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ABSTRACT

Type 2 diabetes mellitus (T2DM) may be independently associated with testosterone deficiency syndrome
(TDS). Both conditions are linked with reduced quality of life and cardiovascular comorbidities. The
magnitude of TDS among T2DM men and its predictors has still not been well established in Malaysia.
This study aimed to determine the prevalence of TDS and its predictors among men with T2DM attending a
government health clinic in Kuching, Sarawak. TDS severity and level of serum total testosterone were also
explored. A cross-sectional study was conducted involving 360 respondents. Aging Males Symptoms Scale
(AMS) score > 26 and serum total testosterone < 12 nmol/L were used to diagnose TDS. The prevalence
of TDS in current study was 19.7%. Multivariate analysis showed that determinants for TDS included age
(Adjusted OR 1.061: 95% CI 1.020; 1.103), Iban ethnicity (Adjusted OR 2.469: 95% CI 1.154; 5.283) and
a waist circumference equal or greater than 90 cm (Adjusted OR 3.655: 95% CI 1.472; 9.081). However,
there was no significant association between TDS and the level of serum total testosterone (p = 0.581). We
concluded that the prevalence of TDS in this study was relatively low. The severity of this condition may
not be influenced by testosterone level. Physicians might consider a diagnosis of TDS if elder diabetic men
with abdominal obesity present to primary care clinics with clinical features of hypogonadism. Health care
providers also might consider lowering their threshold to screen for TDS among Iban men with T2DM.
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INTRODUCTION

Testosterone deficiency syndrome (TDS) is defined as the presence of both clinical symptoms
(i.e. low libido, loss of concentration, erectile dysfunction, depression, increased fat mass, de-
crease muscle mass and decreased bone mineral density) and biochemically deficiency in serum
testosterone levels which associated with advancing age.! Recent consensus has identified type 2
diabetes mellitus (T2DM) as a risk factor for hypogonadism. Low testosterone concentrations in
men with T2DM have been associated with insulin resistance, which leads to multiple complica-
tions and poor quality of life.?
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The overall prevalence of TDS varies from 6% to 9.5% in men aged 40-70 and rises to
15-30% among diabetic or obese men.' It is estimated that in the United States in 2025, as many
as 6.5 million of the male population age between 30 to 79 years old will have symptomatic
testosterone deficiency.® Early recognition and detection of TDS are very important since this
condition can be treated if diagnosed early. It is accepted by most of the consensus that total
serum testosterone above 12 nmol/l (350 ng/dl) does not require treatment.>*> Testosterone
replacement therapy in patients with diabetes may improve glycaemic control.®

There is limited epidemiological information in Malaysia regarding TDS among diabetes
patients. The figures may be underestimated due to under-diagnosed. The present study aims to
identify the magnitude of this problem among male diabetes patients and its determinants. Thus,
the findings of this study could help in identifying patients with increased risk of developing
TDS and will indirectly increase awareness among clinicians and patients on the importance of
screening for TDS in T2DM.

MATERIALS AND METHODS

This cross-sectional study was conducted at a government health clinic located in the Kuching
District of Sarawak, East Malaysia. This study was conducted among 360 T2DM men aged 40 to
70 years old who were randomly selected from the clinic’s diabetes registry. The data collection
was done within three months of June 2016. Patients who were on testosterone replacement
therapy, opiates or oral steroid were excluded as it may interfere with serum total testosterone
level. Patients who presented with an acute illness and arrived in the afternoon for blood taking
were excluded, as these may cause a transient reduction in serum total testosterone. As the
questionnaire was self-administered, patients who had cognitive impairment, mentally unfit or
did not understand Malay language or English were excluded. The sample size for this study
was calculated using the formula to estimate prevalence. It was gauged based on the prevalence
of androgen deficiency in Taiwanese men with T2DM which was 32.5%.” Assuming a non-
respondent rate of 10 %, the sample size needed for this study was 360 patients.

