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What Is It about?

There appears to be a link between serum levels of vitamin D, glucose, insulin, HOMA-IR, inflam-
matory markers, and trace metal in gestational diabetes mellitus (GDM). However, there is limited
knowledge and results are inconsistent on the relationship between vitamin D status and these meta-
bolic markers that are implicated in the pathophysiology of GDM, especially in Nigeria. Therefore, this
study assessed how decreased serum levels of vitamin D in GDM can impact negatively on insulin
sensitivity, high-sensitivity C-reactive protein, ferritin, and zinc levels and thereby establish the
possible role of vitamin D in the pathogenesis of GDM.
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Abstract

Background: Gestational diabetes mellitus (GDM), a pregnancy complication, is defined as
any degree of glucose intolerance with onset or first recognition during pregnancy. Vitamin
D deficiency and insufficiency has recently been recognized as a contributing factor to the
pathogenesis of GDM, and this link might be associated with hyperglycemia, insulin resis-
tance, and inflammation, which are implicated in GDM. Objectives: This study aims at inves-
tigating the relationship between vitamin D, fasting plasma glucose (FPG), insulin, zinc, ferritin,
and high-sensitivity C-reactive protein (CRP) in GDM. Method: A case-control study in which
80 women attending the antenatal clinic of University College Hospital (UCH), Ibadan, Nigeria,
were recruited; the women were grouped into controls (40 nondiabetic pregnant women) and
cases (40 pregnant women with GDM). Blood samples were taken at the second trimester, and
metabolites were quantified by standard laboratory methods. Student’s t test and Pearson
correlation were used to compare variables and determine the relationship between variables,
respectively. Results: Results showed significant (p < 0.05) low levels of serum vitamin D and
zing, and significant (p < 0.05) higher levels of FPG and serum insulin, ferritin, and CRP in the
GDM group compared to the control group. In the GDM group, a positive weak relationship
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was observed between vitamin D and zinc (r = 0.18, p < 0.05), while vitamin D was inversely
correlated with FPG, serum insulin, ferritin, and CRP (r = -0.23, —0.21, —0.20, —0.46, respec-
tively, p < 0.05). Conclusion: This study suggests that hypovitaminosis D might be associated
with glucose intolerance, insulin insensitivity, and inflammation, which are factors implicated

in the development and progression of GDM. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Gestational diabetes mellitus (GDM) is a common pregnancy complication, which is asso-
ciated with the development of spontaneous hyperglycemia during pregnancy [1]. It is a
metabolic disorder first diagnosed in the second or third trimester of pregnancy that is not
clearly either preexisting type 1 or type 2 diabetes [2]. Areview indicated that the occurrence
of GDM in sub-Saharan Africa was 14% [3] and in the Middle East and North Africa it ranged
from 8.4 to 24.5% [4], and a recent review found the prevalence in West Africa to be about
14% [5]. Normal pregnancy is characterized by a significant reduction in maternal insulin
sensitivity in the second and third trimesters. However, the reduced reserve of  cells or their
maladaptation to increased insulin demands might result in the development of GDM [6].
Decreased maternal insulin sensitivity, or increased insulin resistance, is the underlying
pathophysiology of gestational diabetes, which starts near pregnancy and progresses to the
third trimester. HOMA-IR stands for homeostatic model assessment of insulin resistance,
which is an important index for the assessment of insulin resistance. Insulin resistance, which
is defined as the inability of a defined concentration of insulin to illicit a response of nutrient
metabolism at the level of the target tissue [7], is the key to the development of GDM. However,
GDM has long- and short-term consequences on the mother’s and offspring’s health [8]. Some
adverse effects on the mother’s health include urinary tract infection, higher risk of hyper-
tension and postpartum development of type 2 diabetes mellitus [9, 10], and increased risk
of GDM in future pregnancies [10]. Effects on infant’s health include macrosomia, birth
trauma, neonatal jaundice, respiratory distress syndrome, hypoglycemia, hypocalcemia and
hyperbilirubinemia shoulder dystocia, cesarean delivery, and birth trauma [10]. Pregnancy
complicated by untreated or poorly treated diabetes is associated with high maternal and
perinatal mortality. Hence, research aimed at prevention, early diagnosis, and treatment of
gestational diabetes is very important. Inflammatory and stress responses mediate insulin
resistance [11], and inflammatory mediators play an important role in the development and
progression of GDM [3].

