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Abstract:  
Obesity is an increasing worldwide health problem, which linked to many health consequences as diabetes 

mellitus, hypertension and male infertility. Obesity is associated with low testosterone levels in men. Several 

mechanisms are involved in decreasing testosterone levels in obese men such as dyslipidemia, inflammation, 

oxidative stress and low adiponectin levels.  Adiponectin, an adipokine secreted from adipose tissue and its level 
is decreased in obese subjects. It may play a role in decreasing testosterone levels in obese subjects.  This 

review article, discusses causes of low testosterone levels associated with obesity, causes of decreased 

adiponectin levels in obesity and its association to testosterone.  
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I. Introduction  
 Obesity is a major health problem. Its rate is increasing all over the world 1. It is mainly caused by a 

positive energy balance in the form of increased energy intake levels than energy expenditure levels 1. It is 

related to many health problems affecting several body systems 2. Cardiovascular diseases, hypertension, 

dyslipidemia, Diabetes mellitus, cancer, arthritis, gastrointestinal diseases, respiratory diseases, male infertility, 

and mortality are linked to obesity 3,4. Obesity may affect all male fertility parameters including semen 

parameters and hormonal levels. Obesity is associated with lower semen volume, sperm count, sperm motility, 

and a higher percentage of abnormal sperms 5. Lower testosterone levels are found associated with obesity 6. 
Many mechanisms are involved in lowering testosterone levels in obese subjects, However, the exact 

mechanism is still unclear 7. 

 

II. Effect of obesity on testosterone levels 
            An inverse relationship between testosterone levels and Body mass index (BMI) in men was detected by 

several studies. Rastrelli et al
8
 detected that obesity is predisposed to testosterone deficiency that can be 

reversed by weight loss. Eriksson et al
9 and Amjad et al

6 observed that increased BMI was associated with 

decreased serum testosterone levels in men.  

          Testosterone deficiency predisposes to infertility, in addition, it is considered a biomarker for mortality 
and morbidity in men10. Decreased muscle mass, decreased bone mineral density11, high triglycerides (TG) 

levels, low high-density lipoprotein cholesterol (HDL-c) levels, hypertension, atherosclerosis, myocardial 

infarction, increased insulin resistance, and increased risk of diabetes mellitus are related to low testosterone 

levels 
12

. 

 
Mechanisms of how obesity affects testosterone levels  

         Obesity can alter testosterone levels by either acting peripherally on the gonads or centrally through its 
effect on the hypothalamic-pituitary-gonadal (HPG) axis13

. 

 

The direct effect of obesity on male gonads 

Oxidative stress associated with obesity can directly damage testicular tissues decreasing testosterone 

secretion 14,15
. Another way of how obesity can directly affect testosterone levels is through causing obstructive 

sleep apnea16
. Obstructive sleep apnea increased in obesity, reduces circulating serum testosterone levels and the 

degree is related to the severity of hypoxia during sleep 17,18
. 
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Effect of obesity on HPG axis 

           Under normal conditions, gonadotropin-releasing hormone (GnRH) is secreted from the hypothalamus 

which influences the pituitary gland to secrete follicle-stimulating hormone (FSH) and leutinizing hormone 
(LH) that act on testicles to stimulate spermatogenesis and steroidogenesis, respectively19.  

Obesity can decrease testosterone levels by affecting the HPG axis through many mechanisms:  

1- Obesity through high aromatase enzyme expression in adipocytes converts testosterone to estradiol so 

decreasing testosterone levels20.  Estradiol then acts on the HPG axis to negatively inhibit GnRH and LH 

release which contributes to the reduction in gonadal testosterone release21. 

2- Obesity is a pro-inflammatory state that predisposes to systemic chronic low-grade inflammation22. 

Macrophages infiltrating hyperplastic adipose tissues will induce more Pro-inflammatory cytokines (as 

TNF-α) and chemokines (as monocyte attractant protein-1) attracting more monocytes which are converted 

to macrophages inducing more TNF-α production creating a self-intensifying cycle with a systemic chronic 

low-grade inflammation 23. These increased TNF- α levels associated with obesity can directly inhibit LH 
16,24. 

