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Abstract There was inconsistent evidence showing that vita-
min D intake may be associated with reduced cancer risk due
to optimized metabolic profile and reduced oxidative stress.
However, we are not aware of any study evaluating the effects
of vitamin D supplementation on clinical response and meta-
bolic status of patients with endometrial hyperplasia (EH).
This research was done to evaluate the effects of vitamin D
supplementation on clinical response and metabolic status of
patients with EH. This randomized, double-blind, placebo-
controlled trial was conducted among 60 women diagnosed
with EH. EH diagnosis was made based on specific diagnostic
procedures of biopsy. Participants were randomly assigned
into two groups to intake either 50,000 IU vitamin D3 supple-
ments (n = 30) or placebo (n = 30) every 2weeks for 12weeks.
After the 12-week intervention, compared with the placebo,
vitamin D supplementation increased serum-25(OH) vitamin
D levels (+12.0 ± 10.4 vs. +1.9 ± 7.1 ng/mL, P < 0.001). In
addition, vitamin D administration was associated with signif-
icant decreases in fasting plasma glucose (FPG) (−1.6 ± 7.0
vs. +2.1 ± 6.1 mg/dL, P = 0.03), serum insulin levels
(−0.8 ± 1.9 vs. +1.1 ± 3.5 μIU/mL, P = 0.01), homeostasis

model of assessment-insulin resistance (HOMA-IR)
(−0.2 ± 0.6 vs. +0.3 ± 0.8, P = 0.01), and a significant increase
in the quantitative insulin sensitivity check index (QUICKI)
(+0.003 ± 0.01 vs. −0.01 ± 0.02, P = 0.02) compared with the
placebo. Additionally, a significant decrease in serum high-
sensitivity C-reactive protein (hs-CRP) (−1.9 ± 2.8 vs.
−0.003 ± 2.0 μg/mL, P = 0.003) and a significant rise in
plasma tota l ant ioxidant capaci ty (TAC) values
(+62.5 ± 53.5 vs. +7.5 ± 34.1 mmol/L, P < 0.001) were ob-
served following supplementation with vitamin D compared
with the placebo. In conclusion, vitamin D3 supplementation
for 12 weeks among women with EH had beneficial effects on
glucose metabolism, serum hs-CRP, and plasma TAC concen-
trations. In addition, vitamin D may have played an indirect
role in reducing complications of EH due to its effect on im-
proved glycemic control, hs-CRP, and TAC concentrations.

Introduction

Endometrial hyperplasia (EH) is one of the most common
gynecologic diseases in the world, which is defined as an
increased ratio of endometrial glands to stroma greater than
one to one [1]. In simple EH, the ratio is only slightly in-
creased and the glands may be cystically dilated [1]. EH is
among the most common cause of morbidity of all gyneco-
logical problems among women of childbearing age, causing
10 to 18% of women hospitalized every year [2]. It is estimat-
ed that up to 50% of women with EH may develop endome-
trial cancer [3]. Previous studies have shown that EH has an
intimate relationship with insulin resistance and metabolic
disorders [4, 5]. Moreover, increased inflammatory cytokines
and parameters of oxidative stress in EHmay be considered as
a factor in the progression of pathology, as well as an attrib-
uted risk factor for malignancy in EH [6, 7].

* Zatollah Asemi
asemi_r@yahoo.com

1 Department of Gynecology and Obstetrics, School of Medicine,
Kashan University of Medical Sciences, Kashan, IR, Iran

2 Department of Epidemiology and Biostatistics, Faculty of Health,
Kashan University of Medical Sciences, Kashan, Iran, Kashan
University of Medical Sciences, Kashan, Iran

3 Department of Gynecology and Obstetrics, School of Medicine, Iran
University of Medical Sciences, Tehran, Iran

HORM CANC (2017) 8:185–195
DOI 10.1007/s12672-017-0290-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s12672-017-0290-9&domain=pdf


