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Abstract

Background Endometriosis, characterized as an inflammatory ailment, affects females during their reproductive
years, leading to decreased quality of life. Despite the pivotal role of diet as a modifiable risk factor for various chronic
conditions, its potential influence on endometriosis has remained inadequately explored. This research endeavor
sought to scrutinize the association between dietary alternative healthy eating index, AHEI, and the likelihood of
experiencing endometriosis among women in Iran.

Methods Conducted as a hospital-centered case-control investigation, the study enlisted individuals diagnosed
with endometriosis alongside healthy counterparts, confirmed by a gynecologist, between February and September
2021 in Tehran, Iran. The pattern of diet was assessed utilizing a validated Food Frequency Questionnaire (FFQ)
encompassing 168 food items. Logistic regression models were employed to explore the potential connection
between AHEI and the probability of endometriosis.

Results The analysis encompassed 105 subjects with endometriosis and 208 individuals in good health. After
adjustment for total calories intake (Kcal), occupation, smoking (yes/no), age at menarche (years), menstruation
duration (days), regular menstruation (yes/no), physical activity (minutes per week) and familial history of
endometriosis (yes/no), it was observed that those with the high adherence to the AHEI, had about 92% lower odds
of endometriosis (Odds Ratio: 0.08, 95%Confidence Intervals: 0.03, 0.24; P for trend <0.001).

Conclusion The investigation illustrated a protective effect of healthy eating index and its components on
developing endometriosis.
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Introduction

Endometriosis, a chronic inflammatory condition, is
marked by the occurrence of tissue lesions outside the
uterus, including areas such as the pelvis, peritoneum,
ovaries, and rectovaginal septum [1, 2]. This benign dis-
ease, which is dependent on estrogen, impacts 10% of
women in their reproductive years and is found in over
35% of women experiencing pelvic pain or infertility.
However, its prevalence can fluctuate based on the diag-
nostic method and the population studied [3]. Given its
chronic nature, associated comorbidities, and the dimin-
ished quality of life it imposes on patients, endometriosis
poses a substantial medical, social, and economic burden
[4]. Research to date has pinpointed several factors con-
tributing to the onset of endometriosis, such as infertility,
a family history of the disease, obstruction of menstrual
outflow, a history of pelvic infection, and uterine abnor-
malities [5]. Consequently, endometriosis is categorized
as a multifactorial genetic disease, with both genetic and
environmental elements shaping its progression [6].

Several risk factors are proposed for the development
and progression of endometriosis, including having a
menstrual cycle shorter than 27 days, cervical stenosis,
being aged between 25 and 29 years, and certain dietary
factors [7]. Recently, the potential effectiveness of nutri-
tion in controlling inflammation, regulating menstrual
cycles, modulating estrogen activity levels, and manag-
ing prostaglandin metabolism in relation to the patho-
logical and physiological processes of endometriosis
has garnered attention [8, 9]. Evidence suggests that
dietary habits can influence the disease’s incidence, and
specific dietary patterns seem to impact inflammatory
factors such as interleukin (IL)-1p, IL-6, IL-8, macro-
phage migration inhibitory factor (MIF), tumor necrosis
factor-a (TNF-a), and regulated on activation normal T
expressed and secreted (RANTES), which are elevated in
endometriosis [10, 11].

In recent years, several indices have been devel-
oped to evaluate diet quality, including the Alternative
Healthy Eating Index (AHEI), which was designed to
assess adherence to standard food pyramid guidelines
[12]. Although a recent prospective study of dietary pat-
terns and the incidence of endometriosis diagnosis has
reported the protective effect of AHEI [13]; However, the
methodology, the age range and the nationality of par-
ticipants in this study is different from our study which
could impact the observed results. So we decided to
explore the connection between the AHEI, which repre-
sents an individual’s diet quality, and the odds of develop-
ing endometriosis in Iranian women in reproductive age.
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Methods

Ethical considerations

In accordance with the principles outlined in the Decla-
ration of Helsinki [14], approval for the study was granted
by the Medical Ethical Committee of the National Nutri-
tion and Food Technology Research Institute at Sha-
hid Beheshti University of Medical Sciences (IR SBMU.
NNFTRLREC.1399.062) in Iran. All individuals partici-
pating in the study provided written consent to ensure
the confidentiality of the data.

Study design and population

Detailed information regarding the methods and mate-
rials employed was previously presented in our research
[15]. Specifically, a case-control study based in a hospi-
tal setting was carried out, involving interviews with 115
newly diagnosed endometriosis patients and 230 control
subjects in Tehran, Iran, between February and Septem-
ber 2021. Female participants eligible for inclusion, aged
between 18 and 49 years, exhibited no underlying condi-
tions that could potentially influence the outcomes of the
study, as elucidated in the aforementioned investigation
[15].

Exposure assessment

As delineated in the previously mentioned study [15], the
evaluation of dietary intake relied on a validated 168-item
Food Frequency Questionnaire (FFQ) [16] a validated
food album [17] and visual aids depicting household
measurements. The determination of daily energy and
macronutrient intake was carried out utilizing either the
USDA food composition Table [18] or the Iranian food
composition Table [19]. Interviews and surveys were
administered by an impartial interviewer, who remained
uninformed about the outcomes of the participants, to
decrease the likelihood of information bias.

Data collection pertaining to various anthropometric
parameters was executed by the researchers [15], with
levels of physical activity being gauged through the uti-
lization of a dependable questionnaire developed by
Aadahl et al. [20].

Outcome assessment

To address multicollinearity among individual dietary
components such as sodium and trans fats, our analysis
focused on dietary patterns rather than individual food
items or nutrients. The AHEI is based on the original
healthy eating index formulated by Kennedy et al. [21],
with some modifications. Eleven elements, such as fruits,
vegetables, whole grains, nuts, legumes, long-chain n-3
fatty acids (DHA and EPA), polyunsaturated fatty acids
(PUFA), wine, sugar-sweetened beverages and fruit juice,
red and processed meats, as well as trans-fat and sodium
are included in this dietary pattern. In current study we
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didn’t have sufficient data on whole grains, wine and
long-chain n-3 fatty acids (DHA and EPA) consumption,
so we computed AHEI based on eight components. The
omission of certain AHEI components (i.e., wine, long-
chain omega-3 fatty acids, and whole grains) from our
analysis was intentional and based on cultural, dietary,
and methodological considerations specific to the Ira-
nian population. In Iran, the consumption of alcohol,
including wine, is prohibited for religious and cultural
reasons, and reporting wine intake is a societal taboo.
As a result, alcohol consumption is extremely rare and
is not accurately captured in dietary assessments such
as FFQs. Omitting this component was necessary to
ensure cultural sensitivity and data accuracy [22]. Iranian
dietary patterns are low in omega-3 fatty acid-enriched
fish (e.g., salmon, mackerel) that are common sources of
long-chain omega-3 fatty acids. The available fish types
in Iran (such as Caspian kutum and white fish) contain
significantly lower levels of long-chain omega-3 fatty
acids, and data on omega-3 intake from our FFQ are not
reliable or valid for this component [23]. Finally, Whole
grain consumption is uncommon in Iran. Traditional Ira-
nian breads, such as lavash, sangak, and barbari, are pri-
marily made from refined flour. Since whole grain intake
is not representative of the Iranian diet and is not accu-
rately measurable through the FFQ, it was excluded from
the analysis [24]. Individuals positioned in the top decile
for vegetables, fruits, nuts, legumes, and PUFA received
a maximum score of 10, whereas those with the lowest
intake were assigned a score of 1. Participants falling into
other deciles were allocated scores proportionate to their
consumption levels. Totally converse calculation method
was performed for the intakes of sugar-sweetened bever-
ages and fruit juice, red and processed meats, trans fatty
acids, and sodium. These ten components were summed
to determine the overall AHEI score for each participant.
The range was between 8 and 80.

