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One of the critical factors with a broad impact on health is obesity. Besides its cardiovascular
comorbidities, obesity’s probable association with hypogonadotropic hypogonadism in
men will be discussed in this article by reporting a severely obese boy, presenting with the
absence of secondary sexual characteristics and hypertension. The hypothalamus-pituitarygonadal axis can be influenced by several mechanisms at different levels of the axis. Some
of these pathophysiological mechanisms, related to our case are explained to explore the
association of obesity with reproductive disorders. Adipose tissue plays a prominent role in
the metabolism of hormones that are secreted by other glands. Obesity as a preventable risk
factor is valuable to be researched, to decrease the burden of its morbidity and mortality.
Thus more studies should be done in the future to determine the complex network of factors
contributing to hormonal imbalances seen in obese people.

Introduction

nlike in past decades, obesity and its complications have nowadays become one of
the most common health concerns. The increasing prevalence of obesity, both in developed and developing countries shows
its important impact on the health of societies [1, 2].
Body Mass Index (BMI), as an indicator of diagnosing
and treating obesity, is calculated by the body weight in

kilograms divided by the height in meters squared. Based
on WHO guidelines, people with a BMI of higher than 30
are considered obese. Obese people are categorized into
3 grades of obesity: Grade 1 (BMI of 30 to 35), grade 2
(BMI of 35 to 40), and grade 3 (BMI greater than 40) [3-5].
The causal association between obesity and some
chronic diseases such as diabetes, dyslipidemia, hypertension, cardiovascular disease, sleep apnea, respiratory disorders, Non-alcoholic Fatty Liver Diseases (NAFLD),
and cancer has been discussed and confirmed frequent-
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ly in previous studies [4, 6, 7]. Not only the marked burden of comorbidities associated with obesity has been
reported, but also its prevalence is rising [7-9].
It is documented by past investigations that fat accumulation in the visceral and abdominal reservoir has a
greater risk of cardiovascular events [10, 11]. Because
of the role of adipose tissue in the metabolism of hormones secreted by other glands, including sex steroid
hormones, the percentage of human body fat component influences the reproductive system function [12].
The role of obesity in reproductive disorder and infertility has recently received more attention.
The different amount and distribution of fat content in
each gender explain the different outcomes of obesity
seen in men and women [12]. Disorders of androgen excess like Polycystic Ovarian Syndrome (PCOS) and idiopathic hyperandrogenism present more in obese women,
while androgen deficiency is reported in men with obesity
[13-15], especially in this article we discuss hypogonadotropic hypogonadism in men associated with obesity.
The main functions of the testes are sperm and testosterone production. Male hypogonadism refers to impaired one or both of the above tasks. Both testes’ abnormality (primary hypogonadism) and dysfunction of
the hypothalamic-pituitary-gonadal (HPG) axis (secondary hypogonadism) can lead to hypogonadism. Based
on the existence of hypogonadism signs and symptoms
accompanied by low total testosterone level at 8-10 AM
(measured on two occasions) diagnosis of hypogonadism will be established [16]. Low energy and low libido
are the symptoms of hypogonadism and on the physical
exam we may obtain the following findings: small testes, small phallus, decreased body, and facial hair, decreased muscle mass, and gynecomastia [17-19].
The lab tests in primary hypogonadism show an increased level of Luteinizing Hormone (LH) and or folliclestimulating hormone (FSH), while in secondary hypogonadism normal or low LH and or FSH concentrations are
seen with low testosterone level at the same time [20].
Despite the numerous studies about obesity-associated hypogonadotropic hypogonadism, more research
should be done to understand better the pathophysiology of this link [3, 21, 22]. Hypogonadotropic hypogonadism as an important outcome of obesity will be
discussed in this article in detail. A case of hypogonadotropic hypogonadism associated with obesity will be introduced and discussion about it will come along.
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Case Presentation
A 17-year-old boy presented to our clinic with the absence of secondary sexual characteristics and bilateral
gynecomastia in the setting of morbid obesity. He also
complained of general fatigue. Past medical and birth
history revealed the following information. He was born
of a non-consanguineous marriage, as a result of normal
pregnancy ended with normal vaginal delivery. His birth
weight was 3800 g. Except for obesity since childhood,
he had a normal physical and neuropsychiatric development with updated immunizations. Rapid weight gain
happened at age two, simultaneously with the change of
dietary habits. Others describe him as a very picky eater.
A family history of hypertension was found in his father and both of his brothers and paternal uncles. He
had no history of previous surgery or using medications.
Habitual history was negative. He was a high school
student who had never smoked or drunk alcohol. On
physical examination, his blood pressure was 170/80
mm Hg (above 99th percentile). The pulse rate was 82.
Bodyweight was 112 kg. Height was 165 cm. Body mass
index (BMI) was calculated as 41.1 kg/m2, suggestive of
class 3 of obesity.
On head and neck examination, he did not have a goiter, and acanthosis nigricans was not seen. Cardiopulmonary examination showed clear lungs and normal heart
with normal jugular vein distention. The abdomen was
broad, flabby with silver striae and pigmented spots. The
striae were less than 1 cm. Its color and diameter were in
favor of obesity-related skin changes. Upper and lower
extremity pulses were equally bilaterally. The notable
findings on genital examinations were as follows.
Atrophied palpable testes bilaterally. Small-sized scrotums with normal consistency (tanner stage 3) [23].
Penis was circumcised with a stretched length of 4 cm
(micropenis). Pubic and axillary hairs were absent and
bilateral gynecomastia was another remarkable finding
discovered on physical examination.
Routine lab tests, including complete blood count,
hemoglobin, sedimentation rate, biochemistries, blood
urea nitrogen, creatinine, urine analysis, thyroid function test, and liver function tests were within normal
ranges. Chest x-ray, ECG, echocardiography, ultrasonography of abdomen, and color Doppler ultrasonography
of renal vessels showed normal.
Some of the above tests like renal color Doppler ultrasonography were done to exclude secondary causes
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of hypertension which should be workup, especially in
early age presentation of hypertension. Some other
tests to exclude differential diagnoses were serum
ACTH, cortisol and aldosterone level, and plasma renin
activity. All of them were within normal limits. However, subsequent tests revealed low testosterone (210 ng/
dL; reference range: 260 - 1080 ng/dL) and low LH, FSH,
compatible with hypogonadotropic hypogonadism.

