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Background: Oxidative stress plays a crucial role in the female reproductive
system. The oxidative balance score (OBS) is a new measure for assessing
the balance between antioxidant and pro-oxidative factors in diet and
lifestyle. However, limited studies have explored the relationship between OBS
and infertility.

Methods: We performed a cross-sectional study including 2,664 women
aged 20–45 years, based on data from the 2013–2020 National Health and
Nutrition Examination Survey (NHANES). The OBS was derived from 16 dietary
components and 4 lifestyle factors. We used multivariate logistic regression
analysis to examine the association between OBS and infertility.

Results: The analysis revealed a significant negative association between higher
OBS and infertility risk, with an odds ratio (OR) of 0.98 (95% CI, 0.95–1.00) after
full adjustment. Compared to the first quartile of OBS, the second, third, and
fourth quartiles showedORs of 0.71 (95%CI, 0.45–1.11), 0.79 (95%CI, 0.51–1.22),
and 0.57 (95% CI, 0.35–0.92), respectively. Similarly, women in the highest
dietary OBS and lifestyle OBS quartiles had a lower infertility risk compared to
those in the lowest quartiles, with ORs of 0.60 (95% CI, 0.39–0.94) and 0.54
(95% CI, 0.32–0.93), respectively. Furthermore, subgroup analysis indicated that
the association between the fourth quartile of OBS and infertility remained
consistent, except among women with other ethnicities—including multi-racial,
and college graduate or higher.

Conclusion: These findings suggest that high dietary OBS and lifestyle OBS are
associated with a lower risk of infertility.

KEYWORDS

oxidative balance score, female infertility, dietary antioxidants, oxidative stress, NHANES

Introduction

The World Health Organization (WHO) defines infertility as the failure to achieve
pregnancy after 1 year or more of regular, unprotected sexual intercourse (1). Recent
studies report that approximately 15% of couples of reproductive age have infertility,
with rates reaching up to 30% in certain regions, including sub-Saharan Africa and South
Asia, North Africa, the Middle East, Central and Eastern Europe, and Central Asia (2, 3).
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GRAPHICAL ABSTRACT

This study included a total of 2,664 women aged 20–45 years from National Health and Nutrition Examination Survey (NHANES) 2013–2020.
Oxidative balance score (OBS), derived from 16 dietary and 4 lifestyle components, was analyzed to assess its association with self-reported infertility
using multivariate logistic regression. The results indicate a significant inverse relationship between OBS and infertility risk. Higher dietary and lifestyle
OBS also correlated with reduced infertility risk. NHANES, National Health and Nutrition Examination Survey; OBS, Oxidative balance score.

The causes of infertility are complex and involve various prevalent
conditions. Several common diseases may affect female infertility,
including premature ovarian insufficiency (4), polycystic ovary
syndrome (5), endometriosis (6, 7), tubal obstruction (8), and
chronic inflammatory diseases (4). Apart from these common
diseases, lifestyle factors can also significantly influence female
fertility, either positively or negatively (9). Adverse lifestyle
choices, such as malnutrition, excessive alcohol consumption,
smoking, excessive exercise, stress, inadequate sleep, environmental
pollution, and unhealthy sexual practices, have been shown
to negatively impact women’s reproductive health and fertility
(10). Due to the multiple factors influencing female fertility
and the unclear underlying mechanisms, approximately 15% of
infertile couples are diagnosed with “unexplained infertility” (11).
Numerous studies have indicated that reactive oxygen species
(ROS) production might contribute to infertility. ROS may
play a role in multiple infertility-related pathological processes,
such as peritoneal issues, tubal dysfunction, endometriosis, and
unexplained infertility (12).

Oxidative stress describes a state of imbalance between
the generation of ROS and the body’s antioxidant defense
mechanisms (13). It plays a crucial role in reproductive
systems, affecting oocyte maturation in females, embryonic
development, and implantation (14). Various factors influence
the oxidative stress state, including the consumption of oxidative
or antioxidant-rich foods (15–17) and lifestyle factors such as
alcohol consumption, smoking, obesity, and physical activity
(18, 19). Therefore, to comprehensively investigate the impact
of dietary and lifestyle changes on oxidative stress status, it is
particularly important to propose a method capable of integrating
and quantifying the balance between antioxidant and pro-
oxidant components.

