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Abstract
Background: Vitamin D deficiency is a common nutritional issue and dietary supplementation in the general
population, including pregnant women, is generally advised. Appropriately high levels of vitamin D are expected to
play a role in containing the glycemic and atherogenic profiles observed in pregnancy. However, the relation
between vitamin D status and the lipid metabolic profile in Saudi women, who are known to suffer from chronic
vitamin D deficiency and high incidence of obesity and type II DM, during the course of pregnancy is not known.
Methods: In this study, we analyzed the relation between serum vitamin D level and various serum metabolic
markers among Saudi women (n = 515) in their first trimester of pregnancy (11.2 ± 3.4 weeks). Coefficients of
Pearson correlation and Spearman rank correlation were calculated for Gaussian and non-Gaussian variables,
respectively. Serum vitamin D status was defined as (in nmol/L): deficient (<25), insufficient (25–50); sufficient
(50–75) and desirable (>75).
Results: Results indicated that vitamin D status was sufficient in only 3.5 % of the study participants and insufficient
and deficient in 26.2 % and 68.0 % of participants, respectively. Serum vitamin D values in the overall study
population correlated positively with serum levels of total cholesterol (R = 0.172; p < 0.01), triglycerides (R = 0.184;
p < 0.01) and corrected calcium (R = 0.141; p < 0.05). In the subgroup of vitamin D deficient subjects (n = 350), log
serum vitamin D values correlated with serum triglycerides (R = 0.23; p = 0.002) and cholesterol (R = 0.26; p = 0.001).
Conclusions: The positive correlations between serum vitamin D and the atherogenic factors such as total
cholesterol and triglycerides indicate a pro-atherogenic metabolic status in vitamin D deficient expectant mothers.
This may represent an adaptation to the high metabolic demands of pregnancy.
Keywords: 25(OH)D, Atherogenic, Cholesterol, Calcium, Hypovitaminosis D, Hypercholesterolemia,
Hypertriglyceridemia

Background
Hypovitaminosis D in pregnant women is very common
and has important implications for the mother and lifelong health of the child, as it has been linked to maternal
and child infections, small-for-gestational age (SGA),
preterm delivery, preeclampsia, gestational diabetes mellitus (GDM), as well as DNA imprinting in the infant for
lifelong chronic diseases [1].
Vitamin D deficiency is a worldwide public health
problem in all age groups [2]. Globally, prevalence of
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deficient and insufficient vitamin D status ranges from 5
to 84 % in pregnant women [3]. Countries in the
Middle-east, despite abundant sunshine, have reported
lower mean vitamin D levels than others, and higher deficiencies in females than males have been attributed to
their conservative clothing and time spent indoors [4, 5].
Because of the possibility of balancing vitamin D status
through dietary supplementation, intense research is being pursued to gain an understanding of the various factors that affect vitamin D status and the effect of
vitamin D deficiency on normal health.
Accumulating evidence links vitamin D deficiency with
abnormal glucose and lipid metabolism, and epidemiologic studies have shown that women who develop
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GDM are more likely to be vitamin D deficient [6–8].
The three essential lipid indices (total cholesterol, triglycerides and LDL cholesterol) increase during pregnancy and thus mimic the markers of metabolic
syndrome [9–11]. It was suggested that changes in
carbohydrate and lipid metabolic markers in pregnant
women may not reflect a pathologic condition but rather
indicate a necessary adaptation of the mother’s physiology to balance the energy demands of the fetus and to
prepare the mother for delivery and lactation [12]. In
contrast, GDM was suggested to be a transient manifestation of long-standing metabolic dysfunction [10].
Even though in vitro and in vivo animal studies show a
plethora of pathways regulated by Vitamin D, its role
during fetal development is not well understood. Observational evidence links low maternal vitamin D status
with an increased risk of non-bone health outcomes in
the mother [13], but the totality of the evidence for
health outcomes is oftentimes contradictory, lacks
mechanistic explanations, and is inconclusive [14]. In
the light of widespread occurrence of vitamin D deficiency, regulatory agencies make recommendations for
significant dietary supplementation of vitamin D. However, uncertainty still exists regarding the optimum level
of vitamin D in pregnant women relative to both maternal and fetal adverse health outcomes. In this respect,
vitamin D status data from different populations are expected to aid in finding optimum levels. This study was
performed to assess the vitamin D status in a population
of pregnant Saudi women and to analyze its relation with
various anthropometric and biochemical parameters, especially carbohydrate and lipid metabolic markers.

