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Abstract

Unfavorable metabolic profiles and oxidative stress in pregnancy are associated
conducted to determine the effects of vitamin D supplementation on serum conc:
protein (hs-CRP), metabolic profiles, and biomarkers of oxidative stress in heal
double-blind, placebo-controlled clinical trial was conducted in 48 pregnant wo,
Participants were randomly assigned to receive either 400 |U/d cholecalciferol
wk. Fasting blood samples were taken at study baseline and after 9 wk of int
hs-CRP, lipid concentrations, insulin, and biomarkers of oxidative stress. After

25-hydroxyvitamin D and calcium concentrations were greater in
respectively) than in the placebo group (—1.2 ug/L and —0.12 mg

and a significant increase in the Quantitative Insulin Sensitivi
—0.02; P-interaction = 0.006), plasma total antioxidant ¢
P-interaction = 0.002), and total glutathione concentrati
interaction = 0.02) compared with placebo. Intak i
glucose (vitamin D vs. placebo groups: —0.65 vs. —
placebo groups: —0.2 vs. +5.5 mm Hg; P-interaction'= 0.

—0.4 vs. +3.1 mm Hg; P-interaction = 0.01) conapa

among pregnant women has beneficial effec

his study was
f high-sensitivity C-reactive
This randomized,
at 25 wk of gestation.
) or placebo (n = 24) for 9
serum concentrations of
on, the increases in serum
+3.7 pg/L and +0.20 mg/dL,
. P < 0.001 for both). Vitamin D sup-
groups: —1.41 vs. +1.50 ug/mL;

n conclusion, vitamin D supplementation for 9 wk
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Introduction

Due to several metabolic
inflammation, insulin resj
(1-3). Increased inflan
markers of oxidativg
pregnancy can resu
intrauterine growth retard
weight (7), DNA damage (frag

ia (4), preterm delivery (3),
), increased risk of low birth
ion, apoptosis, base modi-

' Supported by a grant from the Kashan University of Medical Sciences. Financial
support for conception, design, data analysis, and manuscript drafting was
provided by the Research Center for Biochemistry and Nutrition in Metabolic
Diseases, Kashan University of Medical Sciences, Kashan, Iran.

2 Author disclosures: Z. Asemi, M. Samimi, Z. Tabassi, H. Shakeri, and A.
Esmaillzadeh, no conflicts of interest.

* To whom correspondence should be addressed. E-mail: esmaillzadeh@hlth.
mui.ac.ir.

fications, and strand breaks), and lipid, protein, and polysac-
charide oxidation (8) as well as gestational diabetes mellitus
(GDM)” (9).

To reduce complications in pregnant women, different strate-
gies have been suggested, including antioxidant supplementation
(10), the use of lipid-lowering medications (11), and oxidative
stress—lowering agents (12) as well as antiinflammatory agents
(13). Recently, a few studies have shown that vitamin D supple-
mentation might decrease inflammation, biomarkers of oxidative

7 Abbreviations used: DBP, diastolic blood pressure; FPG, fasting plasma
glucose; GDM, gestational diabetes mellitus; GSH, total glutathione; HOMA,
homeostatic model assessment; hs-CRP, high-sensitivity C-reactive protein; IL,
interleukin; QUICKI, Quantitative Insulin Sensitivity Check Index; SBP, systolic
blood pressure; TAC, total antioxidant capacity; TNF-a, tumor necrosis factor «;
25(0OH)D, 25-hydroxyvitamin D.
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stress, and metabolic profiles (14,15). Due to its effect on insulin
sensitivity (16), apolipoprotein gene expression (17), and para-
thyroid hormone suppression (18), vitamin D intake might con-
trol the metabolic alterations in pregnancy. Furthermore, it has
been shown that vitamin D may reduce lipid peroxidation
(19,20) and improve vascular endothelial function through
modulating the expression of radical generating and scavenging
enzymes (21).

Decreased proinflammatory factors in patients with colorec-
tal adenoma (22) and reduced biomarkers of oxidative stress in
diabetic rats (21) were seen with vitamin D supplementation.
Vitamin D supplementation resulted in increased insulin secre-
tion (23) and improved lipid concentrations in diabetic patients
(24). Although the effects of vitamin D on human health have
received great attention in recent years, limited data are avail-
able examining its effects in pregnancy. Our previous study re-
vealed that vitamin D deficiency is highly prevalent among
pregnant women in Iran (25). Furthermore, vitamin D deficiency
during pregnancy is associated with several adverse complica-
tions including GDM and preeclampsia (26,27). Maternal vita-
min D deficiency was also prospectively associated with low
bone mineral density, type 1 diabetes, and eczema in the off-
spring (28,29). The adverse effects of vitamin D deficiency may
be mediated through its influence on inflammation and oxidative
stress. We are not aware of any study of the effects of vitamin D
supplementation on inflammation and oxidative stress in preg-
nant women. This study was therefore performed to investigate
the effects of vitamin D supplementation on serum high-
sensitivity C-reactive protein (hs-CRP), metabolic profiles, and
biomarkers of oxidative stress in Iranian pregnant women.

