
Introduction
Spontaneous abortion is the most frequent pregnancy 
complication affecting 50% of all fertilization and 12%-
15% of clinical pregnancies (1). More than 80% of 
spontaneous abortions occur in the first trimester of 
pregnancies (2) and the risk of abortion declines with 
increasing gestational age (3).

Women who have experienced spontaneous abortion 
are faced with more complications in their next pregnancy, 
including the threat of another pregnancy loss, preterm 
birth, small for gestational age (SGA), and postpartum 
hemorrhage (4). Following abortion, changes occur in the 
physiology of the body, lifestyle, and genital health that 
may have long-term effects on the physical, mental, and 
social health of women. Abortion is a tragic event that is 
followed by stress and depression in some mothers (5). 
The risk of major depression in women who have had an 
abortion increases two-fold and it often occurs during 
the first week after abortion (6). Although abortions 
rarely cause severe maternal complications, they impose 
a heavy burden due to the high costs of diagnostic tests, 

hospitalization, surgery, and treatment follow-up. A 
report states that the mortality rate due to the abortion is 
0.05-0.22 per 100 000 maternal mortalities in the United 
Kingdom (7).

The etiology of spontaneous abortion is multi-factorial, 
including genetic, endocrine, anatomical, immunological, 
microbiological, behavioral, and environmental factors 
(2,8,9). However, the etiopathogenesis of 30%-50% of 
abortions is unknown (10). 

There are many possible reasons for spontaneous 
abortion, from which oxidative stress (OS) could be a 
major one. Several studies have examined the role of 
OS in the incidence of pregnancy complications such as 
recurrent abortion (11), intrauterine growth restriction 
or IUGR (12), preterm birth (13), preeclampsia (14,15), 
and gestational diabetes (16-17), most of which have used 
malondialdehyde (MDA) as a clinical marker of OS.

Antioxidants prevent the overproduction of reactive 
oxygen species (ROS) under normal conditions; however, 
the high production of ROS may lead to an unfavorable 
condition for natural conception in women by defeating 

Abstract
Objectives: Evidence suggests that oxidative stress (OS) plays a prominent role in the pathophysiology of pregnancy complications in 
women. The present study was conducted to determine the levels of OS markers in early pregnancy loss and to compare the results 
with those in healthy pregnant women.
Materials and Methods: A total of 32 women with early pregnancy loss and 32 healthy women in the first trimester of pregnancy, 
with similar demographic characteristics entered this study as the cases and controls. Serum levels of malondialdehyde (MDA), total 
antioxidant capacity (TAC), uric acid, and bilirubin levels were determined in both groups. The data obtained were then analyzed 
and compared between the groups using the independent samples t test and Mann-Whitney U test. 
Results: The 2 groups matched in terms of personal-demographic characteristics including mother’s age, father’s age, gravidity, 
and body mass index (BMI). MDA levels increased significantly in the women with spontaneous abortion compared to the healthy 
pregnant women (4.35±1.47 vs. 3.42±1.68 µM/L; P = 0.026) and TAC decreased significantly in the cases compared to the healthy 
controls (552.34±212.79 vs. 1003.23±1168.68 U/mL; P = 0.040). Uric acid and bilirubin levels did not differ between the groups.
Conclusions: The results of this study provides further evidence on the effect of increased OS on the incidence of early spontaneous 
abortion in the first trimester of pregnancy. High serum MDA levels and low TAC during pregnancy were 2 risk factors for 
spontaneous abortion. The present findings support the hypothesis that OS plays a key role in the etiopathogenesis of spontaneous 
abortion. Further studies are required for assessing the preventive role of antioxidant therapy in this complication. 
Keywords: Oxidative stress, Pregnancy, Spontaneous abortion 

Oxidative Stress Markers in Early Pregnancy Loss: A 
Case-Control Study  
Shahnaz Torkzahrani1 ID , Padideh Janati Ataei1* ID , Mehdi Hedayati2, Soheila Khodakarim3, Zohre 
Sheikhan1, Moniresadat Khoramabadi1, Akramsadat Sadraei4

Open Access                                                                                              Original Article

