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Abstract

Background: Hyperglycemia and gestational diabetes mellitus are complications of pregnancy. Both mothers and
newborns are typically at increased risk for complications. This study sought to determine effect of zinc supplementa-
tion on serum glucose levels, insulin resistance, energy and macronutrients intakes in pregnant women with impaired
glucose tolerance.

Methods: In this clinical trial 44 pregnant women with impaired glucose tolerance, from December 2012 —April 2013
wete randomly divided into zinc (n=22) and placebo (n=22) groups and recived 30mg/day zinc gluconate and (n=22),
and placebo for eight consecutive weeks respectively. Dietary food intake was estimated from 3-days diet records. Se-
rum levels of zinc, fasting blood sugar, and insulin were measured by conventional methods. Also homeostatic model
assessment of insulin resistance was calculated.

Results: Serumlevels of fasting blood sugar, insulin and homeostatic model assessment of insulin resistance slightly
decreased in zinc group, but these changes were not statistically significant. Serum zinc levels (P =0.012), energy
(P=0.037), protein (P=0.019) and fat (P=0.017) intakes increased statistically significant in the zinc group after
intervention but not in the placebo group.

Conclusion: Oral supplementation with zinc could be effective in increasing serum zinc levels and energy intake with
no effects on fasting blood sugar, homeostatic model assessment of insulin resistance and insulin levels.
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Introduction
Pregnant women with impaired glucose tolerance sensitivity. Insulin resistance and impaired pancre-
(IGT) is prone to gestational diabetes mellitus atic beta-cell function are important factors for

(GDM) and is characterized by impaired insulin GDM. Undesirable effects of hyperglycemia and
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GDM include emberyonic mortality, premature
delivery, dystocia, macrosomia, neonatal hypogly-
cemia, hyper bilirobinemia, hypocalcemia (1).The
overall reported incidence of an abnormal IGT in
pregnant women was 3.6% (2).

IGT is more critical especially at the beginning of
the second trimester of pregnancy. In healthy
pregnant women, insulin resistance is compen-
sated by pancreas, while it is not responsive with
women with GDM and impaired beta-cell func-
tion (3).

There are many accumulative evidences on associ-
ation between hyperglycemia and metabolism of
minerals. Majority of the papers have provided
evidences that impaired insulin secretion, and in-
creased insulin resistance associated with impaired
levels of many elements such as chromium, mag-
nesium, selenium, vanadium, zinc and copper (4).
As a mineral, zinc affects pancreatic function as
well as insulin secretion. Prenatal iron and folic
acid supplementation has negative correlation
with zinc absorption (5). In addition, pregnant
women, require higher levels of zinc (5), on the
other hand zinc deficiency reported in many prov-
inces of Iran (0).

Zinc deficiency may aggravate carbohydrate into-
lerance. Studies indicated the role of zinc defi-
ciency in glucose intolerance, diabetes mellitus,
insulin resistance and cardiovascular disease (7).
Maternal zinc supplementation has been suggested
as a potential intervention to reduce the incidence
of some pregnancy complications (8).

Women with IGT, i.e. suffering high amount of
blood glucose level, are in the high risk of prenatal
complications although they are not thought to
result in GDM (9-11). The prevalence of GDM
has increased rapidly and this condition has ad-
verse effects on maternal and fetal outcomes. To
manage a pregnancy with healthier outcome it is
necessary to implement appropriate intervention
strategies. In particular, GDM possess a big share
in total burden of pregnancy related health risks.
Therefore, the current study sought to determine
effect of zinc supplementation on insulin re-
sistance, energy and macronutrients intakes in
pregnant women with IGT.
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Materials and Methods

