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Background: Vitamin D supplementation is supposed to have an important role in the management of several endometriosis-
related aspects, offering potential relief to affected individuals. Herein, the authors aim to evaluate the impact of vitamin D on
pregnancy rates and clinical symptoms in women with endometriosis.
Methods: The authors extensively searched PubMed, Cochrane Library, EMBASE, Ovid MEDLINE, and CINAHL from their
inception to 20 July 2023.
Results: Three randomized controlled trials involving 167 patients were included in this meta-analysis. The findings demonstrated
that vitamin D supplementation exhibits efficacy in alleviating dysmenorrhea associated with endometriosis, as evidenced by a meta-
analysis showing a significant reduction in dysmenorrhea (mean difference −1.41, 95%CI −2.61 to −0.22, P = 0.02). However, the
impact on dyspareunia was inconclusive, with a non-significant mean difference of –0.2 (95% CI −1.62 to 1.22, P = 0.78). In
contrast, dyschezia significantly decreased with vitamin D supplementation (mean difference −1.10, 95%CI−2.22 to 0.02, P = 0.05
However, the meta-analysis did not show a significant effect of vitamin D on chronic pelvic pain associated with endometriosis.
Conclusion: While antioxidant vitamin D supplementation demonstrates general effectiveness in alleviating endometriosis
symptoms, such as dysmenorrhea, dyspareunia, and dyschezia, the existing literature lacks direct investigations into the specific
impact of vitamin D on enhancing pregnancy rates among endometriosis patients. This observation prompts various hypotheses,
suggesting that the positive effects of vitamin D supplementation on endometriosis-related symptoms may indirectly contribute to
improved pregnancy outcomes and enhanced fertility.
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Introduction

Endometriosis is a common estrogen-dependent chronic inflam-
matory condition, and it is characterized by lesions resembling
the endometrium found outside the uterus[1–3]. It predominantly
affects women in their reproductive years, with an estimated
prevalence ranging from 5 to 10%[2]. Common symptoms
include painful menstruation (dysmenorrhea), pain during
intercourse (dyspareunia), chronic pelvic pain, and difficulties

with fertility[2,3]. The exact cause of endometriosis is still not fully
understood, and its diverse subtypes (peritoneal, ovarian, deep
infiltrating) contribute to variations in clinical presentations and
the intricate underlying mechanisms[3–5]. Nonetheless, genetics,
environmental factors, immunity, and persistent inflammation
are believed to play roles in its development[1–3]. Numerous
research studies have documented elevated levels of inflammatory
markers such as cytokines, neutrophils, macrophages, and tumor
necrosis factor-alpha in peritoneal fluid[1,6–8]. Differences in the
mechanisms underlying inflammation may account for the var-
iations in pain and fertility outcomes observed among the main

HIGHLIGHTS

• Vitamin D supplementation significantly alleviates endo-
metriosis-related dysmenorrhea, offering potential relief to
affected individuals.

• While chronic pelvic pain associated with endometriosis
does not show improvement with vitamin D supplementa-
tion, indicating a nuanced effect on different pain aspects.

• Notable improvement in catastrophic thinking is observed
with vitamin D supplementation, implying a potentially
positive impact on mental well-being.

• Urgent need for large randomized trials to conclusively
determine the relationship between vitamin D supplemen-
tation and improved fertility outcomes in individuals with
endometriosis.
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subtypes of endometriosis[1]. Vitamin D, among the factors that
can influence or modulate inflammation, has been the subject of
investigation in numerous studies related to endometriosis[1,9].
Adequate vitamin D levels are defined as circulating concentra-
tions exceeding 30–40 ng/ml, while insufficiency is noted when
concentrations range between 20 and 30 ng/ml, and deficiency is
characterized by levels below 20 ng/ml. The question of whether
the concentration of vitamin D (25-hydroxyvitamin-D3) is linked
to the disease and its severity remains a topic of ongoing discus-
sion, with studies reporting both positive and negative
associations[10–13].

Endometriosis has a profound impact on the quality of life of
affected individuals, significantly affecting their daily activities,
sexual function, and personal relationships. Furthermore, this
condition is associated with depression, fatigue, and a reduction
in work productivity, leading to a substantial economic
burden[4]. Research indicates that endometriosis imposes a yearly
cost of ~$78 billion in the United States, encompassing both
direct healthcare expenses and indirect costs related to healthcare
resource utilization and lost productivity[14]. Despite its wide-
spread prevalence, there is currently no known cure for endo-
metriosis, and diagnosis is often delayed by a span of 4–11 years
from the onset of symptoms, even in developed countries[15].

While the precise mechanisms underlying the development of
endometriosis remain incompletely understood, Sampson’s the-
ory of retrograde menstruation is widely acknowledged as a
leading explanation[16]. However, what distinguishes women
with retrograde menstruation who develop endometriosis from
those who do not is still not well-defined. Recent research sug-
gests that immunity and persistent inflammation may play a role
in its pathogenesis[17].

Examinations of peritoneal fluid have revealed heightened
levels of inflammatory cytokines, neutrophils, macrophages, and
tumor necrosis factor-alpha[8,18]. Notably, endometriosis is pri-
marily linked to chronic pelvic pain, which results from the
activation of macrophages and mast cells, contributing to a
continuous cycle of inflammation, oxidative stress, and pain[19].

