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container for serum testosterone measurement using the enzyme-linked im-
munoassay technique. Blood was also collected from the same subjects in a
fluoride oxalate container for plasma enzymatic glucose estimation using a Ran-
dox Glucose oxidase kit. For in vivorat model, the albino rats were grouped into
2 of five (5) rats. The control group (1) was only given normal rat food and water
while the test group (2) was treated with 0.4 g of industrial sugar/mL/body
weight in addition to rat food and water via oral intubation for 21 days. Blood
samples were collected via ocular puncture into plain tubes for testosterone
measurement as described above. Results: There is a significant (p < 0.05) in-
crease in the glucose level of diabetic subjects compared to the control non-
diabetic groups. Interestingly, the diabetic individuals have decreased levels of
testosterone compared to the control (p < 0.05). The same was observed in
rats treated with industrial sugar. Conclusion: In conclusion, data available
from this study suggests that increased plasma glucose levels and excessive in-
dustrial sugar consumption are associated with decreased testosterone levels
in both human and animal models respectively. The mechanism is yet unclear
but it could be that DM alters conventional sperm parameters, spermatogen-
esis, and biosynthesis of testosterone and induces degenerative changes in the
testis and epididymis and ejaculatory dysfunction. These mechanisms need to
be investigated.
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1. Introduction

Diabetes mellitus (DM) is one of the biggest global health issues, associated with
a number of microvascular complications including retinopathy, neuropathy,
nephropathy, cardiovascular illnesses, and male infertility [1]. To further compre-
hend its function in male infertility, it is imperative to thoroughly examine how
DM affects male reproductive hormones, especially testosterone. In light of these
relationships, gaining knowledge about how diabetes affects male hormone bal-
ance will help manage infertility caused by diabetes and enhance treatment plans
for those who are impacted.

By definition, diabetes is a set of metabolic abnormalities typified by hypergly-
cemia believed to be associated with aberrant insulin secretion, insulin action, or
both [2]. In Africa and the Western World, diabetes is rampant and swiftly grow-
ing rapidly as a major public health issue that requires special attention. Accord-
ing to the International Diabetic Federation’s diabetic atlas, 366 million people
worldwide were affected by diabetes in 2011, and diabetes prevalence is antici-
pated to rise to 552 million by 2030 [3].

Industrial sugar use has increased significantly over the past century, mostly as
aresult of its widespread use in processed foods and beverages. Research shows that

eating too much sugar is strongly linked to a number of health issues, including
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hormonal imbalances and metabolic diseases [4]. But little is known about the spe-
cific effects of industrial sugar on testosterone levels, especially in animal models.

Significant microvascular consequences linked to diabetes mellitus include
male infertility, diabetic retinopathy, neuropathy, nephropathy, and cardiovascu-
lar disease [5] [6]. According to reports, type 1 and type 2 diabetes are becoming
more common in young people [7]-[9]. This rise is concerning and has to be ad-
dressed right now since it could cause severe infertility problems in men who are
fertile. Furthermore, research indicates that the decrease in birth and fertility rates
in contemporary civilizations is closely linked to the rise in diabetes rates [10]. For
this reason, researchers should not only focus on COVID therapy and vaccines,
but also gross attention and grants should be given to research focused on provid-
ing remedies to cob the ugly trend of diabetes mellitus which has subtly pushed
Homo sapiens into gradual extinction.

Diabetes can cause male infertility by interfering with spermatogenesis, causing
degenerative and apoptotic changes in the testes, and changing glucose metabo-
lism at the Sertoli/blood-testes barrier [1]. These changes can lead to decreased
testosterone production and secretion, ejaculatory dysfunction, and decreased li-
bido, according to a growing body of research conducted on diabetic men and ani-
mal models [11]. Numerous in vitro and preclinical investigations have focused on
the biochemical pathways impacted by diabetes mellitus, which are thought to be
the source of these consequences [12]. Hormonal abnormalities in the hypotha-
lamic-pituitary-gonadal axis or direct interactions between insulin and the testes or
sperm cells may be the cause of diabetes’s adverse effects on male reproductive ca-
pacity [13] [14]. It has been demonstrated that insulin replacement therapy can re-
turn sperm motility and count to normal in diabetic rat models [15]. However, in-
sulin restores the function of the hypothalamo-hypophyseal-gonadal axis rather
than directly affecting the tests to restore fertility [16]. In diabetic rats, the re-
sponse to insulin treatment varies; some researchers have shown a quick recovery
of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) [12], while
other studies have reported no discernible recovery of these hormones [17] [18].

