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Abstract 

Preeclampsia is a life-threatening pregnancy-induced disorder characterized by the presence of hypertension and 
proteinuria occurring after 20 weeks of gestation in a previously normotensive and aproteinuric woman. This study is 
aimed at investigating the maternal serum levels of estriol in pregnant women with preeclampsia. This is an analytical 
cross-sectional study including a total of 90 pregnant women aged 18-41years at 26-40 weeks of gestation, according 
to the last date of menstruation and ultrasonographic measurements. Forty five of these were preeclamptic while the 
other forty five were apparently healthy individuals. Preeclampsia was determined by proteinuria ≥30mg/dl or ≥1+ 
using a urine dipstick and sphygmomanometer blood pressure reading of ≥ 140/90 mmHg using ausculatory method. 
BMI was calculated from weight and height measurements of each participant. Estriol (E3) levels were determined 
utilizing the double-antibody sandwich enzyme linked immunosorbent assay technique. Hypothesis testing was done 
using the student’s t-test for continuous variables, Chi-square test for categorical variables and Pearson’s correlation 
for the tests of association. Statistical significance was set at p<0.05. The mean serum values of E3 were significantly 
lower in women with preeclampsia (124.18±22.40) compared with the apparently healthy control counterparts 
(141.41±20.68, p<0.001). A moderate negative correlation was observed between maternal serum estriol level and BMI 
in the preeclamptic group (r = -0.589; p<0.001). There existed a strong negative correlation between maternal serum 
estriol level and systolic (r = -0.738; p<0.001) as well as diastolic (r = -0.711; p<0.001) blood pressures in women with 
preeclampsia. Preeclampsia is associated with lower maternal serum levels of estriol which may play a significant role 
in the pathogenesis of the disorder. 
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1. Introduction

Preeclampsia (PE) is one of the major causes of maternal and neonatal morbidity and mortality [1] and complicates 3% 
to 7% of pregnancies worldwide [2] with higher trends in developing countries (2.8% of live births) compared to 
developed countries (0.4% of live births) [3]. The incidence of preeclampsia in Nigeria ranges from 2-16% [3] but 
studies by Onoh et al. [4] in Abakaliki indicated an incidence of 3.6% while Ugwu et al. [5] reported a prevalence of 3.3% 
in Enugu. 

PE is defined as new onset hypertension (systolic blood pressure ≥140mmHg and a diastolic blood pressure ≥90mmHg 
after two consecutive measurements 4-6hours apart) that occurs after 20-week gestation with significant proteinuria 
with or without pathologic edema in a previously normotensive and aproteinuric woman [6, 7]. PE is also characterized 
by high blood pressure without proteinuria associated with elevated liver enzyme activities, increased blood creatinine, 
thrombocytopenia, seizures, or intrauterine growth retardation [8, 9]. Two types of PE have been described: early-onset 
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PE (type I) and late-onset PE (type II) with occurrence of clinical signs before and after 34 weeks of gestation 
respectively [10, 11]. The only definitive therapy for either type of PE is delivery of the foetus and placenta [12]. 

PE is a multi-systemic syndrome, involving genetic and environmental factors in its pathogenesis and pathophysiology 
[13]. The severity of the pathophysiology associated with PE differs depending on its complications with conditions 
such as eclampsia, edema, renal failure, liver failure, and HELLP (hemolysis elevated liver enzymes low platelet) 
syndrome [9]. Risk factors of preeclampsia include obesity, chronic hypertension, maternal age, diabetes mellitus, 
multiple pregnancies, history of preeclampsia, new paternity, race and in vitro fertilization [7, 14]. 