Participants and Methods

Participants. This randomized, double-blind, placebo-controlled ¢
trial was performed in Kashan, Iran, during March 2012 to
2012. On the basis of sample-size formulas suggested for
clinical trials and considering a type I error of 5% (@ = 0
error of 20% (B = 0.20; power = 80%), and serum hs-CR
as a key variable (22), we reached the sample si
group. Pregnant women, primigravida, aged 18
pregnancy at 25 wk of gestation were recruited

cipation in the study. We did not include
pertension, GDM, intrauterine fetal death,

froidal antiin-
luded. A total of 90 pregnant
et the inclusion

o ve either cholecal-
n = 27) for 9 wk. Among
women [preterm delivery (n = 1),
placental abruption (n = 1)] were
excluded. Three women in the placeh p were also excluded [GDM
(n=1), preterm delivery (7 = 1), and sevé eclampsia (7 = 1)]. A total
of 48 participants [vitamin D (n = 24) and placebo (n = 24)] completed
the trial (Fig. 1). The study was performed according to the guidelines 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.

smokers and those taking
flammatory drugs and aspij

individuals in the vitami
intrauterine fetal death (n =

Study design. At study baseline, participants were randomly assigned
to receive either vitamin D supplements (400 IU/d cholecalciferol) or
placebo for 9 wk. Random assignment was performed by the use of

computer-generated random numbers. A trained midwife at the mater-
nity clinic performed the randomized allocation sequence and assigned
participants to the groups. Vitamin D supplements and placebo were
provided by Shahre Daru Company. Placebo pills contained microcrys-
talline cellulose and were packed in identical tablets and coded by the
producer to guarantee blinding. Quality control of vitamin D supple-
ments was performed in the laboratory of the Iranian Food and Drug
Administration in Tehran, Iran, by the HPLC method. After quality
control, we found that the amount of cholecalciferol in the prescribed
tablets was in the range of 380-480 IU. Participants were asked not to
alter their routine physi€aljactivity or usual diets throughout the study
and not to consume any 4 ments other than the one provided to
them by the investigators. Paat were also consuming 400 ug/d
folic acid from the beginni and 60 mg/d ferrous sulfate
from the second trimeste consumption of chole-
calciferol supplements w4 a week through phone in-
e assessed by means of 3-d
6 and 1 weekend day at week
oughout the study. The dietary
walues in household measurements. To
ants on the basis of these 3-d food
ware (First Databank) modified for

diaries, we uset
Iranian foods.

Data on prepregnancy weight and height
were obtained from the records of pregnant women
d midwife at the maternity clinic performed

ithout shoes, and while wearing minimal clothing
| scale (Seca). Height was measured to the nearest
nstretched tape measure (Seca). BMI was calculated

(SBP) and diastolic blood pressure (DBP) were measured
a_sphygmomanometer (ALPK2). Fasting blood samples (10 mL)
arly in the morning at baseline and after the 9-wk interven-
ashan reference laboratory. Blood samples were immediately
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FIGURE 1 Summary of patient flow. The intervention was supple-
mentation of 400 1U/d cholecalciferol. GDM, gestational diabetes;
IUFD, intrauterine fetal death.
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centrifuged (Hettich) at 1465 X g for 10 min to separate serum. Then,
the samples were stored at —70°C before analysis at the Kashan Uni-
versity of Medical Sciences reference laboratory. A commercial kit was
used to measure serum calcium concentrations (Calcium 1400007; Pars
Azmun). Serum 25-hydroxyvitamin D [25(OH)D] was assayed by using
a commercial ELISA kit (25-Hydroxyvitamin D ELISA kit; Immuno
Diagnostic Systems).The inter- and intraassay CVs for serum 25(OH)D
assays ranged from 5 to 7.5%. Serum hs-CRP was quantified by using an
ELISA kit (hs-CRP ELISA kit; Labor Diagnostika Nord) with intra- and
interassay CVs of 2.5 and 3.8 %, respectively. Commercial kits were used
to measure fasting plasma glucose (FPG) (FPG 1012117; Pars Azmun),
serum cholesterol (Cholesterol 1500010; Pars Azmun), TG (Triglycerides
1006132; Pars Azmun), LDL-cholesterol (LDL-C 92001; Pars Azmun),
and HDL-cholesterol concentrations (HDL-C 92002; Pars Azmun). The
intra- and interassay CVs for FPG were 2.0 and 3.5%, respectively. All
inter- and intraassay CVs for lipid profile measurements were <5%.
Serum insulin was assayed by ELISA kit (Insulin ELISA kit; DiaMetra).
The intra- and interassay CVs were 2.9 and 5.9%, respectively. Homeo-
static model assessment (HOMA) for insulin resistance (HOMA-IR) and
for B-cell function (HOMA-B) and the Quantitative Insulin Sensitivity
Check Index (QUICKI) score were calculated on the basis of suggested
formulas (31). Plasma total antioxidant capacity (TAC) was assessed by
the use of the FRAP (ferric reducing antioxidant power) method devel-
oped by Benzie and Strain (32). The plasma total glutathione (GSH) was
measured by the method of Beutler et al. (33). Measurements of vitamin
D, glucose, lipids, insulin, hs-CRP, TAC, GSH, and calcium were per-
formed in a blinded fashion, in duplicate, in pairs (before/after inter-
vention) at the same time, in the same analytical run, and in random
order to reduce systematic error and interassay variability.

