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Abstract

Objectives. To determine the association between low maternal serum vitamin D and gestational diabetes mellitus 
(GDM) among Filipino women in St. Luke’s Medical Center, Quezon City.

Methodology. A cross-sectional study involving pregnant women at outpatient clinics in a tertiary hospital in the 
Philippines. Simultaneous testing for fasting blood sugar, 75g oral glucose tolerance test and serum vitamin D was 
done. Participants were classified as GDM versus non-GDM, and normal versus low serum vitamin D. Univariate and 
multivariate statistics were done to determine relationship between vitamin D and GDM.

Results. Of 211 included women, 198 (93.8%) had low vitamin D levels, and 56 (26.5%) had GDM. Vitamin D was 
significantly higher in the GDM group (21.0±8.1 vs 18.8±5.3 ng/mL, p=0.0189). The proportion of women with low vitamin 
D levels was significantly higher among those without GDM (96.1% vs 87.5%, OR=0.28, p=0.029]. After adjusting 
for age, parity, history of GDM and pre-pregnancy BMI, no significant association was observed (adjusted OR=0.66, 
p=0.522). No correlation was seen between vitamin D and FBS (r=0.28, p=0.095), 1-hour post-75 g OGTT (r=0.26, 
p=0.643), and 2-hour post-75 g OGTT (r=0.28, p=0.113).

Conclusion. There was an association found between maternal serum vitamin D level and GDM in the univariate 
analysis, but none was evident after adjusting for possible confounders. The unanticipated high prevalence of low 
vitamin D levels among pregnant Filipinos needs to be verified in future studies.
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InTroDuCTIon 

Gestational Diabetes Mellitus (GDM)
GDM is defined by the American Diabetes Association 
(ADA) as diabetes diagnosed in the second or third 
trimester of pregnancy that is not clearly either type 1 
or type 2 diabetes.1 Its occurrence, like type 2 diabetes 
mellitus, is increasing reaching a global prevalence of 15% 
to 20%,2 while locally in the Philippines, it was reported 
to be at 14%.3 It carries the risk of adverse maternal, fetal 
and neonatal outcomes including increased birth weight 
above the 90th percentile, as well as a higher incidence of 
neonatal hypoglycemia and primary cesarean section 
demonstrated in the large-scale multinational cohort 
study called The Hyperglycemia and Adverse Pregnancy 
Outcome (HAPO) study.4 Other reported risks increased 
by GDM are the development of preeclampsia and 
dystocia, and the predisposition of both the mother and 
offspring to develop obesity, type 2 diabetes mellitus and 
the metabolic syndrome. Recognized risk factors in the 
development of GDM include advanced maternal age, 
obesity, ethnicity, family history of diabetes, and a previous 

history of abnormal glucose metabolism and polycystic 
ovarian syndrome. Parity per se was not found to have 
any direct link to GDM appearance.5 Recently, vitamin D 
was identified as a potential contributor to its occurrence.

Vitamin D and its Extra-skeletal Effects
There is gaining interest in the role of vitamin D in diabetes 
mellitus. Studies found that its function extends beyond 
calcium and bone metabolism. It was demonstrated in 
animal models to improve pancreatic exocrine function 
and insulin sensitivity.6 Calcitriol or 1,25(OH)2D, the form 
of vitamin D produced in the kidneys, was shown in animal 
models to have effects on the synthesis, secretion, and 
actions of insulin.7,8 It enhances insulin-dependent glucose 
transport by inducing insulin receptor expression. 

Pregnancy and Vitamin D
Physiologic changes in vitamin D metabolism during 
pregnancy are still incompletely understood. Studies 
showed an increase in vitamin D binding proteins by 
7% to 152% 9,10,11,12 as well as serum 1,25(OH)2D by 104% 
to 134% with minimal effect on serum 25(OH)D.13,14 
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Serum 1,25(OH)2D levels are expected to return to pre-
pregnancy levels by weeks 8 to 10 postpartum. Both forms 
of vitamin D cross the placenta to the growing fetus, the 
latter theorized to be the predominant metabolite.15 

There is still a lack of consensus on the definition of normal 
vitamin D levels among pregnant women. Based on the 
systematic review by the Institute of Medicine (IOM), serum 
25(OH)D levels below 20 ng/mL (50 nmol/L) are considered 
insufficient.16 The Endocrine Society Clinical Practice 
Guidelines define vitamin D insufficiency as 25(OH)D levels 
of >20 ng/mL (50 nmol/L) and <30 ng/mL (75 nmol/L), and 
vitamin D deficiency as levels ≤20 ng/mL.17 The National 
Institute for Health and Clinical Excellence guidelines, on 
the other hand, define vitamin D insufficiency as 25(OH)
D levels less than 10 ng/mL (25 nmol/L).18 However, these 
cutoff values are based on optimal levels in maintaining 
skeletal health in the general population. There remains the 
need to establish a normal range among pregnant women.

