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Association between serum
carotenoids levels and
endometriosis risk: evidence from
the National Health and Nutrition
Examination Survey

Jian Huang*

Clinical Laboratory Center, The First Affiliated Hospital of Guangxi Medical University, Nanning, China

Background: The relationship between serum levels of carotenoids and
endometriosis remains largely unknown. The aim of this study is to assess
the association between serum levels of major carotenoids (a-carotene, g-
carotene, p-cryptoxanthin, lutein/zeaxanthin, and trans-lycopene) and the risk
of endometriosis in US women.

Methods: The data were obtained from the 2001-2006 National Health and
Nutrition Examination Surveys (NHANES), which included a total of 3,636
women aged 20 to 54. Serum levels of a-carotene, f-carotene, f-cryptoxanthin,
lutein/zeaxanthin, and trans-lycopene were measured using high performance
liquid chromatography (HPLC) with photodiode array detection. Endometriosis
was defined as self-report. Weighted multivariate logistic regression analyses
were conducted to evaluate the associations of the serum levels of the major
carotenoids with endometriosis risk. Additionally, restricted cubic spline (RCS)
was employed to assess the possibility of nonlinear associations. Finally,
subgroup analyses were utilized to estimate the influence of several covariates
on the associations.

Results: Weighted multivariate logistic regression analyses showed that, after
adjusting for all covariates taken into account, there was a significant association
between serum lutein/zeaxanthin levels and reduced risk of endometriosis
(Quartile 3 vs. Quartile 1. odds ratio [OR] = 0.62, 95% confidence interval
[Cl]: 0.42-0.90; Quartile 4 vs. Quartile 1. OR = 0.54, 95% CI: 0.36-0.81, P for
trend = 0.001). However, no significant associations of serum levels of other
carotenoids withendometriosis were found in multivariable-adjusted models that
included all covariates. RCS analysis did not reveal any non-linear relationships.
Subgroup analyses indicated that the inverse association between serum
lutein/zeaxanthin levels and reduced endometriosis risk was significant only in
individuals under 40 years of age, in both White and non-White populations, in
smokers, and among those who had ever used oral contraceptives.

Conclusion: Serum lutein/zeaxanthin levels may offer protective effects against
endometriosis in specific subpopulations. Further prospective research is
necessary to validate these findings.
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Introduction

Endometriosis is a chronic inflammatory condition characterized by
the implantation and growth of endometrial-like tissue outside the
uterine cavity, usually in the pelvis. Its estimated that endometriosis
affects between 2 and 10% of women in the general population (1).
Endometriosis most frequently presents with symptoms such as chronic
pelvic pain, pain during or after sex, excessive bleeding, and infertility
(1). Other associated symptoms include constipation, bloating, diarrhea,
fatigue, depression, anxiety, and problems with the urinary system (2).
The effects of endometriosis on physical health, emotional stability, and
productivity are profound, causing a considerable strain on patients’
quality of life, as well as economic and social hardships for families and
society (3). At present, no curative treatments are available. While the
exact aetiology of endometriosis remains largely unknown, neurological,
immunological, and hormoral factors are considered important
contributors to the pathogenesis and development of endometriosis (1).
In addition, evidence from clinical studies has suggested that nutritional
factors including vitamin D, lipids, and gut microbiota may be implicated
in the risk of developing endometriosis (4, 5).

Carotenoids are a class of bioactive red, orange, and yellow
compounds produced by a variety of plants, fungi, and bacteria. More
than 1,100 naturally occurring carotenoids have been identified, with
around 50 being included in human diets and capable of being absorbed
and processed by the body (6). Despite the variety, six carotenoids,
specifically f-carotene, B-cryptoxanthin, a-carotene, lycopene, lutein,
and zeaxanthin, comprise more than 95% of the carotenoids present in
the bloodstream (7). Carotenoids play important roles in biological
function, including antioxidant, anti-inflammatory, and anti-
carcinogenic activity (8). Numerous studies have suggested a strong
inverse association between carotenoid levels and the risk of type 2
diabetes, stroke, coronary heart disease, asthma, and certain cancers,
including lung and breast cancer (9). In addition, several studies have
been undertaken to evaluate the association between carotenoids and
endometriosis risk. Some studies have suggested a positive relationship.
For instance, Trabert and colleagues found a suggestion of enhanced
risk of endometriosis with increased f-carotene consumption (fourth
quartile vs. lowest: odds ratio [OR] 1.6, 95% confidence interval [CI]:
1.0-2.5) (10). However, using data from The Nurses’ Health Study II
(NHSII), Harris et al. (11) revealed that only intake of -cryptoxanthin
but not other cateroids (a-carotene, f-carotene, lutein, zeaxanthin and
lycopene) was associated with reduced risk of endometriosis. The
findings from current studies are still inconclusive; further research is
necessary, particularly studies examining the association between
circulating carotenes levels and the risk of endometriosis.