Oxidative stress may play a role in the pathogenesis of male reproductive prob-
lems associated with diabetes [19]-[21]. The Nrf2 gene is essential for the testes’
oxidative defense, and its expression decreases in diabetics [22] [23]. In addition
to changes in testicular metabolite levels and spermatogenesis, men with diabetes
typically have sperm with higher levels of DNA fragmentation, advanced glycation
end products (AGEs), and their receptors. These factors all contribute to a decline
in sperm quality and performance [19]. According to recent research, antioxidant
therapy can lower associated comorbidities, enhance glycaemic management, and
guard against oxidative stress brought on by free radicals [24].

Men with diabetes frequently suffer from erectile dysfunction (ED), which is
defined as the ongoing inability to obtain or sustain an erection strong enough for
intercourse [25]. Compared to men without diabetes, men with type 1 or type 2
diabetes are three times more likely to experience erectile dysfunction (ED), which

frequently manifests earlier in life and gets worse as the condition worsens. Since
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ED is primarily regarded as a vascular condition, neuropathy, vascular damage,
and endothelial dysfunction are thought to be important factors, even though the
precise processes behind ED in diabetes are not well understood [25]. Between
50% and 75% of men with diabetes are thought to have some form of erectile dys-
function. Endothelial dysfunction, impaired nitric oxide (NO) pathways (includ-
ing downregulation of NO synthase and degeneration of nitrergic nerves), aber-
rant signal transduction pathways, degeneration of smooth muscle in the corpora
cavernosa, and tissue remodeling are the mechanisms underlying erectile dys-
function (ED) in men with diabetes [26]. The neural NO synthase/cGMP pathway
is started when sexual stimulation activates the non-adrenergic, non-cholinergic
neurons. Vasodilation and increased blood flow to the corpus cavernosum result
from the release of NO, which encourages the relaxation of resistant arterioles and
penile cavernosal arteries. The endothelium lining of the lacunar spaces of the
corpus cavernosum is stimulated by this increased blood flow, which further
causes endothelial NO to be released through endothelial NO synthase [27] [28].
Penile engorgement results from these physiological and biochemical mecha-
nisms that relax trabecular smooth muscle and cause the sinusoids in the corpora
cavernosa to expand [29]. The “venoocclusive” process is the result of the expand-
ing corpora cavernosa pressing against the tunica albuginea, which causes veno-
occlusion and traps blood under pressure. Androgens control both endothelium
and neural NO synthases, which are essential for this process [30].

Furthermore, the penis’s tissue architecture depends on androgen [31], thus,
any changes or disturbances in the circulatory system, neuronal pathways, or fi-
broelastic characteristics of erectile tissue might affect the veno-occlusion process
and lead to erectile dysfunction. Additionally, it has been demonstrated that dia-
betes impairs endothelium-dependent smooth muscle relaxation, which results in
ED through smooth muscle failure in the penis’ microvasculature tree [32] [33].

Therefore, examining how DM affects male reproductive hormones, especially
testosterone, is crucial to comprehending its role in male infertility. Better treat-
ment plans for individuals with diabetes and more efficient management of dia-
betes-induced infertility can result from an understanding of how diabetes affects

men’s hormonal balance.

2. Materials and Methods
2.1. Study Area

This cross-sectional study was carried out at Alex Ekwueme Federal University
Teaching Hospital Abakaliki, (AE-FUTHA). Alex Ekwueme Federal University
Teaching Hospital Abakaliki, (AE-FUTHA) is the only teaching hospital in Aba-
kaliki metropolis. It is the major tertiary health facility for accessing healthcare

and services in the state.

2.2. Ethical Approval

The protocol for this study was approved by the Ethics and Research Committee
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of Alex-Ekwueme Federal Teaching Hospital, Abakaliki (AE-FUTHA) Nigeria
with Health Research Ethics committee approval number NHREC/16/05/22/148
in accordance with the ethical standards. A written informed consent was ob-
tained from all participants of the study. The whole Study was carried out at no
cost to the participants. Furthermore, all animal experiments adhered to the
guidelines set by Ebonyi State University Research Ethics Committee (approval
number EBSU/DRIC/UREC/VOL.07/058.

