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Introduction
Apart from the current global report of 415 million adults with 
diabetes (which implies 1 in every 11 adults has the disease), 
another 318 million adults reveal impaired glucose tolerance, at 
high risk for developing the disease in full form relatively 
quickly.1 A subtle rise in the spread and occurrence of diabetes 
mellitus (DM) was observed in the wake of the escalating 
industrialization that swept across the Kingdom of Saudi 
Arabia, causing a rapid rise in the standard of living and the 
adoption of a more “Westernized” lifestyle.2 According to the 
World Health Organization ranking, Saudi Arabia stands sec-
ond in the Middle East region and seventh globally for the 
incidence of diabetes.3

There is sufficient evidence to show that patients with type 
2 diabetes (T2D) have a greater tendency to acquire several 
complications, including hypogonadism.4,5 Male hypog-
onadism is defined as a clinical condition in which the men 
exhibit the symptoms/signs and biochemical evidence of tes-
tosterone deficiency. The fact that T2D is linked to hypog-
onadism was first recognized about 20 years ago when a high 

frequency of men with T2D revealed low testosterone levels. 
The low testosterone levels have also been identified as reliable 
predictors of insulin resistance and the likelihood of developing 
T2D in the future.6 Furthermore, many studies have shown 
that the testosterone levels reported in men with diabetes was 
much lower than those of the nondiabetic ones.7,8

From the cross-sectional studies done, it is clear that 
between 20% and 64% of men with diabetes have hypog-
onadism; generally, there is a slow and continuous decrease in 
testosterone production among older population.9 Furthermore, 
the prevalence of hypogonadism varies between racial, ethnic 
groups.10 Hypogonadism can pose high risk for the develop-
ment of diabetes and metabolic syndrome via several mecha-
nisms including alterations in body composition, polymorphism 
in the androgen receptors, glucose transport, and decreased 
antioxidant effect.9–11 However, diabetes and the metabolic 
syndrome can be risk factors for hypogonadism via certain 
similar, but most often, well-defined mechanisms, such as body 
weight increase, drop in the levels of the sex hormone–binding 
globulin (SHBG), suppression of gonadotropin release or 
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Leydig cell testosterone secretion, cytokine-mediated inhibi-
tion of the release of the testicular steroid, and a rise in the 
aromatase activity leading to a relative estrogen surplus.9–11

Type 2 diabetes–associated hypogonadism might exacerbate 
sexual dysfunction by reducing libido and mood and further 
compromising penile vascular reactivity and lipid metabolism. 
Hence, testing the circulating testosterone is strongly recom-
mended in patients with type 2 DM with erectile dysfunc-
tion.12,13 Observational studies consistently show that men 
with diabetes have lower total testosterone (TT) levels com-
pared with the nondiabetic controls.14 At least 25% of men 
with type 2 DM show evidence of secondary hypogonadism, 
and an additional 4% have primary hypogonadism. Given the 
strong correlation between diabetes and testosterone deficiency, 
the Endocrine Society recommends the routine measurement 
of testosterone levels in patients with type 2 DM. The relation-
ship between testosterone and type 2 DM is complex and likely 
mediated by obesity.15

As the incidence of diabetes is steadily rising in all the age 
groups and a notable number will most probably be in their 
prime reproductive years, in fact that one-third of the men with 
T2D possess low testosterone causes a considerable public 
health burden with respect to deficient sexual function and 
potential infertility.16 In comparison with the developed coun-
tries, there is a paucity of research on hypogonadism in Saudi 
Arabia. Therefore, the aim of this study was to determine the 
occurrence of hypogonadism and its related risk factors present 
in the men with T2D in Saudi Arabia.

Methods
This cross-sectional study involved 157 men with type 2 diabe-
tes, between 30 and 70 years, registered with the Diabetes 
Treatment Center, Prince Sultan Military Medical City 
(PSMMC), Riyadh, Saudi Arabia.

Patients with a history of hypopituitarism and chronic 
debilitating diseases such as renal failure, liver cirrhosis, malig-
nancy, autonomic neuropathy, and those on testosterone 
replacement therapy were excluded from this study. Written 
consent to participate in the study was collected from each 
patient.

This study was conducted based on the Helsinki Declaration 
of 1975 (revised in 2000), and the study protocol received 
approval from the research ethics committee of PSMMC, 
Riyadh, Saudi Arabia.

Measures
Their demographic features were gathered during the patients’ 
routine visits to the center using a prestructured questionnaire. 
The duration of diabetes, smoking habits, presence of retinopa-
thy, neuropathy, and nephropathy were noted from the medical 
records.

