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ABSTRACT
Background and objectives: Pregnancy-induced hypertension (PIH) is a serious pregnancy
complication that contributes significantly to both maternal and neonatal morbidity and
mortality. The study aimed to evaluate various hematological parameters associated with PIH
and to identify early hematological parameters predictive of eclampsia and hemolysis, elevated
liver enzymes, and low platelet count (HELLP) syndrome.
Methods: A total of 114 subjects were studied. Venous blood samples were collected to study
hematological profile, including coagulation and biochemical analysis.
Results: Of 114 subjects, 35 were categorized as gestational hypertension, 33 as mild
preeclampsia, 40 as severe preeclampsia, and six as eclampsia. Eight cases progressed to HELLP
syndrome. The mean hemoglobin level was 10.6+2.1 g/dl, which decreased significantly in PIH
patients as the disease progressed (p=0.045). The mean platelet count was 191 + 84 x 109cells/L.
The mean platelet count in PIH patients decreased significantly with disease progression
(p=0.008). The mean prothrombin time and activated partial thromboplastin time were 13.12 +
1.33 and 33.62 + 6.34 seconds, respectively. These parameters also increased significantly with
disease progression (p<0.05). Liver enzymes, creatinine, and uric acid levels increased
significantly as the disease progressed (p<0.05).
Conclusion: Most of the hematological parameters changed as PIH progressed in severity. The
mean levels of hemoglobin, platelet, and lymphocytes are lower in cases with PIH, while the
mean prothrombin time and activated partial thromboplastin time are higher in these patients.
These variables are sensitive and specific prognostic markers for patients with PIH.
Keywords: Pregnancy induced hypertension; thrombocytopenia; coagulation profile; HELLP
syndrome
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INTRODUCTION
Pregnancy-induced hypertension (PIH) is
one of the most common pregnancy
complications, affecting approximately 57% of all pregnancies. It is also a significant
cause of maternal and fetal morbidity and
mortality (1). The incidence of PIH in India
ranges from 5% to 15% (2). The most
common immediate maternal complications
of PIH are eclampsia, oligohydramnios,
accidental
hemorrhages,
disseminated
intravascular coagulation, and hemolysis,
elevated liver enzymes and low platelets
(HELLP) syndrome. Remote complications
include residual hypertension, recurrent
preeclampsia, and chronic renal failure (3).
The most common fetal complications of
PIH are intra uterine growth retardation,
intra uterine death, prematurity, and
asphyxia. Many hematological changes are
seen
in
association
with
PIH,
thrombocytopenia being the most common
(4,6). Changes are also seen in peripheral
smear, coagulation profile, and liver
enzymes. This study was done to aid
clinicians in early detection, monitoring, and
management of cases with PIH.
Preeclampsia develops a variety of
hematologic aberrations, which affect the
outcome of the patients. In such cases,
supportive therapy can be initiated to
prevent maternal and neonatal morbidity and
mortality. From the standpoint of
prevention, preeclampsia has remained a
challenge
for
obstetricians.
Various
strategies have been proposed to reduce the
perinatal effects of preeclampsia. This can
be achieved by early diagnosis of
preeclampsia simply via assessment of
blood coagulation profile (7,9). Complete
blood count, urine examination, and liver
function tests performed to identify platelet
abnormalities, red cell abnormality, and to
detect patients who progress to HELLP
syndrome.
This study was done to compare
hematological indices in patients with
gestational hypertension, mild preeclampsia,
severe preeclampsia and eclampsia to
identify early detection of the disease, and

