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Abstract                                                                                                                             
 

Background:  Male sex hormones are collectively called androgens, including testosterone, 

dihydrotestosterone ,and androstenedione. Testosterone is much abundant than the others. 

Testosterone is eventually converted into the more active hormone dihydrotestosterone in the 

target tissue. Testosterone is synthesized in the testes by the Leydig cells that lie in the interstices 

of the seminiferous tubules, and constitutes about 20% of the mass of the adult testosterone. 

Objective: To determine the serum total testosterone reference range among erectile 

dysfunction, subfertile Sudanese males                                                                                                                                         

Materials and methods: This study was conducted at Al Fordous Private Clinic during the 

period from May to July 2011. 757 infertile males, and 1905 fertile males with sexual 

dysfunction were enrolled in the study. Serum total testosterone was determined by the enzyme 

linked immuno-sorbent assay (ELI SA) technique.                                                                                           

Results: The reference range of serum total testosterone was l.5-8.2 ng/ml in infertile males and 

was l.6-8.5 ng/ml in fertile males with sexual dysfunction. This difference was statistically 

significant (p = ˂ 0.05 ). In addition the study had detected a significant negative correlation 

between the testosterone level and the age incidence among infertile males (p = ˂ 0.05).                                                                                                                                  

Conclusion: The reference range of total testosterone in infertile males was lower than that in 

fertile males with sexual dysfunction, and inversely correlated with age incidence.  
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Introduction                                                                                                                                                    
 

Infertility is the inability to achieve a pregnancy after one year of regular unprotected intercourse 

without contraception. Infertility is a debilitating disease. It may severely affect the couple's 

psychological harmony, and both male and female factors may contribute to infertility. Male 

infertility is commonly due to deficiencies in the semen; and semen quality is used as a surrogate 

measure of male fecundity, and there are several reproductive abnormalities that affect the male 

reproductive system before birth, in childhood , or in adulthood. The reproductive abnormalities 

may be divided into categories of hypogonadotropic hypogonadism, hypergonadotropic 

hypogonadism, defect in androgen action, impotence, and gynecomastia1.  
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The spectrum of infertility ranges from reduced conception rates, and the need for medical 

intervention to irreversible causes of infertility. Serum testosterone assays play an important role 

in the clinical evaluation of a number of very common endocrine disorders. In males, 

testosterone assays are used primarily to confirm the diagnosis of hypogonadism, and also to 

evaluate boys with delayed or precocious puberty and monitor the adequacy of testosterone 

therapy2 .   

The interpretations of the laboratory results in most of the laboratory depend on literature 

reference ranges which may lead to misdiagnosis of all disorders. As in the case of testosterone, 

which is used for diagnosis of male hypogonadism. That creates the need for establishment of 

our own reference range, to be used for diagnosis and follow-up of infertility among infertile 

Sudanese males.                                                                                                                                                                                  

The reference range for a particular measurement is the prediction interval within the 95% values 

of a study group that fall: into, in such a way that 2.5% of the time a sample value will be less 

than the lower limit of this interval, and 2.5% of the time it will be larger than the upper limit of 

this interval, whatever the distribution of these values3.                                                                                                                                                          

However, reference ranges may also be established by taking samples from the whole 

population, with or without diseases and conditions. In some cases, diseased individuals are 

taken as the population, establishing reference ranges among those having a disease. Preferably, 

there should be specific reference ranges for each subgroup of the population that has any factor 

that affects the measurement, such as gender, age incidence and race1.                                                  
 

Materials and methods                                                                                                                                
 

This study was a descriptive, quantitative approach to determine the serum testosterone reference 

range in infertile Sudanese males. The study utilized a qualitative approach to assess the 

correlation of age incidence, duration of infertility, occupation, geographical residence, and 

smoking on reference range of serum testosterone.                                                                                             

The study was conducted at El Fordous Private Clinic in Khartoum (Sudan). The study was 

approved by the Scientific Research Committee of Al Neelain University, Khartoum (Sudan); 

and the Ethical Board of the Ministry of Health (Sudan). Data  confidentially was maintained, 

and the information collected from all males had not been used for any purpose other than this 

study. Permission to investigate the specimens was granted from the director of El Fordous 

Private Clinic in Khartoum (Sudan).                                                                                                                   

Informed consent from males was granted. The specimens were collected randomly from 

volunteer population. The sample size was 757 males with infertility, and 1905 fertile males with 

sexual dysfunction. The inclusion criteria were based only on males with infertility and sexual 

dysfunction. The exclusion criteria were based on sexual transmitted diseases and other genital 

conditions.  

