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/Abstract )

data, summarized here, suggest that long-term treatment with testosterone undecanoate injection may improve both liver and
kidney function as well as metabolic deterioration with favorable safety profile on metabolism and prostate health [3,4].

Key Points

Hypogonadism is receiving recognition for being a risk factor for fatty liver and impaired kidney function [1,2]. Emerging

Low testosterone is a risk factor for fatty liver and reduced kidney function (assessed with the glomerular filtration rate).

Previous randomized controlled trials of testosterone therapy have shown conflicting results on fatty liver, and studies
investigating the effects of testosterone therapy on kidney function are sparse.

A real-life evidence study shows that treatment with testosterone undecanoate injection for up to 12 years reduces fatty liver
index and improves glomerular filtration rate, suggesting improved liver and kidney function.

Improvement in liver and kidney function with testosterone therapy was linked to a reduced risk of myocardial infarction,
stroke and premature mortality. )
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What is known about testosterone, liver and kidney function

Non-alcoholic fatty liver disease (NAFLD) is a leading
cause of liver disease globally [5,6]. Global prevalence of NAFLD
is 25% (95% CI: 22-29%) [5] with obesity, type 2 diabetes and
metabolic syndrome being particularly strong risk factors for
NAFLD development.1 In a meta-analysis of 24 studies involving
35,599 patients with type 2 diabetes, the pooled prevalence of
NAFLD was 60% (range 30-87%) [7].

Ananalysis of NHANES III data of a nationally representative
sample of U.S. adults (n=4,758) found an association between low
testosterone levels and an increased risk of NAFLD in men, even
after adjustment for obesity and other metabolic risk factors [8].
Another study of 495 men found that the association between
low testosterone and NAFLD persisted even after controlling
for visceral abdominal fat (measured by computed tomography)
and insulin resistance [9]. The 2012 Practice Guideline on the
Diagnosis and Management of Non-alcoholic Fatty Liver Disease
by the American Gastroenterological Association and American
College of Gastroenterology acknowledged that hypogonadism
is a risk factor for NAFLD.1 All NAFLD histological stages are
associated with significantly increased overall mortality, and this
risk increases progressively with worsening NAFLD histology
[10,11].

Age-associated loss of kidney function has been recognized
for decades [12] With aging, many people experience progressive
decrease in glomerular filtration rate and kidney blood flow, with
wide variability among individuals [12]. Overall, a decline in GFR
of approximately 8 ml/min per 1.73 m? per decade, starting between
the ages of 30 and 40 years can be considered an average kidney
function decline [13]. Decreased kidney function, defined as eGFR
less than 60 mL/min/1.73 m? and urine albumin-to-creatinine ratio
1.1 mg/mmol (10 mg/g) or more, is an independent predictor of
mortality risk in the general population [14].

Population studies have found an association between lower
testosterone levels and reduced kidney function among men in
general population [2,15] as well as increased CKD stages, even in
younger men and middle-aged men [16]. Importantly, the Diabetes
Prevention Program (DPP) Outcomes Study found that in 889
men with overweight and glucose-intolerance who underwent a
follow-up period of 11 years, low testosterone is a risk factor for
abnormal kidney markers, even after adjustment for multiple other
risk factors for kidney disease [2].

Despite evidence showing that low testosterone is a risk
factor for both NAFLD and reduced kidney function, two medical
conditions that are becoming more and more common due to the
epidemic of obesity and type 2 diabetes, the effects of testosterone
therapy in men with hypogonadism on liver and kidney function
have not been adequately studied.

What this study adds

A real-world evidence study was conducted in 505 men
(mean age: 61 + 10 years) with testosterone levels <350ng/dL
(<12.1nmol/L) and symptoms of hypogonadism, of whom 321
men received treatment with testosterone undecanoate injection
every 12 weeks (following an initial 6-week interval), for up to
12 years (3, 4). The remaining 184 men opted against testosterone
therapy and served as the control group.

Testosterone therapy was temporarily discontinued for
17 months in 147 men in the testosterone group after 5.5 years,
due to reimbursement issues, and re-started upon resolution of
reimbursement issues.

Kidney function was assessed by measuring serum
creatinine, urea, uric acid and glomerular filtration rate (GFR),
while hepatic steatosis was assessed with the fatty liver index, a
predictor of NAFLD, which is calculated by inputting values for
waist size, BMI, triglyceride and gamma-glutamyl transferase
[17]. The fatty liver index score ranges from zero to 100. Fatty
liver index < 30 rules out fatty liver (negative likelihood) while a
score of > 60 indicates a high likelihood that fatty liver is present.

