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Depression score and body mass 
index mediate the association 
between dietary vitamin C intake 
and female infertility: a study 
based on NHANES 2013–2018 

Lingxin Zheng, Qingling Ren and Yong Tan * 

The First Clinical Medical College, Nanjing University of Chinese Medicine, Nanjing, Jiangsu, China 

Background: The supplement of antioxidants to improve fertility has received 
widespread attention. The efficacy of the dietary antioxidant vitamin C (VC) 
on female infertility has not been fully elucidated. This study investigates the 
relationship between VC intake and infertility in terms of depression score and 
body mass index (BMI). 
Methods: Our cross-sectional study included 2,381 adult American females 
aged from 18 to 44 from the National Health and Nutrition Examination 
Survey (NHANES, 2013–2018) database. Multiple logistic regressions, smoothed 
curve fitting, mediation and sensitivity analysis were conducted to describe the 
relationship between VC intake and infertility. 
Results: Compared to the low VC intake group (Q1), the probability of female 
infertility in the highest group (Q4) decreased by 39.4% (adjusted OR = 0.606; 
95% CI: 0.419, 0.878, P = 0.008). A threshold non-linear association between VC 
and infertility was more significant in women aged from 18 to 34 (P = 0.033). 
Moreover, the relationship between VC and infertility was mediated by 5.28% 
depression (P = 0.034) and 7.83% BMI (P = 0.010), respectively. 
Conclusions: The protective effect of VC on female fertility was most significant 
in the group with the highest VC intake. The association between VC intake and 
the likelihood of female infertility was non-linear and smallest infertility index 
occurred when VC intake reached 132.7 mg in women aged 18–34. Depression 
score and BMI seemed to mediate the relationship. However, further research 
was needed to confirm the interaction effects of VC, depression and BMI on 
female infertility from basic and clinical perspectives. 
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dietary vitamin C intake, female infertility, NHANES database, cross-sectional studies, 
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Introduction 

Infertility is a disease defined as the inability to have a clinical pregnancy after 12 
months of regular and unprotected sexual intercourse (1, 2). According to the latest 
report released by the World Health Organization (WHO), approximately 17.5% of adults 
worldwide are affected by infertility. In the United States, the proportion of reproductive 
aged women who seek infertility treatment accounts for approximately 12.7% each year 
(3). Female infertility is a public health issue of worldwide concern affecting millions of 
individuals and couples worldwide. Despite its prevalence, the determinants of infertility 
have not been fully elucidated, involving a combination of biological, psychological, 
lifestyle, and socio-economic factors (4–8). 
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Dietary and nutritional factors play an essential role in 
maintaining normal reproductive function through epigenetic 
mechanisms to imprint the human genome (5, 9). Recently, 
mounting evidence attests that dietary nutrition status might be 
more crucial for the infertile to ameliorate pregnancy outcomes 
(10). As one of the common dietary nutrients, VC is an efficient 
antioxidant used to alleviate oxidative stress caused by ascorbic 
acid peroxidase. Showell et al. discovered that the utilization of 
antioxidants might increase the clinical pregnancy rate (11). In 
1989, the Developmental Origins of Health and Disease (DOHaD) 
theory revealed that nutrition supplements in childhood were 
possibly related to the risk of chronic diseases in adulthood. DiTroia 
et al. manifested that VC supplements during pregnancy are vital 
for the development of female fetal germ cells (12). In a high-quality 
clinical study, increased VC intake was associated with a shorter 
time to pregnancy, but its effectiveness relied on BMI and age (13). 