Statistical analysis

The statistical analysis was performed utilizing SPSS
(Statistical Package for the Social Sciences program; ver-
sion 27; Chicago, IL, USA). Two-tailed analyses were
conducted, with P-values below 0.05 being deemed sta-
tistically significant. Prior to further analyses, continu-
ous variables were assessed for normal distribution via
measures such as skewness, histograms, Q-Q plots, and
the Kolmogorov-Smirnov test. Descriptive statistics such
as mean (SD) or median (interquartile range, IQR) were
employed for normally and non-normally distributed
quantitative traits, respectively. Categorical demographic
features were presented as frequencies and percentages.
The Independent Samples T-test or Mann-Whitney test
was applied for the comparison of normally and non-nor-
mally distributed quantitative variables, respectively. A
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comparison between qualitative data was achieved using
the Chi-square test. Crude and adjusted odds ratios (OR)
for endometriosis were computed utilizing a 95% confi-
dence interval (CI) through logistic regression to explore
the association between AHEI and endometriosis. The
total AHEI in the regression model was calculated
using the energy adjusted components through residual
method. We conducted a post-hoc analysis to assess mul-
ticollinearity among the components of the AHEI using
the variance inflation factor (VIF). All VIF values were
below the standard cutoff of 10, indicating that multicol-
linearity was not a concern in our data. Adjustment for
occupation, smoking (yes/no), age at menarche, men-
struation duration, regular menstruation, familial history
of endometriosis (yes/no) and physical activity (minutes/
week) was undertaken to derive adjusted ORs.

According to the study by Mirmiran et al. 55% of the
adult women population in Tehran, intake higher than
1% of trans fatty acids. The OR for endometriosis was
postulated 2 by researchers. Considering the number of
people in the case group to the control group equal to 1
to 2, a total of 115 endometriosis-affected women (cases)
and 210 healthy women (controls) were calculated to
attain 80% statistical power for such effect size at a 5%
level of significance and 10% loss to follow-up [25, 26].

Results

The general characteristics of the participants were
delineated in a previous investigation [15]. Amongst a
total of 317 participants (107 diagnosed with endome-
triosis), 4 individuals were eliminated from the analysis
due to energy consumptions falling below 600 or exceed-
ing 4200 kcal. Subsequently, the research encompassed
105 participants with endometriosis and 208 individuals
without the condition.

General characteristics of participants with endo-
metriosis and healthy controls, separated according to
AHEI adherence are shown in Table 1. No significant
differences were observed between those with low and
high adherence to the AHEI in both endometriosis and
healthy groups regarding age (years), and age at men-
arche (years). In healthy controls, patients with high
adherence to the AHEI had higher weight, BMI and waist
circumference (WC) (P-value <0.05) that could be due to
higher amounts of calories intake (Kcal, P-value =0.003).
In patients with endometriosis, those with low adherence
to the AHEI had higher weight (kg) and BMI (kg/m?
P-value <0.005). No significant association was observed
between patients with low and high adherence to the
AHEI in both endometriosis and healthy groups consid-
ering familial history of endometriosis, education, ciga-
rette smoking, and employment (Table 1).

Data on participants’ education levels (e.g., Primary/
secondary school, Diploma, Bachelor’s degree, Master’s/
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Table 1 General characteristics of participants with endometriosis and healthy controls, separated according to alternative healthy

eating index adherence

Healthy controls
N=208

Participants with endometriosis
N=105

Low adherence to the
Alternative Healthy Eating

High adherence to the
Alternative Healthy Eating

Index Index
N=111 N=97
Median Q1-Q3 Median Q1-Q3
Age, year 3000  27.00-34.00 31.00  28.00-36.00
Age at men- 13.00 12.00-14.00 13.00 12.00-14.00
arche, year
Physical activity, 10.00  0.00-60.00 20.00 1.00-120.00
Minutes/week
Weight, kg 61.00  53.00-68.00 64.00  57.50-72.00
Body Mass 2371 21.08-25.78 24.30 2248-28.01
Index, kg/m?
Waist circumfer-  83.00 74.00-90.00 85.00 76.50-95.00
ence, cm
Caloriesintake, 184223 142529-242140 213894 1801.41-2704.92
Kcal
Number Percentage Number Percentage
Married 60 54.1 73 753
Having familial 4 36 2 2.1
history of
Endometriosis
Education
Primary/second- 10 9 10 10.3
ary school
Diploma 24 216 25 258
Bachelor’s 50 45 51 52.6
degree
Master's/Doc- 27 243 Il 1.3
toral degree
Cigarette
smoking
Yes 19 17.1 15 155
Past smokers 3 2.7 5 52
Never smokers 89 80.2 77 794
Employed 71 64 62 639
Salary, higher 67 604 57 588
than 250 $ per
month
Regular men- 80 72.1 69 71.1

struation, yes

P-value*  Low adherence to the High adherence to the P-value*

Alternative Healthy Eat-  Alternative Healthy

ing Index Eating Index

N=100 N=5

Median Q1-Q3 Median Q1-Q3
0.284 36.00  30.00-39.75 3500  34.50-4200 0493
0.269 13.00 11.00-15.00 13.00 12.00-14.00 0.826
0.038 3000  1.25-7375 0.00 0.00-225.00 0312
0.024 7100  64.25-82.75 5700  4950-6800 0.014
0.023 27.92 23.90-30.08 22.27 20.82-25.53 0.019
0.036 8500  78.00-92.00 80.00  74.00-82.00 0.091
0.003 217114 1775.30- 175330 1431.14- 0.107

3090.67 211244

P-value**  Number Percentage Number Percentage  P-value**
0.002 57 57 5 100 0.077
0.687 51 51 1 20 0363
0.119 0.174

11 11 2 40

23 23 0 0

49 49 2 40

17 17 1 20
0.630 24 24 0 0 0.203

25 25 0 0

51 51 5 100
0918 43 43 2 40 0.620
0.815 70 70 3 60 0.639
0.881 85 85 3 60 0.184

* Using Mann Whitney test

**sing x° test, or Fisher’s excact test as appropriate

Doctoral degree), and salary have been included in Table
1. There were no significant differences between groups
(Table 1).

