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Summary 

Objective To compare ethnic differences in total, free and bioavailable testosterone amongst young 

healthy South Asian and Caucasian men. 

Design and subjects Cross-sectional study of 134 healthy males (age 20-40 years) of South Asian 

(n=67) or Caucasian (n=67) origin, recruited from hospital staff and students working in Newport, 

UK. Subjects were excluded if they had a fasting plasma glucose >5.9 mmol/l, central obesity (waist 

circumference ≥94cm [Caucasian] or ≥90cm [South Asian]) or significant other disease.  

Measurements Fasting plasma glucose, total testosterone (determined by immunoassay and mass 

spectrometry), albumin, SHBG and insulin were measured. Free and bioavailable testosterone were 

calculated using Vermeulen’s formula and insulin resistance was estimated by HOMA-IR.   

Results The South Asians were slightly older (p=0.04), shorter (p<0.001), lighter (p<0.001), more 

insulin resistant (p=0.006), and had a lower BMI (p=0.012), waist circumference (p=0.043) and SHBG 

(p=0.001) than the Caucasians. Total testosterone was significantly lower in South Asians (mass 

spectrometry: geometric mean 16.3 nmol/l, 95% reference interval 9.3 to 28.6 nmol/l) compared 

with Caucasians (mass spectrometry: geometric mean 18.4 nmol/l, 95% reference interval 10.6 to 

31.9 nmol/l; p=0.015) but calculated free and bioavailable testosterone were not different between 

groups. Adjusting for HOMA-IR, but not BMI or waist circumference, partly attenuated the 

differences in total testosterone.  

Conclusions Total, but not free, testosterone concentrations are lower in healthy South Asian males 

than in Caucasians. These differences are apparent at a young age and may be partly attributable to 

alterations in insulin sensitivity. 
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Introduction 

Hypogonadism is increasingly recognised as a common and important public health problem, with a 

prevalence of up to 23% reported in a recent European study of community-residing men over the 

age of 40 years.
1
 As a result, measurement of circulating testosterone concentration has  become 

commonplace in primary care as well as in endocrine clinic settings. Approximately 50% of 

circulating testosterone is bound to the high-affinity protein, sex hormone binding globulin (SHBG), 

with the remainder bound to albumin or existing in the free form (2-3%).
2
 In contrast to SHBG-bound 

testosterone, free and albumin-bound testosterone is readily available to tissues and is collectively 

referred to as bioavailable testosterone.
3
 Conditions which alter SHBG levels will thus affect tissue 

testosterone availability. Since portal insulin levels are a major negative regulator of hepatic SHBG 

production, diseases of reduced insulin sensitivity such as impaired glucose tolerance and type 2 

diabetes may have major effects on testosterone availability.
4
 Predisposition to insulin resistance 

and type 2 diabetes varies greatly according to ethnicity hence it is plausible that ethnicity itself may 

impact on testosterone concentration. Previous studies investigating the influence of ethnicity on 

testosterone levels have found no differences in total testosterone concentrations between subjects 

of Afro-Caribbean and Caucasian origin
5,6

 or between Caucasians and South East Asians.
7
 In contrast, 

Heald et al, in their study of predominantly middle-aged men living in Manchester, reported 

significantly reduced total and free testosterone concentrations in South Asians compared with their 

Caucasian counterparts,
8
 yet a subsequent study of predominantly middle-aged Canadian men 

concluded that inter-ethnicity differences in bioavailable and total testosterone between South 

Asians and Caucasians were not significant.
9
 It thus remains unclear whether testosterone 

concentrations are lowered or not in South Asian men and, if they are, when and by which 

mechanisms these differences emerge. In light of this uncertainty, we set out to compare ethnic 

differences in total, calculated free and bioavailable testosterone in a local population of young 

healthy South Asian and Caucasian men, and sought to explore which biological correlates might 

explain any variation observed. 
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Study design and methods 

Study participants  

The study comprised a population of apparently healthy male volunteers, aged 20-40 years and 

recruited from the medical student and hospital staff population at the Royal Gwent Hospital, 