Oxidative stress, which is marked by an inequity between
reactive oxygen species (ROS) and natural biological anti-
oxidants, is considered a pivotal element in the pathophysiology
of endometriosis[20]. Cells possess an antioxidant system
designed to counteract the repercussions of ROS and uphold a
harmonious equilibrium between the defense mechanisms pro-
vided by antioxidants and the generation of ROS, ultimately
averting cellular harm attributed to ROS and facilitating the
repair process[21]. Consequently, elevating antioxidant levels may
have the potential to mitigate the pathological effects of endo-
metriosis resulting from oxidative damage[22].

As a result, the effectiveness of antioxidant therapy in the
treatment of endometriosis has garnered increasing attention in
recent years. A study conducted by Jennifer and colleagues
demonstrated that women with endometriosis experienced
enhancements in their peripheral antioxidant markers upon
adopting a high-antioxidant diet[23]. Additional research has
suggested that garlic extract may alleviate pelvic and back pain,
dysmenorrhea, and dyspareunia in womenwith endometriosis by
reducing oxidative stress, curtailing prostaglandin production,
restraining endometrial cell proliferation, and enhancing estro-
gen elimination[24,25]. Moreover, a higher consumption of fruits,
particularly citrus fruits, has been linked to a reduced risk of
developing endometriosis[26]. Vitamin supplementation vitamins

has also displayed promise in diminishing pelvic pain associated
with endometriosis and enhancing the body’s response to oxi-
dative stress[20,27–29]. Growing evidence underscores the sig-
nificant role of oxidative stress in the development of
endometriosis, often aligning disease severity with the levels of
oxidative stress markers[20,30].

While vitamin D’s primary role is to regulate calcium and
maintain skeletal homeostasis, research has unveiled its involve-
ment in modulating the immune system[31]. The vitamin D
metabolic pathway is illustrated in Figure 1[32]. The majority of
vitamin D’s biological effects aremediated through a high-affinity
receptor that functions as a transcription factor. The gene
responsible for encoding the vitamin D receptor (VDR) is located
on chromosome 12[33].

The presence of VDR protein in healthy and endometriotic
endometrium was detected[34]. While VDR expression is
observed in endometriosis, its role as an initiator or consequence
of inflammation remains unclear[35]. Recent research shows VDR
expression in peritoneal endometriotic lesions, suggesting it may
play a significant role in the condition’s pathophysiology[36–38].
The authors propose that VDR signaling could be a potential
target for innovative therapeutic approaches in endometriosis,
including the consideration of vitamin D as an anti-endometriosis
agent[38].

This systematic review and meta-analysis aim to provide a
comprehensive synthesis of existing evidence on the impact of
vitamin D treatment on the pregnancy rate among women diag-
nosed with endometriosis, either through surgical confirmation
or based on clinical symptoms. The study also seeks to explore the
effects of vitamin D supplementation on infertility and other
endometriosis-related symptoms. Shedding the light on its role as
an adjunctive therapy for endometriosis in improving fertility and
alleviating associated symptoms. The findings from this study
may have implications for clinical practice and inform future
research directions in the management of endometriosis.

Material and methods

This systematic review adhered to the guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA-P Statement, Supplemental Digital Content 4,
http://links.lww.com/MS9/A477)[39] and was duly registered
with PROSPERO under ID number of CRD42023444184
(https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID=444184) . This study has been reported following
AMSTAR 2 guidelines[40], Supplemental Digital Content 3,
http://links.lww.com/MS9/A476.

Data sources and search strategy

For conducting this study, a comprehensive search strategy was
employed to locate relevant published studies. Electronic data-
bases such as PubMed, Cochrane Library, EMBASE,MEDLINE,
and Cumulative Index to Nursing & Allied Health (CINAHL)
were searched from inception up to 20 July 2023. Additionally,
the reference lists of relevant studies were also meticulously
examined to minimize any potential omissions. No limitations
regarding the type of publication or language were included in
this research. The details of the search strategy can be found in
Supplementary Data File S1, Supplemental Digital Content 1,
http://links.lww.com/MS9/A474.
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Study selection and eligibility criteria

The criteria for inclusion and exclusion were determined using
the PICOS (Population/patients, Intervention/exposure, Control/
comparison, Outcome, and Study type) approach, which is
detailed in Table 1. Studies published solely as abstracts, con-
ference proceedings, books, or editorials will be excluded, as they
may lack the depth of data and rigorous peer-review required for
this systematic review. In addition, studies focusing on meno-
pausal women with chronic pelvic pain will not be considered, as
endometriosis predominantly affects individuals of reproductive
age. Case reports will be excluded from this review, as they
typically do not provide the comprehensive data necessary for
systematic analysis. Studies centered on asymptomatic patients
will not be included, as the primary focus of this review is on
women diagnosed with endometriosis and its associated symp-
toms. These exclusion criteria have been defined to ensure that the
review encompasses pertinent and scientifically rigorous research
aligning with the study’s objectives.

