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Abstract

Purpose Gestational diabetes mellitus (GDM) is one of the most common medical complications in pregnancy. This systematic
review aimed to evaluate the association between vitamin E and GDM.

Methods Relevant articles from the Cochrane Library, PubMed, Scopus, Science Direct, Web of Science, and EMBASE
databases up to December 2019 were searched. The inclusion criteria were observational full-text articles. The fixed and random
effect models were used to analyze the pooled data using Review Manager 5.3.

Results Thirteen studies, including 596 participants, of whom 285 were diagnosed with GDM were included in the meta-analysis. The
vitamin E level was significantly lower in women with GDM (MD: - 0.10; 95% CI: [-0.15, — 0.05]). The level of vitamin E was not
different between overweight women with GDM and healthy pregnant women (MD: 0.03; 95% CI: [-0.08, 0.013]). The level of vitamin
E was significantly lower in the third trimester of pregnancy in GDM women in comparison to the healthy pregnant women(MD: -0.09;
95% CI: [-0.12, —0.06)).

Conclusion This study showed that the level of vitamin E is significantly lower in GDM women compared to healthy pregnant women.

Keywords Gestational diabetes mellitus - Vitamin E - o-Tocopherol - Pregnancy - Systematic review - Meta-analysis

Introduction increasing globally and has been estimated at nearly 15-20%
[1]. GDM is defined by hyperglycemia or glucose intolerance
with the onset or first recognition at any stage of pregnancy [2].

The risk factors for GDM are high maternal age, maternal

Gestational diabetes mellitus (GDM) is one of the most common
medical complications in pregnancy [1]. Its prevalence is
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overweight or obesity, higher weight gain in pregnancy, history
of macrosomia in previous pregnancies, family history of diabe-
tes, and the impaired pancreatic B cell function during pregnancy
[3].

The secretion of insulin increases during pregnancy physio-
logically, although the exact cause of this process is unknown, it
can be due to the increased levels of diabetogenic hormones in
the pregnancy such as cortisol, Human Placental Lactogen
(HPL), and progesterone [4].

Gestational diabetes is associated with an increased risk of
fetal and maternal complications. Fetal complications consist of
macrosomia, shoulder dystocia, newborn asphyxia, neonatal re-
spiratory distress syndrome, neonatal hypoglycemia, and
macrosomia. Maternal complications include preeclampsia, a
higher rate of cesarean section, and increased risk of developing
type 2 diabetes in postpartum [5].

GDM is associated with the induction of oxidative stress
and the reduction of antioxidant defense systems [6]. Vitamin
E is one of the essential fat-soluble antioxidants that act as a
part of an antioxidant defense system to trap free radicals and
neutralize Reactive Oxygen Species (ROS), and preventing
lipid peroxidation of the membrane [7]. This neutralization
is essential, especially in situations of increased oxidative
stress, such as GDM [8].It seems that glycosylation and oxi-
dative stress are two critical factors in the occurrence of dia-
betic complications. Given the relatively high levels of glycine
proteins in people with diabetes, it has been suggested that
oxidative stress is involved in the formation of glycine pro-
teins through increasing the production of ROS or reducing
the levels of antioxidants in the body [9]. Therefore, oxidative
stress has an important role in the development and progres-
sion of GDM complications [10].

A study by Resende et al. (2014) showed that GDM is not
associated with changes in &-tocopherol concentration in colos-
trums [11]. Paolissoet al. (1995) showed that constant intake of
pharmacological doses of vitamin E might be useful in insulin
reduction [12]. The results of a study by Sivan et al. showed that
supplementation with vitamin E confers a significant protective
effect against diabetic embryopathy, and the researchers postulate
that this protective effect is mediated by a reduction in the oxi-
dative load induced by hyperglycemia [13].

There are controversial results about the levels of vitamin E in
human and animal samples of diabetes and GDM. Plasma and
tissue levels of vitamin E in gestational diabetes have been re-
ported differently in various studies. Some studies found that the
level of vitamin E remained unchanged in patients with GDM
[14], while others reported its increase [15, 16] or decreased [17,
18]. To the best of our knowledge, no systematic review has been
conducted so far to investigate the level of vitamin E in women
with GDM. Given the fact that the results of various studies in
this regard have been contradictory, the purpose of the present
systematic review was to examine the relationship of gestational
diabetes with vitamin E level.

