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INTRODUCTION

Vitamin D deficiency is a worldwide epidemic in all
age groups, including in countries with apparen tly

sufficient sunlight exposure1. The Institute Of Medicine
(IOM) defined vitamin D deficiency levels below 20
ng/ml2. According to this definition, it is estimated in
Europe a prevalence of 40.4%3, regardless of age and
ethnic groups, and latitude of study populations.

Major changes in maternal calcium homeostasis and
bone metabolism occur in pregnancy to satisfy the fe-
tus� needs4. Vitamin D is an important regulator of cal-
cium homeostasis.  During pregnancy, vitamin D level
starts to increase through the first trimester and con-
tinue until delivery, probably due to enhanced renal
synthesis and increased extra-renal synthesis in the pla-
centa4. For this increment is essential to maintain pro -
per 25-dihydroxyvitamin D levels available, a precur-
sor of vitamin D active form5. 

Maternal vitamin D deficiency in pregnancy has
been associated with adverse pregnancy outcomes. Re-
cent systematic reviews and meta-analysis suggested
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that low vitamin D levels during pregnancy can in-
crease the risk of preeclampsia (PE)6,7, gestational dia-
betes mellitus (GDM)8–10, cesarean section11,12, preterm
birth (PTB)13,14 and low birthweight (LBW)15. Howe ver,
some limitations of these studies deserve attention.
First, the majority of them had a retrospective design.
Second, only a single measurement of vitamin D level
was performed in these investigations and at different
moments of pregnancy. These studies included he -
terogeneous population with different sun exposure,
ethnic groups, a wide variation concerning dose, type,
and duration of Vitamin D supplementation. Also, in
a greater number of investigations, Vitamin D supple-
mentation was only initiated after 20 weeks, and at this
time of pregnancy, few improvements will be expect-
ed. Finally, some important confounders (as body mass
index (BMI) and maternal age) were not considered by
the majority of authors. 

Due to a lack of strong evidence, there is no con-
sensus regarding the role of vitamin D status on
pregnan cy outcomes. Recommendations adopted
among internationally recognized societies vary. Cur-
rently, the World Health Organization (WHO) does
not recommend vitamin D supplementation during
pregnancy as part of routine antenatal care16. The or-
ganization only recommends this supplementation for
pregnant women with documented vitamin D defi-
ciency, which matches the American Congress of
Obste tricians and Gynecologists guidelines17. The 
Royal College of Obstetricians and Gynaecologists sug-
gest 400 IU/day for all pregnant women18. 

The effect of low vitamin D levels during pregnancy
is still not understood and well-designed prospecti ve
studies are still needed. The purpose of this research
was to determine the association between first trimester
vitamin D status and pregnancy outcomes.

METHODS AND MATERIALS

A prospective observational study was performed in-
cluding women with a singleton gestation who un-
derwent first-trimester screening for aneuploidy at a
Portuguese perinatal center, between April and June
2018. This study was conducted with the approval of
the Ethics Committee. All participants signed written
informed consent. Women who were less than 18 years
old, were non-caucasian, who had renal disease or who
were supplemented with vitamin D during pregnancy
were excluded. Likewise, records with incomplete out-

come data were not included. Any pregnancies with
lethal congenital anomalies were excluded. Informa-
tion on maternal sociodemographics, medical and
obste trical history, gestational age at inclusion, preg-
nancy course and delivery outcome were collected.
Serum plasma 25-OH vitamin D concentrations were
analysed between 11 weeks 0 days and 13 weeks 6
days of gestation using Chemiluminescent Micropar-
ticle Immunoassay. The lower limit of detection and
lower limit of quantification achieved was 3.1 ng/mL
and 8.0 ng/mL, respectively. Vitamin D deficiency was
defined at levels lower than 20ng/ml. In a primary
analysis, two groups (vitamin D <20ng/ml and
≥20ng/ml) were evaluated, as well as their association
with adverse pregnancy outcomes.  

The evaluated outcomes included gestational hyper-
tension, PE, GDM, PTB, and LBW. Gestational hyper-
tension was defined as new onset of hypertension (sys-
tolic blood pressure ≥140 mmHg and/or diastolic blood
pressure ≥90 mmHg) at ≥20 weeks of gestation, in the
absence of proteinuria or new signs of end-organ dys-
function. The blood pressure readings were document-
ed in two occasions, at least, through a four hours inter-
spersed period. PE was defined as new onset of hyper-
tension and either proteinuria or end-organ dysfunction
after 20 weeks of gestation. Criteria for diagnosis were:
Systolic blood pressure ≥140 mmHg or diastolic blood
pressure 90 mmHg, and proteinuria ≥0.3 grams in a 24-
-hour urine specimen or protein:creatinine ratio ≥0.3,
or signs of end-organ dysfunction (platelet count
<100.000/microliter, serum creatinine >1.1 mg/dL or
doubling of the serum creatinine, elevated serum
transaminases to twice normal concentration). GDM was
diagnosed if fasting glucose level ≥92 mg/dL and
<126mg/dL at first trimester or at least one value of plas-
ma glucose concentration ≥92, 180 and 153 mg/dl (for
fasting, one-hour and 2-hour post glucose load glucose
values respectively), after performing a 75g oral glucose
tolerance test at 24-28 weeks of gestation. PTB was de-
fined as a delivery occurring before 37 weeks of preg-
nancy. LBW was defined as a birth weight of less than
2500 g liveborn, regardless of gestational age.