Newport. Ethnicity was self-reported, with Caucasians defined as White British or White Europeans 

and South Asians defined as Bangladeshi, Indian, Nepalese, Pakistani or Sri-Lankan. Subjects were 

excluded if they were affected by a current or previous history of chronic obstructive airways 

disease, depression, diabetes, heart, renal or liver disease, cancer, inflammatory joint or bowel 

disease, pituitary, thyroid, adrenal or testicular disease. Subjects who had previously received or 

who were currently taking medications which might affect gonadal function, including anabolic 

steroids, testosterone, corticosteroids, ketoconazole and spironolactone were excluded. Those 

subjects working night shifts were also excluded as were those admitting to an alcohol intake in 

excess of 3-4 units per day. The study was approved by the local research ethics committee and all 

subjects provided written informed consent prior to study commencement.  

 

Study measurements 

Subjects attended the diabetes centre at the Royal Gwent Hospital after an overnight fast where 

blood samples were drawn for measurement of total testosterone, sex hormone binding globulin 

(SHBG), albumin, glucose and insulin. Subjects whose fasting plasma glucose levels were greater 

than 5.9 mmol/l were excluded from participation and offered a 75g oral glucose tolerance test. 

Blood samples were centrifuged within 1 hour and aliquots of plasma or serum were frozen at -80°C 

until analysis, at a maximum of 6 months post-sampling. Body weight (in light clothing without 

shoes) was measured to the nearest 0.5 kg on a balance beam scale and body height was measured 

to the nearest 0.5 cm using a stadiometer. Body mass index (BMI) was calculated as weight (kg) 
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divided by height (m) squared. Waist circumference was measured at minimal respiration and 

reported to the nearest 0.5 cm by positioning a tape measure parallel to the floor and immediately 

above the iliac crest. To minimise the potential for any confounding effect of the metabolic 

syndrome on serum testosterone and binding proteins
10,11  

Caucasian and South Asian subjects were 

excluded from the study if they had a waist circumference of ≥ 94 cm or ≥ 90 cm, respectively.
12

  

 

Assays 

Total testosterone was measured using the Abbott Architect ™ immunoassay system (REF 7K73, 

Abbott Diagnostics, Maidenhead, UK). An internal quality sample containing 17.6 nmol/l 

testosterone was used for the assessment of imprecision. Inter-assay coefficient of variation (CV) 

was 2.8% (n=20). Testosterone immunoassays have adequate specificity for the measurement of 

testosterone in normal male samples.
13

 However, due to the interference of matrix components of 

the sample and/or cross reaction with structurally related steroids there is considerable potential for 

inaccuracy in testosterone measurement in children, females and men with androgen deficiency.
14,15

 

Consequently, total testosterone was also assayed using Ultra Performance Liquid Chromatography-

mass spectrometry/mass spectrometry (tandem-MS). This assay has been extensively validated 

against gas chromatography-mass spectrometry (GC-MS) (widely considered to be the ‘gold 

standard’ for steroid hormone analysis) and employed GC-MS targeted serum standards. The 

tandem-MS instrument used was a Quattro™ Premier XE triple quadropole tandem mass 

spectrometer (Waters Ltd, Watford, UK) operating with positive ion electrospray mode. The liquid 

chromatography system was a Waters™ Acquity Ultra Performance Liquid Chromatography (UPLC) 

system coupled with an Acquity UPLC® BEH C18, 1,7 μm, 2.1 x 50mm column. The limit of 

quantification of the assay was 0.2 nmol/l, with excellent agreement between tandem-MS and GC-

MS results (r
2
=0.9903). Precision of this method was assessed in quality control samples containing 

varying (low, medium and high) concentrations of testosterone. Determination of these samples by 
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tandem-MS revealed that the intra- (n=12) and inter-assay (n=22) coefficients of variation were 4.6, 

3.7, 2.5% and 5.7, 4.3, 3.0%, respectively. Serum albumin was measured using the Abbott Architect 

Albumin BCP™ assay, [REF 7D54] (total CV 1.4% at 37g/l albumin). SHBG was measured with the 