The oxidative balance score (OBS) is a novel measure to assess
the balance between antioxidant and pro-oxidative components in
dietary and lifestyle factors (20). In general, a higher OBS indicates
a preference for antioxidants over pro-oxidants (21). Multiple
epidemiological investigations have shown a negative relationship
between OBS and the likelihood of various common diseases,
including hypertension, diabetes, and erectile dysfunction (22–24).
However, the relationship between OBS and female infertility has
been directly examined in only a limited number of studies.

Therefore, our study aims to explore the relationship between
OBS and female infertility through a cross-sectional analysis
of data from the National Health and Nutrition Examination
Survey (NHANES) collected between 2013 and 2020. The
OBS incorporated both lifestyle and dietary components. We
hypothesized that higher OBS is associated with lower risk of female
infertility, with the goal of providing new insights into the role of
nutrition and lifestyle in female infertility and contributing to a
broader understanding of how dietary and lifestyle factors influence
reproductive health.

Methods

Participants and study design

Participants were selected from the NHANES, a stratified,
multi-stage cluster probability sampling survey conducted during
2013–2020. The NHANES program provides a sample that
represents the national population, and the data can be freely
accessed on their official website (https://www.cdc.gov/nchs/
nhanes/index.htm). NHANES studies are conducted every 2 years
to assess the health and nutritional status of participants. All
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FIGURE 1

Flow chart of the study participants. NHANES, National Health and Nutrition Examination Survey.

NHANES studies involving human participants are approved by
the National Center for Health Statistics Ethics Review Board, and
informed consent is obtained from all participants.

Ultimately, 12,403 participants aged 12 years and above
qualified to participate in the reproductive health questionnaire.
However, our study exclusively included those between 20 and
45 years (n = 4,413) (25, 26). Participants were excluded from
the final analysis based on the following criteria: (1) missing data
in infertility information and OBS components (N = 1,174); (2)
missing data in covariates (N = 441): including poverty income
ratio (PIR), educational level, hypertension, diabetes, age at first
menstrual period, and pelvic inflammatory disease (PID) and (3)
participants who had tumors and implausible energy intakes (below
800 kcal/d or over 4,200 kcal/d) (N = 152). Ultimately, we selected
2,664 female participants in the final analysis (Figure 1).

Oxidative balance score

The OBS was calculated by integrating 16 dietary components
and 4 lifestyle factors, including 5 pro-oxidants and 15 antioxidants

factors (27). Dietary OBS, including total folate, carotene, vitamins
B6, B12, C, and E, niacin, riboflavin, dietary fiber, calcium,
magnesium, zinc, copper, selenium, iron, and total fat, was
obtained from two 24-hour dietary interviews. Antioxidants (such
as vitamins and minerals) were scored based on tertiles 1 to 3,
with scores of 0, 1, and 2, respectively. Conversely, pro-oxidants
(iron and total fat) were scored in reverse order, with higher
values receiving lower scores (28) (Supplementary Table S1). The
lifestyle OBS incorporated four components: body mass index
(BMI), cotinine, physical activity, and alcohol intake. Serum
cotinine concentrations weremeasured to assess smoking exposure,
covering both active smoking and second-hand smoke exposure
(29). Physical activity in total was measured by applying the
metabolic equivalent of task (MET) (30), derived from the total
weekly duration of transportation, moderate, and intense activities.
BMI, cotinine, and physical activity were scored based on tertiles
1 to 3, with scores of 0, 1, and 2 assigned, respectively. Alcohol
intake is scored as 2, 1, and 0 points for non-drinkers (0 to 15 g/d),
moderate drinkers, and heavy drinkers (≥15 g/d), respectively (28)
(Supplementary Table S1). The total OBS is calculated by summing
the scores of all components. An elevated OBS reflects a stronger
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antioxidant effect. Participants in this study were required to have
a minimum of 16 out of the 20 OBS components (31).

Self-reported infertility

Infertility was evaluated using two questions from the self-
reported health survey (32): (1) RHQ074: “Have you ever attempted
to conceive for a period of at least 1 year without success?” and
(2) RHQ076: “Have you ever sought medical advice or consulted
a healthcare professional because you were unable to conceive?”
Women who answered “yes” to either of these questions were
classified as having a history of infertility.