Convers ion of 25-hydroxyvi tamin D to 1,25-
dihydroxyvitamin D, the active form of vitamin D, occurs in
the endometrium [8] and kidney [9]. Furthermore, endometri-
al tissue expresses the vitamin D receptor [10], a 1,25-
dihydroxyvitamin D-activated nuclear transcription factor that
regulates the production of proteins involved in cell prolifer-
ation and differentiation [11]. Therefore, these data support
the hypothesis that vitamin D plays a role in the etiology of
endometrial hyperplasia and cancer. However, data on the
relation between vitamin D and EH are scarce and inconsis-
tent; few studies have reported the association between vita-
min D and endometrial cancer. In a study by Zeleniuch-
Jacquotte et al. [12], it was observed that circulating levels
of 25-hydroxyvitamin D were not associated with risk of en-
dometrial cancer in nested case-control study based on seven
cohorts. About the effects of vitamin D supplementation on
metabolic status, we have previously demonstrated that bene-
ficial effects of vitamin D supplementation on metabolic pro-
files in patients with gestational diabetes (GDM) [13] and
diabetic foot ulcer (DFU) [14].

Vitamin D intake may reduce hyperplasia and cancer risk
through modulating calcium metabolism, inhibiting cellular
proliferation [15, 16] and induction of apoptosis in cancer
cells through downregulation of telomerase activity [17]. We
hypothesized that metabolic profiles, biomarkers of inflamma-
tion, and oxidative stress of patients with EH might be im-
proved by vitamin D supplementation. We are not aware of
any study assessing the effects of vitamin D administration on
treatment, glucose metabolism, lipid concentrations, bio-
markers of inflammation, and oxidative stress in patients with
EH. The aim of current study was to assess the effects of
vitamin D supplementation on treatment and metabolic status
of patients diagnosed with EH.

Subjects and Methods

Participants

This randomized double-blind placebo-controlled clinical tri-
al, registered in the Iranian website for registration of clinical
trials (http://www.irct.ir: IRCT201606275623N86), was done
among 60 premenopausal women with EH who had an
endometrial biopsy in the past year and aged 35–55 years
old referred to the Naghavi Clinic in Kashan, Iran, between
June 2016 and October 2016. All participates provided written
informed consent according to the study protocol approved by
the Committee for the Protection of Human Subjects at the
Kashan University of Medical Sciences (KUMS), Kashan,
Iran, which complies with the Declaration of Helsinki
standards for human subject research. Exclusion criteria
included menopausal women, symptoms or personal history
of cardiovascular disease, diabetes mellitus, fasting plasma

glucose (FPG) > 126 mg/dL, the consumption of
antihyperglycemic agents including metformin, triglycerides
levels > 500 mg/dL, systolic blood pressure ≥ 160 mmHg,
and/or diastolic blood pressure ≥ 110 mmHg, untreated thy-
roid disease.

Study Design

Firstly, participants were stratified according their BMI (<30
and ≥30 kg/m2) and age (<35 and ≥35 year), and then patients
were randomly allocated into two groups to receive either
50,000 IU vitamin D3 supplements (n = 30) or placebo
(n = 30) every 2 weeks for 12 weeks. Vitamin D supplements
and its placebos were made by Zahravi Pharmaceutical
Company (Tabriz, Iran) and Barij Essence Pharmaceutical
Company (Kashan, Iran), respectively. Both vitamin D sup-
plements and placebo tablets had similar packaging and pa-
tients and researchers were unaware of the content of the
package until the end of study. In addition, all participants
were received equal treatment protocol based on guideline.
Participants were requested not to change their routine phys-
ical activity and not to take any nutritional supplements during
the 12-week trial. Compliance with the consumption of sup-
plements and placebos was determined by examining the tab-
let containers as well as by the measurement of serum 25-
hydroxyvitamin D values with the enzyme-linked immuno-
sorbent assay (ELISA) method. All patients completed 3-day
food records and three physical activity records as metabolic
equivalents (METs) in hours per day [18] at baseline, weeks 3,
6, and 9 of the intervention and end-of-trial. Daily macro- and
micro-nutrient intakes were analyzed by nutritionist IV soft-
ware (First Databank, San Bruno, CA).

