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Abstract

Dyslipidemia is associated with increased low-density lipoprotein (LDL) susceptibility to oxidation, a phenomenon associated with
endothelial dysfunction, atherosclerosis, cell toxicity, and intrauterine growth retardation. The present study was designed to determine if
women developing gestational diabetes mellitus (GDM) have both increased plasma lipids and LDL susceptibility to oxidation throughout
pregnancy. We also wanted to study the effects of obesity upon these parameters. A nested case-control study was carried out in 45 women
with uncomplicated pregnancies and 62 women diagnosed with GDM following the criteria of the American Diabetes Association. In all
women, blood was drawn at 15, 24, and 32 weeks of gestation. Low-density lipoprotein oxidation was initiated by the addition of CuCl,,
and formation of conjugated dienes was monitored. Glucose, cholesterol, triglycerides, vitamin E, estradiol, and progesterone were
determined. In GDM, elevated levels of glucose, cholesterol, and triglycerides were observed when compared with the control group even
in the first trimester, before the detection of diabetes. In the control group, the lag phase in the LDL oxidation was 85.3, 84.4, and
95.6 minutes at 15, 24, and 32 weeks of pregnancy, compared with 63.3, 63.4, and 74.5 minutes in the GDM group (P <.001 in the 3
periods). These differences remained when adjusted for the body mass index. In a multiple linear regression analysis, a negative correlation
was observed between the lag phase and the body mass index (P <.001) and cholesterol (P <.001), whereas a positive one appeared with
vitamin E (P < .05) and time of gestation (P < .001). In pregnancy, GDM increases LDL susceptibility to oxidation. Obesity and
hypercholesterolemia further exacerbate this effect.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction

Gestational diabetes mellitus (GDM), one of the most
common complications associated with pregnancy, has been
associated with a higher risk of developing preeclampsia,
fetal death, macrosomia, and other complications associated
with this process, including shoulder dystocia, perinatal
hypoglycemias, and respiratory distress [1-5]. Intrauterine
growth retardation has also been linked to GDM [1-5]. To
avoid these complications, major efforts have been con-
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ducted to normalize the plasma glucose levels in pregnancies
complicated by GDM over the last few years. In contrast,
less attention has been paid to dyslipidemia, frequently
observed in women with GDM, and to low-density
lipoprotein (LDL) oxidation, a process that could damage
the placenta and could therefore lead to fetal death and
intrauterine growth retardation. In fact, we have shown that
increased LDL susceptibility to oxidation during pregnancy
is associated with intrauterine growth retardation [6]. Low-
density lipoprotein oxidation is modulated by different
factors: some accelerate LDL oxidation, whereas others may
retard the process. Hypercholesterolemia [7,8], androgens
[9], progestogens [9], and high glucose concentration [10,11]
are among the factors that may accelerate LDL oxidation.
Estrogens [9,12] and vitamin E [13,14] retard the process.
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Therefore, because of dyslipidemia and hyperglycemia,
pregnancies complicated by GDM may show accelerated
LDL oxidation. Some authors have actually shown increased
plasma levels of lipid peroxides in pregnancies complicated
by GDM [15,16].

In view of the above considerations, in the present study,
we wanted to determine throughout pregnancy the presence
of lipid alterations in plasma and the LDL susceptibility to
oxidation in women developing GDM. As obesity is
associated with dyslipidemia, with a higher risk of develop-
ing GDM and increased oxidative stress [17], the effect of
obesity upon these alterations was also studied.

2. Design

A nested case study was carried out from July 2001 to
July 2004. During this time, all women attending the
obstetrics clinic of the Foundation Hospital Alcorcén were
asked to participate in the study. In our institution, we also
follow immigrants, most of whom do not speak Spanish
well; only white women who spoke Spanish fluently were
included in the study. Under regular conditions, blood tests
are performed here on all pregnant women at weeks 15, 24,
and 32 of pregnancy, when, respectively, the triple screening
test (Bf-human chorionic gonadotropin, a-fetoprotein, and
determination of plasma estradiol levels to estimate the risk
of neural tube defects and chromosomal alterations), the
glucose challenge test, and different serologic determinations
are obtained. After overnight fasting, a 15-mL sample of
blood in EDTA (1 mg/mL) was obtained from each woman
who volunteered to participate in the study. The blood was
drawn at the time of regular laboratory tests, so the study did
not cause extra clinical visits or vein punctures in
participating women. Plasma was separated by centrifuga-
tion at 2000g for 10 minutes and divided into different
aliquots. To preserve the LDL structure, one aliquot was
stored in tubes containing sucrose, final concentration of
0.5%, and used for LDL isolation [18]. Another sample was
stored in 1 mmol/L butylated hydroxytoluene and used for
vitamin E measurement. The remaining plasma was stored
without any further treatment until the different metabolic
and hormonal parameters were analyzed. All samples were
stored at —40°C.

