
Abstract
Objectives: Vitamin D deficiency is a controversial issue in pregnant women. The 1,25 dihydroxyvitamin D3 level is higher in 
pregnant than non-pregnant women. This study aimed to investigate the 1,25 di-hydroxyvitamin D3 status in vitamin D deficient 
pregnant women at the first trimester.
Materials and Methods: This study was conducted during December 2011 and April 2012 in 2 hospitals of Istanbul, Turkey. 
Pregnant women who attended for the regular examination on the 12th gestational week were randomly assigned. They were 
divided into 2 groups including vitamin D deficient (vitamin D <30 ng/mL) and vitamin D optimal (vitamin D ≥30 ng/mL). Serum 
25 hydroxyvitamin D3, 1,25 dihydroxyvitamin D3, fibroblast growth factor 23, calcium, phosphate, urinary calcium, and urinary 
phosphorus levels were measured.
Results: After exclusion of fourteen pregnant women due to inconvenient serum samples, the mean serum 25 hydroxyvitamin D3 
level of one hundred sixty outpatient pregnant women was 10.8 ± 16.2 ng/mL. Totally, 132 (85.0%) of these women were vitamin D 
deficient (25 hy-droxyvitamin D3 level less than 30 ng/mL). Serum 1,25 dihydroxyvitamin D3 and urinary calcium levels were higher 
in vitamin D deficient than vitamin D optimal group. 
Conclusions: Even under severe vitamin D deficiency, the 1,25 dihydroxyvitamin D3 level was high in pregnant women. Active 
vitamin D status was not compatible with the 25 hydroxyvitamin D3 level in vitamin D deficient pregnant women at the first trimester.
Keywords: Pregnancy, Vitamin D deficiency, The 1,25 dihydroxyvitamin D3 status
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Introduction 
Throughout the history of the world, the ones who had 
confronted the bitterest face of poverty and war had al-
ways been the women. As known poverty and war affects 
human health either directly or indirectly, the effects of 
this condition on health and status of women in the so-
ciety should not be ignored. This study intends to cast 
light on the effects of war and poverty on the reproductive 
health of women. For this purpose, the face of war affect-
ing the women, the problem of immigration, inequalities 
in distribution of income based on gender and the effects 
of all these on the reproductive health of women will be 
addressed.

War and Women’s Health
Famine, synonymous with war and poverty, is clearer for 
women; war means deep disadvantages such as full de-
struction, loss of future and uncertainty for women. Wars 
are conflicts that destroy families, societies and cultures 
that negatively affect the health of community and cause 
violation of human rights. According to the data of World 
Health Organization (WHO) and World Bank, in 2002 
wars had been among the first ten reasons which killed 
the most and caused disabilities. Civil losses are at the rate 
of 90% within all losses (1).
War has many negative effects on human health. One of 
these is its effect of shortening the average human life. 
According to the data of WHO, the average human life is 
68.1 years for males and 72.7 years for females. It is being 

thought that severe military conflicts in Africa shorten 
the expected lifetime for more than 2 years. In general, 
WHO had calculated that 269 thousand people had died 
in 1999 due to the effect of wars and that loss of 8.44 mil-
lion healthy years of life had occurred (2,3).
Wars negatively affect the provision of health services. 
Health institutions such as hospitals, laboratories and 
health centers are direct targets of war. Moreover, the wars 
cause the migration of qualified health employees, and 
thus the health services hitches. Assessments made indi-
cate that the effect of destruction in the infrastructure of 
health continues for 5-10 years even after the finalization 
of conflicts (3). Due to resource requirements in the re-
structuring investments after war, the share allocated to 
health has decreased (1).