Results showed that men receiving testosterone therapy had
a decrease in serum creatinine (1.14 to 1.07 mg/dL), uric acid (6.8
to 5.5 mg/dL), urea (47.5 to 31.7 mg/dL) and an increase in GFR
(86.6t0 98.5 mL/min/1.73m2) over the study period. The reduction
in uric acid was mirrored for serum urea, which decreased from
48 to 32 mg/dL (serum urea data were only available for the
testosterone group). In contrast, men not receiving testosterone
therapy had an increase in serum creatinine (0.99 to 1.13 mg/dL)
and a decrease in GFR (90.8 to 87.0 mL/min/1.73m?). There was a
slight reduction in uric acid (5.7+1.5 to 5.2+1.5 mg/dL).

Men in the testosterone group had decreased fatty liver index
(84 to 59), gamma-glutamyl transferase (39 to 25 U/L), bilirubin
(1.64 to 1.21 mg/dL) and triglycerides (252 to 175 mg/dL) over 12
years. In contrast, men not receiving testosterone therapy had an
increase in fatty liver index (69 to 81) gamma-glutamyl transferase
(38 to 40 U/L), bilirubin (1.04 to 1.12 mg/dL) and triglycerides
(196 to 244 mg/dL). ALT levels declined slightly in both groups.
Between group difference in AST was at year 1 (p<0.0001), year
2 (p<0.005) and year 4 (p<0.005), with the testosterone group
having lower levels.

Waist size and BMI decreased in the testosterone group (107
to 94 cm and 31 to 28 kg/m?) and increased in the control group
(100 to 105 cm and 29 to 31 kg/m?).

Mortality was 15% in the control group; all deaths were
due to cardiovascular disease; myocardial infarction (13, 48%),
stroke (7, 27%), heart failure (3, 11%), aortic aneurysm (2, 7%)
and lung embolism (2, 7%). In contrast, mortality was only 8%
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in the testosterone group, of which a lower proportion of deaths
(44%) were due to cardiovascular disease; myocardial infarction
(5, 20%), stroke (2, 8%), heart failure (2, 8%), aortic aneurysm (1,
4%) and lung embolism (1, 4%).

*p<0.0001 between groups. TTh; testosterone therapy

Figure 1: Fatty Liver Index (y-axis) in 321 men with hypogonadism
receiving long-term treatment with testosterone undecanoate
injection and 184 men with untreated hypogonadism.

From Yassin AA, Alwani M, Talib R, et al. Long-term testosterone
therapy improves liver parameters and steatosis in hypogonadal
men: a prospective controlled registry study. The aging male: the
official journal of the International Society for the Study of the
Aging Male. Dec 2020;23(5):1553-1563.

Figure 2: Glomerular filtration rate (GFR, mL/min/1.73m2, y-axis)
in 321 men with hypogonadism receiving long-term treatment with
testosterone undecanoate injection (open square) and 184 men
with untreated hypogonadism (black circle). *p<0.0001, NS=not
significant.

From Yassin A, Almehmadi Y, Alwani M, Mahdi M, Jaber A,
et al. Long-term Testosterone Therapy Improves Renal Function
in Men with Hypogonadism: A Real-life Prospective Controlled
Registry. J Clin Nephrol Res. 2020;7(1)

It was concluded that long-term testosterone therapy
improves liver function, hepatic steatosis and kidney function
in hypogonadal men, compared to men with hypogonadism not
receiving testosterone therapy, in whom a worsening is observed
in most parameters. It is likely that the improvements in liver and
kidney function contributed to reduced cardiovascular mortality
[3.4].

Commentary

This is the first study showing that long-term treatment with
testosterone undecanoate injection in men with hypogonadism
has beneficial effects of on hepatic steatosis, liver function
and kidney function, and is associated with reduced mortality
[34]. Importantly, men with hypogonadism who did not receive
testosterone therapy had a significant increase in fatty liver index
and worsening of GFR.

