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ABSTRACT
Background: Pregnancy is associated with unfavorable metabolic profile, which might in turn result in 
adverse pregnancy outcomes. The current study was designed to evaluate the effects of calcium plus 
Vitamin D administration on metabolic status and pregnancy outcomes in healthy pregnant women.
Methods: This randomized double‑blind placebo‑controlled clinical trial was performed among 42 
pregnant women aged 18–40 years who were at week 25 of gestation. Subjects were randomly 
allocated to consume either 500 mg calcium‑200 IU cholecalciferol supplements (n = 21) or 
placebo (n = 21) for 9 weeks. Blood samples were obtained at the onset of the study and after 
9‑week trial to determine related markers. Post‑delivery, the newborn’s weight, length, and head 
circumference were measured during the first 24 h after birth.
Results: Consumption of calcium‑Vitamin D co‑supplements resulted in a significant reduction 
of serum high‑sensitivity C‑reactive protein levels compared with placebo (−1856.8 ± 2657.7 vs. 
707.1 ± 3139.4 µg/mL, P = 0.006). We also found a significant elevation of plasma 
total antioxidant capacity (89.3 ± 118.0 vs. −9.4 ± 164.9 mmol/L, P = 0.03), serum 
25‑hydroxyvitamin D (2.5 ± 3.5 vs. −1.7 ± 1.7 ng/mL, P < 0.0001), and calcium 
levels (0.6 ± 0.6 vs. −0.1 ± 0.4 mg/dL, P < 0.0001). The supplementation led to a significant 
decrease in diastolic blood pressure (−1.9 ± 8.3 vs. 3.1 ± 5.2 mmHg, P = 0.02) compared with 
placebo. No significant effect of calcium‑Vitamin D co‑supplements was seen on other metabolic 
profiles. We saw no significant change of the co‑supplementation on pregnancy outcomes as well.
Conclusions: Although calcium‑Vitamin D co‑supplementation for 9 weeks in pregnant women 
resulted in improved metabolic profiles, it did not affect pregnancy outcomes.
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INTRODUCTION

Pregnant women are at an increased risk of insulin 
resistance, elevated inflammation, and oxidative stress, in 
particular during the third trimester.[1,2] These conditions 
might result from micronutrient deficiency,[3,4] increased 
maternal adipose tissue, and production of hormones 
by the placenta.[5,6] It is assumed that pregnant women 
with increased serum levels of insulin and inflammatory 
biomarkers are at elevated risk of preeclampsia,[7] 
adverse pregnancy outcome,[8] premature delivery, and 
gestational diabetes mellitus (GDM).[6,9,10] Preeclampsia is 
estimated to occur in 2–7% of all pregnancies and causes 
maternal and perinatal mortality worldwide, particularly 
in developing countries.[11‑13] It is responsible for about 
60,000 maternal deaths worldwide.[14]

To reduce maternal and fetal complications resulting from 
unfavorable metabolic profile, various strategies have 
been proposed such as the consumption of antioxidants 
and Vitamins E and C.[14‑17] Recently, few studies 
have shown that Vitamin D supplementation during 
pregnancy might affect pregnancy outcomes[18] through 
influencing insulin resistance,[19] systemic inflammation, 
and oxidative stress.[20] In addition, improved levels of 
systemic inflammation[21] as well as favorable pregnancy 
outcomes[22,23] were seen with taking calcium supplements 
during pregnancy. Among nonpregnant women, 
calcium supplementation has resulted in decreased 
insulin resistance.[24] Despite these positive documents, 
findings from a meta‑analysis revealed that calcium 
supplementation without Vitamin D might increase 
the risk of cardiovascular  (CV) events.[25] Therefore, 
the role of calcium supplements in the management of 
chronic conditions, in particular during pregnancy, needs 
further assessment. Although some studies have shown 
that Vitamin D supplements alone had similar effects 
on serum Vitamin D levels, compared to combined 
calcium‑Vitamin D supplementation, others believe 
that the efficacy of a single supplementation with 
calcium or Vitamin  D would be improved with joint 
supplementation. Calcium‑Vitamin D co‑supplementation 
might affect insulin resistance, inflammation, and 
oxidative stress through their effects on the regulation 
of cell cycle,[26] activation of antioxidant enzymes,[27] and 
inhibition of the synthesis of inflammatory cytokines.[28] 
These favorable effects might mediate the effect of the 
co‑supplementation on pregnancy outcomes. We are aware 
of no study examining the effects of calcium‑Vitamin D 
co‑supplementation on insulin resistance, high‑sensitivity 
C‑reactive protein (hs‑CRP), and oxidative stress among 
pregnant women as well as on pregnancy outcomes. We 
hypothesized that calcium‑Vitamin D co‑supplementation 
might help pregnant women to control their metabolic 
profiles and pregnancy outcomes. Therefore, the 
aim of this study was to assess the effects of joint 