C-reactive protein (CRP) is a sensitive marker of inflammation and a classical acute phase
reactant in numerous pathologic conditions. Elevated CRP levels have been associated with
abnormal metabolic conditions such as insulin resistance, hyperglycemia, type 2 diabetes
mellitus, and GDM [12].

A study found that the prevalence of elevated CRP is 28% in normal pregnant women
(controls) and 76% in women with GDM [4]. Studies conducted on CRP and tumor necrosis
factor-a in gestational hyperglycemia showed that during pregnancy, increased CRP levels
are associated with insulin resistance, maternal dysglycemia, and GDM, hence CRP is an
important marker for early prediction of GDM [13, 14].

Zinc is one of the most common trace metals in the human body and it plays an important
role in growth, acting as a signaling factor [15]. It is a trace element required for the normal
synthesis, storage, and secretion of insulin in pancreatic 8 cells. It has been reported in a
recent study that the depletion of zinc negatively impacts insulin sensitivity and glucose
tolerance [16]. This metal also stimulates glycolysis, inhibits gluconeogenesis, and plays a
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role in glucose transport in adipocytes. In addition, it has been shown that zinc supplemen-
tation improves glucose homeostasis in patients with diabetes [17].

Zinc is important in the regulation of chronic inflammatory status through the reduction
of inflammatory cytokines. It is also a vital tool in reducing oxidative stress by participating
in the synthesis of antioxidants. Physiological concentration of zinc inhibits the production of
reactive oxygen species, such as superoxide anion (0~), hydrogen peroxide (H,0,), and
radical hydroxyl (OH) as well as peroxynitrite [18]. The direct action of zinc ion on antiox-
idant proteins and modulation of metallothionein induction establishes its antioxidant prop-
erties. Direct antioxidant activity of zinc ions is associated with its binding to thiol groups,
thus protecting them from oxidation [19].

Zinc acts as cofactor of antioxidant enzyme copper/zinc superoxide dismutase (SOD1),
which is suppressed under zinc-deficient conditions. Zinc also may indirectly affect the
activity of other antioxidant enzymes, in particular, zinc supplementation significantly
increased glutathione peroxidase activity through modulation of selenium status [20].

Ferritin, the major iron storage protein, is an important protein in iron metabolism [21].
Serum ferritin concentration provides an indirect estimate of body iron stores because it is
highly correlated with bone marrow iron. Also, ferritin is a positive acute-phase reactant; its
serum concentration is increased in the presence of various acute or chronic disease condi-
tions and chronic inflammation-related diseases [22]. Recent studies among healthy indi-
viduals and nonpregnant women have shown positive associations of moderately elevated
serum ferritin levels with risk factors for cardiovascular diseases [23]. Studies also showed a
significant relation between higher serum ferritin levels and insulin resistance syndrome and
risk of type 2 diabetes [24]. In pregnant women, Lao and Ho found that women with iron defi-
ciency anemia had a reduced risk of GDM [25]. It was also found that high serum ferritin and
CRP levels are independent risk factors for type 2 diabetes [26, 27]. Therefore, increased
serum ferritin level might be associated with increased risk of developing GDM.

Vitamin D is a group of fat-soluble secosteroids found mostly in fish liver oils, fatty fish,
mushrooms, egg yolks, and liver. Furthermore, vitamin D can also be produced in the body in
the presence of sunlight. Its two physiological active forms are vitamin D3 (cholecalciferol) and
vitamin D, (ergocalciferol). In response to parathyroid hormone, both forms are first hydrox-
ylated in the liver to 25-hydroxyvitamin D (25(0OH)D or calcidiol), and sequentially converted
to 1,25-dihydroxyvitamin D (calcitriol) in the kidneys. Vitamin D has traditionally been seen
as a regulator of bone mineralization and calcium homeostasis; however, recent findings have
unveiled its numerous biological roles [28, 29]. Vitamin D facilitates active calcium absorption
in the small intestine by increasing calcium channel and calcium binding protein expression
and promotes the maturation of preosteoclasts. Vitamin D is also important in the regulation
of gene expression by binding to the vitamin D receptor; this action can also mediate regu-
lation of glucose metabolism through influencing insulin sensitivity insulin secretion and
insulin resistance [29]. Vitamin D deficiency in pregnancy was related to the incidence of GDM
and serum 25(0H)D was significantly lower in women with GDM than in those with normal
glucose tolerance [30]. A case-control study involving 1,280 women with GDM and 3,438
controls evaluated the association of 25(OH)D concentrations with risk of GDM. After adjusting
for confounding factors, women with low concentrations (<50.0 nmol/L) of 25(0H)D displayed
a significantly increased risk of GDM and adverse pregnancy outcomes [31].