GDM and Vitamin D
In gestational diabetes mellitus, vitamin D acts as a 
potential immunosuppressant that downregulates the 
expression of pro-inflammatory marker such as TNF-α and 
IL-2.19 Many observational studies found an association 
between low maternal levels of serum vitamin D and 
GDM. A case-control study done in Istanbul by Parildar et 
al., (2013) among 44 pregnant women with GDM and 78 
non-GDM pregnant women showed a lower mean serum 
vitamin D level among GDM patients (14.3±8.2 ng/ml) 
versus that of controls (23.2±8.3 ng/ml, p=0.001). Vitamin D 
deficiency (defined as vitamin D of ≤20 ng/mL) prevalence 
was 56.8% among GDM patients and 35.8% among non-
GDM patients.20 Another nested case-control study by Wen 
et al.,(2017) which included 4718 pregnant women from 
China, 1280 of whom were diagnosed with GDM, found 
that maternal serum 25(OH)D were significantly lower 
in women with GDM [42.4 (34.5, 54.0) nmol/L] compared 
to controls [44.4 (36.0, 58.8) nmol/L, p<0.001]. Seventy 
percent of women with GDM had vitamin D <50 nmol/L 
compared to 60.5% in the control group.21 

There were other studies, however, that found no 
significant link between the two conditions. Makgoba 
et al., (2011) conducted a case-control study in Europe 
involving 248 women in the first trimester of pregnancy, 
90 of whom developed GDM. They found no correlation 
between mean vitamin D levels among those with GDM 
(18.9±10.7 ng/ml) versus those without GDM (19.0±10.7, 
p=0.874), even after adjustment for possible confounders 
(p=0.784).22 A case-control study by Pleskacova et al., 
(2015) among 47 pregnant women with GDM and 29 
healthy controls measured mid-gestational and early 
postpartum vitamin D levels. They found a high prevalence 
of vitamin D deficiency in both groups (95.7% in women 
with GDM, 93.1% in controls), but mean levels were not 
significantly different [28.5 (21.0, 34.0) nmol/L in women 
with GDM, 31.7 (24.0, 40.0) in controls; p>0.05].23 

Meta-analyses and systematic reviews aimed to absolve 
these conflicting data. One done by Aghajafari (2013) on 
the role of vitamin D in pregnancy included 31 studies 
published between 1980 and 2012, 10 studies of which had 
gestational diabetes as the outcome, with a total of 687 
cases and 3425 controls. They reported that low vitamin 

D levels were associated with GDM [pooled odds ratio 
(OR)=1.49, (1.18-1.89)] with no evidence of heterogeneity 
(I2=0%).24 Participants in this meta-analysis, however, 
included Americans, Asians, Europeans, Canadians and 
Middle Easterners. There was no representative study 
for Southeast Asians.

A recently published article by Hu et al., (2018) pooled 
data from 29 observational studies which included 28982 
participants, with more than half being Asian of Chinese 
and Korean descent, 4634 of whom were diagnosed with 
GDM. It was demonstrated that low levels of vitamin D 
significantly increased the risk for GDM by 39% (pooled 
OR=1.39, [1.20, 1.60]) albeit with moderate heterogeneity 
(I2=50.2%, p=0.001). Vitamin D levels were significantly 
lower among patients with GDM compared with controls 
with a pooled effect of -4.79 (-6.43, -3.15) nmol/L and 
significant heterogeneity (I2=65.0%, p<0.001).2 

Several limitations of these meta-analyses may hinder the 
applicability of results in the Filipino population. These 
include the observational nature of included studies, as 
well as the diversity of study populations in terms of 
ethnicity with inadequate representation of Southeast 
Asians. Other confounders that were not considered were 
adiposity and laboratory techniques in the measurement 
of serum 25(OH)D. In this light, local data is needed to 
assess its applicability in the Filipino community.

The current guidelines of the American College of 
Obstetrics and Gynecology (ACOG)25 and World Health 
Organization26 do not recommend routine screening for 
vitamin D deficiency among pregnant women, except 
those who are considered high risk – only then would 
screening and treatment be initiated. Current knowledge 
points toward a possible link between GDM and low 
maternal vitamin D levels, but the challenge lies in its 
translation to clinical recommendation whether achieving 
optimal levels of vitamin D can actually prevent GDM 
and its associated sequelae. Establishing an association 
between the two conditions among Filipinos can pave the 
way for future local studies on causality and benefit of 
vitamin D screening and correction in pregnant patients 
to prevent GDM, in the hope of ultimately improving 
maternal and fetal outcomes in the country.

This study aimed to determine the association of low 
levels of maternal serum vitamin D levels and GDM 
among Filipino patients in St. Luke’s Medical Center, 
Quezon City.

METHoDoLoGY

This was a single-center study. Target population included 
both social service and private outpatients in St. Luke’s 
Medical Center, Quezon City, a private tertiary hospital 
in the Philippines, from April 2019 to January 2020. 
Table 1 enumerates the inclusion and exclusion criteria 
of participants.