Estrogen is a category of sex hormone with various physiological actions responsible for the development and 
regulation of the female reproductive system and secondary sex characteristics [15]. The three major endogenous 
estrogens in humans include estrone (E1), estradiol (E2) and estriol (E3) with E2 being the most potent and prevalent 
estrogen produced by the ovaries in non-pregnant premenopausal women. However, in pregnancy, E3 is produced in 
notable quantities during which it is the predominant circulating estrogen in terms of serum levels [15]. Levels of E3 
increase 1,000-fold during pregnancy whereas levels of E2 and E1 increase 100-fold [16, 17]. E3 is mainly produced by 
the placenta and accounts for 90% of the total circulating estrogens in pregnant women [17]. Unlike E2, E3 has a much 
lower affinity for sex hormone-binding globulin (SHBG) hence a greater fraction available for biological activity than 
the “more potent” hormone [18]. E3 has been proposed to improve pregnancy outcomes and can be measured in 
maternal blood or urine as a marker of fetoplacental function to predict adverse fetal outcome [19, 20, 21]. Estriol also 
has anti-inflammatory properties as well as vasculo-protective action [22, 23, 24]. Aberrant production of estriol may 
play a key role in PE symptoms because it is the predominant estrogen exclusively produced by the placenta in pregnant 
women [15]; and promotes angiogenesis and vasodilation which contribute in boosting uteroplacental blood flow and 
placental perfusion during pregnancy [23, 25]. Several studies have associated diminished levels of estriol with 
preeclamptic pregnancies [23, 26]. However, these findings have not been well characterized in our environment thus 
limiting the generalizability of the findings to southeastern Nigerian women. Hence, this study was designed to 
determine maternal serum estriol level in pregnant women with preeclampsia in Nnewi, South-East Nigeria and to 
compare it with apparently healthy pregnant controls to ascertain whether serum estriol level is associated with 
preeclampsia in this population.  

2. Materials and methods 

2.1. Study design and setting 

This was an analytical cross-sectional study conducted at the antenatal clinic and labour ward of Nnamdi Azikiwe 
University Teaching Hospital. The hospital is a federal government of Nigeria teaching hospital located in Nnewi, 
Southeastern Nigeria. It acts mainly as a referral center for other government-owned and private hospitals in the State 
and runs four antenatal clinics a week (Tuesday, Wednesday, Thursday and Friday). 

2.2. Study population 

A total of 90 pregnant women aged between 18–41years at 26-40weeks of gestation were recruited in this study after 
a written informed consent was sought and obtained upon counselling on the purpose and requirements of the study. 
The test group comprised 45 pregnant women diagnosed with preeclampsia while the control participants consisted of 
45 apparently healthy pregnant women with normal blood pressure who were matched for maternal age and 
gestational age. Preeclampsia was defined as a blood pressure of ≥140/90 mmHg, measured twice at least 6 hours apart, 
and proteinuria of ≥30 mg/dl or ≥1+ using a urine dipstick [6]. The test participants were recruited using purposive 
sampling technique while the apparently healthy pregnant controls were randomly recruited. 

2.3. Sample size determination 

Sample size was calculated using G*Power software (version 3.0.10). Power analysis for two independent groups was 
conducted in G*Power to determine a sufficient sample size using an alpha of 0.05, a power of 0.80 and a medium effect 
size (d=0.50). Based on these assumptions, the calculated total sample size of 90 (45 per group) has 80% power to 
detect a difference of 0.50 (medium effect size) at significance level of 0.05. 

2.4. Inclusion criteria 

Preeclamptic and apparently healthy pregnant women aged 18-41 years at 26-40 weeks of gestation attending the 
antenatal clinics as well as preeclamptic pregnant women admitted into labour ward of Nnamdi Azikiwe University 
Teaching Hospital, Nnewi, Nigeria. 
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2.5. Exclusion criteria 

Non-pregnant women, pregnant women outside the age range of 18-41 years and gestational age of 26-40 weeks, 
pregnant women who smoke or drink alcohols, pregnant women who did not give their informed consent, pregnant 
women with history of diabetes, cardiovascular disease, hepatic disorder, anaemia, cancers, human immunodeficiency 
virus (HIV) infection and renal dysfunction. The exclusion was done after the filled questionnaire has been reviewed. 

2.6. Anthropometric measurements and laboratory analysis 

Blood pressure measurement was by ausculatory method as described by Adenekan et al. [27]. Using a mercury 
sphygmomanometer desk type with a long (adult) cuff calibrated in mmHg, the arterial blood pressure in the brachial 
artery was measured on the left arm in a comfortable sitting position after 10 minutes of rest. A korotkoff sound is used 
for determination of diastolic blood pressure. All measurements were taken on two occasions at least 4 hours apart and 
the average of the reading was taken as the final blood pressure to provide a more accurate estimate. Systolic and 
diastolic blood pressures greater than or equal to 140mmHg and 90mmHg respectively were regarded as high blood 
pressure [6]. Urinalysis was performed using the Medi-Test Coombi-2 urine strip. The weight and height of each 
participant were measured in kilograms and metres respectively using a medical grade weighing scale and stadiometer 
(model Stat Fax 2100, Awareness Technology Inc., Palm City, Fla., USA). The BMI of each woman was then calculated as 
weight in kilogram divided by height squared in meters [28]. Information on socio-demographic, medical history and 
lifestyle was obtained using a well-structured questionnaire. Five milliliters of venous blood sample was collected from 
the cubital vein of each participant in to a plain labelled sample container using standard venepuncture technique and 
left at room temperature for few minutes to clot. The serum was then obtained by centrifugation for 5 minutes at 
4000rpm and stored at -20oc prior to analysis. Double-antibody sandwich enzyme immunoassay technique with ELISA 
kit (Melsin Medical Company Limited, Jilin Province China) was used for the quantitative determination of serum estriol. 

