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INTRODUCTION
Preeclampsia (PE), Eclampsia (EP) and other hypertensive 

disorders in Pregnancy represent the highest portion of maternal 
mortality and perinatal morbidity in Nigeria as in most developing 
countries around the world [1]. PE was defined by [2] as the 
increase in arterial pressure levels after 20 weeks of gestation 
(pressure level ≥ 140×90 mmHg in two measurements with 
an interval of 6 hours followed by the presence of proteinuria 
(1+ or more in the measurement of proteinuria with test strips 
or 24- hour proteinuria > 0.3 g/24 hours). Studies show that 
the incidence of preeclampsia is about 4-8% of pregnancies in 
developing countries [3] but in southern Nigeria, the prevalence 
is put at 5.6- 7.6% [4,5] and is 40% in northern Nigeria [6]. 
Untreated PE progresses to eclampsia which portends substantial 
risks for the fetus and the mother [7,8]. The causes of PE are not 
yet completely understood, however, accumulated evidences 
implicated abnormal placenta as the site of origin of the disease 
[9-11].

The search for clinically useful screening tests to identify 
women in whom it will develop is ongoing [12] while previous 
studies directed at finding the aetiologies of pre-eclampsia are 
inconclusive because studies are either cross-sectional or semi 
-longitudinal in design with very limited potential to determine 
precisely the age of pregnancy to suspect the development of 
preeclampsia [13]. Our previous study on evaluation of aetiology 
of pre-eclampsia identified significant hormone alterations as 
probable features of pre-eclampsia but could not determine 
the age of pregnancy at which hormone alterations became 
significant to precipitate pre-eclampsia [13]. This present study 
is the continuation of our previous work [13] and is aimed at 
filling this research gap through a longitudinal study of pregnancy 
from the first trimester to the post-delivery period. This is very 
desirable to identify the gestation age at which the alterations of 
the implicated biomolecules became significant to suspect the 

onset of pre-eclampsia in pregnancy and thus reduce attendant 
maternal and foetal death in our communities.

MATERIALS AND METHODS 
Study design

The study was longitudinally conducted in two phases; semi 
and full longitudinal phases. The study and control subjects were 
followed up from the early pre-delivery pregnancy period to 
six weeks postpartum through antenatal and post-natal clinic 
appointments. 

Study setting

The study was conducted between January 2018- March 
2019. The participants were recruited from the antenatal clinics 
and wards of a Tertiary Teaching Hospital in Ile-Ife- Southwest 
Nigeria. Whole blood was collected into a plain bottle at each 
trimester of the pregnancy during the antenatal and postnatal 
clinic appointments. Serum was harvested after clot retraction 
and preserved for the β hCG, Oestriol, Progesterone and Prolactin 
assays using standard enzyme immunoassay method described 
by Sachidhanandam, et al. [14].

Baseline values

Baseline values of biophysical clinical and biochemical 
indices for statistical analyses were taken at a mean gestation 
age of 10.9 ± 0.3 weeks for the full longitudinal phase and at 
mean gestation age 35.7 ± 0.0.4 weeks for the semi-longitudinal 
phase. The biophysical and clinical data were obtained from the 
patients’ case notes while biochemical data were results from the 
assay of the reproductive hormones. 

DIAGNOSIS OF PRE-ECLAMPSIA
PE was diagnosed according to the criteria defined by the 

National high blood pressure education program working group 
on high blood pressure in pregnancy [15].
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Ethical consideration

Recruitment of participants for the 2- year study started after 
study protocol was approved by the local Ethics and Research 
committee of a tertiary hospital (Obafemi Awolowo University 
Teaching Hospitals Complex Ile-Ife. 

Statistical analysis

 The data from the study were analyzed using SPSS version 
21.0. Continuous variables were presented as the mean and 
standard error of the mean. While categorical variables were 
presented as percentages. Differences between groups were 
compared using a two-tail independent t-test of significance at 
95% confidence limit, p < 0.05 was considered significant for the 
variables. Logistic regression model to predict a dichotomous 
outcome from one or more predictor variables and the 
significance of each predictor in the model was tested while all 
other predictors were held constant. The effect of size for the 
individual predictor was expressed as an Odds Ratio (OR).