Description of Study Procedure 
This was a cross-sectional study involving pregnant 
women seen at both private and social service outpatient 
clinics at St. Luke’s Medical Center, Quezon City from 
April 2019 to January 2020. 
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Consent was obtained from obstetricians and 
endocrinologists to screen their patients for inclusion in 
this study. All pregnant women who were in their second 
or third trimester scheduled to undergo FBS and 75 g 
OGTT as standard of care, who met eligibility criteria were 
included in the study. Informed consent was obtained 
by the study investigator or designated representative 
during their clinic visit. The study investigator or 
designated representative gathered demographic 
information which included age, pre-pregnancy BMI, 
personal history of abnormal glucose metabolism 
(prediabetes, impaired glucose tolerance, impaired fasting 
glucose), previous GDM, history of poor obstetric outcome 
(including but not limited to macrosomia, fetal demise, 
spontaneous abortion), and family history of diabetes.

During their scheduled blood draw for FBS and 
OGTT, blood samples were likewise taken through 
venipuncture by the medical technologist to measure 
serum vitamin D levels. These tests were done at the St. 
Luke’s Medical Center laboratory. Patients were then 
classified as to having GDM and no GDM, as well as to 
having low and normal vitamin D levels (Figure 1). 

Description of Test Procedures 
The measurement of total vitamin D was done at St. 
Luke’s Medical Center, Quezon City serology laboratory 
using an in vitro diagnostic electrochemiluminescent 
process according to the manufacturer’s instructions. 
Reported deviations are as follows: for concentrations 
up to 15ng/ml, deviation is ≤1.5 ng/ml; for concentrations 
>15 ng/ml, deviation is ≤10%.

Diagnosis
The diagnosis of GDM was based on the ADA criteria,1 
and was made when any of the following plasma glucose 
values were met or exceeded with a 75 g OGTT during the 
second or third trimester of pregnancy: fasting blood sugar 

of 92 mg/dl; 1-hour post-OGTT of 180 mg/dl; or 2-hour 
post-OGTT of 153 mg/dl.

Since there is still a lack of consensus on definitions of 
vitamin D deficiency and insufficiency among pregnant 
women, the Endocrine Society Clinical Practice Guideline17 
definition was applied. Patients were classified as having 
low levels of vitamin D when serum level of total vitamin 
D was ≤30 ng/ml. Those with low vitamin D levels were 
further classified as vitamin D insufficient when levels were 
21-30 ng/ml, and vitamin D deficient at levels ≤20 ng/ml. 

outcome Measures
The primary outcome of this study was the prevalence 
of low maternal levels of vitamin D among patients with 
GDM. The secondary outcomes were the prevalence of 
vitamin D insufficiency and vitamin D deficiency among 
patients with GDM, the mean vitamin D level among 
patients with GDM, and the correlation between FBS and 
75g OGTT levels with maternal serum vitamin D levels.

Sample Size Estimation
Based on a level of significance of 5% and a power of 90%, 
a minimum of 190 patients were required for this study. 
This was derived from preliminary data from an article 
by Parildar et al., (2013)20 which reported a prevalence of 
56.8% of vitamin D deficiency among pregnant women 
with GDM and 35.8% in pregnant women without GDM. 
Controlling for 2 more variables in the analysis (age, 
parity), with an additional 10% for each control variable, 
final sample size required was 228. The computed 
sample size assumes that the proportion of patients to be 
assigned to the two groups is equal.

Data Processing and Analysis
Data was processed and encoded using Microsoft Excel. 
Statistical analysis was done using STATA version 14. 
Determination of the relationship between maternal 
serum vitamin D levels and GDM was analyzed using 
univariate and multivariate statistics. Chi-square test and 
logistic regression were done in the univariate analysis 
of qualitative and quantitative independent variables, 
respectively. Multiple logistic regression was utilized in 
the multivariate analysis. Crude and adjusted OR and the 
95% confidence interval were also calculated. Pearson’s r 
was calculated to determine the correlation of vitamin D 
and parameters of OGTT. Level of significance was set at 
α = 0.05.

Ethical Considerations
The clinical protocol and all relevant documents were 
reviewed and approved by the SLMC Institutional Ethics 
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Figure 1. Schematic diagram of study design from time of inclusion of participants.

Table 1. Eligibility criteria
Inclusion criteria
• Pregnant Filipino women above 18 years old
Exclusion criteria
• Pregnant women who fulfill diagnostic criteria for diabetes mellitus 

before 24 weeks age of gestation
• Pregnant women with:

o History of type 1 or type 2 diabetes mellitus prior to pregnancy
o Multifetal pregnancy
o Use of artificial reproductive technology
o Fetal abnormalities
o Chronic liver or renal failure
o Parathyroid or bone metabolism abnormalities
o Malignancy

GDM No GDM

Normal vitamin D Normal vitamin DLow vitamin D Low vitamin D

Total vitamin D Total vitamin D

Pregnant women included in the study



Review Committee. As respect to patient confidentiality, 
anonymity of patient records was ensured by assigning a 
unique code to each patient. The principal investigators 
were responsible for the integrity of the data that was 
recorded. The protection of confidentiality of the data 
was guaranteed by the manner of dissemination of 
study results. Written and signed informed consent were 
obtained and data collection forms were compiled and 
stored in an envelope. Data was tabulated in Microsoft 
Excel format and saved in a CD. These will be kept and 
filed in the Diabetes, Thyroid and Endocrine Center 
under the Section of Endocrinology for 5 years before they 
are shredded.