With the improvement of living standards and the increase 
of work pressure, the phenomenon of obesity and psychological 
disorders has become more prevalent. Most scholars currently 
believe that obesity has a negative impact on female reproductive 
health (14). As the primary index for obesity, BMI was often 
used in clinical practice to assess the risk of related diseases (15). 
The latest high-quality research showed that obese individuals 
might need to consume more VC because oxidative stress (OS) 
can significantly increase the likelihood of obesity. According to 
this article, for every 10 kilograms of weight gained, a 10 mg VC 
intake was additionally required daily within the range of 60– 
90 kg. Therefore, plasma VC concentrations of the obese can be 
more similar to thinner individuals (16). Additionally, it had been 
reported that women with depressive symptoms were more prone 
to suffer from infertility due to the fluctuations in sexual hormone 
secretion affected by emotional disorders (17). The Patient Health 
Questionnaire 9 (PHQ-9) was a reliable method to measure the 
degree of depression, which was widely recognized in clinical 
studies (18). Obviously, many infertile women with depressive 
symptoms affected their clinical pregnancy rate, and terrible 
pregnancy outcomes were compounded by the psychological 
burden on patients (19). The latest research has found that the 
depression-like behavior was based on stress response to abnormal 
DNA methylation. The imbalance of endogenous VC homeostasis 
might play an essential role in the occurrence of depression (20). 

This cross-sectional study is mainly based on the NHANES 
database in the United States from 2013 to 2018. Multivariate 
logistic regression was used to explore the association between 
female infertility and VC intake. Mediation and sensitivity analysis 
was conducted on the study to clarify the linkage between VC 
intake and infertility. Therefore, the purpose of this study is to 
investigate the relationship between VC intake and infertility in 
different age groups. 

Materials and methods 

Data sources 

The analysis conducted in this study was based on data 
collected from the NHANES database (https://www.cdc.gov/nchs/ 
nhanes/). As shown in Figure 1, inclusion criteria were as follows: 

1. Female participants aged 18–44. 2. Statistical information on 
NHANES participants’ fertility status (variable name: RHQ074), 
VC intake dietary recall interviews (variable name: DR1TVC, 
DR2TVC), and other covariates were collected in the NHANES 
database. Exclusion criteria were as follows: 1. participants lacking 
the dietary interview data on VC intake was excluded (N = 1,059). 
2. A few participants were missing information about whether they 
were ever infertile (N = 181). 3. There was some unavailable data 
for other variables (N = 554). Eventually, 2,381 adult American 
females aged from 18 to 44 was included. 

Exposure and outcomes 

The exposure variable of this study was VC. Two 24-h 
dietary recall interviews were conducted for NHANES participants. 
Two 24-h dietary recall interviews were conducted for NHANES 
participants. Intakes of foods in the previous 24 h were collected in 
person in the MEC (day 1) and by telephone 3–10 d later (day 2). 
Average VC daily intakes were calculated from 2 days of dietary 
recall data (variable name: DR1TVC, DR2TVC). The outcome 
variable of this study was fertility status. All female participants 
aged 18–44 answered whether they had “Tried for a year to become 
pregnant” (variable name: RHQ074). According to the different 
answers, female participants were divided into two groups: fertile 
and ever infertile. 

Mediator variables and covariates 

As shown in directed acyclic graph (Supplementary Figure S1), 
PHQ-9 score and BMI were mediator variables in this study. Firstly, 
the PHQ-9 questionnaire consisted of 9 questions with a score 
of 0–3, respectively. The total score was applied to measure the 
severity of depressive symptoms, with a threshold of 10 or above 
indicative of depressive issues. BMI was defined as the value of 
weight (kg) divided by the height (m) square. It was classified as 
non-obesity (BMI < 30) and obesity (BMI ≥ 30) based on CDC 
guidelines. The covariates in this study included age (RIDAGEYR), 
marital status (DMDMARTL), sleep trouble (SLQ050), diabetes 
mellitus history, hypertension history, hyperlipidemia history, 
and physical activity (PAQ620). Comorbidity data (including 
diabetes, hypertension, and hyperlipidemia) was obtained from 
questionnaire, examination, and laboratory data. Average daily 
intakes of vitamin D (VD), vitamin E (VE), folate, magnesium, zinc 
and selenium intake were estimated based on 2 days of dietary recall 
data, the same methodology as applied for VC. 

