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Summary. Introduction. Obesity represents a public health problem and within women in labor, it affects 
not only the mother and the pregnancy but also the health of the fetus. Maternal overweight and obesity 
in pregnancy are factors that cause metabolic changes in the newborn, including elevated levels of oxidative 
stress (OS). The aim of the study was to determine the association between maternal body mass index (BMI) 
and oxidative stress marker levels in their newborns. Methods. A prospective study included 150 mothers and 
their healthy newborns who were divided into three groups according to progestational BMI. Maternal and 
umbilical cord blood samples were collected immediately after delivery. Triglycerides and Thiobarbituric Acid 
Reactive Substances (TBARS) levels were quantified. Results. Triglyceride levels  were significantly higher in 
obese mothers and their newborns compared to overweight and normal weight mothers. Significantly elevated 
levels of TBARS have been observed in obese mothers and their newborns. Maternal BMI was significantly 
positively correlated with TBARS in mothers (r = 0.290; P = 0.000) and in newborns (r = 0.387; P = 0.000). 
Maternal (r = 0.540; P = 0.000) and neonatal triglycerides levels (r = 0.483; P = 0.000) were significantly 
positively associated with BMI. Conclusion. The values of oxidative stress markers TBARS and triglycerides in 
mothers and newborns immediately after birth were significantly higher in the obese mothers group. 
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Introduction

Obesity is a public health problem in both de-
veloped and developing countries (1). Endogenous 
and exogenous factors have a significant influence on 
the increase in the prevalence of obesity. Of the exog-
enous factors, the most common are inadequate diet, 
decreased physical activity, and sedentary lifestyle (2).  
In recent decades, the prevalence of overweight in 
women, including women in the reproductive period, has 
increased worldwide and is around 38% (3).  Research 
on women in the Republic of Serbia (4) and Vojvodina 
(5) has shown that overweight is present in 29.1% and 
31.9% and obesity in 17.8% and 22.2%  respectively. 

Maternal obesity not only affects the mother and 
pregnancy, but also the health of the fetus. Maternal 
overweight and obesity in pregnancy are factors that 
cause metabolic changes in the newborn, including el-
evated levels of oxidative stress (OS). Numerous stud-
ies indicate that obesity in pregnancy is associated with 
OS (6-9). OS is defined as an imbalance between the 
formation of free radicals and the antioxidant capac-
ity of an organism (10). It is cited as a significant risk 
factor for the development of numerous neonatal dis-
eases such as necrotizing enterocolitis, retinopathy of 
prematurity, bronchopulmonary dysplasia, respiratory 
distress syndrome, periventricular leukomalacia, intra-
ventricular hemorrhage and congenital malformation 
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(11,12).  Obesity can also be a risk factor for the devel-
oping diseases later in life, such as  metabolic, cardio-
vascular, and neurodegenerative  diseases (13). 

A good biomarker of oxidative stress, which is 
often used in clinical researches and represents the 
end product of lipid peroxidation, is malondialdehyde 
(MDA) (11,14). MDA is determined indirectly, by 
measuring a substance that reacts with thiobarbituric 
acid (TBARS) in plasma. It is a highly toxic molecule, 
and its interaction with DNA and proteins can be mu-
tagenic and atherogenic (15-17).

Numerous studies have shown increased levels 
of lipid peroxidation products in the plasma of obese 
women and newborns during childbirth (6-8). Despite 
data on the impact of obesity on the oxidative/antioxi-
dant status of mothers and newborns, there are  still 
insufficient data on the mechanisms that explain these 
changes. The levels of OS should be monitored before, 
during, and after gestation in obese mothers. Therefore, 
the aim of this study was to determine the association 
between maternal pregestation BMI and TBARS oxi-
dative stress marker levels in their neonates.

Methods

The research has been conducted as a randomized 
prospective study of the clinical type at the Clinic for 
Gynecology and Obstetrics of the Clinical Center of 
Vojvodina, Novi Sad, Serbia. Inclusion criteria were: 
maternal health, regularly monitored, normal course of 
pregnancy, gestational age of 37 - 41 weeks, healthy 
newborns, without congenital anomalies and com-
plications during childbirth. Exclusion criteria were: 
pregnant women with chronic disease (asthma, dia-
betes, heart disease, autoimmune and other diseases), 
anemia (Hgb<105 g/L), pregnant women taking cer-
tain therapy during pregnancy, and twin pregnancy.

Body weight before pregnancy was obtained from 
medical record. At admission, body height was meas-
ured with a stadiometer in cm and body weight with a 
medical scale in kg. Pregestational BMI was calculated 
as the ratio of body weight in kg to the square of body 
height in meters. Based on BMI, mothers and their 
newborns were classified into three groups: normal  
weight - NW (BMI = 18.5-24.9 kg / m2), overweight 

- OW (BMI = 25-29.9 kg / m2), and obese - OB 
(BMI ≥ 30 kg / m2) according to WHO criteria (18).

