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Background: Endometriosis (EM) is a chronic gynecological disorder characterized 
by the growth of endometrial-like tissue outside the uterus, leading to pain and 
infertility. Recent studies suggest that antioxidants may play a protective role in 
the development of EM. However, the precise connection between the composite 
dietary antioxidant index (CDAI)—a key measure of dietary antioxidants—and EM 
risk remains unclear. This study aims to explore the relationship between CDAI 
and EM risk using data from the National Health and Nutrition Examination Survey 
(NHANES), potentially guiding dietary interventions for EM prevention.

Methods: This study analyzed data from the NHANES spanning 1999 to 2006. To 
investigate the relationship between the CDAI and the EM, a variety of statistical 
techniques were employed, including a weighted multiple logistic regression 
model, smooth curve fitting, machine learning analysis, and subgroup analyses.

Results: After controlling for potential confounding variables, the results 
indicated an inverse relationship between CDAI and EM (OR = 0.92, 95% CI 0.86–
0.98, p = 0.011). Compared to participants in the lowest quartile (Q1), the odds 
ratios (OR) for higher CDAI in the other quartiles were as follows: Q2 (OR = 0.84, 
95% CI 0.45–1.57, p = 0.576), Q3 (OR = 0.64, 95% CI 0.33–1.24, p = 0.172), and 
Q4 (OR = 0.47, 95% CI 0.26–0.87, p = 0.019). Among the various components 
of the CDAI, changes in vitamin A, vitamin E, and carotene were independently 
associated with the occurrence of EM, while both LASSO and RF machine 
learning algorithms consistently identified selenium and carotene as significant 
factors. Furthermore, subgroup analyses did not reveal significant interactions 
by age, body mass index, smoking, drinking, diabetes, or hypertension.

Conclusion: The findings of this extensive cross-sectional study indicate a clear 
negative linear correlation between the CDAI and EM in American adult women. 
It is therefore recommended that women incorporate a greater proportion of 
antioxidant-rich foods into their diet to assist in the prevention of EM.
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Introduction

Endometriosis (EM), a common chronic condition where 
endometrial-like tissue grows outside the uterus, affects 5–10% of 
reproductive-age women worldwide (1–3). The disorder is often 
accompanied by severe symptoms such as intense pelvic pain, painful 
intercourse, and infertility (4, 5). Moreover, the annual direct and 
indirect medical costs associated with EM are staggering, with 
estimates reaching 78 billion USD (6). Despite its high prevalence, no 
curative treatments are available (7). There is growing evidence that 
oxidative stress plays a key role in the etiology of EM and that the 
severity of the disease often correlates with the levels of oxidants and 
antioxidants levels in the body (8, 9). Antioxidant supplementation 
has shown potential benefits in mitigating the development and 
progression of EM (7, 10). Although research has investigated the 
potential benefits of antioxidant supplementation, further studies are 
needed to understand its actual effectiveness in reducing the 
development and progression of EM.

Diet, as an essential source of nutrition, significantly influences 
human health and disease progression. In recent years, dietary 
approaches have emerged as a promising complementary therapy, 
applicable not only to malignancies but also to neurological 
degeneration disorders, immune system diseases, Cardiac disorders, 
and Metabolic dysfunctions (11). Diet plays a crucial role in managing 
oxidative stress in diseases. Antioxidant-rich foods, including fruits, 
vegetables, whole grains, and nuts, can neutralize free radicals in the 
body and reduce oxidative stress-induced cellular damage. Unhealthy 
dietary patterns often lead to oxidative stress and are associated with 
many metabolic disorders. However, this can be  mitigated by 
appropriately increasing the intake of antioxidants. Therefore, it is 
crucial to adopt a nutritious diet to control oxidative stress and uphold 
the balance of cells and tissues, which is vital in averting inflammation, 
chronic metabolic conditions, and cancer (12, 13).