Using national survey data, we evaluated the associations between
serum levels of major carotenoids (a-carotene, f-carotene,
B-cryptoxanthin, lutein/zeaxanthin, and trans-lycopene) and the risk
of endometriosis in a representative sample of U.S. women. We also
sought to investigate whether several factors such as smoking status
and oral contraceptive use would influence the associations.

Materials and methods
Study design

We conducted a cross-sectional study using data from the
National Health and Nutrition Examination Survey (NHANES)
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conducted by the Centers for Disease Control and Prevention for the
years 2001-2002, 2003-2004 and 2005-2006. The analysis is restricted
to these years as endometriosis and serum carotenoids information is
available exclusively for this period. NHANES is a continuous and
annual survey which evaluates a representative sample of
non-institutionalised US civilians (12). Participants are selected by a
complex, multistage probability design. The data collection process
involved conducting interviews, distributing questionnaires,
performing examinations, and analyzing biological samples in the
laboratory. Comprehensive information about NHANES can be found
online. The National Center for Health Statistics institutional review
board approved the NHANES study protocol. Written informed
consent was obtained from all NHANES participants. Our analysis did
not require additional approval from the Institutional Research Board
(IRB). The data used in this study is publicly accessible." Figure 1
shows the flow chart of study participants.

Endometriosis definition

The definition of endometriosis included any self-reported
diagnosis, irrespective of location, severity, or confirmation through
laparoscopy. The reproductive health questionnaire assessed prior
endometriosis diagnoses in women aged 20-54 by asking, “Has a
told you that

doctor or other health professional ever

you had endometriosis?”

Serum carotenoid measurements

Following an overnight fast, venous blood from participants
was taken using vacutainer tubes with red or royal blue tops,
handled by a phlebotomist trained by NHANES (13). To ensure
more accurate results, the serum was kept away from sunlight and
other forms of full-spectrum radiation (14). Serum concentrations
of a-carotene, f-carotene, p-cryptoxanthin, lutein/zeaxanthin,
and trans-lycopene were measured using high performance liquid
chromatography (HPLC) with photodiode array detection (15).
The data were expressed in pg/dL. Details on the laboratory
procedures for serum carotenoids measurements are available in
the NHANES Laboratory/Medical Technologists Procedures
Manual (16).

Covariates

To mitigate the impact of confounding biases, we incorporated
potential confounders as covariates in our analysis (17, 18). We took into
account covariates including age, race/ethnicity (non-Hispanic White,
not non-Hispanic White), education (high school graduate or less, more
than high school), family poverty-to-income ratio (PIR) (below poverty
[PIR < 1], at or above poverty [PIR > 1]), BMI (calculated as weight in
kilograms divided by height in meters squared), cigarette smoking status
(ascertained by serum cotinine levels; individuals were classified as a non
smoker or not current smoker if cotinine levels were < 3.0 ng/mL and as

1 https://wwwn.cdc.gov/nchs/nhanes/
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FIGURE 1
Flow chart for study participants.

a current smoker if cotinine levels were > 3.0 ng/mL), age at menarche
(<12 years old, >12 years old), and oral contraceptive use (ever, never).
The confounding factors are shown in Supplementary Figure S1.