In this matched, controlled clinical trial, pregnant
women referred to Rohzendeh health center in
Shabestar, Iran from December 2012 —April 2013
have been selected as our subjects. The subjects
visited for the 24-28 weeks screening in order to
receive the oral glucose challenge test (OGCT).
Each subject was administered 50g glucose orally,
and blood glucose measured after an hour. If the
blood sugar levels were 2130mg/dL, the OGTT
as follows performed in order to excluding whom
that had GDM.
e FBS>92 mg/dL
e 1h =180 mg/dL following a 75 g oral glucose
load
e 2h =153 mg/dL following a 75 g oral glucose
load (12).
The exclusion criteria include history of diagnosis
of diabetes or chronic disease and specific infec-
tions, alcohol consumption, and cigarette smoking
at recruitment. The informed written consent was
obtained from all participants, with ethical clear-
ance for the study obtained from the ethics com-
mittee of Tabriz University of Medical Sciences.
This study is registered at the Iranian Registry of
Clinical Trials (Irct registration number: IRCT
201212265670N0).
In this clinical trial 44 pregnant women with IGT
that meet inclusion and exclusion criteria were
randomly assigned to 2 intervention groups: zinc
group (n=22), and placebo group (n=22). Zinc
group received 30mg zinc tablet (in the form of
zinc gluconate, NatureMed,USA) daily between
meals and not together with other vitamin or min-
eral supplements. Second group received placebo
(starch) with the same manner. In addition all the
participants received a dietary plan according to
their gestational status by a professional dietitian.
A research staff made call interviews every week
to all subjects to ensure full compliance of the
pills. All participants were observed via a monthly
visit during the trial. The dietary intakes were esti-
mated from 3-days food records before and after
the study. Nutrients intake were analyzed by nutri-
tionist IV software. Body mass index (BMI) was
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calculated as weight in kilograms divided by height
in meters squared based on pre-pregnancy weight.
To measure levels of serum zinc, fasting blood
sugar (FBS) and insulin, 5 ml fasting blood sample
was taken. FBS was measured enzymatically by
auto-analyzer (Hitachi, Tokyo, Japan). Serum fast-
ing insulin was measured using a chemilumines-
cent immunoassay method (DiaSorin, Liaison,
Italy). Insulin resistances were calculated using the
following formula according to the Homeostatic
model assessment of insulin resistance (HOMA-
IR) method; Fasting Glucose (mg/dL) X fasting
insulin (mU/L)/450. To measure zinc, blood sam-
ples were centrifuged for 5 min at 3000rpm and
the serum was poured into metal-free plastic tubes.
The levels of zinc from fresh serum samples were
examined by conventional photometric: (Pars
Azmoon co ltd; Iran).

Statistical analysis

Kolmogorov-Smirnov goodness of fit test was
used to test distribution of the data. Results are
expressed as median and upper and lower quar-
tiles for non-parametric data. Paired t-test was
used to compare before and after scores. The sta-

tistical software SPSS version21 (SPSS Inc. IL,
Chicago, USA) was employed for data entry and
analysis. P value <0.05 was considered statistically
significant.

Results

As shown in Table 1, at the beginning of the study
none of the variables showed any statistically sig-
nificant difference between the two groups on the
baseline characteristics. Serum levels of zinc, FBS,
Insulin, and HOMA-IR before and after supple-
mentation are presented in Table 2. According to
the results shown in this table, serum zinc in-
creased (P =0.012) significantly, but there were no
significant statistical changes in FBS, serum insu-
lin levels and HOMA-IR (P = 0.05).

Daily total energy and macronutrients intakes are
depicted in Table 3. Supplementation with 30mg
of zinc significantly increased energy, protein, and
fat and zinc intake in zinc group (P < 0.05). How-
ever, no change was observed in the placebo
group (P >0.05). Flowchart of design and proto-
col of the study is shown (Fig.1).

Table 1: Baseline characteristics of subjects in two groups

Zinc (N=22) Placebo (N=22)
Variables mean + SD mean + SD P
Age (y1) 29.45% 4.21 29.82+ 5.41 0.805
Weight(Kg) 70.05+ 11.23 68.43+ 11.33 0.638
Height (m) 1.58% 0.05 1.60£ 0.03 0.057
BMI (Kg/m?) 28.341% 4.17 26.82% 3.73 0.210

Abbreviations: SD: standard deviation, BMI: Body Mass Index / * Independent Sapmple ~test

Table2: Biochemical markers before and after intervention

Variables Zinc (n=22) Placebo (n=22)
Before After P Before After )i
(mean * SD) (mean * SD) (mean * SD) (mean * SD)
FBS (mg/dL) 81+ 13.76 74.73% 8.20 0.094  81.18%£9.15 80% 8.07 0.572
Insulin (WU/mL) 14.73£8.76 13.47£6.19 0.208 10.75£7.83 11.75£7.31 0.286
HOMA-IR 2.84%1.65 2.70£1.61 0.354 2.23*11.74 2.32%1.50 0.401
Serum zinc (ug/dL) 77.77% 22.28 87.54% 19.03 0.012  64.09% 18.44 71.81% 19.36 0.067

*

Abbreviations: SD: standard deviation, FBS: Fasting Blood Glucose, HOMA-IR: Homeostasis model assessment of

insulin resistance; * Statistically significant, a: Paired #test
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Table 3: Dietary intakes before and after intervention

Zinc (n=22) Placebo (n=22)
Variables Before After P Before After P
(mean £ SD)  (mean * SD) (mean £ SD)  (mean t SD)

Energy (Kcal/day) 1909+ 485.14 2547£939.20  0.037* 1939+ 328.60 2300+ 753.05  0.134
Cho (gt/day) 290.29%+ 78.64 40991+ 19493  0.071  285.04%£ 55.80 317.08£101.14  0.341
Pro (gr/day) 77.61% 22.43 103.18%£32.35  0.019*  76.53% 17.40 85.06% 26.36 0.394
Fat (gr/day) 51.30% 17.17 70.06x 27.56  0.017*  56.19% 15.65 81.99% 44.61 0.092
Dietaty 7.94% 248 11.68% 3.49 0.008* 8.32% 1.04 9.70% 3.89 0.313
zinc(mg/ day)

Abbreviations: SD: standard deviation, Cho: Carbohydrate, Pro: protein; *Statistically significant, a: Paired #test.

