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Background: Menstrual irregularity is an indicator of endocrine disorders and reproductive health status. It is associated with vari-
ous diseases and medical conditions, including obesity and underweight. We aimed to assess the association between body weight
changes and menstrual irregularity in Korean women.

Methods: A total of 4,621 women 19 to 54 years of age who participated in the 2010 to 2012 Korea National Health and Nutrition
Examination Survey were included in this study. Self-reported questionnaires were used to collect medical information assessing
menstrual health status and body weight changes. Odds ratios (ORs) and 95% confidence interval (CI) were calculated to evaluate
the association between body weight changes and menstrual irregularity.

Results: Significantly higher ORs (95% CI) were observed in the association between menstrual irregularity and both weight loss
(OR, 1.74; 95% CI, 1.22 to 2.48) and weight gain (OR, 1.45; 95% CI, 1.13 to 1.86) after adjusting for age, body mass index, current
smoking, heavy alcohol drinking, regular exercise, calorie intake, education, income, metabolic syndrome, age of menarche, parity,
and stress perception. Of note, significant associations were only observed in subjects with obesity and abdominal obesity, but not in
non-obese or non-abdominally obese subjects. U-shaped patterns were demonstrated in both obese and abdominally obese subjects,
indicating that greater changes in body weight are associated with higher odds of menstrual irregularity.

Conclusion: We found a U-shaped pattern of association between body weight changes and menstrual irregularity among obese
women in the general Korean population. This result indicates that not only proper weight management but also changes in body
weight may influence the regulation of the menstrual cycle.
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Body Weight Changes and Menstrual Irregularity E n M

INTRODUCTION

Menstruation is a regular discharge of blood and mucosal tissue
from the uterus and typically follows a 28-day cycle that is de-
termined by the rising and falling of sex-steroid hormones dur-
ing the follicular and Iuteal phases. Menstrual disorders are
common gynecological problems in reproductive women. It is
reported that the prevalence of menstrual irregularity ranges
from 10% to 38% in menstruating women [1,2] and is consid-
ered an indicator of endocrine disorders and reproductive health
status.

Previous reports have suggested that menstrual irregularity is
associated with various diseases and medical conditions, such
as metabolic syndrome [3,4], coronary heart disease [5], type 2
diabetes [6], periodontal disease [7], rheumatoid arthritis [8],
dry eye disease [9], and psychological distress [10-12]. Further-
more, female reproductive physiology is affected by several
conditions, such as fasting [13], extreme weight loss, excessive
exercising, medical conditions and even psychological stress or
mood disorders, such as depression [12,14]. Of note, obesity is
known to be closely associated with infertility [15,16]. Thus, it
could be assumed that menstrual cycle irregularity might be as-
sociated with changes in body weight. Because no previous
studies have examined the association between menstrual irreg-
ularity and body weight changes, we aimed to investigate this
relationship in Korean women using large-scale population-
based survey data.

METHODS

Study population
This study was conducted using data collected from the Korea
National Health and Nutrition Examination Survey (2010 to
2012, KNHANES V). KNHANES is a cross-sectional and na-
tionally representative survey that was conducted by the Divi-
sion of Chronic Disease Surveillance of the Korea Centers for
Disease Control and Prevention. KNHANES was designed to
assess national health and nutritional status and consists of a
health and nutrition survey collected through household inter-
views and a health examination and blood sampling conducted
in specially equipped examination centers. The sampling frame
was designed based on the 2005 population and housing census
in Korea and used a rolling sampling design that involved com-
plex, stratified, multistage, clustered, and probability sampling.
The details of this survey have been published elsewhere [7,17].
Of the 25,534 subjects who participated in the 2010 to 2012
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survey, subjects with ages under 19 years (n=5,935), postmeno-
pausal status (n=6,350) or ages over 55 years (n=19), male
gender (n=8,461), current pregnancy (n=2), pathologic weight
changes over 10 kg (n=142), and incomplete data (n=4) were
excluded. There were no breast-feeding women included in this
study. Finally, a total of 4,621 subjects 19 to 54 years of age
were included in this study. The KNHANES data are available
to the public, and written informed consent was obtained from
all participants. Ethics approval was obtained from the Institu-
tional Review Board of The Catholic University of Korea (No.
KC160IS10526).

