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ABSTRACT

Background: Female infertility is a crucial problem with significant implications for 
individuals and society. In this study, we explore risk factors for infertility in Korean women.
Methods: A total of 986 female patients who visited six major infertility clinics in Korea were 
recruited from April to December 2014. Fertile age-matched controls were selected from two 
nationwide survey study participants. Conditional logistic regression after age-matching was 
used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) of each risk factor for 
infertility.
Results: Women with a body mass index (BMI) < 18.5 kg/m2 had 1.35 times higher odds of 
infertility (OR, 1.35; 95% CI, 1.03–1.77), while those with a BMI ≥ 25.0 kg/m2 had even higher 
odds (OR, 2.06; 95% CI, 1.61–2.64) compared to women with a normal BMI (18.5 kg/m2 ≤ BMI 
< 25 kg/m2). Ever-smokers exhibited 4.94 times higher odds of infertility compared to  
never-smokers (95% CI, 3.45–8.85). Concerning alcohol consumption, women who 
consumed ≥ 7 glasses at a time showed 3.13 times significantly higher odds of infertility than 
those who consumed ≤ 4 glasses at a time (95% CI, 1.79–5.48). Lastly, women with thyroid 
disease demonstrated 1.44 times higher odds of infertility compared to women without 
thyroid disease (95% CI, 1.00–2.08).
Conclusion: Female infertility in Korea was associated with underweight, obesity, smoking, 
alcohol consumption, and thyroid disease.
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INTRODUCTION

Infertility is defined as a failure to achieve a clinical pregnancy after 12 months or more 
with regular unprotected sexual intercourse,1 and the World Health Organization has 
identified infertility as a significant global health problem with an increasing prevalence. The 
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prevalence of infertility was estimated at 13.5% in the Korean population,2 but the prevalence 
varies among countries.3

Infertility is divided into primary and secondary infertility on the basis of the presence or 
absence of a previous pregnancy. Male infertility may be caused by abnormal sperm function 
or blockages, which prevent the delivery of sperm and lead to low sperm production.4  
The common causes of female infertility are anovulation, endometriosis, uterine 
abnormalities, obstructed fallopian tubes, and pelvic adhesions.5 In addition, there is a wide 
range of risk factors of infertility, from maternal health and lifestyle, to reproductive history.6 
Other non-modifiable risk factors influencing infertility include age and genetic factors.7

A wide range of risk factors may be associated with infertility; however, these factors may differ 
among countries or ethnicities. For example, a nationwide representative survey in 2014 revealed 
that the prevalence of overweight/obesity was 45.3% in Korea, while it was over 60% in the U.S.8 
Therefore, the association between risk factors and infertility should be investigated in diverse 
ethnic groups, but this association has not been well documented in the Korean population.

We aimed to investigate the association of risk factors such as body mass index (BMI), 
smoking status, alcohol consumption, hypertension, diabetes, and thyroid disease, with 
infertility in the Korean female population through a cross-sectional survey of infertile 
women and a nationwide survey of fertile controls. Additionally, in this study, we analyzed 
risk factors according to primary and secondary infertility.

METHODS

Study participants
A total of 986 infertility female patients were recruited from the 6 major hospitals located in 
Seoul and its suburban area in Korea from April to December 2014. These centers accounted 
for over 20% of in vitro fertilization (IVF) in Korea. The infertile study participants were 
20–45 years old and could not conceive after 12 months or more with regular unprotected 
sexual intercourse.

For comparison, fertile controls were selected from two nationally representative cohorts. 
First, the information on fertile women aged 20–46 years was obtained from the 2009 & 2012 
National Survey on Fertility, Korea Institute for Health and Social Affairs (KIHASA) in Korea. 
This national survey has been operated by KIHASA every three years since the early 1970s. 
Second, we gathered information on fertile women through the 2008–2012 Korean Genome 
and Epidemiology Study (KoGES), conducted by the National Institute of Health in Korea. 
As part of the KoGES Consortium, our study specifically incorporated the KoGES health 
examinee (HEXA) data, focusing on participants residing in metropolitan areas aged 35–46 
years. We matched each case with controls based on age (± 3 years). The ratio of cases to 
controls was 1:4 in KIHASA, and 1:3 in KoGES, respectively. Finally, we matched 986 cases 
and 3,944 controls from the 2009 & 2012 KIHASA and matched 517 cases and 1,551 controls 
from 2008–2012 KoGES-HEXA (Fig. 1).

Women’s fertility history
The fertility of women aged 20–46 was assessed through the question “Have you ever 
attempted to become pregnant?” Women who responded “Yes” were considered fertile 
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women. In this study, women who had experienced pregnancy were used as the control group 
in both KIHASA and KoGES-HEXA. Women who were unmarried, divorced, or widowed based 
on the question about marital status were excluded from the control group study population.

Data sources
The infertile participants were asked to complete the questionnaire, and it took about 10 
minutes to complete the instruments. Demographic information, including age and education 
level, was obtained from all participants through the questionnaire. Reproductive history, 
including the history of abortion and the number of deliveries, was based on self-report. 
Primary infertility was defined if a woman who has never conceived, and secondary infertility 
was determined if a woman experienced at least one episode of conception previously.

