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Background: Leptin levels start increasing from the early stages of pregnancy, irrespective of 

the maternal body mass index. Leptin levels are increased in pregnant women with preeclampsia 

(PE) and may precede the clinical onset of the disease, with peaks occurring around 28 weeks 

of gestation. This study was aimed at determining whether serum leptin concentration and body 

fat percentage are significantly altered during the first trimester in pregnancies that subsequently 

develop PE and whether such changes are useful in predicting the disease.

Materials and methods: This was a prospective longitudinal study conducted among preg-

nant women in Ho municipality. A cohort of 314 pregnant women was monitored from the first 

antenatal visit to delivery period at the Volta Regional Hospital, Ho, Ghana. Maternal serum 

leptin and lipid profile were analyzed and body fat percentage determined during first trimester. 

Body mass index was also calculated.

Results: First trimester serum leptin level (P,0.0001) and body fat percentage (P,0.0001) 

were significantly higher in those who developed PE than those who did not; while triglycerides 

(P=0.8600), total cholesterol (P=0.5620), high-density lipoprotein (P=0.5880), low-density lipo-

protein (P=0.4870) and very low-density lipoprotein (P=0.6540) did not show any significant 

difference between those with PE and those without PE.

Conclusion: Leptin levels are increased significantly during the first trimester of pregnancy 

in obese women with PE, and these increases precede the onset of PE.

Keywords: bioelectrical impedance analysis, dyslpidemia, body mass index, hypertension

Introduction
Leptin, discovered in 1994, is a product of the ob gene and has a molecular weight 

of 16 kDa.1 The name leptin is derived from the Greek word “leptos” meaning thin 

because it leads to an increase in energy expenditure and acts on satiety signals in 

the hypothalamus reducing food intake.2,3 It modulates pancreatic β-cell function 

resulting in improved peripheral insulin sensitivity.4 In obesity, though there may be 

intact leptin receptors, high leptin levels fail to stimulate weight reduction. This phe-

nomenon is referred to as leptin resistance.4 Leptin regulates gonadotrophin releasing 

hormone secretion during pregnancy, promotes implantation,5 induces human chorionic 

gonadotrophin production in trophoblast cells, regulates placental growth, enhances 

mitogenesis and stimulates amino acid uptake.5 Leptin levels increase progressively 

from the early stages of pregnancy irrespective of maternal weight gain,6 reaching its 

peak levels at ~28 weeks of gestation and then it decreases to pregravid concentrations 

immediately after delivery.7
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Evidence has shown that the placenta, rather than maternal 

adipose tissue alone, contributes a substantial part to the rise 

in maternal leptin concentrations during pregnancy8 and that 

human placental leptin gene has a specific promoter region, fur-

ther suggesting that placental leptin is differentially regulated 

as compared to leptin originating from the adipose tissue.9

Leptin levels are increased in pregnant women with preec-

lampsia (PE)10 and levels are increased before the clinical 

onset of the disease,11,12 with peaks occurring at ~28 weeks 

of gestation.7 Therefore, leptin may be involved in the 

pathophysiology of the disease. Some authors have, however, 

reported decreased13 or unchanged14 circulating levels in 

patients with PE.

Bioelectrical impedance analysis (BIA) produces a close 

estimate of fat mass in a wide range of body compositions.15 

The common indicators for obesity such as body mass index 

(BMI), waist circumference, waist-to-height ratio and waste-

to-hip ratio are not able to determine body fat percentage 

(%BF), making BIA a very useful tool for estimating the 

%BF, especially in large epidemiological studies. This 

method is useful in determining the percentage of body 

water, muscle mass, bone density and the amount of calories 

available in the body. The main aim of this study was to 

determine whether in the first trimester of pregnancy, serum 

concentration of leptin and %BF are altered in pregnancies 

that subsequently develop PE and whether these changes are 

significant enough in determining which pregnancies are 

likely to develop PE. It is against this background we sought 

to examine how leptin together with measurements of adi-

posity can be adequately used to aid in better prognosis of 

pregnancy outcomes, so as to elicit early interventions to 

save the mother and the baby.

Materials and methods
This study involved participants who were purposively 

selected from a longitudinal study of 314 pregnant women 

for pregnancy complications at the Volta Regional Hospital, 

Ho, Ghana. The participants consisted of those attending their 

first routine antenatal visit. Questionnaires were administered 

and information on maternal characteristics and medical 

history of participants was obtained.

