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ABSTRACT : Diabetes is a global health problem, type 2 diabetes mellitus (T2DM) is the main kind of disease, which is related
with several healthy problems. Measurements of serum testosterone are useful in the diagnosis and monitoring of sexual
activity and secondary hypogonadism. Males with small amount of testosterone are at developed possibility for the progress of
T2DM with reason the stimulation of insulin resistance because of the free testosterone levels is contrary associated with
insulin resistance. This study aimed to evaluate the level of serum testosterone among T2DM with further analysis the possible
effect of diabetic pharmacotherapy (metformin beside uncontrolled without metformin user) upon these changes. The study
included 100 patients divided into four groups: one subject with uncontrolled, second subjects with metformin alone, third
subject with insulin alone, fourth subject with insulin plus metformin and the fifth subject healthy group. The results indicated
that the concentration of testosterone was significantly low in the uncontrolled group as compared with metformin, insulin and
both group. The same finding was observed with insulin alone. Whereas, the findings of both treatments were significantly
different compared to other groups. Besides, metformin has more effect on testosterone level, while insulin alone has lower
than metformin. Metformin may have a specific interaction with mechanisms involved in reversible secondary hypogonadism
particularly through enhancement of testosterone secretion and other relative hormones production. These data indicated for
the first time the role of metformin function in mediating the enhancement of testosterone level on T2DM patients.
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INTRODUCTION

The incidence of diabetic disease is increasing fast
in the world and its morbidity and mortality extended due
to several complications related to this healthy problem.
Clinically, this disease includes several signs such as a
high glucose level in blood, poor blood supply within limbs
vessels, blood vessel, heart, retina, beta cell of the
pancreas damage as well as damage of neurons around
the limbs and other organs (Rask-Madsen and King,
2013). Basically, diabetic divided into two types, the first
one is related to autoimmune condition inducing damage
of the beta cells in pancreas known with Type 1 diabetes
(T1D). The second one is type 2 diabetes (T2D), this is
highly prevalence, considered a primary trouble of
increasing defect of glucose regulation via mechanism
of insulin resistance and pancreatic beta cells
dysfunctional (Alberti and Zimmet, 1998). T2DM is a

disorders of endocrine system documented for 90% of
diabetic patients, described by many symptoms like
hyperglycemia, polyuria, polydipsia, loss of weight because
damaged insulin secretion or action and polyphagia
(Kerner and Briickel, 2014). Metformin is most widely
used oral antidiabetic drug in human. It is remain managed
in all types of diabetes as a first-choice treatment, but
more essential with type 2 diabetes mellitus (Del Barco
et al, 2011). Metformin regulates glucose level through
many mechanisms such as decreases production of
hepatic glucose, enhance glucose used by peripheral
tissues and promote the sensitivity of insulin. Importantly,
metformin is only observed in patients with T2DM to
decrease blood glucose levels (Inzucchi et al, 2012). Also,
metformin has other mechanisms to regulate blood sugar
through targeting the liver to decrease the process of
gluconeogenesis and metabolism of skeletal muscles to
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improve the utilization of peripheral glucose, with a
probable target the intestine to increase production of
levels glucagon-like peptide 1 (GLP-1) (Rena et al, 2017).
Since the metformin is deliberated as an agent for oral
anti diabetes. It is commonly used as a first medication
for the treating of T2DM and its have a potential role in
the alleviation of some of the inflammatory and
immunological markers in diabetic patients. Variable
reduction in concentrations of these biomarkers in
response to metformin, insulin or both was established
(Shweash et al, 2018). Numerous studies have indicated
that the mechanisms of metformin to reduce diabetes.
However, Stumvoll et al (1995) demonstrated that
metformin suppressing the production of hepatic glucose
to reducing glucose level. Also, Abbasi et al (1998)
revealed another mechanism via reduced production of
free fatty acids from adipose tissue leading to the effect
of metformin on reducing glucose level. In the same
context, Mueller et al (2000) indicated from a study on
cultured adipocyte cells metformin inhibits leptin secretion
and increases glucose uptake.

Many cases of the disorder appear in patients when
they go to a urologist, including erectile dysfunction and
hypogonadism, where the diagnostic evidence indicates
the significant link between these disorders and T2DM
disease (Jones, 2007). Several studies have reported that
T2DM causes impotence and hormonal imbalance in
men. However, Johannes et al (2000) reported that men
with T2DM are three more times possible to progress
the incidence of erectile dysfunction than healthy males.
Also, Varkonyi and Kempler (2014) found that in men
with diabetes the levels of reproductive hormones such
as testosterone, luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) are decreased. Moreover,
Farias et al (2014) reported that the deficiency in
testosterone levels in serum patients with T2DM may
lead to atherosclerotic disease and mortality because of
its inversely related to cardiovascular risk factors.

