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Introduction
In worldwide, prematurity is the leading cause 

of death in children under the age of 5 years [1]. 
In Indonesia, according to Basic Health Research 
2007, preterm childbirth was the cause of death 
in neonates 0-6 days (rank 2) with the number of 
cases of 32.4% and cause of neonatal death age 
7-28 days (rank 5). Whereas there is no data on 
preterm childbirth cases for the national level, the 
incidence of low birth weight (LBW) can describe 
cases of preterm labor roughly. The prevalence 
of LBW is 10.2% and contribute to 60-80% of 
newborn death. More than 79% of babies born at 
23-24 weeks gestation have brain abnormalities [2]. 

Spontaneous childbirth (with intact fetal 
membranes or premature rupture of amniotic 
fluid) is caused by infection (intrauterine or extra 

uterus), inflammation, multiple pregnancies, maternal 
hormone disorders, and placental abruption. Generally, 
predisposing factors to preterm childbirth are 
chronic conditions such as diabetes mellitus and 
hypertension. Although many of the underlying 
causes of preterm birth are still unknown, it has 
been predicted that 40% of spontaneous preterm 
labor is caused by intrauterine infections [3,4]. 

Infection or inflammation of the amniotic 
fluid is recognized as the main factor causing 
premature birth. Normally, amniotic fluid is 
sterile, but more than 1% of pregnant women 
who are not in the process of childbirth tend to 
have a bacterial infection of their amniotic fluid 
[5]. However, evidence suggests that the mother-
fetal membrane and amniotic fluid are not always 
sterile in pregnant women [6]. The occurrence of 
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Background: The pathophysiological mechanism associated with spontaneous preterm delivery is oxidative stress 
through the increased formation of reactive oxygen species (ROS) due to lipid peroxidation. Malondialdehyde (MDA) 
is one of the biomarkers of oxidative stress produced through the lipid peroxidation process. 

Objective: The aim of this study is to observe the difference in MDA levels among preterm labor compared to 
full-term labor.

Methods: Observational research was conducted with a comparative cross-sectional design. Maternal venous blood 
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Samples were selected by consecutive sampling and divided into two groups with a total of 40 samples. MDA 
level was measured using the spectrophotometry method. 

Results: MDA levels in preterm delivery were 3.6±0.42 nmol/mL and in full-term delivery were 2.9±0.33 nmol/
mL (p<0.05).

Conclusion: There was a significant difference in MDA levels between preterm labor and full-term delivery. MDA 
levels in preterm childbirth were higher than MDA levels in full-term delivery.
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infection in any part of the female reproductive 
tract during pregnancy is very important because 
it can trigger strong uterine activity prematurely 
that leads to premature birth [7]. 

Malondialdehyde (MDA) is a reactive aldehyde as 
the final result of the fat peroxidation process due 
to increased levels of reactive oxygen species (ROS) 
[8–10]. ROS is generally formed as a result of the 
metabolism of cells in the body in small amounts 
but causes harmful effects in excessive amounts 
[11,12]. This compound then reacts with the lipid 
membrane of the cell which becomes one of the 
targets prone to being damaged by ROS and produces 
harmful compounds including MDA [9,11,12]. In 
addition, MDA can also be useful as an indicator 
to assess oxidative damage because it is produced 
through the peroxidation of polyunsaturated fatty 
acid membranes by free radicals [13,14].

During pregnancy, most placentas are rich in 
mitochondria that favor oxidative stress. Plasma 
MDA levels are increased as the result of increased 
lipid peroxidation in placental tissue. Placental 
lipid peroxide production is abnormally increased 
in preeclampsia, which is a risk factor for preterm 
delivery. MDA is accepted as an indirect marker 
of lipid peroxidation and the increased levels of 
MDA were found to be the result of increased 
lipid peroxidation in placental tissue during 
pregnancy [15].

Many studies reported the effect of oxidative 
stress on increasing blood pressure both before 
and during pregnancy; however, oxidative stress 
status during pregnancy has not been studied 
before, especially in preterm pregnancy. Therefore, 
we conducted a study to look at the increase in 
MDA in preterm labor by comparing MDA levels 
in term labor.

 

Methods
Subjects

This study was analytical research with a cross-
sectional method. Laboring mother's blood sample 
was collected on the diagnosis of preterm and 
full-term childbirth. The study was conducted in 
several hospitals and private practice midwives. 

These locations include the Reksodiwiryo Padang 
Hospital, Bhayangkara Hospital, DR. Rasidin Hospital, 
and several maternity clinics in Padang City and 
Aro Suka Hospital Solok Regency. 