An important observation was the worsening in parameters of
both fatty liver and kidney function in testosterone treated men who
had an interruption in testosterone therapy due to reimbursement
issues, which then resumed improving when testosterone therapy
was re-started upon resolution of reimbursement issues. This
confirms previous findings showing that continuous testosterone
therapy is required for achievement and maintenance of health
benefits of testosterone therapy, as benefits disappear after
discontinuation of testosterone therapy [18-24]. As pointed out
in the British Society for Sexual Medicine guidelines on Adult
Testosterone Deficiency, cessation of testosterone therapy results
in reappearance of symptoms and reversal of benefits within 6
months, hence, testosterone therapy is likely required lifelong for
persistent symptom resolution and maintenance of health benefits
[25].

Previous randomized controlled trials of testosterone therapy
have shown conflicting results on fatty liver. This could be due to
small study sample, short testosterone treatment duration, different
liver fat measurements and of different testosterone preparations
(long-acting testosterone undecanoate injection vs. short-acting
testosterone injection vs. gels) [26-30].

Available randomized controlled trials which showed
that testosterone therapy reduces fatty liver used testosterone
undecanoate injection [26,27]. The study presented above was
conducted in a larger number of men who received treatment
with testosterone undecanoate injection for up to 12 years, which
is the longest reported follow-up. The finding that treatment with
testosterone undecanoate injection resulted inasignificant reduction
in fatty liver index from 84 to 59, while men with hypogonadism
not receiving testosterone treatment had a worsening of fatty liver
index from 69 to 81, and the large difference in mortality among
groups, is notable and congruent with data from other studies. A
large-scale population-based study including over 3 million people
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who had undergone health screening with repeated assessment of
fatty liver index four times between 2009 and 2013 found that
changes over time in fatty liver index were significantly associated
with risk of all-cause mortality (aHR, 1.86; 95% CI, 1.75-1.98; P<
0.001) and incidence of myocardial infarction (aHR, 1.3; 95% CI,
1.21-1.40; P < 0.001), and stroke (aHR, 1.27; 95% CI, 1.19-1.37;
P < 0.001), even after adjustment for age, sex, smoking, alcohol
consumption, income, hypertension, dyslipidemia, diabetes, BMI
and physical activity [31].

In the study above, testosterone therapy did not appear to
have a large effect on ALT levels [4]. Interestingly, previous studies
have found that half of patients with type 2 diabetes and normal
ALT levels have NAFLD [32]. This suggests that liver enzymes
are not a reliable indicator of fatty liver status.

Type 2 diabetes is one of the top six underlying causes of
NAFLD-related deaths [11]. This makes testosterone therapy a
particularly promising treatment, as it can reduce both fatty liver 4
and prevent and possibly reverse type 2 diabetes [33-35].

For more information, see:

Testosterone therapy for prevention and reversal of type 2 diabetes
in men enrolled in a lifestyle program

Remission of type 2 diabetes during long-term treatment with
testosterone undecanoate injections

Testosterone therapy in men with hypogonadism prevents
progression from prediabetes to type 2 diabetes

Most studies that have investigated hypogonadism and
testosterone therapy in the context of kidney function focused on
its association with morbidity and mortality in men with chronic
kidney disease and end-stage kidney disease. The primary aim of
these studies was to examine the effects of testosterone therapy
in these patient populations on restoration of sexual function
and improvements in metabolic parameters, lean muscle mass
and mortality, and not parameters of kidney function [36,37].
Hence, the effect of testosterone therapy on kidney function is
an understudied area. A large population study of US veterans,
including 48,461 men, found that testosterone therapy resulted in
a significant delay in progression of chronic kidney disease to end-
stage kidney disease, and prolonged survival time, corresponding
to 25% reduced risk of mortality [38].

The study presented above is the first long-term study
investigating the effect of testosterone therapy on kidney function,
evaluated by GFR. The rapid reduction in uric acid observed in
men receiving treatment with testosterone undecanoate injection,
accompanied with an increase in GFR, suggests a direct beneficial
effect of testosterone therapy on kidney function.

The reduction in myocardial infarction, stroke and mortality
in the testosterone group confirms findings from previous studies
[34,35.39]

For more information, see:

“Survival and cardiovascular events in men treated with

testosterone”

The significant reduction in fatty liver index and mortality seen
in testosterone treated men compared to untreated men is a highly
important finding, as there currently are no approved medications
available for treatment of fatty liver disease.

