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Abstract

Background: A regular menstrual cycle is an important indicator of a healthy reproductive system. Previous studies
reported obesity, stress, and smoking as the factors that are associated with irregular menstruation and early menopause.
However, the integrative effects of these modifiable risk factors have not been fully understood. This study aimed to
investigate the modifiable risk factors of menstrual cycle irregularity and premature menopause, as well as their individual
and combined effects among adult women in Korea.

Method: This study selected adult women aged 19 years and above who had been included in the 2007–2014 Korean
National Health and Nutrition Examination Survey. We used a separate dataset to analyze the risk factors of
menstrual cycle irregularity and menopause (pre- and postmenopausal women: n = 4788 and n = 10,697, respectively).
Univariate and multiple logistic regression analyses were conducted to evaluate the effects of smoking, drinking,
obesity, and perceived level of stress on the menstrual cycle and menopause. Both logit and linear models
were used in the analyses of the association between smoking and menopausal age. Equivalized household
income, marital status, and educational level were considered as covariates. The modifiable risk factor scores
were also calculated to integrate the effect of smoking, drinking, and obesity in the analysis.

Result: Results showed that smoking status, pack-year, obesity, and perceived level of stress were significantly
associated with irregular menstruation among premenopausal women. Especially, women demonstrating > 3
modifiable risk factor scores had 1.7 times higher risk of having irregular menstruation than those who had a
0 score. Meanwhile, early initiation of smoking (≤19 years) and high pack-year (≥5) were also significantly associated
with premature menopause among postmenopausal women.

Conclusion: This study demonstrated that modifiable risk factors, such as smoking, obesity, and stress, were significantly
associated with menstrual cycle irregularity. Lifetime smoking was also correlated with early menopause. Our results
suggested that healthier lifestyle practices, including, cessation of smoking, weight control, and stress management, were
important factors in improving the reproductive health of women throughout life.
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Background
Menstruation is an important indicator of possible preg-
nancy as well as the reproductive health of women. The
increasing prevalence of infertility and low fertility asso-
ciated with age among women in the Korean society has
generated significant interest. In fact, in 2014, the num-
ber of women who had difficulties in getting pregnant
rose to 160,000, which accounted to an approximate in-
crease of 65% over the past decade. Additionally, studies

on the possible relationship between exposure to various
diseases and irregular menstrual cycles or early-onset
menopausal symptoms among menopausal women have
been conducted [1–5].
A variety of hormones affects the menstrual cycle.

Irregular menstrual cycle is a major symptom of anovula-
tion, a phenomenon that is accompanied by decreased
ovarian steroid secretion and production [6–9]. The most
important cause of menstrual cycle irregularity is
functional hypothalamic amenorrhea associated with de-
creased gonadotropin-releasing hormone secretion and hypo-
thalamic–pituitary–adrenal (HPA) axis dysregulation [10–13].
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The occurrence of these hormonal problems may lead to the
development of various chronic diseases, including, infertil-
ity, heart disease, and type 2 diabetes [4, 14–16].
Moreover, the continuation of menstrual cycle irregu-
larities occurring over long periods can result in early
onset of menopause. Previous studies have shown that
premature menopause increases the risk of heart dis-
ease and osteoporosis [1–3].
Irregular menstruation and early menopause may be

affected by several factors, including, modifiable risk fac-
tors. Studies have shown that the changes in the female
hormone levels are associated with health behaviors,
obesity, and stress. For example, one study demonstrated
that smoking can cause hypoestrogenism [17]. Further-
more, high stress has been shown to affect the HPA axis
activity [18], whereas high BMI has been demonstrated
to influence the sex hormone-binding globulin (SHBG),
free androgen index (FAI), testosterone, and insulin
levels [19]. Thus, previous studies have reported a sig-
nificant association between lifestyle and menstruation
[20–25]. However, while most of these studies on men-
struation and menopause have been conducted in west-
ern countries [22], only a few have been performed in
Asia, where women have relatively low BMI and smok-
ing prevalence [26, 27]. Therefore, this study aimed to
investigate the effects of modifiable risk factors on the
menopausal irregularities and premature menopause in
view of public health.

