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ABSTRACT 

Leptin exhibits functional dimorphism since it acts as a hormone and as a cytokine (adipokine).  As an adipokine, it regulates both innate and adaptive immunity. 

Leptin levels also exhibit sexual dimorphism in humans, since females have three-fold higher plasma leptin levels than males. However, leptin deficiency or its 

reduction in levels increases the risk of infectious diseases. Visceral leishmaniasis (VL) is one such fatal disease caused by a parasite infection. The VL cases are 

more predominant in males than females in endemic areas. This could be because of differences in socio-cultural activities and sex-related biological factors. Hence, 

our perspective is that the low plasma leptin levels in males are a gender-specific biological risk factor for VL prevalence. Low circulating leptin levels cause 

weaker immunity in males, which may increase the risk of VL. Apart from that, the male sex hormone testosterone also shows a suppressive role in leptin production 

and immunity. In contrast, the female sex hormone estrogen induces the production of leptin, which may cause stronger immunity and high protection against 

infections such as VL. Hence, the sexual dimorphism in plasma leptin levels is likely to evolve as a molecular and/or epidemiological marker in gender-based 

prevalence studies of VL. 
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Introduction 

Visceral leishmaniasis (VL) is the second-largest parasitic disease caused by Leishmania donovani, which is transmitted by the bite of infected female 

sandflies. Worldwide, more than                600 million people are living at risk of developing VL, and 50,000-90,000 new cases are reported every year. Among 

them, during 2020, 90% of the global VL burden was reported from just 10 countries (Brazil, India, China, Ethiopia, Kenya, Somalia, South Sudan, 

Sudan, Yemen, and Eritrea). In endemic regions of the world, VL affects the poorest of the poor population, accompanied by malnutrition and weakened 

immunity. In addition, Human immunodeficiency virus (HIV) infected individuals have ~100 times higher risk of developing active VL, and such deadly 

co-infections are difficult to cure [1]. The manifestation of VL includes fever, weight loss, and hepatosplenomegaly. If left untreated, the majority of the 

VL cases (>95%) develop into fatal forms. Existing treatment procedures have serious drawbacks in terms of safety, resistance, stability, and cost [2]. All 

these factors make VL a global public health problem. As per the literature, men are highly susceptible to infectious diseases due to their weak immune 

response to invading pathogens. In contrast, women respond very strongly against pathogens causing damage at the early stages of infection, but if it 

persists for a long time even after the clearance of the pathogen from the body, it would lead to autoimmunity [30]. Therefore, it is required to produce a 

sufficiently balanced immune response, which can be regulated by hormonal, genetic, and epigenetic factors. The most common perception of high 

incidence and morbidity of infections in men is behavioral differences like exposure to pathogens and medical care accessibility [32]. But the difference 

in physiological factors (e.g. hormones, enzymes, cytokines, and immune cells, etc.) between the sexes would contribute more than the behavioral factors 

to the high incidence of infections in men [31]. 

1.1. Male predominance of VL  

In terms of VL, epidemiological studies indicate that men are more likely than women to contract the disease [3]. In a population-based cohort study, the 

sex ratio (male (M) to female (F)) among reported VL cases from India and Nepal was 1.40, and the M/F risk ratio was 1.27. Moreover, males have 

reported with 19% higher chance of seropositivity than females [3]. A similar pattern (male predominance) of VL distribution was also observed in other 

endemic countries of the world [4-6]. This trend of VL distribution is possibly due to the difference in socio-cultural activities, sex-related biological factors 

[3], genetic reconstitution, and levels of immunity [7] between the genders. However, there is no molecular-level data available to date to support the 

epidemiological findings that, men are more likely than women to contract VL. Based on our previous findings, the current perspective is that the low  

physiological leptin levels (a biological factor) in men may be one of the critical reasons for weaker immunity than in women, which could enhance the 

incidence, morbidity, and mortality of VL in males (figure. 1).  
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Discussion 

