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Objective: This study aims to compare vitamin D and zinc dietary intake and serum levels in
Iranian women with diminished ovarian reserve (DOR) compared to normal peers.

Materials and Methods: The case-control study was performed on 99 women referred
to an infertility treatment clinic in Yasuj, Iran, who were selected by a convenience
sampling method. The case group (n=55) included women with DOR (anti-Miillerian
hormone (AMH) <1 ng/mL and antral follicle count (AFC) <10 in sonography at 3-10 days
of menstrual cycle). The control group (n=44) was women with normal ovarian reserve
markers. Dietary intake was assessed using the food frequency questionnaire, and the
serum concentration of zinc and vitamin D were determined for each participant. The
obtained data were analyzed using t-test or chi-square test. The body mass index (BMI)
and age were adjusted by the analysis of covariance. Significance level was set at P<0.05.

Results: The mean age of the participants was 33.4426.58 and 32.4+31.16 years in the
case and control groups, respectively. The mean BMI of participants was 27.15+3.97 and
26.35+4.23 kg/m?in the case and control groups, respectively. After adjusting for BMI and
age, dietary intake of vitamin D (6.9810.57 vs 4.02+1.09; P=0.05; adjusted effect size=0.86)
and serum vitamin D level (20.91+5.23 vs 17.12+8.73; P=0.05; adjusted effect size=0.52) levels
were significantly higher in the control group compared to the case group. Dietary intake of
zinc (8.75%2.55 vs 10.68%4.75) and serum zinc level (87.09£10.02 vs 87.09+10.02) were not
significantly different in the control group compared to the case group, after adjusting for
BMI and age.

Conclusion: Our results on DOR revealed the possible favorable relationship of vitamin D

Keywords: : intake and serum vitamin D level with ovarian reserve performance, and this relationship is
Ovarian reserve, Zinc, Vitamin :  independent of age and BMI. Further studies, particularly clinical trials, are recommended to
D, Dietary intake ¢ clarify the potential positive effects of vitamin D on ovarian reserve in DOR women.
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Highlights

e After adjusting for body mass index (BMI) and age, the serum vitamin D level was significantly higher in women
with normal ovarian reserve compared to those with diminished ovarian reserve (DOR).

e After adjusting for BMI and age, dietary intake of vitamin D was significantly higher in women with normal ovarian
reserve compared to those with DOR.

e Dietary intake of zinc and the serum zinc level were not significantly different between women with DOR and
normal peers.

® The vitamin D intake and serum vitamin D level are possibly related to ovarian reserve performance and this rela-
tionship is independent of age and BMI.

Plain Language Summary

To date, limited observational and interventional studies have been performed to evaluate the relationship between
serum levels of vitamin D and zinc and ovarian reserve, which presents very contradictory results, and therefore this
issue remains unsettled. Therefore, the purpose of this study was to compare vitamin D and zinc dietary intake and
serum levels in women with DOR compared to normal population. The case group included women with diminished
ovarian reserve. The control group was women with normal ovarian reserve markers. Dietary intake using a food
questionnaire and serum concentration of zinc and vitamin D were determined for each participant. The results of
this study have shown that dietary intake and serum vitamin D levels were higher in the control group compared to
the DOR population. Dietary intake and serum zinc levels did not differ significantly in the control group compared to
the DOR population. The results of this study in DOR support a possible favorable relation between dietary intake and

serum vitamin D levels and ovarian reserve and this relationship is independent of age and BMI.

Introduction

varian reserve indicates ovarian

functionality due to the quantity and

quality of ovarian follicles [1]. In ad-

dition to the effects of genetics and

age on ovarian reserve, environmen-

tal factors are thought to moderate the rate of ovarian
reserve decline [1, 2]. It has been hypothesized that a
possible effect of vitamin D (a steroid hormone that has
known effects on calcium and bone metabolism [3]) on
Anti-Mdllerian hormone (AMH) may be a presumptive
component explaining the complex association be-
tween vitamin D and human reproduction [4]. Kinuta
et al. found that the neutral vitamin D receptor (VDR)
in mice suffering from ovarian failure had impaired fol-
licular growth [5]. A recent meta-analysis evaluated the
fertility outcomes of 2,700 women with infertility and
found a significant relationship between favorable out-
comes and rich vitamin D status [6]. Based on a recent
systematic review and meta-analysis of studies on vi-
tamin D and AMH, more randomized controlled trials

(RCTs) are needed to explain the complex relationship
between vitamin D and AMH [7].

