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Introduction
Preeclampsia is a multi-factorial syndrome that occurs in
the second half of pregnancy; it manifests with a triad of
symptoms: swelling, proteinuria and hypertension, and in
severe cases, convulsions and coma.[1] Despite the success
in the study of the pathogenesis and etiology of

preeclampsia, there is no single theory explaining the
causes and the mechanism of its development; both being
important for its diagnosis and prevention.[2,3] It is believed
that preeclampsia is caused by neurogenic, hormonal,
genetic and immunological factors.[4,5] Preeclampsia is
considered a failure of body’s adaptive mechanisms.[6–9]

Özet: Orta ve ileri derece preeklampside sitokinler ve
C-reaktif protein
Amaç: Bu çal›flman›n amac›, gebeli¤in üçüncü trimesterinde orta
ve ileri derece preeklampside pro-enflamatuar (IL-1β, IL-8) ve
anti-enflamatuar (IL-10) sitokin ve C-reaktif protein (CRP) üreti-
mi ile tümör nekroz faktörünü (TNF) de¤erlendirmektir.

Yöntem: Preeklampsi komplikasyonlu 50 gebe ve normotensif 50 gebe,
gebeliklerinin üçüncü trimesterinde de¤erlendirildi. IL-1β, IL-8, IL-10
ve TNF-α seviyeleri, kat› fazl› enzim immunoassay yard›m›yla ölçüldü.
‹statistiksel veriler, SPSS Windows 13 yaz›l›m› kullan›larak ifllendi.
Analiz edilen de¤iflkenlerin da¤›l›m›n› aç›klamak üzere tan›mlay›c› yön-
temler (ortalama, medyan, minimum ve maksimum) kullan›ld›. 

Bulgular: ‹leri derece preeklampside IL-10’un afla¤› yönde bir
e¤ilimi bulunurken, IL-8 görece stabil bir parametredir ve CRP,
preeklampsi gelifltirme riski bulunan kad›nlarda daha yüksek olma
e¤ilimindedir. 28–40 haftal›k gebeliklerde artan seviyelerde TNF-α
ve IL-β’n›n, preeklampsi geliflimi yönünden prognostik bir belirteç
olabilece¤i düflünülmektedir. 

Sonuç: Preeklampsi komplikasyonlu gebeli¤in üçüncü trimesterinde
sitokinlerin analizi yararl›d›r. Orta faz›n, en fonksiyonel homeostatik
sistem belirtisiyle ilgili olarak preeklampside kritik bir aflama oldu¤u
düflünülebilir. 
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Abstract

Objective: Studying the production of pro-inflammatory (IL-1β, IL-
8) and anti-inflammatory (IL-10) cytokines, CRP and tumor necrosis
factor (TNF) in moderate and severe preeclampsia in third trimester
of pregnancy. 

Methods: Fifty women with pregnancies complicated by preeclampsia
and 50 women with normotensive pregnancy were evaluated in the
third trimester of pregnancy. Levels of IL-1β, IL-8, IL-10, and TNF-α
were measured by using a solid-phase enzyme immunoassay. Statistical
data processing was done using the application program SPSS for
Windows 13.0. Descriptive methods (mean, median, min and max)
were used in order to describe the distribution of analyzed variables. 

Results: In severe preeclampsia IL-10 had a downward trend, IL-8
was a relatively stable parameter, and CRP levels tend to be higher
in women at the risk of developing preeclampsia. Increasing levels
of TNF-α and IL-β between 28–40 weeks of gestation may be con-
sidered a prognostic marker for the development of preeclampsia. 

Conclusion: Analyzing cytokines in third trimester of pregnancy
complicated with preeclampsia is useful. Moderate phase can be con-
sidered a critical stage in preeclampsia that comes to most function-
al strain homeostatic system. 