References

1. Chalasani N, Younossi Z, Lavine JE, et al. (2012) The diagnosis
and management of non-alcoholic fatty liver disease: practice
guideline by the American Gastroenterological Association, American
Association for the Study of Liver Diseases, and American College of
Gastroenterology. Gastroenterology 55: 2005-2023.

2. Kim C, Ricardo AC, Boyko EJ, et al. (2019) Sex Hormones and
Measures of Kidney Function in the Diabetes Prevention Program
Outcomes Study. J Clin Endocrinol Metab 104: 1171-1180.

3. Yassin A, Aimehmadi Y, Alwani M, Mahdi M, Jaber A, et al. (2020)
Long-term Testosterone Therapy Improves Renal Function in Men
with Hypogonadism: A Real-life Prospective Controlled Registry. J Clin
Nephrol Res 7: 1095.

4. Yassin AA, Alwani M, Talib R, et al. (2020) Long-term testosterone
therapy improves liver parameters and steatosis in hypogonadal men:
a prospective controlled registry study. The aging male: the official
journal of the International Society for the Study of the Aging Male 23:
1553-1563.

5. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M
(2016) Global epidemiology of nonalcoholic fatty liver disease-
Meta-analytic assessment of prevalence, incidence, and outcomes.
Hepatology 64: 73-84.

6. Estes C, Anstee QM, Arias-Loste MT, et al. (2018) Modeling NAFLD
disease burden in China, France, Germany, Italy, Japan, Spain, United
Kingdom, and United States for the period 2016-2030. J Hepatol 69:
896-904.

7. DaiW, Yel, LiuA, etal. (2017) Prevalence of nonalcoholic fatty liver
disease in patients with type 2 diabetes mellitus: A meta-analysis.
Medicine (Baltimore) 96: e8179.

8. Yim JY, Kim J, Kim D, Ahmed A (2018) Serum testosterone and
non-alcoholic fatty liver disease in men and women in the US. Liver
international: official journal of the International Association for the
Study of the Liver 38: 2051-2059.

9. Kim S, Kwon H, Park JH, et al. (2012) A low level of serum total
testosterone is independently associated with nonalcoholic fatty liver
disease. BMC gastroenterology 12: 69.

10. Simon TG, Roelstraete B, Khalili H, Hagstrom H, Ludvigsson JF
(2021) Mortality in biopsy-confirmed nonalcoholic fatty liver disease:
results from a nationwide cohort. Gut 70: 1375-1382.

11. Paik JM, Henry L, De AvilaL, Younossi E, Racila A, Younossi ZM (2019)
Mortality Related to Nonalcoholic Fatty Liver Disease Is Increasing in
the United States. Hepatology Communications 3: 1459-1471.

12. Weinstein JR, Anderson S (2010) The aging kidney: physiological
changes. Advances in chronic kidney disease 17: 302-307.