Method
Database
This study used the data of the 4th and 5th cycles
(2007–2012) and the 1st and 2nd years (2013–2014) of
the 6th cycle of the Korea National Health and Nutrition
Examination Survey (KNHANES). The KNHANES was
conducted to assess the health and nutritional status of
Koreans and monitor the trends in health risk factors
and prevalence of major chronic diseases to obtain data
that will be used for the development and evaluation of
health policies and programs in Korea. KNHANES was
designed by complex, multistage, probability sampling to
be representative of the civilian, non-institutionalized
Korea population. In the case of 2011 survey, the sam-
pling was carried out in two stages: i) selecting a sample
of 192 primary sampling units (PSUs) in the whole
country (approximately 200,000 PSUs); and ii) systematic
sampling of 20 households among each PSU that con-
sisted of an average of 60 households. All people in the
selected households were eligible for the KNHANES.
The data were collected from the medical check-ups and
surveys on health and nutritional status. Informed con-
sent were obtained from the participants who underwent
medical check-ups, and the research scheme and data
collection methods was approved by the Ethics Committee.

The KNHANES data is open to the public through the
website of the Korean Center for Disease Control (KCDC)
after anonymization [28].

Study participants
Although the occurrence of early menopause among the
participants was examined from 2007 to 2014, the exist-
ence of menstrual cycle irregularity was assessed only
from 2010 to 2012. A total of 4788 out of 13,918 women
who participated in the survey from 2010 to 2012 were
included in the analysis to investigate the risk factors of
menstrual cycle irregularity after the exclusion of women
who were aged under 19 years (n = 2780), did not answer
the question on irregular menstrual status, or were
already menopaused (n = 6350). To analyze the meno-
pausal status, 10,697 out of 36,017 women included in
the KNHANES survey from 2007 to 2014 were selected
following the exclusion of those who were aged under
19 years (n = 7522) and had missing data on menopausal
status or artificial menopause (n = 17798). Furthermore,
we excluded the women who participated in the 2013–
2014 KNHANES survey in the analysis of association be-
tween smoking (age at smoking initiation and pack-year)
and menopause because the age of smoking initiation
was not surveyed in those periods. Lastly, we included
7001 women whose menarche age data were available in
the analysis of the association between menopausal and
menarche ages.

Variables
The presence of menstrual cycle irregularity, meno-
pausal age, and menarche age were determined using
self-reported questionnaire. The question used to deter-
mine the existence of menstrual cycle irregularity was,
“Do you currently have a regular menstrual cycle?”
Meanwhile, the question used to identify the menarche
age was, “When did you have your first menstruation?”
For the question on menopausal age, the participants
were initially asked whether they had amenorrhea or
not. Subsequently, they were asked on the cause and age
of onset of their amenorrhea. We only used the data on
menopausal age of the participants who placed a check
on the natural menopause category.
The participants were categorized based on their

smoking status, that is, current smokers, ex-smokers,
and non-smokers. Secondhand smoking was assessed
using the following self-reported questionnaires: “How
many hours a day are you exposed to tobacco smoke at
home?” and “How many hours a day are you exposed to
tobacco smoke in your workplace?” Then we categorized
the total exposure time at home or in their workplaces
into 3 groups as follows: no, < 1 h, and ≥1 h. Age at
smoking initiation was identified using the following
self-reported questionnaire: “When did you smoke a
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total of one cigarette?” Cigarettes per day and pack-year
were counted for ex- and current smokers, including
those who were daily and occasional smokers. The pack-
year was calculated by multiplying the packs smoked per
day (1 pack = 20 cigarettes) by years as a smoker. Add-
itionally, the participants were divided into the following
five groups based on their frequency of alcohol con-
sumption: 0, ≤1 time a month, 2–4 times a month, 2–3
times a week, and ≥4 times a week. The participants
were also categorized into the following five groups
based on their BMI and in accordance with the Asian
obesity guideline: underweight (0 to < 18.5), normal
weight (18.5 to < 23), overweight (23 to < 25), obese I
(25 to < 30), and obese II (≥30). Moreover, the partici-
pants were asked on their perceived level of stress using
the question “How much do you feel stress generally in
your daily life?” with responses such as “few,” “a little,”
“much,” and “very much.” Meanwhile, the area of resi-
dence of the participants was categorized into rural or
urban area based on the administrative district. The
equivalized household income was calculated by dividing
the household income with the square root of the num-
ber of household members; subsequently, the income
was grouped into quartiles. The participants were also
categorized based on their marital status, that is, non-
married or married. Furthermore, they were grouped
into four based on their educational level: elementary
undergraduate or middle school, high school, and col-
lege or university graduate. The participants who were
unable to graduate were categorized into the lower edu-
cational level group.
Modifiable risk factor scores were assigned for the in-