Statistical analysis

The mean and standard error are used to describe continuous
variables, while categorical variables are shown as counts and
percentages. Serum levels of a-carotene, f-carotene,
B-cryptoxanthin, lutein/zeaxanthin, and trans-lycopene were sorted
into quartiles, using the lowest quartile as the reference category.
Weighted multivariate logistic regression analyses were used to
estimate odds ratios (ORs) and 95% confidence intervals (CIs) for
the relationship between each carotenoid and endometriosis risk.
We constructed three models. Model 1 was an unadjusted model
that did not include any covariates. Model 2 accounted for age and
BMI, whereas Model 3 adjusted for age, BMI, race, education, PIR,
cigarette smoking status, age at menarche, and oral contraceptive
use. To determine whether ORs for endometriosis changed with
increasing quartiles or concentrations of carotenoids, we calculated
the p-value for trend (assessing dose-response effects). In addition
to logistic regression analyses, restricted cubic spline regression

with 3 knots at the 10th, 50th and 90th percentiles was carried out
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to assess potential nonlinearity in the associations between serum

levels of carotenoids and endometriosis. Furthermore,
we performed subgroup analyses based on age (< 40 years,
40-49 years, 50-54 years), race (non-Hispanic White, not
non-Hispanic White), smoking status (non-smokers, active
smokers), and oral contraceptive use (ever, never) to investigate
whether these factors could influence the association between
serum levels of carotenoids and the risk of endometriosis.
Statistical analyses were performed using R software version 4.1.4
(R Foundation for Statistical Computing, Vienna, Austria) and the
complex survey design of NHANES was taken into account. Restricted
cubic spline regression was done using DataAnalyst.” Throughout the
analysis, two-sided tests were utilized, and a p-value of less than 0.05

was regarded as indicative of statistical significance.

Results

Our study included 3,636 participants, with 263 diagnosed with
endometriosis. Table 1 shows the participant characteristics based on

2 https://medata-ai.github.io/DataAnalyst
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the presence or absence of endometriosis. Participants with
endometriosis were significantly older, with a mean age of 40.3 years,
compared to those without endometriosis, who had a mean age of
35.2 years (p < 0.001). Additionally, significant differences were observed
in race/ethnicity, smoking status, and oral contraceptive use between
endometriosis patients and those without the condition (Table 1).

Table 2 shows the results for analyses on the associations between
serum levels of the major carotenoids and endometriosis risk. After
controlling for confounding factors (Model 3), we found that serum
lutein/zeaxanthin levels were significantly associated with lower risk
of endometriosis (Quartile 3 vs. Quartile 1: OR = 0.62, 95% CI: 0.42—
0.90; Quartile 4 vs. Quartile 1: OR = 0.54, 95% CI: 0.36-0.81, P for
trend = 0.001). We did not observe any significant associations of
serum levels of a-carotene, f-carotene, f-cryptoxanthin, and trans-
lycopene with the risk of endometriosis (Table 2). Although serum
levels of p-cryptoxanthin appeared to be statistically significantly
associated with decreased endometriosis risk in Model 1 (unadjusted)
and Model 2 (adjustment for age and BMI), no significant associations
were identified in Model 3 when all confounders were taken into
account (Table 2).

Next, we conducted restricted cubic spline analyses to evaluate the
potential nonlinear relationship between serum levels of these

TABLE 1 Characteristics of study participants.

10.3389/fnut.2025.1513191

carotenoids and endometriosis, but no statistically significant
associations were found (Figure 2).

Furthermore, we carried out subgroup analyses to assess
whether the associations of serum levels of these carotenoids with
endometriosis would be affected by factors including age, race/
ethnicity, smoking status, and oral contraceptive use. We took these
factors into account in subgroup analyses in that they showed
difference between endometriosis patients and those without the
condition (Table 1). The results indicated that serum levels of
lutein/zeaxanthin were associated with a reduced risk of
endometriosis in individuals under 40 years old, White and
non-White populations, smokers, and those with a history of oral
contraceptive use (Tables 3-6). Subgroup analyses did not identify
any associations of serum levels of a-carotene, f-carotene,
trans-lycopene with endometriosis

B-cryptoxanthin, and

(Tables 3-6).

Discussion

In this population-based study, we found that higher serum levels
of lutein/zeaxanthin were associated with a reduced risk of