calcium‑Vitamin  D administration on markers of insulin 
resistance, inflammation, and oxidative stress as well as 
pregnancy outcomes in Iranian pregnant women.

METHODS

Participants
The current clinical trial was done in Kashan, Iran, from 
March 2012 to September 2012. Based on suggested 
formula for clinical trials, we needed 20 persons in 
each group  (α =0.05; β =0.20; and plasma hs‑CRP 
as the main variable).[29] We enrolled women aged 
18–40  years carrying singleton pregnancy at week 25 of 
their pregnancy, who were attended to at the maternity 
clinics in Kashan. Affiliated  to Kashan University of 
Medical Sciences, Kashan, Iran. Last menstrual period 
was considered as the basis for assessment of gestational 
age.[30] Sixty pregnant women were screened for the 
current study; of them, 46 met the inclusion criteria. We 
excluded those with preeclampsia, placenta abruption, 
and GDM. A total of 46 pregnant women were recruited 
in the study and were randomly allocated to take either 
placebo (n  =  23) or calcium‑Vitamin D  (n  =  23) 
for 9  weeks. We used random numbers, taken from 
a computer program to do random assignment. This 
study was conducted based on the guidelines laid down 
in the Declaration of Helsinki. The Ethical Committee 
of Kashan University of Medical Sciences approved the 
study and informed written consent was obtained from 
all participants.

Study design
At study baseline  (25  weeks of gestation), pregnant 
women were randomly allocated to consume either the 
placebo or calcium‑Vitamin D supplements  (containing 
500  mg calcium carbonate plus 200  IU Vitamin D3 
or cholecalciferol) once daily for 9  weeks. As pregnant 
women are at increased risk of insulin resistance, elevated 
inflammation, and oxidative stress, in particular at the 
third trimester,[1,2] we decided to start the intervention at 
week 25 of gestation. The intervention lasted for 9 weeks 
because this duration of intervention seems enough for 
the influence of calcium‑Vitamin D supplementation on 
dependent variables in the current study. In addition, 
we were afraid of high dropouts in case the intervention 
continued to the last weeks of gestation. Subjects were 
requested not to change their usual physical activity or 
diets and not to take any other supplements containing 
cholecalciferol or calcium other than the one provided 
to them by the investigators. The calcium‑Vitamin D 
supplements as well as the placebo were provided by 
Shahre Daru Co., Tehran, Iran. Placebo pills contained 
microcrystalline cellulose and were similar in terms of 
shape and color to the supplements. Both calcium and 
cholecalciferol supplements were assessed for quality in 
the laboratory of the Food and Drug Administration in 
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Tehran, Iran, by enzymatic and high‑performance liquid 
chromatography method. Based on these tests, the 
amount of calcium and cholecalciferol in the prescribed 
tablets were 475–600  mg and 190–240  IU, respectively. 
Subjects were also consuming 400 µg folic acid every day, 
from the beginning of the pregnancy and 50  mg ferrous 
sulfate from the second trimester. Before use, we kept 
all supplements in cool temperature Compliance with 
the intake of supplements was done by the use of 3‑day 
dietary records completed throughout the study. To obtain 
daily macro‑  and micro‑nutrient intakes of subjects, we 
used Nutritionist IV software (First DataBank, San Bruno, 
CA, USA) modified for Iranian foods.

