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Abstract 

Background  Approximately one in six people is experiencing infertility at some point in their lives. In response, 
health insurance coverage for infertility treatments has been strengthened. However, studies examining lifestyle fac-
tors that affect infertility remain lacking, highlighting the need to generate objective evidence to address infertility 
issues using national-level datasets.

Methods  The General Healthcare Screening Program dataset from National Health Insurance Service database 
was employed in this study to examine infertility and childbirth among women aged 22–49 years. In 2020, 25,333 
women with infertility and 73,759 women who had given birth were initially identified. After applying propensity 
score matching for age, Charlson Comorbidity Index score, and income level, the final study population included 
24,325 women with infertility and 24,325 women who with childbirth. Employing a case–control study design, 
lifestyle factors (drinking, smoking, and physical activity) and health checkup outcomes (underweight, overweight, 
hypertension, diabetes, kidney function, anemia, and menstrual disorders) were assessed in this study. Statistical 
analyses included chi-squared tests, t-tests, and logistic regression.

Results  This study revealed significant risk factors for infertility: two high-risk lifestyle factors, including heavy drink-
ing and smoking, and five health conditions, comprising underweight, hypertension, diabetes, kidney function loss, 
and menstrual disorders. Conversely, being overweight, not engaging in vigorous physical activity, and anemia were 
negatively associated with infertility.

Conclusions  These findings underscore the need for lifestyle modifications and personalized preconception care 
to improve fertility outcomes.

Trial registration  Not available.
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Background
The World Health Organization (WHO) reports that 
17.5% of people, or approximately one in six, experience 
infertility at some point in their lives [1]. The prevalence 
of infertility is particularly increasing in developing coun‑
tries in South Asia, the Middle East, and North Africa [2]. 
In Republic of Korea, 36.3% of mothers are now aged over 
35, a figure that rises yearly, while the number of infertile 
couples wishing to have children continues to grow [2]. In 
2023, 86,965 male and 156,247 female patients with infer‑
tility were recorded in Korea, with infertility cases rising 
by an average of 1.2% annually between 2018 and 2023 
[3], total expenditures on female infertility care more 
than doubled over the same 5‑year period [4]. The 2021 
National Family and Fertility Survey found that 17.2% of 
married Korean women had experienced infertility, a fig‑
ure that climbs to one in three among women aged ≥ 35 
years [5]. At the same time, the number of women who 
received assisted‑reproductive‑technology (ART) pro‑
cedures rose from 66,547 in 2019 to 75,075 in 2023 [6]. 
These trends are unfolding against an unprecedented 
demographic backdrop—the nation’s total fertility rate 
fell to an all‑time global low of 0.72 births per woman in 
2023 [7]. The coexistence of rapidly increasing infertility 
care needs and the world’s lowest fertility rate highlights 
an urgent public‑health priority: identifying modifiable 
factors that can enhance natural conception and improve 
ART outcomes.

Infertility is defined as a reproductive disease in women 
or men who fail to conceive despite having regular sexual 
intercourse for more than 12 months [3]. To support the 
infertile couples, National Health Insurance (NHI) cov‑
erage for ART and other infertility treatments began in 
October 2017, initially limited to women under the age of 
45 years with household incomes ≤ 180% of the median 
income (e.g., a monthly income of $465 for a two-person 
household). Subsequently, in response to social demands 
and the worsening low birthrate, the age limit was 
removed in 2019, and by 2024, income-based eligibility 
was also eliminated [8]. Under the updated NHI benefit 
package effective January 2024, infertility treatment sup‑
port has been expanded and eligibility criteria simpli‑
fied. In vitro fertilization (IVF), now combining fresh and 
frozen embryo cycles into a single category, is covered 
for up to 20 cycles, and intrauterine insemination (IUI) 
remains covered for up to five attempts. Eligibility has 
been broadened to include all individuals experiencing 
infertility—including unmarried persons—and income 
criteria have been abolished [9]. Previously, coverage was 
capped at nine fresh-embryo IVF cycles, seven frozen-
embryo IVF cycles, and five IUI attempts, with any addi‑
tional procedures paid entirely out-of-pocket; under that 
scheme [10].

