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Abstract: The association between nutrition and endometriosis is controversial. This um-
brella review aimed to investigate whether specific dietetic strategies are useful for reducing
endometriosis risk /symptoms. Systematic reviews on diet therapies for endometriosis were
analyzed using the Joanna Briggs Institute (JBI) Manual for Evidence Synthesis methodol-
ogy, and an umbrella review was implemented using Jamovi software. The 10 included
systematic reviews comprised observational studies (cohort, case-control, cross-sectional)
and interventional trials (randomized, non-randomized). A mild (class IV, lowest strength
on evidence quartile) protective effect on vegetables (RR 0.590; 95% CI 0.49-0.71 p < 0.001),
cheese (OR 0.840; 95% CI 0.74-0.96 p = 0.011), total dairy (RR 0.874; 95% CI 0.81-0.95
p =0.001), and high-fat dairy (RR 0.590; 95% CI 0.81-0.99 p = 0.025) was found. Butter
(RR 1.266; 95% CI1.03-1.55 p = 0.024) and high caffeine (>300 mg/day) (RR 1.303; 95% CI
1.05-1.62 p = 0.019) consumption increased the risk of endometriosis. Other food groups
had low-quality evidence due to limited studies. A higher intake of vegetables and dairy
products may reduce the risk and/or symptoms of endometriosis, while a high intake of
caffeine and butter may increase the risk. However, the heterogeneity across studies is
significant, and the overall quality of the findings is low. Therefore, it is crucial to conduct
new research in this field, focusing on well-designed randomized trials.

Keywords: endometriosis; diet; vegetables; caffeine; butter; dairy; umbrella review

1. Introduction

Endometriosis is a debilitating disease characterized by chronic inflammation and
the presence of functional endometrial glands and stroma outside the uterine cavity [1].
Endometriosis is a benign disease but it has features similar to malignancies, such as
progressive, invasive, and estrogen-dependent growth, recurrence, and a tendency to
metastasize [2]. Diagnosis is based on laparoscopy and biopsy for histological confirmation.
Treatment can be divided into two forms: pharmaceutical therapies aiming to prevent the
growth of the endometriotic implants, and surgical therapies attempting to remove the
endometriotic implants [1].
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According to data from the Italian Ministry of Health, it is estimated that in Italy,
endometriosis affects 10-15% of women of reproductive age and 30-35% of women who
are infertile or have difficulty conceiving. There are approximately 3 million women with a
confirmed diagnosis, with a worldwide incidence of approximately 176 million new cases.
The peak occurs between the ages of 25 and 35, but the disease can also appear in younger
age groups [3].

It is a highly diverse disease, exhibiting a wide range of phenotypes and clinical
outcomes that can range from no symptoms at all to severe pain and/or infertility, signif-
icantly reducing the quality of life [4]. Furthermore, the evidence remains unclear for a
complex condition like endometriosis, and symptoms, diagnosis, and treatment remain un-
der discussion [5]. Treatment options include hormonal therapies or laparoscopic surgery
to remove the endometriotic lesions [4]; however, they do not exclude the possibility of
recurrence. Identifying the factors that contribute to the development and progression of
lesions is a key point in achieving new prevention and treatment goals.

The scientific evidence on the association between nutrition and endometriosis, in
terms of disease risk, symptom improvement, and quality of life, is rather controversial.
Most of the scientific work has evaluated, through observational studies, the potential
association between the intake of certain nutrients and foods and the risk of endometrio-
sis diagnosis. A review highlighting the connection between diet and endometriosis
emphasized the potential role of anti-inflammatory components in foods in alleviating
endometriosis symptoms [6]. Despite this, to date, there are no conclusive data on which
nutrients should be monitored when in the presence of a diagnosis of endometriosis.

There are also different systematic reviews trying to synthesize the controversial
literature in the field, but no umbrella review has been published on the topic. Brown and
Farquhar performed an overview of Cochrane reviews, but the focus was interventions
for pain relief and for subfertility in pre-menopausal women clinically diagnosed with
endometriosis. No citation of diet or nutrient supplementation was made [7].

The presented umbrella review is focused on exploring which nutritional factors could
be related to endometriosis or its symptoms.

2. Materials and Methods

This study was divided into two parts. The first part was the systematic review of all
published systematic reviews to identify the efficacy and tolerability of the different diet
therapies proposed for endometriosis. The systematic review was conducted following the
methodology proposed by the JBI Manual for Evidence Synthesis [8]. The second part was
the implementation of the umbrella review using the module “Metaumbrella” in Jamovi
software (The jamovi project (2022). jamovi. (Version 2.3) [Computer Software]. Retrieved from
https://www.jamovi.org) [9].

This study was registered in PROSPERO with the number CRD42023432971.

2.1. Literature Search

A comprehensive systematic literature search was performed to identify all the pub-
lished systematic reviews and meta-analyses on the efficacy and tolerability of the different
diet therapies proposed for endometriosis. Medline through the PubMed, Scopus, Embase,
Web of Science, and Cochrane Library databases, and Google Scholar were searched up to
6 July 2023 without time limitation, and updated on 30 September 2024.

The search strategy included the use of Mesh terms and keywords related to the
subject and study design “endometriosis” and “diet” or “nutrient” or “nutrition”. The
detailed search strategy for Medline is detailed in the Supplementary Materials (Table S1).
The reference lists of selected articles were also manually searched to identify any addi-
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tional related documents, in addition to consulting relevant publications with experts in
the field. The grey literature was not searched, and only published systematic reviews
were considered.

2.2. Study Selection

This overview only included reviews of dietary components (food groups and/or
nutrients) for endometriosis.
The articles that met the following PICOs criteria were included in our study:

(1) Population: Women with endometriosis (defined in original articles as women with
or without a laparoscopy/laparotomy test to confirm endometriosis with or without
past or concurrent fertility issues).

(2) Intervention/Observation: Any dietetic intervention or observation of dietary compo-
nents or wider interventions involving dietetic aspects (e.g., interventions approaching
physical activity or psychological aspects and diet).

(3) Comparison: A dietetic approach vs. a non-dietetic approach or control.

(4) Outcomes: A reduction in symptoms of endometriosis or risk of endometriosis di-
agnosis. Due to the unclear definition in published studies, the present umbrella
review considered these terms (endometriosis symptoms and risk) as mentioned by
the original authors, despite them not being interchangeable.

(5) Studies Included: Systematic reviews and meta-analyses. The inclusion and exclusion
criteria are shown in Table 1.

Table 1. PICOs criteria for study selection.

PICOS Criteria Inclusion Criteria Exclusion Criteria
Population Women with endometriosis Other pathologies
Any dietetic intervention or interventions . . .
) . ) . . Other interventions alone (exercise,
Intervention combined with dietetic aspects or
. ) surgery, etc.)
observation of dietary components
Comparison Dietetic approach Non-dietetic approach or control
R ion in i i f £ L
Outcomes eduction in intensity (or frequency) o Unrelated to endometriosis

endometriosis (symptoms and risk)

Studies included (types)

Full text not available; no outcomes
of interest; randomized controlled
trials; uncontrolled observational

studies; case reports and case series,
opinion articles, guidelines, letters,

Systematic reviews and meta-analyses editorials, comments, news,
conference abstracts, theses, and
dissertations; and in vitro or animal
studies, narrative reviews, scoping
reviews, rapid reviews, or
mini-reviews

Population

Women with endometriosis Other pathologies

Research question

Are diet components effective for reducing endometriosis risk/symptoms?