Statistical analysis. To ensure normal distribution of variables, the
Kolmogorov-Smirnov test was applied. Log transformation was con-
ducted for nonnormally distributed variables. Independent-samples Stu-
dent’s ¢ test was used to detect differences in general characteristics and
dietary intakes between the 2 groups. To determine the effects of vitap
D supplementation on hs-CRP, metabolic profiles, and biomarkers of|

subjects factor and time with 2 time points (baseline and we
intervention) was considered as the within-subjects factor. P
considered significant. All statistical analyses were perfor

Results

The mean (+SD) age, prepregnancy weight, and BMI o
participants were 25.0 £ 3.9y, 65.8 £ 10.5 k 2

m?, respectively. Baseline and end-of-tria
not significantly different between vitam
(Table 1). Baseline serum 25(OH)D con

group. Among those in t
(50%) had serum 25(OH

C iance in our study was high,
such that >90% of pills were take ghout the study in both
groups. After 9 wk of intervention, the ase in serum 25(OH)D
and calcium concentrations was greater in the vitamin D group
than in the placebo group, in whom these biomarkers were de-
creased (Table 3). Individuals who took vitamin D supplements
had a significant decrease in their serum hs-CRP (P-interaction =
0.01) and insulin (P-interaction = 0.04) concentrations as well as
a significant increase in QUICKI score (P-interaction = 0.006)
and plasma TAC (P-interaction = 0.002) and GSH concentra-
tions (P-interaction = 0.02) compared with those who took

On average, the rate o
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TABLE 1 General characteristics of healthy pregnant women
who received either vitamin D supplements or placebo’

Placebo group Vitamin D group

Maternal age, y 248 = 36 253 =42
Height, cm 1612 =78 1618 = 4.4
Prepregnancy weight?, kg 65.5 = 10.2 66.0 = 11.0
Weight at study baseline, kg 712+=1 703 £ 117
Weight at end of trial, kg 748 = 111 737 £ 116
Weight gain after intervention 36 =27 3309
Prepregnancy BMI®, kg/m’ 252 =38
BMI at study baseline, kg/m? 26.8 = 39
BMI at end of trial, kg/m” 280 =39

" Values are means * SDs; n =
2 Based on participants’ measured
clinics.

% Based on participants’
maternity clinics.

supplements led to a significant
0.12 mmol/L; P-interaction =
. g; P-interaction = 0.01), and DBP
m Hg; P-interaction = 0.01) compared with
a significant effect of vitamin D sup-
g HOMA-IR (P-interaction = 0.06) and
action = 0.06) indexes was also observed. We

esulted in significant decreases in SBP, DBP, and con-
ns of serum hs-CRP, FPG, and insulin and a significant
2 in QUICKI score and concentrations of plasma TAC,
25(OH) D, and calcium compared with placebo. We did
not find any significant effect of vitamin D supplementation on
lipid concentrations. To the best of our knowledge, this study is
he first that examined the effect of vitamin D supplementation
on inflammation and biomarkers of oxidative stress in pregnant
women. It must be noted that all participants were taking ferrous
sulfate and folic acid supplements throughout the study. There is
some evidence indicating an effect of ferrous sulfate and folic
acid on serum hs-CRP and plasma TAC concentrations (34-37);
however, because participants in both groups were taking these
dietary supplements throughout the intervention, this is unlikely
to have influenced our findings.

Pregnant women are susceptible to systemic inflammation,
metabolic disorders, and oxidative stress, which can, in turn, can
lead to complications in maternal and fetal life (38,39). We found
that vitamin D supplementation for 9 wk in pregnancy resulted
in a significant decrease in serum hs-CRP concentrations com-
pared with placebo. This finding is in agreement with a previous
study in men with colorectal adenoma (22). Year-long vitamin D
supplementation in overweight and obese participants resulted
in decreased serum interleukin (IL)-6 concentrations; however,
hs-CRP concentrations were significantly increased (40). Earlier
observational studies have also shown vitamin D-inflammation
relationships. For instance, Eleftheriadis et al. (41) reported an
inverse association between serum 25(OH) D and serum hs-CRP
and IL-6 concentrations. Similar findings were also seen in dia-
betic patients undergoing coronary angiography (42) as well
as in asymptomatic adults (43). Less production of parathyroid
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TABLE 2 Dietary intakes of healthy pregnant women who received either vitamin D supplements or

placebo’

