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Abstract

Objective: Uterine fibroids are prevalent in women of reproductive age and can cause various
health issues. This study aimed to explore the association between vitamin D levels and the
development of uterine fibroids in Turkish women, a topic on which contradictory findings have
been reported.

Methods: This retrospective case—control study was conducted at Osmaniye State Hospital,
Turkey, from September 2022 to September 2023. The study group comprised women diagnosed
with uterine fibroids, while the control group included women who did not have uterine fibroids.
Both groups were compared based on their vitamin D levels, sociodemographic characteristics,
obstetric health, clinical characteristics, and imaging findings. The primary focus of the study was
on the correlation between vitamin D levels and the presence of uterine fibroids.

Results: The study group involved 954 women with uterine fibroids, and the control group
comprised 668 control women. The sociodemographic characteristics of the groups were not
significantly different (p > 0.05). However, the median vitamin D level in the study group (9.9 ng/
mL) was significantly lower than that in the control group (16.1 ng/mL, p <0.001). Furthermore,
patients with multiple uterine fibroids had significantly lower vitamin D levels than those with a
single fibroid (p =0.032). Women with three or more fibroids had even lower levels of vitamin D
than those with fewer than three fibroids (p < 0.001).
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Conclusion: The findings indicate a marked association between lower vitamin D levels and the
presence of uterine fibroids. Patients with a higher number of fibroids had lower vitamin D levels.
These results suggest a potential link between vitamin D deficiency and the development of
uterine fibroids. However, more prospective studies are required to determine the exact role
of vitamin D in the development and progression of uterine fibroids.
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Introduction

Uterine fibroids are benign tumors that are
commonly present in women of childbear-
ing age. In addition to heavy menstrual
bleeding leading to anemia, uterine fibroids
have often been associated with reproduc-
tive problems, such as impaired fertility,
pregnancy complications, miscarriage, and
adverse pregnancy outcomes.' > Previous
studies have reported various modifiable
risk factors, including lifestyle, obesity,
and nutritional deficiencies, as risk factors
for the development of uterine fibroids.*?
Controlling these risk factors may offer a
cost-effective and feasible method of pre-
venting uterine fibroids or slowing their
growth.®’

The exact cause of uterine fibroids
remains unclear.® However, considering
the immunomodulatory effects of vitamin
D on cell growth and cell differentiation,
several studies have cited vitamin D defi-
ciency as a potential cause of uterine fib-
roids. 246.8-10

Although vitamin D deficiency is consid-
ered a risk factor for the development of
uterine fibroids and significant therapeutic
results of vitamin D supplementation with
appropriate formulas have been observed in
women with vitamin D deficiency, the rela-
tionship between vitamin D levels and
the risk of wuterine fibroids remains
controversial. "+

Studies conducted in Western countries
have reported significantly lower vitamin D
levels in women with uterine fibroids.*”-%12
Similar findings have also been reported in
studies conducted in regions with predomi-
nantly African-American populations and
more sunlight exposure.?®?!315 The differ-
ences between the relevant results of differ-
ent studies may be attributed to the
variations in genetic and environmental fac-
tors across these studies.

There is a lack of studies on the relation-
ship between uterine fibroids and vitamin D
levels, especially in Turkish women.'> In
this context, this study was performed to
assess the relationship between vitamin D
levels and uterine fibroids by comparing
vitamin D levels in Turkish women with
and without uterine fibroids.

Materials and methods

Study design

This study was designed as a retrospective,
case—control study. The study protocol was
approved by the local ethical committee
(Date: 08.02.2023, Number: E-77378720-
774.99.221134200). The study was con-
ducted as per the principles of the 1975
Helsinki Declaration, as revised in 2013.
Written informed consent was obtained
from all study participants. All patient
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information has been de-identified. The
necessary permissions to conduct the study
were obtained from the hospital’s institu-
tional review board. The reporting of this
study conforms to the Strengthening the
Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.'®

Study sample

The study population consisted of female
patients diagnosed with uterine fibroids
at the Department of Obstetrics and
Gynecology of Osmaniye State Hospital,
Osmaniye, Turkey, between September 2022
and September 2023. The study group com-
prised patients diagnosed with sonographi-
cally confirmed uterine fibroids of any size,

and the control group included patients
whose routine ultrasound examinations per-
formed during the same period did not reveal
any uterine fibroids. The patients in the study
and control groups were not matched in
terms of age, parity, and body mass index
(BMI) values. Women who were pregnant,
had any type of mass lesion detected in gyne-
cological organs, had been pregnant within
the past 6 months, had been breastfeeding,
were using vitamin D or calcium supple-
ments, or had chronic liver disease were
excluded from the study® (Figure 1).