Primary and secondary outcomes
In the current study, primary outcomes were including 
fasting plasma glucose  (FPG), insulin metabolism 
parameters, hs‑CRP, biomarkers of oxidative stress, serum 
calcium, Vitamin D levels, and blood pressure. Secondary 
outcome measures included birth size, gestational age, 
and mode of delivery.

Assessment of variables
Anthropometric measurements were recorded at the onset 
of the study and after a 9‑week trial. Body weight was 
measured in an overnight fasting status, without shoes, 
and with minimal clothing using a digital scale  (Seca, 
Hamburg, Germany) to the nearest 0.1  kg. Height was 
measured using a nonstretched tape measure  (Seca, 
Hamburg, Germany) to the nearest 0.1  cm. Body mass 
index (BMI) was calculated as weight in kilograms divided 
by height in meters squared. Data on the prepregnancy 
weight and BMI were obtained from the available 
information on the patients’ records. After delivery, the 
newborn’s length and weight were determined by the 
use of standard methods  (Seca 155 Scale, Hamburg, 
Germany). Newborn’s head circumference was quantified 
with a girth measuring tape. Maternal systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) were 
measured via a sphygmomanometer  (ALPK2, Zhejiang, 
China). Maternal DBP was considered as the fifth 
Korotkoff sound. Fasting blood samples  (10  mL) were 
taken at baseline and after 9‑week intervention at the 
Kashan reference laboratory in the early morning after 
an overnight fast. The serum and plasma samples were 
separated from whole blood by centrifugation at 3500 rpm 
for 10  min  (Hettich D‑78532, Tuttlingen, Germany) 
and stored at  −70°C until analyzed at the reference 
laboratory. FPG levels were quantified by the use of 
glucose oxidase/peroxidase method with commercially 
available kits  (Pars Azmun, Tehran, Iran) by automatic 
biochemistry analyzer (BT 3000, Monsano, Italy). Serum 
insulin levels were assayed by enzyme‑linked immunoassay 
kits  (DiaMetra, Milano, Italy). The homeostatic model 
assessment for insulin resistance  (HOMA‑IR) and 
β‑cell function  (HOMA‑B) and the quantitative insulin 
sensitivity check index  (QUICKI) were calculated based 

on suggested formulas.[31] Serum hs‑CRP concentration 
was quantified by ELISA kit  (LDN, Nordhorn, 
Germany). Plasma total antioxidant capacity  (TAC) 
was assessed by the use of ferric reducing antioxidant 
power method developed by   Benzie and Strain.[32] The 
plasma total glutathione  (GSH) was measured by the 
method of   Beutler  et  al.[33] Serum 25‑hydroxyvitamin 
D was determined by ELISA (Awareness Stat Fax 2100, 
Bohemia, USA) using available kits  (IDS, Boldon, UK). 
Serum calcium and magnesium concentrations were 
assayed using mentioned kits (Pars Azmun, Tehran, Iran). 
The ELISA intra‑assay variation was evaluated by the CV 
of the duplicate measurements. A CV <5% was detected 
for insulin, hs‑CRP, and Vitamin D measurements. 
Measurements of 25‑hydroxyvitamin D, glucose, insulin, 
hs‑CRP, TAC, GSH, calcium, and magnesium were 
performed in a blinded fashion.