Statistical analysis 

Participants were separated into two groups based on whether 
they had infertility. Firstly, a wilcoxon analysis or chi squared 
test was used to compare continuous and categorical variable sets, 
respectively. Secondly, multiple logistic regression models were 
used to explore the relationship between VC intake and infertility. 
Smooth curve fitting was performed to explore the non-linearity, 
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FIGURE 1 

Flow chart of procedures from identification of eligible patients to final inclusion. 

and turning points were calculated through threshold effect 
analysis. Thirdly, subgroup analysis and the test for interaction was 
included in sensitivity analysis to confirm the stability of the results. 
And then mediation models of main variables would be established 
to analyze the total effect (TE), direct effect (DE), and mediation 
effect (ME). The proportions mediated formula was shown as 
follows: ME/TE∗100%. Eventually, except for the independent and 
dependent variables, we used multiple imputation, based on 5 
replications and a chained equation approach method in the R MI 
procedure, to account for missing data of other remaining variables 
(N = 554). All statistical analyses were done in EmpowerStats 
4.2 (http://www.empowerstats.com), Storm Statistical Platform 
(http://www.medsta.cn/software) and R software version 4.3.1; P < 
0.05 was considered significant. 

Results 

Baseline characteristics of the study 
population 

A total of 2,381 NHANES participants were ultimately involved 
in this study. Baseline characteristics of the study population 
were briefly summarized in Table 1. The distributions of age, 
marital status, diabetes mellitus history, hypertension history, 
hyperlipidemia history, sleep trouble, BMI, PHQ-9 score, VC 
intake significantly differed between fertile and ever infertile 
participants. To more comprehensively explore healthy nutritional 

patterns, we initially examined intakes of VD, VE, folate, 
magnesium, zinc, and selenium. Subsequent analysis focused on 
VC after no significant associations were found for other nutrients 
(Supplementary Table S1). 

Associations between dietary VC intake and 
infertility 

As seen in Table 2, we found that the trend revealed that higher 
VC intake was related to lower risk of infertility. A significantly 
higher prevalence of infertility in women was observed in the lowest 
dietary VC quartile than in those with the highest doses (Model 
3, OR: 0.606, 95% CI: 0.419–0.878, P = 0.008). According to the 
literature, age is one of the essential factors in the study of female 
infertility (3). Age not only affects female fertility, but also closely 
associated with the effectiveness of infertility treatment. Therefore, 
age stratification in analysis can provide more precise evidence 
of relationship between VC intake and infertility. We conducted 
research models on different age groups to explore the relationship 
further (Figure 2A). There was a threshold effect between VC intake 
and infertility rates in the group aged 18–34 with a greater desire to 
have a child. According to the result of log likelihood ratio test in 
Table 3, it was confirmed that there was a non-linear association 
between VC intake and the likelihood of infertility in group aged 
from 18 to 34. Then, we used the VC intake for curve fitting analysis 
owing to the skewed data distribution (Figure 2B). The inflection 
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TABLE 1 Descriptions of individuals’ characteristics. 

Variable Fertile 
(n = 2,100) 

Ever 
infertile 
(n = 281) 

P-
value 

Age (years) (%) <0.001 

18–34 1,264 (60.19%) 127 (45.20%) 

35–44 836 (39.81%) 154 (54.80%) 

Race/ethnicity (%) 0.189 

Mexican American 348 (16.57%) 46 (16.37%) 

Non-Hispanic White 714 (34.00%) 110 (39.15%) 

Non-Hispanic Black 458 (21.81%) 63(22.42%) 

Other 580 (27.62%) 62 (22.06%) 

Married/live with 
partner (%) 

<0.001 

Yes 1,191 (56.71%) 205 (72.95%) 

No 909 (43.29%) 76 (27.05%) 

Education level (%) 0.725 

Below high school 308 (14.67%) 39 (13.88%) 

High school or above 1,792 (85.33%) 242 (86.12%) 

Poverty income ratio (%) 0.114 

Poor 532 (25.33%) 59 (21.00%) 

Not poor 1,568 (74.67%) 222 (79.00%) 

Diabetes mellitus history 
(%) 

0.009 

Yes 113 (5.38%) 26 (9.25%) 

No 1,987 (94.62%) 255 (90.75%) 