2.7. Statistical analysis 

The data were analyzed using statistical package for social sciences (SPSS) version 23.0. The results were expressed as 
mean plus or minus standard deviation (mean ± SD) in tabular form. Independent student’s t-test was used for 
comparing the differences of continuous variables while Chi-square test was used to compare the differences in 
proportion of the categorical variables. The tests of association were performed using Pearson’s correlation. Statistical 
significance was set at p<0.05. 

2.8. Ethical consideration 

The ethical approval for this study was obtained from the ethics committee, Nnamdi Azikiwe University Teaching 
Hospital, Nnewi (Reference number NAUTH/CS/66/VOL. 14/VER.3/289/2021/072). A written informed consent was 
sought and obtained from the participants after the purpose and requirements of the study have been explained to them. 

3. Results 

The participants ranged from 18 to 41years with the mean±SD higher in the preeclamptic group (31.76±5.41) compared 
with the control group (30.84±5.92) and the difference was not statistically significant (p>0.05). Majority of the 
participants were aged 24-29years recording 51.1% in both the test and control group. Gestational age was lower in the 
preeclamptic group (32.18±3.92) compared with the control counterparts (33.60±3.71) and the difference was not 
statistically significant (p>0.05). The highest number of participants in both groups was at 31-35weeks gestational age 
accounting for 21(46.7%) in preeclamptic group and 20(44.4%) for apparently healthy controls. There was no 
statistically significant difference between the test and control participants with regards to parity (p = 0.181). With 
respect to occupation, most of the participants in both test and control group were self-employed, accounting for 44.4% 
and 40% respectively. The least among them were students, 22.2% and 24.4% of test group and control group 
respectively. There was no statistically significant difference among the groups (p = 0.145). Most of the participants had 
tertiary education, recording 44.4% and 53.3% of test group and control group respectively. The least number of 
participants had primary education, accounting for 8.9% in both groups. There was no statistically significant difference 
among the study groups with respect to education (p = 0.157) [Table 1]. 

As presented in table 2, the mean serum level of E3 was significantly lower in women with preeclampsia (124.18±22.40) 
compared with the apparently healthy control counterparts (141.41±20.68, p<0.001). The women with preeclampsia 
had higher mean value of BMI (35.33±6.80) compared with the control group (29.50±5.62) and the difference was found 
to be statistically significant (p<0.001). Also, significantly higher mean values of systolic (160.89±21.41 vs. 108±9.61, 
p<0.001) and diastolic blood pressures (106.53±9.00 vs. 69.84±10.46, p<0.001) were observed in the preeclamptic 
group compared with the control participants. 
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A moderate negative correlation was observed between maternal serum E3 level and BMI in preeclamptic group (r = -
0.589; p<0.001). There existed a strong negative correlation between maternal serum E3 level and systolic blood 
pressure (r = -0.738; p<0.001). Similarly, a strong negative correlation was observed between maternal serum E3 level 
and diastolic blood pressure (r = -0.711; p<0.001). There was no correlation between E3 and maternal age (p>0.05). 
Also, there was no correlation between E3 and gestational age (p>0.05) [Table 3]. 

