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Background and aims: Chronic inflammation plays a significant role in the
etiology of endometriosis, which might be affected by dietary intake. This study
aimed to investigate the association between dietary inflammatory index (Dll) and
the risk of endometriosis.

Methods: A cross-sectional analysis using data from the National Health and
Nutrition Examination Survey (1999-2006) was conducted on 3,410 American
participants, among whom 265 reported a diagnosis of endometriosis. DIl scores
were calculated based on the dietary questionnaire. The association of DIl scores
with endometriosis was evaluated by adjusted multivariate logistic regression
analyzes, which were further investigated in the subgroups.

Results: In the fully adjusted models, the odds ratio (OR) for endometriosis
participants in the highest and middle tertiles of DIl scores were 1.57 [95%
confidence interval (Cl): 1.14-2.17] and 1.18 (95% CI: 0.84-1.65), compared to
the lowest tertile (Pyenq=0.007). In subgroup analyzes, the significant positive
association between DIl scores and the endometriosis risk was also observed
in non-obese women (ORieritesvsi: 1.69, 95% Cl: 1.12-2.55; Pyeng=0.012), women
without diabetes (ORierieswsi: 1.62, 95% Cl: 1.16-2.27; Pueng=0.005), women
with hypertension (ORniesvsi: 2.25, 95% Cl: 1.31-3.87; Pyenq=0.003), parous
women (ORiepiesvst: 1.55, 95% Cl: 1.11-2.17; Pyenq=0.011), and women using oral
contraceptives (OReiiesusi: 1.63, 95% Cl: 1.15-2.30; Pyenq=0.006).

Conclusion: This nationally representative study found that increased intake
of the pro-inflammatory diet, as a higher DIl score, was positively associated
with endometriosis risk among American adults. Our results suggested anti-
inflammatory dietary interventions may be promising in the prevention of
endometriosis. Further prospective studies are necessary to confirm these
findings.

endometriosis, dietary inflammatory index, diet, inflammation, National Health and
Nutrition Examination Survey
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1. Introduction

Endometriosis, a common benign gynecologic disease condition,
is characterized by the implantation and growth of endometrial tissue
outside the uterine cavity, causing inflammation and leading to the
formation of scars and adhesion, which leads to kinds of symptoms,
such as chronic pelvic pain, dysmenorrhea, dyspareunia, dysuria, and
infertility (1). The disease affects women of reproductive age with a
high prevalence of 5-10% (2, 3). However, current interventions for
endometriosis have limited efficacy with high rates of symptom
recurrence and are correlated with tremendous healthcare economic
costs for long-term management (4).

Regarded as a chronic, inflammatory, endocrine, immunological,
systemic and heterogeneous disease, the etiology of endometriosis
remains largely elusive. However, chronic inflammation has been
proposed as a well-established facilitator of the pathophysiological
mechanism (1, 3). Over the past few years, extensive scientific studies
have tried to identify modifiable risk factors related to endometriosis,
such as exercise and diet (5). Diet, as a complex entity of anti-
inflammatory or pro-inflammatory compounds, plays a critical role
in modulating systemic inflammation (6-8).

The dietary inflammatory index (DII) (9), a literature-derived
dietary assessment tool based on 45 food parameters, is designed to
estimate the overall dietary inflammatory potential by a scoring
algorithm and is associated with various inflammatory markers,
including C-reactive protein (CRP), interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-«) (10-13). Furthermore, higher DII
scores, representing a stronger pro-inflammatory diet, have been
verified to be related to a variety of inflammatory-related conditions
including diabetes (14), chronic kidney diseases (15), cancers (16),
and cardiovascular diseases (17). However, previous studies have
focused on the relationship between endometriosis and specific
individual nutrient intake (18-24). To our best knowledge, the
relationship between DII and endometriosis has not been evaluated
up to now.

Our study aims to provide the first data on the relationship
between DII and the risk of endometriosis by using data from the
National Health and Nutrition Examination Survey (NHANES) (25),
a large population-based study in the United States (US). We also
further detected whether the association varied according to obesity
status, diabetes, hypertension, fertility status and the use of oral
contraceptives among endometriosis patients.