3- Several adipokines released from adipose tissues may influence the HPG axis as Leptin and adiponectin 22. 

Leptin stimulates the expression of GnRH from the hypothalamus as well as increasing LH secretion25. 

However, Obesity generates a leptin-resistant state with high leptin levels and low testosterone levels 26. 

Adiponectin levels are decreased in obesity 27. It directly affects the HPG axis at all levels22,28
.  

In addition, dyslipidemia associated with obesity may affect testosterone production. Low testosterone levels 

were found associated with low HDL-c and high TG levels in men
12

. TG levels were described as a significant 

risk factor for decreased serum testosterone levels in men 29. Insulin resistance related to obesity also can alter 

testosterone levels, since insulin resistance increases TG levels by decreasing their clearance30, which could 

lower testosterone levels. 

 

III. Adiponectin hormone 
               Adipose tissues not only act as energy stores but also they are considered endocrine organs. They 

secrete different types of adipokines, cytokines, and chemokines. Adipokines as adiponectin secreted from 

adipose tissues act as hormones affecting glucose and lipid metabolism while their secretions are altered in 

obesity affecting body metabolism31. 

  Scherer et al
32

 first discovered adiponectin describing it as a new protein produced in adipocyte and 

released in the circulation. Skeletal and cardiac muscles are also capable of producing adiponectin33,34
. It 

performs its function through binding to Adiponectin receptor 1 (Adipo R1) and Adipo R2 35.  Adiponectin 

receptors are expressed in many tissues as in the pituitary gland, the hypothalamus, skeletal muscles, the liver, 

the testis, macrophages, and the pancreas 36,37,38
. 

            Adiponectin stimulates insulin secretion thus it has a hypoglycemic effect 39. It also enhances glucose 
uptake and increases insulin sensitivity in both adipocytes and muscles 34,40

. 

 

Adiponectin levels in obesity 

             Low adiponectin levels are found associated with obesity, these levels increase after weight loss27,41. 

Adiponectin levels are inversely associated with BMI 42,43. Adipo R1 and Adipo R2 are downregulated in 

obesity and are increased after weight loss 44
.  

Obesity negatively influences adiponectin levels through many possible mechanisms. In obesity, 

adipocytes develop a chronic inflammatory state with the secretion of multiple inflammatory cytokines as TNF-

α and interleukin- 6 (IL-6) which negatively influence adiponectin 45. TNF-α and IL-6 act on adipocyte and 

decrease adiponectin mRNA stability and mRNA expression thus decreasing adiponectin formation, glucose 

uptake, and insulin sensitivity 46,46. Suppression of TNF-α increased adiponectin levels again48
. Fetuin-A, a 

glycoprotein secreted by the liver and increased in high-fat diet intake, decreases adiponectin levels, it is also 

upregulated by TNF-α49. In addition, Chronic inflammatory conditions associated with obesity and its 

complications as metabolic syndrome and diabetes mellitus are associated with increased oxidative stress that 

decreases adiponectin formation50.  

The relation between obesity and adiponectin runs in a vicious circle, increased visceral fat mass and the 

inflammatory state developed in obesity lower adiponectin levels45. Low adiponectin further induces an insulin 

resistance state34, and which further stimulates glucose and glycogen conversion into fats to be taken by organs 

increasing fat accumulation in organs like the liver and skeletal muscles51
. Visceral fat accumulation further 

inhibits adiponectin production and so on51. 

 

Adiponectin relation to testosterone in obesity 

Serum adiponectin levels show a statistically significant positive correlation with serum testosterone in 
obese adult men 52. Riestra et al

53 detected a significant positive correlation between adiponectin and sex 
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hormone-binding globulin (SHBG) in adolescent males and females while no significant correlation between 

adiponectin and testosterone. While, in old men, Song et al
54 detected no significant correlation between 

adiponectin and testosterone. Different testosterone levels in these different age groups might explain these 
different results. 