Health interview
Self-reported questionnaires were used to collect medical histo-
ry and lifestyle habit information. Current smokers were defined
as those who currently smoke and had smoked at least five
packs of cigarettes during their lifetime. Heavy drinkers were
defined as subjects who drink more than 30 g/day of alcohol.
Regular exercise was defined as performing vigorous physical
activity for at least 20 minutes three times a week. Total caloric
intake was assessed through a 24-hour dietary recall question-
naire administered by a trained dietitian. Results were calculated
using the food composition table developed by the Korean Na-
tional Rural Resources Development Institute.

To evaluate changes in body weight, the following question
was asked “Were there any weight changes compared to 1 year
before?” The answer was categorized into “no change (includ-
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ing weight gain and loss of less than 3 kg),” “weight loss (3 to 6,
6 to 10, more than 10 kg),” or “weight gain (3 to 6, 6 to 10, more
than 10 kg).” Self-perceived weight status was assessed by ask-
ing, “What do you think of your body weight status?”” Respons-
es were categorized into three answers, including lean (very
lean and a little lean), normal, and obese (very obese and a little
obese). Subjective health status was classified into three an-
swers: good (good and very good), intermediate, and bad (bad
and very bad). To evaluate mental health status, subjects were
asked to report their levels of psychological stress, continuous
depressive symptoms lasting more than 2 weeks during the past
year (yes or no) and suicidal ideation over the previous year (yes
or no). The level of psychological stress was answered as no, a
little, a lot, or very much and was recategorized dichotomously
as yes or no.

Age at menarche was defined as the age at the start of men-
struation and asked as an open-ended question “What age did
you have your first menstrual period?” Subjects who answered
“no” to the question “Do you have regular menstrual periods?”
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were classified into the menstrual irregularity group.

Measurements

Anthropometric measurements were obtained by trained staff
members with subjects dressed in a light gown. Waist circum-
ference (WC) was measured in standing position at a level mid-
point between the lower rib margin and the iliac crest during
minimal respiration and body mass index (BMI) was calculated
as the subject’s weight (kg) divided by the square of the sub-
ject’s height (m?). Blood pressure (BP) was measured using a
mercury sphygmomanometer three times on the right arm with
the subject in a seated position after at least 5 minutes of resting.
Blood samples were drawn after at least 8 hours of fasting and
were analyzed at a central, certified laboratory (NeoDin Medi-
cal Institute, Seoul, Korea). Serum levels of glucose were deter-
mined by a hexokinase method; total cholesterol, triglyceride,
and high density lipoprotein cholesterol (HDL-C) levels were
measured enzymatically with an automatic chemistry analyzer
(Hitachi 7600, Hitachi Ltd., Tokyo, Japan); and low density li-
poprotein cholesterol (LDL-C) level was calculated using the
Friedewald formula. Metabolic syndrome was defined as the
presence of =3 of the following criteria: (1) abdominal obesity
(WC =80 cm); (2) high BP (BP =130/85 mm Hg) or antihy-
pertensive medication use; (3) fasting glucose (=100 mg/dL) or
antidiabetic medication use; (4) hypertriglyceridemia (=150
mg/dL); and (5) low HDL-C (<50 mg/dL) or medication use.
Self reported hypertension and diabetes were also collected on
the questionnaire.

Statistical analysis

Statistical analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA). The SAS survey procedure was
applied to reflect the complex sampling design and sampling
weights of the KNHANES and to provide nationally representa-
tive prevalence estimates. Baseline characteristics were de-
scribed using means+standard error, geometric means (95%
confidence interval [CI]) or percentage (standard error). T tests,
analysis of variance, or chi-square tests were used to compare
the characteristics between subgroups. Log-transformed vari-
ables were used for triglyceride level, which exhibited a skewed
deviation. Multivariable logistic regression analysis was used to
evaluate the association between body weight changes and
menstrual irregularity, and odds ratios (ORs) and 95% CI were
calculated after adjusting for potential confounders. Model 1
was adjusted for age and BMI, and model 2 was adjusted for the
variable in model 1 plus current smoking, heavy alcohol drink-
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ing, regular exercise, calorie intake, education, and income.
Model 3 was adjusted for the variables in model 2 plus meta-
bolic syndrome, age of menarche, parity, and stress perception.
Subgroup analyses were performed according to obesity (BMI
cutoff 25 kg/m?) or abdominal obesity (WC cutoff 80 cm) status
[18,19]. A P value <0.05 was considered statistically signifi-
cant.