Keywords: Cytokines, c-reactive protein, preeclampsia.
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Compared to normal pregnancy, increased inflam-
matory responses are reported[10–12] and immune deviation
toward T helper type 1 (Th1) in pregnancy with estab-
lished preeclampsia.[13] Roberts[14] was one of the first who
suggested that mediators released in preeclampsia are
responsible for the endothelial damage. Injured endothe-
lium initiates a dysfunctional cascade of coagulation,
vasoconstriction and intravascular fluid redistribution; it
results in the clinical syndrome of preeclampsia.[15]

Numerous studies showed that the balance of
cytokines had importance in the regulation of pregnan-
cy.[16,17] Diagnostic and prognostic significance of breach-
es in the immune balance during preeclampsia has not
yet been determined.[17]

Pro-inflammatory cytokines, such as IL-2, IL-8,
TNF are increased in the blood, in leukocytes during
preeclampsia (PE). Elevated concentrations of TNF-α
have been observed in the blood of women with PE.[18]

Compared to the increased level of pro-inflammato-
ry cytokines, the blood level of some anti-inflammatory
cytokines, as IL-4 and IL-10[19] are decreased in patients
with PE.

The purpose of this study was to evaluate the pro-
inflammatory TNF-α, IL-1β, IL- 8, and anti-inflam-
matory IL-10 cytokines and C-reactive protein (CRP)
in moderate and severe preeclampsia, compared to
normotensive pregnancies in the third trimester.

Methods
This study was designed as a prospective single-center
study of pregnant women in their third trimester.
Inclusion criteria were singleton pregnancy (between
28 and 40 weeks of gestation) and reproductive age.
Exclusion criteria were acute and chronic genital and
extra genital diseases (essential hypertension, heart fail-
ure, diabetes, morbid obesity, immunodeficiency, sys-
temic diseases, chronic infectious diseases, genetic
pathology). All patients signed the informed consent
for the inclusion in the study. The study was approved
by the Ethical Committee of our clinic.

Fifty patients with moderate or severe preeclamp-
sia and 50 with normal pregnancy were included in this
study. Patients were divided into two groups: those
complicated by varying degrees of preeclampsia in the
third trimester of gestation, and normotensive patients
without threatening signs of hypertension and
preeclampsia (control group).

The severity of preeclampsia was determined
according to the definition of the World Health
Organization, Handbook for guideline development,
Geneva, 2010. Moderate or severe preeclampsia was
diagnosed on the criteria for classification at the time
of collection of maternal serum.

The level of IL-1β, TNF, IL-8, and IL-10 was
determined through a commercial test. Cytokine level
in the serum was measured by the "sandwich" method
of solid-phase enzyme immunoassay using double anti-
body. Recombinant cytokines as part of the test –
whale were used as a standard for comparison. The
detection was done by "Victor" immunoassay analytics.
According the standard samples titration, calibration
graphs were made for each cytokine, as determined by
their level in the range of detected concentrations
(1–2000 pg/ml).

Data were analyzed using SPSS Statistics for
Windows, version 13.0 (SPSS Inc., Chicago, IL, USA).
Data are presented as means and percentages, standard
deviations, and minimal and maximal values. The
Mann-Whitney U test was used to evaluate between-
group differences in results. A value p <0.05 was con-
sidered statistically significant.

Results
Our analysis showed that in pregnancy complicated by
preeclampsia, cytokine levels essentially change com-
pared with the respective levels in physiological preg-
nancy. Even a lighter form of preeclampsia shows
directional change, i.e., elevated levels of pro- and anti-
inflammatory cytokines, with the exception of IL-10
that has a downward trend in severe preeclampsia.

Table 1 shows statistical analysis of difference in
age and gestational age. The difference in average age
among pregnant women with medium and severe
preeclampsia (29.9±4.7 versus 34.2±3.85) was statisti-
cally significant (p=0.004). Pregnant women from the
examined groups differ slightly in terms of average
length of gestational age, which ranges from 34.4±3.6
weeks in the group with severe PE, and 35.5±3.4 weeks
in the group with symptoms of moderate PE (Fig. 1).