Healthy control subjects demonstrated a significantly
elevated AHEI score (P-value<0.001). The consumption
of fruits, vegetables, and legumes was notably higher in
these healthy controls (P-value<0.001). Conversely, the
intake of meat, trans fatty acids, fruit juice, and sodium
was significantly greater in individuals with endometrio-
sis (Table 2).

According to the Table 3, the crude model showed
that those with the highest intake of fruits (gr/day, Odds
Ratio (OR): 0.15, 95%Confidence interval (CI): 0.08, 0.29,
P for trend <0.001), vegetables (gr/day, OR: 0.05, 95%CI:
0.02, 0.13, P for trend <0.001), and legumes (gr/day, OR:
0.26, 95%CI: 0.15, 0.46, P for trend<0.001) had lower
odds of endometriosis. Higher adherence to the AHEI
was associated with a lower odds of endometriosis as
shown in crude model (OR: 0.06, 95%CI: 0.02, 0.15, P for
trend < 0.001). Conversely, the crude model showed direct
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Table 2 Median (Q1-Q3) of the intakes of alternative healthy eating index components in patients with endometriosis and healthy

control separately

Healthy controls Participants with endometriosis P-value*

N=208 N=105
Fruits intake, grams/day 303.31(163.27-570.58) 158.24 (107.05-232.45) <0.001
Vegetable's intake, grams/day 314.28 (168.48-469.59) 140.40 (83.55-207.21) <0.001
Legume’s intake, grams/day 38.18 (20.00-66.94) 18.25 (8.51-33.89) <0.001
Poly unsaturated fatty acids intake, grams/day 19.30 (13.94-25.67) 19.96 (14.38-26.28) 0.480
Red and processed meats intake, grams/day 32.13(17.49-51.64) 9232 (62.17-141.29) <0.001
Sugar-sweetened beverages and fruit juice intake, grams/day 17.89 (6.76-57.50) 35.71 (1.68-190.59) 0.027
Trans fatty acids intake, grams/day 0.97 (0.59-1.47) 5.02 (2.01-10.66) <0.001
Sodium intake, milligrams/day 3089.06 (2362.63-4357.37) 3696.02 (2922.10-4962.62) 0011
Alternative healthy eating index score** 4934 (7.54) 33.57(8.27) <0.007***

* Using Mann-Whitney test
** energy adjusted using residual method
*** Using independent samples T-test

All dietary components are reported as grams of intakes per day and sodium intake was reported in milligrams per day

association between intakes of meat (gr/day, OR: 10.67,
95%CI: 5.11, 22.25, P for trend <0.001), trans fatty acids
(gr/day, OR: 12.12, 95%CI: 5.61, 26.2, P for trend <0.001)
and sodium (gr/day, OR: 2.75, 95%CI: 1.65, 4.58, P for
trend <0.001) and odds of endometriosis. The results
remained significant in both partially (Model 2) and fully
adjusted models (Model 3) for fruits (gr/day, OR: 0.14,
95%CI: 0.06, 0.35, P for trend <0.001), vegetables (gr/day,
OR: 0.03, 95%CI: 0.01, 0.13, P for trend <0.001) legumes
(gr/day, OR: 0.23, 95%CI: 0.10, 0.51, P for trend <0.001)
and AHEI score (gr/day, OR: 0.08, 95%CI: 0.03, 0.24, P
for trend<0.001). High consumption of meat (gr/day,
OR: 7.30, 95%CI: 2.82, 18.89, P for trend <0.001), trans
fatty acids (gr/day, OR: 7.32, 95%CI: 2.82, 18.97, P for
trend < 0.001), and sodium (gr/day, OR: 2.30, 95%CI: 1.00,
5.28, P for trend =0.049) remained risk factor for endo-
metriosis in partially and fully adjusted models (Table 3).

In Table 4, the logistic regression model results indi-
cated that with each unit increase in the AHEI score, the
odds of endometriosis decreased by approximately 19%.
Furthermore, a gram increase in the intake of fruits and
vegetables corresponded to a 1% decrease in the odds
of endometriosis. A gram increase in legume consump-
tion resulted in a 3% decrease in the odds of endome-
triosis. Conversely, the intake of meat and fruit juice
was associated with a 3% and 0.4% increase in the odds
of endometriosis, respectively. Each unit increase in the
consumption of trans fatty acids was linked to a 40%
increase in the odds of endometriosis.

Discussion

The results of this study clearly showed that a higher
adherence to the AHEI is associated with about 92%
decrease in odds of endometriosis. Besides, with each
unit increase in AHEI, the odds of developing endome-
triosis decreased by 19%. Additionally, it was shown that
intakes of fruits, vegetables, and legumes were associated

with a significant decrease in the odds of developing
endometriosis, while intakes of meat and meat products,
trans fatty acids, and probably higher intakes of sodium
and sugar-sweetened beverages and fruit juices were
associated with an increased odds of developing endo-
metriosis in the participants. Similar to the results of our
study, a recent cohort study has reported that adherence
to the AHEL is linked with a 13% lower risk of endo-
metriosis diagnosis [13]. Previously, we observed that a
fertility diet, emphasizing the consumption of vegetable
proteins and multivitamins, is linked with a decreased
odds of endometriosis by 66%, whereas a high glyce-
mic load diet is associated with an increased odds [15].
Besides, a balanced diet rich in fruits, vegetables, and
omega-3 fatty acids, is shown to be protective for endo-
metriosis [27]. Diet plays its role by affecting immune
and angiogenic processes, which are principal factors
for the development of endometriosis [28, 29]. In addi-
tion, diet could potentially decrease the symptoms and
improve the quality of life in patients with endometriosis;
However, due to the complexity of dietary interactions
and individual differences, more studies are needed [30].

Similarly, Mediterranean dietary pattern which shares
similar dietary components with the AHEI, is shown to
be associated with reduced pain in terms of dyspareunia,
non-menstrual pelvic pain, dysuria and dyschezia [31].
The intervention with these kinds of anti-inflammatory
dietary patterns for endometriosis patients is feasible,
particularly when an intervention addresses identified
barriers and facilitators [32].