Assessment of Anthropometric Measures

Weight and height of participants were measured in an over-
night fasting status using a standard scale (Seca, Hamburg,
Germany) at baseline and after the 12-week intervention.
BMI was calculated as weight in kilograms divided by height
in meters squared. All anthropometric measures were done by
a trained midwife.

Clinical Assessment

In the current study, diagnosis of EH was determined through
biopsy and pathological diagnosis at baseline and after the 12-
week intervention. Endometrial biopsies were done using suc-
tion pipelles. Endometrial biopsies were fixed in 10% neutral
buffered formalin, routinely processed, and paraffin embed-
ded. Serial 5-μm sections were stained with hematoxylin and
eosin and evaluated under the light microscope by a patholo-
gist. Assessment of the pathological diagnosis was performed
as blindness by a single experienced pathologist at baseline
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and 12 weeks after the intervention. Informed consent was
taken from all participants for biopsy both baseline and after
the 12-week intervention.

Biochemical Assessment

Tenmilliliters fasting blood samples were collected at baseline
and after the 12-week intervention at Kashan reference labo-
ratory. Then, the samples were stored at −80 °C before anal-
ysis. Circulating levels of insulin were quantified with the use
of available ELISA kit (DiaMetra, Milano, Italy) with inter-
and intra-assay coefficient variances (CVs) of 3.5 to 5.1%,
respectively. The homeostasis model of assessment-insulin
resistance (HOMA-IR), β-cell function (HOMA-B), and the
quantitative insulin sensitivity check index (QUICKI) were
determined according to the suggested formulas [19]. As
few studies have reported abnormal glucose metabolism, in-
sulin resistance in patients with EH, and endometrial cancer
[20, 21], we measured these variables in the current study.
Enzymatic kits (Pars Azmun, Tehran, Iran) were used to quan-
tify FPG, serum triglycerides, VLDL-, total-, LDL-, and
HDL-cholesterol values. All inter- and intra-assay CVs for
FPG and lipid values were less than 5%. Circulating levels
of serum high-sensitivity C-reactive protein (hs-CRP) were
assessed by commercial ELISA kit (LDN, Nordhorn,
Germany) with inter- and intra-assay CVs of 4.6 to 6.5%,
respectively. The plasma nitric oxide (NO) concentrations
using Griess method [22], total antioxidant capacity (TAC)
by the method of ferric reducing antioxidant power developed
by Benzie and Strain [23], total glutathione (GSH) using the
method of Beutler et al. [24], and malondialdehyde (MDA)
values by the thiobarbituric acid reactive substances spectro-
photometric test [25] were determined. TAC considers the
occurrence of a synergic function of all antioxidants present
in organic fluids, providing an integrative system between
such compounds [26]. Thus, TAC has a higher predictive
capacity and biological relevance when compared to the ac-
tivity of a single antioxidant. In addition, MDA is the break-
down product of the most important chain reactions leading to
the oxidation of polyunsaturated fatty acids and therefore
serves as a reliable oxidant marker of oxidative stress-
mediated lipid peroxidation [27]. As the existence of atypical
cells in a hyperplasia induces significant modifications of lipid
peroxidation especially MDA [7], we quantified MDA in this
study. All inter- and intra-assay CVs for NO, TAC, GSH, and
MDA concentrations were less than 5%.

Randomization

Randomization assignment was performed using computer-
generated random numbers. Randomization and allocation
were concealed from the researchers and patients until the
final analyses were completed. The randomized allocation

sequence, enrolling patients and allocating them to interven-
tions were done by a trained midwife at the gynecology clinic.