Two authors (LN and FQ) independently screened the titles and abstracts of citations
to identify potentially relevant studies. Then, the full texts of potentially eligible articles
were obtained and reviewed for further assessment according to the inclusion and exclu-
sion criteria. Controversies were resolved by consulting a third reviewer (CF). Rayyan
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software (https://new.rayyan.ai/) [10] was used for the study selection process and to
remove duplicates.

2.3. Data Extraction

Data were extracted from eligible studies by two authors (LN and FQ) independently.
A prespecified form in Microsoft Excel was used for this scope. The following informa-
tion was collected: first author, year of publication, type of review, the systematic review
research question, number of articles included, control characteristics, description of inter-
ventions/phenomena of interest, search details, sources searched, range (years) of included
studies, types of articles included, quality /risk of bias assessment tool reported by the in-
cluded systematic reviews, outcome assessed, results, significance/direction, heterogeneity
assessment, and AMSTAR? (assessment of multiple systematic reviews) [11] results. Any
discrepancy was resolved through discussion with a third author (CF).

Risk of Bias Assessment and Quality of Selected Studies

The studies’ risk of bias and quality were assessed independently by the application
of 16 questions from the AMSTAR? instrument by two authors (LN and FQ) (Supplemen-
tary Materials—Table S2). Any discrepancy was resolved through discussion to reach
a consensus.

All answers “yes” were counted as 1 point, and “no” as 0 points. This way, the final
score of risk of bias could reach a maximum of 16 points and a minimum of 0 points, the
overall risk of bias being greater in lower scores.

Because the AMSTAR 2 is not supposed to create an overall quality score, the authors
decided to consider some criteria for excluding low-quality articles. Articles with a final
AMSTAR?2 score less than or equal to 5 points (lower tertile) and with 0 points for all the
critical questions (2, 4, 7, 13, and 15), considered essential points of the study design, were
excluded [11].

2.4. Statistical Analysis

We used a random effects model on the data from the papers selected in the first part of
this study, using the application in Jamovi software, version 2.5, named “Metaumbrella” [9].

Assessment Criteria
The criteria used to classify evidence (Ioannidis’s criteria) were as follows [12]:

The heterogeneity among studies using the 12 index;
The test to assess an excess of significance;
Egger’s regression test to underline small study effects;

L

The largest study significance (where a significant p-value (p < 0.05) was given to the
study with the largest sample);
5. The p-value of the pooled effect size (Relative Risk (RR) or Odds Ratio (OR)).

For each item selected, the classification of evidence could vary from class I (strong
evidence) to class V (no evidence). The results were also graphed with a forest plot with
the pooled effect size and their 95% CI.

3. Results

The literature search resulted in 1169 records. After removing duplicated articles (by
automatic identification confirmed by the authors), 918 articles remained for the blinded
selection made by two authors (LN and FQ). Any conflict was resolved by a third author
(CF). Six articles were excluded due to low quality [13-18] (their details are reported in
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Supplementary Materials Table 53). The remaining 10 articles were eligible for inclusion.
Figure 1 shows the flowchart of study selection, according to the PRISMA method.

[ Identification of studies via databases and registers J
—
= ; g
2 Records identified from : Records removed before
‘?'; Databases (n = 1169) Sscreening:
9 - PubMed/Mediine (n=33) > gt _
= s & g Duplicate records removed (n =
- copus (n= 598) 251
s Web of Science (n= 479) )
T Cochrane Library (n= 59)
—
Y
£
Records excluded
Records screened »| (n=862)
(ﬂ = 918) - Studies in vitro (n = 78)
Studies in animals (n = 76)
Wrong population (n = 266)
Wrong study design (n= 238)
Wrong outcome (n= 199)
Foreign language (n=5)
=]
£
= )
@ ReExms sought for retrieval I Reports not retrieved
3 (n = 56) (n=23)
\4
- Reports excluded:
Reports assessed for eligibility Not systematic review (n = 15)
(n = 33) Not dietetic approach (n = 2)
Low quality (n=6)
= I
—
3
g Studies included in review
] (n=10)
=
—

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart
for article selection.

This umbrella review included 10 systematic reviews comprising observational
studies (cohort, case—control, cross-sectional) and interventional trials (randomized,
non-randomized). These studies were distributed across Europe (n = 4) [19-22], Asia
(n =4) [23-26], Oceania (n = 1) [27], and America (n = 1) [28]. The systematic reviews
by Nirgianakis et al. [21] analyzed findings from 9 human studies and 12 animal studies.
Only data from human studies were considered for this article, and the results were not
included in the meta-analysis [21]. It is important to notice that in some cases, the same
article was included in more than one of the included systematic reviews, thus resulting in
duplication. The statistical analysis was based on five meta-analyses included within these
reviews [19,23,24,26,28]. Table 2 provides a detailed description of the selected articles,
highlighting the participants’ characteristics, a description of interventions/exposures,
the types of articles included, the results, heterogeneity, and the AMSTAR?2 score. Details
regarding the research questions, databases searched, and quality assessment of the studies
are shown in the Supplementary Materials (Table S4). The interventions varied greatly
across the included articles: some observational studies focused on food groups and nutri-
ents, while others examined specific food components such as caffeine. The exposures were
also heterogeneous, including dietary supplementation and/or specific dietary models
like the Mediterranean diet [21]. The results from the risk of bias evaluation through
AMSTAR 2 are shown in Table 3. The main concerns that impact the quality of the reviews
are presented in Question 7 (list of excluded studies and justification for the exclusions)
and Question 10 (sources of funding for the studies included in the review).
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Table 2. Description of the characteristics of the selected articles.

Participants Description of . s
Author, Year, (Characteristics, Interven- Types of Articles  Outcome Results/Findings Sl.gmfl.cance/ Heterogeneity
Country Total Number) tions/Exposure Included Assessed Direction
Total dairy foods: RR
0.90; 95% CI, 0.85 to
0.95; p < 0.001,
(I2 =37.0%, p = 0.190)
Saturated fatty acid:
8 studies Exposure: High E)Rllogapgf 600((:)11[ o Bias for high-fat
Arab et. al., 2022, n = from 156 dietary intake of Case—control, .. (I2 =57.3%, p = 0.096) Dietary fac'tors me‘ly dairy (Begg's test:
selected food Endometriosis risk . play a role in the risk ,
Iran [23] to 116,607 roups and cohort Trans fatty acid: RR of endometriosis ¢» P~ 0.117, Egger’s
Age (y) = 18-41.4 Eutri};nts 1.12; 95% CI, 1.02 to test: p = 0.029)

1.23; p =0.019,

(12 =73.0%, p = 0.025)
Red meat: RR 1.17;
95% CI, 1.08 to 1.26;
p <0.001, (12 = 82.4%,
p =0.001)

Significant
heterogeneity for
. . high coffee/
8 studies Exposure: high Caffeine: RR 1.26 ca%feine intake
Chiaffarino et al., versus low or Case—control, . (95% CI 0.95-1.66) ..
n = 1407 Endometriosis risk Lack of association (x2=9.37,
2014, Ttaly [19] Age (y) = nr no coffee/ cohort Coffee: RR 1.13 ~ 0.053)
gely) =nr caffeine intake (95% CI 0.46-2.76) I”\I; i e of
publication bias
(p =0.252)
Cheese: OR 0.70
(0.52-0.93), X2: 6.80,
4 studies Exposure: ?22700063"2 and Heterogeneity
measured by N (Tau2): 0.006, X2:
Hoorsan etal, n = 2221 cases/ interviews and/ No restriction Endometriosis risk Vegetables: OR 0.43 n.r. 1.36 (df =1) and
2017, Iran [24] 10,24(4 )cgnr’ir;)ls or FFQ (0;33_203.5;)1;1 Xé 2812,0/ (v = 0.243) and
gely)=nt questionnaires p=> IR 12: 26.6%