tegrated variables, including smoking status, BMI, and

alcohol consumption frequency. The scores were given
as follows: 0 point each for non-smokers, BMI
ranges from underweight to overweight (0 to < 25 BMI),
and nondrinkers; 1 point each for ex-smokers, obesity I
(25 to < 30), and 1–4 times per month alcohol consump-
tion frequency; and 2 points each current smoker, obes-
ity II (≥30 BMI), and ≥ 2 times a week alcohol
consumption frequency. Subsequently, we summed the
given scores and categorized these scores into four
groups (0, 1, 2, ≥3).

Statistical analysis
For the descriptive statistics, the categorical data were
presented as percentage, whereas the continuous data
were presented as mean and standard deviation (SD).
We applied the weight for all analysis to ensure repre-
sentativeness of the Korean population. For example,
unweighted frequencies and weighted proportions with
standard errors (SE) were presented for categorical data.
Univariate and multiple logistic analyses were conducted
to determine the effect of the risk factors (i.e. perceived
level of stress, lifetime smoking status, smoking status
regardless of exposure to secondhand smoke, smoking
status including exposure to secondhand smoke, alcohol,
obesity, residence, income, marital status, and educa-
tional level) on menstrual cycle irregularity. Additionally,
the effect of smoking on early menopause was investi-
gated using univariate logistic or linear regression ana-
lysis. The survey procedure was incorporated into the
logistic regression analysis so that the complex survey
design and sample weight will be reflected. All the data
were analyzed using the SAS program (ver. 9.4; SAS
Institute, Cary, NC, USA).

Fig. 1 Distributions of menarche age by group of menopausal age (KNHANES, 2010–2014)
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Result
The average age of women with both regular and irregu-
lar menstrual cycles was 36.4 (SD, ±8.5) and 37.0 (SD,
±11.1) years, respectively. Table 1 presents the character-
istics of the participants with and without regular men-
strual cycles.
Table 2 shows the factors affecting the menstrual cycle

of premenopausal women. In the univariate analysis,
age, smoking status, pack-year, body weight, alcohol,
perceived level of stress, marital status, educational level,
and modifiable risk factor scores were associated with
irregular menstruation (Table 2). Pack-year did not show
a dose–response relationship with irregular menstru-
ation. The pack-year with the lower level from the me-
dian value was associated with higher odds ratios (ORs)
of menstrual cycle irregularity than those on the upper
level. Based on the results of multiple logistic regression
analysis involving obesity and smoking status, obese
women (≥25 BMI) showed higher risk of irregular men-
struation than normal-weight women (25- < 30 kg/m2

OR = 1.56, 95% CI = 1.19–2.03; ≥30 kg/m2, OR = 1.81,
95% CI = 1.17–2.79). In the multiple logistic regression
analysis that included age, behavior score, marital status,
perceived stress, and educational level, ≥3 modifiable
risk factor score was significantly associated with men-
strual cycle irregularity. Following the adjustments of
modifiable risk factor scores, perceived stress and educa-
tional level were significantly associated with menstrual
cycle irregularity. Women who responded their per-
ceived stress as ‘very much’ had 1.74 times higher OR of
menstrual cycle irregularity than women who did as ‘lit-
tle’. As educational level was lowered, the risk of men-
strual cycle irregularity increased (elementary school
and below (reference = high school), OR = 2.07, 95%
CI = 1.24–3.46).
Table 3 displays the association between smoking and

early menopause. To assess the effect of smoking on the
menopausal status, we divided the population into two
groups: early menopause (menopause before 50 years
old) and late menopause (menopause at 50 years old and
above) groups. The average ages (±SD) of the late and
early menopause groups were 52.6 ± 2.4 and 45.5 ±
3.8 years, respectively. The ex- and current smokers had
1.34 and 1.68 times higher ORs than the non-smokers.
Specifically, the ex- and current smokers had had higher
ORs in terms of the number of cigarettes smoked per
day, age at smoking initiation, total pack-year, and pack-
year before menopause than the non-smokers, although
a dose–response relationship was not observed. Further-
more, the current smokers had significantly lower mean
menopausal age than the ex- and non-smokers, based
on the result of the regression analysis. The current
smokers had approximately 1.14 (SE = 0.283) lower aver-
age menopausal age than the non-smokers.

