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Abstract

Background: Diabetes mellitus (DM) is increasing in men of reproductive age, and the number of diabetic
men attending fertility clinics is largely increased. Testosterone is the male sex hormone, and plays a vital
role in glucose homeostasis, lipid metabolism, and semen parameters.

Objectives: The aim of this study to assess serum total Testosterone levels among in infertile Sudanese
males with type 2 diabetes mellitus and its relation to lipid profile and comparison with apparently healthy
control.

Materials and Methods: A case-control study was conducted on 50 non-diabetic control group and 50
infertile diabetic men test group with age range (30-70 years). The analyzed variables age, BMI, serum
levels of total Testosterone, HALc,lipid profile ,and semen parameters were measured.

Results: Serum Total Testosterone levels were significantly lower in infertile male with type diabetes when
compared with control group (7.45 + 1.07 versus 22.21 = 3.1, p<0.000) .Where as serum HbAlc (%),
triglyceride, and LDL were significantly increased (10.73+£1.72 versus 4.96+0.72, 102.4+12.5 versus
81.11+6.43 , 96.68+8.43 versus 84.39+6.65, p < 0.01 respectively). In addition the study observed no
significant difference in cholesrterol and HDL levels (p > 0.05 ) in the test group when compared with their
control .In comparing the results of patients with primary infertility with that with secondary infertility in the
test group there is no significant difference in all measured variables (p > 0.05) . In addition serum
testosterone level is significantly inversely correlated with age (r =- 0.31, p = 0.02), HbAlc (%) (r = -0.30.
p = 0.02), total cholesterol (r = - 0.28. p = 0.03), and LDL (r = -0.26. P = 0.04), and insignificantly
correlated with BMI, triglyceride, and HDL (p > 0.05). The testosterone level in the diabetic infertile test
group illustrated significant inverse correlation with number of sperm with abnormal morphology (r= -
0.34, p=0.01), and insignificantly correlated with sperm count , motility and semen volume (P > 0.05) as in
table 3.

Conclusion: It concluded that, type 2 diabetes mellitus significantly altered serum total testosterone level in
infertile male, which is inversely correlated with dyslipidemia and semen quality.

Keywords: Glysemic control, type 2 diabetes, serum total testosterone, Lipid profile, HbAlc, semen quality.

Introduction organs and is a major causes of renal failure.™,
Diabetes mellitus is an endocrine disorders, lower limb amputation for non-traumatic cause,
characterized by hyperglycemia, polyuria, and blindness in adults and with its rate appears to
polydepsia and polyphagia, and affects many be increasing through the world becoming the

Daralnaem S. E. Adam et al IMSCR Volume 06 Issue 09 September 2018 Page 508



most frequent causes of death.[*? . Sex derive and

desire are regulated by sex hormones which are
affected by psychological factors and metabolic
disorders such as diabetes mellitus. Testosterone
is the male sex hormone, is essential for many
vital processes in the body."*¥. Lack of
testosterone affects the male fertility and cause a
decrease in libido, impotency, decrease in muscle
mass, fatigue, decrease in bone density and
osteoporosis. An inverse relationship exists
between  testosterone levels and insulin
concentrations in healthy men, Biochemical
evidence indicates that testosterone is involved in
promoting glucose utilization by stimulating
glucose uptake, glycolysis.?*# | and lipolysis.
There has been an alarming increase, of epidemic
proportions, in both obesity and diabetes in the
general population with increased cardiovascular
risk associated with type 2 diabetes mellitus
(T2DM).B3!

Many researchers have demonstrated that the level
of testosterone in type 2 diabetes mellitus is lower
than normal subject. This observation is also true
for the free testosterone level.®*! Some other
studies did not observe such relation . There is
few and inconsistencies studies concerning the
effect of diabetes mellitus on semen parameters,
and rarely focused on this disorder in the infertile
patients. Modern researches illustrated that
diabetes mellitus causes subtle molecular
abnormalities that are essential for sperm function
and quality. DM changes conventional sperm
parameters. In addition, DM results in histologic
damage of the epididymis, with a negative effect
on sperm transit. Many mechanisms explain the
sperm damage in diabetic patients. These include
oxidative stress, endocrine diseases, and
neuropathy."®.  Because the diabetes is a
common disease and considering the importance
and the role of testosterone it would be worthful to
investigate the factors that can cause a decrease in
testosterone level in infertile Sudanese males with
type 2 diabetes mellitus and its relation to serum
lipid profile