Despite the rise of ART cases, infertility treatments 
can be medically invasive and may lead to health com‑
plications, alongside psychological stress, anxiety, and 
depression [11]. Recent research highlights the impor‑
tance of preconception lifestyle, care, and population-
wide approaches in shaping research and policy [12, 13]. 
According to the WHO and Centers for Disease Con‑
trol and Prevention (CDC), preconception care includes 
interventions provided before pregnancy to improve 
the health of women and couples, ultimately improving 
pregnancy outcomes and the health of future children 
[14, 15]. This approach mainly targets women planning 
to conceive, showing that a healthy preconception life‑
style boosts fertility, supports successful pregnancies, and 
benefits the health of future generations [16].

Among patients with infertility, unexplained infertility 
accounts for about 10% of cases, while male and female 
factors each account for about 40% [3]. Systematic lit‑
erature reviews indicate several risk factors for infertility, 
including modifiable lifestyle choices such as poor nutri‑
tion, lack of physical activity, smoking, alcohol consump‑
tion, drug misuse, sleeping patterns, and physiological 
factors such as genetic abnormalities, hormonal imbal‑
ances, congenital genital malformations, and infections 
also play a role in infertility [17, 18].

Despite the growing importance of infertility and its 
treatments, comprehensive national-level data on the 
causes of infertility remain insufficient. Given the com‑
prehensive and nationally representative nature of the 
Korean NHI database, using the database is critical, 
as East Asian populations exhibit distinct dietary, life‑
style, and reproductive behaviors compared to West‑
ern cohorts, underscoring the need for region-specific 
insights and tailored preconception recommendations 
[19]. Therefore, this study aims to identify lifestyle fac‑
tors related to infertility, with a focus on modifiable fac‑
tors that can be improved through lifestyle management. 
The analysis compared women with childbirth experi‑
ence (control group) and women diagnosed with infer‑
tility (case group) using the representative Korean NHI 
dataset.

Methods
Study settings and data sources
The National Health Insurance Service (NHIS) database 
was employed in this study. The NHIS includes health 
insurance claims from medical institutions, data from 
the General Healthcare Screening Program (GHSP), 
enrollee information, health coverage type, NHI con‑
tributions, and death records. The NHIS offers the 
GHSP to all citizens aged ≥ 20 years every 2  years [20]. 
The GHSP is conducted in accordance with national 
health checkup guidelines for early disease diagnoses. 
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It includes screenings for obesity (height, weight, waist 
circumference), visual impairment (visual acuity), hear‑
ing impairment (hearing), hypertension (blood pressure 
(BP)), kidney disease (urine protein, serum creatinine, 
and glomerular filtration rate (GFR)), anemia (hemo‑
globin), diabetes (fasting blood sugar (FBS)), liver disease, 
pulmonary tuberculosis, chest X-ray, and oral health [21]. 
Anonymized data from the NHIS database were provided 
under strict confidentiality guidelines, and this secondary 
analysis was approved by the Korea National Institute for 
Bioethics Policy (IRB number: P01-202208–01–025).

Definition of case group and control group
The case group was women diagnosed with infertility 
for the first time in 2020, while the control group com‑
prised women with childbirth in 2020. To select the study 
participants, we first extracted data on all women aged 
20–49 years as of 2018. Because assisted-reproductive-
technology (ART) procedures—fresh-embryo IVF, fro‑
zen-embryo IVF, and intra-uterine insemination—were 
first reimbursed by the Korean National Health Insur‑
ance in October 2017, the corresponding fee codes were 
consistently recorded in claims data from 2018 onward. 
We therefore began identifying cases with the 2018 data 
year, when these infertility-specific service codes became 
reliably available in the NHIS dataset. Women with a his‑
tory of pregnancy or childbirth between 2002 and 2017 
were excluded.