With regards to the distribution by ethnicity,
Albanians were often represented with 56% in the group
with preeclampsia, or 44% with symptoms of medium,
and 68% with symptoms of severe PE (Table 1).
Pregnant Albanians in 68% dominated the normoten-



Fig. 1. Mean levels of age (year), gestational week and BMI in moderate, severe preeclampsia and control group (BMI: body mass index; PE:
preeclampsia).
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sive pregnant group. The average BMI (kg/m2) in the
group of pregnant women with preeclampsia was
34.33±4.5 kg/m2 and is insignificantly (p=0.09) higher
than average body mass in the control group, with a
value of 32.8±3.8 kg/m2. However, the examined differ-
ence in the average body mass index (BMI) among preg-
nant women with moderate and severe PE, and nor-
motensive pregnant, was statistically significant
(p=0.026), due to significantly higher average index in

pregnant women with severe PE versus normotensive
pregnant women (35.57±4.1 kg/m2 versus 32.88±3.8
kg/m2, p=0.025) (Table 1).

Pregnant women with preeclampsia and healthy
pregnant women had a slightly (p=0.7) different values
of IL-8 in serum, whereas pregnant women with mod-
erate and those with severe preeclampsia had insignifi-
cant higher values than the control group (p=0.17). The

Table 1. Comparative values for age, gestational week and BMI in moderate, severe preeclampsia, and control groups.

Variable  Groups

All PE Moderate PE (mPE) Severe PE (sPE) Control (c)
n=50 n=25 n=25 n=50

Age Mean±SD 32.06±4.8 29.9±4.7 34.2±3.85 31.8±4.8
All PE/c t=0.27 p=0.8  
mPE/sPE/c F=5.5 p=0.005 post hoc mPE/c p=0.004

Gestational week Mean±SD 34.99±3.5 35.5±3.4 34.4±3.6 34.8±3.6
All PE/c t=0.2 p=0.8        
mPE/sPE/c F=0.6 p=0.5

Ethnicity n(%)
Macedonian 18 (36%) 10(40%) 8 (32%) 15 (30%)
Albanian 28 (56%) 11(44%) 17 (68%) 34 (68%)
Romanian  4 (8%) 4(16%) 0 1 (2%)

BMI Mean±SD 34.33±4.5 33.1±4.7 35.57±4.1 32.88±3.8
Range 24.2–44 24.2–41 27–44 27–43.9

All PE/c t=1.7 p=0.09               
mPE/sPE/c F=3.8 p=0.026 post hoc sPE/c p=0.025

All PE: all preeclampsia groups; BMI: body mass index; SD: standard deviation
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average values, the lowest and highest serum values of
IL-8 in the analyzed groups are shown in Table 2.

Statistical analysis did not confirm significant dif-
ference in the serum values of IL-10 among pregnant
women with moderate preeclampsia and healthy preg-
nant women (p=0.5), but highly significant (p< 0.01)
difference among moderate preeclampsia/severe
preeclampsia/control group was due to the lower val-
ues of this interleukin in severe preeclampsia group,
comparing moderate preeclampsia in relation to the
control, and due to the highly significant lower values
when comparing control in relation to moderate
preeclampsia group (Table 2). Average concentrations
of IL-10 in serum amounted to 23.2±40.7 pg/ml in
group of preeclampsia, 45.5±48.4 pg/ml in the group
of moderate preeclampsia, and 0.8±0.4 pg/ml in the
group with severe preeclampsia. In normotensive
group, average serum concentration of IL-10 was
4.2±6.7 pg/ml.

Patients with preeclampsia had significantly (p=
0.02) higher serum concentrations of IL-β compared to
normotensive, owing to the highly significant (p<0.01)
higher concentrations in the group of severe preeclamp-
sia versus control group, while the difference observed
in moderate form of preeclampsia and control group was
statistically insignificant (p=0.5) (Table 2). The differ-
ence between the two subgroups of preeclampsia was
statistically significant (p=0.04). The lowest average

value of IL-1β was 1.8±7.4 pg/ml, as recorded in the
control group, with similar average values observed in
the group with moderate preeclampsia, while the high-
est average value in the group with severe preeclampsia
measured 11.3±35.7 pg/ml.

Mean levels of IL-8, IL-10 and IL-1β in patients
with moderate and severe preeclampsia and control
group are presented in Fig. 2.

Both subgroups insignificantly (p=0.7) differed in
terms of CRP values (Table 3). Significant difference
p<0.01 was confirmed among pregnant women with PE,
and pregnant women with moderate and severe PE in
relation to healthy pregnant women. The average values
of CRP in group of PE with severe range was recorded at
around 12 mg/L, while in the group of healthy pregnant
women an average of 4.7±4.6 mg/L was recorded (Fig. 3). 