its management to reduce morbidity and
mortality of mother and fetus.
MATERIALS AND METHODS
This study was done in the Department of
Pathology, Narayana Medical College and
Hospital, Nellore, India. This was a
prospective study conducted from October
2013 to September 2015 on 114 antenatal
PIH cases. Inclusion criteria were >20
weeks of gestation, blood pressure (BP) of
>140/90 mmHg, and ≥1+ proteinuria.
Previously known cases of hypertension,
bleeding disorders, and preeclampsia
superimposed on a known case of essential
hypertension were excluded. All patients
with coexisting medical, surgical or
gestational conditions were excluded. The
number of patients recruited in this study
was calculated using the formula N = Z2P
(1-P)/d2 where N is the sample size, Z is the
statistic corresponding to level of
confidence, P is expected prevalence, and d
is precision (10). Considering 95%
confidence interval, expected prevalence of
10.3% (11), and absolute precision of 5%,
the required sample size was calculated as
114. All samples were collected with the
support of the Department of OBG,
Narayana Medical College, India.
Data collection
Preliminary data of patients with PIH were
collected at admission, coded, and recorded
into a master chart. The patients were
followed up until perinatal period for final
diagnosis and evaluation of disease
progression. Venous blood samples were
collected in EDTA tubes for hematological
profile, in sodium citrate tube for
coagulation studies, and in plain tubes for
biochemical analysis. The hematological
parameters were assessed using an
autoanalyzer (LH 780, Beckman Coulter,
USA). Erythrocyte sedimentation rate (ESR)
was
determined
using
disposable
Westergren’s tubes. Automated blood
coagulation analyzer (IL ACL 7000
Coagulation
Analyzer,
Diamond
Diagnostics Inc. USA) and the biochemical

Journal of Clinical and Basic Research (JCBR), 2022, Volume 6, Number 2

analysis using automated analyzer (Human
Humastar
600
Chemistry Analyzer,
Diamond Diagnostics Inc. USA). The
findings were recorded as per the proforma.
The master chart was prepared having
preliminary data (hospital ID, age, gravid
status, and BP) as well as hematological and
biochemical values. The cases were
categorized as gestational hypertension (BP:
140/90 mmHg, no proteinuria), mild
preeclampsia (BP: 140/90 – 160/110 mmHg,
proteinuria+), severe preeclampsia (BP:
>160/110 mmHg), and eclampsia (BP:
>140/90 mmHg, seizures+). Various
parameters
and
peripheral
smear
examinations were studied among these
groups.
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Data were analyzed using the Chi-square
test. Statistical analysis was carried out in
SPSS (version 22), and p-values less than
0.05 were considered as statistically
significant.
RESULTS
Of 114 subjects, 35 were categorized as
gestational hypertension, 33 as mild
preeclampsia, 40 as severe preeclampsia,
and six as eclampsia.
Eight patients (7.01%) consisting of seven
cases of severe preeclampsia and one case of
eclampsia progressed to HELLP syndrome.
As shown in figure 1, the peripheral smear
examination showed schistocytes and
anisopoikilocytosis
in
these
cases.

Statistical analysis

A

B

Figure 1. Hemolytic picture with many schistocytes (A) and marked anisopoikilocytosis with schistocytes (B)

As shown in table 1, the mean levels of
hemoglobin (Hb), platelets, prothrombin
time (PT), international normalized ratio
(INR), partial thromboplastin time (aPTT),
aspartate transaminase (SGOT), alanine
transaminase (SGPT), alkaline phosphatase
(ALP), creatinine, and uric acid differed

significantly between patients in different
groups. As shown in table 2, the level of Hb,
PC, SGOT, SGPT, and urea differed
significantly between cases with HELLP
syndrome and those without HELLP
syndrome (p≤0.05).
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Table 1. Comparison of various parameters between patients with different forms of PIH
Gestational
hypertension

Mild
preeclampsia

Severe
preeclampsia

Eclampsia

p-value

Hemoglobin (g/dl)

10.8±1.8

10.4±1.9

10.8±2.4

8.8±1.8

0.045*

Platelets (x 109cells/L)

216±72

190±90

176±84

115±30

0.008*

Erythrocyte sedimentation
rate (mm/hr)

65.91±27.2

75.6±31.26

73.9±32.8

72±22.44

0.28

Prothrombin time (seconds)

13.44±1.27

12.8±1.11

13.02±1.53

13.61±0.93

0.05*

International
ratio

1.03±0.10

1.1±0.2

1.14±0.74

1.22±0.28

0.05*

Partial
thromboplastin
time(seconds)