Mortalities and Morbidities
The ones who are most affected from wars are women and 
children. While deaths depending on direct violence af-
fect the male population, the indirect deaths kill children, 
women and elders more. In Iraq between 1990-1994, in-
fant deaths had shown this reality in its more bare form 
with an increase of 600% (4). The war taking five years 
increases the child deaths under age of 5 by 13%. Also 47% 
of all the refugees in the world and 50% of asylum seekers 
and displaced people are women and girls and 44% ref-
ugees and asylum seekers are children under the age of 
18 (5).
As the result of wars and armed conflicts, women are 
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Introduction
Vitamin D is a hormone mostly synthesized in the skin. 
It regulates calcium homeostasis and bone metabolism. 
Optimal serum vitamin D levels vary in many reports. 
In the present study, vitamin D levels were considered as 
follows: (1) under 9 ng/mL as severe vitamin D deficiency; 
(2) between 10-19 ng/mL as mild to moderate vitamin 
D deficiency; (3) between 20-29 ng/mL as vitamin D 
insufficiency; (4) between 30-149 ng/mL as optimal; and 
finally, (5) more than 150 ng/mL as intoxication (1,2). 

Vitamin D deficiency is associated with a number of signs 
and symptoms such as osteomalacia, bone pain, weakness, 
and changes in immune response, renin synthesis, insulin 
production, and myocardial contractility (1). It is prevalent 
in pregnant women as well as non-pregnant young adult 
women. In a recent study, mean vitamin D level of non-
pregnant young adult women was 21 ng/mL. In another 
study, 81.7% of mothers were found vitamin D deficient 
(vitamin D levels < 25 ng/dL) during delivery (3). 

The 1,25 dihydroxyvitamin D3 [1,25(OH)2D3] is an 
active form of 25 hydroxyvitamin D3 [25(OH)D3]. The 

25(OH)D3 is converted to 1,25(OH)2D3 via 1-α hydroxylase 
enzyme in the kidney. Serum level of 1,25(OH)2D3 is 
regulated by serum calcium, parathormone (PTH), 
and fibroblast growth factor 23 (FGF23). Although 
1,25(OH)2D3 is the active form of 25(OH)D3, the easiest 
and accurate marker of vitamin D status is serum 25(OH)
D3 level. 

Calcium requirement increases during pregnancy. At 
the first and second trimesters, 1,25(OH)2D3 levels are 
much higher than the level at the third trimester. Kidneys 
are the main sources of 1,25(OH)2D3 in non-pregnant 
women. However, in pregnant women, the placenta is 
an additional source of 1,25(OH)2D3. It has vitamin D 
receptors, 1α-hydroxylase, and 24-hydroxylase enzyme 
activities (4). After the delivery, 1,25(OH)2D3 level drops 
immediately (5). A recent meta-analysis (6) showed that 
25(OH)D3 level was poorly correlated with 1,25(OH)2D3 
level in pregnant women. Serum 1,25(OH)2D3 level was 
high while mean 25(OH)D3 level was lower than 10 ng/
mL (25 nmol/L). Moreover, the 25(OH)D3 level was above 
32 ng/mL (80 nmol/L) while 1,25(OH)2D3 level was low 
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Table 1. Mean Values of Age, BMI, and Biochemical Findings of 160 
Pregnant Women

Variable Mean ± SD 

Age (y) 28.5 ± 5.3 

BMI (kg/m2) 24.4 ± 3.9

25-(OH)D3 (ng/mL) 10.8 ± 16.2

1,25-(OH)2D3 (pg/mL) 6.5 ± 3.0

FGF23 (pg/mL) 5.8 ± 3.2

Serum calcium (mg/dL) 9.4 ± 0.5

Serum phosphate (mg/dL) 3.5 ± 0.5

Serum chlorine (mmol/L) 103.2 ± 1.7

Albumin (g/dL) 4.3 ± 0.3

Urinary calcium (mg/dL) 18.9 ± 16.1

Urinary phosphate (meq/dL) 29.2 ± 24.8

Fasting blood glucose (mg/dL) 87.1 ± 12.5

Blood urea nitrogen (mg/dL) 7.5 ± 1.9

Creatinine (mg/dL) 0.5 ± 0.08

BMI: Body mass index; SD: Standard deviation; FGF23: Fibroblast 
growth factor 23.

at term pregnant women. Meanwhile, the 1,25(OH)2D3 
status in pregnant women is not clear at the first trimester. 
Accordingly, in this study, it was aimed to investigate 
1,25(OH)2D3 status in pregnant women at the first 
trimester. 