Table 1 Demographic data of test participants and controls 

Variables  Preeclamptic N (%)  Apparently Healthy N (%)  χ2 p-value 

Age group (years)     

18-23 7(15.6)  7(15.6)   

24-29 23(51.1)  23(51.1) 6.491  0.690 

30-35 12(26.7)  8(17.8)    

36-41 3(6.7)  7(15.6)    

Mean±SD  31.76±5.41  30.84±5.92   

Gestational age (weeks)     

26-30 6 (13.3)  12 (26.7)   

31-35 21 (46.7)  20 (44.4)  5.411  0.248 

36-40 18 (40.0)  13 (28.9)   

Mean±SD  32.18±3.92   33.60±3.71   

Parity     

Nullliparous 22 (48.9)  23(51.1)   

Parous  23(51.1)  22(48.9)  1.793  0.181 

Occupation     

Student  10 (22.2)  11 (24.4)   

Self employed  20 (44.4)  18 (40.0)  6.839  0.145 

Civil servant  15 (33.3)  16 (35.6)   

Education     

Primary  4(8.9)  4(8.9)   

Secondary  21(46.7)  17(37.8)  6.629 0.157 

Tertiary  20(44.4)  24(53.3)   

 

Table 2 Comparison of mean values of estriol, BMI, systolic and diastolic blood pressures in preeclamptic and 
apparently healthy pregnant women  

Parameters  Preeclamptic(n=45) 

Mean±SD 

Healthy(n=45) 

Mean±SD 

t-value  

 

p-value 

 

BMI (kg/m2)  35.33±6.80  29.50±5.62  4.428  <0.001** 

SBP (mmHg)  160.89±21.41  108±9.61  15.095  <0.001** 

DBP (mmHg)  106.53±9.00  69.84±10.46  17.837  <0.001** 

E3 (pg/ml)  124.18±22.40  141.41±20.68  -3.791  <0.001** 

**p<0.001 significant Keys: BMI Body mass index SBP Systolic blood pressure DBP Diastolic blood pressure E3 Estriol 
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Table 3 Correlation of maternal serum E3 in the preeclamptic group with BMI, SBP, DBP, maternal age and gestational 
age 

Parameters   r-value  p-value 

BMI (kg/m2)  -0.589  <0.001** 

SBP (mmHg)  -0.738  <0.001** 

DBP (mmHg)  -0.711  <0.001** 

Maternal age (years)   -0.116  0.447 

gestational age (weeks)  0.685  0.062 

**p<0.001 significant p>0.05 not significant Keys: BMI Body mass index SBP Systolic blood pressure DBP Diastolic blood pressure E3 Estriol 

4. Discussion 

The mean age of 31.76 years recorded in women with preeclampsia recruited in this study is similar to the mean age of 
30.91 years reported in preeclamptic women from the same study setting [28] and the mean age of 31.7 years reported 
by Cantonwine et al. [29]. This is also almost the same as the mean ages of 30.19 and 30.0 years reported from similar 
studies in Owerri and Lagos, Nigeria respectively [27, 30]. Maternal age has been reported as one of the risk factors of 
preeclampsia [14]. Increased age of women is an important risk factor due to increased villous reaction leading to 
preeclampsia in a woman greater than 30years [31]. 

The mean gestational age (GA) of occurrence of preeclampsia in this present study (32.18±3.92) is similar to the mean 
enrolment GA of 32.5±3.9 weeks recorded by Adekunle et al. [27]. The finding of this current study is also not different 
from the results of similar studies conducted in different clinical settings in Nigeria [30, 32]. This explains why 
preeclampsia is considered a major cause of perinatal morbidity and mortality mostly because pregnancies complicated 
with preeclampsia often culminates in preterm delivery of the fetus shortly after the occurrence of the disorder [33]. 

Majority of women with preeclampsia recruited in this study were self-employed accounting 44.4% of the test 
participants. The finding of this current study is almost the same as the results of similar study by Emeka-Obi et al. [30] 
who reported that a greater percentage of the test participants were self-employed. 

The findings of this study indicated a significantly higher mean value of BMI in the preeclamptic women compared with 
the apparently healthy individuals. This could be as a result of increased total body water in preeclamptic pregnancies 
[34]. Decreased nitric oxide (NO) bioavailability associated with endothelial dysfunction results in decreased cardiac 
output which impairs renal perfusion and function, thereby inducing additional fluid retention [35]. BMI greater than 
30kg/m2 has been proposed as a risk factor of preeclampsia [14]. Overweight or obesity has been linked with higher 
prevalence of late-onset preeclampsia [36, 37]. This is possibly, in part, due to the association of preeclampsia with 
obesity and cardiometabolic dysfunction [38]. Although, weight loss during pregnancy is not recommended, antenatal 
lifestyle modifications are important to minimize weight gain and reduce the risk of preeclampsia [14]. Our finding is in 
line with the findings of Shao et al. [39] who reported a significantly higher BMI in preeclamptics compared with the 
normotensive controls in Lanzhou, China. This is also consistent with the findings of [26, 28, 34]. 