[ Enrollment ]

Assessed for eligibility (n=58)

Excluded(n=12)
+ Motmeeting inclusion criteria (n=8)

k.

+ Declinedto participate (n=4)
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I

h

|
|

Allocation ]] ¥

Allocatedto intervention (n=23)

+ Received allocated intervention (n=22 )
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Lost to follow-up (n=0})
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| Analysed (n=22)

Fig. 1: Flowchart of design and protocol of the study

Discussion

To the best of our knowledge, this is one of the
first randomized controlled trials evaluating the
effects of zinc supplementation in IGT women.
We evaluated the effect of zinc supplementation
on insulin resistance, energy and macronutrients
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intakes in pregnant women with IGT. In this
study zinc supplementation increased serum zinc
significantly and decreased fasting glucose, insulin
and HOMA-IR too, but not statistically signifi-
cant. To date, it has been obvious that oxidative
stress has an important role in the pathogenesis of
diabetes mellitus. Interestingly, antioxidant feature
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of zinc (13) protects insulin and pancreatic cells
against free radicals (14). The element is also
shown to be effective for insulin synthesis, its sto-
rage and secretion (13). It also up regulates insulin
function via stimulation of insulin tyrosine kinase
receptors and increasing the phosphorylation of
tyrosine kinase (15). Besides, zinc is important for
stability of insulin hexamer and in turn pancreatic
storage of the hormone (13).

Zinc deficiency reported in pregnant women and
in the patients with GDM (5, 16). Effect of zinc
supplementation on insulin resistance and FBS
has been studied in diverse group of populations
suggesting that zinc supplementation could be
effective in controlling the disease (17-19).

The results of our study with respect to serum
zinc is similar to Kim and Lee study that showed
zinc supplementation increased serum zinc but
HOMA-IR values and fasting insulin were unaf-
fected by this supplementation (20). FBS and zinc
concentration in plasma did not change in obese
women after 4 weeks zinc supplementation, but
they showed a significant decrease in fasting insu-
lin level in supplementation group (21). The re-
sults of this study are consistent with the findings
of payahoo, et al. They concluded that serum zinc
concentration increased significantly but FBS did
not change in the healthy obese adults after one
month of zinc supplementation (22). Our findings
were in contrast to hashemipour et al results. In
that study after receiving zinc supplementation,
the mean FBS, insulin and HOMA-IR decreased
significantly in prepubertal obese children (23). In
addition, zinc deficiency reduced the body's re-
sponse to insulin and administered zinc supple-
ments could have beneficial effects on glucose
homeostasis (24).

In a randomized controlled trial in 40 diabetic pa-
tients after supplementation with 660 mg zinc sul-
fate for 6 weeks, FBS level did not change signifi-
cantly, but after 12 weeks, there was a significant
decrease in HbA1C with zinc sulfate consumption
(25). In subjects who received zinc sulfate 220mg
(50 mg elemental zinc) daily for 12 weeks, insulin
level and HOMA-IR index similar to our studies
did not show significant changes (19). Four weeks
of 50 mg zinc supplementation as zinc gluconate
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in type 2 diabetic patients showed reduction in
fasting blood glucose and improve glycemic con-
trol in patients with marginal zinc status (20).
Conlflicting results in different studies could be
due to variation in doses, supplementation period
and difference in chemical form of zinc. On the
other hand, the supplementations have been con-
ducted in different population groups. Further
baseline serum zinc status and blood glucose level
can effect on results of various studies.

Regarding the potential benefite of zinc on the
appetite, this supplementation caused a significant
increase in energy level. This agrees with the find-
ings of most studies in the literature review (27-
29).

The strengths of our study were that all women
participating in the study were almost at the same
gestational age (24-28 weeks of pregnancy). The
main limitation of the present study might be its
low sample size.

Conclusion

Zinc supplementation at 30 mg daily for 8 weeks
improved serum zinc concentrations, energy, ma-
cronutrients and dietary zinc intakes in pregnant
women with IGT, although the overall differences
for FBS were non-significant. Another study with
a larger sample size, and longer period of study
might lead to more reliable results.
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