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Introduction

The age of natural menopause, which may have 
a broad range of 40–60 years in a population, is mainly 
dependent on genetic background and is influenced by 
socioeconomic factors [1]. Despite a  positive associa-
tion that was found between body mass index (BMI), 
smoking, and age at natural menopause in some stud-
ies, it has not been observed in others [1]. 

Early menopause, defined as the cessation of ovar-
ian function before the age of 45 years, is associated 
with higher risk of cardiovascular disease, psychoc-
ognitive decline, osteoporosis, and mortality [2]. Earli-
er studies found modest associations between being 
underweight and earlier age at menopause, and being 
overweight or obese and later age at menopause [2]. 
However, the majority of studies were limited by their 
cross-sectional and retrospective design, with the au-
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Abstract

Introduction: Menopause is the last physiological menstrual period and is a  complex process involving  
the following: endocrine, genitourinary, cardiovascular, and locomotor system, and it leads to vasomotor symp-
toms and psychological complaints. This study aims to investigate the influence of smoking and body mass 
index (BMI) as risk factors on the age of onset of menopause in women in Bosnia and Herzegovina. 

Material and methods: This study included 460 women in natural menopause. The study was conducted 
in 2 phases: interview and measurement of BMI. Each patient underwent an interview based on the question-
naire, following the verbal consent of the patient, who had previously been explained the nature of the research. 

Results: The age at which menopause occurs increases with the BMI increase, and it can be described by the 
regression equation: age = 0.096 × BMI + 45.7, which has statistical significance. The mean age of menopause 
occurrence in current smokers was lower (47.5 ±0.4 years) than in non-smokers (48.8 ±0.2 years) (p = 0.010). 

Conclusions: Our study confirmed the statistically significant correlation between smoking, BMI, and age 
of onset of menopause.
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thors noting the need for more studies better controlled 
for smoking and other sociodemographic factors [2].

Controversial results are reported in the literature 
on the relationship between menopause and body 
changes [3]. A  higher level of physical activity, lower 
parity, and higher level of education were shown to be 
important to reduce the impact of the increase in BMI in 
pre- and post-menopausal women [3]. Early menarche 
and parity were the strongest predictors of obesity in 
women aged 40 to 65 years [3]. In study by França et al., 
obesity was found, according to BMI, in 32.0%  
of women, and the prevalence was higher in sedentary, 
physically inactive women and in those who reported  
≥ 3 births [3]. 

Obesity is a serious health problem that tends to in-
crease. With aging occurs the redistribution of adipose 
tissue from the genitofemoral part to the abdominal 
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part, resulting in weight gain caused by decreased en-
ergy consumption, decreased fat oxidation, increased 
insulin resistance and decreased lipolysis, as well as in-
creased cortisol hormone [3, 4].

Smoking is the most common way to consume to-
bacco. Nicotine and carbon monoxide from cigarettes 
can either directly accelerate ovarian follicle deterio-
ration or may have an indirect effect on the pituitary 
gland by enhancing the production of follicle-stimulat-
ing hormone (FSH), which additionally has an exhaust-
ing effect on ovarian, since high serum FSH values are 
consistent with ovarian failure [5–7]. Regarding the 
smoking habit, some studies show lower mean BMI 
values ​​in smokers compared to non-smokers, and that 
there could be a tendency towards weight gain in those 
who quit smoking [3].

To the best of our knowledge, few researchers 
have explored the important association between BMI, 
smoking, and age of natural menopause.

This was the first research in our area with the aim 
to investigate the age of onset of menopause and the 
influence of certain factors on the onset of menopause 
in women who live in Tuzla Canton in Bosnia and Her-
zegovina. This study aims to investigate the influence 
of smoking and BMI as a risk factor on the age of onset 
of menopause in women in Bosnia and Herzegovina.

Material and methods

The study was designed as a  cross-sectional mul-
ticentre study that included 460 women undergoing 
natural menopause, who underwent regular gynaeco-
logical examinations in the Tuzla Canton, Bosnia and 
Herzegovina. The basic criterion for inclusion in the 
study was that the woman is in the natural meno-
pause, i.e. that it has been more than a year since last 
menstruation. Exclusion criteria were all types of meno-
pause that are not natural: after surgery, radiation, che-
motherapy, or hormone therapy.

In our study, we were guided by the definition 
of menopause in the NICE guidelines: a  clinical di-
agnosis made retrospectively in women who are 
healthy, except that they have menopausal symp-
toms and the absence of a  menstrual cycle for at 
least 12 months, are considered menopausal [8]. 
Each participant was verbally informed of the nature 
of the research and interviewed on the basis of the 
questionnaire with written consent to participate in 
this research according to the norms of ethical medical 
research. The study was conducted in 2 phases:
•	 interview,
•	 measurement of body weight and height.

Women recalled their last menstrual period retro-
spectively.