Data extraction, quality assessment, and risk of bias

All the search results have been uploaded into COVIDENCE to
facilitate the process of screening. The duplicate studies were
removed. Consequently, two independent authors screened the
titles and abstracts and then proceeded toward the full-text
review, applying the inclusion and exclusion criteria. One author
gathered the data, while the other reviewed it, resolving any
inconsistencies through discussion and consensus. The extracted
data encompassed details such as authors, publication year, study

location, sample size, study type, participant age, and specifics of
vitamin D supplementation, including dose, duration, and
administration route. Methodological quality assessment was
conducted by two reviewers using the Cochrane risk of bias
assessment tool for rigorous evaluation[41]. The GRADE analysis
of quality has been supplied as a supplementary material in S2
table, Supplemental Digital Content 2, http://links.lww.com/
MS9/A475.

Statistical methods

Meta-analysis was conducted using ReVMan software to calcu-
late pooled effect estimates, the mean differences, for continuous
data and corresponding 95% CIs. Fixed-effects models were
chosen based on the level of heterogeneity observed. Forest plots
were generated to visually represent individual study effects.

Results

Study selection

The electronic database search initially produced 3226 articles,
out of which 1024 were duplicates. After screening based on titles
and abstracts, 2149 articles were excluded, resulting in 3 studies
that met the eligibility criteria for inclusion, as illustrated in the
PRISMA flowchart shown in Fig. 2. These studies originated
from Iran (2) and the USA (1) (Fig. 3).

Figure 1. Shows the metabolic pathway of vitamin D and targeted tissues. The images in the figure are adopted from smart.servier.com Servier Medical Art by
Servier is licensed under a Creative Commons Attribution 3.0 Unported License. DBP, vitamin D binding protein; UVB, ultraviolet B rays.

Table 1
Formulated question of the study based on PICOS

Inclusion criteria
P (Participants) Women of reproductive age who have been diagnosed with endometriosis either through surgical confirmation or based on clinical symptoms.
I (Intervention) Vitamin D at any dosage and via any route of administration.
C (Control) No supplementation or placebo
O (Outcomes) Primary outcome: The impact of vitamin D on pregnancy rates and infertility among individuals with endometriosis

Secondary outcomes: (I) chronic pelvic pain, (II) mood disorders, (III) urinary problems, (IV) endometriosis regression, (V) secondary dysmenorrhea, (VI) dyspareunia
and dyschezia, and (VII) the effectiveness of vitamin D supplementation in recurrent and/or refractory endometriosis.

S (Study type) Experimental studies like RCTs, Observational studies including Cohort studies, Case series with any language

RCT, randomized controlled trial.
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Study characteristics

The goal of our systematic review is to synthesize the available
evidence from several separate trials regarding the effectiveness of
vitamin D in managing endometriosis and increasing pregnancy
rates as a primary outcome. Additionally, we assessed the impact
of vitamin D on endometriosis-related symptoms or complica-
tions, including chronic pelvic pain, mood disorders, urinary
problems, endometriosis regression, secondary dysmenorrhea,
dyspareunia, and the effectiveness of vitamin D supplementation
in recurrent and/or refractory endometriosis, as secondary
outcomes.

Three randomized controlled trials involved 167 women with
endometriosis at different stages (76 women in the vitamin D
groups and 91 women in the placebo groups).Among the inclu-
ded studies, two evaluated the effects of vitamin D supple-
mentation on clinical symptoms associated with
endometriosis[42,43], and one focused on the physical and mental
quality of life among endometriosis patients[44]. Endometriosis
was surgically diagnosed in two of the studies, while it was not
mentioned in the other. Vitamin D treatment was administered
orally in all of them with different doses and durations. Detailed
information about each individual study, including their char-
acteristics and outcomes, can be found in Tables 2–4.

Figure 2. PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Shrateh et al. Annals of Medicine & Surgery (2024)

4101



Risk of bias of included studies

The quality of the trials was evaluated independently by two
reviewers, and any disparities were resolved through consensus.
The assessment of the risk of bias in randomized controlled trials
(RCTs) adhered to the guidelines outlined in the Cochrane
Handbook for the Development of Systematic Reviews of
Intervention (Version 5.4.1). This assessment utilized the
Cochrane Risk of Bias Tool (Figs. 4, 5), which encompasses six
domains: selection bias, performance bias, attrition bias, detec-
tion bias, reporting bias, and other potential sources of bias. Each
element within these domains was categorized as presenting
either a low, high, or unclear risk of bias[45].

Synthesis of results

Our primary outcome is to assess the effect of vitamin D treat-
ment on the pregnancy rate in endometriosis, defined as the
number of viable intrauterine pregnancies confirmed by ultra-
sound. Regrettably, none of the included studies directly provided
data on the impact of vitamin D supplementation on pregnancy
outcomes in women with endometriosis.

Regarding secondary outcomes, two studies investigated the
effect of vitaminD treatment on endometriosis-related pelvic pain
measured using a Visual Analog Scale (VAS)[46]: Almassinokiani
2016 with 38 participants[42] and Nodler 2020 with 69
participants[44]. Meta-analysis showed that vitamin D treatment
has no effect on chronic pelvic pain, with amean difference of 0.2,
95% CI (−0.99 to 1.39), and an insignificant P value of 0.72
(Fig. 6A).

Mehdizadehkashi 2021[43] included 60 participants to exam-
ine the effect of vitamin D supplementation in the treatment of
dyschezia among endometriosis patients, which revealed a

significant decrease in dyschezia with a mean difference of − 1.10,
95% CI (− 2.22 to 0.02), and a significant P value of 0.05
(Fig. 6B).