Some variables were considered to be confounders for
PE, namely, maternal age, parity, pre-pregnancy BMI, and
chronic hypertension. Maternal age, pre-pregnancy BMI,
weight gain, smoking habits, hypertension, fami ly his-
tory of diabetes and history of GDM were considered for
GDM. Maternal age, parity, pre-pregnancy BMI, gesta-
tional week, extremes of neonatal birthweight and GDM
were considered for cesarean section. Gesta tio  nal hy-
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pertension, chronic hypertension, pregestational dia-
betes, and preeclampsia were considered for LBW. 

Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences (SPSS Inc.
Chicago, IL, version 23). Continuous variables were
compared between groups using the T-test and di-
chotomous variables using the Fisher’s Exact test or
the Chi-square test. In the final phase, logistic regres-
sion analysis was performed to evaluate possible con-
founding or adjustment factors. OR and 95%CI were
calculated. The goodness of fit was evaluated by the
Hosmer–Lemeshow test. Statistical significance was
defined as p-value <0.05.

RESULTS

One hundred and eighty five pregnant women were

recruited. There were 141 (76,2%) women who ex-
hibited low levels of vitamin D. The means age of pa-
tients was 32±5 years with a BMI of 28.2±5.2 Kg/m2

and it was comparable between the two groups (Table
I). There was no statistical significance regarding the
presence of medical comorbidities such as hyperten-
sion. GDM was found to be higher in pregnant wom-
en with vitamin D deficiency (p=0.004). No statisti-
cally significant differences were found concerning to
pregnancy outcomes between the groups (Table II).
There were no statistically significant differences in the
mode of delivery and with respect to neonatal out-
comes such as gender, birth weight, and Apgar score. 

Multiple logistic regression analysis showed that de-
creased Vitamin D level in the first trimester of gesta-
tion is associated with a higher risk of GDM (OR 0.876,
CI 0.789-0.972; p=0.013), after adjusting for maternal
age, pre-pregnancy BMI, weight gain, smoking habits,

TABLE I. PREGNANT WOMEN CHARACTERISTICS

Overall Vitamin D <20 Vitamin D ≥20 
(N=185) (N=141) (N=44) p-value

Maternal age (years) 32±5 32±6 32±4 0,748
Parity 1±1 1±1 1±1 0.986
Past history of GDM 6 (3.2%) 5 (3.5%) 1 (2.3%) >0.99
Hypertension 5 (2.7%) 2 (1.4%) 3 (6.8%) 0.088
Smoking habits (cig/day) 16 (8.6%) 10 (7.1%) 6 (13.6%) 0.218
Pregestational BMI (Kg/m2) 28.2±5.2 28.4±5.6 27.8±4.1 0.468
Weght gain (Kg) 12.3±6.3 12.0±6.5 13.0±5.5 0.380
Gestational Hypertension 9 (4.9%) 7 (5.0%) 2 (4.9%) >0.99

Data were given as frequencies (percent) or median (±standard deviation). BMI, body mass index; Cig, cigarettes; GDM, gestational diabetes mellitus. 

TABLE II. MATERNAL AND NEONATAL OUTCOMES

Overall Vitamin D <20 Vitamin D ≥20 
(N=185) (N=141) (N=44) p-value

Gestational Hypertension 9 (4.9%) 7 (5.0%) 2 (4.9%) >0.99
Preeclampsia 1 (0.5%) 1 (0.7%) 0 (0%) >0.99
Gestational Diabetes 20 (10.8%) 20 (14.2%) 0 (0%) 0.004
Gestational week at delivery (weeks) 39±2 39±1 39±2 0.150
Preterm birth 22 (11.9%) 14 (9.9%) 8 (18.2%) 0.140
Spontaneous labor 97 (52.4%) 73 (51.8%) 24 (54.5%) 0.939
Cesarean 57 (30.8%) 46 (32.7%) 11 (25%) 0.339
Birth weight (g) 3255±518 3267±492 3218±599 0.590
Low birth weight 10 (5.4%) 7 (5.0%) 3 (6.8%) 0.704

Data were given as frequencies (percent) or median (±standard deviation)
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TABLE III. LOGISTIC REGRESSION PREDICTING LIKELIHOOD OF REPORTING GDM

p-value aOR 95% CI
Maternal age (years) 0.897 0.994 0.907-1.090
Pregestational BMI (Kg/m2) 0.755 1.016 0.919-1.123
Weight gain (Kg) 0.721 0.984 0.901-1.075
Smoking habits (cig/d) 0.931 0.992 0.827-1.190
Hypertension 0.159 6.482 0.480-87.543
Familiar history of diabetes 0.040 3.307 1.056-10.354
Past history of GDM 0.009 12.411 1.856-83.007
Vitamin D (ng/mL) 0.013 0.876 0.789-0.972

AOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; cig, cigarettes; GDM, gestational diabetes mellitus.

hypertension, familiar history of diabetes and history
of GDM (Table III). 