@ Springer

Method

This systematic review and meta-analysis of observational
studies were conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis statement
issued in 2009 [19] (Supplementary material 1). The protocol
of this systematic review was registered in PROSPERO (Ref
No: CRD 42019118826).

Search strategy

We searched studies describing the association between vita-
min E and GDM in PubMed, Scopus, Science Direct,
Cochrane Library, Web of Science, and EMBASE databases
up to December 2019 (Supplementary Material 2).

Inclusion and exclusion criteria

Relevant studies were selected based on the following inclu-
sion criteria: observational studies (case-control, cross-
sectional or cohort), studies were published in any languages.
Studies on type 1 or 2 diabetes or pre-gestational diabetes,
animal studies, case report studies, and studies involving
women who used the supplement of vitamin E were excluded
from this review. In addition, studies with no clear statement
about the diagnosis of GDM, or with no data or full texts on
exposure and outcome were excluded.

Study participants

The study population including pregnant women, and case
group consisting of women with GDM while the control
group is pregnant women with normal glucose tolerance when
the diagnosis of gestational diabetes is confirmed by an oral
glucose tolerance test (OGTT).

Data extraction

Two authors performed data extraction and quality assessment
independently (FS and SF). The Covidence software was used
for screening and data extraction. Any conflict between au-
thors was resolved by discussion. If the problem was persis-
tent, the conflict was resolved by a third party (P.A.).

Extracted data included the author’s identifications, publi-
cation year, study location, study design, a sample size of the
control and GDM groups, participant characteristics, gesta-
tional diabetes criteria, measurements of vitamin E and out-
comes, and potential confounders.
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Quality assessment

The quality of the included studies was assessed using
the checklist of Downs and Black (1998) by two review
authors (FS and SF). The following areas were covered
using twenty-seven questions: ten questions for
assessing reporting bias, three for assessing external va-
lidity, seven for evaluating internal validity, six for
assessing selection bias, and one question for assessing
the power of the study [20]. The total quality score was
classified as follows:<14 = poor, 15-19 = fair and > 20 =
good [21].

Statistical analysis

To obtain the differences in serum vitamin E between groups, we
used the mean differences (M.D.) and 95% confidence intervals
(95%CI). Forest plots were used to visually assess pooled esti-
mates and corresponding 95% C.I.s. We performed a fixed-effect
meta-analysis to combine the mean differences of each study.
Statistical heterogeneity among studies was tested using the x*
test, I statistics, and p values [22]. The I? is the proportion of
total variation contributed by between-study variation. In general,
I? values greater than 50% to 90%: may represent substantial
heterogeneity [23]. In the presence of significant heterogeneity,

a random-effects model was used to calculate the pooled effect
size [24]. Sensitivity analyses were performed by removing in-
dividual studies to evaluate the role of moderating paper. We also
conducted a subgroup analysis to compare groups regarding sec-
ondary outcomes. A funnel plot was added in an analysis where
more than ten studies were included in the meta-analysis. All data
were analyzed using Review Manager (RevMan 5.3). The sig-
nificance level was set at p <0.05.

Results
Selected articles

The flow chart of the selected studies is presented in the
PRISMA chart (Fig. 1). We identified 387 articles relevant
to our initial search, of which 124 were excluded after remov-
ing the duplicates, and 228 were excluded after screening titles
or abstracts. A total of 35 eligible studies were selected, of
which six studies were excluded due to wrong study design,
five studies due to lack of information (e.g., conference pa-
per), seven studies due to unclear exposure and outcome, two
studies did not mention any guidelines for GDM diagnosis
[11, 25] and four due to inaccessible data or full texts
[26-29]. For these four articles, we sent several e-mails to

Fig. 1 Flowchart of the process of
searching and selecting studies
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the authors in order to obtain primary data but did not receive
any replies, so finally, 11 studies were included in the meta-
analysis.

Description of the studies

A summary of the included studies is presented in
Table 1. These studies were published from 2000 to
2018, of which nine were conducted in Asia [6, 16, 18,
30-35] and two in Europe [36, 37]. The design of studies
was as follows: seven studies were the case- control [16,
30-35], and the rest of the studies were cross-sectional
[6, 18, 36, 37]. As far as timing of measurement was
concerned, blood samples for measuring vitamin E were
collected in the third trimester in eight studies [16,
30-34, 36, 37], and two studies at a delivery time [6,
35], and one study did not mention the timing of mea-
surement [18].

