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Correlation of maternal neutrophil to lymphocyte ratio with fetal birth weight
in preeclampsia
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Abstract

Preeclampsia is a generalized inflammatory disorder complicating gestation, with most of the cases developing in the
third trimester. To evaluate the neutrophil to lymphocyte ratio in diagnosed cases of preeclampsia and determine its
correlation with fetal birth weight, a cross sectional analytical study was performed in Shaikh Zayed Medical Complex
and Jinnah Hospital, Lahore. The participants included 60 cases of preeclampsia and 60 normotensive controls in the
third trimester of pregnancy. All the participants were in the age group of 20-40 years and body mass index of 18-25.
Total and differential leukocyte count was checked by automated hemoanalyzer, and the neutrophil lymphocyte ratio
was calculated. Fetal birth weight was recorded immediately after birth. Statistical analysis was performed by SPSS
(version 20). The p value of < 0.05 was considered significant. Neutrophil to lymphocyte ratio was significantly high
(p value < 0.001) in the preeclamptic group with a median value of 2.64 (2.0-3.8) as compared to 1.87 (1.7-2.0) in
the healthy group. The fetal birth weight was significantly low (p value < 0.001) in the pregnancies complicated with
preeclampsia. High neutrophil to lymphocyte ratio was negatively correlated with fetal birth weight in preeclampsia
(p value < 0.01). On logistic regression significant association of high neutrophil to lymphocyte ratio with low fetal
birth weight was found after controlling for the confounder gestational age, with an odds ratio of 8.28 (95% confidence
interval 2.84-24.17). The area under the receiver operating characteristic curve for neutrophil to lymphocyte ratio was
0.8. The optimum cutoff value of neutrophil to lymphocyte ratio was 2.3 with 79% sensitivity and 76% specificity.
High maternal neutrophil to lymphocyte ratio in the third trimester in preeclampsia negatively correlates with fetal birth
weight and is a simple promising biomarker to predict low fetal birth weight.
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1. Introduction

Preeclampsia (PE) is a complication of the second or  enhanced intravascular coagulation evolve in the course
third trimester of pregnancy. It affects approximately 7  of the disease (Kohli ez al., 2016).
-10% of pregnant women (Osungbade & Ige, 2011). Disruption of the immune system has an important

The disease contributes a large share to the maternal (e in the pathophysiology of preeclampsia. In normal

and fetal mortality. Abnormal placental development — ,reonancy, there is altered innate immune response with

with incomplete remodeling of the spiral arteries results  ap intense inflammatory state and complement activation
in hypoxia and release of proinflammatory cytokines.  (Derzsy et al., 2010). This response is further accentuated
Oxidative stress and increased amount of toxins initiate in pregnancies Complicated with preec]ampsja (Denny
widespread systemic inflammation (Aouache et al.,2018). et al., 2013). Elevated neutrophil counts with activation
Multiple disturbances in the hemostatic system such as  and excessive release of granule product elastase into
the endothelial cell dysfunction, platelet activation, and  maternal circulation and placental bed have been observed
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in preeclampsia (Catarino et al., 2012). Activation and
modulation of neutrophils with increased production
of superoxide and decrease in nitrite release have been
attributed to widespread endothelial dysfunction in
preeclampsia (Matsubara et al., 2015).

A number of inflammatory markers have been studied
to measure systemic inflammation, related with severity
of preeclampsia, e.g., C reactive protein (CRP), tumor
necrosis factor o (TNF a), and interleukin -6 (IL-6).
Recently, hematological parameters including blood cell
subtype ratios, such as neutrophil to lymphocyte (NLR)
and platelet to lymphocyte (PLR) ratios, have been used
as a prognostic and diagnostic tool for chronic diseases
related to low-grade systemic inflammation (Kirbas et al.,
2014; Arbel et al., 2012; Guthrie et al., 2013). Evidence
of systemic inflammation in preeclampsia evoked the idea
of comparing these ratios in preeclampsia and normal
pregnancy (Akil et al., 2015) and predicting the severity
of the disease (Toptas et al., 2016). Uteroplacental
insufficiency compromises the blood flow to the fetus
with resultant intrauterine growth retardation (IUGR).
This effect on fetal growth is even more pronounced in
severe preeclampsia resulting in 12% lower birth weight
than expected (Backes er al., 2011). NLR is a readily
available, simple, and inexpensive marker, which can be
used as a powerful predictor of low fetal birth weight and
for risk stratification in preeclampsia. We hypothesized
that increased maternal NLR in preeclampsia correlates
with low fetal birth weight. In the present study, we
calculated maternal NLR, recorded fetal birth weight,
and determined the correlation of maternal NLR in the
third trimester with fetal birth weight in preeclamptic and
normal pregnancies.