Both Almassinokiani 2016 with 38 participants[42] and
Mehdizadehkashi 2021 with 60 participants[43] highlighted the
role of vitamin D in the treatment of dysmenorrhea in the setting
of endometriosis. Meta-analysis showed that vitamin D treat-
ment decreased dysmenorrhea with a mean difference of − 1.41
with CI 95% (− 2.61 to v0.22) and a significant P value 0.02
(Fig. 6C).

For dyspareunia, only Mehdizadehkashi 2021[43], showed the
effect of vitamin D as treatment of endometriosis that it decreases
it with a mean difference − 0.2 with CI 95% (− 1.62 to 122) and
insignificant P value 0.78 (Fig. 6D).

In examining the impact on both psychological and physical
well-being, a study investigated the influence of vitamin D sup-
plementation on the quality of life among women with
endometriosis[44]. The evaluation employed the validated Short
Form 12 (SF12) questionnaire[47], which assesses physical and
mental components, each rated on a scale of 0–100, where 0
signifies the lowest quality of life. Catastrophic thinking, a vali-
dated measure gauging pain sensitivity[46], was appraised on a
scale of 0–52, with higher scores indicating heightened cata-
strophizing tendencies, such as envisioning that the pain will
never improve.

Across the study groups, no consistent patterns were observed
in alterations to physical or mental quality of life, and there was
no discernible significant difference in reported changes when
comparing the impact of vitamin D supplementation with pla-
cebo over the 6-month intervention period.

For the SF-physical components, the intervention group
demonstrated amean change from baseline to the end of the study

Figure 3. Geographic distribution of the countries of the included studies: both of Almassinokiani 2016 and Mehdizadehkashi 2021 in Iran while Nodler 2020
in USA.
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Table 2
Clinical Trials examined the impact of vitamin D supplementation in women with endometriosis

References Study title Country Study design Registration Ethical consideration Final results

Almassinokiani
et al.[42]

Effects of Vitamin D on Endometriosis-
Related Pain: A Double-Blind Clinical
Trial

Iran Double-blind clinical trial IRCT Authorization by the university
Ethics Committee

Vitamin D treatment did not have a significant effect in reducing
dysmenorrhea and/or pelvic pain.

Mehdizadehkashi
et al.[43]

The effect of vitamin D
supplementation on clinical
symptoms and metabolic profiles in
patients with endometriosis

Iran Double-blind clinical trial E Iranian website for
registration of clinical
trials

Ethics committee of Iran
University of Medical Sciences

Vitamin D intake in patients with endometriosis resulted in a
significant improvement of pelvic pain, total-/HDL-cholesterol
ratio, hs-CRP, and TAC levels, but did not affect other clinical
symptoms and metabolic profiles.

Nodler et al.[44] Supplementation with vitamin D or ω-3
fatty acids in adolescent girls and
young women with endometriosis
(SAGE): a double-blind, randomized,
placebo-controlled trial

USA Double-blind clinical trial clinicaltrials.gov The BCH Institutional Review
Board approved this trial

Supplementation with vitamin D led to statistically significant
improvements in pelvic pain and catastrophic thinking;
however, they did not differ in magnitude from the effect
observed among those who received placebo.

IRCT, Iranian Registry of Clinical Trials; CRP: C-Reactive Protein, HDL; High Density Lipoprotein, TAC; Total Antioxidant Capacity.

Table 3
Shows the criteria of inclusion and exclusion of involved studies, the vitamin D regimen and diagnosis of endometriosis

References

Total
sample
size Inclusion criteria Exclusion criteria Vitamin D dose

Duration of vit
D treatment

Method of
diagnosis Endometriosis stage

Almassinokiani et al.[42] 38 Women aged 15–40 years with proven
endometriosis by laparoscopy and a visual
analog scale (VAS) test score of 3 or more for
dysmenorrhea and/or pelvic pain at second
menses after operative laparoscopy.

1. Patients with vitamin D treatment in the last
6 months prior to surgery; 2. Patients with known
systemic diseases (e.g. hypertension, diabetes,
coronary, renal, and hepatic diseases); 3. Patients
with known malignancy; 4. Menopausal women;
5. Patients with hormonal treatment, including oral
contraceptive pills, in the last 6 months.

50 000 IU/weekly 12 weeks laparoscopy Minimal 0 (0.00%)
Mild 1 (5.26%)
Moderate 10 (52.63%)
Sever 8 (42.11%)

Mehdizadehkashi
et al.[43]

60 Women diagnosed with endometriosis, BMI
(< 25, 25 or more kg/m2) And age (< 30,
30 or more years)

Patients with diabetes mellitus, thyroid disorders,
hypertension, hyperprolactinemia, and Cushing
syndrome were excluded

50 000 IU vitamin D
supplements each
2 weeks

12 weeks Not mentioned Not mentioned

Nodler et al.[44] 69 Non-pregnant females aged 12–25 years with a
surgical diagnosis of endometriosis with a
pelvic pain of visual analog scale (VAS) score
≥ 3 out of 10 for their worst pain in the month
preceding study enrollment.