Laboratory investigations

Vitamin D levels were routinely assessed for
women who presented to the outpatient

in 2022 to 2023

N: 732

Number of uterine fibroid patients

- Pregnant or breastfeeding , n:10

- Primary or metastatic gynecological cancer, n: 4
- Vitamin D and/or calcium replacement, n: 22

- Liver or systemic diseases, n: 6

were excluded.

Uterine fibroid Patients were
included in the study, n=690

/

Include the study

T~

Excluded from study

-Not following up , n= 10

-Without any imaging, n= 12

.

n=22

Figure |. Flowchart of the inclusion criteria of patients in the study.
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clinics with complaints of significant pain,
abnormal uterine bleeding, menstrual irreg-
ularities, or infertility. Blood samples were
obtained from both the study and control
groups to measure complete blood counts
and serum 25-hydroxy vitamin D3 levels.
Enzyme-linked immunosorbent assay Kkits
(Cobas Elecsys 2010, Roche Diagnostics,
Mannheim, Germany, 300 microwells,
product code: 7725-300) were used to
assay patients’ vitamin D levels using the
electrochemiluminescence immunoassay
(ECLIA) method. Subsequently, the
patients in the study and control groups
were categorized as per vitamin D deficien-
cy (<10ng/mL), vitamin D insufficiency
(10.0-19.9 ng/mL), and no vitamin D defi-
ciency (>20ng/mL).*°

Imaging studies

Patients were examined sonographically by
the attending gynecologists in the outpatient

clinics using transabdominal (2-5MHz
convex) and endovaginal (4-8 MHz)
probes. Imaging findings, such as the

number of uterine fibroids and the maxi-
mum uterine fibroid diameter (mm), were
noted.? The median uterine fibroid diameter
in the study group was 68 mm, ranging from
24 to 674 mm.

Data collection and variables

The study and control groups were com-
pared in terms of sociodemographic charac-
teristics (age, education, BMI), obstetric
parameters (gravidity, parity), and clinical
characteristics  (complaints,  smoking,
comorbidities) as well as the results of lab-
oratory investigations, including vitamin D
levels, and imaging.

Statistical analyses

In this study, data analysis was performed
using the Jamovi Project (version 2.3.28.0)
and JASP (version 0.17.3) software.

Continuous variables that followed a
normal distribution were expressed as
mean & standard deviation, while non-
normally distributed variables were pre-
sented as median and range values.
Categorical variables were presented as fre-
quencies and percentages. To assess the
normality of the data, we applied
Shapiro—Wilk, Kolmogorov—Smirnov, and
Anderson—Darling tests. We employed the
independent samples t-test for comparing
normally distributed variables, such as
mean hemoglobin levels, and the Mann—
Whitney U test for comparing non-
normally distributed variables, such as
median age, BMI, white blood cell count,
and vitamin D levels. For categorical vari-
ables, such as patient symptoms, smoking
status, educational level, and comorbidities,
we used Pearson’s chi-square and Fisher’s
exact tests to explore any associations with
the presence of uterine fibroids. We consid-
ered p-values of <0.05 to indicate statistical
significance.

Results

The study and control groups consisted of
954 and 668 patients, respectively. There
was no significant difference between the
groups in terms of age, BMI, and smoking
status (p=0.686, p=10.894, and p=0.801,
respectively). There were significant differ-
ences in the frequency of presenting symp-
toms (p <0.001) between the two groups.
Accordingly, menorrhagia, menstrual irreg-
ularities, and infertility were significantly
more prevalent in the study group than in
the control group (Table 1). Conversely, the
proportions of patients with pain and
asymptomatic patients were higher in the
control group than in the study group
(22.9% vs. 17.7% and 56.9% vs. 19.6%,
respectively).

There was a significant difference in the
proportion of patients with comorbidities
(p<0.05) Dbetween the two groups.
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Table |. Sociodemographic and clinical characteristics of the patients with and without uterine fibroids.