Smoking behavior, alcohol consumption, and disease history were obtained by self-report. 
Smoking status was categorized into three groups: never-smokers, former smokers, and current 
smokers. Never-smokers were defined as participants who had not smoked or < 100 cigarettes 
in their lifetime. Former smokers had smoked ≥ 100 cigarettes but did not smoke at the time of 
the interview. Current smokers were participants who had smoked ≥ 100 cigarettes and smoked 
at the time of the interview. Participants were also requested to provide information on whether 
someone smoked at home or in the workplace in the past year. Alcohol intake was classified as 
non-drinker and drinker. Respondents who drank at least 1 alcoholic drink a month was defined 
as a drinker. Drinkers were further categorized into “light drinkers” ≤ 4 glasses, “moderate 
drinkers” 5–6 glasses, and “heavy drinkers” ≥ 7 glasses at a time. Regarding chronic disease 
status, whether they had hypertension, diabetes mellitus, or thyroid disease was asked.

The information from KIHASA included BMI, and education level, whereas the questionnaire 
of KoGES-HEXA included questions regarding smoking behavior, alcohol consumption, and 
disease history.

Statistical analysis
To compare the baseline characteristics of infertile women and matched fertile controls, 
we conducted the chi-square test for categorical variables and paired t-test for continuous 
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A total of 986 infertility female patients
who visited six major infertility clinics in Korea

1st analysis (KIHASA study)
Analysis of age (± 3 years) matched 

1:4 case-control study
986 cases and 3,944 controls

3rd analysis (KIHASA study)
(1) Women with primary infertility

643 cases and 3,944 controls
(2) Women with secondary infertility

313 cases and 3,944 controls

2nd analysis (KoGES-HEXA study)
Analysis of age (± 3 years) matched 

1:3 case-control study
517 cases and 1,551 controls

Fig. 1. Flow chart of the study population selection from the infertility study. 
KIHASA = Korea Institute for Health and Social Affairs, KoGES-HEXA = Korean Genome and Epidemiology-health 
examinee.



variables. To estimate the odds ratios (ORs) and 95% confidence intervals (95% CIs) of 
infertility, we used multivariate conditional logistic regression adjusting for BMI, education 
level, and occupation. Multiple regression imputation was performed for missing values of 
BMI.9 We also assessed the collinearity between independent variables using the variance 
inflation factor and Pearson’s correlation coefficient.

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics statement
All participants provided written informed consent to participate, and the study protocols 
were approved by the Institutional Review Board (IRB) of Seoul National University Hospital 
(IRB No. H-1408-018-601).

RESULTS

The general characteristics of the participants are presented in Table 1. There was no 
significant age difference observed between the Infertility and Non-infertility groups in 
both KIHASA and KoGES-HEXA. Regarding body measurements (height, weight, BMI), 
significant differences were found between the Infertility and Non-infertility groups in 
KIHASA. On the other hand, in KoGES-HEXA, there was a significant difference in height 
between the infertility and non-infertility groups, but there were no significant differences 
in BMI and weight between the groups. Additionally, clinical and lifestyle factors such as 
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Table 1. Baseline characteristics of the study population
Variables Total Matcheda Matchedb

Infertility Infertility  
(n = 986)

Non-infertility KIHASA  
(n = 3,944)

P valuea,d Infertility  
(n = 517)

Non-infertility KoGES-Hexa  
(n = 1,551)

P valuea,d

Age, yr 35.3 ± 4.0 35.3 ± 4.0 35.3 ± 4.0 0.999 38.3 ± 2.8 39.7 ± 1.8 0.999
Height, cm 161.7 ± 5.2 161.7 ± 5.2 160.7 ± 4.6 < 0.001 161.5 ± 5.3 159.2 ± 5.1 < 0.001
Weight, kg 56.8 ± 8.6 56.8 ± 8.6 56.0 ± 7.4 < 0.001 57.1 ± 8.4 57.5 ± 8.3 0.443
BMI 21.7 ± 3.2 21.9 ± 3.1 22.7 ± 3.0 < 0.001 21.7 ± 3.2 21.7 ± 2.7 0.621
Age, yr

≤ 29 58 (5.9) 58 (5.9) 232 (5.9) 0.999 - -
30–34 411 (41.7) 411 (41.7) 1,638 (41.5) - -
35–39 357 (36.2) 357 (36.2) 1,434 (36.4) 357 (69.1) 1,071 (69.1) 1.000
40–46 160 (16.2) 160 (16.2) 640 (16.2) 160 (30.9) 480 (30.9)

Cigarette smokingc -
Never 434 (83.9) 368 (23.7) < 0.001
Ever 83 (16.0) 14 (0.9)
No response 0 (0) 1,169 (75.4)

Alcohol consumptionc -
Non-drinker 316 (61.1) 742 (47.8) < 0.001
Drinker 195 (37.7) 804 (51.8)
No response 6 (1.2) 5 (0.3)

Hypertensionc - 10 (1.9) 36 (2.3) 0.610
Diabetesc - 5 (1.0) 16 (1.0) 0.915
Thyroid diseasec - 28 (5.4) 60 (3.8) 0.003
Data are shown as mean ± standard deviation or number (%).
BMI = body mass index, KIHASA = Korea Institute for Health and Social Affairs, KoGES-HEXA = Korean Genome and Epidemiology-health examinee.
aFertile matched control was selected from women aged 20–46 who participated in the National Survey on Fertility and Family Health and Welfare in 2009 and 
2012, in the KIHASA.
bFertile matched control was selected from women aged 35–46 who participated in KoGES-HEXA data in the Korea Disease Control and Prevention Agency.
cThe KIHASA data did not include information on smoking, alcohol consumption, hypertension, diabetes, and thyroid disease.
dStatistically significant (P < 0.05) for group difference between cases and controls using t-test for continuous variables and χ2 or Fisher’s exact test for 
categorical variables.



cigarette smoking, alcohol consumption, hypertension, diabetes, and thyroid disease showed 
significant differences between the two groups in KoGES-HEXA.

