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1. Introduction

   Leptin is the 16-kDa non-glycosylated protein product 
of the ob gene[1]. It is a hormone synthesized mainly 
in adipose cells and it regulates body weight in a 
central manner, via its receptor in the hypothalamus[2]. 
Interestingly, there is increasing evidence that leptin 

has systemic effects apart from those related to energy 
homeostasis, including regulation of neuroendocrine, 
reproductive, haematopoietic and immune functions[3]. 
It is known that leptin secretion can be regulated by 
inflammatory mediators such as interleukin-1 (IL1) 
and tumor necrosis factor alpha (TNFα)[4]. Furthermore, 
leptin exerts central effects on hypothalamic-pituitary 
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Objective:  To analyze serum leptin levels in patients with malaria falciparum and compare them 
with healthy controls and correlate with development and outcome of malaria infection.
Methods: Sixty cases of malaria falciparum were included in this study as patients. Thirty 
healthy individuals of comparable age, racial and body mass index were taken as controls. 
All patients were diagnosed by clinical picture and the presence of malaria parasites in blood 
film.  Estimation of liver function test, kidney function test, complete blood count, fasting blood 
sugar, fasting serum insulin, pro-inflammatory cytokine tumor necrosis factor alpha (TNFα) and 
interleukin 1 (IL1), estimation of morning serum leptin and calculation of body mass index (kg/m2) 
were done in both groups on the day of admission, on discharge and 7 d after discharge. 
Results: At admission, leptin levels were significantly higher in patients group than in control 
while fasting serum insulin levels were not significantly different between the two groups. There 
were significant increases as regard to TNFα and IL1 in malaria patients. Significant differences 
were observed between the control and the patient group for leptin, TNFα and IL1 at the time of 
admission and discharge.  After discharge for 7 d, a significant decline in serum leptin levels, 
TNFα and IL1 in the patients group was observed as compared with time of admission and time of 
discharge, a positive correlation between serum leptin levels and TNFα and IL1.
Conclusions: Leptin hormone level might play an important role in development and outcome of 
malaria infection.
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discharge, a significant decline in 
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when compared between the time of 
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serum leptin levels and TNFα & IL1. 
Thus, the leptin may play an important 
role in the development and outcome 
of malaria infection.
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function and these effects might affect the severity of 
malaria disease. Disturbance in hypothalamic-pituitary-
adrenal axis during Plasmodium falciparum infection have 
been implicated in the pathogenic mechanism of severe 
malaria[5].  
   Leptin, which is involved in a range of physiological 
processes, could be an important factor in the pathogenesis 
of malaria. The aim of the present study is to analyze serum 
leptin levels in patients infected with malaria falciparum 
and compare them with healthy controls. We try to provide 
evidence that leptin could be an important factor in 
development and outcome of malaria infection.

2. Materials and methods

2.1. Study design and the participants

   This study was conducted at the Infectious Disease 
Hospital, Kuwait, from October, 2010 to April, 2012. A total 
of 60 male cases of malaria falciparum were included in 
this study as patients group. Among them, 52 patients were 
Indian and eight were Bangladesh. In addition, 30 healthy 
male individuals of comparable age, race and body mass 
index (BMI) were taken as controls. All malaria patients 
were diagnosed by clinical picture and their confirmations 
were based on the presence of malaria parasites in blood 
film. Management was done as per standard guidelines for 
the management of Plasmodium falciparum. And also its 
complications in the form of given quinine and vibramycin 
for 7 d in proper dose within 1 h of admission to the hospital. 

2.2. Exclusion criteria

   The patients were excluded from the study due to 
advanced age, gender (females), higher or lower BMI, 
diabetic state, advanced stage of the malaria disease such as 
cerebral malaria, disseminated intravascular coagulopathy, 
organ failure. Those with history of chronic liver disease, 
immunocompromized (HIV/drugs), positive viral hepatitis 
profile, and active alcohol consumers were also excluded 
from the study.