In this study, infertility was defined as at least two out‑
patient visits or hospitalization with a first-time female 
infertility diagnosis (three-character ICD-10 code N97) 
in 2020. The N97 umbrella comprises seven sub-cate‑
gories—N97.0 anovulatory, N97.1 tubal, N97.2 uterine, 
N97.3 cervical, N97.4 male-factor–associated, N97.8 
other specified, and N97.9 unspecified infertility. To 
maximize capture, we reviewed up to five principal diag‑
nosis codes recorded on each claim.

The control group was women with childbirth, which 
were restricted to those who gave birth for the first time 
in 2020 and had no prior infertility diagnosis between 
2018 and 2021. Childbirth was categorized using the fol‑
lowing medical diagnosis codes: O80 (single spontaneous 
delivery), O81 (forceps or vacuum extraction delivery), 
O82 (Cesarean delivery), O83 (other assisted single deliv‑
ery), and O84 (multiple delivery).

Study participants
Based on these codes, 25,333 women with infertility 
and 73,759 women with childbirth were included in the 
study. To enhance comparability between both groups, 
propensity score matching was applied using age (as 
a continuous variable), Charlson Comorbidity Index 
(CCI) scores (0, 1, or ≥ 2), and a proxy for income level, 

represented by health insurance premium quartiles. 
The CCI is a validated summary score that captures a 
patient’s chronic‐disease burden by assigning weights 
(1, 2, 3, or 6) to 17 predefined conditions—includ‑
ing myocardial infarction, diabetes, renal disease, and 
malignancy—and summing them [22]. Higher scores 
indicate more severe multimorbidity and are strongly 
associated with long-term mortality risk; in this study 
we categorized CCI as 0, 1, or ≥ 2 to reflect none, mild, 
and moderate-to-severe comorbidity, respectively. We 
then constructed data for 48,650 women, with 24,325 
and 24,325 in the infertility and childbirth groups, 
respectively (Fig.  1). A comparative analysis was then 
performed to examine differences in health behaviors 
and lifestyle habits between the two groups.

Definition of outcome (risky lifestyle and health checkup 
results) variables
In this study, GHSP records from 2018–2019 were used 
to assess various high-risk lifestyle factors and health 
checkup outcomes. As the GHSP is conducted bien‑
nially, and if a woman has more than one record, the 
most recent results from the health checkup were used. 
The outcome variables for risky lifestyle include drink‑
ing habits (non/moderate or heavy drinking) and smok‑
ing status (non-smoking or past/current smoking). It 
was used to evaluate physical activity levels, categoriz‑
ing them as moderate (≥ 3 times per week) or vigor‑
ous (≥ once per week). For health checkup outcomes, 
body mass index (BMI) was categorized, ranging from 
underweight (< 18.5 kg/m2), normal (18.5–22.9 kg/m2), 
pre-obesity (23–24.9 kg/m2), or obesity (≥ 25 kg/m2). 
Hypertension was classified as normal or hypertensive 
(systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg). 
Diabetes was diagnosed based on FBS levels (normal 
< 125 mg/dl or diabetic ≥ 125 mg/dl). Kidney func‑
tion was evaluated using e-GFR, with normal function 
defined as ≥ 90 ml/min and reduced function as < 90 
ml/min. Proteinuria, indicating possible kidney dam‑
age, was recorded if present (trace or more). Anemia 
was defined as hemoglobin levels < 12 g/dl, with normal 
levels being ≥ 12 g/dl.