Hypertension history 
(%) 

0.008 

Yes 281 (13.38%) 54 (19.22%) 

No 1,819 (86.62%) 227 (80.78%) 

Hyperlipidemia history 
(%) 

0.008 

Yes 256 (12.19%) 50 (17.79%) 

No 1,844 (87.81%) 231 (82.21%) 

BMI 29.59 ± 8.31 32.54 ± 9.37 <0.001 

Sleep trouble (%) 0.003 

Yes 479 (22.81%) 87 (30.96%) 

No 1,621 (77.19%) 194 (69.04%) 

Physical activity 0.884 

Yes 869 (41.38%) 115 (40.93%) 

No 1,231 (58.62%) 166 (59.07%) 

PHQ-9, median (Q1, Q3) 2.00 (0.00–5.00) 3.00 (1.00–6.00) <0.001 

Depression 0.002 

Yes 202 (9.62%) 44 (15.66%) 

No 1,898 (90.38%) 237 (84.34%) 

VC (mg), median (Q1, 
Q3) 

59.08 
(27.60–105.35) 

43.45 
(22.90–86.85) 

0.003 

point was calculated as 132.7 mg (VC intake). On the left side of the 
inflection point, each unit increase in VC intake was associated with 
a 0.9% reduction in the possibility of infertility (P = 0.001). On the 
right side of the inflection point, the effect size was 1.004 (95% CI: 
0.996, 1.012), which elaborated a weak correlation (P > 0.05). 

Mediation analysis of PHQ-9 score and BMI 

In the mediation analysis, a total effect estimate of −0.024 
was observed (P = 0.004), indicating a statistically significant 
association. The direct effect of VC intake suggested that it had a 
negative influence on infertility outcomes independent of PHQ-9 
score and BMI. In contrast, the mediation effects of PHQ-9 score 
and BMI were 0.001 and 0.002, respectively, with P-values below 
0.05, which manifested a modest negative mediation. Notably, 
dietary VC intake was inversely associated with infertility through 
PHQ-9 score and BMI in Figure 3. Overall, these results highlighted 
the significance of VC intake as a protective factor for female 
fertility, while underlined the limited mediating role of physical and 
psychological status. 

Sensitivity analysis 

We performed subgroup analysis by individual characteristics, 
such as age, ethnicity, marital status, education level, and poverty 
income ratio. Whether they suffered from obesity, diabetes mellitus, 
hypertension, hyperlipidemia, sleep trouble, depression or lack 
of physical activity, the participants were also included in the 
subgroup analysis. This analysis aimed to confirm the stability of 
the results. The results implied that the relationship between VC 
and infertility remained stable in these subgroups (Figure 4). The 
test for interaction indicated that the effects of education level 
and ethnicity on infertility were significantly influenced by VC 
intake (P<0.05). Each unit increase in dietary VC intake influenced 
the infertility rate inversely by 0.1% approximately in both the 
Mexican American population and those with education below 
high school. Moreover, the Alternative analytic strategies yielded 
consistent results in Table 4, including the cases with missing data, 
complete cases without missing data, and multiple imputation of 
missing data. 

Discussion 

Female infertility is a significant global public health issue, 
intricately linked to living standards and social factors. Recent 
trends such as increased social and work-related stress, unhealthy 
lifestyles, dietary changes, and the tendency of women to 
delay childbirth have exacerbated this problem (21). Research 
into the etiology, inflammatory factors, immune markers, and 
metabolic disorders of infertility has become essential for 
guiding clinical treatment. In many studies related to infertility, 
besides the expression of genes and proteins as well as 
inflammatory and immune factors, nutrition is recognized as 
fundamental for optimal fertility and healthy offspring. Researchers 
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TABLE 2 Relationship between VC and infertility in different models. 