Variable Total (n = Endometriosis Non-endometriosis P-value
(n = 263) (n=3,373)
Age, years, mean (SE) 35.6 (10.6) 40.3 (8.4) 35.2(10.0) <0.001
Age, n (%)* <0.001
<40 years 2,261 (54.0) 113 (37.9) 2,148 (55.7)
40-49 years 955 (31.8) 105 (47.6) 850 (30.2)
50-54 years 420 (14.2) 45 (14.5) 375 (14.1)
Race/ethnicity, n (%)* <0.001
Non-Hispanic White 1775 (69.6) 178 (83.0) 1,597 (68.3)
Not Non-Hispanic White 1861 (30.4) 85(17.0) 1776 (31.7)
Education, n (%)* 0.462
High school or less 1,583 (36.4) 96 (38.7) 1,487 (36.2)
More than high school 2053 (63.6) 167 (61.3) 1886 (63.8)
Family income-to-poverty ratio, 7 (%)* 0.289
Below poverty 728 (14.7) 37 (12.0) 691 (15.0)
At or above poverty 2,908 (85.3) 226 (88.0) 2,682 (85.0)
BMI, kg/m?, mean (SE) 28.8 (0.1) 28.6 (0.4) 28.8(0.1) 0.714
Smoking status, 7 (%)*
Non-smokers 2,754 (75.7) 182 (69.2) 2,572 (76.3) 0.012
Smokers 882 (24.3) 81 (30.8) 801 (23.7)
Oral contraceptive use, 1 (%)* <0.001
Ever 2,819 (81.1) 239 (91.6) 2,580 (79.9)
Never 817 (18.9) 24 (8.4) 793 (20.1)
Age at menarche, years, 1 (%) 0.389
<12 years 873 (22.9) 71 (25.8) 802 (22.6)
>12 years 2,763 (77.1) 192 (74.2) 2,571 (77.4)
SE, standard error; BMI, body mass index.
“Unweighted number and weighted percentage in NHANES.
Frontiers in Nutrition 04 frontiersin.org
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TABLE 2 Logistic regression analysis for association between the quartile of serum carotenoids, relative to quartile 1, and endometriosis risk.

Quartile 4
OR (95% ClI)

P for trend

a-carotene
Range <L5 1.5-2.9 2.9-5.6 >5.6
Model 1 Reference 1.16 (0.81-1.65) 0.415 1.23 (0.87-1.75) 0.239 0.87 (0.60-1.26) 0.455 0.578
Model 2 Reference 1.12 (0.78-1.61) 0.524 1.06 (0.74-1.52) 0.741 0.69 (0.47-1.02) 0.062 0.065
Model 3 Reference 1.14 (0.79-1.65) 0.474 1.16 (0.80-1.68) 0.444 0.76 (0.50-1.17) 0.212 0.229
B-carotene
Range <7.9 7.9-13.0 13.0-23.6 >23.6
Model 1 Reference 0.90 (0.63-1.28) 0.545 0.93 (0.65-1.31) 0.667 0.89 (0.62-1.26) 0.499 0.555
Model 2 Reference 0.87 (0.61-1.24) 0.436 0.83 (0.58-1.20) 0.323 0.69 (0.47-1.01) 0.053 0.058
Model 3 Reference 0.89 (0.62-1.28) 0.519 0.94 (0.73-1.53) 0.750 0.77 (0.51-1.15) 0.194 0.244
B-cryptoxanthin
Range <5.2 5.2-8.0 8.0-13.4 >13.4
Model 1 Reference 0.80 (0.58-1.10) 0.177 0.53 (0.37-0.75) <0.001 0.46 (0.32-0.67) <0.001 <0.001
Model 2 Reference 0.82(0.59-1.13) 0.228 0.55 (0.38-0.79) 0.001 0.46 (0.32-0.68) <0.001 <0.001
Model 3 Reference 0.97 (0.69-1.37) 0.857 0.78 (0.52-1.19) 0.250 0.83 (0.52-1.33) 0.433 0.527
Lutein/zeaxanthin
Range <10.2 10.2-14.2 14.2-19.7 >19.7
Model 1 Reference 0.71 (0.51-0.99) 0.042 0.58 (0.41-0.83) 0.003 0.53 (0.37-0.76) <0.001 <0.001
Model 2 Reference 0.69 (0.49-0.96) 0.027 0.54 (0.38-0.77) <0.001 0.47 (0.33-0.69) <0.001 <0.001
Model 3 Reference 0.75 (0.53-1.06) 0.102 0.62 (0.42-0.90) 0.011 0.54 (0.36-0.81) 0.003 0.001
Trans-lycopene
Range <159 15.9-22.1 22.1-29.4 >29.4
Model 1 Reference 0.98 (0.68-1.40) 0.891 0.96 (0.67-1.38) 0.829 1.09 (0.77-1.55) 0.611 0.641
Model 2 Reference 1.05 (0.73-1.51) 0.790 1.08 (0.75-1.55) 0.683 1.23 (0.86-1.76) 0.248 0.253
Model 3 Reference 0.97 (0.67-1.41) 0.892 0.95 (0.66-1.38) 0.800 1.09 (0.75-1.56) 0.657 0.662