Menstrual disorders were described based on diag‑
noses from 2018–2019 for N91 (absent, scanty, or rare 
menstruation), N92 (excessive, frequent, or irregular 
menstruation), N93 (other abnormal uterine and vaginal 
bleeding), and N94 (pain and other conditions related 
to the female genital organs and menstrual cycle), using 
health insurance claims data from all medical records, 
including outpatient visits, hospitalizations, and emer‑
gency department visits, according to the Korean Stand‑
ard Classification of Diseases (KCD) codes.
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Definition of other explanatory variables
The explanatory variables include age group (22–29, 
30–34, 35–39, 40–44, and 45–49 years old), income level 
(1 st, 2nd, 3rd, and 4 th quartile), health insurance status 
(the dependent, employer, employee, and medical aid), 
CCI score (0, 1, and ≥ 2), and residential area (capital area 
(Seoul/Incheon/Gyeonggi Do), and other provinces).

Statistical analysis
Before and after matching, general characteristics were 
compared between women with infertility and those 
with childbirth using the chi-squared test and t-test. In 
the matched sample, lifestyle risk factors (heavy drinking, 
current/past smoking, being underweight or overweight, 
and lack of moderate/vigorous physical activity), health 
checkup results (hypertension, diabetes, kidney disease, 
proteinuria, anemia), and menstrual disorders were com‑
pared. Employing a case–control study design, the odds 
ratio of exposure to these risk factors in women with 
infertility were estimated compared to those who had 
given birth (Fig. 2). Multivariate logistic regression analy‑
ses were conducted for each outcome variables. To show 
the effect of case group, all of the explanatory variables 
(age group, income level, health insurance status, CCI 
score, and residential area) were adjusted in the logistic 

regression models. Data were analyzed using SAS Enter‑
prise Guide 7.1 (SAS Institute, Cary, NC, USA).

Results
Before matching, the study included 25,333 women with 
infertility and 73,759 women with childbirth in 2020. 
After matching, the sample consisted of 24,325 women 
with infertility and 24,325 women with childbirth. Before 
matching, the average age of women with infertility and 
those with childbirth was 35.9 and 32.9 years, respec‑
tively, with a higher proportion of women over 35 years 
among the infertile group. Women with infertility also 
had a higher proportion in the highest income quartile (4 
th income quartile) and were more likely to be employed 
than women with childbirth. Additionally, more women 
with infertility had CCI scores of ≥ 2 and lived in capital 
areas compared to those with childbirth. After match‑
ing, the average age of both groups was 34.6 years, and no 
differences were observed in income level or CCI score. 
However, in the matched group, a higher proportion of 
women with infertility were employed and lived in capital 
areas compared to women with childbirth (Table 1).

In Table  2, we compared lifestyle factors between 
women with infertility and women with childbirth. High-
risk health behaviors, including heavy drinking, current/
past smoking, being underweight or overweight, and lack 

Fig. 1  Flowchart of study participants
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Fig. 2  Case–control study design

Table 1  General characteristics of study participants

a Age, income level, and CCI score were used for propensity score matching

Before matching After matching

Women with 
infertility (N = 
25,333)

Women with 
childbirth (N = 
73,759)

p-value Women with 
infertility (N = 
24,325)

Women with 
childbirth (N = 
24,325)

p-value

% or mean(SD) % or mean(SD) % or mean(SD) % or
mean(SD)

Age continuous variablea 35.9 (4.8) 32.9 (3.9) <.0001 34.6 (4.4) 34.6 (4.3) 0.354