Materials and Methods
The first trimester pregnant women who referred to the 
outpatient clinic in the Obstetrics and Gynecology Clinics 
of the Haydarpasa Training Hospital, Gulhane Military 
Medical Academy (GMMA HTH), and the Zeynep Kamil 
Maternity and Children’s Diseases Training and Research 
Hospital in Istanbul, Turkey during November 2011 and 
April 2012 were included in this study. Numbers of birth 
at the GMMA HTH and the Zeynep Kamil Maternity 
and Children’s Diseases Training and Research Hospital 
were 543 and 10 005, respectively in 2011. Pregnant 
women who accepted to participate in the study delivered 
a written informed consent. Inclusion criteria were body 
mass index (BMI) <30 kg/m2 and pregnancy in the first 
trimester. Obese individuals were excluded because of 
the adipose tissue stores vitamin D, and thus circulating 
25(OH)D3 level drops (7). In addition, pregnant women 
who were on any medication like anticonvulsants or 
vitamin D supplements, with diabetes mellitus, acute or 
chronic infections, malabsorption, chronic liver or kidney 
disease, and underwent surgery for gastrointestinal 
tract disease were excluded. The pregnant women were 
classified into 2 groups: the first group included vitamin 
D deficient women (serum vitamin D levels <30 ng/mL) 
and the second one contained vitamin D optimal women 
(serum vitamin D levels ≥30 ng/mL).

Venous blood samples were collected with a dark 
Vacutainer system (VACUETTE®) after overnight fasting. 
Then, blood samples were centrifuged for 10 minutes at 
a low speed (500 x g) and serum samples were stored at 
-80˚C. Serum 25(OH)D3, 1,25(OH)2D3 and FGF23 levels 
were measured in our biochemistry laboratory. Besides, the 
FGF23, 25(OH)D3 and 1,25(OH)2D3 levels were measured 
by enzyme-linked immunosorbent assay (ELISA) method 
using the kits (I) FGF23 (pg/mL, cusabio Biotech, Wuhan, 
PRChina) (Cat. No: CSB-E10113h, Lot: Y05114515), 
(II) 25 - hydroxyvitamin D3 (ng/mL, Immundiagnostik 
AG, Bensheim, Australia) (K2110, Lot: K2110-111 130), 
and (III) 1,25 dihydroxyvitamin D3 (pg/mL, cusabio 
Biotech, Wuhan, PRChina) (Cat No. CSB-E05120h, Lot: 
X07114517). The data obtained by ELISA method were 
converted to the standard results using a microplate reader 
RT-2100C (Hamburg, Germany) device.

Routine clinical biochemistry tests were performed 
on the Abbott Architect (c16000 IL, USA) and Abbott 
Architect (c16000, IL, USA i2000) auto-analyzers at the 
Department of Biochemistry, GMMA HTH and with 
the Roche Cobas Integra (800 Basel, Switzerland) auto-
analyzer at the Department of Biochemistry of the Zeynep 
Kamil Maternity and Children’s Diseases Training and 

Research Hospital.
The distribution of variables was evaluated using the 

Kolmogorov-Smirnov test. All the data were expressed 
as mean ± standard deviation (SD) and percentage 
(%). Furthermore, non-parametric tests were used for 
abnormally distributed data. Independent groups were 
compared employing the Mann-Whitney U test. All the 
statistics were performed at 95% CI. Statistical significance 
was considered at P < 0.05. Moreover, statistical analyses 
were performed using a PC-compatible statistics program, 
namely, SPSS software, version 20.0.

Results
One hundred seventy-four pregnant women gave written 
informed consent. Fourteen pregnant women were 
excluded due to inappropriate serum samples. Levels of 
25(OH)D3 and 1,25(OH)2D3 were measured in serum 
samples of 160 pregnant women. Mean age and mean BMI 
of the participants were 28.5 ± 5.3 years and 24.4 ± 3.9 kg/
m2, respectively. Besides, the mean of 25(OH)D3 level for 
pregnant women was 10.8 ± 16.2 ng/mL (Table 1). A total 
of 131 (85.0%) pregnant women had 25(OH)D3 levels less 
than 30 ng/mL.
In addition, the mean of 25(OH)D3 level was 5.1 ± 6.7 ng/
mL in vitamin D deficient group. This level was classified 
as severe vitamin D deficiency. In vitamin D optimal 
group, mean of 25(OH)D3 level was 50.7 ± 34.1 ng/mL. 
The 1,25(OH)2D3 and FGF-23 levels were not significantly 
different between the vitamin D deficient and optimal 
groups (Table 2). 
Vitamin D deficient group were found to have a lower 
serum mean calcium level (9.4 ± 0.4 mg/dL) than vitamin 
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Table 2. Comparison Between Vitamin D Deficient and Optimal Groups

