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Abstract
Introduction: In pregnancy-induced hypertension (PIH) there is a disorder in placental blood flow which causes 
intrauterine fetal hypoxia, and oxidative stress has a significant role in this condition. The aims of this research 
were to analyze the relation of thiobarbituric acid reactive substance (TBARS), as a marker of oxidative stress and 
absent end-diastolic flow (AEDF), as well as the relation of TBARS and cerebroplacental ratio (CPR). Methods: 
The research included 200 pregnant women in the gestation period from 28th to 40th, 100 were in a control group 
and 100 were with PIH. The CPR and TBARS were analyzed in all examined pregnant women. The CPR was calcu-
lated by dividing the Doppler indices of the middle cerebral artery by the umbilical artery. Results: Mean value of 
TBARS in the group with the PIH who had AEDF was in the interval of high values - 43.22 μmol/l. The result shows 
that through the application of Spearman’s coefficient, the correlation results in a statistically significant correla-
tion between CPR and TBARS values: ρ = - 0.249, p = 0.0001. Conclusion: PIH has a very high level of oxidative 
stress, especially in pregnant women with absent end-diastolic flow in the umbilical artery and pathologic CPR. 
The Spearman’s test results in statistical significance and negative correlation, which means that in higher TBARS 
values, values of CPR are lower and vice versa, which indicates a possibility of clinical application of TBARS.
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Introduction
High blood pressure (HBP) represents one of the 
most common diseases of humanity nowadays, 
and pregnant women are not exempt from this 
disease. It is isolated as a special disease that oc-
curs during pregnancy, while the final recovery is 
accomplished with the termination of pregnancy. 
For many years, pregnancy-induced hyperten-
sion (PIH) has represented a high-risk pregnan-
cy with an incidence of 6-10%. The etiology of 
this disease is still unknown [1]. It is character-
ized by high blood pressure with systolic blood 
pressure (SBP) > 140 mmHg and diastolic blood 
pressure (DBP) > 90 mmHg, proteinuria greater 
than > 0.3 g / 24 h, and edema after 20 weeks 
of pregnancy. Hypertensive disorders during 
pregnancy are classified into 4 categories. As per 
the recommendation of the National High Blood 
Pressure Education Program Working Group on 
High Blood Pressure in Pregnancy, the catego-
ries are: chronic hypertension, preeclampsia-ec-
lampsia, preeclampsia superimposed on chronic 
hypertension, gestational hypertension (transient 
hypertension of pregnancy or chronic hyperten-
sion identified in the latter half of pregnancy). 
This terminology is preferred to the older but 
widely used term PIH as it is more precise [2,3].
PIH is a multisystem disorder that involves sev-
eral organ systems of the pregnant woman and 
fetus. Hypoperfusion and ischemia of the pla-
centa in PIH occur due to fails of remodeling of 
the spiral arteries. The ischemic placenta releases 
factors that provoke a generalized maternal vas-
cular dysfunction, vasoconstriction, followed by 
consequent hypovolemia, organ hypoperfusion, 
and uteroplacental hypoperfusion [4-6]. Pre-
eclampsia, as the most common clinical form of 
this disease, falls within obstetric diseases, which 
are today the leading cause of maternal and fetal 
morbidity and mortality in the world, even in the 
most developed countries. It is responsible for 
about 14% of maternal deaths [7-9]. According 
to recent literature data, it is assumed that PIH 

