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İDİDİDİDİD

Özet: Serum beyin natriüretik peptid 
konsantrasyonlar›n›n preeklamptik ve sa¤l›kl› gebe
kad›nlarda de¤erlendirilmesi ve ortalama arteryel
kan bas›nc› ile aras›ndaki iliflki
Amaç: Bu çal›flmada preeklamptik ve normotansif gebe kad›nlar
aras›nda serum beyin natriüretik peptid (BNP) konsantrasyonlar›-
n› k›yaslayarak bu olgulardaki kan bas›nc› de¤erleri ile aras›ndaki
iliflkinin incelenmesi ve preeklampsi patogenezindeki olas› yerinin
de¤erlendirilmesi amaçland›. 
Yöntem: 48 preeklamptik ve 39 normotensif gebe kad›n prospek-
tif olarak çal›flmaya dahil edildi. Gebelerin sistolik diastolik ve or-
talama arteryel kan bas›nçlar› saptand›. Serum BNP konsantras-
yonlar› enzim immunoassay yöntemi ile ölçüldü. Gruplar aras›nda-
ki de¤iflkenlerin farkl›l›klar› ba¤›ms›z örnekler t testi ile incelendi.
De¤iflkenler aras›ndaki olas› birliktelikler ise Pearson’un korelas-
yon analizi ile de¤erlendirildi. 
Bulgular: Gruplar aras›nda yafl (26.18±11.49 y›la karfl›l›k 26.04±14.06
y›l), gestasyonel yafl (31.59±6.94 haftaya karfl›l›k 30.17±5.72 hafta), pa-
rite (2.62±1.4’e karfl›l›k 2.53±1.82) ve vücut kitle indeksi (30.71±16.33
kg/m2’ye karfl›l›k 30.09±13.82 kg/m2) yönünden farkl›l›k bulunmuyor-
du (p>0.05). Sistolik (148.66±61.82 mmHg’ya karfl›l›k 126.44±97.47
mmHg; p=0.015), diastolik (81.19±52.25 mmHg’ya karfl›l›k 97.29±
14.27 mmHg; p=0.019) ve ortalama arteryel bas›nç (113.97±41.76
mmHg’ya karfl›l›k 96.26±27.25 mmHg; p<0.001) preeklampsi ile
komplike gebe kad›nlarda daha yüksekti. ‹lave olarak serum BNP kon-
santrasyonlar› da preeklamptik gebe kad›nlarda kontrol grubuna k›-
yasla daha yüksek saptand› (139.42±62.19 pg/mL’ye karfl›l›k 99.28±
19.32 pg/mL; p=0.028). BNP düzeyleri sadece ortalama arteryel ba-
s›nç ile anlaml› düzeyde birliktelik gösteriyordu (β=0.241, p=0.037).
Ayr›ca BNP düzeyleri ile ortalama arteryel bas›nç aras›nda anlaml› po-
zitif korelasyon bulundu (r=0.406, p=0.002). 
Sonuç: Daha genifl prospektif çal›flmalarda preeklampside art›fl
gösteren BNP düzeylerinin kan bas›nc› de¤erleri ile birliktelik
gösterip göstermedi¤inin de¤erlendirilmesi önerilir. 

Anahtar sözcükler: Gebelik, preeklampsi, beyin natriüretik peptid,
ortalama arteryel kan bas›nc›.
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Abstract

Objective: In this study, we aimed to investigate the correlation
between serum brain natriuretic peptide (BNP) concentrations and
blood pressure levels by comparing serum brain natriuretic peptide
(BNP) concentrations in preeclamptic and normotensive pregnant
women and to assess its potential role in the preeclampsia pathogenesis. 
Methods: A total of 48 preeclamptic and 39 normotensive patients
were included in the study prospectively. Systolic diastolic and mean
arterial blood pressure of the pregnant women were measured.
Serum BNP concentrations were measured by enzyme immunoas-
say method. The variable differences between the groups were ana-
lyzed by independent samples t-test. Potential correlations between
the variables were assessed by Pearson’s correlation analysis. 
Results: There was no difference between the groups in terms of age
(26.18±11.49 years vs. 26.04±14.06 years), gestational age (31.59±
6.94 weeks vs. 30.17±5.72 weeks), parity (2.62±1.4 vs. 2.53±1.82) and
body mass index (30.71±16.33 kg/m2 vs. 30.09±13.82 kg/m2) (p>0.05).
Systolic (148.66± 61.82 mmHg vs. 126.44±97.47 mmHg; p=0.015),
diastolic (81.19±52.25 mmHg vs. 97.29±14.27 mmHg; p=0.019)
and mean arterial pressure (113.97±41.76 mmHg vs. 96.26±27.25
mmHg; p<0.001) levels were higher in the pregnant women compli-
cated with preeclampsia. In addition, serum BNP concentrations
were also higher in the preeclamptic pregnant women than the con-
trol group (139.42±62.19 pg/mL vs. 99.28± 19.32 pg/mL; p=0.028).
BNP levels were significantly associated with only mean arterial
pressure (β=0.241, p=0.037). Also, there was a significant positive
correlation between BNP levels and mean arterial pressure (r=0.406,
p=0.002). 
Conclusion: We recommend further prospective studies with wider
populations to assess whether BNP levels, which increase in
preeclampsia, are associated with blood pressure levels or not. 