The study experienced loss of patients at both phases of 
the study but this was curbed by educating the patients further 
about the study and reaffirmation of consent participation. Data 
of participants who declined consent before and during the study 
period were completely deleted from the statistical analysis of 
the results obtained from this research. Therefore the analyzed 
data excluded incomplete information or data of participants 
who were not able to fulfill the study criteria as described in the 
study design and eligibility conditions. 

RESULTS
The eligibility criteria included normotensive and non-

proteinuric antenatal cases registered before 13 weeks of 
gestation that voluntarily gave consent to participate and 
completed the study.

Exclusion criteria: This comprises hypertensive and 
proteinuric pregnancy before or at 13 weeks of gestation and 
recruited subjects who declined consent during the study period.

Sources and methods of selection of participants: The 
study was undertaken at the Obafemi Awolowo University 
Teaching Hospital Ile -Ife southwest Nigeria and was conducted 
in two phases; phases one and two.

Phase one: semi-longitudinal study: Three hundred and 
fifty pregnant women in the third trimester of pregnancy (28-
40 weeks gestation (15) with a mean age of 30 ± 0.7 years were 
selected for the study through the antenatal clinics of the hospital 
after obtaining informed consent. From the 350 pregnant women, 
79 of them only at the mean gestation age of 35.7 ± 0.0.4 weeks 
had features of pre-eclampsia [15] and served as the study group. 
Eighty out of the remaining 271 pregnant women who were 
physically healthy and normotensive after the screening using the 
criteria [15] of National High Blood Pressure education program 
working group on high blood pressure in pregnancy were used 
as controls. The study and control group were followed up from 
the point of selection( mean gestation age of 35.7 ± 0.0.4-38.4 ± 
0.2 weeks respectively up to 3 days postpartum through their 
antenatal and postnatal clinic day appointments The remaining 
191 subjects did not meet the study criteria or could not complete 
the study were exempted from the study.

Phase two: This was the longitudinal phase of the study 

which was a follow up of phase one study to detect the onset 
of the abnormalities observed in phase one of this study. One 
hundred physically healthy normotensive pregnant women with 
mean gestation age between 8-13 weeks and non-proteinuric 
were recruited from the antenatal clinics of the Tertiary Teaching 
Hospital after obtaining their informed consent. They were 
screened for early pregnancy abnormalities using the criteria [15] 
described above and were followed up from mean gestation age 
10.9 ± 0 weeks to 6 weeks post-delivery through their antenatal 
and postnatal clinic day appointments. During the study period, 
thirty (30) participants met the study criteria while ten (10) 
out of these 30 participants developed pre-eclampsia and were 
grouped as cases of interest while twenty (20) who remained 
normotensive and non- proteinuric throughout the study served 
as controls for the study. The remaining seventy (70) subjects 
were excluded because they did not meet the study criteria. Blood 
samples obtained from the participants at each point of contact 
in the study period were assayed for the reproductive hormones 
using standard enzyme immunoassay method.

Sample size calculation: The sample size was calculated 
using the formula described by (Rendon-Macias, et al. 2017). 
[16].

Sample size = Pq (z) 2 /e2 [16]. 

Where: Z = Standard deviation, e = Margin of error, p = 
prevalence of preeclampsia in the study area.

Phase one 

Three hundred and fifty subjects participated in this phase of 
the study, from this figure seventy-nine were preeclamptic and 
met the eligibility criteria and as well gave consent to participate 
in the study. Eighty subjects had sustained normotensive blood 
pressure throughout the study period gave consent and served 
as control. The study and control groups were followed up from 
the point of recruitment (35-38 weeks) up to 3 days postpartum. 
The remaining one  hundred and ninety-one subjects were 
excluded due to the decline of consent sequel to doubt of 
completing antenatal care at the study centre, and some having 
other pregnancy complications like diabetes, renal disease, 
hypertension and anaemia hence their data were excluded. 