is a state of markedly increased oxidative stress 
in relation to healthy pregnant women without 
hypertension and it is characterized by a disorder 
of placental blood flow that results in intrauter-
ine fetal hypoxia. Oxidative stress appears when 
an imbalance is present between the generation 
of free radicals and the antioxidant defense sys-
tems in the body. Free radicals can alter biomol-
ecules, including the unsaturated fatty acids; 
deoxyribonucleic acid, ribonucleic acid. More 
recently, great attention has been paid to lipid 
peroxidation that involves the unsaturated fatty 
acids and generates several harmful products in-
cluding malondialdehyde (MDA) [10-12]. MDA 
is the main product of lipid peroxidation and an 
indicator of oxidative stress. The most common 
and widely available method for measurement is 
based on the reaction of malondialdehyde with 
thiobarbituric acid. Thiobarbituric acid reactive 
substance (TBARS) is a marker of oxidative 
stress that quickly binds to malondialdehyde.
The application of color Doppler ultrasound in 
perinatology enables to accurately assess hemo-
dynamic changes in the circulation of the fetus 
and directly indicate its acute condition. In fe-
tal circulation, the flow in the aorta, umbilical 
arteries, and cerebral arteries are most often 
determined by measuring the resistance index 
(RI). The knowledge regarding flow disorders 
through umbilical arteries (the resistance index 
through the umbilical artery - RI UA) and ce-
rebral arteries (the resistance index through the 
middle cerebral artery - RI MCA) has a prognos-
tic significance for suggesting possible oxygenic 
complications of the fetus. All pathological con-
ditions in the placenta (sclerosis, degeneration, 
obliteration, thrombosis) found in the PIH affect 
the diastolic flow in the arteries of the umbilical 
cord, which is reflected in the increase of RI val-
ue. The absence of diastolic flow in the umbili-
cal artery, absent end-diastolic flow (AEDF), as 
well as reverse flow, reversed end-diastolic flow 
(REDF), indicate a severe disorder in fetal cir-
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culation and severe fetal suffering. If there is a 
decrease in the concentration of pO2 and if the 
acidosis occurs, the resistance of RI MCA in-
creases, which leads to a decrease in the end-di-
astolic flow. Numerous perinatal examinations 
in the detection of the hypoxic fetus, particularly 
in high-risk pregnancies such as PIH, show that 
the best clinical application has a combination 
of these Doppler parameters that is cerebropla-
cental ratio (CPR) calculation, which is reduced 
if any of the blood redistributions in favor of the 
fetal brain occurs. When CPR values are below 
1 there is a two-fold increase in the risk of the 
intrauterine suffering of the fetus and accuracy 
of the cord arterial pH less than 7.10 at birth 
[13,14]. It is very important for the course and 
prognosis of this disease to determine the most 
optimal time for termination of pregnancy, as 
definitive therapeutic measures, both in the in-
terest of the mother and in the interest of the fe-
tus. This research is focused on the correlation of 
the TBARS, as an oxidative stress marker, with 
fetoplacental flows used in everyday practice to 
evaluate the intrauterine fetal condition during 
pregnancy. In recent literature, there is no analy-
sis of all these parameters together.

Methods

This research was performed at the Clinic of 
Gynecology and Obstetrics, University Clinical 
Centre Banja Luka, Bosnia and Herzegovina. 
The research included a total of 200 pregnant 
women in the gestation period from 28th to 40th.  
The Ethics Committee of the University Clini-
cal Centre Banja Luka approved the study and 
informed consent was obtained from all individ-
ual respondents. The research was conducted ac-
cording to the Declaration of Helsinki. 
All pregnancies were single with adequate med-
ical documentation during pregnancy, and ultra-
sound examination was performed during hos-
pitalization. Pregnant women were divided into 

two groups: 100 pregnant women with PIH that 
represent the test group and 100 healthy preg-
nant women that represent the control group. All 
pregnant women were checked for blood pres-
sure (BP) regularly. The oral regime of therapy 
was applied by aldomet and nifedipine, depend-
ing on the level of BP, high protein nutrition, 
half-salted nutrition, rest, and oxygenic therapy. 
PIH is defined as systolic blood pressure (SBP) 
> 140 mmHg and diastolic blood pressure (DBP) 
> 90 mmHg. It is classified as mild (if SBP is 
between 140 - 149 mmHg and DBP is between 
90 - 99 mmHg), moderate (if SBP is between 
150-159 mmHg and DBP is between 100-109 
mmHg), and severe (if SBP is ≥ 160 and DBP is 
≥ 110 mmHg). The selection of pregnant women 
that belong to the control group was performed 
after collection of data for the test group, try-
ing to get gestation age and life age of pregnant 
women in the control and test group as similar as 
possible. With all researched pregnant women, 
both control and test group, ultrasound param-
eters were tested and these were not older than 
7 days before the delivery. Ultrasound exam-
ination was performed using the device General 
Electrics GE Logiq BookXP, with the 3.5 MHz 
convex sonde. The following ultrasound pa-
rameters of feto-placental flows were analyzed: 
cerebroplacental ratio, absent end-diastolic flow 
and reversed end-diastolic flow. All surveyed 
pregnant women of the test and control group 
were blood tested for values of TBARS at The 
Institute for Laboratory Diagnostics University 
Clinical Centre Banja Luka. This spectrophoto-
metric method was based on the concentration 
of malondialdehyde, a product of lipid peroxi-
dation. TBARS level was defined as the equiva-
lent of malondialdehyde standard, following the 
producer’s recommendation (Oxi Select TBARS 
Analyse Kit MDA quantification), with the use 
of the spectrophotometric method at 532 nm. 
Depending on TBARS level there are three in-
tervals. The first interval represents the low val-
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ue if TBARS level is up to 20 µmol/l, the medi-
um value if TBARS level is between 20 and 40 
µmol/l, and the interval of high value if TBARS 
level is over 40 µmol/l. Statistical analysis was 
performed with the use of the licensed version of 
the SPSS 19 statistical software package. Data 
were analyzed using descriptive statistical meth-
ods. Mann-Whitney’s U-test, Chi-square (χ2) 
test, the Fisher’s test with the appropriate level 
of significance p < 0.05, was used. The degree 
of connection between TBARS and flow values, 
i.e. CPR was defined by Spearman’s correlation 
coefficient.