Discussion
Some pathophysiological hypotheses are trying to
explain the hypogonadotropic hypogonadism (HH) in
obese people:
First, about the role of estradiol in the adipose tissue,
enzyme aromatase acts like a convertor of testosterone and androstenedione to the estradiol and estrone
[24]. This excessive amount of estrogen secretion may
lead to suppressing gonadotropin-releasing hormone
(GnRH). So the final result will be hypogonadotropic
hypogonadism [25-27]. In the elderly population, both
low estradiol and low testosterone level are observed
which shows low testosterone concentration in these
people is not related to the GnRH suppression caused
by estradiol level seen in obese patients [28].
The second hypothesis describes the possible action
of insulin on the preservation of the HPG axis, which
has been revealed in some interventional studies done
on mice previously [25, 29].
Also, some other studies discussed the role of inflammatory mediators increased in obesity like CRP and their
inverse relationship with free testosterone levels. These
mediators were thought to be suppressers of the HPG
axis contributing to HH in obese people [25]. Also, obstructive sleep apnea may cause malfunction of the HPG
axis contributing to the reduction of LH secretion overnight and a final result of reduced testosterone level [30].
Because of the inhibitory effect of androgens on adipogenesis, low testosterone levels contribute to more
fat accumulation leading to a vicious cycle. So bidirectional relationship is seen between obesity and hypogonadism [22, 31]. In summary, the HPG axis can be
influenced by multi mechanisms at different levels of
the axis leading to HH in obese people.
Despite all the above explanations, one confounding
factor of the diagnosis of HH is the technique of measurement, since the decreased sex hormone-binding
globulin and variation of binding proteins associated