Table 1 shows the demographic characteristics of pre-
eclamptic and normotensive pregnancies. The incidence of 
pre-eclampsia was higher (p < 0.05) within the age bracket of 
25-34. Gestational age at delivery among the preeclamptics 
was significantly lower compared with the controls (p < 0.05). 
Delivery by Caesarian Section in preeclampsia was 57 (81.4%) 
and 17 (24.3%) progressed to eclampsia. Two maternal 2 (2.9%) 
and nine neonatal deaths 9 (12.9%) b were recorded among the 
preeclamptics. Baseline and postpartum values BMI and blood 
pressure of cases and controls are presented (Table 2). Systolic 
and diastolic blood pressures were higher (p < 0.001) among the 
preeclamptics when compared with normotensive pregnancy 
(Table 2). Reproductive hormones level at pre and postpartum 
were compared between preeclampsia and normotensive 
pregnancy (Table 3). β- hCG and Oestriol only at prepartum 
were significantly lower and higher respectively (p < 0.001) in 
preeclampsia when compared with the normotensive controls. 
Comparison of baseline clinical and biochemical characters of 
mild and severe preeclampsia are presented in table 4. Systolic 
and diastolic blood pressures in severe preeclampsia were 
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Table 1: Demographic data in preeclamptic patients' controls and their Babies.

Variables Study
(n = 79)

Controls
  (n = 80) t-value      p-value X2 -value       p-value

mean ± sem mean ± sem
Mothers

   Age (years *30 ± 0.7 *29 ± 0.5  .739  084
   Age distribution (15-24) years 6 (8.6%) 9 (11.3% )

2.969 0.05   Age distribution (25-34) years 49 (70%) 62 (77.5%)
   Age distribution ≥ (35years) 15 (21.4%) 9 (11.3%)

   Gestation age (at term)(weeks) *35.7 ± 0.0.4 *38.4 ± 0.2 5.696 0.000
Occupation:
   Civil servant 35 (43.8%) 36 (51.4%)

17.252 0.101
   Self employed 23 (32.9%) 21 (26.3%)

   Students 17 (21.3%) 7 (10%)
   Applicants 0 (0%) 5 (6.3%)
   House wife 4 (5.7%) 2 (2.5%)

   Parity *0.84 ± 0.1 *0.68 ± 0.1 0.978  0.33
Mode of Delivery:

   Safe Vaginal Delivery 13 (18.6%) 56 (70%)    39.752 0.000   
   Caesarian Section 57 (81.4%) 24 (30%)

   Progression to Eclampsia 17 (24.3%) 0 (0%) 140.0 0.000 
   Mortality(Mother) 2 (2.9%) 0 (0%)  2.317 0.05
   No of life babies 61 (87.1%) 79 (98.8%) 8.084  0.05

   No of dead babies 9 (12.9%) 1 (1.3%)
Babies
Gender:  1.56  0.251
   Male 31 (44.2%) 43 (53.8%)    

   Female 39 (55.7%) 37 (46.3%)

Table 2: Baseline and post-partum Anthropometric and Clinical Characteristics of Pre-eclamptic and Normotensive Pregnant Women.

Variables Pre eclamptics Normotensives t-value p-value

n = 79 n = 80

Anthropometry

BMI at 3rd trimester 29.6 ± 6.4 28.3 ± 5.0 p > 0.17

BMI at 3 days postpartum 26.8 ± 6.1 26.1 ± 4.9 p > 0.47

Clinical Blood Pressure

SBP at 3rd trimester 166 ± 3.0 122 ± 1.0 p < 0.001*

DBP at 3rd trimester 107 ± 2.0 78 ± 9.0 p < 0.001*

SBP at 3 days postpartum 142 ± 2.0 114 ± 1.0 p < 0.001*

DBP at 3 days postpartum 89 ± 11.0 70 ± 10.0 p < 0.001*

Table 3: Comparative analysis of baseline values of Hormones of Pre-eclamptic and Normotensive (Control) Pregnant Women at 3rd trimester and post-partum.