2.3. Study Participants

The study population includes patients attending Urology unit of Federal Univer-
sity Teaching Hospital, Abakaliki, Ebonyi State Nigeria. About 10 samples with 3
repeats (30 samples in all) were collected from known diabetic patients and 10
control healthy individuals (with 3 repeats, resulting to 30 control samples in all).

All subjects acknowledged the protocol and consented to participate in the study.

2.4. Research Design

This research is a cross sectional analytical study aimed to comparatively study
the effects of diabetes mellitus on male reproductive hormone (testosterone) of
diabetic patients attending urology unit of Alex-Ekwueme Federal University
Teaching Hospital Abakaliki, Nigeria using non diabetic adult males as controls.
To study the effect of industrial sugar on serum testosterone levels in rat model,
we purchased adult male albino rats from the University of Nigeria’s Veterinary
Department in Nsukka, Enugu State. Before the experiment, the animals were
kept in steel laboratory cages and given a week to get acquainted to the laboratory
environment. They were given unlimited access to water and regular rat feed
throughout the experimental period. Every animal was given the proper care in
compliance with the Investigations and Ethics Committee’s recommendations
and community laws governing the use of experimental animals. The albino rats
were split into two groups, each with five (5) rats: a control group (Group 1) and
a test group (Group 2), which received only standard rat food and water and in-

dustrial sugar in addition, administered via oral intubation for 21 days.

2.5. Sample Collection

Blood samples were taken from each rat via ocular puncture into plain tubes for
testosterone measurement at the end of the treatment period whilefive millilitre
(5 ml) of blood was collected from antecubital vein of each human participant into
a plain container. It was spun at 1500 gravity (g) for 5 minutes to obtain serum
for testosterone estimation. From same subjests blood were collected in fluoride

oxalate container for plasma glucose estimation after 12 hours fasting.

2.6. Glucose Estimation

Glucose estimation for determination of plasma glucose levels in subjects were

performed using Glucose randox kit bought from Randox Laboratories Itd, United
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Kingdom. The procedures were as per the manufacturer’s protocols.

2.7. Enzyme Immunoassay Techniques for Testosterone Estimation

2.7.1. Assay Procedure

Desired number of coated wells in the holder were secured and 25 ul of standards,
specimens and controls were dispensed into appropriate wells, followed by 50 pl
of rabbit anti-Testosterone reagent to each well and thoroughly and completely
mixed for 30 seconds. Then 100 pl of Testosterone- Horseradish Peroxidase
(HRP) conjugate reagent was dispensed into each well and were incubated at 37°C
for 60 minutes. The micro wells were rinsed and flicked 5 times with washing
Buffer (1X) and 100 pl of 3,3’,5,5’-Tetramethylbenzidine (TMB) substrate was dis-
pensed into each well with gentle mix for 10 seconds, and incubated at room tem-
perature (18°C - 22°C) for 20 minutes. The reaction was stopped by adding 100
ul of stop solution to each well and were gently mixed for 30 seconds. We ensured
that all the blue colour changed to yellow colour completely. The absorbance was
read at 450 nm with a micro titer well reader made from Germany; HEPOBIO
(model number of HP-ELISA3000B).

2.7.2. Statistical Analysis

Data were expressed as the mean + standard error of the mean (SEM). Once the
data were checked for normal distribution, GraphPad Prism version 8.0 was used
for statistical analysis, and a one-way analysis of variance (ANOVA) was carried
out to compare the means of the independent groups, with statistical significance
taken at p < 0.05.

3. Results

This research is a cross sectional analytical study aimed to comparatively study
the effects of diabetes mellitus on male reproductive hormone of diabetic patients
attending urology unit of Alex-Ekwueme Federal University Teaching Hospital
Abakaliki. Results are presented in Figure 1 and Figure 2 and Table 1.