2. Materials and methods
2.1. Data source

The study used a nationally representative sample from the
NHANES, a cross-sectional series of interviews as well as physical and
laboratory examinations conducted on the non-institutionalized US
population (25). Aiming to accurately estimate the nutritional and
health status of the US population over time, NHANES collects data
from approximately 10,000 people on 2-yearcycles, based on a
complex multistage probability sampling design with a nationally
representative sample. All the NHANES protocols were approved by
the US National Center for Health Statistics Ethics Review Board, and
written informed consent was obtained from all participants (25).
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2.2. Sample and population

For the current study, data from 4 cycles of NHANES (1999-2000,
2001-2002, 2003-2004 and 2005-2006) were collected. A total of
21,210 female participants were enrolled, among whom women were
excluded if they had missing data for the diagnosis of endometriosis
(n=15,653), and missing or unreliable dietary interview data (n=322).
In addition, those with incomplete data on the potential covariates
(described below) were also excluded (n=1,825). After exclusions, a
total of 3,410 female participants were available for final analysis. The
flowchart of the sample selection and study design is presented in
Figure 1.

2.3. Assessment of endometriosis

NHANES included data related to the diagnosis of endometriosis
in the part of the “Questionnaire on Reproductive Health” from 1999
to 2006. Participants who had endometriosis were identified if they
reported “yes” to the question “Told by the doctor having
endometriosis?” at each survey cycle.

2.4. Dietary inflammation index

The DII is a literature-derived scoring algorithm based on the data
of dietary intake, designed to estimate the overall inflammatory
potential of diet. The complete description of development and
validation regarding the DII has been discussed in detail elsewhere (9).

Dietary data were obtained from 24-h dietary recall interviews in
the part of the “Dietary Interview—Total Nutrient Intakes” and
“Questionnaire on Alcohol Use,” which was utilized to calculate DII
scores for all participants. DII scores of NHANES (1999-2002) were
calculated based on the value of the first-day dietary interview data,
since only the first-day dietary interview was conducted from 1999 to
2002. DII scores of NHANES (2003-2006) were calculated based on
the mean value of the first-and second-day dietary interview data.

The DII food parameters available in the NHANES database
included energy, total fat, dietary fiber, protein, carbohydrates,
saturated fatty acids, monounsaturated fatty acids, polyunsaturated
fatty acids, omega 3, omega 6, cholesterol, vitamin A, vitamins B1,
vitamins B2, vitamin B6, vitamin B12, vitamin C, vitamin D, vitamin
E, p-carotene, niacin, folic acid, Mg, Fe, Zn, Se, alcohol and caffeine.
First, the Z-score of each food parameter for each participant was
calculated. Second, each individual Z-score was converted to a
centered percentile. Next, each centered percentile was multiplied
by the standardized overall inflammatory effect score. Finally, all of
the food-parameter-specific DII scores were summed to create the
total DII score for each participant. The final DII score in the
study was a continuous value, ranging from 4.812 (the most
pro-inflammatory diet score) to -4.827 (the most anti-
inflammatory diet score).

2.5. Covariates

According to the previous studies (26, 27) and clinical experience,
the following covariates were included:
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41,474 Participants in NHANES (1999-2006)

Y

A4

20,264 Excluded: male participants

21,210 Female participants

17,800 Excluded:

* 15,653 with missing data of endometriosis

A4

* 322 with missing or unreliable diatary data
* 1,825 with missing data of covariates

3,410 Eligible female participants for analysis

* 265 Endometriosis

* 3,145 Non-endomentriosis

l A 4

}

Lowest tertile of DII scores

Middle tertile of DII scores

Highest tertile of DII scores

4

® Subgroup analyses

® Adjusted multivariate logistic regressions

between DII scores and endometriosis

FIGURE 1

The flowchart of this study. NHANES, National Health and Nutrition Examination Survey; DII, dietary inflammatory index.

