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Application of Male Hormone
in Men with Obesity
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Low testosterone; Normal or Pathologic Process?

® Andropause: Testosterone | (1.6%/Y from

mid 30s), Estrogen |
@ Adrenopause: DHEA |, Cortisol 1
® Somatopause: GH/IGF-1 |
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Distribution of Testosterone

SHBG-T 50 ~ 60 %

1 ~2 9%
Total @
Testosterone

Bioavailable
Testosterone

Albumin-T 40 ~ 50 %

FIGURE 1.FORMS OF TESTOSTERONE IN THE BODY, SHBG-BOUND TESTOSTERONE
I5 HORMONALLY INACTIVE, T=TESTOSTERONE.
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CNC & Endocrine organs

HYPOTHALAMIC HORMONES AND FACTORS

Int. J. Mol. Sci. 2023, 24, 6492
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Obesity on reduced fertility
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Testosterone regulation in Male Obesity-related

Secondary Hypogonadism
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The vicious cycle of Obesity-hypogonadism
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Obesity-induced HPG Axis Dysfunction

< Central mechanisms
= Leptin
= Inflammatory cytokines; IL-1, IL-6, TNF-a
= Hypothalamic gliosis
= Estrogen
< Peripheral mechanisms
= Testis dysfunction
= Adenosine
= [ron retention
< High fat diet
< Adipose tissue resistance by testosterone
< SHBG variation

Rev Endocr Metab Dis. 2022;23:1233-42



Adipokines on HPG Axis

Complement factors
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Lowered sex hormones & Diabesity
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Testosterone deficiency & metabolic disorder
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Obesity-related secondary Hypogonadism

} Peripheral leptin resistance
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Low T, Low SHBG » NAFLD
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Prevalence of hypogonadism, %
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Relationship Between Testosterone Levels, Insulin

Sensitivity, and Mitochondrial Function in Men
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Contents awvailable at ScienceDirect

Diabetes Research " I~ International
and Clinical Practice ;{\I':' | Diabetes
@17/  Federation
Low testosterone and clinical outcomes in Chinese Q) crossran

men with type 2 diabetes mellitus — Hong Kong
Diabetes Registry

-1.239 Men with T2D
-Median duration; 9Y
-4.8Y flu

Table 2 - Multivariate logistic regression showing the association of the metabolic syndrome with low testosterone using
serum total testosterone < 9 nmol/L as cutoff value after adjustment for covariables in Chinese men with type 2 diabetes

mellitus.
Odds ratio 95% confidence intervals P

Testosterone

Testosterone <9 (nmolll) <3.0ng/ml 263 1.56-4.61 <0.001
Covariables

Age 1.01 1.00-1.02 0.167
Body mass index 143 1.36-1.51 <0.001
HbAlc 1.07 0.97-1.18 0.169
Log urinary albumin to creatinine ratioa” 1.28 1.17-1.39 <0.001
Coronary heart disease at baseline 141 0.87-2.31 0.166

Other covariables not selected by the model included disease duration, current or ex-smoker, family history of diabetes, total cholesterol, LDL-
C, eGFR, chronic kidney disease, history of retinopathy, sensory neuropathy, microalbuminuria, macroalbuminuna, congestive heart disease,

cerebrovascular disease, and peripheral vascular disease
® Urinary albumin to creatinine ratio was logarithmically transformed due to skewed distribution.




Metabolic derangements on subfertility

1. Testes
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microRNA abundance
Adverse
environment

Adverse environment
changes to epigenetic
marks

2. Epididymis changes to
Alternations to epigenetic
sperm membrance marks

fluidity, microRNA
content and ability
to fertilise

=g

Adverse
environment
changes to
epigenetic
marks

3. Mature sperm
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Asian Journal of Andrology (2015) 17, 450-458



Subnormal Free Testosterone

prevalence of subnormal free testosterone (%)
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MS on Prostate cancer

Increased Aggressive
Cancer

Reduced Time to CRPC

¥

Increased Biochemical Shorter Time to Death
Recurrence

HORM CANC (2016) 7:75-83




Recommendation in localized disease
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HORM CANC (2016) 7:75-83