Women with BMI < 18.5 kg/m2 had 1.35 times higher OR for infertility (95% CI, 1.03–1.77), and 
women with BMI ≥ 25.0 kg/m2 also showed 2.06 times higher OR for infertility (95% CI, 1.61–2.64) 
compared to women with normal BMI (Table 2). In subgroup analyses according to the previous 
history of the conception, the OR for infertility was still significantly higher in women with BMI 
≥ 25.0 kg/m2 compared to women with normal BMI (OR, 2.26; 95% CI, 1.70–3.01 in women with 
primary infertility and OR, 1.77; 95% CI, 1.22–2.58 in women with secondary infertility, respectively).

In Table 3, the association of infertility with smoking, alcohol, and current chronic diseases 
was demonstrated. Ever-smokers showed 4.94 times higher odds for infertility compared to 
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Table 2. Association between BMI and infertility in women aged 20–46 years
Variables Fertile matched control  

(n = 3,944)
Infertile womena  

(n = 986)
Women with primary infertilitya  

(n = 643)
Women with secondary infertilitya  

(n = 313)
No. No. OR (95% CI)b No. OR (95% CI)b No. OR (95% CI)b

BMI, kg/m2

< 18.5 164 103 1.35 (1.03–1.77) 67 1.34 (0.97–1.83) 33 1.39 (0.92–2.09)
18.5–25 1,648 715 Ref 480 Ref 231 Ref
≥ 25 207 148 2.06 (1.61–2.64) 96 2.26 (1.70–3.01) 49 1.77 (1.22–2.58)

BMI = body mass index, OR = odds ratio, CI = confidence interval.
aFertile matched control was selected from women aged 20–46 who participated in the National Survey on Fertility and Family Health and Welfare in 2009 & 2012 
in the Korea Institute for Health and Social Affairs.
bOR was calculated using stratified age group, and adjusted for education in conditional logistic regression model.

Table 3. Association between smoking, alcohol consumption, and chronic diseases and infertility in women aged 35–46 years
Variables Fertile matched 

control (n = 1,551)
Infertile womena  

(n = 517)
Women with primary 
infertilitya (n = 301)

Women with Secondary 
infertilitya (n = 198)

No. No. OR (95% CI)b No. OR (95% CI)b No. OR (95% CI)b

Cigarette smoking
Never 368 434 1.00 265 1.00 152 1.00
Ever 14 82 4.94 (3.45–8.85) 35 3.24 (2.26–6.14) 46 7.24 (5.06–13.56)

Former 3 62 17.30 (5.39–55.57) 30 13.60 (4.11–45.03) 32 24.60 (7.42–81.55)
Current 11 20 1.46 (0.69–3.09) 5 0.73 (0.25–2.13) 14 2.96 (1.31–6.67)

Secondhand smoke exposure in workplace
No 1,492 220 1.00 122 1.00 97 1.00
Yes 51 205 26.53 (18.53–37.19) 125 27.53 (19.23–40.03) 77 22.53 (15.74–33.92)

Secondhand smoke exposure at home
No 1,285 353 1.00 200 1.00 129 1.00
Yes 259 117 1.67 (1.17–2.14) 65 1.52 (1.06–2.07) 52 1.92 (1.34–2.72)

Alcohol consumption
Non-drinker 742 316 1.32 (1.05–1.66) 188 1.32 (1.00–1.75) 116 1.32 (0.93–1.86)
≤ 4 glasses a time 467 144 1.00 85 1.00 53 1.00
5–6 57 22 1.25 (0.74–2.12) 9 0.92 (0.44–1.93) 13 1.92 (0.97–3.77)
7+ 28 27 3.13 (1.79–5.48) 14 2.69 (1.36–5.32) 13 3.89 (1.90–7.96)

Hypertension
No 1,510 504 1.00 293 1.00 193 1.00
Yes 36 10 1.25 (0.20–7.84) 5 1.10 (0.12–9.91) 5 1.37 (0.25–7.69)

Diabetes mellitus
No 1,530 505 1.00 294 1.00 193 1.00
Yes 16 5 1.04 (0.73–2.85) 2 0.72 (0.50–3.15) 3 1.49 (1.04–5.16)

Thyroid disease
No 1,487 489 1.00 289 1.00 183 1.00
Yes 60 28 1.44 (1.00–2.08) 12 1.03 (0.72–1.94) 15 2.00 (1.40–3.59)

OR = odds ratio, CI = confidence interval.
aFertile matched control was selected from women aged 35–46 who the Korean Genome and Epidemiology-health examinee study in the Korea Disease Control 
and Prevention Agency.
bOR was calculated using stratified age group, and adjusted for education, and BMI in conditional logistic regression model.



never-smokers (95% CI, 3.45–8.85), and this association was not substantially changed in 
subgroup analysis according to the previous history of conception. In addition, secondhand 
smoking showed a significantly higher association with infertility (OR, 26.53; 95% CI, 
18.53–37.19 in women who reported secondhand smoke exposure in the workplace and OR, 
1.67; 95% CI, 1.17–2.14 in women who reported secondhand smoke exposure at home).

