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Abstract

Introduction: Hypertension in pregnancy is one of the most common
and potentially life-threatening complications of pregnancy.
Pregnancy is known to be associated with various physiological
changes ranging from increased plasma volume and red blood cell
mass, leucocytosis, and adaptive immunological modifications to
the relative hypercoagulable state of pregnancy. This syndrome
has been recognized for centuries but aetiology remains uncertain,
limiting effective intervention. This study aimed to assess some
haematological and systemic inflammatory markers among
hypertensive pregnant women attending antenatal care in selected
health centres in Port Harcourt, Rivers State. Method: A cross-
sectional study was employed for the study, which comprised 150
pregnant women, 75 normotensive pregnant women as control, and
75 hypertensive pregnant women, all between the ages of 18 and 43
years. Socio-demographic data was obtained from pregnant women
using a well-structured questionnaire. Three (3) ml of venous blood
was collected aseptically from the participants and dispensed
into ethylene diamine tetraacetic acid (EDTA) anticoagulant
bottle for full blood count (FBC) assessment using a Three (3) part
Haematology autoanalyzer. The data generated from this study
was analyzed using GraphPad Prism software version 6.00, USA.
Data was presented as means and standard deviation, and the two
means were compared using student t-test analysis.

Results: Among the 75 hypertensive women studied, 27 (36%) were
classified as having stage 1 hypertension and 48 (64%) as stage 2
hypertension. The systolic and diastolic blood pressure status of
women in the hypertensive group was significantly higher than
those of women in the normotensive control group (p<0.001).
Mean values of haematologic parameters measured for women
in the hypertensive group was as follows: Hb (10.74+2.13), PCV
(32.64+6.15), RBC (5.25+9.71), MCV (79.85+11.02), MCH (26.81+7.87),
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MCHC (31.31+4.13), for WBC (8.29+£16.81), Platelets (198.85+78.02),
Neutrophils (57.85+14.52), Lymphocytes (35.28+14.52), Monocytes
(3.76+1.87), and Eosinophils (2.15+1.99). Similar reading was noted
for these parameters among the normotensive control, except
for RBC, Neutrophils whose values decreased, and Eosinophils
increased in hypertensive women. In the association of severity of
hypertension with haematologic parameter assayed, it was observed
that only monocyte level differed significantly between the 2 stages
of hypertension. The mean monocyte level was significantly higher
among stage 1 hypertensive patients than stage 2 hypertensive
patients (4.04+2.25 and 3.60+1.59, respectively; t=0.949, p=0.038).
MCH was shown to correlate significantly inversely with the
severity of hypertension in the normotensive control group (R=-

0.256, p=0.002).

Conclusion: During pregnancy, the occurrence of hypertension
poses additional challenges to the haematopoietic system with
resultant changes in haematological parameters, hence, simple,
readily available clinical and laboratory parameters as indicators of
the likely outcome of pregnancies complicated by hypertension are

needed.
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INTRODUCTION

Pregnancy is a period between fertilization
of the ovum by a spermatozoon (conception)
and birth, during which women carry
their developing fetus in the uterus (1).
These periods are characterized by several
physiological alterations especially the
components of the haematologic and
haemostatic system; which have to be taken
into account before assessing any significant
deviation from the ordinarily accepted normal
blood values (1). Hypertension is one of the
serious complications seen in pregnancies (2).
Hypertensive disorders of pregnancy are an
umbrella term that includes preexisting and
gestational hypertension, preeclampsia, and
eclampsia, and these conditions complicate
up to 7-10% of pregnancies and represent a
significant cause of maternal and perinatal
morbidity and mortality (3).

Pregnancy-induced hypertension is defined as
newly diagnosed hypertension, which occurs
in pregnancy after 20 weeks of gestation and
disappears following delivery of the baby (4).
The most current definition of hypertension in
pregnancy was systolic blood pressure > 140
mmHg and/or diastolic blood pressure > 90
mmHg, measured at least in four hours. Most
guidelines around the world are aligned in
defining hypertension in pregnancy as blood
pressure (BP) 2140/90 mm Hg (3).

