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Abstract Data on the effects of selenium supplementation
on clinical signs and metabolic profiles in women at risk
for intrauterine growth restriction (IUGR) are scarce. This
study was designed to assess the effects of selenium sup-
plementation on clinical signs and metabolic status in
pregnant women at risk for IUGR. This randomized
double-blind placebo-controlled clinical trial was per-
formed among 60 women at risk for IUGR according to
abnormal uterine artery Doppler waveform. Participants
were randomly assigned to intake either 100 μg selenium
supplements as tablet (n = 30) or placebo (n = 30) for
10 weeks between 17 and 27 weeks of gestation. After
10 weeks of selenium administration, a higher percentage
of women in the selenium group had pulsatility index (PI)
of <1.45) (P = 0.002) than of those in the placebo group.
In addition, changes in plasma levels of total antioxidant
capacity (TAC) (P < 0.001), glutathione (GSH)
(P = 0.008), and high-sensitivity C-reactive protein (hs-
CRP) (P = 0.004) in the selenium group were significant
compared with the placebo group. Additionally, selenium
supplementation significantly decreased serum insulin
(P = 0.02), homeostasis model of assessment-estimated
insulin resistance (HOMA-IR) (P = 0.02), and homeostat-
ic model assessment for B-cell function (HOMA-B)

(P = 0.02) and significantly increased quantitative insulin
sensitivity check index (QUICKI) (P = 0.04) and HDL-C
levels (P = 0.02) compared with the placebo. We did not
find any significant effect of selenium administration on
malondialdehyde (MDA), nitric oxide (NO), fasting plas-
ma glucose (FPG), and other lipid profiles. Overall, sele-
nium supplementation in pregnant women at risk for
IUGR resulted in improved PI, TAC, GSH, hs-CRP, and
markers of insulin metabolism and HDL-C levels, but it
did not affect MDA, NO, FPG, and other lipid profiles.

Clinical trial registration number http://www.irct.ir:
IRCT201601045623N64.
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Introduction

Intrauterine growth restriction (IUGR), a main cause of
perinatal morbidity and mortality [1], is considered as
the consequence of a disease process within one or more
of the three compartments that control the fetal growth:
maternal, placenta, and fetus [2]. This status affects 10–
15% of pregnant women [3]. Recent evidence suggests
that increased oxidative stress and inflammatory markers
are involved in the pathophysiology of IUGR [4]. IUGR
is associated with an increased risk of developing obesity,
insulin resistance, reduced lean body mass, and cardiovas-
cular disease (CVD) in adulthood [5]. Therefore, selenium
supplementation due to protecting trophoblast cells from
mitochondrial oxidative stress may be important in
treating some placental pathology [6].

Previous studies have reported controversial results be-
tween selenium levels and recurrent abortions, preeclampsia,
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and IUGR [7–9]. In addition, few studies have shown that
selenium supplementation had beneficial effects on the meta-
bolic profiles in patients with gestational diabetes mellitus
(GDM) [10] and on markers of risk of preeclampsia in preg-
nant women [11]. Current data supports the favorable effects
of selenium on coronary artery disease (CVD) [12], diabetic
nephropathy [13], and polycystic ovary syndrome [14, 15]. In
a study conducted by Alizadeh et al. [16], it was observed that
supplementation with 200 μg/day selenium for 6 weeks led to
a significant decrease in serum insulin levels and insulin re-
sistance among women with central obesity. Furthermore,
high-dose selenium supplementation for 14 days resulted in
a significant decrease in C-reactive protein (CRP) levels in
subjects with systemic inflammatory response syndrome
[17]. However, in another study by Savory et al. [18], it was
seen that 200 μg selenium administration daily for 3 weeks
did not influence biomarkers of oxidative stress including total
antioxidant status (TAS) and glutathione (GSH) levels among
overweight adults.