Figure 1 shows the proportions of each menarche age
by groups of early (< 50 years) and late menopause
(≥50 years). There was no difference in the menarche
ages of the early and late menopause groups; thus, early
menarche age was not a factor to accelerate the early
menopause in our subjects.

Discussion
Our study investigated the various factors influencing
the menstrual cycle and the effects of smoking on meno-
pausal onset. In our study, the risk factors for menstrual
cycle irregularity were perceived stress, obesity, smoking,
and marital status. Furthermore, early initiation of smok-
ing and high cigarette consumption were significantly
associated with premature menopause based on the re-
sults of analyses using both logit and linear regression
models. This study focused on modifiable risk factors,
such as smoking, obesity, and perceived stress, and re-
vealed the importance of these factors in the improve-
ment of women’s health.
With regard to stress, our study showed that high level

of perceived stress was associated with high probability
of menstrual cycle irregularity. A previous study con-
ducted among 696 women aged 20–40 years revealed
that menstrual cycle irregularity was associated with
high chronic stress level [29]. Moreover, past studies that
utilized special tools to check the stress level (i.e., > 20
in the Perceived Stress Scale or Global Severity Index) of
university students also indicated that stress was corre-
lated with irregular menstruation [30, 31]. One theory
that explained the mechanism through which stress af-
fects the menstrual cycle involves the HPA axis. This
theory suggests that a reduction in the HPA axis activity
leads to the occurrence of menopause. When the stress
level is high, the HPA axis activity is interrupted. Thus,
women who are suffering from considerable stress may
experience more irregularities in menstruation than
those who are not under stress [32].
In the present study, women who had BMI of 25–30

or ≥30 have high possibility of developing irregular men-
struation. This finding is also consistent with those of
previous studies on the association between irregular
menstruation and obesity. For instance, one study that
involved 14,779 women who were 19–23 years old
showed that those with BMI of < 17, 17–18.5, 18.5–20,
25–30, and > 30 had 1.6, 1.2, 1.2, 1.1, and 1.4 times
higher probability of developing menstrual cycle irregu-
larity, respectively, than those with BMI of 20–25 BMI
[33]. Furthermore, another study conducted among 1095
female students in childbearing years (18–25 years old)
in Taiwan demonstrated that women with BMI of > 27
had 18.48 times higher risk of developing menstrual
cycle irregularity than those with BMI of 18.5–23.9 [20].
Additionally, a study on irregular menstruation, which
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Table 1 Descriptive characteristics of premenopausal women by menstrual cycle regularity (KNHANES, 2010–2012)

Total (n = 4788) Regular (n = 4103) Irregular (n = 685)