Methods
Subjects

A total of 515 hundred Saudi women in their 1st trimester of pregnancy (11.2 ± 2.75th week) were recruited from
King Fahad Medical City (n = 134), King Khalid Hospital
(288) and King Salman Hospital (93) in Riyadh, Saudi
Arabia. Only Saudi women ages 18–35 years with previous clinical data regarding maternal characteristics, glycemic data and neonatal parameters were included in
the study. Women with previous history of diabetes mellitus (type I or II), malignancy, and history of chronic
kidney or liver disease were excluded. Written informed
consent was taken from each subject before study inclusion. Approval was granted by the Ethics Committee of
the College of Science, King Saud University, Riyadh,
Kingdom of Saudi Arabia (KSA). Study subjects were
asked to complete a general questionnaire containing
demographic information, including past and present
medical history, and to return after fasting for more than
10 h for anthropometry and blood withdrawal.
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Anthropometry and blood collection

Subjects were requested to visit their respective hospitals
between 8:00 and 9:00 h following an overnight fast
(>10 h) for anthropometry and blood withdrawal by the
nurse and physician on duty, respectively. Anthropometry included height (rounded to the nearest 0.5 cm),
weight (rounded to the nearest 0.1 kg), waist and hip circumference (centimeters), and mean systolic and diastolic blood pressure (mmHg, average of two readings).
Body mass index (BMI) was calculated as weight in kilograms divided by height in square meters. Fasting blood
samples were collected and transferred immediately to a
non-heparinized tube for centrifugation. Collected
serum was then transferred to pre-labeled plain tubes,
stored on ice, and delivered to the Biomarkers Research
Program (BRP) in King Saud University, Riyadh, KSA,
for immediate storage at −20 °C.
Sample analyses

Fasting glucose, lipid profile, calcium, and phosphorous
were measured using a chemical analyzer (Konelab, Espoo, Finland). Serum 25(OH)D was measured with a
Roche Elecsys modular analytics Cobas e411 using an
electrochemiluminescence immunoassay (Roche Diagnostics, GmbH, Mannheim, Germany) and commercially
available IDS kits (IDS Ltd, Boldon Colliery, Tyne &
Wear, UK). Variation for the 25(OH)D ELISA were
5.3 % and 4.6 %, respectively, with 100 % cross-reactivity
to 25(OH)D3 and 75 % cross-reactivity to 25(OH)D2. It
should be noted that the BRP laboratory is a participating entity in the Vitamin D External Quality Assessment
Scheme (DEQAS), and Quality Assurance (QA) standards are maintained by ISO 9000 and 17025. The QA
department audits the BRP laboratory at regular intervals. Serum levels (in mmol/L) of glucose <6.1, total
cholesterol <5.0, triglycerides <1.7 and calcium 2.25-2.75
were considered normal/desirable.
Data analyses

Data were analyzed using SPSS (version 16.5 Chicago, IL, USA). Mean and standard deviations were
used to represent the data for the Gaussian variables,
while median and interquartile range were used to
report non-normal variables. Furthermore, frequencies and percentages (%) were reported for the categorical data. Normality assumption was assessed
using the Kolmogorov-Smirnov test. Pearson correlation coefficients were calculated for both Gaussian
and log-transformed non-Gaussian variables. Multinomial logistic regression was conducted to assess
the relationship between select variables and vitamin
D status. P-value <0.05 was considered statistically
significant.
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Results
Prevalence of vitamin D deficiency

515 normal, healthy women in their 1st trimester of pregnancy were recruited in this prospective study aiming to
determine the effect of vitamin D status on the development or not of GDM, during the progression of pregnancy. Blood samples were obtained from these women at
the 11.20 (2.75th) week of pregnancy and were analyzed
for serum 25(OH)D and various other biochemical parameters. Results from the analysis of anthropometric and biochemical parameters of these women are shown in
Table 1. For the whole study population (n = 515), the
means (SD) (in mmol/L) of serum glucose [4.79 (0.76)],
total cholesterol [4.70 (1.03)], triglycerides [1.37 (0.59)],
calcium [2.27 (0.17)] and corrected calcium [2.24 (0.16)]
were within the normal/desirable ranges.
Thirty two (or 6.4 %) of the recruited women had fasting blood glucose level in excess of 6.1 mmol/L. This
sub-group of subjects had a mean vitamin D level of
24.42 ± 15.4 nmol/L which was not different from the
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mean of the whole study group (data not shown). However, because of the small number of women with abnormal levels of glucose and due to the prevalence of
vitamin D deficiency in the vast majority of subjects,
additional analyses were performed on data from the
whole group of recruits. “Hypercholesterolemia” (total
cholesterol >5.0 mmol/L) and “hypertriglyceridemia”
(triglycerides >1.7 mmol/L) were detected among 32.9 %
and 25.8 % of the subjects, respectively.
To gain a better understanding of the relationship between vitamin D and obesity, age, gestational age and
parity, multinomial logistic regression analysis was performed for the select variables with vitamin D status (insufficient and deficient) as dependent variable. Results
are shown in Table 2. None of the above variables
showed any significant association with vitamin D status.
However, among the hypertriglyceridemic and hypercholesterolemic women, the latter was significantly associated with insufficient vitamin D status [OR: 13.61 (95 %
CI 1.10-168.28)].