Selenium intake might benefit in women at risk for IUGR
through its effects on decreased free radical production and
lipid hydroperoxides [19], inflammation and oxidative stress,
and inhibiting the production of advanced glycation end prod-
ucts [20]. As there is evidence that selenium supplementation
may have antioxidant and anti-inflammatory effects [21, 22],
we hypothesized that selenium supplementation might help
women at risk for IUGR to have a better clinical response
and biomarkers of oxidative stress and inflammation and met-
abolic profiles. The objective of this study, therefore, was to
evaluate the effects of selenium intake on clinical signs and
metabolic status in women at risk for IUGR.

Subjects and Methods

Trial Design

This research was a prospective randomized double-blind pla-
cebo-controlled clinical trial.

Participants

This study was conducted among 60 pregnant women primi-
gravida, aged 18–40 years old, at risk for IUGR according to
abnormal uterine artery Doppler waveform with a mean
pulsatility index (PI) of >1.45 [23], who were referred to the
Naghavi Clinic in Kashan, Iran, from January 2016 to
May 2016. Participants who consumed selenium supplements
during the past 3 months; with hypothyroidism and hyperthy-
roidism, urinary tract infection, preeclampsia, hypertension,
diseases related to increased inflammation, and kidney or liver
diseases; and who were smokers were not included in the
current study.

Ethics Statements

This trial was done according to the guidelines laid down in
the Declaration of Helsinki. This study was approved by the
ethics committee of Kashan University of Medical Sciences
(KUMS) and registered on the Iranian registry of clinical trials
website (http://www.irct.ir: IRCT201601045623N64). All
subjects provided informed written consent before
recruitment.

Study Design

At first, all women were matched based on pretreatment
of BMI (<25 and ≥25 kg/m2) and age (<30 and ≥30 years).
Subjects were then randomly divided into two groups to
take either selenium supplements (n = 30) or placebo
(n = 30) for 10 weeks. Subjects were requested not to
change their ordinary physical activity and not to take
any nutritional supplements during the 10-week interven-
tion. All subjects completed 3-day food records and three
physical activity records at the initial of the study, during
weeks 3 and 6, and at the end of the treatment. Daily
macronutrient and micronutrient intakes were analyzed
by nutritionist IV software (First Databank, San Bruno,
CA). In this clinical trial, physical activity was described
as metabolic equivalents (METs) in hours per day. To
determine the METs for each patient, we multiplied the
times (in hour per day) reported for each physical activity
by its related METs coefficient by standard tables [24].
The used tool to measure physical activity was question-
naire. Subjects of the current study were randomly
assigned to use either 100 μg selenium supplements as
selenium yeast or placebo (starch) daily for 10 weeks
from 17 to 27 weeks of gestation. Selenium supplements
and placebos tablets were similar in shape and size and
manufactured by Nature Made (CA, USA) and Barij
Essence (Kashan, Iran), respectively. Quality control of
selenium supplements was conducted in the laboratory
of Food and Drug Administration in Tehran, Iran, by
atomic absorpt ion spectroscopy (AAS) method.
Following quality control, we found that the amount of
selenium in the prescribed tablets was at the range of 95–
110 μg.

Treatment Adherence

Every 5 weeks, subjects were given enough supplements to
last until 3 days after their next scheduled visit and were
instructed to return all the unused supplements at each visit.
During the 10-week period of the study, subjects were follow-
ed by phone or via short message service (SMS) twice a week
to remind them of the instructions.
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Assessment of Anthropometric Measures

Weight and height of pregnant women were determined in an
overnight fasting status using a standard scale (Seca,
Hamburg, Germany) at the initial of the study and after the
10-week intervention. BMI was calculated as weight in kilo-
grams divided by height in meters squared.

Assessment of Outcomes

In this research, PI and biomarkers of oxidative stress were
considered as the primary outcome measurements and bio-
markers of inflammation, markers of insulin metabolism,
and lipid profiles were considered as the secondary outcome
measurements.

Clinical Assessment

Measurement of the PI was performed in the subjects by the
same sonographist, at study baseline and after the 10-week
intervention using a Doppler ultrasonography device
(Samsung Medison V20, Seoul, Korea). The physician was
blinded to any clinical information of the subjects. The uterine
artery blood velocity waveforms were recorded from both
uterine arteries at the apparent crossover of the uterine and
external iliac arteries with an insonation angle of <30°, veloc-
ity of >60 cm/s, and a sample volume of 2.0 mm [23].