Results

According to anthropometric parameters for 
pregnancy, the research results of the group with 
PIH and the control group (healthy pregnancy) 
were analyzed in detail. The medium value of 
systolic pressure in pregnant women with PIH 
was 160 mmHg, and in the control group with 
healthy women, it was 120 mmHg, whereas the 
medium value of diastolic pressure of pregnant 
women with PIH was 110 mmHg, respectively 
70 mmHg in healthy pregnant women. By ob-
serving the gestational age at delivery, it was 
found that the pregnancy of women with PIH 
was shorter, which was highly statistically sig-
nificant. 
The control and test groups with the acquired 
TBARS values were compared. The mean 
TBARS value of pregnant women in the control 
group was 13.24 ± 2.74 µmol/l, and in the test 

group (pregnant women with PIH), the mean 
TBARS value was 36.69 ± 8.29 µmol/l, which 
represents the interval of medium values. There 
was a highly statistically significant difference 
between the test and control group in the TBARS 
value ( p˂0.0001).
The CPR of both test and control groups were 
analyzed and systematized (Table 1). Table 1. 
shows that with the use of the Mann-Whitney’s 
U test, a statistically significant difference in 
parameters between the test group of pregnant 
women with PIH and the control group was de-
termined, except for parameter RI MCA. It was 
found that in the group of pregnant women with 
PIH, higher values of the RI umbilical artery 
were statistically significantly more frequent and 
the values of CPR were lower. In all pregnant 
women, Fisher’s test showed that the absence of 
diastole through the umbilical artery was signifi-
cantly more common in pregnant women with 
PIH (Table 2).
In order to take into consideration the possibility 
of clinical application of TBARS as an oxida-
tive stress marker for pregnancy hypertension, it 
was compared the obtained TBARS mean val-

Table 1. Overview of feto-placental flows between the test and control group of pregnant women umbilical 
artery (UA), middle cerebral artery (MCA), cerebroplacental ratio (CPR), MV – medium value, SD – 

standard deviation, Mann-Whitney-test

Parameters PIH group Control group p
Min Max MV SD Min Max MV SD

Delivery gestation (days) 203 280 261.94 20.39 229 280 273.96 8.56 0.0001
RI UA 0.51 0.85 0.63 0.08 0.51 0.66 0.59 0.03 0.001
RI MCA 0.49 0.84 0.67 0.07 0.5 0.76 0.67 0.03 0.377
CPR 0.61 1.45 1.05 0.16 0.91 1.50 1.13 0.07 0.0001

Table 2. Overview of US pregnancy parameters 
AEDF in all pregnant women

AEDF PIH group Control group p
Yes 8 0 0.0071No 92 100

Absent end-diastolic flow (AEDF), 1 - Fisher’s test
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ues with ultrasound (US) parameters: CPR and 
AEDF. In correlation to the US parameters with 
TBARS values, when applying Mann-Whitney’s 
U test, there was no statistically significant dif-
ference in TBARS value of pregnant women in 
the test group with AEDF (Md = 43.2250, n = 
8) and pregnant women in the test group with 
the presence of umbilical arterial end-diastolic 
flow (Md = 36.1174, n = 92), U = 227.500, z 
= -1.785, p = 0.074 with r = 0.179, (Table 3). 
Values p = 0.074 are borderline values, but these 
results also deserve attention for future research. 
All pregnant women in the control group had a 
regular flow through the umbilical artery.
CPR, an important parameter for intrauterine 
fetal condition, was conducted in all pregnant 
women (Table 4). By applying Spearman’s cor-
relation coefficient, a weak correlation between 
CPR and TBARS value (r = -0.249, p = 0.0001) 
in women with PIH and the control group in 
healthy pregnant women (Figure 1) was discov-
ered. Pregnant women with PIH had significant-
ly lower values of CPR, and high TBARS val-
ues, the oxidative stress marker. The correlation 
between CPR and TBARS values (r= -0.249) 
was negative, and showed that in higher TBARS 
values, CPR values were lower.