2.1. Adipokine role of leptin 

Leptin is a protein hormone produced from white adipose tissue [8]. The hormonal action of leptin regulates several metabolisms (i.e., energy, glucose, 

lipid, bone metabolism, etc.) [9]. In addition, it acts like a cytokine (adipokine), since its structure resembles the class I family of cytokines with four alpha-

helix bundles [10]. The adipokine action of leptin regulates hematopoiesis, angiogenesis, and innate and adaptive immunity [11]. Also, leptin increases 

macrophage phagocytic activity [12], neutrophil chemotaxis, and proinflammatory cytokines (interleukin (IL)-6, IL-12, tumor necrosis factor (TNF)-α) 

production [13,14]. Leptin stimulates the proliferation of T helper 1 cell (Th1) and inhibits the proliferation of regulatory T cells and Th2 cells [11,15,16]. 

Moreover, deficiency of leptin signaling or low leptin levels is reported to increase the malfunction of the immune system and the risk of infections [17]. 

 

 Association between VL and leptin levels 

A high Th2 and low Th1 cytokine production as well as regulatory T cells producing IL-10 are associated with VL pathogenesis [18,19]. Hence, the inverse 

effects of leptin might offer protection from VL. Furthermore, L. donovani infection in experimental animals affects the serum leptin levels and triglyceride 

levels [20], and lower serum leptin levels in VL patients are positively correlated with severity parameters [21]. Likewise, the dysregulation of leptin 

(adipokine) production during VL may cause immune dysfunction and this could be one of the host evasion mechanisms exhibited by L. donovani parasite. 

Also, altered lipid profiles in the host may be responsible for the drop in leptin levels during L. donovani infection [22]. Hence, hyperlipidemia may offer 

protection to the VL [23] by inducing leptin production. 

 Sexual dimorphism in leptin levels 

Leptin exhibits sexual dimorphism with relatively higher levels in women [24-26]. The average leptin levels in males and females are 0.17±0.01 ng/ml/kg 

and 0.49 ± 0.05 ng/ml/kg respectively [24]. This is because at equal body mass index women have 10% higher body fat mass than men [27]. In contrast, 

independent of relative variation in total body fat mass, the plasma leptin levels are three-fold higher in women (19.9 ± 15.0 ng/ml) than in men (6.2 ± 3.5 

ng/ml) [28]. It suggests that the gender-based difference in leptin levels is influenced by several factors. Sex steroids are one such important regulator 

[24] that shows the contrasting effect on leptin production. Testosterone in males [9,29] and estrogens in females [9,26] are likely to suppress and arouse 

leptin production, respectively. In addition, subcutaneous fat may also contribute to the higher leptin levels in women compared to men [25]. 

Conclusion 

In conclusion, the sexual dimorphism in leptin levels is likely to evolve as a molecular and/or epidemiological marker in gender-based prevalence studies 

of VL. Epidemiological surveys on gender-based plasma leptin levels will contribute to understanding the relationship between leptin levels and male 

susceptibility to VL. The plasma leptin levels in pre- and post-treated male VL patients will help in assessing disease severity and rate of cure.     Hence, leptin 

could be considered a prognostic marker for VL severity. In addition, strategies  could also be framed in the form of diet or medicine to improve leptin levels 

in males as a preventive measure. The same can be employed in the future VL elimination programs from the public health point of view. 

Acknowledgments 

We sincerely thank the ICMR-RMRIMS for providing basic facilities to draft and submit this manuscript. 

Conflict of Interest 

The authors declared no conflicts. 

 

REFERENCES 

 

1. https://dndi.org/diseases/visceral-leishmaniasis/facts/# 

2. Vijayakumar S, Das P (2018) Recent progress in drug targets and inhibitors towards combating leishmaniasis. Acta Trop181:95-104.  

3. Cloots K, Burza S, Malaviya P, Hasker E, Kansal S, Mollett G, Chakravarty J, Roy N, Lal BK, Rijal S, Sundar S, Boelaert M (2020) Male 

predominance in reported Visceral Leishmaniasis cases: Nature or nurture? A comparison of population-based with health facility-reported 

data. PLoS Negl Trop Dis 14(1):e0007995.  