Fish: OR 0.87
(0.71-1.07), X2:0.86,
p = 0.65 and 12: 0%.
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Table 2. Cont.
Participants Description of . s
Ié:f::r’ Year, (Characteristics, Interven- ;233;23Art1des 2::::::; Results/Findings ]S:)l ﬁzglii;?ce/ Heterogeneity AMSTAR2
vy Total Number) tions/Exposure
Intervention: . .
different nutrients, Randomized High-quality E?etzltegrtslr?(;f;c t
dosages, durations  clinical trials, intervention studies in ..
. . _ . . anti-inflammatory Heterogeneous
" 12 studies of supplementation non-randomized .. women with . .
Huijs et al., 2020, o .. . Endometriosis . properties are patient group or a
n = from 1 to 240 (Vitamins B6, A, C, clinical trials, endometriosis are L, 7
Netherlands [20] ) symptoms . effective in heterogeneous
Age (y) =nur. D, E; Ca, Mg, Se, retrospective necessary to improve . . .
. . . . : suppressing intervention
Zn, Fe; lactic studies, case series, the quality of Lo,
. endometriosis-
ferments; and case reports the evidence. associated pain
other nutrients) p
Exposure or
intervention: . High caffeine . .
Kechagias et al., 13 studies different caffeine- Obse.zrvatlonal . consumption High Caffglne Egger, high
: - studies, case series, Presence of consumption .
2021, UK, Finland, n=nur. containing . o (>300 mg/day): . heterogeneity 9
_ randomized endometriosis o (>300 mg/day): .
and Canada [28] Age (y) =n.r. beverages (e.g., controlled trials RR 1.30, 95% CI + endometriosis risk between studies
coffee, tea, 1.04-1.63; 12 = 56%
cola, chocolate)
Intervention:
Dietary
supplements Primary outcome:
(n =10), dietary dysmenorrhea,
15 studies modifications non-menstrual
n = 1093; (n=23), Randomized pelvic pain,
Mardon et al., 6 66 alloc,a ted to over-the-counter controlled trials, dyspareunia, High
2022, Australia intervention: (OTC) naproxen non-randomized overall pain No significant effect No significant effect  heterogeneity 11
[27] 759 to com e’1ra tor sodium (herein controlled trials, Secondary among studies
Age (y) = npr referred to as cohort studies outcomes: quality

naproxen) (n = 1).
Exposure: 3,3 —
Diindolylmethane
(DIM) supplement;
gluten-free diet

of life, side effects,

additional
medication use
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Table 2. Cont.
Participants Description of . s
Author, Year, (Characteristics, Interven- Types of Articles  Outcome Results/Findings Sl.gmfl.cance/ Heterogeneity AMSTAR2
Country . Included Assessed Direction
Total Number) tions/Exposure
Interventions:
supplementation
of vitamin D;
vitamins A, C, and
E; omega-3/6;
Nirgianakis K., . quercetin; vit B3; Cohort, Most of the studies Dietary High .
9 studies 5-methyltetrahy- . I, . . heterogeneity of
etal., 2022, . case—control, Endometriosis reported a positive interventions: | . .
. n =733 drofolate calcium . . the interventions 7
Switzerland and . randomized symptoms effect on endometriosis-
. Age (y) =nur. salt, turmeric, and . .. . and measured
Austria [21] . controlled studies endometriosis related pain
partheruum; outcomes
Mediterranean diet;
low-nickel diet.
Exposure:
gluten-free diet;
low-FODMAP diet
Antioxidants could
8 studies Intervention or Randomized Chronic pelvic Use of antioxidant be an alternative Hieh
Sukan B., et al., n=nr exposure: controlled trials, pain, supplementation: | treatment method in he;gero eneity of 10
2022, Turkey [25] A_e (' ) —nr antioxidant observational dysmenorrhea, endometriosis-related  the management of the stu%iies y
gely)=nt supplementation studies dyspareunia pain (except 1 study)  painin
endometriosis.
Intervention:
PUFAs, vitamins,
minerals, and L.
VSL3 lactic Diet had a positive H(;ig}:;;lst:; ere(:tfe d
ferments. Randomized impact on pain E ¢ Y acids
Sverrisd’ottir U.A., 6 studies Exposure: Folic omizec perception, with all atty acics, e High
: . controlled trials, . . gluten-free diet, and .
etal., 2022, n = from 31 to 484  acid metabolite . Pain perception except one study . . heterogeneity of 6
observational a low-nickel diet
Denmark [22] Age (y) =nur. and PUFA studies indicating a mav improve the studies
supplementation; significant reduction ai1}’71 ful p
low-FODMAP in pain perception En dometriosis
diet, a gluten-free
diet, and a

low-nickel diet.
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Table 2. Cont.

Author, Year,
Country

Participants
(Characteristics,
Total Number)

Description of
Interven-
tions/Exposure

Outcome
Assessed

Significance/
Direction

Types of Articles

Included AMSTAR2

Results/Findings Heterogeneity

Xiangying Qi,
et al.,, 2021, China
[26]

High dairy product
intake: | endometriosis
risk (RR 0.83, 95% CI
0.74-0.93; 12 0%)
1Total dairy intake
(>21 servings/week):
| endometriosis risk;
(RR 0.87, 95% CI
0.76-1.00;
pnon-linearity = 0.04).
Milk consumption (18
servings/week)

(RR 0.89, 95% CI Dairy product

intake: |

7 studies
n = 120,706

Age (y) =n.r.

Exposure: Dairy
intake measured
by FFQ or
structured
questionnaire

Case—control,
cohort study,
randomized
controlled trial

Endometriosis risk

0.80-0.99; non-
linearity = 0.022).

1 high-fat dairy intake:
J endometriosis risk
compared to low milk
intake (RR 0.86, 95% CI
0.75-0.98; 12 0%). Milk
consumption

>18 servings/week
(RR 0.86, 95% CI
0.76-0.96; non-
linearity = 0.012)

1 Butter intake: 1
endometriosis risk
compared with low
butter intake (RR 1.27,
95% CI 1.03-1.55;

12 0%)

endometriosis risk

Dose-dependent
relationship, with
significant effects
(average daily

intake > 3 servings)

Inter-study
heterogeneity:
low to moderate

n = number; CI = confidence interval; FODMAP = Fermentable Oligo-, Di-, and Mono-saccharides, And Polyols; FFQ = food-frequency questionnaire; GRADE = Grading of
Recommendations Assessment, Development, and Evaluation; JBI = Joanna Briggs Institute; mg = milligrams; MINORS = Methodological Index for Non-Randomized Studies; n.r.
= not reported; NIH = National Institute of Health; NOS = Newcastle-Ottawa Scale; OR = Odds Ratio; OTC = over the counter; QUIPS = Quality in Prognostic Studies; PUFAs =
polyunsaturated fatty acids; RCTs = randomized controlled trials; RoB2 = Risk of Bias 2.0; ROBINS-I = Risk of Bias of Non-Randomized Studies of Interventions; RR = Relative Risk;

STROBE = Strengthening the reporting of observational studies in epidemiology; y = years; 12 and Q Tests = statistical heterogeneity tests.



