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Abstract The relationship between late-onset gestational
diabetes mellitus [GDM] and oxidative stress is not well
known, and the importance of the oxidant/antioxidant
equilibrium in the clinical evolution and its complications
require elucidation. The aim of the study was to evaluate
the relationships between maternal levels of markers of
oxidative stress in women with late-onset GDM that,
potentially, may have considerable clinical implications in
the pathogenesis and/or the evolution of GDM. Pregnant
women (n = 78; 53 with GDM, 25 controls), between the
24th and 29th week of gestation, were enrolled. Both
groups were analysed for demographic data, perinatal and
obstetrics outcomes together with the levels of the marker’s
oxidative stress and antioxidant status. Control versus
patient results in the univariate analysis were the following:
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pre-gestational body mass index [BMI] 23.31 4= 4.2 vs.
27.13 + 4.6 kg/m* (P = 0.001); weeks at delivery
39.2 £ 3.05vs. 38.9 £ 1.8 (P = 0.09); Caesarean delivery
12.5 vs. 43% (P = 0.004); macrosomia 4 vs. 9.4%
(P = 0.6); lipoperoxides [LPO] 2.06 £ 1.00 vs. 3.14 £
1.55 pmol/mg (P = 0.001); catalase 3.23 £ 1.41 vs.
2.52 £ 1.3 nmol/min/ml (P = 0.03); superoxide dismutase
[SOD] 0.11 &£ 0.04 vs. 0.08 £ 0.01 U/ml (P = 0.0003);
glutathione peroxidase [GPX] 0.03 + 0.006 vs. 0.025 +
0.006 nmol/min/ml (P = 0.01); glutathione reductase
[GSH] 0.004 £+ 0.002 vs. 0.004 £ 0.004 nmol/min/ml
(P = 0.9)]; and glutathione transferase [GST] 0.0025 +
0.0012 vs. 0.0027 4+ 0.00017 nmol/min/ml (P = 0.7).
Multivariate analysis showed catalase might have a pro-
tective effect against GDM development and LPO seems to
be a risk factor for the disease. These data suggest an
increase in oxidative stress and a decrease in antioxidative
defence in women with late-onset GDM and, as such, may
have considerable clinical implications in the pathogenesis
and/or the course of the pregnancy in these patients.
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Abbreviations
ANOVA Analysis of variance

BMI Body mass index

DMT1 Diabetes mellitus type 1
DMT2 Diabetes mellitus type 2
BPp Diastolic blood pressure
GDM Gestational diabetes mellitus
GPX Glutathione peroxidase

GSH Glutathione reductase

GST Glutathione transferase
LGA Large-for-gestational age
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LPO Lipoperoxides

MDA Malondialdehyde

MetS Metabolic syndrome

NF-kB Nuclear factor-kB

OR Odds ratio

ROS Reactive oxidative substances
SD Standard deviation

SE Standard error

SOD Superoxide dismutase

BPg Systolic blood pressure
TBARS  Thiobarbituric acid reactive substances
TAC Total antioxidant capacity
TG Triglycerides

Introduction

The prevalence of GDM is around 5% of all pregnancies
[1] and its presence increases the risk of macrosomia,
perinatal morbido-mortality [2] and the subsequent devel-
opment of diabetes mellitus type 2 [DMT2] in the mother
[3]. The pathophysiology of GDM remains unclear. Preg-
nant women with GDM have a notable reduction in insulin
sensitivity [4] that continues to the end of the pregnancy
[5]. Characteristics of GDM such as hyperglycaemia,
insulin resistance and hyperlipidaemia are components of
DMT?2 and metabolic syndrome [MetS] and precede these
clinical conditions, i.e. GDM can be considered a pre-
diabetic state [6].