Pregnancy is characterized by several
physiological alterations especially the
components of the haematologic and

haemostatic system (5). Changes associated
with pregnancy may include alteration in
haematological parameters such as expansion
in maternal blood and plasma volume (6).
Beginning early in the first trimester, there are
surges of estrogen, progesterone, and relaxin
(hormone that, like progesterone, mediates
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nitric oxide release), leading to systemic
vasodilation (7; 8). Concurrently, the renin-
angiotensin-aldosterone  system (RAAS)
is augmented to prompt salt and water
retention, expanding plasma volume (9).
This, combined with an increased ventricular
wall mass, increases stroke volume (10).
Expanding plasma blood volume also results
in physiologic anaemia (11).

Platelet counts in apparently healthy females
are significantly higher than those of pregnant
women, and thrombocytopenia is common
in the third trimester due to haemodilution,
increased platelet consumption, and increased
platelet aggregation by increased levels of
thromboxane A2 (5,12). Other red cell indices
are not significantly affected, although there
may be variations in shape and size than in
the non-pregnant state (13). There is a slight
increase in the mean corpuscular volume
(MCV) of about 4femtoliters, independent of
vitamin B12 or folate deficiency (13). There
is an increase in white blood cell count in
pregnancy due to physiological changes such
as microtears, infection and the needs of the
developing baby, placenta and the uterus (5).

MATERIALS AND METHODS

Study Design: A cross-sectional study was
carried out to assess the haematological
parameters among hypertensive pregnant
women attending antenatal care at the
University of Port Harcourt Teaching Hospital,
Rivers State.

Study Area: This study was carried out on
women attending the antenatal clinics at
the obstetrics and gynecology department
of the University of Port Harcourt Teaching
Hospital, Rivers State, Nigeria.

Study Population

The study was conducted among hypertensive
pregnant women attending antenatal care
at the University of Port Harcourt Teaching

Hospital. A total of 150 samples were collected
for this study. Seventy-five (75) samples were
from confirmed hypertensive pregnant women
and 75 from apparently healthy normotensive
pregnant women, all between the ages of 18-
43 years.

ELIGIBILITY CRITERIA
Inclusion criteria

1. Pregnant women more than 28 weeks
gestation of pregnancy with blood
pressure >140/90mmhg.

2. Women between the ages 18 to 43 years.
Exclusion criteria

1.  Non-pregnant women.

2. Pregnant women who are not
hypertensive.
3. Women with previous history of

hypertension and proteinuria before
conception or before 20 weeks of
gestation.

4.  Pregnant women with history of systemic
illnesses like diabetes mellitus, renal
disease, and liver disease.

Informed Consent

Informed consent was obtained from
participants before blood collection. Blood
pressure was confirmed for each participant
before blood collection, and the participants
were made to understand the nature of the
study and the fact that the participation is
voluntary, with confidentiality of recovered
data maintained at all times during and
after the study. Socio-demographic data was
obtained from pregnant women using a well-
structured questionnaire. Ethical approval
was obtained from the Ethical Committee
of the University of Port Harcourt Teaching
Hospital, Nigeria.
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Blood collection

Three (3) ml of venous blood was collected
aseptically from the participantsand dispensed
into ethylene diamine tetraacetic acid (EDTA)
anticoagulant bottle for complete blood count
(FBC) assessment.

Sample Analysis

Complete blood count measurement was done
using the Zybio Z3 three (3) part differential

haematology = autoanalyzer  (Inspiration
Biotech, Moradabad, Uttar Pradesh, India).

Data Analysis

The data obtained was analyzed using
GraphPad Prism software version 6.00,
USA, and presented as means and standard
deviation. Comparison between two means
was done using student t-test analysis, while
comparison between more than two was done
using one-way analysis of variance (ANOVA).