1. Demographic data: age (years), ethnicity (Mexican Americans,
non-Hispanic Black, non-Hispanic White, other race),
educational level (less than high school, high school graduate,
above high school), marital status (married, never
married, other);

2. Examination data: body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters
(kg/m?), and obesity was identified according to the BMI
(obesity: BMI >30kg/m?, non-obesity: BMI <30kg/m?);

3. Questionnaire data: drinking status (non-drinker, former
drinker, current drinker), smoking status (non-smoker, former
smoker, current smoker);

4. Reproductive health data: status of parity (nulliparous or > one
birth), use of oral contraceptives (yes or no);

5. Comprehensive data: hypertension (yes or no), diabetes

(yes or no);

Hypertension was defined according to the following criteria:
being told hypertension by a doctor, use of anti-hypertensive
medication, the mean value of measured diastolic blood
pressure>90mmHg or the mean value of measured systolic
pressure > 140 mmHg (The diastolic reading with zero is not used to
calculate the diastolic average; if all diastolic readings were zero, then
the average would be zero; if only one blood pressure reading was
obtained, that reading is the average and if there is more than one
blood pressure reading, the first reading is always excluded from
the average).

Diabetes was defined according to the following criteria: being
told diabetes by a doctor, glycated hemoglobin Alc 26.5%, fasting
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glucose >7.0 mmol/l, random blood glucose >11.1 mmol/l, 2-h oral
glucose tolerance test blood glucose >11.1 mmol/l, use of diabetes
medication or use of insulin.

2.6. Statistical analysis

All analyzes were conducted following the NHANES analytic
guidelines. The distribution of categorical covariates between
endometriosis and non-endometriosis groups was compared by the
chi-square test. The distribution of continuous variables was compared
by the Wilcoxon rank sum nonparametric test or t-test according to
the results of the normality test.

DII scores were categorized into three tertiles according to the
distribution, and subsequent analyzes were performed. Multivariate
logistic regression models were applied to estimate odd ratios (OR)
and 95% confidence intervals (CI) for the associations between DII
scores and endometriosis, using the lowest tertile of DII scores as the
reference category. We started by fitting a crude model with only DII
scores, and then further adopted 3 adjusted models. Model 1 was
adjusted for age, ethnicity, education level and obesity. Model 2
included the covariates of model 1 with additional adjustment for
drinking status, smoking status, diabetes and hypertension. Model 3
included the covariates of model 2 with additional adjustment for
marital status, fertility status and use of oral contraceptives. Linear
trends across tertiles of DII scores were examined by modeling the
median value in each tertile as a continuous variable in regression
models. In addition, the association between the DII scores and
endometriosis risk was tested on a continuous scale by the restricted
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cubic spline (RCS) curve with 4 knots (at 5th, 35th, 65th, and 95th
percentiles) based on the logistic regression model. Stratified analyzes
were conducted by obesity (yes, no), diabetes (yes, no), hypertension
(yes, no), fertility status (Nulliparous, > one birth), and use of oral
contraceptives (yes, no).

A p value <0.05 was considered statistically significant
(two-sided). All statistical analyzes were performed using R software
(version 4.1.3).

3. Results
3.1. Characteristics of the study sample

The distributions of baseline characteristics between
endometriosis and non-endometriosis groups are presented in
Table 1. From the initial sample of 21,210 female participants, 17,800
were excluded due to the incomplete data, resulting in a final sample
of 3,410 eligible participants, including 265 (7.8%) endometriosis and
3,145 (92.2%) non-endometriosis women. The age of participants
ranged from 20 to 54 years in the entire study. The ethnicity differed
significantly between the two groups. Furthermore, participants with
endometriosis tend to be older, had a higher education level, and
showed a higher prevalence of drinking, smoking, using oral
contraceptives, as well as hypertension.

The median DII score in the entire study sample was 1.86. Cases
with endometriosis have significantly higher median DII score than
those without endometriosis (2.11 versus 1.84, p=0.003). Moreover,
a higher percentage of participants in the endometriosis group
(41.1%) were found in the highest tertile of DII scores (the strongest
327% in the

non-endometriosis group. The baseline characteristics of the

pro-inflammatory  diet) compared with
participants according to tertile categories of DII scores are presented
in Supplementary Table S1.