Table 1 Anthropometric and clinical characteristics and their association with log serum vitamin D level in pregnant women
Log Vitamin D Correlation Coefficient (R)

p-value

28.71 (6.07)

0.100*

0.02

28.47 (6.22)

−0.002

0.96

Age of menarche (years)

12.95 (1.63)

0.047

0.60

Age at 1st pregnancy (years)

23.57 (4.49)

0.076

0.42

Gestation week

11.20 (2.75)

−0.065

0.30

Waist (cm)

87.54 (12.23)

−0.021

0.82

Hips (cm)

108.01 (12.34)

0.092

0.31

Waist-hip ratio

0.81 (0.07)

−0.124

0.17

Systolic

110.03 (11.56)

0.083

0.11

Diastolic

64.81 (8.72)

0.021

0.68

Parameters

Mean ± SD

N

515

Age (years)
BMI (kg/m2)

Gravida#

2.00 (3.00)

0.027

0.61

Parity#

1.00 (2.00)

0.008

0.90

Ca (mmol/L)

2.27 (0.17)

−0.107*

0.02

Total cholesterol (mmol/L)

4.70 (1.03)

0.172**

0.01

Glucose (mmol/L)

4.79 (0.76)

0.090

0.08

Phosphate-inorganic (mmol/L)

1.13 (0.25)

0.090

0.88

HDL-Cholesterol (mmol/L)

1.14 (0.25)

0.017

0.81

Triglycerides (mmol/L)#

1.24 (0.78)

0.184**

0.00

Corrected Ca (mmol/L)

2.24 (0.16)

0.141*

0.03

Vitamin D (nmol/L)#

19.13 (15.08)

——————

——————

Vitamin D - deficient

350 (68 %)

——————

——————

Vitamin D - insufficient

135 (26.2 %)

——————

——————

Vitamin D - sufficient

18 (3.5 %)

——————

——————

Vitamin D - desirable

12 (2.3 %)

——————

——————

Note: Column1: data presented as mean ± standard deviation; # denotes non-Gaussian and data is presented as median (IQR); categorical data presented as
frequency and percentages; p-value significant at <0.05. Column 2: data presented as coefficient (R);* p < 0.05; ** p < 0.01
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Table 2 Multinomial logistic regression analysis of vitamin D status versus select parameters
Parameters

Sufficient & Desired
Vitamin D (≥50 nmol/L)

Hypertriglyceridemia (>1.7 mmol/L)

1.0

Insufficient (between 25–50 nmol/L)
OR (95 % CI)
0.30 (0.04-1.97)

p-value
0.209

Deficient (<25 nmol/L)
OR (95 % CI)
0.49 (0.08-2.94)

p-value
0.437

Hypercholesterolemia (>5.0 mmol/L

1.0

13.61 (1.10-168.28)

0.042

10.14 (0.86-118.90)

0.065

Obesity (>30 kg/m2)

1.0

0.93 (0.15-5.69)

0.938

0.77 (0.14-4.31)

0.762

Gestational Age (≤12 weeks)

1.0

0.23 (0.03-1.53)

0.128

0.24 (0.04-1.49)

0.127

Age (>40 years)

1.0

0.19 (0.01-2.54)

0.210

0.29 (0.03-2.85)

0.289

Multipara (>1)

1.0

0.51 (0.05-5.67)

0.586

0.58 (0.06-6.12)

0.653

Note: p-value significant at <0.05; p-value significant at <0.01

Based on the previously described clinical categories of
vitamin D status [15–18], the subjects were classified
into four groups as following: deficient (<25 nmol/L), insufficient (25–50 nmol/L); sufficient (50–75 nmol/L)
and desirable (75 < nmol/L). Results indicated that 68,
26.2, 3.5 and 2.3% of the women had deficient, insufficient, sufficient, and desirable levels of vitamin D, respectively (Table 1). The overall study population had a
mean serum vitamin D level of 23.36 (15.74) nmol/L.
Serum vitamin D correlational analysis