Statistical Methods

To evaluate whether the study variables were normally distrib-
uted or not, we used theKolmogrov-Smirnov test. The analyses
were done in all randomized subjects according to the
intention-to-treat (ITT) principle. Missing values were treated
based on last-observation-carried-forward (LOCF) method
[28]. LOCF ignores whether the participant’s condition was
improving or deteriorating at the time of dropout but instead
freezes outcomes at the value observed before dropout (i.e., last
observation). To detect differences in anthropometric measures
as well as inmacro- andmicro-nutrient intakes between the two
groups, we applied Student’s t test to independent samples. The
Pearson Chi-square test was used to compare EH regression.
Paired-samples t test was used to detect within-group differ-
ences. To determine the effects of vitamin D supplementation
on glucose metabolism, lipid fractions, biomarkers of inflam-
mation, and oxidative stress, we used one-way repeated mea-
sures analysis of variance. In this analysis, the treatment (vita-
min D vs. placebo group) was regarded as a between-subject
factor and time with two time-points (baseline and after the 12-
intervention) was considered as within-subject factor.
Adjustment for changes in baseline values of biochemical
values, age, and baseline BMI was performed by analysis of
covariance (ANCOVA) using general linear models. The P
value of <0.05 were considered statistically significant. All
statistical analyses used the Statistical Package for Social
Science version 18 (SPSS Inc., Chicago, IL, USA).

Results

As demonstrated in the study flow diagram (Fig. 1), during the
intervention phase of the study, 3 patients were excluded from
the vitamin D group [hysterectomy due to persistent hyperpla-
sia (n = 1) and secretory endometrium (n = 1), and withdrawn
due to personal reasons (n = 1)] and 3 [hysterectomy due to
persistent hyperplasia (n = 2) and proliferative endometrium
(n = 1)] from the placebo group. Hysterectomy was done due
to abnormal uterine bleeding (AUB) resistant to medical treat-
ment. However, as the analysis was done based on ITT prin-
ciple, all 60 patients were included in the final analysis.

Mean age and height, baseline weight and BMI, as well as
their means before and after the 12-week intervention of par-
ticipants were not statistically different between vitaminD and
placebo groups (Table 1). In addition, supplementation with
vitamin D for 12 weeks did not affect EH regression.

Based on the 3-day dietary records obtained throughout the
intervention, no significant differences were observed between
the two groups in macro- and micronutrients (Data not shown).
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After the 12-week intervention, compared with the pla-
cebo, vitamin D supplementation increased serum-25(OH)
vitamin D levels (+12.0 ± 10.4 vs. +1.9 ± 7.1 ng/mL,
P < 0.001) (Fig. 2). In addition, vitamin D administration
was associated with significant decreases in FPG
(−1.6 ± 7.0 vs. +2.1 ± 6.1 mg/dL, P = 0.03), serum insulin
levels (−0.8 ± 1.9 vs. +1.1 ± 3.5 μIU/mL, P = 0.01),
HOMA-IR (−0.2 ± 0.6 vs. +0.3 ± 0.8, P = 0.01), and a
significant increase in QUICKI (+0.003 ± 0.01 vs.
−0.01 ± 0.02, P = 0.02) compared with the placebo.
Additionally, a significant decrease in serum hs-CRP
(−1.9 ± 2.8 vs. −0.003 ± 2.0 μg/mL, P = 0.003) and a
significant rise in plasma TAC values (+62.5 ± 53.5 vs.
+7.5 ± 34.1 mmol/L, P < 0.001) were observed following
supplementation with vitamin D compared with the place-
bo (Figs. 3, 4, 5, 6, 7, and 8).

We did not observe any significant effect of supplementa-
tion with vitamin D on lipid profiles, other biomarkers of
inflammation and oxidative (Table 2).

There was a significant difference in the baseline levels of
TAC between the two groups. Therefore, we adjusted the
analysis for baseline values of biochemical parameters, age
and baseline BMI. After controlling for these potential con-
founders, the difference in changes in plasma GSH (P = 0.04)
became statistically significant (Table 3). Other findings did
not alter significantly after this adjustment.

Discussion

To our knowledge, the effects of vitamin D supplementation
on regression and metabolic status of EH have not been
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Fig. 1 Summary of patient flow
diagram

Table 1 General characteristics
of study participants Placebo group (n = 30) Vitamin D group (n = 30) Pa

Age (years) 43.2 ± 4.4 41.5 ± 6.3 0.24

Height (cm) 161.5 ± 8.1 158.9 ± 5.1 0.13

Weight at study baseline (kg) 77.8 ± 11.6 74.7 ± 12.5 0.31

Weight at end-of-trial (kg) 77.9 ± 11.5 75.0 ± 13.0 0.37

Weight change (kg) 0.1 ± 0.9 0.3 ± 1.5 0.32

BMI at study baseline (kg/m2) 29.8 ± 4.1 29.7 ± 5.1 0.88

BMI at end-of-trial (kg/m2) 29.9 ± 4.1 29.8 ± 5.4 0.96

BMI change (kg/m2) 0.1 ± 0.3 0.1 ± 0.5 0.31

EH regression (%) 21 (77.8) 24 (88.9) 0.27†

Data are means ± SDs.