Exposure Model 1 Model 2 Model 3 

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

VC(mg) (continuous) 0.997 (0.994–0.999) 0.004 0.996 (0.994–0.999) 0.002 0.997 (0.994–0.999) 0.004 

Quartile of VC 

Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 

Q2 0.986 (0.710–1.370) 0.933 0.926 (0.664–1.293) 0.653 0.969 (0.693–1.355) 0.854 

Q3 0.718 (0.505–1.019) 0.064 0.681 (0.478–0.971) 0.034 0.717 (0.502–1.026) 0.069 

Q4 0.615 (0.427–0.884) 0.009 0.574 (0.398–0.829) 0.003 0.606 (0.419–0.878) 0.008 

P for trend 0.002 0.001 0.002 

Model 1 adjusted for: None. Model 2 adjusted for: Age; Marital status. Model 3 adjusted for: Age; Marital status; Sleep trouble; Diabetes mellitus history; Hypertension history; 
Hyperlipidemia history. 

FIGURE 2 

A threshold non-linear association between VC (mg) and infertility. All were adjusted for Marital status; Sleep trouble; Diabetes mellitus history; 
Hypertension history; Hyperlipidemia history. (A) Association between different age groups was found in a generalized additive model (GAM). (B) 
Association in group aged 18 and 34 was found (P = 0.022) in a GAM. A solid red line represents the smooth curve fit between variables. Blue bands 
represent the 95% confidence interval from the fit. 

TABLE 3 The results of the two-piecewise linear regression model. 

Outcome Adjusted OR 
(95% CI) 

P-value 

Fitting by linear 
regression model 

0.995 (0.992, 0.999) 0.010 

Fitting by two-piecewise linear regression model 

Inflection point 132.7 

VC (mg) < 132.7 0.991 (0.986, 0.996) 0.001 

VC (mg) > 132.7 1.004 (0.996, 1.012) 0.317 

Log likelihood ratio test 0.033 

have paid particular attention to dietary intake of energy, 
vitamins, and antioxidants. Compared with antioxidants, excessive 
oxidative stress (OS) can trigger various female reproductive 
disorders, which will lead to gynecological diseases and female 
infertility (22). 

OS is caused by an imbalance between reactive oxygen 
species (ROS) and protective antioxidants, which can affect 
female reproductive outcomes (23). Then, OS resulted from 
excessive accumulation of ROS will lead to abnormal follicular 

atresia and meiosis, low fertilization rate, delayed embryonic 
development, and reproductive diseases including polycystic ovary 
syndrome (PCOS), ovarian endometriosis, etc. (24). Moderate 
intake of antioxidants might reduce the bioavailability of toxic 
oxidants to protect oocyte maturation (25). VC is a crucial 
antioxidant and free radical scavenger, soluble in water and 
synthesized by plants and most animals, absorbed mainly in 
the distal ileum. Because individuals lack L-gulono-1,4-lactone 
oxidase, VC require exogenous supplementation through diet 
or other ways (26). It aids collagen, hormone, and carnitine 
synthesis, and immune system function (27, 28). Its antioxidant 
activity depends on its capability of removing ROS, inhibiting the 
activity of NF- κB and reducing target gene expression (29). VC 
can effectively impede the peroxidation process by suppressing 
ROS accumulation to protect ovarian tissue from OS damage 
(30). Further experimental research proves that the protective 
mechanism of VC after exposure to oxidative damage is to 
diminish cell apoptosis by reducing the expression of caspase 3 
or 8 and the levels of anti-Mullerian hormone in rat ovarian 
and uterine tissues (31). Wang et al. confirmed small-molecule 
compounds VC and AM580 in combination (V580) for inducing 
differentiation of female embryonic stem cells, which promoted 
meiosis progression and folliculogenesis of primordial germ cells 
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FIGURE 3 

PHQ-9 score and BMI played a mediating role in the relationship between VC intake and infertility. All were adjusted as Model 3. (A) PHQ-9 score 
mediated 5.28% (P = 0.034) in the relationship between VC intake and infertility. (B) BMI mediated 7.83% (P = 0.010) in the relationship between VC 
intake and infertility. 

FIGURE 4 

Subgroup analysis of the association between VC and infertility. Each stratification adjusted for all the factors (age; marital status; sleep trouble; 
diabetes mellitus history; hypertension history; hyperlipidemia history) except the stratification factor itself. 