Correlation coefficients of various anthropometric and
biochemical parameters with log serum vitamin D
values, determined as mentioned in Methods, are shown
in Table 1. Significant positive associations were detected
for serum levels of total cholesterol (R = 0.172; p = 0.01),
triglycerides (R = 0.184; p < 0.01) and corrected calcium
(R = 0.141; p = 0.03). Besides these, significant associations were also found between serum vitamin D and age
in years (R = 0.100; p = 0.02). A negative correlation,
which however was not statistically significant, was detected for uncorrected calcium (R = −0.107). No additional correlations were found. Furthermore, multiple

regression analyses performed using log serum vitamin
D status against all metabolic parameters included in the
study did not show any significant associations (results
not shown).
In the vitamin D deficient sub-group of women
[25(OH)D <25 nmol/L; n = 350], log vitamin D values
were positively correlated with serum total cholesterol
(R = 0.263; p = 0.001) (Fig. 1) and triglycerides (R = 0.234;
p = 0.002) (Fig. 2).
The mean serum vitamin D levels in the sub-groups of
hypertriglyceridemic and hypercholesterolemic subjects
were 31.41 (17.29) [control: 26.41 (17.29)] and 30.59
(18.38) [control: 26.82 (17.97)] nmol/L, respectively, and
were significantly different (p = 0.013 and p = 0.021, respectively, from respective controls.

Discussion
In this study, we assessed the serum vitamin D status of
515 normal, healthy Saudi women in their first trimester
of pregnancy, and analyzed its association with several
GDM-related anthropometric and serum biochemical
markers. Vitamin D deficiency was highly prevalent, with
only 3.5 % of the women having sufficient and an

Fig. 1 Association between serum log vitamin D and cholesterol concentrations in vitamin D deficient women. In the vitamin D deficient
sub-group of women [25(OH)D <25 nmol/L; n = 350], the relation between serum levels of log 25(OH)D/vitamin D and total cholesterol was
determined by Pearson correlation coefficient analysis. Results are presented as a scatter plot
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Fig. 2 Association between serum log vitamin D and triglyceride concentration in vitamin D deficient women. In the vitamin D deficient
sub-group of women [25(OH)D <25 nmol/L; n = 350], the relation between serum levels of log 25(OH)D/vitamin D and total triglycerides was
determined by Pearson correlation coefficient analysis. Results are presented as a scatter plot

additional 2.5 % of the women having desirable levels of
vitamin D, while the rest (94.2 %) were either insufficient
or deficient. Thirty two of these women had abnormally
high level of fasting glucose. Hypercholesterolemia and
hypertriglyceridemia were detected among 25.8 % and
32.9 % of the subjects, respectively. Serum vitamin D
level was positively correlated to total cholesterol, triglycerides and corrected calcium in our study subjects,
while the mean serum levels of these same parameters
were within their normal ranges for the total population.
Vitamin D level was even more strongly correlated to
total cholesterol and triglycerides in the vitamin Ddeficient sub-group of women. However, regression analysis indicated a modest risk of hypercholesterolemia
among women with insufficient vitamin D. We speculate
that the unexpected positive correlations between vitamin D and lipids may be the outcome of a combination
of deficient vitamin D status with the high metabolic demands of pregnancy.
Recent research at the cellular level indicates pleiotropic roles for vitamin D, while clinical trials involving
high doses have not been associated with toxicity.
Hence, intense research efforts are being made to determine the normal/deficiency levels with a view to
normalize vitamin D status, via dietary supplementation,
in persons with chronic diseases and in children, pregnant women and adults for possible prevention of the
same. East African populations with traditional lifestyles
having lifelong, year-round exposure to tropical sunlight
have a mean serum vitamin D concentration of
115 nmol/L, independently of age, sex or BMI [19]. The
pregnant adults of these populations had higher serum
vitamin D than their non-pregnant counterparts. Most
investigators agree that serum vitamin D should be
higher than 50 nmol/L, but some recommend even
higher serum levels. Various factors, such as race and

