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ABSTRACT 

Background: Leptin is a new adipose-derived hormone discovered in 1994. It is 

vital in energy balance and weight regulation in humans. During pregnancy the 

placenta is an extra source of leptin. The role of leptin in pregnancy is not 

established. This has generated a lot of interest in leptin research in pregnancy. 

Leptin is being examined in pathological states that may have origin in adipose 

tissue and the placenta such as pre-eclampsia, intrauterine growth restriction and 

obesity. 

Aim and Method: This study measured concentrations of serum leptin in Black 

African women during late pregnancy in 68 women with pre-eclampsia, 92 healthy 

normotensive pregnant women and in 32 healthy non-pregnant women. In each 

group leptin levels were compared between obese (body mass index, BMI = or > than 

30 kgm-2
) and lean women. Serum leptin concentrations were measured by 

radioimmunoassay (RIA) technique. 

Results: Serum leptin levels were higher in pregnancy compared to non-pregnant 

women (26.66+1-16.13 ng/ml, 25.89+/-15.83 ng/ml vs 17.97+/-11.98 ng/ml, p=0.02). This 

is due to firstly, th~ e.<t:a fat accumulated as part of the maternal adaptation to 

pregnancy and secondlv, to the placenta-derived leptin. Other pregnancy hormones 

such as insulin, hcG, prolactin and oestrogen may modulate the serum levels of leptin in 

pregnancy. 

Simple anthr.0pometric parameters (weight, BMI, circumferences of the mid upper arm 

(MAC), waist (WC), hip (HC), and thigh (TC) and waist-hip ratio (WHR)) were used to 

explore tbe relationship between leptin concentrations and obesity. All the parameters 
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showed a positive correlation with serum leptin concentration in all the groups with the 

exception of WHR. Weight and BMI showed the greatest correlation both in pregnant 

(r=0.61 and r=0.58, respectively, p<0.001) and non-pregnant (r=0.74 and 0.79, 

respectively, p<0.001) women. 

However we did not find a significant difference in the concentrations of leptin between 

women with and those without pre-eclampsia (26.66 ng/ml vs 25.89 ng/ml, p=0.95). This 

probably means that adiposity is the predominant factor influencing levels of leptin in 

pregnancy. The other factors mentioned above play only a minor role. Indeed the mean 

serum leptin levels were higher in obese compared to lean women in both pregnant and 

non-pregnant women. 

Conclusion: Pregnancy is a hyperleptinaemic state. There is no difference in serum 

leptin levels between women with pre-eclampsia and healthy normotensive pregnant 

women. Serum leptin concentration is largely determined by the degree of adiposity both 

in and outside pregnancy. 
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CHAPTER I 

1.1 INTRODUCTION 

Leptin is a novel peptide hormone, ,iiscovered in 19941 as the obese (ob) gene 

product. Its name is derived from the Greek word leptos, which means thin2
. 

This name is appropriate as the gene that encodes the hormone was 

simplistically thought to be responsible for 'thinness' in mammalian species 

including humans. The hormone is produced primarily in adipocytes and it is 

involved in the maintenance and regulation of body weight in mice and in a more 

complex mechanism in humans3
. Much of the research on leptin has been 

conducted in animals, in particular mice, and this knowledge has been 

extrapolated to gain insight into the role of leptin in human physiology and 

pathology and thus clinical research. 

1.2 HISTORICAL BACKGROUND 

1.2.1 Energy Balance and B~9~Y Weight Regulation: As far back as the 16th 

century energy balance and body wE~ight maintenance in mammals was, thought 

to be, determined by some physiolog!ca-l factor(s)4. The hypothalamus, in 

particular the ventro-medial nucleus (VMN) component, was shown to be a 

crucial site in the central nervous system (CNS) for the regulation of appetite and 

energy expenditures. One of the theories to link the body energy stores and the 

hypothalamus was the lipostatic theory6. This theory asserted that the CNS, via 

some fat metabolite (circulating in plasma) that interacts with the VMN in the 
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hypothalamus, determined the amount of fat reserves in the body. The nature of 

the postulated biochemical signal was not clear. In 1978 Coleman7 suggested 

that the circulating signal could be a product of an obese (ob) gene. 

1.2.2 The discovery of Leptin: It was . not until 1994 when the elegant work by 

Zhang and his colleagues 1 in USA employing genetic engineering techniques 

(positional cloning) that the nature of the mouse ob gene and its human 

homologue were elucidated. Both in humans and mice, the mRNA expression of 

the gene was virtually confined to adipose tissue. They thus showed that the ob 

gene protein product is secreted exclusively by adipose tissue. They suggested 

that the ob gene encodes the circulating biochemical (hormonal) signal. A 

mutation of the ob gene has now been shown to be the cause of leptin deficiency 

and morbid obesity in these mice and the gene mutation is designated as LepOb 8. 

The identification of the ob gene set the scene for further work to unravel the 

mechanism regulating adiposity and body weight in humans. This work has 

stimulated the explosion of publications on leptin research in the hope of finding 

a cure for human obesity. So far this ha$ not been realised due not only to the 

complexity of the aetiology of human obe~Yity but also to the incomplete 

understanding of the mechanism of action of leptin. Nonetheless much has been 

learnt regarding the physiology of leptin and its association with several human 

pathological conditions. 
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1.3 STRUCTURE AND BIOACTIVITY,OF LEPTIN 

Leptin is a 16-kDalton protein consisting of 167 aminoacids forming a helical 

structure9
. This structure is similar to the structure ofcytokines such as IL-1 and 

IL-6. Indeed it is now regarded as a cytokine and this may explain the potential 

role of leptin in some human diseases that have all infltlmmatory (both infective 

and non-infective) basis. These include pre-eclampsia 10 and Human 

Immunodeficiency Virus infection (HIV/AIDS)11. The bioactivity of leptin seems to 

'reside' in an inter-cysteine disulphide bond at positions 96 and 1461,11. 

1.4 LEPTIN RECEPTOR, BINDING PROTEINS AND CLEARANCE 

1.4.1 Receptors: It is now clear that the satiety centre in the hypothalamus is the 

target site for leptin. The strongest evidence is the localisation and abundance of 

leptin receptors in the hypothalamus 12. At least 5 isoforms of the receptor 

(initially designated as OB-Ra, OB-Rb, OB-Rc, OB-Rd and OB-Re) have been 

characterised. The OB-Rb is the functional receptor. Similar to the other 

isoforms the OB-Rb has three components - an extracE:'l:lIular, a transmembrane 

and an intracellular domain. The difference in the isoforrns is due to the 

differences in the intracellular component. The signalling pathway of the receptor 

is complex involving Janus kinases (JAK) and signal transdu~ers and activators 

of transcription (STAT) 11. A db gene encodes the receptor. A mutation of db 

gene causes hypothalamic leptin receptor deficiency and this has also been 

shown to be the pathology underlying morbid obesity in mice. The gene mutation 

is now designated Lep,ob8. 
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1.4.2 Binding Proteins: Houseknecht et al., (1996)13 demonstrated the 

presence of 2 serum leptin binding proteins (macromolecules) in humans. Leptin 

in the circulation is either in the bound or the free state. Generally the majority of 

leptin is bound. There are differences in the proportion of free and bound leptin 

in the circulation between lean and obese individuals. Obese subjects have 

relatively elevated free leptin while in non-obese individuals lepUn is 

predominantly in the bound state. Leptin binding does not only serve transport 

function but also influences leptin bioactivity because crucial conformational 

changes essential for ligand-receptor interaction takes place w',en leptin binds to 

the binding proteins. For example, the apparent leptin resis~~nce in certain 

pathological conditions and the observed gender differences in the serum leptin 

levels and physiology may be due to this association between leptin and the 

binding proteins. 

1.4.3 Clearance: The efficiency with which leptin is cleared from the circulation 

explains the very short half life of both endogenous and exogenous leptin 14,15. 

Such a short half life would pose a problem to the leptin thQrap~f dosing regime. 

Indeed poor compliance was noted in a study testing the efficaQy lbf exogenous 

recombinant leptin in decreasing weight in obese individuals 16. ''fhe poor 

compliance was attributed to the quantity and frequency of recombinant leptin 

that had to be given during the study. 
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1 ~5 MECHANISM OF ACTION 

The interaction of leptin with the hypothalamus is complex. It has now-been 

shown in animal studies that leptin acts on the feeding centres in the 

hypothalamus, via mediators, to inhibit food intake 17 and stimulate energy 

expenditure18. Neuropeptide Y (NPY) is a peptide neurotransmitter (for the 

neurones) in the arcuate and paraventricular nuclei of the hypothalamus. 