(32). Therefore, it is indispensable to take consideration of dietary 
VC consumption and supplementation during the peri-pregnancy 
period (33). 

The growing recognition of the importance of mental health 
in modern society is underscored by evidence consistently 
linking elevated stress levels to adverse reproductive health 
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TABLE 4 Sensitivity analysis of variables with missing data, complete case without missing data and the datasets with imputed variables from multiple 
imputation. 

Exposure With missing data Complete case Multiple imputation 

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

VC(mg) (continuous) 0.997 (0.994–0.999) 0.002 0.997 (0.994–0.999) 0.004 0.997 (0.995, 0.999) 0.014 

Quartile of VC 

Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 

Q2 1.013 (0.730–1.406) 0.937 0.969 (0.693–1.355) 0.854 1.025 (0.743–1.414) 0.880 

Q3 0.712 (0.503–1.010) 0.057 0.717 (0.502–1.026) 0.069 0.733 (0.518–1.035) 0.078 

Q4 0.638 (0.447–0.911) 0.013 0.606 (0.419–0.878) 0.008 0.648 (0.454–0.927) 0.017 

All adjusted for: Age; Marital status; Sleep trouble; Diabetes mellitus history; Hypertension history; Hyperlipidemia history. 

outcomes, such as anovulation, oligomenorrhea, infertility, and 
pregnancy complications (34–37). A meta-analysis encompassing 
124,556 women revealed that those with depression face a 
40% increased risk of infertility (38). In alignment with this, 
Maroufizadeh et al. identified prolonged infertility duration and 
unsuccessful treatment as significant factors associated with 
depressive symptoms (39). Mechanistically, neuroinflammation in 
the brains of depressed individuals promotes the generation of 
ROS, which has been closely linked to infertility (23, 40). Further 
investigating this association, scientists have utilized the PHQ-9 
score to assess depressive symptoms in infertile patients to explore 
the value of dietary nutrition in mitigating these symptoms (41). 

Current evidence suggests a potential pathway through which 
VC may influence female fertility via neuroendocrine mechanisms. 
Specifically, Travica et al. and Moritz et al. demonstrated that 
VC as an essential antioxidant and enzymatic cofactor, facilitates 
neurotransmitter synthesis and exerts neuroprotective effects, 
which may contribute to its antidepressant-like properties (42, 
43). Furthermore, it reported that depression and chronic stress 
can lead to dysregulation of the hypothalamic-pituitary-adrenal 
(HPA) axis and aberrant cortisol secretion (44). Aberrant HPA 
axis activity directly suppresses hypothalamic-pituitary-ovarian 
(HPO) axis function, resulting in ovulatory disorders and poor 
in vitro fertilization (IVF) outcome (45). The clinical relevance 
of this pathway is supported by robust macro-level evidence. 
This evidence confirms that failed attempts to conceive can be 
attributed to adverse psychological status, which suggests the 
pivotal role of psycho-neuroendocrine mechanisms within the 
broader physiological cascade (46). 

Obesity is increasing worldwide and has detrimental influences 
on the female reproductive endocrine system (47). Obese women 
were prone to experience perturbations of the HPO axis 
and menstrual dysfunction, such as anovulation and infertility 
(14). Oocytes, pre-implantation embryonic trophoblasts, and 
endometrium were mainly affected by obesity, which caused 
unsatisfied outcomes of IVF (1). Broughton et al. considered that 
high free fatty acids increased ROS damage to non-adipocytes, 
followed by mitochondrial and endoplasmic reticulum stress and 
cell apoptosis (48). The experimental results of Julie S Rhee and 
other scholars indicated that the defect of endometrial stromal cell 
decidualization led to impaired endometrial receptivity and poor 
implantation, which had a negative impact on the reproductive 
outcomes of obese women (49). Currently, more and more research 

was focused on interventions to reduce the effect of obesity on 
infertility, such as weight loss and physical activity (50, 51). 
However, it was high time that we figured out a more potent dietary 
nutrient to protect females against infertility because patients have 
limited benefits from these interventions. We took BMI as an 
observation indicator to explore the beneficial dietary nutrients for 
female infertility patients, which was particularly necessary. 