In case of metastatic disease

Management of
Cardiovascular Risk
Factors

Metastatic Disease

Management of
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Factors

Exercise
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Stress and low Testosterone
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Thyroid Hormone
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Main mechanism that influence the gonadal axis

Appetite

* Adipocyte

Int. J. Mol. Sci. 2021, 22, 8217



Therapeutic benefits of ART in MOSH

Reduced CV
risk factors:
SBP, glucose
&
dyslipidaemia

Increased
haemoglobin
and
haematocrit

Potential for

reduced CV
events and
mortality

Increased
muscie mass
and muscle
strength

Improved
sexual
function

Beneficial

effects of

androgen
therapy

Reduced fat
mass and
increased
lean mass

Improved
cognitive
function

Improved
mood and
quality of life

Improved
bone mineral
density

Reduction in
BMI and

waist
circumference

World J Exp Med 2024;14:93689



Weight loss on Male Hormones

Table 3. Mediation of effect of intensive lifestyle intervention by
mean waist circumference? at year 1 on hormones at year 4 of the
Look AHEAD study

Females Males

Percent change in hormone level

E2 ~2.6 (—4.3,-1.1) 1.2 (-2.4,—0.1)
Total T —0.6 (—=2.0,0.7) 7 (—=0.4,1.9)
BioT —0.1 (~=1.4,1.4) 5(~1.0,1.9)
SHBG ~1.2 (-2.4,-0.1) —0.8 (-2.1,0.5)

Abbreviations: bioT, bioavailable testosterone; E2, estradiol; T, testosterone.
“Mean change in waist circumference at year 1 due to intensive lifestyle
intervention in females was —6.4 cm (95% confidence interval: —10.7 to —2.5) and

in males was —8.0 cm (95% confidence interval: —12.6, —3.8).

J Clin Endocrinol Metab. 2024 Sep 2:dgae584. doi: 10.1210/clinem/dgae584. Online ahead of print.



Testosterone response to long-term weight loss

Table 2. Median (IQR) values for sex hormones at each time point. after Op

Parameter
IQR (Q1, Q3)

Females
Testosterone, nmol/L, (0.0-1.8)
SHBG, nmol/L (20-110)

LH (IU/L), Postmenopausal Females:
(7.7-60)

FSH (IU/L), Postmenopausal Females:

(25-140)

Oestradiol pmol/L, Postmenopausal
Females: <100

Baseline

0.9 (0.6, 1.4)
29.1 (21.3, 49)
17.3 (5.7, 30.0)

27.4 (5.7, 53.6)

87 (54.2, 218)

6 months

0.6 (0.2, 0.9)
47.8 (29.5, 70.1)
15.8 (4.75, 34.6)

33.1 (4.4, 65.4)

67 (49, 244)

12 months

0.6 (0.5, 0.9)
47.0 (33.6, 64.6)
225 (6.6, 37.6)

48.0 (9.85, 66.1)

53 (49, 172)

24 months

0.6 (0.2, 0.85)
56 (31.6, 75.5)
28.4 (7, 41.9)

52.1 (12.9, 71.4)

54.5 (49, 109)

36 months

0.7 (0.2, 0.95)
46.5 (39.5, 75.2)
256 (13.6, 36.0)

55.2 (37.0, 68.0)

49 (49, 56.8)

Males
Testosterone, nmol/L, (12-36)
SHBG nmol/L, Males (20-90)

11.8 (10.1, 16.4)
20.1 (17, 31.6)

15.7 (12.5, 20.0)
36.8 (32.1, 41.0)

17 (13.7, 19.8)
35.2 (28.3, 43)

17.7 (14.3, 22.5)
41 (30, 50)

17.8 (14.4, 19.4)
37.5 (30.5, 43.5)

LH (IU/L), (1.7-8.6)
FSH (IU/L), Males (1.5-13)
Oestradiol pmol/L, (0-160)

4.0 (2.7, 5.3)
4.2 (3.7, 6.3)
113 (80.5, 131)

4.9 (4.15, 5.65)
4.9 (4.0, 6.8)
103 (87.8, 112)

4.25 (3.08, 4.25)
4.45 (3.4, 5.2)
104 (72.2, 130)

5.15 (4.3, 6.1)
465 (3.8, 5.6)
106 (88, 120)

Bolded values indicate statistical significance for changes in parameters at each timepoint in comparison with the baseline values.
FSH Follicle-stimulating hormone, LH Luteinizing hormone, SHBG sex hormone-binding globulin.