4

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 6; Issue 03


https://www.nebido.com/hcp/testosterone-research-news/testosterone-therapy-for-type-2-diabetes-prevention
https://www.nebido.com/hcp/testosterone-research-news/testosterone-therapy-for-type-2-diabetes-prevention
https://www.nebido.com/hcp/testosterone-news-resources/research-news/remission-of-type-2-diabetes-during-long-term-treatment-with-testosterone-undecanoate-injections
https://www.nebido.com/hcp/testosterone-news-resources/research-news/remission-of-type-2-diabetes-during-long-term-treatment-with-testosterone-undecanoate-injections
https://www.nebido.com/hcp/research-news/testosterone-therapy-in-men-with-hypogonadism-prevents-progression-from-prediabetes-to-type-2-diabetes
https://www.nebido.com/hcp/research-news/testosterone-therapy-in-men-with-hypogonadism-prevents-progression-from-prediabetes-to-type-2-diabetes
https://www.nebido.com/hcp/research-news/longer-duration-testosterone-therapy-reduces-heart-attack-stroke-and-death-in-men-with-hypogonadism
https://www.nebido.com/hcp/research-news/longer-duration-testosterone-therapy-reduces-heart-attack-stroke-and-death-in-men-with-hypogonadism
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.25762
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.25762
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.25762
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.25762
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.25762
https://pubmed.ncbi.nlm.nih.gov/30398516/
https://pubmed.ncbi.nlm.nih.gov/30398516/
https://pubmed.ncbi.nlm.nih.gov/30398516/
https://www.jscimedcentral.com/Nephrology/nephrology-7-1095.pdf
https://www.jscimedcentral.com/Nephrology/nephrology-7-1095.pdf
https://www.jscimedcentral.com/Nephrology/nephrology-7-1095.pdf
https://www.jscimedcentral.com/Nephrology/nephrology-7-1095.pdf
https://pubmed.ncbi.nlm.nih.gov/33439074/
https://pubmed.ncbi.nlm.nih.gov/33439074/
https://pubmed.ncbi.nlm.nih.gov/33439074/
https://pubmed.ncbi.nlm.nih.gov/33439074/
https://pubmed.ncbi.nlm.nih.gov/33439074/
https://pubmed.ncbi.nlm.nih.gov/26707365/
https://pubmed.ncbi.nlm.nih.gov/26707365/
https://pubmed.ncbi.nlm.nih.gov/26707365/
https://pubmed.ncbi.nlm.nih.gov/26707365/
https://pubmed.ncbi.nlm.nih.gov/29886156/
https://pubmed.ncbi.nlm.nih.gov/29886156/
https://pubmed.ncbi.nlm.nih.gov/29886156/
https://pubmed.ncbi.nlm.nih.gov/29886156/
https://pubmed.ncbi.nlm.nih.gov/28953675/
https://pubmed.ncbi.nlm.nih.gov/28953675/
https://pubmed.ncbi.nlm.nih.gov/28953675/
https://pubmed.ncbi.nlm.nih.gov/29517842/
https://pubmed.ncbi.nlm.nih.gov/29517842/
https://pubmed.ncbi.nlm.nih.gov/29517842/
https://pubmed.ncbi.nlm.nih.gov/29517842/
https://pubmed.ncbi.nlm.nih.gov/22691278/
https://pubmed.ncbi.nlm.nih.gov/22691278/
https://pubmed.ncbi.nlm.nih.gov/22691278/
https://pubmed.ncbi.nlm.nih.gov/33037056/
https://pubmed.ncbi.nlm.nih.gov/33037056/
https://pubmed.ncbi.nlm.nih.gov/33037056/
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep4.1419
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep4.1419
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep4.1419
https://pubmed.ncbi.nlm.nih.gov/20610357/#:~:text=With aging%2C many subjects exhibit,the glomerular capillary ultrafiltration coefficient.
https://pubmed.ncbi.nlm.nih.gov/20610357/#:~:text=With aging%2C many subjects exhibit,the glomerular capillary ultrafiltration coefficient.

Citation: Yassin A, Albaba B, Talib R, Aboumarzouk O,Alwani M, et al. (2022) Long-Term Testosterone Treatment Improves Fatty Liver and Kidney Function with Safe Outcomes
on Cardio-, Metabolic and Prostate Health in Men with Hypogonadism. Prospective Controlled Studies. Curr Trends Intern Med 6: 163. DOI: 10.29011/2638-003X.100063

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

van der Burgh AC, Rizopoulos D, lkram MA, Hoorn EJ, Chaker L
(2021) Determinants of the Evolution of Kidney Function With Age.
Kidney Int Rep 6: 3054-3063.

Matsushita K, van der Velde M, Astor BC, et al. (2010) Association of
estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: a collaborative
meta-analysis. Lancet 375: 2073-2081.

Kurita N, Horie S, Yamazaki S, et al. (2016) Low Testosterone Levels
and Reduced Kidney Function in Japanese Adult Men: The Locomotive
Syndrome and Health Outcome in Aizu Cohort Study. Journal of the
American Medical Directors Association 17: 371.e1-6.

Hylander B, Lehtihet M (2015) Testosterone and gonadotropins but not
SHBG vary with CKD stages in young and middle aged men. Basic
Clin Androl 25: 9.

Bedogni G, Bellentani S, Miglioli L, et al. (2006) The Fatty Liver Index:
a simple and accurate predictor of hepatic steatosis in the general
population. BMC gastroenterology 6: 33.

Ng Tang Fui M, Hoermann R, Zajac JD, Grossmann M (2017) The
effects of testosterone on body composition in obese men are not
sustained after cessation of testosterone treatment. Clin Endocrinol
(Oxf) 87: 336-343.

Yassin A, Almehmadi Y, Saad F, Doros G, Gooren L (2016) Effects
of intermission and resumption of long-term testosterone replacement
therapy on body weight and metabolic parameters in hypogonadal in
middle-aged and elderly men. Clin Endocrinol (Oxf) 84: 107-114.