After delivery, the medical records of all women
participating in the study were reviewed. Pregnancy
complications and outcomes that were documented in the
electronic medical records were ascertained after delivery
using specific search criteria. The prospective design of the
study, in which all women were included before adverse
pregnancy outcomes manifested, ensured that at weeks 15
and 24 of pregnancy, no subjects were known to have GDM.

During this period, 6082 women delivered in our
institution; and one blood sample each from 1152 (18.9%)
was obtained during one trimester. Of the 296 (4.8%) women
who developed GDM during the time of the study, we

obtained at least one blood sample during gestation in 62 of
them (21%). Gestational diabetes mellitus was diagnosed
following the criteria of the American Diabetes Association
[19]. Briefly, a glucose challenge test was performed at week
24 of gestation on all pregnant women. All women with a
glucose value greater than 140 mg/dL were submitted to an
oral glucose tolerance test 1 hour after the administration of
50 g of glucose. Women with the diagnosis of GDM received
dietary instructions, and insulin therapy was initiated
following the criteria described by Metzger and Coustan
[20]. Briefly, when in a 1- to 2-week interval, fasting glucose
levels greater than 95 mg/dL or postprandial glucose levels
greater than 140 or 120 mg/dL, respectively, 1 or 2 hours
postprandial were observed more than twice, insulin therapy
was started and doses changed to keep glucose under the
above levels. Dietary instructions were given to all over-
weight women to limit the caloric intake to 2300 calories.
Women with type 1 and type 2 diabetes mellitus were
excluded from the study.

Among the women with GDM, 7 developed hyperten-
sion, defined as a rise in systolic blood pressure >150 mm
Hg and diastolic blood pressure >90 mm Hg, in the third
trimester. Urine proteins were not detected in a 24-hour urine
collection in any of them. One had a newborn with a
diaphragmatic hernia, one delivered a still newborn, and one
underwent an induced abortion at week 20 because of a
Down syndrome fetus.

As a control group, we used 45 pregnant women who also
participated in the study during the 3 trimesters of gestation
and delivered healthy newborn infants, with appropriate
weight for gestational age, and who did not present any
complications during pregnancy or delivery. Pregnancies
with more than one fetus were excluded from the study.

The study was approved by the Foundation Hospital
Alcorcon Ethics Committee, and all the women participating
in the study gave informed written consent at the time of
blood extraction.

3. Materials and methods

Low-density lipoprotein were isolated from EDTA-
treated plasma obtained by ultracentrifugation following
methods previously described in our laboratory [21] and
passed through an Econo-Pac 10DG column (Biorad,
Madrid, Spain) to remove EDTA and sucrose. The LDL
protein concentration was determined immediately using the
Lowry procedure [22]. Aliquots of 0.1 mg of LDL protein
per milliliter were incubated with CuCl, (2.5 umol/L). The
formation of conjugated dienes was determined as described
by Esterbauer et al [23]. In short, 1 mL of the LDL solution
was incubated in a quartz cuvette at 37°C. Absorbance was
read at 234 nm in a Beckman DU-640 spectrophotometer
(Beckman Instruments, Fullerton, CA) every 10 minutes for
a maximum of 4 hours or until the rapid phase of LDL
oxidation reached a plateau. The lag phase was estimated as
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Table 1
Characteristics of the subjects of the study

Control group Women with GDM

No. of women studied 45 62

Maternal age (y) 31.1+£0.5 322+0.5
Gestational age (wk) 39.2+0.2 38.7+0.2
Birth weight observed (g) 3227.6 + 38.8 3197.3+£7.5
Birth weight ratio 1+0.01 1.01 £0.01
Sex (M/F) 25:25 27:33
Cigarette smoking 5 (10%) 17 (27%) *
Hemoglobin A;. (%) - 4.73

Values are expressed as the mean (SD). Birth weight ratio was determined
by dividing the observed birth weight by the expected weight for
gestational age using the tables of Delgado et al [24]. “*” denotes
difference between control group and the group of women with GDM. M
indicates male; F, female.