Adiponectin can regulate testosterone secretion possibly through acting on the HPG axis 
55, 56

, Since 

Adipo R1 and R2 are expressed in human pituitary and hypothalamus glands38
. Adiponectin inhibits GnRH 

secretion from the hypothalamus and LH release from the pituitary gland 57. It can directly affect testosterone 

levels as adiponectin receptors were identified in testis 37. Adiponectin administration in rats reduced 

testosterone at a testicular level58. 

 Adiponectin levels are decreased in obesity27
, which decreases adiponectin inhibition on GnRH and LH 

secretion and increases testosterone levels. However, adiponectin can also affect testosterone through other 

possible ways: 

1-  Low adiponectin levels associated with obesity increase TG levels by decreasing TG catabolism 59.  High TG 

levels are considered a significant risk factor of low testosterone levels in men 29. 
2- Adiponectin decreases hepatic TNF-α production, so with low adiponectin levels, TNF-α production is 

increased 60. TNF-α can directly inhibit LH secretion from the pituitary gland16,24
. In addition, TNF- α induces 

lipolysis in adipose tissues and stimulates hepatic de novo fatty acid synthesis and TG production61
, which could 

affect testosterone levels.  

3-Insulin resistance associated with low adiponectin levels62
 could affect testosterone through increasing TG 

levels
30

. 

4- High oxidative stress levels are associated with low adiponectin which decreases testosterone levels through 

acting directly on the testicles15. 

Although low adiponectin levels when acting directly on the hypothalamus, the pituitary and the testis 

could increase testosterone levels, it also could decrease testosterone levels by causing insulin resistance, 

increasing TG levels, and increasing TNF-α levels. The net effect of adiponectin on testosterone could be the 

sum of all these mechanisms. 
 

IV. Conclusion 

Obesity is a worldwide problem that is linked to many health problems as low testosterone levels. 

Several mechanisms can explain low testosterone levels in obesity. One of them could be adiponectin, its level 

is decreased in obesity and can affect testosterone levels in several ways either directly on the pituitary, the 

hypothalamus, and the testis or indirectly through altering insulin sensitivity, TG, and TNF-α levels. 

 

References  
[1]. Mitchell, N. S., Catenacci, V. A., Wyatt, H. R., & Hill, J. O. (2011). Obesity: overview of an epidemic.  Psychiatric clinics, 34(4), 

  ‏.717-732
[2]. Williams, E. P., Mesidor, M., Winters, K., Dubbert, P. M., & Wyatt, S. B. (2015). Overweight and obesity: prevalence, 

consequences, and causes of a growing public health problem. Current obesity reports, 4(3), 363-370. 

[3]. Hruby, A., Manson, J. E., Qi, L., Malik, V. S., Rimm, E. B., Sun, Q., ... & Hu, F. B. (2016). Determinants and consequences of 

obesity. American journal of public health, 106(9), 1656-1662.‏ 

[4]. Wadden, TA., & Bray, GA. (2018). Hand book of obesity treatment, 1(2), 6-19. 

[5]. Ramaraju, G. A., Teppala, S., Prathigudupu, K., Kalagara, M., Thota, S., Kota, M., & Cheemakurthi, R. (2018). Association 

between obesity and sperm quality. Andrologia, 50(3), e12888. 

[6]. Amjad, S., Baig, M., Zahid, N., Tariq, S., & Rehman, R. (2019). Association between leptin, obesity, hormonal interplay and male 

infertility. Andrologia, 51(1), e13147.‏ 

[7]. Zhai, L., Zhao, J., Zhu, Y., Liu, Q., Niu, W., Liu, C., & Wang, Y. (2018). Downregulation of leptin receptor and kisspeptin/GPR54 

in the murine hypothalamus contributes to male hypogonadism caused by high-fat diet-induced obesity. Endocrine, 62(1), 195-206.‏ 

[8]. Rastrelli, G., Carter, E. L., Ahern, T., Finn, J. D., Antonio, L., O'Neill, T. W., ... & Maggi, M. (2015). Development of and recovery 

from secondary hypogonadism in aging men: prospective results from the EMAS. The Journal of Clinical Endocrinology & 

Metabolism, 100(8), 3172-3182. 