Biochemical Assessment

At first and after the end of the treatment, 10-mL of blood
samples was taken from each subject at the Kashan reference
laboratory in an early morning after an overnight fast. Blood
was collected in two separate tubes: (1) one without EDTA to
separate the serum, in order to determine serum insulin, lipid
profiles, and high sensitivity C-reactive protein (hs-CRP) con-
centrations and (2) another one containing EDTA to examine
plasma nitric oxide (NO) and biomarkers of oxidative stress.
Fasting plasma glucose (FPG) and lipid profiles were mea-
sured on the day of blood collection. Blood samples were
immediately centrifuged (Hettich D-78532, Tuttlingen,
Germany) at 3500 rpm for 10 min to separate serum. Then,
the samples were stored at −80 °C before analysis at the
KUMS reference laboratory. Plasma total antioxidant capacity
(TAC) obtained using ferric-reducing antioxidant power de-
veloped by Benzie and Strain [25], GSH using the method of
Beutler et al. [26], and malondialdehyde (MDA) concentra-
tions using the thiobarbituric acid reactive substance spectro-
photometric test [27] using a Cecil 2021 spectrophotometer
(Milton, United Kingdom) with a temperature-controlled cu-
vette holder (Cecil) were evaluated. Coefficient variances
(CVs) for plasma TAC, GSH, and MDA were 1.5, 2.6, and
3.5%, respectively. Serum hs-CRP concentrations were

quantified by commercial ELISA kit (LDN, Nordhorn,
Germany) with intra-assay and interassay CVs of 3.6 and
5.5%, respectively. Plasma NO concentrations were assessed
using Griess method [28] using a Cecil 2021 spectrophotom-
eter (Milton, UK). CVs for NO concentrations were 2.5%.
Serum insulin levels were evaluated using available ELISA
kit (DiaMetra, Milano, Italy) with intra-assay and interassay
CVs of 3.0 and 4.8%, respectively. The homeostasis model of
assessment-insulin resistance (HOMA-IR), the β-cell func-
tion (HOMA-B), and the quantitative insulin sensitivity check
index (QUICKI) were determined according to the suggested
formulas [29]. Enzymatic kits (Pars Azmun, Tehran, Iran)
were used to quantify FPG; serum triglycerides; and VLDL-,
total-, LDL- and HDL-C fractions with interassay and intra-
assay CVs less than 5%.

Sample Size

To determine the sample size, we used a parallel randomized
clinical trial sample size formula where type one (α) and type
two errors (β) were 0.05 and 0.20 (power = 80%), respective-
ly. Based on a prior study [10], we considered 118.4 mmol/L
as standard deviation (SD) and 95.0 mmol/L as the difference
in mean (d) of plasma TAC as a main variable. Therefore, we
needed 25 subjects in each group. Considering 5 dropouts in
each group; the final sample size was determined to be 30
persons each group.

Randomization and Blinding

In this trial, randomization and allocation were used with the
baseline data of the patients as blindness by a trained member
who did not had a role in the treatment of the participants.
Random assignment was performed using computer-
generated random numbers.

Statistical Analysis

We used the Kolmogrov-Smirnov test to evaluate the normal
distribution of variables. Independent samples student’s t test
was used to determine differences in general characteristics
and dietary intakes between the two groups. To compare cat-
egorical variables, we used Pearson chi-square test. To deter-
mine the effects of selenium supplementation on metabolic
status, we used one-way repeated measures analysis of vari-
ance. To evaluate confounding variables including baseline
values of biochemical markers, maternal age, and baseline
BMI, we used analysis of covariance (ANCOVA). P < 0.05
was considered as statistically significant. All statistical anal-
yses were done using the Statistical Package for Social
Science version 17 (SPSS Inc., Chicago, Illinois, USA).
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Results

At the eligibility phase, 690 pregnant women were invited.
Six hundred thirty subjects of the 690 invited subjects were
excluded (due to not meeting the inclusion criteria) from the
first visit. In the current study, 60 subjects [selenium (n = 30)
and placebo (n = 30)] completed the trial. On average, the rate
of compliance in this trial was high, such that 100% of cap-
sules were taken throughout the study in both groups. No side
effects were reported following supplementation with seleni-
um in women at risk for IUGR.