geographical location, affect vitamin D levels and risk
groups for vitamin D deficiency include pregnant
women, children, older persons, the institutionalized and
non-western immigrants. Vitamin D deficiency in the
Middle-East adults is highly prevalent [20]. The Institute
of Medicine (IOM) recently revised the recommended
dietary allowances (RDA) for vitamin D (above 50 nmol/
L) to sustain normal bone density, calcium absorption,
and to minimize risk of osteomalacia and rickets. Results
from many clinical trials that show benefits and/or no
adversity with doses of vitamin D that raise serum vitamin D to levels beyond 75 nmol/L support the desirability of having serum vitamin D levels greater than
75 nmol/L [18].
Several recent studies have reported widespread prevalence of hypovitaminosis D among adolescent girls and
pregnant and post-natal women in Saudi Arabia and
around the world [21, 22]. Even though hypovitaminosis
D (<50 nmoles/L) was highly prevalent (96.3 % of the
subjects), inter-trimester variations were not observed in
a cross-sectional study involving 541 women in India
[23]. Vitamin D deficiency in an earlier study on healthy
Saudi pre-and postmenopausal women was related to
obesity, poor exposure to sunlight, and poor dietary vitamin D supplementation [24]. However, in another study,
a cohort of 139 healthy young Saudi Arabian blood donors (87 males and 52 females) had vitamin D deficiency, despite the fact that >65 % of the participants
had adequate exposure to sunlight, while > 90 % reported
adequate intake of dairy products [25].
6.4 % of the pregnant women of this study had higher
than expected serum glucose level, indicating several
candidates for possible gestational diabetes. According
to a 2014 analysis by the US Centers for Disease Control
and Prevention, the prevalence of GDM was as high as
9.2 %; further, while the severity of GDM increased with
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the progression of pregnancy, with the whole-body insulin sensitivity reduced 45 % to 70 % below non-pregnant
values during the third trimester of pregnancy [26]. The
oral glucose tolerance test (OGTT) planned among
these women in the latter part of their pregnancy is expected to provide us a better understanding of the relation between vitamin D and GDM.
Free/ionic calcium in all the subjects or in the vitamin
D-deficient sub-group of pregnant women was significantly related to vitamin D. The mechanistic basis of
ionic calcium homeostasis is still not completely established. However, the roles of the important individual
players of calcium homeostasis aid in hypothesizing that
serum levels of free/ionized calcium may be reciprocally
regulated by parathyroid hormone (PTH) and 1, 25dihydroxyvitamin D, with the former one serving to increase serum level of calcium and the latter to suppress
it. PTH causes net bone loss (resorption) and increases
blood calcium levels by stimulating osteoclasts. High
levels of vitamin D have been shown to inhibit PTH synthesis in vitro and in vivo [27, 28]. Vitamin D deficiency
is implicated in reduced serum albumin concentrations
[29]. Hence, serum ionic/free calcium, which is nonalbumin bound calcium, is expected to be higher in vitamin D deficiency conditions.
Plasma vitamin D levels are elevated in normal early
pregnancy and continue to increase throughout pregnancy, while they remain elevated postpartum in lactating women [30]. The elevated levels probably represent
a physiologic response to increased calcium requirements. Calcitonin is a major positive regulator for the
expression of renal 25-hydroxyvitamin D3-1-alpha-hydroxylase gene in normocalcemic rats. Calcitonin selectively
stimulates 25-hydroxyvitamin D3-1-alpha-hydroxylase in
the proximal convoluted tubule of rat kidney [31]. Plasmacalcitonin levels were significantly higher throughout normal pregnancy and lactation than in normal non-pregnant
women [32]. Thus, more calcitonin circulates at times of
physiologically increased calcium needs.
The increases in calcitonin and vitamin D may be important in the transfer of maternal calcium to the fetus
and in the prevention and recovery of maternal bone
loss. Pregnancy and lactation place unique metabolic demands. Increased insulin, as well as higher level of glucose, are observed in gestational diabetes mellitus,
possibly as a result of the progressively increasing insulin
resistance in pregnancy. Similarly, hypercalcemia and increased vitamin D may occur together in pregnancy.
Several studies have shown an “atherogenic” metabolic
bias during normal pregnancy, whose intensity increased
with progression of pregnancy. Increases in the levels of
triglycerides and unchanged HDL-cholesterol levels were
associated with GDM [11, 33]. Exaggerated hypertriglyceridemia, particularly in the VLDL and HDL fractions,
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was a feature of GDM [34]. In VLDL, core lipids (TG +
cholesterol) increased over normal gestation and were
greater in GDM then women with no GDM.
Although inconclusive, vitamin D is generally considered anti-atherogenic, as several observational studies
and recent meta-analyses in humans showed an inverse
correlation between circulating vitamin D and poor cardiovascular outcomes [35–37]. Besides, vitamin D activates cholesterol efflux from macrophages, a critical
component in atherosclerotic plaque regression [38], inhibits cholesterol synthesis by inhibiting HMG CoA reductase [39] and suppresses lipolysis in adipocytes stimulated
by the β-adrenergic receptor pathway through increasing
intracellular calcium levels [40, 41].
Despite all these purported anti-atherogenic actions of
vitamin D, our results indicate significant positive correlations between serum 25(OH)D levels and the atherogenic factors total cholesterol and triglycerides. A
plausible explanation for the positive correlation in the
pregnant woman may be a normal response to pregnancy, as tissues such as liver, muscle and fat may become more responsive to placental hormones; this is
supported by the finding that progesterone increased
cholesterol synthesis, which was inhibited by various statins [42]. Further, the hyperglycemic and hyperinsulinemic and condition of GDM may facilitate synthesis of cholesterol by their direct influence on liver
and adipose tissues [43]. Serum triglycerides in pregnant
women are increased 1.5 to 2-fold above non-pregnant
concentrations by the third trimester and remain high
around the clock [44], and this is attributed mainly to a
combination hyperinsulinemia promoting triglyceride
synthesis in the liver, increased food intake resulting in
increased appearance of chylomicrons from the gut and
reduced activity of lipoprotein lipase in adipose tissue,
resulting in decreased clearance of triglycerides from the
circulation [45]. Thus, besides influencing carbohydrate
metabolism, insulin and placental hormones, such as human placental lactogen, secreted during the course of
pregnancy stimulate, either directly or indirectly some of
the adaptations of maternal lipid metabolism. The major
tissues affected by human placental lactogen are the
liver, skeletal and heart muscles and adipose tissues.
Also, a modest positive relation was found between insufficient vitamin D status and hypercholesterolemia
through regression analysis. The study subjects consisted
of women in their 1st trimester of pregnancy; future
follow-up studies on these same women during the successive trimesters were planned and these might provide
better clues in understanding the relation between vitamin D deficiency and pregnancy-induced atherogenic
lipid metabolic markers. A quantitative relation between
serum vitamin D and atherogenic markers during pregnancy is expected to help reveal the role of vitamin D in
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pregnant and perinatal women and provide useful clues
regarding the optimal level of vitamin D supplementation in pregnancy.
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5.
6.
7.