Patients with a history of kidney stones or concurrent
chronic illnesses known to affect gastrointestinal
absorption of nutrients were ineligible

2000 IU Vitamin D3 6 months surgically Endometriosis rASRM stage
I 23 (85.2) II 3 (11.1)
III 0 (0.0) IV 1 (3.7)
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of 3.1 (95%CI: − 4.3, 10.4), while the placebo group exhibited a
mean change of 2.3 (95% CI: −2.4, 7.5).

Regarding the SF-mental components, the intervention group
displayed a mean change from baseline to the end of the study of
− 0.9 (95% CI: − 9.8, 7.1), whereas the placebo group showed a
mean change of 0.6 (95% CI: −9.3, 10.4).

Importantly, participants across all study arms exhibited
improvements in catastrophic thinking scores, with a statistically
significant mean score enhancement observed only in the arm
where vitamin D supplementation was administered (25.3–20.8,
P = 0.04).

Specifically for catastrophic thinking, in the intervention
group, themean change from baseline to the end of the studywas
− 4.5 (95%CI: − 12.0, 3.0), while in the placebo group, the mean
change was −3.5 (95% CI: − 7.7, 0.8).

No studies reported the role of vitamin D in treatment of
endometriosis on urinary symptoms, endometriosis regression,
and refractoriness.

Ethical consideration

No ethical approval was required for this systematic review with
meta-analysis, as all data were already published in peer-
reviewed journals. No patients were involved in the design,
conduct, or interpretation of our study.

Discussion

Endometriosis: definition, clinical presentation, risk factors,
pathophysiology and treatment

Endometriosis is a gynecological disease that affects adolescents
and women of reproductive age. It is defined as the presence of
endometrial tissue outside the uterine cavity[48]. The clinical
presentation of endometriosis varies according to the location
and extent of the disease. Patients may present with pelvic pain,
dysmenorrhea, dyspareunia, dyschezia, dysuria, abnormal
menstrual bleeding, gastrointestinal symptoms, infertility, back
pain, fatigue and malaise[47]. There are several risk factors for
endometriosis, which include a family history of endometriosis,
especially first-degree relatives, early onset of menstruation or
experiencing prolonged heavy menstrual periods, null parity,
exposure to high levels of estrogen, lifestyle and diet factors, such
as high consumption of red meat and low intake of fruits and
vegetables, uterine abnormalities and previous surgeries[49].

Several hypotheses explain the pathophysiology of endome-
triosis, the main one involves retrograde menstruation in which
menstrual blood containing endometrial cells flows backwards
into the pelvic cavity[48]. Other theories proposed metaplasia in
which extrauterine cells transform into endometrial cells, hor-
monal influence as endometriotic lesions are sensitive to estrogen
which promotes their growth and proliferation, genetic expres-
sion and signaling pathways , oxidative stress and inflammation
where reactive oxygen species cause DNA damage in endo-
metrial cells, Immune dysfunction as autoimmune diseases acti-
vate macrophages and decreased cellular immunity and this
inflammatory response will prevent elimination of menstrual
cells and promote growth of endometrial cells outside the uterine
cavity and angiogenesis to supply blood and nutrients of endo-
metriotic tissue[50].
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Because the exact mechanisms behind endometriosis are
unclear, no definitive curable treatment has been identified.
Current treatment options primarily involve medical or surgical
options include hormonal medications such as contraceptive
pills, medroxyprogesterone, danazol, gastronome, GnRH ana-
logs, or levonorgestrel IUD, or surgical interventions through
laparotomy or laparoscopy. Hysterectomy with double adnex-
ectomy is one of the surgical interventions capable of eradicating
the disease entirely, but it is usually avoided for young patients or
those desiring future pregnancies[51]. Also avoiding hysterectomy
with double adnexectomy to prevent the potential complications
associated with early menopause, such as decreased bone density
leading to an increased risk of fractures, accelerated progression
of cardiovascular disease, psychological impacts like depression,
anxiety, and reduced perceived psychosocial support, potential
cognitive decline, and the onset of dry eye syndrome[52].

Endometriosis management lacks consensus as of yet. Since
endometriosis primarily affects individuals of reproductive age,
some authors suggest removing the ovaries as a potential
treatment[51]. However, such treatment, including ovary
removal, can induce early menopause and associated health
problems[53].

Endometriosis and Vitamin D: a potential relationship

Vitamin D is a fat-soluble vitamin that has crucial functions in the
human body. It aids in bone growth and remodeling through
calcium and phosphorus regulation, supports the immune system
to regulate immune cell functions and reduces inflammation[54].
Moreover, adequate levels of vitamin D significantly reduce the
risk of cardiovascular diseases and cancer prevention[55]. In
addition, it affects hormones such as adrenaline, noradrenaline
and dopamine production in the brain and helps to prevent ser-
otonin depletion, so evidence linked vitaminD levels tomood and
mental well-being[56].