Regarding alcohol consumption, women drinking ≥ 7 glasses at a time demonstrated 3.13 
times significantly higher odds of being infertile than women drinking ≤ 4 glasses at a time 
(95% CI, 1.79–5.48). Furthermore, the association was not different according to the previous 
conception history.

Among current chronic diseases, only thyroid disease was found to be associated with 
infertility. Women with thyroid disease demonstrated 1.44 times higher odds for being 
infertile compared to women without thyroid disease (95% CI, 1.00–2.08), and this 
association was significant in women with secondary infertility (OR, 2.00; 95% CI, 1.40–3.59).

DISCUSSION

The present study included about a thousand infertile women who visited large fertility 
centers in Korea. We found that infertile women were more likely to be underweight, 
obese, ever-smokers, high-risk alcohol users, or have thyroid diseases after matching and 
adjustment for covariates. To our knowledge, this is the largest study conducted in Korea 
to investigate the association of risk factors with infertility compared with nationally 
representative cohorts.

In the present study, BMI demonstrated a bidirectional relationship with infertility, which 
means that underweight women (BMI < 18.5 kg/m2) and obese women (BMI ≥ 25.0 kg/m2) 
had a higher OR for infertility compared to women with normal BMI. This finding is in 
accordance with the study by Hassan and Killick,10 which reported that both underweight 
and obese women have a longer time to pregnancy than women with normal BMI. A previous 
study reported that women with a BMI of 20–21.9 kg/m2 have a 1.3-fold increased relative risk 
of infertility, and those with a BMI of 30 kg/m2or higher have an increased risk of up to 3.7-
fold compared to those with a BMI of 24–25.9 kg/m2.11 Another European population study 
showed that underweight or obese women need a long time to become pregnant, especially if 
they are smokers.12

A study of all IVF clinics in the Netherlands showed a 33% reduction in the success pregnancy 
rate of the first cycle for women with a BMI of 27 kg/m2 or higher,13 and a Norwegian study 
found that women with a BMI of 30 kg/m2 or higher who received IVF or intracytoplasmic 
sperm injection three times had a lower cumulative pregnancy rate of 41.4% compared to 
women with normal BMI due to spontaneous abortion.14

BMI can influence infertility. Deviations in a woman's weight or body fat beyond a certain 
range can impact reproductive function.15 According to a study in the United States, female 
college graduates were found to have, on average, 20% fewer children than high school 
graduates.16 Additionally, recent research suggests that higher education levels are associated 
with a higher rate of experiencing infertility treatments.17 There is a gradual increase in the 
utilization of infertility treatments as educational levels rise. This is why educational level is 
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considered a significant confounding variable in the association between infertility and BMI, 
and further research on this topic is warranted.

The bidirectional relationship of infertility according to BMI might be ovulatory dysfunction 
in underweight women and obese women. Excessive leanness may lead to hypothalamic 
dysfunction followed by anovulatory menstrual cycles,18,19 whereas obesity may cause 
anovulation by insulin resistance and subsequent increase of androgen.20,21 Indeed, in a 
prospective cohort study including 116,671 women, the estimated relative risk of ovulatory 
infertility showed a U-shaped association according to BMI.22 Therefore, maintenance of 
optimal BMI may be helpful for the enhancement of fecundity.

Several previous studies reported the adverse impact of smoking on female fecundity.23,24 In 
our study, similar findings were observed. Ever-smokers showed 4.94 times higher odds for 
infertility than never-smokers, and the results were not substantially changed when stratified 
into women with primary and secondary infertility.

A previous study reported that women undergoing IVF who are also smokers had a 34% 
reduction in the chances of pregnancy as compared to the non-smokers, and smokers 
required twice as many IVF procedures to become pregnant.25 It has also been reported 
that smokers have a 28% live birth rate and passive smokers have a halved pregnancy rate. 
Smoking has been reported to have adverse effects on male fertility. It can affect the sperm 
count, motility, and shape and alter the concentration of luteinizing hormone, and toxic 
cotinine and cadmium can be detected in follicular fluid.24,26

A previous study found that menopause can occur one to four years earlier in smokers,27 and 
recent studies have shown that the thickness of the zona pellucida may increase, making 
sperm penetration difficult.28

In subgroup analyses, significantly higher odds for infertility were observed only in former 
smokers, not current smokers. This finding may be explained in part by smoking duration, 
although the information on smoking duration was not available in our study. In a prospective 
cohort in Denmark, only a smoking duration of ≥ 10 years among current smokers has a negative 
impact on fecundability,29 although decreased fecundability does not always mean infertility. 
Furthermore, in our study, the number of former smokers in fertile matched control was quite 
small (n = 3), and the wide CI suggests that this finding is likely to have arisen by chance.

Regarding secondhand smoking, secondhand smoking exposure in the workplace or at home 
demonstrated an equally strong association with infertility regardless of subgroup analyses 
of primary and secondary infertility. However, previous studies investigating the association 
between passive smoking and fertility have yielded inconsistent results. In one study, women 
exposed to secondhand smoking were associated with decreased fecundability within 6 
months,30 whereas other studies did not find any significant relationship between passive 
smoking and fecundability.29,31 The discrepancy between our study and other studies may be 
due to different study designs, i.e., cohort study and cross-sectional study. Furthermore, short-
term fecundability was defined as a study outcome in previous studies, while infertility was 
used in our study, and mean duration of time to diagnosis of infertility was one and a half years.

