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Effect of maternal preeclampsia on neonatal red cell parameters
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Abstract
Aim and Objectives: The aim of this study was to assess and compare the changes in haematological parameters
in neonates using cord blood from preeclamptic and from normal pregnancies.
Materials and Methods: This is a cross sectional study based on Umbilical Cord Blood (UCB) samples taken
from 40 preeclamptic and 40 normal pregnancies. 2 ml cord blood was collected immediately after delivery and
transferred into an EDTA vial for CBC analysis and reticulocyte count was done using brilliant cresyl blue. The
data entry and analysis was done on Microsoft Office Excel 2007. In all statistical analysis a p value<0.05 was
considered significant.
Results: RBC, Reticulocyte count, Reticulocyte Production Index (RPI) were found to be higher in neonatal cord
blood from preeclamptic females than those from normal pregnancies. Haemoglobin and Haematocrit were found
to be lower in neonatal cord blood from preeclamptic pregnancies.
Conclusion: Newborns of preeclamptic mothers should be carefully monitored in terms of hematologic
abnormalities. Thus, suspecting a deranged haematological profile early in the course of disease will be of great
help in the preemptive management strategies that have proven to be playing a crucial role time and again in
reducing the morbidities and mortalities associated with Preeclampsia.
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the endothelial layer and change the vascular
reactivity to this stress.7 Lowered oxygen

Preeclampsia is defined as onset of
hypertension (more than or equal to 140/90 mm
of Hg) associated with proteinuria (more than or
equal to 300 mg per 24 hrs) after 20 weeks
gestation in a previously normotensive pregnant
woman.1-4
Typically,
preeclampsia
is
asymptomatic, but in its most severe form, it
may also be present with headache, epigastric
pain, visual disturbances and changes in
consciousness.1,3
Preeclampsia complicates approximately 28% of pregnancies. Although the outcome is
often good, these are important causes of
morbidity and mortality for the mother and her
child.5 In developing countries, prevalence of
preeclampsia ranges from 1.8% to 16.7%.6
Preeclampsia is the main maternal risk
factor associated with low birth weight babies
and foetal growth restriction1. It is considered to
be a state of uteroplacental perfusion
deterioration with inadequate blood supply to
foetus which results in foetal exposure to
hypoxic or oxidative stress in the placenta. In
response to this stress, the hypoxic placenta
releases certain factors into maternal blood
which being vasoactive alter the permeability of

tension, brings in compensatory mechanisms that
lead to an increase in erythrocytes with an
increase in erythroblasts3 and an elevation in the
counts of nucleated RBCs.3 Production of red
cells or erythropoiesis, is a tightly regulated
process by which hematopoietic stem cells
differentiate into erythroid progenitors and then
mature into red cells.8
Reticulocyte is a young erythrocyte that
contains no endoplasmic reticulum but retains
mitochondria, small number of ribosomes, the
centriole and remnants of the Golgi apparatus.
Supravital staining with new methylene blue or
brilliant cresyl blue produces aggregates of
ribosomes, mitochondria and other cytoplasmic
organelles. These artifactual aggregates of the
reticulocyte stain deep blue and, arranged in
reticular strands, give the reticulocyte its name.
Maturation of circulating reticulocyte requires 24
to 48 hours.9 Reticulocytes comprise less than
1% of circulating red blood cells in adults,10 in
neonates 2-6% and in children 0.5-2%.11
The Reticulocyte Production Index is a
marker for erythropoietic output. It estimates the
quantity of reticulocytes in peripheral blood
corrected for the degree of anaemia. It is,
therefore, a good measure of whether the
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reticulocyte production is adequate for the
degree of anaemia.8 Since, there is an increase in
erythroblasts, there should consequently be an
increase in reticulocytes as the erythroblasts
mature into reticulocyte first and thereafter into
new RBCs. This should lead to an increase in the
reticulocyte production index which indirectly
indicates bone marrow activity. Thus, RPI can
prove to be effective marker of foetal
compromise in patients.

ml) was taken at birth for both cases and
controls. All the blood samples were collected in
EDTA coated vials and were analyzed using the
automated cell counter machine (SYSMEX KX
21) placed in the Hospital Laboratory Service
(HLS) for Haemoglobin, Haematocrit, Red
Blood Cells estimation. Birth weight of the baby
was noted in kilograms. A smear was made for
analyzing reticulocytes using the supravital stain
Brilliant Cresyl Blue.

Aims and Objectives

Reticulocyte Production Index was
calculated using a normal hematocrit of 45 using
the formula:

To study and compare the hematological
parameters in umbilical cord blood of neonates
born to preeclamptic and normal mothers.