There is a feed-forward loop between zinc and vitamin
D. Zinc can enhance vitamin D activities, while vitamin D
can influence zinc homeostasis. Vitamin D functions are
partly regulated by zinc finger-dependent transcription
of vitamin D-dependent genes. When vitamin D binds
to the VDR, it interacts with the zinc finger DNA-bind-
ing domain to regulate the transcriptional activation of
genes to exert cellular functions. As mentioned, zinc is
an essential cofactor to have the desired functions of
vitamin D. Similarly, vitamin D can also influence zinc ab-
sorption and homeostasis by regulating its transporters
[8]. Given the high prevalence of hypovitaminosis D and
zinc deficiency [9, 10], there is a need to pay attention
to their possible interactions in female reproduction.
The role of zinc in women'’s reproductive system is very
important. An animal study showed that female rabbits
with zinc deficiency could not ovulate. In addition, their
endometrium was inactive, and they could not conceive
[11]. A study on the zinc level in the follicular fluid of
women undergoing in vitro fertilization reported a re-
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lationship between zinc concentration in the follicular
fluid and follicle volume and the presence of oocytes in
the follicle and oocyte fertilization [12].

To date, limited observational and interventional stud-
ies have been performed to evaluate the relationship
between vitamin D and zinc serum levels and ovarian
reserve, which have presented contradictory results.
More studies are needed to investigate the relationship
of diet and nutrition patterns with AMH concentration
and age at menopause to better understand this issue.
Therefore, this novel study aimed to assess the associa-
tion of vitamin D and zinc dietary intake/serum levels
with ovarian reserve in women with diminished ovarian
reserve (DOR) in Yasuj, Iran.

Material and Methods

This is a case-control study that was conducted on
women with infertility referred to two infertility treat-
ment clinics in Yasuj, Iran, during 2019-2020. Consid-
ering the findings of Ersoy et al., including a median
vitamin D level of 7.75 (ranged 3-21.22) in cases and
6.74 (ranged 3-25.54) in controls [13], a=0.05 and
B=0.2, at least 40 people per group were considered as
the sample size. A convenience sampling method was
used to select participants. The inclusion criteria were
willingness to contribute to the study, age 18-40 years,
being married, having Iranian nationality, no history of
systemic diseases (diabetes, hypertension, known ane-
mia, autoimmune or inflammatory diseases, and other
diseases needing special diet), no tobacco, alcohol, or
drug use, no specific gynecological diseases (e.g. endo-
metriosis, polycystic ovarian syndrome), no history of
surgery in the uterus and ovaries, no history of receiv-
ing chemotherapy or radiotherapy, no hypercalcemia
(plasma calcium concentrations >2.65 mmol/L), and no
regular intake of vitamin D, zinc sulfate, or other supple-
ments in the past three months based on medical re-
cords and self-reports. The exclusion criterion was the
unwillingness to continue participation. Participants
were divided into case and control groups. The case
group included women with DOR (AMH level <1 ng/mL
and antral follicle count (AFC) <10 in sonography at 3-10
days of menstrual cycle). The control group consisted of
women with normal ovarian reserve. After presenting
the purpose of the study to the participants, a written
informed consent was obtained from them. The par-
ticipants underwent transvaginal 2D ultrasound on day
2-5 of the menstrual cycle by an experienced clinician
to confirm the AFC. Moreover, they underwent blood
sampling for the assessment of their serum hormone
profiles, zinc and vitamin D levels on days 2 to 5 of their

January 2025, Volume 35, Number 1

menstrual cycle. The process of the allocation is shown
in Figure 1. First, 135 patients were assessed for eligi-
bility, of whom 24 were excluded because they did not
meet the criteria. After allocation, 12 left the study (5
from the case group and 7 from the control group).

Demographic information, including age, occupation,
and body mass index (BMI), were first recorded. To de-
termine the serum levels of 25-hydroxyvitamin D, zinc,
and AMH, the samples were first centrifuged and stored
at -20 ‘'C. The AMH assay was done with the ultra-sen-
sitive AMH/MIS ELISA kit (Ansh Labs Co., USA) and an
automated ELISA analyzer (Elisys Uno). Reproducibility
and the total coefficient of variation for the AMH ELISA
assay were 5.13, 6.03, and 4.46% at the concentrations
of 0.35, 0.72, and 1.85 ng/mL, respectively. The serum
level of zinc was measured by atomic absorption spec-
trometry (Chemtech analytical CTA-2000). The total
imprecision coefficient of variation was 5.33% at a con-
centration level of 6.32 ng/mL, and 4.96% at the level of
37.71 ng/mL. The vitamin D assay was done by an ELISA
kit (25-OH vitamin D kit, Eurolmmun Co.) and an auto-
mated ELISA analyzer (Elisys Uno). The inter-assay preci-
sion was 7.8, 7, and 8.6% at the concentrations of 16.6,
43.5 and 67.8 ng/mL, respectively.