Muller et al (2005) reported that metabolic syndrome
in men is related with small circulating levels of total and
free testosterone hormone. The lipoprotein lipase enzyme
activity would be enhanced through the decrease levels
of testosterone amount leading to the formation of new
fat cells elevating fat storage via utilization of triglyceride
into the adipocytes. This mechanism will lead to drives
the cycle to further reduce testosterone levels through
the resistance of insulin (Jones, 2007). Furthermore, not
enough information for the effects of metformin therapy
related to testosterone levels in both diabetic and not
diabetic males. Consequently, our work aimed to estimate
the level of serum testosterone in T2DM beside to analyze
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the possible effect of diabetic pharmacotherapy (drug
against uncontrolled without metformin user) upon these
changes.

MATERIALS AND METHODS
Patient’s sample collection

This is arevising study of patients diagnosed, treated
and untreated during their lifetime for diabetes mellitus.
Clinical samples (blood) were obtained from four patient
groups, two of categories are under medication with
antidiabetic therapy. 100 diabetic patients from men, all
those enrolled were from of the middle age group, two
groups of these samples referred for treatment at Al-
Ramadi Teaching Hospital between the periods of
January 2019 to April 2019. This study included 100 male
patients, and patients were divided into five groups
according to the specific criteria. Again, The were 100
male patients in five categories (25 users of diabetic
metformin only, 25 diabetic non-metformin users, 20 users
of diabetic insulin only, 20 users of diabetic insulin with
metformin and 10 users of nondiabetic balanaced groups).
The certain patient giving blood samples for the analysis
was obtained wrritin information concent. The research
was authorized by Ethical standard of Al-Ramadi
Teaching Hospital, Anbar.

Serum preparation

Blood samples have been collected from men by
venipuncture after the patients had been in a recumbent
position for 15 min in the temperature-controlled room
(22-25°C). The samples were transferred to a dry clean
and sterile tube without anticoagulant substances and allow
it to clot. The name, gender, age, medication have been
written on the tube from the provided patient’s list history.
Blood samples allowed to stand for 20-30 min for clot
formation and centrifuged. The supernatant serums were
stored in the Eppendorf tube at (-20°C to -80°C) for
subsequent analysis or use.

Laboratory assay for testosterone hormone

When starting laboratory analysis, patient information
including age, personal medical, and family history was
documented by interviewer-administered questionnaire
form. Testosterone level was measured using a
commercially available kit (DRG Diagnostics, Marburg,
Germany) using an enzyme-linked immunosorbent assay
(ELISA).

RESULTS

Comparison of serum testosterone level between
nondiabetic (healthy) and diabetic (uncontrolled)
group

To assess the normal values of testosterone hormone
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Fig. 1 : The effect of uncontrolled type 2 DM on serum testosterone concentration in male patients. Serum samples were analysed for

testosterone concentration for the indicated group.

levels in healthy people, samples have been collected as
a control group then uncontrolled T2DM patient’s serum
samples were utilized. However, serum healthy control
was suggestively evident and high concentration. While
serum uncontrolled group of testosterone levels in patients
with T2DM were slightly lower if compared to obtain
controls (mean = SEM 6.512 + 0.863 versus 1.326 +
0.438, p = <0.005) as shown in (Fig. 1). The effect of
metformin was then compared in serum patients. As
expected, patients with uncontrolled diabetic (without
treatment) group had significantly lower serum
concentrations for testosterone (p = <0.005). Also,
experiments were conducted to determine whether
uncontrolled diabetes could enhance the decrease in
testosterone concentration. For this purpose, serum
samples were assessed for both group and the results
were significantly inhibited the testosterone concentration.

Characterization of serum testosterone level
following treatment with metformin in patients with
class 2 DM

Characterization of treatment for serum patient’s upon
testosterone concentration in response to metformin
therapy is shown in Fig. 2. The Figure shows that healthy
control (HC) indicate a significant normal value of
testosterone concentration as predicted (mean + SEM
6.512 + 0.863) and these values were more highly but
not significantly increased at metformin group of
treatment patients respectively compared with the healthy
group. Metformin therapy has a higher effect on

testosterone concentration (Metformin= mean = SEM
8.341 £ 1.115).