Alcohol affects steroidogenesis, especially increases estrogen levels, and has been reported 
to be associated with irregular menstrual cycles or ovulatory dysfunction.32 In the present 
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study, we found a U-shaped relationship between alcohol consumption and infertility, 
with increased risks in the non-drinker and the higher intake groups. Similarly, Juhl et al.33 
reported a non-linear J-shaped association between drinking and waiting time to pregnancy; 
however, this association was only observed in spirits drinking in their study. In contrast, 
any significant effect on fertility was not demonstrated as less than 14 servings of alcohol 
per week.34 In addition, alcohol consumption was not associated with ovulatory infertility.35 
These controversies regarding the effect of alcohol consumption on female fertility may 
be due to non-standardized assessment of alcohol consumption, such as heterogenous 
classification, different study designs, and different proxies of alcohol exposures. Despite 
these discrepancies about fertility or time to pregnancy, previous studies have reported 
a negative impact of alcohol consumption on the outcomes of assisted reproduction 
technologies (ART).36,37

The changes in lifestyle can influence the association with infertility. In the case of 
Korea, risk factors such as Westernized dietary habits and increasing maternal health 
are investigated for their impact on infertility.38 Particularly, infertility is recognized as 
a direct medical cause of low birth rates, leading Korea to have the lowest fertility rate 
among Organisation for Economic Co-operation and Development countries.39 In Western 
countries, Westernized dietary habits, stress, and environmental pollution have been 
reported to affect reproductive function.40 Lifestyle changes, including alcohol consumption 
and smoking status may exert intricate effects, potentially contributing to the increasing 
prevalence of infertility. Understanding these factors is crucial for developing preventive and 
therapeutic strategies.

Our study showed increased odds of infertility, especially secondary infertility, in women 
with thyroid disease. A previous study reported that thyroid abnormalities affect sex steroids 
and that women may suffer from difficulties in pregnancy due to amenorrhea and irregular 
menstruation.41 Another study also found that one in five women with spontaneous abortion 
or infertility experience had subclinical hypothyroidism.42 It has been suggested that high 
TSH levels may affect fertility, even within the normal range, and lowering TSH levels might 
help women with infertility. However, in our study, detailed information about thyroid 
disease, i.e., hyperthyroidism and hypothyroidism, was unavailable.

Several limitations should be considered in the present study. First, women with and 
without infertility were recruited from different populations with discordant characteristics 
such as demographics and social status. For example, infertile women were recruited from 
institutions in metropolitan areas. However, fertility clinics are not present in rural areas in 
Korea, and patients from all over the country visit fertility clinics in urban areas, although 
study participants do not represent the general population. Second, information on risk 
factors was collected by self-reported questionnaires both in infertile women and fertile 
matched control; therefore, recall bias may be suspected. Furthermore, women might have 
underestimated their smoking or alcohol consumption due to social stigmatization. Third, 
only female risk factors were available through questionnaires. Because infertility can be 
classified as male and female infertility, information about male partners can provide another 
insight into the association between risk factors and infertility. Fourth, the women in the 
KoGES-HEXA control group are limited to individuals aged 35 to 46. Consequently, the 
investigation on alcohol consumption, smoking, and other factors presented in Table 3 could 
not encompass the age group of 25 to 34. Considering this limitation, it is recommended 
to interpret the results with caution. Fifth, in this study, although we matched for age, we 
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were unable to match for various other risk factors for infertility (e.g., age at first marriage or 
working status). However, we adjusted for education level and BMI as confounding factors.

Sixth, our result should be interpreted with caution as a case-control study design, and the 
association of risk factors and infertility does not mean a causal relationship. Finally, infertile 
women included women who were preparing for their first attempt at ART and women who 
had already experienced previous ART cycles. In addition, fertile matched controls may have 
included women who had their offspring through ART practice.

In spite of the limitations mentioned above, there are several strengths of this study. The 
present study is the largest study including infertile Korean women. Furthermore, infertility 
was diagnosed and documented by experts in this field. Regarding fertile matched control, 
they were recruited from nationally representative surveys, i.e., KIHASA and KoGES-HEXA. 
These complex surveys have proven for accuracy and representativeness,43,44 and research 
findings can be found elsewhere.45,46 Finally, we performed conditional logistic regression to 
adjust for age, the most important confounding for ovarian reserve.

In conclusion, our study reveals associations between female infertility and factors such as 
being underweight, obesity, smoking (including secondhand smoke), alcohol consumption, 
and thyroid diseases. The study results are expected to be particularly helpful in regulating 
and preventing modifiable risk factors as potential causes of infertility. Furthermore, 
understanding the association between risk factors and infertility enables healthcare 
professionals to provide personalized health monitoring for infertility patients. Lastly, 
infertility poses not only individual and couple-related challenges but also societal and 
economic burdens. The findings from this study could enhance the understanding of 
infertility among policymakers and elevate national attention to infertility prevention.

ACKNOWLEDGMENTS

 This study was provided with bioresources from National Biobank of Korea, the Centers for 
Disease Control and Prevention, Republic of Korea (4845-301, 4851-302 and -307). We would 
like to thank the participants and all members of the KoGES-HEXA and KIHASA study group.