Age group 22–29 11.0 19.7 <.0001 11.5 11.5 0.002

30–34 40.0 48.2 41.6 41.6

35–39 30.3 26.4 31.5 31.8

40–44 15.6 5.5 14.5 14.5

45–49 3.2 0.2 0.9 0.6

Income levela 1 st quartile 14.0 13.6 <.0001 13.6 13.7 0.933

2nd quartile 25.2 27.8 25.3 25.4

3rd quartile 38.1 39.0 38.7 38.8

4 th quartile 22.8 19.6 22.4 22.2

Health insurance status The dependent 19.1 22.6 <.0001 18.7 24.4 <.0001

Employer 4.7 3.2 4.2 3.8

Employee 75.9 74.0 76.9 71.5

Medical aid 0.3 0.2 0.2 0.3

CCI scorea 0 78.8 81.0 <.0001 79.3 78.9 0.144

1 12.4 12.1 12.5 12.4

 ≥ 2 8.7 6.8 8.3 8.7

Residential area Capital area 59.1 53.7 <.0001 59.2 54.3 <.0001

Other Provinces 40.9 46.3 40.8 45.7

Total 100.0 100.0 100.0 100.0 100.0 100.0



Page 6 of 10Jeon et al. Reproductive Health           (2025) 22:88 

of moderate/vigorous physical activity, were analyzed. 
Women with infertility had higher rates of heavy drink‑
ing (44.1% vs. 39.1%) and current/past smoking (10.2% 
vs. 8.4%). No difference was observed in the propor‑
tion of women who engaged in moderate physical activ‑
ity more than 3 times per week. However, women with 
infertility participated more in vigorous physical activ‑
ity (39.6% vs. 35.4%). When comparing health checkup 
results, women with infertility had higher rates of being 
underweight (11.2% vs. 9.4%), hypertension (2.5% vs. 
2.0%), diabetes (15.0% vs. 13.3%), loss of kidney function 
(33.4% vs. 28.8%), proteinuria (6.8% vs. 6.3%), and men‑
strual disorders (38.7% vs. 35.9%). The only condition less 
prevalent in women with infertility compared to women 
with childbirth was anemia (8.4% vs. 12.0%).

In Table 3, we compared exposure to risky lifestyle fac‑
tors between women with infertility and women with 

childbirth. Women with infertility had higher odds of 
heavy drinking (aOR: 1.23, 95% CI: 1.18–1.27) and past/
current smoking (aOR: 1.28, 95% CI: 1.20–1.36) than 
women with childbirth. Women with infertility were also 
less likely to avoid vigorous physical activity than women 
with childbirth (aOR: 0.84, 95% CI: 0.81–0.88).

When comparing the health checkup outcomes, 
women with infertility had higher odds of being under‑
weight (aOR: 1.17, 95% CI: 1.10–1.25) but lower odds of 
being overweight (aOR: 0.92, 95% CI: 0.89–0.96) com‑
pared to women with childbirth. Additionally, women 
with infertility were more likely to be diagnosed with 
hypertension (aOR: 1.27, 95% CI: 1.12–1.43), diabetes 
(aOR: 1.17, 95% CI: 1.11–1.23), and kidney function loss 
(aOR: 1.25, 95% CI: 1.20–1.30). However, women with 
infertility had a lower incidence of anemia than women 
with childbirth (aOR: 0.67, 95% CI: 0.63–0.71). They were 

Table 2  Comparison of health lifestyles and checkup results between women with infertility and childbirth

Women with infertility 
(N = 24,325)

Women with 
childbirth (N = 24,325)

p-value

% or mean(SD) % or mean(SD)

Drinking habits Non/moderate drinking 55.9 60.9 <.0001

Heavy drinking 44.1 39.1

Smoking Never smoking 89.8 91.6 <.0001

Current/past smoking 10.2 8.4

Moderate physical activity  ≥ 3 times a week 28.1 28.1 0.195

 < 3 times a week 71.9 71.9

Missing 0.02 0.05

Vigorous physical activity  ≥ Once a week 39.6 35.4 <.0001

 < Once a week 60.4 64.5

Missing 0.02 0.05

BMI (continuous) BMI (kg/m2) 22.0(3.7) 22.2(3.5) 0.354

BMI classification Underweight (< 18.5 kg/m2) 11.2 9.4 <.0001

Normal (18.5–22.9 kg/m2) 59.6 58.8

Pre-obesity (23–24.9 kg/m2) 12.6 14.8

Obesity (≥ 25 kg/m2) 16.6 17.0

Hypertension Normal 97.5 98.0 0.000

Hypertension (systolic BP ≥ 140 mmHg or diastolic 
BP ≥ 90 mmHg)

