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ABSTRACT
Background: This study was undertaken to study the association of serum β hCG levels between 12 to 20 weeks of
gestation and development of hypertensive disorders of pregnancy and to assess the association between the levels of
β hCG and severity of hypertensive disorders of pregnancy. Study design: Prospective cohort study (200
uncomplicated primigravida).
Methods: All women between 12 to 20 weeks of pregnancy meeting the selection criteria, attended antenatal OPD in
JIPMER were recruited for this study after informed consent. The venous blood samples were obtained from the
subjects for β-hCG analysis. Serum β hCG level was measured by Enzyme Linked Immunoassay System (ELISA)
and expressed as mIU/ml. Multiples of median were calculated from the median of the sample population and were
considered as raised if it was >2 MOM. The cases were followed up until delivery and observed for development of
hypertensive disorders of pregnancy.
Results: Out of 200 cases, 185 cases were followed completely till term. Among 185 cases who were followed up, 10
women developed hypertensive disorders of pregnancy, accounting for 5.4% in the study group. Out of the total 185
women who were studied, 132 had β hCG levels ≤2 MOM and 53 had β hCG levels >2 MOM. Among 132 women
(94.7%) with β hCG levels ≤2 MOM, 7 (5.3%) developed hypertensive disorders. Among 53 cases (94.3%) with β
hCG levels >2 MOM, 3 women (5.7%) developed hypertensive disorders. The incidence of HDP was almost similar
in both the groups, 5.3% among those whose β hCG levels were ≤2MOM and 5.7% among those who had β hCG
levels >2 MOM (p value - 0.923).
Conclusions: From the present study, it may be concluded that high serum β hCG levels (2 MOM) estimated between
12 to 20 weeks of pregnancy were not predictive of development of hypertensive disorders later in pregnancy.
Keywords: β hCG, Hypertensive disorders, Preeclampsia

INTRODUCTION

clinical and biochemical markers have been proposed to
predict preeclampsia.2

Hypertensive disorders of pregnancy (HDP) are unique to
pregnancy, affecting 5% to 8% of all pregnant women.1
In spite of the improvement in maternal and neonatal
care, hypertensive disorders of pregnancy are major
causes of maternal and perinatal morbidity and mortality
in both developed and developing countries. Numerous

As preeclampsia is characterized by disturbed
trophoblastic pathology, early placental dysfunction
could be reflected by altered hCG concentrations.
Therefore, this study is being done to find out the levels
of serum β hCG in pregnant women between 12 to 20
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weeks of gestation and its association with the risk of
developing hypertensive disorders of pregnancy.
METHODS
This study was done to find out the β hCG levels between
12 to 20 weeks and its association with development of
hypertensive disorders of pregnancy at later gestational
age. The present cohort study was conducted in the
Departments of Obstetrics and Gynaecology and
Biochemistry, JIPMER, Puducherry, India from
September 2013 to July 2015 after approval from the
JIPMER research committee and Institute Ethics Subcommittee. All uncomplicated primigravida attending
antenatal clinic at JIPMER with gestational age between
12 to 20 weeks were recruited in this study. The
exclusion criteria were multiple pregnancy, congenital
malformation of fetus, chromosomal anomalies,
secondary hypertension, Antiphospholipid antibody
syndrome, diabetes mellitus and molar pregnancy.
Detailed obstetric history and examination were done.
Baseline characteristics like age, height, weight, BMI,
blood pressure was documented. Along with routine
haematological investigations, β hCG was measured by
Enzyme Linked Immunoassay System (ELISA) and
expressed as mIU/ml. Multiples of median were
calculated from the median of the sample population and
were considered as raised if it was >2 MOM. Mean blood
pressure at each visit was noted. The cases were followed
up until delivery and observed for development of
hypertensive disorders of pregnancy. The patients who
developed hypertensive disorders of pregnancy were
labelled according to the NHBPEP classification and
blood investigations like complete haemogram along with
peripheral smear, renal function test, liver function test
and coagulation profile. The gestational age at delivery
was noted. The outcome of pregnancy and antepartum,
intrapartum, postpartum complications of hypertensive
disorders were noted.
Statistical analysis
The normality of the level of β hCG was tested using
Kolmogorov-Smirnov test. The distribution of the
pregnancy outcome was presented as frequencies and
percentages and was compared between the groups using
Pearson’s chi-square test. The levels of serum β hCG and
the outcome of pregnancy was compared by MannWhitney U test. All statistical analysis was carried out at
5% level of significance (p<0.05).
RESULTS
Out of 200 cases, 185 cases were followed completely till
term. The outcome of pregnancy after enrolment was
shown in Table 1. Among 185 cases who were followed
up, 10 women developed hypertensive disorders of
pregnancy, accounting for 5.4% in the study group. This

