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Abstract

Background: We aimed to assess neutrophil/lymphocyte ratio (NLR)
and platelet/lymphocyte ratio (PLR) levels in patients with preec-
lampsia (PE) compared with matched normal pregnant women and
evaluate whether there is an association of PE severity with hemato-
logical paramaters.

Methods: In this study, we recruited 93 women with PE and 94 nor-
mal pregnant women matched for both maternal age and gestastional
age as controls to assess the clinical, hemodynamic, and neurohormo-
nal status of patients.

Results: There were no statistically significant differences between
patients with PE and normal pregnancy with regard to the maternal
age and gestation at delivery; however, patients with PE exhibited
significantly higher blood pressure, proteinuria levels and parity. Ma-
ternal age, multiparity status and the complete blood count param-
eters including hemoglobin (Hg), white blood cell (WBC), platelets,
neutrophil/lymphocyte counts, mean platelet volume (MPV), and
mean corpuscular volume (MCV) were not statistically different be-
tween the groups. PLR and NLR levels were comparable between
PE and normal pregnancies. Moreover, in subgroup analysis, patients
with severe PE had similar NLR but lower PLR levels compared to
women with mild PE.

Conclusions: PLR was found to be associated with the severity of
PE, whereas NLR was not. This finding may be related to cytokine-
dependent defective maternal immune activation in PE pathogenesis.
In addition, PLR may also be an indirectly available and simple re-
flector for degree of immune activation in PE.
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Introduction

Preeclampsia (PE) is defined as a new onset of hypertension
associated with proteinuria and fluid retention detected for the
first time after the 20th week of gestation. PE, or “toxemia of
pregnancy’’ complicates 2-8% of all pregnacies [1].

Although the causes of PE are completely unknown, one
of the responsible mechanisms is thought to be activation of
inflammatory systems with predominant involvement of cy-
tokines and chemokines [2, 3]. However, there is an ongoing
debate about whether inflammatorry system hyperactivity in-
deed exists during PE, and if available data are sufficient for
justification of broad anti-immune system treatment strategies.

Inflammatory statuses of PE have been evaluated using
several biomarkers such as C-reactive protein (CRP) and mean
platelet volume (MPV). Recently, neutrophil/lymphocyte ratio
(NLR) and platelet/lymphocyte ratio (PLR), which can be de-
rived from the complete blood count (CBC), have been studied
as novel markers of prognosis in patients with PE [4, 5]. These
studies showed that NLR and PLR could be involved in in-
flammatory and thrombotic processes. We compared NLR and
PLR levels in patients with PE with matched normal pregnant
women and evaluated whether there is an association of PE
severity with hematological paramaters.

Methods

Subjects

The study has been approved by the Local Institutional Re-
view Board and an informed written consent was obtained
from each study participant before inclusion. In the current
investigation, 93 women with PE were recruited and 94 nor-
mal pregnant women matched for both maternal age and
gestastional age served as controls. Among the preeclamptic
women, 39 were diagnosed with severe PE and 54 mild. PE
was diagnosed and classified according to strict criteria rec-
ommended by ACOG (2002): a systolic blood pressure of 140
mm Hg or higher or a diastolic blood pressure of 90 mm Hg
or higher on two occasions at least 6 h apart occuring after
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Table 1. Baseline Characteristics of Pregnant Women With Preeclampsia and Those

Without Preeclampsia

Preeclampsia Normal pregnant P
Age 29.4+6.1 28.6 £ 6.4 0.7
Gestational week 36.8+£2.0 372+2 0.7
Birth weight (g) 2,229.2+833.4 3,229.5+ 6154 <0.001
APGARI1 6.8+2.5 82+1.8 <0.001
APGARS5 83+£2.6 93+1.7 <0.001
Systolic BP (mm Hg) 163.7+21.2 123.7+£10.2 <0.001
Diastolic BP (mm Hg) 103.2+10.8 79.1£9.0 <0.001
Protein in 24 h (g) 53+0.6 7.3+0.6 <0.001

BP: blood pressure.