The role of dietary antioxidants has received increasing attention 
in recent years, and the impact of dietary antioxidant capacity on 
disease has become a major focus in the field of nutritional research 
(14). The composite dietary antioxidant index (CDAI), which includes 
vitamins A, C, E, carotene, zinc, and selenium, is a reliable nutritional 
tool for evaluating the overall antioxidant characteristics of a diet (15). 
Previous research has demonstrated that higher CDAI scores are 
associated with reduced incidences of cardiovascular diseases, 
depression, and diabetes complications (16–18). However, the 
relationship between CDAI and EM has yet to be explored.

This study examines the relationship between the CDAI and EM 
through a comprehensive cross-sectional analysis. The objective is to 
evaluate the potential of dietary antioxidants in reducing EM risk, a 
promising avenue with significant clinical implications given the 
condition’s far-reaching impact on women’s health. The study’s 
innovative approach has the potential to identify dietary modifications 
as a cost-effective prevention strategy, with implications for public 
health, clinical practice, and patient self-care.

Methods

Study population

The National Health and Nutrition Examination Survey 
(NHANES) is a U.S. program aimed at evaluating the health and 
nutritional status of Americans (19). It utilizes a rigorous stratified, 
multistage probability sampling approach to gather extensive data 
representing a wide demographic range. This particular analysis used 
data from 41,474 participants collected between 1999 and 2006. The 
specific exclusion criteria were as follows:

 • Missing information for EM; Age ≥ 45 or < 20 years old 
(N = 35,917)

 • Missing data for CDAI (N = 1,404)
 • Missing data for covariates (N = 1959)

The final sample size was comprised of 2,195 participants. Prior 
to commencement of the study, approval was granted by the Ethics 
Review Board of the National Center for Health Statistics (NCHS). 
Additionally, all participants provided written informed consent.

Figure 1 illustrates the full process of sample selection, depicted 
in a flow diagram.

Measurement of CDAI

In the present study, CDAI was used as an exposure variable to 
estimate the dietary antioxidant capacity of individuals. The CDAI 
values were calculated based on 24-h dietary recall data from the 
NHANES database. The 24-h dietary recall is a valid tool widely used 
in epidemiologic studies to assess dietary intake and nutritional status. 
In the current study, all participants were given two 24-h dietary recall 
surveys. The first 24-h recall survey was administered face-to-face by 
a data collector, and the second was administered by telephone 
3–10 days later. Participants were asked to recall all foods and beverages 
consumed the previous day. Interview data files were sent electronically 
from the field and imported into Survey Net, and specific nutrient 
intakes were calculated using the U.S. Department of Agriculture’s 
Food and Nutrition Database for Dietary Studies (FNDDS) (20, 21).

The CDAI was calculated based on six antioxidant components: 
vitamin A, vitamin C, vitamin E, zinc, selenium, and carotene. This 
dietary antioxidant assessment does not include antioxidants found in 
nutritional supplements, medications, or drinking water. To calculate 
the CDAI, this study followed the methodology proposed by Wright 
et  al. (22). This study standardized the intake levels of the six 
antioxidants mentioned above, then subtracted the mean and divided 
by the standard deviation, and finally summed the standardized values 
of the individual nutrients to arrive at the CDAI (23). The specific 
formula for calculating the CDAI is as follows:

 

6

1i

IndividualIntake MeanCDAI
SD=

− =  
 

∑

Additionally, a higher CDAI score indicates a greater overall 
dietary intake of antioxidants, reflecting a potentially more robust 
antioxidant defense system within the diet (24).

Abbreviations: BMI, Body mass index; CDAI, Composite dietary antioxidant index; 

EM, Endometriosis; OR, 0dds ratios; PIR, Income to poverty ratio; NHANES, National 

Health and Nutrition Examination Survey; RCS, Restricted cubic spline; ROS, 

Reactive oxygen species.
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Assessment of the diagnosis of EM

During four NHANES cycles from 1999 to 2006 (1999–2000, 
2001–2002, 2003–2004, and 2005–2006), EM diagnoses were identified 
through surveys using questionnaires. Participants were asked if a 
physician or health professional had ever told them they had 
EM. Those who responded affirmatively were classified as case subjects, 
while those who responded negatively were placed in the control group.