The sociodemographic data of the respondents were collected using a standardised form. The
sociodemographic data collected were age, race, marital status and alcoholic status. Information
on comorbidities was obtained by direct questioning the patients themselves and by checking
patients’ medical record. Both English and validated Malay Versions of Aging Males Symptoms
(AMS) Questionnaire were used in this study to assess symptoms of TDS. This self-administered
questionnaire consists of 17 items. Each item was rated using a Likert scale and was divided
into three domains: psychological, somatic and sexual. Based on the AMS score, TDS was
interpreted clinically as follows: normal (score of < 27), mild (score of 27-36), moderate (score
of 37—49) and severe (score of > 49). A pilot study involving 36 respondents was done to test
the reliability of the Malay version of AMS. The Cronbach’s Alpha of this questionnaire was
0.819, reflecting good internal consistency.

Hypogonadism is defined as serum total testosterone levels of 12 nmol/l and below (350 ng/dl).
Blood samples were taken between 7-12 noon to minimise diurnal variation.* The results were
classified as normal or abnormal. About 2 ml of blood was taken from each patient and the
specimens were kept in plain tubes and stored in a polystyrene box prepared by the laboratory at
room temperature until the specimens were collected by the dispatcher at noon. The reagents used
were Abbott Architect and Generation Testosterone Reagent kits, and the samples were analysed
using Abbott Architect CI 8200 machine. Diagnosis of TDS was made per the literature as a
combination of AMS score of > 26 with serum total testosterone of < 12 nmol/L.> Patients with
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only one abnormal result for either AMS score or total serum testosterone were not diagnosed
as having TDS and did not benefit from testosterone replacement therapy.*>>

Data collected in this study were analysed using SPSS version 22 for Windows. Independent
t-test was performed to assess whether there was any significant difference between the mean level
of total serum testosterone of two groups of the severity of TDS. Simple logistic regression was
used in the bivariate analysis to determine the association between TDS and sociodemographic
characteristics of respondents, anthropometric and comorbidities. Variables with a p-value of
less than 0.25 or clinically important were chosen for multivariate analysis. Binary logistic
regression was performed to determine the independent association between TDS and selected
sociodemographic factors and anthropometric factors. In this study, the significant level was set
at p < 0.05, with a confidence interval of 95%.

This study was approved by the Research Ethics Committee of Universiti Kebangsaan Malaysia
(UKM) (UKMREC Approval Number: UKM 1.5.3.5/244/FF - 2015 - 193), Medical Research &
Ethics Committee of Ministry of Health Malaysia (NMRR - 15 - 1117 - 24977) and Kuching
District Health Office. This study was conducted voluntarily, and written consent was taken from
all the respondents before participating in the study with no compulsion to join the study. All
respondents were briefed regarding the duration and procedures involved in this study, including
blood taking, in the Patient Information Sheet. Participants with TDS were referred to the Urology
Clinic for further management.

RESULTS

The response rate for this study was 96%. The main reason patients declined was due to time
constraints. About four-fifths (80%) of the participants were between 51 to 70 years old, while
another two-fifths (18.6%) were 40 to 50 years old. A majority were married (89.4%), and 27.5%
of them reported consuming alcohol. Based on the AMS scoring, nearly half (49.7%) had a mild
score, followed by a normal score (33.3%), moderate score (16.4%) and severe score (0.6%).
In terms of the three subscales of somatic (score 2= 9), psychological (score > 6) and sexual
(score 2 6), about 91.1% of all the samples had somatic complaints, 63.9% had psychological
complaints and 90% had sexual complaints. Table 1 shows the characteristics of the respondents.

Prevalence of TDS

The prevalence of TDS in this study was 19.7% (71/360). About 8 out of 10 men with
TDS (56/71, 78.9%) had mild severity based on AMS scoring. Another fifth (15/71, 21.1%)
had moderate symptoms of TDS. When the scores were further grouped into three the somatic,
psychological and sexual categories, all respondents had an abnormal scores for somatic, 73.2%
had an abnormal score for psychological, and 97.2% had an abnormal score for sexual.