The study dependant variables were level of serum testosterone (estimated by ELISA). The 

independent variables were gender (males), age (years), duration of male infertility (years), 

occupation, and smoking. The sampling carried out was a non-probability sampling type. The 

sampling frame was Khartoum State (Sudan). The sampling unit was restricted to males with 

infertility and sexual dysfunction.  
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The sample size was calculated according to the following formula:   

N = Z2xPxQ :  where N = sample size, D = desire marginal error, Z = confidence of interval,    

            d2          S = standard deviation                                                                                                                                 

Data were collected using a structural interviewing questionnaire.  

Blood specimens were collected from males under septic conditions using sterile disposable 

syringes, the blood specimens were emptied in plain containers, centrifuged, serum samples were 

separated, and stored at (-20°C) till analysis.                                                                                        

Determination of total testosterone: Testosterone was determined using ELISA technique 

(Human Reader, Germany). The essential reagents required include antibody, enzyme-antigen 

conjugate and serum containing the native antigen, a compition reaction results between the 

native antigen and the enzyme a simultaneous reaction between the biotin attached to the 

antibody and the streptavidin immobilized on the micro-well occurs, this effect the separation of 

the antibody bound fraction after decantation or aspiration.                                                            

Procedure: All reagents, specimens, standards, controls, and sera were brought to room temp. 

ELISA (Human Reader) was calibrated before starting the analysis.  

0.01 ml reference control and serum sample were transferred to an assigned well. Then 0.05 of 

working testosterone enzyme was added to all wells, and stair the micro plate  

gently for 20-30 seconds, mix, and add 0.05ml of testosterone biotin reagents to all wells, stair 

the micro plate gently for 20-30 seconds, cover, and incubate for 60 min. at room temp., discard 

the content of the micro-plate by decantation of aspiration, then decant, and blot dry the plate 

with absorbent paper. Add 3ml wash buffer to each well, decant the wash buffer and repeat this 

for two additional times. Add one ml of working substrate solution to all wells in the same  

order to minimize the reaction time differences between wells. All wells were incubated at room 

temp. for 15 min. Then 0.05ml stop solution was added to each well and mixed gently for 15-20 

sec. and plates were removed from the ELISA reader. 

Calculation of results: The concentration of the serum testosterone in all samples were read 

directly from the calibration curve in ng/ml.                                                                                                                

Samples representing the normal and pathological levels of serum testosterone were  

used for assessment of quality control. Results + 2SD of the target values of the control  

sera were accepted.                                                                                                                                

Statistical analysis:  Frequencies, mean values, standard deviations (SD) and ranges were used as 

descriptive statistics. The statistical analysis was performed by running the SPSS/PC+ statistical 

package version 20, on a personal computer. A two-tailed P of 0.05 was chosen as the cut-off for 

detecting statistically significant values.     

 

Results   
 

In this study, a total of 2663 infertile males with age range from (18-90) years were divided into 

15 age groups. The patients investigated were 757 infertile males and 1905 fertile males with 

erectile dysfunction.                                                                                                                                                         

Mean level of serum testosterone in infertile males was (4.868 ± 3.3664 ng/ml). The reference 

range of testosterone in infertile males is (1.5-8.2 ng/ml ). Whereas the mean level of serum 

testosterone in fertile males with erectile dysfunction was (5.12 ± 3.3664 ng/ml). The reference  
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range of testosterone in fertile patients with erectile dysfunction was (1.6-8.5 ng/ml ). This 

difference between infertile males and fertile males with erectile dysfunction was found              

statistically significant (p = 0.01).  