2.5 2.0

Diabetes Normal (FBS < 125 mg/dl) 85.0 86.7 <.0001

Diabetes (FBS ≥ 125 mg/dl) 15.0 13.3

Kidney disease Normal (e-GFR ≥ 90 ml/min) 66.6 71.2 <.0001

Reduced kidney function (e-GFR < 90 ml/min) 33.4 28.8

Proteinuria Negative 92.0 92.7 0.004

Reduced kidney function (trace or more) 6.8 6.3

Missing 1.2 1.0

Anemia Normal [HGB ≥ 12 g/dl] 91.6 88.0 <.0001

Anemia (< 12 g/dl) 8.4 12.0

Menstrual disorders Diagnosis None 61.3 64.1 <.0001

Present (diagnoses N91, N92, N93, N94) 38.7 35.9

Total 100.0 100.0
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also more likely to be diagnosed with menstrual disorders 
2 years before their infertility was diagnosed compared to 
women with childbirth (aOR: 1.14, 95% CI: 1.10–1.19) 
(Table 4).

Discussion
This study aimed to identify key factors influencing 
female infertility using lifestyle and health checkup result 
data from the nationwide GHSP dataset. To achieve this, 
we matched and analyzed women with infertility and 
those who had given birth by controlling for similarities 
between the two groups, such as age, CCI, and income 
level. The matching approach was used to consider the 
relationship between age, female reproductive ability, 

and economic status. The risk factors that increased the 
likelihood of infertility included two unhealthy lifestyle 
behaviors, heavy drinking, and current/past smoking, 
along with five concerning health checkup outcomes: 
underweight (BMI < 18.5), hypertension, diabetes, kidney 
function loss, and menstrual disorders. In contrast, being 
overweight, not participating in high-intensity physical 
activity, and having anemia were negatively associated 
with infertility.

Before matching, the average age of women with infer‑
tility was higher than that of women who had given birth 
(35 vs. 32.9 years). This finding aligns with previous study 
findings showing that aging negatively affects female 
reproductive ability, particularly in egg maturation and 

Table 3  Comparison of high-risk lifestyle exposure between women with infertility and those with childbirth

1) n = 48,650, 2) n = 43,635, 3) n = 43,632
*  p < 0.001, Logistic regression analyses were performed using high-risk lifestyles as the outcome variables. The results are adjusted for age group, income level, 
health insurance status, CCI score, and residential area

High-risk lifestyles (Outcome variables) Category Estimated coefficient Adjusted OR (95% CI)

Drinking habits: Heavy drinking1) Women with childbirth Reference

Women with infertility 0.204* 1.23 (1.18, 1.27)

Smoking: Past/current smoking1) Women with childbirth Reference

Women with infertility 0.243* 1.28 (1.20, 1.36)

Less engaging in moderate physical activity: < 3 times a week2) Women with childbirth Reference

Women with infertility −0.014 0.99 (0.95, 1.03)

Less engaging in vigorous physical activity: < Once a week3) Women with childbirth Reference

Women with infertility −0.170* 0.84 (0.81, 0.88)

Table 4  Comparison of high-risk health checkup results between women with infertility and those with childbirth

Note. 1) n=33,807, 2) n=43,647, 3) n=48,650 = 48,650. *p < 0.001. Logistic regression analyses were performed using high-risk health checkup results as the outcome 
variables. The results are adjusted for age group, income level, health insurance status, CCI score, and residential area

High-Risk Lifestyle (Outcome variables) Category Estimated coefficient Adjusted OR (95% CI)

Underweight (< 18.5 kg/m2)1) Women with childbirth Reference

Women with infertility 0.160* 1.17 (1.10, 1.25)

Pre-obesity or above (≥ 23 kg/m2)2) Women with childbirth Reference

Women with infertility  −0.081* 0.92 (0.89, 0.96)

Hypertension diagnosis (systolic BP ≥ 140 mmHg 
or diastolic BP ≥ 90 mmHg)3)

Women with childbirth Reference

Women with infertility 0.237* 1.27 (1.12, 1.43)