We found that higher intakes of fruits and vegetables
may be associated with a reduced odds of endometrio-
sis. However, the association between fruits and veg-
etables and endometriosis seems to be controversial.
Some studies represented a protective effect of vegeta-
ble consumption on endometriosis [33, 34], but inter-
estingly, according to Harris et al., daily intake one or



Ghoreishy et al. BMC Women's Health (2025) 25:249 Page 6 of 11

Table 3 Alternative healthy eating index and its components and odds of endometriosis

Alternative healthy eating index components Lower adherence to the Alter-  higher adherence to the Alter- P for
native healthy eating index native healthy eating index trend*

Fruits, gr/day <303 gr/day

Number of healthy controls/cases 104/91 104/14

Model 1 reference 0.15(0.08,0.29) <0.001

Model 2 reference 0.09 (0.04,0.19) <0.001

Model 3 reference 0.14 (0.06, 0.35) <0.001

Vegetables, gr/day <315 gr/day

Number of healthy controls/cases 104/100 104/5

Model 1 reference 0.05 (0.02,0.13) <0.001

Model 2 reference 0.04 (0.01,0.10) <0.001

Model 3 reference 0.03 (0.01,0.13) <0.001

Legumes, gr/day <38 gr/day

Number of healthy controls/cases 104/83 104/22

Model 1 reference 0.26 (0.15,0.46) <0.001

Model 2 reference 0.20(0.11,0.36) <0.001

Model 3 reference 0.23(0.10,0.51) <0.001

Poly unsaturated fatty acids, gr/day <19 gr/day

Number of healthy controls/cases 104/49 104/56

Model 1 reference 1.14(0.71, 1.83) 0578

Model 2 reference 0.72 (041, 1.28) 0.270

Model 3 reference 0.82(0.38,1.73) 0.595

Red and processed meats, gr/day <32 gr/day

Number of healthy controls/cases 104/9 104/96

Model 1 reference 10.67 (5.11,22.25) <0.001

Model 2 reference 13.74 (6.06,31.18) <0.001

Model 3 reference 7.30(2.82,18.89) <0.001

Sugar-sweetened beverages and fruit juice, gr/day <18 gr/day

Number of healthy controls/cases 104/42 104/63

Model 1 reference 1.50(0.93, 2.41) 0.095

Model 2 reference 1.28(0.77,2.13) 0347

Model 3 reference 1.53(0.76, 3.10) 0.237

Trans fatty acids, gr/day, crude <1 gr/day

Number of healthy controls/cases 104/8 104/97

Model 1 reference 12.12(5.61,26.2) <0.001

Model 2 reference 17.68 (7.35,42.58) <0.001

Model 3 reference 7.32(2.82,18.97) <0.001

Sodium intake, mg/day, crude <3090 mg/day

Number of healthy controls/cases 104/28 104/77

Model 1 reference 2.75(1.65,4.58) <0.001

Model 2 reference 2.32(1.24,4.33) 0.008

Model 3 reference 2.30(1.00, 5.28) 0.049

Healthy eating index, energy adjusted <54

Number of healthy controls/cases 108/99 100/6

Model 1 reference 0.06 (0.02,0.15) <0.001

Model 2 reference 0.04 (0.02,0.12) <0.001

Model 3 reference 0.08 (0.03,0.24) <0.001

*Using logistic regression models
Model 1: crude

Model 2: adjusted for age, BMI (Kg/m?2), total calories intake (Kcal/day)

Model 3: additionally adjusted for occupation, smoking (yes/no), age at menarche, menstruation duration, regular menstruation, familial history of endometriosis

(yes/no) and physical activity (minutes/week)

All dietary components are reported as grams of intakes per day and sodium intake was reported in milligrams per day
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Table 4 The association between alternative healthy eating index score and its components with odds of endometriosis

Beta Stan- Wald Degree of  P-value 95% confidence
dard freedom interval for
error EXP(B)

Lower Upper
Fruits intake, gr/day* -0.01 0.001 45410 1 <0.001 0.992 0.996
Fruits intake, gr/day*** -0.01 0.001 18.550 1 <0.001 0.993 0.997
Vegetable's intake, gr/day* -0.01 0.001 56.525 1 <0.001 0.987 0.993
Vegetable's intake, gr/day*** -0.01 0.002 26.151 1 <0.001 0.988 0.995
Polyunsaturated fatty acids intake, gr/day* -0.02 0.015 2.256 1 0.133 0.951 1.007
Polyunsaturated fatty acids intake, gr/day*** -0.03 0.019 1.862 1 0.172 0.938 1.012
Legume’s intake, gr/day* -0.04 0.006 38.095 1 <0.001 0.950 0974
Legume’s intake, gr/day*** -0.03 0.008 17.055 1 <0.001 0.954 0.983
Trans fatty acids intake, gr/day* 041 0.059 48.090 1 <0.001 1.344 1.697
Trans fatty acids intake, gr/day*** 0.39 0.075 27.760 1 <0.001 1.280 1.714
Red and processed meats intake, gr/day* 0.03 0.004 57.243 1 <0.001 1.025 1.043
Red and processed meats intake, gr/day*** 0.03 0.006 29.51 1 <0.001 1.020 1.042
Sugar-sweetened beverages and fruit juice intake, gr/day* 0.004 0.001 12.352 1 <0.001 1.002 1.006
Sugar-sweetened beverages and fruit juice intake, gr/day*** 0.004 0.001 7.365 1 0.007 1.001 1.007
Sodium intake, milligrams/day* 0.00 0.000 0.163 1 0.686 1.000 1.000
Sodium intake, milligrams/day*** 0.00 0.000 0.006 1 0.941 1.000 1.000
Alternative healthy eating index score* -0.223 0.026 74470 1 <0.001 0.761 0.842
Alternative healthy eating index score*** -0.19 0.030 42.124 1 <0.001 0.779 0.875

* Energy adjusted using residual method

*** Adjusted based on age (years), occupation (yes/no), body mass index, BMI (Kg/m2), total calories intake (Kilocalories per day), smoking (yes/no), age at menarche
(years), menstruation duration (days), regular menstruation (yes/no), familial history of endometriosis (yes/no), waist circumference and physical activity (minutes/

week)

All dietary components are reported as grams of intakes per day and sodium intake was reported in milligrams per day

more servings of cruciferous vegetables, may potentially
increase the risk of endometriosis, by 13%, compared to
those ate less than one serving per week [35]. Further-
more, a meta-analysis showed no significant association
between overall vegetables intake and the risk of devel-
oping endometriosis [36]. Regarding to fruits, Parazzini
et al. showed that higher consumption of fruits and veg-
etables is associated with a reduced risk of endometriosis
[34]. But conversely, Trabert et al., showed a direct rela-
tionship between increased fruit consumption and the
chance of developing endometriosis [9]. So, there is a
need for further research.