Run-in period

Throughout the study

Placebo group

Vitamin D group

Placebo group Vitamin D group

Energy, kcal/d 2362 = 207 2372 =155 2323 *= 322 2435 + 198
Carbohydrate, g/d 327 = 47 326 = 36 321 = 62 338 = 36
Fat, g/d 82 =18 83 = 12 80 = 16 88 = 13
Protein, g/d 86 = 20 87 =10 87 £ 1 90 =15
Dietary fiber, g/d 181 =53 185+ 4 19.3 = 4 202 =38
Vitamin D, ug/d 28 =07 28 +09 29+08 29+09
Calcium, g/d 1.10 = 0.16 1.16 = 0.18 112 = 018

Phosphorus, g/d 1.20 = 0.27 119 = 0.14 115 = 0.

Magnesium, mg/d 279 =79 21 = 47 270 = 56

Zinc, mg/d 98 + 36 99 + 25 107 £ 29

" Values are means * SDs; n = 24.

hormone with vitamin D supplementation (44), which, in turn,
leads to decreased production of inflammatory factors, may ex-
plain the effects of vitamin D on hs-CRP.

We found that vitamin D supplementation during pregnancy
led to significant changes in FPG and serum insulin concentra-
tions and a significant elevation in QUICKI score compared with
placebo. Naharci et al. (45) showed that vitamin D supplemen-
tation in elderly people with impaired fasting glucose resulted in
a significant decrease in HOMA-IR and concentrations of serum
insulin and glucose. Among patients with type 2 diabetes, vita-
min D supplementation for 12 wk led to increased insulin sec-
retion (23). The beneficial effects of vitamin D on glycemic status
were also observed in polycystic ovarian syndrome (46,47). Howe
some studies have found contradictory conclusions (40,48
though the exact mechanisms of the effect of vitamin D g

intervention in healthy pregnant women who receiy,

mechanisms
biologically ai

urrent study revealed that vitamin D sup-
no significant effect on lipid concentrations
acebo among pregnant women. In line with

Plac Vitamin D group P value?
Wk 0 Wk Wk 0 Wk 9 Change Time Group Time X Group
Serum 25(0H)D, wg/L 145 +12 133 £ 1.1 178 £13 215 + 1.8% 3.7 = 16** 0.15 0.003 0.005
Serum 25(0H)D <12 ug/L, n (%) 11 (45.8) 5(20.8) 5(20.8) — — — —
Serum 25(0H)D <20 wg/L, n (%) 20 (83.3) 12 (50) 10 (41.7) — — — —
hs-CRP, wg/mlL 6.96 + 1.20 453 + 0.64 312 = 046% —1.41 = 0.55** 0.93 0.01 0.01
FPG, mmol/L 429 = 0.12 452 = 0.08 387 £0.13* —0.65 = 0.11** 0.001 085 0.01
Insulin, w/U/mL 6.7 =09 57 =04 —-1.0 = 0.9* 0.34 0.13 0.04
HOMA-IR 1.36 + 0.19 1.02 =010 —034 =019 0.60 0.20 0.06
HOMA-B 38.1 = 4.4% 116 £42 261 = 41 260 = 2.0 —01 =45 0.06 0.10 0.06
QUICKI scare 0.36 + 00075 —0.02 = 0.008 0.37 =0.007 0.39 = 0.007 0.02 = 0.007**  0.79 0.30 0.006
Total cholesterol, mmol/L 023 =011 6.12 = 0.20 6.15 = 0.27 0.03 = 0.24 0.33 0.24 0.46
TGs, mmol/L 282 = 0.13* 045 = 0.12 211 =017 233 = 0.15 022 =014 0.001  0.06 0.24
LDL cholesterol, mmol/L 353 =023 0.03 £ 0.11 3.44 + 0.16 337 =025 —007 =022 0.87 0.70 0.70
HDL cholesterol, mmol/L : 1.78 = 0.08 —0.01 = 0.05 1.70 = 0.07 1.65 £ 0.07 —0.05 = 0.06 0.50 0.30 0.62
Total:HDL-cholesteral ratio 3.7 =9 38+02 01 =01 37+02 38+02 0102 0.19 0.99 0.89
TAC, mmol/L 716 = 31 96 + 38 =20 =41 697 = 15 849 + 24* 152 + 30** 0.01 0.03 0.002
GSH, wmol/L 832 + 86 800 = 96 —32 £ 52 604 = b4 809 + 92* 205 = 87** 0.09 0.30 0.02
Calcium, mg/dlL 9.17 = 0.07 9.05 + 0.07 —0.12 = 0.08 8.68 = 0.10 8.88 = 0.13* 0.20 + 0.08** 0.47 0.01 0.01
SBP, mm Hg 1104 =12 1159 = 1.2* 55+ 16 129 =11 1127 =14 =02 = 1.4* 0.01 0.80 0.01
DBP. mm Hg 673 = 1.1 704 = 1.2¢ 3111 66.0 = 1.3 656 £ 1.4 —04 = 1.0* 0.07 0.07 0.02