3.2. Association between DIl and
endometriosis

The associations between DII scores and endometriosis in the
total cohort, are depicted in Table 2. The logistic regression showed
that the crude OR of endometriosis was the greatest in the highest
tertile of DII scores (OR 1.52, 95% CI: 1.12-2.07) compared to that
in the middle (OR 1.12, 95% CI: 0.81-1.55) and lowest tertiles
(Pyrena=0.008). Similarly, in adjusted multivariate models 1, 2 and 3,
we identified that participants within the highest tertile of DII score
were significantly associated with a higher risk of endometriosis
compared to those within the lowest tertile. Furthermore, in the final
fully-adjusted model (model 3) adjusted by all covariates,
participants within the highest tertile of DII scores had a 57%
increased risk of endometriosis compared to those within the lowest
tertiles (p =0.007). The trend analysis showed that the adjusted odds
of endometriosis increased across increasing tertiles of DII scores in
all models (Model 1: P.nqg=0.003, Model 2: P,.ng=0.007, Model 3:
Pyrena=0.007).

In addition, we also detected the relationship between the DII
scores and endometriosis on a continuous scale by the RCS analysis,
which also showed similar results (p=0.017; Figure 2).
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3.3. Subgroup analysis

In subgroup analyzes, the positive relationship between DII scores
and the risk of endometriosis differed according to the stratification
of obesity, diabetes, hypertension, fertility status, and use of oral
contraceptives (Table 3).

The final adjusted model also showed a significant positive
association between tertiles of DII scores and the endometriosis risk
in non-obese women (OR 1.69, 95% CI: 1.12-2.55; p=0.012), in
women without diabetes (OR 1.62, 95% CI: 1.16-2.27; p=0.005), in
women with hypertension (OR 2.25, 95% CI: 1.31-3.87; p=0.003), in
parous women (OR 1.55,95% CI: 1.11-2.17; p=0.011), and in women
using oral contraceptives (OR 1.63, 95% CI: 1.15-2.30; p=0.006). The
increasing odds of endometriosis across increasing tertiles of DII
scores in the above-mentioned subgroups were observed (Pyenq < 0.05).

Nevertheless, no significant association was observed in obese
women (OR 1.28, 95% CI: 0.75-2.20; p=0.364), in women with
diabetes (OR 1.06, 95% CI: 0.27-4.16; p=0.933), in women without
hypertension (OR 1.26, 95% CI: 0.83-1.91; p=0.271), in nulliparous
women (OR 1.13, 95% CI: 0.26-4.99; p=0.868), and in women
without the use of oral contraceptives (OR 1.35, 95% CI: 0.50-3.62;
p=0.549).

In addition, the magnitude of the relationship between DII scores
and endometriosis was larger among women with hypertension in
both crude (OR 2.07, 95% CI: 1.24-3.44) and in the fully adjusted (OR
2.25,95% CI: 1.31-3.87) models, compared with those in the total
population and other subgroups.

4. Discussion
4.1. Main finding

In this large population-based cohort from NHANES (1999-
2006), a total of 3,410 participants were enrolled in the final analysis,
with a 7.8% prevalence of endometriosis. We used the tool of DII score
and found a significantly positive association between dietary
inflammatory load and risk of endometriosis, which suggested a
promising anti-inflammatory dietary intervention for the prevention
of endometriosis.

4.2. Interpretation

To the best of our knowledge, this is the first study to determine
the relationship between DII scores and the risk of endometriosis. As
a common benign gynecologic disease, endometriosis exerts
tremendous physical and psychological effects on the quality of life,
compromises social relationships, and greatly decreases the economic
productivity of society (28). Given the increasingly important role of
chronic inflammation contributing to endometriosis (1, 3, 29, 30), the
modifiable risk factors related to inflammatory-related conditions,
including diet, have become one of the research focuses. Previous
studies frequently investigated the relationship between specific
dietary nutrient intake and endometriosis (18-24).

For instance, alcohol use (18), a high consumption of trans-
unsaturated fat (19) and a high intake of red meat (22) were related to
a higher risk of endometriosis. In contrast, a high consumption of
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TABLE 1 Baseline characteristics distributions between endometriosis and non-endometriosis groups.

