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Background: To evaluate the association between serum 25-hydroxyvitamin D (25(OH)D) at mid-pregnancy and postpartum glu-
cose intolerance in women with gestational diabetes mellitus (GDM).

Methods: We enrolled 348 pregnant women diagnosed with GDM from August 2012 to October 2016. We measured serum 25(OH)
D levels at mid-pregnancy and carried out a 75-g oral glucose tolerance test at 6 to 12 weeks after delivery. Vitamin D deficiency
was defined as serum 25(OH)D <20 ng/mL.

Results: The prevalence of vitamin D deficiency was 76.7% (rn=267). Women with vitamin D deficiency had a higher prevalence of
postpartum glucose intolerance than did those without vitamin D deficiency (48.7% vs. 32.1%, P=0.011). Serum 25(OH)D level
was negatively correlated with hemoglobin Alc at antepartum and postpartum period (antepartum: »=—0.186, P=0.001; postpartum:
r=-0.129, P=0.047). Homeostasis model assessment of -cell function was positively correlated with serum 25(OH)D level only
postpartum (r=0.138, P=0.035). The risk of postpartum glucose intolerance was 2.00 times (95% confidence interval, 1.13 to 3.55)
higher in women with vitamin D deficiency than in those without vitamin D deficiency (P=0.018).

Conclusion: In women with GDM, vitamin D deficiency at mid-pregnancy is associated with an elevated risk of postpartum glucose
intolerance.
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INTRODUCTION

Although the causality of this relationship is uncertain, vitamin
D deficiency is associated with type 2 diabetes and metabolic
syndrome [1-4]. Vitamin D is fat-soluble and is essential for
bone and calcium metabolism [5,6]. It is also well-known that
vitamin D is involved in glucose homeostasis by facilitating the
action and secretion in insulin [7,8]. Many studies have shown

that either insulin release and insulin sensitivity could be im-
proved or type 2 diabetes could be prevented by vitamin D sup-
plements [9-11]. However, randomized clinical trials for vita-
min D supplements have shown inconsistent results [12,13].
Gestational diabetes mellitus (GDM) is diabetes that is newly
diagnosed in the second or third trimester of pregnancy that is
not clearly either preexisting type 1 or type 2 diabetes and its
prevalence has been increasing worldwide [14-16]. Vitamin D
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deficiency is common in pregnant women and is recognized as
an emerging issue in global health [17-19]. Recently gathered
evidence suggests that vitamin D deficiency in the two first tri-
mesters of pregnancy increase the risk of insulin resistance and
developing GDM [20-22]. GDM is characterized by compensa-
tory failure of insulin secretion in response to increased insulin
resistance during pregnancy. In addition, increased insulin resis-
tance and decreased insulin secretion due to vitamin D deficien-
cy during mid-pregnancy might continuously influence on post-
partum glucose intolerance [23-25]. Nowadays, postpartum
monitoring for glucose intolerance has been increasing in im-
portance, because GDM is associated with an increased risk for
developing type 2 diabetes after delivery [25,26]. However,
there are few studies that have examined the effect of vitamin D
deficiency at mid-pregnancy on postpartum glucose intolerance
in patients with GDM. The aim of this study was to evaluate the
association between serum 25-hydroxyvitamin D (25(OH)D) at
mid-pregnancy and postpartum glucose intolerance in women
with GDM.

METHODS

Participants and design

We conducted this observational study in CHA Bundang Medi-
cal Center (Seongnam, Korea) from August 2012 to October
2016, enrolling 348 pregnant women diagnosed with GDM and
aged =20 years. We used a ‘two-step’ approach for diagnosis of
GDM. First, we used a 1-hour 50-g glucose load test as screen-
ing at 24 to 28 weeks of gestation. We offered a 3-hour 100-g
oral glucose tolerance test (OGTT) to woman who had a 1-hour
post-load plasma glucose level >140 mg/dL. According to the
Carpenter and Coustan criteria, the diagnosis of GDM can be
made if at least two of the four plasma glucose levels (measured
fasting and 1, 2, and 3 hours after the 100-g OGTT) were met or
exceeded. We excluded women who were known to have had
type 1 or type 2 diabetes before pregnancy, thyroid disorders,
twin pregnancy, and a history of taking vitamin D supplements
during pregnancy.