* P <.05.

the incubation time corresponding to the intersection of
2 lines drawn from the changes in optical density: one
through the initial, slowly rising curve, which corresponds to
the use of the endogenous antioxidants, and the other, a
subsequent, rapidly rising curve, which corresponds to the
propagation phase of the LDL oxidation [23]. The lag phase
was expressed as minutes from the addition of CuCl,. The
slope was determined by linear regression and expressed as
micromoles of conjugated dienes generated per minute.

Because most of the chemicals commonly used in the
laboratory, including phosphate buffer saline, may contain
metal ions as contaminants, all the solutions used in the
experiments were treated with Chelex (iminodiacetic acid
chelating resin; Sigma, Barcelona, Spain) to remove any
metal traces.

Triacylglycerol and cholesterol in plasma were measured
using a commercial kit (Triglycerides Enzymatic Trinder
Method; Menarini Diagnostics, Florence, Italy). The inter-
and intraassay coefficients of variation (CVs) for all lipid

measures were less than 3%. Estradiol and progesterone
were determined using the Vitros Auto Analyzer (Johnson &
Johnson, Skillman, NJ). The inter- and intraassay CVs were
less than 7% and less than 5%, respectively. Vitamin E in
plasma was determined by high-performance liquid chro-
matography following methods previously described in our
laboratory [21]. The interassay CV was less than 7.2% and
the intraassay CV, less than 4.9%.

4. Statistical analysis

Results are expressed as the mean and the standard
deviation (SD). The distribution of continuous variables was
examined with the Shapiro-Wilks test. The y test was used
to evaluate differences between categorical variables.
Differences between the parameters obtained in normal
pregnancies and those complicated by GDM were obtained
using the Student ¢ test. The difference among the 3
trimesters of the pregnancy was estimated in both groups
by a general linear model of repeated measures. A multiple
linear regression analysis was used to study the relationship
between cholesterol, triglycerides, vitamin E, body mass
index (BMI), time of gestation, estradiol, and progesterone
with the lag phase. The statistical analysis was performed
using the SPSS 12.0 program (SPSS Institute, Paris, France).

5. Results

Characteristics of the study subjects are shown in Table 1.
No differences were observed regarding either maternal and
gestational age between women with pregnancies compli-
cated by GDM and the control group (Table 1). Birth weight
and the birth weight ratio were similar in both groups
(Table 1). Nine (14.3%) of the newborns from GDM mothers
showed a birth weight above the 90th percentile, whereas

Table 2
Anthropometric parameters and treatment of GDM
Total Control group Total GDM group
BMI <25 kg/m? BMI >25 kg/m* BMI <25 kg/m® BMI >25 kg/m?
No. of subjects studied 45 34 11 62 20 42
Height (m)* 1.6 +0.01 1.6 +£ 0.05 1.62 + 0.06 1.6 £ 0.01 *** 1.6 £0.01 ** 1.6 +0.01
Weight (kg)* 62.7 +1.38 5844807 752+ 8.5 70.8 + 1.72 %% 56.9£6.6" 77.4 +10.61
BMI (kg/m?)*® 233+0.53 2161707 285+24 27.8 + 0.68 ¥** 222+217 30.5 +4.22
Weight gain during 12.6 £ 0.6 13.2+3.30 122+54 92+1.12% 11.7+4.10"" 6.6 £ 4.05 ***
pregnancy (kg)
GDM treatment
Diet alone - - - 28 (46%) 11 (55%) 17 (40.5%)
Diet + insulin - - - 34 (54%) 9 (45%) 25 (59.5%)

e

Values are expressed as the mean (SD).

denotes differences between control group and the group of women with GDM, belonging to the same group of BMI.