rESuLTS

Two hundred eighty-nine pregnant women were 
screened and gave their consent to be included in this 
study. However, only 211 complied with the required 
test procedures and were subsequently included in the 
analysis. Fifty-six of these women (26.5%) were diagnosed 
with GDM by ADA criteria, and 155 (73.5%) without GDM. 
Women with GDM had a significantly higher average 
age compared to those without GDM (p<0.001). Both 
groups likewise differed significantly in terms of parity. 
Majority of those with GDM had 1-2 previous deliveries, 
while most of those without GDM were nulliparous or 
had 1-2 previous deliveries (p=0.008). The proportion of 
women with a previous history of GDM was significantly 
higher among those with GDM (p=0.004) There was no 
significant difference between the two groups in terms 
of pre-pregnancy BMI, history of poor obstetric outcome, 
abnormal glucose metabolism, PCOS or family history 
of diabetes. The summary of baseline characteristics is 
seen in Table 2.

Low vitamin D levels were seen in 198 of the participants, 
accounting for 93.8% of the entire group. Vitamin D level 
was significantly higher in the GDM group (21.0±8.1 vs 
18.7±5.3 ng/mL, p=0.0189). The proportion of patients 
with low vitamin D levels was significantly higher among 
those without GDM [GDM 49 (87.5%) vs no GDM 149 
(96.1%)]. Calculating for the odds ratio (OR), having 
low vitamin D levels was significantly associated with a 
lower likelihood for GDM (OR=0.28, p=0.029). However, 
after adjusting for age, parity, history of GDM, and pre-
pregnancy BMI no significant association was observed 
(OR=0.66, p=0.522). The same trend was demonstrated on 
subgroup analysis of those with vitamin D insufficiency 
(OR=0.32, p=0.069; adjusted OR=0.55, p=0.433) and 
vitamin D deficiency (OR=0.27, p=0.025; adjusted OR=0.65, 
p=0.511). These are summarized in Table 3. No correlation 
was found between Vitamin D and FBS (Figure 2, r=0.28, 
p=0.095), 1-hour post 75 g OGTT (Figure 3, r=0.26, p=0.643), 
and 2-hour post 75 g OGTT (Figure 4, r=0.28, p=0.113).

DISCuSSIon

Vitamin D acts as a potential immunosuppressant that 
downregulates the expression of pro-inflammatory 
markers which are associated with the development of 
GDM.19 It is also known to influence insulin secretion 
thereby affecting circulating glucose levels.27 Hence, low 
concentrations of vitamin D is a potential risk factor for 
developing GDM. GDM, on the other hand, is associated 
with several adverse maternal and fetal outcomes including 
increased birthweight, neonatal hypoglycemia, increased 
incidence for primary cesarean section, preeclampsia 
and dystocia, and the predisposition of both the mother 
and offspring to develop obesity, type 2 diabetes mellitus 
and the metabolic syndrome.
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Table 2. Baseline characteristics
GDM

(n=56, 26.5%)
no GDM

(n=155, 73.5%) p value

Age (yrs) 33.2±5.6 28.7±5.2 0
Pre-pregnancy BMI (kg/m2) 23.0±3.6 22.1±3.6 0.12
Parity n (%)

Nulliparous 13 (23.2) 71 (45.8)
1-2 previous deliveries 40 (71.4) 74 (47.7) 0.008
≥3 previous deliveries 3 (5.4) 10 (6.5)

Previous history of GDM n (%) 14 (25.0) 15 (9.7) 0.004
History of poor obstetric outcome n (%) 4 (7.1) 19 (12.3) 0.292
History of abnormal glucose metabolism n (%) 1 (1.8) 1 (0.6) 0.461
History of polycystic ovarian syndrome n (%) 8 (14.3) 12 (7.7) 0.183
Family history of diabetes n (%) 21 (37.5) 73 (47.1) 0.272
Fasting blood glucose (mg/dL) 93.6±21.3 76.8±7.4 0
75g oral glucose tolerance (mg/dL)

1st hour (mg/dL) 192.1±34.7 133.6±26.2 0
2nd hour (mg/dL) 162.2±29.0 110.9±21.0 0

Vitamin D level (ng/mL) 21.0±8.1 18.7±5.3 0.0189

Table 3. Vitamin D levels among patients with GDM
GDM

(n=56, 26.5%)
no GDM

(n=155, 73.5%) p value unadjusted or 
(95% CI) p value Adjusted or 

*(95% CI) p value*

Normal Vitamin D (n=13) 7 (12.5) 6 (3.9)
0.021

Reference – Reference –
Low Vitamin D (n=198) 49 (87.5) 149 (96.1) 0.28 (0.09-0.88) 0.029 0.66 (0.18-2.36) 0.522
Vitamin D insufficiency (n=59) 16 (69.6) 43 (87.8) 0.061 0.32 (0.09-1.09) 0.069 0.55 (0.12-2.48) 0.433
Vitamin D deficiency (n=139) 33 (82.5) 106 (94.6) 0.018 0.27 (0.08-0.85) 0.025 0.65 (0.18-2.38) 0.511
*adjusted for pre-pregnancy BMI, age, parity and history of GDM