International Journal of Women’s Health and Reproduction Sciences 
Vol. 7, No. 1, January 2019, 61–66

http://www.ijwhr.net doi 10.15296/ijwhr.2019.10

ISSN 2330- 4456

Received 8 June 2017, Accepted 15 November 2017, Available online 3 January 2018

1Department of Midwifery and Reproductive Health, School of Nursing and Midwifery, Shahid Beheshti University of Medical Sciences, Tehran, 
Iran. 2Cell and Molecular Endocrine Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, 
Tehran, Iran. 3Department of Epidemiology and Biostatistics, School of Public Health, Shahid Beheshti University of Medical Sciences, Tehran, 
Iran. 4Department of Obstetrics and Gynecology, Loghman Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
*Corresponding Author: Padideh Janati Ataei, Tel:   +98(912)3248042, Fax:  +98(21)88202512, Emails: padideh.janati@sbmu.ac.ir, 
padidehjanati@yahoo.com 

Introduction 
Throughout the history of the world, the ones who had 
confronted the bitterest face of poverty and war had al-
ways been the women. As known poverty and war affects 
human health either directly or indirectly, the effects of 
this condition on health and status of women in the so-
ciety should not be ignored. This study intends to cast 
light on the effects of war and poverty on the reproductive 
health of women. For this purpose, the face of war affect-
ing the women, the problem of immigration, inequalities 
in distribution of income based on gender and the effects 
of all these on the reproductive health of women will be 
addressed.

War and Women’s Health
Famine, synonymous with war and poverty, is clearer for 
women; war means deep disadvantages such as full de-
struction, loss of future and uncertainty for women. Wars 
are conflicts that destroy families, societies and cultures 
that negatively affect the health of community and cause 
violation of human rights. According to the data of World 
Health Organization (WHO) and World Bank, in 2002 
wars had been among the first ten reasons which killed 
the most and caused disabilities. Civil losses are at the rate 
of 90% within all losses (1).
War has many negative effects on human health. One of 
these is its effect of shortening the average human life. 
According to the data of WHO, the average human life is 
68.1 years for males and 72.7 years for females. It is being 

thought that severe military conflicts in Africa shorten 
the expected lifetime for more than 2 years. In general, 
WHO had calculated that 269 thousand people had died 
in 1999 due to the effect of wars and that loss of 8.44 mil-
lion healthy years of life had occurred (2,3).
Wars negatively affect the provision of health services. 
Health institutions such as hospitals, laboratories and 
health centers are direct targets of war. Moreover, the wars 
cause the migration of qualified health employees, and 
thus the health services hitches. Assessments made indi-
cate that the effect of destruction in the infrastructure of 
health continues for 5-10 years even after the finalization 
of conflicts (3). Due to resource requirements in the re-
structuring investments after war, the share allocated to 
health has decreased (1).

Mortalities and Morbidities
The ones who are most affected from wars are women and 
children. While deaths depending on direct violence af-
fect the male population, the indirect deaths kill children, 
women and elders more. In Iraq between 1990-1994, in-
fant deaths had shown this reality in its more bare form 
with an increase of 600% (4). The war taking five years 
increases the child deaths under age of 5 by 13%. Also 47% 
of all the refugees in the world and 50% of asylum seekers 
and displaced people are women and girls and 44% ref-
ugees and asylum seekers are children under the age of 
18 (5).
As the result of wars and armed conflicts, women are 
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the body’s natural antioxidant defense system (18), which 
then leads to OS (19). OS affects the entire reproductive 
period and plays an important role in normal pregnancy.

During pregnancy, OS occurs in response to increased 
fetoplacental energy demands. In the first trimester, 
trophoblastic tissue is damaged for being at a sparing 
level, low activity of the main antioxidants, and oxygen 
sensitivity. Therefore, pregnancy loss would occur if this 
damage cannot be controlled (20). 

Although ultrasound tests and serial beta-human 
chorionic gonadotropin (B-HCG) measurements are 
partly enable to diagnose the abortion, only a few sporadic 
studies have been conducted on the biomarkers that can 
help to detect women at risk for spontaneous abortion. 
There are no definitive methods of measurement that 
can yield a reliable estimate of OS; therefore, evaluating a 
series of markers may be the optimal solution. 

This study aimed to evaluate the status of OS in 
spontaneous abortion by measuring some of its biomarkers 
to detect women at risk of abortion and to promote their 
reproductive health.

Materials and Methods
Study Participants
A multicenter, observational, case-control study was 
conducted through purposive sampling from 4 hospitals 
of Tehran, from January to August 2015. The study 
population consisted of 32 pregnant women in the 
first trimester with a clinically-confirmed diagnosis of 
spontaneous abortion as the case group and 32 normal 
healthy pregnant women in the first trimester as the 
control group.