As vitamin D has immune-modulatory and anti-inflammatory
properties, it plays a crucial role in mitigating the symptoms and
progression of endometriosis[57]. Its ability to regulate immune
cell functions and reduce inflammation suggests a potential
impact on the immune dysfunction observed in endometriosis.
Moreover, by influencing hormonal levels and aiding in tissue
regulation, vitamin D could potentially contribute to hormonal
balance, which is pivotal in managing endometriosis-associated
symptoms[58]. It is also associated with the reduction of pelvic
pain and discomfort for women with endometriosis[59]. This

meta-analysis evaluated the effect of vitamin D intervention on
pelvic pain, the mean difference was 0.2 (95% CI: − 0.99 to 1.39,
P = 0.75). The negligible mean difference suggests a minimal
impact of vitamin D on pelvic pain compared to the control
group. The wide confidence interval, [ − 0.99 to 1.39], indicates
substantial uncertainty regarding the true effect size. Importantly,
the non-significant p-value of 0.75 suggests that the observed
difference is not statistically significant, emphasizing the lack of
evidence supporting a meaningful association between vitamin D
intervention and pelvic pain reduction. Based on the available
studies, these findings suggest that vitamin D supplementation
may not have a significant impact on alleviating pelvic pain. one
of the included studies confirmed that supplementation of vita-
min D can significantly improve endometriosis-related dysme-
norrhea and dyschezia as well as the possible impact of vitamin D
supplementation on dyspareunia[42,43].

Figure 4. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.

Figure 5. Shows risk of bias summery.
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Endometriosis and pregnancy rate: impact and correlations

The growth of endometrial tissue outside the uterus can pro-
foundly affect a woman’s fertility. It can obstruct or distort
reproductive organs, thus decreeing the chance for sperm to reach
the egg or for a fertilized egg to implant in the uterus[60].
Furthermore, endometriosis cause disruption of the normal
ovulation process, which is essential for successful conception, so
this will lead to irregular menstrual cycles and difficulty in pre-
dicting ovulation accurately. Additionally, the inflammation and
scarring associated with endometrial implants in the pelvic region
can interfere with the normal functioning of reproductive organs,
further impacting on fertility[61]. Also, the presence of ovarian
endometriomas significantly compromises the ovarian reserve,
confounding the prospects of fertilization and pregnancy[62]. The
possibility of miscarriage is slightly higher in women with
endometriosis is possibly due to inflammation and hormonal
imbalances associated with the condition[63].

The correlation between endometriosis and infertility
depends on several factors. It includes the severity of the

disease, severe cases with extensive tissue growth and sig-
nificant scarring may have a more pronounced effect on fer-
tility compared to mild or moderate cases[59]. Age is another
critical factor. As a woman with endometriosis ages, the
combination of the natural age-related decline in fertility and
the progression of the condition can make conceiving more
challenging. In addition, the location of endometrial implants
can affect fertility. Implants on or near the ovaries, fallopian
tubes, or uterus can have a more direct impact on fertility by
disrupting ovulation, fertilization, or implantation[64].

Adequate vitamin D levels have a potential impact on
improving pregnancy rates. It improves fertility and reproductive
outcomes because vitamin D receptors are present in the repro-
ductive tract, and adequate vitamin D enhances fertility by
affecting hormone levels, egg quality, and the uterine
environment[65]. Moreover, it supports regular ovulatory func-
tion, which is crucial for achieving pregnancy. Research suggests
that vitamin D deficiency can be linked to ovulatory disorders,
and correcting this deficiency could enhance ovulation and

Figure 6. (A) Forest plot of comparison: vitamin D vs. placebo, outcome: pelvic pain, (B) forest plot of comparison: 1 vitamin D vs. placebo, outcome: dyschezia, (C)
forest plot of comparison: 1 vitamin D vs. placebo, outcome: dysmenorrhea, and (D) forest plot of comparison: 1 vitamin D vs placebo, outcome: dyspareunia.
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increase the chances of conception[66]. In addition, adequate
vitamin D level contribute to successful implantation and early
pregnancy by fostering a favorable uterine environment while
potentially mitigating pregnancy complications like gestational
diabetes and pre-eclampsia[67]. Regrettably, none of the included
studies directly provided data on the impact of vitamin D sup-
plementation on pregnancy rates in women with endometriosis.
However, as vitamin D has the potential to alleviate symptoms
associated with endometriosis, including dysmenorrhea, dysche-
zia, dyspareunia, and mood disorders. This in turn suggests that
addressing vitamin D deficiency could possibly contribute to an
improvement in these symptoms. Notably, exploring the poten-
tial amelioration of these challenges holds promise for enhancing
overall reproductive health and potentially increasing pregnancy
rates. It is hypothesized that incorporating adequate vitamin D
levels into women’s health strategies might offer a positive impact
on both symptom management and fertility outcomes.

It is strongly advised to conduct further research in this field,
given the ongoing study whose results have not yet been pub-
lished. The outcome of this study holds the potential to sig-
nificantly impact the findings of any meta-analysis within the
subject matter. Pending study results could significantly shape the
meta-analytical landscape in this field.

Endometriosis and urinary symptoms

Endometrial implants most commonly affect the pelvic region,
but they can extend to various body organs including the urinary
tract. This can result in a variety of urinary symptoms[68]. The
urinary symptoms associated with endometriosis can include
dysuria, hematuria, frequent urination as implants can irritate the
bladder, especially during menstrual cycles when endometrial
tissue is more active and urinary urgency that disrupts daily
activity and quality of life[69]. In addition, the presence of endo-
metrial tissue near the urinary tract can cause pelvic pressure and
prompt a sudden and compelling urge to urinate due to bladder
irritation[70].