Foods 2025, 14, 2087 10 of 17

Table 3. Assessment of the methodological quality of systematic reviews according to criteria set by
the Center for Evidence-Based Management.

References/ AMSTAR2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Score
Arab A. et al., 2022 [23] Y Y Y NY N N N N N Y Y Y Y N Y 9
Chiaffarino F,, et al., 2014 [19] Y N NNY N N Y N N Y N Y Y N N 6
Hoorsan H., et al., 2017 [24] N N N Y Y Y N N N N N N N Y Y Y 6
Huijs E., et al., 2000 [20] N NY NY Y Y Y N N Y N N N N Y 7
Kechagias K.S, et al., 2021 [28] N Y Y Y Y Y N Y N N Y N N N Y Y 9
Mardon A K., et al., 2022 [27] N Y YY Y Y N Y Y N N Y Y N Y Y 11
Nirgianakis K., et al., 2022 [21] N Y Y Y Y Y N Y N N NAN N N N Y 7
Sukan B., et al., 2022 [25] Y Y Y Y Y Y N Y Y N NANANANAY Y 10
Sverrisd’ottir U.A., et al., 2022 [22] N N N N Y Y N Y Y N NANANANAY Y 6
Xiangying Qi, et al., 2021 [26] Y NN NY Y N Y N N Y Y Y Y Y N 9

Y = yes, N =no, NA = not applicable.

Table 4 presents the crude results from the selected meta-analyses, encompassing
studies that focus on nutrients as well as those that examine food products. Figure 2
synthesizes all the results coming from the umbrella review in a forest plot. Five food
groups showed weak evidence (class IV, lowest strength on evidence quartile). More
precisely, it was found that there was a mild protective effect of vegetables (RR 0.590; 95%
CI0.49-0.71 p < 0.001), cheese (OR 0.840; 95% CI 0.74-0.96 p = 0.011), total dairy (RR 0.874;
95% CI 0.81-0.95 p = 0.001), and high-fat dairy (RR 0.590; 95% CI 0.81-0.99 p = 0.025). The
nutrients trans fatty acids (TFAs) also seem to show significance in reducing endometriosis
risk (OR 0.80), but we found this only in one study. Butter (RR 1.266; 95% CI 1.03-1.55
p = 0.024) and high caffeine intake, i.e., >300 mg/day (RR 1.303; 95% CI 1.05-1.62 p = 0.019),
showed an increased risk of endometriosis. Also, for caffeine (in the case that there was
no precisely described amount of caffeine), the model indicated it as a possible risk factor
for endometriosis (RR 1.13; 95% CI 1.00-1.28 p = 0.044). The evidence for the other food
groups, based on loannis criteria, was classified as very low-quality (Figure 2) since they
appeared in a limited number of studies.

Table 4. Crude results from selected meta-analysis studies describing the association between
endometriosis and food items or diet.

Arab A. et al,, 2022 Chiaffarino F,, Hoorsan H., et al., Kechagias K.S, Xiangying Qi,
RR (95% CI) [23] et al., 2014 2017 et al., 2021 et al., 2021
RR (95% CI) [19] OR (95% CI) [24] RR (95% CI) [28] RR (95% CI) [26]
Total dairy 0.90 (0.85-0.95) 0.87 (0.76-1.00)
Milk 0.98 (0.91-1.05) 0.89 (0.80-0.99)
High-fat dairy 1.00 (1.00-1.01) * 0.86 (0.75-0.98)
Low-fat dairy 0.94 (0.88-1.01) *
Cheese 0.94 (0.88-1.00) 0.70 (0.52-0.93) *
Butter 1.27 (1.03-1.55)
Total fat 1.00 (0.93-1,08)
Saturated fatty 1.06 (1.04-1.09) *
acid
Trans fatty acid 1.12 (1.02-1.23) *
Monounsaturated
fatty acid 0.92 (0.82-1.04)
Polyunsaturated
fatty acid 0.93 (0.86-1.02)
Fruits 0.97 (0.92-1.02) *
Legumes 1.00 (0.93-1.08)
Caffeine 1.26 (0.95-1.66) 1.30 (1.04-1.63) **
Coffee 1.13 (0.46-2.76)

Vegetables 0.97 (0.92-1.02) * 0.43 (0.33-0.57)
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Table 4. Cont.
Chiaffarino F, Hoorsan H., et al., Kechagias K.S, Xiangying Qi,
Arab A. et al,, 2022 etal., 2014 2017 et al., 2021 et al.,, 2021

RR (95% CD (23] pofote" o0 o]

OR (95% CI) [24]

RR (95% CI) [28]

RR (95% CI) [26]

Red meat
Poultry

Egg
Fish

1.17 (1.08-1.26) *
1.06 (0.98-1.18)
1.06 (0.99-1.15)
0.98 (0.91-1.02)

0.87 (0.71-1.07)

* With evidence of significant heterogeneity. ** >300 mg/day. Highlighted in bold are the risk ratios that indicate a

statistically significant effect, whether it is a risk or a protective factor.

Class IV eG [95% CI]
Vegetables E B -0.53 [-0.71, -0.34]
High caffeine (>300mg/d) ~@- 0.27 [0.05, 0.48]
Butter E B 0.24 [0.03, 0.44]
TFA o -0.22 [-0.22, -0.22]
Cheese E 3 -0.17 [-0.29, -0.04]
Total dairy i -0.14 [-0.24, -0.04]
High-fat dairy [ ] -0.11 [-0.22, -0.01]
Class ns
Total fat —— -0.30 [-0.65, 0.05]
SFA — -0.30 [-0.67, 0.07]
MUFA —— -0.22 [-0.53, 0.08]
Yogurt N B -0.19 [-0.48, 0.09]
Ice cream R R -0.19 [-0.69, 0.32]
Moderate caffeine (200-300mg/d) . B 0.16 [-0.01, 0.33]
Egg s B 0.15[0.00, 0.30]
Coffee B 0.14 [-0.85, 1.12]
Red meat B 0.14 [-0.20, 0.47]
Caffeine 3 0.13[0.00, 0.26]
Whole milk -0.10 [-0.32, 0.12]
PUFA -0.09 [-0.40, 0.21]
Vitamin D uptake -0.09 [-0.21, 0.03]
Low-fat dairy -0.08 [-0.17, 0.02]
Poultry 0.08 [-0.08, 0.24]
Fish -0.07 [-0.22, 0.08]
Legumes -0.04 [-0.21, 0.13]
Total milk 0.04 [-0.20, 0.27]
Reduced-fat/Skim milk 0.03[-0.17,0.23]
Fruits -0.02 [-0.41, 0.37]
Milk -0.02 [-0.21, 0.17]
Calcium intake -0.01 [-0.18, 0.17]

2

Figure 2. Forest plot from results of meta-analyses included in this umbrella review divided according

Equ

1 0 1
ivalent Hedges's g (eG)

to the significance in class IV (lower quartile of significance) and class ns (non-significant).

4. Discussion

The results of this general review indicate that vegetables and dairy foods may have
protective properties against the risk of endometriosis and/or symptom occurrence. On the
other hand, butter and high caffeine may increase the risk. Despite the high heterogeneity
found by the model in the articles analyzed, the protective effect for endometriosis risk in
dairy products is interesting.