Table 1: Demographics Characteristics of Respondents

Hypertensive (n=75)

Normotensive (n=75)

Frequency Percent Frequency Percent 92 p-value

Age group (years)
Less than 30 34 45.3 39 52 0.667 0.414
30 and above 41 54.7 36 48

t p-value
Mean age (SD) (years) [29.99 (5.78) 29.2 (5.93) 0.823 0.412
Parity
Nil 14 18.7 16 21.3 5.233 0.264
One 25 33.3 26 34.7
Two 25 33.3 22 29.3
Three 7 9.3 11 14.7
Four 4 5.3 0 0

t p-value
Blood Pressure Status
Mean SBP (SD) 153.83 (16.23) 123 (9.34) 14.259 <0.001*
Mean DBP (SD) 100.85 (8.42) 78.04 (12.15) 13.364 <0.001*

SD=Standard Deviation; *=Statistically Significant at p<0.05, SBP= Systolic Blood Pressure,

DBP= Diastolic Blood Pressure

Table 2: Haematologic Parameters of Hypertensive and Normotensive Pregnant Women

Hypertensive Normotensive
Parameter n Mean SD n Mean SD t p-value
Hb 75 10.74 2.136 75 10.6 1.17 0.474  0.636
PCV 75 32.67 6.1516 75 32827 3.8074 -0185 0.853
RBC 75 5.25 9.717 75 12.67 16.067  -3.423  0.001*
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MCV 75 79.85 11.027 75 8047  17.822  -0.257 0.798
MCH 75 26.81 7.879 75 27.06 2995 -0.247  0.806
MCHC 75 31.31 41302 75 36.4 33.3305 -1.311 0.192
WBC 75 8.29 16.8177 75 6.819 23735 0.754 0.452
Platelets 75 198.85 78.022 75 188.4 73206  0.846 0.399
Neut 75 57.85 14425 75 62.53 13.625 -2.043  0.043*
Lymp 75 35.28 14522 74 32.2 12.007  1.409 0.161
Mono 68 3.76 1.87 74 3.42 2.735 0.872 0.385
Eos 65 2.15 1.994 67 1.54 1.02 2246  0.026*

SD=Standard Deviation; *=Statistically Significant at p<0.05

Table 3: Severity of Hypertension among Respondents

Normotensive
Hypertensive (n=75) (n=75)
Hypertension Status Frequency Percent Frequency Percent y2 p-value
Normal 0 0.0 22 29.3 97.449  <0.001*
Prehypertension 0 0.0 37 49.3
Stage 1 Hypertension 27 36.0 7 9.3
Stage 2 Hypertension 48 64.0 9 12.0

*=Gtatistically Significant at p<0.05

Table 4: Association of Severity of Hypertension with Haematologic Parameters

Stage 1 Hyperten- Stage 2 Hyperten-

Parameter sion (n=27) sion (n=48) t p-value
Mean SD Mean SD
Hb 10.47 2.04 10.89 2.19 -0.817  0.713
PCV 32.67 5.949 32.67 6.32 -0.006  0.823
RBC 4.01 0.90 5.95 12.12 -0.825  0.233
MCV 81.52 8.85 78.92 12.07 0981  0.406
MCH 26.19 3.10 2717 9.59 -0.515 0.377
MCHC 31.70 215 31.09 492 0.609  0.259
WBC 6.88 2.06 9.09 21.00 -0.544  0.264
Platelets 203.56  73.49 196.21  81.10 0.389  0.452
Neut 58.78 14.60 57.33 14.46 0414  0.763
Lymp 35.04 13.80 35.42 15.05 -0.108  0.722
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Mono 4.04 2.25 3.60 1.59 0.949  0.038*
Eos 2.14 1.52 216 221 -0.05 0977
SD=Standard Deviation; *Statistically Significant at p<0.05
DISCUSSION and allergic responses, may increase in