2.3. Data collection

   The controls as well as malaria cases were submitted to 
full history taking, comprehensive clinical examination, BMI 
(kg/m2), liver function test, kidney function test, complete 
blood count, fasting blood sugar, fasting serum insulin, 

estimation of pro-inflammatory cytokines TNFα and IL1 
(Biomedix medical group, Synlab, German) and estimation 
of morning serum leptin (Diagnostic Systems Laboratories, 
USA) using ELISA on the day of admission (before starting 
treatment), on the day of discharge and after 7 d of discharge 
from the hospital.

2.4. Statistical analysis

   The data were analyzed using the Statistical Package for 
Social Sciences (SPSS) version 8.0 software. The significance of 
differences between mean values of the study variables was 
evaluated by using t-test. The significance of differences 
between proportions was performed using the Chi-square 
test. Correlation coefficient (r) between quantitative variables 
was calculated. P value less than 0.05 was considered 
significant.

3. Results

   The age, sex and BMI of patients in both groups were 
compared; no statistically significant differences in the 
means between the groups were observed (Table 1). This was 
intended to exclude factors that affected serum leptin levels. 
At time of admission, leptin levels were significantly higher 
in patients group than in control group (mean serum leptin 
levels of 24.3 ng/mL v.s. 7.9 ng/mL, P<0.001). While the fasting 
serum insulin levels were not significantly different between 
the two groups (Table 1). It has been further observed that 
there were significant increases as regard pro-inflammatory 
cytokine TNFα and IL1 in malaria patients when compared 
with controls (Table 1). There were significant differences 
between the studied groups as regard liver enzymes alanine 
transaminase and aspartate transaminase, hemoglobin and 
platelet.

Table 1 
Comparison between studied groups at time of admission.
Parameters Patients group Control group P value
Age 33.8依5.3 33.4依5.1 0.83

BMI 20.4依1.9 20.2依2.2 0.62

SI         15.16依6.10 12.7依3.5 0.13

TNFα           15.1依5.1   6.10依1.33    0.001*

SL           24.3依4.9   7.9依1.9    0.001*

ALT (IU/L)         145.3依36.3 52.60依6.61    0.001*

AST (IU/L)         101.6依4.3 34.2依5.4    0.001*

Hemoglobin (g/dL)  9.80依1.61 14.25依1.80  0.01*

Platelet         90.81依18.50 183.0依20.4  0.01*

SC (µmol/L)  84.3依10.4   84.50依11.78 0.81

Data are expressed as mean依SD. *P<0.05 is considered significant. BMI: 
body mass index; SI: serum insulin; TNFα: tumor necrosis factor alpha; IL1: 
interleukin 1; SL: serum leptin; ALT: alanine transaminase; AST: aspartate 
transaminase; SC: serum creatinine.
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   At time of discharge, we noted a decline in serum leptin 
levels and pro-inflammatory cytokine TNFα and IL1 in 
the patients group, but the same significant differences 
as regard of these parameters were observed between 
two groups (Table 2). Platelet was still significant low in 
patients group as compared with controls.   
Table 2
Comparison between studied groups at time of discharge.
Parameters Patients group Control group P value
SI 14.6依5.1 11.7依2.8 0.21

TNFα 11.4依3.1   6.3依1.4 0.01*

IL1   9.40依1.91   4.60依1.51 0.01*

SL 17.2依3.8   7.4依1.8 0.001*

ALT (IU/L)   65.2依10.3  49.60依5.51 0.41

AST (IU/L) 51.7依5.2  42.1依5.4 0.5
Hemoglobin (g/dL) 12.10依1.61  14.25依1.80 0.11

Platelet 138.0依17.3  191.0依19.3 0.05*

SC (µmol/L)  84.5依11.3   85.40依11.66 0.9
Data are expressed as mean依SD. *P<0.05 is considered significant. TNFα: tumor 
necrosis factor alpha; IL1: interleukin 1; SI: serum insulin; SL: serum leptin; 
ALT: alanine transaminase; AST: aspartate transaminase; SC: serum creatinine.