-
(3]
]

-
o
1

(3]
1

Testosterone level

o
1

1.2 3 4 5 6 7 8 9 10

Subjects

Figure 1. Graph of testosterone of male diabetic patients against healthy controls. As indi-
cated, the blue colors represent the testosterone levels of male diabetic subjects while the
red colors indicate the respective healthy non diabetic controls. The error bars are also
indicated. When the testosterone levels of diabetics were compared with the testosterone
levels of the control, p < 0.05, n = 3.
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Figure 2. A graph comparing the testosterone with glucose levels of diabetic subjects. As
indicated, the blue colors represent the testosterone levels of male diabetic subjects while
the red colors indicate the glucose levels of the diabetic patients. The Green colors indicates
the testosterone levels of the control group of non- diabetic male patients, n = 3. When the
testosterone levels of diabetics were compared with the testosterone levels of the control, p
< 0.05. When the glucose levels of diabetics were compared with the glucose levels of the
control, p < 0.05.

The effects of industrial sugar on testosterone level of male albino rats were also
studied. In this study, albino rats were grouped into 2 (control and test) of five (5)
rats in each group. The test group was treated with industrial sugar via oral intu-
bation for 21 days after which the rats were starved for 12 hours, and blood sam-
ples collected for testosterone measurement using ELISA technique. The result of

this research is presented in Table 1.

Table 1. Comparison of the effects of industrial sugar on testosterone level of male albino rats.

Testosterone (ng/mL) P-value
Group 1 (Control) 4.09 +0.23 0.218
Group 2 (test) 2.67 +0.89 0.059

The effects of industrial sugar on weight of the albino rats were also measured
and the result depicted in Figure 3.

Weight Before Weight After -

HGroupl mGroup2

Figure 3. Effects of industrial sugar on weight of male albino rats. The brown coloured bars
indicate the average weight of the control known to be group 1, while the blue coloured
bars represent the average weight of the test group treated with industrial sugar. The bars
at the left side show the initial weight of the rats before treatment, while the weight after
treatment is indicated at the right hand side.
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4. Discussion

Male fertility is critically dependent upon normal intratesticular concentrations
of testosterone to support qualitative and quantitative normal spermatogenesis.
Diabetes mellitus, whether primary or unexplained, is a long-term disorder of car-
bohydrate, lipid, and protein metabolism characterized by glucose intolerance,
hyperglycemia, and glycosuria. Great number of infertility cases have been linked
to diabetes mellitus in both male and female. Neuropathy, vascular insufficiency,
and hyperglycemia are believed to play a role in the pathogenesis of impotence,
ejaculation disorders, and decreased libido, along with decreased vaginal lubrica-
tion and orgasm dysfunctions [34]. There has been a rise in the frequency of dia-
betes and use of industrial sugar among teenagers, which calls for concern since it
might compromise men’s fertility during their reproductive years (foetal origin of
adult disease), leading to a fall in birth rate, fertility and gradual human extinction.
[35]. As a consequence, it is crucial to investigate the impact of diabetes and in-
dustrial sugar consumption on male reproductive hormone (testosterone) in male
diabetic patients at the Federal University Teaching Hospital in Abakaliki, Ebonyi
State, Nigeria, and in rat model.

From our studies, in Figure 1, result showed an increased significant level of
testosterone among the healthy controls and a decreased testosterone level among
the diabetic groups (p < 0.05) which is consistent with the previous work by Gluud
and associates [36]. They studied testosterone and androstenedione before and
after 1 year of treatment in patients with newly diagnosed DM who presented with
ketosis. They found significantly decreased testosterone levels prior to insulin
therapy, with subsequent increase in testosterone levels 1 year later after improved
control of carbohydrate metabolism. However, even with strict control of blood
glucose, contradictory reports regarding the hormone levels of adult diabetics still
exist.