Associated Factors for TDS

Age, Iban ethnicity, BMI and waist circumference > 90cm were significantly associated with
TDS from bivariate analysis (Table 2). In this analysis, BMI was grouped into two categories;
no obese (BMI <27.5 kg/m?) and obese (BMI > 27.5 kg/m2). The significant level was set at p
< 0.25 as confounding factors were not controlled for in this simple binary logistic regression.
The usual value of p < 0.05 was not used in this statistic, as it may cause potential factors with
a significant association to be excluded.

Multiple Binary Logistic Regression was performed to assess the impact of several factors on
developing TDS. The model has four independent variables (age, Iban ethnicity, BMI (no obese
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Table 1 Characteristics of the respondents (N = 316)

Characteristics n %
Age (years), mean (SD) 57.7 (7.78)
Ethnicity
Malay 161 44.7
Chinese 111 30.8
Iban 48 13.3
Others 40 11.1
Waist Circumference (cm), mean (SD) 96.2 (10.93)
< 90 94 26.1
> 90 266 73.9
BMI Categories (kg/m?), mean (SD) 27.8 (4.71)
Normal/underweight (<18.5-22.9) 49 13.6
Obese (23—>40) 311 86.4
Hypertension 317 88.1
Dyslipidemia 345 95.8
AMS score
Normal (<27) 120 333
Mild (27-36) 179 49.7
Moderate (37-49) 59 16.4
Severe (>49) 2 0.6
Serum Total Testosterone (umol/l)
<12 98 27.2
>12 262 72.8

and obese) and waist circumference > 90). The model was statistically significant at x> (4, N =
360) = 31.09, p < 0.001). The Hosmer and Lemeshow test showed that the model was a good
fit (p = 0.551). The model as a whole explained between 8.3% (Cox and Snell R square) and
13.1% (Nagelkerke R square) of the variance in TDS and correctly classified 79.4% of cases. As
shown in Table 3, only three of the independent variables made a unique statistically significant
contribution to the model. The factors which were significantly associated with increased risk
for TDS were age (Adjusted OR 1.061, 95% CI = 1.020; 1.103), Iban ethnicity (Adjusted OR
2.469, 95% CI = 1.154; 5.283) and waist circumference > 90cm (Adjusted OR 3.655, 95% CI
= 1.472; 9.081). This indicates that by increase one year of age, the chance of developing TDS
is 1.06 times higher. Iban ethnicity is about 2.5 times higher odds of developing the syndrome,
whereas those with waist circumference > 90 cm are 3.7 times more likely to develop TDS.

An independent t-test was conducted to compare the level of serum total testosterone and
severity of TDS. There were no significant differences in serum total testosterone for mild and
moderate TDS {mean (SD) = 9.0 (2.678) vs 9.4 (2.14), p = 0.581}. This may indicate that
there is no association between the severity of TDS and the level of serum total testosterone
in the current study.
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List of Variables Crude OR 95% CI) ¥ (df) P Value
Age (year) 1.032 (0.997; 1.069) 0.031 (1) 0.077
Ethnicity

Malay 1.000

Chinese 0.812 (0.428; 1.538) -0.209 (1) 0.522

Iban 2.097 (1.024; 4.293) 0.740 (1) 0.043

Others 0.740 (0.286; 1.918) -0.301 (1) 0.535
Marital Status

Single/ divorced 1.000

Married 0.768 (0.346; 1.706) -0.263 (1) 0.517
Alcohol

No 1.000

Yes 1.136 (0.641; 2.013) 0.128 (1) 0.662
Hypertension

No 1.000

Yes 1.591 (0.644; 3.931) 0.464 (1) 0.315
Dyslipidaemia

No 1.000

Yes 1.625 (0.358; 7.370) 0.486 (1) 0.529
BMI

No Obese 1.000

Obese 1.966 (1.154; 3.348) 0.676 (1) 0.013
Waist Circumference (cm)