Covariates assessment

Based on prior studies and potential confounders, we identified 
several key covariates for our analysis, including age, education level, 
race, marital status (widowed/divorced/separated, married/living with 
partner, never married), BMI, income to poverty ratio (PIR), smoking, 
drinking, diabetes, and hypertension (25). Data on these variables 
were collected through standardized questionnaires, and participants’ 
weight and height were measured during physical examinations. 
Missing data were handled using multiple imputation techniques.

Machine learning

To further identify the antioxidant components within CDAI that 
intervene in EM, this study used two machine learning algorithms: 

least absolute shrinkage and selection operator (LASSO), and random 
forest (RF).

LASSO is a regression-based method that allows the use of a 
large number of covariates in the model with the unique feature 
of penalizing the absolute value of the regression coefficients 
(26). In LASSO regression analysis, the Lambda value affects the 
choice of variables in the model. The smaller the Lambda value, 
the more complex the model, and the larger the Lambda value, 
the simpler the model. Therefore, cross-validation is needed to 
select the appropriate Lambda values. In this study, the R package 
“glmnet” is used to perform 10-fold cross-validation to avoid 
overfitting and underfitting problems, and to identify significant 
antioxidant components.

RF is an integrated learning method that improves prediction 
accuracy and robustness by aggregating predictions from multiple 
decision trees (27). Specifically, during training RF is able to 
randomly select features from the feature set and construct a large 
number of decision trees, each trained on an independent subset of 
samples. In a nutshell, it selects multiple samples from the sample 
set as the training set by back sampling and generates a decision tree 
from the sample set obtained from the sampling. At each generated 
node, features are selected randomly and without repetition. In this 
study, the dietary intake matrix was used as input data for the 
analysis of the RF Model, which utilizes 500 decision trees while 
analyzing the impact of each antioxidant components and screening 
for important antioxidant components.

FIGURE 1

Presents a flowchart illustrating the process of participant selection in the study.
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Statistical analysis

In this study, we  standardized the data according to NCHS 
standards in the United  States, categorizing participants into 
EM-diagnosed and non-diagnosed groups. The baseline 
characteristics of the population were described using 
mean ± standard deviation for continuous variables and frequencies 
and percentages for categorical variables.

The relationship between CDAI and EM was examined using 
logistic regression. First, the relationship between CDAI, a 
continuous variable, and EM was examined to ascertain whether 
a linear correlation exists. Secondly, to test for a p-value for trend, 
the CDAI was categorized into four groups according to quartile 
calculations, with the median of each group included as a 
continuous variable in the logistic regression. Moreover, 
restricted cubic spline (RCS) techniques were utilized to assess 
the linearity of the association between CDAI and EM. Subgroup 
analyses were conducted to further investigate this relationship, 
stratifying by variables such as age, BMI, smoking, drinking, 
diabetes, and hypertension.

All statistical analyses were analyzed statistically using R software 
(Version 3.6), and a p-value of less than 0.05 was considered to 
represent a statistically significant result.

Results

Characteristics of participants

A total of 2,194 participants were included in the study, with an 
average age of 32.64 ± 0.20 years. Of these, 6.8% had been diagnosed 
with EM. The baseline characteristics of the participants are presented 
in Table 1. A number of statistically significant (p < 0.05) differences 
were observed between the groups with respect to several variables. 
These included age, education level, race, marital status, PIR, CDAI, 
smoking, and hypertension.