This review included a total of 596 participants, including 285
of women diagnosed with GDM, and 311 healthy pregnant
women. Seven different criteria were used for diagnosis of ges-
tational diabetes: American Diabetes Association (ADA) [6,
30], American College of Obstetrics and Gynecology (ACOG)
[16, 34],World Health Organization (WHO) [31, 36], National
Diabetes Data Group (NDDG) [35], O’Sullivan and Mahan [18,
28], Carpenter and Coustan [37], and International Association
of Diabetes and Pregnancy Study Groups/ American Diabetes
Association (IADPSC/ ADA) [33].

Main analysis

The initial results indicated that the level of vitamin E was sig-
nificantly lower in women with GDM (MD: —0.06; 95% CIL:
[-0.06, —0.05]) (Fig. 2). Because of the high level of heteroge-
neity (P <0.00001, I = 94%), we considered sensitivity analysis
to sequentially exclude each study with odd results from the
pooled analysis to reduce the rate of heterogeneity. Using ran-
dom effect model and omitting five studies [6, 16, 32-34], the
differences between GDM patients and control group regarding
the level of vitamin E remained significant (MD: - 0.10; 95% CI:

1791
0 SE(MD) 8
Q@
1
W
i
02+ i
i
[
I
i
I
i
041 i
i
i
i
4
06T i
i
ih
i
i
i
08 i
i
i
i
i
i
i
1 I S i o,
-100 -50 0 50 100

Fig. 3 Funnel plot of the level of vitamin E in women with and without
GDM

[-0.15, — 0.05]) and the heterogeneity was reduced to 38%.
These results indicate that the level of vitamin E in GDM women
was significantly lower than that in healthy pregnant women.
Funnel plot of studies is shown in Fig. 3. As evident from this
figure, all included studies crossed the line of no effect, meaning
that there is no significant difference between two study arms.
Studies also have a very narrow confidence interval that passes
the line of no effect. This means a lower standard error. Hence,
the graph will not look like a funnel but rather a line suggesting
that there is no publication bias.

Subgroup analyses

Subgroup analyses were conducted to explore the relation-
ship between GDM and vitamin E based on BMI lower or
higher than 25, different times of pregnancy and serum
level of vitamin E.

Overweight subgroup analysis

The relationship between vitamin E and overweight in
women with GDM and healthy pregnant women is
depicted in Fig. 4 and is a result of a pooled analysis of
three studies [16, 25, 32]. The level of vitamin E with the
fixed-effect model in overweight women having GDM

Fig.2 Forest plOt ofthe level Of case Control ) Mean piﬂerence Mea_n Difference
. . . . Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
vitamin E in women with and Dey 2008 219 039 14 109 022 13 00%  1.10[0.86,1.34]
without GDM (fixed effects Harsem 2008 15 02 3 15 02 38 03% 000F009,009
model) Hekmat 2014 61 2585 41 689 238 41 00% -0.79[-1.86 028
Kharh 2000 09 0053 81015 04 25 01% -0.11[0.28 00§
Kharh 2008 09 0058 25 101 04 25 01% -0.11[0.2700§
Peuchant 2004 09 006 16 101 00583 16 1.7% -0.11[0.15,-0.07)
Santra 2003 127 029 30 088 028 30 01%  0.29[015043
Shang 2015 0956 003 28 0966 006 40 57% -0.01[0.03,001]
Sobki 2004 176 04158 46 19 01 40 09% -0.14[0.20,-0.08]
Suhail 2010 0568 01 23 076 0098 23 08% -019[025-0.13
Surapaneni 2008 034 00077 20 04 00098 20 901% -0.06[0.07,-0.05 [ |
Total (95% CI) 285 311 100.0% -0.06 [-0.06,-0.05]
Heterogeneity: Chi*= 174.02, df= 10 (P < 0.00001); F= 34% 'fmn 50 7 5=D mn:

