.01
Physical activity (ref=Low) Appropriate  0.88(0.69, 1.13)  0.33 038 0.97(0.75,1.24) 082
Family history of CVD (ref=No) Yes 1.31(0.98,1.74)  0.06 0.87 1.23(0.90,1.68) 0.8

* model 1:first adjusted Cox model (adjusted for age and BMI)

** model 2:further adjusted Cox model (adjusted for age, BMI, parity, HDL, LDL, TG,TC, FBS, smoking status, physical activity, family history of CVD)

*** P-value of Z proportionality hazard test for Cox models

Abbreviations CVD: Cardiovascular disease; HTN: hypertension; BMI: body mass index; FBS: fasting blood glucose; TG: triglyceride; LDL: low-density lipoprotein

cholesterol; HDL: high-density lipoprotein cholesterol; TC: total cholesterol

were obese/overweight at baseline and weight loss led to
improvement of BP among them over time. The obesity
paradox can also explain the negative impact of weight
gain on HTN risk among this study’ participants. It is
proposed that overweight or obesity in the elderly can
lead to production of adipokine by adipose as a cardio-
protective [38]. Recent study highlighted that pro-rich
inequality affects the prevalence and control of HTN in
Iran [39]. It seems that the implication of measuring the
weight changes in order to better manage HTN among
postmenopausal women is essential.

A recent meta-analysis showed that each 1-kilogram
weight loss could result in a declining 1 mm Hg in sys-
tolic and diastolic blood pressure [40]. It is also docu-
mented that some studies have shown a paradoxical
association between weight change and mortality rate; in

other words, weight loss was associated with an increased
mortality rate; by contrast, the mortality rate decreased
among people who had weight gain [41]. There are incon-
sistencies across studies. A meta-analyze reported that
weight loss could decrease the risk of HTN by 24-40%
and 40-54% among overweight and obese participants,
respectively [42]. In our study, there was significant asso-
ciation between one category of weight gain (>5%) and
the decreased risk of HTN. However, Underland et al.
(2022) in their study among 5,039 women with average
age of 78.7616.92 found that weight gain was not associ-
ated with mortality or cardiovascular outcomes, however
weight loss of 5% or more was associated with increased
risk of mortality [43]. Women who experienced the sur-
gical menopause might be at increased risk of coronary
heart disease than women with natural menopause [7].
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The decreased risk of HTN in cases with weight loss can
be attributed to the favorable improvement in metabolic
parameters. The lipid risk profile of all participants in the
last follow-up was better than the baseline. However, the
EBS profile at the last follow-up was worsened. It is pos-
sible that unmeasured factors could be the root cause
of changes in risk factors as well as the cause of weight
change. Overall, there are some methodological differ-
ences and population characteristics between our study
and the mentioned studies, which may have contributed
to differences in results. Nevertheless, further studies are
needed to clarify the association between weight change
and the risk of hypertension after menopause.

Previous studies addressing the association between
HTN and weight change among postmenopausal women
are relatively scarce. Results from the Weight Loss Main-
tenance Trial showed that in participants whose weight
increased>3% with mean age 55 years, SBP increased
significantly at 60 months [44]. Moazzeni et al. (2022)
also reported that weight gain>5% was associated with
better cardiovascular outcomes among people with dia-
betes [45]. In the Trials of Hypertension Prevention,
among individuals 30-54 years with high normal BP,
weight change was associated with mortality [46]. Study
of Li et al., (2022) showed that age onset of obesity at =60
years of age was not associated with risk of HTN [47]. In
this study, we have no information of age onset of over-
weight or obesity of participants.