Discussion

Examining possibilities of clinical application of 
TBARS as an oxidative stress marker, this re-
search was focused on the analysis of TBARS 
value in test and control groups compared to US 
parameters for the course of pregnancy. Medium 

Table 3. TBARS values of women with PIH compared to US parameters AEDF 
AEDF PIH group TBARS ( X̄ ± SD μmol/l) p
Yes 8 43.22 ± 8.99

0.074No 92 36.12 ± 8.03
Total 100 36.69 ± 8.29

AEDF - Absent end-diastolic flow in the umbilical artery

Table 4. Analysis of TBARS and CPR values in all pregnant women
Parameters PIH group Control group p
CPR,(X̄) 1.049 1.127 0.0001
TBARS, ( X̄ ± SD) 36.69 13.24
N 100 100

-0.249**
Cerebroplacental ratio (CPR), **Spearman’s correlation coefficient, r, p< 0.01

Fig.1. The correlation between TBARS and 
CPR in pregnant women with PIH and healthy 

pregnant woomen
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values of gestational age at delivery were ana-
lyzed and proved high statistical significance - 
pregnant women with PIH delivered a baby at 
earlier gestational age compared to healthy preg-
nant women [15]. 
The role of oxidative stress is stated as the cause 
of many diseases in numerous studies [12,19-
21]. In this research, medium values of TBARS 
were analyzed, as the oxidative stress mark-
er, and compared with ultrasound parameters. 
There was a difference between the test and con-
trol group, which confirmed the significance of 
these parameters for monitoring and evaluation 
of intrauterine fetal condition in PIH. The ob-
tained mean TBARS values for the control group 
of pregnant women were within the interval of 
low values and were 13.24 µmol/l. In the test 
group, TBARS middle values were 36.69 µmol/l 
and these values were within the interval of me-
dium values. It could be concluded that pregnant 
women with hypertension had increased oxida-
tive stress. Similar results were obtained in the 
study by Kumari et al [22]. In this study, the 
malondialdehyde, which forms a 1:2 adduct with 
thiobarbituric acid, was found to be elevated in 
the plasma of women with pre-eclampsia [22].
Measuring the flow in the umbilical artery is a 
routine, a simple method considering the fact 
that the umbilical cord is easy to detect and that 
is available for examination. Findings on the 
disorder of the flow through the umbilical artery 
and RI values have prognostic importance which 
suggests the possible oxygenation complications 
in the fetus, identifying at-risk fetuses especially 
in high-risk pregnancies such as PIH. In clinical 
work, measuring RI flow through MCA is per-
formed simultaneously with measuring RI flow 
through the umbilical artery. RI is proportional 
to the concentration of pO2 in fetal blood ves-
sels. In normal conditions of the oxygen con-
centration, RI MCA is higher than the RI AU. In 
conditions of severe hypoxia, the RI MCA of the 
fetus is reduced in order to allow greater blood 