[9]. Eriksson, J., Haring, R., Grarup, N., Vandenput, L., Wallaschofski, H., Lorentzen, E., ... & Lorentzon, M. (2017). Causal 

relationship between obesity and serum testosterone status in men: A bi-directional mendelian randomization analysis. PloS 

one, 12(4), e0176277.  

[10]. Morgentaler, A., Miner, M. M., Caliber, M., Guay, A. T., Khera, M., & Traish, A. M. (2015). Testosterone therapy and 

cardiovascular risk: advances and controversies. Mayo Clinic Proceedings, 90(2), 224-251. 

[11].  Cunningham, G. R., Stephens-Shields, A. J., Rosen, R. C., Wang, C., Ellenberg, S. S., Matsumoto, A. M., ... & Barrett-Connor, E. 

(2015). Association of sex hormones with sexual function, vitality, and physical function of symptomatic older men with low 

testosterone levels at baseline in the testosterone trials. The Journal of Clinical Endocrinology & Metabolism, 100(3), 1146-1155. 

[12]. Fernández-Miró, M., Chillarón, J. J., & Pedro-Botet, J. (2016). Testosterone deficiency, metabolic syndrome and diabetes 

mellitus. Medicina Clínica (English Edition), 146(2), 69-73. 

[13]. Martini, A. C., Molina, R. I., Ruiz, R. D., & Fiol de Cuneo, M. (2012). Obesity and male fertility. Revista de la Facultad de 

Ciencias Medicas (Cordoba, Argentina), 69(2), 102-110.‏ 

[14].  Zhao, J., Zhai, L., Liu, Z., Wu, S., & Xu, L. (2014). Leptin level and oxidative stress contribute to obesity-induced low testosterone 

in murine testicular tissue. Oxidative medicine and cellular longevity, 2014.‏ 



Obesity associated low testosterone levels: Role of adiponectin 

DOI: 10.9790/0853-2006094852                                www.iosrjournal.org                                               51 | Page 

[15]. Abbasihormozi, S., & Babapour, V. (2019). Stress hormone and oxidative stress biomarkers link obesity and diabetes with reduced 

fertility potential. Cell Journal (Yakhteh), 21(3), 307-313.‏ 

[16]. Lamm, S., Chidakel, A., & Bansal, R. (2016). Obesity and hypogonadism. Urologic Clinics, 43(2), 239-245. 

[17]. Burschtin, O., & Wang, J. (2016). Testosterone deficiency and sleep apnea. Sleep medicine clinics, 11(4), 525-529.‏ 
[18]. Viana Jr, A., Daflon, A. C., Couto, A., Neves, D., de Araujo-Melo, M. H., & Capasso, R. (2017). Nocturnal hypoxemia is 

associated with low testosterone levels in overweight males and older men with normal weight. Journal of Clinical Sleep 

Medicine, 13(12), 1395-1401. 

[19]. Kahn, B. E., & Brannigan, R. E. (2017). Obesity and male infertility. Current Opinion in Urology, 27(5), 441-445. 

[20]. Kelly, D. M., & Jones, T. H. (2015). Testosterone and obesity. Obesity Reviews, 16(7), 581-606.‏ 

[21]. Liu, Y., & Ding, Z. (2017). Obesity, a serious etiologic factor for male subfertility in modern society. Reproduction, 154(4), R123-

R131. 

[22]. Tsatsanis, C., Dermitzaki, E., Avgoustinaki, P., Malliaraki, N., Mytaras, V., & Margioris, A. N. (2015). The impact of adipose 

tissue-derived factors on the hypothalamic-pituitary-gonadal (HPG) axis. Hormones, 14(4), 549-562.‏ 

[23]. Ray, I., Mahata, S. K., & De, R. K. (2016). Obesity: an immunometabolic perspective. Frontiers in endocrinology, 7, 157. 