4. Pimentel KBA, Oliveira RS, Aragão CF, Aquino Júnior J, Moura MES, Guimarães-E- Silva AS, V. C. S. PinheiroE. G. R. GonçalvesA. R. 

Silva (2022) Prediction of visceral leishmaniasis incidence using the Seasonal Autoregressive Integrated Moving Average model (SARIMA) 

in the state of Maranhão, Brazil. Braz J Biol 84. 2024:e257402.  

5. Palma D, Mercuriali L, Figuerola J, Montalvo T, Bueno-Marí R, Millet JP, Simón P, Masdeu E, Rius C (2021) Trends in the Epidemiology 

of Leishmaniasis in the City of Barcelona (1996-2019). Front Vet Sci 8:653999. 

https://dndi.org/diseases/visceral-leishmaniasis/facts/


International Journal of Research Publication and Reviews, Vol 4, no 6, pp 247-250, June 2023                                  249 

 

6. Ádila L M Lima, Iraci D de Lima, José F V Coutinho, Úrsula P S T de Sousa, Marcos A G Rodrigues, Mary E Wilson, Richard D Pearson, 

José W Queiroz, Selma M B Jerônimo (2017) Changing epidemiology of visceral leishmaniasis in northeastern Brazil: a 25-year follow-up of 

an urban outbreak. Trans. R. Soc. Trop. Med. Hyg 111(10):440–447. 

7. Klein SL, Flanagan KL (2106) Sex differences in immune responses. Nat Rev Immunol 16:626–38.  

8. La Cava A, Matarese G (2004) The weight of leptin in immunity. Nat Rev Immunol 4:371–9.  

9. Moon HS, Dalamaga M, Kim SY, Polyzos SA, Hamnvik OP, Magkos F, Paruthi J, Mantzoros CS (2013) Leptin's role in lipodystrophic and 

nonlipodystrophic insulin-resistant and diabetic individuals. Endocr Rev 34(3):377-412. 

10. Zhang F, Basinski MB, Beals JM, Briggs SL, Churgay LM, Clawson DK, DiMarchi RD, Furman TC, Hale JE, Hsiung HM, Schoner BE, 

Smith DP, Zhang XY, Wery JP, Schevitz RW (1997) Crystal structure of the obese protein leptin-E100. Nature 387(6629):206-9. 

11. Carbone F, La Rocca C, Matarese G (2012) Immunological functions of leptin and adiponectin. Biochimie 94:2082–8.  

12. Dayakar A, Chandrasekaran S, Veronica J, Maurya R (2016) Leptin induces the phagocytosis and protective immune response in Leishmania 

donovani infected THP-1 cell line and human PBMCs. Exp Parasitol 160:54–9.  

13. Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, Lechler RI (1998) Leptin modulates  the T-cell immune response and reverses 

starvation-induced immunosuppression. Nature 394:897–901. 

14. Loffreda S, Yang SQ, Lin HZ, Karp CL, Brengman ML, Wang DJ, Klein AS, Bulkley GB, Bao C, Noble PW, Lane MD, Diehl AM (1998) 

Leptin regulates proinflammatory immune responses. FASEB J 12(1):57-65.  

15. Veronica De Rosa, Claudio Procaccini, Gaetano Calì, Giuseppe Pirozzi, Silvia Fontana, Serafino Zappacosta, Antonio La Cava, Giuseppe 

Matarese (2007) A Key Role of Leptin in the Control of Regulatory T Cell Proliferation. Immunity 26(2):241-255. 

16. Martín-Romero C, Santos-Alvarez J, Goberna R, Sánchez-Margalet V (2000) Human leptin enhances activation and proliferation of human 

circulating T lymphocytes. Cell Immunol 199:15–24.  

17. Alti D, Sambamurthy C, Kalangi SK (2018) Emergence of Leptin in Infection and Immunity:   Scope and Challenges in Vaccines Formulation. 

Front Cell Infect Microbiol  8:147.  