flow to the brain, ie centralization of blood flow 
[14–18].
While analyzing AEDF of the tested group and 
TBARS values from the acquired results, it was 
noticed that there was no difference in TBARS 
values between pregnant women with PIH whose 
ultrasound showed AEDF and those whose ultra-
sound did not show AEDF. The results deserve 
attention, considering the obtained values. The 
mean value of TBARS in a group of pregnant 
women with PIH who had AEDF was within the 
interval of high values and it was 43.22 µmol/l. 
Defining TBARS values for pregnant women 
with PIH that were diagnosed with AEDF on the 
ultrasound, as in the presented study, is import-
ant and could have clinical application. 
Through the analysis of the control group of 
pregnant women, it could be also noticed that 
they had a regular flow of RI UA, and TBARS 
medium value was 13.24 µmol/l within the inter-
val of low values. It is significant to emphasize 
that, while analyzing a control group of pregnant 
women, 200 of them in total, we did not encoun-
ter reversed end-diastolic flow, the US parameter 
that is always an indicator of acute intrauterine 
fetus suffering which means that the pregnancy 
has to be terminated immediately. 
In this research, we thoroughly analyzed the US 
parameter – CPR, that represents the relationship 
between the resistance index RI flow through the 
middle cerebral artery and the resistance index 
RI through the umbilical artery. The CPR low-
er than 1, or according to recent literature below 
1.08, reflects centralization of blood circulation 
and represents a highly sensitive US parameter 
for the detection of intrauterine fetal hypoxia 
[23–26]. Obtained results showed that CPR val-
ue 1 and lower was significantly more frequent 
in women with PIH. Therefore, in this research, 
the correlation of this parameter with TBARS 
mean values was studied. Pregnant women with 
lower CPR values had higher TBARS values, 
hence there was a negative correlation in the ac-
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quired results of these two parameters. TBARS 
values were analyzed according to intervals of 
low and medium values and CPR in the control 
group of pregnant women. Out of 100 pregnant 
women of the control group, 99 of them had 
TBARS values within the interval of low values 
up to 20 µmol/l, and a single pregnant woman 
was within the interval of medium values. CPR 
for all pregnant women was higher than 1, which 
represents a normal finding.
The CPR ratio is of great importance for intra-
uterine monitoring of the fetal condition, espe-
cially for preeclampsia. The correlation between 
CPR and TBARS value was acquired. Accord-
ing to this test, there was a negative correlation, 
which meant that in higher TBARS values, val-
ues of CPR were lower and vice versa.
There are several studies in the literature, which 
show that oxidative stress is extremely high in 
PIH and that it is in direct positive correlation 
with values of blood pressure level – with the 
highest levels of BP, the highest are TBARS 
values as an oxidative stress marker [10,11,27]. 
Similar research in the study by Draganovic et al 
[28] shows that TBARS values, as an oxidative 
stress marker, are significantly increased in the 
most severe clinical forms of PIH.
Based on the results obtained in this research, a 
clear connection of TBARS values and CPR was 
obtained, as a very sensitive ultrasound param-
eter for the intrauterine fetal condition, thus it 
could be concluded that this marker could have a 
clinical application in the evaluation of intrauter-
ine fetal condition and estimation of the optimal 
time for pregnancy termination in pregnancies 
with PIH. However, it requires additional exam-
inations.
The limitation of this study is in the number 
of the examined pregnant women, and a larger 
number would significantly improve the pos-
sibility of clinical application of TBARS and 
CPR values. Especially, the clinical application 
in terms of timely termination of pregnancy in 

the interest of the fetus should be based on the 
research of TBARS and CPR values, consider-
ing the larger number of pregnant women with 
severe preeclampsia and separately in pregnant 
women with mild preeclampsia. Another lim-
itation of the study could be the significant dif-
ference in gestational age at delivery between 
healthy pregnant women and pregnant women 
with PIH, who had pregnancy termination at an 
earlier gestational age. The difference in gesta-
tional age could affect the difference in oxida-
tive stress between healthy pregnant women and 
pregnant women with PIH.

Conclusion

TBARS, as the marker of oxidative stress in 
pregnant women with PIH is significantly higher 
compared to TBARS in healthy pregnant wom-
en. In pregnant women with PIH, CPR is sig-
nificantly lower compared to healthy pregnant 
women. In this study, it is shown that there is a 
negative correlation between TBARS and CPR 
values in pregnant women with PIH. Pregnant 
women with PIH had high values of TBARS, 
the medium value of 36.69 µmol/l, and low val-
ues of CPR, the medium value has been 1.05. 
Whereas healthy pregnant women had low-
er values of TBARS, medium value of 13.24 
µmol/l, and higher values of CPR, the medium 
value of 1.13. Increased values of TBARS from 
the blood of pregnant women with PIH could 
indicate increased oxidative stress, hypoxia, and 
intrauterine fetal distress. The obtained negative 
correlation between TBARS, as a marker of ox-
idative stress, and CPR allows the clinical ap-
plication of TBARS as part of routine prenatal 
clinical diagnostic for determining the optimal 
time for pregnancy termination in the interest of 
the fetus in pregnant women with PIH. 
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