Covariates

According to clinical practice and previous studies (32–34), our
study used age (<35, ≥35), race (including Mexican–American,
other Hispanic, Non-Hispanic Black, Non-Hispanic White,
and other Race—including Multi-Racial), marital status (Never
married, Divorced/Separated/Widowed, and Married/Living with
partner), education level (High school/GED/<11th grade, Some
college or AA degree, and College graduate or above), income-to-
poverty ratio (PIR), hypertension, diabetes, hyperlipidemia, pelvic
inflammatory disease (PID), and age of menarche as covariates.
The family PIR scale, ranging from 0 to 5, is divided into three
categories. PID was determined through self-reported responses to
questions from the reproductive health questionnaire, specifically:
“Have you ever been treated for pelvic inflammatory disease/PID?”
Age of menarche was divided into two categories: under 15 years
and 15 years or older.

Statistical analyses

All analyses were conducted based on the principle of complex
multi-stage stratified sampling. Individual sample weight was
computed by dividing the number of survey cycle years by the
total number of survey cycle years and multiplying by the 2-day
dietary sample weight (WTDR2D), following the recommended
weight method in NHANES guidelines. Categorical variables
were expressed as frequencies and percentages, while continuous
variables were represented by means and standard deviations
(SD). The Pearson chi-square test was used to analyze the
differences in categorical variables between infertile and non-
infertile female. Multivariate logistic regression was performed
with different models to explore the association between OBS and
infertility. Model 1 was a crude model. Model 2 was adjusted
for age, race, education level, and marital status, and income-
to-poverty ratio (PIR). To further exclude the effects of diabetes,
hypertension, and hyperlipidemia, Model 3 was adjusted for Model
2 + diabetes, hypertension, and hyperlipidemia. Model 4 was
adjusted for Model 3 + PID, and age of menarche. The OBS was
also converted to a categorical variable, as well as being analyzed as
a continuous variable.

Finally, sensitivity analyses were conducted to (1) explore the
independent relationships between dietary OBS, lifestyle OBS, and
infertility and (2) perform subgroup analyses stratified by factors
such as race, pelvic inflammatory disease, and the diagnoses of
hypertension, hyperlipidemia, and diabetes. The results of the
interaction are presented as P-values. Data management and
analyses were conducted using R version 4.1.2 (http://www.R-
project.org). A two-tailed P-value of <0.05 was regarded as
statistically significant.

Results

Characteristics of the study population

A total of 2664 women aged 20–45 years were included in this
study, of whom 13.96% (372/2,664) had infertility. Table 1 lists the
baseline characteristics of the study participants. The average mean
(SD) BMI of infertile and non-infertile women was 31.98 (0.73) and
28.92(0.32) kg/m2, respectively, and the mean (SD) age was 34.96
(0.56) and 32.24 (0.24) years, respectively. Women with infertility
were generally older and showed a greater prevalence of obesity
compared to non-infertile women (P < 0.05). Women without
infertility had a lower proportion of being married or living with
a partner compared to those with infertility (57.36% vs. 72.86%,
P < 0.001). Infertile women exhibited a higher prevalence of PID
history compared to non-infertile women (P < 0.05). There were
no significant differences between the two groups in terms of race,
PIR, education level, and age at first menstrual period.

Correlation between OBS and infertility

Table 2 demonstrates a negative association between OBS and
infertility, and this relationship remains stable across various
models. The OR of OBS for infertility was 0.98 (95% CI, 0.95–
1.00) in the crude model. The results were robust in Model 2
(adjusting for age, race, marital status, education level, and PIR),
Model 3 (adjusting for age, race, marital status, education level, PIR,
hypertension, hyperlipidemia, and diabetes), and fully adjusted
Model 4 (adjusting for age, race, marital status, PIR, hypertension,
hyperlipidemia, diabetes, PID, and age of menarche), with ORs
of 0.97 (95% CI, 0.95–1.00), 0.98 (95% CI, 0.95–1.00), and 0.98
(95% CI, 0.95–1.00), respectively. Then, we categorized OBS into
quartiles to examine the possible relationship between OBS and
infertility. Following full adjustment, the ORs for OBS levels in
quartiles two, three, and four were 0.71 (95% CI, 0.45–1.11), 0.79
(95% CI, 0.51–1.22), and 0.57 (95% CI, 0.35–0.92), respectively,
compared to the first quartile as the reference (p for trend= 0.04).