Overexpression of mRNA and, therefore, elevated levels of NPY causes 

overfeeding and lowering of energy expenditure19
,20. In experiments on morbidly 

obese mice (with congenitalleptin deficiency) administration of exogenous leptin 

has been shown to inhibit the arcuate-paraventricular nucleus NPY system. This 

was not the case in similarly obese mice with congenitalleptin resistance at the 

hypothalamic NPY neurone level17. These authors propose a leptin negative 

feedback loop involving NPY as a mediator in the control of adiposity: increased 

hypothalamic NPY activity will increase adiposity, which will lead to increased 

leptin secretion. Leptin will in turn inhibit NPY activity in the hypothalamus. 

Weight loss will cause decreased leptin secretion thus removing the inhitlition on 

the NPY activity and promoting weight gain, and fat deposition. Unfol1unatr::ly the 

model is not comprehensive, as factors other than NPY have been implicated in 

leptin-hypothalamus interaction in the regulation of weight and adiposity. These 

include corticotrophin releasing hormone, melanocyte-stimulating hormone and 

its receptor (melanocortin-4)11. None the less this is a usefurmodel for research 

in human obesity and obesity related pathologies. 
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1.6 HUMAN OBESITY AND LEPTIN 

1.6.1 Leptin and Types of Obesity: In humans, failure of leptin action -on the 

hypothalamus, due to target tissue resistance to the hormone is associated with 

the condition of obesity21,22. This has been the conventional rationale to explain 

the observation that increased adiposity in humans is associated with elevated 

serum levels of leptin3,17,21,22. However, the picture will certainly change with the 

recent finding of two children with early onset morbid obesity and a single 

nucleotide mutation in the gene that encodes leptin23
. The hormone was absent 

in the circulation of the two children in the report. Both had the clinical problem 

of hyperphagia. It seems that eventually two types of obesity may emerge: 1) 

early onset obesity associated with congenital deficiency of leptin as a result of a 

leptin gene mutation and 2) obesity associated with leptin target tissue 

resistance. This is a situation similar to diabetes mellitus. 

1.6.2 Complications of Human Obesity: Obesity is a global problem 

particularly affecting women. For example, 15-25% of adult women in Europe 

are obese compared to 10-20% of men24
• Therefore, not surprisingly obesity is .8 

relatively common problem in pregnancy. 10% of pregnant women have been 

reported to be obese2s
. The dangers and complications of obesity associated 

with pregnancy are well known26
,27. Obese pregnant women are at increased 

risk of medical diseases such as diabetes mellitus and hypertension28• Further 

antenatal and intrapartum assessment of both the obese mother and her foetus 

is difficult26
,29. Macrosomia and its sequelae are also commoner in obese 
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women26,30,31, and morbidity and mortality associated with pregnancy may be two 

to three times that of non-obese women32
. 

Genetic and racial factors are known to influence obesity. For example it is more 

prevalent among African-American women (37%) in USA compared to white 

women (22%)33,34. 

1.6.3 Human Pregnancy, Obesity and Leptin Research: The discovery of 

leptin has revived research interest in the various human conditions associated 

with obesity. These include pregnancy and its complications such as pre­

eclampsia and intrauterine growth impairment. There has been a proliferation in 

the literature of studies on leptin and human pregnancy. Sutte et al., (1997) 

compared serum leptin levels at 36 weeks gestation to 3 and 6 months 

postpartum in 65 Caucasian women35
. Serum leptin levels fell following delivery 

and correlated well with serum prolactin. A positive correlation of leptin with 

oestrogen and human chorionic gonadotrophic hormone (hcG) in pregnancy was 

found in a longitudinal study of 6 non-obese Caucasian women36
. The findings in 

these two studies imply a possible role of prolactin, hcG and oestrogen in 

regulating serum leptin levels and therefore adiposity in pregnancy. 

1.7 LEPTIN AND THE PLACENTA 

Non-adipocyte sources of leptin in pregnancy were established when Masuzaki 

et al., (1997)37 demonstrated production of leptin by the trophoblast of term 

placentae in Japanese women. This was confirmed by others38. Montzoros et 

al., (1997)39 compared umbilical cord leptin levels of 50 term and 12 preterm 
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babies whose mothers were smokers. The differences were profound among the 

preterm babies. These findings emphasize the potential therapeutic role of leptin 

in neuroendocrine pathophysiology in babies of smoking mothers. 

1.8 LEPTIN AND HYPERTENSION 

The role of leptin in the development of hypertensive disease is suggested by 

several studies 12,40,41. Narkiewicz et al., (1999)42 recently measured serum leptin 

levels in men with established essential hypertension. They failed to show a 

correlation between leptin and blood pressure. They however found a positive 

correlation between leptin and maternal pulse rate. Tartaglia et al., (1995)12 

demonstrated in animal studies the presence of and the role of central nervous 

system leptin receptors in the control of circulatory function. Villarreal et al., 

(1998)40 in their study on the renal effects of leptin in rats were ~ble to show that 

exogenous leptin increases sodium loss. Therefore leptin may be a potential 

factor in regulating salt excretion and play a role in the pathophysiology of 

hypertension. The relative risk of women with chronic hypertension developing 

pre-eclampsia is high. Ness and Roberts (1996)43 in their critical review of the 

literature on the epidemiology and pathology of pre-eclampsia reported that 

among women with chronic hypertension the relative risk of developing pre­

eclampsia was10. They proposed chronic hypertension as one of the 

independent causes of the pre-eclampsia syndrome. This was particularly so for 

the early onset pre-eclampsia. Therefore chronic hypertension is one of the 
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postulated theories for the development of pre-eclampsia. It is yet to be 

investigated whether leptin could be contributory to this pathological process. 

1.9 LEPTIN AND PRE·ECLAMPSIA 

This deranged physiological control may explain in part the development of pre­

eclampsia. Shek et al., (1998)41 studied the influence of leptin in the 

development of essential hypertension in African-Americans. They concluded 

that leptin does not seem to play an important role in influencing the development 

of essential hypertension in this racial group. 

Indeed the role of leptin in pre-eclampsia remains unresolved. Sattar et al., 

(1998)44 found that pre-eclampsia did not affect serum leptin levels. On the 

contrary Kokot et al., (1999)45 demonstrated significantly higher levels of leptin in 

women with pre-eclampsia. Both studies were conducted in Ca"ucasian 

populations. These conflicting findings underlie the need for further research in 

the relationship between leptin and pre-eclampsia. 
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CHAPTER 11 

2.1 THE STUDY 

Such research, as illustrated above, is beneficial towards the elucidation of the 

pathophysiology underlying the problem of human obesity. It should also help in 

the development of leptin based therapy for the obese and their offspring as 

demonstrated not only in animal studies 19 but also in humans46
. Leptin may also 

play a significant role in the prediction and management of pre-eclampsia in the 

near future. Leptin research has mainly involved Caucasians and very little is 

known about leptin in pregnant Black African women in whom obesity and pre­

eclampsia are common. 

2.2 AIM 

We therefore determined serum leptin levels in Black African pregnant women 

with the problems of pre-eclampsia and obesity and explored the correlation 

between simple clinical (anthropometric) measurements with serum leptin levels 

in pregnancy. 

2.3 METHOD 

2.3.1 Setting and design: Institutional ethical permission was obtained and 

informed written consent was obtained from all subjects. Pregnant African 

women receiving antenatal care at King Edward VIII Hospital, Durban, were 

enrolled. They were assigned to one of the two groups: Group I (pregnant 
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women with pre-eclampsia), Group 11 (pregnant normotensive healthy women, 

controls). Non-pregnant healthy women were similarly enrolled from the family 

planning and general gynaecology outpatient clinics. These were allocated to 

Group III (non-pregnant controls) . 

2.3.2 Definitions of Obesity and Pre-eclampsia: Obesity was defined as a 

body mass index of at least 30 kilograms per square metre (kgm"2)31. Pre­

eclampsia was defined as a blood pressure of at least 140/90 mm Hg recorded at 

least six hours apart after 20 weeks of gestation with proteinuria of 300 mg or 

more in a 24 hour urine specimen (Davey and MacGillivray, 1988)47. 

2.3.3 Data collection: For all groups basic demographic data was obtained. 

This included hospital number, age, parity, gestational age, marital status, and 

level of education and occupation. Women with diabetes mellitus, multiple 

pregnancy, known polycystic ovary syndrome and those who smoke were 

excluded from the study. 