Statistical analysis
To assess if the variables in the study were normally 
distributed or not, we used histogram and Kolmogorov–
Smirnov test. Log transformation was conducted for 
nonnormally distributed variables. Independent samples 
Student’s t‑test was applied to compared data on general 
features of study participants as well as their dietary 
intakes across the groups. To examine the distribution 
of study subjects, we used Chi‑square test. To determine 
the effects of calcium‑Vitamin D supplements on insulin 
resistance, hs‑CRP, and biomarkers of oxidative stress, 
we used one‑way repeated measures analysis of variance, 
where the effect of time, treatment, and time‑treatment 
interactions were tested. In this analysis, the treatment 
(calcium‑Vitamin D vs. placebo) was regarded as 
between‑subject factor and time with two time‑points 
(baseline and week 9 of intervention) considered as 
within‑subject factor. P  < 0.05 was considered as 
statistically significant. All statistical analyses were 
done using the Statistical Package for Social Science 
version 17 (SPSS Inc., Chicago, Illinois, USA).

RESULTS

Among   individuals  in the placebo group, two women 
(severe preeclampsia  [n  =  1] and placenta abruption 
[n  =  1]) were excluded. The exclusions in the 
calcium‑Vitamin D group were also two persons (preterm 
delivery [n = 1] and hospitalization [n = 1]). Finally, 42 
participants (placebo [n = 21] and calcium‑Vitamin D 
[n = 21]) completed the trial [Figure 1].

Mean age of study participants was not statistically 
different between the two groups, calcium‑Vitamin D and 
placebo. Baseline prepregnancy weight and BMI as well 
as their means before and after intervention were not 
significantly different between the two groups [Table 1].

We found no statistically significant difference between 
the two groups in terms of dietary intakes of energy, 
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carbohydrate, fat, protein, dietary fiber, calcium, 
phosphorus, iron, and magnesium [Table 2].

On average, the rate of compliance in our study was 
relatively high; such that more than 90% of pills 

were taken throughout the study in both groups. 
Calcium‑Vitamin D supplementation did not affect birth 
size, gestational age, and mode of delivery compared with 
the placebo [Table 3].

Consumption of calcium‑Vitamin D supplements 
resulted in a significant reduction of serum hs‑CRP 
levels compared with placebo  (−1856.7  ±  2657.7  vs. 
707.1  ±  3139.4  µg/mL, P  =  0.006)  [Table  4]. 
We found a significant elevation of plasma TAC 
(89.3 ± 118.0 vs. −9.4 ± 164.9 mmol/L, P = 0.030), serum 
25‑hydroxyvitamin D (2.5 ± 3.5 vs. −1.7 ± 1.7 ng/mL, 
P < 0.0001), and calcium levels (0.6 ± 0.6 vs. −0.1 ± 0.4 mg/dL, 
P < 0.0001) following consumption of calcium‑Vitamin D 
supplements. Compared to placebo, the 
calcium‑Vitamin  D supplementation led to a significant 
decrease in DBP (−1.9  ±  8.3  vs. 3.1  ±  5.2  mmHg, 
P  =  0.02). No significant effect of calcium‑Vitamin  D 
supplementation was seen on SBP, FPG, serum 
insulin levels, indicators of insulin action  (HOMA‑IR, 
HOMA‑B, QUICKI index) as well as plasma total GSH. 
Compared with study baseline, a significant rise in 
serum calcium  (P  <  0.001) and 25‑hydroxyvitamin D 
(P  =  0.004) levels was seen in the calcium‑Vitamin D 
group.

DISCUSSION

We found that 9  weeks calcium‑Vitamin D 
co‑supplementation among pregnant women resulted in 
a significant decrease in serum hs‑CRP and DBP and 
a significant increase in serum 25‑hydroxyvitamin  D, 
calcium, and plasma TAC levels compared to the placebo 
group. Therefore, some part of the study hypothesis 
was accepted. However, no significant effect of 
supplementation was observed on pregnancy outcomes, 
maternal FPG, serum insulin levels, and insulin action as 
well as plasma total GSH. This means that some other 
parts of our hypothesis were rejected.