Relationship between dietary/lifestyle OBS
and infertility

An inverse association between dietary and lifestyle OBS and
infertility is indicated in Table 3, and this relationship remains
consistent across different models. In the crude model (Model
1), continuous lifestyle OBS demonstrated a significant negative
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TABLE 1 Characteristics of U.S. women aged 20–45 years from 2013 to 2020 NHANES, weighted.∗

Variable Total Non-infertility, n (%) Infertility, n (%) p-value

Overall, N 2,664 2,292 (86.04) 372 (13.96)

Age, years, n (%) <0.001

<35 1,436 (56.31) 1,285 (58.46) 151 (43.48)

≥35 1,228 (43.69) 1,007 (41.54) 221 (56.52)

BMI, kg/m2, n (%) 0.002

<25.0 877 (36.63) 773 (38.23) 104 (28.05)

25.0–30.0 616 (23.54) 554 (24.52) 62 (18.33)

≥30.0 1,154 (39.43) 953 (37.25) 201 (53.62)

Race, n (%) 0.810

Non-Hispanic White 914 (57.89) 772 (57.46) 142 (60.45)

Non-Hispanic Black 636 (12.89) 549 (12.84) 87 (13.22)

Mexican–American 416 (11.98) 364 (12.17) 52 (10.80)

Other Hispanic 264 (7.02) 231 (7.05) 33 (6.86)

Other Race—Including Multi-Racial 434 (10.22) 376 (10.48) 58 (8.68)

Marital status, n (%) <0.001

Married/Living with partner 1,521 (59.58) 1,253 (57.36) 268 (72.86)

Never married 853 (30.64) 790 (33.10) 63 (15.96)

Divorced/Separated/Widowed 290 (9.78) 249 (9.54) 41 (11.17)

Education level, n (%) 0.380

College graduate or above 786 (35.82) 674 (36.25) 112 (33.25)

Some college or AA degree 1,009 (36.35) 865 (35.62) 144 (40.70)

High school/GED/<11th grade 869 (27.83) 753 (28.13) 116 (26.04)

Income-to-poverty ratio, n (%) 0.060

<1.5 1,089 (31.72) 961 (32.66) 128 (26.08)

1.5–3.5 842 (31.61) 717 (30.34) 125 (39.23)

≥3.5 733 (36.67) 614 (37.00) 119 (34.69)

Hyperlipidemia, n (%) 0.020

No 1,263 (49.01) 1,112 (50.76) 151 (38.59)

Yes 1,401 (50.99) 1,180 (49.24) 221 (61.41)

Diabetes, n (%) 0.001

No 2,504 (95.01) 2,169 (95.72) 335 (90.75)

Yes 160 (4.99) 123 (4.28) 37 (9.25)

Hypertension, n (%) 0.010

No 2,219 (86.95) 1,933 (88.04) 286 (80.42)

Yes 445 (13.05) 359 (11.96) 86 (19.58)

Pelvic infection, n (%) 0.002

No 2,530 (95.48) 2,190 (96.37) 340 (90.14)

Yes 134 (4.52) 102 (3.63) 32 (9.86)

Age at first menstrual, years, n (%) 0.630

<15 2,198 (82.90) 1,894 (82.67) 304 (84.26)

≥15 466 (17.10) 398 (17.33) 68 (15.74)

∗All estimates accounted for sample weights and complex survey designs, and percentages were adjusted for survey weights of NHANES.

BMI, body mass index; GED, general educational development; NHANES, National Health and Nutrition Examination Survey.
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association with female infertility, with an OR of 0.86 (95% CI:
0.78–0.94). InModels 3 and 4, the results were stable, with an OR of
0.88 (95% CI: 0.88–0.96) and 0.89 (95% CI: 0.81–0.97). Moreover,
when dietary OBS and lifestyle OBS were categorized based on
quartiles, the negative association with female infertility was found
to be stronger for the highest quartile (Q4) of dietary OBS and
lifestyle OBS compared to the lowest quartile (Q1). In dietary OBS
Model 4, the OR for Q4was 0.60 (95%CI: 0.39–0.94), while the ORs
for infertility in Q2 and Q3 were 0.62 (95% CI: 0.40–1.95) and 0.97
(95% CI: 0.65–1.45), respectively (p for trend = 0.119). In lifestyle
OBS Model 4, Q4 had an OR of 0.54 (95% CI: 0.32–0.93), while Q2
and Q3 had an OR of 1.05 (95% CI: 0.70–1.59) and 0.69 (95% CI:
0.44–1.09), respectively (p for trend= 0.009).