   After 7 d of discharge, we observed a significant decline 
in serum leptin levels and pro-inflammatory cytokine TNFα 
and IL1 in the patients group as compared with time of 
admission and time of discharge. There were no significant 
differences between the patients group and the control 
group as regard of these parameters (Table 3). There were 
no significant differences between the studied groups as 
regard liver enzymes (alanine transaminase & aspartate 
transaminase), hemoglobin and platelet.
Table 3
Comparison between studied groups after 7 d of discharge.
Parameters Patients group Control group P value
SI 12.3依4.2 11.6依4.1 0.81

TNFα 7.54依2.8   5.9依2.4 0.62

IL1   6.2依2.1   4.9依2.5 0.71

SL   9.2依3.8   7.4依1.8 0.41

ALT (IU/L)   56.1依10.3  50.20依7.51 0.62

AST (IU/L)  45.4依4.9  43.1依5.1 0.54

Hemoglobin (g/dL)  12.8依1.1  14.1依1.2 0.61

Platelet  178.0依17.3  184.0依18.2 0.53

SC (µmol/L)    94.1依13.3   89.8依15.6 0.81

Data are expressed as mean依SD. TNFα: tumor necrosis factor alpha; IL1: 
interleukin 1; SI: serum insulin; SL: serum leptin; ALT: alanine transaminase; 
AST: aspartate transaminase; SC: serum creatinine.

   In this study, we observed a positive correlation between 
serum leptin levels and pro-inflammatory cytokines TNFα 
& IL1 in patients group (Table 4). Similarly, we also found 
a positive correlation between serum leptin levels and 
serum insulin levels (Table 4). It has been further observed 
a positive correlation between serum insulin levels and 
TNFα.

4. Discussion

   The exact nature of the association between leptin 
hormone and malaria, has not yet been clearly elucidated 
up to this date[1,5]. Since leptin is involved in a range of 
physiological processes, it could be an important factor in 
malaria infection development and outcome. In this study, 
we found a highly significant increase in serum leptin 
levels in patients group as compared with control group 
at the time of admission and time of discharge. At least 
two possible explanations may be given for this elevation 
of serum leptin levels. First, in this study, fasting serum 
insulin levels were high in patients group, but they were 
not significantly different as compared with controls. 
Furthermore, the serum leptin concentration was positively 
correlated with the concentration of serum insulin. Our 
results were similar to other studies[6], which described an 
important role for insulin in the state of hyperleptinemia. 
Hyperinsulinemia stimulates the adipocytes to produce 
leptin[7].
   Secondly, we observed that pro-inflammatory cytokines 
TNFα and IL1 levels were significantly higher in patients 
group than in control group at time of admission and 
time of discharge. This matches what has earlier been 
reported by Lyke et al., who found the production of 
pro-inflammatory cytokines TNFα and IL1 is increased 
during malaria blood stage infection[8]. This suggests 
predominant Th1 response during the acute phase of the 
malaria infection. Th1 cells secreting interferon-γ and 

Table 4
Correlation between serum leptin levels, TNFα, IL1 and other parameters in studied groups.

Parameters
Serum Leptin TNFα IL1

Patient group  Control group Patient group Control group Patient group Control group
r P r P r P r P r P r P

Age -0.03 0.92 -0.02 0.94   0.18 0.47  0.07 0.83   0.19 0.43   0.06 0.81

BMI   0.31 0.10   0.06 0.81 -0.27 0.35  0.03 0.68   0.23 0.10   0.07 0.72

SI    0.56*  0.05*   0.44 0.09    0.54*  0.05*  0.22 0.43   0.25 0.41   0.28 0.45

SL    1.000 0.00    1.000 0.00    0.57*  0.05*    0.007 0.97    0.62*   0.01**   0.02 0.94

TNFα    0.57*  0.05*    0.007 0.97    1.000 0.00    1.000 0.00 -0.21 0.45 -0.18 0.50