“+” denotes differences between the same group (control or GDM), but different BMI.

? Data obtained before pregnancy.
* P <.05.

P <.0l.

*EE P <.001.

TP <.001.
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Levels of fasting plasma glucose, cholesterol, and triglycerides in the subjects of the study

Control group

GDM group

Total

BMI <25 kg/m>

BMI >25 kg/m?

Total

BMI <25 kg/m®

BMI >25 kg/m?

Glucose (mmol/L)
15 wk of pregnancy
32 wk of pregnancy

Cholesterol (mmol/L)
15 wk of pregnancy
24 wk of pregnancy
32 wk of pregnancy

Triglycerides (mmol/L)
15 wk of pregnancy
24 wk of pregnancy
32 wk of pregnancy

4.4+ 042 (45)
4.4 +0.49 (45)

4.3 +£1.32 (45)
5.0 + 1.5 (45)
5.9+ 1.65 (45)

0.8 +0.33 (45)
1.2 £ 0.44 (45)
1.7 £ 0.65 (45)

4.5 +£0.42 (34)
4.3 +0.40 (34)

42+ 1.40 (34)
52+ 1.65 (34)
6.0 = 1.58 (34)

0.8 +0.33 (34)
1.1 £ 0.45 (34)
1.7 + 0.59 (34)

4.8+0.33 (1)
4.7+ 0.62 (11)

4.140.70 (11)
4.2 +0.88 (11)
5.4+0.96 (11)

1.1 £0.33+ (11)
1.3£0.38 (11)
1.8 £0.10 (11)

52+ 1.16 (47)
4.6 + 0.50 (60)

5.2+ 1.27%%* (36)
5.8 +1.55 (33)
7.2 + 1.65*%* (30)

1.14 + 0.46 *** (36)
1.6 £ 1.64** (33)
2.1 +0.94* (30)

4.9 £0.44 (15)
4.5+0.53 (19)

5.0+ 1.52 (12)
5.8+ 1.40 (12)
7.9 £ 1715 (14)

1.1 £0.62% (12)
1.8 £ 0.62** (12)
2.4+ 1.08** (14)

53+ 1.39 (32)
4.7+ 0.48 (41)

54+ 1.13%*
5.8+ 1.65*** (21)
6.6 + 1.40%7 (16)

1.2 = 0.36 (24)
1.6 = 0.68 (21)
1.8 = 0.70 (16)

Values are expressed as the mean (SD). “*” denotes differences between control group and the group of women with GDM, belonging to the same group of BMI.
“+” denotes differences between the same group (control or GDM), but different BMI.

* P <.05.

*¥* p<.0l.
*EE P <.001.
* P <.05.

11 (17.5%) showed a birth weight below the 10th percentile
for their gestational age and sex. As would be expected from
the selection of subjects, in the control group, all the
newborns showed a birth weight adequate to their gestational
age. A higher number of current smokers (6-10 cigarettes per
day) were observed in the GDM group when compared with
the control group (Table 1). In each group, no differences
were observed between smokers and nonsmokers upon these
parameters (data not shown).

The initial body weight and the BMI in women with
GDM were higher than those in the control group (Table 2).
To determine the effects of overweight/obesity on the
different parameters studied, the participating women were
divided into 2 groups based on their BMI before pregnancy:
BMI <25 kg/m* (lean group) and BMI >25 kg/m? (obese
group). The weight gain in the GDM group was lower than
that in the control group, although when GDM women were

Table 4
Levels of vitamin E, estradiol, and progesterone in the subjects of the study

divided according to their BMI, the weight gain in the lean
GDM women was similar to that in the control group; in
contrast, in the obese GDM group, it was lower.

Forty-six percent of the diabetic mothers received dietary
treatment during pregnancy and 54%, insulin. In the number
of women receiving insulin therapy (Table 2), no statistically
significant differences were observed between the lean and
overweight group, although a trend toward a higher rate of
insulin treatment was observed in the obese group.