RESULTS

Baseline characteristics of the subjects

Metabolic and socioeconomic characteristics of study partici-
pants according to body weight changes in the previous year are
shown in Table 1. Subjects with weight loss in the previous year
were younger, had a higher prevalence of current smoking and
regular exercise, and had younger age of menarche compared
with the no weight change group. Subjects with weight gain in
the previous year were younger; were more obese, with higher
BMI and WC levels; had higher total cholesterol and triglycer-
ide and lower HDL-C levels; had a higher prevalence of current
smoking and heavy alcohol drinking; and had younger age of
menarche compared with the no weight change group. The
prevalence of menstrual irregularity was significantly higher in
both groups compared with the no weight change group.

Next, we compared the characteristics between the regular
and irregular menstruation groups (Table 2). Subjects with ir-
regular menstruation were more obese; had higher total choles-
terol, triglycerides, and LDL-C levels; and had a higher preva-
lence of diabetes mellitus and metabolic syndrome compared
with the regular menstruation group. Lesser subjects in the ir-
regular menstruation group had higher educational level, pres-
ence of spouse and parity. The percentage of subjects with no
weight change was higher in the group with the absence of
menstrual irregularity. Conversely, the percentage of both
weight gain and loss among subjects was higher in the presence
of menstrual irregularity than in the absence of menstrual irreg-
ularity. Higher percentages of subjects reported that they have
bad subjective health status, psychological stress, depressive
symptoms, and suicidal ideation over the previous year in the ir-
regular menstruation group.

Relationship of body weight changes with menstrual
irregularity

Multivariable logistic regression analysis was performed to esti-
mate the odds of having menstrual irregularity in the weight
loss and weight gain groups using the no change group as a ref-
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Weight loss (7=489) Weight gain (n=1,251)

33.3+0.5° 34.740.3*
56.3+0.5 61.140.3*
160.0+0.3 159.940.2
22.040.2 23.940.1*
733+0.5 78.04£0.3*
108.240.6 109.540.5
71.240.5 72.840.3*
93.1+1.7 91.740.6
1779418 182.041.3*
74.8 (70.4-79.6) 90.8 (87.2-94.4)*
583+0.7 55.8410.4%
101.9+1.6 105.141.1
9.8 (1.9)" 6.8 (0.9)°
35(1.2) 5.3 (1.0y
20.6 (2.2)° 17.5 (1.4)
1,726.7+41.4 1,707.9424.6°
63.4+0.6° 63.7£0.4°
21.4£0.5° 21.240.3°
152403 15.140.2
355 (2.5)" 434 (1.9)
11.4(1.8) 82 (L.1)
72.3 (3.3)" 82.3(1.8)"
13.740.1° 13.740.1°
56.9 (3.0)" 63.8 (1.8)"
18.8 (2.2)° 17.9 (1.3)°
16.3 (2.0) 14.9(1.2)
2.5(0.9) 3.0(0.6)

Table 1. Baseline Characteristics of the Study Subjects According to Body Weight Changes in Previous 1 Year
Characteristic No change (n=2,881)
Age, yr 36.3+0.2
Weight, kg 55.4+0.2
Height, cm 159.5+0.1
Body mass index, kg/m* 21.8+0.1
Waist circumference, cm 73.1£0.2
Systolic blood pressure, mm Hg 108.6+£0.3
Diastolic blood pressure, mm Hg 71.7£0.2
Fasting glucose, mg/dL 90.5+0.3
Total cholesterol, mg/dL 178.5+£0.7
Triglyceride, mg/dL 78.5 (76.6-80.4)
HDL-C, mg/dL 57.7+£0.3
LDL-C, mg/dL 102.8+0.6
Current smoking, % 5.0(0.5)
Heavy alcohol drinking, % 2.1(0.3)
Regular exercise, % 15.5(0.9)
Energy intake/day, kcal 1,796.9+£16.8
Carbohydrate, % 65.1£0.3

Fat, % 20.1£0.2
Protein, % 14.84+0.1
Education, college or higher, % 44.1(1.3)
Income, lowest quartile, % 8.2(0.7)
Presence of spouse, % 82.4(1.2)
Age of menarche, yr 13.94+0.0
Parity, % 67.7(1.3)
Menstrual irregularity, % 13.1(0.8)

More than once/3 months, % 11.0 (0.7)

Less than once/3 months, % 2.1(0.3)
Values are expressed as mean=+ SE, geometric mean (95% confidence interval), or % (SE).
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
#P<0.05 vs. no change group; *P<0.05 vs. weight loss group.

erence (Table 3). Significantly higher ORs (95% CI) were ob-
served in both the weight loss (OR, 1.48; 95% CI, 1.07 to 2.04)
and weight gain (OR, 1.30; 95% CI, 1.03 to 1.64) groups after
adjusting for age and BMI. Further adjustments for possible
confounders did not attenuate these associations, as the weight
loss group had 74% greater odds and the weight gain group had
45% greater odds of menstrual irregularity.