< 90 1.000

> 90 4.135 (1.823; 9.379) 1.419 (1) 0.001
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Table 3 Multiple binary regression model for the association between TDS among diabetes males with age,
race, BMI and waist circumference (N = 316)

List of Variables Adjusted OR (95% CI) B Wald (df) P Value
Age (year) 1.061 (1.020; 1.103) 0.059 8.597 (1) 0.003
Ethinicty

Malay 1.000

Chinese 0.836 (0.426; 1.641) - 0.179 0.271 (1) 0.603

Iban 2.469 (1.154; 5.283) 0.904 5422 (1) 0.020

Others 0.757 (0.281; 2.037) - 0.278 0.304 (1) 0.581
BMI

No Obese 1.000

Obese 1.625 (0.832; 3.173) 0.485 2.017 (1) 0.156
Waist Circumference (cm)

<90 1.000

> 90 3.655 (1.472; 9.081) 1.296 7.796 (1) 0.005

DISCUSSION

Studies on TDS among diabetic men are relatively recent and progressively conducted outside
Malaysia.”®® Therefore, little is known regarding TDS among Malaysian men with diabetes. Re-
cent reviews have recognised T2DM is associated with hypogonadism which may lead worsening
of comorbidity and mortality. Testosterone therapy among diabetic men with hypogonadism may
improve sexual life, glycaemic level and quality of life.!® Therefore, this study was conducted to
determine the prevalence and associated factors of TDS among men with T2DM, as well as to
study the association between the severity of TDS with testosterone level. Diagnosis of TDS was
made based on a combination of AMS score of > 26 and serum total testosterone of < 12 nmol/L.

This study has found that the prevalence of TDS among men with T2DM was relatively
low (19.7%) compared to studies done in other parts of the world. A study was performed to
assess hypogonadism by using a combination of serum total testosterone of < 12 nmol/L and
clinical features of hypogonadism as the operational definition for the diagnosis of TDS in India
reported that 34.7% of their diabetes patients had TDS." Four other studies were done between
2007 to 2012 in different parts of UK and Australia to assess hypogonadism among men with
T2DM that also using total serum testosterone of < 12 nmol/L as their cut off point had found
that their prevalence was ranging between 25 to 45%.%%'>13 However, these studies did not take
clinical symptoms into consideration. We found that about 27.2% of our current study population
had serum total testosterone < 12 nmol/L.

To date, there was no similar study done in Malaysia to assess the prevalence of TDS among
men with T2DM for a comparison. There is a community - based study done in Subang Jaya,
Malaysia involving 1046 men aged > 40 years who are randomly selected from an electoral-roll
list shows a lower proportion of TDS (16.1%). However, the researcher defines TDS as low
early morning testosterone level of less than 14.4 nmol/L." In general, diabetic populations
have a higher prevalence of TDS compared to the population without comorbidity. Variation in
prevalence may result from the operational definitions that are being used to diagnose TDS.'

In this study, age, Iban ethnicity and central obesity were independently associated with TDS.
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Prevalence of TDS is increased markedly with advancing age as it is well known that physi-
ologically, hormone testosterone will progressively decline with advancing age and some studies
had reported that level of testosterone declines by about 1% every year.'® Surprisingly, Iban
ethnicity which represents only 14% of the total study population has a higher risk to develop
TDS. There is no previous study to assess the association of Iban ethnicity with TDS for a
comparison. What leads this ethnicity preponderance towards TDS is difficult to be explained.
Perhaps proper assessment on their lifestyle or future biomolecular research focusing on Iban
ethnicity may provide a better understanding of this finding. In a genetic study to assess the origin
of Iban ethnicity, the findings have shown that Iban ethnicity is most similar to the population
that reside in mainland Southeast Asia and Indonesia.'”” There was a study done in Malaysia to
assess the prevalence of TDS by ethnicity among men in the community, and it shows that TDS
has a significant association with ethnicity, where Malay and Indian have the highest proportion.'
Apart from that, it may have related to Iban culture where alcohol and “tuak” (Sarawakian term
for rice wine) use are very common in the Iban community.