REFERENCES

	 1.	 World Health Organization. ICD-10 International Classification of Diseases. Geneva, Switzerland: World Health 
Organization; 1993.

	 2.	 Hwang N, Jang I. Factors influencing the depression level of couples participating in the national supporting 
program for infertile couples. J Korean Acad Community Health Nurs 2015;26(3):179-89.    CROSSREF

	 3.	 Pal S. Prevalence of infertility and its treatment among women. US Pharm 2018;43(9):14.
	 4.	 Ghuman N, Ramalingam M. Male infertility. Obstetrics, Gynaecol Reprod Med 2018;28(1):7-14.    CROSSREF

	 5.	 Klein EJ, Vrees R, Frishman GN. Female infertility. In: Falcone T, Hurd WW, editors. Clinical Reproductive 
Medicine and Surgery: a Practical Guide. Cham, Switzerland: Springer; 2022, 281-301.

	 6.	 Sharma R, Biedenharn KR, Fedor JM, Agarwal A. Lifestyle factors and reproductive health: taking control 
of your fertility. Reprod Biol Endocrinol 2013;11(1):66.    PUBMED | CROSSREF

	 7.	 Shah K, Sivapalan G, Gibbons N, Tempest H, Griffin DK. The genetic basis of infertility. Reproduction 
2003;126(1):13-25.    PUBMED | CROSSREF

9/11

Risk Factors and Female Infertility

https://doi.org/10.3346/jkms.2024.39.e85https://jkms.org

https://doi.org/10.12799/jkachn.2015.26.3.179
https://doi.org/10.1016/j.ogrm.2017.10.007
http://www.ncbi.nlm.nih.gov/pubmed/23870423
https://doi.org/10.1186/1477-7827-11-66
http://www.ncbi.nlm.nih.gov/pubmed/12814343
https://doi.org/10.1530/rep.0.1260013


	 8.	 Shin HY, Kang HT. Recent trends in the prevalence of underweight, overweight, and obesity in Korean 
adults: the Korean National Health and Nutrition Examination Survey from 1998 to 2014. J Epidemiol 
2017;27(9):413-9.    PUBMED | CROSSREF

	 9.	 Schafer JL. Multiple imputation: a primer. Stat Methods Med Res 1999;8(1):3-15.    PUBMED | CROSSREF

	10.	 Hassan MA, Killick SR. Negative lifestyle is associated with a significant reduction in fecundity. Fertil Steril 
2004;81(2):384-92.    PUBMED | CROSSREF

	11.	 Rich-Edwards JW, Goldman MB, Willett WC, Hunter DJ, Stampfer MJ, Colditz GA, et al. Adolescent body 
mass index and infertility caused by ovulatory disorder. Am J Obstet Gynecol 1994;171(1):171-7.    PUBMED | 
CROSSREF

	12.	 Bolúmar F, Olsen J, Rebagliato M, Sáez-Lloret I, Bisanti L. Body mass index and delayed conception: a European 
Multicenter Study on Infertility and Subfecundity. Am J Epidemiol 2000;151(11):1072-9.    PUBMED | CROSSREF

	13.	 Lintsen AM, Pasker-de Jong PC, de Boer EJ, Burger CW, Jansen CA, Braat DD, et al. Effects of subfertility cause, 
smoking and body weight on the success rate of IVF. Hum Reprod 2005;20(7):1867-75.    PUBMED | CROSSREF

	14.	 Brewer CJ, Balen AH. Focus on obesity. Reproduction 2010;140(3):347-64.    PUBMED | CROSSREF

	15.	 Jungheim ES, Travieso JL, Hopeman MM. Weighing the impact of obesity on female reproductive function 
and fertility. Nutr Rev 2013;71 Suppl 1:S3-8.    PUBMED | CROSSREF

	16.	 Kim J. Female education and its impact on fertility. IZA World Labor 2023.    CROSSREF

	17.	 Imrie R, Ghosh S, Narvekar N, Vigneswaran K, Wang Y, Savvas M. Socioeconomic status and fertility 
treatment outcomes in high-income countries: a review of the current literature. Hum Fertil (Camb) 
2023;26(1):27-37.    PUBMED | CROSSREF

	18.	 Grodstein F, Goldman MB, Cramer DW. Body mass index and ovulatory infertility. Epidemiology 
1994;5(2):247-50.    PUBMED | CROSSREF

	19.	 Frisch RE. Body fat, menarche, fitness and fertility. Hum Reprod 1987;2(6):521-33.    PUBMED | CROSSREF

	20.	 Kiddy DS, Sharp PS, White DM, Scanlon MF, Mason HD, Bray CS, et al. Differences in clinical and 
endocrine features between obese and non-obese subjects with polycystic ovary syndrome: an analysis of 
263 consecutive cases. Clin Endocrinol (Oxf ) 1990;32(2):213-20.    PUBMED | CROSSREF

	21.	 Pasquali R, Antenucci D, Casimirri F, Venturoli S, Paradisi R, Fabbri R, et al. Clinical and hormonal 
characteristics of obese amenorrheic hyperandrogenic women before and after weight loss. J Clin 
Endocrinol Metab 1989;68(1):173-9.    PUBMED | CROSSREF

	22.	 Rich-Edwards JW, Spiegelman D, Garland M, Hertzmark E, Hunter DJ, Colditz GA, et al. Physical activity, 
body mass index, and ovulatory disorder infertility. Epidemiology 2002;13(2):184-90.    PUBMED | CROSSREF