Testfor overall effect: Z= 22.20 (P < 0.00001) case control
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Case Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Peuchant 2004 0.921 0.061 16 1.017 0.053 16 26.1% -0.10[-0.14, -0.06]
Santra 2003 1.275 0.297 30 0.986 0.283 30 1.9% 0.29 [0.14, 0.44]
Shang 2015 0.956 0.037 28 0.966 0.063 40 72.0% -0.01[-0.03,0.01]
Total (95% Cl) 74 86 100.0% -0.03 [-0.05, -0.01]

Heterogeneity: Chi? = 31.42, df = 2 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.59 (P = 0.009)

-100 -50 0 50 100
Favours [Case] Favours [control]

Fig. 4 Forest plot of the level of vitamin E in overweight women with and without GDM (fixed effects model)

was significantly lower than that of overweight women
without GDM (MD: -0.03; 95% CI: [-0.05, —0.01])
(Fig. 4). Because of the high level of heterogeneity
(1> =94%, P <0.00001), the random effect model was
used, and the results showed that the level of vitamin E
in overweight women with GDM was not significantly
different from that of overweight women without GDM
(MD: 0.03; 95% CI: [-0.08, 0.013]).

Subgroup analysis based on the timing of vitamin E
measurement

The subgroup analysis based on the timing of vitamin E mea-
surement is shown in Fig. 5 [6, 16, 30-37]. The random-effect
model was chosen because of the high level of heterogeneity in
the two subgroups (third trimester: MD: 0.03; 95% CI: [-0.03,
0.1], P= 96%); and at delivery time: MD: 0.28; 95% CI: [-0.65,
1.22], P= 100%). There was no significant difference in vitamin

E levels between the GDM and non-GDM women in the third
trimester and at delivery time. Sensitivity analysis was used to
reduce the heterogeneity. By omitting five studies in the third
trimester, the heterogeneity was reduced (MD: -0.09; 95% CI:
[0.12, —0.06], P = 32%). Therefore, women with GDM had
significantly lower vitamin E in the third trimester in comparison
to healthy pregnant women. However, there was no difference at
delivery time between women with and without GDM (MD =
0.07; 95% CI: [-0.19, 0.33], I = 99%).

The quality assessment of the included studies is shown in
Table 2. The median total quality score was 17 which has a
fair quality according to the Kennelly et al. [21].

Discussion

The aim of this systematic review was to evaluate the relation-
ship between maternal vitamin E and gestational diabetes

Case Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Third trimester
Dey 2008 219  0.39 14 1.09 0.22 13 73% 1.10[0.86, 1.34]
Harsem 2008 1.5136 0.219 34 1.5254 0.2169 38 10.9% -0.01[-0.11, 0.09]
Hekmat 2014 835 348 41 6.89 238 41 0.6% 1.46 [0.17, 2.75] i
Kharb 2008 0.912 0.0593 25 1.0156 0.0417 25 121% -0.10 [-0.13, -0.08]
Peuchant 2004 0.921 0.061 16 1.017 0.053 16 12.0% -0.10 [-0.14, -0.06]
Santra 2003 1.275 0.297 30 0.986 0.283 30 9.7% 0.29[0.14, 0.44]
Shang 2015 0.956 0.037 28 0.966 0.063 40 121% -0.01[-0.03, 0.01]
Surapaneni 2008 0.3384 0.0077 20 0.3968 0.0098 20 12.2% -0.06 [-0.06, -0.05]
Subtotal (95% Cl) 208 223 76.8% 0.03 [-0.03, 0.10]
Heterogeneity: Tau? = 0.01; Chi? = 148.41, df = 7 (P < 0.00001); I> = 95%
Test for overall effect: Z = 1.09 (P = 0.27)
4.1.2 At partum
Sobki 2004 2.664 0.2093 46 1.9049 0.1148 40 11.5% 0.76 [0.69, 0.83]
Suhail 2010 0.568 0.1135 23 0.7628 0.0928 23 11.7% -0.19[-0.25, -0.13]
Subtotal (95% Cl) 69 63 23.2% 0.28 [-0.65, 1.22]

Heterogeneity: Tau? = 0.45; Chi? = 410.56, df = 1 (P < 0.00001); I* = 100%

Test for overall effect: Z = 0.59 (P = 0.55)

Total (95% Cl)

277

286

100.0%

Heterogeneity: Tau? = 0.02; Chi? = 686.80, df =9 (P < 0.00001); I> = 99%

Test for overall effect: Z = 2.86 (P = 0.004)