In this study, pregnant women diagnosed with GDM had 
a significantly higher mean age and history of previous 
GDM, both of which are established risk factors for GDM. 
Other risk factors for GDM such as BMI, a history of 
abnormal glucose metabolism, PCOS, family history for 
diabetes, were not found to have any direct link to GDM 
appearance in the participants. Increased parity was also 
seen in the GDM group, although parity per se has not 
been shown to be a risk factor for its development.5

There is still no established cutoff to define normal vitamin 
D levels among pregnant women. Several ranges have been 
used to define vitamin D sufficiency,16,17,18 but these were 
set on the basis of optimal levels to maintain skeletal health 
in the general population. There remains the prerequisite 
to determine the normal range for pregnant women. 
Employing the cutoffs recommended by the Endocrine 
Society Clinical practice guidelines to define vitamin D 
insufficiency (>20 to <30 ng/mL, or >50 to 75 nmol/L) and 
deficiency (≤20 ng/mL, or ≤50 nmol/L),17 there was a high 
overall prevalence of 93.8% for low vitamin D levels among 
pregnant women included in this study. This is similar 
to a study on 74 pregnant Czech women which found 

an overall prevalence of 94.7%.23 Other studies, however, 
reported lower rates. An incidence rate of vitamin D 
deficiency (<50 nmol/L) among 98 pregnant Chinese 
women was reported at 20.4%.19 A larger cohort of 4718 
Chinese women were found to have a higher prevalence 
rate of 63.1%21 with a median 25(OH)D concentration 
of 43.7 nmol/L. Another study in Nepal involving 79 
pregnant women revealed an even higher rate of 81%.28

Local data on the prevalence of vitamin D among 
pregnant Filipino women are still lacking. For the general 
population, however, the overall prevalence of combined 
vitamin D deficiency and insufficiency was 48.7%. In 
the same report, low vitamin D levels were highest in 
people residing in NCR (54.1%), with a higher prevalence 
in females (62.5%), in the age group of 20-39 years old 
(55.5%)29– all factors of which were similar to the profile 
of the women included in this study which could explain 
the relatively increased rates observed. Avoidance of sun 
exposure, whether intentional (i.e., to maintain fair skin for 
aesthetic reasons, to prevent sunburns) or unintentional 
(i.e., occupation setting mostly indoors) likely contributes 
to the low vitamin D levels in this population. It is unclear 
if pregnancy per se contributes to this decrease.

Important to note as well, although not quantified, is that 
women who were included in this study were already 
on vitamin D supplementation as part of standard of 
prenatal care. Yet, there remained a high prevalence of 
low vitamin D levels. A study by Lau et al., found that 
among 147 pregnant Australian women on daily vitamin 
D supplementation of 400 IU or 500 IU, 41% remained 
vitamin D deficient.30 This might imply that the amount 
of supplementation given as standard of care is not 
enough to augment already low vitamin D levels.

Vitamin D levels were significantly higher among patients 
with GDM (GDM 21.0±8.1 ng/mL vs no GDM 18.7±5.3 ng/
mL, p=0.0189). However, the absolute difference between 
both groups may be small clinically. Pregnant women with 
low vitamin D levels were found to have lower odds of 
having GDM (OR=0.28, p=0.029). These findings contradict 
the initial hypothesis of this study. To our knowledge, 
there have been no studies reporting an association 
between high vitamin D levels and the occurrence of GDM. 
We attribute this finding to random chance or a type I 
error, as the initial calculated sample size of 228 was not 
reached. Furthermore, after adjusting for, age, parity, 
history of GDM, and pre-pregnancy BMI, no significant 
association was observed (adjusted OR=0.66, p=0.522). The 
same finding was true when stratified according to vitamin 
D insufficient (adjusted OR=0.55, p=0.433) and deficient 
individuals (adjusted OR=0.65, p=0.511). Similar findings 
of non-association were reported by previous studies. 
A study on 76 pregnant Czech women by Pleskacova et 
al., found a prevalence of vitamin D deficiency of 95.7% 
among those with GDM and 93.1% among controls 
(p=NS)23. Makgoba et al., studied 248 women and found a 
rate of 57% among those with GDM versus 62.2% among 
those without GDM (p=0.502)22. However, the results 
of this current study are in contrast with many other 
studies including meta-analyses by Aghajafari and Lu. In 
the former, 10 studies were included in the analysis and 
it was found that GDM was associated with insufficient 
vitamin D levels compared with controls (pooled OR=1.49 
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Figure 2. Scatter plot of FBS against total vitamin D.

Figure 3. Scatter plot of 1-hour post 75 g oral glucose 
tolerance against total vitamin D.