GDM is defined as a carbohydrate intolerance of vari-
able severity, which begins, or is identified, during gesta-
tion. It is independent of the treatment employed for its
control and its post-partum clinical evolution [7]. This
definition includes women with overt diabetes initially
diagnosed during pregnancy and women with true preg-
nancy-induced glucose intolerance. The presence of
inflammation in women with overt diabetes within the
group of women considered as having gestational diabetes
may be a confounding factor since it is well documented
that inflammation is often present in people with diabetes
mellitus [8]. This can influence the outcomes since, as has
been described, MetS was present in 20% of women with
hyperglycaemia during pregnancy [9]. However, when we
studied only women with late-onset gestational diabetes,
i.e. those with normal glucose tolerance in early pregnancy
and subsequent hyperglycaemia, we observed that only
10% of them had MetS [10].

Oxidative stress implicated in the pathogenesis of
vascular diseases such as atherosclerosis, diabetes and
hypertension is a result of an imbalance between the
increase in the formation of reactive oxidative substances
[ROS] [11, 12] and the synthesis of antioxidative defence
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mechanisms [13]. One current hypothesis is that oxidative
stress, following the mechanisms associated with the
production of superoxide, is a pathogenic factor that is
conducive to insulin resistance, to f-cell dysfunction, to
glucose intolerance and, finally, to the development of
DMT2 [14]. ROS is implicated in the regulation of
important physiological functions [15] such as the acti-
vation of a variety of transcription factors, for example,
nuclear factor-kB [NF-kB] that is recognised as the prin-
cipal regulator of the expression of the genetic response to
stress [16]. NF-kB regulates the expression of multiple
immunological and inflammatory genes, including the pro-
inflammatory cytokines, proteins and enzymes implicated
in the generation of ROS [17]. The injurious effects of
oxidative stress in the cardiovascular system are numerous
and varied but can be summarised as the reduction in the
availability of nitric oxide [18, 19], increase in the
inflammatory markers implicated in accelerated athero-
sclerosis [20-23] and modifications of lipids and lipo-
proteins [24, 25].

Hyperglycaemia is acknowledged as the principal factor
responsible for the complications of DMT2, and oxidative
stress can play an important role not only in the patho-
genesis of DMT?2 but also in GDM and the development of
mother—foetus complications [26, 27]. However, the rela-
tionships between the GDM and oxidative stress and the
importance of the oxidant/antioxidant balance have not
been clarified.

Very few studies have observed an association between
GDM and markers of oxidative stress. Peuchant et al. [28]
observed that the levels of malondialdehyde [MDA] were
increased and the levels of GPX decreased. Chaudhari et al.
[29] detected elevated levels of MDA and decreased levels
of SOD in patients with GDM. Rajdl et al. [30] observed
elevated levels of thiobarbituric acid-reactive substances
[TBARS] and decreased levels of GSH. However, Orhan
et al. [31] did not find differences in the levels of GPX,
catalase or TBARS. Toescu et al. [32] described levels of
lipids and LPO higher in women with DMT2, DMT1 and
GDM, while the total antioxidant capacity [TAC] was
decreased. In a recent study [33], TAC was decreased in
GDM and pre-eclampsia, and MDA levels were higher
only in GDM group but LPO levels were not changed
either in GDM or in pre-eclampsia when compared to
normal pregnancies. These data suggest that oxidative
stress can be implicated in the progression and/or patho-
genesis of GDM and that the reduced antioxidant defences,
demonstrated in a few studies with a small number of
subjects with GDM, can reflect a protective response to
existing oxidative stress.

None of these previous studies separately evaluated
women with late-onset GDM, which is a mild form of
gestational diabetes. So, the question remains whether or
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not oxidative stress is present in women with true preg-
nancy-induced hyperglycaemia.

The objective of the present study was to evaluate
whether oxidative stress is present in women with late-
onset GDM and to assess the importance of the oxidant/
antioxidant equilibrium in the clinical evolution GDM in
relation to the obstetric complications and the perinatal
outcomes.