In the examined mothers, 4 ml of venous blood 
was taken from the peripheral vein, and in newborns, 
4 ml of venous blood was taken from the umbilical 
vein at the time of umbilical cord clamping from the 
part that is later cut off. The samples were collected 
using violet-topped evacuated tubes with ethylen-
ediaminetetraacetic acid dipotassium salt dehydrate 
(K2EDTA) as a blood clotting inhibitor (Becton 
Dickinson, USA). Enzymatic determination of tri-
glycerides in blood plasma was performed immediately 
after the blood collection on the chemistry analyzer  
AU 480 (Beckman Coulter, Switzerland) at the Clinic 
for Gynecology and Obstetrics of the Clinical Center 
of Vojvodina in Novi Sad, Serbia. The remaining ali-
quots were stored at -20 °C in the period not longer 
than three months up until biochemical analysis of the 
oxidative stress biomarkers. TBARS levels were ana-
lyzed by Agilent 8453 ultraviolet-visible spectropho-
tometry system (Agilent Technologies, USA) in the 
Department of Pharmacy, Faculty of Medicine, Uni-
versity of Novi Sad, Serbia. The assay was performed, 
as previously described by Buege et al. (19). The results 
were expressed in nmol/mg protein.

Written informed consent was obtained from all 
participants, i.e. mothers. The study has been approved 
by the Ethics committee of the Clinical Center of 
Vojvodina.

StatisticalAnalysis

Data are presented as average value and stand-
ard deviation for continuous variables, and number 
and corresponding percentage for categorical vari-
ables. The Shapiro-Wilks test was used to assess the 
normality of the distribution. The difference between 
the groups was determined using One-Way ANOVA 
with the post-hoc Bonferroni test. The Chi-square 
test was used for comparing categorical variables. The 
association between TBARS and triglycerides with 
maternal BMI was determined by Pearson correlation 
analysis and estimated linear regression line. Statisti-
cal analyzes were carried out using the IBM SPSS 
Statistics 20. Results were considered significant at 
P <0.05.
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Results

Maternal age, maternal body height, and gesta-
tional age (Table 1) did not differ in the study groups 
(P>0.05). The largest increase in maternal body 
weight was in the NW group (9.1 ± 2.0 kg), and the 
smallest in the OB group (7.8 ± 1.2 kg). Newborns of 
obese mothers had a statistically significantly higher 
birth weight than newborns of mothers with normal 
weight (P ˂0.01).

Table 1.The triglyceride values of obese mothers and 
their newborns were significantly higher than the values 
of overweight and normal-weight mothers (Table 2).

Table 2.The concentration of TBARS is signifi-
cantly higher in obese mothers. Newborns of obese 
mothers had statistically significantly higher values of 
TBARS than newborns of mothers of normal weight 
(Table 3). Newborns of obese mothers had statistically 
significantly higher TBARS values than newborns of 
normal-weight mothers (Table 3).

Table 1. Demographic and anthropometric data of mothers and their newborns

NW (n=83) OW (n=36) OB (n=31) P-value*

Mother (Pre-pregnancy)

Age (y) 30.4 ± 4.8 32.2±5.3 30.9±5.9 0.226

Height (cm) 165.5 ±6.5 166.1 ±5.0 165.2 ±5.8 0.829

Weight (kg) 61.5 ±5.9 73.3 ±4.6a 83.1 ±10.2ab <0.001

BMI (kg/m2) 23.6±2.0 27.6±1.2a 31.7±1.8ab <0.001

Weight gain (kg) 9.1±2.0c 8.7±1.3 7.8±1.2 0.004

Newborn

Gender M/F 40/43 22/14 15/16 0.744

Gestational age at delivery (wk) 38.8 ±1.0 38.8 ±0.8 39.1±1.16 0.667

Birth weight (g) 3372.3±362.4 3531.8±389.5 3583.2±471.5a 0.017

Data are presented as mean ± standard deviation. *One-Way ANOVA and χ2 tests were used for continuous and categorical variables comparison, 
respectively. Post hoc comparisons using the Bonferroni test; a - statistical significance relative to Normal weight; b - statistical significance relative 
to Overweight; c - statistical significance relative to Obesity; NW = normal weight; OW = overweight; OB = obese; BMI = body mass index

Table 2. The triglyceride values of obese mothers and their newborns

NW (n=83) OW (n=36) OB (n=31) P-value*

The triglyceride of newborns 0.33±0.09 0.48±0.11 a 0.73±0.12 ab <0.001

The triglyceride of mothers 2.60±0.79 3.32±0.87a 3.88±0.98ab <0.001

Data are presented as mean ± standard deviation. *One-Way ANOVA. Post hoc comparisons using the Bonferroni test;  a - statistical significance relative 
to Normal weight; b - statistical significance relative to Overweight; NW = normal weight; OW = overweight; OB = obese; BMI = body mass index