Results of the analyzed differences between groups in
terms of TNF-α values show that the serum of pregnant
women in the group with secondary symptoms expressed
in PE records such significantly higher values in preg-
nant women with PE compared with the control group
(p=0.012) (Table 3). TNF-α had an average value of
146.3±254.3 in the group of pregnant with PE,
206.6±300.9 in the group with moderate PE, and
86.1±184.3 in the group with severe PE, whereas the
lowest average value of 58.3±243.4 was identified in the
normotensive group. 

Table 2. Comparative values (pg/ml) of IL-8, IL-10 and Il-1β in moderate, severe preeclampsia, and control groups.

Variable Groups

All PE Moderate PE (mPE) Severe PE (sPE) Control (c)
n=50 n=25 n=25 n=50

IL-8 Mean±SD 46.4±117.2 57.1±93.6 35.7±138 13.6±33.1
Median 6.31 8.11 5.99 6.03
Range 2.39–697 3.05–259 2.39–697 1.2–237

All PE/c Z=0.4 p=0.7 
mPE/sPE/c H=3.6 p=0.17 

IL-10 Mean±SD 23.2±40.7 45.5±48.4 0.8±0.4 4.2±6.7
Median 1.36 27.28 0.75 1.47
Range 0.2–164 0.56–164 0.2–2.12 0.44–26.28

All PE/c Z=0.6 p=0.5         
mPE/sPE/c H=37.68 p<0.01 mPE/c p<0.01 sPE/c p<0.01 mPE/sPE p<0.01

IL-β Mean±SD 6.6±25.7 1.9±4.9 11.3±35.7 1.8±7.4
Median 0.78 0.67 0.95 0.665
Range 0.42–131 0.42–24.67 0.49–131 0.13–53

All PE/c Z=2.3 p=0.02
mPE/sPE/c H=9.8 p<0.01 mPE/c p=0.5     sPE/c p<0.01 mPE/sPE p=0.04

All PE: all preeclampsia groups; BMI: body mass index; SD: standard deviation
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Discussion
Results of this research showed that the most of the
changes in the concentration of pro-inflammatory
cytokines are seen in moderate preeclampsia. In mod-
erate preeclampsia there is increased synthesis of these
cytokines and the level of IL-10 and IL-8 reaches max-
imum values. In severe preeclampsia the level of pro-
inflammatory cytokines remained elevated or did not
differ from the values characteristic of physiological
pregnancy. Thus, the study showed that, according to
the cytokine profile, levels of pro-inflammatory

cytokines in pregnancies complicated by preeclampsia
did not only increase, but they also amended the ratio
of opposite pools coinciding with the results of other
studies.

However, changes in the level of cytokines deter-
mined by the degree of preeclampsia[20–23] did not differ in
our study from the dynamics identified in studies of
other authors.[24] Thus, many researchers argue that the
concentration of IL-1β significantly rises with the
increasing severity of preeclampsia and reaches maxi-
mum values[25] during severe preeclampsia.[26] An analo-

Fig. 2. Mean levels (pg/ml) of IL-8, IL-10 and IL-1‚ in moderate, severe preeclampsia and control group (PE: preeclampsia).

Table 3. Comparative values of CRP and TNF-α in moderate, severe preeclampsia, and control groups.

Variable Groups

All PE Moderate (mPE) Severe PE (sPE) Control (c)
n=50 n=25 n=25 n=50

CRP Mean±SD 12.5±8.5 12.8±7.3 12.2±9.6 4.7±4.6
Median 12 12 12 2.6
Range 0.1–35.1 0.1–29 0.9–35.1 0.1–15.9

All PE/c Z=4.9 p<0.01
mPE/sPE/c H=24.8 p<0.01 mPE/c p<0.01   sPE/c p<0.01  mPE/sPE p=0.7

TNF-αα Mean±SD 146.3±254.3 206.6±300.9 86.1±184.3 58.3±243.4
Median 31.15 46.33 22.07 19.14
Range 5.41–954.8 5.41–954.8 6.98–896 6.27–1743