At 24 to 32 weeks of gestation (baseline visit), we carried out
anthropometric assessments, measured blood pressure, and did
laboratory tests, including fasting glucose, hemoglobin Alc
(HbA1c), lipid profiles, and serum 25(OH)D level for all study
participants. We collected medical histories from medical re-
cords. These women were given medical nutrition therapy and/
or insulin treatment during their antenatal follow-up. We evalu-
ated postpartum glycemic status by 75-g OGTT at 6 to 12
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weeks after delivery. We defined glucose intolerance as fasting
plasma glucose (FPG) =100 mg/dL or 2-hour plasma glucose
=140 mg/dL. This study was approved by the Institutional Re-
view Board of CHA Bundang Medical Center at CHA Univer-
sity School of Medicine (2017-08-004), and we obtained in-
formed consent from all study participants.

Clinical and laboratory measurements

Height and weight were measured for all subjects when they
were wearing minimal clothing and no shoes. We measured
blood pressure by trained nurses using automatic sphygmoma-
nometer while the participants were seated for 10 minutes. Se-
rum 25(OH)D levels were measured by the chemiluminescence
immunoassay (ADVIA Centaur XP, Siemens Healthcare, Tarry-
town, NY, USA). We measured plasma glucose, total cholester-
ol, triglyceride, and high density lipoprotein cholesterol (HDL-
C) using a Hitachi 7600 analyzer (Hitachi, Tokyo, Japan). We
measured HbAlc using high-performance liquid chromatogra-
phy (before May 2013, Bio-Rad Variant II, Hercules, CA, USA;
after May 2013, Tosoh G8, San Francisco, CA, USA). We as-
sessed C-peptide and insulin by the chemiluminescence immu-
noassay (Roche Diagnostic GmbH, Mannheim, Germany). We
carried out the homeostasis model assessment of insulin resis-
tance (HOMA-IR) and B-cell function (HOMA-) according to
suggested formulas [27].

Statistical analysis

Data for categorical factors are reported as percentages, and
continuous variables are presented as the mean+SD. Vitamin D
deficiency was defined as serum 25(OH)D <20 ng/mL. We
grouped seasons depending on the date of sample collection for
serum 25(OH)D analysis (spring, March to May; summer, June
to August; autumn, September to November; winter, December
to February). All statistical analyses were done using SPSS ver-
sion 19.0 software (IBM Co., Armonk, NY, USA).

RESULTS

Table 1 shows the baseline characteristics of the women with
GDM at mid-pregnancy. The mean age was 33.1 years and the
gestational weeks were 27.8 weeks. Among the 348 women
with GDM, 267 women (76.7%) were vitamin D deficiency at
baseline. Women with vitamin D deficiency had higher pre-
pregnancy body mass index (BMI), pre-pregnancy weight, mid-
pregnancy weight, weight gain, blood pressure (systolic and di-
astolic), HbA 1c, triglyceride, fasting insulin, and HOMA-f than
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Table 1. Baseline Characteristics of Women with Gestational Diabetes Mellitus According to Serum 25(OH)D Level at Mid-Pregnancy
Characteristic Total Serum 25(OH)D <20 ng/dL. Serum 25(OH)D =20 ng/dL P value
Number 348 (100.0) 267 (76.7) 81(23.3)
Age, yr 33.1+£3.5 33.1+3.6 33.243.0 0.870
Pre-pregnancy BMI, kg/m? 223135 22.713.6 21.0+2.6 <0.001
Pre-pregnancy weight, kg 58.0+£10.1 58.8+£10.4 55.248.7 0.005
Mid-pregnancy weight, kg 64.91+10.1 66.0£10.2 61.3+8.9 <0.001
Weight gain, kg 6.9+£3.9 7.2£4.0 6.1£3.3 0.028
History of GDM 10 (2.9) 9(3.4) 1(1.2) 0.464
Family history of diabetes 122 (35.1) 88 (33.0) 34 (42.0) 0.145
Parity (% primiparous) 203 (58.3) 154 (57.7) 49 (60.5) 0.700
Gestational weeks 27.8+1.7 27.8+1.8 27.8+14 0.994
Season 0.139