Characterization of serum testosterone level
following treatment with insulin in class 2 DM
patients

The insulin treatment effect alone on serum
testosterone was also examined in Fig. 3, insulin group
samples were assessed for the above hormone, then
compared to a healthy group in the same manner as an
experiment. Insulin caused a normal secretion of
testosterone with lower values to the healthy group.
Which was not high but within the normal references of
production. However, the examination of testosterone at
the insulin agent is significantly different by the kinetic
increase which was highly inhibited in the uncontrolled
group. This was noticeable compared to the healthy group
(healthy=mean + SEM 6.512 + 0.863 and insulin = mean
+ SEM 4.104 + 0.443).

Characterization of serum testosterone level
following treatment with metformin plus insulin
(both) in type 2 DM patients

Anti-diabetic drugs gave the expectation is that the
treatment will be functional and able to increase and
enhance the production of testosterone levels. However,
a reduced level of testosterone is observed in previous
(Fig. 1), or as demonstrated previously in the laboratory,
following treatment group, having established two agents
which were able to generate testosterone with diabetes
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Fig. 2 : The effect of metformin on serum testosterone concentration in type 2 DM patients. Serum samples were analysed for testosterone

concentration for the indicated group.
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Fig. 3 : The effect of insulin on serum testosterone concentration in type 2 DM patients. Serum samples were analysed for testosterone

concentration for the indicated group.

patients, the effect of the same drugs for testosterone
was examined. Fig. 4 shows the effect of metformin plus
insulin upon testosterone with more response to
metformin or insulin alone (Metformin= mean + SEM

8.341 £ 1.115, insulin= mean + SEM 4.104 + 0.443 and
both=mean £ SEM 12.208 £ 0.444). Treatment with both
significantly induced an increase in testosterone at all
samples tested comparing to all groups. Although the
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Fig. 4 : The effect of metformin plus insulin on serum testosterone concentration in type 2 DM patients. Serum samples were analysed for

testosterone concentration for the indicated group.

response was greater with metformin and insulin together
compared with other previous groups.

DISCUSSION

This project focused on the effects of treatment with
metformin and uncontrolled patients on serum levels of
testosterone in patients with type 2 DM (T2DM) among
Iraqgi males. The main findings were a significant increase
in serum testosterone concentrations during metformin
therapy and, conversely, a significant decrease with
uncontrolled patients or without metformin therapy.

The results of this study showed that, compared to
normal healthy men, male T2DM patients are associated
with low testosterone serum levels, this result is
compatible with Chuang et al (2017) the incidence of a
low testosterone levels has been reported to be associated
with age and obesity, and to be a risk factor for the
progression of both the T2DM and metabolic disease in
men. In the same context, Ferndndez-Mir6 et al (2016)
finding that patients with T2DM were found to have a
prevalence of frank hypogonadism and a decrease in the
total testosterone levels in serum. Also, Korani and Sonbol
(2018) informed that testosterone regulates nearly every
component of erectile function, so the low percentage of
testosterone contributes to erectile dysfunction (ED) in
patients with type 2 diabetes mellitus. Ali and El Askary
(2018) reported many health issues in patients with the
development of T2DM can be observed in hypogonadism
and low levels of testosterone together with
hyperinsulinism and decrease insulin sensitivity. On the
other hand, Fink ez al (2018) showed that tumor necrosis
factor-alpha (TNFa) and Interleukin-1 beta (IL-1P)

stimulate the intracellular pathways promoting both T2DM
and insulin resistance. Gianatti and Grossmann (2019)
reported that testosterone deficiency is common in
patients with T2DM and testosterone levels are partly
affected by insulin resistance.

All of the enrolled patients in this study were from
the middle age group. This was done to exclude the effect
of aging on serum testosterone levels, since aging leads
to a decrease in serum androgen levels caused by the
adefect in the testicular-pituitary-hypothalamic axis
(Souteiro et al, 2019). The majority of our patients, indeed
were overweight and obese. A study conducted by Zhao
et al (2016) low testosterone levels were directly affected
by obesity and high BMI due to oxidative stress induced
by adipose tissue and high adipokine levels such as leptin
inhibit-testosterone secretions through direct inhibition of
testicular Leydig cell function. Besides, the peripheral
conversion of testosterone to estrogen is increased,
causing negative inhibition of feedback on the production
of luteinizing hormones and then inhibition of the
production of testicular androgen. As shown in the current
research, this leads to sexual dysfunction and little sex
drive. Moreover, Al-Kuraishy and Al-Gareeb (2016) a
substantial proportion of men with T2DM reported low
serum levels of testosterone. Low serum levels of
testosterone are associated with the occurrence of
T2DM because testosterone leads to increases in muscle
mass and decreases in fat mass, leading to a significant
decrease in insulin resistance and type 2 DM prevention.
Also, Oh et al (2002) indicated that a low endogenous
testosterone level can independently predict T2DM and
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obesity.