Next, we assessed whether these findings are similar in both
non-obese and obese participants. Interestingly, significant as-
sociations were only observed in subjects with obesity and ab-
dominal obesity, but not in non-obese or non-abdominally obese
subjects. After adjusting for possible confounding factors, the
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odds of menstrual irregularity was 233% and 207% higher in
the weight loss groups who were obese or abdominally obese,
respectively. Similarly, weight gain was associated with 162%
and 343% greater odds of menstrual irregularity in obese or ab-
dominally obese subjects, respectively.

To evaluate the specific pattern of association between men-
strual irregularity and weight changes, weight change values
were classified into five subgroups (6 to 10 kg loss, 3 to 6 kg
loss, no change, 3 to 6 kg gain, 6 to 10 kg gain). No significant
association was noted in non-obese or non-abdominally obese
subjects. In contrast, U-shaped patterns were observed in both
obese and abdominally obese subjects, indicating that greater
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Table 2. Baseline Characteristics of the Study Subjects According to the Presence or Absence of Menstrual Irregularity
Characteristic No (n=3,976) Yes (n=645) P value
Age, yr 35.6+0.2 35.1+0.5 0.345
Weight, kg 56.9+0.2 58.1+£0.5 0.013
Height, cm 159.7£0.1 159.3£0.3 0.151
Body mass index, kg/m” 22.3+0.1 229+0.2 0.001
Waist circumference, cm 74.2+0.2 75.94+0.5 <0.001
Systolic blood pressure, mm Hg 108.7£0.3 109.3£0.6 0.337
Diastolic blood pressure, mm Hg 72.0+0.2 71.9£0.5 0.826
Fasting glucose, mg/dL 91.0£0.3 91.7£1.0 0.526
Total cholesterol, mg/dL 178.8+£0.7 182.7+1.7 0.031
Triglyceride, mg/dL 80.4 (78.8-82.1) 86.2 (81.7-91.0) 0.018
HDL-C, mg/dL 574402 56.6+0.6 0.204
LDL-C, mg/dL 102.8£0.6 106214 0.025
Diabetes mellitus, % 2.4(0.3) 42(1.0) 0.033
Hypertension, % 6.7 (0.5) 8.6(1.1) 0.084
Metabolic syndrome, % 9.9 (0.6) 14.0 (1.6) 0.007
Current smoking, % 5.7(0.5) 7.7 (1.3) 0.105
Heavy alcohol drinking, % 3.1(0.4) 3.3(1.0) 0.866
Regular exercise, % 16.6 (0.7) 16.3 (1.7) 0.876
Energy intake/day, kcal 1,765.6+£14.0 1,759.11£38.4 0.875
Carbohydrate, % 64.6+0.2 64.4£0.5 0.772
Fat, % 20.5+£0.2 20.8+£0.4 0.590
Protein, % 14.9+0.1 14.8£0.2 0.652
Education, college or higher, % 45.0(1.1) 31.9(2.3) <0.001
Income, lowest quartile, % 8.5(0.7) 9.2 (1.5) 0.643
Presence of spouse, % 82.2(1.2) 75.9(2.6) 0.005
Age of menarche, yr 13.84+0.0 14.0%0.1 0.025
Parity, % 66.7 (1.1) 58.5(2.4) 0.001
Weight changes in previous 1 year, % 0.001
No change 63.1(1.0) 53.7(2.4)
Weight loss 10.3 (0.6) 13.6 (1.7)
Weight gain 26.6 (0.9) 32.7(2.3)
Self-perceived weight status, % 0.019
Lean 12.1(0.6) 11.4(1.4)
Normal 43.0(1.0) 36.8(2.4)
Obese 448 (1.0) 51.8(2.3)
Subjective health status, % <0.001
Good 36.3 (1.0) 29.2(2.1)
Intermediate 50.9 (1.1) 50.3 (2.3)
Bad 12.8 (0.6) 20.6 (1.8)
Stress perception, % 31.7(0.9) 38.9(2.3) 0.002
Depressive symptom, % 12.9 (0.6) 18.5 (1.7) 0.001
Suicidal ideation, % 14.4(0.7) 20.6 (1.9) 0.034
Values are expressed as mean+ SE, geometric mean (95% confidence interval), or % (SE).
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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Table 3. Odds Ratios for the Presence of Menstrual Irregularity According to Body Weight Changes
Obesity (BMI 25 kg/m?) Abdominal obesity (WC 80 cm)
Variable Total (n=4,621)
No (n=3,706) Yes (n=901) No (n=3,497) Yes (n=1,099)
Model 1*
No change 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Weight loss 1.48 (1.07-2.04) 1.31(0.91-1.88) 2.39(1.20-4.78) 1.13(0.83-1.54) 1.82 (1.20-2.74)
Weight gain 1.30(1.03-1.64) 1.04 (0.77-1.41) 2.35(1.49-3.70) 1.27(0.87-1.85) 2.36(1.26-4.42)
P value 0.012 0.343 0.001 0.399 0.003
Model 2°
No change 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Weight loss 1.65 (1.17-2.33) 1.43 (0.96-2.11) 2.77 (1.34-5.72) 1.16 (0.84-1.61) 2.07 (1.35-3.18)
Weight gain 1.38 (1.09-1.75) 1.11 (0.81-1.53) 2.47 (1.54-3.96) 1.36 (0.91-2.04) 2.90 (1.51-5.56)
P value 0.002 0.192 <0.001 0.268 <0.001
Model 3¢
No change 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Weight loss 1.74 (1.22-2.48) 1.44(0.97-2.15) 3.33(1.60-6.94) 1.06 (0.70-1.59) 3.07 (1.81-5.21)
Weight gain 1.45(1.13-1.86) 1.16 (0.82-1.62) 2.62 (1.62-4.24) 1.65(1.04-2.62) 4.43(1.97-9.98)
P value 0.001 0.166 <0.001 0.101 <0.001
BMI, body mass index; WC, waist circumference.
“Model 1: adjusted for age and BMI; "Model 2: adjusted for age, BMI, current smoking, heavy alcohol drinking, regular exercise, calorie intake, educa-
tion, and income; “Model 3: adjusted as model 2 and metabolic syndrome, age of menarche, parity, and stress perception.