EH endometrial hyperplasia
†Obtained from Pearson Chi-square test
a Obtained from independent t test
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evaluated previously. For the first time, we have demonstrated
that in patients with EH taking one dose of 50,000 IU vitamin
D supplement every 2 weeks for 12 weeks compared with the
placebo resulted in (1) decreased FPG and other markers of
insulin metabolism and (2) improved few biomarkers of in-
flammation and oxidative stress.

Patients with EH are susceptible to endometrial cancer in a
linear fashion [3]. Our study had shown that vitamin D sup-
plementation among patients with EH did not affect EH re-
gression. Although data on the association between vitamin D
and EH are limited, a previous pooled study using circulating
25(OH) D levels measured at a single time point found no
association with endometrial cancer incidence [12]. In addi-
tion, in 3 case-control studies that have evaluated the relation-
ship between dietary intake of vitamin D and risk of endome-
trial cancer [29–31] concluded that the evidence available did
not support an association. In a systematic review of the liter-
ature conducted by McCullough et al. [32], no relation

between endometrial cancer in the ranges of dietary vitamin
D was also shown.

The current study demonstrated that taking vitamin D in
women with EH for 12 weeks resulted in significant reduc-
tions in FPG, serum insulin values, and HOMA-IR, and a
significant rise in QUICKI, but had no effects on HOMA-B
and lipid concentrations. We have previously shown that
50,000 IU vitamin D supplementation every 2 weeks for
12 weeks among patients with DFU had beneficial effects
on glucose homeostasis parameters, total-, LDL-, and total-/
HDL-cholesterol, but did not influence other lipid concentra-
tion [14]. Likewise, vitamin D supplementation at dosage of
420 IU for 1 year effectively improved fasting glucose values
and insulin resistance in healthy Japanese adults [33].
Similarly, the administration of 50,000 IU vitamin D supple-
ments every 2 weeks for 12 weeks among pregnant women at
risk of pre-eclampsia led to a significant difference in markers
of insulin metabolism [34]. In a meta-analysis study

ChangeVitamin D Placebo group

Fig. 3 Before, after, and changes in (means ± standard deviation) of fasting plasma glucose in women with endometrial hyperplasia that received either
vitamin D supplements or placebo

ChangeVitamin D Placebo group

Fig. 2 Before, after, and changes in (means ± standard deviation) of serum vitamin D levels in women with endometrial hyperplasia that received either
vitamin D supplements or placebo
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conducted byWang et al. [35], no significant effects following
supplementation with vitamin D on total-, HDL-cholesterol,
and triglycerides were observed. However, some researchers
did not report favorable effects of vitamin D supplementation
on glucose metabolism. For instance, supplementation with
50,000 IU vitamin D weekly for 4 months among subjects
with metabolic syndrome improved vitamin D status, but did
not affect glucose homeostasis parameters [36]. Moreover, the
same findings were observed following supplementation with
vitamin D among patients with type 2 diabetes mellitus
(T2DM) after 24 weeks [37] and after 6 months [38].
Previous studies have demonstrated that high glucose levels
and insulin resistance have potential modifying effects on en-
dometrial cancer development [39, 40]. Hyperinsulinemia
may act directly on endometrial tissue as a mitogenic and
anti-apoptotic growth factor [41]. In addition, higher

prevalence of hypertension in subjects with endometrial car-
cinoma may be related to hyperinsulinemia and insulin resis-
tance [42]. Increased metabolic profiles stimulate cell growth
and cell division [43]. Goldman et al. [39] demonstrated that
high glucose concentrations could increase cancer risk by act-
ing as an energy source for the proliferation of tumor cells
generating free radicals, or causing oxidative damage to
DNA and DNA repair enzymes. Therefore, vitamin D due to
their beneficial effects on markers of insulin metabolism may
be useful to decrease metabolic disorders in patients with EH.
Nonetheless, we believe that future studies are needed to con-
firm our findings. The anti-inflammatory effects of vitamin D
[44], decreased parathyroid hormone (PTH) concentrations
[33], and increased expression of the insulin receptor and/or
proteins of the insulin-signaling cascade by vitamin D [45]
may result in improved insulin sensitivity and decreased