2.3.4 Anthropometry: The following anthropometric measurements were 

taken: total body weight in kilograms (kg), height in metres (m) and 

circumferences of the mid-arm (MAC), waist (WC), hip (HC) and thigh (TC) in 

centimetres (cm). The MAC was taken with a plastic tape measure at a midpoint 

between the olecranon and the acromion process of the right arm. Similarly the 

hip circumference was measured at the level of the iliac crest. The waist 

circumference (WC) was taken at the level of the umbilicus and TC at the 

midpoint between the anterior superior iliac spine and the medial femoral 
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condyle. Venous blood (Sml) was obtained by venepuncture in heparinised 

containers from each woman, at 0800 hours following an overnight fast, for leptin 

measurement. The blood samples were transported on ice to the chemical 

pathology laboratory of the hospital. The blood was i'mmediately centrifuged at 4 

degrees Celsius (OC) for ten minutes. The plasma was stored at -20°C pending 

batch analysis. 

2.3.5 Radioimmunoassay of leptin in human plasma: Serum leptin levels 

were determined in the plasma samples by radioimmunoassay (RIA) using a 

commercial Human Leptin RIA kit (LlNCO Research, Inc. Missouri, USA). This 

assay utilises radioactive 12510dine-labelled human leptin antiserum to determine 

the concentration of human leptin in the serum or plasma samples by a double 

antibody/PEG technique. The antibody was raised against highly purified human 

leptin and the standard and tracer used in the assay were both prepared with 

human leptin. This makes the assay completely homologous for human leptin. 

2.3.5.1 Reagents: The kit was commercially acquired with the following reagents 

ttl:at were refrigerated upon arrival: 

1. Assay buffer (O.OSM Phosphosaline pH 7.4 containing 0.02SM EDTA, 

0.1% Sodium azide, O.OS% Triton X-100 and 1% RIA grade BSA). 40ml. 

2. Human Leptin Antibody, 26ml. 

3. 1251-Human Leptin Label «3micro Cl). Lyophilized for stability. Hydrate 

using entire contents (27ml) of "label hydrating buffer." 
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4. Label Hydrating Buffer (containing normal rabbit IgG as a carrier). 1251_ 

Leptin must be hydrated with entire contents of label hydrating buffer. 

5. Human Leptin Standards, 1 ml each (0.5,1,2,5,10,20,50,100 ng/ml) 

6. Quality Controls I(low) and "(high). 2 ml each. 

7. Precipitating Reagent, 260 ml. 

2.3.5.2 Procedure: 12 x 75 mm polypropylene tubes were used for the assay set 

up, which was as follows: 

1. 300 J.tl, 200 J.tl, and 100 J.tl of assay buffer were pipetted to non-specific 

binding (NSB) tubes(labelled 3-4), to reference (Ba) tubes (5-6) and to 

tubes 7 through the end of the assay respectively. 

2. 100 J.tl of standards and quality controls were pipetted in duplicate. 

3. 100 J.tl of samples was pipetted in duplicate. 

4. 1 00f.11 of 1251_Leptin was pipetted to all the above tubes. 

5. 100 III of lep-tin antibody was pipetted to all the above tubes except totals 

(1-2) and NSB (3-4). 

6. The tubes were covered with vortex and incubated overnight at 4 °c 

7. The next morning: 
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8. 1.0 ml of cold precipitating reagent was added to all tubes (except totals) 

and again incubated at 4 °c for 20 minutes. 

9. The tubes were then centrifuged at 3000 xg at 4 °c 

10. The supernatant was decanted immediately, the tubes were drained for 1 

minute and the pellet was automatically counted using a gamma counter. 

The results were reported as ng/ml human leptin. 

The assay has a sensitivity limit of 0.5ng/ml. This is the lowest concentration of 

leptin that can be detected by the assay. Its specificity is 100%. This is the 

ability of the kit to selectively measure leptin in the presence of other similar 

components in the serum. 
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2.3.6 Data Analysis: As a measure of obesity the body mass index (BMI) 

was calculated using the formula: BMI= wtlh2 where wt is the pregnant body 

mass in kg and h is the height in metres. Waist to hip ratio (WHR) was 

computed. Statistical analysis was performed using the statistical programs Epi 

Info Version 6 & 2000 and Stati&tlcal Package for the Social Sciences (SPSS). 

Using the same program the appropriate sample sizes to detect a significant 

difference in leptin levels between the two-paired groups with a power of 90% are 

70 (Group I), 70 (Group 11), 40(Group Ill). One-way ANOVA was employed to 

test significance between the groups. Correlation between serum leptin and the 

anthropometric parameters were performed by the Pearson's test. All values are 

presented as means ± standard deviation (SO) unless otherwise stated. 

Statistical significance was set at p< 0.05. 
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CHAPTER III 

3.1 Results 

The results of the demographic parameters, anthropometric measurements and 

serum leptin measurements are summarised in Tables I - XI and Figs. 1-3 

below. 

3.2 Demographic factors 

192 women were enrolled in the study. 68 had pre-eclampsia, 92 were pregnant 

controls and 32 were non-pregnant controls. The demographic parameters 

between the groups were similar (Table I). The mean age and parity for the 

Table I. Demographic parameters for the women in the three 

groups. 

Pre-eclampsia Pregnant Non-pregnant P-value 

control control 
, 

,,--, 

Age (years) 28.1(5.5) 30.5{5.6) 29.5(5.1) 0.56 
c, .... ·.~-..... ·,· .. 

Parity 1.8(1.5) 2.3(1.5) 2.2(1) 0.12 

Gestation (weeks) 34.4(8.3) 35.5(4.6) Not applicable 0.44 
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three groups were 28.1 (range, 18-40) years and 2(range, 0-7), 30.5 (range, 19-

43) years and 2(range, 0-7) and 29.5(range, 19-38) years and 2(range, 1-4) for 

the pre-eclampsia, pregnant control and the non-pregnant control group 

respectively. The means were not significantly differe'nt (p=0.56, p=0.12 

respectively). The gestation age for the pre-eclampsia and the pregnant control 

groups were 34.4(8.3) weeks and 35.5(4.7) weeks respectively. There was no 

statistically significant difference between the two (p=0.44). 

The three demographic parameters did not show a significant correlation with 

serum leptin levels (Table la). 

Table Ia. The correlation values (r) for the relationship 

between the demographic parameters (age, parity, gestation) 

and serum leptin levels in the three groups of women 

Parameter Pearsons Correlation coefficient (r) 

Pre-eclampsia Pregnant control Non-pregnant control 

-
Age 0.02 (p=0.13) 0.10 (p=O.38) 0.15 (p=0.25) 

Parity 0.23 (p=0.17) 0.13 (p=0.24J 0.20 (p=0.32) 

Gestation -0.09 (p=0.1 0) -0.15 (p=0.06) Not applicable 

3.3 Anthropometry 

Table 11 gives a summary of the anthropometric parameters and serum leptin 

levels for the three groups of women. 
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Table 11. The anthropometric parameters and serum leptin levels for 

women in the three groups. 

Pre-eclampsia Pregnant Control Non-pret~nant Control P Value 

Weight (kg) 88.7 (18.9) 91.1 (21.3) 85.1 (19.7) 0.16 

Height (m) 1.62 (0.06) 1.57 (0.08) 1.61 (0.07) 0.26 

BMI (kgm-2) 35.0 (7.5) 37. 1 (8.5) 38.5 (9.7) 0.18 

MAC (cm) 30.9 (4.3) 31.2 (4.8) 30.7 (5 .8) 0.42 

WC (cm) 104.8 (15.5) 106.9 (14.6) 83.6 (13.8) <0.01 * 

HC (cm) 111.4 (12.9) 115.8 (14.5) 107.8 (11.6) 0.27 

WHR 1.05 (0.09) 0.92 (0.05) 0.78 (0.08) <0.01 * 

rc (cm) 58.2 (10.6) 60.4 (8.1) 56.5 (7.7) 0.34 

Leptin 26.66 (16.13) 25.89 (15.83) 17.97 (11.98) 0.02* 

(ng/ml) 

* Correlation statistically significant 

3.3.1 Pre-eclampsia Group: The women with pre-eclampsia had a mean weight 

of 88.7 (18.9) kg, height of 1.62 (0.06) m and body mass index (BMI) of 35.0 

(7.5) kgm~2. The MAC, WC, HC and TC were 30.9 (4.3) cm, 104.8 (15.5) cm and 

111.4 (12.9) cm and 58.2 (10.6) cm respectively. The mean WHR was 1.05. 

The mean serum leptin level was 26.66 (16.13) ng/ml. 