with obesity, may cause decreased total testosterone
level. This issue impairs the concomitant diagnosis of
hypogonadism in obese people [32].
Our patient with truncal obesity and BMI of 41.1 kg/
m2 was in grade 3 of obesity (refer to the introduction
part to see the different grades of obesity). He had small
testes, micropenis, low-grade virilization, and bilateral
gynecomastia as the findings in hypogonadal people.
He also had a decreased level of testosterone 210 (reference range: 260-1080 ng/d) accompanied by low LH
and FSH level in favor of hypogonadotropic hypogonadism associated with obesity as the final diagnosis.
When hypertension is seen along with such obesity of
our case, first of all, secondary causes of hypertension
like Cushing syndrome, congenital adrenal hyperplasia,
and hyperaldosteronism should be rolled out, as we did.
Unlike his Cushingoid appearance, his serum cortisol
and ACTH level, serum aldosterone, and plasma renin
activity were within the normal range. After rolling out
secondary causes of hypertension, the diagnosis of essential hypertension in the patient justifies his strong
family history of hypertension and his severe obesity.
Based on the studies, weight gain may contribute to
78% of the essential hypertension risk. A nearly linear
association between BMI and blood pressure was seen
in previous investigations. On the other hand, weight
loss was a preventive and reducing factor of high blood
pressure in such studies [33, 34].
We proposed to our case non-pharmacologic treatments based on lifestyle modification like healthy dietary regimens and physical activity leading to weight
loss. Besides pharmacological treatment, he was advised for follow-up.

Conclusions
Studies concerning obesity and its burden of diseases
receive more value these days, because of obesity’s comprehensive impact on the health of populations. Among
numerous comorbidities associated with obesity, hormonal disturbances may find in obese people, including
estrogen excess and HPG axis dysfunction that should be
more investigated by more studies to identify real pathophysiological factors involved in this possible association.
In addition to collecting more data about this issue,
weight loss programs should be considered in all social,
financial, educational, and cultural executive programs
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in societies to achieve the goal of decreasing morbidities and mortalities caused by obesity. Unless difficult
to attain, obesity can be prevented or controlled with
provisional planning taken at the level of society or the
person in society.

Ethical Considerations
Compliance with ethical guidelines
All ethical principles were considered in this article.

[9] Narayan KM, Boyle JP, Thompson TJ, Gregg EW, Williamson DF. Effect of BMI on lifetime risk for diabetes in the U.S. Diabetes Care.
2007; 30(6):1562-6. [DOI:10.2337/dc06-2544] [PMID]
[10] Escobar-Morreale HF, Santacruz E, Luque-Ramírez M, Botella Carretero JI. Prevalence of 'obesity-associated gonadal dysfunction' in
severely obese men and women and its resolution after bariatric surgery: A systematic review and meta-analysis. Human Reproduction
Update. 23(4):390-408. [DOI:10.1093/humupd/dmx012] [PMID]
[11] Björntorp P. Abdominal fat distribution and disease: An overview of epidemiological data. Annals of Medicine. 24(1):15-8.
[DOI:10.3109/07853899209164140] [PMID]

Funding

[12] Wells JC. Sexual dimorphism of body composition. Best Practice
& Research Clinical Endocrinology & Metabolism. 2007; 21(3): 41530. [DOI:10.1016/j.beem.2007.04.007] [PMID]

This research did not receive any specific grant from
funding agencies in the public, commercial, or nonprofit sectors.

[13] Escobar-Morreale HF, Alvarez-Blasco F, Botella-Carretero JI, LuqueRamírez M. The striking similarities in the metabolic associations of
female androgen excess and male androgen deficiency. Human Reproduction. 2014; 29(10):2083-91. [DOI:10.1093/humrep/deu198]

Conflict of interest
The authors declared no conflict of interest.