Study Design 
Inclusion criteria consisted of being in the first trimester 
of a singleton pregnancy, the lack of pre-pregnancy or 
newly-diagnosed systemic, endocrine, psychologic, or 
sexual diseases, not using any medications, no history of 
adverse life events in the past 6 months, no history of non-
steroidal anti-inflammatory drug intake and the lapse of 
at least one year from the previous pregnancy.

Data were collected on the subjects’ age, height, pre-
pregnancy weight, education, job, reproductive history, 
lifestyle, habits, and husbands’ characteristics through a 
questionnaire.

Venous blood samples (5 mL) were taken from each 
of the subjects and their blood serum was then used to 
determine their MDA level, total antioxidant capacity 
(TAC), uric acid, and bilirubin levels at the Biochemistry 
Laboratory of the Cell and Molecular Endocrine Research 
Center, Research Institute for Endocrine Sciences, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran, and 
their oxidative status was thus assessed. 

Serum MDA level was determined by the MDA Assay Kit 
using thiobarbituric acid (TBA) method (TBARS assay kit, 
ZellBio, GmbH, Germany). The assay precision (CV4.3%) 

and sensitivity were 4.4% and 0.1 µM, respectively.
Likewise, serum TAC was determined by the TAC Assay 

Kit (TAC assay kit, ZellBio, GmbH, Germany). The assay 
precision (CV6.7%) and sensitivity were 4.6% and 100 
µM, respectively.

Moreover, the serum uric acid level was determined 
by uric acid assay kit using enzymatic method (Uric 
Acid assay kit, Padginteb Co. Tehran, Iran). The assay 
coefficient of variation percentage and sensitivity were 
2.1% and 0.3 mg/dL, respectively. 

Furthermore, the serum total bilirubin level was 
determined by bilirubin assay kit using chemical 
diazotization method (Bilirubin assay kit, Padginteb Co. 
Tehran, Iran). The assay coefficient of variation percentage 
and sensitivity were 2.1% and 0.07 mg/dL, respectively.

Statistical Analyses
The data obtained were analyzed in SPSS version 21.0 
for Windows. Data were reported as mean ± standard 
deviation (SD). The normality of the collected data was 
assessed using the Kolmogorov‐Smirnov test and the 
differences between the groups were analyzed using the 
independent samples t test or Mann-Whitney U test. The 
chi-square test was used to compare the groups in terms 
of the categorical variables and the two-tailed t test to 
compare them in terms of the continuous variables. The 
results were presented in the form of statistical tables and 
figures. The level of statistical significance was set at P 
value <0.05. 

Results
The assessment of demographic characteristics showed 
that the mean ± SD of mother’s age in the abortion group 
was 28.68±6.347 and in the normal healthy pregnancy 
group was 28.96±5.349 years (P = 0.849). There were 
no significant differences between 2 groups in terms of 
father’s age, duration of marriage, the interval between 
pregnancies, gestational age, number of pregnancies, body 
mass index (BMI), folic acid intake before pregnancy, 
familial history of abortion, exposure to second hand 
smoke and fever in pregnancy (P > 0.05) (Table 1).

The minimum and maximum serum MDA levels 
in the case group were 1.62 and 6.29 µM, respectively. 
The minimum and maximum serum MDA levels in the 
control group were 1.12 and 6.25 µM, respectively.

Likewise, the minimum and maximum serum TAC in 
the case group were 114 and 1290 µM, respectively, while 
they were 157 and 6336 µM, respectively, in the control 
group.

Furthermore, serum MDA level in the abortion group 
was higher than that in the normal pregnancy group 
(P = 0.026; Table 2; Figure 1), and serum TAC in the 
case group was lower than that in in the control group 
(P = 0.040; Table 2; Figure 2).

There was no significant difference between 2 groups 
in terms of serum uric acid levels (3.9639±1.0008 mg/
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dL vs. 3.5550±0.9854 mg/dL) (P = 0.107). In addition, no 
significant difference was observed between the abortion 
group and healthy pregnancy group in terms of serum 
bilirubin levels (1.0358±0.4309 mg/dL vs. 0.8422±0.4789 
mg/dL) (P = 0.097).