The association between CDAI and EM

As illustrated in Table  2, the logistic regression weighted 
model revealed a correlation between the CDAI and the 
likelihood of EM. In Models 1, 2, and 3, there was a significant 
negative correlation between CDAI and the prevalence of EM 
(OR = 0.92; 95% CI 0.87–0.98, p = 0.007); (OR = 0.91; 95% CI 
0.86–0.98, p = 0.008); (OR = 0.92; 95% CI 0.86–0.98, p = 0.011). 
These findings indicate that as CDAI increases, the prevalence of 
EM decreases. Following the transformation of CDAI scores into 
quartiles, it was observed that individuals in the highest quartile 
exhibited a 63% reduced likelihood of experiencing EM in 
comparison to those in the lowest quartile (OR = 0.47; 95% CI 
0.26–0.87, p = 0.019). Additionally, the trend analysis yielded a 
statistically significant result (P for trend = 0.014). As depicted 
in Figure 2, the dose - response curve analysis implemented with 
RCS reveals a remarkable non-linear association between the 
CDAI and the risk of developing EM (P overall = 0.003; P for 
non-linear = 0.192; Ref. point = −0.390).

The association between CDAI 
components and EM by weighted logistic 
regression

A further analysis was conducted to investigate the association 
between the six antioxidant components of CDAI and EM. As shown 
in Table 3, following the adjustment for all variables, only vitamin A 
(OR = 0.999, 95% CI 0.999–1.000, p = 0.17), vitamin E (OR = 0.934, 
95% CI 0.885–0.986, p = 0.015), and carotene (OR = 1, 95% CI 1.000–
1.000, p = 0.034) were independently associated with the presence of EM.

Identification of key CDAI components 
associated with EM by machine learning

In the present study, we conducted a more detailed investigation 
into the relationship between the six antioxidant components of CDAI 
and EM, employing two distinct machine learning algorithms. 
Figure  3A depicts the outcomes of the LASSO algorithm, which 
identified vitamin C, selenium, and carotene as significant antioxidant 
components. Figure 3B illustrates the results of the RF algorithm, 
which similarly highlighted vitamin E, selenium, and carotene as 
significant antioxidant components. Notably, both the LASSO and RF 
algorithms identified selenium and carotene as significant antioxidant 
components, as illustrated in Figure 3C.

Subgroup analysis

Figure 4 presents the results of our investigation into the stability 
of the relationship between the CDAI and EM. To examine this 
relationship, the data were categorized based on age, BMI, smoking, 
drinking, diabetes, and hypertension. After conducting subgroup 
analyses, no significant interactions were observed between the CDAI 
and these categorized variables (all p for interaction >0.05), indicating 
that the observed relationship remained consistently stable. 
Specifically, the subgroup analysis revealed that women between the 
ages of 30 and 45, those with a BMI below 30, women without a 
history of alcohol consumption, and women with hypertension 
exhibited a more pronounced tendency to demonstrate benefits in 
response to a high CDAI. This research result is likely to indicate that, 
in terms of preventing EM, an antioxidant diet may be able to play a 
more effective preventive effect for specific populations, especially 
middle-aged women, those with a moderate body shape, non-drinkers, 
and women with hypertension.

Discussion

A notable inverse correlation was identified between CDAI and 
EM risk within the US population, indicating that elevated CDAI may 
confer protection against EM. The findings from smooth spline fitting 
confirmed that this correlation was linear and consistent across 
demographic characteristics, suggesting a broad protective effect of 
CDAI. These results underscore the potential role of antioxidant-rich 
diets in the prevention of EM and support further investigation into 
the efficacy of dietary interventions for risk reduction.
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Endometriosis (EM), characterized by chronic pelvic pain and 
infertility (28), is not only a significant cause of infertility in women 
but also severely affects their physical and mental health. Given its 
substantial impact on women’s health, it is now considered a public 
health issue worth further investigation (28). Current research 
investigators believe that EM may lead to a chronic inflammatory 
response and is considered one of the common gynecological diseases 
(29). With the continuous in-depth development of medical research, 
recent studies have highlighted that oxidative stress plays a crucial role 
in the pathogenesis and progression of EM (30). In recent years, the 
understanding of EM has deepened from being a common disease to 
becoming a worldwide health problem. The concept of treatment has 

shifted from “radical surgery” to focusing on “relief of pain, 
improvement of fertility, comprehensive treatment, and long-term 
management (31). Dietary treatment and prevention have emerged as 
one of the most crucial methods for preventing and treating EM (32).