Subgroup analysis

To confirm the stability of the association between OBS and
infertility across different subgroups, we conducted subgroup
analyses and interaction tests (Table 4). The findings indicated that
the association between the fourth quartile of OBS and infertility
remained generally stable across different subgroups, including
age, race, marital status, education level, PIR, hyperlipidemia,
diabetes, hypertension, PID, and age of menarche. In addition,
the association between OBS and infertility was not influenced
by the interactions across various subgroups (P-values for
interaction > 0.05).

Discussion

In this nationally representative cross-sectional survey based
on NHANES, a notable negative correlation was observed between
OBS and female infertility. The higher total OBS was associated
with a lower incidence of female infertility, with substantial trends
across OBS quartiles. This negative association persisted even
after adjusting for various covariates, indicating a 43% decrease
in the odds of infertility from the first to the fourth quartile of
OBS. Furthermore, in comparison with the lowest quartile, the
highest quartiles of dietary OBS and lifestyle OBS were significantly
associated with a lower risk of infertility. For dietary OBS,
every single-unit increase was associated with an 11% reduction
in infertility rates after full adjustment. Notably, lifestyle OBS
demonstrated a more pronounced effect; every single-unit increase
in lifestyle OBS corresponded to a 46% reduction in infertility rates
after full adjustment.

OBS consists of 20 components, namely, total folate, carotene,
vitamins (B6, B12, C, and E), niacin, riboflavin, dietary fiber,
calcium, magnesium, iron, zinc, copper, selenium, total fat, BMI,
smoking, alcohol intake, and physical activity, many of which
have been shown to be closely associated with female infertility
in previous studies. A cohort study of 2,370 women in the US
population revealed a significant negative correlation between
dietary fiber intake and female infertility (OR: 0.643, 95%CI: 0.480–
0.861) (35). A randomized controlled trial called The Fast Track
and Standard Treatment (FASTT) showed that higher intakes
of antioxidants, including β-carotene, vitamin C, and vitamin
E, were associated with a shorter time to conception among a
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TABLE 3 Relationship between dietary/lifestyle OBS and infertility.

Total, n Infertility, n Model 1 Model 2 Model 3 Model 4

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Dietary OBS (continuous) 266,4 372 0.98 (0.96, 1.01) 0.240 0.98 (0.96, 1.01) 0.180 0.98 (0.95, 1.01) 0.170 0.98 (0.96, 1.01) 0.180

Dietary OBS (categories)

Quartile 1 (2.00, 11.00) 681 105 ref ref ref ref

Quartile 2 (12.00, 17.00) 778 102 0.61 (0.40, 0.92) 0.020 0.59 (0.39, 0.90) 0.020 0.59 (0.38, 0.91) 0.020 0.62 (0.40, 0.95) 0.030

Quartile 3 (18.00, 21.00) 551 88 0.91 (0.59, 1.40) 0.660 0.94 (0.62, 1.43) 0.770 0.94 (0.62, 1.43) 0.770 0.97 (0.65, 1.45) 0.880

Quartile 4 (22.00, 31.00) 654 77 0.63 (0.40, 1.00) 0.050 0.59 (0.37, 0.95) 0.030 0.58 (0.37, 0.92) 0.020 0.60 (0.39, 0.94) 0.030

P for trend NA NA 0.164 0.125 0.106 0.119

Lifestyle OBS (continuous) 266,4 372 0.86 (0.78, 0.94) 0.002 0.87 (0.80, 0.96) 0.004 0.88 (0.80, 0.96) 0.01 0.89 (0.81, 0.97) 0.010

Lifestyle OBS (categories)

Quartile 1(0.00, 3.00) 997 167 ref ref ref ref

Quartile 2 (4.00, 4.00) 495 67 1.00 (0.66, 1.52) 0.990 1.04 (0.69, 1.58) 0.840 0.99 (0.66, 1.48) 0.950 1.05 (0.70, 1.59) 0.800

Quartile 3 (5.00, 5.00) 630 80 0.65 (0.42, 1.01) 0.050 0.68 (0.44, 1.06) 0.090 0.66 (0.43, 1.03) 0.070 0.69 (0.44, 1.09) 0.110

Quartile 4 (6.00, 7.00) 542 58 0.46 (0.26, 0.81) 0.010 0.51 (0.29, 0.89) 0.020 0.52 (0.30, 0.89) 0.020 0.54 (0.32, 0.93) 0.030

P for trend NA NA 0.002 0.006 0.005 0.009

OR, odds ratio; CI, confidence interval; OBS, oxidative balance score; Ref, reference group.