Hypertension in Pregnancy is affected by
variables beyond age, including genetics,
pre-existing conditions, and lifestyle
factors, which are not exclusive to specific
age groups. As such, this study found no
statistically significant differences in the
age distribution of the study participants.
Also, only women of reproductive age were
included, thus reducing variability in age
between the two groups, making it difficult
for age alone to show significant differences
in hypertensive and normotensive pregnant
women. Studies by (14-16) also reported
advanced maternal age to be a risk factor
that is not predictive of its own. Instead,
other risk factors, like obesity, diet, and
family history, play substantial roles in
significant differences in hypertension
prevalence. The decreased RBC count could
be attributed to preeclampsia, which leads
to reduced RBC counts due to hemodilution.
Studies by (17) reported that the decrease
in RBC count is due to an increase in blood
plasma volume more than RBC production
and microangiopathic hemolysis from
endothelial damage associated with
hypertension. The variations in neutrophil
and Eosinophil counts in hypertensive
pregnancies compared to normotensive
ones result from shifts in immune response
and inflammation specific to hypertension in
pregnancy. Another study by (18) reported
a decrease in neutrophil counts due to their
consumption in responding to inflammatory
processes in the innate immune system,
which are heightened in hypertensive
pregnancies. Conversely, eosinophils, which
play a role in inflammatory modulation

some hypertensive pregnant women,
possibly due to shifts in immune signaling
pathways that favor an up-regulation of
specific white blood cells under stress
or inflammatory stimuli associated with
hypertension. Recent studies by (19,20),
had reported similar findings on increased
eosinophils in hypertensive pregnancies.
This elevation might be an adaptive
response aimed at controlling inflammatory
levels, although individual immune profiles
vary significantly, which can influence this
haematologic change. The increased systolic
and diastolic blood pressure status seen
in the hypertensive pregnant group was
a result of increased vascular resistance,
inflammation, and placental factors. Specific
physiological mechanisms activated by
hypertensive disorders, suchas preeclampsia
and gestational hypertension, are marked
by endothelial damage, which disrupts the
function of normal blood vessels and raises
systemic vascular resistance. (21), in their
study, have it that vascular and endothelial
factors, endothelial injury impairs the ability
of blood vessels to dilate, leading to increased
vascular resistance and blood pressure
as the blood vessels become less flexible
in response to the heightened circulatory
demands of pregnancy. Also, (22), in their
study, reported that hypertensive pregnant
women often exhibit elevated inflammatory
cytokines, which contribute to vascular
stiffness and constriction and increased
blood pressure as the body responds to
abnormally inflammatory signals, which the
immune response should have managed.
A study by (23) also reported increased
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systolic and diastolic blood pressure as a
result of placenta hypoxia, which leads to
the release of antiangiogenic factors such as
soluble Flt-1, which disrupts blood vessel
formation and increases blood pressure.
The increased monocyte count could be the
body’s amplified inflammatory response to
hypertension in pregnancy to mitigate and
repair damage in hypertensive patients.
Studies by (18,24) attributed a higher
monocyte level to promoting inflammation,
as they differentiate into macrophages and
dendritic cells that intensify inflammatory
response in hypertension. Furthermore,
another study by [2], also suggested that
monocytes play a specific role in the
inflammatory cascade of moderate-to-severe
hypertensive disorders.

CONCLUSION

During pregnancy, the occurrence of
hypertension poses additional challenges
to the haematopoietic system with resultant
changes in haematological parameters.
This study found decreased neutrophil
and increased eosinophil values for
hypertensive pregnant women when
compared with normotensive pregnancies.
The association of severity of hypertension
with haematologic parameters only revealed
an increase in monocyte value between
hypertensive women categorized as stage
1 and stage 2 hypertension, and the reason
for this was not clear. Only MCH showed
a weak correlation between the severity of
hypertension and haematologic parameters
among pregnant women.
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