[24]. Huang, G., Yuan, M., Zhang, J., Li, J., Gong, D., Li, Y., ... & Huang, L. (2016). IL-6 mediates differentiation disorder during 

spermatogenesis in obesity-associated inflammation by affecting the expression of Zfp637 through the SOCS3/STAT3 

pathway. Scientific reports, 6(1), 1-11. ‏ 
[25]. Dagklis, T., Kouvelas, D., Kallaras, K., Papazisis, G., Petousis, S., Margioula-Siarkou, C., ... & Tarlatzis, B. C. (2015). Leptin 

increases luteinizing hormone secretion of fasting female rats. Clinical and experimental obstetrics & gynecology, 42(1), 18-21.‏ 

[26]. Yi, X., Gao, H., Chen, D., Tang, D., Huang, W., Li, T., ... & Chang, B. (2017). Effects of obesity and exercise on testicular leptin 

signal transduction and testosterone biosynthesis in male mice. American Journal of Physiology-Regulatory, Integrative and 

Comparative Physiology, 312(4), R501-R510.‏ 
[27]. Meyer, L. K., Ciaraldi, T. P., Henry, R. R., Wittgrove, A. C., & Phillips, S. A. (2013). Adipose tissue depot and cell size 

dependency of adiponectin synthesis and secretion in human obesity. Adipocyte, 2(4), 217-226.‏ 

[28]. Kiezun, M., Smolinska, N., Maleszka, A., Dobrzyn, K., Szeszko, K., & Kaminski, T. (2014). Adiponectin expression in the porcine 

pituitary during the estrous cycle and its effect on LH and FSH secretion. American Journal of Physiology-Endocrinology and 

Metabolism, 307(11), E1038-E1046.‏ 

[29]. Hagiuda, J., Ishikawa, H., Furuuchi, T., Hanawa, Y., & Marumo, K. (2014). Relationship between dyslipidaemia and semen quality 

and serum sex hormone levels: an infertility study of 167 Japanese patients. Andrologia, 46(2), 131-135. 

[30]. Björnson, E., Adiels, M., Taskinen, M. R., & Borén, J. (2017). Kinetics of plasma triglycerides in abdominal obesity. Current 

opinion in lipidology, 28(1), 11-18. 

[31]. Matafome, P., & Seiça, R. (2017). Function and dysfunction of adipose tissue. Obesity and Brain Function, 19, 3-31. 

[32]. Scherer, P. E., Williams, S., Fogliano, M., Baldini, G., & Lodish, H. F. (1995). A novel serum protein similar to C1q, produced 

exclusively in adipocytes. Journal of Biological chemistry, 270(45), 26746-26749.‏ 

[33]. Amin, R. H., Mathews, S. T., Alli, A., & Leff, T. (2010). Endogenously produced adiponectin protects cardiomyocytes from 

hypertrophy by a PPARγ-dependent autocrine mechanism. American Journal of Physiology-Heart and Circulatory 

Physiology, 299(3), H690-H698.‏ 
[34]. Liu, Y., & Sweeney, G. (2014). Adiponectin action in skeletal muscle. Best practice & research Clinical endocrinology & 

metabolism, 28(1), 33-41. 

[35]. Yamauchi, T., Kamon, J., Ito, Y., Tsuchida, A., Yokomizo, T., Kita, S., ... & Murakami, K. (2003). Cloning of adiponectin 

receptors that mediate antidiabetic metabolic effects. Nature, 423(6941), 762-769.‏ 

[36]. Yamauchi, T., Nio, Y., Maki, T., Kobayashi, M., Takazawa, T., Iwabu, M., ... & Ito, Y. (2007). Targeted disruption of AdipoR1  

and AdipoR2 causes abrogation of adiponectin binding and metabolic actions. Nature medicine, 13(3), 332-339. 