4.85(3.97, 5.6)
5.1 (4.2,9.3)
102 (69.8, 130)

Int J Obes 2024,48:1481-88



Weight Loss as Therapeutic Option to Restore
Fertility in Obese Men: A Meta—Analytic Study

Daniele Santi ' 2, Carla Greco ' 2, Arcangelo Barbonetti 4, Manuela Simoni 7 3, Mario Maggi ?,

Giovanni Corona ©

Affiliations + expand
PMID: 39344112 DOI: 10.5534/wjmh.240091

Abstract

Purpose: Weight loss has been shown to significantly elevate testosterone serum levels, though the
impact on semen analysis parameters and fertility remains incompletely understood. The objective of
this study was to examine the influence of body weight loss on semen parameters in obese men.

Materials and methods: A meta-analysis was performed that included clinical trials in which a semen
analysis before and after weight loss was evaluated. All strategies potentially available for weight loss
were considered eligible. The primary outcome was the comparison of conventional semen analysis
parameters before and after weight loss.

Results: Twelve studies were considered including 345 subjects (mean age 37.6%+7.9 years; mean

baseline body mass index 45.4+6.0 kg/m®). NSl AR =c it R Rl e A e R e i s =t
oncentration (effect size 0.495, standard error 0.251 [0.003, 0.986], p=0.049) and progressive motility

(effect size 0.567, standard error 0.372 [0.370, 0.764], p<0.001). Moreover, a significant decrease of

sperm DNA fragmentation index after weight loss (effect size -0.689, standard error 0.278 [-1.123,
-0.255], p=0.002) was observed.

Conclusions: This meta-analytic analysis confirmed that body weight loss may improve qualitative
and quantitative sperm characteristics providing evidence for suggesting weight loss to male partners
with obesity and semen analysis alteration in couples attempting conception.

 World J Mens Health. 2024 Aug 21. doi: 10.5534/wjmh.240091. Online ahead of print.
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Mechanism of anti-obesity medication about homeostatic appetite and hedonic appetite.®!)
ARC.arcuate nucleus; GABA, gamma-aminobutyric acid.

ARC
(Hypothalamus)
inhibitation I_ _‘ Stimulation [
— NPY/AGFR POMC/CART +———
v v -
Qrexigenic Anorexigenic
signaling signaling L
Hedonic appetite
Nucleus accumbens neuron Ventral tegmental area
D1 receptor D2 receptor
*
Dopamin Dopamin
Bupropion Phentermine Liraglutide

Korean J Health Promot Vol. 19, No. 4, 2019



Time-dependent onset of effects after TRT

Libido

Aging Male. 2015;18(1):5-15.



Diet on testosterone

Table 2. Change in outcomes with weight loss intervention for all participants combined.

Outcome measures

0-12 weeks

12-52 weeks

0-52 weeks

Weight (kg)

-8.940.4, P<0.001

-1.6+0.6, F = 0.034

-10.5+0.8, P<0.001

BMI (kg/m?)

-2.840.1, P<0.001

-0.6+0.2, P = 0.018

-3.4+0.3, P<0.001

Waist circumference (cm)

-10.4+0.4, P<0.001

-0.7+0.5, P = 0.700

-11.0+0.7, P<0.001
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Low Carbohydrate?