Mean age, height, weight, and BMI of the study partici-
pants at the study baseline and end-of-trial, educational levels
and job status were not significantly different between the two
groups (Table 1). After 10 weeks of selenium administration,
higher percentage of women in the selenium group had
pulsatility index (PI) of <1.45 (P = 0.002) than in the placebo
group.

Based on the 3-day dietary records obtained throughout the
treatment, no statistically significant difference was seen be-
tween the two groups in terms of dietary intakes of macronu-
trients and micronutrients; magnesium; selenium; and vita-
mins C, E and A (Data not shown).

Changes in plasma levels of TAC (P < 0.001), GSH
(P = 0.008), and serum insulin (P = 0.02) in the selenium

group were significant compared with the placebo group
(Fig. 1).

Selenium supplementation significantly decreased serum
hs-CRP (P = 0.004), HOMA-IR (P = 0.02), and HOMA-B
(P = 0.02) and significantly increased QUICKI (P = 0.04) and
HDL-C levels (P = 0.02) comparedwith the placebo (Table 2).
We did not find any significant effect of selenium administra-
tion on MDA, NO, FPG, and other lipid profiles.

Baseline levels of plasma TAC, GSH, and NO were signif-
icant between the two groups. Thus, we controlled the analy-
ses for the baseline levels of biochemical variables, age, and
baseline BMI. When we adjusted the analysis for baseline
values of biochemical parameters, age, and baseline BMI,
plasma GSH (P = 0.08), HOMA-B (P = 0.05), and QUICKI
(P = 0.06) became non-significant, and other findings were
not altered (Table 3).

Discussion

We found that selenium supplementation in pregnant women
at risk for IUGR had beneficial effects on PI, TAC, GSH, hs-
CRP, markers of insulin metabolism, and HDL-C levels, but it
did not affect MDA, NO, FPG, and other lipid profiles. To our
knowledge, this study is the first examining the effects of
selenium supplementation on clinical signs and metabolic sta-
tus among pregnant women at risk for IUGR. It must be kept
in mind that the high standard deviations (SDs) of dependent
variables in some cases might make the interpretation of our
findings difficult. Such high SDs might be explained by the
small number of subjects in the study, which was a limitation
in our study. In our study, no side effects were seen after
selenium intake in pregnant women at risk for IUGR through-
out the study. It must be considered that mean dietary plus
supplemental selenium intake in our study subjects was lower
than upper limits (400 μg). However, data on the toxic effects
of selenium on human health are conflicting. For example,
Burk et al. [30] demonstrated that intake of moderate-
(200 μg/day) to large-dose (600 μg/day) selenium for
16 weeks was safe among volunteers aged ≥18 years. In an-
other study, hair loss, gastrointestinal symptoms, and memory
difficulties were reported as the adverse effects of selenium
intake [31]. Nonetheless, further studies are needed about po-
tential toxicity/teratogenicity of long-term increased selenium
intake in pregnant women at risk for IUGR. In the current
study, we used 100 μg of selenium supplements per day for
10 weeks in pregnant women at risk for IUGR, which was
lower than the used dosage by others [16]. Although the ben-
eficial effects of selenium (≤100 μg/day) during pregnancy
were reported [11, 32], we believe that further studies are
needed to confirm our findings.