was similar to the general incidence of preeclampsia (5%
to 8%).
Table 1: Outcome of pregnancy after recruitment.
Total No. of women recruited
Spontaneous abortion
Missed abortion
Lost to follow up
No. of cases followed till term

200
5 (2.5%)
2 (1%)
8 (4%)
185 (92.5%)

Among 185 cases, 175 women were found to be
normotensive and 10 women developed hypertensive
disorders of pregnancy (Figure 1). The distribution of
serum β hCG level among two groups was shown in
Table 2.
Table 2: Serum β hCG levels and distribution of cases.
β-hCG
≤30,000
30,00140,000
40,00150,000
50,00160,000
60,00170,000
70,00180,000
80,00190,000
90,0011,00,000
1,00,0011,50,000
1,50,0012,00,000
2,00,0012,50,000
2,50,0013,00,000
3,00,0013,50,000
>3,50,000
Total

No. of
cases
42

%

Normotensive

HDP

21.0

39

3

32

16.0

31

1

23

11.5

22

1

9

4.5

8

1

9

4.5

9

0

10

5.0

10

0

7

3.5

6

1

7

3.5

7

0

18

9.0

17

1

14

7.0

13

1

10

5.0

10

0

7

3.5

7

0

4

2.0

4

0

8
200

4.0
100.0

7
190

1
10

HDP – Hypertensive disorders of pregnancy.

Demographic variables (Table 3) like age, haemoglobin,
height, weight, BMI, systolic and diastolic blood pressure
at first visit were comparable in both the groups and they
were not statistically significant. Most of the women
were between 23-25 years. There were totally nine
teenage (<20 years) pregnancies, eight in the
normotensive group and one in the hypertensive group. In
our study, majority were <35 years except one woman
who was 35 years and remained normotensive throughout
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the pregnancy. There were totally four women who had
BMI >25 kg/m2, three in the normotensive group and one
in the hypertensive group. The mean gestational age at
which the samples were collected in the normotensive
group was 116 days compared to 121 days in the
hypertensive group and it was not statistically significant
(p-value = 0.456). Most of the samples were taken after
15 weeks of gestation (124 cases in the normotensive
group, seven cases in the hypertensive group). However,
these differences were comparable between both the
groups.
Table 3: Demographic variables among the study
group.

The serum β hCG levels did not follow normal
distribution. Hence the median β hCG value was taken
for both groups and it was not statistically significant
(Table 5).
Table 5: Serum β hCG levels between two groups.
Group

Normotensivegroup
Median (IQR)

Hypertensive
group
Median (IQR)

Serum β
hCG
level
(mIU/ml)

52,654
(33,1761,29,577)

47,779
(25,9851,47,706)

pvalue

0.841

IQR-Interquartile range.

Normotensive
Variable
(mean±SD)
Age (years)
23.56±3.51
Haemoglobin (gm%) 10.01±1.11
Height (cm)
154.30±4.94
Weight(kg)
51.19±7.85
Body mass index
21.43±3.11
(kg/m2)
Systolic blood
pressure at first
110.26±10.36
visit (mm of Hg)
Diastolic Blood
pressure at first
72.88±8.56
visit (mm of Hg)
GA at β-hCG
116.83±17.38
sampling (days)

Hypertensive
(mean±SD)
24.60±3.68
10.90±1.11
155.90±6.06
55.60±7.35

117.00±10.59

76±6.99
121.10±21.20

Table 4: Distribution of cases according to
hypertensive status and β-hCG levels.