18 



There was strong positive correlation among the various anthropometric 

parameters, with the exception of WHR (Table Ill). The correlation between 

serum leptin and the anthropometric parameters are shown in Table IV. All the 

parameters showed a positive correlation with serum'leptin level. This was 

greatest for BMI (r=0.61, p< 0.001) and Te the showed the least signi'ricant 

correlation (r=0.39, p=0.001). WHR had a non-significant correlation (r=0.035, 

p=0.78). 

Table III. The Pearson Correlation, r, between the various 

anthropometric parameters for women with pre-eclampsia 

Weight BMI MAC WC HC WHR lC 

Weight -- 0.95* 0.85* 0.91* 0.85* 0.004 0.71* 

BMI -- 0.87* 0.90* 0.82* . -0.01 0.71* 

MAC -- 0.83* 0.80* -0.05 0.65* 

WC -- 0.91* -0.00 0.69* 

HC -- 0.1 0.6* 

WHR 
I 

-- ' -0.6* 

'. 
TC --

• Correlation is statistically significant (2-tailed test) 
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The correlation values for weight, MAC, WC and HC were 0.55 (p<0.001), 0.57 

(p<001), 0.52(p<0.001) and 0.52 (p<0.001) respectively. 

Table IV. The correlation between leptin and the 

anthropometric parameters for women with pre-eclampsia 

Correlation (r) 

Weight 0.55* 

BMI 0.61* 

MAC 0.57* 

WC 0.52* 

HC 0.52* 

WHR 0.04 

lC 0.34* 

.Statistically significant correlation 
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Fig 1. Scatter graph showing the correlation between BMI (kgm-2) and leptin 

(ng/ml) in patients with pre-eclampsia. 
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3.3.2 Pregnant control Group: In this group the mean weight was 91.1 (21.3) 

kg and the mean height was 1.57 (O.OS) m. The mean body mass index (BMI) 

was 37.1 (S.5) kgm-2
. The corresponding circumferences for the mid-arm (MAC), 

waist (WC), hip (HC) and thigh (TC) were 31.2 (4.S) cm, 106.9 (14.6) cm, 115.9 

(14.5) cm and 60.4 (S.1) cm. The mean serum leptin 'level was 25.S9 (15.S) 

ng/ml. Table" shows the summary of these results. 

The correlations among the anthropometric parameters were strong except for 

WHR (Table V). The parameters also showed significant (p< 0.001) positive 

correlation with leptin, with the exception of WHR (r=O.12, p=0.27) (Table VI) . 

The correlation was moderate for weight (r=0.5S), BMI and WC (r=0.56) and mild 

for TC (r= 0.50) and MAC (r=0.42). The relationship between BMI and serum 

leptin is shown in Fig. 2. 
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Table V. The Pearson Correlation, r, between the various 

anthropometric parameters for the pregnant control group 

Weight BMI MAC WC HC WHR lC 

Weight -- 0.88* 0.87* 0.91* 0.91* 0.16 0.89* 

BMI -- 0.82* 0.87* 0.86* 0.20 0.88* 

MAC -- 0.81* 0.82* 0.11 0.84* 

WC -- 0.92* 0.39* 0.86* 

HC -- 0.01 0.92* 

WHR -- 0.04 

lC --
.Statistically significant correlation 
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in patients without pre-eclampsia (pregnant controls). 
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Table VI. The correlation values (r) between the anthropometric 

parameters and leptin for the pregnant control group 

Parameter Correlation (r) p- value 

Weight 0.58* <0.001 

BMI 0.56* <0.001 

MAC 0.42* <0.001 

WC 0.56* <0.001 

HC 0.54* <0.001 

WHR 0.12 0.27 

rc 0.50* <0.001 

*Statistically significant correlation 

3.3.3 Non-pregnant controls: In this group 11 women were obese and 21 were 

non- obese. The mean weight, height, BMI, MAC, WC, HC, WHR and TC were 

85.1 (19.7) kg, 1.61 (0.07) m, 38.5 (9.7) kgm-2
, 30.7 (5.7) cm, 83.6 (13.8) cm, 

107.9 (11.6) cm, 0.78 (0.08) and 56.5 (7.7) cm respectively. The mean serum 

leptin level was 17.97 (11.98) ng/ml. 

There was positive correlation among all the anthropometric parameters (Table 

VII) and the parameters showed positive correlation with leptin (Table VIII). 
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Similar to the pre-eclampsia group, the parameter correlating the strongest with 

leptin was BMI (r=0.79, p<0.001). This is graphically portrayed in Fig 3. The 

respective correlation coefficients (r) for the other parameters with leptin were 

0.74 (p<0.001), 0.71 (p<0.001), 0.77(p<0.001), 0.49(p=0.005), 0.71(p<0.001) and 

0.63 (p<0.001) for weight, MAC, WC, HC, WHR and TC, respectively. The 

conelation was moderate for TC and HC but strong for the other 4 parameters. 

Table VII The Pearsons Correlation (r) values among the 

various anthropometric parameters for the group of non-

pregnan t women 

Weight BMI MAC WC HC WHR rc 

Weight -- 0.96* 0.95* 0.90* 0.68* 0.69* 0.84* 

BMI -- 0.95* 0.95* 0.71* 0.73* 0.78* 

MAC -- 0.89* 0.63* 0.72* 0.77* 

WC -- 0.78* 0.74* 0.73* 

~ 
I HC - 0.15 0.56* 

~WHR -- 0.54* 

~ 
Irc --
* Statistically significant correlations 
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Table VIII The correlation values (r) between the 

anthropometric parameters and leptin for non-pregnant women 

Correlation (r ) 

Weight 

~ 
0.74* 

BMI 0.79* 

MAC 0.71* 

WC 0.77* 

HC 0.49* 

WHR 0.71* 

rc 0.63* 

* Statistically significant correlation 
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Fig. 3. Scatter graph showing the correlation between BMI (kgm-2
) and serum 

leptin (ng/ml) in non-pregnant (control) women. 
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3.4 Leptin and Obesity in pregnancy 

The mean age, parity and gestation age for the obese and lean women in the 

pregnant controls were similar; 31.3 (4.8) vs 29.8 (6.2) years, 2.6 (1 .2) vs 2.3 

(0.9) and 34.9 (5.1) vs 35.4 (4.6) weeks, respectively. There was also no 

statistically significant difference in the mean height; 1.61 (0.2) m for the non­

obese group and 1.59 (0.3) for the obese women. The other anthropometric 

parameters were, as expected, higher for the obese compared to the lean group. 

These were a mean weight of 100.4 (16.5) vs 66.8' (8 .1) kg (p<0.001) , a BMI of 

40.54 (7.1) vs 27.3 (2.4) kgm-2 (p<0.001) , a MAC of 32.5 (4.7) vs 26.8 (2.0) cm 

(p<0.001), a WC of 113.0 (11.7) vs 90.7 (8.6) cm (p<0.001), an HC of 120.2 

(10.4) vs 99.6 (7.7) cm (p<0.001) and a TC of 65.6 (6.0) vs 52.4 (3.8) cm 

(p<0.001) . The WHR was similar for obese and lean women; 0.94 (0.6) vs 0.91 

(0.2) (p=0.72). These are summarised in Table IX. 

Serum leptin levels, in all the three groups, were significantly higher in obese 

compared to lean women (Table X). In the pre-eclampsia group the leptin level 

was 31.60(16.38) ng/ml in the obese compared to 15.60(8.27) ng/ml (p <0.001) 
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Table IX. The clinical characteristics and leptin levels of obese and 

lean women in the pregnant control group. 

Clinical Characteristic Obese Lean P-value 

Age (years) 31.3 (4.13) 29.8 (6.2) 0.32 

Parity 2.6 (1.2) 2.3 (0.9) 0.18 

Gestation (weeks) 34.9 (5.1) 35.4 (4.6) 0.08 

Weight (kg) 100.4 (16.5) 66.8 (8.1) <0.001 * 

Height (m) 1.61 (0.2) 1.59 (0.3) 0.74 

BMI (kgm-2
) 40.54 (7.1) 27.3 (2.4) <0.001* 

MAC (cm) 32.5 (4.7) 26.8 (2.0) <0.001* 

WC (cm) 11 3.0 (11 .7) 90.7 (8.6) <0.001 * 

HC (cm) 120.2 (10.4) 99.6 (7.7) 0.001* 

WHR 0.94 (0.6) 0.91 (0.2) 0.72 
.... -,~-,' 

TC (cm) 65.6 (6.0) 52.4 (3.8) <0.001 * 

Leptin (ng/ml) 30.15 (15.20) 13.79 (10.55) <0.001* 

.. 
*Statlstlcally sIgnifIcant dIfference 
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in lean women. Obese and lean women in the pregnant control group had leptin 

levels of 30.15 (15.2) and 13.79 (10.55) ng/ml (p<0.001) respectively. The 

respective serum leptin levels were 28.46 (12.37) and 12.47 (7.33) ng/ml 

(p=0.002) for the obese and lean women respectively~ in the non-pregnant group. 