Nutritional status was assessed by determining  
the BMI based on the Qeuetelet Index (Devenport-Kaup 

modification) or: BMI = body mass in kilograms/
the square of the body height in metres. Body weight 
and height were measured using a scale with a “SECA” 
altimeter.

Statistical analysis

Statistical analysis of data was carried out by the 
usual statistical methods of descriptive statistics, using 
regression models and the “hazard ratio” for the period 
of life compared to the individual parameters. To anal-
yse the association between BMI and the age at which 
menopause occurs a linear regression model was used. 
For comparison of means of age of occurrence of meno-
pause among the groups of women, defined on the ba-
sis of different factors (smoking), we used the t test for 
independent samples or analysis of variance (ANOVA). 
The results were interpreted as a  regression coeffi-
cient with the corresponding 95% CI, and the regres-
sion equation was calculated for the prediction of age 
at onset of menopause on the basis of BMI. Statistical 
significance was confirmed at p < 0.05. For processing 
of data, we used the statistical programme PASW 18 
(SPSS Inc., Chicago, Illinois, SAD) and R programming 
language for statistical data processing (R Development 
Core Team, 2008).

Ethical approval and consent to participate

All subjects gave their informed consent for inclu-
sion before they participated in the study. The study 
was conducted in accordance with the Declaration  
of Helsinki, and the protocol was approved by the Ethics 
Committee of the University Clinical Center Tuzla.

Results

This research included 460 patients who were in  
the natural menopause, aged from 34 to 89 years, with 
an average age of 60.9 ± 8.7 years. The average age 
(arithmetic mean) of onset of menopause in the study 
group among women was 48.5 (±4.6) years, as presented 
in Figure 1. 

The average body height of patients was deter-
mined using statistical methods of descriptive statistics 
and was 164.5 cm (±8.6), with the tallest patient being 
189 cm and the shortest being 158 cm. 

The average BMI value of the study group was  
26.2 kg/m2 (±10.0), with a minimum of 18.1 kg/m2 and 
a maximum of 222.9 kg/m2. The relationship between 
BMI and age of onset of menopause was analysed by 
simple linear regression, which showed a slight linear 
association (r = 0.09, p = 0.051), as presented in Figure 2. 
The age at which menopause occurs increases with the 
increase in BMI, and it can be described by the regres-
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sion equation: age = 0.096 × BMI + 45.7, which has 
statistical significance. 

Regarding the smoking status, 25% of women were 
smokers and 75% were non-smokers (Fig. 3). The mean 
age of menopause occurrence in current smokers was low-
er (47.5 ±0.4 years) than in non-smokers (48.8 ±0.2 years) 
(t = 2.59, p = 0.010), which is statistically significant. 
The average age difference between smokers and 
non-smoker was 1.3 years (95% CI: 0.3–2.3) increased 
1.25 (95% CI: 1.01–1.55) times or: women who smoked 
compared to women who did not smoke, the increase 
in age by 5 years increases the risk of menopause  
3.06 times (95%CI: 1.04–9.01). Figure 4 shows the hazard 
curve for menopause occurrence in relation to smoking.

Discussion

Prolongation of the lifespan has been associated 
with later menopause occurrence. The onset of meno-
pause is subject to individual fluctuations and can-
not be identified exactly. The average age of onset of 
menopause in women in Bosnia and Herzegovina was  
48.5 years. Androgenic fat redistribution is typical for 
women with a BMI higher than 28 kg/m2. In a study con-
ducted in the Canary Islands, women with grade II and 
III overweight (BMI > 35) had higher rates of postmeno-
pausal morbidity and mortality [9]. Numerous studies 
and their results have shown that women with a higher 

BMI enter menopause later than women with a lower 
BMI. The results of a British cohort study in a represen-
tative sample of 1583 women have shown a significant 
association between BMI and menopause age [10, 11]. 

Palmer et al., in the study Black Women’s Health 
Study, carried out in a sample of African American wom-
en, noticed a connection between BMI and menopause 
age [12]. A positive correlation between BMI and meno-
pause in a sample of Egyptian women was reported by 
Hydajet et al. [13]. Research carried out by Finnish and 
Italian authors (Lueto R, Meshia) confirmed a statisti-
cally significant relationship between BMI and meno-
pause age [14, 15]. In a study conducted by Samel et al. 
a statistically significant relationship between BMI and 
the age of menopause was not confirmed [16]. The re-
sults of our research are consistent with those in the 
rest of the world and confirmed the statistical signifi-
cance of the relationship between BMI and the onset 
age of menopause. 

Fig. 1. Age at last menstruation 
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Evolutionary changes of civilisation and society also 
lead to changes in the nutritional sphere, and hence,  
in developed countries, due to a  faster pace of life 
and the consumption of “fast food”, diseases of the 
so-called modern times occur, which relates above 
all to the weight gain and BMI increase. In underde-
veloped and developing countries where the national 
income per capita is low, nutritional needs are general-
ly reduced to poor-quality nutrition with a high intake 
of dough products that are linked to weight gain and 
obesity also in pregnancy. However, many pathophysio-
logical processes are involved in the regulation of body 
weight other than menopause itself [17]. 