Characteristics Total (n=3,410) Endometriosis (n=265) Non-Endometriosis
(n=3,145)
Age, median [IQR] 40.0 [32.0, 47.0] 42.0 [37.0, 48.0] 40.0 [31.0, 47.0] <0.001
Ethnicity, n (%) <0.001
Mexican American 833 (24.4) 25(9.4) 808 (25.7)
Non-hispanic black 798 (23.4) 45 (17.0) 753 (23.9)
Non-hispanic white 1,494 (43.8) 180 (67.9) 1,314 (41.8)
Other races 285 (8.4) 15 (5.7) 270 (8.6)
Education, n (%) <0.001
Less than high school 924 (27.1) 37 (14.0) 887 (28.2)
High school graduate 831 (24.4) 80 (30.2) 751 (23.9)
Above high school 1,655 (48.5) 148 (55.8) 1,507 (47.9)
Obesity, n (%) 0.154
Yes 1,330 (39.0) 92 (34.7) 1,238 (39.4)
No 2,080 (61.0) 173 (65.3) 1,907 (60.6)
Smoking status, n (%) 0.005
Never 2,033 (59.6) 133 (50.2) 1,900 (60.4)
Former 547 (16.0) 51(19.2) 496 (15.8)
Now 830 (24.3) 81 (30.6) 749 (23.8)
Drinking status, n (%) 0.015
Never 557 (16.3) 28 (10.6) 529 (16.8)
Former 570 (16.7) 54 (20.4) 516 (16.4)
Now 2,283 (67.0) 183 (69.1) 2,100 (66.8)
Diabetes, 1 (%) 0.179
Yes 258 (7.6) 14 (5.3) 244 (7.8)
No 3,152 (92.4) 251 (94.7) 2,901 (92.2)
Hypertension, 1 (%) <0.001
Yes 941 (27.6) 104 (39.2) 837 (26.6)
No 2,469 (72.4) 161 (60.8) 2,308 (73.4)
Marital status, n (%) 0.008
Married 1987 (58.3) 168 (63.4) 1,819 (57.8)
Never married 405 (11.9) 16 (6.0) 389 (12.4)
Other 1,018 (29.9) 81 (30.6) 937 (29.8)
Fertility status, n (%) 0.068
Nulliparous 192 (5.6) 22(8.3) 170 (5.4)
>one birth 3,218 (94.4) 243 (91.7) 2,975 (94.6)
Oral contraceptive, n (%) <0.001
Yes 2,709 (79.4) 234 (88.3) 2,475 (78.7)
No 701 (20.6) 31(11.7) 670 (21.3)
DII, median [IQR] 1.86 [0.74, 2.81] 2.11 [1.03, 3.01] 1.84 [0.71, 2.79] 0.003
DIIQ3, n (%) 0.016
Lowest tertile 1,137 (33.3) 74 (27.9) 1,063 (33.8)
Middle tertile 1,136 (33.3) 82(30.9) 1,054 (33.5)
Highest tertile 1,137 (33.3) 109 (41.1) 1,028 (32.7)

DII, dietary inflammatory index; IQR, interquartile range.
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TABLE 2 Associations between the DIl score and Endometriosis among the total cohort.

DIl score Cases with

endometriosis/N

OR (95% Cl)

Model 1° Model 2¢ Model 3¢

Continuous values 265/3,410 1.14 (1.05-1.25)* 1.17 (1.07-1.28)* 1.15 (1.05-1.26)* 1.16 (1.06-1.26)*
(~4.827-4.812)

Tertile categories

Lowest (—4.827-1.130) 74/1,137 Reference Reference Reference Reference
Middle (1.132-2.454) 82/1,136 1.12 (0.81-1.55) 1.20 (0.86-1.68) 1.18 (0.84-1.65) 1.18 (0.84-1.65)
Highest (2.458-4.812) 109/1,137 1.52 (1.12-2.07)* 1.62 (1.18-2.23)* 1.56 (1.13-2.16)* 1.57 (1.14-2.17)*
Piena 0.008 0.003 0.007 0.007

*Statistically significant association. *Crude model was adjusted for nothing. "Model 1 was adjusted for age, ethnicity, education level and obesity. ‘Model 2 included the covariates of model 1
with additional adjustment for drinking status, smoking status, hypertension and diabetes. “Model 3 included the covariates of model 2 with additional adjustment for marital status, fertility
status and use of oral contraceptives. DII, dietary inflammatory index; OR, odds ratio; CI, confidence interval.