Materials and methods

The study protocol was approved by the ethical committee
of the University Hospital Puerta del Mar and followed the
guidelines of the Helsinki protocol. This was a prospective
case—control study comparing a population with late-onset
GDM with another sample of pregnant women with similar
characteristics but without GDM. The patients diagnosed
as having late-onset GDM were recruited between June
2007 and October 2008 from among those attending our
high-risk-pregnancy clinic. The inclusion criteria were the
following: normal glucose tolerance in early pregnancy,
diagnosis of GDM in the 2nd or 3rd trimester of gestation
according to the criteria of the National Diabetes Data
Group [34], age range between 18 and 40 years, absence of
any form of pre-pregnancy diabetes or family history
suggestive of monogenic diabetes, BMI < 40 kg/m* and
absence of concomitant systemic disease (chronic or acute
or infectious). The selection of control individuals was
from among pregnant women with the same characteristics,
but with normal glucose tolerance (normal O’Sullivan test
conducted between the 24th and 26th week of gestation).
The pregnant women candidates who fulfilled the selection
criteria were informed of the characteristics and objectives
of the study before they signed specially designed informed
consent forms to participate in the study. A venous blood
sample for biochemical analyses was taken in all cases
following a minimum of 8-h fast. The blood sample was
maintained at 4°C until centrifuged following which the
plasma was distributed in aliquots and stored at —80°C
until needed for laboratory analyses.

After delivery, in a second phase of the study, the
clinical notes were consulted to record obstetric and peri-
natal data, which included complications during preg-
nancy, gestational age at delivery, route of delivery, weight
and Apgar’s scores of the newborn.

Laboratory analyses

Glucose was determined in venous blood using the bio-
chemical system Modular DPD (Roche Diagnostics).
HbAlc was measured in the Cobas Integra 700 autoana-
lyzer (Roche Diagnostics) using an immunoturbidimetric

method for completely haemolysed, anti-coagulated blood.
The reference range for healthy individuals was 4.5-5.7%.
Lipid profile including total-cholesterol (Total-chol), tri-
glycerides (TG), LDL-cholesterol (LDL-chol) and HDL-
cholesterol (HDL-chol) were quantified in the Modular
DPD biochemical autoanalyzer using enzymatic colorime-
try. Urinary albumin was determined on 24-h urine colle-
ction using an immunoturbidimetric test in the Cobas
Integra 700 system (Roche Diagnostics).

Determination of plasma and serum oxidative
stress markers

Lipoperoxides [LPO] levels were measured in serum using
a commercial kit (Cayman Chemical, Ann Arbor, MI,
USA). The activities of glutathione peroxidase [GPX],
glutathione reductase [GSH], glutathione transferase
[GST], catalase and superoxide dismutase [SOD] were
measured in plasma with a commercial kit (Cayman
Chemical, Ann Arbor, MI, USA). The intra- and inter-
assay coefficients of variation for GPX, GSH, GST, cata-
lase and SOD were 5.7 and 7.2%; 3.7 and 9.3%; 4.1 and
7.9%; 3.8 and 8.9%; 3.2 and 3.7%, respectively.

Statistical analyses

Descriptive statistics of the variables measured are pre-
sented as mean, median, standard deviation [SD], standard
error [SE] and ranges for quantitative variables, and per-
centages for the qualitative variables. For each categorical
variable of interest, associations between the dependent
and independent variables were determined using the
Mantel-Henszel y° test with Yates® correction. The Fisher
test was applied in the case that the variable contained less
than 5 measurements.

The magnitude of association was calculated using
the odds ratio [OR] with the precision described by the
95% confidence interval (95%CI) using the Cornfield
approximation.

Comparisons between quantitative variables and groups
were with the Student #-test and one-way analysis of variance
[ANOVA] for the parametric variables. Non-parametric
variables were evaluated with the Mann—Whitney test.

Correlations among variables were assessed with
Spearman’s correlation coefficient.