Spring 90 (25.9) 66 (24.7) 24 (29.6)

Summer 96 (27.6) 71 (26.6) 25(30.9)

Autumn 97 (27.9) 73(27.3) 24 (29.6)

Winter 65 (18.7) 57(21.3) 8(9.9)
Systolic blood pressure, mm Hg 112.3+£13.9 113.5+14.1 108.4+12.6 0.002
Diastolic blood pressure, mm Hg 67.94+9.9 68.8+10.2 65.1£8.5 0.001
FPG, mg/dL 88.8+10.4 89.0+£9.9 88.2+11.9 0.558
HbAlc, % 52104 53104 5.1£03 0.001
Total cholesterol, mg/dL 246.1+£41.2 246.8+£42.9 24394353 0.581
Triglyceride, mg/dL 201.0+£84.0 206.7£89.1 182.0+61.2 0.020
HDL-C, mg/dL 72.6+£12.6 72.7+£12.8 72.5+12.1 0.910
Albumin, mg/dL 3.79+0.23 3.78+0.24 3.80+0.22 0.436
Fasting C-peptide, ng/mL 1.67£0.76 1.70£0.74 1.54+0.81 0.102
Fasting insulin, pU/mL 6.67+4.33 6.95+4.37 5.75+4.12 0.029
HOMA-IR 1.52+1.12 1.57£1.10 1.32+1.17 0.080
HOMA-B 98.3+62.3 102.8+£67.2 83.5+38.8 0.001
Plasma glucose at 50-g OGTT, mg/dL 170.9£22.2 170.8+£22.5 171.3£21.5 0.856
100-g OGTT

0 min plasma glucose, mg/dL 96.7£12.2 96.4+11.9 974+13.2 0.545

60 min plasma glucose, mg/dL 193.5+28.2 192.4+28.4 196.9+28.4 0.204

120 min plasma glucose, mg/dL 174.0£25.1 173.1£25.0 176.7£25.4 0.258

180 min plasma glucose, mg/dL 144.5+£27.6 145.2426.5 141.94£30.9 0.338
Serum 25(0OH)D 143+82 10.8+£4.9 26.0+£5.2 <0.001
Values are expressed as number (%) or mean=standard deviation.
25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; GDM, gestational diabetes mellitus; FPG, fasting plasma glucose; HbA 1¢, hemoglobin Alc;
HDL-C, high density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-3, homeostasis model assessment
of B-cell function; OGTT, oral glucose tolerance test.

did those without vitamin D deficiency. There were no signifi- ~ HDL-C, albumin, fasting C-peptide, HOMA-IR, and the results
cant differences in age, history of GDM, family history of dia-  of 50-g and 100-g OGTT between women with and without vi-
betes, parity, gestational weeks, season, FPG, total cholesterol, tamin D deficiency.
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Pregnancy outcomes such as preterm delivery, Cesarean sec-
tion, and baby weight were not different regardless of vitamin D
deficiency (Table 2). Women with vitamin D deficiency tended
to use insulin more frequently than those without vitamin D de-
ficiency but the difference was not statistically significant.