DISCUSSION

In the current study, a low vitamin D level in the first
trimester of pregnancy was a predictor of GDM. This
result turned out to be a coherent element taking into
account some previous reports8,10,19 but different from
others20. This non-consensual approach is due to the
study designs� heterogeneity and inadequate consi -
deration of confounding factors. For example, Poel et
al. in their systematic review and meta-analysis only
included three studies in which maternal age and BMI
were considered as confounders10.

Some theories have been suggested for the associa-
tion between vitamin D and GDM, including reper-
cussions on the pancreas, insulin-responsive tissues,
and systemic inflammation21,22. Vitamin D can control
the blood glucose levels by binding and activating the
vitamin D receptor in the pancreatic beta-cells, regu-
lating the insulin release23,24. The active form of vita-
min D directly stimulates the secretion of insulin, once
the presence of the vitamin D response element in the
insulin gene promoter of pancreatic beta-cells25 and in-
directly, regulating the balance between the extracellu-
lar and intracellular beta-cell calcium pools25,26. Vita-
min D seems to improve insulin sensitivity in periphe -
ral insulin-responsive tissues25. Vitamin D stimulates
insulin receptor expression, improving insulin res -
ponsiveness for glucose transport, and also has an 
effect on glucose metabolism through the regulation of
calcium flux within cell membranes 25–29. Moreover, low
vitamin D status leads to an efficiency reduction in the

intestinal calcium absorption, increasing the secretion
of parathyroid hormone (PTH). PTH may mediate in-
sulin resistance by reducing glucose uptake by periphe -
ral tissues30. Other mechanisms have been proposed to
explain the impact of vitamin D on insulin resistance
including the immunoregulatory and anti-inflamma-
tory functions of vitamin D31. Vitamin D might reduce
the formation of reactive oxygen species in adipocytes32

through the cellular antioxidants expression control-
ling, preventing oxidative damage33. Vitamin D also
controls vital genes with a potential negative modula-
tor of pro-inflammatory cytokines release34, reduc-
ing IL-6, TNF-�, and C-reactive protein35, and prevents
transcription of pro-inflammatory factors genes. 

Recent systematic reviews and meta-analyses had
demonstrated that insufficient serum levels of vitamin
D were associated with PE, LBW, PTB and the risk of
cesarean section7,8,12,19. In our study there was no asso-
ciation between vitamin D levels and these adverse out-
comes. However, due to small sample size, these events
should be discussed in further investigations. 

A highly prevalence of low vitamin D levels among
Portuguese pregnant women in the first trimester was
registered in this research. This result is unexpected for
a healthy population living in a country with high sun-
-exposure. There might be some plausible reasons for
this happen. The first hypothesis highlights the possi-
bility of a limited sunlight exposure within the recrui -
ted women. Vitamin D levels increase in summer and
decrease in winter due to the dependency of vitamin D
on ultraviolet B radiation. The measurement of vitamin
D was performed between April and June, after cold
seasons, when people wear more often clothes that co -
ver the entire body. Therefore, the amount of ultravio-
let-B radiation reaching the skin was impaired. Proba-
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bly the cut-off value for vitamin D deficiency should
be revised in forthcoming investigations according to
the season. Another possible explanation is that a high
number of recruited women were overweight and had
obesity. The high prevalence of vitamin D deficiency in
obese subjects is a well-documented finding, most
likely due to the dilution effect of vitamin D in the large
adipose mass36. 

This study has some strengths that merit conside -
ration. As all included women had a vitamin D mea-
surement in a well-defined interval, early in pregnan-
cy, it is unlikely that vitamin D status in the last
trimester of pregnancy influences GDM development.
Only Caucasian women were included and since the
recruitment occurred in Spring, sun exposure dis-
crepancies were avoided. Variables as maternal age,
pregestational BMI and weight gain were considered in
the results.

However, several limitations also deserve discus-
sion. A single measurement of Vitamin D in pregnan-
cy is probably not sufficient, since levels can be mo -
dified by food consumption, supplement use and sun
exposure. Although in this study we excluded women
with vitamin D supplementation, we have not ques-
tioned on physical activity and dietary intake. Finally,
some important markers were not considered as vita-
min D receptor activity, calcium, phosphate and PTH
levels, insulin-like growth factor I activity and other
bone turnover molecules. The authors only proposed
to evaluate the significance of vitamin D status on pre -
gnancy outcomes, the impact of supplementation with
vitamin D would be addressed in future studies. 

CONCLUSION

A high prevalence of low vitamin D levels among preg-
nant women in the first trimester was seen in this study.
Low vitamin D level was a predictor of GDM. Howe -
ver, there was no significant association between vita-
min D status and other maternal and neonatal out-
comes. Further investigation is needed to determine
whether if vitamin D supplementation would improve
pregnancy outcomes when low levels are detected.
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