18. Ghalib HW, Whittle JA, Kubin M, Hashim FA, el-Hassan AM, Grabstein KH, Trinchieri G, Reed SG (1995) IL-12 enhances Th1-type 

responses in human Leishmania donovani infections. J Immunol 154(9):4623-9.  

19. Faleiro RJ, Kumar R, Hafner LM, Engwerda CR (2014) Immune regulation during chronic visceral leishmaniasis. PLoS Negl

 Trop Dis  8:e2914.  

20. Dayakar A, Chandrasekaran S, Veronica J, Bharadwaja V, Maurya R (2017) Leptin regulates Granzyme-A, PD-1 and CTLA-4 expression in 

T cell to control visceral leishmaniasis in BALB/c Mice. Sci Rep 7:14664.  

21. Fievez AM da C, Silva-Freitas ML, Sousa A de Q, Santos-Oliveira JR, Da-Cruz AM (2019) Lower levels of leptin are associated with severity 

parameters in visceral leishmaniasis patients. PLoS One 14:e0214413.  

22. Martinez CR, Ruiz CJ (2019) Alterations in host lipid metabolism produced during visceral Leishmaniasis infections. Curr Trop Med Reports 

6:250–5. 

23. Ghosh J, Das S, Guha R, Ghosh D, Naskar K, Das A, Roy S (2012) Hyperlipidemia offers protection against Leishmania donovani infection: 

role of membrane cholesterol. J Lipid Res 53(12):2560-72. 

24. Rosenbaum M, Leibel RL (1999) Clinical review 107: Role of gonadal steroids in the sexual dimorphisms in body composition and circulating 

concentrations of leptin. J Clin Endocrinol Metab 84:1784–9.  

25. Montague CT, Prins JB, Sanders L, Digby JE, O’Rahilly S (1997) Depot- and sex-specific differences in human leptin mRNA expression: 

implications for the control of regional fat distribution. Diabetes 46:342–7.  

26. Di Carlo C, Tommaselli GA, Nappi C (2002) Effects of sex steroid hormones and menopause on serum leptin concentrations. Gynecol 

Endocrinol Off J Int Soc Gynecol Endocrinol 16:479–91. 

27. Jackson A, Stanforth, P, Gagnon J,   Rankinen T,  Leon AS,  Rao DC,   Skinner JS, Bouchard C,  Wilmore  JH (2002) The effect of sex, age 

and race on estimating percentage body fat from body mass index: The Heritage Family Study. Int J Obes 26:789–796. 

28. Couillard C, Mauriège P, Prud'homme D, Nadeau A, Tremblay A, Bouchard C, Després JP (1997) Plasma leptin concentrations: gender 

differences and associations with metabolic risk factors for cardiovascular disease. Diabetologia 40(10):1178-84. 

29. Luukkaa V, Pesonen U, Huhtaniemi I, Lehtonen A, Tilvis R, Tuomilehto J, Koulu M, Huupponen R (1998) Inverse correlation between serum 

testosterone and leptin in men. J Clin Endocrinol Metab 83(9):3243-6. 

30. vom Steeg LG, Klein SL. SeXX matters in infectious disease pathogenesis. PLoS Pathog 12: e1005374, 2016. 

31. Guerra-Silveira F, Abad-Franch F. Sex bias in infectious disease epidemiology: patterns and processes. PLoS One 8: e62390, 2013. 

32. Oertelt-Prigione S. The influence of sex and gender on the immune response. Autoimmun Rev 11: A479-A485, 2012.  

https://www.nature.com/articles/0802006#auth-T-Rankinen
https://www.nature.com/articles/0802006#auth-AS-Leon
https://www.nature.com/articles/0802006#auth-DC-Rao
https://www.nature.com/articles/0802006#auth-JS-Skinner
https://www.nature.com/articles/0802006#auth-C-Bouchard
https://www.nature.com/articles/0802006#auth-JH-Wilmore


International Journal of Research Publication and Reviews, Vol 4, no 6, pp 247-250, June 2023                                  250 

 

 

 

Figure 1. Possible relation between sexual dimorphism in leptin levels and risk of VL 


