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Abstract  
 

Background: Pregnancy is associated with anatomic, physiological and metabolic adaptations to accommodate the fetus and 

prepare the mother for delivery. These adjustments are mediated by the hormonal influences of the placenta. The study is aimed 

at evaluating the pattern of changes of serum growth hormone and cortisol in normal pregnancy to access the possible effect of 

gestational age and parity on these parameters. Methods: A cross sectional study involving a total of 300 apparently healthy 

females (21-50yrs) with 200 and 100 pregnant females and non-pregnant controls respectively. The age of the subjects, last 

menstrual period, gestational age and parity were obtained using a simple questionnaire while the weight and height were 

obtained following standard protocols. Blood samples were obtained from the subjects and serum growth hormone and cortisol 

were analyzed using standard laboratory methods. Results: Serum growth hormone was found to reduce in pregnant subjects 

compared to the non-pregnant control with the lowest decrease observed in the second trimester (p<0.05). Conversely, serum 

cortisol increased among pregnant subjects compared to the non-pregnant control, showing a gestational age-dependent 

increase (p<0.05). Conclusion: Our findings suggest that serum growth hormone and cortisol vary with gestational age with 

growth hormone decreasing while cortisol increases. The present study also highlights that parity appears not to have any 

influence on serum growth hormone and cortisol during normal pregnancy.  
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INTRODUCTION 
Pregnancy, also known as gestation represents 

the period from fertilization of an embryo to childbirth, 

lasting about nine (9) months and divided into 

trimesters of three (3) months each. During this period, 

the body of the mother undergoes significant anatomic, 

physiologic and metabolic adaptations required to 

accommodate the fetus as well as to prepare for 

delivery, lactation and subsequent care of the baby [1]. 

These adaptations, which are mostly interlinked affect 

all the body systems and are provoked mostly by 

hormonal influences of the placenta [2]. 

 

To accommodate the fetus, pregnancy is 

associated with weight gain which may sometimes lead 

to a change in posture causing musculoskeletal pain and 

ligamentous laxity which may predispose pregnant 

women to a greater risk of dislocation [2, 3]. In 

response to estrogen, progesterone and prostaglandins, 

there is vascular smooth muscle relaxation leading to 

increased cardiac output and circulating volume. Blood 

pressure is maintained with a slight reduction [2, 4]. 

The circulating progesterone also stimulates the 

respiratory center enhancing minute ventilation by 

increasing respiratory rate and tidal volume. With 

advancing gestation, the enlarging gravid uterus causes 

an increase in abdominal pressure which decreases 

chest wall compliance causing a reduction in functional 

residual capacity (FRC), expiratory reserved volume 

(ERV) and peak expiratory flow rate [2, 5, 6]. 

Haematological adaptations include an increase in 

erythropoiesis leading to increased red cell mass, 

slightly reduced haemoglobin concentration and platelet 

count. White blood cells increase significantly with 

more increase in neutrophils stimulated by estrogen [2, 
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7]. The enhanced cardiac output increases renal blood 

flow with a resultant increase in the glomerular 

filtration rate. As the reabsorption protein and glucose 

cannot keep pace with the increased glomerular 

filtration, their values are slightly increased while the 

serum urea and creatinine are reduced [8, 9].  
 

The endocrine system mediates most of the 

physiological adaptations during pregnancy with the 

placenta secreting a variant of the human growth 

hormone (HGH-V) due to the pituitary suppression of 

the normal growth hormone (HGH-H). The HGH-V 

does not seem to have a different function from the 

HGH, it has been shown to play a crucial role in the 

regulation of maternal and fetal metabolism, as well as 

in the growth and development of the fetus [10]. The 

HGH-V acts by increasing the levels of Insulin-like 

growth factor 1 (IGF-1) which generates insulin 

resistance through its lower lactogenic effects to ensure 

a contribution of constant glucose [11, 12]. Serum 

HGH-N levels have been shown to gradually decline 

during the second half of pregnancy while HGH-V 

continues to appear in maternal circulation with a peak 

at the first trimester and mid-pregnancy and continues 

to increase thereafter up to term [13]. Cortisol, 

commonly referred to as the stress hormone is 

synthesized by the adrenal cortex in response to stress, 

emotion and trauma. Its release causes the transport of 

amino acids from tissues to liver cells for the synthesis 

of new proteins and the production of more energy. 

Cortisol has remained an important biomarker of 

maternal stress [14, 15]. High levels of stress cortisol 

during pregnancy have been shown as a major potential 

biological mechanism leading to possible health 

complications and spontaneous abortion among 

pregnant women [16-18]. Hence, antenatal maternal 

stress can negatively affect fetal development, birth 

outcomes, and overall infant’s development [18, 19]. 

Due to the paucity of data regarding the pattern of 

changes of maternal growth hormone and cortisol in 

Nigeria, the present study is aimed at evaluating serum 

levels of maternal growth hormone and cortisol among 

apparently healthy pregnant women in Port Harcourt, 

Nigeria to order access the possible influence of 

gestational age and parity on these parameters. 
 