Table 4 End points before and after the intervention

Control gourp Low Carbohydrate group

(n=6) (n=12)

Before After P-value Before After P-value
Weight (Kg) G983 G733 0.04 96.5 919 0.002
Body Mass Index 302 29.7 0.07 31.7 300 0.01
Abdominal circumference {cm) * 1133 1105 0.06 112.2 106.3 0.002
Hip circumference (cm) 105.7 1052 0.41 104.3 102.3 0.21
Waist circumference (cm) ** 108 1073 0.39 106.4 1028 0.10
Total testosterone (ng/dL) 77 2272 0.76 2291 3107 0.002
Calculated free testosterone (ng/dL) 43 48 0.58 4.7 6.7 0.001

Tape measure around person’s umbllical scar The control group was instructed to continue eating

normally but received guidance about healthy eating pat-
terns. The low-carbohydrate group was instructed by a
nutritionist, member of the study team, to reduce carbo-

" Tape measure around person’s middle (between the bottom of the ribs and the top of the hipbones)

Table 3 Hypogonadism and symptoms of hypogonadism
prevalence using serum total testosterone level and ADAM score

before and after the intervention hydrate intake and increase protein and fat intake [18].
Control Low Their diet could not contain more than 25-30% carbohy-
gourp Carbohydrate drates per day, aiming for 20-30 g carbohydrate per day.
(n=6) group

ih=12) The two diets have the same amount of calories.

Before After Before After P-value

Total testosterone <300 ng/ 100 833 100 50 ‘ 0.05
dL (%)

Symptoms of hypogonadism 100 857 786 214 <0.01
by ADAM score (%)

ADAM Androgen Deficiency in the ﬁ.ging Maie scale . - . IBMC Endocrine Disorders {2023) 23:30
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Impact of GLP-1 Agonists on Male Reproductive Health—A
Narrative Review

Alexandra Aponte Varnum 1, Edoardo Pozzi 1'?-3, Nicholas Allen Deebel ¢, Aymara Evans !, Nathalie Eid >,
Hossein Sadeghi-Nejad ® and Ranjith Ramasamy '-*

and sperm parameters. Results—GLP-1 receptors have been identified within the male reproductive
system according to the existing literature. While the exact mechanisms are not well understood,
they appear to be involved in glucose homeostasis and energy metabolism, both vital processes in

» spermatogenesis. Multiple clinical trials have demonstrated the efficacy of GLP-1 RAs for promoting
weight loss. Recent studies show that the use of GLP-1 RAs in obese males may enhance sperm
metabolism, motility, and insulin secretion in vitro, along with positive effects on the human Sertoli
cells. Recent clinical trials discussed in this review demonstrate weight loss associated with GLP-1
RAs is correlated with improvements in sperm count, concentration, and motility. However, the
direct impact of GLP-1 RAs on male reproductive hormones remains unclear, necessitating further
research to confirm their potential role in treating male infertility. Conclusions—This narrative review
summarizes the existing literature discussing the potential impact of GLP-1 RA on the male reproduc-

» tive system, emphasizing their potential therapeutic role in addressing idiopathic infertility in obese
men. Despite numerous studies exploring the influence of GLP-1 and GLP-1 RAs on reproductive
hormones, testicular function, and spermatogenesis, further clinical trials are crucial to validate initial
evidence. Longer follow-up periods are essential to address uncertainties regarding the long-term
repercussions and outcomes of GLP-1 RA use. While this holds true, the current literature suggests
that GLP-1RAs show promise as a potential therapeutic approach for improving sperm parameters
in obese men.

Medicina 2024, 60, 50.



Testosterone Treatment (TRT) Adverse effect?

A Cardiovascular-Related Events
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Months since Randomization
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-RCT, 209 men of mean 74
YO(>65Y0)

-High prevalence of HTN, DM,
hyperlipidemia, obesity.

- 100mg Testosterone gel(Testim
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- dose adjusted, if less than
5.0ng/ml

- Stopped prematurely at 6 m

N Engl ] Med 2010;363:109-22.



CVD Safety of TRT

A Primary Cardiovascular Composite Safety End Point: Safety B Primary Cardiovascular Composite Safety End Point: Principal
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Effects of TRT
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Month

No. at Risk
Testosterone 236 219 217 206 203
Placebo 238 207 196 188 191

No. at Risk
Testosterone 193 179 174
Placebo 197 179 171

N Engl ] Med 2016;374:611-24.