Conclusions
Vitamin D is an endogenous hormone with pleiotropic
roles in normal physiology. Under normal conditions,
vitamin D exerts anti-atherogenic, anti-diabetic, antiosteoporotic activities. In this study, women in the first
trimester of pregnancy had high prevalence of vitamin D
deficiency; surprisingly, however, serum vitamin D in
these subjects correlated positively with serum levels of
triglycerides, cholesterol and corrected calcium. We believe that this abnormal association may represent adaptation to the high metabolic demands of pregnancy and
future studies during later trimesters planned for these
women are expected to provide better explanation.

8.

9.
10.
11.

12.

13.

Competing interests
The authors have no competing interests to declare.

14.

Authors’ contributions
AA, SK, NJA and NMA contributed to the study design; subject selection and
data collection by ES, AAS, NA and MF; data analyses were done by MF and
IZT; manuscript was prepared by SK and reviewed by MSA, NJA, MF, IZT and
NMA. All authors read and approved the final manuscript.

15.

Acknowledgements
This project was funded by the National Plan for Science, Technology and
Innovation (MAARIFAH), King Abdulaziz City for Science and Technology,
Kingdom of Saudi Arabia (Award Number 12-MED2504-02). The authors
thank Malak Nawaz Khan Khattak and Syed Danish Hussain for the statistical
analyses.

16.

17.

18.

19.
Author details
1
Department of Clinical Laboratory Sciences, College of Applied Medical
Sciences, King Saud University, PO Box 10219, Riyadh 11433, Kingdom of
Saudi Arabia. 2Prince Mutaib Chair for Biomarkers of Osteoporosis,
Biochemistry Department, College of Science, King Saud University, PO Box,
2455, Riyadh 11451, Kingdom of Saudi Arabia. 3Specialized Diabetes and
Endocrine Center, King Fahad Medical City, Faculty of Medicine, King Saud
bin Abdulaziz University for Health Sciences, Riyadh 11525, Saudi Arabia.
4
Maternal-Fetal Medicine Department, King Fahad Medical City, Riyadh
59406, Saudi Arabia. 5Diabetes Care Center, King Salman Bin Abdulaziz
Hospital, Riyadh, Saudi Arabia. 6Obstetrics and Gynecology Department, King
Salman Bin Abdulaziz Hospital, Riyadh, Saudi Arabia. 7Department of
Medicine, Endocrinology Division, College of Medicine, King Saud University,
Riyadh 12372, Saudi Arabia. 8Department of Obstetrics and Gynecology,
College of Medicine, King Saud University, Riyadh 12372, Saudi Arabia.

20.
21.

22.

23.

24.

Received: 7 July 2015 Accepted: 21 November 2015
25.
References
1. Olmos-Ortiz A, Avila E, Durand-Carbajal M, Diaz L. Regulation of calcitriol
biosynthesis and activity: focus on gestational vitamin D deficiency and
adverse pregnancy outcomes. Nutrients. 2015;7(1):443–80.
2. Wahl DA, Cooper C, Ebeling PR, Eggersdorfer M, Hilger J, Hoffmann K, et al.
A global representation of vitamin D status in healthy populations. Arch
Osteoporos. 2012;7(1–2):155–72.
3. Brannon PM. Vitamin D and adverse pregnancy outcomes: beyond bone
health and growth. Proc Nutr Soc. 2012;71(2):205–12.
4. Hussain AN, Alkhenizan AH, El Shaker M, Raef H, Gabr A. Increasing trends
and significance of hypovitaminosis D: a population-based study in the
Kingdom of Saudi Arabia. Arch Osteoporos. 2014;9(1):190.

26.

27.

28.