Table X. The mean (SD) serum leptin 1 evels in obese and 

lean women in the three groups 

Pre-eclampsia Pregnant Control Non-preg control 

Obese Lean Obese Lean Obese Lean 

Leptin (ng/ml) 31.60 15.60 30.15 13.79 28.46 12.47 

(16.38)* (8.27)* (15.20},," (10.55},," (12.37)# (7.33)# 

*Statistically significant (p< 0.001) ,,"Statistically significant (p<0.001) 

#Statistically significant (p=0.002) 

The correlations between the anthropometric parameters in the obese and lean 

pregnant control women are summarised in Table XI. For the obese women 

weight, BMI and WC show the strongest corre~,ation with the corresponding r 

values of 0.39 (p<0.001), 0.37 (p=0.001) and 0.37 (p<0.001). HC (r = 0.30, 

p<0.01) and TC (r = 0.28, p<0.01) correlated weakly with serum leptin. Height, 

MAC, and WHR correlated the least with leptin. 
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Table XI. The correlation coefficients (r) for the 

anthropometric parameters of obesity with leptin in the 

pregnant control women. 

. -

Clinical Correlation coefficient (r) 

Characteristic Obese Lean 

Weight (kg) 0.39 0.31 

Height (m) 0.11 0.17 

BMI (kgm-2
) 0.37 0.24 

MAC (cm) 0.18 0.37 

WC (cm) 0.37 0.37 

HC (cm) 0.30 0.55 

WHR 0.18 -0.08 

lC (cm) 0.28 
~, 
r 

0.58 

In the lean group the anthropometric parameters that showed the greatest 

correlation with serum leptin are the rc (r = 0.58, p<0.001) and the HC (r = 0.55, 

p<0.001), with MAC (r = 0.37, p<0.001), WC (r = 0.37, p<0.001) and weight (r= 

0.30, p<0.01) correlating rather moderately with the hormonal levels. BMI in this 

group also correlated weakly (r = 0.24, p<0.001) with serum leptin level. 
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3.5 Leptin and Pre-eclampsia 

The serum leptin level was higher in the group of pregnant women with pre-

eclampsia, 26.66(16.13) ng/ml, than those without pre-eclampsia (pregnant 

controls), 25.89 (15.83) ng/ml. However this difference did not reach statistical 

significance (p=O.95). 
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CHAPTER IV 

4.1 DISCUSSION 

In this study we measured the serum levels of the novel peptide hormone leptln 

in both pregnant and non-pregnant Black African women. Among pregnant 

women the mean serum leptin level in late pregnancy was 26.66 (16.13) ng/ml in 

women with pre-eclampsia and 25.89 (15.83) ng/ml in those without pre­

eclampsia. These serum leptin levels in pregnancy were much higher than in 

non-pregnant women. The mean serum leptin level was 17.97 (11.9) ng/ml in 

the non-pregnant control group. 

The serum leptin level in pregnancy in this study is similar to our earlier study on 

serum leptin in obese Black African parturients48
. We found a s.erum leptin level 

of 24.7 (15.9) ng/ml in late pregnancy using the same technique of leptin assay. 

The first report, in 1997, on the concentration of leptin in pregnancy found a 

maternal serum level of 13.4 (8.13) ng/ml49
• This is much lower than our fillding. 

The difference may be explained in two ways. Firstly, their sample size was, 

small, consisting of only 20 women. Secondly, they measured serum leptin at 20 

weeks gestation. It is interesting to note that this same group of researchers 

found similarly lower maternalleptin levels (11.8 ng/ml) at 10-20 weeks gestation 

in a subsequent report50
. It is clear from longitudinal studies that leptin levels in 

pregnancy increase with advancing gestation36,51. 
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Our result is however, in keeping with other numerous studies on leptin levels in 

late pregnancy. Sutte et al. (1997)35, found a serum leptin level of 29.8 (17.0) 

nglml in late pregnancy. Serum leptin levels in pregnancy may be as high as 4 

times that in normal non-pregnant women52
• Although there are variations in the 

reported levels of serum leptin in late pregnancy in other, mainly Caucasian, 

population groups most of the studies are consistent in finding mean serum 

levels between 25.2 and 38.4 ng/mI35
,36,53.54. Our finding being consistent with 

these reports suggest that there are no racial differences in leptin levels in late 

pregnancy. However it should be noted that racial differences in leptin levels 

have been reported outside pregnancy in postmenopausal women55. 

Although their conclusion may be limited by a small sample size, Hardie et al., 

(1997)36 demonstrated the trend in maternalleptin during pregnancy. In the 5 

women they followed up through out pregnancy serum leptin increased steadily 

with increasing gestation until the second trimester when the levels peaked. 

Subsequently the levels either declined or remained the same during the rest of 

the pregnancy. This pattern mirrors that of maternal adipose tissue accumulation 

during pregnancy as observed by Chesley (1944)56. This suggests a possible 

role of leptin in metabolic regulation. Alternatively the elevated leptin levels may 

just be a reflection of total accumulated fat mass in pregnancy. 

Indeed the causal-effect relationship between leptin and adipose tissue in 

pregnancy is not resolved at the moment. Sutte et al., (1997)35 studied the 

pattern of other 'pregnancy' hormones and found that oestrogen, progesterone 

and the placental hormones human chorionic gonadotrophin and human 
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placental lactogen may modulate maternalleptin levels during gestation. This 

was supported by other workers36
. 

Normal pregnancy is a state of insulin resistance57
. Hyperinsulinaemia has been 

shown in rodent studies to increase leptin mRNA expression in adipose tissue58
. 

This observation was confirmed in human studies where a chronic 

hyperinsulinaemic state induces hyperleptinaemia59
. Therefore the 

hyperleptinaemia of pregnancy may be secondary to insulin resistance of 

pregnancy and not simply a reflection of the increased adiposity. In a cross­

sectional study such as ours it is not possible to explore these possible 

explanations regarding the observed elevated leptin levels associated with 

pregnancy. This is an area for further research as it may have some bearing on 

future leptin based therapies for obese gravidae and their progeny. During 

pregnancy the placenta is an additional source of leptin37
,38; therefore the 

association between elevated leptin and adipose tissue in pregnancy may be 

casual rather than causal. However this is rather unlikely in view of the strong 

correlation between leptin and measures of obesity which holds true both in 

pregnancy and the non-pregnant state. 

The role of leptin in human pregnancy has recently been reviewed6o,61. The 

hyperleptinaemia of pregnancy has been clearly demonstrated as discussed 

earlier and later in this treatise. Leptin may either reflect the normal physiology 

of pregnancy or serve a pathophysiological role. The former indicates the 

association with fat mass accumulated in pregnancy while the latter is either a 

result or a cause of certain obstetric disorders such as obesity, pre-eclampsia, 
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insulin resistance syndrome and intrauterine growth restriction (IUGR). Kratzsch 

et al., (2000)61 propose that the hyperleptinaemia of late pregnancy may cause 

uncoupling of feeding behaviour and diminished responsiveness of the leptin 

receptors as fat reserves are amassed for foetal groWth and lactation. The rapid 

decline in leptin levels postpartum will then stimulate eating behaviour62 

suggesting that leptin may play a role in the excessive weight gain experienced 

by some women following delivery. Of further interest is the observation that 

abnormally low levels of leptin in the first trimester have been associated with 

increased risk of spontaneous miscarriage62. Increased knowledge in the 

regulation of leptin and its function in pregnancy may ameliorate perinatal 

mortality and morbidity associated with conditions of pre-eclampsia and IUGR. 

Obesity is clearly a significant health problem. However it is not easy to define 

particularly for research purposes. Various definitions have be eh used in the 

past based on absolute body weight, percentage increase over the ideal body 

weight or an absolute cut-off point of body mass28. 

The problems are even greater in defining obesity in pregnancy. A maternal 

body weight greater than 90 kg was the commonest definition in the past31 . This 

did not take into account the woman's height. Currently the body mass index 

(BM I) rather than absolute weight is used. BMI is a better predictor of fat 

proportion in the body than weight alone. Even with BMI there is no consensus 

regarding the definite cut off point to define obesity. For this study a BMI = or 

greater than 30 kgm-2 was used to define obesity31. Obese women had much 

higher serum leptin levels compared to the lean women in all the three groups in 
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our study (Table X). This is in agreement with findings in previous studies 

conducted both in men and women and in pregnancy and outside 

pregnancy3,22,63. The association of leptin with adiposity explains the observed 

higher leptin levels in the obese compared to the lean women in all the groups. 