TRT on Weight loss

130
o __ .
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=
@ 105
=
100
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Baseline Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
Gr.l,n =185 177 169 159 141 126 84
Gr. Il, n =131 124 125 121 104 a0 64
Gr. lll, n =46 44 46 43 37 34 24

from [60=].

Testosterone therapy in men with testosterone deficiency and differing grade of obesity produces significant and
sustained weight loss. Hypogonadal men (n=362) with obesity grade | (Gr. |, n= 185, mean age: 58.39 + 8.04 years),
grade Il (Gr. ll, n=131, mean age: 60.62 + 5.56 years) and grade Ill (Gr. lll, n=46, mean age: 60.28 + 5.39 years)
treated with testosterone undecanoate injections for up to é years. Weight expressed in kilogram. Adapted with permission

Curr Opin Endocrinol Diabetes Obes 2014, 21:313-322



TRT on DM with obesity

llgoupaftertreatment a/erage
results (nd 2)

Igroupafter treatment average
results {nd3)

Il group before treatment average
rasufts (nd2)

Igroup before treatment average
results (nd3)

European Journal of Medical Research 2014, 19:56

Eighty-five subjects, with age range 41 to 65 years and
BMI from 27.0 to 48.0 kg/m® were randomized in a
placebo-controlled study. According to the laboratory
and clinical conditions, we divided patients into two
groups: 1) a treatment group; 2) a placebo group. In the
first group we used diet, physical activity (lifestyle inter-
vention implies reduced calorie diet - the reduction of

' daily calorie intake to 1800 to 2000 calories — and this
was selected individually), patient’s antidiabetic therapy
and TRT (testosterone undecanoate 250 mg/ml intra-
muscularly once every 3 monthsb. In the second group
we used diet, physical activity (lifestyle intervention

HbAlc

ligroup aftertieatmentaverage
results (nd2)

Igroup afterteatmentaverage
esults (nd3)

ligroup before treatment
average results (nd2)

Igroup before treatmentaverage
results (na3)

= Hbhalc



TRT on metabolic parameters

Table 1—Effect of TRT on nonsexual parameters in men with diabesity

Parameter Change References

Fat mass 1 (44,49-51,53,54,56,61)
Lean mass 1 (44,53,56)

BMI N (44,45,55,56)
Insulin sensitivity 1 (44,49,50,54)
Glycemic control — (44-46,55,56,61)
Hemoglobin 1 (44,62)

Bone density Not studied

Lipids | in total cholesterol, LDL, and (44,45,56)

lipoprotein(a), minordecreaseinHDL,
« in triglycerides

Cardiovascular disease Not studied
PSA > (44,45,51,54)

We focused on randomized controlled trials in men with obesity, type 2 diabetes, or metabolic
syndrome. If there was disagreement among studies on a parameter, we chose to depict it as increased
(1), decreased (|), or no change/variable results (<) based on the totality of evidence.

Diabetes Care 2018;41:1516-1525



TRT on metabolic parameters

Table 1 Metabolic effects of testosterone treatment in clinical trials

Parameter Effect

Body weight No change®

Fat mass Decrease

Lean mass Increase

Hepatic fat No change

Visceral fat Decrease or no change
Insulin resistance (HOMA-IR) Decrease or no change
Insulin resistance (hyperglycemic-euglycemic clamps) Decrease or no change
HbAlc No change®

Total cholesterol Decrease

LDL cholesterol Decrease

HDL cholesterol Decrease

Triglycerides Decrease or no change

°A decrease has been reported in non-randomized, non-blinded studies.

Andrology, 2020, 8, 1519-1529



T4DM Study
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Obesity, Male Reproductive Function
and Bariatric Surgery

Angelo Di Vincenzo®, Luca Busetto, Roberto Vettor and Marco Rossato

Department of Medicine— DIMED, Center for the Study and Integrated Management of Obesity, Clinica Medica 3,
University-Hospital of Padova, Padova, ltaly