Obesity, particularly visceral adiposity, is characterized by 
chronic low-grade inflammation, driven by proinflammatory 
cytokines such as TNF-α and IL-6. These mediators impair 
insulin signaling and disrupt ovulatory function (52). As a potent 
antioxidant, VC may counteract these effects by reducing oxidative 
stress and suppressing inflammatory responses, in order to improve 
insulin sensitivity and support metabolic health (53). Furthermore, 
VC is an essential cofactor in carnitine synthesis, which is required 
for mitochondrial fatty acid oxidation and energy production (54). 
Adequate VC levels may enhance lipid metabolism and reduce fat 
accumulation, as suboptimal VC status is correlated with higher 
body fat and waist circumference (55). Insulin resistance is a 
central feature of PCOS, which is a leading cause of infertility in 
women and is frequently associated with obesity (56). Through its 
antioxidant activity, VC helps protect pancreatic β-cells and insulin 
sensitive tissue from oxidative damage (57). Better glycemic control 
may reduce fat storage and attenuate obesity related endocrine 
disturbances that adversely affect reproductive function (58). 

The advantage of this study was that it included not only 
the baseline characteristics of participants but also the smooth 
curve fitting between VC intake and female infertility, verifying 
the reliability of the results through sensitivity analysis. Moreover, 
the large sample size of the study laid a solid foundation for 
quantitatively evaluating the relationship between dietary VC 
intake and female infertility. An increase in VC intake was 
significantly negatively correlated with the risk of female infertility. 
The results of this study demonstrated that a daily VC intake of 
reached 132.7 mg might maximize the reduction in the likelihood 
of infertility in women aged from 18 to 34. Too little VC 
intake will increase the risk of infertility. However, VC daily 
doses above 400 mg have no evident value, 1 g or more intake 
sometimes accompanied by gastrointestinal discomfort (59–61). 
As a protective factor for female fertility, VC intake was inversely 
related to the possibility of infertility through PHQ-9 score and 
BMI, which indicated a potential mediating role of physical and 
psychological status in the relationship between VC intake and 
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female infertility. This study aimed to investigate the potential 
underlying mechanisms involved. However, these mechanisms 
have not yet been fully elucidated; an alternative explanation 
is that higher vitamin C intake may simply be indicative of a 
generally healthier dietary pattern. Further investigation revealed 
that increasing VC intake had a more pronounced effect on 
enhancing fertility in women with lower educational attainment, 
possibly due to higher dietary balance requirements in those with 
higher education levels (62). 

This study also has several limitations. Firstly, the findings 
are primarily generalizable to the US population and may not 
extend to other racial or ethnic groups. Secondly, while key 
confounders are adjusted for, residual confounding may persist 
despite DAG-guided covariate adjustment. Thirdly, dietary VC 
intake is assessed via a single 24-h dietary recall interview per 
participant, which is susceptible to recall bias and may not fully 
represent habitual intake. Given its cross-sectional design, this 
study cannot establish causality; the mediation analysis aims to 
explore the potential association between dietary VC intake and 
female infertility. Although we applied female infertility definition, 
the absence of questionnaire-based data may have introduced 
potential misclassification, which would typically attenuate true 
effect sizes. Future research is warranted to explore the effects 
of a wider range of dietary supplements and the synergistic 
interactions among them. Investigation into how supplement 
combinations collectively influence reproductive outcomes holds 
considerable promise for the development of more effective 
nutritional interventions. 

Conclusions 

This study figured out that dietary VC intake might be 
significantly beneficial to decrease infertility rate through two 
potential mechanisms (depression degree and BMI) in females 
aged between 18 and 34. However, it is still indispensable for 
us to conduct further RCTs to confirm whether a higher dietary 
VC intake could prevent those women females aged between 18 
and 34 from infertility. In addition, future clinical studies should 
concentrate more on the relationship among dietary, mental health, 
physical status and individual characteristics of women, which may 
protect them against infertility. 
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