n % SE n % SE n % SE

Age, years

19 to < 30 1157 30.6 1.0 943 28.9 1.0 214 39.7 2.3

30 to <40 1737 31.6 0.9 1568 33.4 1.0 169 21.6 1.8

≥ 40 1894 37.8 0.9 1592 37.7 1.0 302 38.7 2.1

Residence

Rural 601 13.8 1.4 504 13.4 1.4 588 15.7 2.3

Urban 4187 86.2 1.4 3599 86.6 1.4 97 84.3 2.3

Household income, quartiles

I 1130 27.7 0.9 968 27.7 1.0 162 27.5 2.3

II 1171 24.7 0.8 1024 25.4 0.9 147 21.2 1.9

III 1203 23.9 0.8 1009 23.2 0.9 194 27.4 2.2

IV 1236 22.6 0.9 1060 22.6 0.9 176 22.6 2.0

Missing data 48 1.1 0.2 42 1.1 0.2 6 1.2 0.7

Marital status

Married 3563 69.2 1.0 3090 70.6 1.0 473 61.4 2.2

Not married 1225 30.8 1.0 1013 29.4 1.0 212 38.6 2.2

Educational level

Elementary school and below 144 3.2 0.3 104 2.8 0.3 40 5.9 1.0

Middle school 251 5.8 0.4 186 5.1 0.4 65 9.6 1.3

High school 2183 48.4 1.0 1848 47.6 1.1 335 53.0 2.4

University and above 2202 42.3 1.0 1959 44.3 1.1 243 31.2 2.2

Missing data 8 0.2 0.1 6 0.2 0.1 2 0.4 0.3

Smoking status

Non-smoker 4264 87.2 0.6 3663 87.6 0.6 601 85.2 1.6

Ex-smoker 208 4.8 0.4 181 4.9 0.4 27 4.5 1.0

Current smoker 316 8.0 0.5 259 7.6 0.5 57 10.3 1.5

Secondhand smoking

None 1359 27.3 0.8 1174 27.6 0.9 185 25.3 2.0

< 1 h 211 4.8 0.4 183 4.9 0.4 28 4.5 1.1

≥ 1 h 392 9.8 0.6 334 9.9 0.6 58 9.1 1.3

Missing data 2826 58.1 0.9 2412 57.6 1.0 414 61.1 2.2

Cigarettes per day

Non-smoker 4264 87.2 0.6 3663 87.6 0.6 601 85.2 1.6

< 20 cigarettes 478 11.7 0.6 400 11.3 0.6 78 13.7 1.6

≥ 20 cigarettes 44 1.1 0.2 38 1.1 0.2 6 1.1 0.5

Missing data 2 0.0 0.0 2 0.0 0.0

Age at smoking initiation

Non-smoker 4264 87.2 0.6 3663 87.6 0.6 601 85.2 1.6

< 20 years 242 6.5 0.5 199 6.2 0.5 43 8.1 1.3

≥ 20 years 282 6.3 0.4 241 6.2 0.5 41 6.7 1.2

Pack-year

Non-smoker 4264 87.2 0.6 3663 87.6 0.6 601 85.2 1.6

Above the median (2.5 pack-years) 249 6.0 0.4 206 5.6 0.4 43 8.0 1.3
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was defined as > 15 days of menstrual cycle difference,
that was conducted among 726 women showed that
women with BMI of > 30 had 2.61 times higher risk of
developing irregular menstruation than those with BMI
of 25–29.9 [22]. The mechanism behind the association
between BMI and irregular menstruation may be attrib-
uted to low SHBG level and high testosterone and FAI
levels. The present study showed that women who had
higher BMI developed irregular menstruation caused by
low SHBG level and high testosterone, FAI, and insulin
levels. An increase in the BMI resulted to changes
(either decrease or increase) in the value of SHBG
(− 0.44), testosterone (+ 0.17), FAI (+ 0.42), and insu-
lin (+ 0.54) [22].
The univariate regression analysis revealed that smok-

ing was correlated with irregular menstruation; however,
this association was not found in the multivariable

regression analysis. To determine the effect of smoking
on menstrual cycle irregularity, we categorized the
smoking-related factors into the following: lifetime
smoking status, secondhand smoking, cigarettes per day,
age at smoking initiation, and pack-year. The results of
the univariate logistic regression analysis revealed a sta-
tistically significant association between smoking status
and irregular menstruation. Specifically, the current
smokers had 1.4 times higher prevalence of menstrual
cycle irregularity than non-smokers. However, the multi-
variable logistic regression analysis did not show a statis-
tically significant difference in the prevalence of
menstrual cycle irregularity between non-smokers and
current smokers. This difference may be explained by
multicollinearity because various factors, such as per-
ceived stress, obesity, and alcohol consumption, were
correlated with smoking.

Table 1 Descriptive characteristics of premenopausal women by menstrual cycle regularity (KNHANES, 2010–2012) (Continued)

Total (n = 4788) Regular (n = 4103) Irregular (n = 685)