Figure 2 shows significant p < 0.05 effect of glucose on the testosterone. Sub-
jects with higher levels of glucose level had a very significant decrease in their
testosterone levels. For instance, group one had 11 mmol/l of glucose and the tes-
tosterone is 4 ng/mL. This is in conformity with group 7 with the highest glucose
but lowest testosterone level of 1 ng/mL. However, studies with conflicting results,
have been performed to assess the effect of diabetes upon the hypothalamic-pitu-
itary gonadal axis. A potential cause for these discrepant results is the mixture of
age and type of diabetes in the patient populations being studied. Another factor
that may be responsible for variation in study results is the degree of control of
serum glucose levels. The anterior pituitary gland is less responsive to gonadotro-
pin stimulation in the presence of hyperglycemia (Li et al, 2023). Furthermore,
Figure 2 compares the test testosterone with the control testosterone and their
glucose levels. There is indeed a general decrease in the testosterone level of the
diabetic individuals in contrast to the testsosterone level of individuals without
diabetics. In Table 1, we investigated the effect of industrial sugar consumption

on testosterone level in rat model. Our results indicated a significant reduction in
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the testosterone levels of the test group. The control group exhibited an average
testosterone level of 4.09 + 0.23 ng/mL. In contrast, the test group’s average tes-
tosterone level was lower, at 2.67 + 0.89 ng/mL. This substantial reduction in tes-
tosterone levels suggests that high consumption of industrial sugar adversely af-
fects endocrine function in males. Elevated weight gain was also observed in the

rats treated with industrial sugar compared to the control.

5. Conclusion

Data available from this study suggest that diabetes mellitus and industrial sugar
consumption significantly decreased the testosterone level of the volunteered
male diabetic patients and in rats model compared to the controls, probably due
to the alteration of conventional sperm parameters, spermatogenesis, biosynthesis
of testosterone and induction of degenerative changes in the testis and epididymis,
ejaculatory dysfunction and impairment of fertility in male diabetic patients as
well as in experimental diabetic animals. The above-mentioned mechanisms have

been proposed to explain these effects.

Limitations

The study does not include the seminalysis data of the subjects (both tests and
controls), because participants while consented to blood sample collection, did
not give consent for collection of semen samples. Semen microscopy, culture and
sensitivity would have been necessary as high blood glucose could harbor bacterial

growth which may distort testicular function.

Acknowledgement

Not applicable.

Conflicts of Interest

The authors have no conflict of interest to declare.

References

[1] Graziani, A., Scafa, R., Grande, G. and Ferlin, A. (2024) Diabetes and Male Fertility
Disorders. Molecular Aspects of Medicine, 99, Article 101303.
https://doi.org/10.1016/j.mam.2024.101303

[2] Daryabor, G., Atashzar, M.R., Kabelitz, D., Meri, S. and Kalantar, K. (2020) The Ef-
fects of Type 2 Diabetes Mellitus on Organ Metabolism and the Immune System.
Frontiers in Immunology, 11, Article 1582.
https://doi.org/10.3389/fimmu.2020.01582

[3] Whiting, D.R., Guariguata, L., Weil, C. and Shaw, J. (2011) IDF Diabetes Atlas: Global
Estimates of the Prevalence of Diabetes for 2011 and 2030. Diabetes Research and
Clinical Practice, 94, 311-321. https://doi.org/10.1016/j.diabres.2011.10.029

(4] Adekunbi, D.A., Ogunsola, O.A., Oyelowo, O.T., Aluko, E.O., Popoola, A.A. and
Akinboboye, O.0. (2016) Consumption of High Sucrose and/or High Salt Diet Alters
Sperm Function in Male Sprague-Dawley Rats. Egyptian Journal of Basic and Applied

DOI: 10.4236/jdm.2025.151005

67 Journal of Diabetes Mellitus


https://doi.org/10.4236/jdm.2025.151005
https://doi.org/10.1016/j.mam.2024.101303
https://doi.org/10.3389/fimmu.2020.01582
https://doi.org/10.1016/j.diabres.2011.10.029

S. Uzor et al.

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Sciences, 3, 194-201. https://doi.org/10.1016/j.ejbas.2016.03.003

Melendez-Ramirez, L.Y., Richards, R.J. and Cefalu, W.T. (2010) Complications of
Type 1 Diabetes. Endocrinology and Metabolism Clinics of North America, 39, 625-
640. https://doi.org/10.1016/j.ec1.2010.05.009

Epstein, F.H., Atkinson, M.A. and Maclaren, N.K. (1994) The Pathogenesis of Insu-
lin-Dependent Diabetes Mellitus. New England Journal of Medicine, 331, 1428-1436.
https://doi.org/10.1056/nejm199411243312107