Control group

Study group

(patients with uterine

(n=954) fibroids) (n=668) p

Age (years)® 33.0 (16.0-78.0) 33.0 (15.0-74.0) 0.686™*

Body mass index (kg/m?)} 23.3 (16.942.3) 23.2 (16.4-43.3) 0.894**

Patient symptoms*

Pain 218 (22.9)° 118 (17.7)° <0.001*
Menorrhagia 53 (5.6)* 140 (21.0)°
Menstrual irregularities 43 (4.5)* 127 (19.0)°
Infertility 97 (10.2)* 152 (22.8)°
Asymptomatic 543 (56.9)* 131 (19.6)°

Smoking status
Nonsmoker 836 (87.6) 589 (88.2) 0.801%*
Smoker 118 (12.4) 79 (11.8)

Level of education*
llliterate/primary 700 (73.4)° 453 (67.8)° 0.044*
High school 199 (20.9)* 173 (25.9)°
University 55 (5.8)° 42 (6.3)*

Presence of comorbidities* 311 (32.6) 257 (38.5) 0.017*
Hypertension 141 (14.8) 105 (15.7) 0.654*
Asthma 86 (9.0) 100 (15.0) <0.001%*
Diabetes 8l (8.5) 65 (9.7) 0.441%*
Hypothyroidism 30 (3.1) 23 (3.4) 0.849*
Coronary artery disease 2 (0.2) I (0.1) 0.999*
Other 63 (6.6) 51 (7.6) 0.483*

Obstetric features

Gravidity® 4.0 (0.0-15.0) 3.0 (0.0-15.0) <0.00 | **

Number of full-term pregnancies® 2.0 (0.0-12.0) 1.0 (0.0-12.0) <0.00 | **

Table | compares sociodemographic and clinical characteristics between control patients and those with uterine fibroids.
$ represents median values with ranges (minimum-maximum), and ¥ indicates the number and proportion of patients
(n (%)). Statistical analysis was conducted using the Mann—Whitney U test (*¥), Pearson chi-square test, or Fisher’s exact
test (*) to assess differences between the two groups. a and b denote significant differences identified in multiple
comparisons. The table highlights variations in factors such as age, body mass index, patient symptoms, smoking status,

educational level, comorbidities, and obstetric features.

However, there was no significant difference
between the two groups in terms of the
distribution of the comorbidities, except for
asthma. Thus, a significantly higher number
of patients with comorbidities and asthma
were observed in the control group than in
the study group (p=0.017 and p <0.001,
respectively) (Table 1).

The median numbers of gravidity and
full-term pregnancies were significantly
higher in the control group than in the
study group (p < 0.001 for both cases).

The results of the laboratory investigations
are presented in Table 2. The median vitamin
D level was significantly lower in the study
group than in the control group (9.9 vs.
16.1 ng/mL, p<0.001). The proportion of
patients with vitamin D deficiency was signif-
icantly higher in the study group than in the
control group (51.8% vs. 18.9%). In a similar
manner, a significantly higher number of
patients with sufficient vitamin D levels
were observed in the control group than in
the study group (37.6% vs. 8.8%) (p < 0.001).
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Table 2. Laboratory investigations of the groups.

Control group Study group (patients with

(n=954) uterine fibroids) (n = 668) p

Hemoglobin (g/dL)? 10.6 £ 1.6 105+ 1.6 0.0627+*
White blood cell count (x 10%)* 7005.0 (1050.0-17,800.0)  7015.0 (3610.0-62,300.0) 0.878*
Vitamin D (ng/mL)* 16.1 (2.4-63.6) 9.9 (1.2-30.8) <0.001*
Vitamin D groups*

Deficient (<10 ng/mL) 180 (18.9)* 346 (51.8)° <0.00 | **

Insufficient (10 to <20 ng/mL) 415 (43.5)* 263 (39.4)°

Sufficient (>20 ng/mL) 359 (37.6)* 59 (8.8)°

Table 2 presents laboratory investigations comparing control patients and patients with uterine fibroids. T denotes the
mean =+ standard deviation, and § indicates median values with ranges (minimum—maximum). The table utilizes the Mann—
Whitney U test (¥), Pearson chi-square test (**¥), and independent samples t-test (***) to analyze differences in variables
such as hemoglobin levels, white blood cell count, and vitamin D levels. The categorization of vitamin D levels is also
included, with a and b indicating significant group differences identified through multiple comparison tests.

Table 3. Association between vitamin D levels and features of uterine fibroids.