OR, odds ratio; CI, confidence interval.
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Restricted cubic spline analysis evaluating associations of serum levels of a-carotene (A), f-carotene (B), p-cryptoxanthin (C), lutein/zeaxanthin (D), and
trans-lycopene (E) with the risk of endometriosis. Line represents multivariable-adjusted odds ratio, and shaded area represents 95% confidence
interval. Models were adjusted for age, BMI, race, education, PIR, cigarette smoking status, age at menarche, and oral contraceptive use.
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endometriosis. This protective effect was significant only in individuals
under 40 years of age, in both White and non-White populations,
among smokers, and in those who had ever used oral contraceptives.
No non-linear associations were observed between serum lutein/
zeaxanthin levels and endometriosis risk. Furthermore, no
associations were found between serum levels of a-carotene,
fB-carotene, P-cryptoxanthin, or trans-lycopene and the risk
of endometriosis.

When comparing our results with previous studies, it is important
to highlight the differences in study design and measurement methods.
While some studies have examined the relationship between dietary
carotenoid intake and endometriosis risk (10, 11), our study is one of
the few to assess circulating carotenoid levels as a more direct measure
of exposure. This distinction is crucial because circulating carotenoids
reflect actual bioavailability and metabolic processing, rather than
relying on self-reported dietary intake, which is subject to recall bias
and inaccuracies. Our findings align with those of Harris et al. (11), who
found a reduced risk of endometriosis associated with beta-
cryptoxanthin intake, although our study did not identify a significant
relationship between beta-cryptoxanthin and endometriosis risk. Our
findings are also consistent with those of studies showing that lutein and
zeaxanthin played a protective role against other female-related diseases,
such as benign breast disease and breast cancer (19, 20). Conversely,
Trabert et al. (10) reported an increased risk of endometriosis associated
with higher f-carotene intake. These contrasting results may reflect the
variability in carotenoid absorption, metabolism, and bioactivity across
individuals, as well as differences in study populations, methodologies,
and sample sizes. Our study, by using serum carotenoid measurements,

Frontiers in Nutrition

overcomes some of these limitations and provides a more accurate
reflection of carotenoid status in the body.

The inverse association between serum lutein/zeaxanthin levels
and endometriosis risk may be attributed to several mechanisms.
First, lutein and zeaxanthin are potent antioxidants, and their
elevated serum levels may help to mitigate oxidative stress, which
is known to play a crucial role in the pathogenesis and progression
of endometriosis (21, 22). Elevated oxidative stress markers such
as HSP70b’ and malondialdehyde, have been observed in patients
with endometriosis compared to control groups (23-25), which
can promote inflammation and lesion growth. By neutralizing
ROS, lutein and zeaxanthin may reduce oxidative damage and
inflammatory signaling, thereby lowering the risk of lesion
formation and progression. Second, lutein and zeaxanthin are
known to have anti-inflammatory effects. Chronic inflammation is
a hallmark of endometriosis, driven by elevated cytokine levels and
immune cell infiltration in the pelvic cavity (26). These carotenoids
can downregulate the expression of pro-inflammatory cytokines
such as IL-6 and IL-1f (27, 28), which are heavily implicated in the
inflammatory milieu of endometriosis. Their modulation of
immune responses may dampen the chronic inflammatory state,
reducing tissue invasion and adhesion formation. Third, lutein and
zeaxanthin may influence estrogen metabolism (29, 30). As
endometriosis is an estrogen-dependent condition, carotenoids
have been shown to modulate estrogen receptor activity (31). By
impacting the estrogenic environment, lutein and zeaxanthin may
limit the estrogen-driven proliferation of endometrial cells, thus
inhibiting the growth of endometriotic lesions.

frontiersin.org
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TABLE 3 Association between serum levels of major carotenoids and endometriosis in subgroup analysis according to age.