[37]. Caminos, J. E., Nogueiras, R., Gaytán, F., Pineda, R., Gonzalez, C. R., Barreiro, M. L., ... & Diéguez, C. (2008). Novel expression 

and direct effects of adiponectin in the rat testis. Endocrinology, 149(7), 3390-3402.‏ 

[38]. Psilopanagioti, A., Papadaki, H., Kranioti, E. F., Alexandrides, T. K., & Varakis, J. N. (2009). Expression of adiponectin and 

adiponectin receptors in human pituitary gland and brain. Neuroendocrinology, 89(1), 38-47.‏ 

[39]. Lee, Y. H., Magkos, F., Mantzoros, C. S., & Kang, E. S. (2011). Effects of leptin and adiponectin on pancreatic β-cell 

function. Metabolism, 60(12), 1664-1672.‏ 

[40]. Wedellová, Z., Dietrich, J., Siklova-Vitkova, M., Kolostova, K., Kovacikova, M., Duskova, M., ... & Polak, J. (2011). Adiponectin 

inhibits spontaneous and catecholamine-induced lipolysis in human adipocytes of non-obese subjects through AMPK-dependent 

mechanisms. Physiological research, 60(1), 139-148. 

[41]. Tam, C. S., Redman, L. M., Greenway, F., LeBlanc, K. A., Haussmann, M. G., & Ravussin, E. (2016). Energy metabolic adaptation 

and cardiometabolic improvements one year after gastric bypass, sleeve gastrectomy, and gastric band. The Journal of Clinical 

Endocrinology & Metabolism, 101(10), 3755-3764.‏ 

[42]. Herder, C., Peltonen, M., Svensson, P. A., Carstensen, M., Jacobson, P., Roden, M., ... & Carlsson, L. (2014). Adiponectin and 

bariatric surgery: associations with diabetes and cardiovascular disease in the Swedish Obese Subjects Study. Diabetes care, 37(5), 

 ‏.1401-1409

[43]. Kim, A. Y., Park, Y. J., Pan, X., Shin, K. C., Kwak, S. H., Bassas, A. F., ... & Kim, J. B. (2015). Obesity-induced DNA 

hypermethylation of the adiponectin gene mediates insulin resistance. Nature communications, 6(1), 1-11. 

[44]. Rasmussen, M. S., Lihn, A. S., Pedersen, S. B., Bruun, J. M., Rasmussen, M., & Richelsen, B. (2006). Adiponectin receptors in 

human adipose tissue: effects of obesity, weight loss, and fat depots. Obesity, 14(1), 28-35.‏ 
[45]. Ghigliotti, G., Barisione, C., Garibaldi, S., Fabbi, P., Brunelli, C., Spallarossa, P., ... & Arsenescu, R. (2014). Adipose tissue 

immune response: novel triggers and consequences for chronic inflammatory conditions. Inflammation, 37(4), 1337-1353.‏ 

[46]. Hajri, T., Tao, H., Wattacheril, J., Marks-Shulman, P., & Abumrad, N. N. (2011). Regulation of adiponectin production by insulin: 

interactions with tumor necrosis factor-α and interleukin-6. American Journal of Physiology-Endocrinology and 

Metabolism, 300(2), E350-E360.‏ 

[47]. Wang, Y., Wang, H., Hegde, V., Dubuisson, O., Gao, Z., Dhurandhar, N. V., & Ye, J. (2013). Interplay of pro-and anti-

inflammatory cytokines to determine lipid accretion in adipocytes. International journal of obesity, 37(11), 1490-1498. 



Obesity associated low testosterone levels: Role of adiponectin 

DOI: 10.9790/0853-2006094852                                www.iosrjournal.org                                               52 | Page 

[48]. Nishida, K., Okada, Y., Nawata, M., Saito, K., & Tanaka, Y. (2007). Induction of hyperadiponectinemia following long-term 

treatment of patients with rheumatoid arthritis with infliximab (IFX), an anti-TNF-alpha antibody. Endocrine journal, 0802060063-

 ‏.0802060063

[49]. Agarwal, S., Chattopadhyay, M., Mukherjee, S., Dasgupta, S., Mukhopadhyay, S., & Bhattacharya, S. (2017). Fetuin-A 

downregulates adiponectin through Wnt-PPARγ pathway in lipid induced inflamed adipocyte. Biochimica et Biophysica Acta 

(BBA)-Molecular Basis of Disease, 1863(1), 174-181.‏  

[50]. Kim, J. A., Nuñez, M., Briggs, D. B., Laskowski, B. L., Chhun, J. J., Eleid, J. K., ... & Tsao, T. S. (2012). Extracellular conversion 

of adiponectin hexamers into trimers. Bioscience reports, 32(6), 641-652. 