Variables β-hCG (IU/L)
mean ± sem

Prolactin (mIU/L)

Mean ± sem

Progesterone
Mean ± sem

Oestriol
mean ± sem

 Gestation 
age Study control p value study Control p value study control p value study control Pv alue

3rd Trimester 565.4 ± 
45.8 750 ± 28.7 p <  

0.001*
1274 ± 
114.8

1226.2 ± 
109.6 p > 0.76 94.3 ± 2.3 97.1 ± 1.5 p > 0.29 137.4 ± 8.1 135.2 ± 

6.7 P > 0.83

3days post-
partum

434.1 ± 
45.0

288.1 ± 
30.5 p < 0.01* 1337.6 ± 

116.1
793 ± 
102.9

p < 
0.001* 20.4 ± 3.0	 32.9 ± 3.2 p < 

0.01* 32.7 ± 5.9	 47.3 ± 5.6 P > 
0.075

significantly elevated (p < 0.001) while the differences in the 
levels of the reproductive hormones between the two groups 
were not significant (p > 0.05)

Phase two: Table 5 shows the comparative analysis of 
anthropometric and clinical indices in both study and control 
subjects from the first trimester to six weeks postpartum. There 
was no significant difference in the anthropometric indices (p > 
0.05) between study and control groups throughout gestation 

and postpartum. Mean systolic and diastolic blood pressures in 
preeclamptic patients were significantly elevated (p < 0.000) 
when compared with the normotensive controls except in the 1st 
trimester. The alterations in the mean values of micro-albumin 
in preeclamptic patients throughout the study periods have a 
similar pattern with that of the blood pressures (p < 0.001).

Steady and progressive changes in the mean values of 
reproductive hormones among the pre-eclamptic group studied 
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Table 4: Baseline value of Clinical and Biochemical Parameters of Mild and Severe Preeclampsia.

Variables Mild (n = 34)
Mean ± sem

Severe Preeclampsia (n = 45)
Mean ± sem t-value p-value

Age 29..96 ± 1.01 30.51 ± 0.84 -0.407 p > 0.05

Gestation age 36.84 ± 0.61 35.13 ± 0.56 1.94 p > 0.05

 Systolic blood pressure 168.18 ± 20.85 184.44 ± 12.92 5.67 p < 0.005

Diastolic blood pressure 110.91 ± 3.22 120.00 ± 8.17 7.65 p < 0.001

BMI 29.82 ± 1.45 29.43 ± 0.87 0.241 p > 0.05

Serum β-hCG(IU/L) 499.80 ± 78.93 601.87 ± 56.08 -1.07 p > 0.05

Serum Prolactin (mIU/L) 1097.44 ± 190.48 1371.29 ± 143.21 -1.15 p > 0.05

Serum Progesterone(nmol/L) 92.12 ± 4.88 95.58 ± 2.24 0.734 p > 0.05

Serum Oestriol (ng/ml) 147.24 ± 13.83 131.91 ± 10.05 0.903 p > 0.05

Table 5: Anthropometry and Clinical Characteristics of Pre-eclamptic (study) and Normotensive (Controls) Pregnant Women at 1st, 2nd, 3rd Trimester, day 3 and 6 
Weeks Post Delivery.