" Values are means * SEs; n = 24. *Different from week 0, P < 0.05; **different from corresponding placebo, P-interaction < 0.05. DBP, diastolic blood pressure; FPG, fasting
plasma glucose; GSH, total glutathione; HOMA-B, homeostatic model assessment- cell function; HOMA-IR, homeostasis model of assessment-insulin resistance; hs-CRP, high-
sensitivity C-reactive protein; QUICKI, Quantitative Insulin Sensitivity Check Index; SBP, systolic blood pressure; TAC, total antioxidant capacity; 25(0H)D, 25-hydroxyvitamin D.

2 Obtained from repeated-measures ANOVA.
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improved lipid concentrations among diabetics (24). Discrep-
ancies in findings might be explained by the different dosages of
vitamin D used, study designs, and duration of supplementation.

In the current study, we observed beneficial effects of vitamin
D supplementation on biomarkers of oxidative stress compared
with placebo in pregnant women. Although oxidative stress is
involved in the pathophysiology of several chronic conditions,
limited data are available examining the effect of vitamin D
supplementation on oxidative stress. Ekici et al. (54) showed
that the combination of cholecalciferol and dehydroascorbic
acid administration increased GSH activity in both the cortex
and corpus striatum of rats. Decreased oxidative DNA damage
in the normal human colorectal mucosa has been observed as a
result of vitamin D and calcium supplementation (55). The exact
mechanisms through which vitamin D supplementation may
affect oxidant-antioxidant balance are unknown. Several studies
have reported that vitamin D may reduce lipid peroxidation
(19,20) and thereby lead to increased concentrations of TAC and
GSH. Furthermore, vitamin D has been shown to improve vas-
cular endothelial function by modulating the expression of rad-
ical generating and scavenging enzymes (21). Furthermore,
vitamin D may lead to stabilization of the plasma membrane
against lipid peroxidation or upregulation of antioxidant sys-
tems via its nuclear receptors (19,56). Taken together, it seems
that vitamin D could be considered as a potent strengthening
factor of the body’s antioxidant system, at least in pregnant
women.

We demonstrated that vitamin D supplementation for 9 wk in
pregnant women led to a significant reduction in SBP and DBP
compared with placebo. In line with our findings, earlier studies
have also shown the beneficial effects of vitamin D on blo
pressure. A significant reduction in SBP by 2.44 mm Hg was s
with vitamin D supplementation in normotensive or hype
sive participants compared with calcium or placebo (57).

mentation in hypertensive patients after 3 mo (58).
among postmenopausal women, Who received 1000

follow-up was observed (59). Several mech
the beneficial effects of vitamin D suppleme
pressure. Vitamin D has a critical role in decreasmg r
expression, the regulation of renin-angiote
and inhibition of vascular smooth muscl
Moreover, vitamin D, through increasi
can affect blood pressure regulation via
trations of sodium and calcium ions (58

upplementatlon on other
-1, IL-6, and

budget hmltatlons, we were
min D supplements on these
biomarkers. In addition, we co assess the effect of sup-
plementation on pregnancy outcomesS4mythe current study. Fu-
ture studies are needed to investigate the potential health outcomes
of the changes in metabolic variables with vitamin D supple-
mentation. It must also be kept in mind that for some bio-
chemical indicators, such as FPG, as well as for blood pressure,
the changes made by vitamin D supplementation were in the
normal range. Therefore, future studies can assess the effect of
vitamin D supplementation in pregnant women with GDM or
those with hypertension. It seems that in individuals with higher

be of value, unfortuna
unable to assess the effect ©
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concentrations of plasma glucose or in hypertensive pregnant
women, supplementation might provide further benefit. Because
the study was done through spring and summer (March through
September), one might be surprised to see a decrease in serum
vitamin D concentrations in the placebo group. However, it
must be kept in mind that due to cultural issues, the time span of
outdoor activities for women is limited. Furthermore, the study
participants were pregnant women who normally have limited
physical activity levels and sun exposure than others. Sunscreen
use and clothing mig e other reasons for this observation.
Another possible limitat ates to the extrapolation of our
findings. The beneficial effg i

population, might not be
did not include smeke aking nonster01dal anti-
he effect of residual confoundmg
from other fac

be excluded.

the study conception and design, statistical
ing of the manuscript; M.S., Z.T., and H.S.

arrera D, Noyola-Martinez N, Avila E, Halhali A, Larrea F, Diaz L.