Model 1 was unadjusted.

Model 2 was adjusted for age (Continuous), race (Non-Hispanic White, Non-Hispanic Black, Mexican–American, Other Hispanic, Other Race—Including Multi-Racial), marital status (Married/Living with partner, Never married, Divorced/Separated/Widowed),

education level (College graduate or above, Some college or AA degree, High school/GED/Less than 11th grade), and income-to-poverty ratio (<1.5, 1.5-3.5, ≥3.5).

Model 3 was adjusted for Model 2+Hypertension (No, Yes), Hyperlipidemia (No, Yes), and Diabetes (No, Yes).

Model 4 was adjusted for Model 3+ Pelvic infection, and Age of menarche (<15, ≥15).
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TABLE 4 Subgroup analyses of the association between OBS and infertility from 2013 to 2020 NHANES according to quartile of OBS.

Quartile 1
(3.00, 15.00)

Quartile 2
(16.00, 21.00)

Quartile 3
(22.00, 26.00)

Quartile 4
(27.00, 37.00)

P for interaction

Age, years, n (%) 0.960

<35 Ref 0.77 (0.41, 1.43) 0.94 (0.46, 1.93) 0.69 (0.31, 1.50)

≥35 Ref 0.65 (0.33, 1.25) 0.70 (0.37, 1.32) 0.48 (0.26, 0.91)

Race, n (%) 0.560

Non-Hispanic White Ref 0.59 (0.27, 1.29) 0.59 (0.31, 1.14) 0.44 (0.22, 0.88)

Non-Hispanic Black Ref 1.31 (0.68, 2.51) 1.47 (0.55,3.91) 0.83 (0.31, 2.24)

Mexican–American Ref 0.45(0.11, 1.92) 1.01 (0.29, 3.56) 0.31 (0.10, 0.98)

Other Hispanic Ref 0.48 (0.11, 2.13) 0.46 (0.11, 1.96) 0.52 (0.13, 2.02)

Other Race—Including
Multi-Racial

Ref 1.63 (0.42, 6.40) 3.24 (0.87, 12.10) 2.49 (0.73, 8.57)

Marital status, n (%) 0.490

Living with partner Ref 1.34 (0.62, 2.92) 1.58 (0.60, 4.17) 0.58 (0.11, 3.02)

Never married Ref 0.56 (0.31, 1.03) 0.69 (0.41, 1.17) 0.53 (0.31, 0.91)

Divorced/Separated/
Widowed

Ref 0.85 (0.25, 2.86) 0.60 (0.14, 2.61) 0.54 (0.11, 2.70)

Education level, n (%) 0.780

College graduate or
above

Ref 1.32 (0.38, 4.61) 1.56 (0.46, 5.29) 1.14 (0.37, 3.51)

Some college or AA
degree

Ref 0.80 (0.43, 1.49) 0.82 (0.43, 1.55) 0.50 (0.24, 1.06)

High
school/GED/<11th
grade

Ref 0.50 (0.25, 0.98) 0.66 (0.31, 1.43) 0.41 (0.17,0.96)

Income-to-poverty ratio, n (%) 0.680

<1.5 Ref 0.72 (0.42, 1.23) 0.90 (0.41, 1.98) 0.68 (0.29, 1.58)

1.5–3.5 Ref 0.54 (0.27, 1.10) 0.60 (0.32, 1.10) 0.69 (0.31, 1.53)

≥3.5 Ref 0.90 (0.33, 2.48) 0.88 (0.34, 2.26) 0.45 (0.17, 1.16)

Hyperlipidemia, n (%) 0.550

No Ref 0.66 (0.34, 1.28) 0.54 (0.28, 1.06) 0.43 (0.20, 0.92)

Yes Ref 0.70 (0.38, 1.29) 1.00 (0.54, 1.83) 0.68 (0.38, 1.21)

Diabetes, n (%) 0.160

No Ref 0.74 (0.47, 1.16) 0.73 (0.45, 1.17) 0.55 (0.34, 0.90)

Yes Ref 0.70 (0.38, 1.29) 1.00 (0.54, 1.83) 0.68 (0.38, 1.21)