Quartile (Q1-Q4)

< 40 years (n = 2,261)

40-49 years (n = 955) 50-54 years (n = 420)

bueny

L0

610 uISI13UO0L

OR (95% ClI) P p for trend OR (95% Cl) P P for trend OR (95% ClI) P P for trend

Q-carotene

Q1 Reference Reference Reference

Q2 1.53 (0.90-2.62) 0.120 0.81 (0.44-1.49) 0.500 1.76 (0.66-4.68) 0.255

Q3 1.67 (0.94-2.96) 0.078 0.94 (0.52-1.69) 0.840 1.50 (0.58-3.84) 0.402

Q4 1.36 (0.73-2.54) 0.336 0.930 0.69 (0.36-1.31) 0.250 0.432 0.51 (0.17-1.58) 0.243 0.158
B-carotene

Q1 Reference Reference Reference

Q2 1.20 (0.71-2.03) 0.494 0.67 (0.36-1.25) 0.213 0.82 (0.34-2.02) 0.673

Q3 1.13 (0.63-2.03) 0.675 1.04 (0.58-1.84) 0.904 0.61 (0.24-1.61) 0.321

Q4 1.30 (0.71-2.39) 0.398 0.704 0.73 (0.39-1.38) 0.329 0.657 0.52(0.21-1.33) 0.172 0.105
B-cryptoxanthin

Q1 Reference Reference Reference

Q2 0.95 (0.58-1.55) 0.823 0.79 (0.46-1.35) 0.387 1.14 (0.50-2.57) 0.760

Q3 0.67 (0.38-1.17) 0.157 0.59 (0.32-1.10) 0.096 0.91 (0.36-2.25) 0.832

Q4 0.68 (0.36-1.27) 0.224 0.082 0.74 (0.39-1.42) 0.369 0.223 0.62 (0.22-1.73) 0.358 0.293
Lutein/zeaxanthin

Q1 Reference Reference Reference

Q2 0.53(0.31-0.91) 0.021 0.96 (0.55-1.65) 0.868 1.57 (0.64-3.82) 0.324

Q3 0.78 (0.47-1.30) 0.342 0.57 (0.30-1.06) 0.076 0.70 (0.24-2.03) 0.512

Q4 0.40 (0.21-0.75) 0.004 0.002 0.72 (0.38-1.35) 0.310 0.174 1.19 (0.45-3.12) 0.725 0.761
Trans-lycopene

Q1 Reference Reference Reference

Q2 0.90 (0.49-1.63) 0.728 1.01 (0.57-1.80) 0.974 1.08 (0.48-2.45) 0.851

Q3 0.70 (0.38-1.29) 0.251 1.60 (0.91-2.80) 0.100 0.55 (0.21-1.46) 0.231

Q4 1.40 (0.82-2.39) 0.217 0.108 0.72(0.37-1.39) 0.330 0.822 0.75(0.31-1.81) 0.525 0.335

OR, odds ratio; CI, confidence interval.

T6TLTST'G202INUY/6852°0T


https://doi.org/10.3389/fnut.2025.1513191
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

UONRLIINN Ul SI913U0.4

TABLE 4 Association between serum levels of major carotenoids and endometriosis in subgroup analysis according to ethnicity/race.

Quartile (Q1-Q4)

Non-Hispanic White (n = 1775)

Not Non-Hispanic White (n = 1861)