Calcitriol inhibits interleukin-10 expression in cultured human troph-

oblasts under normal and inflammatory conditions. Cytokine. 2012;57:

316-21.

Briana DD, Malamitsi-Puchner A. Reviews: adipocytokines in normal

and complicated pregnancies. Reprod Sci. 2009;16:921-37.

3. Lapillonne A. Vitamin D deficiency during pregnancy may impair mater-
nal and fetal outcomes. Med Hypotheses. 2010;74:71-5.

4. Kirwan JP, Krishnan RK, Weaver JA, Del Aguila LE, Evans WJ]. Human
aging is associated with altered TNF-alpha production during hyper-
glycemia and hyperinsulinemia. Am ] Physiol Endocrinol Metab. 2001;
281:E1137-43.

5. Pitiphat W, Gillman MW, Joshipura KJ, Williams PL, Douglass CW,
Rich-Edwards JW. Plasma C-reactive protein in early pregnancy and
preterm delivery. Am ] Epidemiol. 2005;162:1108-13.

6. Tjoa ML, van Vugt JM, Go AT, Blankenstein MA, Oudejans CB, van
Wijk IJ. Elevated C-reactive protein levels during first trimester of preg-
nancy are indicative of preeclampsia and intrauterine growth restriction.
J Reprod Immunol. 2003;59:29-37.

7. Offenbacher S, Katz V, Fertik G, Collins J, Boyd D, Maynor G, McKaig
R, Beck J. Periodontal infection as a possible risk factor for preterm low
birth weight. J Periodontol. 1996;67:1103-13.

8. DPeter Stein T, Scholl TO, Schluter MD, Leskiw MJ, Chen X, Spur BW,
Rodriguez A. Oxidative stress early in pregnancy and pregnancy out-
come. Free Radic Res. 2008;42:841-8.

9. Catalano PM, Kirwan JP, Haugel-de Mouzon S, King J. Gestational
diabetes and insulin resistance: role in short- and long-term implications
for mother and fetus. ] Nutr. 2003;133:1674S-83S.

10. Poston L, Igosheva N, Mistry HD, Seed PT, Shennan AH, Rana S,
Karumanchi SA, Chappell LC. Role of oxidative stress and antioxidant
supplementation in pregnancy disorders. Am J Clin Nutr. 2011;94 Suppl:
1980S-5S.

220z ¥snbny 0z uo 1senb A Z191 2G¥/2E v L/6/EY L /oIoIE/Ul/W0D dNno olWwapede//:sdY WOl papeojumoq



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Edison R], Muenke M. Central nervous system and limb anomalies in
case reports of first-trimester statin exposure. N Engl J Med. 2004;
350:1579-82.

Djordjevic NZ, Babic GM, Markovic SD, Ognjanovic BI, Stajn AS,
Saicic ZS. The antioxidative effect of estradiol therapy on erythrocytes
in women with preeclampsia. Reprod Toxicol. 2010;29:231-6.
Borzychowski AM, Sargent IL, Redman CW. Inflammation and pre-
eclampsia. Semin Fetal Neonatal Med. 2006;11:309-16.

Bo S, Pisu E. Role of dietary magnesium in cardiovascular disease pre-
vention, insulin sensitivity and diabetes. Curr Opin Lipidol. 2008;19:
50-6.

Dantas de Medeiros Rocha E, Dantas Leite L, de Fatima Paiva Baracho
M, Goretti do Nascimento Santos M, de Araujo DM, Cavalcante
Franca M, da Silva CA, das Gracas Almeida M, Rezende AA, Marchini
JS, et al. Effect of diet intervention and oral zinc supplementation on
metabolic control in Berardinelli-Seip syndrome. Ann Nutr Metab.
2010;57:9-17.

Wang O, Nie M, Hu YY, Zhang K, Li W, Ping F, Liu JT, Chen LM, Xing XP.
Association between vitamin D insufficiency and the risk for gestational
diabetes mellitus in pregnant Chinese women. Biomed Environ Sci. 2012;25:
399-406.

Wehmeier K, Beers A, Haas MJ, Wong NC, Steinmeyer A, Zugel U,
Mooradian AD. Inhibition of apolipoprotein Al gene expression by 1,
25-dihydroxyvitamin D3. Biochim Biophys Acta. 2005;1737:16-26.
Alborzi P, Patel NA, Peterson C, Bills JE, Bekele DM, Bunaye Z, Light
RP, Agarwal R. Paricalcitol reduces albuminuria and inflammation in
chronic kidney disease: a randomized double-blind pilot trial. Hyper-
tension. 2008;52:249-55.

Hamden K, Carreau S, Jamoussi K, Miladi S, Lajmi S, Aloulou D, Ayadi
F, Elfeki A. 1Alpha,25 dihydroxyvitamin D3: therapeutic and preven-
tive effects against oxidative stress, hepatic, pancreatic and renal injury
in alloxan-induced diabetes in rats. ] Nutr Sci Vitaminol (Tokyo).
2009;55:215-22.