Multivariate analysis was performed using non-condi-
tional logistic regression. The stepwise technique was used
to select the independent variables introduced into the
model. The initial criterion for acceptance was a level of
significance of P < 0.05.

Statistical analyses were performed with the Statistical
Package for Social Sciences (SPSS version 14.0 for
Windows).
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Table 1 Demographic, clinical
and laboratory variables
together with obstetric and
perinatal outcomes in women
with late-onset GDM (cases)
and without GDM (controls)

Values are given as mean £+ SD
or number of subjects (n) with

Characteristics Cases (n = 53) Controls (n = 25) P-value
Maternal age, years 3143 + 44 30.52 £ 4.5 0.4
History of macrosomia, n (%) 4 (7.5) 0 0.2
History of termination, n (%) 9 (17) 6 (24) 0.3
Parity 145 £ 0.7 1.36 £ 0.7 0.6
Weeks of gestation pre-diagnosis 29.38 + 4.6 27.64 £52 0.1
BPs, mmHg 118.45 £+ 16.8 107.17 £ 14.3 0.007
BPp, mmHg 69.4 + 10.8 63.47 £ 9.7 0.02
BMI pre-gestation, kg/m2 27.13 £ 4.6 2331 £ 4.2 0.001
Total-cholesterol, mmol/L 13.06 &+ 2.48 14.11 £ 2.49 0.1
LDL-cholesterol, mmol/L 7.78 £ 1.98 8.2 £234 0.4
HDL-cholesterol, mmol/L 395 +£0.94 4.54 £ 0.92 0.02
TG, mmol/L 11.77 £ 4.2 8.47 £+ 2.46 0.002
Glucose, mmol/L 5.16 £+ 0.68 441 £ 0.54 0.0001
Microalbuminuria, mg/24 h 596 £ 5.1 7+£55 0.5
HBAlc, % 528 £0.3 492 £+ 0.1 0.06
Caesarean, n (%) 23 (43) 3 (12.5) 0.004
Gestational age at partum, weeks 389+ 1.8 39.2 £3.05 0.6
Newborn weight, g 3,270 £ 500 3,319 £ 457 0.7
APGAR 847 £ 1.3 891 £0.2 0.1
Macrosomia, n (%) 59.4) 14 0.6

percentage in parenthesis
Results

The principal demographic and clinical characteristics of
the population studied are summarised in Table 1. The
control group did not differ from the patient group with
late-onset GDM in relation to age, history of pregnancy
termination, of macrosomia, gravidity/parity and weeks of
gestation pre-diagnosis. However, the levels of systolic
blood pressure [BPs] and diastolic blood pressure [BPp]
and pre-gestational BMI were greater in the group of
patients with GDM.

In the laboratory measurements (Table 1), the levels of
TG were higher in the patients with GDM, the HDL-chol
levels were lower and, as expected, the levels of glucose
and HBAlc were higher. The rest of the measured vari-
ables showed no significant differences between the
groups.

With respect to the obstetric and perinatal variables,
only the percentage of Caesarean deliveries was higher in
the patients with GDM (Table 1), with no significant dif-
ferences in the other variables studied.

The levels of LPO were significantly higher in the
patients with GDM compared to controls (Table 2). Of the
enzymes involved in the redox cycle of glutathione, neither
the levels of GSH nor of GST showed any significant
differences between the GDM and control group of sub-
jects. The levels of antioxidant enzymes such as catalase,
SOD and GPX showed decreased levels in the patients with
GDM compared to the controls (Table 2).
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Table 2 Markers of oxidative stress and antioxidants in women with
late-onset GDM (cases) and without GDM (controls)

Markers Cases Controls P-value
(n = 53) (n = 25)

LPO, pmol/mg 3.14 £ 1.55 2.06 £ 1.004 0.001
GSH, nmol/min/ml  0.0043 + 0.004 0.0042 + 0.002 0.9
GST, nmol/min/ml  0.0027 + 0.00017 0.0025 £ 0.0012 0.7
GPX, nmol/min/ml  0.025 =+ 0.006 0.03 £ 0.006  0.01

Catalase, 252+ 1.3 323 £ 141 0.03
nmol/min/ml
SOD, U/ml 0.08 £+ 0.01 0.11 £ 0.04 0.0003

Data expressed as means £+ SD

We did not observe significant relationships between the
markers of oxidative stress, antioxidant status, metabolic
control parameters and lipid profiles (results not shown).