MATERIALS AND METHODS 
Ethical Consideration 

The research design and protocol were 

approved by the Ethical Review Board of the 

University of Port-Harcourt 

(UPH/CEREMAD/REC/04) and the Ethical Research 

Committee of the University of Port Harcourt Teaching 

Hospital (UPTH/ADM/90/S.11/VOL.XI/517). Request 

for consent form was signed by each prospective 

participant before recruitment into the study. All 

procedures in this study were conducted following the 

highest ethical standards as contained in the World 

Medical Association (WMA) Helsinki Declaration of 

1963 as amended in 2013 [20]. 

 

Study Population and Design  

This is a cross-sectional study involving a total 

of apparently healthy 300 females (21-50yrs) made up 

of 200 and 100 pregnant females and non-pregnant 

controls respectively. The pregnant subjects were 

attending antenatal clinic at the Department of 

Obstetrics and Gynaecology of the University of Port 

Harcourt Teaching Hospital while the control subjects 

were recruited among the staff of the University of Port 

Harcourt Teaching Hospital. All subjects diagnosed 

with anaemia, HIV, diabetes mellitus, preeclampsia 

other endocrine disorders were excluded from the 

study, both for study and control groups.  

 

Anthropometric measurement, serum sample 

collection and analysis 

A simple research questionnaire was 

administered to obtain the age, last menstrual period, 

gestational age and parity of the subjects. Weight and 

height were measured using a Secca scale. About 3ml 

of venous blood was obtained from each subject and 

deposited into a plain sample bottle. The samples were 

centrifuged at 2500 rpm and the supernatant serum was 

collected and stored at 4°C. Serum growth hormone and 

cortisol were analyzed using laboratory ELISA kits 

(Monobind Inc., U.S.A) 

 

Data Analysis 

The results were analyzed using SPSS version 

23.0. The mean and standard deviation were determined 

for each research group. A t-test was also used to 

determine the difference in mean of the parameters 

between the pregnant and non-pregnant subjects. An 

ANOVA followed by an LSD post hoc analysis was 

also used to determine the difference among the 

pregnancy groups. The difference in means were 

considered significant at p<0.05. 

 

RESULTS 

 

Table 1: Age, BMI, Cortisol and Growth Hormones Levels among the study population 

Parameters Non-pregnant (n=100) Pregnant (n=200) t-test (p-value) 

Age (years) 33.29±0.81 31.14±0.33 0.19 

BMI (kg/m2) 24.10±0.72 27.72*±4.89 0.01 

Growth (µIU/ml) 7.81±2.52 2.55*±0.74 0.01 

Cortisol (ng/ml) 124.85±11.84 202.30*±6.52 0.01 

Data expressed as mean ± standard deviation 

*significantly different compared to non-pregnant control 
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Table 1 shows the mean age, body mass index, 

serum growth hormone and cortisol hormones values 

among pregnant and non-pregnant subjects in the study 

population. The result indicates a significant difference 

in all the parameters between the pregnant and non-

pregnant subjects. The non-pregnant subjects were 

found to be significantly older (p<0.05) while mean 

values of body mass index, serum growth hormone and 

cortisol were found to be significantly higher among the 

pregnant subjects compared to their non-pregnant 

counterparts (p<0.05). 

 
Table 2: Age, BMI, Serum Growth Hormone and Cortisol Levels among Pregnant subjects in different gestational ages 

Parameters Non-pregnant 

(n=100) 

First trimester 

(1-13weeks) 

(n=76) 

Second trimester 

(14-26 weeks) 

(n=75) 

Third trimester 

(27-38 weeks) 

(n=49) 

ANOVA 

(p-value) 

Age (Years) 33.29±8.08 29.80*±4.53 32.19±4.86 31.61±3.85 0.02 

BMI (kg/m
2
) 24.10±7.21 25.66*±4.83 28.14*±4.10 30.30*±4.78 0.01 

Growth (µIU/ml) 7.81±25.25 2.83±3.74 1.38*±1.30 3.90±21.65 0.07 

Cortisol (ng/ml) 124.85±118.38 161.03*±71.88 214.53*±93.68 247.57*±92.72 0.01 

 

Table 2 show the pattern of variation of age, 

BMI, serum growth hormones cortisol and levels 

among pregnant and non-pregnant subjects of different 

gestational ages. The result indicates a significant 

variation of these parameters among the research 

groups. Pregnant subjects in their first trimester were 

found to be significantly younger compared to the non-

pregnant groups (p<0.05). Also, the mean values of 

body mass index and serum cortisol showed a 

significant gestational age-dependent increase (p<0.05) 

while a significant decrease in serum growth hormone 

level was observed for pregnant subjects in their second 

trimester compared to their non-pregnant counterparts 

(p<0.05).  