A number of studies show that vitamin A is of great significance in 
the onset and progression of EM (33, 34). Lowered vitamin A levels 
affect endometrial cell proliferation and immune balance, promoting 
endometriosis (33). Moreover, In vitro experiments have shown that 
retinoic acid, a metabolite of vitamin A, can downregulate the 
expression level of interleukin-6 (IL-6), inhibit the epithelial-
mesenchymal transition (EMT) process, and thus reduce the invasive 
ability of endometriosis cells (35). The above research results indicate 

TABLE 1 Characteristics of the study population based on the presence of EM.

Variable Total Non-EM EM p

N 2,194 2043 151

Age, years 32.64 ± 0.20 32.26 ± 0.21 36.55 ± 0.52 < 0.001

Education level, n (%) < 0.001

 Below high school 143 (3.22) 141 (3.49) 2 (0.38)

 High school 828 (34.49) 763 (33.42) 65 (45.50)

 Above high school 1,223 (62.3) 1,139 (63.0) 84 (54.12)

Race, n (%) <0.0001

 Mexican American 490 (9.05) 477 (9.66) 13 (2.84)

 Non-Hispanic Black 491 (12.74) 468 (13.33) 23 (6.64)

 Non-Hispanic White 1,022 (67.4) 914 (65.69) 108 (86.08)

 Other Hispanic 92 (5.08) 88 (5.39) 4 (1.96)

 Other Race 99 (5.63) 96 (5.93) 3 (2.49)

Marriage, n (%) < 0.001

 Widowed/Divorced/Separated 267 (11.79) 241 (11.44) 26 (15.41)

 Married/Living with partner 1,334 (63.3) 1,231 (62.3) 103 (73.30)

 Never married 593 (24.89) 571 (26.21) 22 (11.28)

BMI, kg/m2 27.61(0.2) 27.60 (0.25) 27.70 (0.52) 0.855

PIR 2.79 (0.05) 2.75 (0.05) 3.24 (0.17) 0.011

CDAI −0.06 (0.08) 0.01 (0.08) −0.78 (0.24) 0.003

Smoking, n (%) 0.010

 Now 546 (27.38) 497 (26.61) 49 (35.35)

 Never 1,386 (58.8) 1,310 (59.9) 76 (47.29)

 Former 262 (13.78) 236 (13.43) 26 (17.36)

Drinking, n (%) 0.391

 No 673 (26.36) 635 (26.58) 38 (24.08)

 Mild 990 (47.56) 911 (47.02) 79 (53.13)

 Heavy 531 (26.08) 497 (26.40) 34 (22.79)

Diabetes, n (%) 0.249

 No 2099 (96.3) 1952 (96.1) 147 (98.04)

 Yes 95 (3.69) 91 (3.86) 4 (1.96)

Hypertension, n (%) 0.003

 No 1854 (85.5) 1743 (86.3) 111 (77.19)

 Yes 340 (14.49) 300 (13.68) 40 (22.81)