Figure 4. Scatter plot of 2-hour post 75 g oral glucose 
tolerance against total vitamin D.



using random effects model, I2 = 0%).24 In the latter which 
analyzed 20 observational studies that contained a total of 
16,515 pregnant women, maternal vitamin D insufficiency 
was found to be associated with greater risk for GDM 
(RR=1.45, p<0.0001).31

The lack of association between GDM and low maternal 
serum vitamin D levels in this study may be due to the high 
overall prevalence of low vitamin D levels. Hence, vitamin 
D levels were plotted against FBS, 1-hour and 2-hour blood 
glucose post 75 g OGTT. However, still no significant 
correlations were found. The study by Makgoba et al., found 
no association between low vitamin D levels and GDM, 
but found a negative correlation between vitamin D and 
fasting glucose (p=0.009) and blood glucose 2-hours after a 
glucose load (p=0.002) at 28 weeks of gestation.22 Similarly, 
Burris et al., found an inverse association between vitamin 
D levels of women in their second trimester and blood 
glucose levels after a 50 g oral glucose load. However, only 
5% of these women developed GDM.32 Only the study by 
Soheilykhah among Iranian women found no correlation 
between vitamin D levels and FBS despite reporting a 
higher prevalence of vitamin D deficiency among women 
with impaired glucose tolerance and GDM.33

This investigation is limited by a few factors. Many studies 
have demonstrated a likely link between low maternal 
serum vitamin D levels and GDM. However, if present, 
this association is probably very small and may have been 
diluted by the unanticipated high prevalence of low serum 
vitamin D levels, which was the reason it was not detected 
in this study. Given the high rates of low vitamin D levels 
found in this investigation, a study with a power of 90% 
and level of significance of 5% will require at least 261 
participants to detect if an association indeed exists.

Furthermore, the cutoffs to define vitamin D sufficiency, 
insufficiency and deficiency were based on levels to 
maintain skeletal health in the general population. A 
different level of vitamin D may be required to achieve 
optimal glycemic control and prevention of GDM among 
pregnant women. Thus, future studies should aim to 
determine this threshold. 

ConCLuSIon 

There was an association found between maternal serum 
vitamin D level and GDM in the univariate analysis but 
none was evident after adjusting for possible confounders. 
Given the high prevalence of low vitamin D levels among 
pregnant Filipino women, the absence of an association 
between vitamin D and GDM in this study cannot be 
firmly established. This unanticipated high prevalence of 
low vitamin D levels needs to be verified in future studies.

Acknowledgments
The authors would like to thank the consultants of the Section of 
Endocrinology, Diabetes and Metabolism of St. Luke’s Medical 
Center, Quezon City for their guidance in the preparation 
of this paper, as well as the doctors from the Department of 
Obstetrics and Gynecology of the same institution for graciously 
sharing their patients with us.

Statement of Authorship
The author certified fulfillment of ICMJE authorship criteria.

Author Disclosure
The author declared no conflicts of interest. 

Funding Source
This work was supported by the 2019 Philippine Society of 
Endocrinology, Diabetes and Metabolism (PSEDM) Philippine 
Research Initiative in Diabetes and Endocrinology (PRIDE) 
research grant, as well as the St. Luke’s Medical Center 
Research and Biotechnology Division.

References 
1. American Diabetes Association. Classification and diagnosis of 

diabetes:Standards of medical care in diabetes-2018. Diabetes Care. 
2018;41(Suppl.1):S13-S27. PMID: 29222373. https://doi.org/10.2337/
dc18-S002.

2. Hu L, Zhang Y, Wang X, et al. Maternal vitamin D status and risk 
of gestational diabetes: A meta-analysis. Cell Physiol Biochem. 
2018;45(1):291-300. PMID: 29402818. https://doi.org/10.1159/000486810.

3. Litonjua AD, Boedisantoso R, Serirat S, et al. AFES Study Group on 
diabetes in pregnancy: Preliminary data on prevalence. Philipp J 
Int Med. 1996;34(2):67-8.

4. HAPO Study Cooperative Research Group, Metzger BE, Lowe LP, et 
al. Hyperglycemia and adverse pregnancy outcomes. N Engl J Med. 
2008;358(19):1991-2002. PMID: 18463375. https://doi.org/10.1056/
NEJMoa0707943

5. Seghieri G, De Bellis A, Anichini R, Alviggi L, Fanconi F, Breschi MC. 
Does parity increase insulin resistance during pregnancy? Diab Med. 
2005;22(11):1574-80. PMID: 16241924. https://doi.org/10.1111/j.1464-
5491.2005.01693.x.

6. Burris HH, Camargo Jr CA. Vitamin D and gestational diabetes 
mellitus. Curr Diab Rep. 2013;14(1):451. PMID: 24277676. PMCID: 
PMC3895371. https://doi.org/10.1007/s11892-013-0451-3.