Waist circumference was found to have a strong association with TDS in the current study.
This is in keeping with many previous studies that showed waist circumference has a significant
association with TDS and also as a predictor of the level of serum testosterone.”*!! There are
several other confounding factors which need to be considered such as dietary habits, duration of
exercise, medications, alcohol consumption and the number of cigarettes and duration of smoking,
as these factors decisively affect the outcome of lipid levels and hypertension.'® Levels of serum
testosterone were not a predictor of severity of TDS among men with type 2 diabetes mellitus.
The current finding is consistent with a previous study which found no correlation between the
levels of testosterone with symptoms of hypogonadism.!” Out of 71 men diagnosed with TDS in
the present study, 78.9% (56/71) had mild severity based on AMS scoring. Another 21.1% had
moderate symptoms and none of them had severe symptoms. We hypothesised that these men
might have underestimated their symptoms due to optimistic bias or to protect their perception
of masculinity. Perhaps good qualitative studies may explain further this complex relationship.
While another study had demonstrated that the severity of symptoms had a significant inverse
association with the level of testosterone, age was found to be the confounding effect.”®

The definition of TDS is not without flaws. There is no standard guideline to diagnose
TDS. Different researchers may use a different level of serum testosterone to diagnose it. This
consequently causes different results from one study to another, even though the studies are
almost similar. Therefore, a head to head comparison is sometimes not possible.'> There is also
a limited study of TDS with T2DM conducted in Malaysia. As this study was conducted in one
primary care clinic in East Malaysia, the results cannot be generalised to the general population
in this country.

CONCLUSION

The prevalence of TDS among men with T2DM in this study is low (19.7%) compared to
studies in other parts of the world. This might be due to the difference in operational definition
in diagnosing TDS used and methodology. Iban ethnicity, older age and waist circumference 2
90 cm are the independent risks factors for developing TDS among men with T2DM. Level of
serum testosterone may not be an ideal indicator to reflect the severity of TDS.
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RECOMMENDATION

Physicians may consider the diagnosis of TDS in older diabetic men with abdominal obesity
approach at primary care clinics with clinical features of hypogonadism. Health care providers
also might consider lowering their threshold to screen for TDS among Iban men with T2DM.
Testosterone may have a role and protective effects in the evolution of metabolic syndrome as
it is strongly associated with waist circumference as observed in this study. It is well known
that high waist circumference is one of the components of metabolic syndrome. This finding
sounds promising, but further study and clinical trials are required to prove this postulation. A
multi-centred study with random sampling might be a feasible alternative in future to improve
the representation of respondents and allow generalisation of the findings. Other areas can be
explored in the future, such as determining the association between TDS and diabetic control
among the multi-ethnic population of Malaysia.

ACKNOWLEDGMENTS

The authors would like to express appreciation to Universiti Kebangsaan Malaysia Medical
Centre and the Director-General of Health, Ministry of Health Malaysia for supporting this study.

CONFLICT OF INTEREST

This research did not receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

REFERENCES

1. Schulman CC, Fusco F, Morales AM, Tostain J, Vendeira P, Zitzmann M. Testosterone Deficiency: A
Common, Unrecognised Syndrome? doi:10.1016/j.eursup.2009.05.003

2. Jones TH. Effects of testosterone on Type 2 diabetes and components of the metabolic syndrome. J Diabetes.
2010;2(3):146-156. doi:10.1111/j.1753-0407.2010.00085.x

3. Araujo AB, Esche GR, Kupelian V, et al. Prevalence of symptomatic androgen deficiency in men. J Clin
Endocrinol Metab. 2007;92(11):4241-4247. doi:10.1210/jc.2007-1245

4. Wang C, Nieschlag E, Swerdloff R, et al. Investigation, treatment and monitoring of late-onset hypogonadism
in males ISA, ISSAM, EAU, EAA and ASA recommendations. doi:10.1530/EJE-08-0601