Pregnant women at risk for IUGR are susceptible to in-
creased risk of developing obesity, insulin resistance, and

Table 1 General characteristics of pregnant women at risk for
intrauterine growth restriction that received either selenium supplements
or placebo

Placebo group
(n = 30)

Selenium group
(n = 30)

Pa

Maternal age (year) 28.1 ± 4.9 30.5 ± 5.5 0.07

Height (cm) 157.8 ± 4.0 156.9 ± 3.7 0.37

Weight at study baseline (kg) 56.0 ± 8.6 52.3 ± 10.3 0.13

Weight at end-of-trial (kg) 58.2 ± 8.9 54.8 ± 10.3 0.17

Weight change (kg) 2.2 ± 0.7 2.5 ± 0.7 0.17

BMI at study baseline (kg/m2) 22.5 ± 3.2 21.2 ± 4.2 0.20

BMI at end-of-trial (kg/m2) 23.3 ± 3.3 22.2 ± 4.2 0.26

BMI change (kg/m2) 0.9 ± 0.3 1.0 ± 0.3 0.11

PI < 1.45(%) 7 (23.3) 19 (63.3) 0.002b

Educational levels (%)

University degrees 5 (16.7) 5 (16.7) 0.82b

High school graduates 8 (26.7) 6 (20.0)

Guidance school 17 (56.6) 19 (63.3)

Job status (%)

Employee 10 (33.3) 11 (36.7) 0.78b

Housewives 20 (66.7) 19 (63.3)

Data are means ± standard deviation

PI pulsatility index
aObtained from independent t test
b Obtained from Pearson chi-square test
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CVD in adulthood [5]. We found that selenium administration
after 10 weeks in women at risk for IUGR had beneficial
effects on PI compared with the placebo. Some studies have
indicated that selenium deficiency influences both pregnancy
and fetal development [33, 34]. In addition, in a study by
Zadrozna et al. [9], significant inverse correlation was
established between selenium level and cytochrome c oxidase
(CCO) activity and between selenium level and placental
weight. Previous studies have also demonstrated that selenium

supplementation can protect trophoblast cells from both en-
dogenously and exogenously applied oxidative stress [35, 36].
In another study, Bogden et al. [37] demonstrated that low-
normal serum selenium in the first or second trimester of preg-
nancy was associated with low birth weight. Increased cellular
expression and activity of the seleno-dependent antioxidant
enzyme glutathione peroxidase (GPx) and decreased produc-
tion of ROS by selenium [6] may result in beneficial effects in
pregnant women at risk for IUGR.

TAC (mmol/L) GSH (µmol/L) Insulin (µIU/mL)

Fig. 1 Changes in (means ± standard deviation) of metabolic profiles after 12 weeks of intervention. GSH total glutathione, TAC total antioxidant
capacity

Table 2 Biomarkers of oxidative
stress, inflammation, and
metabolic profiles at the study
baseline and after 10-week
intervention in pregnant women
at risk for intrauterine growth
restriction that received either
selenium supplements or placebo

Placebo group (n = 30) Selenium group (n = 30) Pa

Wk0 Wk10 Wk0 Wk10

MDA (μmol/L) 2.6 ± 0.3 2.4 ± 0.4 2.7 ± 0.5 2.4 ± 0.4 0.10

hs-CRP (μg/mL) 8.2 ± 6.7 9.7 ± 5.7 9.4 ± 5.6 6.6 ± 3.8 0.004

NO (μmol/L) 40.1 ± 2.2 43.8 ± 3.5 41.5 ± 2.4 44.3 ± 3.1 0.31

FPG (mg/dL) 92.6 ± 9.6 91.6 ± 11.6 90.4 ± 11.6 89.2 ± 12.6 0.90

HOMA-IR 3.5 ± 1.5 4.2 ± 2.1 3.7 ± 1.7 3.2 ± 1.0 0.02

HOMA-B 57.1 ± 24.7 72.5 ± 43.4 62.0 ± 26.0 55.6 ± 21.0 0.02

QUICKI 0.32 ± 0.02 0.31 ± 0.02 0.32 ± 0.01 0.32 ± 0.01 0.04

Triglycerides (mg/dL) 184.5 ± 68.9 178.5 ± 78.9 175.6 ± 52.7 172.4 ± 54.8 0.68

VLDL-C (mg/dL) 36.9 ± 13.8 35.7 ± 15.8 35.1 ± 10.6 34.5 ± 10.9 0.68

Total cholesterol (mg/dL) 194.1 ± 45.9 197.7 ± 48.6 195.2 ± 45.1 204.1 ± 46.7 0.56