20 weeks of gestation in a pregnant woman with previously
normal blood pressure and detectable urinary protein (>1+ by
dipstick or 0.3 g/24 h and more) [6]. Clinical features of pa-
tients with severe PE (if any) included a blood pressure great-
er than or equal to 160/110 mm Hg with either a urine dipstick
showing 3+ or 4+ in a random urine sample or greater than 5
g of proteinuria over 24 h. Other evidences of severe disease
included serum creatinine, eclampsia, pulmonary edema, ol-
iguria (less than 500 mL/24 h), fetal growth restriction, oligo-
hydramnios and symptoms suggesting significant end-organ
involvement (headache and visual disturbance). Women who
met the criteria of PE but not severe PE were diagnosed as
mild PE. Exclusion criteria were previous lipid metabolism
disorders, history of dyslipidemia, multiple gestation, diabe-
tes mellitus, chronic hypertension, infectious diseases diag-
nosed in pregnancy, premature rupture of membrane, active
labor, polyhydramnios, kidney diseases, and signs of other
concurrent medical complications. The control subjects had
no signs of any gestational complication and fetal distress
without evidence of hypertension or proteinuria and all gave

health neonates of appropriate size for gestational age.

Sample collection and analysis

The materials were collected immediately after delivery of
the fetus in patients and controls whom were in fasting state.
Maternal venous was obtained by puncturing the antecubital
vein. CBC counts, which included total WBCs, neutrophils,
lymphocytes, and platelets, were obtained at the time of ad-
mission. The NLR and the PLR were calculated as the ratio of
neutrophil count to lymphocyte count and the ratio of platelet
count to lymphocyte count, respectively.

Statistical analysis

Continuous variables were expressed as mean = SD. The level
of significance was 0.05. The Kolmogorov-Smirnov test was
used for the normality test of all variables. To compare differ-

Table 2. Laboratory Parameters of Pregnant Women With Preeclampsia and Those Without Preec-

lampsia
Preelampsia Normal pregnant P

AST (IU/L) 49.1+122.3 353+£342 0.122
ALT (IU/L) 30.6 +£52.2 26.4+£52.0 0.012
LDH (IU/L) 343.2 +£348.7 240.5 +80.0 0.007
Creatinine 0.6+0.2 0.5+0.1 <0.001
Hemoglobin (g/dL) 11.2+1.7 11.8+1.8 <0.001
WBC (103/uL) 13,643.4 +4,206.3 12,793.4 + 3,882.6 0.214
Neutrophils (103/uL) 11,731.0 + 8,784.9 10,061.1 +3,903.2 0.107
Lymphocyte (103/uL) 1,797.6 = 636.4 1,964.9 + 844.9 0.217
Platelet (103/uL) 217,691.5 £ 67,343.6 217,195.7 + 85,477.6 0.813
MPV (fL) 9.5+1.1 9.1+1.2 0.006
NLR 74+52 72+3.7 0.7
PLR 134.4 £ 64.5 130.5 +86.2 0.898

AST: aspartat transmainase; ALT: alanine transaminase; LDH: lactate dehydrogenase.
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Table 3. Baseline Characteristics of Pregnant Women With Severe and Mild Preeclampsia

Mild preeclampsia (n = 27) Severe preeclampsia (n = 66) P

AST (IU/L) 18.0+6.3 60.9 +142.1 0.001
ALT (IU/L) 13.0+6.4 37.3 £ 60.0 0.013
LDH (IU/L) 208.8 +49.1 394.9 +398.0 <0.001
Creatinine (mg/dL) 0.5+£0.2 0.7+0.3 0.001
Hemoglobin (g/dL) 11.3+1.8 12.0+1.9 0.131
WBC (10%/uL) 129+3.8 12.8+3.9 0.931
Neutrophils (10%/uL) 10+4.0 10.3+3.8 0.680
Lymphocytes (103/uL) 2.0+0.9 1.8+0.7 0.118
Platelets (10%/uL) 210.5+91.4 2343 +66.8 0.128
MPV (fL) 9.1+1.1 9.1+14 0.962
NLR 59+35 6.8+39 0314
PLR 122.9+92.0 149.8 £ 67.3 0.024
Maternal age (years) 30.6 +6.2 289+6.1 0.345
Multiparous (%)