Deshpande, A.D., Harris-Hayes, M. and Schootman, M. (2008) Epidemiology of Di-
abetes and Diabetes-Related Complications. Physical Therapy, 88, 1254-1264.
https://doi.org/10.2522/ptj.20080020

Mayer-Davis, E.]., Beyer, J., Bell, R.A., Dabelea, D., D’Agostino, R., Imperatore, G., et
al. (2009) Diabetes in African American Youth. Diabetes Care, 32, S112-S122.
https://doi.org/10.2337/dc09-s203

Ewenighi, C.O., Dimkpa, U., Adejumo, B.I., Onyeanusi, J.C., Nnatuanya, I.N., Uzor,
S., Onoh, L.U.M. and Ezeugwu, U. (2012) The Effect of Age, Gender, Level of Adi-
posity and Diabetes Duration on Glycated Hemoglobin Reduction after Anti-Dia-
betic Therapy in Type-2 Diabetic Patients. Journal of Diabetes Mellitus, 2, 245-250.
https://doi.org/10.4236/jdm.2012.220 39

Lutz, W. (2006) Fertility Rates and Future Population Trends: Will Europe’s Birth
Rate Recover or Continue to Decline? International Journal of Andrology, 29, 25-33.
https://doi.org/10.1111/j.1365-2605.2005.00639.x

Huang, H, Ding, G., Liu, Y., Liu, M., Pan, J., Guo, M., et al (2015) The Effects of
Diabetes on Male Fertility and Epigenetic Regulation during Spermatogenesis. Asian
Journal of Andrology, 17, Article 948. https://doi.org/10.4103/1008-682x.150844
Pourmasumi, S., Sabeti, P., Rahiminia, T., Mangoli, E., Tabibnejad, N. and Talebi,
A.R. (2017) The Etiologies of Sperm DNA Abnormalities in Male Infertility: An As-
sessment and Review. International Journal of Reproductive BioMedicine, 15, 331-
344. https://doi.org/10.29252/ijrm.15.6.331

Gomez, O., Ballester, B., Romero, A., Arnal, E., Almansa, I., Miranda, M., et al. (2009)
Expression and Regulation of Insulin and the Glucose Transporter GLUTS in the
Testes of Diabetic Rats. Hormone and Metabolic Research, 41, 343-349.
https://doi.org/10.1055/5-0028-1128146

Li, M., Zhang, J., Yang, G., Zhang, J., Han, M., Zhang, Y., et al. (2023) Effects of An-
terior Pituitary Adenomas’ Hormones on Glucose Metabolism and Its Clinical Im-
plications. Diabetes, Metabolic Syndrome and Obesity, 16, 409-424.
https://doi.org/10.2147/dmso.s397445

Seethalakshmi, L., Menon, M. and Diamond, D. (1987) The Effect of Streptozotocin-
Induced Diabetes on the Neuroendocrine-Male Reproductive Tract Axis of the Adult
Rat. Journal of Urology, 138, 190-194.
https://doi.org/10.1016/s0022-5347(17)43042-4

Schoeller, E.L., Albanna, G., Frolova, A.I. and Moley, K.H. (2012) Insulin Rescues
Impaired Spermatogenesis via the Hypothalamic-Pituitary-Gonadal Axis in Akita
Diabetic Mice and Restores Male Fertility. Diabetes, 61, 1869-1878.
https://doi.org/10.2337/db11-1527

Schoeller, E.L., Schon, S. and Moley, K.H. (2012) The Effects of Type 1 Diabetes on
the Hypothalamic, Pituitary and Testes Axis. Cell and Tissue Research, 349, 839-847.
https://doi.org/10.1007/s00441-012-1387-7

Ballester, J., Muiioz, M.C., Dominguez, J., Rigau, T., Guinovart, J.J. and Rodriguez-

DOI: 10.4236/jdm.2025.151005

68 Journal of Diabetes Mellitus


https://doi.org/10.4236/jdm.2025.151005
https://doi.org/10.1016/j.ejbas.2016.03.003
https://doi.org/10.1016/j.ecl.2010.05.009
https://doi.org/10.1056/nejm199411243312107
https://doi.org/10.2522/ptj.20080020
https://doi.org/10.2337/dc09-s203
https://doi.org/10.4236/jdm.2012.220
https://doi.org/10.1111/j.1365-2605.2005.00639.x
https://doi.org/10.4103/1008-682x.150844
https://doi.org/10.29252/ijrm.15.6.331
https://doi.org/10.1055/s-0028-1128146
https://doi.org/10.2147/dmso.s397445
https://doi.org/10.1016/s0022-5347(17)43042-4
https://doi.org/10.2337/db11-1527
https://doi.org/10.1007/s00441-012-1387-7