Wiseman H. Vitamin D is a membrane antioxidant: ability to inhibit
iron-dependent lipid peroxidation in liposomes compared to cholg;
terol, ergosterol and tamoxifen and relevance to anticancer action. EE
Lett. 1993;326:285-8.

Salum E, Kals J, Kampus P, Salum T, Zilmer K, Aunapuu M, Arj
Eha J, Zilmer M. Vitamin D reduces deposition of advanced gl
end-products in the aortic wall and systemic oxidative stress j
rats. Diabetes Res Clin Pract. 2013;100:243-9.
Hopkins MH, Owen J, Ahearn T, Fedirko V, Flanders
Bostick RM. Effects of supplemental vitamin D and
markers of inflammation in colorectal adeno
controlled clinical trial. Cancer Prev Res (Phi
Eftekhari MH, Akbarzadeh M, Dabbaghmanes
Impact of treatment with oral calcitriol on glu
diabetes mellitus patients. Asia Pac J Clin Nutr. 2011;20:
Al- Daghn NM, Alkharfy KM Al-Othman A, E

plernentation as an adjuvant therapy for pat'
prospective interventional study. Cardiovas

Assessment of the relations
vitamins E and A and the
Saudi Med J. 2010;31:1
Poel YH, Hummel P,
D and gestational dig
Intern Med. 2012;2

Obstet Gynecol. 2011;204:

Vandevijvere S, Amsalkhir S, , Moreno-Reyes R. High
prevalence of vitamin D deficiency in p t women: a national cross-
sectional survey. PLoS ONE. 2012;7:e43868.
Dror DK. Vitamin D status during pregnancy: maternal, fetal, and
postnatal outcomes. Curr Opin Obstet Gynecol. 2011;23:422-6.
Jehan I, Zaidi S, Rizvi S, Mobeen N, McClure EM, Munoz B, Pasha O,
Wright LL, Goldenberg RL. Dating gestational age by last menstrual
period, symphysis-fundal height, and ultrasound in urban Pakistan. Int ]
Gynaecol Obstet. 2010;110:231-4.

Pisprasert V, Ingram KH, Lopez-Davila MF, Munoz AJ, Garvey WT.
Limitations in the use of indices using glucose and insulin levels to

predict insulin sensitivity: impact of race and gender and superiority of
the indices derived from oral glucose tolerance test in African Americans.
Diabetes Care. 2013;36:845-53.

32. Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a
measure of “antioxidant power”: the FRAP assay. Anal Biochem. 1996;
239:70-6.

33. Beutler E, Gelbart T. Plasma glutathione in health and in patients with
malignant disease. ] Lab Clin Med. 1985;105:581-4.

34. Mangoni AA, Arya R, Ford E, Asonganyi B, Sherwood RA, Ouldred E,
Swift CG, Jackson SH. Effects of folic acid supplementation on inflam-
matory and thrombg@enic markers in chronic smokers: a randomised
controlled trial. Thro 2003;110:13-7.

35. Aghamohammadi V, Garga Aliasgharzadeh A. Effect of folic acid
supplementation on hop m total antioxidant capacity,
and malondialdehyde i g 2 diabetes mellitus. ] Am
Coll Nutr. 2011;30:2

36. Baumgartner J, Smuts G

L, Tjalsma H, Zimmermann
supplementation in iron-

37. Tiwari AK, )
Srivastava
imbalance
188-93.

an SC, Catalano PM. TNF-alpha is a predlctor
istance in human pregnancy. Diabetes. 2002;51:2207-13.

tov JM, Talbott EO, Ritz B. First trimester

Beilfuss J, Be
pplementatj

. Sneve M, Jorde R, Kamycheva E. Effects of a 1-year
with cholecalciferol on interleukin-6, tumor necrosis
insulin resistance in overweight and obese subjects.

leftheriadis T, Antoniadi G, Liakopoulos V, Stefanidis I, Galaktidou G.
erse association of serum 25-hydroxyvitamin D with markers of
ation and suppression of osteoclastic activity in hemodialysis
nts. Iran J Kidney Dis. 2012;6:129-35.
aigh B, Thomas GN, Silbernagel G, Bosch JA, Pilz S, Loerbroks
(leber ME, Grammer TB, Bohm BO, Marz W. Association of 25-
ydroxyvitamin D with type 2 diabetes among patients undergoing
coronary angiography: cross-sectional findings from the LUdwigshafen
RIsk and Cardiovascular Health (LURIC) Study. Clin Endocrinol (Oxf).
2013;79:192-8.

. Amer M, Qayyum R. Relation between serum 25-hydroxyvitamin D
and C-reactive protein in asymptomatic adults (from the continuous
National Health and Nutrition Examination Survey 2001 to 2006). Am
J Cardiol. 2012;109:226-30.