5. Miner M, Barkin J, Rosenberg MT. Testosterone Deficiency: Myth, Facts, and Controversy. Vol 21.

6. Traish AM, Miner MM, Morgentaler A, Zitzmann M. Testosterone deficiency. Am J Med. 2011;124(7):578-
587. doi:10.1016/j.amjmed.2010.12.027

7. Liu RT, Chung MS, Wang PW, et al. The prevalence and predictors of androgen deficiency in taiwanese
men with type 2 diabetes. Urology. 2013;82(1):124-129. doi:10.1016/j.urology.2013.03.023

8. Biswas M, Hampton D, Newcombe RG, Rees DA. Total and free testosterone concentrations are
strongly influenced by age and central obesity in men with type 1 and type 2 diabetes but correlate
weakly with symptoms of androgen deficiency and diabetes-related quality of life. Clin Endocrinol (Oxf).
2012;76(5):665-673. doi:10.1111/j.1365-2265.2011.04196.x

9. Kapoor D, Aldred H, Clark S, Channer KS, Jones TH. Clinical and Biochemical Assessment of Hypogonad-
ism in Men With Type 2 Diabetes Correlations with bioavailable testosterone and visceral adiposity. 2007.
doi:10.2337/dc06-1426

10. Hackett G. Type 2 diabetes and testosterone therapy. World J Men?s Heal. 2019;37(1):31-44. doi:10.5534/
wjmh. 180027

11. Talukder SK, Afsana F, Khan SJ. Metabolic syndrome in men with sexual dysfunction. Diabetes Metab
Syndr Clin Res Rev. 2010;4(3):143-149. doi:10.1016/j.dsx.2010.07.001



12.

13.

14.

16.

17.

18.

19.

621

Testosterone deficiency syndrome

Anderson SG, Heald A, Younger N, et al. Screening for hypogonadism in diabetes 2008/9: Results from
the Cheshire Primary Care cohort. Prim Care Diabetes. 2012;6(2):143-148. doi:10.1016/j.pcd.2011.07.006
Hackett GI, Cole NS, Deshpande AA, Popple MD, Kennedy D, Wilkinson P. Biochemical hypogonad-
ism in men with type 2 diabetes in primary care practice. Br J Diabetes Vasc Dis. 2009;9(5):226-231.
doi:10.1177/1474651409342635

Tan WS, Ng CJ, Khoo EM, Low WY, Tan HM. The triad of erectile dysfunction, testosterone deficiency
syndrome and metabolic syndrome: findings from a multi-ethnic Asian men study (The Subang Men’s
Health Study). Aging Male. 2011;14(4):231-236. doi:10.3109/13685538.2011.597463

Paduch DA, Brannigan RE, Fuchs EF, Kim ED, Marmar JL, Sandlow JI. The laboratory diagnosis of
testosterone deficiency. Urology. 2014;83(5):980-988. doi:10.1016/j.urology.2013.12.024

Getov S V., Lee RW, Dockery F, Rajkumar C. Androgens, ageing and vascular function. Age Ageing.
2008;37(4):361-363. doi:10.1093/ageing/afn125

Wang C, Jackson G, Jones TH, et al. Low Testosterone Associated With Obesity and the Metabolic Syn-
drome Contributes to Sexual Dysfunction and Cardiovascular Disease Risk in Men With Type 2 Diabetes.
2011. doi:10.2337/dc10-2339

T’Sjoen G, Goemaere S, De Meyere M, Kaufman JM. Perception of males’ aging symptoms, health and
well-being in elderly community-dwelling men is not related to circulating androgen levels. Psychoneuro-
endocrinology. 2004;29(2):201-214. doi:10.1016/S0306-4530(03)00023-4

Harrison J. “Talking about my generation”: A state-of-the-art review of health information for men in the
andropause. Health Info Libr J. 2011;28(3):161-170. doi:10.1111/j.1471-1842.2011.00950.x