Vitamin D levels (ng/mL)® p*
Categorization based on the number of uterine fibroids
Single (n= 134, 20.1%) 10.3 (1.2-26.5) 0.032
Poly (n =534, 79.9%) 9.8 (2.3-30.8)
Categorization based on the number of polyps
<3 (n=360, 53.9%) 10.2 (1.2-30.8) <0.001
>3 (n =308, 46.1%) 9.3 (2.4-28.5)

Table 3 explores the association between vitamin D levels and features of uterine fibroids. ¢ signifies median values with
their respective ranges (minimum—maximum). The Mann—Whitney U test (*) was used to assess differences in vitamin D
levels based on the categorization of the number of uterine fibroids and the number of polyps. This table provides insights

into how vitamin D levels are correlated with the characteristics of uterine fibroids in patients.

Patients with more than one uterine
fibroid had significantly lower vitamin D
levels than those with only one uterine
fibroid (p=0.032). Patients with three or
more uterine fibroids had significantly
lower vitamin D levels than those with less
than three uterine fibroids (p <0.001)
(Table 3).

Discussion

The study revealed a significant relationship
between vitamin D deficiency and the devel-
opment of uterine fibroids. Patients with
uterine fibroids had significantly lower vita-
min D levels than patients without uterine

fibroids. In addition, among patients with
uterine fibroids, patients with more uterine
fibroids had significantly lower vitamin D
levels than those with fewer uterine fibroids.
The causality analysis of the relationship
between vitamin D deficiency and the devel-
opment of uterine fibroids could not be per-
formed owing to the retrospective nature of
the study. Hence, future prospective studies
with extended follow-up periods are needed
to confirm the causal relationship between
vitamin D deficiency and the occurrence of
uterine fibroids.

Several studies have reported an inverse
relationship between vitamin D levels and
the development of uterine fibroids. >3 13
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Additionally, several review articles, system-
atic reviews, and meta-analyses have conclud-
ed that vitamin D deficiency is a risk factor
for the development of uterine fibroids.*®!’
In a study conducted among African—
American or Black women living in the
United States, Harmon et al.” showed that
vitamin D levels of >30ng/mL were associ-
ated with a greater likelihood of fibroid loss,
whereas vitamin D levels of >20ng/mL were
associated with slower fibroid growth. In the
present study, we could not perform such
complex investigations on multidimensional
relationships between vitamin D levels
and the development of uterine fibroids.
Nevertheless, our findings are consistent
with those reported by other studies.>®

The relationship between the number of
fibroids and vitamin D levels was reported-
ly less precise than the relationship between
the development of uterine fibroids and
hypovitaminosis D.* In a study conducted
among Indian women, Kumari et al. found
an inverse correlation between the total
volume of fibroids and vitamin D levels.
Other researchers have reported similar
findings.®'® Altogether, the findings on
the relationship between vitamin D levels
and number of fibroids are contradictory.
Several studies found no significant corre-
lation between the number and volume of
fibroids and vitamin D levels.*'>!"?

Nevertheless, a higher number of uterine
fibroids were associated with lower vitamin
D levels in our study. Intra- and interob-
server variability may have restricted the
accurate determination of the number of
uterine  fibroids during sonography.
Therefore, we did not attempt to calculate
the exact number of fibroids. We catego-
rized the patients as those with less than
three uterine fibroids and those with three
or more uterine fibroids.

The use of different cutoff values to
define vitamin D deficiency may also lead
to controversial outcomes.'? Although
some studies have categorized patients

into two groups—patients with vitamin D
deficiency (<20 ng/mL) and those with suf-
ficient vitamin D (>20 ng/mL)—other stud-
ies have categorized patients into three
groups as follows: (a) patients with vitamin
D deficiency (<20 ng/mL); (b) patients with
insufficient vitamin D (20-30ng/mL); and
(c) patients with sufficient vitamin D
(>30 ng/mL) 2671012141520 yigamin D
levels less than 20ng/mL are commonly
considered to indicate vitamin D deficiency
and are associated with the risk of bone dis-
ease. However, a vitamin D cutoff level of
20ng/mL has a low specificity in predicting
the development of uterine fibroids.’
Nevertheless, the debate about the optimal
vitamin D level being 40-60ng/mL still
continues.?! In the present study, we cate-
gorized patients into three groups as fol-
lows: (a) patients with vitamin D
deficiency (<10ng/mL); (b) patients with
insufficient vitamin D (10-20 ng/mL); and
(c) patients with sufficient vitamin D
(>20ng/mL).>® Using vitamin D cutoff
values to define vitamin D deficiency, suffi-
ciency, and insufficiency may be a reason
for the discrepancies between study results
in terms of the relationship between vitamin
D level and the development of uterine
fibroids.