changes in body weight are associated with higher risk of men-
strual irregularity (Fig. 1). The ORs (95% CI) of menstrual ir-
regularity in subjects with 6 to 10 kg gain were 3.65 (95% CI,
2.00 to 6.65) and 5.00 (95% CI, 2.42 to 10.35) in the obese and
abdominally obese groups, respectively. The ORs (95% CI) of
menstrual irregularity in subjects with 6 to 10 kg loss were 5.71
(95% CI, 1.40 to 23.26) in the obese group.

DISCUSSION

This cross-sectional study is the first large-scale investigation of
the association between body weight changes and menstrual ir-
regularity using nationally representative data. We found that
menstrual irregularity was associated with body weight changes
over the previous year. Furthermore, this association differed by
obesity status. Within the obese and abdominally obese groups,
both weight gain and weight loss had significant U-shaped as-
sociations with increased odds of menstrual irregularity. How-
ever, there was no association between menstrual irregularity
and body weight changes in the non-obese or non-abdominally
obese group.

Obesity is associated with many comorbidities and obese
women frequently suffer from reproductive disorders, including

Copyright © 2017 Korean Endocrine Society

polycystic ovary syndrome, infertility, and menstrual disorders
[15,20,21]. However, how increased body weight or adiposity
affects the reproductive axis is not fully understood. Hormonal
abnormalities, including increased testosterone and insulin lev-
els and a decreased sex hormone-binding globulin (SHBG) lev-
el were found in obese women, potentially influencing the men-
strual cycle [21]. Obese women also showed decreased excre-
tion of the urinary progesterone metabolite, pregnanediol
3-glucuronide (PDG), and reduced serum and urinary luteiniz-
ing hormone (LH) levels; these data indicated that the PDG def-
icit exceeds the LH deficit and obesity directly affects ovary,
oocyte, and corpus luteum function [22]. It was also found that
weight reduction with strict calorie restriction results in a de-
crease in nocturnal urinary LH concentrations, which is corre-
lated with an increase in serum SHBG and inversely related to
the severity of insulin resistance [23]. It is likely that the associ-
ation between decreased LH level and weight reduction is more
dependent on the absolute levels of insulin sensitivity than on
the amount of general adiposity [23]. Interestingly, there was a
primate study using vervet monkeys to examine the effect of
weight gain and loss on menstrual cycles and corpus luteum
gene expression. In their study, although weight gain and loss
did not significantly alter menstrual cyclicity, corpus luteum
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Fig. 1. The association between body weight changes and menstrual irregularity according to obesity status (A) or abdominal obesity status
(B). Adjusted for age, body mass index (BMI), current smoking, heavy alcohol drinking, regular exercise, calorie intake, education, income,
metabolic syndrome, age of menarche, parity, and stress perception. HR, hazard ratio; CI, confidence interval; WC, waist circumference.

gene expression was altered, suggesting that weight gain and
loss may contribute to corpus luteum dysfunction [22].