Most studies however measured leptin levels in non-obese women or women 

with a wide range of BM Is. Our study is unique in measuring leptin 

concentrations in predefined obese and lean women in pregnancy (pre­

eclampsia and normotensive controls) and outside pregnancy. The 

anthropometric parameters, apart from height and WHR were greater in the 

obese than in the lean women. This is to be expected as the parameters are a 

reflection of the degree of adiposity. The parameter that showed the strongest 

correlation with leptin in obese women is weight and TC in lean women. WC, 

which has proved a reliable measure of intra-abdominal fat in men, also showed 

good correlation in pregnancy. This may be a result of the characteristic central, 

rather than peripheral, fat accumulation that occurs in pregnancy. WC may 

therefore be an appropriate index of adiposity in the pregnant state. If these 

findings were confirmed in further studies it may be prudent to use the 

appropriate parameters for particular ranges of BMls when studying obesity and 

leptin in pregnancy. Height and WHR would seem to be poor parameters and 

thus not recommended. 

Most studies on leptin in pregnancy have been conducted among Caucasian 

women35,36,50,64, and most have demonstrated a positive correlation between 

serum leptin and the degree of adiposity both in non-pregnant and pregnant 
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populations3,50,62,65. Some of these studies employed complex body composition 

analytical techniques to estimate total fat mass or its proportion to the total body 

mass and relate these to leptin levels. These complex measures give a more 

accurate estimate of adiposity. They however are not only cumbersome to 

perform and inconvenient to the study subjects but expensive as well. In this 

study, the first to report serum leptin levels in Black African pregnant women with 

the problems of obesity and pre-eclampsia, the less sophisticated and cheaper 

methods of assessing body fat were used. The anthropometric parameters used 

in this study were body weight, height, BMI, MAC, WC, HC, WHR and TC. The 

serum leptin concentrations showed a positive correlation with all these 

parameters both in pregnancy and outside pregnancy except WHR in 

pregnancy. This is expected as there was strong correlation among the various 

anthropometric parameters apart from WHR in all the three groups. In 

pregnancy, weight and BMI showed the greatest correlation. This was true for 

both the pre-eclampsia and the pregnant control group. This is in keeping with 

previous studies3
,35. In the non-pregnant controls WHR also correlated strongly 

with leptin levels. This is rather a surprising result. One would have expected 

WHR to be a more sensitive measure of adiposity in pregnancy than outside 

pregnancy48. 

The syndromes of pre-eclampsia and obesity share certain clinical and metabolic 

characteristics. These include hyperlipidaemia, insulin resistance and glucose 

intolerance66
. Thus it may be expected that the hyperleptinaemia observed in 

obese women may be realised in women with pre-eclampsia. Logically the clue 
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to the prediction and/or management of pre-eclampsia may lie in leptin research. 

The women with pre-eclampsia in our study had similar serum leptin level as 

healthy pregnant women without pre-eclampsia. This is in contrast with a report 

by McCarthy et al., (1999)64 who found markedly elevated serum leptin level of 

40.6 ng/ml in women with pre-eclampsia compared to 27.0 ng/ml in the control 

group of white women matched for body mass index, and gestational age. 

Several reasons may explain this difference. The criteria to define pre-eclampsia 

do vary. While proteinuria in our study was defined as total protein of 300mg or 

more in a 24-hour urine collection they used a cut off of 500 mg or more in a 24-

hour urine collection. This might have contributed to the difference between the 

results in the 2 studies. Secondly the trend in serum leptin during the third 

trimester is not well established. While some authors report a continuing rise 

others found that the levels actually plateau and yet others found that leptin 

actually declined just before delivery67. There is ample evidence now that leptin 

levels decline abruptly following delivery52. The mean gestation age in our study 

was 34.5 weeks compared to 38 weeks in the study by McCarthy and 

eoUeagues. Furthermore they used pre-pregnant BMI (this may be liable to recall 

bi~s ~nd hence inaccuracies) while we computed and utilised the pregnancy 

BMI'. This may also have contributed to the lack of correlation between BMI and 

leptin levels in their study. Pre-pregnancy BMI has been found in some studies 

not to correlate with leptin as well as pregnancy BM167. The very small sample 

size (n=24) in their study may also explain this lack of correlation. 
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Williams et al., (1999)67 in a nested case-control study measured second 

trimester leptin concentration in 38 women with pre-eclampsia and 192 

normotensive controls. They found that pre-eclamptic women had either higher 

or lower leptin levels than the controls depending on whether the BMI was 25 

kgm-2 and below or was above 25 kgm-2 respectively. This finding was 

interpreted to mean that the normal leptin-adiposity relationship during pregnancy 

is disrupted by pre-eclampsia and that other factors other than adiposity 

determine leptin levels in pregnancies complicated by pre-eclampsia. This 

possibility and the fact that they measured leptin in the second trimester (we 

studied leptin in the third trimester) may explain the disparity between these 

results and the results of our study. 

Anim-Nyame et al., (2000)68 recently conducted a longitudinal study to determine 

the timing of the elevation in serum leptin during pregnancy. Eight women in the 

study went on to develop pre-eclampsia and it was noted that in this group the 

concentration of leptin was consistently higher compared to another group of 7 

womer. who did not develop pre-eclampsia. They also noted that from 20 weeks 

gestation leptin concentration rose gradually in both groups up to 32 weeks. 

Subsequently there was a slight decline in the normal group as opposed to a 

clear.increase in the pre-eclampsia destined group. The increase occurred 

before clinical manifestation of pre-eclampsia. This is an important and 

interesting finding. If these results were confirmed by other studies with greater 

numbers the clinical value of assaying serum leptin in the prediction of pre-
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eclampsia would be established. Their study design and its findings are different 

from ours. 

However our results are similar to the results of Sattar et al., (1998)44. They 

found that, although the level of leptin in the third trimester was higher than in 

non-pregnant controls, the levels between pre-eclamptic and normotensive 

controls were similar. 

The hyperleptinaemia of pregnancy may be due to either the increased adiposity 

in pregnancy, placehtal source of leptin, pregnancy hormone-induced modulation 

of leptin synthesis/secretion or a combination of these factors. It was not 

possible to explore these mechanisms in our study because of the cross­

sectional design. This area requires further research. 

We were unable toidemonstrate elevated serum leptin concentrations in women 

with pre-eclampsia. This may be due to the fact that adiposity has the 

predominant influence on serum leptin levels overriding all other factors both in 

and outside pregnancy. The strong correlation, demonstrated in this study, 

between the variou$ anthropometric parameters (especially BMI and weight) and 

leptin levels both in 'Pregnancy and outside pregnancy is consistent with this 

explanation. 

Indeed studies thafhave demonstrated hyperleptinaemia in pre-eclampsia52,64 

are limited firstly by-a failure to demonstrate the well established correlation 

between BMI and 'Ieptin;' secondly the small sample sizes. None the less 

possible explanations for this observation have been proposed. Pre-eclampsia 
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may be complicated by reduced renal clearance and reduced intravascular 

volume. Both of these can cause hyperleptinaemia. The other possibility of 

course is that leptin may be the cause (similar to other cytokines) rather than the 

result of pre-eclampsia67
,69. There is need to explore the cause-effect 

relationship between leptin and pre-eclampsia. 

4.2 CONCLUSION 

Leptin is a novel, adipocyte-derived hormone discovered in 1994. There has 

been an explosion of publications on leptin research both in pregnancy and 

outside pregnancy since its discovery seven years ago. The placenta is an 

additional source of leptin in pregnancy. Pregnancy is a hyperleptinaemic state 

with the levels of serum leptin correlating with the degree of adiposity as 

measured by pregnancy weight, BMI, and circumferences of th~ mid upper arm, 

waist, hip and thigh. 

Although some researchers have demonstrated that pre-eclampsia and other 

pathological conditions such as obesity and intrauterine growth restriction (IUGR) 

are associated with even mote elevated concentrations of leptin in pregnancy, 

this study did not confirm the findings that pre-eclampsia is a pathological 

hyperleptinaemic condition. 