44, Brandi L. One-alpha-hydroxy-cholecalciferol—an active vitamin D
analog: clinical studies on prophylaxis and treatment of secondary hy-
perparathyroidism in uremic patients on chronic dialysis. Dan Med
Bull. 2008;55:186-210.

45. Nabharci I, Bozoglu E, Kocak N, Doganci S, Doruk H, Serdar M. Effect
of vitamin D on insulin sensitivity in elderly patients with impaired
fasting glucose. Geriatr Gerontol Int. 2012;12:454-60.

46. Hahn S, Haselhorst U, Tan S, Quadbeck B, Schmidt M, Roesler S, Kimmig
R, Mann K, Janssen OE. Low serum 25-hydroxyvitamin D concentrations
are associated with insulin resistance and obesity in women with polycystic
ovary syndrome. Exp Clin Endocrinol Diabetes. 2006;114:577-83.

47. Yildizhan R, Kurdoglu M, Adali E, Kolusari A, Yildizhan B, Sahin HG,
Kamaci M. Serum 25-hydroxyvitamin D concentrations in obese and
non-obese women with polycystic ovary syndrome. Arch Gynecol Obstet.
2009;280:559-63.

48. Muldowney S, Lucey AJ, Hill TR, Seamans KM, Taylor N, Wallace JM,
Horigan G, Barnes MS, Bonham MP, Duffy EM, et al. Incremental
cholecalciferol supplementation up to 15 ug/d throughout winter at 51—
55° N has no effect on biomarkers of cardiovascular risk in healthy
young and older adults. ] Nutr. 2012;142:1519-25.

49. Teegarden D, Donkin SS. Vitamin D: emerging new roles in insulin
sensitivity. Nutr Res Rev. 2009;22:82-92.

50. Thomson RL, Spedding S, Buckley JD. Vitamin D in the aetiology and

management of polycystic ovary syndrome. Clin Endocrinol (Oxf).

2012;77:343-50.

Vitamin D in pregnancy 1437

220z ¥snbny 0z uo 1senb A Z191 2G¥/2E v L/6/EY L /oIoIE/Ul/W0D dNno olWwapede//:sdY WOl papeojumoq



51,

52.

53.

54.

55.

Wang H, Xia N, Yang Y, Peng DQ. Influence of vitamin D supplemen-
tation on plasma lipid profiles: a meta-analysis of randomized con-
trolled trials. Lipids Health Dis. 2012;11:42.

Jorde R, Sneve M, Torjesen P, Figenschau Y. No improvement in
cardiovascular risk factors in overweight and obese subjects after supple-
mentation with vitamin D3 for 1 year. ] Intern Med. 2010;267:462-72.
Major GC, Alarie E, Dore ], Phouttama S, Tremblay A. Supplementa-
tion with calcium + vitamin D enhances the beneficial effect of weight
loss on plasma lipid and lipoprotein concentrations. Am ] Clin Nutr.
2007;85:54-9.

Ekici F, Ozyurt B, Erdogan H. The combination of vitamin D3 and
dehydroascorbic acid administration attenuates brain damage in focal
ischemia. Neurol Sci. 2009;30:207-12.

Fedirko V, Bostick RM, Long Q, Flanders WD, McCullough ML,
Sidelnikov E, Daniel CR, Rutherford RE, Shaukat A. Effects of supple-
mental vitamin D and calcium on oxidative DNA damage marker in
normal colorectal mucosa: a randomized clinical trial. Cancer Epidemiol
Biomarkers Prev. 2010;19:280-91.

1438 Asemi et al.

<
3
&
2y
Q&

. Garcion E, Sindji L, Leblondel G, Brachet P, Darcy E 1,25-Dihydroxyvitamin

D3 regulates the synthesis of gamma-glutamyl transpeptidase and gluta-
thione levels in rat primary astrocytes. ] Neurochem. 1999;73:859-66.

. Wu SH, Ho SC, Zhong L. Effects of vitamin D supplementation on

blood pressure. South Med J. 2010;103:729-37.

. Goel RK, Lal H. Role of vitamin D supplementation in hypertension.

Indian J Clin Biochem. 2011;26:88-90.

. Margolis KL, Ray RM, Van Horn L, Manson JE, Allison MA, Black

HR, Beresford SA, Connelly SA, Curb JD, Grimm RH Jr, et al. Effect of
calcium and vitamin, D supplementation on blood pressure: the
Women’s Health Init andomized trial. Hypertension. 2008;52:
847-55.

g W, Zheng W, Kong J. Vitamin
g renin-angiotensin system
Biol. 2004;89-90:387-

D: a negative endocri
and blood pressure. |
92.

min D and endocrine dis-

eases.| Arq Bras Endocrino 53:625-33.

220z ¥snbny 0z uo 1senb A Z191 2G¥/2E v L/6/EY L /oIoIE/Ul/W0D dNno olWwapede//:sdY WOl papeojumoq