Materials and Methods

Current study was a case-control study, was
conducted in diabetic clinic —Khartoum-Sudan. In
this study100 men aged 30-70 years, including 50
diabetic infertile patients and 50 non diabetic.
Weight was measured to the nearest 100 grams
using a digital personal scale. Height was
measured using a tape meter, to the nearest
centimeter, in standing position without shoes.
Body mass index (BMI) was calculated by taking
a person's weight (Kg) dividing by their height
(meter) squared. BMI=Weight/Height (Kg/m)

All the male participants with a BMI between 20
and 40 having other inclusion criteria were
included in the study.

Inclusion Criteria: any infertile male patients
who have Diabetes type 2.

Exclusion Criteria: fertile Sudanese male with
type2 diabetic A known history of hypogonadism,
panhypopituitarism, or chronic debilitating disease
such as renal failure, cirrhosis and dyslipidemia
were excluded from our study or those who were
on testosterone supplementation were excluded
from the study’s.

Data Collection and Clinical Examination

On the same fasting blood samples obtained for
the case control study and follow-up studies,
glycosylated hemoglobin (HbAj), cholesterol
triglycerides, and total and high -density
lipoprotein (HDL) and low density lipoprotein
(LDL), were measured using standard
methodologies in the laboratory of the diabetic
clinic-Khartoum -Sudan.

Sample Collection

Blood was taken from each participant by
standard procedures, serum for total testosterone,
total cholesterol, triglyceride, HDL, and blood
container contain EDTA anticoagulant for HbAlc
estimation.

Semen samples were obtained after a
recommended 2-5 days of sexual abstinence. All
samples were subjected to a conventional light
microscopic  semen analysis to determine
liquefaction, semen volume, sperm concentration
and motility according to WHO recommendations
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(WHO, 1999). Sperm morphology was assessed
according to Tygerberg Strict Criteria (Kruger et
al., 1988 ). Semen analysis was performed within
1h of ejaculation, following a period of
incubation at 37°C to allow for liquefaction.
Ethical Considerations

Informed consent was taken from all participants
and ethical approval was obtained from EL-
Neelain University Research Committee.:
Estimation of testosterone level

Serum total testosterone was measured using
ELIZA method.

Estimation of glycosylated hemoglobin (HbA)
HbA1C was determined by ion exchange
chromatography (DS5, Drue Company). Based on
American Diabetes Association glycemic control
was defined when HbALC < 7 percent was
achieved.

Estimation of lipid profile

Total cholesterol, triglycerides, HDL were
measured by spectrophotometry,

Quiality control

Samples representing the normal and pathological
level of all measured parameters were used for
assessment of the quality control .Results £2SD of
the target values of the control sera were accepted.
2.10 Statistical analysis

Data was analyzed by computer software, by
using SPSS program manual Master sheet (SPSS
version 17). The means and standard deviations of
all measured parameters were obtained, and the T-
test was used for the comparison between the test
and control group, and the mean difference is
significant at p < 0.05, Correlation(r) between all
measured parameters is considered to be
statistically significant at P < 0.05.

Results

The samples of this study were 100 men between
30 and 70 years including 50 infertile diabetic test
group and 50 non-diabetic healthy men control
group sex and age matched shown in table 1, 62%
of the test group with primary infertility where as
secondary infertility comprised 38 % of the test
group in figure 1.mean age and BMI did not show

any significant difference between diabetic and
non-diabetic groups in table 1 .

The serum Total Testosterone levels were
significantly lower in infertile male with type2
diabetes as compared to control group ( 7.45 +
1.07 versus 22.21 + 3.1, p<0.000) .Where as
serum HbAlc (%), triglyceride, and LDL were
significantly  increased (10.73+£1.72  versus
4.96+0.72, 102.4+125 wversus 81.11+6.43,
96.68+8.43 versus 84.39+6.65, p <0.01
respectively), and no significant difference in
cholesterol and HDL level (146.74+7.69 versus
144.54+6.71, 38.35%4.71versus37.17+5.69, p >
0.05 respectively) as shown in table 1.In
comparing the results of patients with primary
infertility with that with secondary infertility in
the test group there is no significant difference in
all measured variables (p > 0.05) in table 2.