S. Uzor et al.

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

Gil, J.E. (2004) Insulin-Dependent Diabetes Affects Testicular Function by FSH- and
LH-Linked Mechanisms. Journal of Andrology, 25, 706-719.
https://doi.org/10.1002/j.1939-4640.2004.tb02845.x

Ramalho-Santos, J., Amaral, S. and Oliveira, P. (2008) Diabetes and the Impairment
of Reproductive Function: Possible Role of Mitochondria and Reactive Oxygen Spe-

cies. Current Diabetes Reviews, 4, 46-54.
https://doi.org/10.2174/157339908783502398

Mallidis, C., Agbaje, .M., Rogers, D.A., Glenn, ].V., Pringle, R., Atkinson, A.B., et al.
(2009) Advanced Glycation End Products Accumulate in the Reproductive Tract of
Men with Diabetes. International Journal of Andrology, 32, 295-305.
https://doi.org/10.1111/j.1365-2605.2007.00849.x

Karimi, J., Goodarzi, M.T., Tavilani, H., Khodadadi, I. and Amiri, I. (2011) Relationship
between Advanced Glycation End Products and Increased Lipid Peroxidation in Se-
men of Diabetic Men. Diabetes Research and Clinical Practice, 91, 61-66.
https://doi.org/10.1016/j.diabres.2010.09.024

Yang, S., Shih, H., Chow, Y., Tsai, P. and Huang, C. (2008) Hemin Induced Heme
Oxygenase-1 over Expression Involves Nuclear Factor-E2 Related Factor-2, Nuclear

Factor-«B and Extracellular Regulated Kinase: An Experimental Study in a Testicular
Torsion-Detorsion Rodent Model. Journal of Urology; 179, 2456-2463.
https://doi.org/10.1016/j.juro.2008.01.085

Nakamura, B.N., Lawson, G., Chan, J.Y., Banuelos, J., Cortés, M.M., Hoang, Y.D., et
al. (2010) Knockout of the Transcription Factor NRF2 Disrupts Spermatogenesis in
an Age-Dependent Manner. Free Radical Biology and Medicine, 49, 1368-1379.
https://doi.org/10.1016/j.freeradbiomed.2010.07.019

Pasupuleti, V.R., Arigela, C.S., Gan, S.H., Salam, S.K.N., Krishnan, K.T., Rahman,
N.A., et al. (2020) A Review on Oxidative Stress, Diabetic Complications, and the
Roles of Honey Polyphenols. Oxidative Medicine and Cellular Longevity, 2020, 1-16.
https://doi.org/10.1155/2020/8878172

Defeudis, G., Mazzilli, R., Tenuta, M., Rossini, G., Zamponi, V., Olana, S., et al. (2021)
Erectile Dysfunction and Diabetes: A Melting Pot of Circumstances and Treatments.
Diabetes| Metabolism Research and Reviews, 38, €3494.
https://doi.org/10.1002/dmrr.3494

Kalsi, J. and Muneer, A. (2013) Erectile Dysfunction—An Update of Current Practice
and Future Strategies. Journal of Clinical Urology, 6, 210-219.
https://doi.org/10.1177/2051415813491862

Martinez-Salamanca, J.I., Gonzalez, J., Ramirez, P. and Angulo, J. (2015) Vascular
Erectile Dysfunction. In: Pan Vascular Medicine, Springer, 3887-3915.
https://doi.org/10.1007/978-3-642-37078-6 154

Melis, M.R. and Argiolas, A. (2021) Erectile Function and Sexual Behavior: A Review
of the Role of Nitric Oxide in the Central Nervous System. Biomolecules, 11, Article
1866. https://doi.org/10.3390/biom11121866

Dean, R.C. and Lue, T.F. (2005) Physiology of Penile Erection and Pathophysiology
of Erectile Dysfunction. Urologic Clinics of North America, 32, 379-395.
https://doi.org/10.1016/j.ucl.2005.08.007