RPI: (Reticulocyte % * HCT)/ Normal HCT (45)
Maturation factor

Material and Methods
This study is a cross sectional study,
conducted in the Department of Physiology in
collaboration with the Department of Obstetrics
and Gynaecology and Department of Pathology
of Era’s Lucknow Medical College and Hospital
(ELMCH), Lucknow. Period of study was 18
months. The study was carried out to compare
the hematological parameters of neonates born to
preeclamptic and normal mothers. 40 cases and
40 controls were taken in each group.
Inclusion Criteria:
CASES: neonates from preeclamptic pregnancies
delivered in ELMCH, Lucknow
CONTROL: neonates from normal healthy
pregnancies delivered in ELMCH, Lucknow
Exclusion Criteria: Subjects
1. who did not deliver in Era’s Lucknow
Medical College and Hospital
2. who have had any chronic diseases
3. who had a previous blood transfusion
4. who had a history of recent infections
5. with an ABO incompatibility
6. with an Rh incompatibility
7. who had bleeding disorders of any kind
8. who did not give consent
Method
All the patients fulfilling the inclusion
criteria and not falling into the domain of
exclusion criteria were invited to enroll in the
study till the sample size requirements were
fulfilled. All patients were explained about the
protocol of the study and a written informed
consent was obtained. After enrolment a general
and systemic exam was done with special
emphasis on blood pressure of pregnant women.
Urine of mothers was analyzed for presence of
proteins using Urinary Dipsticks. In this study
the umbilical cord blood sample of neonates (2

Hematocrits and corresponding maturation
correction factors are as follows:
1. Hematocrit 40-45 :Factor of 1
2. Hematocrit35-39: Factor of 1.5
3. Hematocrit 25-34 :Factor of 2
4. Hematocrit15-24: Factor of 2.5
5. Hematocrit<15: Factor of 3
Statistical Analysis
The data so collected was subjected to
statistical analysis using Statistical Package for
Social Sciences (SPSS) version 16.0. To
compare the means of haematological values
(between cases and controls) paired ‘t’ test was
used. To compare means of birth weight of
neonates both in case and control group also
paired ‘t’ test was used. The confidence limit of
the study was kept at 90% hence a ‘p’ value less
than 0.05 was considered to be statistically
significant. Generation of graphs and tables were
done by Microsoft Excel and Microsoft Word
version 2007.
Observation and Results
Table 1 shows gender distribution of
newborns in Study and Control group. In the
control group 12 newborns (30%) are males and
28
newborns (70%) are females. In the Study group
14 new borns (35%) are males and 26 (65%) are
females.
Table 2 shows that in the Study group 12
newborns (30%) were below 2.5 kilograms and
28 newborns (70%) were above 2.5 kilograms.
In the control group 7 newborns (17.5%) were
below 2.5 kilograms and 33 newborns (82.5%)
were above 2.5 kilograms. There was a
significant difference in the outcome of babies in
terms of birth weight in preeclampsia when
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compared to normal healthy pregnancies (p
value<0.001).
In Table 3, in newborns of Study group the
mean ±SD of Total Red Blood Cell count
(TRBC) is 4.797±0.40 x106/µL. In newborns of
the control group it is 4.666±0.42 x106/µL.

Comparing between the means of the Study and
control groups
the ‘t’ value is 1.365 and the association is
statistically not significant ( p value>0.05). Fig.
1 shows distribution of Total Red Blood Cells
count in Study and Control Groups in newborns.

Table 1: Gender wise Distribution of new born in Study and Control Group
Cases
Controls
Gender
(n=40)
(n=40)
No. of new born
%
No. of new born
Male
14
35
12
Female
26
65
28

%
30
70

Table 2: Birth weight distribution of newborns in Study and Control groups
Cases
Controls
(n=40)
(n=40)
No. of
MEAN
No. of
MEAN
%
%
newborns
± SD
newborns
± SD
12
30%
7
17.5%
B. Wt<2.5 kgs
2.617 ±
2.813 ±
28
70%
33
82.5%
B. Wt≥2.5 kgs
0.27
0.19

T
value

p
value

3.625

0.001

Table 3: Distribution TRBC, Hb, Hct, Retic count and RPI in study and control Group
Cases
Controls
(n=40)
(n=40)
MEAN ± SD
MEAN ± SD
t value
p value
4.797±0.40
4.666±0.42
1.365
0.180
TRBC(106/µL)
16.36±1.40
16.50±1.33
-0.417
0.679
Haemoglobin (in g/dL)
49.385± 4.19
49.460±4.47
-0.073
0.942
Haematocrit (in %)
6.68±1.10
4.58±1.11
7.714
<0.001
Reticulocyte Count (in %)
7.297±1.22
4.957±1.20
8.454
<0.001
Reticulocyte Production Index
(RPI)