≤2
>2
Total

Table 6: Mean serum β hCG levels in hypertensive
disorders.

22.81±2.28

SD-Standard deviation; GA-Gestational age.

Β -hCG levels (MOM)
(53,644)

The relationship between serum β hCG levels and
severity of hypertensive disorders was shown in Table 6.

Hypertensive disorders
of pregnancy
No
Yes
No. of cases No. of
(%)
cases (%)
125 (94.7)
7 (5.3)
50 (94.3)
3 (5.7)
175
10

MOM-Multiples of median.

The relationship between β hCG levels (MOM) and
hypertensive disorders was shown in Table 4. Out of the
total 185 women who were studied, 132 had β hCG levels
≤ 2 MOM and 53 had β hCG levels >2 MOM. Among
132 women (94.7%) with β hCG levels ≤2 MOM, seven
women (5.3%) developed hypertensive disorders.
Among 53 cases (94.3%) with β hCG levels >2 MOM,
three women (5.7%) developed hypertensive disorders.
The incidence of HDP was almost similar in both groups,
5.3% among those whose β hCG levels were ≤2MOM
and 5.7% among those who had β hCG levels >2 MOM
(p value - 0.923).

HDP

No. of
cases

Mean serum β
hCG level
(mIU/ml)

GHTN
MPE
SPE

2
2
6

19,444.5
32016.5
1,64,003

No. of cases
received
magnesium
sulphate
0
0
6

HDP-Hypertensive disorders of pregnancy; GHTN-Gestational
hypertension; MPE-Mild preeclampsia; SPE-Severe
preeclampsia.

Among 10 women who developed hypertensive disorders
of pregnancy, the mean serum β hCG level among those
who developed severe preeclampsia was 1, 64,003
mIU/ml which was much higher than those who
developed mild preeclampsia (32016.5 mIU/ml) and
gestational hypertension (19,444.5 mIU/ml).
DISCUSSION
Adverse pregnancy outcomes like preeclampsia, placental
dysfunction, chromosomal abnormalities and intra uterine
growth restriction have been explained with elevated
second trimester hCG levels. For most of these outcomes,
the cut off value of β hCG was found to be 2-2.5 MOM.
During early pregnancy, hCG was responsible for spiral
artery remodelling. Various studies have shown that
placental hypoxia might be responsible for increased
hCG production.
It was proved by in vitro trophoblastic cell culture that
was grown under hypoxic conditions. Placental
abnormalities like villitis, infarction, ischemic changes
and intervillus thrombosis were also associated with
increased serum β hCG levels.3 The impaired spiral artery
vasculature and subsequent reduced blood flow in the
placental villi were responsible for intrauterine growth
restriction.
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Table 8: Serum β hCG levels in normotensive and
hypertensive group.

Demographic variables
The baseline characteristics like age, height, weight,
BMI, haemoglobin levels between were comparable and
did not have the significant difference. Within the groups
the mean age was comparable being 23.56±3.51 years in
the normotensive group and 24.60±3.68 years among
hypertensive group. The mean BMI was also comparable
between the groups with 21.43±3.11 kg/m2 in the
normotensive group and 22.81±2.28 kg/m2 among those
who developed the hypertensive group. The mean
haemoglobin values were similar in both the groups with
10.01±1.11 gm/dl and 10.90 ±1.11gm /dl in normotensive
and hypertensive group respectively.

Study

Hypertensive group

Normotensive
group

Ratty et
al

1.01 MOM in SPE
1.07 MOM in MPE
0.99 MOM in GHTN

0.91 MOM

Morssink
et al

0.048 ± 0.265
(mean logaritham)

0.010± 0.244
(mean
logaritham)

Present
study

0.89 MOM

1.01 MOM

GHTN-Gestational hypertension; MPE-Mild preeclampsia;
SPE-Severe preeclampsia; MOM – Multiples of median.