Assessed for eligibility (n = 60)
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Lost to follow-up (n = 2)
♦ Preterm delivery (n = 1)
♦ Hospitalization (n = 1)

Lost to follow-up (n = 2)
♦ Severe preeclampsia (n = 1)
♦ Placenta abruption (n = 1)

Analyzed (n = 21) Analyzed (n = 21)

Figure 1: Consort 2010 flow diagram of subject enrollment, 
allocation, follow‑up, and analysis

Table 1: General characteristics of the study participantsa

Calcium‑Vitamin D 
group (n=21)

Placebo group 
(n=21)

Pb

Maternal age (year) 25.7±4.2 24.3±3.4 0.25
Height (cm) 160.9±8.7 160.8±7.9 0.97
Prepregnancy weight (kg) 66.6±12.3 64.5±10.6 0.55
Weight at study baseline (kg) 72.3±11.6 69.8±11.0 0.48
Weight at end‑of‑trial (kg) 75.1±11.6 73.8±11.6 0.70
Prepregnancy BMI (kg/m2) 25.7±3.8 24.9±3.6 0.49
BMI at study baseline (kg/m2) 27.9±3.8 27.0±3.8 0.42
BMI at end‑of‑trial (kg/m2) 29.0±3.8 28.5±3.7 0.62
The values are expressed as means±SD. aParticipants received calcium-Vitamin D 
supplements (containing 500 mg calcium + 200 IU Vitamin D3 or cholecalciferol) 
or placebo once daily for 9 weeks, bTests of significance between calcium-Vitamin D 
and placebo groups are based on independent samples t-tests (P<0.05). SD=Standard 
deviation, BMI=Body mass index

Table 2: Dietary intakes of study participants at run‑in period and throughout the studya

Run‑in period Throughout the study

Calcium‑Vitamin D 
group (n=21)

Placebo group 
(n=21)

Pb Calcium‑Vitamin D 
group (n=21)

Placebo group 
(n=21)

Pb

Energy (kcal/day) 2311±337 2243±322 0.56 2411±180 2299±244 0.13
Carbohydrate (g/day) 286±40 253±59 0.08 316±32 293±40 0.07
Fat (g/day) 99±30 104±30 0.61 99±23 94±25 0.52
Protein (g/day) 75±16 79±14 0.43 81±9 79±11 0.66
Dietary fiber (g/day) 18.2±4.5 16.4±4.5 0.28 18.3±3.2 17.9±3.2 0.69
Calcium (mg/day) 922.2±237.5 898.4±171.0 0.75 1025.4±119.9 979.5±146.4 0.33
Phosphorus (mg/day) 1050.1±308.2 1078.3±206.3 0.77 1127.0±211.6 1184.8±181.1 0.42
Iron (mg/day) 14.0±2.5 13.5±2.48 0.85 14.8±2.1 14.2±2.2 0.76
Magnesium (mg/day) 290.1±100.1 296.6±59.1 0.54 296.5±63.7 303.0±53.9 0.43
The values are expressed as means±SD. aParticipants received calcium-Vitamin D supplements (containing 500 mg calcium + 200 IU Vitamin D3 or cholecalciferol) or placebo once 
daily for 9 weeks, bTests of significance between calcium-Vitamin D and placebo groups are based on independent samples t-tests (P<0.05). SD=Standard deviation
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It must be kept in mind that the change from baseline to 
9 weeks follow‑up may have led to statistically significant 
differences in 25OHD concentrations, the differences 
might be clinically not significant. The inter‑assay 
variability for 25OHD measured by ELISA is >1.7 ng/mL. 
Both groups meet the institute of medicine definition 
of significant Vitamin D deficiency and remain in 
this category despite 200  IU Vitamin D/day. This dose 
then does not result in a clinically significant change 
in 25OHD. The recommended dose for neonates and 
infants is 400 IU Vitamin D/day. 200 IU Vitamin D on a 
per kilogram basis assuming a woman weighs 65 kg results 
in about 3 IU/kg whereas for an infant who weighs 3 kg 
at birth this represents 67  IU/kg, so it is not surprising 
then that the concentrations changed little during the 
9 weeks of supplementation.