CONCLUSION

Bariatric surgery seems to be effective to improve free and total
testosterone plasma levels in obese men, even if more evidence is
needed about changes of other hormones such as gonadotropins
and adrenal sex steroids. In addition, while testosterone plasma
levels improvement is maintained for a long-term, restored
erectile function seems not to be a durable effect, even if increased
semen quality is not guaranteed after metabolic surgery. These
conditions may be explained by the complex pathophysiology
of reproductive function abnormalities occurring in men with
obesity. In particular, adipose tissue expansion and consequent
biochemical activity impairment (cytokines and adipokines
production, increase peripheral androgens aromatization) may
be responsible for reduced levels of testosterone while different
and even more complex mechanisms, involving not only sex
hormones levels but also neuro-vascular abnormalities and
gonadal specific alterations, could be responsible for erectile
dysfunction and infertility. To this regard, metabolic surgery
may present some limitations; however, with respect to non-
surgical weight loss, bariatric surgery remains the most effective
treatment for a rapid improvement of global sexual activity and
hypogonadism, so it could be considered as a relevant option for

severely obese hypogonadal males. Front. Endocrinol. 9:769.



Bariatric surgery

TABLE 1 | Effects of bariatric surgery on hormonal and metabolic profile, erectie dysfunction, semen and sperm parameters.

Level of References Sample Size Intervention Outcome
evidence
Level Ib Samavat et al. (58) 103 Gastric bypass Post operative time point review: 9 months

Weight loss achieved: Mean —36.2 £ 20.24 kg
Outcome: significant increase in free and total testosterone, OCN and
SHBG,; decrease in Oestradiol
Level Ib Arolfo et al. (59) 44 Roux-en-y gastric bypass; Post operative time point review: 9 months
Sleeve gastrectomy Weight loss achieved: Mean-39.75 £ 24 kg
Outcome: Significant increase in total testosterone, SHBG and IIEF
score; decrease in HbA1c, insulin, triglycerides, HOL cholestercl, and
CRF
Level Ib Legro et al. (B0) § Roux-en-y gastric bypass Post operative time point review: 1, 3, 6 months
Weight loss achieved: Mean —55 + 30 kg
Outcome: improvement in testosterone level
Level Ib Reis et al. (61) 20 Lifestyle modifications, Gastric Post operative time point review: 4 and 24 months
bypass Weight loss achieved: inaccessible

Outcome: improvement in total and free testosterone and FSH and

reduced prolactin levels
“r s

and metabolic hormonal profile. Significant weight loss also
alleviates the pro-inflammatory state that is associated with
obesity and other co-morbid conditions and helps restore
endothelial integrity thereby reducing erectile dysfunction and
other cardiovascular risk burden. Bariatric surgery produces
successful and encouraging outcomes in terms of the patient’s
overall health and well-being but more specifically seems to

. . : Front. Endocrinol. 11:408.
ameliorate hypogonadism and sexual dysfunction. ront. Endocring



Androgen Deprivation Treatments

M Fat mass Poor patient outcomes:
o Cancer cell apoptosis
e o Cancer cell growth
g A o Angiogenesis

~f \
{ )»/»” —>| oMetastases
YA o Risk of developing obesity-related comorbidities

e.g. cardiovascular disease, metabolic syndrome,
and type 2 diabetes
o Risk of all-cause and cancer-specific mortality

Poor patient outcomes:

| Independence

1 Physical disabilities

1 Frailty

Negatively impacts long-term weight management

ADT-induced 1 Insulin resistance
sarcopenic obesity Lean mass

Nutrients 2021, 13, 1664.



Prostate cancer-specific guidelines

Current Exercise and Current Weight Loss
Nutrition Guidelines Guidelines
150 min/week of moderate 300 min/week of moderate
intensity exercise or intensity exercise or
75 min/week of vigorous 150 min/week of vigorous
intensity exercise intensity exercise

Aerobic training

! |
I/

Minimum two strength training sessions/week

Healthy balanced diet with
high fruit and vegetables, low

Saturated fatS, an d a d e qua te 2100—4200dk]‘fdatlly
calcium (<1200 mg/d) and energy deficl
vitamin D (>600 IU)

Nutritional intake

Images created with BioRender.com (accessed on 5 April 2021).

Nutrients 2021, 13, 1664.
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Treating Obese Male with Hormonal Dysfunction
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