Endometriosis Risk

2.0
Poveran=0.017

Proninear=0.804

—
wn

OR(95%CI)
-
=l

b
n

0.0

-2 0 4

2
> DII score

A3
FIGURE 2

Cubic regression spline of the endometriosis risk by DIl scores
among the entire population. Cubic regression spline was adjusted
for age, ethnicity, education level, obesity, drinking status, smoking
status, hypertension, diabetes, marital status, fertility status and use
of oral contraceptives. ORs are indicated by solid lines and 95% Cls
are presented by shaded areas. DI, dietary inflammatory index; OR,
odds ratio; Cl, confidence interval.

long-chain omega 3 fatty acids (19), a high consumption of vitamin D
(20), a high intake of fruits and particularly citrus fruits (21) and a
high intake of dairy foods during adolescence (23) were related to a
lower risk of endometriosis. The different relationships between the
above-mentioned individual dietary nutrients and the risk of
endometriosis might be ascribed to the different effects of their
pro-inflammatory or anti-inflammatory potential. Nevertheless, the
joint inflammatory effect of the total dietary nutrients on the risk of
endometriosis has not been explored to date.

Based on the previous studies, our study adopted the DII score,
which integrated the mixed effect of whole food parameters on
inflammation (9), confirming the positive relationship between the
pro-inflammatory diet and the risk of endometriosis. In this study,
we observed that participants in the US general population with the
highest DII scores had a 57% higher risk of endometriosis than those
with the lowest DII scores after the adjustment for various covariates.
Our results also support the current recommendations for a high
intake of anti-inflammatory nutrients and a low intake of foods with
pro-inflammatory potential.

The possible pathophysiological mechanisms of the positive
relationship between DII scores and endometriosis risk might
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be explained by higher levels of systemic inflammation caused by the
pro-inflammatory diet. Higher DII score, referring to a stronger
pro-inflammatory diet, could increase the values of CRP (10, 12), IL-6
(11, 12), TNF-a (12, 13) and leucocytes as well as neutrophils (31),
further contributing to the endometrial cell implantation, growth,
invasion and angiogenic properties of ectopic lesions (32, 33).
Specifically, the association between the pro-inflammatory diet
and the risk of endometriosis varied in subgroups in this study. When
stratified by diabetes, no significant association between DII and
endometriosis was observed; however, we found higher tertile of DII
scores was associated with a higher risk of endometriosis among
diabetes. endometriosis, the
pathophysiology of diabetes is also closely linked to chronic

women  without Similar to
inflammation triggered by the over-activation of the immune response
(34-36). It is possible that women with diabetes may be bearing on a
highly increased risk of endometriosis (37). Thus, the potential
influence of the pro-inflammatory diet on endometriosis risk may
be more impactful among women without diabetes compared with
those with diabetes.

Regarding the stratified analysis by obesity, prior researches have
reported a strong and consistent inverse relationship between obesity
and endometriosis risk, which demonstrated that obesity might be a
protective factor against endometriosis (38). In the current study,
we also found that a higher DII score was significantly associated with
a higher risk of endometriosis among the non-obese subgroup.
Nevertheless, there was no significant relationship in the obese
subgroup. This counter-intuitive result might be ascribed to the
hypothesis that the role of the pro-inflammatory diet contributing to
endometriosis was attenuated in the obese group due to the protective
effect of obesity on endometriosis.