In the test group serum testosterone level is
significantly inversely correlated with age (r =-
0.31, p = 0.02), HbAlc (%) (R =-0.30. p = 0.02),
total cholesterol( r = - 0.28. p = 0.03), and LDL(r
= -0.26. P = 0.04) in figures 1,2,3,4, and
insignificantly correlated with BMI, triglyceride,
and HDL (p > 0.05) in figures 5,6,7

The testosterone level in the diabetic infertile test
group shows significant inverse correlation with
number of sperm with abnormal morphology (r= -
0.34, p= 0.01), and insignificantly correlated with
abnormal sperm count and motility (P > 0.05) as
in table 3.

Figure (1) Percentage of Primary and secondary
Infertile Sudanese male in the study group
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Table 1 Comparison of serum total testosterone, HbAlc (%), total cholesterol, triglyceride, LDL, and HDL
in the test group with their control group

Parameters Case (Mean+SD) Control (Mean£SD) P-value
HbAlc (%) 10.73+1.72 4.96+0.72 0.000
Serum Testosterone 7.45+1.07 25.22+6.70 0.000
Serum cholesterol (mg/dl) 146.74+7.69 144.54+6.71 0.768
Serum triglycerides (mg/dl) 102.4£12.5 81.11+6.43 0.004
Serum LDL (mg/dl) 96.68+8.438 84.3946.65 0.006
Serum HDL (mg/dl) 38.35+4.71 37.1745.69 0.668
BMI (Kg/m) 24.39+3.49 25.27+4.35 0.543

Parameters Primary (Mean+SD) Secondary (Mean+SD) P-value
HbAlc (%) 10.9+2.9 10.5+¢2.5 0.617
Serum Testosterone 6.8+4.6 8.5+5.6 0.419
Serum cholesterol (mg/dl) 142.3+38.8 154.1+35.6 0.287
Serum triglycerides (mg/dl) 85.6+27.6 82.0+22.5 0.636
Serum LDL (mg/dl) 89.6+24.4 92.4+30.2 0.723
Serum HDL (mg/dl) 37.0£10.1 40.6+8.9 0.208
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Table 2 Comparison of serum total testosterone, HbAlc (%), total cholesterol, triglyceride, LDL, and HDL
between diabetic patients with primary and secondary infertility in the test group

Figure 2 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and Age (years)
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Figure 3 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and BMI (Kg/m)
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Figure 4 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and HbA1lc (%).
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Figure 5 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and serum
cholesterol (mg/dl)
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Figure 6 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and serum
Triglyceride (mg/dl).
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Figure 7 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and serum total
LDL cholesterol (mg/dl)
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Figure 8 Ascotter plot shows the relationship between serum total Testosterone (ng/ml) and serum total
HDL cholesterol (mg/dl)

Table 4 Correlation of serum testosterone level with sperm count, morphology, motility and semen volume

in the study group
Parameter Statistic Motility count Abnormal morphology | Semen volume
Testosterone Person correlation 0.14 0.17 0.29 0.19
significance 1.3 1.05 0.01 0.6

Correlation is significant at p < 0.05
Correlation is significant at p < 0.01
Correlation is significant at p < 0.001
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Discussion

Diabetes mellitus is endocrine disease that causes
long term damage to many organs including the
reproductive system. Testosterone is male
hormone that play a vital role in glucose, lipid
metabolism and sperm quality™®

Many studies have illustrated the relationship
between increased BMI and serum testosterone
level in patients with T2DM. The results of these
studies are inconsistence. Some studies observed a
significant correlation between BMI and serum
total testosterone level®. In contrast, other
studies demonstrated insignificant correlation
between total testosterone and BMI.™*Y! However,
our study recorded insignificant correlation
between BMI and serum total testosterone levels.
In the current study serum total testosterone is
significantly lower in the infertile patients with
type 2 diabetes mellitus compared to healthy
subjects. This finding is consistence with studies
performed by Jihan MM et al (2016)*%, Tajar et
al (2010) ™ and Dhindsa et al(2004)™4, they
demonstrated significant number of men with type
2 diabetes have low testosterone level.Many cross
sectional studies and systemic analyses illustrated
that T2DM is associated with low serum Total
Testosterone level. Al hayek et al in (2013) *°,
found that 36.5% of patients with diabetes had
low serum testosterone level, Kapoor et al in
(2007) 81 found that 20% (71 men) had low total
Testosterone level. Type 2 diabetes mellitus is
high risk factor affecting male reproductive
function, and affect the testosterone production
and  metabolism™”,  causing alteration in
testosterone level. Testosterone production could
be inhibited by the functional alterations in the
Leydig cell either directly through the testis or
through changes along the hypothalamus pituitary
and testicular axis. The major transporter of sex
steroids sex hormone binding globulin could
interfere in the bioavailability of this male
hormone. To date the exact mechanism by which
type 2 diabetes inhibits testosterone biosynthesis
is  obscure-'®1.  Leydig cell testosterone
biosynthesis is primarily regulated by pulsatile