Dietary intake was measured using a modified food
frequency questionnaire (FFQ) in Persian which had 168
items. The reliability and validity of the questionnaire
have been approved in Iran [14]. The FFQ included a list
of foods with response categories. Subjects were asked
to report the frequency of consumption for each food in
the past month on a daily, weekly or monthly basis. The
frequency of consumption for each food item was con-
verted to intake in grams per day using household units.
This dietary information was analyzed in Nutrition soft-
ware version 4, which calculated the amount of energy,
macronutrients (carbohydrates, fats, and protein) and
micronutrients (at least 30 micronutrients). We used
only data related to dietary intake of vitamin D and zinc.
This study was done in accordance with strengthening
the reporting of observational studies in epidemiology
(STROBE) guidelines for observational studies [15].

The demographic data were expressed using
MeanzSD, or percentage. The comparison of the data
was performed by t-test or chi-square test. The effects
of BMI and age were adjusted by the analysis of cova-
riance. The statistical analyses were done in SPSS soft-
ware, version 21 (SPSS, Chicago, IL) and P<0.05 was con-
sidered as statistically significant. The normality of the
data distribution was examined using the Kolmogorov-
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Analyzed (n=55)

Analyzed (n=44)

Figure 1. The flowchart of the allocation process

Smirnov test. There were no missing values. Therefore,
no missing data imputation technique was used.

Results

The mean age of the participants was 33.4+26.58
years in the case group and 32.4+31.16 years in the con-
trol group. The mean BMI was 27.15+3.97 kg/m? in the
case group and 26.35%4.23 kg/m? in the control group.
Demographic and anthropometric characteristics of the
patients are reported in Table 1. There was no signifi-
cant difference between study groups in terms of these
characteristics.

Table 2 shows the results of comparison between the
two groups based on the dietary intake and serum level

of vitamin D. After adjustment of the effects of BMI and
age, dietary intake (6.98+0.57 pg/day in the control
group vs 4.02+1.09 pg/day in the case group, P=0.050)
and serum vitamin D (20.9145.23 ng/mL in the control
group vs 17.12+8.73 ng/mL in the case group, P=0.050)
levels were significantly higher in the control group
compared to the case group. The adjusted effect size for
age and BMI for dietary intake of vitamin D was 0.86; for
the serum vitamin D level, it was 0.52.

Table 3 shows the results of comparison between the
two groups based on the dietary intake and serum level
of zinc. After adjustment of the effects of BMI and age,
dietary intake of zinc (8.75+2.55 mg/day in the control
group vs 10.68%4.75 mg/day in the case group; P=0.39)
and serum zinc level (87.09+10.02 pg/dL in the control
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Table 1. Demographic characteristics of the participants
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. Case Group Control Group
V. | P
ariables (n=55) (n=44)
Age (y) 33.4426.58 32.4431.16 0.96
BMI 27.1543.97 26.35+4.23 0.35°
Cigarette smoking 4(7.27) 4(9.09) 0.74"

“T-test, ™" Chi-square test.

Table 2. Comparison of dietary intake and serum level of vitamin D between the study groups

. Case Group Control Group o P (Adjusted for BMI and Adjusted Effect
Variables X
(n=55) (n=44) Age) Size
Dietary intake of vitamin D 4.02+1.09 6.98+0.57 0.045 0.050 0.86
(ng/day)
Serum vitamin D level (ng/mL) 17.1248.73 20.91+5.23 0.050 0.050 0.52

“T-test

Table 3. Comparison of dietary intake and serum level of zinc between the study groups

Case group

Control group

. o . B
Variables (n=55) (n=44) P P (Adjusted for BMI and Age)
Dietary intake of zinc (mg/day) 10.68+4.75 8.75+2.55 0.277 0.391
Serum zinc level (ug/dL) 84+9.07 87.09+10.02 0.591 0.628

"T-test

group vs 87.09+10.02 pg/dL in the case group; P=0.62)
were not significantly different between the two groups.