	23.	 Penzias A, Bendikson K, Butts S, Coutifaris C, Falcone T, Gitlin S, et al. Smoking and infertility: a committee 
opinion. Fertil Steril 2018;110(4):611-8.    PUBMED | CROSSREF

	24.	 Augood C, Duckitt K, Templeton AA. Smoking and female infertility: a systematic review and meta-
analysis. Hum Reprod 1998;13(6):1532-9.    PUBMED | CROSSREF

	25.	 Silber SJ, Nagy Z, Devroey P, Camus M, Van Steirteghem AC. The effect of female age and ovarian reserve 
on pregnancy rate in male infertility: treatment of azoospermia with sperm retrieval and intracytoplasmic 
sperm injection. Hum Reprod 1997;12(12):2693-700.    PUBMED | CROSSREF

	26.	 Baron JA, La Vecchia C, Levi F. The antiestrogenic effect of cigarette smoking in women. Am J Obstet 
Gynecol 1990;162(2):502-14.    PUBMED | CROSSREF

	27.	 Whitcomb BW, Purdue-Smithe AC, Szegda KL, Boutot ME, Hankinson SE, Manson JE, et al. Cigarette 
smoking and risk of early natural menopause. Am J Epidemiol 2018;187(4):696-704.    PUBMED | CROSSREF

	28.	 Shiloh H, Lahav-Baratz S, Koifman M, Ishai D, Bidder D, Weiner-Meganzi Z, et al. The impact of cigarette 
smoking on zona pellucida thickness of oocytes and embryos prior to transfer into the uterine cavity. Hum 
Reprod 2004;19(1):157-9.    PUBMED | CROSSREF

	29.	 Radin RG, Hatch EE, Rothman KJ, Mikkelsen EM, Sørensen HT, Riis AH, et al. Active and passive smoking 
and fecundability in Danish pregnancy planners. Fertil Steril 2014;102:183-191.e2.    PUBMED | CROSSREF

	30.	 Hull MG, North K, Taylor H, Farrow A, Ford WC. Delayed conception and active and passive smoking. 
The Avon Longitudinal Study of Pregnancy and Childhood Study Team. Fertil Steril 2000;74(4):725-33.    
PUBMED | CROSSREF

	31.	 Hughes EG, Brennan BG, Brennan BG. Does cigarette smoking impair natural or assisted fecundity? Fertil 
Steril 1996;66(5):679-89.    PUBMED | CROSSREF

	32.	 de Angelis C, Nardone A, Garifalos F, Pivonello C, Sansone A, Conforti A, et al. Smoke, alcohol and drug 
addiction and female fertility. Reprod Biol Endocrinol 2020;18(1):21.    PUBMED | CROSSREF

	33.	 Juhl M, Olsen J, Andersen AM, Grønbaek M. Intake of wine, beer and spirits and waiting time to 
pregnancy. Hum Reprod 2003;18(9):1967-71.    PUBMED | CROSSREF

10/11

Risk Factors and Female Infertility

https://doi.org/10.3346/jkms.2024.39.e85https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/28420559
https://doi.org/10.1016/j.je.2016.08.014
http://www.ncbi.nlm.nih.gov/pubmed/10347857
https://doi.org/10.1177/096228029900800102
http://www.ncbi.nlm.nih.gov/pubmed/14967378
https://doi.org/10.1016/j.fertnstert.2003.06.027
http://www.ncbi.nlm.nih.gov/pubmed/8030695
https://doi.org/10.1016/0002-9378(94)90465-0
http://www.ncbi.nlm.nih.gov/pubmed/10873131
https://doi.org/10.1093/oxfordjournals.aje.a010150
http://www.ncbi.nlm.nih.gov/pubmed/15817580
https://doi.org/10.1093/humrep/deh898
http://www.ncbi.nlm.nih.gov/pubmed/20395425
https://doi.org/10.1530/REP-09-0568
http://www.ncbi.nlm.nih.gov/pubmed/24147921
https://doi.org/10.1111/nure.12056
https://doi.org/10.15185/izawol.228.v2
http://www.ncbi.nlm.nih.gov/pubmed/34315303
https://doi.org/10.1080/14647273.2021.1957503
http://www.ncbi.nlm.nih.gov/pubmed/8173001
https://doi.org/10.1097/00001648-199403000-00016
http://www.ncbi.nlm.nih.gov/pubmed/3117838
https://doi.org/10.1093/oxfordjournals.humrep.a136582
http://www.ncbi.nlm.nih.gov/pubmed/2112067
https://doi.org/10.1111/j.1365-2265.1990.tb00857.x
http://www.ncbi.nlm.nih.gov/pubmed/2642485
https://doi.org/10.1210/jcem-68-1-173
http://www.ncbi.nlm.nih.gov/pubmed/11880759
https://doi.org/10.1097/00001648-200203000-00013
http://www.ncbi.nlm.nih.gov/pubmed/30196946
https://doi.org/10.1016/j.fertnstert.2018.06.016
http://www.ncbi.nlm.nih.gov/pubmed/9688387
https://doi.org/10.1093/humrep/13.6.1532
http://www.ncbi.nlm.nih.gov/pubmed/9455837
https://doi.org/10.1093/humrep/12.12.2693
http://www.ncbi.nlm.nih.gov/pubmed/2178432
https://doi.org/10.1016/0002-9378(90)90420-C
http://www.ncbi.nlm.nih.gov/pubmed/29020262
https://doi.org/10.1093/aje/kwx292
http://www.ncbi.nlm.nih.gov/pubmed/14688175
https://doi.org/10.1093/humrep/deh029
http://www.ncbi.nlm.nih.gov/pubmed/24746741
https://doi.org/10.1016/j.fertnstert.2014.03.018
http://www.ncbi.nlm.nih.gov/pubmed/11020514
https://doi.org/10.1016/S0015-0282(00)01501-6
http://www.ncbi.nlm.nih.gov/pubmed/8893667
https://doi.org/10.1016/S0015-0282(16)58618-X
http://www.ncbi.nlm.nih.gov/pubmed/32164734
https://doi.org/10.1186/s12958-020-0567-7
http://www.ncbi.nlm.nih.gov/pubmed/12923158
https://doi.org/10.1093/humrep/deg376