Inclusion criteria were women who gave birth 
to premature babies with a gestational age of 28 
–37 weeks, women who gave birth to babies full-
term with a gestational age of 37 – 41 weeks, with 
criteria: entering the first stage of the active phase, 
cervical dilatation 4 cm, uterine contractions 3 times 
in 10 minutes. Sampling in this study was conducted 
consecutively. Blood collection was carried out by a 
trained medical laboratory staff. The patients were 
fully informed, and they were all asked to sign a 
written informed consent form. The project was 
approved by the Research Ethics Committee of the 
Faculty of Medicine Andalas University, Padang (No. 
150/KEP/FK/2019, dated 03 May 2019).

MDA level measurement
Blood samples were obtained from the study 

population by taking maternal venous blood, 
then were collected into a tube containing EDTA 
(ethylenediaminetetraacetic acid). The blood was 
then centrifuged at a speed of 2000-3000 rpm 
for 10-15 minutes. Plasma was collected using 
a micropipette and stored in a refrigerator at 
−80°C until they were used for the study. MDA 
level was exmined by using trichloroacetate and 
thiobarbituric acid. The following protocol was used 
to carry out the experiment: i) 0.5 mL of blood 
was put into a test tube then 0.5 ml of distilled 
water was added. ii) 2.5 mL trichloroacetate 5% 
was added and mixed using a vortex mixer, then 
centrifuged for 10 minutes with a speed of 2000 
rpm. iii) 1.5 ml of supernatant was taken and 
put in the tube according to the label. iv) 1 mL 
thiobarbituric acid was added and steamed in 
a water bath until boiling for 30 minutes and 
waiting for cooling down. v) the absorbance was 
read with a spectrophotometer at λ 530 nm.

Data analysis
The GrapPad software 8.0 was used to generate 

graph and to perform statistical analysis. The 
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characteristic subject data was analyzed using chi 
square, while the MDA level result was analyzed 
using t-test (Mann-Whitney test). p<0.05 was 
considered as significant.

Results 
Characteristic of subjects

The average age of respondents was 27.5 ± 
5.61 years. Of 40 respondents, six respondents 
with preterm childbirth and one respondent with 
full-term childbirth were in the risk age category. 
Thirteen (65%) high parity respondents (multipara 
and grande multipara) experienced preterm 
childbirth (Table 1). Chi-square test showed a 
significant difference between parity status and 
the incidence of preterm delivery (p<0.05).

The characteristic of the education level was 
divided into three namely low education level 
(including not attending school and graduating 
from elementary school), medium education level 
(including graduating from junior high school 
and equivalent high school), and high education 
level (including graduating from college). In this 
study, 13 (65%) of respondents had a medium 
level of education who experienced preterm birth 
(p>0.05). It means that the level of education was 

not related to the incidence of preterm delivery 
in this study.

During pregnancy, there is no prohibition for 
a pregnant woman to work, as long as the work 
is not exhausting and the mother still has enough 
time to rest. In this study, the job status of the 
respondents was divided into two groups, working 
and not working (housewife). Results showed that 
the mother’s employment status was not related 
to the incidence of preterm delivery (p>0.05). In 
this study, 14 (70%) respondents who experienced 
preterm labor having a history of childbirth 
without prior premature rupture of membranes 
(PROM) history. There was no relationship between 
preterm delivery and a history of PROM in this 
study (p>0.05) indicated that a history of labor 
with premature rupture of membranes was not 
a trigger for preterm labor in this study.

Malondialdehyde level between preterm labor 
and full-term delivery

Figure 1 showed differences of malondialdehyde 
level between preterm labor and full-term delivery. 
Average level of malondialdehyde in preterm labor 
was 3.6 ± 0.42 nmol/mL and in full-term labor 
was 2.9 ± 0.33 nmol/mL (p<0.05). 