The prevalence of postpartum glucose intolerance and overt
diabetes was 44.8% and 4.9%, respectively. Women with vita-
min D deficiency at mid-pregnancy had a higher prevalence of
postpartum glucose intolerance than did those without vitamin
D deficiency (48.7% vs. 32.1%, P=0.011) (Fig. 1). After post-
partum 6 to 12 weeks, 0 and 30 minutes plasma glucose levels
during 75-g OGTT were higher in women with vitamin D defi-
ciency than in those without vitamin D deficiency but 60, 90,

70

60

so L 487

Prevalence of postpartum glucose intolerance (%)

Vitamin D deficiency (+)

Vitamin D deficiency (—)

Fig. 1. Prevalence of postpartum glucose intolerance in women
with gestational diabetes mellitus according to the status of serum
25-hydroxyvitamin D level. *P<0.05.

and 120 minutes plasma glucose levels were not different (Table
3). HbAlc, fasting C-peptide, fasting insulin, HOMA-IR, and
HOMA-B were not different between the two groups, although
HOMA-f showed a low tendency in women with vitamin D de-
ficiency.

Serum 25(OH)D level was negatively correlated with HbAlc
antepartum and postpartum after being adjusted for maternal
age, pre-pregnancy BMI, weight gain, blood pressure (systolic
and diastolic), family history of diabetes, and season (antepar-
tum: r=-0.186, P=0.001; postpartum: r=—0.129, P=0.047)
(Table 4). No correlation was noted between serum 25(OH)D
and HOMA-IR. Interestingly, after adjustment for the afore-
mentioned factors, HOMA-3 was positively correlated with se-
rum 25(OH)D level only postpartum (#=0.138, P=0.035).

The risk of postpartum glucose intolerance was about twofold
as high in women with vitamin D deficiency (Table 5). Even af-
ter adjustment for the aforementioned factors, the risk of post-
partum glucose intolerance was still 2.00 times (95% confi-
dence interval [CI], 1.13 to 3.55) higher in women with vitamin
D deficiency than in those without vitamin D deficiency (P=
0.018).

DISCUSSION

Vitamin D deficiency is common in pregnant women and is a
well-known risk factor for developing GDM [17-22]. Because
women with GDM have an increased risk of conversion to type
2 diabetes over time, we should manage them carefully and ap-
propriately after delivery. However, few studies have examined
the effect of vitamin D deficiency at mid-pregnancy on postpar-
tum glucose intolerance in women with GDM. We have found

Table 2. Pregnancy Outcomes of Women with Gestational Diabetes Mellitus According to Serum 25(OH)D Level
Variable Serum 25(OH)D <20 ng/dL (n=267) Serum 25(OH)D =20 ng/dL (n=81) P value
Gestational age at delivery, wk 383+1.7 38.5+2.2 0.543
Preterm delivery* 38 (14.5) 11 (14.1) 1.000
Cesarean section” 116 (48.7) 33 (45.8) 0.688
Treatment of GDM 0.211
Diet and exercise only 221 (82.8) 73 (90.1)
Insulin 40 (15.0) 6(7.4)
Metformin 6(2.2) 2(2.5)
Neonate weight, g 3097.7£508.6 3121.4+421.6 0.708
Values are expressed as mean+ standard deviation or number (%).
25(OH)D, 25-hydroxyvitamin D; GDM, gestational diabetes mellitus.
*Preterm delivery information was missing for eight participants; *Cesarean section information was missing for 38 participants.
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Table 3. Clinical Characteristics of Women with Gestational Diabetes Mellitus According to Serum 25(OH)D Level at Postpartum 6 to
12 Weeks
Characteristic Serum 25(OH)D <20 ng/dL (n=267) Serum 25(OH)D =20 ng/dL (n=281) P value
75-g OGTT
0 min plasma glucose, mg/dL 96.3+9.4 93.7£9.0 0.024
30 min plasma glucose, mg/dL 155.4+24.6 145.7+£27.7 0.016
60 min plasma glucose, mg/dL 161.44+37.5 152.84+34.3 0.142
90 min plasma glucose, mg/dL 150.4+40.7 144.1+£34.7 0314
120 min plasma glucose, mg/dL 133.3+334 126.2+30.7 0.090
HbAlc, % 55403 54403 0.100
Fasting C-peptide, ng/mL 1.51£0.65 1.39£0.70 0.145
Fasting insulin, pU/mL 5.38+£5.22 5.31£9.46 0.929
HOMA-IR 1.32+1.34 1.31+£2.81 0.976
HOMA-B 57.2+49.3 84.24+261.3 0.360
Values are expressed as mean+ standard deviation.
25(OH)D, 25-hydroxyvitamin D; OGTT, oral glucose tolerance test; HbAlc, hemoglobin Alc; HOMA-IR, homeostasis model assessment of insulin re-
sistance; HOMA -, homeostasis model assessment of -cell function.