Calculation of the body mass index (BMI) was done by 
dividing the weight in kilograms by the square of the height in 
meters. Blood pressure was taken by a trained nurse, using a 
standardized sphygmomanometer with the patient in the 

sitting posture, keeping the arm at heart level, and repeated 
after 5 minutes of rest. Hypertension is defined as elevated sys-
tolic (⩾140 mm Hg) or diastolic (⩾90 mm Hg) blood 
pressure.5

After an overnight fast, a venous blood sample (20 mL) 
was drawn using a disposable syringe from the cubital fossa 
and/or dorsum of the hand veins from each patient, between 
8:00 and 10:00 am. The blood sample was transferred into a 
plain complete blood count tube; once centrifugation was 
done, the serum was aliquoted and stored at −20°C to deter-
mine TT, free testosterone (FT), SHBG, follicle-stimulating 
hormone (FSH), luteinizing hormone (LH), prolactin 
(PRL), glycosylated hemoglobin A1c (HbA1c), total choles-
terol, high-density lipoprotein (HDL) cholesterol, low- 
density lipoprotein (LDL) cholesterol, and triglyceride. 
Laboratory technicians were blinded to the participants’ 
information. Radioimmunoassay was used to determine TT. 
AxSYM (Abbott Laboratories, USA) was employed to  
assess FT based on a microparticle enzyme immunoassay.8 
Immunochemiluminometric assay was used to test SHBG. 
Chemiluminescent immunometric assays were used to deter-
mine LH, FSH, and PRL. High-performance liquid chro-
matography method (Bio-Rad, Hercules, CA, USA) enabled 
the analysis of HbA1c. Hemoglobin A1c–related information 
was recorded from tests performed in the PSMMC labora-
tory. Total cholesterol, triglyceride, HDL, and LDL were 
checked using an automated spectrophotometer, enzymatic 
colorimetric method, and COBAS INTEGRA with the 
commercial kits from Roche Diagnostics (Roche Diagnostics 
Limited, Switzerland). Bioavailable and FT levels were 
recorded using the TT and SHBG applying the Vermeulen 
equation.17

Diabetes mellitus was diagnosed based on the criteria of the 
American Diabetes Association.18 Nephropathy, according to 
the nephrologists (in view of the microalbuminuria present is 
defined as the concentration of microalbuminuria ⩾30-
299 mg/24-hour urine collection sample or the presence of 
macroalbuminuria ⩾300 mg/24-hour urine collection sam-
ple)19 was taken from the patients’ records. Diabetic neuropa-
thies are heterogeneous, either focal or diffuse, and affect 
various portions of the nervous system, producing various clin-
ical manifestations.20 Retinopathy is one such example, defined 
according to the American Academy of Ophthalmology.21

Androgen Deficiency in the Aging Male 
Questionnaire
All the patients were required to complete an Arabic version of 
the Androgen Deficiency in Aging Male (ADAM) question-
naire.22 This 10-item screening questionnaire was employed to 
assess the androgen insufficiency in aging men. A positive 
response is based on lowered libido or erectile dysfunction or 
any 3 nonspecific queries that include fatigability, reduced 
muscle strength, mood alterations and height loss. As this 
questionnaire has 88% sensitivity and 60% specificity, it must 
be employed only when the testosterone level is low.23
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Hypogonadism
Hypogonadism was defined as the combination of symptoms 
(positive ADAM score) along with TT level ⩽8 nmol/L. 
Primary hypogonadism implies FSH or LH ⩾10 IU/L, 
whereas secondary hypogonadism means FSH or LH < 10 IU/L.

Statistical Analysis
Data analysis was performed employing Microsoft Excel 2010 
(Microsoft Corporation, Seattle, WA, USA) and the SPSS 
version 22 (SPSS Inc., Chicago, IL, USA). Besides the descrip-
tive analysis, the χ2 test and independent “t” test were also 
done to identify the differences among the group. The varia-
bles associated with hypogonadism were verified using the 
logistic regression analysis. The P value of <.05 was accepted 
as having statistical significance.

Results
The description of the ADAM and TT level of the population 
is shown in Figure 1. The total frequency of hypogonadism was 
22.9% (36/157). Of the total number of 157 patients (from 30 
to 70 years), 123 (78.3%) revealed ADAM positive, whereas 34 
(27.7%) showed ADAM negative. Among the ADAM posi-
tive, 90 (73.2%) showed a reduction in libido, 116 (94.3%) had 
weaker erections, and 99 (80.5%) showed more than 3 positive 
answers in ADAM. Of these hypogonadic patients, 22.2% 
(n = 8) revealed primary hypogonadism, whereas 77.8% (n = 28) 
showed secondary hypogonadism.