Table 1. Characteristics of preterm and aterm childbirth respondents

Characteristic Categories
Preterm

n (%)

Aterm

N (%)
p-value

Age
Risk 6 (30%) 1 (5%)

0.001
Not at risk 14 (70%) 19 (95%)

Parity
Primipara 7 (35%) 14 (70%)

0.027
Multipara 13 (65%) 6 (30%)

Education

Low 3 (15%) 2 (10%)

0.55Medium 13 (65%) 11 (55%)

Higher 4 (20%) 7 (35%)

Work
Yes 7 (35%) 10 (50%)

0.33
No 13 (65%) 10 (50%)

Premature rupture of 
membranes (PROM) 

history

Yes 6 (30%) 2 (10%)
0.11

No 14 (70%) 18 (90%)
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Discussion
Age is one of the risk factors that cause preterm 

childbirth, where it is considered risky if women 
are pregnant at below 20 years and more than 35 
years. Pregnancy under the age of 20 is at risk 
because the uterus, pelvis, and reproductive organs 
have not fully developed properly. In addition, the 
strength of the perineum and abdominal muscles 
has not reached optimal conditions. Pregnancy over 
the age of 35 can lead to decreased endurance 
and setbacks. By the age of more than 35 years, 
endometrial fertility has worsened, which increase 
the chances of the mother giving birth to a baby 
with a congenital abnormality, thus affecting the 
health of the mother and the development of the 
fetus that is at risk of giving birth to premature 
babies [16,17].

Figure 1. Differences in malondialdehyde levels in preterm 
labor and aterm childbirth

Primipara is a woman who has given birth to 
a premature or mature child for the first time. 
Multipara is a woman who has given birth to 
more than one child. Grande multipara is a woman 
who has given birth to 5 or more children. In this 
study, there was a relationship between parity and 
the incidence of preterm delivery (p<0.05). Due 
to decreased fertility and increased antenatal risk, 
women who give birth more than once or high 
parity (multipara and grande multipara) have a 
higher risk of giving birth to premature babies.

The level of education was not related to 
the incidence of preterm delivery (p>0.05). 
But, another study states that pregnant women 
without an education level of approximately 1.73 
times are at risk than mothers with a diploma 
or higher degree because the higher social status 
is associated with better health status, namely 
because of social access through knowledge, 
money, power, social relations, prestige, provide 
access to health services [16]. During pregnancy, 
there is no prohibition for a pregnant woman to 
work, as long as the work is not exhausting and 
the mother still has enough time to rest. In this 
study, the mother's employment status was not 
related to the incidence of preterm delivery. The 
risk of preterm labor in women with a history 
of PROM at <37 weeks' gestation is 34-44%, 
while the risk for experiencing PROM is around 
16-32% [20]. However, a history of labor with 
premature rupture of membranes was not a trigger 
for preterm labor in this study.

The mechanism by which preterm labor occurs 
is not known. However, several factors that cause 
preterm labor include activation of the maternal-
fetal hypothalamic pituitary adrenal axis, infection, 
inflammation, decidual bleeding, as well as excessive 
uterine stretching, which are a series of clinical 
symptoms and synchronization between uterine 
muscle contractions (myometrium), tearing fetal 
germ (chorion and amnion), and cervical ripening. 
Myometrial smooth muscle contraction can also 
be triggered by an imbalance between ROS and 
antioxidants in the body that shifts towards an 
increase in ROS. Oxidative stress will increase 
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lipid peroxidation. Lipid peroxidation will produce 
aldehyde compounds including MDA, which is the 
most stable product [17].

Our study showed a significant difference 
between malondialdehyde levels in preterm 
labor and full-term delivery (p<0.05). Oxidative 
stress arises due to an increase in metabolic 
activity which increases ROS production. Increased 
metabolic activity occurs from the development 
of the preimplantation embryo from the zygote to 
the formation of the blastocyst. In addition to an 
increase in metabolic activity, energy requirements 
also increase because the energy formation process 
is very close to the mitochondrial activity as 
an energy-generating organelle in cells so that 
mitochondrial disruption or damage can affect 
the process of energy-forming which is needed 
to provide the energy required for blastocyst 
implantation [18–20].

After the placenta is formed, increased metabolic 
activity in the mitochondria of the placenta still 
occurs because of the fetus that continues to 
develop in the uterus. The placenta contains many 
mitochondria which increase oxidative metabolism 
which produces superoxide anion which is one 
of the sources of ROS [21]. Furthermore, Martin 
(2018) reported that the level of oxidative stress 
in the mother during pregnancy varies because 
it is caused by an increase in oxidative stress 
in the placenta. Oxidative stress on the placenta 
is required for the developmental process by 
regulating trophoblast proliferation, differentiation, 
and invasion, promoting placental angiogenesis, 
as well as regulating autophagy and apoptosis for 
placentation. A high level of systemic oxidative 
stress in pregnant women is associated with 
preterm delivery. A result of high oxidative stress 
in pregnant women causes placental dysfunction 
or damage that leads to preterm delivery and can 
cause high levels of oxidative stress in premature 
newborns due to direct blood exchange in the 
placenta [22].