In view of our difficult socioeconomic situation,  
we also belong to the second group, i.e. to the underde-
veloped countries with poor-quality nutrition. Our cul-
tural and traditional culinary heritage also contributes 
to the fact that a high percentage of the population has 
a high BMI [17]. 

The prevalence of smoking varies depending on 
location (developing and transition countries), historical 
period, and ethnic background of the interviewee. Men 
were more frequently smokers compared to women. 
According to a study conducted at Columbia University, 
women who smoked 14 or more cigarettes daily entered 
menopause 2.8 years earlier than those who did not 
smoke. Early menopause was not significantly associat-
ed with passive smoking. According to their data, cur-
rent smokers with a consumption of 1–13 cigarettes per 
day and past smokers experienced menopause at the 
same age as women who never consumed tobacco [18]. 

In a Cohort study carried out by Pokoradi et al., the 
results showed that smoking in the study group in Brit-
ain led to earlier menopause [19]. Women who smoked 
more than 10 cigarettes per day had a  probability of 
reaching menopause twice as high as women who nev-
er smoked [20]. The harmful effect of smoking and the 
occurrence age of menopause were reported in a pro-
spective Massachusetts Women’s Health Study cohort 
study [21]. 

The researchers came to the conclusion that smok-
ers reach menopause on average 1.8 years earlier than 
non-smokers. Smokers had also on average a  4-year 
shorter perimenopause period than non-smokers [21]. 
In a national study conducted in Finland over a 10-year 
period (1997–2007) and related to the onset age of 
menopause, a  statistically significant relationship be-
tween cigarette smoking and earlier menopause was 
found [22]. 

In the Italian population the average age of onset  
of menopause in non-smokers is 51.2 years and in 
smokers it is 51.1 years [23]. In a  prospective study 
(Shanghai Women’s Health Study) carried out in a sam-
ple of Chinese women aged 40–70 years, a statistically 
significant relationship between menopause and age 
was noticed [24]. 

Cooper et al., researching the connection between 
active and passive smoking and menopause age, con-
firmed the influence of active smoking on ovarian ag-
ing and that, accordingly, natural menopause occurs  
0.8 years earlier in smokers than in non-smokers [6]. 

In Islamic countries such as Lebanon, the Islamic 
Republic of Iran, and Turkey smokers also enter meno-
pause earlier than non-smokers [25, 26]. 

The results of our research are consistent with those 
in the rest of the world and confirmed the statistical sig-
nificance between the impact of smoking on menopause 
age [27]. In our study group the average age difference 
between smokers and non-smokers was 1.3 years. 

In our study group 24.6% of interviewees were 
smokers. This suggests that, even in view of our dif-
ficult socioeconomic situation, an enviable percentage 
of the female population consumes tobacco. It is im-
portant to mention that the majority of the population 
are uneducated and uninformed about the harmful 
effects of smoking, which, in addition to the influence 
on the early onset of menopause, also has an effect on 
the overall health of the population, resulting in a poor 
quality of life. 

A Polish study investigated the age at natural meno-
pause and demographic and social status, characteris-
tics of the reproductive history, and lifestyle behaviour. 
The overall median age at natural menopause was 
51.25 years, higher than in our study [28]. They conclud-
ed that marital status, living environment, employment, 
BMI, age at first delivery, breastfeeding, physical activ-
ity, and consumption of alcohol were not associated 
with age at menopause [28]. However, early menarche, 
short menstrual cycle length, smoking cigarettes, and 
low level of education were associated with younger 
age at menopause, while use of oral contraceptives and 
parity were associated with later menopause [28].

There were several limitations to the present study. 
The method of data collection was based on a question-
naire; thus, age at menopause was self-reported and 
assessed retrospectively, and BMI was measured after 
menopause, which may be subject to recall and other 
biases. One other of the limitation is recall bias due to 
the wide age range of the patients included in the study 
(34–89 years). Also, 34 years is young for menopause, 
but we have to take into account and understand that 
these are patients who were affected by the war (1992–
1995) in our country and exposed to a large amount of 
stress – one patient entered early menopause from to 
stress during the war due to suffering and loss. Also, as 
an explanation for early menopause in other patients, 
premature ovarian failure can be considered, which we 
did not address or examine. 

However, the strength of this study is the fact that, 
to our knowledge, it is one of the few studies on the 
influence of BMI and smoking on age at natural meno-
pause. Our study had a large sample.
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Conclusions

We concluded the following about menopause in 
our setting:
•	 the average age of onset of menopause was 48.5 

(±4.6) years,
•	 the age at which menopause occurs increases with 

greater BMI,
•	 we confirmed a  statistically significant relationship 

between smoking and menopause age.
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