33.02±6.42

33.05±5.22

33.61±6.85

40.15±4.17

0.03*

Aspartate
(IU/L)

transaminase

27.68±13.63

27.9±14.09

59.22±8.35

42.33±8.73

0.009*

Alanine
(IU/L)

transaminase

20.05±11.17

20.3±10.25

37.9±39.13

27±7.87

0.01*

Alkaline phosphatase(IU/L)

492.37±212.46

456.27±198.7

502.42±228.23

470.16±213.15

0.02*

Urea(mg/dL)

16.8±6.66

18.38±7.3

28.23±16.83

30.61±12.21

0.07

Creatinine (mg/dL)

0.75±0.24

0.91±0.36

0.94±0.37

1.31±0.64

0.04*

Uric acid(mg/dL)

4.78±1.05

4.83±1.49

6.11±1.99

7.13±3.19

0.001*

Parameter

normalized

*Statistically significant difference (p<0.05).

Table 2. Comparison of various parameters between patient with HELLP syndrome and those
without HELLP syndrome
Parameter
Hemoglobin (g/dl)
Erythrocyte
sedimentation
rate
(mm/hr)
Platelets (x 109cells/L)
Prothrombin time (sec)
Partial thromboplastin time (sec)
Aspartate transaminase (IU/L)
alanine transaminase (IU/L)
Alkaline phosphatase (IU/L)
Urea (mg/dl)
Creatinine (mg/dl)
Uric Acid (mg/dl)

Cases
with
syndrome
9.03±2.77

HELLP

Cases
without
syndrome
10.63±2.12

HELLP

p-value
0.0464*

81.25±25.8

71.85±30.16

0.3931

130±90
13.9±1.4
36.16±9.19
113.5±157.7
46.7±51.9
498±206.32
34.16±24.6
1.06±0.48
5.59±2.3

191±84
13.12±1.33
33.62±6.3
39.58±32.37
26.75±25.85
484.28±213.15
22±12.75
0.89±0.37
5.39±1.82

0.0449*
0.1137
0.290
0.0001*
0.05*
0.8607
0.0178*
0.22
0.76
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DISCUSSION
Preeclampsia is one of the leading causes
of maternal and fetal morbidity and
mortality. After active research for many
years, the etiology of PIH remains unclear.
Evidence suggests that there were several
underlying
causes
for
endothelial
dysfunction
such
as
hypertension,
proteinuria, and edoema, as well as
preeclampsia (12). In the present study,
important hematological, coagulation, and
biochemical values were compared among
various groups of PIH. The frequency of
patients with gestational hypertension, mild
preeclampsia, severe preeclampsia, and
eclampsia was 30.7%, 28.9%, 35.1%, and
5.3%, respectively. The majority of patients
were in the 20-30 years age group. The
present study showed that primigravid
patients were equally affected with
hypertensive disorders in pregnancy as
multigravid patients.
In normal pregnancy, there is an increase
in erythropoietic activity, but due to increase
in plasma volume, there is a fall in
hemoglobin
concentration.
Normal
physiological changes also affect the
hematological parameters during pregnancy;
hence, maternal anemia is common (12).
The percentage of patients with anemia
increased with disease severity. We detected
a significant decrease in hemoglobin levels
with the increase in disease severity. In the
present study, 33.3% of the subjects had
anemia.
The
mean
hemoglobin
concentration was 10.6 g/dl with a standard
deviation of 2.12, which is almost
comparable to the values reported by
Navamar et al. (13) and Alisi et al. (14).
In a study by Monteiro et al., hemoglobin
and platelets levels were significantly
decreased in cases with preeclampsia (12).
In our study, there was a significant
reduction in the platelet count as PIH
progressed. Platelet count variations in
pregnant women with PIH may be due to
increased consumption with decreased life
span and increased aggregation caused by
increased levels of thromboxane A2 in
placental circulation (15). Compared to
previous studies (13, 14), we obtained