We also found that age, FBS levels, smoking and BMI
are factors that contribute to increasing the risk of HTN.
So far, the literature determined the traditional risk fac-
tors of HTN including general adiposity, abdominal adi-
posity, alcohol consumption, smoking, diet, and physical
inactivity [48]. Age is considered a powerful predictor of
HTN [49]. Aging process among women due to the dif-
ferences in gene expression, alteration of sex hormones,
and function of the cardiovascular system can differently
affect the HTN risk among women compared to the men
[50]. It is proposed that the association between biologic
aging and HTN is mainly related to the underlying mech-
anisms including inflammation, oxidative stress, endo-
thelial dysfunction, and neurohumoral dysfunction [51,
52]. In the Women’s Health Study also smoker women
aged =45 years old were modestly at higher risk of HTN
[53]. Kin et al. (2019) revealed that female smokers older
than 29 years old were more prone to experience HTN
[54]. With regard to FBS, a study among middle-aged
Japanese people, FBS regardless of insulin resistance was
associated with higher risk of HTN [55]. With an aging
population, awareness of Iranian people regarding the
risk factors of non-communicable diseases’ risk factors
is not sufficient, so policymakers should develop national
strategies to improve prevention, detection, and manage-
ment of HTN in Iran [56].
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It is unclear how weight changes in postmenopausal
women can affect the risk of developing HTN. Differ-
ent mechanisms clarify the association between weight
change and the risk of HTN. Firstly, estrogen depletion
could result in endothelial dysfunction and weight gain,
leading to increased oxidative stress, renal vasoconstric-
tion, and hypertension [22, 57]. Furthermore, estrogen
deficiency, in different ways, such as energy regulation,
controls the central nucleus of appetite and satiety and
the secretion of adipokine, which are obesity triggers
[58]. To sum up, the main factors which contributed to
the development of HTN include sex steroids (rise of
estrogen, drop of testosterone), environmental factors
(age, BMI, insulin oxidative stress, cholesterol) and gens
( renin-angiotensin system, adrenergic, eNOS, estrogen-
related aromatase) [22]. Hence, combining these factors
could play a role in HTN. Obesity-related hypertension
develops due to the overactivation of the sympathetic
nervous system, stimulation of the renin-angiotensin-
aldosterone system, alterations in adipose-derived cyto-
kines such as leptin, and insulin resistance [59]. It is
hypothesized that the early onset of menopause (surgi-
cal, non-surgical) due to the absence of the protective
effect of estrogens would result in a higher risk of HTN in
women rather than natural menopause. However, in our
study, we could not find this association. Wu et al. (2023)
reported that women experiencing menopause at a late
age were at risk of obesity-mediated HTN [60]. Also, a
cross-sectional study of 3,406 postmenopausal women
reported that earlier menopausal age was associated with
hypertension [61]. The late menopausal transition is also
associated with hypertension [62]. It should be noted that
apart from the effect of menopause on blood pressure,
other factors like ageing could mask the menopausal
effect on blood pressure.

There are some limitations and strengths of this study
which should be considered in the interpretation of find-
ings. A number of strengths of this study include the
large sample size, measurement based on the standard
protocol of TLGS and a valid and reliable questionnaire.
In this study, unlike other studies, the weight measure-
ment was not self-reported in our study. In this cohort
studies loss to follow-up represents might lead to the
selection bias, there was no statistically significant differ-
ence in background variables between those lost to fol-
low up and those included in the present study (data has
not shown). For assessment of physical activity, we used a
questionnaire, which may increase recall bias.

In this study, the baseline measurement of data entry
to study did not coincide with the exact time of meno-
pause; weight change which occurred during the interval
between menopause and the first phase of TLGS was not
considered in this study. Although adjustment for mea-
sured confounders was performed in this study, other
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unmeasured confounders, such as lifestyle, genetics, etc.,
might affect the observed findings. The sample size for
groups whose weight change was £3-5% was small. The
cause of unwanted weight change was not evaluated in
this study. The menopausal age in this study was a self-
reported variable, so recall bias should be considered.
The possible misclassification in the type of menopause
due to the recall bias should be noticed. While our study
population was from the urban area, which limits the
generalizability to the rural area.

Conclusion

In this study, weight loss and gain have a protective
impact on the development of HTN. However, more evi-
dence is needed to confirm this association. Our study
supports the importance of weight change in clinical
practice to evaluate HTN. Through counseling, clinicians
can help menopausal women to monitor their weight
change.
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