secretion of luteinizing hormone (LH)™. In

addition reduced levels of testosterone in infertile
patients with type 2DM may be related to diabetic
create - oxidative stress that causing a significant
decrease in testicular and adrenal androgen
synthesis®?’. Furthermore Yen et al, in their study
obsrearved that metabolic alterations caused by
type 2DM attenuated the chemical responsiveness
of testicular Leydig cells and impair the secretions
of testosterone 2.

In the present study testosterone level in the
infertile test group with type 2 DM s
significantly inversely correlated with age .which
disagree  with Dhindsa et al (2004)™. and
Agbecha et al (2017)%?%. The significant negative
correlation recorded between testoster-one and
age in our infertile diabetic patients clearify the
physiological role of advanced age on testosterone
reduction. Observational studies consistently show
that men with type 2 diabetes independent of age
and obesity have lowered circulating testosterone
levelsi??*. More over in a prospective study, the
metabolic syndrome is observed to predict low
serum testosterone level.[?*.

Important  finding In the present study,
testosterone level in the infertile test group with
type 2 DM is significantly negatively correlated
with HbAlc (%).which collaborated with Nagla et
al (2018)°1. Whom reflect the significant
relationship that exist between the good glycemic
control (based on HbAIC<7) and serum
testosterone level Uncontrolled hyperglycemia
induced low testosterone level. Systemic review
concluded that poor glycemic control in type 2
DM is associated with low serm testosterone
level. Many authors reported that locally
circulating hormones, growth hormone, and
cytokines affect Leydig cell steroidogenesis) %,
1 Hence, increased insulin resistance or
hyperglycemia as in the case of our study group,
may interfere in decreased testosterone biogenesis
due to decreased central stimulation. Serum
testosterone levels reflect the integrity of the HPG
axis, and low testosterone levels noted in cases of
uncontrolled hyperglycemia may reflect a defect
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at one or more functional levels of the
hypothalamus-pitutary- testis axis. However it is
obscure how the axis of hypothalamus-pitutary-
testis forms the relationship between insulin and
testosterone level) ™ .

In the present study testosterone level in the
infertile test group with type 2 DM is significantly
inversely correlated with triglyceride, total
cholesterol, and LDL

Which is consistent with Nirmali et al (2015) 7]
and Samathia et al (2012) Whom deduced
negative association of total testosterone level
with cardiac risk factors in patients with type 2
DM. Some evidence from epidemiological study
deduce that total testosterone level is correlated
inversely with total cholesterol, LDL- cholesterol,
and triglyceride, and positively with HDL-
cholesterol. In addition trail of testosterone
replacement therapy have illustrated improvement
of lipid profile in dyslipidemic subjects. But the
mechanism through which testosterone interfere in
lipid profile is obscure. Furthermore, recently
some researchers suggested that low testosterone
can be considered as new cardiovascular risk
factor in adult!®®),

In the present study Sperm concentration and
motility is reduced in infertile test group with type
2 DM, and serum testosterone level is
significantly inversely correlated with number of
sperm with abnormal morphology. In accordance
with Delfino et al (2007)B”, whom observed
significant changes in sperm morphology in type 2
diabetic patients .Jing et al (2017)BY conducted
systemic review and meta-analysis to assess the
effect of DM on semen parameter and concluded
that DM had negative effect on the quality of the
semen. Growing evidence explore that DM affect
the male fertility through its adverse effect on
male reproductive function in multiple level. The
disruption of the spermatogenic process, and the
apoptosis of the germ cell in DM are considered to
be linked to local autoimmune damage®. Insulin
stimulate many of the lydig cell functions that can
affect the spermatogenesis outcome !

Conclusion

Type 2 diabetes mellitus causes low total
testosterone level, that affects the cardiovascular
risk factors and semen parameters.
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