At week 15 of pregnancy, the fasting plasma levels of
glucose were higher in the GDM group than those in the
control group, although they remained in the reference range,
independent of the BMI (Table 3). In contrast, at week 32 of
pregnancy, after the diagnosis and treatment of the GDM, no
differences were observed in the plasma levels of glucose
between women with GDM and the control group (Table 3).
Plasma values of cholesterol and triglycerides at week 15 of

Control group

GDM group

Total BMI <25 kg/m?

BMI >25 kg/m?

Total BMI <25 kg/m® BMI >25 kg/m?

Vitamin E (ug/mg CHOL + TG)

15 wk of pregnancy
24 wk of pregnancy
32 wk of pregnancy
Estradiol (ng/mL)
15 wk of pregnancy
24 wk of pregnancy
32 wk of pregnancy
Progesterone (ng/mL)
15 wk of pregnancy
24 wk of pregnancy
32 wk of pregnancy

4.49 £ 1.64 (45)
4.17 + 1.63 (45)
3.78 + 1.85 (45)

2.84 + 1.34 (45)
8.69 + 4.86 (45)
15.48 + 6.98 (45)

31.51 + 11.41 (45)
59.05 + 29.34 (45)
155.34 + 65.60 (45)

4.75 = 1.76 (34)
4.34 = 1.85 (34)
4.05 2.1 (34)

2.95 + 4.43 (34)
8.90 + 4.96 (34)
16.07 £ 6.91 (34)

33.63 + 10.95 (34)
59.58 +30.02 (34)
165.30 + 72.28 (34)

3.84 4095 (11)
3.69 +0.77 (11)
3214082 (11)

2.69 +1.34 (11)
8.79 +5.40 (11)
14.82 + 8.07 (11)

28.82 +11.39 (11)
64.67 +30.91 (11)
133.61 +36.79 (11)

4.04 £ 2.16 (35)
3.54 +1.20 (29)
3.47 £0.96 (31)

3.28 +1.94 (37)
9.09 + 5.36 (26)
14.74 £ 6.41 (25)

30.65 + 13.69 (37)
52.74 £ 26.69 (25)
138.95 + 61.02 (25)

437+1.69 (11)
3.39 £ 0.54 (8)
339+ 0.61 (15)

322+ 1.97 (12)
9.70 + 4.46 (7)
16.44 £ 6.61 (12)

30.12 + 14.84 (12)
56.62 + 25.50 (7)
157.78 + 68.12 (12)

3.89 £ 2.36 (24)
3.59 +1.38 (21)
3.46 £ 1.20 (16)

331+ 1.97 (25)
8.86 + 5.75 (19)
3.17 £ 6.05 (13)

30.90 + 13.41 (25)
51.23 +27.71 (18)
121.57 + 50.12 (13)

Values are expressed as

the mean + SD.
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pregnancy were higher in women with GDM than those in the
control group, independent of their initial BMI (Table 3). In the
2 groups studied, the plasma levels of triglycerides and
cholesterol increased during the course of pregnancy (Table 3),
although to a lower extent in the GDM obese group (Table 3).
During the third trimester of pregnancy in obese women, no
differences were observed in either plasma triglycerides or
cholesterol between the control and the GDM group.
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Fig. 1. Lag phase in the LDL oxidation in pregnant women with
uncomplicated pregnancies (white column) and with pregnancies compli-
cated by GDM (black column). A, All the women included in the study,
independent of their BMI (43-45 women in the control group and 26-31 in
the GDM group, depending on the trimester). B, Includes women with a
BMI <25 kg/m? (28-30 in the control group and 8-14 in the GDM group). C,
Women with a BMI >25 kg/m® (10 in the control group and 14-20 in the
GDM group). Values are expressed as the mean (SD). “*” denotes the
difference between the control group and pregnancies complicated by GDM
(*P <.05, *¥***P <.001), with the same BMI. “+” denotes differences within
the same group of either the GDM or control group, with different BMI
(+P <.05). Different letters above the columns show statistically significant
differences between trimesters in the same group.

No differences were observed along the pregnancy in the
plasma levels of vitamin E, estradiol, and progesterone
between the control and GDM groups (Table 4), even when
both groups were divided into 2 groups based on their BMI.