Serum β hCG levels and pregnancy outcome
According to serum β hCG levels, the study group was
divided into two groups (> 2 MOM, ≤ 2 MOM). It was
based on the study conducted by Kaur et al which had the
sensitivity of 90.91 %, the specificity of 97.44 % and the
positive predictive value of 83.33 % for this cut off
value.4 In their study, 22 cases developed hypertensive
disorders among 178 cases. Among 22 cases, 20 cases
had β hCG levels > 2 MOM. They also proved that
severity of hypertensive orders was directly proportional
to the level of β hCG.3 The study conducted by Roizhernandez et al also showed that the sensitivity,
specificity and positive predictive value were high, if the
cut- off serum β hCG was 2 MOM3 (Table 7).
Table 7: Predictive accuracy of β hCG in hypertensive
disorders of pregnancy.
Study

Sensitivity

Specificity

Kaur et al
Roizhernandez et
al

90.91%
88.5%
(Primi)
100%
(Multi)

97.44%
92%
(Primi)
85.6%
(Multi)

Positive
predictive
value
83.33%
46%
(Primi)
25%
(Multi)

In the present study, out of 185 cases, 53 cases had β
hCG levels >2 MOM. Only three cases out of 53
developed HDP. Out of 132 cases with β hCG levels ≤2
MOM, seven cases had HDP. We did not find the
association between β hCG levels ≥2 MOM and
development of hypertensive disorders of pregnancy. The
distribution of hypertensive disorders among two groups
was similar and it was not statistically significant.
Although studies (Kaur et al) have proven the association
between elevated β hCG levels in the second trimester
and subsequent development of hypertensive disorders,
our study did not find the association as similar to study
conducted by Stamilo et al and Mikic et al (retrospective
studies) and Raty et al and Morssink et al (prospective
studies).

Stamilo et al found that out of 1998 patients, only 49
patients developed severe preeclampsia. The serum β
hCG levels and serum alpha fetoprotein levels were
similar in both cases and controls. It was a retrospective
study and they proposed that nulliparity, history of
preeclampsia and elevated mean arterial pressure were
significantly associated with severe preeclampsia rather
than serum β hCG. Both the case and control groups had
similar β hCG levels.5
Mikic et al conducted a study between 1992 to 1997 in
which study population was divided into two groups
based on β hCG levels (≥3.5 MOM, 192 cases; ≤2 MOM,
218 cases). There was no significant difference in the
distribution of hypertensive disorders among two groups
(2 cases in ≥3.5 MOM, 5 cases in ≤2 MOM). They found
that mid -trimester β-hCG was not predictive of maternal
outcomes like intrauterine growth restriction and
hypertensive disorders. Stamilo et al. found that out of
1998 patients, only 49 patients developed severe
preeclampsia. The serum β hCG levels and serum alpha
fetoprotein levels were similar in both cases and controls.
It was a retrospective study and the medical records were
examined retrospectively. They proposed that nulliparity,
history of preeclampsia and elevated mean arterial
pressure were significantly associated with severe
preeclampsia rather than serum β hCG.6
Another prospective study conducted by Ratty et al has
shown that there was no difference in β hCG levels in
both the normotensive and hypertensive groups. Among
351 cases, 69 women had hypertensive disorders and 282
women were normotensive. In this study, there was no
difference in the β hCG levels between the groups (1.01
MOM in SPE, 1.07 MOM in MPE, 0.99 MOM in GHTN
and 0.91 MOM in the control group.7
Morssink et al measured serum β hCG levels in 390
patients. Out of 390 patients, 65 had hypertensive
disorders and 325 women were normotensive. The mean
logarithms of the β hCG between the two groups were not
significant (0.048 ± 0.265 in the hypertensive group,
0.010 ± 0.244 in the control group).8
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Even though basic pathology for HDP lies in the
placenta, what exactly initiates abnormal trophoblastic
invasion is still not known. The development of HDP
could still be predicted to a reasonable extent by
combination of maternal characteristics (nulliparity,
previous history of preeclampsia), biochemical and
radiological markers rather than single parameter.
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