The demographic and clinical variables of the study popula-
tion are shown in Table 1. The study cohort had a mean age of 
52.6 ± 10.8 (mean ± SD) years. The duration of diagnosis of 
DM showed a mean of 8.9 ± 7.4 (mean ± SD). The mean values 

Figure 1. Patient distribution.

Table 1. Biochemical characteristics of the study population.

PARAMETER VAlUE (MEAN ± SD) SAMPlE RANGE

Age 52.6 ± 10.83 23–70

Body mass index 30 ± 5.0 17.4–46.8

Duration of diabetes, y 8.9 ± 7.4 1–37

HbA1c, % 7.9 ± 1.8 4.8–14.1

lH, IU/l 7.1 ± 5.7 0.2–41.4

FSH, IU/l 8.4 ± 9.9 0.1–70

SHBG, nmol/l 50 ± 30 13–219

Prolactin, IU/l 208.4 ± 134.3 31–1054

Waist circumference, cm 104.2 ± 14.9 74–169

Total testosterone, nmol/l 14.7 ± 7.1 1.04–44.9

Bioavailable testosterone, nmol/l 15.2 ± 8.7 0.437–58.9

Calculated free testosterone, nmol/l 0.95 ± 4.0 0.426–1.92

Abbreviations: FSH, follicle-stimulating hormone; HbA1c, hemoglobin A1c; lH, luteinizing hormone; SHBG, sex hormone–binding globulin.
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of the gonadal hormone levels were as follows: LH: 7.1, FSH: 
8.4, SHBG: 50, PRL: 208.4, and TT: 14.7, with the bioavaila-
ble testosterone being 15.2 and calculated FT being 0.95.

The variables associated with hypogonadism are demon-
strated in Table 2. A major part of the study population, 67 
patients (42.7%), belonged to the 51 to 60 years age category. 
No significant differences were identified in the age, duration 
of diabetes, HbA1c, hypertension, smoking, waist measure-
ment, and diabetes-related impairments of retinopathy, 
nephropathy, and neuropathy. Significant differences were 
noted in the BMI and different treatment groups.

The mean age of patients those with hypogonadism was 
54.3 ± 10 years and those patients without hypogonadism was 
47.2 ± 11 years. Similarly, the mean BMI of those patients with 
hypogonadism was 30.4 ± 5.19 and those patients without 
hypogonadism was 28.7 ± 4.16 (P < .042). Among patients with 
hypogonadism, the mean total cholesterol, triglycerides, LDL, 
and HDL were observed as 4.57 ± 1.2, 1.98 ± 1.37, 2.7 ± 0.95, 
and 1.09 ± 0.28, respectively. Among patients without hypog-
onadism, the mean total cholesterol, triglycerides, LDL, and 
HDL were observed as 4.14 ± 1.8, 2.44 ± 1.76, 2.3 ± 0.96, and 
1.27 ± 1.8, respectively. No statistically significant differences 
were observed on lipid profile among the patients with and 
without hypogonadism (P > .05).

The gonadal hormone levels among the study population 
are shown in Table 3. In comparison with the normal patients, 
those with hypogonadism revealed significantly reduced differ-
ences in the calculated bioavailable testosterone, as well as the 
FT, LH, and SHBG. Compared with the normal patients, 
those with hypogonadism revealed significantly higher differ-
ences in the FSH and PRL levels.

All the variables showing statistical significance in the “χ2” 
test were submitted to regression analysis, which demon-
strated that BMI was the independent risk factor for hypog-
onadism (Table 4).

Discussion
It must be noted that the male patients with T2D have reduced 
serum testosterone and a greater tendency to develop hypog-
onadism than the nondiabetic ones, regardless of the metabolic 
disease control.24 The underlying mechanisms controlling the 
lowered testosterone could possibly be connected with age, 
obesity, and insulin resistance, commonly evident in the 
patients with T2D.24 The objective of this work attempted to 
determine hypogonadism in the men with T2D in the adult 
Saudi population.