higher mean platelet counts, which might be
related to the inclusion of patients with
gestational
hypertension
in
whom
hematological changes are more subtle.
In the present study, 42.1% of patients had
thrombocytopenia. Similar studies by
Burrows RF and Kelton JG (16) reported
prevalence rates of 50% and 34%,
respectively.
The mean platelet count in the present
study (191 + 84 x 109cells/L) was similar to
that in previous studies (13, 17, 18). In our
study, ESR increased in few patients, but no
ESR rise was seen with increase in disease
severity. The mean ESR value in the present
study was 71.85 (mm/hr), which is higher
than the value reported by Monteiro et al.
(57.87(mm/hr)) (12). In normal pregnancy,
ESR may rise due to increased fibrinogen
and globulin levels and reduced blood
viscosity. In our study, eight cases (7.01%)
had features of HELLP syndrome. A similar
incidence rate (6%) was found in a study
done by Sultana et al. (2). However, some
studies reported much higher incidence rates
(18, 19).
In this study, 27.19% of patients showed
increased PT levels, and PT values observed
to be increased significantly according to the
increased disease severity. Similar to our
findings, Shetty et al. reported a significant
increase in PT levels in PIH cases (20).
In this study, the mean PT values in cases
with
mild
preeclampsia,
severe
preeclampsia, and eclampsia were 12.80 +
1.11, 13.02 + 1.53, and 13.61 + 1.33
seconds, respectively. This indicates that PT
value increases significantly as PIH
progresses. The mean PT values obtained in
different forms of the disease were
comparable to the values reported by
Nirmala et al. (21) and Chauhan et al. (22).
There was a significant increase in aPTT
with increase in the severity of the disease.
In addition, 20.17% of the patients had
increased aPTT level. The mean aPTT in
this study was 33.62 seconds, which is
similar to the value reported by Dave et al.
(23) and Orlikowski et al (24). The mean
aPPT was varied in the studies conducted by
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Chaware K et al (18), Nirmala et al (21) and
Chauhan et al (22).
When compared with normal pregnancy,
there is a significant increase in hepatic
enzyme activity in preeclampsia. Liver
damage
adversely
affects
protein
metabolism, which in turn could affect
erythropoiesis. Reduction in red blood cell
and platelet count may be a consequence of
liver damage (14).
In the present study, the mean SGOT and
SGPT levels were 39.58 ± 32.57 IU/L and
26.75 ± 25.85 IU/L, respectively, which are
similar to the levels reported by Munazza et
al. (25) and Bhowmik et al. (26). Our study
identified significant increase in SGOT/AST
and SGPT/ALT ratio as the disease
progressess.
The levels of urea, creatinine, and uric acid
were increased in patients with PIH when
compared to normal individuals, indicating
impaired renal function in PIH. These
findings are in agreement with findings of
some previous studies (12, 14, 27). Uric acid
is one of the most sensitive indicators of
disease severity in PIH and can help in
monitoring
disease
progression.
In
preeclampsia, uric acid level has been
known to be increased and correlates with
maternal and fetal morbidity (20). Wake et
al. claimed that plasma uric acid level could
help to predict development of eclampsia in
subjects with preeclampsia (28). Hawkins et
al. reported hyperuricemia as an important
finding in PIH because it predicts risk of
adverse fetal outcomes, even in women with
gestational hypertension without any other
features of preeclampsia (29). Mustaphi et
al. found a strong positive correlation
between levels of serum uric acid and
severity of PIH (30).
The present study showed that there is
significant increase in the Uric acid levels as
the disease progresses, which was
comparable to other studies (12, 31).
Some variables such as aPTT, SGOT, and
urea levels were higher in cases with
HELLP syndrome. In the present study,
serum SGOT levels were higher in HELLP
cases compared with non-HELLP PIH
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cases, which is consistent with findings of
Shetty et al. (20).
CONCLUSION
Hematological changes such as anemia,
thrombocytopenia,
and
deranged
coagulation profile as well as altered liver
and renal parameters are seen in PIH. The
degree of thrombocytopenia, anemia, and
deranged parameters increases as the disease
progresses from gestational hypertension to
eclampsia. Changes in the liver and renal
parameters were prominent in cases of
HELLP syndrome, which can be used for
earlier identification of these patients. The
results show that repeated blood test could
help in careful monitoring, early detection,
and appropriate management of PIH in order
to reduce risk of morbidity and mortality.
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