2. Materials & methods

This cross-sectional analytical study was approved by
the Ethical Review Boards of Shaikh Zayed Medical
Complex and Jinnah Hospital, Lahore. The study
was conducted from February 2012 till August 2012.
Study population consisted of 60 normotensive and 60
preeclamptic pregnant women (aged 20-40 years) in
the third trimester of pregnancy. The sample size was
obtained by using 5% level of significance and 80%
power of test with expected fetal birth weight of 3.0+0.49
and 3.26+0.40 Kg for preeclamptic and normotensive
groups respectively (Lau et al., 2005).

Preeclampsia (PE) was diagnosed as onset of systolic
blood pressure >140mmHg or diastolic blood pressure
>90mmHg at >20week of gestation accompanied by 24-

hour proteinuria >300mg (>1 + on dipstick), in at least two
random urine samples collected 4 -6 hours apart. Women
with history of smoking, chronic hypertension, diabetes,
arthritis, renal disease, inflammatory bowel disease, any
cardiovascular illness, and symptomatic infectious disease
(bacterial and viral) were excluded.

2.1 Sample collection

Blood pressure was recorded, and maternal venous blood
samples were collected in EDTA coated vacutainer. Total
leukocyte counts including neutrophils and lymphocytes
were calculated by automated hemoanalyzer, and NLR was
calculated. Fetal birth weight was recorded immediately
after delivery.

The study followed all the ethical standards of the
Institutional Ethical Review and the 1975 Helsinki
Declaration revised in 2000. Informed written consent
was obtained from all individual participants included in
the study.

2.2 Statistical analysis

Statistical analysis was performed by using SPSS version
20. Normality of the data was checked by Shapiro Wilk
test. Data was presented as median with quartile range as
it was nonnormally distributed. Mann-Whitney U test was
used for comparison between the two groups. Spearman
correlation was used to check the correlation between
quantitative variables. Receiver operating characteristic
(ROC) curve was plotted to find the optimal cutoff value.
Overall diagnostic accuracy was estimated with the area
under the ROC curve. Binary logistic regression was used
to assess the predictability of fetal birth weight on the
basis of NLR.

3. Results

Data was recorded and divided into two groups, Group
I and Group II, comprising of 60 preeclamptic and 60
normotensive pregnant women, respectively. Maternal
age, gravidity, and parity were not different between
the two groups. NLR was significantly high (p value <
0.001) in the preeclamptic group with a median value
of 2.64 (2.0-3.8) as compared to 1.87 (1.7-2.0) in the
healthy group. The fetal birth weight was significantly
low (p value < 0.001) in the pregnancies complicated with
preeclampsia (Table 1). Spearman correlation coefficient
between NLR and fetal birth weight was -0.384 in the
preeclamptic group (p value < 0.01) showing moderate
reverse relationship (Figure 1).
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Table 1. Clinical and hematologic characteristics of the participants.

Variable Preeclampsia Normotensive *p value
median (IQR) median (IQR)

Gravidity 2(1-4) 2(1-5) 0.38
Parity 1(0-2) 1(0-3) 0.59
Gestational age at birth (weeks) 38(37.1-39) 40(39-40) <0.001
SBP (mmHg) 150(140-150) 110(110-120) <0.001
DBP (mmHg) 100(100-100) 70(70-80) <0.001
TLC (x10%/cumm) 10.1(8.9-11.0) 7.1(5.9-8.4) <0.001
NLR 2.64(2.0-3.8) 1.87(1.7-2.0) <0.001
FBW (Kg) 2.5(2.3-2.9) 3.2(2.9-3.3) <0.001

Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Total Leukocyte Count (TLC), Neutrophil to
Lymphocyte ratio (NLR), FBW (Fetal Birth Weight), *p value calculated by Mann-Whitney U test, p value<0.05

considered significant.
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Fig. 1. Correlation of NLR with fetal birth weight in
preeclampsia Spearman (p) = -0.384, p < 0.01
(Spearman’s rank correlation test showing

moderate negative correlation between NLR and

fetal birth weight).

Gestational age at birth was significantly different between
the two groups (p value < 0.01). The partial correlation
between NLR and fetal birth weight adjusted for fetal
birth weight was -0.0232 (p value < 0.01). ROC curve

analysis revealed a value of 0.800 for the area under the
curve (AUC). The optimum cutoff value of NLR was 2.3
with 79% sensitivity, 76% specificity, and a false positive
rate of 24%. When the fetal birth weight was regressed
on NLR and gestational age at birth in binary form, the
predictability of birth weight on the basis of NLR was
75.8% with 100% normal weight prediction. Binary
logistic regression calculated an odds ratio of 12.02 (4.34-
33.29 95%CI). After adjusting for gestational age, the
accuracy in prediction of birth weight improved to 82.5%
with underweight prediction accuracy of 34.5 and normal
weight prediction of 97.8% (Table 2). Binary logistic
regression with NLR as predictor and gestational age at
birth as confounder showed an odds ratio of 8.28. This
showed that when the effect of gestational age at birth is
controlled, there is 8.28 times increased risk of low fetal
birth weight with high levels of NLR in the third trimester
of pregnancy.
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Table 2. Predictability of NLR for fetal birth weight.