In assessing the relationships between the different
markers of oxidative stress, antioxidant status, obstetric
and perinatal variables, we observed that the levels of GPX
(0.024 £ 0.006; P =0.012) and LPO (3.31 £ 2.1;
P = 0.04) were significantly related to the percentage of
Caesarean deliveries, while the percentage of macrosomia
was related to the levels of GPX (0.032 £ 0.003;
P = 0.01) (Table 3).

In the multivariate analysis with GDM as the dependent
variable, the model included all the variables that showed
statistical significance in the univariate analysis, as well as
some other independent variables of possible clinical



Acta Diabetol (2013) 50:201-208

205

Table 3 Relationships between the markers of oxidative stress and antioxidants and the percentage macrosomia and Caesarean delivery

Caesarean (n = 26)

Vaginal (n = 45)

Macrosomia yes (n = 6) Macrosomia no (n = 70)

LPO, pmol/mg 331 £ 2.1* 2.51 + 1.04
GSH, nmol/min/ml 0.004 £ 0.006 0.004 £ 0.001
GST, nmol/min/ml 0.0022 £+ 0.001 0.003 £ 0.001
GPX, nmol/min/ml 0.024 £+ 0.006* 0.028 £ 0.006
Catalase, nmol/min/ml 2.35 £ 1.08 288 £ 14
SOD, U/ml 0.09 £ 0.02 0.09 £ 0.03

2.92 + 0.96 281 £ 1.5
0.004 £ 0.001 0.004 £ 0.004
0.003 £ 0.001 0.002 £ 0.001
0.032 £ 0.003* 0.026 £ 0.006

262+ 15 274 £ 13
0.102 £+ 0.02 0.09 & 0.03

Data expressed as mean + SD
* P <0.05

Table 4 Effect of the markers of oxidative stress and antioxidants on
late-onset GDM (final model of logistic regression)

Variables B P-Value Exp (B) 95% CI for Exp (B)
BMI 046 0.67 1.59 0.17 14.17
Catalase —-0.94 0.006 0.39 0.20 0.76

GPX —117.35 0.11 0 0 7.5E + 0.12
SOD —40.14  0.003 0 0 0

LPO 0.89 0.034 2.44 1.07 5.57
Constant 8.49 0.011 4,892

B Beta; Exp (B) beta exponent; 95%CI for Exp (B) 95% confidence
interval for beta exponent

relevance. The results of this logistic regression analysis
indicated that GDM was related to the markers of oxidative
stress and of the antioxidant status (Table 4). Of note is
that LPO appears to be a risk factor for GDM development
while catalase might have a protective effect. Furthermore,
we have analysed the differences between patients treated
with diet alone and without insulin (n = 54; 67.9%) and
with diet 4+ insulin (n = 24; 30.7%). There were no dif-
ferences in relation to demographic and clinical charac-
teristics, laboratory variables and metabolic control
between the groups (Table 5). The percentage of Caesarean
deliveries and the gestational age at partum were higher in
patients with GDM treated with insulin (Table 5), with no
significant differences in the other variables studied. Nei-
ther were there differences in the markers of oxidative
stress and antioxidants status between the groups (results
not shown).