ChangeVitamin D Placebo group

Fig. 5 Before, after, and changes in (means ± standard deviation) of
homeostasis model of assessment-estimated insulin resistance in women

with endometrial hyperplasia that received either vitamin D supplements
or placebo

ChangeVitamin D Placebo group

Fig. 4 Before, after, and changes in (means ± standard deviation) of serum insulin levels in women with endometrial hyperplasia that received either
vitamin D supplements or placebo
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insulin resistance of vitamin D. The absence of significant
effect of vitamin D administration on lipid fractions in this
study may be due to various dosages of vitamin D supple-
ments and characteristics of the participants.

Our study shown that taking vitamin D in women with EH
for 12 weeks resulted in a significant decrease in serum hs-
CRP and a significant increase in plasma TAC concentrations
compared with the placebo, but unchanged other biomarkers
of inflammation and oxidative stress. In line with our study, a
meta-analysis study conducted by Chen et al. [46] has shown
that vitamin D supplementation was related to decreased
levels of hs-CRP. However, the results from clinical trials on
vitamin D supplementation and its effects on CRP concentra-
tions have been inconsistent. We have previously shown that
intake of 400 IU vitamin D supplements per day in healthy
pregnant women for 9 weeks was linked to significant

decreases in serum hs-CRP, and significant increases in plas-
ma TAC andGSH levels [47]. However, a 6-week supplemen-
tation with 1000 mg calcium per day and 50,000 IU vitamin
D3 every 3 weeks did not change hs-CRP and NO concentra-
tions among patients with GDM for 6 weeks [48]. Even in
another study, hs-CRP levels were significantly increased
among overweight and obese subjects who received
40,000 IU vitamin D per week or 20,000 IU vitamin D per
week for 1 year [49]. Supplementation with 50,000 IU vitamin
D3 every 2 weeks for 16 weeks among adult patients with
non-alcoholic fatty liver disease led to amelioration in MDA
values, but unchanged TAC concentrations [50]. Increased
inflammatory factors can result in disorders in the regulation
of cell division, leading to excessive mitosis, decreased apo-
ptosis, mutations, and therefore the initiation and promotion of
neoplastic transformation [51]. In addition, EH may be able to

ChangeVitamin D Placebo group

Fig. 6 Before, after, and changes in (means ± standard deviation) of quantitative insulin sensitivity check index in women with endometrial hyperplasia
that received either vitamin D supplements or placebo

ChangeVitamin D Placebo group

Fig. 7 Before, after, and changes in (means ±standard deviation) of serum high-sensitivity C-reactive protein in women with endometrial hyperplasia
that received either vitamin D supplements or placebo
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activate compensatory mechanisms of oxidative stress [7]. In
this sense, one of the possible mechanisms that hyperplasia
can employ to reduce oxidative stress could be by means of an
increase in antioxidant activity. Increased biomarkers of oxi-
dative stress are capable of changing the expression of pro-
teins directly related to apoptosis [52]. Furthermore, reactive
oxygen species (ROS) are capable of inhibiting mismatches or
DNA repair mechanisms [53]. The relevance of our findings,
in particular with regard to the possible decrease in serum hs-
CRP and increase in TAC levels, may lie in the fact that

malignant tissues have a need to reduce oxidative stress to
permit tumor promotion and progression and thus acquire
the ability to metastasize [54]. Moreover, the increase in
TAC levels, whether due to the induction of antioxidant en-
zymes (catalase, glutathione, or superoxide dismutase) or for
any other reason, seems to transfer cellular resistance to the
ROS [7], which might be a reflection of tumor adaptation
mechanisms. Less production of PTH [55] induced superox-
ide dismutase activity [56] and upregulation of antioxidant
systems including glutathione peroxidase via its nuclear