Variable
Vitamin D Deficient Group

(Vitamin D <30 ng/mL)
(n = 136, 85.0%)

Vitamin D Optimal Group
(Vitamin D >30 ng/mL)

(n = 24, 15.0%)
P Value

Age (y) 28.3 ± 5.2 29.7 ± 5.4 0.13*

BMI (kg/m2) 24.5 ± 3.6 23.8 ± 4.5 0.25* 

25-(OH)D3 (ng/mL) 5.1 ± 6.7 50.7 ± 34.1 0.001*

1,25-(OH)2D3 (pg/mL) 6.6 ± 2.9 6.3 ± 3.4 0.58*

FGF23 (pg/mL) 5.9 ± 3.3 4.9 ± 2.4 0.31*

Serum calcium (mg/dL) 9.4 ± 0.4 9.5 ± 0.6 0.40*

Serum phosphate (mg/dL) 3.5 ± 0.5 3.5 ± 0.5 0.80*

Albumin (g/dL) 4.3 ± 0.3 4.3 ± 0.4 0.78*

Urinary calcium (mg/dL) 18.7 ± 14.6 16.4 ± 12.7 0.42*

Urinary phosphate (meq/dL) 38.6 ± 21.5 41.0 ± 28.5 0.96*

Fasting blood glucose (mg/dL) 87.7 ± 12.0 86.6 ± 9.3 0.76*

Blood urea nitrogen (mg/dL) 7.5 ± 1.9 7.4 ± 1.7 0.85*

Creatinine (mg/dL) 0.5 ± 0.08 0.5 ± 0.09 0.43*

BMI: Body mass index; SD: Standard deviation; FGF23: Fibroblast growth factor 23.
* Mann-Whitney U test.

D optimal group (9.5 ± 0.6 mg/dL) (P = 0.4). Although the 
serum calcium level was lower, urinary calcium level was 
higher in vitamin D deficient group (18.7 ± 14.6 mg/dL) 
as compared to that of the vitamin D optimal group (16.4 
± 12.7 mg/dL) (P = 0.4).
Base on the results, serum calcium, serum phosphate, 
urinary calcium, and urinary phosphate concentrations 
were similar between both groups. However, blood urea 
nitrogen, serum creatinine, and albumin levels were not 
statistically significant between the 2 groups. 

Discussion
To the best knowledge of the researchers, this is the first 
study that evaluates 1,25(OH)2D3 level in vitamin D 
deficient pregnant women at the first trimester. Vitamin 
D deficiency was prevalent in our cohort. About 85% 
of the pregnant women (n = 160) had vitamin D levels 
<30 ng/mL. Mean 25(OH)D3 level of vitamin D deficient 
group was 5.1 ± 6.7 ng/mL which shows severe vitamin 
D deficiency. This finding correlates with the result of a 
recent study in which 741 pregnant women (70.6%) had 
serum vitamin D level less than 10 ng/mL (8).

The 1,25(OH)2D3 level was affected by serum 
calcium, serum phosphate, serum PTH, and serum 
25(OH)D3 level. Low 25(OH)D3 level causes secondary 
hyperparathyroidism. Elevated PTH induces 
1α-hydroxylase enzyme and converts 25(OH)D3 to 
1,25(OH)2D3 till severe vitamin D deficiency develops. In 
severe vitamin D deficiency, tubular calcium reabsorption 
is increased to correct serum calcium levels (9). A meta-
analysis indicated that pregnant women had higher serum 
1,25(OH)2D3 level than non-pregnant women and this 
level showed a linear regression with 25(OH)D3 level 