In the subgroup analysis stratified according to hypertension, a
significant 2.25 times the risk possibility of endometriosis among
women within the highest tertiles of DII scores compared with those
within the lowest tertiles was observed in the hypertension subgroup.
However, no significant association between DII scores and
endometriosis was found among participants without hypertension.
From a large prospective cohort study by Mu et al. in 2017, women
with hypertension had a relatively higher risk for endometriosis (OR
1.29, 95% CI: 1.18-1.41), compared to those without hypertension
(39). Similarly, our study indeed found a greater prevalence of
endometriosis among patients with hypertension than those without
hypertension, which was in line with the study of Mu et al. (39). Our
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TABLE 3 Subgroup analysis of association between tertiles of DIl scores and endometriosis.

Subgroup Cases with DIl scores, OR (95% ClI)

endometriosis/N

Lowest tertile Middle tertile Highest tertile
(—4.827-1.130) (1.132-2.454) (2.458-4.812)

Obesity
Yes 92/1,330
Crude® Reference 0.89 (0.51-1.55) 1.31(0.78-2.17) 0.302
Model 1° Reference 0.96 (0.54-1.70) 1.37 (0.81-2.33) 0.243
Model 2¢ Reference 0.95 (0.53-1.68) 1.32(0.77-2.25) 0.308
Model 3¢ Reference 0.93 (0.52-1.66) 1.28 (0.75-2.20) 0.356
No 173/2,080
Crude® Reference 1.27 (0.85-1.90) 1.68 (1.14-2.47)* 0.009
Model 1° Reference 1.36 (0.90-2.06) 1.73 (1.16-2.59)* 0.007
Model 2¢ Reference 1.33 (0.88-2.02) 1.67 (1.11-2.51)* 0.014
Model 3¢ Reference 1.33 (0.88-2.01) 1.69 (1.12-2.55)* 0.012
Diabetes
Yes 14/258
Crude® Reference 0.40 (0.08-2.03) 1.04 (0.32-3.34) 0.983
Model 1° Reference 0.43 (0.08-2.33) 0.91 (0.26-3.17) 0.828
Model 2¢ Reference 0.47 (0.08-2.75) 1.14 (0.30-4.38) 0.878
Model 3¢ Reference 0.42 (0.07-2.65) 1.06 (0.27-4.16) 0.954
No 251/3,152
Crude® Reference 1.17 (0.84-1.64) 1.57 (1.14-2.15)* 0.006
Model 1° Reference 1.27 (0.90-1.79) 1.68 (1.21-2.34)* 0.002
Model 2¢ Reference 1.25 (0.88-1.76) 1.61 (1.15-2.26)* 0.005
Model 3¢ Reference 1.24 (0.88-1.75) 1.62 (1.16-2.27)* 0.005
Hypertension
Yes 104/941
Crude* Reference 1.28 (0.73-2.23) 2.07 (1.24-3.44)* 0.005
Model 1° Reference 1.37 (0.77-2.41) 2.31 (1.36-3.92)* 0.002
Model 2¢ Reference 1.30 (0.73-2.31) 2.16 (1.26-3.69)* 0.004
Model 3¢ Reference 1.33 (0.74-2.37) 2.25(1.31-3.87)* 0.003
No 161/2,469
Crude® Reference 1.05 (0.70-1.57) 1.26 (0.85-1.86) 0.258
Model 1° Reference 1.11 (0.74-1.68) 1.27 (0.84-1.91) 0.258
Model 2¢ Reference 1.11 (0.74-1.68) 1.27 (0.84-1.91) 0.263
Model 3¢ Reference 1.11 (0.73-1.68) 1.26 (0.83-1.91) 0.274
Fertility status
Nulliparous 22/192
Crude® Reference 1.37(0.48-3.91) 1.19 (0.38-3.78) 0.714
Model 1° Reference 1.90 (0.62-5.82) 2.05 (0.58-7.18) 0.219
Model 2¢ Reference 1.51 (0.45-5.02) 1.34 (0.33-5.46) 0.612
Model 3¢ Reference 1.61 (0.46-5.6) 1.13 (0.26-4.99) 0.759
>One birth 243/3,218
Crude* Reference 1.10 (0.78-1.54) 1.56 (1.14-2.15)* 0.006
Model 1° Reference 1.15 (0.81-1.64) 1.62 (1.16-2.26)* 0.004
Model 2¢ Reference 1.14 (0.80-1.61) 1.57 (1.12-2.19)* 0.009
Model 3¢ Reference 1.13 (0.79-1.60) 1.55 (1.11-2.17)* 0.011
(Continued)
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TABLE 3 (Continued)