Systolic BP (mm Hg) 146.1 £4.7 170.8 £21.1 <0.001
Diastolic BP (mm Hg) 93.9+4.9 107.0 £ 10.2 <0.001
GA at delivery (weeks) 350+4.2 34.0+3.9 0.160

AST: aspartat transmainase; ALT: alanine transaminase; LDH: lactate dehydrogenase.

ences between patients with or without disease severity. Mann-
Whitney U and Fisher’s exact tests were used for continuous
and categorical variables, as appropriate. Statistical analysis
was performed using SPSS, version 15.0 for Windows.

Results

Clinical and demographic characteristics of our study popula-
tion are presented in Tables 1 and 2. There were no statisti-
cally significant differences between patients with PE and nor-
mal pregnancy with regard to the maternal age and gestation
at delivery; however, patients with PE exhibited significantly
higher blood pressure, proteinuria levels and parity. The char-
acteristics of patients with mild versus severe PE are outlined
in Table 3.

Maternal age, multiparity status and the CBC parameters
including hemoglobin (Hg), WBC, platelets, neutrophil/lym-
phocyte counts, MPV, and MCV were not statistically different
between the groups. Fasting glucose, creatinine, TC, LDL cho-
lesterol, HDL cholesterol, TG, GGT and uric acid levels were
similar between the two groups. PLR and NLR levels were
comparable between PE and normal pregnancies. Moreover,
in subgroup analysis, patients with severe PE had similar NLR
but lower PLR levels compared to women with mild PE.

Discussion

PE is a multisystem disorder that leads to end-organ damage
and/or hypoperfusion such as renal dysfunction (proteinuria,

Articles © The authors | Journal compilation © ] Clin Gynecol Obstet and Elmer Press Inc™

increased creatinine level or glomerular endotheliosis), hema-
tological dysfunction (hemolysis, disseminated intravascu-
lar coagulation, and thrombocytopenia), hepatic dysfunction
(raised transaminases), and neurological dysfunction (hyper-
reflexia and visual disturbances) [7, 8]. In the present study, we
observed end-organ damage was higher in patients with severe
PE and/or fetal growth restriction than mild preeclamptic and
normal pregnants in accordance with data.

Although the exact etiology is unknown, many theories
suggested that abnormal placentation leading to inflammation
in microvasculature and releasing of microparticles and anti-
angiogenic factors into the maternal systemic circulation, is
one of the initial events in the pathogenesis of PE. The activa-
tion of the physiological inflammatory pathway that happens
in normal pregnancy is activated excessively in PE. Increased
soluble factors initiate activation of platelets, production of
inflammatory cytokines, and vascular endothelial dysfunction
[7-9]. Besides that, activating platelets release various soluble
and adhesion molecules which trigger the interactions between
platelets, leukocytes, and endothelial cells. Pevious data sug-
gest that platelets play a major role in the pathogenesis of PE
[10-12]. There are conflicting data including relation on blood
cells counts and development and/or severity of PE [10, 13-
16]. In the present study, platelet, leukocyte and lymphocyte
counts did not exhibit significant difference in normal preg-
nant, severe and mild preeclamptic patients in accordance with
some of previous reports [10, 13]. MPV is a parameter pro-
viding information on platelet activity and can increase or de-
crease depending on the severity of the inflammatory response
[12]. There are controversial data about association of MPV
and PE. In contrast to the current study, both Yavuzcan et al
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and Ceyhan et al indicated that MPV did not change in severe
PE, whereas some previous data stated that it is possible to
estimate disease severity on basis of MPV measurement [10,
12, 14, 17, 18]. In our study, although we found that MPV was
higher in preeclamptic patients than normal, we did not ob-
serve any relation between the MPV and the severity of PE. So,
the data on the significance of CBC parameters in the literature
are contradictory. When considering the previous reports and
the present study, we assumed that CBC parameters could not
be used as an isolated factor to determine the severity of PE.