Hackett G, Cole N, Mulay A, Strange RC, Ramachandran S (2018)
Long-Term Testosterone Therapy in Type 2 Diabetes Is Associated
with Decreasing Waist Circumference and Improving Erectile Function.
The world journal of men’s health 38: 68-77.

O’Connell MD, Roberts SA, Srinivas-Shankar U, et al. (2011) Do the
effects of testosterone on muscle strength, physical function, body
composition, and quality of life persist six months after treatment in
intermediate-frail and frail elderly men? J Clin Endocrinol Metab 96:
454-458.

Morgunov LY, Denisova IA, Rozhkova Tl, Stakhovskaya LV, Skvortsova
VI (2018) Hypogonadism and its treatment following ischaemic stroke
in men with type 2 diabetes mellitus. The aging male: the official journal
of the International Society for the Study of the Aging Male 2018: 1-10.

Francomano D, Bruzziches R, Barbaro G, Lenzi A, Aversa A (2014)
Effects of testosterone undecanoate replacement and withdrawal
on cardio-metabolic, hormonal and body composition outcomes in
severely obese hypogonadal men: a pilot study. J Endocrinol Invest
37:401-411.

Yassin A, Nettleship JE, Talib RA, Aimehmadi Y, Doros G (2016)
Effects of testosterone replacement therapy withdrawal and re-
treatment in hypogonadal elderly men upon obesity, voiding function
and prostate safety parameters. The aging male: the official journal
of the International Society for the Study of the Aging Male 19: 64-69.

Hackett G, Kirby M, Edwards D, et al. (2017) British Society for
Sexual Medicine Guidelines on Adult Testosterone Deficiency, With
Statements for UK Practice. The journal of sexual medicine 14: 1504-
1523.

Hoyos CM, Yee BJ, Phillips CL, Machan EA, Grunstein RR, Liu PY
(2012) Body compositional and cardiometabolic effects of testosterone
therapy in obese men with severe obstructive sleep apnoea: a
randomised placebo-controlled trial. Eur J Endocrinol 167: 531-541.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Maseroli E, Comeglio P, Corno C, et al. (2021) Testosterone treatment
is associated with reduced adipose tissue dysfunction and nonalcoholic
fatty liver disease in obese hypogonadal men. J Endocrinol Invest 44:
819-842.

Dhindsa S, Ghanim H, Batra M, et al. (2016) Insulin Resistance
and Inflammation in Hypogonadotropic Hypogonadism and Their
Reduction After Testosterone Replacement in Men With Type 2
Diabetes. Diabetes Care 39: 82-91.

Huang G, Bhasin S, Tang ER, et al. (2013) Effect of testosterone
administration on liver fat in older men with mobility limitation: results
from a randomized controlled trial. J Gerontol A Biol Sci Med Sci 68:
954-959.

Magnussen LV, Andersen PE, Diaz A, et al. (2017) MR spectroscopy
of hepatic fat and adiponectin and leptin levels during testosterone
therapy in type 2 diabetes: a randomized, double-blinded,
placebocontrolled trial. Eur J Endocrinol 177: 157-168.

Lee CH, Han KD, Kim DH, Kwak MS (2021) The Repeatedly Elevated
Fatty Liver Index Is Associated With Increased Mortality: A Population-
Based Cohort Study. Frontiers in endocrinology 12: 638615.

Portillo-Sanchez P, Bril F, Maximos M, et al. (2015) High Prevalence
of Nonalcoholic Fatty Liver Disease in Patients With Type 2 Diabetes
Mellitus and Normal Plasma Aminotransferase Levels. J Clin
Endocrinol Metab 100: 2231-2238.

Wittert G, Bracken K, Robledo KP, et al. (2021) Testosterone treatment
to prevent or revert type 2 diabetes in men enrolled in a lifestyle
programme (T4DM): a randomised, double-blind, placebocontrolled,
2-year, phase 3b trial. The lancet Diabetes & endocrinology 9: 32-45.

Haider KS, Haider A, Saad F, et al. (2020) Remission of type 2
diabetes following long-term treatment with injectable testosterone
undecanoate in patients with hypogonadism and type 2 diabetes:
11-year data from a real-world registry study. Diabetes, obesity &
metabolism 22: 2055-2068.