Our study showed a significant increase in the mean systolic and diastolic blood pressures in the preeclamptic group 
compared with the apparently healthy controls. This could be attributed to placental ischemia resulting from reduced 
utero-placental perfusion due to abnormal cytotrophoblast invasion of spiral arterioles [13]. Placental ischemia leads 
to widespread activation/dysfunction of the maternal endothelium that results in enhanced formation of endothelin 
and thromboxane, imbalance in circulating angiogenic and anti-angiogenic factors, increased vascular sensitivity to 
angiotensin II, and decreased formation of vasodilators such as nitric oxide and prostacyclin [9]. These endothelial 
abnormalities induce vasoconstriction and increased vascular stiffness in the systemic and pulmonary circulation, 
resulting in augmented systolic workload with attendant systemic hypertension [9, 40]. This agrees with the findings 
of Amiri et al. [41] and Onuegbu et al. [28] who reported significantly higher mean levels of systolic and diastolic blood 
pressures in preeclamptic individuals compared with the normotensive group. 

Our study found significantly lower serum levels of estriol in the preeclamptic women compared with their apparently 
healthy counterparts. The decline in estriol level may be due to decrease in enzyme activities of 3β-hydroxysteroid 
dehydrogenase type I(3β-HSD1), aromatase and 17β-hydroxysteroid dehydrogenase(17β-HSD) which are essential for 
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estriol biosynthesis as stated by Strauss and Barbieri [15] and Berkane et al. [42]. Ischemic placental circulation and 
hypoxia due to defective cytotrophoblast uterine vessel invasion may also contribute to the decline in serum level of 
estriol in preeclampsia [42, 43]. Hypoxia mediates the downregulation of placental aromatase, a key enzyme in estriol 
synthesis by activating transcription factors that inhibit aromatase expression with aberrant synthesis of estriol 
contributing to uterine vascular dysfunction in preeclampsia [42, 43, 44]. Low maternal serum estriol level has been 
associated with adverse pregnancy outcomes [20]. Zhou et al. [21] also reported that exposure of pregnant fetal mice 
to E3 improved adult offspring reproductive and mental health by epigenetically programming the fetus. Estriol has 
been reported to up-regulate uteroplacental blood flow and placental vascularization which are directly linked to fetal 
growth and survival [23, 45, 46]. Thus, decreased levels of estriol may contribute in compromising placental perfusion 
and exacerbating the outcome of the mother and fetus in pregnancies complicated with preeclampsia. This correlates 
with the findings of Jobe et al. [26] who evaluated the patterns of estrogen synthesis, metabolism, and the individual 
plasma profile of estrogens in preeclampsia and reported that levels of estriol were significantly lower in severe 
preeclampsia compared with normal pregnancy.  

Our findings showed a moderate negative correlation between maternal serum E3 levels and BMI in pregnant women 
with preeclampsia. These findings suggest that low maternal serum estriol levels may predispose individuals to 
increased BMI and the link between obesity and preeclampsia appears to be well established [14, 36, 37]. The findings 
of this current study indicate that just as some of the already established risk factors of preeclampsia, lower serum 
levels of estriol may be implicated in the occurrence of the disorder [20, 21]. This agrees with the report by Kurylowicz 
[47] who provided empirical evidence of the link between estrogens and obesity. Our study further observed strong 
negative correlations between maternal serum E3 concentrations and SDP as well as DBP both of which pose as markers 
of severity of preeclampsia. These findings suggest the vasculoprotective and anti-hypertensive properties of E3 as 
reported by Berkane et al. [23]. Hence, maternal serum levels of E3 may be related to the severity of preeclampsia as 
reported by Jobe et al. [26]. Estriol has been reported to promote vasodilation and angiogenesis thus promoting 
uteroplacental blood flow [23]. This is consistent with our findings. 

Also, in this current study, there were no significant variations of E3 with maternal age and gestational age in 
preeclamptic pregnancies. These findings indicate that the maternal serum levels of E3 in preeclampsia may not be 
directly related to maternal age and gestational age, although serum estrogen levels have been reported to increase 
with advancing gestational age in normal pregnancy [48].  

5. Conclusion 

Maternal serum estriol level was significantly lower in women with preeclampsia compared with apparently healthy 
pregnant women and may play a significant role in the pathogenesis of preeclampsia in southeastern Nigerian women.  
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