that vitamin D deficiency at mid-pregnancy is very common
and is associated with an elevated risk of postpartum glucose
intolerance in women with GDM.

Because many studies have shown that vitamin D deficiency
has been associated with type 2 diabetes and metabolic syn-
drome, we could presume it might also be associated with
GDM. Although there are still many conflicting results for the
association between vitamin D deficiency and development of
GDM [28], recent meta-analyses have reported that such an as-
sociation indeed exists [29-32]. A meta-analysis of 26 studies
found that vitamin D deficiency may be associated with an in-
creased risk of GDM (odds ratio, 1.18; 95% CI, 1.01 to 1.35;
P<0.001) [32]. Clinicians should focus on preventing postpar-
tum diabetes as well as preventing GDM development, since
women with previous GDM have a more than seven-fold higher
risk of developing postpartum diabetes than do those without
GDM [33]. Until now, there was limited data about whether vi-
tamin D deficiency is a risk factor for postpartum glucose intol-
erance in women with GDM. Although our study patients were
neither many nor representative of the Korean population, they
still could have shown that vitamin D deficiency increased the
risk of developing postpartum glucose intolerance by 2-fold in
women with GDM.

Several studies have shown that vitamin D supplementation
during pregnancy is effective in preventing GDM as well as im-
proving pregnancy outcomes [34,35]. Vitamin D co-supplemen-
tation with calcium or omega-3 fatty acids in women with GDM

Copyright © 2020 Korean Endocrine Society

had beneficial effects on metabolic parameters such as FPG,
HOMA-IR, quantitative insulin sensitivity check index, and lip-
id profiles [36,37]. However, the effect of prenatal vitamin D
supplements on postpartum glucose metabolism has rarely been
studied. A study by Valizadeh et al. [38] reported that vitamin
D3 (700,000 IU total) safely increased the serum 25(OH)D but
had no influence in the plasma glucose level or insulin resis-
tance at postpartum, perhaps because the treatment period was
relatively short due to pregnancy. In a non-pregnant population,
vitamin D3 supplementation (4,000 IU daily) for 6 months
(720,000 IU total) improved insulin resistance even though
there was no difference in the first 3 months [39]. To prevent
postpartum glucose intolerance, vitamin D supplementation
during the entire pregnancy period may be necessary. It is not
conclusive yet whether vitamin D supplementation is helpful to
women with GDM because there is no large randomized con-
trolled trial.