Yassin A, Haider A, Haider KS, et al. (2019) Testosterone Therapy in
Men With Hypogonadism Prevents Progression From Prediabetes to
Type 2 Diabetes: Eight-Year Data From a Registry Study. Diabetes
Care 6: 1104-1111.

Thirumavalavan N, Wilken NA, Ramasamy R (2015) Hypogonadism
and renal failure: An update. Indian journal of urology : IJU : journal of
the Urological Society of India 31: 89-93.

Snyder G, Shoskes DA (2016) Hypogonadism and testosterone
replacement therapy in end-stage renal disease (ESRD) and transplant
patients. Transl Androl Urol 5: 885-889.

Sharma R, Oni O, Wiegmann P, et al. (2020) Testosterone
Replacement Therapy (TRT) is Associated with Delayed Progression
of Chronic Kidney Disease: A Retrospective Analysis of Testosterone
Normalization in US Veterans. Ann Nephrol 5: 51-59.

Wallis CJ, Lo K, Lee Y, et al. (2016) Survival and cardiovascular events
in men treated with testosterone replacement therapy: an intention-to-
treat observational cohort study. The lancet Diabetes & endocrinology
4: 498-506.

5

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 6; Issue 03


https://pubmed.ncbi.nlm.nih.gov/34901574/
https://pubmed.ncbi.nlm.nih.gov/34901574/
https://pubmed.ncbi.nlm.nih.gov/34901574/
https://pubmed.ncbi.nlm.nih.gov/20483451/
https://pubmed.ncbi.nlm.nih.gov/20483451/
https://pubmed.ncbi.nlm.nih.gov/20483451/
https://pubmed.ncbi.nlm.nih.gov/20483451/
https://pubmed.ncbi.nlm.nih.gov/26926336/
https://pubmed.ncbi.nlm.nih.gov/26926336/
https://pubmed.ncbi.nlm.nih.gov/26926336/
https://pubmed.ncbi.nlm.nih.gov/26926336/
https://pubmed.ncbi.nlm.nih.gov/26635963/
https://pubmed.ncbi.nlm.nih.gov/26635963/
https://pubmed.ncbi.nlm.nih.gov/26635963/
https://pubmed.ncbi.nlm.nih.gov/17081293/
https://pubmed.ncbi.nlm.nih.gov/17081293/
https://pubmed.ncbi.nlm.nih.gov/17081293/
https://pubmed.ncbi.nlm.nih.gov/28561278/
https://pubmed.ncbi.nlm.nih.gov/28561278/
https://pubmed.ncbi.nlm.nih.gov/28561278/
https://pubmed.ncbi.nlm.nih.gov/28561278/
https://pubmed.ncbi.nlm.nih.gov/26331709/
https://pubmed.ncbi.nlm.nih.gov/26331709/
https://pubmed.ncbi.nlm.nih.gov/26331709/
https://pubmed.ncbi.nlm.nih.gov/26331709/
https://pubmed.ncbi.nlm.nih.gov/30209900/
https://pubmed.ncbi.nlm.nih.gov/30209900/
https://pubmed.ncbi.nlm.nih.gov/30209900/
https://pubmed.ncbi.nlm.nih.gov/30209900/
https://pubmed.ncbi.nlm.nih.gov/21084399/
https://pubmed.ncbi.nlm.nih.gov/21084399/
https://pubmed.ncbi.nlm.nih.gov/21084399/
https://pubmed.ncbi.nlm.nih.gov/21084399/
https://pubmed.ncbi.nlm.nih.gov/21084399/
https://pubmed.ncbi.nlm.nih.gov/24639122/
https://pubmed.ncbi.nlm.nih.gov/24639122/
https://pubmed.ncbi.nlm.nih.gov/24639122/
https://pubmed.ncbi.nlm.nih.gov/24639122/
https://pubmed.ncbi.nlm.nih.gov/24639122/
https://pubmed.ncbi.nlm.nih.gov/26742589/
https://pubmed.ncbi.nlm.nih.gov/26742589/
https://pubmed.ncbi.nlm.nih.gov/26742589/
https://pubmed.ncbi.nlm.nih.gov/26742589/
https://pubmed.ncbi.nlm.nih.gov/26742589/
https://pubmed.ncbi.nlm.nih.gov/29198507/
https://pubmed.ncbi.nlm.nih.gov/29198507/