Pregnant women are susceptible to insulin resistance, 
systemic inflammation, and oxidative stress which 
could in turn lead to several complications in maternal 
and fetal life.[6] Our data revealed that administration 
of calcium‑Vitamin D supplements for 9  weeks among 
pregnant women could not affect indicators of glucose 
homeostasis. In line with our study, 1‑year supplementation 
with 20,000 or 40,000  IU/week Vitamin D3 could not 
improve glucose metabolism in overweight or obese 
Caucasian subjects.[34] Injection of 100,000  IU Vitamin 
D3 did not improve fasting glucose or insulin sensitivity 
in Caucasian adults with Vitamin  D deficiency  (serum 
25(OH) D  <50 nmol/L).[35] The same finding was also 
seen with supplementation of 1000  mg calcium and 
400  IU Vitamin D3 in healthy women after 7  years.[36] 
In contrast, Vitamin  D supplementation  (2500  IU/day) 
resulted in a significant increase in insulin secretion 
among Vitamin D deficient women with polycystic 
ovary syndrome after 2  months.[37] Others have shown 
that the use of Vitamin  D3  supplements significantly 
reduced HOMA‑IR index, serum insulin, and glucose 
concentrations in elderly people with impaired fasting 
glucose.[38] Among type  2 diabetic patients, Vitamin D 
supplementation resulted in increased insulin secretion.[39] 
Heterogeneous findings in different studies might be 
explained by the discrepancy in dosage and formulation of 
calcium‑Vitamin D supplements, duration of intervention 
as well as different groups of study populations.

Our study showed that calcium‑Vitamin D 
supplementation for 9 weeks during pregnancy resulted in 
a significant decrease in serum hs‑CRP levels. In agreement 

Table 3: The effect of calcium‑Vitamin D supplementation 
on pregnancy outcomesa

Calcium‑Vitamin D 
group (n=21)

Placebo group 
(n=21)

Pb

Newborns’ weight (g) 3322.1±414.2 3302.4±438.3 0.88
Newborns’ length (cm) 50.6±2.3 50.6±2.0 0.94
Newborns’ head 
circumference (cm)

34.4±1.3 35.0±1.4 0.13

Gestational age (weeks) 39.0±1.0 39.3±1.2 0.37
Cesarean section (%) 8 (42.1) 11 (57.9) 0.26†

The values are expressed as means±SD. aParticipants received calcium-Vitamin D 
supplements (containing 500 mg calcium + 200 IU Vitamin D3 or cholecalciferol) or 
placebo once daily for 9 weeks, bTests of significance between calcium-Vitamin D and 
placebo groups are based on independent samples t-tests (P<0.05), †Test of significance 
between calcium-Vitamin D and placebo groups is based on Chi-square test (P<0.05). 
SD=Standard deviation

Table 4: Insulin resistance, hs‑CRP and biomarkers of oxidative stress at baseline and after the 9‑week supplementation 
period in calcium‑Vitamin D and placebo groupsa