Test for subgroup differences: Chiz = 0.27, df = 1 (P = 0.60), I = 0%

0.15 [0.05, 0.25]

I I I |
r T T 1
-100 -50 0

50 100
Favours [Case] Favours [control]

Fig. 5 Forest plot of the level of vitamin E level based on different measuring time in women with and without GDM
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Table 2 Quality assessment of

the articles Study ID (Author, Year) Clarity External validity Internal validity Power  Total Score
Bias  Confounding
Harsem (2008) 9 1 4 3 1 18
Hekmat(2014) 9 2 4 3 1 19
Kharb (2008) 8 2 4 2 0 16
Kharb (2000) 8 3 2 2 0 15
Peuchan (2004) 8 3 4 3 0 18
Santra (2003) 8 3 4 3 0 20
Sobki (2004) 5 0 3 3 1 12
Suhail (2010) 7 1 4 2 1 15
Surapaneni (2008) 8 3 3 3 0 17
Shang (2015) 8 3 4 3 1 19
Dey (2008) 8 2 4 2 0 16
Median 17

mellitus. This meta-analysis of 11 observational studies on
285 women with GDM and 311 healthy pregnant women
demonstrated that serum vitamin E level was significantly
lower in women with GDM.

There is now considerable evidence that oxidative stress
plays an important role in the glycation of hemoglobin
[38]and beta-cell dysfunctional [39] in type 2 diabetes
mellitus (T2DM). Vitamin E is a common antioxidant that
suppresses ROS generation in the pancreas and maintains
the structural integrity of pancreatic islets in experimental di-
abetes [40]. Moreover, vitamin E may play a role in the pres-
ervation of pancreatic beta-cell function and even could re-
verse the beta-cell apoptosis caused by oxidative stress [40,
41].

Some studies have reported that the serum level of vitamin
E was significantly reduced in both diabetes type I and GDM.
This reduction may be due to oxidative stress associated with
hyperglycemia and insulin resistance and increased antioxi-
dant activity against oxidative stress damage [18, 25, 29, 30,
32, 36, 37]. Also, a study of Biriet al., suggest the presence of
oxidant stress in gestational diabetes, the reason probably be-
ing impaired antioxidant defense mechanism and increased
free radical production through xanthine oxidase (X.0O.) acti-
vation [42].

On the other hand, since lipid peroxidation may increase in
women with GDM, an abnormal rise in lipid peroxides could
increase the consumption of antioxidants like vitamin E and
cause a reduction in vitamin E levels [36], thus confirming the
results obtained in this research.

Our subgroup analyses of three studies showed that there
was no significant difference between the level of vitamin E in
overweight women with and without GDM. In our study,
none of the studies examined the level of vitamin E in obese
women with and without GDM. In obese women, the body’s

antioxidant activity decreases, which increases the level of
oxidative stress due to the high secretion of inflammatory
mediators. Oxidative stress is the result of disrupting the bal-
ance between cellular destruction by free radicals and the
body’s antioxidant defense. This finding does not apply to
overweight women, which may be due to the lack of free
radical activity in these women [43—46]. Further, our sub-
group analysis of eight studies showed a significant decrease
in serum vitamin E levels in the third trimester of GDM in
comparison to non-GDM. Evidence revealed lower maternal
levels of vitamin E in abnormal pregnancies [47]. Rosa et al.,
in their study, found that women with lower intake of vitamin
E in the third trimester of pregnancy had newborns with
poorer Apgar and a lower level of vitamin E in their milk [48].

Limitations of the study

This systematic review had several limitations. First, the diag-
nostic criteria for GDM and the methods of vitamin E mea-
surement were different among the studies. Second, potential
confounding factors in several studies could not be adjusted.
Third, some of the studies did not provide enough clinical
information, so we could not include them in the meta-analy-
sis. And the last, the nature of observational studies in this
systematic review does not allow us to draw a causal relation-
ship between vitamin E and GDM.

Conclusion
This systematic review showed that the level of vitamin E is

significantly lower in GDM women. There was no significant
difference between the level of vitamin E in overweight
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women with and without GDM. Women with GDM had sig-
nificantly lower vitamin E in the third trimester, but not at
partum.
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