Diet is a complex concept affecting health and illness. A healthy diet, primarily
focusing on plant-based diets low in animal products, includes vegetables, fruits, legumes,
nuts, fish, whole grains, and low-fat dairy, and moderate consumption of red meat, alcoholic
beverages, salt, and saturated fatty acids. However, it is unclear if a healthy diet alleviates
endometriosis symptoms in women. Although dietary modifications are considered the
third most successful self-management measure, no specific diet appears to yield higher
self-reported advantages [29].
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Dietary patterns, not only single nutrients or food items, have been investigated
for their possible impact on endometriosis risk and symptoms [21], particularly those
that involve greater consumption of vegetables and dairy products. Although there are
conflicting data about symptom improvement, a higher consumption of vegetables and
dairy products is generally linked to a lower risk of endometriosis.

Endometriosis is a complex illness, and clinical research on endometriosis and nutri-
tion is equally diverse. To assess the impact of an intervention on a population, it is crucial
to base guidelines on well-designed studies with a clear research question, a carefully
defined population, and a specific, well-documented intervention. This approach ensures
that findings can be generalized to broader patient groups and provides greater clarity on
the relationship between diet and endometriosis symptoms [29].

An Italian study [30] revealed evidence of undesirable lifestyle habits in endometriosis
patients. In this study, a 6-month Mediterranean diet education intervention (n = 35)
improved metabolic and oxidative profiles while significantly enhancing the overall health-
related quality of life [30].

Inflammation plays a central role in endometriosis, with immune cells such as cy-
tokines, neutrophils, granulocytes (including mast cells and macrophages), chemokines,
and various subsets of T cells driving the inflammatory response. Oxidative stress, a
hallmark of chronic inflammation, can be mitigated by antioxidants. Consequently, nutri-
ents with anti-inflammatory properties may help reduce pain symptoms associated with
endometriosis [31]. Given the role of inflammation in endometriosis and evidence that
reducing dietary fat and increasing dietary fiber can lower circulating estrogen levels, the
potential anti-inflammatory effects of plant-based diets have become a topic of clinical inter-
est. Indeed, numerous studies showed strong evidence of the health benefits of consuming
a diet high in vegetables and fruits, owing to the presence of bioactive plant compounds
such as polyphenols, phytoestrogens, resveratrol, and vitamin C [32].

Lifestyle factors such as poor diet, chronic stress, and unhealthy behaviors can con-
tribute to the development and progression of endometriosis. This condition is character-
ized by increased levels of reactive oxygen species (ROS) and reduced antioxidant defenses,
which lead to cellular damage, inflammation, and the proliferation of ectopic endometrial
cells. These imbalances are further aggravated by unhealthy lifestyle habits, which activate
immune cells and trigger the release of pro-inflammatory cytokines and mediators. This
creates a chronic inflammatory environment in the pelvic cavity, promoting lesion growth,
pain, and infertility. Additionally, disease progression is linked to the survival and prolif-
eration of endometrial cells outside the uterus, further worsening the condition. Chronic
stress can also negatively affect mental health by dysregulating the hypothalamic—pituitary—
adrenal (HPA) axis, increasing systemic inflammation, and contributing to symptoms such
as pain, anxiety, and depression in individuals with endometriosis [33-40].

A recent systematic review and meta-analysis [41] of randomized clinical trials on
nutritional supplementation was published after the last literature search update and was
therefore not included in our umbrella review. Meneghetti et al. [41] reported the results
across three categories of interventions: antioxidants (such as resveratrol, and vitamins C,
D, and E), anti-inflammatory agents (a combination of nutrients like vitamins, minerals,
probiotics, and fish oil), and antiproliferative compounds (such as garlic). The dietary
supplementation was found to reduce dysmenorrhea but showed no effect on pelvic pain
or dyspareunia. The study highlights that the current body of evidence is characterized by
high heterogeneity and a risk of bias.

Despite the complexity of studying food consumption—given the varying intake levels
across different populations—the inverse relationship between dairy intake and the risk
of endometriosis may be partly explained by the calcium and vitamin D content in dairy
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products. These nutrients may contribute to the down-regulation of growth-promoting fac-
tors, such as insulin-like growth factor-I (IGF-I), and the up-regulation of growth-inhibitory
modulators, such as transforming growth factor 3 (TGF-f) [42]. Dairy, which contains
progesterone, estrogen, calcium, vitamin D, and anti-inflammatory components [32], may
lower the chance of developing endometriosis by decreasing inflammatory markers such
as TNF-a, reactive oxygen species, and interleukin-6 (IL-6). The unfavorable association
between vitamin D and C-reactive protein levels has been established in atherosclerotic
vascular disease and diabetes mellitus, implying a similar relationship in endometrio-
sis [32,43]. Moreover, regular yogurt consumption, due to its probiotic properties, has been
suggested to positively influence the intestinal microbiota [44]. Some studies indicate that
probiotics may alleviate symptoms in patients with irritable bowel syndrome (IBS) [45-47],
a condition that often coexists with or is misdiagnosed as endometriosis [43]. Therefore, it
could be plausible that dairy consumption could promote a more beneficial microbiome,
potentially reducing endometriosis-related pelvic pain and lowering the risk of visceral
hypersensitivity, which might otherwise exacerbate symptoms over time [48]. In addition,
there seems to be a positive association also for cheese and high-fat dairy, probably again
due to the calcium and vitamin D content.

High-fat dairy products contain not only C12-C16 saturated fatty acids (SFA) but
also fatty acids with potential beneficial effects on adiposity and metabolic health. There
are studies reporting an inverse association between dairy fat consumption and obesity,
metabolic risk factors, and, in some studies, cardiovascular disease (CVD) [49]. Notably,
dairy fat is rich in butyric acid (C4:0), conjugated linoleic acid (CLA), cis and trans palmi-
toleic acid (C16:1), and the branched-chain fatty acid phytanic acid (C20:0). While these
fatty acids represent only a small portion of dairy fat, evidence suggests that their modest
levels may be physiologically significant, either individually or synergistically [49].

Inexplicably, there also seems to be a positive effect against the risk of endometriosis
for trans fatty acids (TFAs), which should be further investigated. In fact, several studies
have reported that the consumption of trans fatty acids (TFAs) is associated with an
increase in circulating levels of inflammatory markers, including interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-«), both of which play a role in the pathogenesis of
endometriosis [50-53].

On the contrary, caffeine consumption has been linked to increased sex hormone-
binding globulin (SHBG) concentrations and decreased testosterone levels, raising concerns
about its potential negative impact on hormone-dependent conditions like endometrio-
sis [17]. Higher caffeine consumption may be associated with the development of en-
dometriosis; however, there is a lack of well-designed, large-scale clinical trials to explain
this link and the role of caffeine in the pathophysiology of endometriosis [32].

The crude results from systematic reviews found that total fat was not significant,
but high-fat dairy and butter were. The authors hypothesize that unidentified factors in
dairy may protect against endometriosis, but in fat-soluble dairy products like butter, this
effect could be reversed. However, a dose-response meta-analysis for butter could not be
performed due to the limited number of current studies, making it difficult to propose a
hypothesis with an umbrella review.