Discussion

The results of our study showed that there is an increase in
oxidative stress and a decrease in the antioxidant defence in
patients with late-onset GDM. These data are of note
because oxidative stress could be implicated in the patho-
genesis and clinical outcomes of the disease. Maternal
obesity was the most important modifiable factor in the

development of GDM [35], and the pre-gestational BMI
was significantly higher in the patients with GDM. Simi-
larly, we observed higher levels of TG and decreased levels
of HDL-chol, as has been described by some investigators
[36] but not confirmed by others [37]. Our results are not
comparable to studies that included patients diagnosed
from the start of the gestation, since our study dealt with
patients with late-onset GDM. That we observed a higher
rate of Caesarean deliveries in patients with GDM could be
attributable, probably, to the consensus recommendations
that delivery induction is advisable in patients with GDM,
above all in those receiving insulin therapy [38]. This also
could explain the finding of a gestational age at delivery
significantly lower in women receiving insulin treatment.
However, this attitude can increase the rate of Caesarean
deliveries without affecting the risk of macrosomia [39] or
improving the perinatal outcomes. This could have influ-
enced our results since we did not observe any differences
with respect to foetal weight, APGAR status, percentage of
macrosomia or large-for-gestational age [LGA] values
between the groups studied. More sensitive perinatal
variables such as cord blood gasses, presence of meconial
amniotic fluid, percentage admissions to the special care
baby unit or neonate morbidity may need to be explored
further before more definitive conclusions could be drawn.

The relationship between GDM and oxidative stress has
not been well characterised, to date. The importance of the
oxidant/antioxidant equilibrium in the clinical evolution
and complications of GDM still remains to be elucidated.
Several studies have observed associations between GDM
and different markers of oxidative stress measured in
plasma [28-33].

We observed elevated levels of LPO in the group of
patients with GDM. Toescu et al. [32], in a prospective
study that assessed changes in the lipid profile and markers
of oxidative stress per trimester, observed that the lipid
levels and that of LPO were more elevated in each tri-
mester in women with DMT2, DMT1 and GDM. However,
the observed changes were more severe in women with
DMT?2 and might be present before pregnancy. We did not
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Table 5 Demographic, clinical

and laboratory variables Characteristics i(r}llg)ul\l/ilnv&g;hgu;‘) Sl?lﬁ/lln“z;th_ . P-value

together with obstetric and _ _ _ _

p§rinatal outcomes in women Maternal age, years 31.68 + 5.04 34.15 £ 4.8 0.07

with late-onset GDM treated . .

with and without insulin History of macrosomia, n (%) 2 (3.7 3(12.5) 0.33
History of termination, n (%) 7 (12.9) 4 (16.6) 0.93
Parity 1.26 + 1.01 1.25 + 0.9 0.96
Weeks of gestation pre-diagnosis 26.66 = 7.5 21.95 £ 8.6 0.11
BPs, mmHg 121.78 £ 22.19 115.75 £ 14.6 0.28
BPp, mmHg 70.67 £ 11.5 69.75 + 10.8 0.76
BMI pre-gestation, kg/m? 28.63 £ 5.41 26.95 £ 5.87 0.28
Total-cholesterol, mmol/l 12.84 £ 2.48 13.22 £+ 2.49 0.73
LDL-cholesterol, mmol/l 7.78 + 1.98 8.2 +2.34 0.58
HDL-cholesterol, mmol/l 395 + 094 444 + 095 0.31
TG, mmol/l 10.68 £ 4.2 9.9 + 3.46 0.76
Glucose, mmol/l 5.06 + 0.68 52 4+ 0.54 0.32
Microalbuminuria, mg/24 h 85+7.6 77+£56 0.33
HBAlc, % 5.32 + 0.36 5.39 £ 041 0.56
Caesarean, n (%) 11 (20) 13 (54) 0.006
Gestational age at partum, weeks 39.52 + 1.7 38.28 + 2.3 0.04
Newborn weight, g 3,375 + 448 3,198 + 589 0.14

Values are given as mean + SD APGAR 8.72 £ 0.39 8.63 + 0.59 0.41

or number of subjects (n) with Macrosomia, n (%) 5 (10) 1 (4) 0.39

percentage in parenthesis

observe significant associations between oxidative stress,
antioxidant status and lipid profile, but our results are not
comparable with previously published studies because we
only dealt with late-onset GDM patients. Moreover, ele-
vated levels of lipid peroxidation such as MDA [28, 29, 33]
and TBARS [30], but not LPO [33], have been described in
women with GDM, as well.