There appearstobealinkbetween vitamin D, glucose metabolites, inflammatory markers,
and zinc in GDM. However, there is limited knowledge and results are inconsistent on the
relationship between vitamin D status and these metabolic markers in GDM, especially in
Nigeria. Therefore, this study aims at establishing the relationship between the serum levels
of vitamin D, insulin, high-sensitivity CRP (hsCRP), ferritin, and zinc in GDM and the likely
effects of this association on the complications of GDM.
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Materials and Methods

Study Design

Thisis a cross-sectional study carried outamong age-matched pregnant women recruited
from the antenatal clinic of the Obstetrics and Gynecology Department, University College
Hospital (UCH), Ibadan, Oyo State, Nigeria.

The sample size was calculated using the formula described by Daniel [32]. Therefore, 80
participants aged between 18 and 45 years at their second trimester were recruited for this
study and grouped into:

Group A: 40 pregnant non-GDM women (controls).

Group B: 40 pregnant women with GDM (cases).

Selection Criteria

Participants were selected from the pregnant women attending the antenatal clinic of the
Obstetrics and Gynecology Department of University College Hospital (UCH), Ibadan, using a
convenient (non-random) sampling technique. They were subjected to an oral glucose
tolerance test and grouped into the GDM or non-GDM group according to WHO criteria which
states that GDM is diagnosed during the oral glucose tolerance test if one or more of the
cutoffs is exceeded (fasting >95 mg/dL [5.3 mmol/L], 1 h 2180 mg/dL [10.0 mmol/L], 2 h
>155 mg/dL [8.6 mmol/L]) while the non-GDM group (controls) were women with normal
serum glucose levels <129 mg/dL (7.2 mmol/L).

Blood pressure in mm Hg, weight, and height were measured, and body mass index (BMI)
was calculated as weight in kilograms divided by height in meters squared in all of the
pregnant women using a standard analog sphygmometer, weighing balance and meter rule,
respectively.

Anthropometric measurements were assessed. Body weight was measured in an over-
night fasting status, without shoes and in minimal clothing state, using a bathroom scales to
the nearest 0.1 kg. Height was measured using a nonstretched tape measure to the nearest
0.1 cm.

Inclusion Criteria
Pregnant women at their second trimester, aged between 18 and 45 years.

Exclusion Criteria

Presence of thyroid or parathyroid disorder, kidney or liver diseases, cardiovascular
disease, or hypertension, taking vitamin D supplements within 6 months prior to the study,
and smoking.

Sample Collection

A total of 10 mL of venous blood was collected from each participant after being issued
the informed consent form; 5 mL was dispensed into a plain (nonanticoagulant) bottle and
allowed for clot retraction, then centrifuged and serum separated, and 5 mL was dispensed
into a fluoride oxalate bottle for plasma glucose estimation. Assay samples were stored at
-20°C prior to analysis.

Biochemical Assessment

Determination of Plasma Glucose

The plasma glucose was measured using the glucose oxidase method as described by
Trinder [33] on an automated chemistry analyzer (LandWind C-100 plus).
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Table 1. Baseline characteristics

of glucose-tolerant pregnant Parameters Controls (n =40) Cases (n = 40)

women (controls) and women  — yo oo 30.8+4.17 32.6+4.13%

with gestational diabetes (cases) Wei’ght kg 61.4+8.0 88.5+11.642
Height, m 1.6+0.04° 1.6+£0.06?
BMI, m?/kg 24.242.92 32.5+4.8P
SBP, mm Hg 103.5+11.82 116.58.7°
DBP, mm Hg 70.2+6.0? 76.9+£8.72

Values with the same superscript letter within the same column are
not statistically different (p > 0.05) between the control and case
groups, while values with different superscript letters are significantly
different (p < 0.05). BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure.