7. Bourlon PM, Billaudel B, Faure-Dussert A. Influence of vitamin 
D3 deficiency and 1,25 dihydroxyvitamin D3 on de novo insulin 
biosynthesis in the islets of the rat endocrine pancreas. J Endocrinol. 
1999;160(1):87–95. PMID: 9854180. https://doi.org/10.1677/joe.0.1600087.

8. Cade C, Norman AW. Vitamin D3 improves impaired glucose 
tolerance and insulin secretion in the vitamin D-deficient rat in 
vivo. Endocrinology. 1986;119(1):84–90. PMID: 3013599. https://doi.
org/10.1210/endo-119-1-84.

9. Barragry JM, Corless D, Auton J, et al. Plasma vitamin D-binding 
globulin in vitamin D deficiency, pregnancy and chronic liver 
disease. Clin Chim Acta 1978;87(3):359–65. PMID: 79455. https://doi.
org/10.1016/0009-8981(78)90179-1.

10. Bikle DD, Gee E, Halloran B, Haddad JG. Free 1,25-dihydroxyvitamin 
D levels in serum from normal subjects, pregnant subjects, and subjects 
with liver disease. J Clin Invest. 1984;74(6):1966-71. PMID: 6549014. 
PMCID: PMC425383. https://doi.org/10.1172/JCI111617.

11. Bouillon R, Van Assche FA, Van Baelen H, Heyns W, De Moor 
P. Influence of the vitamin D-binding protein on the serum 
concentration of 1,25-dihydroxyvitamin D3. Significance of the 
free 1,25-dihydroxyvitamin D3 concentration. J Clin Invest. 
1981;67(3):589–96. PMID: 6894152. PMCID: PMC370606. https://doi.
org/10.1172/JCI110072.

12. Haddad JG Jr, Walgate J. Radioimmunoassay of the binding protein 
for vitamin D and its metabolites in human serum: Concentrations 
in normal subjects and patients with disorders of mineral homeo-
stasis. J Clin Invest. 1976;58(5):1217–22. PMID: 1086857. PMCID: 
PMC333290. https://doi.org/10.1172/JCI108575.

13. Papapetrou PD. The interrelationship of serum 1,25-dihydroxy-
vitamin D, 25-hydroxyvitamin D and 24,25-dihydroxyvitamin D in 
pregnancy at term: A meta-analysis. Hormones (Athens). 2010;9(2): 
136-44. PMID: 20687397. https://doi.org/10.14310/horm.2002.1263.

14. Sanchez PA, Idrisa A, Bobzom DN, et al. Calcium and vitamin D 
status of pregnant teenagers in Maiduguri, Nigeria. J Natl Med 
Assoc. 1997;89(12):805–11. PMID: 9433060. PMCID: PMC2608295.

15. Brannon PM, Picciano MF. Vitamin D in pregnancy and lactation 
in humans. Annu Rev Nutr. 2011;31: 89–115. PMID: 21756132. 
https://doi.org/10.1146/annurev.nutr.012809.104807.

16. Institute of Medicine (US) Committee to Review Dietary Reference 
Intakes for Vitamin D and Calcium; Ross AC, Taylor CL, Yaktine 
AL, et al., editors. Dietary Reference Intakes for Calcium and 
Vitamin D. Washington (DC): National Academies Press (US); 2011. 
https://www.ncbi.nlm.nih.gov/books/NBK56050/. 

17. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, 
treatment and prevention of vitamin D deficiency: An Endocrine 
Society clinical practice guideline. J Clin Endocrinol Metab. 2011;96(7): 
1911–30. PMID: 21646368. https://doi.org/10.1210/jc.2011-0385.

18. National Institute for Health and Care Excellence. Vitamin D: 
Supplement use in specific population groups. 2014. https://www.
nice.org.uk/guidance/ph56/resources/vitamin-d-supplement-use-in-
specific-population-groups-pdf-1996421765317. Accessed July 31, 2018.

Vol. 35 No. 2 November 2020

174

www.asean-endocrinejournal.org

Carmen Carina Cabrera, et al Maternal Serum Vitamin D Levels and GDM among Filipino Patients



19. Liu Y, Jin Q, Bao Y, Li S, Wang J, Qiu L. Investigation of the vitamin 
D nutritional status in women with gestational diabetes mellitus 
in Beijing. Lipids Health Dis. 2017;16(1):22. PMID: 28129773. 
PMCID: PMC5273824. https://doi.org/10.1186/s12944-017-0412-y.

20. Parildar H, Unal AD, Desteli GA, Cigerli O, Demirag NG. Frequency 
of Vitamin D deficiency in pregnant diabetics at Baskent University 
Hospital, Istanbul. Pak J Med Sci. 2013;29(1):15-20. PMID: 24353500. 
PMCID: PMC3809191. https://doi.org/10.12669/pjms.291.2896.

21. Wen J, Hong Q, Zhu L, Xu P, Fu Z, Cui X. Association of maternal 
serum 25-hydroxyvitamin D concentrations in second and third 
trimester with risk of gestational diabetes and other pregnancy 
outcomes. Int J Obes. 2017;41(4):489-96.