Discussion
This study is one of the very few published studies to 
determine the levels of OS markers in miscarriage and 
is the first effort made in Iran assessing OS biomarkers 
among pregnant women lived in Tehran. 

This study intended to evaluate OS status in the women 
with spontaneous abortion and those with normal 
pregnancy currently in the first trimester by measuring 
serum levels of OS biomarkers. The results showed 
a significant increase in serum levels of MDA and a 
significant reduction in serum TAC in the cases compared 
with the controls; however, the 2 groups did not differ 
significantly in terms of serum uric acid and bilirubin 

levels. The present findings are consistent with the results 
obtained by Issa et al in assessing OS status in the women 
with spontaneous abortion. Their study revealed higher 
serum MDA levels in the women who had experienced an 
abortion compared to the healthy non-pregnant women 
(21). Ozkaya et al showed serum MDA levels were higher 
in the women with vaginal hemorrhage and spontaneous 
abortion compared with healthy pregnant women at the 
same gestational age (22).

MDA has been regarded as one of the most useful 
markers of OS in many studies which causes some 
pregnancy complications. Sutama et al reported higher 
serum levels of MDA in the pregnant women at risk of 
abortion than that in the women with normal pregnancy, 
and proposed increased MDA levels as a potential risk 
factor for threatening abortion (23).

OS affects the entire reproductive period in a woman’s 
life and plays an important role in the women’s fertility 
by interfering with the pathophysiology of complications 
such as preeclampsia, hydatidiform mole, and abortion 
(24). Increased ROS may lead to recurrent abortions by 
causing double-strand DNA breaks in the sperm and 
oocyte. In addition, the study of Sumitha et al showed 
increased levels of OS in the women with recurrent 
abortions (11). Moreover, the study performed by Ghneim 
et al revealed that OS could be a major causative factor of 
recurrent abortion (25).

Daglar et al found that serum MDA levels in the 
women with abortion at the first trimester were slightly 
higher than that in the women with normal pregnancy; 
although the difference was not statistically significant 
(P=0.083). Furthermore, women with abortion had a 
higher glutathione peroxidase (GPX) level compared to 
those with normal pregnancy. This study could not find a 

Table 1. Demographic Characteristics of Participants

Characteristic Case Group (n=32) Control Group (n=32) P Value
Mother’s age (y)a 28.68 (6.34) 28.96 (5.34) 0.849*

Father’s age (y) a 34.46 (6.75) 34.15 (5.00) 0.834*

Marital duration (y) a 7.15 (5.39) 7.65 (5.15) 0.706**

Birth Interval (y) a 3.29 (4.25) 3.87 (3.63) 0.561**

Gestational age (wk) a 9.75 (2.83) 11.71 (2.26) 0.06**

Gravidity a 1.75 (0.80) 2.09 (0.97) 0.129**

BMI (kg/m²) a 25.92 (4.71) 28.02 (5.87) 1.119*

Folic acid before pregnancyb 15 (46.9) 12 (37.5) 0.448***

Familial history of abortionb 11 (34.4) 7 (21.9) 0.266***

Secondhand smokeb 8 (25) 12 (37.5) 0.281***

Fever in pregnancyb 5 (15.6) 3 (9.4) 0.450***

a Mean (SD); b No. (%); *t test;  **Mann-Whitney U; ***χ2.

Table 2. A Comparison of Mean Serum Levels of Oxidative Stress Biomarkers Between the Case and Control Groups

OS Biomarker Case Group (n=32) Control Group (n=32) P Value

MDA (µM) 4.3517±1.4711 3.4222±1.6821 0.0267
TAC (µM) 552.3462±212.7925 1003.2308±1168.6865 0.0409

OS: oxidative stress; MDA: malondialdehyde; TAC: total antioxidant capacity.

Figure 1. A Comparison of Serum MDA Levels Between the Case and 
Control Groups. Abbreviations: MDA, malondialdehyde.
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significant increase in MDA levels in the abortion group 
maybe because of the increased activity of antioxidant 
defense system, which drives the oxidant-antioxidant 
balance toward the increasing antioxidant defense and 
which can be justified by the high GPX levels in the 
abortion group (26).