bueny

80

610 uISI13UO0L

OR (95% Cl) P P for trend OR (95% CI) P P for trend

Q-carotene

Q1 Reference Reference

Q2 1.35 (0.86-2.12) 0.190 1.04 (0.54-1.98) 0.915

Q3 1.57 (0.99-2.50) 0.054 0.90 (0.47-1.72) 0.748

Q4 1.10 (0.66-1.85) 0.710 0.976 0.61 (0.30-1.27) 0.189 0.129
B-carotene

Q1 Reference Reference

Q2 0.89 (0.57-1.39) 0.604 0.98 (0.52-1.85) 0.945

Q3 1.13 (0.71-1.80) 0.606 0.76 (0.40-1.44) 0.398

Q4 1.07 (0.65-1.74) 0.792 0.919 0.58 (0.29-1.17) 0.130 0.066
B-cryptoxanthin

Q1 Reference Reference

Q2 0.97 (0.66-1.44) 0.896 0.76 (0.40-1.47) 0.415

Q3 0.72 (0.45-1.15) 0.167 0.59 (0.30-1.15) 0.119

Q4 0.85 (0.49-1.46) 0.560 0.216 0.55 (0.28-1.09) 0.087 0.054
Lutein/zeaxanthin

Q1 Reference Reference

Q2 0.98 (0.65-1.47) 0.927 0.49 (0.25-0.95) 0.034

Q3 0.84 (0.53-1.31) 0.441 0.40 (0.20-0.78) 0.008

Q4 0.58 (0.34-0.97) 0.041 0.033 0.53(0.28-1.01) 0.053 0.045
Trans-lycopene

Q1 Reference Reference

Q2 0.90 (0.57-1.41) 0.637 1.24 (0.65-2.34) 0.514

Q3 0.76 (0.48-1.20) 0.235 1.45 (0.77-2.72) 0.254

Q4 1.05 (0.68-1.64) 0.813 0.887 1.04 (0.54-2.00) 0.907 0.771

OR, odds ratio; CI, confidence interval.
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TABLE 5 Association between serum levels of major carotenoids and endometriosis in subgroup analysis according to oral contraceptive use.

bueny

60

610 uISI13UO0L

Quartile (Q1-Q4) Ever (n = 2,819) Never (n = 817)
OR (95% CI) P P for trend OR (95% CI) P P for trend

Q-carotene

Q1 Reference Reference

Q2 1.26 (0.86-1.86) 0.246 0.56 (0.16-1.96) 0.364

Q3 1.22 (0.81-1.82) 0.337 1.01 (0.34-3.04) 0.985

Q4 0.88 (0.56-1.37) 0.560 0.497 0.27 (0.06-1.21) 0.089 0.192
B-carotene

Q1 Reference Reference

Q2 0.87 (0.59-1.27) 0.460 1.22 (0.37-4.00) 0.747

Q3 0.93 (0.63-1.38) 0.711 1.32 (0.40-4.37) 0.645

Q4 0.81 (0.53-1.23) 0.318 0.385 0.56 (0.13-2.33) 0.423 0.498
B-cryptoxanthin

Q1 Reference Reference

Q2 0.88 (0.62-1.25) 0.485 0.90 (0.27-3.02) 0.862

Q3 0.60 (0.40-1.14) 0.251 1.27 (0.42-3.89) 0.674

Q4 0.70 (0.45-1.08) 0.104 0.278 0.40 (0.09-1.73) 0.218 0.372
Lutein/zeaxanthin

Q1 Reference Reference

Q2 0.78 (0.54-1.12) 0.176 0.55(0.18-1.65) 0.287

Q3 0.67 (0.45-0.99) 0.044 0.21 (0.04-1.02) 0.053

Q4 0.54 (0.35-0.82) 0.004 0.003 0.61 (0.18-2.06) 0.429 0.257
Trans-lycopene

Q1 Reference Reference

Q2 0.91 (0.62-1.35) 0.654 1.93 (0.63-5.89) 0.248

Q3 0.92 (0.62-1.35) 0.658 1.43 (0.42-4.84) 0.561

Q4 1.04 (0.71-1.52) 0.858 0.796 1.70 (0.50-5.77) 0.396 0.455

OR, odds ratio; CI, confidence interval.
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TABLE 6 Association between serum levels of major carotenoids and endometriosis in subgroup analysis according to smoking status.

Quartile (Q1-Q4) Non-smokers (n = 2,754) Smokers (n = 882)
OR (95% ClI) P P for trend OR (95% ClI) P P for trend