	34.	 Mikkelsen EM, Riis AH, Wise LA, Hatch EE, Rothman KJ, Cueto HT, et al. Alcohol consumption and 
fecundability: prospective Danish cohort study. BMJ 2016;354:i4262.    PUBMED | CROSSREF

	35.	 Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Caffeinated and alcoholic beverage intake in 
relation to ovulatory disorder infertility. Epidemiology 2009;20(3):374-81.    PUBMED | CROSSREF

	36.	 Gormack AA, Peek JC, Derraik JG, Gluckman PD, Young NL, Cutfield WS. Many women undergoing 
fertility treatment make poor lifestyle choices that may affect treatment outcome. Hum Reprod 
2015;30(7):1617-24.    PUBMED | CROSSREF

	37.	 Braga DPAF, Halpern G, Setti AS, Figueira RCS, Iaconelli A Jr, Borges E Jr. The impact of food intake 
and social habits on embryo quality and the likelihood of blastocyst formation. Reprod Biomed Online 
2015;31(1):30-8.    PUBMED | CROSSREF

	38.	 Bak H. Low fertility in South Korea: causes, consequences, and policy responses. In: Farazmand A, editor. 
Global Encyclopedia of Public Administration, Public Policy, and Governance. Cham, Switzerland: Springer; 2019, 1-11.

	39.	 Bumpass LL, Rindfuss RR, Choe MK, Tsuya NO. The institutional context of low fertility: The case of 
Japan. Asian Popul Stud 2009;5(3):215-35.    CROSSREF

	40.	 Gallo A. Reprotoxic impact of environment, diet, and behavior. Int J Environ Res Public Health 
2022;19(3):1303.    PUBMED | CROSSREF

	41.	 Gude D. Thyroid and its indispensability in fertility. J Hum Reprod Sci 2011;4(1):59-60.    PUBMED | CROSSREF

	42.	 Liu H, Shan Z, Li C, Mao J, Xie X, Wang W, et al. Maternal subclinical hypothyroidism, thyroid 
autoimmunity, and the risk of miscarriage: a prospective cohort study. Thyroid 2014;24(11):1642-9.    
PUBMED | CROSSREF

	43.	 Lee SY. 2018 National Survey on Fertility, Family Health and Welfare. Sejong, Korea: Korea Institute for Health 
and Social Affairs; 2019.

	44.	 Kim Y, Han BG; KoGES Group. Cohort profile: the Korean genome and epidemiology study (KoGES) 
consortium. Int J Epidemiol 2017;46(2):e20.    PUBMED | CROSSREF

	45.	 Yeo JH, Kim EY. Social policies and breastfeeding duration in South Korea: a survival analysis of the 
national data. Midwifery 2022;107:103282.    PUBMED | CROSSREF

	46.	 Bae JH, Moon MK, Oh S, Koo BK, Cho NH, Lee MK. Validation of risk prediction models for 
atherosclerotic cardiovascular disease in a prospective Korean community-based cohort. Diabetes Metab J 
2020;44(3):458-69.    PUBMED | CROSSREF

11/11

Risk Factors and Female Infertility

https://doi.org/10.3346/jkms.2024.39.e85https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/27581754
https://doi.org/10.1136/bmj.i4262
http://www.ncbi.nlm.nih.gov/pubmed/19279491
https://doi.org/10.1097/EDE.0b013e31819d68cc
http://www.ncbi.nlm.nih.gov/pubmed/25924654
https://doi.org/10.1093/humrep/dev094
http://www.ncbi.nlm.nih.gov/pubmed/25982093
https://doi.org/10.1016/j.rbmo.2015.03.007
https://doi.org/10.1080/17441730903351479
http://www.ncbi.nlm.nih.gov/pubmed/35162326
https://doi.org/10.3390/ijerph19031303
http://www.ncbi.nlm.nih.gov/pubmed/21772747
https://doi.org/10.4103/0974-1208.82368
http://www.ncbi.nlm.nih.gov/pubmed/25087688
https://doi.org/10.1089/thy.2014.0029
http://www.ncbi.nlm.nih.gov/pubmed/27085081
https://doi.org/10.1093/ije/dyv316
http://www.ncbi.nlm.nih.gov/pubmed/35172266
https://doi.org/10.1016/j.midw.2022.103282
http://www.ncbi.nlm.nih.gov/pubmed/31950769
https://doi.org/10.4093/dmj.2019.0061

	Risk Factors for Infertility in Korean Women
	INTRODUCTION
	METHODS
	Women’s fertility history
	Data sources
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	REFERENCES