Table 3. The concentration of TBARS for newborns and theirmothers

NW (n=83) OW (n=36) OB (n=31) P-value*

TBARS of newborns 2.69±0.92 3.18±0.86 3.67±0.94a <0.001

TBARS of mothers 2.18±0.80 2.61±0.76 3.70±0.98ab <0.001

Data are presented as mean ± standard deviation. *One-Way ANOVA. Post hoc comparisons using the Bonferroni test;  a - statistical significance relative 
to Normal weight; b - statistical significance relative to Overweight; NW = normal weight; OW = overweight; OB = obese; BMI = body mass index
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Discussion

The study aimed to establish a relationship between 
maternal pregestation BMI and oxidative stress in new-
borns. In this study, the birth weight of the newborns 
of obese mothers was significantly higher compared 
to the birth weight of the newborns of normal-weight 

Table 3.Graph 1 shows a significant positive cor-
relation between BMI TBARS mothers (r = 0.290;  
P = 0.000) and their newborns (r = 0.387; P = 0.000).

Figure 1. The triglyceride values of mothers  
(r = 0.540; P = 0.000) and their newborns (r = 0.483;  
P = 0.127) are significantly positively correlated with 
pregestational BMI (Figure 2).
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of the mothers' oxidative stress. The obtained results 
are in accordance with the results of previous studies, 
where an increased concentration of OS markers was 
observed in newborns of obese mothers (6-8). The ob-
served positive correlation between maternal BMI and 
newborns' TBARS (r = 387; P = 0.000) indicates that 
an increase in maternal BMI significantly increased 
TBARS in newborns, as shown in a previous study (6).

Oxidative stress associated with obesity during 
pregnancy can be a factor that contributes to the post-
natal consequences of the newborn. MDA is thought 
to be potentially atherogenic. Increased concentrations 
of MDA in adults are associated with an increased 
risk of coronary artery disease (CAD). Descendants 
of mothers with overweight and obesity in preg-
nancy show elevated levels of MDA which can lead to 
greater susceptibility to the development of CAD in 
later stages of life (29, 30). Newborns of obese moth-
ers also have an increased risk of neurodevelopmental 
disorders (motor and cognitive problems and attention 
deficit hyperactivity), obesity, insulin resistance and 
diabetes mellitus in adulthood (13, 31).

In our study, mothers with overweight and obesity 
had significantly higher triglyceride values compared to 
those with normal weight. These results are consistent 
with the findings of other authors, who observed elevated 
triglyceride levels in obese women (32, 33). Increased 
estrogen levels and insulin resistance during pregnancy 
are considered to be responsible for this hypertriglyc-
eridemia (34). The level of triglycerides in newborns 
of obese mothers in our study was significantly higher 
than the level of values in newborns with normal-weight 
mothers, which is in line with previous research (35).

The advantages of this study are standardized 
measurement procedures and a sufficiently large num-
ber of patients included in the study, which enabled 
more accurate estimates between the examined groups. 
Limitations of the study are the lack of data on diet 
and habits (sedentary lifestyle, smoking, alcohol) be-
fore and during pregnancy.

Conclusion

The results of this study suggest that mater-
nal overweight and obesity before pregnancy are 

mothers. These results are consistent with those ob-
tained by Cnattingius et al. (20). However, there are 
studies in which no significant association was found 
between maternal BMI and the weight of newborns (7).

The recommended weight increase for obese 
women during pregnancy is up to 6.8 kg, overweight 
from 6.8 to 11.2 kg, and for normal-weight between 
11.2 and 15.9 kg (21). In this study, body weight in-
crease during pregnancy in normal-weight mothers 
was lower than recommended (9.1 kg), in obese moth-
ers higher (7.8 kg), while in overweight mothers the 
increase was within the recommended values (8.7 kg). 
Similar results were reported by Gallardo et al. (7), 
while Soliman et al. (22) observed an increase in body 
weight in obese mothers over 20 kg.

Maternal obesity is known to lead to placen-
tal dysfunction (22-25). Saben et al. were examining 
changes in the placenta in obese women. They observed 
the presence of inflammation, increased lipid concen-
trations, and increased oxidative stress. Increased lipid 
concentration and lipid peroxidation levels in the pla-
centa of obese women lead to increased production of 
free radicals and OS (26). Significant changes in oxi-
dative/antioxidant balance also exist during a normal 
pregnancy due to increased metabolic activity and the 
need for oxygen in the placenta, which is a significant 
source of prooxidants in both mother and fetus. Obe-
sity is considered to be a chronic inflammatory condi-
tion that can disrupt the placental barrier and allow 
the passage of prooxidant substances (27, 28). Obesity 
during pregnancy leads to an imbalance in the proanti-
oxidant status of the mother and can additionally affect 
the increase of oxidative stress levels in both mothers 
and newborns. In previous studies, the association of 
maternal obesity with increased oxidative stress was 
observed (24).