When LDL from the different subjects was submitted to
oxidation, the lag phase in the formation of conjugated
dienes was shorter in the GDM group than that in the control
group throughout pregnancy (Fig. 1). These differences
remained when both groups were divided by their BMI into
lean (BMI <25 kg/m?) and obese (BMI >25 kg/m?) groups
before pregnancy (Fig. 1). Both in the control and GDM
groups, the lag phase increased at week 32 when compared
with the lag phase in LDL oxidation from weeks 15 and 24
(Fig. 1). However, when the subjects were divided by the
BMI, we did not find an increased lag phase during the third
trimester in obese women with GDM (Fig. 1).

Overall, no differences were observed in the lag phase
between smokers and nonsmokers. When the lag phase in the
GDM group was studied, there were a higher number of
smokers in the GDM group; so we divided the women
between nonsmokers and smokers. No differences were
found regarding the lag phase in the LDL susceptibility to
oxidation during the 3 trimesters of the study (62.2 +=20.2 vs
67.8+13.9,66.0+17.3 vs 58.3+£12,76.0+19.4vs 71.2 +
21.2 minutes, respectively, in nonsmokers vs smokers at
weeks 15, 24, and 32 of gestation).

Because LDL susceptibility to oxidation may be affected
by plasma levels of cholesterol, triglycerides, vitamin E,
estradiol, progesterone, degree of obesity, and the time of
gestation, a multiple linear regression analysis was per-
formed including all these parameters. Using this model, the
lag phase was negatively related to cholesterol (P <.001) and
BMI (P <.001) and positively correlated to the gestational
age (P <.001) and vitamin E (P <.05), with an R = 0.42.

6. Discussion

Present results show an increased LDL susceptibility to
oxidation in pregnancies complicated by GDM, as well as
increased plasma levels of cholesterol and triglycerides.
These findings are already present at week 15 of pregnancy,
even before the diagnosis of diabetes.

There are several metabolic alterations as well as
increased incidence of obesity linked to obesity [3,5].
Among these metabolic alterations, there are several factors
that could increase LDL susceptibility to oxidation. To
elucidate factors involved in the higher LDL susceptibility to
oxidation observed in LDL from women with GDM, 2
approaches were carried out. First, all the women included in
the study were divided into 2 groups according to their BMI
before pregnancy: one with the BMI <25 kg/m? (lean group)
and the other group with the BMI >25 kg/m? (obese group).
Under these conditions, women with GDM showed a higher
LDL susceptibility to oxidation than the control group,
independent of their BMI. Nevertheless, as gestational age
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increases, a decreased LDL susceptibility to oxidation was
observed in the control group and the GDM lean group. This
finding is in agreement with the results showed by other
authors in uncomplicated pregnancies [25]. In contrast, this
result was not observed in the GDM obese group, where the
lag phase in the LDL oxidation did not change throughout
pregnancy, suggesting that in GDM women, obesity blunted
the decreases in LDL susceptibility to oxidation observed at
the end of gestation in normal pregnancies.

In a second approach, a multiple linear regression analysis
was performed, including gestational age, BMI before
pregnancy, cholesterol, triglycerides, estradiol, progesterone,
and vitamin E. With this analysis, we found that both
cholesterol and the BMI before pregnancy increased LDL
susceptibility to oxidation. These findings were expected
because in nonpregnant conditions, hypercholesterolemia
has been associated with increased LDL susceptibility to
oxidation [7,8]. Obesity has also been related to increased
oxidative stress. Indeed, nonpregnant obese subjects have
increased plasma levels of lipid peroxides [26,27] and
increased oxidative stress in adipose tissue [17]. If these
oxidized lipids were incorporated into the LDL, their
susceptibility to oxidation might increase. In contrast, the
gestational age and the plasma vitamin E acted, preventing
the LDL oxidation, which is in agreement with the results
presented by other authors: as pregnancy advances, there is a
decreased LDL susceptibility to oxidation [25]. Higher
plasma levels of vitamin E have also been related to
decreased LDL susceptibility to oxidation. [23,28]. The
absence of a relationship between the lag phase in LDL
susceptibility to oxidation and the plasma levels of estradiol,
a powerful antioxidant [9,12], was somewhat surprising. In
the present analysis, the effect of estradiol upon LDL
oxidation was blunted by the time of gestation. Nevertheless,
if only samples from the third trimester, the time point when
plasma estradiol levels reach the highest levels, were
included in the study, estradiol acted as an LDL antioxidant,
increasing the lag phase (» = 0.239; P <.05).