[14] Dhindsa S, Miller MG, McWhirter CL, Mager DE, Ghanim H,
Chaudhuri A, et al. Testosterone concentrations in diabetic and
nondiabetic obese men. Diabetes Care. 2010; 33(6):1186-92.
[DOI:10.2337/dc09-1649] [PMID] [PMCID]
[15] Mulligan T, Frick MF, Zuraw QC, Stemhagen A, McWhirter C. Prevalence of hypogonadism in males aged at least 45 years: The HIM
study. International Journal of Clinical Practice 2006; 60(7):762-9.
[DOI:10.1111/j.1742-1241.2006.00992.x] [PMID] [PMCID]

References
[1] World Health Organization (WHO). Cardiovascular diseases (CVDs)
Fact Sheet N°317. January 2015. World Health Organization. Available from: http://www.who.int/mediacentre/factsheets/fs317/en/
[2] Chambers TJ, Richard RA. The impact of obesity on male fertility. Hormones (Athens). 2015; 14(4):563-8. [DOI:10.14310/
horm.2002.1621] [PMID]

[17] Carnegie C. Diagnosis of hypogonadism: clinical assessments and laboratory tests. Reviews in Urology. 2004; 6(Suppl 6):S3-8. [PMID] [PMCID]
[18] Carruthers M. Summary from the second annual Andropause
consensus meeting. The Endocrine Society; 2004.

[3] Boddi V, Barbaro V, McNieven P, Maggi M, Rotella CM. Present and
future association between obesity and hypogonadism in Italian
males. Archivio Italiano di Urologia e Andrologia. 2014; 86(1):26-32.
[DOI:10.4081/aiua.2014.1.26] [PMID]

[19] American Association of Clinical Endocrinologists. Medical Guidelines for Clinical Practice for the Evaluation and Treatment of Hypogonadism in adult male patients. Endocrine Practice. 2002; 8(6):44056. [DOI:10.4158/EP.8.6.439]

[4] Mihalca R, Fica S. The impact of obesity on the male reproductive
axis. Journal of Medicine and Life. 7(2):296-300. [PMID] [PMCID]

[20] Seftel A. Male hypogonadism. Part II: etiology, pathophysiology,
and diagnosis. International Journal of Impotence Research. 2006;
18(3):223-8. [DOI:10.1038/sj.ijir.3901365] [PMID]

[5] Obesity and overweight Fact sheet N°311 [Internet] [Updated: 1
April 2020]. WHO. January 2015. Retrieved 2 February 2016. Available from: http://www.who.int/mediacentre/factsheets/fs311/en/
index.html
[6] Alberti KG, Zimmet P, Shaw J. Metabolic syndrome: A new worldwide definition. A Consensus Statement from the International
Diabetes Federation. Diabetic Medicine. 2006; 23(5):469-80.
[DOI:10.1111/j.1464-5491.2006.01858.x] [PMID]
[7] Saad F, Yassin A, Doros G, Haider A. Effects of long-term treatment
with testosterone on weight and waist size in 411 hypogonadal
men with obesity classes I-III: Observational data from two registry studies. International Journal of Obesity. 2016; 40(1):162-70.
[DOI:10.1038/ijo.2015.139] [PMID] [PMCID]
[8] Haslam DW, James WP. Obesity. Lancet. 2005; 366(9492):1197209. [DOI:10.1016/S0140-6736(05)67483-1] [PMID]

116

[16] Silveira LF, Latronico AC. Approach to the patient with hypogonadotropic hypogonadism. The Journal of Clinical Endocrinology & Metabolism. 2013; 98(5):1781-8. [DOI:10.1210/jc.2012-3550] [PMID]