Fig. 1: Distribution of total red blood cells
count in study and control groups in
newborns
In Table 3 Haemoglobin mean ±SD in study
group is 16.36±1.40 g/dL for newborns. In the
control group mean ±SD is 16.50±1.33 g/dL.
Comparing between the means of the cases and
controls, the t value is -0.417 and the association
is statistically not significant (p value>0.05).
Haematocritmean ±SD in study group is
49.385±4.19 % for newborns. In the control
group Mean ±SD is 49.460± 4.47 %. Comparing
between the means of the cases and controls, the

‘t’ value is -0.073 and the association is
statistically not significant ( p value>0.05).
In the present study, the values of
Haematocrit as in Table 3, in case group
(33.498±3.26 %) is lower than that in the control
group (49.460±4.47%) and the difference is
statistically insignificant (p value > 0.05). This is
contradictory to the findings of Catarino C et al
in 2008, in their study in which, they stated an
increase in the hematocrit values of neonates
from
preeclamptic
pregnancies
[47.2(44.5;50.8)%] compared to those of
neonates
from
the
control
group
[45.9(43.2;49.6)%] but the difference was
statistically
insignificant(p=0.28).4,19
This
difference in observations of the abovementioned
studies could possibly be due to increased /
decreased number and/or size of red blood cells
in cord blood, regional differences or due to
differences in sample size of different studies.
Table 3 shows Reticulocyte mean ±SD in
Study group is 6.68 ±1.10 % for newborns. In
the control group Mean ±SD is 4.58±1.11 %.
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Fig. 2 shows distribution of Reticulocyte count
in Study and Control Group of newborns.
Comparing between the means of the case and
control groups, the ‘t’ value is 7.714 and the
association is statistically significant (p
value<0.05).

Fig. 2: Distribution of Reticulocyte count in
Study and Control Group of newborns
Looking at the Reticulocyte Production
Index, the mean ±SD in the Study group is
7.297± 1.22. In the control group mean ±SD is
4.957±1.20. Comparing between the means of
the cases and controls, the ‘t’value is 8.454 and
the association is statistically significant (p value
<0.05). Fig. 3 shows distribution of Reticulocyte
Production Index (RPI) in study and control
groups for newborns.

Fig. 3: Shows distribution of Reticulocyte
Production Index (RPI) in study and control
for newborns
Discussion
Preeclampsia is more prevalent in both
developed and developing countries contributing
to maternal and perinatal morbidity and mortality
globally. The clinical findings of preeclampsia
can manifest either as a maternal syndrome
(hypertension, proteinuria with or without edema
and other multisystem abnormalities) or as a
foetal syndrome (foetal growth restriction,
reduced
amniotic
fluid
and
abnormal
placentation).12
The sole source of nutrients for the growing
foetus is the maternal blood.13 Cord blood is the
true indicator of haematological values at birth as