In an attempt to synthesize the existing literature to establish a consensus on an ideal
diet for patients, the challenge lies in reconciling various dietary counseling strategies
and approaches. The few available studies exhibit high heterogeneity in several aspects,
including the types of food investigated, the populations studied, and the diverse outcomes
assessed. This prevents adequate estimation of the necessary indices, making statistical
evaluation of the studies impractical (many studies are of insufficient quality).
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However, the present umbrella review reinforces the importance of vegetable consump-
tion and suggests some preliminary evidence that may cautiously suggest a re-evaluation
of the notion that dairy products promote inflammation. Starting from evidence found
in the included works, the findings suggest a possible protective role for certain dairy
products, particularly milk and cheese, in the development of endometriosis.

Based on published research, practical and holistic interventions for women with
endometriosis may involve adopting lifestyle changes, such as maintaining a physically
active routine and following a balanced diet that includes fruits, vegetables, legumes,
and dairy products. These changes may help lower systemic inflammation, facilitate
detoxification, and relieve uncomfortable symptoms [54,55].

The intricacy of human eating patterns is not adequately captured by the limited
focus on just some dietary components (vegetables, dairy, butter, and caffeine). Future
research must focus on a wider approach with several food groups and nutrients to per-
form a valid analysis. Well-designed studies, larger sample sizes, and more homogenous
populations are needed to provide more definitive evidence regarding the strength of—or
lack of—these relationships. Further exploration is needed about the effectiveness of these
recommendations in alleviating endometriosis symptoms within the context of holistic in-
terventions, including nutritional counseling and lifestyle changes, through well-controlled
randomized trials.

5. Conclusions

This umbrella review suggests that a higher intake of vegetables and dairy products
may reduce the risk and/or symptoms of endometriosis, while high intake of caffeine and
butter may increase the risk. However, the heterogeneity across studies is significant, and
the overall quality of the findings is low. Therefore, it is crucial to conduct new research in
this field, focusing on well-designed randomized trials.
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Abbreviations

The following abbreviations are used in this manuscript:

AMSTAR2 Assessment of multiple systematic reviews

CI confidence interval

CLA conjugated linoleic acid

CVD cardiovascular disease

FFQ food-frequency questionnaire

FODMAP Oligo-, Di-, and Mono-saccharides, And Polyols

GRADE Grading of Recommendations Assessment Development, and Evaluation
12 and Q Tests  statistical heterogeneity tests

IBS irritable bowel syndrome

IGF-I insulin-like growth factor-I

IL-6 interleukin-6

JBI Joanna Briggs Institute

mg Milligrams

MINORS Methodological Index for Non-Randomized Studies

NIH National Institute of Health

NOS Newcastle-Ottawa Scale

OR Odds Ratio

OTC over the counter

PICOs Population; Intervention; Comparison; Outcomes; Studies design
PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analyses
PUFAs polyunsaturated fatty acids

RCTs Randomized controlled trials

RoB2 Risk of Bias 2.0

ROBINS-I= Risk of Bias of Non-Randomized Studies of Interventions

RR Relative Risk

SFA saturated fatty acids

SHBG sex hormone-binding globulin

STROBE Strengthening the reporting of observational studies in epidemiology
TFA trans fatty acids

TGE-B transforming growth factor (3

TNF-« tumor necrosis factor-alpha

References

1. Mehedintu, C.; Plotogea, M.N.; Ionescu, S.; Antonovici, M. Endometriosis still a challenge. J. Med. Life 2014, 7, 349-357. [PubMed]

2. Van Gorp, T.; Amant, F; Neven, P.; Vergote, I.; Moerman, P. Endometriosis and the development of malignant tumours of the
pelvis. A review of literature. Best Pract. Res. Clin. Obstet. Gynaecol. 2004, 18, 349-371. [CrossRef] [PubMed]

3.  Rogers, PA.W.; D’'Hooghe, T.M.; Fazleabas, A.; Gargett, C.E.; Giudice, L.C.; Montgomery, G.W.; Rombauts, L.; Salamonsen, L.A;
Zondervan, K.T. Priorities for endometriosis research: Recommendations from an international consensus workshop. Reprod. Sci.
2009, 16, 335-346. [CrossRef]

4. Vercellini, P; Fedele, L.; Aimi, G.; Pietropaolo, G.; Consonni, D.; Crosignani, P.G. Association between endometriosis stage, lesion
type, patient characteristics and severity of pelvic pain symptoms: A multivariate analysis of over 1000 patients. Hum. Reprod.
2007, 22, 266-271. [CrossRef]

5.  Koninckx, PR.; Fernandes, R.; Ussia, A.; Schindler, L.; Wattiez, A.; Al-Suwaidi, S.; Amro, B.; Al-Maamari, B.; Hakim, Z.; Tahlak,
M. Pathogenesis based diagnosis and treatment of endometriosis. Front. Endocrinol. 2021, 12, 745548. [CrossRef]

6. Saguyod, S.J.U.; Kelley, A.S.; Velarde, M.C.; Simmen, R.C. Diet and endometriosis-revisiting the linkages to inflammation.
J. Endometr. Pelvic Pain Disord. 2018, 10, 51-58. [CrossRef]

7. Brown, J.; Farquhar, C. Endometriosis: An overview of Cochrane Reviews. Cochrane Database Syst. Rev. 2014, 2014, CD009590.
[CrossRef]

8. Aromataris, E.; Fernandez, R.; Godfrey, C.; Holly, C.; Khalil, H.; Tungpunkom, P. Chapter 10: Umbrella reviews. In JBI Manual for
Evidence Synthesis; Aromataris, E., Munn, Z., Eds.; JBI: Adelaide, Australia, 2020; ISBN 9780648848806.


https://www.ncbi.nlm.nih.gov/pubmed/25408753
https://doi.org/10.1016/j.bpobgyn.2003.03.001
https://www.ncbi.nlm.nih.gov/pubmed/15157647
https://doi.org/10.1177/1933719108330568
https://doi.org/10.1093/humrep/del339
https://doi.org/10.3389/fendo.2021.745548
https://doi.org/10.1177/2284026518769022
https://doi.org/10.1002/14651858.CD009590.pub2

Foods 2025, 14, 2087 16 of 17

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

Gosling, C.J.; Solanes, A.; Fusar-Poli, P.; Radua, ]J. Metaumbrella: The first comprehensive suite to perform data analysis in
umbrella reviews with stratification of the evidence. BM] Ment. Health 2023, 26, €300534. [CrossRef]

Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; ElImagarmid, A. Rayyan-a web and mobile app for systematic reviews. Syst. Rev.
2016, 5, 210. [CrossRef]

Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.; Moher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; et al.
AMSTAR 2: Strumento per la valutazione critica di revisionisistematiche di trial randomizzati e/o di studi nonrandomizzati
sull’efficacia degli interventi sanitari. Evidence 2020, 12, €1000206.

Ioannidis, ].P.A. Why most clinical research is not useful. PLoS Med. 2016, 13, €1002049. [CrossRef] [PubMed]

Fjerbaek, A.; Knudsen, U.B. Endometriosis, dysmenorrhea and diet--what is the evidence? Eur. ]. Obstet. Gynecol. Reprod. Biol.
2007, 132, 140-147. [CrossRef] [PubMed]

Hansen, S.0.; Knudsen, U.B. Endometriosis, dysmenorrhoea and diet. Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 169, 162-171.
[CrossRef] [PubMed]

Heinze, N.; Brandes, I. Endometriosis: Can diet help and if so, what kind? Ernaehrungs Umsch. 2021, 68, 182-190.