The protective role of fruits and vegetables may be
due to their anti-inflammatory characteristics, which
acts against the high level of C-reactive protein (CRP),
and other inflammatory mediators including interleu-
kin (IL)-6, IL1-p, and tumor necrosis factor alpha, and
other oxidants, in patients with endometriosis. Besides,
the antioxidant capacity of fruits and vegetables due to
being rich source of vitamins E and C, reduces the pro-
duction of CRP, reactive oxygen and nitrogen species
[37]. As reported by a Randomized Clinical Trial, tak-
ing vitamin C (1000 mg/day) and vitamin E (800 IU/
day) supplements, divided into two tablets each, led
to a significant decrease in MDA and ROS levels com-
pared to the placebo group. It also alleviated the sever-
ity of dysmenorrhea, dyspareunia, and pelvic pain in

endometriosis patients [38]. The high fiber content and
also B vitamins, and the presence of beta-cryptoxanthin
in fruits, may represent its protective role [39-41]. Cer-
tain vegetables are also a good source of the antioxidant
beta-cryptoxanthin, which has protective role for the risk
of endometriosis [35]. In general, plant-based diets, due
to their richness in antioxidants, vitamins A and C, and
their effect on reducing inflammatory factors, can miti-
gate the severity and progression of endometriosis [42].
On the other hand, the adverse effects of some fruits and
vegetables reported in studies may be due to the potential
presence of organochlorines [43].

We confirmed previous findings that the consumption
of meat products and trans fatty acids increases the odds
of endometriosis [4, 13, 36, 44]. Yamamoto et al. showed
that consuming more than 2 servings of red meat per day
was associated with a 56% increase in the risk of devel-
oping endometriosis [45]. Consumption of more than
two servings/day of red meat is shown to be associated
with a 56% increased risk of endometriosis [45], which is
proposed to due to the high amounts of trans fatty acids
and saturated fats in red meat [36]. Missmer et al’s lon-
gitudinal study showed that trans and unsaturated fatty
acids are associated with endometriosis [8]. Increased
consumption of trans fatty acids leads to a rise in circu-
lating inflammatory factors such as IL-6 and markers of
TNF system activation, which can increase the risk of
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endometriosis due to their involvement in its pathogen-
esis [46—48]. The high amounts of dietary advanced gly-
cation end-products in red meat increases the CRP and
white blood cells levels as inflammatory markers [49, 50].
Increased intake of heme-iron in red meat may poten-
tially induce the oxidizing effect of iron in the body by
increasing the reactive oxygen species [51]. This could
damage DNA and play a negative role in epithelial cell
proliferation [52] and worsen the uterine lesions that
occur in endometriosis [53]. Furthermore, increased
red meat intake is linked to lower sex hormone-binding
globulin levels and higher estradiol concentrations, and
elevated estrogen levels can worsen inflammatory condi-
tions [54, 55]. An increase in endogenous estrogen can,
in turn, lead to increased stimulation of prostaglandin
formation and consequently contribute to the inflam-
matory components of endometriosis, which increases
the risk of development and progression for the disease
[56]. Although some evidence indicates no relationship
between meat consumption and the risk of developing
endometriosis [9].

Our research indicates that consuming legumes may
have a protective effect against endometriosis. Consis-
tent with our findings, it has been shown that consum-
ing two or more servings of grain legumes per week leads
to a lower risk of developing endometriosis compared
to those with lower consumption levels [33]. Although,
according to a meta-analysis, there is not any significant
association between legumes and endometriosis [36].
Legumes are a good source of non-animal dietary pro-
tein, fiber and phytoestrogen sources [57]. Increasing the
intake of fiber, reduces the amount of circulating estro-
gen [58], and on the other hand, increasing the intake of
dietary phytoestrogens through legumes, can balance the
circulating amount of estrogen through binding to estro-
gen receptors with their selective binding properties [59],
and also plays its protective role through reversing cell
proliferation and modifying the inflammatory mediators
[60]. Besides, the high fiber intake regulates insulin lev-
els and reduces inflammation, both of which are relevant
factors in the development of endometriosis [61]. There
is an indirect link between intake of phytoestrogens, par-
ticularly isoflavones and lignans found in legumes, with
the risk of endometriosis [61]. Phytoestrogens may play
the protective role by affecting inflammatory responses
and hormonal levels [61].

We have also found a direct association between
sodium intake and endometriosis. Research suggests that
sodium-potassium-chloride cotransporters (NKCCI1,
NKCC2) are highly expressed in ectopic endometrial
tissues, indicating that sodium transport mechanisms
might contribute to the pathology of endometriosis [62].
The increased expression of these transporters is associ-
ated with the size of endometriomas, implying a potential
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connection between sodium dynamics and the sever-
ity of the disease [62]. may affect endometriosis through
mechanisms such as inflammation and oxidative stress
[53, 63].

Finally, we showed that deleterious effect of sugary bev-
erages and fruit juice, which is a source of simple sugar,
on the odds of endometriosis. Although direct studies
on sugar intake and endometriosis are limited, research
has shown that high sugar consumption is associated
with an increased risk of endometrial cancer. This asso-
ciation may suggest a broader link between sugar intake
and reproductive health issues, including endometriosis,
due to shared pathways involving insulin and inflamma-
tion [64, 65]. The link between simple sugar intake and
endometriosis is an emerging area of research, particu-
larly due to sugar’s role in promoting insulin production
and its potential connections to inflammation and hor-
monal imbalances. High consumption of simple sugars,
especially added sugars, can elevate insulin levels. Insu-
lin resistance and hyperinsulinemia have been linked
to various reproductive health issues, including endo-
metriosis. Elevated insulin levels can stimulate ovarian
function and increase estrogen production, potentially
worsening endometriosis symptoms and progression [64,
65]. Excessive sugar intake is associated with low-grade
chronic inflammation, a known factor in the pathogen-
esis of endometriosis. Sugars can promote the release
of inflammatory cytokines, potentially exacerbating the
inflammatory environment linked to endometriosis [66].