Written informed consent was obtained from each partici-

pant and ethical clearance (CHRPE/AP350/14) was obtained 

from the joint Committee on Human Research Publication 

and Ethics of the School of Medical Science, Kwame 

Nkrumah University of Science and Technology and the 

Komfo Anokye Teaching Hospital, Kumasi. Blood pressure 

was measured using a mercury sphygmomanometer and 

stethoscope. Measurements were taken from the left upper 

arm after the subjects were made to sit for at least 5 min 

in accordance with the guidelines of the American Heart 

Association.16 Triplicate measurements were taken with at 

least 5 min rest interval between measurements and the mean 

blood pressure was recorded to the nearest 2.0 mmHg. Height 

was measured without shoes with a wall-mounted ruler to the 

nearest 0.5 cm with the study participants standing upright 

and heels put together and the head in the horizontal plane. 

Weight was measured in kilograms with light clothing using 

the bioimpedance analyzer (BIA; BSD01, Pure Pleasure, a 

division of the Stingray Group, Capetown, South Africa: 

www.purepleasure.co.za). The BIA was used to obtain BMI, 

%BF, percentage of muscle mass, water, bone and calories, 

according to the manufacturer’s instruction. Body weight, 

height and blood samples were taken and also bioimpedance 

analysis conducted between 7:00 am and 8:00 am.

Biochemical analysis
Fasting blood samples were taken and sera and plasma sepa-

rated and stored in several aliquots at −21°C. Leptin levels 

were measured in 26 cases who subsequently developed 

PE and 286 unaffected participants. Maternal serum leptin 

concentration was measured quantitatively by sandwich 

enzyme-linked immunosorbent assay technique using 

Leptin (human LEP) kit (Elabscience Biotechnology Co. 

Ltd, Wu Han, People’s Republic of China). The lowest limit 

of detection of the assay was 0.094 ng/mL. The intra-assay 

and interassay coefficients of variation ranged from 2.5% 

to 9.5% and from 4.7% to 8.3%, respectively. Lipid profile 

was done using the Vitros dry chemistry analyzer (Ortho-

Clinical Diagnostics, Johnson & Johnson, High Wycombe, 

UK). None of the samples in this study were previously 

thawed and refrozen.

Diagnosis of PE
Blood pressure measurement was repeated and urine protein 

determined after 20 weeks of gestation. Urine protein was 

determined using the dip-stick qualitative/semi-quantitative 

method (Urit Medical Electronic Co., Ltd, Guangxi, People’s 

Republic of China) following manufacturer’s instructions. 

The urine strip was dipped into early morning urine col-

lected in clean dry plastic containers. The strip was inserted 

up to the test area for not more than 2 seconds. The edge of 

the strip was drawn along the brim of the vessel to remove 

excess urine, making sure the test area did not touch the 

vessel. The strip was held vertical and the tip tapped on an 

absorbent paper to remove any remaining urine. The test 
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strip was held horizontally and compared with the color 

chart on the vial label under good light. The intensity of the 

blue green color was proportional to the amount of protein 

in the urine sample.

Diagnosis of PE was based on systolic blood pressure of 

140 mmHg or more, diastolic blood pressure of 90 mmHg 

or more (or both) and proteinuria of 2+ or 3+ or more on 

semi-quantitative examination.

Statistical analysis
Data were first entered into Microsoft Office Excel 2007 and 

GraphPad Prism 3.02 program was used to analyze the data. 

The values were expressed as mean ± standard deviation 

(mean ± SD). Student’s t-test was used for comparison of 

means of variables between case and control subjects. The 

level of statistical significance was set at P,0.05 for all tests 

and at 95% confidence interval.

Results
A total of 314 subjects were recruited for this study, out 

of whom 26 developed PE with data on two participants 

missing. When the baseline demographics, lipids and lep-

tin characteristics were stratified by PE (Tables 1 and 2),  

the mean age of those with PE was significantly higher 

than those without PE (34.50±5.20 vs 28.60±5.70 years; 

P,0.001); BMI was also significantly higher in those 

who developed PE than in those who did not (32.3±2.7 

vs 25.1±4.1 kg/m2; P,0.0001). There was no significant 

difference in the bone density of the PE group and the 

controls (P=0.167). The mean first trimester systolic blood 

pressure and diastolic blood pressure also did not show sig-

nificant difference between the PE group and those without 

PE. There were, however, significant differences in the body 

fat % (P,0.0001), body water % (P,0.0001), muscle mass 

%, (P,0.0001) and body calories (P=0.003) when the PE 

group was compared to those without PE. The performance 

of BMI as a screening tool in determining PE was also exam-

ined. The receiver operating characteristic curve presented 

in Figure 1 shows that the curve is closer to the upper left 

corner and far away from the reference line, indicating high 

capacity to accurately determine PE (P=0.0001). In essence, 

Table 1 Comparison of baseline demographics of the study 
respondents stratified by preeclampsia