Helbig, M.; Vesper, A.-S.; Beyer, I.; Fehm, T. Does nutrition affect endometriosis? Geburtshilfe Und Frauenheilkd. 2021, 81, 191-199.
[CrossRef]

Parazzini, F.; Vigano, P.; Candiani, M.; Fedele, L. Diet and endometriosis risk: A literature review. Reprod. Biomed. 2013, 26,
323-336. [CrossRef]

Soave, I.; Occhiali, T.; Wenger, J.-M.; Pluchino, N.; Caserta, D.; Marci, R. Endometriosis and food habits: Can diet make the
difference? J. Endometr. Pelvic Pain Disord. 2018, 10, 59-71. [CrossRef]

Chiaffarino, F; Bravi, F; Cipriani, S.; Parazzini, F; Ricci, E.; Vigano, P.; La Vecchia, C. Coffee and caffeine intake and risk of
endometriosis: A meta-analysis. Eur. J. Nutr. 2014, 53, 1573-1579. [CrossRef]

Huijs, E.; Nap, A. The effects of nutrients on symptoms in women with endometriosis: A systematic review. Reprod. Biomed.
Online 2020, 41, 317-328. [CrossRef]

Nirgianakis, K.; Egger, K.; Kalaitzopoulos, D.R.; Lanz, S.; Bally, L.; Mueller, M.D. Effectiveness of dietary interventions in the
treatment of endometriosis: A systematic review. Reprod. Sci. 2022, 29, 26-42. [CrossRef]

Sverrisdéttir, U.A.; Hansen, S.; Rudnicki, M. Impact of diet on pain perception in women with endometriosis: A systematic
review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2022, 271, 245-249. [CrossRef] [PubMed]

Arab, A.; Karimi, E.; Vingrys, K.; Kelishadi, M.R.; 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, 58. [CrossRef]

Hoorsan, H.; Mirmiran, P.; Chaichian, S.; Moradj, Y.; Akhlaghdoust, M.; Hoorsan, R.; Jesmi, FE. Diet and Risk of Endometriosis: A
Systematic Review and Meta-Analysis Study. Iran. Red Crescent Med. ]. 2017, 19, e41248. [CrossRef]

Sukan, B.; Akdevelioglu, Y.; Sukan, V.N. Effect of Antioxidant Supplementation on Endometriosis-Related Pain: A Systematic
Review. Curr. Nutr. Rep. 2022, 11, 753-764. [CrossRef]

Qi, X;; Zhang, W.; Ge, M,; Sun, Q.; Peng, L.; Cheng, W.; Li, X. Relationship Between Dairy Products Intake and Risk of
Endometriosis: A Systematic Review and Dose-Response Meta-Analysis. Front. Nutr. 2021, 8, 701860. [CrossRef]

Mardon, A K.; Leake, H.B.; Hayles, C.; Henry, M.L.; Neumann, P.B.; Moseley, G.L.; Chalmers, K.J. The Efficacy of Self-Management
Strategies for Females with Endometriosis: A Systematic Review. Reprod. Sci. 2023, 30, 390-407. [CrossRef]

Kechagias, K.S.; Katsikas Triantafyllidis, K.; Kyriakidou, M.; Giannos, P.; Kalliala, I.; Veroniki, A.A.; Paraskevaidi, M.; Kyrgiou, M.
The Relation Between Caffeine Consumption and Endometriosis: An Updated Systematic Review and Meta-Analysis. Nutrients
2021, 13, 3457. [CrossRef]

Nap, A.; de Roos, N. Endometriosis and the effects of dietary interventions: What are we looking for? Reprod. Fertil. 2022, 3,
C14-C22. [CrossRef] [PubMed]

Cirillo, M.; Argento, ER.; Attanasio, M.; Becatti, M.; Ladisa, I.; Fiorillo, C.; Coccia, M.E.; Fatini, C. Atherosclerosis and Endometrio-
sis: The Role of Diet and Oxidative Stress in a Gender-Specific Disorder. Biomedicines 2023, 11, 450. [CrossRef]

Jiang, L.; Yan, Y.; Liu, Z.; Wang, Y. Inflammation and endometriosis. Front. Biosci. (Landmark Ed.) 2016, 21, 941-948. [CrossRef]
Piecuch, M.; Garbicz, J.; Waliczek, M.; Malinowska-Borowska, J.; Rozentryt, P.I Am the 1 in 10-What Should I Eat? A Research
Review of Nutrition in Endometriosis. Nutrients 2022, 14, 5283. [CrossRef] [PubMed]

Clower, L.; Fleshman, T.; Geldenhuys, W.J.; Santanam, N. Targeting oxidative stress involved in endometriosis and its pain.
Biomolecules 2022, 12, 1055. [CrossRef]

Scutiero, G.; Iannone, P.; Bernardi, G.; Bonaccorsi, G.; Spadaro, S.; Volta, C.A.; Greco, P.; Nappi, L. Oxidative stress and
endometriosis: A systematic review of the literature. Oxid. Med. Cell. Longev. 2017, 2017, 7265238. [CrossRef]

Huang, L.; Shi, L.; Li, M; Yin, X.; Ji, X. Oxidative stress in endometriosis: Sources, mechanisms and therapeutic potential of
antioxidants (Review). Int. . Mol. Med. 2025, 55, 72. [CrossRef]

Donnez, J.; Binda, M.M.; Donnez, O.; Dolmans, M.-M. Oxidative stress in the pelvic cavity and its role in the pathogenesis of
endometriosis. Fertil. Steril. 2016, 106, 1011-1017. [CrossRef]


https://doi.org/10.1136/bmjment-2022-300534
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1371/journal.pmed.1002049
https://www.ncbi.nlm.nih.gov/pubmed/27328301
https://doi.org/10.1016/j.ejogrb.2006.12.006
https://www.ncbi.nlm.nih.gov/pubmed/17210218
https://doi.org/10.1016/j.ejogrb.2013.03.028
https://www.ncbi.nlm.nih.gov/pubmed/23642910
https://doi.org/10.1055/a-1207-0557
https://doi.org/10.1016/j.rbmo.2012.12.011
https://doi.org/10.1177/2284026518773212
https://doi.org/10.1007/s00394-014-0662-7
https://doi.org/10.1016/j.rbmo.2020.04.014
https://doi.org/10.1007/s43032-020-00418-w
https://doi.org/10.1016/j.ejogrb.2022.02.028
https://www.ncbi.nlm.nih.gov/pubmed/35245715
https://doi.org/10.1186/s12937-022-00812-x
https://doi.org/10.5812/ircmj.41248
https://doi.org/10.1007/s13668-022-00432-1
https://doi.org/10.3389/fnut.2021.701860
https://doi.org/10.1007/s43032-022-00952-9
https://doi.org/10.3390/nu13103457
https://doi.org/10.1530/RAF-21-0110
https://www.ncbi.nlm.nih.gov/pubmed/35814941
https://doi.org/10.3390/biomedicines11020450
https://doi.org/10.2741/4431
https://doi.org/10.3390/nu14245283
https://www.ncbi.nlm.nih.gov/pubmed/36558442
https://doi.org/10.3390/biom12081055
https://doi.org/10.1155/2017/7265238
https://doi.org/10.3892/ijmm.2025.5513
https://doi.org/10.1016/j.fertnstert.2016.07.1075