LDL-C (mg/dL) 103.7 ± 39.6 107.9 ± 40.0 104.9 ± 41.2 107.6 ± 37.4 0.86

HDL-C (mg/dL) 53.5 ± 12.4 54.1 ± 11.7 55.1 ± 10.9 62.0 ± 12.2 0.02

Data are means ± standard deviations

FPG fasting plasma glucose,HOMA-IR homeostasis model of assessment-estimated insulin resistance,HOMA-B
homeostasis model of assessment-estimated b cell function, HDL-C high density lipoprotein-cholesterol, hs-CRP
high-sensitivity C-reactive protein, LDL-C low density lipoprotein-cholesterol,MDAmalondialdehyde; NO nitric
oxide, QUICKI quantitative insulin sensitivity check index, VLDL-C very low density lipoprotein-cholesterol
a Obtained from repeated measures ANOVA
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The current study demonstrated that selenium intake for
10 weeks in women at risk for IUGR resulted in a significant
rise in plasma TAC and GSH, and a significant reduction in
serum hs-CRP levels compared with the placebo, but un-
changed plasmaMDA and NO levels. It must be kept in mind
that MDA analyses should have performed in erythrocytes
instead of plasma, because oxidation occurs in lipids, proteins,
and nucleic acids. However, due to some limitations, we could
not perform these analyses. Therefore, our findings should be
interpreted with caution. In addition, in the current study,
some mean values such as TAC and GSH were too high ac-
cording to reference values, which is in accordance with other
studies [38, 39]. This may be due to the characteristics of
study patients. We have previously shown that selenium sup-
plementation at a dosage of 200 μg per day among women
with GDM led to improved biomarkers of oxidative stress and
inflammation [10]. Likewise, TAS and GSH levels had signif-
icant increase following supplementation with selenium after
45 days in subjects with epilepsy and refractory epilepsy [40].
However, in a study conducted by Savory et al. [18], selenium
supplementation at a dosage of 200 μg daily for 3 weeks

among overweight adults did not alter TAS and GSH concen-
trations. In addition, in our study among patients with CIN, no
significant effect was observed on serum hs-CRP and plasma
NO concentrations following supplementation with selenium
for 6 months [41].

Elevated levels of MDA and significant depletion in anti-
oxidant capacity were demonstrated in many previous studies,
including preeclamptic and diabetic pregnancies [42, 43].
Wiktor et al. [44] observed increased MDA concentrations
in placentas of subjects with pregnancies complicated by se-
vere preeclampsia and IUGR. Bowen et al. [45] proposed that
increased levels of MDA in cord plasma might indicate the
dispersion of MDA from the placenta to the umbilical cord.
These authors suggested that the placenta indeed might be
more effective in removing MDA; thus, MDA levels might
be a better marker of oxidative stress [45]. In addition, in
another study, GSH levels and expression of GPx in the pla-
centa were lower in subjects with preeclampsia as compared
with control [46]. Therefore, selenium supplements due to
their useful effects on GSH may be useful to decrease oxida-
tive stress in pregnant women at risk for IUGR. Selenium
intake may decrease oxidative stress and inflammation
through increasing selenoprotein biosynthesis [47], inhibiting
production of reactive oxygen species/reactive nitrogen spe-
cies [48], and the inhibition of nuclear factor kappa light-
chain-enhancer of activated B cells (NF-kappa B) by modu-
lating selenoprotein gene expressions [49].

Our study indicated that taking selenium supplements for
10 weeks in women at risk for IUGR resulted in significant
decreases in serum insulin levels, HOMA-IR and HOMA-B,
and significant rises in QUICKI and HDL-C levels compared
with the placebo but did not affect FPG and other lipid frac-
tions. Some studies have evaluated the effects of selenium
administration on parameters of glucose homeostasis and lipid
profiles. In accordance with our findings, in a study done by
Alizadeh et al. [16], it was seen that the intake of 200 μg/day
selenium supplements for 6 weeks significantly decreased se-
rum insulin levels and HOMA-IR among subjects with central
obesity. Furthermore, we have previously demonstrated that
selenium supplementation among women with GDM for
6 weeks improved glycemic control and HDL-C levels; how-
ever, it did not influence other lipid fractions [10]. In contrast
to our study, some researchers did not see any favorable effect
of selenium supplementation on glucose homeostasis. For in-
stance, a 12-week administration with selenium supplements
in diabetic subjects did not influence serum insulin concentra-
tions as well as led to increased FPG levels [50]. In addition,
Boskabadi et al. [51] observed that the consumption of 100 μg
selenium supplements in pregnant women did not affect cord-
blood total-, LDL-, and HDL-C levels and increased serum
triglycerides concentrations. Impaired insulin metabolism dur-
ing pregnancy can predict the progression to type 2 diabetes
mellitus (T2DM) later in life and neonatal complications [52].