Also there was a significant negative correlation between serum testosterone level and both age 

incidence and duration of infertility (p = ≤ 0.000).                                                                                                                                                                                                                                                                                                                    
Table (1) shows the mean and reference range of total serum testosterone in infertile males.   

Table (1): Mean, standard deviation, and reference range of                                                                                

total testosterone in infertile males 
  

Age incidence Mean St. deviation  Ref. range (ng/ml)  

20-25 yrs. 5.654 2.1517 1.9-9.9 

26-30 yrs. 5.359 2.1517 1.8-9.6 

31-35 yrs. 5.201 1.7692 1.7-8.7 

36-40 yrs. 5.125 1.6420 1.7-8.4 

41-45 yrs. 4.760 1.6649 1.7-8.0 

46-50 yrs. 4.836 1.5313 1.7-7.8 

51-55 yrs. 4.629 1.7329 1.7-7.0 

56-60 yrs. 4.236 1.6102 1.6-6.9 

61-65 yrs. 4.629 1.2272 1.6-6.5 

66-70 yrs. 4.377 1.5374 1.6-5.9 

71-75 yrs. 3.967 1.6016 1.6-5.8 

76-80 yrs. 3.233 0.1528 1.5-5.7 

81-85 yrs. 3.533 0.6258 1.5-5.6 

86-90 yrs. 3.401 0.8485 1.5-5.5 

Total 5.044 1.7038 1.6-8.4 

 

Discussion                                                                                                                                         
 

Testosterone is the principal male hormone and is essential for male fertility. Determination of 

reference interval of this hormone is important in diagnosis of male infertility, and other 

reproductive disorders.                                                                                                                                           

In this study the mean level of testosterone in infertile males is (4.868 ± 3.364 ng/ml) and the 

reference range of testosterone in infertile males is (1.5-8.2 ng/ml), which disagrees with that 

reported by Aldahhistani and his colleagues (2010 )4, and is lower than the international 

reference range of testosterone. This indicates that most of the infertile Sudanese males are 

suffering from testosterone hormonal problem. Decreased level of testosterone may impair 

spermatogenesis that causes infertility in adult males.                                                                                            

In the current study the mean level of testosterone in males with erectile dysfunction is (5.115 ± 

3.364), and the reference range is (1.6-8.5 ),which is also lower than the international reference 

range of testosterone. Potential explanation for this may include: genetic differences,  

environmental factors, lifestyle, and low level of testosterone.                                                                                      

In the present study, there is a reverse correlation between testosterone level in the test  
 

Yaseen, et al., 2020: Vol 5 (6) 

http://ajmsc.info/


5 
 

African Journal of Medical Sciences                      http://ajmsc.info 
 

group males and the age incidence. This finding agrees with the findings of the study conducted 

by Bjerner and his co-worker (2009)5.                                                                                                                             

The major factors that affect testosterone level are age incidence, body composition, muscle  

strength, physical activity level, and metabolic risk factors. The potential mechanism that may be 

responsible for that includes: age-related change of the hypothalamic-pituitary-testicular axis, 

increase of testosterone hormone binding globulin (SHBG) levels, environmental factors, 

medication, and chronic illnesses. This change may contribute to multitude of physiological, 

psychosexual and cognitive change associated with aging in males.6.                                                          

In this study there was a significant negative correlation between serum testosterone level and the 

duration of infertility in infertile males, which is attributed to the psychological effect of 

infertility, which may affect the hypothalamus-pituitary-tests axis and may affect the testosterone 

level.                                                                                                                                                   

Recommendation: Further studies may be needed to investigate larger sample sizes to cover all 

age groups and all tribes in Sudan to construct a reference range for testosterone. It is 

recommended to establish even reference ranges for other endocrine hormones that may be 

responsible for male fertility. Advanced systems for sample storage and transport must be used 

specially for confined parts of Sudan.  

Conclusion: The reference range of total testosterone in infertile males was lower than that in 

fertile males with sexual dysfunction, and inversely correlated with age incidence.  
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