Keywords: Pregnancy, preeclampsia, brain natriuretic peptide, mean
arterial blood pressure.
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Introduction
Preeclampsia is characterized with vascular disorders
affecting approximately 3–5% of the pregnancies, seen
after 20 weeks of gestation, causing new-onset hyperten-
sion, and leading to vessel damage and at least one organ
or system damage. Severe preeclampsia is the progres-
sive form of the preeclampsia complicating approxi-
mately 0.6–1.2% of the pregnancies, and it results with
impaired systemic characteristics such as elevated blood
pressure (systolic blood pressure being 160 mmHg or
above, and diastolic blood pressure being 110 mmHg
and above) or renal failure, liver dysfunction (liver
enzymes being two times higher than the normal upper
threshold value) and persistent right upper quadrant or
epigastric pain not responding to medical treatment,
pulmonary edema, thrombocytopenia (platelet number
being below 100×109/L) or cerebral or visual anomalies.
Preeclampsia is a systemic vascular disorder specific to
pregnancy only, and may frequently progress to life-
threatening clinical conditions such as eclampsia, renal
failure and HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelet count). Despite many theories
asserted, the pathogenesis and etiology of preeclampsia
is still unclear and it is believed that it is complex and
associated with many factors.[1–3] 

Brain natriuretic peptide (BNP) is a polypeptide
released as pre-pro BNP by the cells in ventricular
myocardium and its production increases as a response
to inflammatory conditions.[4] Ventricular myocytes
release BNP and N-terminal pro BNP, which is a prod-
uct of non-active N-terminal fragment cleavage, into
the systemic circulation as a response to stress and over-
stress. It has been reported that BNP levels can be used
as a sensitive marker in the diagnosis of mild systolic or
diastolic cardiac failure and congestive cardiac failure
accompanied by left ventricular dysfunction.[5] In addi-
tion, it was also reported that plasma BNP levels elevates
in preeclamptic women compared to pregnant women
and it is a marker of subclinical vascular diseases in these
patients. The previous studies also reported that there is
a correlation between BNP levels and other complica-
tions associated with pregnancy such as the severity of
preeclampsia and preterm labor.[4] However, it is not
fully known whether this biochemical increase is associ-
ated non-specifically or directly with these pathological
conditions or not.[5] Therefore, we aimed to investigate
the correlation between serum BNP concentrations and
blood pressure levels of the pregnant women in our

study group by comparing serum BNP concentrations
in preeclamptic and normotensive pregnant women and
to assess its potential role in the preeclampsia pathogen-
esis in this study.

Methods
This study was conducted prospectively with the preg-
nant women between 18 and 38 years old who admit-
ted to the obstetrics and gynecology clinic after getting
the approval of ethics committee. The gestational ages
of the pregnant women were calculated according to
their last menstrual periods and they were confirmed
by checking the ultrasonographic measurement data,
and recorded as “week + day”. The heights (meter) and
body weights (kg) were measured and recorded by
using standard and same scales while the pregnant
women were wearing casual and light clothes. The sys-
tolic and diastolic blood pressure levels were measured
of each pregnant women three times by the standard
and same sphygmomanometer (OMRON M2
Intellisense HEM-7121-E; OMRON Healthcare
Group, Hoofddorp, Netherlands) while they were
rested for at least 20 minutes and on sitting position at
least for 5 minutes, and the arithmetic means were
recorded. The diagnosis of preeclampsia was estab-
lished as defined in the guidelines of the American
College of Obstetricians and Gynecologists (ACOG)
with at least one of the following criteria accompany-
ing hypertension (systolic blood pressure <140 mmHg
or diastolic blood pressure >90 mmHg) with an onset
after the 20 weeks of gestation: proteinuria (creatinine
rate ≥30 mg/mmol or ≥300 mg/day or testing in per-
sistent spot urine ≥2+), renal failure (serum creatinine
level which is not previous renal disease being >106
μmol/L or above 1.1 mg/dL or doubling serum creati-
nine level without additional renal disease), at least
two-fold elevation in the values of measured serum ala-
nine aminotransferase or aspartate aminotransferase,
neurological complications (severe headache, blurred
vision or convulsion), hematologic complications
(platelet number below 150×109/L, coagulopathies),
and fetal growth restriction.[3,6] The pregnant women
without additional health problem or proteinuria or
any clinical symptoms listed above, the pregnant
women with normal laboratory values whose blood
pressure levels are within normal limits (blood pressure
below 140/90 mmHg) were included in the healthy
pregnant women group.
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The mean arterial pressure (MAP) was calculated
by the formula below:[7]