https://pubmed.ncbi.nlm.nih.gov/29198507/
https://pubmed.ncbi.nlm.nih.gov/29198507/
https://pubmed.ncbi.nlm.nih.gov/22848006/
https://pubmed.ncbi.nlm.nih.gov/22848006/
https://pubmed.ncbi.nlm.nih.gov/22848006/
https://pubmed.ncbi.nlm.nih.gov/22848006/
https://pubmed.ncbi.nlm.nih.gov/32772323/
https://pubmed.ncbi.nlm.nih.gov/32772323/
https://pubmed.ncbi.nlm.nih.gov/32772323/
https://pubmed.ncbi.nlm.nih.gov/32772323/
https://pubmed.ncbi.nlm.nih.gov/26622051/
https://pubmed.ncbi.nlm.nih.gov/26622051/
https://pubmed.ncbi.nlm.nih.gov/26622051/
https://pubmed.ncbi.nlm.nih.gov/26622051/
https://pubmed.ncbi.nlm.nih.gov/23292288/
https://pubmed.ncbi.nlm.nih.gov/23292288/
https://pubmed.ncbi.nlm.nih.gov/23292288/
https://pubmed.ncbi.nlm.nih.gov/23292288/
https://pubmed.ncbi.nlm.nih.gov/28522646/
https://pubmed.ncbi.nlm.nih.gov/28522646/
https://pubmed.ncbi.nlm.nih.gov/28522646/
https://pubmed.ncbi.nlm.nih.gov/28522646/
https://www.frontiersin.org/articles/10.3389/fendo.2021.638615/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.638615/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.638615/full
https://pubmed.ncbi.nlm.nih.gov/25885947/
https://pubmed.ncbi.nlm.nih.gov/25885947/
https://pubmed.ncbi.nlm.nih.gov/25885947/
https://pubmed.ncbi.nlm.nih.gov/25885947/
https://pubmed.ncbi.nlm.nih.gov/33338415/
https://pubmed.ncbi.nlm.nih.gov/33338415/
https://pubmed.ncbi.nlm.nih.gov/33338415/
https://pubmed.ncbi.nlm.nih.gov/33338415/
https://pubmed.ncbi.nlm.nih.gov/32558149/
https://pubmed.ncbi.nlm.nih.gov/32558149/
https://pubmed.ncbi.nlm.nih.gov/32558149/
https://pubmed.ncbi.nlm.nih.gov/32558149/
https://pubmed.ncbi.nlm.nih.gov/32558149/
https://pubmed.ncbi.nlm.nih.gov/30862651/#:~:text=a Registry Study-,Testosterone Therapy in Men With Hypogonadism Prevents Progression From Prediabetes,%3A 10.2337%2Fdc18%2D2388.
https://pubmed.ncbi.nlm.nih.gov/30862651/#:~:text=a Registry Study-,Testosterone Therapy in Men With Hypogonadism Prevents Progression From Prediabetes,%3A 10.2337%2Fdc18%2D2388.
https://pubmed.ncbi.nlm.nih.gov/30862651/#:~:text=a Registry Study-,Testosterone Therapy in Men With Hypogonadism Prevents Progression From Prediabetes,%3A 10.2337%2Fdc18%2D2388.
https://pubmed.ncbi.nlm.nih.gov/30862651/#:~:text=a Registry Study-,Testosterone Therapy in Men With Hypogonadism Prevents Progression From Prediabetes,%3A 10.2337%2Fdc18%2D2388.
https://pubmed.ncbi.nlm.nih.gov/25878406/
https://pubmed.ncbi.nlm.nih.gov/25878406/
https://pubmed.ncbi.nlm.nih.gov/25878406/
https://pubmed.ncbi.nlm.nih.gov/28078220/
https://pubmed.ncbi.nlm.nih.gov/28078220/
https://pubmed.ncbi.nlm.nih.gov/28078220/
https://scholars.direct/Articles/nephrology/anp-5-014.pdf
https://scholars.direct/Articles/nephrology/anp-5-014.pdf
https://scholars.direct/Articles/nephrology/anp-5-014.pdf
https://scholars.direct/Articles/nephrology/anp-5-014.pdf
https://pubmed.ncbi.nlm.nih.gov/27165609/'
https://pubmed.ncbi.nlm.nih.gov/27165609/'
https://pubmed.ncbi.nlm.nih.gov/27165609/'
https://pubmed.ncbi.nlm.nih.gov/27165609/'