[51]. Parida, S., Siddharth, S., & Sharma, D. (2019). Adiponectin, obesity, and cancer: Clash of the bigwigs in health and 

disease. International journal of molecular sciences, 20(10), 2519. 

[52]. Thomas, S., Kratzsch, D., Schaab, M., Scholz, M., Grunewald, S., Thiery, J., ... & Kratzsch, J. (2013). Seminal plasma adipokine 

levels are correlated with functional characteristics of spermatozoa. Fertility and sterility, 99(5), 1256-1263.‏ 

[53]. Riestra, P., Garcia-Anguita, A., Ortega, L., & Garcés, C. (2013). Relationship of adiponectin with sex hormone levels in 

adolescents. Hormone research in paediatrics, 79(2), 83-87.‏ 

[54]. Song, H. J., Oh, S., Quan, S., Ryu, O. H., Jeong, J. Y., Hong, K. S., & Kim, D. H. (2014). Gender differences in adiponectin levels 

and body composition in older adults: Hallym aging study. BMC geriatrics, 14(1), 1-8.‏  

[55]. Kubota, N., Yano, W., Kubota, T., Yamauchi, T., Itoh, S., Kumagai, H., ... & Suzuki, R. (2007). Adiponectin stimulates AMP-

activated protein kinase in the hypothalamus and increases food intake. Cell metabolism, 6(1), 55-68.  

[56]. Wen, J. P., Lv, W. S., Yang, J., Nie, A. F., Cheng, X. B., Yang, Y., ... & Ning, G. (2008). Globular adiponectin inhibits GnRH 

secretion from GT1-7 hypothalamic GnRH neurons by induction of hyperpolarization of membrane potential. Biochemical and 

biophysical research communications, 371(4), 756-761.‏ 

[57]. Cheng, X. B., Wen, J. P., Yang, J., Yang, Y., Ning, G., & Li, X. Y. (2011). GnRH secretion is inhibited by adiponectin through 

activation of AMP-activated protein kinase and extracellular signal-regulated kinase. Endocrine, 39(1), 6-12.  

[58]. Pfaehler, A., Nanjappa, M. K., Coleman, E. S., Mansour, M., Wanders, D., Plaisance, E. P., ... & Akingbemi, B. T. (2012). 

Regulation of adiponectin secretion by soy isoflavones has implication for endocrine function of the testis.  Toxicology 

letters, 209(1), 78-85.‏ 

[59]. Christou, G. A., & Kiortsis, D. N. (2013). Adiponectin and lipoprotein metabolism. Obesity reviews, 14(12), 939-949.‏ 

[60]. Xu, A., Wang, Y., Keshaw, H., Xu, L. Y., Lam, K. S., & Cooper, G. J. (2003). The fat-derived hormone adiponectin alleviates 

alcoholic and nonalcoholic fatty liver diseases in mice. The Journal of clinical investigation, 112(1), 91-100.‏ 
[61]. Feingold, K. R., & Grunfeld, C. (2018). Obesity and dyslipidemia. In Endotext [Internet]. Available from: https:// 

www.ncbi.nlm.nih.gov/ sites/books/NBK305895/ 

[62]. Gao, H., Fall, T., van Dam, R. M., Flyvbjerg, A., Zethelius, B., Ingelsson, E., & Hägg, S. (2013). Evidence of a causal relationship 

between adiponectin levels and insulin sensitivity: a Mendelian randomization study. Diabetes, 62(4), 1338-1344.‏ 
 

Asmaa A. Muhammed, et. al. “Obesity associated low testosterone levels: Role of adiponectin.”IOSR 

Journal of Dental and Medical Sciences (IOSR-JDMS), 20(06), 2021, pp. 48-52 

 

 

http://www.ncbi.nlm.nih.gov/