n % SE n % SE n % SE

Below or equal to the median (2.5 pack-years) 257 6.4 0.5 220 6.3 0.5 37 6.4 1.2

Missing data 18 0.4 0.1 14 0.4 0.1 4 0.4 0.2

Alcohol consumption

None 604 12.0 0.6 520 12.1 0.6 84 11.5 1.5

≤ 1 time per month 2085 43.2 0.9 1783 42.7 0.9 302 45.9 2.1

2–4 times a month 1164 24.6 0.8 1003 25.2 0.8 161 21.2 1.9

2–3 times a week 456 9.7 0.6 396 9.9 0.6 60 8.8 1.3

≥ 4 times a week 100 2.5 0.3 81 2.3 0.3 19 3.4 1.0

Missing data 379 8.0 0.5 320 7.8 0.6 59 9.2 1.4

Body mass index

0 to < 18.5 kg/m2 443 10.0 0.5 388 10.2 0.6 55 9.3 1.3

18.5 to < 23 kg/m2 2521 51.0 1.0 2211 52.2 1.0 310 44.8 2.4

23 to < 25 kg/m2 807 17.0 0.6 689 17.1 0.7 118 16.0 1.6

25 to < 30 kg/m2 811 17.2 0.7 662 16.3 0.8 149 22.2 1.8

≥ 30 kg/m2 191 4.5 0.4 143 4.0 0.4 48 7.3 1.3

Missing data 15 0.3 0.1 10 0.3 0.1 5 0.5 0.2

Perceived stress

Little 396 8.0 0.5 347 8.2 0.5 49 7.1 1.2

A little 2847 58.3 0.9 2477 59.3 0.9 370 52.8 2.3

Much 1304 28.2 0.8 1086 27.4 0.9 218 32.1 2.1

Very much 241 5.5 0.4 193 5.0 0.4 48 8.0 1.2

Modifiable risk factor scorea

0 450 9.38 0.52 399 9.8 0.58 51 7.04 1.24

1 2452 54.6 0.97 2134 55.5 1.02 318 49.8 2.48

2 925 21.3 0.77 787 21.1 0.86 138 22.4 1.92

≥ 3 568 14.72 0.7 454 13.7 0.7 114 20.7 1.99
aThe given scores were summed and categorized based on smoking status, obesity level, and drinking frequency. The given score of each variable was as follows:
0 point each for non-smokers, underweight to overweight (0 to < 25 BMI), and nondrinkers; 1 point each for ex-smokers, obesity I (25 to < 30), and 1–4 times per month
alcohol consumption frequency; and 2 points each current smoker, obesity II (≥30 BMI), and ≥ 2 times a week alcohol consumption frequency
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Table 2 Factors affecting the menstrual cycle irregularity of premenopausal women (KNHANES, 2010-2012)

Univariate logistic (n = 4788) Multivariable (n = 4773) Multivariable (n = 4388)

OR 95% CI OR 95% CI OR 95% CI

Age, years

19 to < 30 1.00 1.00 1.00

30 to <40 0.47 0.37 0.61 0.60 0.41 0.90 0.63 0.41 0.95

≥ 40 0.75 0.60 0.93 0.79 0.52 1.18 0.84 0.55 1.28

Residence

Rural 1.00

Urban 0.83 0.62 1.12

Household income, quartiles

I 1.00

II 0.84 0.63 1.12

III 1.19 0.89 1.59

IV 1.01 0.76 1.35

Marital status

Married 1.00 1.00 1.00

Not married 1.51 1.24 1.85 1.46 1.00 2.14 1.73 1.38 2.16

Educational level

Elementary school and below 1.91 1.24 2.94 2.04 1.28 3.25 2.07 1.24 3.46

Middle school 1.69 1.18 2.42 1.81 1.23 2.66 1.79 1.20 2.65

High school 1.00 1.00 1.00

University and above 0.63 0.50 0.79 0.65 0.51 0.82 0.60 0.47 0.76

Smoking status

Non-smoker 1.00

Ex-smoker 0.95 0.59 1.54 0.97 0.58 1.60

Current smoker 1.40 1.01 1.94 1.11 0.79 1.56

Secondhand smoking

None 1.00

< 1 h 0.99 0.58 1.69

≥ 1 h 1.00 0.69 1.43

Cigarettes per day

Non-smoker 1.00

< 20 cigarettes 1.24 0.93 1.65

≥ 20 cigarettes 1.10 0.45 2.71

Age at smoking initiation

Non-smoker 1.00

< 20 years 1.35 0.93 1.97

≥ 20 years 1.10 0.74 1.64

Pack-year

Non-smoker 1.00

Above the median (2.5 pack-years) 1.45 1.01 2.10

Below or equal to the median (2.5 pack-years) 1.04 0.67 1.61

Alcohol consumption

None 1.00

≤ 1 time per month 1.13 0.83 1.54
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The univariate analysis also revealed an association be-
tween menopause and smoking, although a dose–re-
sponse relationship with regard to the pack-year was not
observed. Participants who smoked at younger and older
age had a tendency to develop early menopause. A previ-
ous study conducted among 14,889 women who were
18–23 years old in Austria indicated that ex-smokers
had 1.2 times higher risk of developing irregular men-
struation than non-smokers. For current smokers, the
higher the number of smoked cigarettes, the higher the
risk to develop irregular menstruation [33]. The findings
of several previous studies also supported the association
between smoking and early menopause. For example,
one study involving 543 participants showed that current
smokers were 0.8 years younger than non-smokers; how-
ever, no statistically significant difference was observed
in regard to secondhand smoking between ex-smokers
and current smokers [34]. Additionally, another previous
study conducted among women aged 45–55 years old in
Massachusetts demonstrated that smokers experienced
menopause was 1.8 years earlier than non-smokers [35].
Additionally, a study based on the US National Health