Calcium‑Vitamin D group (n=21) Placebo group (n=21) Pb

Week 0 Week 9 Change Week 0 Week 9 Change

FPG (mg/dL) 71.8±8.8 68.7±14.1 −3.1±14.2 74.5±11.8 75.3±15.0 0.8±17.1 0.42
Insulin (µIU/mL) 7.3±4.2 8.6±4.5 1.3±4.2 7.0±3.2 9.4±7.3 2.4±7.7 0.58
HOMA‑IR 1.3±0.9 1.5±0.9 0.2±0.9 1.3±0.8 1.9±2.3 0.6±2.4 0.47
HOMA‑B 32.4±19.1 43.2±24.5† 10.8±20.2 30.3±12.7 40.3±22.7† 10.0±22.5 0.91
QUICKI 1.3±0.3 1.4±0.2† 0.1±0.2 1.3±0.2 1.4±0.3 0.9±0.3 0.69
hs‑CRP (µg/mL) 8891.7±3108.7 7034.9±2886.2† −1856.8±2657.7 4886.7±3452.7 5593.9±3528.5 707.1±3139.4 0.006
TAC (mmol/L) 613.7±131.0 703.0±184.2† 89.3±118.0 710.4±179.0 701.0±190.2 −9.4±164.9 0.03
GSH (µmol/L) 765.1±282.0 872.6±509.7 107.6±476.0 810.3±374.2 731.6±331.6 −78.7±210.8 0.10
Vitamin D (ng/mL) 11.1±5.1 13.6±6.0† 2.5±3.5 13.8±6.9 12.1±6.8 −1.7±1. 7 <0.0001
Calcium (mg/dL) 8.3±0.7 8.9±0.5† 0.6±0.6 9.1±0.4 9.0±0.4 −0.1±0.4 <0.0001
Magnesium (mg/dL) 1.9±0.2 2.0±0.3 0.1±0.3 2.1±0.3 2.0±0.2 −0.1±0.4 0.25
SBP (mmHg) 106.9±5.3 109.5±8.0 2.6±8.7 109.5±5.9 116.1±5.9 6.6±7.3c 0.11
DBP (mmHg) 65.7±5.0 63.8±5.5 −1.9±8.3 66.7±5.5 69.8±6.0 3.1±5.2c 0.02
The values are expressed as means±SD. aParticipants received calcium-Vitamin D supplements (containing 500 mg calcium + 200 IU Vitamin D3 or cholecalciferol) or placebo once 
daily for 9 weeks, bTests of significance between calcium-Vitamin D and placebo groups are based on one-way repeated measures ANOVA, †Significant difference from baseline based 
on paired-samples t-tests (P<0.05). FPG=Fasting plasma glucose, HOMA-IR=Homeostasis model of assessment-insulin resistance, HOMA-B=Homeostatic model assessment-Beta 
cell function, QUICKI=Quantitative insulin sensitivity check index, hs-CRP=High sensitivity C-reactive protein, TAC=Total antioxidant capacity, GSH=Total glutathione, SBP=Systolic 
blood pressure, DBP=Diastolic blood pressure
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with our findings, Vitamin D3 supplementation in patients 
with colorectal adenoma led to decreased hs‑CRP levels 
in men after 6 months.[29] Eleftheriadis et al.[40] showed a 
significant association between serum 25‑hydroxyvitamin 
D levels and markers of inflammation including serum 
hs‑CRP and IL‑6. In contrast, consumption of fortified 
milk containing Vitamin D in healthy men did not 
influence serum hs‑CRP levels.[41] Lack of a significant 
effect of Vitamin D‑calcium supplements on serum 
hs‑CRP levels has also been reported in overweight and 
obese adults[42] as well as in bedridden older patients.[43] 
The beneficial effects of calcium‑Vitamin D supplements 
on serum hs‑CRP in the current study might be explained 
by the high levels of this biomarker in pregnancy. 
Some studies have shown that the active Vitamin D 
receptor  (VDR) agonists can decrease the production 
of inflammatory cytokines after various inflammatory 
stimuli.[44,45] Administration of an active VDR agonist has 
also decreased CRP production independent of its effects 
on hemodynamics or parathyroid hormone suppression in 
patients with kidney failure.[46]

The current study showed that taking calcium‑Vitamin 
D supplements for 9  weeks among pregnant women 
resulted in a significant elevation in plasma TAC levels, 
but did not affect plasma total GSH. In a study by 
Ekici et  al.[47] increased GSH activity was seen with 
Vitamin D3  +  docosahexaenoic acid supplementation 
in both cortex and corpus striatum in rats. The use of 
calcium and Vitamin D3 supplements decreased oxidative 
DNA damage in the normal human colorectal mucosa.[48] 
Calcium along with Vitamin D might have a lesser effect 
on oxidative stress and a higher effect on antioxidants 
than either calcium or Vitamin D alone.[49]