Diabetes diagnosis (FBS ≥ 125 mg/dl)3) Women with childbirth Reference

Women with infertility 0.156* 1.17 (1.11, 1.23)

Reduced kidney function (e-GFR < 90 ml/min)3) Women with childbirth Reference

Women with infertility 0.219* 1.25 (1.20, 1.30)

Proteinuria: Trace or more)3) Women with childbirth Reference

Women with infertility 0.058 1.06 (0.99, 1.14)

Anemia (hemoglobin levels < 12 g/dl)3) Women with childbirth Reference

Women with infertility  −0.398* 0.67 (0.63, 0.71)

Menstrual disorders)3) Women with childbirth Reference

Women with infertility 0.134* 1.14 (1.10, 1.19)
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ovulation [23]. After matching, women with infertility 
still showed a higher risk of unhealthy lifestyle behaviors 
and adverse health checkup results. They had higher odds 
of heavy drinking and current/past smoking. Consist‑
ent with our findings, a previous meta-analysis indicates 
a decrease in fecundability for every 12.5 g/day increase 
in alcohol consumption [23]. In the GHSP dataset, heavy 
drinking is assigned to examinees who score ≥ 8 on the 
AUDIT questionnaire—equivalent to at least monthly 
binge drinking or weekly high-risk intake; the physi‑
cian then delivers brief counselling during the same visit 
[24]. Because this classification is questionnaire-based, 
some misreporting is possible, so our estimates should 
be interpreted with caution. Similar to previous study 
findings, current/past smoking was positively associated 
with infertility. Smoking decreases ovarian function by 
affecting gonadotropin levels in current smokers/former 
smokers, and it is related to primary infertility in women 
[25, 26].

When comparing exposure to high-risk health checkup 
outcomes, being underweight (BMI < 18.5) was posi‑
tively associated with infertility. A previous study found 
that women with a BMI < 17 are at high risk of infertility 
owing to an increased likelihood of ovulation disorders 
[11]. However, inconsistent with previous study find‑
ings, our study showed that being overweight (BMI ≥ 23) 
was negatively associated with infertility. Furthermore, 
overweight women have a higher incidence of menstrual 
dysfunction, anovulation, subfecundity, and infertility. 
They also face increased risks of miscarriage, pregnancy 
complications, and poor reproductive outcomes [27]. The 
discrepancy in our findings may be influenced by the def‑
inition of “women with childbirth.” Since the definition 
of women who had given birth included those with first 
childbirth in 2020 and at least two outpatient visits or 
one hospitalization (O80-O84), the measured BMI could 
be higher than their usual pre-pregnancy weight. How‑
ever, women with infertility were more likely to engage 
in Vigorous physical activities. Excessive or overly intense 
physical activity is related to menstrual irregularities and 
reduced reproductive ability, suggesting that moderate 
physical activity may be more beneficial than excessive 
exercise [25, 28].

Women with infertility were more likely to be diag‑
nosed with hypertension and diabetes compared to 
women who had given birth. A history of underlying 
conditions, including hypertension, diabetes, and thy‑
roid disorders, is associated with infertility [29]. A his‑
tory of infertility is associated with a 20% greater risk of 
developing diabetes compared to women without infer‑
tility, even after adjusting for age and lifestyle factors 
[30]. However, the relationship between infertility and 
hypertension remains unclear. No significant increase in 

hypertension risk has been observed among women with 
infertility, except for those with infertility caused by tubal 
disease, who showed a higher risk of hypertension [31, 
32]. Women diagnosed with kidney function loss are also 
more susceptible to infertility. Chronic kidney disease 
affects fertility in both sexes, with women experiencing 
reduced ovarian reserve, anovulatory cycles, and preg‑
nancy complications owing to endocrine abnormalities 
[33]. Hypertension, diabetes, and kidney function loss 
are often related to dietary habits, particularly carbohy‑
drate intake. High consumption of carbohydrates with a 
high glycemic index increases the risk of infertility and is 
associated with ovulatory disorders. The quality of carbo‑
hydrates in the diet directly influences the risk of ovula‑
tion-induced infertility [11,34,35,36].