Variable Body Mass Index Systolic blood pressure (mm/
hg)     Microalbuminuria (g/L)

Gest.
Age

Study 
[10]

Control 
[20]   p

value

Study 
[10]

Control 
[11]

p value

Study 
[10]

Control 
[11]

p value

   Study 
[10]

Control 
[11]

p value
Mean ± 

sem
Mean ± 

sem
Mean ± 

sem
Mean ± 

sem
Mean ± 

sem
Mean ± 

sem
   Mean ± 

sem
mean ± 

sem

1st trimester 28.7 ± 
2.4 27.1 ± 1.3 p > 0.05 116.0 ± 

3.4 111.5 ± 2.2 p > 0.05 69.0 ± 
3.5 67.5 ± 2.2 p > 0.05 2.7 ± 0.5 3.9 ± 0.6 p > 0.05

2nd

trimester
30.6  ± 

2.7 29.3 ± 1.4 p > 0.05 145.0 ± 
6.2 111.0 ± 3.8 p < 0.00* 93.0 ± 

6.0 65.0 ± 2.0 p < 0.05* 96.0 ± 
15.6 8.6 ± 0.7 p < 005*

3rd
 trimester 31.8  ± 

2.7 30.5 ± 1.3 p > 0.05 149.0 ± 
3.8 109.0 ± 3.7 p < 0.00* 98.0 ± 

3.3 65.0 ± 2.0 p < .000* 263.5 ± 
23.1 31.4 ± 6.4 p < 

0.005*

3 days post 29.8 ± 
2.8 28.4 ± 1.3 p > 0.05 130.0 ± 

3.7 115.0 ± 2.0 p < 0.00* 89.0 ± 
3.8 69.5 ± 2.2 p < .000* 103 ± 

14.3 11.3 ± 2.5 p < 000*

6 days post 29. ± 2.8 28.3 ± 1.3 p > 0.05 100.0 ± 
3.7 119.0 ± 2.3 p < 0.05* 63.0 ± 

2.8 74.0 ± 1.9 p < .002* 7.4 ± 1.5 1.4 ± 0.2 p < 000*

from 1st trimester to 6weeks postpartum were evaluated and 
compared with the normotensive control pregnant women 
(Table 6, figures 1,2). The mean values of β human chorionic 
gonadotropin, prolactin, progesterone, oestriol increased 
steadily and significantly from the first trimester, peaking in the 
third trimester and declined sharply soon after birth to almost 
pre-pregnancy level at six weeks post-delivery. (p < 0.05, p < 
0.001). β hCG levels in the study group at 1st and 2nd trimesters 
were significantly lower. (p < 0.05, p < 0.001) relative with the 
controls. Oestriol concentration at the 3rd trimester only in 
preeclampsia was observed to be significantly higher (p < 0.001) 
when compared to the control. The differences in progesterone 
and prolactin levels throughout the study period between the 
controls and the  preeclamptics were not significant (p > 0.05). 
The result of the logistic regression analysis to validate the 
predictive potentials of the reproductive hormones throughout 
the study period is presented in Table 7. β hCG (OR = 0.995, CI 
= 0.998-0.999, p < 0.004) and oestriol (OR = 1.056, CI = 1.011-
1.103, p < 0.013) have significant predictive potentials of pre-
eclampsia at first and third trimesters respectively. (p < 0.004, 
p < 0.013).

DISCUSSION 
Pre-eclampsia and eclampsia which present mostly late in 

pregnancy are medical emergencies in Nigeria and in most of 
the world [17]. They are one of the major causes of maternal 
-perinatal morbidity and mortality worldwide [18] yet no 
single or combination of pregnancy indices have been found to 

reliably suspect and prevent this disease [18-20]. Identification 
of markers of pre-eclampsia is very desirable for ease of early 
intervention, close monitoring, and prompt diagnosis to reduce 
the negative consequences of preeclampsia on the nation’s 
women population. 

Phase one of this present study recorded low mean gestation 
age at term, delivery by caesarian section, neonatal and maternal 
death were recorded more often among the preeclamptic when 
compared with the normotensive controls (Table 1). These 
observations suggest that preeclampsia is associated with 
adverse pregnancy complications as observed in this study 
and comparable with the reports of previous studies [21,22]. 
Preeclampsia can degenerate to mild or severe complications 
if poorly managed or when intervention is delayed [23]. We 
compared clinical and biochemical parameters of the mild and 
server preeclamptics (Table 4). Blood pressure values of severe 
preeclamptics were significantly elevated compared to the mild 
form of the disease while serum β -hCG level only in severe 
preeclampsia was higher but not statistically significant. This 
observation is at variance with the report of Kanika, et al. [24] 
who reported elevated serum β-hCG among severe preeclamptics.