Foods 2025, 14, 2087 17 of 17

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

Cacciottola, L.; Donnez, J.; Dolmans, M.-M. Can Endometriosis-Related Oxidative Stress Pave the Way for New Treatment
Targets? Int. |. Mol. Sci. 2021, 22, 7138. [CrossRef] [PubMed]

Samimi, M.; Pourhanifeh, M.H.; Mehdizadehkashi, A.; Eftekhar, T.; Asemi, Z. The role of inflammation, oxidative stress,
angiogenesis, and apoptosis in the pathophysiology of endometriosis: Basic science and new insights based on gene expression.
J. Cell. Physiol. 2019, 234, 19384-19392. [CrossRef] [PubMed]

Surya Udayana, I.G.N.B.; Praja Adnyana, I.B.P.; Diningrat, M.A.; Setiawan, W.A. Association of endometriosis and oxidative
stress. Eur. |. Med. Health Sci. 2022, 4, 109-113. [CrossRef]

Vitale, S.G.; Capriglione, S.; Peterlunger, I.; La Rosa, V.L.; Vitagliano, A.; Noventa, M.; Valenti, G.; Sapia, F.; Angioli, R.; Lopez, S.;
et al. The Role of Oxidative Stress and Membrane Transport Systems during Endometriosis: A Fresh Look at a Busy Corner. Oxid.
Med. Cell. Longev. 2018, 2018, 7924021. [CrossRef]

Meneghetti, ].K.; Pedrotti, M.T.; Coimbra, I.M.; da Cunha-Filho, ].S.L. Effect of Dietary Interventions on Endometriosis: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Reprod. Sci. 2024, 31, 3613-3623. [CrossRef]

Trabert, B.; Peters, U.; De Roos, A.].; Scholes, D.; Holt, V.L. Diet and risk of endometriosis in a population-based case-control
study. Br. J. Nutr. 2011, 105, 459-467. [CrossRef] [PubMed]

Velho, R.V.; Werner, E; Mechsner, S. Endo Belly: What Is It and Why Does It Happen?-A Narrative Review. J. Clin. Med. 2023,
12,7176. [CrossRef] [PubMed]

Alvaro, E.; Andrieux, C.; Rochet, V.; Rigottier-Gois, L.; Lepercq, P; Sutren, M.; Galan, P; Duval, Y.; Juste, C.; Doré, ]. Composition
and metabolism of the intestinal microbiota in consumers and non-consumers of yogurt. Br. J. Nutr. 2007, 97, 126-133. [CrossRef]
[PubMed]

Nobaek, S.; Johansson, M.L.; Molin, G.; Ahrné, S.; Jeppsson, B. Alteration of intestinal microflora is associated with reduction in
abdominal bloating and pain in patients with irritable bowel syndrome. Am. J. Gastroenterol. 2000, 95, 1231-1238. [CrossRef]
O’Mahony, L.; McCarthy, J.; Kelly, P; Hurley, G.; Luo, E; Chen, K.; O’Sullivan, G.C.; Kiely, B.; Collins, ]J.K.; Shanahan, F;
et al. Lactobacillus and bifidobacterium in irritable bowel syndrome: Symptom responses and relationship to cytokine profiles.
Gastroenterology 2005, 128, 541-551. [CrossRef]

Simrén, M.; Ohman, L.; Olsson, J.; Svensson, U.; Ohlson, K.; Posserud, I.; Strid, H. Clinical trial: The effects of a fermented milk
containing three probiotic bacteria in patients with irritable bowel syndrome—A randomized, double-blind, controlled study.
Aliment. Pharmacol. Ther. 2010, 31, 218-227. [CrossRef]

Nodler, J.L.; Harris, H.R.; Chavarro, ].E.; Frazier, A.L.; Missmer, S.A. Dairy consumption during adolescence and endometriosis
risk. Am. |. Obstet. Gynecol. 2020, 222, 257.e1-257.€16. [CrossRef]

Kratz, M.; Baars, T.; Guyenet, S. The relationship between high-fat dairy consumption and obesity, cardiovascular, and metabolic
disease. Eur. |. Nutr. 2013, 52, 1-24. [CrossRef] [PubMed]

Lebovic, D.I.; Mueller, M.D.; Taylor, R.N. Inmunobiology of endometriosis. Fertil. Steril. 2001, 75, 1-10. [CrossRef]
Mozaffarian, D.; Rimm, E.B.; King, I.B.; Lawler, R.L.; McDonald, G.B.; Levy, W.C. Trans fatty acids and systemic inflammation in
heart failure. Am. J. Clin. Nutr. 2004, 80, 1521-1525. [CrossRef]

Mozaffarian, D.; Pischon, T.; Hankinson, S.E.; Rifai, N.; Joshipura, K.; Willett, W.C.; Rimm, E.B. Dietary intake of trans fatty acids
and systemic inflammation in women. Am. J. Clin. Nutr. 2004, 79, 606-612. [CrossRef] [PubMed]

Baer, D.J.; Judd, ].T.; Clevidence, B.A ; Tracy, R.P. Dietary fatty acids affect plasma markers of inflammation in healthy men fed
controlled diets: A randomized crossover study. Am. J. Clin. Nutr. 2004, 79, 969-973. [CrossRef] [PubMed]

Habib, N.; Buzzaccarini, G.; Centini, G.; Moawad, G.N.; Ceccaldi, P-F,; Gitas, G.; Alkatout, I.; Gullo, G.; Terzic, S.; Sleiman, Z.
Impact of lifestyle and diet on endometriosis: A fresh look to a busy corner. Prz. Menopauzalny 2022, 21, 124-132. [CrossRef]
[PubMed]

Osmanlioglu, S.; Sanlier, N. The relationship between endometriosis and diet. Hum. Fertil. (Camb) 2023, 26, 649-664. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijms22137138
https://www.ncbi.nlm.nih.gov/pubmed/34281188
https://doi.org/10.1002/jcp.28666
https://www.ncbi.nlm.nih.gov/pubmed/31004368
https://doi.org/10.24018/ejmed.2022.4.5.1387
https://doi.org/10.1155/2018/7924021
https://doi.org/10.1007/s43032-024-01701-w
https://doi.org/10.1017/S0007114510003661
https://www.ncbi.nlm.nih.gov/pubmed/20875189
https://doi.org/10.3390/jcm12227176
https://www.ncbi.nlm.nih.gov/pubmed/38002788
https://doi.org/10.1017/S0007114507243065
https://www.ncbi.nlm.nih.gov/pubmed/17217568
https://doi.org/10.1111/j.1572-0241.2000.02015.x
https://doi.org/10.1053/j.gastro.2004.11.050
https://doi.org/10.1111/j.1365-2036.2009.04183.x
https://doi.org/10.1016/j.ajog.2019.09.010
https://doi.org/10.1007/s00394-012-0418-1
https://www.ncbi.nlm.nih.gov/pubmed/22810464
https://doi.org/10.1016/S0015-0282(00)01630-7
https://doi.org/10.1093/ajcn/80.6.1521
https://doi.org/10.1093/ajcn/79.4.606
https://www.ncbi.nlm.nih.gov/pubmed/15051604
https://doi.org/10.1093/ajcn/79.6.969
https://www.ncbi.nlm.nih.gov/pubmed/15159225
https://doi.org/10.5114/pm.2022.116437
https://www.ncbi.nlm.nih.gov/pubmed/36199735
https://doi.org/10.1080/14647273.2021.1995900

	Introduction 
	Materials and Methods 
	Literature Search 
	Study Selection 
	Data Extraction 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