22. Makgoba M, Nelson SM, Savvidou M, Messow CM, Nicolaides 
K, Sattar N. First-trimester circulating 25-hydroxyvitamin D 
levels and development of gestational diabetes mellitus. Diabetes 
Care. 2011;34(5):1091-3. PMID: 21454797. PMCID: PMC3114479. 
https://doi.org/10.2337/dc10-2264.

23. Pleskačová A, Bartáková V, Pácal L, et al. Vitamin D status in women 
with gestational diabetes mellitus during pregnancy and post- 
partum. BioMed Res Int. 2015;2015:1-7.

24. Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O’Beirne M, 
Rabi DM. Association between maternal serum 25-hydroxyvitamin 
D level and pregnancy and neonatal outcomes: Systematic review 
and meta-analysis of observational studies. BMJ. 2013;346:f1169. 
PMID: 23533188. https://doi.org/10.1136/bmj.f1169.

25. ACOG Committee on Obstetric Practice. ACOG Committee 
Opinion No. 495. Vitamin D: screening and supplementation during 
pregnancy. Obstet Gynecol. 2011;118(1):197–8. PMID: 21691184. 
https://doi.org/10.1097/AOG.0b013e318227f06b.

26. World Health Organization. WHO recommendations on antenatal 
care for a positive pregnancy experience. 2016. http://www.who.int/
reproductivehealth/publications/maternal_perinatal_health/anc-
positive-pregnancy-experience/en/. Accessed July 31, 2018.

27. Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis D is associates 
with insulin resistance and beta cell dysfunction. Am J Clin Nutr. 
2004;79:820-5.

28. Shrestha D, Budhathoki S, Pokhrel S. et al. Prevalence of vitamin D 
deficiency in pregnant women and their babies in Bhaktapur, Nepal. 
BMC Nutr. 2019;5:31. https://doi.org/10.1186/s40795-019-0294-7.

29. Angeles-Agdeppa I, Perlas LA, Capanzana MV. Vitamin D status 
of Filipino adults: Evidence from the 8th National Nutrition Survey 
2013. Mal J Nutr. 2018;24(3):395-406. https://nutriweb.org.my/mjn/
publication/24-3/i.pdf.

30. Lau SL, Gunton JE, Athayde NP, Byth K, Wah Cheung N. Serum 
25-hydroxyvitamin D and glycated haemoglobin levels in women 
with gestational diabetes mellitus. Med J Aust. 2011;194(7):334–7. 
PMID: 21470081.

31. Lu M, Xu Y, Lv L, Zhang M. Association between vitamin D status 
and the risk of gestational diabetes mellitus: A meta-analysis. Arch 
Gynecol Obstet. 2016;293(5):959-66. PMID: 26825733. https://doi.
org/10.1007/s00404-016-4010-4.

32. Burris HH, Rifas-Shiman SL, Kleinman K et al. Vitamin D deficiency 
in pregnancy and gestational diabetes mellitus. Am J Obstetr Gynecol. 
2012;207(3):182.e1–8. PMID: 22717271. PMCID: PMC3432741. 
https://doi.org/10.1016/j.ajog.2012.05.022.

33. Soheilykhah S, Mojibian M, Rashidi M, Rahimi-Saghand S, Jafari 
F. Maternal vitamin D status in gestational diabetes mellitus. 
Nutr Clin Pract. 2010;25(5):524–7. PMID: 20962313. https://doi.
org/10.1177/0884533610379851.

Vol. 35 No. 2 November 2020

175

www.asean-endocrinejournal.org

Carmen Carina Cabrera, et alMaternal Serum Vitamin D Levels and GDM among Filipino Patients

JAFES
Send your paper to the publication pathway.

Instructions to Authors at
www.ASEAN-endocrinejournal.org.

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that authors contributed 
substantially to the work, that the manuscript has been read and approved by all authors, and that the requirements for authorship have been met by each author; 
(2) the Author Declaration, that the article represents original material that is not being considered for publication or has not been published or accepted for 
publication elsewhere, that the article does not infringe or violate any copyrights or intellectual property rights, and that no references have been made to predatory/
suspected predatory journals; (3) the Author Contribution Disclosure, which lists the specific contributions of authors; and (4) the Author Publishing Agreement 
which retains author copyright, grants publishing and distribution rights to JAFES, and allows JAFES to apply and enforce an Attribution-Non-Commercial 
Creative Commons user license. Authors are also required to accomplish, sign, and submit the signed ICMJE form for Disclosure of Potential Conflicts of Interest. 
For original articles, authors are required to submit a scanned copy of the Ethics Review Approval of their research as well as registration in trial registries as 
appropriate. For manuscripts reporting data from studies involving animals, authors are required to submit a scanned copy of the Institutional Animal Care and 
Use Committee approval. For Case Reports or Series, and Images in Endocrinology, consent forms, are required for the publication of information about patients; 
otherwise, appropriate ethical clearance has been obtained from the institutional review board. Articles and any other material published in the JAFES represent 
the work of the author(s) and should not be construed to reflect the opinions of the Editors or the Publisher.