From this study, the high occurrence of symptomatic hypo-
gonadism is clear in men with T2D. Recent works have estab-
lished beyond doubt that a minimum of 25% of the men with 
T2D have subnormal FT levels linked with inappropriately 
low LH and FSH levels.7,15 In light of this fact, the Endocrine 
Society has now recommended the routine verification of the 
testosterone concentrations in patients with T2D.15 These 

confirmatory tests have been recently done to include even the 
younger patients with T2D in the 18 to 35 years age category, 
who revealed hypogonadotropic hypogonadism at a rate of 
33% as against the normal range for the middle-aged; also, 58% 
was the rate considered when the age-specific normal range for 
FT for the young was used.25 Further studies reported that 
generally there is a slow and continuous decrease in testoster-
one production among older population, and the prevalence of 
hypogonadism varies between racial, ethnic groups.9,10

Decreasing testosterone levels are often linked with aging 
even in healthy men.12,26,27 Findings from a longitudinal study 
on aging,8,12,19 and 28% of men aged >40, 50, 60, and 70 years, 
respectively, revealed serum TT levels under the normal 
range.28 However, in another study, the differences in the tes-
tosterone levels between the diabetic and nondiabetic patients 
were found to be remarkable in the sixth decade, although it 
disappeared later. In fact, in diabetic patients above 60 years, 
hypogonadism does not occur more frequently than in their 
counterparts.28 In this study, a higher occurrence of hypog-
onadism was observed in all the age groups barring those in 
the 60 years and above age group (12.9%, 23.7%, 29.8%, and 
19.4% in the age groups of 30-40, 41-50, 51-60, and 
61-70 years, respectively).

The mean total and bioavailable testosterone levels 
reported for the men with diabetes in this study were also 
lower, concurring with the findings of the earlier studies.28 
Furthermore, this study discovered that men with low testos-
terone levels also appear to have a high tendency to express 
symptoms indicating hypogonadism such as libido (73.2%) 
and erectile dysfunction (94.3%) once again concurring with 
earlier findings.8,29 In a cross-sectional study, there was evi-
dence to show a high incidence of low libido (64%), erectile 
dysfunction (74%), and fatigue (63%) in hypogonadal men 
with T2D.28 However, these symptoms were present in simi-
larly high levels even in eugonadal men with T2D (48%, 65%, 
and 57%, respectively).8,15

It is noteworthy that no correlation was found between age, 
duration of diabetes, HbA1c, smoking status hypertension, 
waist circumference, retinopathy, nephropathy, and neuropa-
thy in patients with hypogonadism and those without the dis-
ease. Other works have reported, similar to the findings in this 
work, that low testosterone levels have no bearing on glyco-
sylated hemoglobin or duration of diabetes, although there 
was an association with obesity.15 In a study exploring the 
occurrence of low testosterone levels in a large number of 
obese men and men with diabetes, 44% of the men with dia-
betes and 33% of the age-matched nondiabetic ones revealed 
subnormal FT concentrations, respectively.30 Furthermore, 
40% of the obese men and 50% of the obese diabetic ones 
revealed subnormal FT levels.30 This study also showed that 
patients with a higher BMI value had a significant link with 
hypogonadism. From the regression analysis done in this 
study, BMI was isolated as an independent risk factor for 
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Table 2. Demographic and clinical variables associated with hypogonadism.

VARIABlE(S) HyPOGONADISM (n = 36, 22.9%) NO HyPOGONADISM (n = 121, 77.1%) P VAlUE

Age, y

 30–40 4 (12.9%) 27 (87.1%) .316

 41–50 9 (23.7%) 29 (76.3%)

 51–60 17 (25.4%) 50 (74.6%)

 61–70 6 (28.6%) 15 (71.4 %)

BMi

 ⩽24.9 2 (20%) 8 (80%) .001

 25–29.9 14 (27.5%) 37 (72.5%)

 ⩾30 20 (20.8%) 76 (79.2%)

Duration of diabetes

 ⩽5 13 (18.1%) 59 (81.9%) .343

 6–10 11 (28.2%) 28 (71.8%)

 11–15 8 (33.3%) 16 (66.7%)

 >15 4 (18.2%) 18 (81.8%)

Treatment type

 Oral 5 (9.1%) 50 (90.9) .009

 Insulin 7 (35%) 13 (65%)

 Combination 24 (29.3%) 58 (70.7%)

HbA1c

 <7 13 (24.5%) 40 (75.5%) .440

 ⩾7 23 (22.1%) 81 (77.9%)

Hypertension

 yes 31 (22.8%) 105 (77.2%) .555

 No 5 (23.8%) 16 (76.2%)

Smoking

 Nonsmoker 4 (11.4%) 31 (88.6%) .185

 Ex-smoker 17 (26.2%) 48 (73.8%)