it is not affected by hemodynamic changes that
take place within a few hours of birth.14
With this background, the present study was
carried out to evaluate the changes in
haematological parameters in umbilical cord
blood of neonates born to preeclamptic mothers
compared to those born from a normal healthy
pregnancy.
In the present study, birth weight in the case
group (2.617 ± 0.27kgs) was found to be
significantly lower than the birth weight in the
control group (2.813 ± 0.19kgs) (p value <0.05).
This is in accordance with the study done by Al
Bayati et al in the year 2011 where they also
showed lower birth weight in neonates born to
preeclamptic women (2920.20±488.37 grams)
than those from normal healthy pregnancies
(3248±279.39grams), the difference being
statistically significant (p<0.001).15 Similarly, a
study done by Hebbar S et al in the year 2014
also showed lower birth weights in neonates
from preeclamptic mothers(2171±805.3 grams)
compared to those from normal healthy
pregnancies (2976.1± 473.3grams) which was
also statistically significant(p<0.001).16
In the present study, the Total Red Blood
Cell count of neonates in case group (4.797±0.40
X106/µL) was higher than the Total Red Blood
Cell count of neonates in the control group
(4.666±0.42 X106/µL). The difference of means
of the two groups was statistically not significant
(p value>0.05). In another study done by Bolat A
et al in 2013 also, significantly higher RBC
counts in neonates from preeclamptic
pregnancies [4.4±0.3(3.8-5.4)x106/mm3] were
observed than those from normal healthy
pregnancies [4.1±0.4(3.3-4.9)x106/mm3] which
was statistically significant (p=0.02).17 These
results stand in contradiction to those observed
in the study done by Catarino C et al in 2008,
where a decrease in the RBC values of neonates
from preeclamptic pregnancies[4.3(4.0;4.7)
X1012/L] compared to those of controls
[4.4(4.1;4.6) X1012/L]was observed though the
difference
was
statistically
insignificant(p=0.38).4 Difference in the findings
of the aforementioned studies could be possibly
due to differences in nutritional, environmental
factors and also due to different geographical
locations of the subjects in different studies.
In the present study, the value of
Haemoglobin in case group(16.36±1.40 g/dL) is
lower than that in the control group (16.50±1.33
g/dL) but the difference was not statistically
significant (p value>0.05). This is contradictory
to the results observed by Bolat A et al in 2013
in their study, in which they showed higher
haemoglobin levels in neonates born to
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preeclamptic mothers [16.1±1.4(14.4-19.3)g/dL]
than those born to normotensive mothers
[15.2±1.1(12.9-17.7)g/dL] and the difference
between means of the two groups was
statistically significant(p=0.004)17. In another
study done by Sivakumar et al in the year 2007,
Haemoglobin was found to be high in cord blood
in neonates from preeclamptic pregnancies(17.98
g/dL)
than
from
normal
healthy
pregnancies(17.33 g/dL), but was statistically
insignificant(p>0.05) 18. In a study by Catarino C
et al in 2008, they stated an increase in the
haemoglobin values of neonates from
preeclamptic pregnancies [16.0(14.7;17.2)g/dL]
than those from controls [15.5(14.8;16.2)g/dL]
which was statistically insignificant(p=0.28).4,19
These differences could be attributable to the
differences in time of cord clamping (early or
delayed) in different studies or due to
environmental factors and others such as poverty
and malnutrition.
In the present study, the values of
Haematocrit in case group (33.498±3.26 %) is
lower than that in the control group (49.460±4.47
%) and the difference is statistically insignificant
(p value>0.05). This is contradictory to the
findings of Catarino C et al in 2008, in the study
in which, they stated an increase in the
hematocrit values of neonates from preeclamptic
pregnancies [47.2(44.5;50.8)%] compared to
those of neonates from the control group
[45.9(43.2;49.6)%] but the difference was
statistically
insignificant(p=0.28).4,19
This
difference in observations of the abovementioned
studies could possibly be due to increased /
decreased number and/or size of red blood cells
in cord blood, regional differences or due to
differences in sample size of different studies.
In the present study, the Reticulocyte Count
in case group (6.68±1.10 %) is higher than that
in the control group (4.58±1.11%) and the
difference is statistically significant (p
value<0.05). It is in accordance with the study
done by Bolat A et al in 2013, in which they
showed significantly higher reticulocyte count
[5.7±2.7(3.6-15)%] in neonates of case group
than those of the control group [3.3±1.6(1-8)%]
which was statistically significant (p<0.001).17 In
a study in 2008 by Catarino C et al also showed
significant increases in Reticulocyte counts in
neonates from preeclamptic pregnancies
[158(138.1;205.3)x109/l] than those from healthy
controls[154(96.6;191.2)x109/l] (p=0.048).4,19 In
a study in 2014 by Rawat A et al also showed
significant increases in Reticulocyte counts in
neonates from preeclamptic pregnancies
(7.1219±1.0699] than those from healthy
controls (3.0457±1.6240 (p<0.0001).20

In the present study, the values of
Reticulocyte Production Index in case group
(7.297±1.22) is higher than that in the control
group ( 4.957±1.20) and the difference is
statistically significant (p value<0.05). This
stands in accordance with the study done by
Catarino C et al in the year 2008 in which they
showed significant increases in Reticulocyte
Production index in neonates from preeclamptic
pregnancies[4.00(3.20;5.20)] than those from
healthy controls[3.40(2.20;4.60)]. 4,19
Conclusion
At the end of the study the following conclusions
were drawn:
1. In our study, 35% neonates in the study
group were males and 65% were females
while in the control group 30% neonates
were males and 70% were females. Birth
weight in the study group was found to be
significantly lower than the birth weights in
the control group which is statistically
significant (p<0.05). In the case group 30%
neonates presented with birth weight less
than 2.5 kilograms while in the control
group 17.5% neonates presented with a birth
weight of less than 2.5 kilograms.
2. The Total Red Blood Cell count (TRBC) in
study group is higher than that of control
group in neonates but the difference is
statistically insignificant(p value>0.05).
Haemoglobin values in study group is lower
than that of control group in neonates
(statistically
insignificant
with
p
value>0.05). Haematocrit in study group is
also lower than that of control group in
neonates (difference being statistically not
significant with p value>0.05).
3. The Reticulocyte Count is higher in study
group than in controls and it is statistically
significant (p value<0.05) Also, RPI is
higher in study group than in controls and it
is also statistically significant (p value
<0.05).
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