Considering the effect of diabetic pharmacotherapy
on serum levels of testosterone, in the present study,
metformin showed a significant elevation of testosterone
concentratin compared with the untreated levels, this
research is unlike published researchers who showed
that metformin effectively decrease total testosterone
levels; cytochrome P450-C17a, which is an enzyme
involved in total testosterone synthesis and LH hormone
secretion reduction is inhibited (Cheraghi et al, 2016).
Metformin therapy in T2DM also leads to a significant
decrease in total testosterone through leptin secretion
modulation (Diwan et al, 2018). Furthermore, testosterone
levels were significantly higher in sulfonylurea-treated
patients compared to metformin-treated patients,
according to Wong et al (2019) they reported that T2DM
sulfonylurea therapy resulted in a significant increase in
total testosterone and free testosterone due to pro-11b-
hydroxysteroid dehydrogenase type 1 inhibition, as a result
of a reduction in glucocorticoid biosynthesis and
stimulation of testosterone synthesis, glucocorticoid
reduces the level of testosterone. In addition, it is well
known that sulfonylureas stimulate the secretion of insulin,
which plays an important role in regulating testicular
function and the hypothalamic-pituitary-testicular axis,
thereby improving the levels of testosterone and the
indicators of testosterone secretion in T2DM (Barella et
al,2019).

On the other hand, the positive effect of metformin
therapy has been demonstrated by research findings on
the pharmaceutical action of metformin. For example, in
some published articles, the mechanisms by which
metformin stimulates positive effects on sperm quality
have been clarified. One apparent mechanism is that
metformin reduces oxidative stress levels (Banihani,
2016), the imbalance between oxidants and antioxidants
for the benefit of the former and lipid peroxidation (Attia
et al, 2009). It has been shown that metformin
supplementation in diabetic male rats, it restores
antioxidant functions such as decreased glutathione,
superoxide dismutase, catalase, glutathione peroxidase,
and glutathione-S-transferase (Adaramoye and Lawal,
2014). When using diet-induced obesity rats (i.e. higher
superoxide dismutase and glutathione peroxidase and
lower malondialdehyde), significant effects of improving
antioxidant function were observed (Fang et al, 2012).
Metformin has been recognized by reactive oxygen
species as having antioxidant activity against oxidative
damage (Cahova et al, 2015). In addition, metformin has
been found to improve the phosphorylation of 5'-AMP-
activated protein kinase (AMPK), a cellular energy status

Hatem M. Hadeed et al

sensor protein, which is a strategic enzyme for regulating
energy balances (i.e., glucose and lipid metabolism)
(Ashabi et al, 2014; Ma et al, 2015). Thus by increasing
the activity of AMPKK, metformin may improve sperm
function.

In addition, the effect of metformin on pituitary-
gonadal hormones has also been mentioned in some in
vivo system studies. The study research done by
Adaramoye and Lawal (2014) in diabetic male rats,
metformin was shown to restore follicle-stimulating,
luteinizing, and testosterone hormones. Moreover, oral
administration of metformin in diabetic rats realized to
restore testosterone levels to normal (Ayuob et al, 2015).

CONCLUSION

In conclusion, positive effects of metformin on serum
testosterone levels are presented by the public of
research, however there are still few reports considering
some negative effects. Subsequently, when considering
its direct effect on serum concentration, metformin,
usually at the therapeutic dose, appears to be impressive.
This may be due to the ability of metformin to decrease
oxidative damage and lipid peroxidation, improve the
activity of AMPK and restore normal pituitary-gonadal
hormone levels. However, further studies typically clinical
studies, are still very applicable for verifying these findings.
In order to standardize the favorable and unfavorable
concentrations of metformin for human sex hormones,
particularly human testosterone DNA, luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) in patients
with diabetes, future research requires the conduct of a
clinical study using flow cytometry and molecular study.
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