[21] Lamm S, Chidakel A, Bansal R. Obesity and Hypogonadism. Urologic
Clinics. 2016; 43(2):239-45. [DOI:10.1016/j.ucl.2016.01.005] [PMID]
[22] Corona G, Vignozzi L, Sforza A, Mannucci E, Maggi M. Obesity and
late-onset hypogonadism. Molecular And Cellular Endocrinology.
2015; 418(Pt 2):120-33. [DOI:10.1016/j.mce.2015.06.031] [PMID]
[23] Marshall WA, Tanner JM. Variations in the pattern of pubertal
changes in boys. Archives of Disease in Childhood. 1970; 45(239):1323. [DOI:10.1136/adc.45.239.13] [PMID] [PMCID]
[24] Corona G, Rastrelli G, Monami M, Saad F, Luconi M, Lucchese
M, et al. (2013). Body weight loss reverts obesity-associated hypogonadotropic hypogonadism: A systematic review and metaanalysis. European Journal of Endocrinology. 2013; 168(6):829-43.
[DOI:10.1530/EJE-12-0955] [PMID]
[25] Dandona P, Dhindsa S. Update: Hypogonadotropic hypogonadism
in type 2 diabetes and obesity. The Journal of Clinical Endocrinology

Johari Varnoosfaderani N, et al. Hypogonadotropic Hypogonadism and Obesity. CRCP. 2020; 5(4):113-117.

Autumn 2020, Volume 5, Issue 4

& Metabolism. 2011; 96(9):2643-51. [DOI:10.1210/jc.2010-2724]
[PMID] [PMCID]
[26] Roth MY, Amory JK, Page ST. Treatment of male infertility secondary to morbid obesity. Nature clinical practice. Endocrinology & metabolism. 2008; 4(7):415-9. [DOI:10.1038/ncpendmet0844]
[27] Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, Isidori
A, et al. Effects of testosterone on body composition, bone metabolism and serum lipid profile in middle-aged men: A meta-analysis.
Clinical Endocrinology. 2005; 63(3):280-93. [DOI:10.1111/j.13652265.2005.02339.x] [PMID]
[28] Corona G, Bianchini S, Sforza A, Vignozzi L, Maggi M. Hypogonadism as a possible link between metabolic diseases and erectile
dysfunction in aging men. Hormones (Athens). 2015; 14(4):569-78.
[DOI:10.14310/horm.2002.1635] [PMID]
[29] Brüning JC, Gautam D, Burks DJ, Gillette J, Schubert M, Orban
PC, et al. Role of brain insulin receptor in control of body weight
and reproduction. Science. 289(5487):2122-5. [DOI:10.1126/science.289.5487.2122] [PMID]
[30] Hofstra J, Loves S, van Wageningen B, Ruinemans-Koerts J, Jansen
I, de Boer H. High prevalence of hypogonadotropic hypogonadism
in men referred for obesity treatment. The Netherlands Journal of
Medicine. 2008; 66(3):103-9.[PMID]
[31] Samavat J, Facchiano E, Lucchese M, Forti G, Mannucci E, Maggi
M, et al. Hypogonadism as an additional indication for bariatric surgery in male morbid obesity? European Journal of Endocrinology.
171(5):555-60. [DOI:10.1530/EJE-14-0596] [PMID]
[32] Tsai EC, Matsumoto AM, Fujimoto WY, Boyko EJ. Association of
bioavailable, free, and total testosterone with insulin resistance:
Influence of sex hormone-binding globulin and body fat. Diabetes
Care. 2004; 27(4):861-8. [DOI:10.2337/diacare.27.4.861] [PMID]
[33] do Carmo JM, da Silva AA, Wang Z, Fang T, Aberdein N, de Lara
Rodriguez CE, et al. Obesity-Induced Hypertension: Brain Signaling
Pathways. Current Hypertension Reports. 18(7):58. [DOI:10.1007/
s11906-016-0658-1] [PMID] [PMCID]
[34] Krause RM, Winston M, Fletcher BJ, Grundy SM. Obesity: Impact on cardiovascular disease. Circulation 1998; 98:1472-6.
[DOI:10.1161/01.CIR.98.14.1472]

Johari Varnoosfaderani N, et al. Hypogonadotropic Hypogonadism and Obesity. CRCP. 2020; 5(4):113-117.

117