Direct measurement of free radicals is very difficult 
due to their instability and it is possible through the 
measurement of lipid peroxidation products such as 
MDA. Analysis of MDA means the indirect measurement 
of free radicals and MDA can therefore help determine 
free radicals in pathologic conditions (27). MDA is widely 
used today as a clinical marker of lipid peroxidation and 
is much more accurate and stable than other markers 
(28-29). Another study demonstrated that increased 
lipid peroxidation in the form of increased MDA level, 
decreased superoxide dismutase level, and altered thyroid 
profile might be involved in the termination of pregnancy 
and expulsion of conception products out of the uterine 
cavity (30).

Considering that MDA has been used as a marker for 
the diagnosis of OS in pathological pregnancies in many 
studies (11-17), the present study also examined this 
biomarker as a parameter of OS in the women with early 
spontaneous abortion. 

Evidence demonstrates that lipid peroxidation increases 
in abortion (28) and leads to the production of MDA in 
the process of OS (28,30), thereby justifying the increase 
of MDA in abortion.

Given that ROS can weaken the antioxidant system, 
TAC evaluation is a reasonable method for examining OS 
(31). Measuring TAC in the serum or plasma can provide 
better biological information about the individual’s 
antioxidant status (32). In the present study, serum TAC 
was measured in all the participants and found to be lower 
in the women with abortion than that in the women with 
healthy pregnancy. In line with these findings, Toy et al 
showed a reduction in TAC in the women with abortion 
before the 12th week of pregnancy, which suggests the 
presence of OS in these women (33).

Findings of a study claimed that the total antioxidant 
level was significantly lower in the women who had a 

Figure 2. Total Antioxidant Capacity (TAC) in the Case and 
Control Groups.
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miscarriage (34).
Deveer et al reported a reduction in serum TAC along 

with vaginal hemorrhage in the pregnant women at <10 
weeks of gestation compared to the women with normal 
pregnancy and argued that it is not clear whether the 
oxidant/antioxidant imbalance is the result or the cause of 
the hemorrhage experienced in the first trimester (35). To 
assess the antioxidant defense system and determine the 
presence of OS, Yiyenoğlu et al measured serum TAC in 
the women who had experienced recurrent abortions with 
unknown etiology and found that TAC was lower in the 
first trimester in those with recurrent abortions compared 
to the women with normal pregnancy, which confirms the 
role of OS in the etiology of recurrent abortions (36).

Serum uric acid was another marker examined in this 
study. The mean serum uric acid level in the abortion 
group was higher than that in the normal pregnancy 
group; however, the difference was not statistically 
significant. Uric acid is one of the main components of 
TAC, changes of which affect TAC as well. Uric acid level 
decreases in the first trimester of a normal pregnancy and 
then increases for the rest of the pregnancy (37). Clinical 
and experimental evidence suggests that uric acid plays a 
major role in the human body as an antioxidant and OS 
marker (38). Studies on the etiopathogenesis of abortion 
have not yet measured serum uric acid level as a biomarker 
of OS; however, the marker has been measured in some 
pregnancy complications such as cervical insufficiency 
(39) and preeclampsia (40). 

In the present study, serum bilirubin level in the 
abortion group was higher than that in the group with 
normal pregnancy; however, the difference was not 
statistically significant. Bilirubin is a catalytic product 
of heme-oxygenase that inhibits lipid peroxidation, has 
strong antioxidant properties, and contributes to placental 
vessel development and the preservation of pregnancy 
(41). Bilirubin is also a major antioxidant component 
of the plasma (42). George et al reported that hypoxia-
induced OS could be reduced in the placenta of rodents 
through the administration of bilirubin (43). Evidence 
also suggests that OS contributes to the development of 
preeclampsia, and the induction of bilirubin therefore 
provides a novel strategy for reducing OS in the ischemic 
placenta of the patients with preeclampsia due to its strong 
antioxidant properties (42).

Strengths and Limitations
The strengths of this study include the use of four 
biomarkers, including MDA, TAC, uric acid, and 
bilirubin, for measuring OS. All the biomarkers were 
measured in the same center by the same person, and 
all the confounding variables were controlled. Given the 
limited access to eligible participants, further studies are 
recommended to be conducted on this subject with larger 
sample size. 
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Conclusions
This study found a significant increase in the MDA level 
and a significant reduction in TAC in the women with a 
spontaneous abortion in the first trimester of pregnancy. 
These parameters may indicate high levels of OS in the 
women with a spontaneous abortion and can therefore 
be helpful in the adoption of preventive approaches 
for the prediction or assessment of the risk of abortion, 
although more extensive studies are required to confirm 
this finding. 
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