Our observations in phase one of the present study show that 
β-hCG and oestriol were significantly reduced (p < 0.001) and 
elevated (p < 0.05) respectively in the 3rd trimester among the 
preeclamptics population when compared with normotensive 
controls (Table 3). Pre-eclampsia is reported be  a multi-organ 
disease that induces tissue and organ defects to the liver, kidney, 
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Table 6: Serum levels of the reproductive hormones in Preeclamptics and Normotensive pregnancy from 1st Trimester to 6 weeks postpartum.

Variable β-hCg(i.u/L) Oestrio (ng/ml) Progesterone(nmol/L) Prolactin(MIU/L)

Gest.Age Study Control
p-

value

Study Control
p-

value

Study Control
p-

value

   Study Control
p-value

Week mean ± 
sem

mean ± 
sem

mean ± 
sem

mean ± 
sem

mean ± 
sem

mean ± 
sem

   mean ± 
sem mean ± sem

1st trimester 388.1 ± 
101.7

762.2 ± 
65.7

p < 
0.01

46.70 ± 
13.2 23.8 ± 7.6 p > 

0.05
94.50 ± 

2.9 85.4 ± 5.5 p > 
0.05

697.30 ± 
175.7 784.4 ± 189.1 p > 0.05

(10.9 ± 0.3)
2nd trimester 573.1 ± 

100.7
790.7 ± 

44.8
p < 
0.05

87.4 ± 
13.3 64.3 ± 9.3 p > 

0.05
100.0 ± 

0.0 99.9 ± 0.1 p > 
0.05

1048.6 ± 
314.1* 1400.2 ± 169.4 p > 0.05

(23.2 ± 0.7)

3rd trimester 834.7 ± 
28.0

743.3 ± 
57.5

p > 
0.05

166.8 ± 
44.84 87.5 ± 7.0 p < 

0.000
101.5 ± 

0.8 
100.0 ± 

0.0
p > 
0.05

1913.1 ± 
219.9 1602.4 ± 185.1 p > 0.05

(34.5 ± 1.0)

3 days post 532.2 ± 
94.9

175.1 ± 
33.8

p < 
0.000

38.7 ± 
15.2 14.0 ± 1.7 p < 

0.05
30.7 ± 

2.0 26.2 ± 4.4 p > 
0.05

1632.4 ± 
254.4 1513.1 ± 221.6 p > 0.05

6 weeks post 21.1 ± 12.9 24.0 ± 6.7 p > 
0.05

16.1 ± 
5.6

52.5 ± 
13.1

p > 
0.05

6.90 ± 
3.281

5.60 ± 
4.17

p > 
0.05

1609.8 ± 
266.6 1956.35 ± 176.7 p > 0.05

Figure 1: Line graph showing the pattern of serum oestriol in both control and 
study subjects from 1st trimester to 6 weeks post-partum.v.

Figure 2: Line graph showing the pattern of serum oestriol in both control and 
study subjects from 1st trimester to 6 weeks post-partum.

placenta, and heart [24,25] The effect of the damaged organs 
particularly the liver and the placenta arising as a secondary 
complication of pre-eclampsia and the associated metabolic 
abnormalities may be the major contributory factors to the 
significant alterations of β-hCG and oestriol concentrations 
observed in the pre-eclamptic subjects. We observed that β-hCG 
and oestriol alteration implicated as possible risk factors pre-
eclampsia in phase one of this study was inconclusive because 

of the gestation age of pregnancy at which β-hCG and oestriol 
became significant to precipitate pre-eclampsia could not be 
determined. The outcome of the longitudinal assessment of the 
reproductive hormones in the pregnant subjects in phase two of 
this study was designed to fill this missing gap.