and Nutrition Examination Survey III demonstrated that
smoking elevated the risk of developing early menopause

among 5029 women who were older than 25 years old
[36]. A systematic review of 96 articles based on 109
studies reported a association between smoking and
early menopause, although a clear association between
the quantities of cigarettes smoked or smoking period
was not observed [21]. Moreover, one study also ana-
lyzed the relationship between prenatal and childhood
household smoke exposure or adult active smoking and
early natural menopause. The results showed current
smokers who had been smoking period for > 26 years or
> 10 cigarettes/day had higher risk of developing early
natural menopause than the other current smokers [37].
The association between smoking and menopause may

be attributed to the development of a hypoestrogenic
state that is induced by smoking. A study conducted
from 1977 to 1984 among 5000 women who were
34 years old or above showed that smokers had 19%
lower level of estradiol based on urine test than non-
smokers after menopause [38]. Furthermore, a study that
involved 603 premenopausal women demonstrated that
current smokers had lower total estrogen metabolite
(EM) levels than non-smokers. These participants were
shown to have significantly lower levels of parent estro-
gens, such as estradiol, 1-methoxyestradiol (a metabolite

Table 2 Factors affecting the menstrual cycle irregularity of premenopausal women (KNHANES, 2010-2012) (Continued)

Univariate logistic (n = 4788) Multivariable (n = 4773) Multivariable (n = 4388)

OR 95% CI OR 95% CI OR 95% CI

2–4 times a month 0.89 0.62 1.26

2–3 times a week 0.94 0.60 1.46

≥ 4 times a week 1.58 0.78 3.20

Body mass index

0 to < 18.5 kg/m2 1.06 0.73 1.55 0.92 0.62 1.36

18.5 to < 23 kg/m2 1.00 1.00

23 to < 25 kg/m2 1.09 0.82 1.43 1.11 0.84 1.49

25 to < 30 kg/m2 1.58 1.23 2.04 1.56 1.19 2.03

≥ 30 kg/m2 2.14 1.42 3.23 1.81 1.17 2.79

Perceived stress

Little 1.00 1.00 1.00

A little 1.02 0.70 1.50 1.07 0.73 1.57 1.09 0.72 1.65

Much 1.34 0.90 2.00 1.31 0.89 1.95 1.28 0.83 1.98

Very much 1.83 1.12 3.01 1.73 1.05 2.86 1.74 1.02 2.99

Modifiable risk factor scorea

0 1.00

1 1.13 0.75 1.70

2 1.30 0.83 2.05

≥ 3 1.61 1.03 2.52

OR odds ratios, CI confidence interval
aThe given scores were summed and categorized based on smoking status, obesity level, and drinking frequency. The given score of each variable was as follows:
0 point each for non-smokers, underweight to overweight (0 to < 25 BMI), and nondrinkers; 1 point each for ex-smokers, obesity I (25 to < 30), and 1–4 times per month
alcohol consumption frequency; and 2 points each current smoker, obesity II (≥30 BMI), and ≥ 2 times a week alcohol consumption frequency
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of the 2-hydroxylation pathway), estriol (an EM of the
16-hydroxylation pathway), and 16-epiestriol [39]. More-
over, one study conducted from 1982 to 1984 among
350 women aged 45–69 years revealed that smokers use
1.46 times more hormonal replacement therapy (HRT)
than non-smokers (OR = 1.46, p = 0.005). On the other
hand, the use of HRT was not statistically significant
among ex-smokers. HRT is used when the estrogen level
becomes low. Therefore, the increase use of HRT among
smokers than non-smokers indicated that smoking in-
duces hypoestrogenic state [40]. Another mechanism
through which smoking induces hypoestrogenic state

involves the increase in the level of HPA axis hormones,
including adrenocorticotropic hormone, cortisol, and de-
hydroepiandrosterone, such as during stress [41].
The association between alcohol consumption and

menstrual cycle irregularity was not found to be statisti-
cally significant. However, when we considered the
behavioral patterns such as smoking status, obesity
level, and alcohol consumption, these negative behav-
iors were significantly associated with the increased
prevalence of menstrual cycle irregularity. While,
smoking was inversely related to obesity, alcohol con-
sumption could result in increasing the prevalence of