4.3 RECOMMENDA liONS 

Increased knowledge in the regulation of leptin and its function in pregnancy may 

decrease perinatal morbidity and mortality associated with conditions of pre-
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eclampsia, obesity and IUGR. There is need to quantify the various sources of 

leptin in pregnancy. However there is also great need for further research with 

larger sample sizes to establish the clinical value of (serum) leptin (assays) in the 

prediction or treatment of pre-eclampsia and obesity . . 

44 



REFERENCES 

1. Zhang Y, Proenca R, Maffei M et al. Positional cloning of the mouse gene 

and its human homologue. Nature 1994; 372:425-32. 

2. Rosenbaum M, Leibel R. The Role of Leptill in Human Physiology. N Engl 

J Med 1998;341 :913-5. 

3. Kennedy A, Gettys T, Watson P et al. The metabolic significance of leptin 

in humans: Gender based differences in redationship to adiposity, insulin 

sensitivity, and energy expenditure. J Clin Endocrinol Metab 1997;82:1293-

1300. 

4. Adolph EF. Physiological Basis of Obesity. Am J PhysioI1947;151:110-

125. 

5. Brobeck SR. Mechanism of the development of obesity in animals with 

hypothalamic lesions. Physiol Rev 1946;25:541-59. 

6. Kennedy GC. The Lipostatic Theory. Prvc R Society B. 1953;140:578-92. 

7. Coleman DL. Obese and diabetes: two muta'lt genes causing diabetes­

obesity syndrome in mice. Diabetologia 1978;14:141-8. 

8. Leibel RL, Chung WK, Chua SC Jr. The molecular genetics of rodent single 

gene obesities. J Bioi Chem 1997;272:3137-40. 

45 



9. Zhang F, Sasinski MS, Seals JM, et al. Crystal structure of the obese 

protein leptin-E100. Nature 1997; 387:206-9. 

10. Redman CW, Sacks GP, Sargent IL. Pre-eclampsia: an excessive maternal 

inflammatory response to pregnancy. Am J Obstet GynecoI1999;180:499-

50. 

11. Frubeck G, Jebb SA, Prentice AM. Leptin: Physiology and 

pathophysiology. Clinical Physiology 1998;18(5):399-419. 

12. Tartaglia LA, Sembski M, Weng X, et al. Identification and expression 

cloning of a leptin receptor, OS-R. Cell 1995;83:1263-71. 

13. Houseknecht KL, Mantzoros CS, Kuliawat R, et al. Evidence for leptin 

binding proteins in serum of rodents and humans: modulation with obesity. 

Diabetes 1996;45: 1638-43. 

14. Cumin F, Saum HP, Levens N. Leptin is cleared from the circulation 

primarily by the kidney. Int J Obesity 1996; 20:1120-6. 

15. Cumin F, Saum HP, De Gasparo M et al. Removafrof endogenous leptin 

from the circulation by the kidney. Int J Obesity 1997;21 :495-504. 

16. Heymsfield SS, Greenberg A, Fujioka K, Dixon R et al. Recombinant leptin 

for weight loss in obese and lean adults: A Randomised Controlled, Dose-

Escalation Trial. JAMA 1999; 282:1568-75. 

46 



17. Swartz MW, Baskin DG, Bukowski TR et al. Specificity of Leptin Action on 

Elevated Blood Glucose Levels and Hypothalamic Neuropeptide Y Gene 

Expression in ob/ob Mice. Diabetes 1996;45:531-5. 

18. Scarpace PJ, Matheny M Pollock BH, Turner N. Leptin increases 

uncoupling protein expression and energy expenditure. Am J Physiol 

1997;273:226-30. 

19. Stanley BG: Neuropeptide Y in multiple hypothalamic sites controls eating 

behaviour, endocrine, and autonomic systems for energy bg:lance. In: The 

Biology of Neuropeptide Y and Related Pep tides. Colmers WF & 

Wahlestedt C. Eds. Totowa, NJ, Humana, 1993, pp 457-509. 

20. Stephens TW, Baslnski M, Bristow PK et al. The role of neuropeptide Y in 

the anti-obesity action of the obese gene product. Nature ·1995;377:530-32. 

21. Isotani H, Kameoka K, Furukawa K. Daily profile of serum I~ptin in Prader­

Willi Syndrome complicated by diabetes mellitus- A case feport. Horm 

Metab Res 1997;29:611-2. 

22. Considine RV, Sin ha MK, Heinman MI, et al. Serum immutib"':r'etictive leptin 

concentrations in normal weight and obese humans. N Engl J' Med 

1996:334:392-5. 

23. Montague CT, Farooqi IS, Whitehead JP et al. Congenitalleptin deficiency 

is associated with severe early-onset obesity in humans. Nature 

1997:387:903-8. 

47 



24. Seidell JS, Flegal KM. Assessing obesity: Classification and Epidemiology. 

Br Med Bull 1997;53:2238-52. 

25. Steinfield JD, Cohen AW. Obstetrical Problems in the obese patient. In: 

Obesity: theory and therapy. Stunkard AJ, Wadden TA, Eds. Chapte!r 20. 

2nd Edition; New York: Raven Press Ltd 1993. 

26. Bongain A, Isnard A, Gillet JY. Obesity in obstetrics and gynaecology. Eur 

J Obstet Gynecol Reprod BioI 1998;77:217-28. 

27. Garbaciak JA, Richter MD, Miller S, et al. Maternal weight and pregnancy 

complications. Am J Obstet Gynecol 1985;152:238. 

28. Gross TL, Sokol RJ, King KC. Obesity in Pregnancy, risks and outcome. 

Obstet Gynecol 1980;56:446-50. 

29. Wolfe HM, Sokol RJ, Martier SM, et al. Maternal obesity:A potential source 

of error in sonographic prenatal diagnosis. Obstet Gynecol 1990;76:339-

42. 

30. Stones RW, paterson CM, Saunders NJ. Risk factors for major obfstetric 

haemorrhage. Eur J Obstet Gynecol Reprod BioI 1993;48:15-18. 

31.Wolfe HM, Gross TL. Obesity in pregnancy. Clin Obstet Gynecol 

1994;37(3):596-605 

32. Naeye RL. Weight gain and outcome of pregnancy. Am J Obstet Gynecol 

1979;135:3-5. 

48 



33. Pettigrew R, Halmiton F. Obesity and female reproductive function. Br Med 

Bull 1997;53:341-9. 

34. Wolfe HM, Zador lE, Gross TL, et al. The clinical utility of body mass index 

in pregnancy. Am J Obstet GynecoI1991;164:1306-10. 

35. Butte NF, Hopkins JM, Nicolson MA. Leptin in human reproduction: Serum 

leptin levels in pregnant and lactating women. J Clin Endocrin Metabol 

1997;82:585-89. 

36. Hardie L, Trayhurn P, Abramovich D, et al. Circulating leptin in women: a 

longitudinal study in the menstrual cycle and during pregnancy. Clin 

Endocrinol 1997;47: 101-6. 

37. Masuzaki H, Ogawa Y, Sagawa N, et al. Non-adipose tissue production of 

leptin: leptin as a novel placenta-derived hormone in humans. Nat Med 

1997;3: 1029-33. 

38. Senaris R, Garcia-Caballero T, Casabiell X, et al. Synthesis of leptin in 

human placenta. Endocrionology 1997;138(10):4501-4. 

39. Mantzoros CS, Varvarigou A, Kaklamani VG, et al. Effect of birth weight and 

maternal smoking on cord blood leptin concentrations of full term and 

preterm new-borns. J Clin Endocrin MetaboI1997;2:2856 -61. 

49 



40. Villarreal D, Reams G, Freeman RH, et al. Renal effects of leptin in 

normotensive, hypertensive, and obese rats. Am J Physiol 1998;275:2056-

60. 

41. Shek EW, Brands MW, Hall JE. Chronic leptin infusion increases arterial 

pressure. Hypertension1998;31 :409-14. 

42. Narkiewcz K, Somers VK, Mos L et al. An independent relationship between 

plasma leptin and heart rate in untreated patients with essential 

hypertension. J Hypertension 1999;17:245-49. 

43. Ness RB, Roberts JM. Heterogeneous causes constituting the single 

syndrome of pre-eclampsia. A hypothesis and its implications. Am J 

Obstet GynecoI1996;175:1365-70. 

44. Sattar N, Greer lA, Pirwani et al. Leptin levels in pregnancy: marker for fat 

accumulation and mobilisation? Acta Obstet Gynecol Scand 1998;77:278-

83. 

45. Kokot F, Wiecek A, Adamczak M. Pathophysiological role of leptin in 

patients with chronic renal failure, in kidney transplant patients, in patients 

with essential hypertension, and in pregnant women with pre-eclampsia. 