Al-Mogbel ES. Vitamin D status among Adult Saudi Females visiting Primary
Health Care Clinics. Int J Health Sci. 2012;6(2):116–26.
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.
Parlea L, Bromberg IL, Feig DS, Vieth R, Merman E, Lipscombe LL.
Association between serum 25-hydroxyvitamin D in early pregnancy and
risk of gestational diabetes mellitus. Diabet Med. 2012;29(7):e25–32.
Lau SL, Gunton JE, Athayde NP, Byth K, Cheung NW. Serum 25hydroxyvitamin D and glycated haemoglobin levels in women with
gestational diabetes mellitus. Med J Aust. 2011;194(7):334–7.
Martin U, Davies C, Hayavi S, Hartland A, Dunne F. Is normal pregnancy
atherogenic? Clin Sci (Lond). 1999;96(4):421–5.
Carpenter MW. Gestational diabetes, pregnancy hypertension, and late
vascular disease. Diabetes Care. 2007;30 Suppl 2:S246–250.
Butte NF. Carbohydrate and lipid metabolism in pregnancy: normal
compared with gestational diabetes mellitus. Am J Clin Nutr. 2000;71(5
Suppl):1256S–61S.
Di Cianni G, Miccoli R, Volpe L, Lencioni C, Ghio A, Giovannitti MG, et al.
Maternal triglyceride levels and newborn weight in pregnant women with
normal glucose tolerance. Diabet Med. 2005;22(1):21–5.
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.
Thorne-Lyman A, Fawzi WW. Vitamin D during pregnancy and maternal,
neonatal and infant health outcomes: a systematic review and metaanalysis. Paediatr Perinat Epidemiol. 2012;26 Suppl 1:75–90.
Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B.
Estimation of optimal serum concentrations of 25-hydroxyvitamin D for
multiple health outcomes. Am J Clin Nutr. 2006;84(1):18–28.
Ginde AA, Sullivan AF, Mansbach JM, Camargo Jr CA. Vitamin D insufficiency
in pregnant and nonpregnant women of childbearing age in the United
States. Am J Obstet Gynecol. 2010;202(5):436. e431-438.
Holmes VA, Barnes MS, Alexander HD, McFaul P, Wallace JM. Vitamin D
deficiency and insufficiency in pregnant women: a longitudinal study. Br J
Nutr. 2009;102(6):876–81.
Vieth R. Why the minimum desirable serum 25-hydroxyvitamin D level
should be 75 nmol/L (30 ng/ml). Best Pract Res Clin Endocrinol Metab.
2011;25(4):681–91.
Luxwolda MF, Kuipers RS, Kema IP, Dijck-Brouwer DA, Muskiet FA.
Traditionally living populations in East Africa have a mean serum 25hydroxyvitamin D concentration of 115 nmol/l. Br J Nutr. 2012;108(9):1557–61.
van Schoor NM, Lips P. Worldwide vitamin D status. Best Pract Res Clin
Endocrinol Metab. 2011;25(4):671–80.
Xiao JP, Zang J, Pei JJ, Xu F, Zhu Y, Liao XP. Low maternal vitamin D status
during the second trimester of pregnancy: a cross-sectional study in Wuxi,
China. PLoS One. 2015;10(2):e0117748.
Sahu M, Bhatia V, Aggarwal A, Rawat V, Saxena P, Pandey A, et al. Vitamin D
deficiency in rural girls and pregnant women despite abundant sunshine in
northern India. Clin Endocrinol (Oxf). 2009;70(5):680–4.
Marwaha RK, Tandon N, Chopra S, Agarwal N, Garg MK, Sharma B, et al.
Vitamin D status in pregnant Indian women across trimesters and different
seasons and its correlation with neonatal serum 25-hydroxyvitamin D levels.
Br J Nutr. 2011;106(9):1383–9.
Ardawi MS, Qari MH, Rouzi AA, Maimani AA, Raddadi RM. Vitamin D status
in relation to obesity, bone mineral density, bone turnover markers and
vitamin D receptor genotypes in healthy Saudi pre- and postmenopausal
women. Osteoporos Int. 2011;22(2):463–75.
Elsammak MY, Al-Wossaibi AA, Al-Howeish A, Alsaeed J. High prevalence of
vitamin D deficiency in the sunny Eastern region of Saudi Arabia: a hospitalbased study. East Mediterr Health J= La revue de sante de la Mediterranee
orientale = al-Majallah al-sihhiyah li-sharq al-mutawassit. 2011;17(4):317–22.
DeSisto CL, Kim SY, Sharma AJ. Prevalence estimates of gestational diabetes
mellitus in the United States, Pregnancy Risk Assessment Monitoring System
(PRAMS), 2007–2010. Prev Chronic Dis. 2014;11:E104.
Silver J, Russell J, Sherwood LM. Regulation by vitamin D metabolites of
messenger ribonucleic acid for preproparathyroid hormone in isolated
bovine parathyroid cells. Proc Natl Acad Sci U S A. 1985;82(12):4270–3.
Silver J, Naveh-Many T, Mayer H, Schmelzer HJ, Popovtzer MM. Regulation
by vitamin D metabolites of parathyroid hormone gene transcription in
vivo in the rat. J Clin Invest. 1986;78(5):1296–301.