Cases with
endometriosis/N

Subgroup

Lowest tertile

10.3389/fnut.2023.1077915

DIl scores, OR (95% Cl)

Middle tertile Highest tertile

(—4.827-1.130)

(1.132-2.454) (2.458-4.812)

Oral contraceptive

Yes 234/2,709
Crude® Reference 1.11 (0.78-1.58) 1.53 (1.10-2.13)* 0.012
Model 1° Reference 1.20 (0.84-1.72) 1.64 (1.16-2.31)* 0.005
Model 2¢ Reference 1.19 (0.83-1.70) 1.60 (1.13-2.26)* 0.008
Model 3¢ Reference 1.20 (0.83-1.72) 1.63 (1.15-2.30)* 0.006

No 31/701
Crude® Reference 0.99 (0.40-2.44) 1.24 (0.53-2.93) 0.637
Model 1° Reference 1.23 (0.49-3.13) 1.60 (0.64-3.98) 0.317
Model 2¢ Reference 1.03 (0.39-2.70) 1.39 (0.52-3.70) 0.533
Model 3¢ Reference 1.03 (0.39-2.70) 1.35 (0.50-3.62) 0.572

*Statistically significant association. *Crude model was adjusted for nothing. "Model 1 was adjusted for age, ethnicity, education level and obesity. ‘Model 2 included the covariates of model 1
with additional adjustment for drinking status, smoking status, hypertension and diabetes. ‘Model 3 included the covariates of model 2 with additional adjustment for marital status, fertility
status and use of oral contraceptives. All Models were not adjusted for the stratified covariates on which the subgroup analyzes were conducted. DII, dietary inflammatory index; OR, odds

ratio; CI, confidence interval.

finding implied that hypertension might enhance the ability of a
pro-inflammatory diet to increase the endometriosis risk and
highlighted the significance of the anti-inflammatory diet in the
female population with hypertension.

Among the subgroups of nulliparous participants and those
without the use of oral contraceptives, although there was a higher risk
of endometriosis associated with higher tertiles of DII scores, the
results were not statistically significant. Based on the previous studies,
nulliparous women and women without using oral contraceptives
were associated with a higher risk of endometriosis, compared to
parous women and those using oral contraceptives (26, 27, 40).
We speculate that the effect of the pro-inflammatory diet on
endometriosis might be potentially weakened among the two specific
women populations. Prospective researches are needed to perform the
pro-or anti-inflammatory dietary intervention on these specific
women groups to further explore the exact association between DII
scores and endometriosis.

4.3. Strengths and limitations

The strength of this study lies in the nationally representative
sample of the US population from NHANES, which allows the
findings to be generalized to the total population in the
US. Additionally, a wide range of potential confounding variables were
adjusted in the analyzes to decrease the bias, and subgroups were
performed to evaluate the association between DII scores and
endometriosis in different specific populations. Moreover, to our
knowledge, this study was the first to detect the association between
DII scores and endometriosis, which posed a possibility of the
prevention of endometriosis by an anti-inflammatory diet,
contributing significantly to the reduction of health and economic
burdens related to endometriosis.

Frontiers in Nutrition

Similarly, several limitations also should be considered. One
limitation of this study is that the cause and effect of the association
between DII scores and endometriosis could not be identified.
Another limitation is that the diagnosis of endometriosis was self-
reported, and was not all confirmed laparoscopically in the
NHANES. Prospective randomized controlled trials are necessary to
verify the association of DII with endometriosis.

5. Conclusion

This nationally representative study found that increased intake of
the pro-inflammatory diet, as a higher DII score, was positively
associated with endometriosis risk in American adults. Our findings
suggested anti-inflammatory dietary interventions may be promising
in the prevention of endometriosis. Further prospective studies are
necessary to confirm these findings.
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