Those urinary symptoms can significantly impact the woman’s
ability to conceive and affect the pregnancy rate. Frequent uri-
nation and urinary urgency can disrupt the timing and frequency
of sexual intercourse.Moreover, chronic urinary symptoms cause
emotional stress and anxiety. This will negatively impact hor-
monal regulation and menstrual cycles which will decrease the
pregnancy rate[71]. Unfortunately, no previous studies reported
the possible role of vitamin D supplementation in the treatment of
urinary symptoms associated with endometriosis.

Endometriosis and mental health

Endometriosis can impactmood due to its complex interplaywith
hormones and persistent pain. Chronic pelvic pain can cause
emotional distress, which will affect the overall quality of life.
Additionally, it exacerbates mood disorders such as anxiety and
depression[72]. . Hormonal fluctuation associated with endome-
triosis can contribute to mood disorders since estrogen plays an
important role in regulating neurotransmitters in the brain, which
affect mood[73]. Furthermore, fatigue and sleep disorders asso-
ciated with endometriosis have an important impact on con-
centration, mood and overall mental well-being[74].

These mood disorders have a negative effect on the pregnancy
rate in women with endometriosis. It can lead to a hormonal
imbalance that potentially affects ovulation and fertility[75]. It can

also lead to decreased libido and disrupted sexual function. This
can reduce the frequency of sexual intercourse, which is essential
for conception. In addition, mood disorders decrease adherence
to fertility treatment, which will decrease the chance of successful
conception[76].

Studies have reported varying findings regarding the relation-
ship between endometriosis and mental health (MH) issues.
Furthermore, the assessment of chronic pelvic pain (CPP) or pain
disorders such as dyspareunia, their reporting, and their impact
on MH symptoms can be challenging to evaluate, although some
evidence suggests they may contribute to the development of
mood disorders[77,78]. Laganà et al.[77]. demonstrated a connec-
tion between psychiatric disorders, including depression, soma-
tization, and anxiety, among patients with endometriosis. Given
the presentation of endometriosis, it is highly likely to have an
adverse impact on women’s mental health. However, theories
about the underlying mechanisms and pathophysiology remain
relatively underexplored and unclear[79].

A cross-sectional study has demonstrated that endometriosis
can lead to heightened mental health distress, resulting in issues
related to body image, loss, hopelessness, alexithymia, and feel-
ings of worthlessness. Aerts et al.[80] have summarized the adverse
psychological effects on women with endometriosis, highlighting
increased levels of pain-related experiences and distress .

In this review, one study specifically examined the impact of
vitamin D supplementation on the mental health and quality of
life for womenwith endometriosis. In assessing both physical and
mental well-being, participants in the intervention group
demonstrated positive changes in SF-physical components com-
pared to the placebo group.While the mean change from baseline
to the end of the study was 3.1 for the intervention group and 2.3
for the placebo group, the confidence intervals indicated over-
lapping ranges, suggesting no clear distinction between the two
groups.

Similarly, for SF-mental components, the intervention group
showed a slight decrease (− 0.9) from baseline to the end of the
study, while the placebo group exhibited a small increase (0.6).
Again, the confidence intervals overlapped, indicating no sig-
nificant difference in the observed changes.

Notably, participants across all study arms experienced
improvements in catastrophic thinking scores. However, a sta-
tistically significant enhancement was only observed in the arm
where vitamin D supplementation was administered (25.3–20.8,
P = 0.04). Specifically for catastrophic thinking, the intervention
group showed a mean change of − 4.5, while the placebo group
had a mean change of − 3.5. The overlapping confidence intervals
suggest caution in attributing this difference solely to the inter-
vention, emphasizing the need for further exploration in future
studies.

Vitamin D and endometrial regression

Four published studies investigating the role of vitamin D in the
treatment of endometriosis in animal models provide valuable
insights into the disease’s mechanisms, complications, and
potential treatments[81–84]. However, it is important to note that
the lack of specific strategies mirroring those employed in humans
may contribute to the observed inconsistencies between findings
from animal studies and results obtained from human research in
the context of endometriosis. Three studies utilized mousemodels
by surgically inducing endometriosis through the transplantation
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of endometrial tissue into the peritoneum[81–83], while another
study achieved endometriosis in mice by injecting endometrial
tissue extracted from donor mice[84]. Two studies employed
intraperitoneal administration of vitamin D (1,2), one study uti-
lized oral administration[84], and another study opted for intra-
muscular administration[83].

Despite the absence of published data on endometriosis
regression in humans, one study among the four published in
animal models reported a reduction in both endometriosis
development and peritoneal inflammation following the admin-
istration of elocalcitol, a synthetic derivative of vitamin D[84].
This observed reduction aligns with findings from two additional
studies, collectively demonstrating regression of endometriosis
following vitamin D treatment[82,83]. However, in contrast,
another study within this set did not observe any significant dif-
ference in the regression of endometriosis implants after the
administration of vitamin D[81].

In the context of endometriosis, animal models have demon-
strated a noteworthy reduction in the size of lesions[82–84], a
phenomenon that may be attributed to diminished cellular
motility, proliferation, and invasion[85,86]. This observed reduc-
tion aligns with findings from studies investigating the role of
vitamin D in endometriosis regression, where the potential
impact on cellular processes may contribute to the observed
therapeutic effects. The variability in outcomes across studies
underscores the complexity of understanding the potential role of
vitamin D in endometriosis regression. This emphasizes the
imperative for further research and clinical investigations to
elucidate the efficacy of vitamin D in human cases, forming a
basis for comprehensive insights into its therapeutic potential.