Hypertension, n (%) 0.720

No Ref 0.66 (0.40, 1.08) 0.82 (0.52, 1.30) 0.53 (0.31, 0.90)

Yes Ref 0.94 (0.37, 2.43) 0.55 (0.17, 1.76) 0.67 (0.24, 1.85)

Pelvic infection, n (%) 0.950

No Ref 0.71 (0.45, 1.13) 0.80 (0.51, 1.25) 0.56 (0.35, 0.92)

Yes Ref 1.00 (0.29, 3.48) 1.19 (0.13, 10.78) 1.00 (0.13, 7.71)

Age at first menstrual period, years, n (%) 0.720

<15 Ref 0.76 (0.48, 1.21) 0.78 (0.49, 1.23) 0.60 (0.35, 1.03)

≥15 Ref 0.58 (0.20, 1.65) 1.10 (0.27, 4.45) 0.55 (0.15, 1.97)

BMI, body mass index; CI, confidence interval; GED, general educational development; OBS, oxidative balance score; OR, odds ratios; Ref, reference group.

The model was adjusted for age (when not testing age), body mass index (when not testing body mass index), race (when not testing race), marital status (when not testing marital status),

education level (when not testing education level), income-to-poverty ratio (when not testing income-to-poverty ratio), hyperlipidemia (when not testing hyperlipidemia), diabetes (when not

testing diabetes), hypertension (when not Hypertension), pelvic infection (when not testing pelvic infection), and age at first menstrual period (when not testing age at first menstrual period).
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cohort of couples being treated for unexplained infertility (36).
Similarly based on a cohort of 18,555 married women, the Nurses’
Health Study (37) included total intakes of each nutrient such
as folic acid, various vitamins, iron, zinc, niacin, pantothenate,
and retinol in the multivariable adjustment model to examine
whether the inclusion of individual nutrients would attenuate
the relationship between multivitamin use and infertility. The
results showed that, after multivariable adjustment, the RR and
95% CI for infertility among women consuming more than six
nutrients per week were 0.59 (95% CI: 0.46–0.75; P < 0.001),
and the relationship between multivitamin use and infertility
remained robust even after adjusting for individual nutrients such
as iron, vitamin D, and folic acid. Furthermore, Dimitrios (38)
indicated that calcium and vitaminD intake suppresses parathyroid
hormone production, potentially improving hyperandrogenemia
and anovulation associated with polycystic ovary syndrome
(PCOS), thereby enhancing the chances of conception. In addition,
a study conducted in a gynecology hospital in Nigeria involving
90 participants also found significantly lower levels of zinc (Zn)
and magnesium (Mg) (P < 0.05) and significantly higher selenium
(Se) levels (P < 0.05) in women with infertility compared to
controls (39). Based on our findings, the quartile analysis of
dietary OBS shows that higher quartiles of dietary OBS are
significantly associated with a reduced risk of infertility compared
to the lowest quartile (e.g., the OR for the fourth quartile
is 0.60, 95% CI: 0.39–0.94, P = 0.030), further supporting
the potential link between diet and reproductive health. These
results suggest that improving diet quality, such as increasing
the intake of antioxidants, dietary fiber, and key micronutrients,
could guide public health interventions to reduce the incidence
of infertility.

In addition to dietary factors, lifestyle is also associated with
infertility. A descriptive cross-sectional study (40) involving 216
couples found significant differences in physical activity levels
between infertile and fertile women (73.1% vs. 86.1%, respectively;
p = 0.03). A systematic review of 98,657 women reported a
combined relative risk (RR) of 0.87 (95% CI: 0.78–0.95) for
fecundability among alcohol consumers compared to non-drinkers
(41). Similarly, Goldman (42) found an increase in infertility, due
to ovulatory factor or endometriosis, with alcohol use. Specifically,
compared to non-drinkers, the OR for ovulatory infertility was
1.3 (95% CI: 1.0–1.7) in moderate drinkers and 1.6 (95% CI: 1.1–
2.3) in heavy drinkers. BMI has also been shown to influence
infertility. Grodstein (43) reported that, compared to women
with lower BMI (20–24.9), obese women (BMI ≥27) had a
relative risk (RR) of 3.1 (95% CI: 2.2–4.4) for ovulatory infertility.
Moreover, the risk of ovulatory infertility was slightly elevated in
moderately overweight women (BMI 25–26.9) and underweight
women (BMI <17), with RRs of 1.2 (95% CI: 0.8–1.9) and 1.6 (95%
CI: 0.7–3.9), respectively. In addition, a controlled clinical study
identified a significant correlation between smoking and female
fertility, demonstrating markedly higher cotinine levels in follicular
fluid among active smokers (710.4 ± 128.2 ng/mL) compared to
passive smokers (76.3 ± 56.5 ng/mL) and non-smokers (4.2 ±