 

Table 3: The effect of parity on Serum Cortisol and Growth hormone among the pregnant subjects 

Parameters Nulliparity (n=43) Multiparity (n=67) Grand Multiparity (n=16) ANOVA (p-

value) 

Age (Years) 28.79±3.78 31.88*±4.23 33.75*±4.20 0.01 

Gestational Age (Weeks) 18.44±11.03 23.90*±11.55 19.69±11.51 0.04 

BMI (kg/m
2
) 27.79±5.57 28.19±4.30 29.16±4.38 0.62 

Growth (µIU/ml) 4.92±2.30 1.56±2.56 1.32±1.95 0.14 

Cortisol (ng/ml) 188.43±89.94 221.74±93.60 229.01±75.06 0.12 

 

Table 3 show the effect of parity on serum 

cortisol and growth hormone among pregnant subjects. 

The result indicates there was a slight increase in the 

levels of serum cortisol with parity with nulliparous 

women having the lowest mean value while the grand 

multiparous pregnant subjects had the highest. 

However, the reverse was the case for serum growth 

hormone as the nulliparous subjects were found to have 

the highest mean growth hormone levels while the 

grand multiparous subjects had the lowest growth 

hormone mean values.  

 

DISCUSSION 
This cross-sectional study of 200 pregnant 

subjects (and 100 non-pregnant control) show that the 

body mass index (BMI) of pregnant subjects was 

significantly increased compared to the non-pregnant 

control (Table 1) (p<0.05). Also, it was observed as 

shown in table 2 that the BMI progressively increased 

significantly with advancing gestation (p<0.05) with the 

pregnant females in their third trimester having the 

highest mean value of BMI (31.61±3.85) compared to 

the pregnant subjects in their first trimester 

(29.80±4.53). The expected maternal weight gain is 

attributable to the increasing mass of the developing 

foetus with advancing gestation, the weight of the 

placenta and the amniotic fluid [21-24]. There were no 

differences in the body mass index of the nulliparous, 

multiparous and grand multiparous pregnant subjects in 

this study, showing that previous pregnancies did not 

affect maternal weight gain. Excessive gestational 

weight gain is associated with negative outcomes such 

as preeclampsia and large birth weight requiring a 

caesarian delivery [25, 26]. 

 

A reduction in levels of serum growth 

hormone in pregnant subjects compared to the non-

pregnant control was observed in the study (Table 1) 

(p<0.05). It progressively reduced to its lowest value 

among pregnant subjects in their second trimester when 

compared to the non-pregnant controls (p<0.05) while 

increasing slightly among the pregnant subjects in their 

third trimester. Growth hormone is both released by the 

pituitary and the placenta during pregnancy with the 

placenta variant having a suppressing action on the 

normal growth hormone towards the end of the first 

trimester [10, 27]. This could be the reason for the 

reduction in the serum growth hormone observed in the 

first trimester (2.83 µIU/ml) compared to the second 

trimester (1.38 µIU/ml). Both variants of the growth 

hormone do not seem to have a different function as 

they both regulate maternal and fetal metabolism, as 
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well as the growth and development of the fetus [10]. 

Parity did not have any effect on serum growth 

hormone among the pregnant subjects.  

 

This study shows a significant increase in 

serum cortisol in pregnant subjects compared to non-

pregnant control (Table 1) (p<0.05). Among the 

pregnant subjects, mean values of serum cortisol were 

observed to show a significant gestational age-

dependent increase (p<0.05). Serum cortisol increased 

from 124.85 (ng/ml) in non-pregnant control to 161.03, 

214.53 and 247.57(ng/ml) (29, 56 and 58% increase) 

for first, second and third trimesters respectively (Table 

2). As pregnancy progresses, the pregnant woman is 

exposed to stressors leading to the release of cortisol via 

the HPA-axis which helps the body to adjust and 

recover [28-31]. Additional cortisol and cortisol 

releasing hormone (CRH) are also produced by the 

placenta during the second and third trimesters. It has 

also been noted that there is a possible source of ACTH 

which may not be subject to negative feedback control 

or an alteration in the ACTH precursor protein 

produced by the pituitary and/or placenta. A placental 

barrier protects the growing fetus from these copious 

quantities of maternal cortisol. However, a higher than 

normal quantity of secreted maternal cortisol can 

weaken the placental barrier leading to teratogenic 

effects, reduced fetal growth, preterm birth [32, 33] and 

reduced cognitive skills of the offspring [29]. When 

controlled for maternal and gestational ages, it was 

observed that serum cortisol showed a marginal 

increase among multiparous and grand multiparous 

pregnant subjects when compared with nulliparous 

subjects (Table 3). This could be due to the observed 

increase in gestational age which increases the levels of 

serum cortisol as already shown in the study. However, 

this marginal increase was not significant (P>0.05). 

Maternal cortisol (hair cortisol concentration) has been 

shown to be higher in nulliparous pregnant subjects 

compared to their multiparous counterparts due to 

greater pregnancy-related distress among nulliparas 

compared to multiparas [34, 35]. Parity has long been 

associated with pregnancy outcomes like birth weight 

and infant growth rate with nulliparas having smaller 

and slower-growing babies [35-37]. 

 

CONCLUSION  
Our findings suggest that serum growth 

hormone and cortisol vary with gestational age with 

growth hormone decreasing while cortisol increases. 

The present study also highlights that parity appears not 

to have any influence on serum growth hormone and 

cortisol during normal pregnancy.  
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