Table 2 Metabolic profiles, biomarkers of inflammation, and oxidative stress at baseline and after the 12-week intervention in women with endo-
metrial hyperplasia that received either vitamin D supplements or placebo

Placebo group (n = 30) Vitamin D group (n = 30) Pb

Ideal
levels

Wk0 Wk12 Change Pa Wk0 Wk12 Change Pa

HOMA-B ND 30.2 ± 12.9 33.6 ± 14.5 3.3 ± 13.4 0.18 29.7 ± 17.6 27.9 ± 17.5 −1.8 ± 6.9 0.16 0.06

Triglycerides
(mg/dL)

<150 128.6 ± 79.9 135.0 ± 74.5 6.4 ± 22.3 0.12 129.8 ± 60.2 137.2 ± 67.0 7.4 ± 66.0 0.54 0.94

VLDL-cholesterol
(mg/dL)

<30 25.7 ± 16.0 27.0 ± 14.9 1.3 ± 4.5 0.12 26.0 ± 12.0 27.4 ± 13.4 1.4 ± 13.2 0.54 0.94

Total cholesterol
(mg/dL)

<200 186.4 ± 35.2 192.2 ± 36.5 5.8 ± 26.3 0.23 188.0 ± 36.8 192.2 ± 34.9 4.2 ± 21.3 0.28 0.80

LDL-cholesterol
(mg/dL)

<130 115.3 ± 34.4 118.2 ± 34.2 2.9 ± 25.5 0.53 113.9 ± 37.3 115.2 ± 34.2 1.2 ± 20.9 0.76 0.77

HDL-cholesterol
(mg/dL)

>50 45.4 ± 8.9 46.9 ± 11.3 1.5 ± 5.9 0.16 48.1 ± 10.0 49.6 ± 11.1 1.5 ± 5.0 0.11 0.96

NO (μmol/L) ND 41.0 ± 4.7 41.5 ± 4.5 0.5 ± 3.7 0.50 39.4 ± 3.2 40.9 ± 3.4 1.5 ± 3.9 0.04 0.31

GSH (μmol/L) ND 543.4 ± 61.4 547.3 ± 65.2 3.9 ± 74.3 0.77 561.5 ± 48.1 578.5 ± 73.0 26.0 ± 87.7 0.11 0.29

MDA (μmol/L) ND 2.4 ± 0.3 2.3 ± 0.3 −0.1 ± 0.3 0.71 2.3 ± 0.3 2.2 ± 0.2 −0.1 ± 0.3 0.56 0.89

Data are means ± SDs
aObtained from paired-samples t tests
b Obtained from repeated measures ANOVA test

GSH total glutathione, HOMA-B homeostasis model of assessment-estimated b cell function, MDA malondialdehyde, NO nitric oxide, ND not
determined

ChangeVitamin D Placebo group

Fig. 8 Before, after, and changes in (means ± standard deviation) of plasma total antioxidant capacity in women with endometrial hyperplasia that
received either vitamin D supplements or placebo
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receptors [57] by vitamin D might explain anti-inflammatory
and antioxidant effects of vitamin D.

Our study had some limitations. Sample size and duration
of intervention were low in our study. Furthermore, due to
limited funding, we did not examine the effect of supplemen-
tation on signaling pathway related to inflammation and oxi-
dative stress. We did not evaluate hemoglobin A1C and serum
calcium levels in all patients, and estradiol levels in post-
menopausal patients. In addition, we did not stratify partici-
pants according their vitamin D, metabolic profiles, bio-
markers of inflammation, and oxidative stress at baseline.
Therefore, this should be taken into considered in the interpre-
tation of our findings.

In conclusion, vitamin D3 supplementation for 12 weeks
among women with EH had beneficial effects on glucose me-
tabolism, serum hs-CRP, and plasma TAC concentrations, but
did not affect EH regression, lipid profiles, other biomarkers
of inflammation, and oxidative. In addition, vitamin D may
have played an indirect role in reducing complications of EH
due to its effect on improved glycemic control, hs-CRP, and
TAC concentrations.
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