Table 3 Effect of smoking on menopause among postmenopausal women (KNHANES, 2007–2014)

Variables Early menopause
(< 50 years)

Late menopause
(≥50 years)

Logistic regression
for early menopause
(< 50 years)a

Linear regression for
menopausal age
(categorical variable)a

Linear regression for
menopausal age
(continuous variable)a

n % n % OR 95% CI β SE p-value β SE p-value

(mean) (SD) (mean) (SD)

Total 4930 45.9 5767 54.1

Current age, mean (SD) 64.5 0.2 62.8 0.2

Average menopausal age, mean (SD) 45.6 0.1 52.5 0.0

Smoking status

Non-smoker 4447 90.6 5343 93.6 1.00 1.000

Ex-smoker 172 3.7 160 2.9 1.34 1.02 1.77 −0.615 0.365 0.093

Current smoker 236 5.7 175 3.5 1.68 1.30 2.17 −1.137 0.283 <.0001

Total 4855 100.0 5678 100.0

Cigarettes per day

Non-smoker 4447 92.3 5343 95.1 1.00 1.000

< 20 cigarettes 268 6.1 205 3.9 1.61 1.26 2.07 −1.104 0.302 0.000

≥ 20 cigarettes 69 1.5 55 1.0 1.53 1.00 2.33 −0.486 0.444 0.274

Total 4784 100.0 5603 100.0 −0.038 0.019 0.046

Age at smoking initiationb

Non-smoker 3409 89.9 3993 93.1 1.00 1.000

< 20 years 36 1.2 15 0.4 2.93 1.45 5.90 −1.438 0.461 0.002

≥ 20 years 298 8.9 246 6.4 1.43 1.13 1.82 −0.827 0.293 0.005

Total 3743 100.0 4254 100.0 −0.004 0.001 <.0001

Pack-year (total)b

Non-smoker 3409 90.2 3993 93.4 1.00

Below or equal to the median
(≤9.8 pack-years)

153 4.9 175 3.4 1.50 1.11 2.01 −0.773 0.342 0.024

Above the median (>9.8 pack-years) 172 4.9 78 3.3 1.57 1.17 2.09 −1.037 0.389 0.008

Total 3734 100.0 4246 100.0 −0.025 0.015 0.103

Pack-year (before menopause)b

Non-smoker 3409 92.0 3993 93.7 1.00 1.000

Below or equal to the median (≤5
pack-years)

133 4.0 107 2.7 1.54 1.11 2.13 −1.076 0.370 0.004

Above the median (>5 pack-years) 123 4.0 131 3.6 1.14 0.83 1.57 0.417 0.340 0.220

Total 3665 100.0 4231 100.0 0.035 0.020 0.077

OR odds ratios, CI confidence interval; a Univariate model b Excluded KNHANES 2013-2014 because age at smoking initiation was not surveyed
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obesity. Therefore, it may be plausible to consider the
integration of behaviors when investigating menstrual
cycle irregularity.
Menarche age was not significantly different between

women who attained menopause before or after the age
of 50 years. Some debates still exist on the relationship
between menarche and menopausal ages. Women who
began their menstruation at the age of 11 years or youn-
ger have an 80% higher chance of having menopause at
the age of 40 years than those who started menstruating
at the age of 13 years. Additionally, the risk of having
menopause at the age of 40–44 years was approximately
30% [42]. However, our study indicated that premature
menopause may be caused by acquired and environmen-
tal factors, rather than the menarche age. Hence, further
research on this topic would be necessary [43, 44].
Our study has several limitations to consider when

interpreting the results. First, because our study used
cross-sectional data, causal relationships could not be
determined. Second, most data on the participants’ char-
acteristics were collected through self-reported question-
naires, except for BMI. Third, when assessing the factors
affecting menopause, we could not consider other fac-
tors, except for smoking, because information regarding
the participants’ at the time of their menopausal age was
not available.

Conclusion
Our study results showed the importance of healthier
behavioral practices to maintain menstrual cycle regular-
ity, especially when considering that smoking may be as-
sociated with the occurrence of early menopause.
Given the association between early menopause or
irregular menstruation and women’s health, improve-
ments in health behaviors should be emphasized in
view of public health.
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