MAP (mmHg) = [Systolic blood pressure (mmHg) + 
2 × Diastolic blood pressure (mmHg)] / 3
The pregnant women whose gestational age was

below 20 weeks of gestation, the cases with multiple
pregnancy, intrauterine dead fetuses, fetal or placental
anomalies, hypertension without induced proteinuria,
diabetes mellitus, eclampsia, and the cases with pregesta-
tional hypertension history or chronic hypertension
detected before pregnancy were excluded from the study.

After the preeclamptic and healthy groups were
established, 5 cc venous blood sample was collected
from each volunteer case after minimum 8-hour
overnight fasting, and the serum sample was separated
by centrifuging the samples. Serum BNP measure-
ments were done by using an appropriate kit (Human
Brain Natriuretic Peptide EIA Kit; RayBiotech Inc.,
Peachtree Corners, GA, USA) via enzyme immunoas-
say (EIA) method.

Statistical analysis

The variables were presented as “mean ± standard
deviation”. The compliance of the data to the normal
distribution was analyzed by Kolmogorov-Smirnov
test, and it was seen by the analysis results that the data
exhibited normal distribution (p=0.621). The homo-
geneity of the data was examined by one-way ANOVA
analysis and it was seen by the analysis results that the
data exhibited homogeneous distribution (p=0.49).
The comparisons of the variables in the groups among
themselves were analyzed by independent sample t-
test. The potential cause-effect relationships between
the variables were analyzed by linear regression analy-

sis and the correlations between the variables were ana-
lyzed by Pearson’s correlation analysis. All analyses
were done by using SPSS v.16 (Statistical Package for
the Social Sciences; SPSS Inc., Chicago, IL, USA) soft-
ware compatible with Microsoft Windows OS. The
value of p<0.05 was considered significant.

Results
The clinical and laboratory findings of the study popula-
tion are shown in the Table 1. There was no significant
difference between the pregnant women in both groups
in terms of age, gestational age, parity and body mass
index (p>0.05). The systolic blood pressure levels were
found significantly higher in the preeclamptic pregnant
women (148.66±61.82 mmHg vs. 126.44±97.47 mmHg;
p=0.015). The diastolic blood pressure levels were signif-
icantly lower in the healthy pregnant women compared
to the pregnant women complicated with preeclampsia
(81.19±52.25 mmHg vs. 97.29±14.27 mmHg; p=0.019).
The mean arterial blood pressure values were significant-
ly higher in the preeclamptic pregnant women (113.97±
41.76 mmHg vs. 96.26±27.25 mmHg; p<0.001). Serum
BNP concentrations were higher in the preeclamptic
pregnant women compared to the healthy pregnant
women (139.42±62.19 pg/mL vs. 99.28±19.32 pg/mL;
p=0.028).

The potential cause-effect relationships between the
variables were evaluated by the linear regression analysis.
In the model created, the systolic blood pressure, dias-
tolic blood pressure and mean arterial blood pressure
levels were designed as the independent variables, and
the BNP levels were designed as dependent variable.
According to this model, it was found that BNP levels
were only correlated significantly with the mean arterial
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Table 1. The clinical and laboratory findings of the study population.* 

Preeclampsia Healthy
(n=48) (n=39) p-value

Age 26.18±11.49 26.04±14.06 >0.05

Gestational age, week±day 31.59±6.94 30.17±5.72 >0.05

Parity 2.62±1.49 2.53±1.82 >0.05

Body mass index, kg/m2 30.71±16.33 30.09±13.82 >0.05

Systolic blood pressure, mmHg 148.66±61.82 126.44±97.47 0.015

Diastolic blood pressure, mmHg 97.29±14.27 81.19±52.25 0.019

Mean arterial pressure, mmHg 113.97±41.76 96.26±27.25 <0.001

Serum BNP concentration, pg/mL 139.42±62.19 99.28±19.32 0.028

*The independent samples t-test was used. The value of p<0.05 was considered significant. BNP: brain natriuretic peptide. 
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pressure (β=0.241, p=0.037) (Table 2). Also, there was a
significant positive correlation between BNP levels and
mean arterial pressure (r=0.406, p=0.002).