Discussion

The results of the present study showed that, after ad-
justing for BMI and age, the vitamin D intake and serum
vitamin D levels were significantly higher in the women
with normal ovarian reserve compared to the women
with DOR. The identification of VDRs in reproductive or-
gans such as ovaries, endometrium, testes, hypothala-
mus and pituitary gland has shown the role of vitamin
D in reproduction [4]. Our results are in agreement with
the results of previous studies. Arefi et al. in a prospec-
tive observational study showed a significant negative
correlation between age and vitamin D level and be-
tween age and AFC. Also, they reported a significant
correlation between vitamin D level and AFC [16]. Merhi
et al. found a positive correlation between serum vita-
min D and AMH levels in patients with human immuno-
deficiency virus in late reproductive age. However, this
association was not observed in women under 40 years
of age [17]. Another prospective study examined the ef-
fect of vitamin D intake (oral dose of 5,000 units in the
first week of the menstrual cycle) on the AMH level in

49 women of reproductive age with regular menstrual
cycle. Their AMH level increased by 9.12% in one week
compared to those in the placebo group, which was sig-
nificant [18].

As previously introduced, vitamin D alters the AMH
sensitivity in human granulosa cells by suppressing AMH
type Il receptor expression. Due to reduced sensitivity
to AMH, more follicles reach final maturity and ovula-
tion, thereby affecting ovarian storage [17]. In addition,
the presence of vitamin D response element in the pro-
moter region of AMH gene indicates that the level of vi-
tamin D can also affect AMH production [19]. Based on
these findings, Irani et al. suggested that vitamin D is a
clinically useful marker for ovarian storage [4], although
other studies have shown contradictory results. Shap-
iro et al. examined the relationship between vitamin D
level and ovarian reserve parameters in women with
infertility and reported that the vitamin D level was not
associated with ovarian reserve [20]. Drakopoulos et al.
in a prospective study reported that the vitamin D level
was not associated with AFC [21]. For clarifying the role
of vitamin D in ovarian reserve, further investigation on
the correlation between serum vitamin D level and the
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markers of ovarian reserve, are needed particularly in
women with DOR.

Zinc is the second most abundantly distributed trace
element in the body. It is an abundant micronutrient in
meat and seafood. It is a cofactor for more than 80 me-
talloenzymes involved in DNA transcription and protein
synthesis. As DNA transcription is an important part of
germ cell development, zinc plays an important role in
reproduction. In addition, zinc finger protein is involved
in the genetic expression of steroid hormone receptors,
and has anti-apoptotic and antioxidant properties [22].
In our study we found no significant difference between
women with normal ovarian reserve and in zinc intake
and serum zinc level. Moreover, there was no significant
correlation between the levels of serum zinc and the
AFC and AMH. Kebapcilar et al examined zinc, copper,
and vitamin D levels in patients with primary ovarian in-
sufficiency and found that zinc level were significantly
lower in these patients than in controls [23]. Differences
in the mean age of participants, combinations of food
items in diet, and covariates entered to the model as po-
tential confounders can be the reasons for the discrep-
ancy. Further studies with larger sample sizes are rec-
ommended to assess the relevance of zinc in patients
with DOR. It should be noted that, in addition to the
limited number of studies on the relationship between
nutritional factors and ovarian reserve, existing studies
are hampered by the use of inappropriate markers of
ovarian reserve and small sample sizes. Compared to
other markers of ovarian reserve, the follicle stimulating
hormone is the most commonly used marker in the pre-
vious studies. However, the changes in the concentra-
tion of this hormone during the menstrual cycle and its
changes due to unrelated ovarian conditions make it an
inaccurate and insensitive marker for measuring ovar-
ian reserve. Currently, AMH is suggested as a powerful
marker for predicting ovarian reserve. Therefore, more
studies measuring AMH or AFC are needed to under-
stand the role of dietary intakes on ovarian reserve.

The main strengths of this study included the in-
vestigation of the intake of vitamin D and zinc using a
validated tool (FFQ) and measuring the AMH, vitamin
D and zinc serum levels in one day which can indicate
the real status of both hormones, while in the major-
ity of previous studies, stored blood samples are used
[17, 18, 24]. Nevertheless, there were some limitations
to the present study. Patients were selected from only
two infertility treatment clinic in Yasuj, which limits the
generalization of the results. Also, Iranian ethnicity dif-
ferences were not assessed for vitamin D status. We
did not measure the vitamin D binding protein level, as
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none of the previous studies assessed this protein. In-
stead, the 25-OH vitamin D as an accepted biomarker
for vitamin D, was used.

In conclusion, our results on DOR revealed the pos-
sible favorable relationship of vitamin D intake and
serum level of vitamin D with ovarian reserve perfor-
mance, and this relationship is independent of age and
BMI. Further studies, especially clinical trials, are recom-
mended to clarify the potential positive effects of vita-
min D on ovarian reserve in DOR women.
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