(6). While 25(OH)D3 level was decreasing, 1,25(OH)2D3 
level elevated to some degree. In the present study, it was 
found that 1,25(OH)2D3 level was higher in the vitamin D 
deficient group than the optimal group but the difference 
was not statistically significant. This may be explained in 2 
ways. First, severe vitamin D deficiency causes secondary 
hyperparathyroidism and increased 1α-hydroxylase 
activity that converts 25(OH)D3 to 1,25(OH)2D3 leading 
to a decline in 25(OH)D3 level. Second, increased serum 
1,25(OH)2D3 begins to induce 24 hydroxylase enzyme 
and increases catabolism of 25(OH)D3 not only in the 
intestine, kidney, and bone but also in the placenta (4).

A recent study found that low levels of 25(OH)D3 and 
1,25(OH)2D3 were associated with preterm birth (10).

Based on the results of the current study, serum calcium, 
serum phosphate, urinary calcium, and urinary phosphate 
levels were in normal ranges even in severe vitamin D 
deficiency. These parameters were comparable between 
the 2 groups. Vitamin D may have less contribution to 
calcium reabsorption in pregnant women than non-
pregnant women. During the pregnancy, other hormones 
such as human placental lactogen, estrogens, and cortisol 
are also involved in calcium metabolism (11). 

Although 1,25(OH)2D3 is the active form of 25(OH)D3, 
vitamin D status of the body should be estimated by the 
25(OH)D3 level. The 25(OH)D3 level is the best indicator 
of overall vitamin D status due to its long biological half-
life. It also reflects vitamin D from sunlight exposure 
and dietary intake. The findings of this study showed 
that 1,25(OH)2D3 level elevated in vitamin D deficient 
pregnant women at the first trimester. This is compatible 
with the fact that the correlation between 1,25(OH)2D3 
and 25(OH)D3 is low in pregnant women at term and 
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non-pregnant subjects with vitamin D deficiency.
Vitamin D has a role not only in calcium metabolism 

but also in other systems. The 1,25(OH)2D3 increases 
insulin production and reduces blood pressure (in short 
term), plasma renin, and aldosterone levels (12-14). Some 
studies have shown that vitamin D deficiency might 
cause poor pregnancy outcomes (15). Risks of small-
for-gestational-age infants, preeclampsia, and gestational 
diabetes have been found to be higher in vitamin D 
deficiency. In addition, vitamin D deficiency causes 
preterm birth associated with inflammation and infection 
(10). Pregnant women with vitamin D deficiency need to 
be investigated to find that whether the complications are 
correlated with the active or inactive form of vitamin D3.

In every human attempt, no doubt, there exist some 
limitations and problems which need to be acknowledged.

No data exist regarding the daily calcium intake of 
the participants. Daily calcium intake from dietary and 
supplements affects calcium absorption. A seasonal 
difference may cause a potential selection bias. Vitamin 
D levels can be affected by seasonal variation as well. 
Endogenous vitamin D production via solar UV-B 
radiation and exogenous vitamin D intake are 2 major 
sources of vitamin D supply. Because of insufficient 
sunlight exposure, vitamin D deficiency might be 
common during winter. 

In addition, PTH level was not measured at the 
beginning of the study due to the study design. Therefore, 
if we measured PTH levels, vitamin D deficiency might be 
confirmed by secondary hyperparathyroidism. Besides, 
non-pregnant women were not included in the study. 
Vitamin D deficiency is common among non-pregnant 
women as well. Therefore, the results of the study may not 
be generalized to other populations. As a result, similar 
studies focusing on larger sample sizes including non-
pregnant women are subject to further investigation. 
 
Conclusions
In general, even under severe vitamin D deficiency, 
1,25(OH)2D3 level was stable in pregnant women at the 
first trimester. The 1,25(OH)2D3 level was not correlated 
with FGF23 level in vitamin D deficient pregnant 
women. It is hard to predict 1,25(OH)2D3 status with 
the measurement of serum 25(OH)D3 level in pregnant 
women. Accordingly, more studies should be conducted 
to understand 1,25(OH)2D3 status during the pregnancy.
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