Our study included multiple advantages. This study was
one of the initial inquiries that explored the association
between AHEI and the likelihood of developing endome-
triosis. The AHEI represents a composite measure that
considers multiple dietary components as a single dietary
pattern. This approach inherently accounts for correla-
tions and interactions between individual dietary com-
ponents, thus reducing the concern of multicollinearity
among variables. Additionally, by summing the scores of
individual components into a single index, the statisti-
cal model is simplified, avoiding the inclusion of highly
correlated independent variables in the logistic regres-
sion analysis [67]. A validated FFQ was used to obtain
data on usual dietary intakes of participants. We ensured
that the FFQ was administered using a standardized pro-
tocol across all participants to reduce inconsistencies.
The interviewer underwent rigorous training before the
study to ensure uniformity in the data collection pro-
cess. The FFQ used in our study has been validated pre-
viously in an Iranian population, ensuring its reliability
and accuracy for capturing dietary intake data. This step
helps reduce measurement errors [16]. To help partici-
pants recall their typical dietary intake more accurately,
we used portion size photographs and local food mod-
els during the FFQ interviews. This approach has been
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shown to improve the accuracy of dietary data collection.
In addition, several confounders were adjusted for in the
final analysis to reach an independent association AHEI
and endometriosis. Both groups had high participation
rates, and to maintain data integrity, we excluded partici-
pants who reported inaccurate or excessive energy intake,
as well as those who had not been diagnosed within the
past six months. By selecting incident cases, we reduced
recall bias and improved the interpretation of causal rela-
tionships. Interviews were conducted by a professional
dietitian who was blinded to the participants’ diagnostic
status. To minimize interviewer bias, the trained dieti-
tians administering the FFQ were blinded to the case or
control status of the participants. The participants were
only identified by study ID numbers, and their group sta-
tus was not disclosed during data collection. However,
our study had some limitations. The omission of wine,
long-chain omega-3 fatty acids, and whole grains from
the AHEI score calculation reflects an adaptation of the
index to the cultural and dietary context of Iran. This may
slightly limit the comparability of our results to studies
conducted in populations where these components are
integral to the diet. However, the remaining components
of the AHEI still capture important dimensions of dietary
quality and are valid indicators of adherence to a healthy
eating pattern within the Iranian population. It is possible
that knowing about an endometriosis diagnosis before
completing the FFQ may have influenced dietary recall
differently for the case group compared to the control
group. Despite efforts to minimize bias, certain biases
such as selection bias, recall bias, and measurement
bias could still lead to misleading conclusions in a case-
control study. Another limitation was the lack of clinical
stage data for all participants, which could impact under-
standing the relationship between dietary habits and dis-
ease progression in endometriosis patients. Additionally,
the exclusion of data on infertility and the use of assisted
reproductive technologies was another limitation.

Conclusion

In conclusion, our study clearly showed that improving
diet quality by consuming fruits, vegetables, and legumes,
as captured by higher AHEI, is associated with a reduced
odds of developing endometriosis. On the other hand,
the chance of developing endometriosis increased with
higher consumption of meat products and trans fatty
acids, therefore, limiting consumption is recommended.
Finally, due to the impact of diet quality on the risk of
developing endometriosis, it is suggested that dietary
patterns rich in antioxidants and vitamins, be utilized to
prevent the development and progression of the disease.

Acknowledgements
The authors thank the participants for their contribution to this study. We also
thank all the collaborators who helped with the data collection.

Page 9 of 11

Author contributions

GE: conceptualization and supervision. MN, SMG, SG, FSHJ and GE: data
curation and writing—review and editing. SNK and RT: investigation. MN,
SMG, GE, BR and SNK: methodology. MN, SMG, and GE: software, formal
analysis, and writing—original draft preparation. SNK and BR: visualization.
RT and BR: validation. All authors contributed to the article and approved the
submitted version.

Funding

The study was supported by grant NO 99/25850 from National Nutrition and
Food Technology Research Institute, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Data availability
The datasets generated and/or analysed during the current study are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by Medical Ethical Committee of National Nutrition
and Food Technology Research Institute of Shahid Beheshti University of
Medical Sciences (IR.SBMU.NNFTRI.REC.1399.062), in Iran, according to the
Declaration of Helsinki. All of the participants provided written informed
consent. Data confidentiality was also ensured.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Nutrition, School of Public Health, Iran University of
Medical Sciences, Tehran, Iran

2Student Research Committee, Faculty of Public Health Branch, Iran
University of Medical Sciences, Tehran, Iran

3Departmem of Clinical Nutrition, Faculty of Medicine, Mashhad
University of Medical Sciences, Mashhad, Iran

4Student Research Committee, Mashhad University of Medical Sciences,
Mashhad, Iran

5Departmem of Cellular and Molecular Nutrition, Faculty of Nutrition
and Food Technology, National Nutrition and Food Technology Research
Institute, Shahid Beheshti University of Medical Sciences, No 7, Hafezi St,,
Farahzadi Blvd, PO. Box: 19395-4741, Tehran 1981619573, Iran
Department of Obstetrics and Gynecology, School of Medicine,
Preventative Gynecology Research Center, Imam Hossein Hospital, Shahid
Beheshti University of Medical Sciences, Tehran, Iran

"Department of Community Nutrition, Faculty of Nutrition and Food
Technology, National Nutrition and Food Technology Research Institute,
Shahid Beheshti University of Medical Sciences, Tehran, Iran
8Department of Obstetrics and Gynecology, School of Medicine, Men's
Health and Reproductive Health Research Center, Imam Hossein Hospital,
Shahid Beheshti University of Medical Sciences, Tehran, Iran

Received: 8 September 2024 / Accepted: 14 May 2025
Published online: 24 May 2025

References

1. Agarwal SK, Chapron C, Giudice LC, Laufer MR, Leyland N, Missmer SA, Singh
SS, Taylor HS. Clinical diagnosis of endometriosis: a call to action. Am J Obstet
Gynecol. 2019;220(4):354. e351-354. e312.

2. Johnson NP, Hummelshoj L, Consortium WESM, Abrao M, Adamson G, Allaire
C, Amelung V, Andersson E, Becker C. Birna Ardal K: consensus on current
management of endometriosis. Hum Reprod. 2013;28(6):1552-68.
Sarria-Santamera A, Orazumbekova B, Terzic M, Issanov A, Chaowen C,
Asuinsolo-del-Barco A. Systematic review and meta-analysis of incidence and
prevalence of endometriosis. Healthcare: 2020. MDPI; 2020. p. 29.



Ghoreishy et al. BMC Women's Health

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2025) 25:249

Parazzini F, Vigano P, Candiani M, Fedele L. Diet and endometriosis risk: a
literature review. Reprod Biomed Online. 2013;26(4):323-36.

Zondervan KT, Becker CM, Koga K, Missmer SA, Taylor RN. Vigano P: endome-
triosis. Nat Reviews Disease Primers. 2018;4(1):9.

Stefansson H, Geirsson R, Steinthorsdottir V, Jonsson H, Manolescu A, Kong A,
Ingadottir G, Gulcher J, Stefansson K. Genetic factors contribute to the risk of
developing endometriosis. Hum Reprod. 2002;17(3):555-9.

Akyol A, Simsek M, ilhan R, Can B, Baspinar M, Akyol H, Gl HF, Giirsu F, Kavak
B, Akin M. Efficacies of vitamin D and omega-3 polyunsaturated fatty acids on
experimental endometriosis. Taiwan J Obstet Gynecol. 2016;55(6):835-9.
Missmer SA, Chavarro JE, Malspeis S, Bertone-Johnson ER, Hornstein

MD, Spiegelman D, Barbieri RL, Willett WC, Hankinson SE. A prospective
study of dietary fat consumption and endometriosis risk. Hum Reprod.
2010;25(6):1528-35.