Several studies have reported that socio-
demographic and obstetric characteristics
are associated with vitamin D levels and
the development of uterine fibroids.>%'?
Furthermore, genetic characteristics may
be among the underlying factors of vitamin
D deficiency.® Among other factors that are
reported to impact vitamin D metabolism
and fibroid development are employment
status, number of hours spent outdoors,
educational level, career choices, and fertil-
ity history.®'> In the present study, similar
to Kaplan’s study conducted in Turkey, we
found no significant relationship between
sociodemographic  characteristics  and
the development of uterine fibroids."
Nevertheless, we found that lower numbers
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of gravidity and parity were significantly
associated with the development of uterine
fibroids.

Kumari et al.” investigated the effect of
exposure to sunlight on the development of
uterine fibroids. They concluded that work-
ing conditions impact uterine fibroid devel-
opment via exposure to sunlight.

The relationship between vitamin D sup-
plementation and uterine fibroid develop-
ment is another issue under debate.??
Some studies have recommended vitamin
D supplementation as a promising and
safe treatment method to reduce the size
of primary or recurrent uterine fib-
roids.?>*** However, a study reported
that vitamin D supplementation has no sig-
nificant impact on the number of recurrent
uterine fibroids.”® Another study found no
significant effect of vitamin D supplemen-
tation on the size of uterine fibroids in
women with vitamin D insufficiency or
deficiency.'®

A recent meta-analysis showed that after
8 weeks of vitamin D supplementation, the
size of uterine fibroids decreased signifi-
cantly compared to that in the placebo
group. Moreover, the study also found
that vitamin D supplementation significant-
ly increases serum vitamin D levels and
reduces the size of uterine fibroids.*’

The antiproliferative and apoptotic
effects of 25-hydroxyvitamin D on leiomyo-
mas are achieved by suppressing catechol-
O-methyltransferase activity and increasing
25-hydroxyvitamin D receptors in the myo-
metrium while suppressing estrogen and
progesterone receptors.” If the cause-and-
effect relationship is fully understood and if
its preventive effect on leiomyoma develop-
ment and the serum vitamin D level
required for this can be determined, vitamin
D supplementation and monitoring can be
used in the prevention and treatment of
fibroids.

In our study, vitamin D levels were sig-
nificantly low in the uterine fibroids group.

As per the results of a previous study” and
the current study, vitamin D supplementa-
tion may decrease the size of fibroids,
reduce the clinical symptoms in patients,
and reduce the need for most frequently per-
formed surgical procedures for fibroids-
related clinical symptoms.

Based on the results of our study and a
review of the literature, the following rec-
ommendations can be made: exposure to
sunlight for a sufficient period of time for
optimal health; regular exercise; no alcohol
consumption; no smoking; a vitamin D-rich
diet, including vegetables and fruits; and
avoidance of lifestyle habits that could
cause obesity.

Limitations

The primary limitation of this study was its
retrospective design. Another limitation
was the lack of data on patients’ nutritional
habits, dietary intake, sun exposure, and
physical activity duration. Potential selec-
tion bias due to a lack of randomization,
presence of confounding factors, and inabil-
ity to determine causality due to the nature
of the study can be considered additional
study limitations. The strength of our
study was that our sample size was large.
Moreover, to the best of our knowledge,
this is the first study conducted among the
Turkish population to assess the role of
vitamin D in uterine fibroids. Prospective
cohort studies with regular monitoring of
vitamin D levels and serial ultrasound
imaging of uterine morphology are needed
to gain a deeper understanding of the role
of vitamin D in the development and
growth of uterine fibroids.

Conclusion

This study revealed significantly lower vita-
min D levels in women with uterine fibroids
than in women without uterine fibroids. In
addition, vitamin D levels were lower in
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women with greater number of uterine fib-
roids than in women with a smaller number
of uterine fibroids. This suggests a signifi-
cant relationship between vitamin D defi-
ciency and the presence of uterine fibroids.
However, further prospective research is
needed to clarify the causal or inhibitory
role of vitamin D in the development and
progression of uterine fibroids.
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