Determination of Serum Insulin

Serum insulin was measured manually by the enzyme-linked immunosorbent assay
(ELISA) method as described by Nakagawa et al. [34] on a microplate reader (StatFax 4200,
USA).

Determination of Serum hsCRP
hsCRP was also manually measured using the ELISA method as described by Burtis and
Ashwood [35] on a microplate reader (StatFax 4200).

Determination of Serum Zinc Levels
Serum zinc levels were assessed by atomic absorption spectroscopy as described by
Molina-Lépez et al. [36].

Determination of Serum Ferritin Levels
The serum ferritin level was determined by using ELISA as described by Garton et al. [37]
on a microplate reader (StatFax 4200).

Determination of Serum Vitamin D Concentration
The serum vitamin D level was measured using ELISA as described by Holick and Chen
[38] on a microplate reader (StatFax 4200).

Determination of HOMA-IR

The insulin resistance index was calculated using the University of Oxford HOMA calcu-
lator software, version 2.2. HOMA-IR was calculated as: [fasting plasma glucose (FPG)
(mmol/L) x fasting serum insulin (nIlU/mL)]/22.5 [39].

Quality Control

The quality control samples were run with the participants’ samples in each assay batch.
The test results were accepted only if the quality control results of the analytical run were in
control. The interassay coefficient of variation was determined, being 2.98% for glucose,
6.47% for insulin, 9.2% for hsCRP, 8.41% for ferritin, 7.41% for vitamin D, and 2.14% for zinc.

Statistical Analysis

Data obtained from this study were subjected to statistical analysis using SPSS version
20.0. The results obtained were grouped and expressed as mean * standard deviation.
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Table 2. Maternal levels of

. . Parameters Controls Cases

serum vitamin D and some

metabolites in glucose-tolerant i i g /ml, 35.3+9.53 26.6+8.75

pregnant women (controls)and  ppg o /q1, 93.18+15.47 152.15+28.6"

women with gestational diabetes  1nsylin, pmol/L 16.39+7.7° 30.41£13.8°

(cases) HOMA-IR 1.07+0.5 1.90+0.9
CRP, mg/L 12.27+6.8° 20.13+4.5P
Zinc, pmol /L 9.8£3.92 4.04+1.2b
Ferritin, ng/mL 26.62+8.512 40.57+14.4b

Values with the same superscript letter within the same column are
not statistically different (p > 0.05) between the control and the case
groups, while values with different superscript letters are significantly
different (p < 0.05). FPG, fasting plasma glucose; HOMA-IR, homeostatic
model assessment of insulin resistance; CRP, C-reactive protein.

Table 3. Pearson correlation

between vitamin D, CRP, FPG, Parameters i p value

insulin, zinc, and ferritin in GDM Vitamin D vs. FPG ~0.23 0.00
Vitamin D vs. insulin -0.21 0.04
Vitamin D vs. HOMA-IR -0.23 0.05
Vitamin D vs. hsCRP -0.46 0.01
Vitamin D vs. zinc 0.18 0.00
Vitamin D vs. ferritin -0.20 0.04

The Student ¢t test was used to compare means across the two groups and Pearson corre-
lation was used to establish the relationship between variables. Significant difference was set
at p < 0.05 [40].

Results

There was no statistical difference (p > 0.05) in age, height, and diastolic blood pressure
between the two groups. However, weight, BMI, and systolic blood pressure were statistically
higher in the GDM group compared to controls (Table 1).

There were significantly lower levels (p < 0.05) of serum vitamin D and zinc in the GDM
group compared to controls, while the serum levels of FPG, insulin, CRP, and ferritin were
significantly higher in the GDM group compared to controls (Table 2).

In the GDM group, there was a significant weak inverse relationship between serum
vitamin D levels and FPG, insulin, and CRP, while there was a weak positive relationship
between vitamin D and zinc (Table 3).

Discussion/Conclusion
This study sought to determine the relationship between vitamin D and some metabolic

indices like glucose, insulin, HOMA-IR, ferritin, zinc, and CRP in GDM. BMI and systolic blood
pressure were significantly higher in the GDM group compared with controls, similar to
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previous studies [41, 42]. Recent studies show an increased risk of GDM associated with
increasing BMI [43, 44].