Trabert B, Peters U, De Roos AJ, Scholes D, Holt VL. Diet and risk of endometri-
0sis in a population-based case-control study. Br J Nutr. 2011;105(3):459-67.
Burney RO, Giudice LC. Pathogenesis and pathophysiology of endometriosis.
Fertil Steril. 2012;98(3):511-9.

Galland L. Diet and inflammation. Nutr Clin Pract. 2010;25(6):634-40.
Azadbakht L, Mirmiran P, Hosseini F, Azizi F. Diet quality status of most Tehra-
nian adults needs improvement. Asia Pac J Clin Nutr 2005, 14(2).

Dougan MM, Fest S, Cushing-Haugen K, Farland LV, Chavarro J, Harris HR,
Missmer SA. A prospective study of dietary patterns and the incidence of
endometriosis diagnosis. Am J Obstet Gynecol 2024.

Goodyear MD, Krleza-Jeric K, Lemmens T. The declaration of Helsinki. BMJ.
2007,335(7621):624-5.

Ghasemisedaghat S, Eslamian G, Kazemi SN, Rashidkhani B, Taheripanah R.
Association of fertility diet score with endometriosis: a case-control study.
Front Nutr. 2023;10:1222018.

Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Reliability and relative
validity of an FFQ for nutrients in the Tehran lipid and glucose study. Public
Health Nutr. 2010;13(5):654-62.

Ghaffarpour M, Houshiar-Rad A, H K. The manual for household measures,
cooking yields factors and edible portion of foods. Tehran: Nashre Olume
Keshavarzy. 1999;7:42-58.

Bodner-Montville J, Ahuja JK, Ingwersen LA, Haggerty ES, Enns CW, BP P.
USDA food and nutrient database for dietary studies: released on the web. J
Food Compos Anal. 2006;19:5100-7.

Azar M. E S: Food composition table of Iran. Tehran: Natl Nutr Food Res Inst
Shaheed Beheshti Univ 1980, 65.

Aadahl M, Jgrgensen T. Validation of a new self-report instrument for measur-
ing physical activity. Med Sci Sports Exerc. 2003;35(7):1196-202.

Kennedy E. Putting the pyramid into action: the healthy eating index and
food quality score. Asia Pac J Clin Nutr 2008, 17.

Hajebi A, Nasserinejad M, Rezaei N, Azadnajafabad S, Rashidi MM, Ahmadi N,
Ghasemi E, Farzi Y, Yoosefi M, Djalalinia S, et al. Alcohol consumption among
Iranian population based on the findings of STEPS survey 2021. Sci Rep.
2024;14(1):16819.

Djazayery A, Jazayery S. Fats and Fatty Acids in Nutrition of the Iranian People.
In: Wild-Type Food in Health Promotion and Disease Prevention: The Columbus
Concept. edn. Edited by De Meester F, Watson RR. Totowa, NJ: Humana Press;
2008:499-514.

Tagavi F, Hayati B, Ghahremanzadeh M. Affecting factors on households extra
willingness to pay to whole Wheat-Grain bread in Tabriz City. J Agricultural
Econ Dev. 2023,37(1):43-63.

Lwanga SK, Lemeshow S, World Health O: Sample size determination in
health studies: a practical manual /, Lwanga SK, Lemeshow S. In. Geneva:
World Health Organization; 1991.

Mirmiran P, Hosseini-Esfahanil F, Jessri M, Mahan LK, Shiva N, Azizis F. Does
dietary intake by Tehranian adults align with the 2005 dietary guidelines for
Americans? Observations from the Tehran lipid and glucose study. J Health
Popul Nutr. 2011;29(1):39-52.

Osmanlioglu S, Sanlier N. The relationship between endometriosis and diet.
Hum Fertility. 2023,26(3):649-64.

Ruszata M, Wojtas M, Grochowska W, Kotarski J, Rechberger T, Gogacz M. The
influence of dietary patterns on a course of endometriosis—From newborn to
adulthood. Eur J Obstet Gynecol Reproductive Biology. 2024,293:106.

Chung MS, Han SJ. Endometriosis-Associated angiogenesis and Anti-angio-
genic therapy for endometriosis. Front Global Women'’s Health 2022, 3.
Szpyra J, Gawlik £, Jagodowski P, Golemo J, Debirska J, Ostojska M,
Celichowska M, Gérska M, Dziuba G, Bogon A. Does diet influence the

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

Page 10 of 11

development and treatment of endometriosis?-A literature review. Qual
Sport. 2024;17:52932-52932.

Cirillo M, Argento FR, Becatti M, Fiorillo C, Coccia ME, Fatini C. Mediterranean
diet and oxidative stress: A relationship with pain perception in endometrio-
sis. Int J Mol Sci. 2023;24(19):14601.

Huijs E, van Stigt BJ, de Roos N, Nap A. The feasibility of an anti-inflammatory
diet in endometriosis: barriers and facilitators perceived by endometriosis
patients. Reprod Biomed Online. 2024;48(2):103624.

Ashrafi M, Jahangiri N, Jahanian Sadatmahalleh SH, Aliani F, Akhoond MR.
Diet and the risk of endometriosis in Iranian women: A Case-Control study.
Int J Fertil Steril. 2020;14(3):193-200.

Parazzini F, Chiaffarino F, Surace M, Chatenoud L, Cipriani S, Chiantera V, Benzi
G, Fedele L. Selected food intake and risk of endometriosis. Hum Reprod.
2004;19(8):1755-9.

Harris HR, Eke AC, Chavarro JE, Missmer SA. Fruit and vegetable consumption
and risk of endometriosis. Hum Reprod. 2018;33(4):715-27.

Arab A, Karimi E, Vingrys K, Kelishadi MR, Mehrabani S, Askari G. Food groups
and nutrients consumption and risk of endometriosis: a systematic review
and meta-analysis of observational studies. Nutr J. 2022;21(1):58.

Poulsen NB, Lambert MNT, Jeppesen PB. The effect of plant derived bioactive
compounds on inflammation: A systematic review and Meta-Analysis. Mol
Nutr Food Res. 2020;64(18):2000473.

Amini L, Chekini R, Nateghi MR, Haghani H, Jamialahmadi T, Sathyapalan

T, Sahebkar A. The effect of combined vitamin C and vitamin E supple-
mentation on oxidative stress markers in women with endometriosis: A
randomized, Triple-Blind Placebo-Controlled clinical trial. Pain Res Manage.
2021;2021(1):5529741.

Harris H, Eke A, Chavarro J, Missmer S. Fruit and vegetable consumption and
risk of endometriosis. Hum Reprod. 2018;33(4):715-27.