Discussion
In our study, we compared pregnant women without
any additional health problem and the preeclamptic
pregnant women who were similar in terms of maternal
age and gestational age. In this comparison, we found
that the serum BNP concentrations were significantly
higher in the preeclamptic pregnant women (139.42±
62.9 pg/mL vs. 99.28±19.32 pg/mL; p=0.028) while BNP
levels were only correlated significantly with the mean
arterial pressure.

Hypertensive diseases may develop during pregnan-
cy as a result of the inadequacies in the compliance of the
volume and hemodynamic changes in pregnancy to the
pregnancy-specific adaptive changes.[6] It was reported
that the maternal serum BNP levels elevated in
preeclamptic pregnancies compared to healthy pregnant
women.[8–13] Ghomian et al. analyzed maternal echocar-
diographic parameters in their study unlike our study,
and they reported that the reason of this elevation may
be associated with the cardiovascular disorders such as
increased vascular resistance and left ventricular pres-
sure, reduced heart rate, left ventricular dysfunction and
increased left ventricular mass index.[4] In addition, serum
BNP levels were not low only in healthy pregnant
women; there are also other data showing that there are
differences between preeclamptic pregnant women and
the pregnant women with preeclampsia exhibiting severe
findings. For example, Resnik et al. compared 34
preeclamptic and 25 normotensive pregnant women in
their study, and similar to our study, they found that
serum BNP levels were higher in the preeclamptic preg-
nant women compared to the healthy pregnant women.

They also reported that the serum BNP levels were
higher in the preeclamptic pregnant women with severe
findings compared to the preeclamptic pregnant women.
They suggested that the reason of this elevation in BNP
levels may be associated with ventricular stress related
with preeclampsia or subclinical cardiac disorders.[9]

On the other hand, there are different data related
with the maternal BNP levels in the preeclampsia. Kaaja
et al. compared the preeclamptic and healthy pregnant
women who had no difference between them in terms of
gestational age and parity similar to our study, but they
could not find significant difference between two groups
in terms of serum BNP levels unlike our study. They
explained this result with the impairment of BNP in the
normal diurnal variation in which there are also serum
aldosterone and urinary prostaglandin metabolites as the
other parameters analyzed in their study.[14]

Although mean arterial pressure exhibit decrease in
the first periods of pregnancy, blood pressure levels ele-
vate in the further periods of pregnancy and blood pres-
sure levels reach to the pregestational levels as a result.[6]

As proven in many studies, arterial blood pressure is a
risk factor which is widely accepted for the development
of cardiovascular diseases.[7,15,16] On the other hand, these
studies investigating risk factors for cardiovascular dis-
eases frequently focus only on the impacts of systolic and
diastolic blood pressure levels. However, these levels
reflect only the fluctuations in extreme conditions.[17–19] In
addition to the systolic and diastolic blood pressure lev-
els, we also included arterial blood pressure in our study
which provides more important data about the daily
mean blood pressure levels instead of instant levels.
Besides, other studies investigating preeclampsia exam-
ined the mean arterial pressure relatively less. The mean
arterial pressure as a major component of the blood pres-
sure provides more extensive information for the daily
interpretation of blood pressure and does not require an
additional cost as it can be obtained in routine clinical
practice easily.[19] Cataliotti et al. reported that the conju-
gated BNP they administered orally decreased the mean
arterial pressure significantly. They asserted that this
decrease in the mean arterial pressure occurred by the
activation of cGMP via orally administered BNP.[20]

There were many limitations in our study. Firstly, rel-
atively small study population caused the results being
unable to support study hypothesis completely. Secondly,
we could not include eclamptic pregnant women in our
study. Lastly, we could not evaluate maternal systolic and
diastolic functions echocardiographically.

Table 2. The results of regression analysis examining the correlation
between BNP levels and systolic, diastolic and mean arterial
blood pressure levels.*

ββ coefficient p-value

Systolic blood pressure 0.116 0.52

Diastolic blood pressure 0.109 0.36

Mean arterial pressure 0.241 0.037

*It was evaluated by the linear regression analysis. The BNP levels were
designed as dependent variable, and the systolic, diastolic and mean arterial
blood pressure levels were designed as the independent variables. The value
of p<0.05 was considered significant.



Conclusion
We found in our study that serum BNP concentrations
increased in preeclamptic pregnant women. The BNP
concentrations elevated in our study population were
associated with the maternal mean arterial pressure.
We believe that wider prospective studies evaluating
BNP concentrations in the preeclampsia should be
conducted to address the relationship between BNP
levels and maternal cardiac functions.
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