Q-carotene

Q1 Reference Reference

Q2 1.22 (0.74-1.99) 0.436 1.11 (0.63-1.98) 0.705

Q3 1.18 (0.72-1.92) 0.508 1.37 (0.74-2.55) 0.317

Q4 0.88 (0.52-1.46) 0.611 0.421 0.42 (0.14-1.27) 0.124 0.578
B-carotene

Q1 Reference Reference

Q2 0.84 (0.53-1.34) 0.468 0.97 (0.54-1.72) 0.907

Q3 0.87 (0.55-1.37) 0.538 1.18 (0.61-2.31) 0.622

Q4 0.69 (0.43-1.11) 0.129 0.154 1.12 (0.51-1.48) 0.711 0.676

B-cryptoxanthin

Q1 Reference Reference

Q2 0.99 (0.64-1.52) 0.947 0.78 (0.45-1.35) 0.378

Q3 0.71 (0.45-1.13) 0.147 0.64 (0.31-1.31) 0.222

Q4 0.76 (0.48-1.22) 0.257 0.122 0.15(0.02-1.11) 0.063 0.323

Lutein/zeaxanthin

Q1 Reference Reference

Q2 0.94 (0.61-1.46) 0.794 0.57 (0.31-1.03) 0.061

Q3 0.67 (0.42-1.07) 0.090 0.68 (0.35-1.32) 0.249

Q4 0.68 (0.43-1.09) 0.107 0.058 0.21 (0.06-0.73) 0.014 0.006

Trans-lycopene

Q1 Reference Reference

Q2 1.04 (0.66-1.63) 0.867 0.95 (0.49-1.86) 0.889

Q3 1.03 (0.66-1.62) 0.891 0.83 (0.42-1.65) 0.589

Q4 0.94 (0.60-1.49) 0.806 0.808 1.65 (0.88-3.10) 0.117 0.229

OR, odds ratio; CI, confidence interval.
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Our study assessed factors that may modify the relationship
between serum carotenoid levels and endometriosis risk. Subgroup
analyses suggested that elevated serum levels of lutein and
zeaxanthin may offer a protective effect against the development of
endometriosis, particularly in individuals under 40 years of age.
One possible explanation is that younger women with
endometriosis may experience higher levels of oxidative stress and
inflammation (21), making them more sensitive to the antioxidative
and anti-inflammatory properties of lutein and zeaxanthin.
Furthermore, the role of lutein and zeaxanthin in modulating
estrogenic pathways might be more pronounced in younger
women, given the hormone-driven nature of endometriosis (1).
Future studies focusing on age-specific mechanisms of these
carotenoids could help clarify the observed age-related effects in
the present study. The protective association was consistent across
both White and non-White populations, highlighting the potential
for broad applicability across different ethnic groups. Moreover,
the effect was particularly pronounced in active smokers and
participants who had ever used oral contraceptives, suggesting that
these subgroups may experience unique oxidative stressors or
hormonal influences that amplify the benefit of lutein and
zeaxanthin’s antioxidative properties. These carotenoids are known
to mitigate oxidative stress and inflammation, both of which play
central roles in the pathophysiology of endometriosis. Therefore,
modulation of oxidative pathways and inflammation by lutein and
zeaxanthin may represent a key mechanism in reducing the risk of
disease onset, particularly in higher-risk populations, such as
women of reproductive age (1), smokers (32, 33), and those with
specific hormonal exposures (34).

In terms of clinical implications, our findings raise the
possibility that dietary recommendations or supplementation with
lutein/zeaxanthin-rich foods could serve as a complementary
approach to reduce the risk of endometriosis. Foods such as dark
leafy greens, corn, eggs, and certain fruits are rich in lutein and
zeaxanthin. However, while our results are promising, it is
important to note that dietary interventions should be considered
as part of a broader strategy that includes medical management,
particularly since endometriosis is a multifactorial condition
involving both genetic and environmental factors (1). Further
clinical trials are needed to assess whether increasing lutein/
zeaxanthin intake can indeed reduce the incidence or severity
of endometriosis.

Our study has several limitations that should be considered
when interpreting the findings. First, while we conducted a cross-
sectional analysis on the data from the NHANES 2001-2006
cycles, the study’s design limited the ability to establish a temporal
relationship between serum carotenoid levels and endometriosis
risk, preventing causal inferences. Second, endometriosis
diagnosis in NHANES is self-reported, which may introduce recall
bias and lead to potential misclassification of cases. Additionally,
the serum carotenoid levels were measured at a single point in
time, failing to account for potential fluctuations over the course
of the disease. Finally, unmeasured confounders, such as
environmental exposures and genetic predispositions, could have
influenced both carotenoid levels and endometriosis risk, and
while we adjusted for several known covariates, residual
confounding may still be present.
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Conclusion

In summary, this study found an inverse association between
serum lutein/zeaxanthin levels and the risk of endometriosis, with
a particularly pronounced protective effect in individuals under
40 years of age, as well as in both White and non-White populations,
smokers, and those who had ever used oral contraceptives. However,
no significant associations were found between serum levels of
a-carotene, f-carotene, B-cryptoxanthin, or trans-lycopene and
endometriosis risk. Future research with a prospective design and
a focus on establishing causality is warranted to validate
these findings.
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