Sultana (2017) stated that high levels of MDA 
were caused by an increase in oxidative stress 
that occurred in the placenta. Increased metabolic 

activity in placental mitochondria and increased ROS 
production due to increased metabolic demands 
of the growing and developing fetus. Persistent 
and excessive oxidative stress causes a decrease in 
antioxidants and affects the antioxidant capacity 
of the placenta and the reducing system resulting 
in permanent changes in placental tissue. The 
placenta cannot meet the needs of the fetus and 
as a result, the survival of the fetus is disrupted 
so the fetus must be delivered [21].

Another impact of ROS is generated through 
oxidative stress, namely the activation of NF-ƙB and 
the expression of cyclooxygenase-2, which regulates 
the inflammatory pathway [23]. COX-2 will produce 
prostaglandins, then prostaglandins also increase 
the production of matrix metalloproteinase in the 
cervix and decidua to promote cervical ripening, 
decidua, and activation of the amniotic membrane. 
Prostaglandin F2α binds to the F-prostanoid 
receptor to induce myometrial contractions so 
that labor begins [24].

In normal pregnancy, oxidative stress on the 
placenta is required to regulate trophoblast 
proliferation, differentiation, and invasion, support 
placental angiogenesis and regulate autophagy and 
apoptosis for placentation. Autophagy appears to 
be induced in the trophoblast early in pregnancy. 
Oxygen deficit evokes autophagy in human primary 
trophoblast cells. Autophagy also allows the recycling 
of nutrients to be reused in an energy-efficient 
manner. Under some conditions, autophagy can 
selectively degrade ROS inhibitors such as catalase, 
making it difficult to resist damage from oxidative 
stress. Apoptosis, or programmed cell death, is a 
physiological phenomenon in trophoblast turnover. 
Oxidative stress can induce apoptosis via external 
or intrinsic signals. Apoptosis and autophagy in 
the human trophoblast are interrelated pathways. 
Apoptosis and autophagy are homeostatic processes 
in trophoblast cells. Apoptosis and autophagy ensure 
normal cell turnover, and unwanted apoptosis can 
also induce protective autophagy [25].

Furthermore, a physiological balance between 
ROS and antioxidant activity can be maintained at 
full-term pregnancy. The formation of free radicals 
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can increase during normal pregnancy, but because 
of the sufficient antioxidant capacity, it can prevent 
oxidative stress due to lipid peroxidation so that 
pregnancy can continue until gestational age at full-
term [25]. Ali et al (2014) reported that MDA is a 
biomarker of oxidative stress produced through the 
lipid peroxidation process. They found a decrease 
in the levels of enzymatic antioxidants (SOD and 
catalase) and an increase in lipid peroxidation 
(MDA) in preterm labor. MDA will increase if the 
body’s antioxidants cannot cope with the increase 
in free radicals, resulting in oxidative stress [26].

A study on preterm labor divided the sample 
on preterm childbirth (divided into three groups) 
and full-term delivery (control group) showed 
that MDA levels as a lipid peroxidation biomarker 
for LBW preterm newborns were significantly 
higher (p<0.001). The total antioxidant status of 
LBW newborns was significantly lower (p<0.001). 
Malondialdehyde increases preterm delivery in LBW 
newborns accompanied by antioxidant deficiency 
[27]. The high levels of MDA are caused by an 
increase in oxidative stress that occurs in the 
placenta. As a result of high oxidative stress 
in pregnant women, dysfunction or damage to 
the placenta happens that causes preterm labor 
and can cause high levels of oxidative stress in 
premature newborns, which is caused by direct 
blood exchange across the placenta [22].

The current range of MDA in normal delivery 
or the range of MDA levels that do not induce 
preterm birth is not known with certainty. This 
study aims to determine the oxidative stress that 
occurs in preterm and full-term labor. For this 
reason, researchers have measured MDA levels as 
a marker of oxidative stress by comparing MDA 
levels in mothers with preterm delivery and mothers 
with full-term delivery. However, information 
regarding changes in placental oxidative stress 
during pregnancy is not well studied. In this study, 
placental MDA levels were determined as markers 
of lipid peroxidation and reactive oxygen species. A 
large number of antioxidants in the human body are 
present as micro- and macromolecules, and these 
molecules function synergistically in preventing 
oxidative stress. Therefore, further research could 

measure quantitative total antioxidant capacity 
and MDA simultaneously to observe antioxidant 
defenses.

Conclusion
In preterm childbirth, the mean level of MDA 

was higher than in full-term labor.
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