We found that the use of calcium‑Vitamin D supplements 
for 9  weeks among pregnant women resulted in a 
significant reduction of DBP but could not affect SBP. 
In a study by Pfeifer et al.,[50] an 8‑week supplementation 
with 1200 mg calcium plus 800 IU Vitamin D3 compared 
with 1200  mg calcium/day in elderly women resulted 
in a decrease in SBP but did not affect DBP. Similar 
findings have also been observed with Vitamin D 
intake in hypertensive patients for 3  months.[51] Several 
mechanisms may result in the favorable effects of 
calcium‑Vitamin D supplementation on blood pressure. It 
seems that Vitamin D has a critical role in the regulation 
of renin‑angiotensin system.[51,52] Furthermore, calcium 
may act as a regulatory factor of renin‑angiotensin system 
and may result in blood pressure regulation via altering 
cellular concentrations of sodium and calcium ions.[51]

We did not see any significant effect of calcium‑Vitamin D 
intake on pregnancy outcome. Our findings are consistent 
with previous studies indicating that 1500  mg calcium 
intake from week 20 of pregnancy among women with 
low calcium intake did not influence infant growth 

during the 1st  year of life.[53] Similar findings have also 
been reached in other studies.[22] In relation to Vitamin D 
status, Mehta et  al.[54] showed no association between 
maternal Vitamin D status in HIV‑infected pregnant 
women and adverse pregnancy outcomes. Consumption 
of 25  mg/day ergocalciferol in pregnant women did not 
influence mean birth weight in other studies.[55,56] Others 
have also failed to find a significant effect of Vitamin D 
effect on pregnancy outcomes.[57,58] In contrast, some 
studies have indicated that either one oral dose of 
1500 µg Vitamin D3 or two doses of 3000 µg Vitamin D3 
in the second and the third trimesters has led to an 
increased birth size.[59] Discrepancies between our study 
and others might be explained by the different doses of 
calcium and cholecalciferol used as well as the different 
duration of supplementations.

Our study had some limitations. Due to limited funding, 
we did not evaluate the effect of calcium‑Vitamin D 
co‑administration on other biomarkers of inflammation 
and oxidative stress. We could not assess if the baseline 
deficiency of cholecalciferol can explain the effects of 
supplementation or not. This was because of having small 
sample size in the investigation. Further investigations are 
needed to shed light on this issue. In addition, the used 
dosage of cholecalciferol supplements in our study was 
low. High‑dose supplementation might result in greater 
changes. We calculated the sample size based on hs‑CRP. 
However, other variables including variables of pregnancy 
outcome were not taken into account in the sample size 
calculation. Therefore, interpretation of our findings for 
these variables should be done cautiously. In addition, 
sample size was low in the current study. Therefore, 
further large‑scale studies with higher sample size are 
needed to examine the effect of calcium‑Vitamin  D 
co‑supplementation on pregnancy outcome. It must also 
be kept in mind that the beneficial effect seen in the 
current study by calcium‑Vitamin D co‑supplementation 
might be explained by the fact that the mean serum 
25(OH) D concentrations at baseline were low in both 
groups. Calcium and Vitamin D has been hypothesized 
to act jointly rather than independently. Previous studies 
have shown that calcium combined with Vitamin D3 
resulted in improved metabolic profiles and circulating 
inflammatory biomarkers than does either calcium or 
Vitamin D alone.[60,61]

CONCLUSIONS

Consumption of calcium‑Vitamin D supplements for 
9 weeks among pregnant women resulted in a significant 
decrease in serum hs‑CRP and DBP and a significant 
increase in serum Vitamin D, calcium, and plasma 
TAC levels, but had no effect on pregnancy outcomes, 
maternal FPG, serum insulin levels, and insulin action as 
well as plasma total GSH.
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