Data are presented as mean (SD) or n (%). EM, endometriosis; PIR, Income to poverty ratio; CDAI, composite dietary antioxidant index; BMI, body mass index.
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that vitamin A and its metabolite, retinoic acid, may have a significant 
correlation with the regulation of immune responses and the EMT 
process in terms of inhibiting the occurrence of endometriosis. In 
addition, Nalini et al. pointed out that vitamins C can effectively reduce 
the levels of a variety of inflammatory markers closely related to 
endometriosis (35). These markers include IL-6, secreted factor 
(RANTES), and monocyte chemoattractant protein-1 (MCP-1). 
Furthermore, in in vitro experiments, Ozlem et al. and Hayedeh et al. 
further demonstrated that vitamin C has the effects of preventing the 
formation of and promoting the regression of endometriotic implants 
in a rat model of EM (36, 37). In addition, another study shows that 
vitamins C, E, and β-carotene can significantly increase the total 
antioxidant capacity (TAC) of endometriosis patients’ plasma. At the 
same time, they can reduce the level of the oxidative stress marker 
8-hydroxydeoxyguanosine (8-OHdG) and alleviate DNA damage (38). 
In conclusion, vitamins C can reduce the levels of inflammatory 
markers related to the tissue of EM. On the other hand, vitamins C, E, 
and β-carotene can enhance the total antioxidant capacity of the 
plasma of patients with endometriosis, which indicates that they have 
potential beneficial effects in the treatment of endometriosis. Regarding 
the relationship between zinc and endometriosis, some studies 

indicates that dietary zinc intake is positively correlated with the 
prevalence of EM (38, 39). In addition, a study by Mier-Cabrera et al. 
emphasizes the role of antioxidants, including zinc, in ameliorating 
oxidative stress markers in women with EM. In vitro experiments have 
demonstrated that zinc can inhibit the activity of matrix 
metalloproteinase-9 (MMP-9) and decrease the migratory capacity of 
ectopic endometrial stromal cells (40). This finding not only reflects the 
importance of zinc in improving the endometrial internal environment 
but also reveals its key role in directly acting on the migratory process 
of ectopic cells. Notably, Oxidative stress has a dual harm in the 
development process of endometriosis. It can not only promote the 
occurrence of the inflammatory response but also further aggravate the 
pathological process by damaging cellular DNA and proteins (41, 42). 
Studies have shown that the intake of antioxidants can protect against 
NF-κB activation, thereby alleviating the related symptoms caused by 
EM (36). This indicates that oxidative stress forms a vicious cycle in the 
development of EM, and the intake of antioxidants is an important 
means to break this cycle and relieve symptoms.

The use of diet to manage EM has been a widely discussed topic 
in research (32, 43, 44). Interestingly, studies have found that patients 
with EM often have lower intakes of vitamins A, C, E, zinc, and copper 
(38), suggesting a link between an antioxidant-rich diet and the 
disease, which aligns with our own findings. Clinical trials have also 
noted that antioxidants (vitamins E and C) can effectively improve 
dysmenorrhea and pelvic pain (45–47). Antioxidant-rich diet reduces 
abnormal endometrial tissue growth and inflammatory response by 
reducing oxidative stress (48, 49). Increased ROS in patients with EM, 
along with trends that worsen with disease severity, have been 
documented (41, 42). The specific mechanisms may involve the 
production of inflammatory factors and mitochondrial dysfunction 
(30). At the same time, representative antioxidant medications such as 
curcumin, astaxanthin, resveratrol, and quercetin have demonstrated 
their potential value in the treatment of EM (50–52). Targeted 
interventions against oxidative stress are considered a promising 
strategy for inhibiting disease progression and alleviating associated 
chronic pain and infertility symptoms (53–55). In conclusion, the 
reduction of oxidative stress within the body through dietary 
modifications represents a crucial strategy in the fight against EM.

Previous clinical studies have mainly focused on the impact of 
individual nutrients on EM (25). However, the CDAI is a reliable 
scoring system used to quantify the antioxidant capacity of daily diets. 
By assessing the natural combination of nutrients in foods, CDAI can 
more deeply explore the synergistic effects of various antioxidants in 

FIGURE 2

Displays the dose–response relationships between the CDAI and EM. 
The regression analysis utilized RCS and was adjusted for various 
confounding factors including age, race, PIR, education level, marital 
status, BMI, smoking, drinking, diabetes, and hypertension.

TABLE 2 The weighted logistic regression analysis of the association between CDAI and EM.