2.0 ng/mL), highlighting the detrimental impact of smoking on
female fertility (44). Based on our findings, the quartile analysis
of lifestyle OBS shows that higher quartiles of lifestyle OBS are
significantly associated with a reduced risk of infertility compared

to the lowest quartile (e.g., the OR for the fourth quartile is
0.54, 95% CI: 0.32–0.93, P = 0.030). This result further supports
the importance of lifestyle factors, such as physical activity, BMI
control, limiting alcohol consumption, and smoking cessation,
in reproductive health. These findings suggest that improving
lifestyle factors could provide effective public health interventions
to reduce the incidence of infertility, particularly among high-
risk populations.

Our findings suggest that infertility risk is associated with
the combined oxidative and antioxidant profiles of multiple
components. Compared to individual factors, OBS, as a composite
index that includes both pro-oxidants and antioxidants, gives a
more comprehensive reflection of the combined impact of diet
and lifestyle on oxidative stress (45, 46). Therefore, the OBS is
used as a comprehensive measure of exposure related to oxidative
stress. Previous studies have shown that high OBS is associated with
many other reproductive-related diseases. For example, a cross-
sectional survey of the U.S. population indicated that elevated OBS
was linked to a reduced prevalence of endometriosis, especially in
women with irregular menstrual cycles and those taking female
hormone supplements (47). Therefore, it is important to assess
the relationship between oxidative balance and female infertility
with composite indicators. These findings highlight the potential
for using OBS as a framework for developing public health
interventions or policies aimed at reducing infertility risk by
promoting dietary and lifestyle improvements to maintain optimal
oxidative balance.

Our study has several advantages. To the best of our
knowledge, compared to previous studies that only focused on
the effect of single dietary nutrient intake on female infertility,
this study uses a more comprehensive dietary antioxidant capacity
measurement method to evaluate the contribution of multiple
dietary antioxidants to female infertility (31, 48). Moreover,
compared to other dietary antioxidant composite indicators, this
indicator includes a greater number of comprehensive factors
and reasonably incorporates lifestyle factors (49, 50). Subgroup
analysis and interaction tests were further performed on potential
confounders such as age, race, marital status, education level,
PIR, hypertension, diabetes, hyperlipidemia, PID, and age at
menarche to confirm the robustness of the study results. This study
included a nationally representative large sample that is reflective
of the national population. The results can be extrapolated
to the female infertility population nationwide, providing
evidence-based dietary and lifestyle recommendations for female
infertility management.

This study has several limitations. First, infertility has
multifactorial causes, and we were unable to identify which
specific type of infertility is most affected by the OBS. Future
research should focus more on exploring the relationship between
OBS and different types of infertility. Second, the cross-sectional
design of the data limits the ability to establish a causal
relationship between OBS and infertility, and only a correlation
can be obtained. Third, the role of endogenous factors within
the oxidative stress pathway requires further investigation. The
absence of direct oxidative stress biomarkers in this study
restricts the ability to validate the effectiveness of OBS and
limits our understanding of the mechanisms underlying these
observations. Fourth, the diagnosis of infertility was solely based
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on questionnaire data, without incorporating more specific clinical
symptoms, which may lead to potential biases in the inclusion
of study participants. Finally, our study primarily focused on
European and American populations, which could limit the
applicability of our results to other ethnic groups. Therefore,
future research with larger and more ethnically diverse samples
is essential to confirm our findings across various populations.
Despite these limitations, our study preliminarily confirms the
significant role of OBS in infertility, highlighting the importance
of the synergistic effects of multiple factors. These findings offer
valuable insights and serve as a foundation for guiding future
research directions.

Conclusion

Our findings suggest that high dietary OBS and lifestyle
OBS are associated with a lower risk of infertility. These
findings support the idea that improving diet and lifestyle factors
in a comprehensive manner can reduce the risk of female
infertility, particularly through increased dietary antioxidant intake
and optimizing lifestyle factors such as smoking cessation,
weight management, and regular physical activity to enhance
reproductive health.
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