Predictability of NLR for fetal birth weight

Predicted

Low birth weight
Observed
Low weight 0
Normal 0

Overall percentage

Percentage
Normal + Correct
29 0
ol 100

75.8

Predictability of NLR for fetal birth weight keeping gestational age at birth as confounder

Predicted

Low birth weight
Observed
Low weight 10
Normal

Overall percentage

Percentage
Normal + Correct
19 34.5
89 97.8

82.5

4. Discussion

This study has reported significantly higher maternal
NLR in the third trimester in preeclampsia as compared
to healthy controls. In addition, it was observed that NLR
negatively correlated with fetal birth weight. The results
are congruous with a number of studies that support the
role of insistent and enhanced systemic inflammation in the
pathogenesis of endothelial dysfunction in preeclampsia
(Pinheiro et al., 2013; Can et al., 2011; Deveci et al.,
2009). The etiology of preeclampsia is multifactorial with
the commonest concept being poor placental development
leading to hypoxia and release of proinflammatory
cytokines. There is evidence of immune maladaptation in
preeclampsia (Denny et al., 2013).

Systemic inflammation leads to increased number of
white blood cells. Neutrophils play a very important role
and are the first blood cells to respond to inflammation. In
recent past, elevated NLR has been studied as a marker of
systemic inflammatory response in a number of clinical
conditions, e.g., cardiovascular diseases, malignancies,
and preeclampsia (Guthrie ef al., 2013; Suliman et al.,
2010; Kurt et al., 2015). The higher total leukocyte
count in the preeclamptic pregnancies as compared to
normotensive group reported here is in accordance with
previous researches (Yavuzcan et al., 2014; Gogoi et al.,
2019). Increased neutrophil count with relative static
lymphocyte number results in increased NLR, used as a
marker of systemic inflammatory response.

In healthy pregnancy there is a shift of immune
response with predominance towards T helper 2 (Th2)
type cytokine environment, important for the survival
of the fetus. This shift does not occur in pregnancies
complicated by preeclampsia, and the Th1 response is not
suppressed with resultant production of type 1 cytokines,
e.g., TNF -a, IL-2, Interferon gamma and inflammation
(Ribeiro et al.,2017; Molvarec et al., 2010). A significantly
high NLR in preeclampsia as compared to the healthy
group is in accordance with the previous reports (Akil et
al., 2015; Toptas et al., 2016). Recently, high NLR has
been reported as an independent biomarker to predict
preeclampsia (Oylumlu et al., 2014) and as a promising
marker in the detection of severity of the disease (Sachan
etal.,2017).

In addition to high neutrophil to lymphocyte ratio,
this study has observed a significant difference in the
birth weight of babies born to preeclamptic mothers as
compared to healthy women with a low birth weight
in the diseased group. Incomplete transformation of
uterine arteries in preeclampsia results in compromised
blood flow to fetus and ischemia. This ischemia leads to
development of intrauterine growth restriction and low
fetal birth weight (Backes er al, 2011). Activation of
peripheral blood neutrophils has been documented in both
preeclampsia and IUGR (Oggé et al., 2010).

Inthe present study, we tested and proved the hypothesis
that high maternal NLR in the third trimester is correlated
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with low fetal birth weight in preeclampsia in accordance
with a recent research (Akgun et al., 2017). Albeit birth
weight was significantly low in the diseased group, this
could be attributed to the difference in gestational age at
birth. Regression analysis was done to control the effect
of gestational age on fetal birth weight, and the results
revealed 8.2 times increased risk of having low fetal birth
weight with high maternal NLR in the third trimester
in preeclampsia. In the receiver operating characteristic
analysis, the AUC has a value of 0.8, indicating maternal
NLR as a powerful predictor of low fetal birth weight. In
contrast to most of the inflammatory biomarkers, NLR is
readily available, simple and inexpensive marker that can
be used for risk stratification in preeclampsia.

A single sample from each participant in the third
trimester of pregnancy is the limitation of our study.
Longitudinal studies with multiple samples in all the three
trimesters could strengthen our results and usefulness of
this simple readily available test.

5. Conclusion

This study reports significantly high NLR in preeclampsia
as compared to normotensive pregnancy. Moreover, high
maternal NLR in the third trimester in preeclampsia
negatively correlates with fetal birth weight. To the best
of our knowledge the correlation of high NLR with low
fetal birth weight in preeclampsia is reported for the first
time. NLR, areadily available hematologic biomarker, can
be used to predict low fetal birth weight in pregnancies
complicated with preeclampsia with a sensitivity and
specificity of 79% and 76%, respectively.
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