Mazza E, Troiano E, Mazza S, Ferro Y, Abbinante A, Agneta MT, Montalcini

T, Pujia A. The impact of endometriosis on dietary choices and activities of
everyday life: A cross-sectional study. Front Nutr 2023, 10.

Ott J, Nouri K, Hrebacka D, Gutschelhofer S, Huber J, Wenzl R. Endometriosis
and nutrition-recommending a mediterranean diet decreases endometriosis-
associated pain: an experimental observational study. J Aging Res Clin Pract.
2012;1(2):162-6.

Mier-Cabrera J, Aburto-Soto T, Burrola-Méndez S, Jiménez-Zamudio L, Tolen-
tino MC, Casanueva E, Hernandez-Guerrero C. Women with endometriosis
improved their peripheral antioxidant markers after the application of a high
antioxidant diet. Reproductive Biology Endocrinol. 2009;7:1-11.

Louis GMB, Chen Z, Peterson CM, Hediger ML, Croughan MS, Sundaram

R, Stanford JB, Varner MW, Fujimoto VY, Giudice LC. Persistent lipophilic
environmental chemicals and endometriosis: the ENDO study. Environ Health
Perspect. 2012;120(6):811-6.

Heilier J-F, Donnez J, Nackers F, Rousseau R, Verougstraete V, Rosenkranz

K, Donnez O, Grandjean F, Lison D, Tonglet R. Environmental and host-
associated risk factors in endometriosis and deep endometriotic nodules: a
matched case-control study. Environ Res. 2007;103(1):121-9.

Yamamoto A, Harris HR, Vitonis AF, Chavarro JE, Missmer SA. A prospective
cohort study of meat and fish consumption and endometriosis risk. Am J
Obstet Gynecol. 2018;219(2):178.e171-178.e110.

Baer DJ, Judd JT, Clevidence BA, Tracy RP. Dietary fatty acids affect plasma
markers of inflammation in healthy men fed controlled diets: a randomized
crossover study. Am J Clin Nutr. 2004;79(6):969-73.

Lebovic DI, Mueller MD, Taylor RN. Immunobiology of endometriosis. Fertil
Steril. 2001;75(1):1-10.

Mozaffarian D, Pischon T, Hankinson SE, Rifai N, Joshipura K, Willett WC, Rimm
EB. Dietary intake of trans fatty acids and systemic inflammation in women.
Am J Clin Nutr. 2004;79(4):606-12.

Zhang Q, Wang Y, Fu L. Dietary advanced glycation end-products: perspec-
tives linking food processing with health implications. Compr Rev Food Sci
Food Saf. 2020;19(5):2559-87.

Clarke R, Shipley M, Armitage J, Collins R, Harris W. Plasma phospholipid fatty
acids and CHD in older men: Whitehall study of London civil servants. Br J
Nutr. 2008;102(2):279-84.

Gamage SMK; Lee KTW, Dissabandara DLO, Lam AK-Y, Gopalan V. Dual role of
Heme iron in cancer; promotor of carcinogenesis and an inducer of tumour
suppression. Exp Mol Pathol. 2021;120:104642.

Ishikawa S-i, Tamaki S, Ohata M, Arihara K, Itoh M. Heme induces DNA dam-
age and hyperproliferation of colonic epithelial cells via hydrogen peroxide
produced by Heme Oxygenase: A possible mechanism of Heme-induced
colon cancer. Mol Nutr Food Res. 2010;54(8):1182-91.



Ghoreishy et al. BMC Women's Health

53.

54.

55.

56.

57.

58.

59.

60.

(2025) 25:249

Machairiotis N, Vasilakaki S, Thomakos N. Inflammatory mediators and pain in
endometriosis: A systematic review. Biomedicines. 2021;9(1):54.

Andersson A-M, Skakkebaek NE. Exposure to exogenous estrogens in food:
possible impact on human development and health. Eur J Endocrinol.
1999;140(6):477-85.

Brinkman M, Baglietto L, Krishnan K, English D, Severi G, Morris H, Hopper J,
Giles G. Consumption of animal products, their nutrient components and
postmenopausal Circulating steroid hormone concentrations. Eur J Clin Nutr.
2010;64(2):176-83.

Seli E, Berkkanoglu M, Arici A. Pathogenesis of endometriosis. Obstet Gynecol
Clin. 2003;30(1):41-61.

Legumes. Nutritional quality, processing and potential health benefits. The
Royal Society of Chemistry; 2019.

Aubertin-Leheudre M, Gorbach S, Woods M, Dwyer JT, Goldin B, Adlercreutz
H. Fat/fiber intakes and sex hormones in healthy premenopausal women in
USA. J Steroid Biochem Mol Biol. 2008;112(1-3):32-9.

Viggiani MT, Polimeno L, Di Leo A, Barone M. Phytoestrogens: dietary intake,
bioavailability, and protective mechanisms against colorectal neoproliferative
lesions. Nutrients. 2019;11(8):1709.

Gotabek A, Kowalska K, Olejnik A. Polyphenols as a diet therapy concept

for Endometriosis—Current opinion and future perspectives. Nutrients.
2021;13(4):1347.

Samaneh Y, ShahidehJahanian S, Azadeh M, Anoshirvan K. The association

of food consumption and nutrient intake with endometriosis risk in Iranian
women: A case-control study. Int J Reprod Biomed. 2019;17(9):661-70.

62.

63.

64.

65.

66.

67.

Page 11 of 11

Lee I, Jeon MJ, Kim JS, Park JH, Won BH, Kim H, Lee JH, Yun BH, Park JH, Seo
SK. Aberrant expression of sodium-potassium-chloride cotransporter in
endometriosis. Reproductive Sci. 2021;28:2641-8.

Targonski R, Sadowski J, Price S, Targoniski R. Sodium-induced inflam-
mation-an invisible player in resistant hypertension. Hypertens Res.
2020;43(7):629-33.

King MG, Chandran U, Olson SH, Demissie K, Lu SE, Parekh N, Bandera EV.
Consumption of sugary foods and drinks and risk of endometrial cancer.
Cancer Causes Control. 2013;24(7):1427-36.

Friberg E, Wallin A, Wolk A. Sucrose, high-sugar foods, and risk of endometrial
cancer—a population-based cohort study. Cancer Epidemiol Biomarkers
Prev.2011,20(9):1831-7.

Ma X, Nan F, Liang H, Shu P, Fan X, Song X, Hou Y, Zhang D. Excessive intake of
sugar: an accomplice of inflammation. Front Immunol. 2022;13:988481.
Willett W. Nutritional epidemiology. Oxford University Press; 2012.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Alternative healthy eating index may predict a reduced odd of endometriosis: results from a case-control study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Ethical considerations
	﻿Study design and population
	﻿Exposure assessment
	﻿Outcome assessment
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