Normal endocrine physiological processes in normotensive 
pregnancy are associated with rising β -hCG rapidly soon after 
fertilization and implantation and continued throughout the 
first trimester of pregnancy and peaks at 6.8-10 weeks of 
pregnancy [26,27]. In the longitudinal phase of this study, we 
observed significant reduction (p < 0.001), of β hCG in the 1st 
and 2nd trimesters among the preeclamptics when compared 
with the control group (Table 6, figure 1). The causes of low 
β-hCG in the preeclamptics observed at 10.9 weeks of pregnancy 
that precipitated preeclampsia in our study may be attributed 
hyperemesis gravidarum in the second trimester induced by 
high levels of hCG as a compensatory mechanism to low β-hCG 
early in pregnancy [28-31]. The multi-organ disease nature of 
preeclampsia that induces disorders of placental dysfunction and 
abnormal placentation has also been implicated in the cause of 
significant alteration of β-hCG in complicated pregnancy [32,33]. 

 We also analyzed the changes in β hCG concentration among 
the preeclamptics only within the study duration. Result revealed 
a significant progressive increase in β hCG level throughout 
gestation (p < 0.001). This observation aligned with Kanika, et 
al [24] and Camilla, et al. [34] findings who reported a consensus 
that the placenta remains the main source of excess hCG 
production in patients with pre-eclampsia and other associated 
pregnancy disorders. Similarly our observation of significant (p < 
0.001) progressive rise in β-hCG concentration from 10.9th week 
of gestation within the preeclamptics in a longitudinal study is an 
improvement on earlier reports that observed the rise in β-hCG 
concentration after 15 weeks of gestation which precipitated the 
development of preeclampsia [31,35,36]. 

Progressive increase in oestriol levels throughout gestation 
is a characteristic of pregnancy. In this study, we observed higher 
values of oestriol concentration among the pre-eclampsia in the 
34.5th week of gestation compared with the controls (p < 0.001). 
Our observation is similar to the reports of Tongprasertet, al. [38], 
Settiyanan, et al. [39] and Singh, et al. [39] who established the 
usefulness of oestriol assay in the 3rd trimester in the diagnosis 
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of pregnancies complicated by post maturity, moderate and 
severe pre-eclampsia, intrauterine growth retardation, diabetes 
mellitus, chronic hypertension, intrauterine growth retardation. 
The pathological alterations of β hCG and oestriol in preeclampsia 
suggest that these hormones are associated with pregnancy-
specific diseases and might serve as an effective biomarker 
for predicting and diagnosing preeclampsia. Furthermore, the 
result of the logistic regression analysis conducted to evaluate 
the potentials of reproductive hormones to predict future 
development of pre-eclampsia in pregnant women strongly 
suggested that β hCG and oestriol might serve as an effective 
biomarker for suspecting and diagnosing pre-eclampsia (Table 
6). β hCG (Odd Ratio of 0.995, CI of 0.998 - 0.999 , at p < 004) 
predicted the development of preeclampsia as early as at 10.9th 
week of gestation, while oestriol (Odd ratio of 1.056, CI of 1.011-
1.103 at p < 0.01) predicted the development of pre-eclampsia 
at 34.5th week of gestation. The prediction of pre-eclampsia at 
10.9th week of gestation by β hCG in this study is an improvement 
on the previous reports by Gurmandeep, et al. and Goetzinger, et 
al. [31,40] who have earlier reported that maternal low serum β 
hCG level at 13-20 weeks and 15 weeks gestation respectively is 
a predictor of pre-eclampsia.

CONCLUSION
This study concluded that alterations of serum β-hCG and 

oestriol in pregnancy is pathologic and is associated with the risk 
of developing preeclampsia. β- hCG and oestriol may constitute 
a panel of biomarkers for the disease. Early alteration of serum 
β-hCG observed in the first trimester preceded the onset of 
preeclampsia most often detected in the third trimester hence 
pregnancy at the risk of preeclampsia can be identified at early 
gestation for quick intervention and management.
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