There are several known mechanisms for the influence of adi-
pose tissue on ovulation and menstrual cycle: (1) adipose tissue
converts androgens to estrogen by aromatization in breast, ab-
domen, omentum, and fatty marrow of long bones; (2) body
weight influences the direction of estrogen metabolism, with
very thin women producing a less potent inactivated form of es-
trogen (2-hydroxylated form) and obese women producing
more potent forms of estrogen because of activated estrogenic
activity (16-hydroxylated form); (3) obese women have dimin-
ished capacity for estrogen binding with SHBG, which inacti-
vates estrogen and results in an elevated percentage of free se-
rum estradiol; and (4) adipose tissue stores steroid hormones in
obese women [24]. In addition, central effects on hypothalamic
pituitary axis also potentially regulate ovarian function.

Previous studies [3] have identified that irregular menstrua-
tion is associated with metabolic syndrome, which is consistent
with our findings. It was reported that there was a negative rela-
tionship between BMI and menarche age in a cohort study [25]
and early menarche was associated with increased adult BMI in
a meta-analysis [26]. Data have consistently shown that women
with early menarche have higher risks of metabolic syndrome,
type 2 diabetes and cardiovascular disease [25,27,28]. Con-
versely, in our study, subjects with menstrual irregularity had a
higher age of menarche (14.0+0.1) compared to subjects with-
out menstrual irregularity (13.8+0.0). Late menarche, as well
as early menarche, is likely to be related to menstrual irregulari-
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ty [29]. A number of earlier studies have suggested that medical
conditions and psychological factors influence the menstrual
cycle [1,29]. In the present study, psychological stress, depres-
sion, and suicidal ideation within previous year were associated
with menstrual irregularity. It is possible that unhealthy mental
status interrupts hormonal homeostasis along the hypothalamic-
pituitary-adrenal (HPA) axis. The hypothalamus regulates the
menstrual cycle by secreting pulsatile gonadotropin-releasing
hormone (GnRH), and follicular stimulating hormone (FSH)
and LH from the pituitary gland are regulated by GnRH. Both
FSH and LH are required for follicular maturation and ovula-
tion, which assists in maintaining the corpus luteum. Under
stressful conditions, corticotrophin-releasing hormone (CRH) is
released from the hypothalamus, and CRH stimulates adreno-
corticotropic hormone (ACTH) from the pituitary gland; then
cortisol is secreted from adrenal gland, which is stimulated by
ACTH. Cortisol inhibits the release of LH by the pituitary gland
and estrogen by the ovaries, leading to interruption of the men-
struation cycle. In addition, fluctuating estrogen and progester-
one levels in the menstrual cycle influence the response of the
HPA axis to stress itself [30].

There are several limitations of our study. First, this was a
cross-sectional study. Therefore, we cannot estimate the cause-
effect relationship between weight changes and menstrual irreg-
ularity. Second, because the degree of body weight changes,
menstrual irregularity, stress, and depressive symptoms were
measured using self-reported questionnaires, information bias
may not fully be excluded. In addition, the pattern or severity of

Copyright © 2017 Korean Endocrine Society
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menstrual irregularity couldn’t be assessed in detail. Third, how
the subjects gained or lost body weight was not evaluated, and
possible secondary causes leading to weight changes might
have remained. Typically, the health implication of intentional
and unintentional weight loss can be significantly different.
Fourth, we did not have information on the use of oral contra-
ceptives that might affect menstrual irregularity. In spite of these
limitations, this study involved a large sample size using nation-
ally representative data in Korean adults. To the best of our
knowledge, this is the first study to separately evaluate the rela-
tionship between body weight changes and menstrual irregular-
ity in obese and non-obese groups.

In conclusion, we found a U-shaped association between
body weight changes and menstrual irregularity in obese group
among the general Korean population. This result indicates that
not only proper weight management but also changes in body
weight may influence in the regulation of menstrual cycle.
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