In the present study, we also found a significant lower concentration in serum vitamin D
levels in the GDM group compared to the controls. The hypovitaminosis D observed in the
GDM women is similar to that in a previous study reported by Fatemeh et al. [45]. A cross-
sectional study by Maghbooli et al. [46] also showed that the serum levels of 25(0H)D were
significantly lower in the GDM group compared to controls, and the prevalence of GDM was
higher in those with severe vitamin D deficiency. Wang et al. [47] indicated a significant
difference in serum 25(0H)D concentrations between GDM and pregnant women with normal
glucose tolerance even after controlling for age and pre-pregnancy BMI, and reported a
96.25% prevalence of vitamin D insufficiency and 52.75% deficiency in the GDM group. There
seems to be alink between vitamin D status and pathogenesis of GDM; this connection can be
attributed to the role of vitamin D in glucose metabolism, inflammation, and modulation of
gene expression for insulin secretion.

FPG concentrations were significantly higher in the GDM group, which is also in accor-
dance with previous studies by [48, 49]. There was also a significant weak inverse relationship
between vitamin D and FPG in GDM as shown in Figure 1. This shows that the hypovita-
minosis D observed in the group might be responsible for the higher FPG. Vitamin D mediates
an important role in glucose metabolism via the presence of vitamin D receptors and the
expression of la-hydroxylase enzymes in pancreatic 8 cells along with the presence of a
vitamin D response element in the human insulin gene promoter [50].
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The serum insulin level was significantly lower in the GDM group compared to the
control group, similar to the report of Von Hurst [51], 2010. The insulin resistance index
(HOMA-IR) was significantly higher in the GDM group with a mean value of 1.90 and had an
inverse relationship with vitamin D, as seen in Figure 2. This result is consistent with
previous studies that demonstrated that HOMA-IR assessed at diagnosis of GDM ranged
from 1.6 to 2.5 [52]. Causes of insulin resistance are not completely understood; however
high maternal weight is associated with insulin resistance during pregnancy. Insulin resis-
tance may be due to increasing secretion of human placental lactogen and other placental
secretions or to a systemic inflammation during pregnancy [53]. There was also a weak
inverse relationship between vitamin D concentrations and insulin levels in the GDM group,
as shown in Figure 3. Vitamin D plays an important role in insulin sensitivity via (-cell
function [54]. The effect of vitamin D on the regulation of pancreatic -cell function and
insulin secretion could be through intracellular changes in calcium flux through the cell
membrane combined with its role in the synthesis and regulation of calbindin, a vitamin
D-dependent calcium-binding protein in pancreatic  cells. The decrease in calcium flux
across cell membranes might result in decreased responsiveness of tissues to insulin-
mediated intracellular signaling [55].

Vitamin D could also enhance insulin sensitivity by stimulating insulin receptor gene
expression, thereby enhancing insulin-mediated glucose transport [56]. Hypovitaminosis D
could therefore be an important causative factor in insulin insensitivity and reduced
production of insulin by the pancreatic 3 cells, as seen in GDM cases.
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Vitamin D vs. hsCRP
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In this study, the GDM group had higher levels of ferritin compared to the control group, this
issupported by the study of Chen etal. [57]. Also, a significant weak inverse relationship between
vitamin D and ferritin was observed, as shown in Figure 4. Ferritin is important in reflecting
bodyironstores;infacthigherironstorescanbeassociated withinsulinresistanceinnonpregnant
subjects [25]. There is an increasing recognition that iron overload may play a role in insulin
resistance at the cellular level. Iron overload impairs the response to insulin in the liver, muscle,
and adipose tissue [58]. Excess iron, once stored in the liver, interferes with glucose metabolism,
causing hyperinsulinemia via both decreased insulin clearance and impaired insulin signaling.
Insulin stimulates the intrahepatic iron accumulation by increasing the uptake of diferric trans-
ferrin through an enhanced number of transferrin receptors onto the cell surface while upregu-
lating hepcidin expression directly. Iron has the ability to cause an inhibitory effect of insulin on
gluconeogenesis, reducing liver extraction and insulin metabolism. Increasing iron stores leads
to peripheral hyperinsulinemia with both liver and muscle resistance [59].