IL1    0.62*   0.01**   0.02 0.94      -0.21 0.45 -0.18 0.50    1.000 0.00    1.000 0.00

BMI: body mass index; TNFα: tumor necrosis factor alpha; IL1: interleukin 1; SI: serum insulin; SL: serum leptin. *P<0.05; **: high significance.
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interleukin-2 would activate macrophages to produce pro-
inflammatory cytokines such as TNFα and IL1. Recently, 
IL1 and TNFα have been implicated in leptin secretion 
regulation where they induce the production of leptin from 
adipocytes[9].
   It is also noted that the kinetics of leptin production 
during inflammation and infection is similar to that of 
cytokine IL1 and TNFα production. These matches what has 
earlier been reported by Bracho-Riquelme and Reyes-
Romero[10]. The observations suggest that increased leptin 
production could be found as a normal component of 
inflammatory response in malaria infection. It could also 
contribute to the development and outcomes of malaria. 
Increased leptin levels could be linked with anorexia 
induced by parasite infection[11]. In this context, increased 
leptin levels could be contribute to the pathological effects, 
through the influence of leptin on the wasting syndrome 
and through its role in causing a positive feedback loop in 
the inflammatory process[12].
   Santos-Alvaraz et al. have demonstrated that human 
leptin stimulates the production of cytokines such as TNFα 
and interleukin-6[13]. TNFα has long been recognized to 
promote malaria parasite killing, but also to contribute to 
the development of severe malaria disease. The precise 
molecular mechanisms that influence these different 
outcomes in malaria patients are not well understood, but 
the virulence and drug-resistance phenotype of malaria 
parasites and the genetic background or age of patients 
are likely to be important determinants. The low levels 
of the inflammatory cytokine (TNFα) are anti-parasitic 
working together with interferon-γ to induce production of 
nitric oxide and other toxic radicals[8]. On the other hand, 
the high levels of this cytokine (and other inflammatory 
cytokines such as IL-1 and interleukin-6) have been 
associated with malarial pathology such as fever[14], and 
cerebral malaria[15].
   What was observed in this study that liver enzymes were 
significant high in patients group as compared with control. 
It was documented that increased leptin levels have been 
associated with necro-inflammatory activity of liver[16]. We 
also noted thrombocytopenia and anemia in patients group 
as compared with controls. Recent studies suggested that 
leptin could play an important role in hematopoiesis and 
immune function[17].
   We can conclude that hyperleptinemia in malaria 
patients is due to hyperinsulinemia and overproduction 
proinflammatory cytokines such as TNF-α and IL1. 

Leptin hormone may possibly play an important role in 
development and outcome of malaria infection. To our 
knowledge, this is the first clinical study to show the 
possible association of serum leptin level with malaria.

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgements

   The authors would like to thank Kuwait Ministry of 
Health for the support in this study, also we would like 
to thank Department of Tropical Medicine, Faculty of 
Medicine, Zagazig University, Egypt for the excellent 
statistical work. The study was partially supported by 
College of Health Sciences (Grant No. HS-10-01).

Comments 

Background

   Malaria is a common disease in all the topical areas. 
Leptin is involved in a range of physiological processes, 
especially as an important factor in the pathogenesis of 
malaria. Disturbance in hypothalamic-pituitary-adrenal 
axis during Plasmodium falciparum infection have been 
implicated in the pathogenic mechanism of severe malaria. 
The authors have reviewed the background literature quite 
well.
  
Research frontiers

   This is the first article that tackles the role of leptin 
in the development and outcome of malaria infection. 
They reported that hyperleptinimia in malaria patients 
is due to hyperinsulinemia and overproductoion of pro-
inflammatory cytokines such as TNFα and IL1.

Related reports

   This is one of the first studies in this area of research. 
A few studies have reported other aspects, such as the 
secretion of leptin is affected by pro-inflammatory 
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mediators like TNFα and IL1. The role of TNFα and IL1 in 
malaria pathogenesis has been reported, but no study is 
available so far on the role of leptin.

Innovations and breakthroughs

   The level of leptin in blood can be used as an indicator 
for the treatment outcomes and pathogenesis of malaria 
patients.

Applications

   The level of leptin in blood of patients can used as a 
biomarker for diagnosis of malaria.  

Peer review

   This study has shown that 7 d after discharge, a 
significant decline in serum Leptin levels, TNFα and 
IL1 in the patients group was noticed when compared 
between the time of admission and the time of discharge, 
with a positive correlation between serum leptin levels 
and TNFα & IL1. Thus, the leptin may play an important 
role in the development and outcome of malaria infection.
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