Artificial Organs 1999;23:70-4 

46. Farooqi IS, Jebb SA, Langmack G, et al. Effects of recombinant leptin 

therapy in a child with congenitalleptin deficiency. N Engl J Med 

1999;341 :879-84 

50 



47. Davey DA, MacGillivray I. The classification and definition of the 

hypertensive disorders of pregnancy. Am J Obstet Gynecol 1988;158:892-

98. 

48. Kafulafula G, Moodley J. Leptin levels in the obese African parturient. J 

Obstet Gynecol 2001; 21 (3):228-31. 

49. Geary M, Persaud M, Wilshin J, et al. Maternalleptin levels in human 

pregnancy. J EndocrinoI1997;152:263. 

50. Geary M, Pringle PJ, Persaud M, et al. Leptin concentrations in maternal 

serum and cord blood: relationship to maternal anthropometry and foetal 

growth. Br J Obstet GynecoI1999;106:1054-60. 

51. Tamura T, Goldberg RL, Johnston KE, et al. Serum leptin concentration 

during pregnancy and their relationship to foetal growth. Obstet Gynecol 

1998;91 (3):389-95. 

52. Schubring C, Kiess W, Englaro P et al. Leptin concentrations in amniotic 

fluid, venous and arterial cord blood and maternal serum: high leptin 

synthesis in the ferns and inverse correlation with placental weight. Eur J 

Paediatr 1996;155:830-33. 

53 . . Highman T J, Friedman JE, Huston LP, et al. Longitudinal changes in 

maternal serum leptin concentration, body composition, and resting 

metabolic rate in pregnancy. Am J Obstet GynecoI1998;178(5):1010-15. 

51 



54. Luke AH, Rotimi CN, Copper RS, et al. Leptin and body composition of 

Nigerians, Jamaicans, and US blacks. Am J Clin Nutrition 1998;67:391-96. 

55. Niklas BJ, Toth MJ, Goldberg, et al. Racial differences in plasma leptin 

concentrations in obese postmenopausal women. J Clin Endocrinol Metab 

1997;82:315-17. 

56. Chesley LC. Weight changes and water balance in normal and toxic 

pregnancy. Am J Obstet GynecoI1944;48:565 

57. Ryan EA, O'Sullivan MJ, Skyler JS. Insulin action during pregnancy. 

Diabetes 1985;34:380-89. 

58. Cusin I, Sainsbury A, Doyle P, Rohner-Jeanrenaud F, Jeanrenaud B. The 

ob gene and insulin. A relationship leading to clues to the understanding of 

obesity. Diabetes 1995;44:1467-70. 

59. Kolaczynski JW, Nyce MR, Considine RV et al. Acute and chronic effect of 

insulin on leptin production in humans. Diabetes 1996;45:699-701. 

60. Henson MC & Castracane VD. Leptin in pregnancy. Biology of 

Reproduction 2000;63(5):1219-28. 

61. Kratzsch J, Hockel M, Kiess W. Leptin and pregnancy outcome. Curr Opin 

Obstet Gynecol 2000;12:501-505. 

52 



62. Lage M, Garcia-Mayor RV, Tome M, et al. Serum leptin levels in women 

throughout pregnancy and the postpartum period and in women suffering 

spontaneous abortion.Clin Endocrinol 1999;50:211-16. 

63. Kohrt WM, Landt M, Birge Jr SJ. Serum leptin levels are reduced in 

response to exercise training, but not hormone replacement therapy, in 

older women. J Clinic Endocrinol Metab 1996;81 (11 ):3980-85. 

64. McCarthy JF, Dhirendra N, Roberts JM. Maternal plasma leptin is 

increased in pre-eclampsia and positively correlates with foetal cord 

concentration. Am J Obstet GynecoI1999;180:731-36. 

65. Lauszus F, Schmitz 0, Vestergaard H, et al. Serum leptin levels in pregnant 

women with type 1 diabetes mellitus. Acta Obstet et Gynecol Scand 

2001 ;80:596-601. 

66. Hubel CA, MacLaughlin MK, Evans RW et al. Fasting triglycerides, free fatty 

acids, and malondialdehyde are increased in pre-eclampsia, are positively 

correlated, and decrease within 48 hours post partum. Am J Obstet 

Gynecol 1996;174:975-82. 

67. Williams MA, Havel PJ, Schwartz MW et al. Pre-eclampsia disrupts the 

normal relationship between leptin concentration and adiposity in pregnant 

women. Paediatric & Perinatal Epidemiology.1999;13:190-204. 

53 



. ' . 

/ 

68. Anim-Nyame N, Sooranna SR, Steer PJ, Johnson MR. Longitudinal 

analysis of maternal plasma leptin concentrations during normal pregnancy 

and pre-eclampsia. Human Reproduction 2000;15(9):2033-36 

69. Ellis J, Wennerholm U, Bengtsson A, et al. Levels of dimethylarginines and 

cytokines in mild and severe pre-eclampsia. Acta Obstet Gynecol Scand 

2001 ;80:602-608. 

54 


	Kafulafula_George_Emmanuel_2001.front.p001
	Kafulafula_George_Emmanuel_2001.front.p002
	Kafulafula_George_Emmanuel_2001.front.p003
	Kafulafula_George_Emmanuel_2001.front.p004
	Kafulafula_George_Emmanuel_2001.front.p005
	Kafulafula_George_Emmanuel_2001.front.p006
	Kafulafula_George_Emmanuel_2001.front.p007
	Kafulafula_George_Emmanuel_2001.front.p008
	Kafulafula_George_Emmanuel_2001.p001
	Kafulafula_George_Emmanuel_2001.p002
	Kafulafula_George_Emmanuel_2001.p003
	Kafulafula_George_Emmanuel_2001.p004
	Kafulafula_George_Emmanuel_2001.p005
	Kafulafula_George_Emmanuel_2001.p006
	Kafulafula_George_Emmanuel_2001.p007
	Kafulafula_George_Emmanuel_2001.p008
	Kafulafula_George_Emmanuel_2001.p009
	Kafulafula_George_Emmanuel_2001.p010
	Kafulafula_George_Emmanuel_2001.p011
	Kafulafula_George_Emmanuel_2001.p012
	Kafulafula_George_Emmanuel_2001.p013
	Kafulafula_George_Emmanuel_2001.p014
	Kafulafula_George_Emmanuel_2001.p015
	Kafulafula_George_Emmanuel_2001.p016
	Kafulafula_George_Emmanuel_2001.p017
	Kafulafula_George_Emmanuel_2001.p018
	Kafulafula_George_Emmanuel_2001.p019
	Kafulafula_George_Emmanuel_2001.p020
	Kafulafula_George_Emmanuel_2001.p021
	Kafulafula_George_Emmanuel_2001.p022
	Kafulafula_George_Emmanuel_2001.p023
	Kafulafula_George_Emmanuel_2001.p024
	Kafulafula_George_Emmanuel_2001.p025
	Kafulafula_George_Emmanuel_2001.p026
	Kafulafula_George_Emmanuel_2001.p027
	Kafulafula_George_Emmanuel_2001.p028
	Kafulafula_George_Emmanuel_2001.p029
	Kafulafula_George_Emmanuel_2001.p030
	Kafulafula_George_Emmanuel_2001.p031
	Kafulafula_George_Emmanuel_2001.p032
	Kafulafula_George_Emmanuel_2001.p033
	Kafulafula_George_Emmanuel_2001.p034
	Kafulafula_George_Emmanuel_2001.p035
	Kafulafula_George_Emmanuel_2001.p036
	Kafulafula_George_Emmanuel_2001.p037
	Kafulafula_George_Emmanuel_2001.p038
	Kafulafula_George_Emmanuel_2001.p039
	Kafulafula_George_Emmanuel_2001.p040
	Kafulafula_George_Emmanuel_2001.p041
	Kafulafula_George_Emmanuel_2001.p042
	Kafulafula_George_Emmanuel_2001.p043
	Kafulafula_George_Emmanuel_2001.p044
	Kafulafula_George_Emmanuel_2001.p045
	Kafulafula_George_Emmanuel_2001.p046
	Kafulafula_George_Emmanuel_2001.p047
	Kafulafula_George_Emmanuel_2001.p048
	Kafulafula_George_Emmanuel_2001.p049
	Kafulafula_George_Emmanuel_2001.p050
	Kafulafula_George_Emmanuel_2001.p051
	Kafulafula_George_Emmanuel_2001.p052
	Kafulafula_George_Emmanuel_2001.p053
	Kafulafula_George_Emmanuel_2001.p054