 Smokers 15 (26.3%) 42 (73.7%)

Waist, cm

 <94 5 (12.8%) 34 (87.2%) .610

 ⩾94 31 (26.3%) 87 (73.7%)

Retinopathy

 yes 19 (24.1%) 60 (75.9%) .442

 No 17 (21.8%) 61 (78.2%)

nephropathy

 yes 20 (23.5%) 65 (76.5%) .500

 No 16 (22.2%) 56 (77.8%)

 (Continued)
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VARIABlE(S) HyPOGONADISM (n = 36, 22.9%) NO HyPOGONADISM (n = 121, 77.1%) P VAlUE

neuropathy

 yes 13 (23.2%) 43 (76.8%) .550

 No 23 (22.8%) 78 (77.2%)

Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c.

Table 2. (Continued)

Table 3. Gonadal hormone levels among the study population.

VARIABlE(S) HyPOGONADISM (n = 36, 22.9%) NO HyPOGONADISM (n = 121, 77.1%) P VAlUE

Calculated bioavailable testosterone, nmol 8.4 ± 6.4 17.3 ± 7.1 .047

Calculated free testosterone, nmol 0.29 ± 0.1 1.15 ± 0.1 .012

Follicle stimulating hormone, IU/l 9.93 ± 5.4 8.12 ± 4.9 .037

luteinizing hormone, IU/l 6.28 ± 3.5 7.41 ± 4.2 .043

Sex hormone–binding globulin, nmol/l 35.3 ± 21.4 54.4 ± 24.1 .027

Prolactin, IU/l 266 ± 132 191 ± 114 .032

Table 4. Role of body mass index and treatment type on 
hypogonadism (logistic regression analysis).

VARIABlE OR (95% CI) P VAlUE

BMi

 ⩽24.9 1  

 25-29.9 8.94 (2.04–39.1) .004

 ⩾30 2.25 (0.95–5.30) .630

Treatment

 Oral 1  

 Insulin 0.275 (0.094–0.805) .180

 Combination 1.256 (0.421–3.751) .683

Abbreviations: CI, confidence interval; OR, odds ratio.

hypogonadism. It is therefore evident that BMI is connected 
with a high incidence of hypogonadism and having diabetes 
augments that risk. Similar to BMI, significant difference was 
noted among diabetes treatment groups of the study popula-
tion by univariate analysis. However, regression analysis done 
in this study showed that type of diabetes treatment was not 
an independent risk factor for hypogonadism. Also, literature 
related to the relationship between diabetes treatment and 
hypogonadism are limited.

Testosterone occurs in the circulation in 3 major fractions: 
free (2%-3%), albumin-bound (20%-40%), and SHBG (60%-
80%). Both the free and albumin-bound fractions include the 
bioavailable testosterone as they constitute the biologically 
active component, readily available to the tissues; the 

SHBG-bound testosterone, however, is strongly bound and 
inactive. Sex hormone–binding globulin regulates the bound 
serum testosterone. Therefore, it becomes essential to deter-
mine the bioavailable testosterone or FT in men with  
diabetes.31 In this study, patients with hypogonadism, when 
compared with the normal patients, revealed significantly 
lower differences in the calculated bioavailable testosterone, 
calculated FT, LH, and SHBG. On the contrary, when com-
pared with the normal patients, the hypogonadic men exhib-
ited significantly greater differences in the FSH and PRL; 
these findings concur with findings from earlier researches.31,32

There are a few limitations in this study including its cross-
sectional nature and its performance in a single center. 
Furthermore, the lack of a control group against which to com-
pare the study group restricts the results from being generaliz-
able and applicable to real-life situations. More studies 
conducted on a larger scale/multicenter are required to over-
come these limitations. In the face of these limitations, this 
study gives significant data for the occurrence of hypogonadism 
among Saudi men with T2D.

Conclusions
This study identified the fact that the testosterone levels are 
often low in men with T2D, and that most of these patients 
exhibit symptoms of hypogonadism. Body mass index was 
identified as the independent risk factor of hypogonadism in 
the T2D men. Therefore, more effective strategies in patient 
education and communication must be implemented to ensure 
sufficient attention being paid to sexual health issues in men 
with diabetes; besides, a multidisciplinary team of professionals 
is mandatory to render optimal comprehensive care. The endo-
crinologist has a vital part in screening patients for low 
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testosterone, offering patient education, and raising the aware-
ness of hypogonadism among those providing health care.
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