In our study, we observed that the levels of catalase
were decreased in the patients with GDM. However, these
results differ from other studies in which no significant
differences had been described. In the study by Orhan et al.
[31], which assessed the role of oxidative stress in preg-
nancies complicated by pre-eclampsia and DM, significant
differences with respect to various complications of DM
were observed, but not in the subgroup of patients with
GDM. However, the study sample was very small. In our
study, we observed decreased levels of SOD that were
similar to the study by Chadhari et al. [29] who had con-
ducted a case—control study with 20 women with GDM and
20 controls. They showed that levels of SOD were
decreased in patients with GDM. We observed decreased
levels of glutathione peroxidase in the GDM group, as did
Peuchant et al. [28] in a study that evaluated oxidative and
antioxidative status in 54 pregnant women. They reported
reduced levels of GPX in patients with GDM compared to
the healthy group. Thus, this reduced antioxidant defence
(decreased levels of SOD, catalase and GPX) may, as has
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been previously suggested, reflect a protective response to
an enhancement of oxidative stress.

It is important to note that the multivariate analysis
showed that catalase might have a protective effect, and
that LPO may be a risk factor for GDM development.

These limited data suggest that the increase in oxidative
stress and the decrease in the antioxidant defence can be
implicated in the progression and/or pathology of GDM.
Hence, longitudinal studies over the course of gestation are
needed to determine whether oxidative stress triggers the
onset and the progression of GDM and whether improved
glycaemic control will reduce the severity of oxidative
stress. In accordance with the study by Karacay et al. [33],
we found no differences between the markers of oxidative
stress and antioxidant status in women with late-onset
GDM treated with insulin.

With respect to obstetric and perinatal observations, we
found that the levels of LPO were elevated and the GPX
decreased in the women who had had a Caesarean section.
This could be due to a greater oxidative capacity and lower
antioxidative status in the gestational women with a higher
metabolic disorder (for example, women with insulin
treatment had a higher rate of Caesarean sections). Con-
versely, this finding does not appear to be related to neo-
nate weight. As in cases of macrosomia in those who had a
Caesarean delivery, the concentration of GPX is not
decreased but, rather, is significantly elevated. The
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meaning of the relationship between the level of GPX and
macrosomia, considering that there is no significant dif-
ference in the frequency of macrosomia between GDM and
normal controls, is very difficult to establish. Whether this
finding is related to GDM or with other circumstances
should be addressed in more specific-designed research.

Our study has several limitations. First, the low number
of cases studied. Secondly, the study had been limited to
the gestational period and with no follow-up post-delivery.
Thirdly, we found very little information in the literature to
compare results to better formulate our conclusions. The
strengths and the novelty of the present study are to have
selected only women with late-onset GDM. As such, the
vast majority of patients with undiagnosed overt diabetes
have been excluded and the results can be clearly related to
the true carbohydrate intolerance caused by pregnancy.

In conclusion, women with GDM have elevated levels
of LPO and decreased antioxidants such as catalase and
SOD. These findings suggest that there is an increase in
oxidative stress and a lowering in antioxidative defence in
GDM. This could have clinical implications in the pro-
gression of maternal GDM, on the gestational process, and,
as well, could have a direct relationship with the number of
Caesarean deliveries. Further prospective studies are
required, with extensive post-partum follow-up, in order to
evaluate the significance of these findings with greater
precision.
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