As far as we know, this is the first report in the literature to
evaluate the association between the severity of PE and NLR
and PLR in preeclamptic patients. NLR and PLR obtained from
CBC in peripheral blood are used to be non-specific markers
of systemic inflammatory response (SIR) [19]. NLR denotes
the ratio of neutrophils, representing the active non-specific in-
flammatory mediator initiating the first line of defense, to lym-
phocytes representing the regulatory or protective component
of inflammation [20]. Previous numerous studies showed that
NLR has prognostic and predictive value in various benign
and malignant diseases such as coronary artery disease, in-
flammatory diseases, PE, and gynecologic and gastrointestinal
malignancies [14, 19, 21]. In the present study, NLR was sig-
nificantly higher in patients with PE than normal pregnancies,
but did not exhibit significantly difference between the patients
with severe and mild PE. Similar to our study, Oylumlu et al
demonstrated that increased levels of NLR were independently
associated in patients with PE compared to healthy pregnan-
cies [22]. In another study, in contrast to our findings, Yavuz-
can et al reported that NLR was not meaningfully differrent in
patients with severe PE and healthy pregnant women [14]. In
the light of the literature and the present study, although NLR
has been proposed as a new indicator of SIR and its predictive
and prognostic values in many different pathologies have been
demonstrated in the previous studies, we assumed that NLR
may be a predictor for existing disease but not for severity of
SIR in PE.

The maternal immune system plays an important role in
both the placentation and the subsequent systemic reactions
[23, 24]. There is still no exactly defined etiology of PE, but
it is proposed that an excessive maternal SIR with activation
of both the innate and adaptive arms of the immune system
is an integral part of the pathogenesis [25, 26]. In contrast to
normal pregnancy, systemic inflammation in PE has the pre-
dominancy of Thl-type immunity than the Th2 tendency and
includes the cellular immunity with an increase of pro-inflam-
matory and a decrease of anti-inflammatory cytokines [27, 28].
Platelets and lymphocytes are significant blood parameters re-
lated to immune surveillance and the PLR plays an important
role in cytokine-dependent immune response [29, 30]. It was
proposed that PLR was a more sensitive marker of systemic
inflammation and prognostic factor in breast cancer, ovarian
and colorectal cancers [19]. Although association of PLR with
inflammation and numerous diseases was reported in the lit-
erature, there are limitted data evaluating the association of
PLR and the PE [14, 19, 31]. Similar to our findings, Yavuz-
can et al demonstrated that PLR was not significantly different
between the patients with severe PE and healthy pregnancies
[14]. Although we did not observe any difference between the
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preeclamptic patients and the healthy pregnancies, we demon-
strated significantly higher PLR in severe PE than mild. So,
in the current study, we observed that PLR was predictive for
severity of PE, whereas NLR was not. In the light of current
information obtained form the literature and the present study,
we assume that PLR is an easily available and cost-efective
reflector of activated cytokine-dependent maternal immune
system and predictor of severity of PE, whereas NLR may be a
reflector for the existing disease but not for severity of disease.

The main limitation of the current study was the small
study population. In the study we only determined the ratio
of platelet, neutrophil and total lymphocyte counts without re-
garding the T lymphocyte subtypes indicating immune activa-
tion and the relation of these subtypes with the others such as
N/Th1, N/Th2, P/Th1 and P/Th2.

Conclusion

In the present study, PLR was found to be associated with the
severity of PE, whereas NLR was not. This finding may be
related to cytokine-dependent defective maternal immune ac-
tivation in PE pathogenesis. In addition, PLR may also be an
indirectly available and simple reflector for degree of immune
activation in PE. But the data about the importance of PLR and
NLR in PE are insufficient and further research is required to
elucidate the significance of PRL and NLR in PE.
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