Model 1 Model 2 Model 3

OR (95%CI) p OR (95%CI) p OR (95%CI) p

CDAI 0.92 (0.87,0.98) 0.007 0.91 (0.86, 0.98) 0.008 0.92 (0.86, 0.98) 0.011

Q1 Ref Ref Ref

Q2 0.85 (0.48, 1.1) 0.568 0.82 (0.45, 1.0) 0.512 0.84 (0.45, 1.57) 0.576

Q3 0.60 (0.32, 1.2) 0.105 0.62 (0.32, 1.9) 0.146 0.64 (0.33, 1.24) 0.172

Q4 0.48 (0.27, 0.6) 0.014 0.46 (0.26, 0.3) 0.011 0.47 (0.26, 0.87) 0.019

P for trend 0.009 0.009 0.014

Model 1: no adjusted. Model 2: adjusted for age, education level, race, marital status, and PIR. Model 3: adjusted for age, education level, race, marital status, BMI, PIR, smoking, drinking, 
diabetes, and hypertension. CDAI, composite dietary antioxidant index; EM, endometriosis; PIR, poverty income ratio; BMI, body mass index. CDAI: Q1 (<−2.426), Q2 (−2.426, −0.462), Q3 
(−0.462, 1.868), and Q4 (≥1.868).
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daily diets, helping to neutralize free radicals in the body, reduce 
oxidative stress on cells, and potentially slow the progression of 
EM. Compared to single nutrient research methods, CDAI provides a 
more systematic and comprehensive assessment, reflecting the 
complexity and diversity of dietary patterns. Using CDAI also aids in 
developing personalized dietary intervention strategies to improve 
patients’ quality of life and disease management outcomes. As the 
understanding of the pathological mechanisms of EM continues to 
deepen, the importance of dietary treatment and prevention is 
becoming increasingly evident. Future research should further 
validate the clinical applicability of CDAI and explore its suitability in 
different female populations, providing more robust scientific 
evidence for the prevention and treatment of EM.

Although no significant interaction was detected in this subgroup 
analysis, the obtained results still have important guiding significance 
for clinical practice. The impact of an antioxidant diet may be more 
prominent within a specific population. This finding emphasizes the 
importance of fully considering individual differences of patients 
(such as age, drinking history, and hypertension history) in the clinical 
practice. At the same time, it also points out the direction for 
subsequent research, that is, to further explore and optimize the 
dietary strategies for specific patient groups, so as to provide a more 
solid theoretical support and practical guidance for 
clinical applications.

This study, based on NHANES data, is the first to reveal a linear 
relationship between CDAI and EM, while eliminating the potential 

FIGURES 3

Illustrates the identification of key CDAI components associated with EM using LASSO and RF methodologies. (A) The left panel displays the LASSO 
coefficient profiles of the 6 CDAI components, while the right panel shows the results after cross-validation for tuning parameter selection, where 3 
CDAI components (vitamin C, selenium, and carotene) were identified as significant antioxidant components. (B) The RF algorithm identified 3 CDAI 
components (vitamin E, selenium, and carotene), as depicted in the left panel showing the RF error rate versus the number of classification trees, and 
the right panel showcasing the importance scores of these components. (C) The Venn diagram demonstrates the overlap of key CDAI components 
identified by both the LASSO and RF algorithms.

TABLE 3 The weighted logistic regression analysis of the association between CDAI components and EM.