In a normal non-pregnant individual, approximately 85% of
serum 25(OH)D is bound to vitamin D binding protein (DBP),
15% is bound to albumin, only 0.03% is free [40]. During preg-
nancy, DBP is almost 2-fold increases between the second and
third trimesters like other globulins. However, mean free
25(OH)D may be the same as or only slightly lower than in
non-pregnant women despite these marked DBP changes
through decreasing affinity of DBP for vitamin D [41,42]. Con-
sequently, there would be no differences of vitamin D activity
for insulin resistance and insulin secretion between pregnant
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Table 4. Correlations between Serum 25-Hydroxyvitamin D Levels and Glycemic Parameters
. Unadjusted Adjusted
r P value r P value
Antepartum period
Plasma glucose at 50-g OGTT, mg/dL —-0.031 0.571 -0.032 0.564
100-g OGTT
0 min plasma glucose, mg/dL —-0.011 0.831 0.008 0.891
60 min plasma glucose, mg/dL 0.046 0.393 0.011 0.838
120 min plasma glucose, mg/dL 0.031 0.565 —0.140 0.011
180 min plasma glucose, mg/dL —0.058 0.280 —0.186 0.001
HbAlc, % —0.266 < 0.001 —0.186 0.001
Fasting C-peptide, ng/mL —0.084 0.117 0.019 0.725
Fasting insulin, pU/mL —0.111 0.039 0.010 0.849
HOMA-IR —0.092 0.088 0.017 0.751
HOMA-B —0.113 0.035 0.041 0.461
Postpartum period
75-g OGTT
0 min plasma glucose, mg/dL —0.151 0.005 —0.158 0.015
30 min plasma glucose, mg/dL —0.168 0.009 —0.174 0.007
60 min plasma glucose, mg/dL —0.116 0.071 —0.091 0.165
90 min plasma glucose, mg/dL —0.119 0.063 —0.103 0.114
120 min plasma glucose, mg/dL —0.129 0.016 —0.147 0.024
HbAlc, % —0.129 0.017 —-0.129 0.047
Fasting C-peptide, ng/mL —0.112 0.037 —0.027 0.676
Fasting insulin, pU/mL —0.004 0.936 —0.049 0.450
HOMA-IR —0.004 0.943 —0.075 0.248
HOMA-B 0.081 0.134 0.138 0.035
Adjusted for maternal age, pre-pregnancy body mass index, weight gain, family history of diabetes, blood pressure (systolic and diastolic), and season.
OGTT, oral glucose tolerance test; HbAlc, hemoglobin Alc; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-f, homeostasis
model assessment of B-cell function.
Table 5. OR for Postpartum Glucose Intolerance According to Serum 25(OH)D Level in Pregnancy
Vitamin D status Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Serum 25(OH)D =20 ng/dL Reference Reference
Serum 25(0OH)D <20 ng/dL 2.01(1.19-3.39) 0.009 2.00(1.13-3.55) 0.018
Adjusted for maternal age, pre-pregnancy body mass index, weight gain, family history of diabetes, blood pressure (systolic and diastolic), and season.
OR, odds ratio; 25(OH)D, 25-hydroxyvitamin D; CI, confidence interval.

and non-pregnant women. Furthermore, in this study, serum al- In this study, HOMA-f was positively correlated with serum
bumin concentration was not different between GDM women  25(OH)D level only postpartum. One possible mechanism is
with and without vitamin D deficiency. We could assume that  that vitamin D has a direct effect on the performance of the
albumin or other globulins were not influenced to the results of ~ B-cells of the pancreas [7,43], so that vitamin D might enhance
this study. insulin secretion. The other possible mechanism is that vitamin
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D may affect intracellular calcium regulation which plays an
important role in the insulin-mediated intracellular processes of
insulin-receptor tissue [32,44,45]. Interestingly, HOMA- at
mid-pregnancy was significantly higher in women with vitamin
D deficiency than those without vitamin D deficiency. This
might be compensatory hypersecretion of insulin to overcome
elevated insulin resistance in GDM women with vitamin D de-
ficiency [23-25]. At postpartum period, HOMA-f was not dif-
ferent although it was numerically low in women with vitamin
D deficiency than those without vitamin D deficiency.

Some limitations need to be considered in the interpretation
of our findings. First, we cannot generalize these results to other
ethnic populations. In Korea, approximately 90% of women are
not vitamin D sufficient [19]. Second, we did not measure se-
rum 25(OH)D postpartum. Third, dietary vitamin D intake
could not be adjusted because we had no food frequency ques-
tionnaire data. Finally, the study population was neither large
nor representative of the Korean population, so large prospec-
tive studies are needed to confirm these results. This study,
however, might be valuable because it evaluated the association
between vitamin D status in mid-pregnancy and postpartum
glucose intolerance in women with GDM.

In conclusion, vitamin D deficiency at mid-pregnancy is as-
sociated with an elevated risk of postpartum glucose intolerance
in women with GDM. Consequently, we should try to figure out
postpartum glucose intolerance if women with GDM have vita-
min D deficiency at mid-pregnancy.
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