Variables With PE 
(n=26) 

Without 
PE (n=286) 

P-value 

Age (years) 34.5±5.2 28.6±5.7 ,0.0001
Weight (kg) 80.1±4.7 63.4±10.7 ,0.0001
Height (m) 1.57±0.05 1.59±0.05 0.179
BMI (kg/m2) 32.3±2.7 25.1±4.1 ,0.0001
Bone density 2.2±0.1 2.1±0.3 0.167
Body fat (%) 41.6±2.7 29.6±7.0 ,0.0001
Body water (%) 38.2±2.9 49.6±6.7 ,0.0001
Muscle mass (%) 24.8±1.3 30.9±3.5 ,0.0001
Calories 1,439±50.5 1,322±197.0 0.003
Gestational age (weeks) 11.7±0.8 11.7±0.8 0.642
SBP (mmHg; first trimester) 113.1±7.9 111.5±8.4 0.363
DBP (mmHg; first trimester) 68.9±7.1 70.1±9.0 0.491

Note: Data are presented as mean ± SD.
Abbreviations: PE, preeclampsia; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure.

Table 2 Comparison of baseline biochemical characteristics of 
the study respondents stratified by PE

Variable With PE 
(n=26) 

Without PE 
(n=286) 

P-value 

Lipids
TG (mmol/L) 1.58±0.8 1.61±0.8 0.86
TC (mmol/L) 6.0±1.7 5.8±1.8 0.562
HDL (mmol/L) 1.37±1.0 1.47±0.9 0.588
LDL (mmol/L) 4.2±1.7 3.9±1.8 0.487
VLDL (mmol/L) 0.71±0.3 0.74±0.4 0.654
Adipokine
Leptin (ng/mL) 36.8±6.9 18.4±8.5 ,0.0001

Note: Data are presented as mean ± SD.
Abbreviations: PE, preeclampsia; TG, triglyceride; TC, total cholesterol; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density 
lipoprotein.

Figure 1 ROC of BMI and PE.
Abbreviations: AUC, area under the curve; BMI, body mass index; ROC, receiver 
operating characteristic; PE, preeclampsia.
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at a criterion value of 28.8 kg/m2, the area under the curve of 

BMI was 0.931 with a sensitivity and specificity of 96.15% 

and 88.81%, respectively.

The lipid profile parameters did not show any significant 

difference between the PE group and those without PE. 

However, the leptin level was significantly higher (36.8±6.9 

vs 18.4±8.5 ng/mL, P,0.0001) in the PE group compared 

to those without PE. When analysis of variance comprising 

pre-pregnancy family history and maternal characteristics 

with PE was done (Table 3), advanced maternal age and 

high BMI showed strong relationship with PE (P,0.0001). 

Furthermore, family history with hypertension, previous 

cesarean operation and previous stillbirth did not show 

any significant relationship with PE. There were, however, 

associations between the number of children (P=0.013), 

number of pregnancies (P=0.004) and previous miscarriages 

(P=0.013) and PE.

Discussion
Our study showed that significantly higher leptin levels 

existed between those who subsequently developed PE 

compared to their counterparts. This finding is similar to 

a report suggesting an imbalance between adiponectin and 

leptin in the plasma of preeclamptic women resulting in 

elevated leptin levels and reduced adiponectin levels and a 

possible involvement of these two adipokines in the patho-

genesis of PE.17 Similarly, leptin has been demonstrated 

to increase by 78% at 13 weeks of gestation in women 

with subsequent development of PE, compared to normal 

pregnant controls.18 Elevated first trimester leptin levels  

($25 ng/mL) increase the risk of PE about 18.8 fold, com-

pared with that of pregnant women whose first trimester 

leptin level is ,25 ng/mL.19 This study also agrees with 

other studies which indicated that leptin rises before the 

clinical onset of the disease.11,12 This observation suggests 

the involvement of leptin in the pathogenesis of PE, rather 

than an increase in leptin as a result of reduced clearance 

by the kidneys. Leptin has been shown to increase arterial 

blood pressure in rodents.20 The possible pathophysiological 

mechanisms underpinning the increase in blood pressure 

in response to hyperleptinemia, especially among obese 

pregnant women, may be probably due to connections 

between endothelial dysfunction, sympathetic activity and 

leptin, leading to leptin resistance. Leptin resistance in obese 

women increases renal tubular reabsorption of sodium.21 

This then leads to water retention culminating in hyperten-

sion. Also, nitric oxide (NO), a vasorelaxation molecule, is 

induced by leptin, whose receptors are expressed in vascular 

endothelial cells. There is evidence that administration of 

leptin improves serum NO concentrations. Furthermore, 

when the synthesis of NO is inhibited, increased administra-

tion of leptin increases the arterial blood pressure signifi-

cantly. This, therefore, suggests that augmented synthesis 

of NO is likely to be antagonistic to the hypertensive effects 

of leptin-induced sympathetic stimulation.22 Obesity causes 

endothelial dysfunction and impaired NO release; conse-

quently, obese women with hyperleptinemia are more likely 

to suffer from hypertensive disorders such as PE, compared 

to their normal weight counterparts.