Model 1 Model 2 Model 3

OR (95%CI) p OR (95%CI) p OR (95%CI) p

Vitamin A (μg) 0.999 (0.999, 1.00) 0.038 0.999 (0.999, 1.000) 0.014 0.999 (0.999, 1.000) 0.017

Vitamin C (mg) 0.997 (0.994, 0.99) 0.015 0.998 (0.996, 1.001) 0.130 0.998 (0.996, 1.001) 0.171

Vitamin E (mg) 0.949 (0.902, 0.99) 0.044 0.935 (0.887, 0.986) 0.015 0.934 (0.885, 0.986) 0.015

Zinc (mg) 0.991 (0.957, 1.06) 0.601 0.989 (0.952, 1.027) 0.559 0.989 (0.950, 1.030) 0.595

Selenium (μg) 0.997 (0.992, 1.03) 0.346 0.998 (0.992, 1.004) 0.542 0.998 (0.992, 1.005) 0.594

Carotene (μg) 1.000 (1.000, 1.00) 0.033 1.000 (1.000, 1.000) 0.036 1.000 (1.000, 1.000) 0.034

Model 1: no adjusted. Model 2: adjusted for age, education level, race, marital status, and PIR. Model 3: adjusted for age, education level, race, marital status, BMI, PIR, smoking, drinking, 
diabetes, and hypertension. CDAI, composite dietary antioxidant index; EM, endometriosis; PIR, poverty income ratio; BMI, body mass index.
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for bias from other confounding factors. Nevertheless, it is 
important to acknowledge the existence of several limitations that 
require further investigation in future research. (1) Due to the 
limitations of the cross-sectional design, we  are unable to infer 
causal relationships between exposure and outcome. Therefore, 
further validation through larger-scale prospective cohort studies 
is needed to confirm these findings. (2) Due to the limited sample 
size and relevant sample information, it is unrealistic to 
comprehensively explore all possible confounding factors, such as 
menstrual history, family history of endometriosis, and history of 
pelvic surgery. These unstudied factors may have led to biases in the 
results. (3) Most of the data regarding the diagnosis of EM were 
obtained from the participants of the NHANES through interviews 
or self-reported questionnaires. However, it should be noted that 
self - reporting may lead to misclassification. Some women may 
present symptoms similar to those of endometriosis but actually do 
not have the disease, while some women with the disease may not 
be aware of their condition or be unable to accurately report their 
situation. Such misclassification may distort the true relationship 
between CDAI and EM. To control this recall bias as much as 
possible, based on the above considerations, we selected women in 
the core age range of 20–45 years old, where the disease is most 
prevalent, as the research subjects. In this female group, a series of 
typical symptoms are more likely to present (56, 57). However, it 
should be noted that our study was based on self-reported data and 

24-h dietary recall, so there is a possibility of recall bias. (4) It 
should be noted that the questionnaire used to diagnose EM did not 
include some participants who were under the age of 20 or over the 
age of 45. Consequently, the results may be  more applicable to 
individuals aged 20–45 and not easily generalizable to those under 
20 or over 45. (5) It is possible that the NHANES study population 
is not entirely representative of the general population.

Conclusion

This cross-sectional analysis revealed a significant negative 
correlation between CDAI and the risk of EM. The finding 
suggests that a higher CDAI score is associated with a lower risk 
of EM, indicating that a diet rich in antioxidants may be related 
to a reduced risk of EM. Therefore, we recommend increasing the 
intake of foods that can improve the CDAI score, such as nuts, 
leafy greens, and brightly colored fruits. Meanwhile, maintaining 
a balanced diet that includes whole grains, lean proteins, and 
healthy fats is crucial for achieving overall health benefits. 
However, longitudinal studies are needed in the future to further 
clarify the causal relationship and evaluate the long-term effects 
of dietary interventions, providing a basis for formulating 
personalized dietary strategies to better support the health 
management of EM patients and high-risk groups.

FIGURE 4

Subgroup analysis for the association between CDAI and EM. The analyses were stratified by age (20–30 and 30–45 years), BMI (<30 kg/m2 
and ≥ 30 kg/m2), smoking status (new, never, and former), drinking status (heavy, none, and mild), diabetes (yes and no), and hypertension (yes and no). 
Model 3, which was used in subgroup analysis, was adjusted for age, race, PIR, education level, marriage, BMI, smoking, drinking, diabetes, and 
hypertension.
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