Al-Ajlan et al. BMC Pregnancy and Childbirth (2015) 15:314

Page 8 of 8

29. Yonemura K, Fujimoto T, Fujigaki Y, Hishida A. Vitamin D deficiency is
implicated in reduced serum albumin concentrations in patients with endstage renal disease. Am J Kidney Dis. 2000;36(2):337–44.
30. Kumar R, Cohen WR, Silva P, Epstein FH. Elevated 1,25-dihydroxyvitamin D
plasma levels in normal human pregnancy and lactation. J Clin Invest. 1979;
63(2):342–4.
31. Kawashima H, Torikai S, Kurokawa K. Calcitonin selectively stimulates 25hydroxyvitamin D3-1 alpha-hydroxylase in proximal straight tubule of rat
kidney. Nature. 1981;291(5813):327–9.
32. Stevenson JC, Hillyard CJ, MacIntyre I, Cooper H, Whitehead MI. A
physiological role for calcitonin: protection of the maternal skeleton. Lancet.
1979;2(8146):769–70.
33. Wiznitzer A, Mayer A, Novack V, Sheiner E, Gilutz H, Malhotra A, et al.
Association of lipid levels during gestation with preeclampsia and
gestational diabetes mellitus: a population-based study. Am J Obstet
Gynecol. 2009;201(5):482. e481-488.
34. Couch SC, Philipson EH, Bendel RB, Pujda LM, Milvae RA, Lammi-Keefe CJ.
Elevated lipoprotein lipids and gestational hormones in women with diettreated gestational diabetes mellitus compared to healthy pregnant
controls. J Diabetes Complications. 1998;12(1):1–9.
35. Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Patel K, et al. Systematic
review: Vitamin D and cardiometabolic outcomes. Ann Intern Med. 2010;
152(5):307–14.
36. Wang L, Song Y, Manson JE, Pilz S, Marz W, Michaelsson K, et al. Circulating
25-hydroxy-vitamin D and risk of cardiovascular disease: a meta-analysis of
prospective studies. Circ Cardiovasc Qual Outcomes. 2012;5(6):819–29.
37. Reid IR, Bolland MJ. Role of vitamin D deficiency in cardiovascular disease.
Heart. 2012;98(8):609–14.
38. Riek AE, Oh J, Bernal-Mizrachi C. 1,25(OH)2 vitamin D suppresses
macrophage migration and reverses atherogenic cholesterol metabolism in
type 2 diabetic patients. J Steroid Biochem Mol Biol. 2013;136:309–12.
39. Gupta AK, Sexton RC, Rudney H. Effect of vitamin D3 derivatives on
cholesterol synthesis and HMG-CoA reductase activity in cultured cells. J
Lipid Res. 1989;30(3):379–86.
40. Xue B, Greenberg AG, Kraemer FB, Zemel MB. Mechanism of intracellular
calcium ([Ca2+]i) inhibition of lipolysis in human adipocytes. FASEB J. 2001;
15(13):2527–9.
41. Shi H, Dirienzo D, Zemel MB. Effects of dietary calcium on adipocyte lipid
metabolism and body weight regulation in energy-restricted aP2-agouti
transgenic mice. FASEB J. 2001;15(2):291–3.
42. Rung E, Friberg PA, Shao R, Larsson DG, Nielsen E, Svensson PA, et al.
Progesterone-receptor antagonists and statins decrease de novo cholesterol
synthesis and increase apoptosis in rat and human periovulatory granulosa
cells in vitro. Biol Reprod. 2005;72(3):538–45.
43. Silbernagel G, Lutjohann D, Machann J, Meichsner S, Kantartzis K, Schick F,
et al. Cholesterol synthesis is associated with hepatic lipid content and
dependent on fructose/glucose intake in healthy humans. Exp Diabetes Res.
2012;2012:361863.
44. Phelps RL, Metzger BE, Freinkel N. Carbohydrate metabolism in pregnancy.
XVII. Diurnal profiles of plasma glucose, insulin, free fatty acids, triglycerides,
cholesterol, and individual amino acids in late normal pregnancy. Am J
Obstet Gynecol. 1981;140(7):730–6.
45. Herrera E, Gomez-Coronado D, Lasuncion MA. Lipid metabolism in
pregnancy. Biol Neonate. 1987;51(2):70–7.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