This study did not demonstrate significant differences 

in lipid profile parameters between women who subse-

quently developed PE compared to their counterparts who 

Table 3 Comparison of maternal characteristics and family 
history of respondents consisting of those who developed PE and 
those without PE (N=312; PE =26 and without PE =286)

Sum of 
squares

df Mean 
square

F Significance

Age ,0.0001
Between groups 832.197 1 832.197 25.723
Within groups 10,029.175 310 32.352
Total 10,861.372 311
BMI ,0.0001
Between groups 1,248.068 1 1,248.068 76.461
Within groups 5,060.084 310 16.323
Total 6,308.152 311
RWHP 0.184
Between groups 0.378 1 0.378 1.771
Within groups 66.084 310 0.213
Total 66.462 311
NC 0.013
Between groups 3.721 1 3.721 6.182
Within groups 186.584 310 0.602
Total 190.304 311
MC 0.013
Between groups 2.856 1 2.856 6.199
Within groups 142.808 310 0.461
Total 145.663 311
SB 0.074
Between groups 0.416 1 0.416 3.216
Within groups 39.855 308 0.129
Total 40.271 309
CS 0.871
Between groups 0.003 1 0.003 0.026
Within groups 28.607 300 0.095
Total 28.609 301
NP 0.004
Between groups 13.344 1 13.344 8.634
Within groups 479.105 310 1.545
Total 492.449 311

Abbreviations: BMI, body mass index; PE, preeclampsia; df, degrees of freedom; 
RWHP, relatives with hypertension; NC, number of children; MC, number of 
previous miscarriages; SB, number of previous stillbirths; CS, number of previous 
cesarean operations; NP, number of pregnancies.
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did not. The findings of this study are contrary to what was 

reported by researchers in Brazil where significant differ-

ences in triglyceride (TG)-rich proteins – very low-density 

lipoprotein 1 and low-density lipoprotein III – were found 

between women with PE and normal pregnant women.23 The 

difference could be due to differences in sample size and the 

period of gestation during which sampling was done. Whereas 

their sample size was eight each for controls and samples, our 

study involved 26 cases with PE and 286 without PE. Also, 

our samples were taken before the onset of PE. Furthermore, 

our research did not measure those specific TG-rich proteins, 

and this could also be the reason for the differences in our find-

ings and what they reported. Other studies have also reported 

lipid abnormalities in preeclamptic women, compared to their 

normotensive counterparts.23–25 Our study showed general 

dyslipidemia in both pregnant women with and without PE, 

though no significant differences existed between them. The 

fact that first trimester lipids did not show any significant dif-

ference between those who subsequently developed PE and 

those who did not suggests that the atherogenic lipid profile 

generally seen in pregnant women may be insufficient in 

predicting pregnancies that are likely to develop PE.

Our study indicated that obese women have greater risk 

of developing PE during the course of their pregnancy and 

corroborates earlier studies which indicated that the risk of 

women developing PE increases with obesity.26,27 Higher 

BMI ($28.8 kg/m2) has been demonstrated in this study to 

have high accuracy of determining pregnancies that are likely 

to develop PE. This suggests that excessive fat accumula-

tion in the body contributes substantially to the pathogenesis 

of PE. Furthermore, this study also agrees with a previous 

report indicating that the risk factor for PE is maternal age 

of 35 years and above.28 Family history of PE has been 

reported to triple the risk of PE;29,30 however, we did not find 

a significant relationship between PE and family history of 

hypertension, probably due to the fact that this study looked 

at the family history of hypertension in general and not PE, 

and also, the sample size representing PE was only 26 out 

of a total of 314 participants.

Conclusion
The observed elevation of leptin in the first trimester before 

the clinical diagnosis of PE could be explored as a predictive 

index in the management of possible preeclamptic condi-

tions. Dyslipidemia observed in normal pregnancies is not 

significantly different from that seen in PE. BMI and %BF 

are the important risk factors in determining pregnancies that 

are likely to develop PE.
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