However, data are conflicting regarding whether elevated serum ferritin reflects inflam-
mation or increased iron stores [60]. Ferritin has been recognized as a marker of inflam-
mation, and pregnancy is considered an inflammatory state, and in GDM, inflammation is
further increased. In addition, Lao and Ho [25] found that higher hemoglobin (>13 g/dL) was
an independent risk for GDM and that iron deficiency anemia is associated with a lower risk
of GDM. The possible link might be that vitamin D influences iron metabolism and erythro-
poiesis by its influence on hepcidin via cytokines or independently of changes in pro-inflam-
matory markers [61]. However, lower levels of pro-inflammatory cytokines and hepcidin
increase iron bioavailability for erythropoiesis and hemoglobin synthesis by preventing iron
sequestration in macrophages [62]. On the other hand, iron deficiency damages intestinal
absorption of fat-soluble vitamins, including vitamin D [63].

Rudnicki and Mglsted-Pedersen [64] reported that supplementation with an active form
of vitamin D (1,25(0H)2D) was associated with a significant decrease of plasma glucose level
and possible effect on insulin sensitivity.

Vitamin D may also have a beneficial effect on insulin action either directly or through
stimulating the expression of insulin receptors and activating peroxisome proliferator-acti-
vated receptors [65].

The increased level of CRP observed in the GDM group in the present study has been
reported by Rota et al. [66] and Cruz et al. [67]. Pregnancy is a condition associated with a
high degree of inflammation due to increased metabolic activities and oxidative stress in the
maternal circulation. However, the inflammation is worsened in GDM and this accounts for
the observed increase in the serum level of CRP. In addition, this study observed a significant
weak inverse relationship between vitamin D and CRP in the GDM group, as seen in Figure 5;
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this is supported by the work of Burris et al. [44]. CRP at mid-pregnancy correlates with GDM
and inflammation is suggestive of the disease development [68]. The probable mechanism by
which vitamin D interferes with the inflammatory process may be the suppression of nuclear
factor kappa-3 by vitamin D that brings about inhibition of endogenous CRP synthesis [57].
Intake of vitamin D supplements in healthy pregnant women has been linked to significant
decreases in serum CRP levels. The anti-inflammatory effect of vitamin D in diabetes has been
reported in some studies [69].The anti-inflammatory effect of vitamin D might be that the
active form of vitamin D decreases the expression of pro-inflammatory cytokines such as IL-6,
IL-1, and TNF-« involved in insulin resistance [70].

Decreased serum zinc was observed in the GDM group compared with controls, similar to
the study of Shams et al. [71]. Also in the present study, there was a significant positive rela-
tionship between serum vitamin D and zinc levels in the GDM group, as shown in Figure 6.
Zinc is involved in the synthesis, storage, and secretion of monomeric insulin [71], as well as
conversion to a dimeric form for storage and secretion as crystalline insulin [72]. Zinc element
may have a key role in improving peripheral insulin sensitivity through potentiating insulin-
stimulated glucose transport [73]. All these show that zinc is essential in insulin action and
carbohydrate metabolism. Additionally, zinc is a cofactor of antioxidant enzymes such as
superoxide dismutase (SOD) and catalase, and is involved in the protection of pancreatic 3
cells and insulin against free radicals [74].

The vitamin D receptor binds zinc, and the activity of vitamin D-dependent genes in cells
is influenced by intracellular zinc concentrations; in essence, zinc aids in the intracellular
roles of vitamin D.

In conclusion, this study supports other studies stating that hypovitaminosis D in preg-
nancy complicated with GDM impacts negatively not only on glucose, but also on serum
ferritin, hsCRP, and zinc. This study suggests that hypovitaminosis D in GDM might not just
be a pathological feature but a causative factor in the development of GDM because of its rela-
tionship with important metabolic indices involved in the pathogenesis of GDM. Vitamin D
plays an important role in preventing inflammation and maintaining glucose homeostasis.
Further studies that will explore the link between vitamin D status and the development of
gestational diabetes with emphasis on other metabolic indices and genetic markers are very
important.
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Recommendation

The nutritional state before and during pregnancy affects general maternal health and
fetal growth during pregnancy. Vitamin D, which has its source limited not only to sunlight
but to fatty fish oil, egg yolk, and mushroom, is very important in all stages of pregnancy; its
functions are numerous and cannot be overemphasized. Diets and supplements rich in
vitamin D are encouraged before, during, and after conception.

Study Limitation

The small sample size is the major limitation of this study due to lack of funds. However,
further study with a large sample size is encouraged to establish the relationship between
vitamin D and metabolic indices in GDM in Nigeria, as reported in the present study.
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