In our study, TBARS values were significantly el-
evated in obese mothers compared with normal-weight 
mothers. Similar results were obtained in a previous study 
(6).  The observed significant positive correlation between 
BMI and TBARS of mothers (r = 290; P = 0.000) is 
contrary to the results of Ballesteros-Guzman et al. (9).

The results of the study showed significantly el-
evated values of TBARS in newborns of obese moth-
ers. Elevated levels of TBARS in newborns whose 
mothers were overweight or obese are a consequence 
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Fetomaternal Unit. Biomed Res Int 2019; 4:1-8.
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49(2):3-8.

11.	Perrone S, Santacroce A, Longini M, Proietti F, Bazzini F, 
Buonocore G. The Free Radical Diseases of Prematurity: 
From Cellular Mechanisms to Bedside. Oxid Med Cell 
Longev 2018; 1:1-14.

12.	Ozsurekci Y, Aykac K. Oxidative Stress Related Diseases in 
Newborns. Oxid Med Cell Longev 2016;97:1-9.
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the fetus and newborn. Hematology 2006; 2(10):103-7.

14.	Banjac L, Banjac G, Kotur-Stevuljević J, et al. Pro-oxidants 
and antioxidants in retinopathy of prematurity. Acta Clin 
Croat 2018; 57:458-63.

15.	Garg U, Jain A, Singla P, Beri S, Garg R, Saili A. Free radi-
cal status in retinopathy of prematurity. Indian J Clin Bio-
chem 2012; 27(2):196-9.

16.	Del Rio D, Stewart AJ, Pellegrini N. A review of recent 
studies on malondialdehyde as toxic molecule and biologi-
cal marker of oxidative stress. Nutr Metab Cardiovasc Dis 
2005;15(4):316-28.

17.	Dean RT, Fu S, Stocker R. Davies MJ. Biochemistry and 
pathology of radical-mediated protein oxidation. Biochem 
J 1997; 324:1-18.

18.	Obesity: preventing and managing the global epidemic.  
Report of a WHO consultation. World Health Organ Tech 
Rep Ser. 2000;894:i-xii, 1-253.

19.	Buege JA, Aust SD. Microsomal lipid peroxidation. Meth-
ods Enzymol 1978; 52:302-10.

20.	Cnattingius S, Villamor E, Lagerros YT, Wikstrom AK, 
Granath F. High birth weight and obesity-a vicious circle 
across generations. Int J Obes 2012; 36(10):1320-4.

21.	Kominiarek A, Rajan P. Nutrition Recommendations in 
Pregnancy and Lactation. Med Clin North Am 2016;100(6): 
1199-215.

22.	Soliman AZM, Hassan A, Fahmi HH,  Abdelsalam AE, 
Salem MAA.  Maternal and fetal outcomes of pregnant fe-
males after a nutritional health education program. An in-
terventional study. Prog Nutr 2019; 21(4):1063-70.

23.	Challier JC, Basu S, Bintein T. et al. Obesity in pregnancy 
stimulates macrophage accumulation and inflammation in 
the placenta. Placenta 2008; 29(3):274-81.

24.	Roberts VHJ, Smith J, McLea SA, Heizer AB, Richardson 
JL, Myatt L. Effect of increasing maternal body mass index 
on oxidative and nitrative stress in the human placenta. Pla-
centa 2009; 30(2):169-75.

25.	Oliva K, Barker G, Riley C, et al. The effect of pre-existing 
maternal obesity on the placental proteome: two-dimensional 
difference gel electrophoresis coupled with mass spectrom-
etry. J Mol Endocrinol 2012; 48(2):139–49.

26.	Williams PJ, Pipkin FB. The genetics of pre-eclampsia and 
other hypertensive disordes of pregnancy. Best Pract Res 
Clin Obstet Gynaecol 2011; 25(4):405-17.

significantly associated with an increase in OS in their 
newborns. Since maternal obesity, in addition to af-
fecting their health, also affects the health of their 
newborns, it is necessary to pay attention to educating 
women about the nutritional status before pregnancy 
and to newborns after birth and in later life. Newborns 
with high levels of oxidative stress should be identified 
early to avoid exposure to other risk factors, such as 
obesity, unhealthy diet, and sedentary lifestyle, which 
increase the risk of developing metabolic cardiovascu-
lar and neurodegenerative disorders in later life.
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