All PE/c Z=1.6 p=0.1         
mPE/sPE/c H=6.1 p=0.048 mPE/c p=0.012 sPE/c p=0.8      mPE/sPE p=0.1

All PE: all preeclampsia groups; BMI: body mass index; CRP: C-reactive protein; TNF: tumor necrosis factor
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gous situation was the change in the concentration of
other pro-inflammatory cytokines (IL-6 and TNF-α),
which increased with the worsening of the disease.[27]

They are both important mediators of the inflamma-
tory and immune responses. These cytokines produce
wide variety of effects on numerous cell types, including
induction and suppression of the production of other
cytokines, and many other factors including
prostaglandins, platelet-activation factor and nitric
oxide.[28]

Some authors emphasize the increased synthesis of
IL-2 in the third trimester of pregnancy complicated by
preeclampsia, and significantly increase the proportions
of TNF-α/IL-4 and IL-2/IL-4.[29] Based on the data
obtained, they are coming to a conclusion about the
prevalence of Th1 immune response in this pathology. A
comparison of changes in cytokine profile with increas-
ing severity of preeclampsia allow us to determine the
levels of compensation of this pathological condition
which reflect the degree of implementation and func-
tional reserve of various mechanisms to maintain home-
ostasis.[30] The first phase of the changes seen in mild
preeclampsia increases when creating of all studied
cytokines except IL-4 and IL-10. The second phase the
IL-1β and TNF-α starts to decrease ceding place to fur-
ther increments in the level of IL-8 and IL-6, which sup-
press the inflammatory reaction and act as antagonists of

IL-1β and TNF-α. During that period, the limiting role
of IL-10 weakens and it is manifested through reduced
levels when compared to values in normal pregnancy,
giving testimony to the weakened compensatory mecha-
nisms. The third phase, which can be called decompen-
sated, characterized by the absence of significant differ-
ences in the level of IL-1β and IL-6, is comparable to the
same level during normal pregnancy. This happens in
the background of increased concentrations of other
pro-inflammatory cytokines and reduced levels of the
anti-inflammatory cytokines IL-4 and IL-10.

Statistical analysis confirmed a significant difference
in average age between pregnant women with moderate
and severe preeclampsia. Maternal age at the extremes
(<20 and >40 years) has been identified as a risk factor for
preeclampsia.[31] Maternal age (>35 years) is also associat-
ed with an increased risk for preeclampsia. Similar risk
factors were observed in our study, where the elderly
(>30 years), women are at greater risk for preeclampsia,
both classified as moderate or severe preeclampsia.

CRP is a marker of tissue damage and inflammation.
Maternal levels of CRP are elevated in overt preeclamp-
sia, but there is still a debate about its usefulness as a pre-
dictive marker for preeclampsia during the first and sec-
ond trimester of pregnancy. Similar findings have been
made in a number of studies. Chunfang et al.[31] have
reported that women with BMI ≤25 kg/m2 and elevated
CRP were associated with a 2.5 fold increased risk of

Fig. 3. Mean levels of CRP (mg/L) and TNF-alpha (pg/ml) in moderate, severe preeclampsia, and control group (CRP: C-reactive protein; PE:
preeclampsia; TNF: tumor necrosis factor).
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preeclampsia, but no similar association was observed in
overweight women. Wolf et al.[32] have reported that the
first trimester CRP levels were significantly higher
among women who developed preeclampsia.

In connection with the changes that the anti-inflam-
matory cytokine concentrations in severe preeclampsia
caused in the opposite direction, moderate phase can be
considered a critical stage in the complicated pregnancy
that comes to most functional strain homeostatic system.

Conclusion
With increasing severity of the pathological process,
the impact of regulatory factors that limit the systemic
effect is reduced. 

At a certain stage of this process there is a signifi-
cant decrease in concentration of IL-4 and IL 10 in
blood serum in women with severe preeclampsia, com-
pared with other indicators in moderate preeclampsia
that are increased. This is a major pathogenetic differ-
ence of severe preeclampsia and normal pregnancy.  

Conflicts of Interest: No conflicts declared
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