Anemia is less common in women with infertility com‑
pared to women who have given birth. Iron deficiency 
is a frequent issue associated with unexplained infertil‑
ity [37]. Abnormal uterine bleeding, a condition that can 
lead to iron deficiency anemia, is caused by various fac‑
tors classified under the PALM-COEIN system: polyp, 
adenomyosis, leiomyoma, malignancy, and hyperplasia 
and coagulopathy, ovulatory dysfunction, endometrial 
issues, iatrogenic factors, and conditions not other‑
wise classified [38]. Since the control group consisted of 
women who had given birth, and anemia is the most 
common hematologic condition during pregnancy, the 
findings of this study align with expectations, showing 
lower anemia rates in women with infertility [39].

Women with infertility were more likely to be diag‑
nosed with menstrual disorders than women who had 
given birth. Hormonal imbalances, such as hypothy‑
roidism and hyperprolactinemia, are common causes 
of infertility and can lead to irregular menstrual cycles, 
abnormal uterine bleeding, dysmenorrhea, and weight 
fluctuations. Recognizing normal menstrual patterns is 
essential for accurate diagnosis and effective treatment 
[40, 41].

This study has some limitations. First, family factors, 
such as the duration of marriage and infertility in the 
husband, were not considered. Second, psychological 
factors, including stress, anxiety, and depression, along‑
side employment and educational levels were not consid‑
ered. Although the GHSP includes a depression (PHQ-9) 
module, during our study period it was offered only once 
every 10 years at ages 20, 30, 40, 50, 60, and 70; conse‑
quently, most women in our 22–49 year cohort had no 
recent screening record. From 2025 onward, the mental-
health module will be administered biennially for young 
adults (22–34 years), but those data were not yet avail‑
able for this analysis [42]. Third, the exact quantity and 
frequency of alcohol consumption or smoking were not 
measured, so the specific high-risk levels could not be 
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determined. Fourth, infertility status was ascertained 
from administrative claims: although we required N97 
in any of the first five diagnosis slots on ≥ 2 outpatient 
claims (or one inpatient claim) to improve specificity, 
some misclassification is still possible, and the 12-month 
clinical criterion may not always be met. Fifth, our case 
definition included all ICD-10 N97–coded infertility sub‑
types without stratifying by etiology (e.g., tubal, anovula‑
tory, uterine), so heterogeneity in underlying causes may 
confound associations. Sixth, menstrual disorders were 
identified using broad N91–N94 codes but were not sub‑
classified or adjusted for specific gynecological illnesses, 
which could also influence infertility risk. Finally, the 
retrospective design of this case–control study prevents 
establishing clear temporal relationships between the 
identified risk factors and female infertility. For example, 
the unexpected results regarding overweight, vigorous 
physical activity, and anemia may be due to the timing of 
measurement. While the most recent results from 2018–
2019 were used, women with childbirth in 2020 may have 
had a higher likelihood of being overweight or anemic if 
they underwent the health screening during pregnancy.

Despite these limitations, this study’s strengths include 
the use of a large, nationally representative GHSP–NHIS 
linkage, objective health-screening measures, compre‑
hensive assessment of multiple modifiable risk factors, 
and a matched case–control design—together filling a 
critical gap in Korean infertility research.

Conclusions
Using nationally representative GHSP–NHIS data and a 
matched case–control design, we comprehensively ana‑
lyzed lifestyle factors and health behaviors associated 
with infertility in Korean women. Seven modifiable risk 
factors emerged—heavy drinking, current/past smoking, 
underweight, hypertension, diabetes, kidney function 
loss, and menstrual disorders. Focusing on pre-concep‑
tion lifestyle optimization and tailored counselling can 
improve fertility outcomes. These results give practical 
direction to clinicians and policymakers developing tar‑
geted pre-conception interventions.
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