El-Sakka, A.I. and Yassin, A.A. (2010) Amelioration of Penile Fibrosis: Myth or Re-
ality. Journal of Andrology, 31, 324-335.

https://doi.org/10.2164/jandrol.109.008730

Shindel, A.W. and Lue, T.F. (2022) Medical and Surgical Therapy of Erectile Dysfunc-
tion. https://www.ncbi.nlm.nih.gov/books/NBK278925

DOI: 10.4236/jdm.2025.151005

69 Journal of Diabetes Mellitus


https://doi.org/10.4236/jdm.2025.151005
https://doi.org/10.1002/j.1939-4640.2004.tb02845.x
https://doi.org/10.2174/157339908783502398
https://doi.org/10.1111/j.1365-2605.2007.00849.x
https://doi.org/10.1016/j.diabres.2010.09.024
https://doi.org/10.1016/j.juro.2008.01.085
https://doi.org/10.1016/j.freeradbiomed.2010.07.019
https://doi.org/10.1155/2020/8878172
https://doi.org/10.1002/dmrr.3494
https://doi.org/10.1177/2051415813491862
https://doi.org/10.1007/978-3-642-37078-6_154
https://doi.org/10.3390/biom11121866
https://doi.org/10.1016/j.ucl.2005.08.007
https://doi.org/10.2164/jandrol.109.008730
https://www.ncbi.nlm.nih.gov/books/NBK278925

S. Uzor et al.

(32]

(33]

(34]

(35]

(36]

Burcelin, R., Thorens, B., Glauser, M., Gaillard, R.C. and Pralong, F.P. (2003) Gon-
adotropin-Releasing Hormone Secretion from Hypothalamic Neurons: Stimulation
by Insulin and Potentiation by Leptin. Endocrinology, 144, 4484-4491.
https://doi.org/10.1210/en.2003-0457

de Leonardis, F., Colalillo, G., Finazzi Agro, E., Miano, R., Fuschi, A. and Asima-
kopoulos, A.D. (2022) Endothelial Dysfunction, Erectile Deficit and Cardiovascular
Disease: An Overview of the Pathogenetic Links. Biomedicines, 10, Article 1848.
https://doi.org/10.3390/biomedicines10081848

Desai, A., Chen, R., Cayetano, A., Jayasena, C.N. and Minhas, S. (2022) Understand-
ing and Treating Ejaculatory Dysfunction in Men with Diabetes Mellitus. Andrology,
11, 379-398. https://doi.org/10.1111/andr.13262

Huang, R., Chen, J., Guo, B, Jiang, C. and Sun, W. (2024) Diabetes-Induced Male
Infertility: Potential Mechanisms and Treatment Options. Molecular Medicine, 30,
Article No. 11. https://doi.org/10.1186/s10020-023-00771-x

Gluud, C., Madsbad, S., Krarup, T. and Bennett, P. (1982) Plasma Testosterone and
Androstenedione in Insulin Dependent Patients at Time of Diagnosis and during the
First Year of Insulin Treatment. Acta Endocrinologica, 100, 406-409.
https://doi.org/10.1530/acta.0.1000406

DOI: 10.4236/jdm.2025.151005

70 Journal of Diabetes Mellitus


https://doi.org/10.4236/jdm.2025.151005
https://doi.org/10.1210/en.2003-0457
https://doi.org/10.3390/biomedicines10081848
https://doi.org/10.1111/andr.13262
https://doi.org/10.1186/s10020-023-00771-x
https://doi.org/10.1530/acta.0.1000406

	Effect of Diabetes Mellitus on Male Reproductive Hormone of Diabetic Patients Attending Urology Unit of Federal University Teaching Hospital, Abakaliki, Ebonyi State, Nigeria
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Ethical Approval
	2.3. Study Participants 
	2.4. Research Design
	2.5. Sample Collection
	2.6. Glucose Estimation
	2.7. Enzyme Immunoassay Techniques for Testosterone Estimation
	2.7.1. Assay Procedure
	2.7.2. Statistical Analysis 


	3. Results
	4. Discussion
	5. Conclusion 
	Limitations
	Acknowledgement
	Conflicts of Interest
	References