Possible complications of vitamin D supplementation

Vitamin D toxicity is extremely rare, either from sun exposure or
from an exogenous source, because the skin has the ability to
destroy the excess of vitamin D, which has a wide therapeutic
index. Although it may occur when taking high doses for a long
period, resulting in concentrations over 150 ng/ml and hyper-
calcemia. Symptoms of vitaminD toxicity mimic other conditions
that cause high calcium levels, affecting many body systems.
Neuropsychiatric effects such as diminished focus, depression,
psychosis, or even coma in severe cases. Gastrointestinal effects
include vomiting, abdominal discomfort, excessive thirst, loss of
appetite, gastric ulcers, and pancreatitis. Cardiovascular impli-
cations involve elevated blood pressure, ECG changes such as a
shortened QT interval, ST-segment elevation, and bradyar-
rhythmias with first-degree heart block. Renal manifestations
encompass early signs such as excessive calcium in urine, exces-
sive urination, thirst, dehydration, kidney calcification, and ulti-
mately, renal malfunction. Additional VDT symptoms arising
from heightened calcium levels include corneal calcification,
hearing impairment, and painful calcification around joints[87].

Principle findings

The main findings of this systematic review and meta-analysis are
as follows: (1) Vitamin D supplementation was found to be
effective in alleviating specific symptoms associated with endo-
metriosis, including dysmenorrhea, dyspareunia, and dyschezia;
(2) Contrary to the positive effects on specific symptoms, the
meta-analysis indicated that vitamin D supplementation did not
have a positive impact on chronic pelvic pain associated with

endometriosis; (3) There was no consistent pattern of improve-
ment in the mental or physical aspects of the quality of life among
individuals with endometriosis who received vitamin D supple-
mentation; (4) While significant improvement in catastrophic
thinking was observed with vitamin D supplementation over a 6-
month period, there was no significant difference between the
vitamin D and placebo groups; (5) Eventually, positive effects of
vitamin D supplementation on endometriosis-related symptoms
may indirectly contribute to improved pregnancy outcomes and
enhanced fertility.

Comparison with existing literature

When compared with existing literature, our review aligns with
previous studies indicating the beneficial effects of vitamin D on
endometriosis-related symptoms including dysmenorrhea, dys-
pareunia and dyschezia. Conversely, meta-analysis showed that
supplementation of vitamin D has no positive effect on chronic
pelvic pain associated with endometriosis There was no con-
sistent pattern of improvement in the mental or physical aspects
of the quality of life. However, our findings diverge in certain
aspects, such as the lack of an obvious impact on the pregnancy
rate. The discussion provides a comprehensive overview of how
our results contribute to the existing body of knowledge on
vitamin D therapeutic potential in managing endometriosis-
related problems.

Strengths and limitations

To the best of our knowledge, this systematic review represents
the first comprehensive assessment of the influence of vitamin D
on pregnancy rates in women with endometriosis. It rigorously
evaluates the findings from available studies. Our study’s strength
lies in its extensive search across multiple databases, resulting in a
broader and more comprehensive set of results compared to
previous reviews. Furthermore, nearly all of the studies included
in our analysis were high-quality randomized clinical trials with a
low to medium risk of bias.

However, several limitations should be acknowledged: Firstly,
the number of studies available for our analysis is limited, and the
sample sizes in these trials are relatively small, which could
potentially impact the reliability of the results. Secondly, varia-
tions in the doses and regimens of vitamin D supplementation
used in the included studies may have influenced the outcomes of
the meta-analysis. Additionally, confounding factors such as
individual differences in sun exposure habits and dietary patterns
were not taken into account, which could have had an impact on
the analysis results. Lastly, due to insufficient data, we were
unable to assess the effects of vitamin D supplementation on
pregnancy outcomes.

Conclusion

Our study highlights that the utilization of antioxidant vitamin D
supplementation generally proves effective in alleviating symp-
toms associated with endometriosis. Consequently, this therapy
can be considered a viable alternative for managing endome-
triosis-related symptoms, either as a standalone treatment or in
conjunction with other approaches.

It is essential to note that our systematic review is the first to
specifically examine the correlation between vitamin D
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supplementation and pregnancy rates among women of repro-
ductive age with endometriosis. Nevertheless, due to the scarcity
of studies investigating the link between vitaminD and pregnancy
outcomes, along with the limited sample sizes and study quality,
further research is imperative to gain a more comprehensive
understanding of the role of vitamin D supplementation in
enhancing pregnancy prospects for women with endometriosis.
In light of this, it is noteworthy to consider that our secondary
outcomes, though not directly addressed in existing studies, may
still exert an indirect influence on our primary objective. These
secondary outcomes could potentially offer valuable insights into
the broader context of factors contributing to endometriosis-
related pregnancy challenges.

We also propose conducting future meta-analyses as addi-
tional studies with similar objectives are added to the scientific
literature. This will help us refine our understanding of the rela-
tionship between vitamin D supplementation and pregnancy
outcomes in women with endometriosis.
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