In general, the present results show that LDL suscept-
ibility to oxidation increases in pregnancies complicated by
GDM. This higher LDL susceptibility to oxidation is due to
diabetes per se, as well as to the increased incidence of
obesity and hypercholesterolemia found in these women.

How could increased LDL oxidation from pregnancies
complicated by GDM affect fetal growth? Women with
GDM have increased plasma levels of glucose and
triglycerides, which could lead to an increased supply of
nutrients to the fetus, increasing fetal growth and causing
macrosomia [1-5,29] In contrast, the increased LDL
susceptibility to oxidation may lead to placental damage
and to alterations in the placental blood flow, affecting fetal
growth. Low-density lipoprotein oxidation is cytotoxic for
placental cells [30] and may affect endothelial relaxation
[31,32]. In a previous study, we have shown an increased
LDL susceptibility to oxidation in pregnancies with [UGR
[6]. Other authors have shown that hydrogen peroxide

enhances the contraction of the placental blood vessels in
placentas from GDM when compared with placentas from
normal pregnancies [33]. Therefore, an increased LDL
oxidation, which can generate lipid peroxides, may decrease
the placental blood flow and damage the placenta. This
would compromise the supply of nutrients toward the fetus,
leading to intrauterine growth retardation, as occurs in some
pregnancies complicated by diabetes.

In the GDM group, we have observed as many
newborns with low birth weight (17.5%) as with macro-
somia (14.3%). This finding was also observed when the
birth weights of all newborns from pregnancies compli-
cated by GDM followed in our institution during the period
of the study were analyzed. During this time, 296 women
were diagnosed with GDM; and whereas 40 of them
(13.5%) delivered newborns with a birth weigh below the
10th percentile, only 27 (9.1%) delivered newborns with a
birth weight above the 90th percentile for their gestational
age (P < .001). These results show that, at least in our
population, GDM women following a fairly strict control of
blood glucose may have a tendency to deliver small babies
rather than large ones. Under these conditions, the
deleterious effects of LDL susceptibility to oxidation
upon fetal growth predominate over the growth-stimulating
effects of glucose and triglycerides, mainly when major
efforts are made to keep glucose in the reference range.

Pregnancies complicated by both GDM and obesity
have been associated with an increased rate of congenital
malformation [34,35], even during the first trimester of
pregnancy when GDM is undiagnosed and when, in most
cases, hyperglycemia is absent. It is attractive to speculate
that increased LDL oxidation and the lipid peroxides
generated during this process may play a role in the
congenital malformations associated with GDM and
obesity. In the experimental animal model, the oral
administration of lipid peroxides generated from heated
culinary oils increases the rate of congenital malformations
[36]. Further studies need to be made to show the possible
relationship between increased LDL susceptibility to
oxidation and the higher incidence of congenital anomalies
observed in GDM pregnancies.

In the present study, we were able to perform a
longitudinal study only in the control group, with the
analysis of the same women throughout pregnancy. How-
ever, in the GDM group, because of the recruitment
problems, we were unable to follow the same women
through pregnancy (only 8 women of the whole GDM
population were studied during the 3 trimesters); and we
could not perform a longitudinal study, rather a cross-
sectional one. Therefore, in the GDM group, we were unable
to analyze the changes in LDL susceptibility to oxidation
throughout pregnancy. Nevertheless, as we found statisti-
cally significant differences in plasma glucose, cholesterol,
triglycerides, and LDL susceptibility to oxidation between
the GDM and control groups throughout pregnancy, it is
clear that both populations have relevant metabolic
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differences. What is more remarkable is that these differ-
ences are present even before the diagnosis of GDM.

In summary, during pregnancy, the development of GDM
leads to increased LDL susceptibility to oxidation, as well as
to increased plasma levels of triglycerides and cholesterol.
These findings are already present at week 15 of gestation,
before the diagnosis of gestational diabetes. Increased LDL
oxidation may be involved in some of the complications
associated with gestational diabetes, including intrauterine
growth retardation, preeclampsia, and a higher risk of
congenital malformations.
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