Table 3 Adjusted changes in metabolic variables in pregnant women at
risk for intrauterine growth restriction that received either selenium
supplements or placebo

Placebo group
(n = 30)

Selenium group
(n = 30)

Pa

TAC (mmol/L) −6.5 ± 11.6 80.1 ± 11.6 <0.001

GSH (μmol/L) −18.0 ± 15.4 22.6 ± 15.4 0.08

MDA (μmol/L) −0.2 ± 0.1 −0.3 ± 0.1 0.28

hs-CRP (μg/mL) 1.3 ± 0.8 −2.6 ± 0.8 0.001

NO (μmol/L) 3.3 ± 0.6 3.1 ± 0.6 0.80

FPG (mg/dL) −1.0 ± 1.6 −1.1 ± 1.6 0.96

Insulin (μIU/mL) 3.1 ± 1.4 −1.3 ± 1.4 0.03

HOMA-IR 0.7 ± 0.3 −0.4 ± 0.3 0.01

HOMA-B 12.9 ± 6.0 −3.8 ± 6.0 0.05

QUICKI −0.006 ± 0.003 0.003 ± 0.003 0.06

Triglycerides (mg/dL) −5.6 ± 5.1 −3.5 ± 5.1 0.77

VLDL-C (mg/dL) −1.1 ± 1.0 −0.7 ± 1.0 0.77

Total cholesterol (mg/dL) 6.2 ± 6.0 6.3 ± 6.0 0.98

LDL-C (mg/dL) 6.7 ± 5.4 0.1 ± 5.4 0.40

HDL-C (mg/dL) 0.5 ± 1.8 7.0 ± 1.8 0.01

Data are means ± standard errors

FPG fasting plasma glucose, GSH total glutathione, HOMA-IR homeo-
stasis model of assessment-estimated insulin resistance, HOMA-B ho-
meostasis model of assessment-estimated b cell function, HDL-C high
density lipoprotein-cholesterol, hs-CRP high-sensitivity C-reactive pro-
tein, LDL-C low density lipoprotein-cholesterol,MDAmalondialdehyde;
NO nitric oxide, QUICKI quantitative insulin sensitivity check index,
TAC total antioxidant capacity, VLDL-C very low density lipoprotein-
cholesterol
a Obtained from ANCOVA. Adjusted for baseline levels, maternal age,
and baseline weight
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In addition, impaired insulin function in pregnant women can
result in adverse long-term maternal outcomes and increased
perinatal morbidity such as macrosomia and preeclampsia
[53]. In addition, increased lipid fractions during pregnancy
would result in increased risk of cardiovascular disease in later
life of the mother [54] and in its offspring’s [55]. Therefore,
selenium intake due to their useful effects on glycemic status
may be useful to control metabolic symptoms. The baseline
characteristics of the study persons as well as the dosage of
selenium supplements along with the study duration might
result in some explanations for the different findings of the
current study with other studies. Selenium supplementation
may improve glycemic control and HDL-C levels via the reg-
ulating expression of genes responsible for synthesis of the
enzymes involved in the insulin metabolism, increased uptake
of the glucose by tissues and improved insulin sensitivity [56],
and the inhibition of inflammatory variables [57].

Overall, selenium supplementation in pregnant women at
risk for IUGR resulted in improved PI, TAC, GSH, hs-CRP,
markers of insulin metabolism, and HDL-C levels but did not
affect MDA, NO, FPG, and other lipid profiles.
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