Abbott Architect™ SHBG immunoassay, [REF8K26] (total CV 5.65% at a concentration of 24.5 

nmol/l). Fasting plasma glucose was measured using the Architect Aeroset System™, [REF 3L82] 

(total CV  1.7%). Fasting insulin was measured with the Abbott Architect™ insulin immunoassay, [REF 

8K41] which has a precision of ≤ 7% CV and cross-reactivity with proinsulin of ≤ 0.1% for a 

concentration of 10
6
 pg/ml. Insulin resistance was estimated using the homeostasis model 

assessment method (HOMA-IR) calculated by the formula: (fasting glucose [mmol/l] x fasting insulin 

[mIU/l]) / 22.5.
16 

Free testosterone and bioavailable testosterone were calculated using the method 

of Vermuelen et al. which correlates well with free testosterone measured by equilibrium dialysis 

and bioavailable testosterone measured following ammonium sulphate precipitation across a broad 

range of total testosterone values.
17

 Sample sizes were determined using the recommendations of 

Virtanen et al., who have previously demonstrated that a sample size of 60-80 is large enough to 

calculate reference limits and confidence intervals for analyte estimation by a regression method.
18   

More directly relevant to the present study, using a sample size of at least 63 subjects in each group 

provides 80% power to detect a shift of 0.5 SD in total testosterone.  

 

Statistical analysis 

Data were analysed using SPSS version 12.0 (Chicago, IL). All variables with the exception of age 

were log transformed. Results are expressed as geometric means, (obtained by exponentiation of 

the means of log transformed variables) and 2.5 - 97.5 centiles, which demarcate a 95% reference 

interval. Unpaired t-tests were based on log transformed measurements and, as the two ethnic 

groups showed little evidence of heterogeneity of variance, equal variance was assumed. Univariate 

correlation for non parametric data used Spearman co-efficients ρ (two-tailed test).  Regression 
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models were obtained which enabled adjustment for differences in log transformed total 

testosterone, free testosterone and bioavailable testosterone with differences in age, HOMA-IR, 

and/or waist circumference or BMI. A p-value of <0.05 was regarded as statistically significant. 

 

Results 

A total of 140 (72 South Asian and 68 Caucasian), 20-40 year old males were initially recruited. Five 

South Asian men were excluded as their fasting plasma glucose was > 5.9 mmol/l. Two of these were 

subsequently found to have type 2 diabetes, one had normal glucose tolerance and two declined 

further investigation. One Caucasian male was excluded due to an incidental finding of type 1 

diabetes and coeliac disease. A total of 67 men in each ethnic group were thus included in the final 

analysis. The characteristics of the study subjects are presented in Table 1. The South Asians were 

slightly older than the Caucasians (mean age 30.7, SD 4.8 vs. 28.9, SD 5.2, p=0.04), shorter (p<0.001) 

and lighter (p<0.001) than their Caucasian counterparts, and had a lower BMI (p=0.012) and waist 

circumference (p=0.043). Furthermore, despite excluding subjects with known dysglycaemia and 

significant abdominal obesity, South Asians had a higher fasting plasma glucose (p=0.019) and were 

more insulin resistant (HOMA-IR, p=0.006) than the Caucasians. In keeping with this, SHBG levels 

were significantly lower in South Asians (p=0.001).  

 

Testosterone concentrations by ethnicity 

Mean total testosterone concentration measured by immunoassay was significantly lower in South 

Asians (geometric mean 18.1 nmol/l, 95% reference interval 9.7 to 33.8 nmol/l) than in Caucasians  

(geometric mean 20.7 nmol/l, 95% reference interval 11.9 to 36.0 nmol/l, p=0.011). Mean total 

testosterone measured by mass spectrometry was also significantly lower in South Asians (geometric 

mean 16.3 nmol/l, 95% reference interval 9.3 to 28.6 nmol/l) than in Caucasians (geometric mean 
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18.4 nmol/l, 95% reference interval 10.6 to 31.9 nmol/l, p=0.015). In contrast, calculated free 

testosterone concentration (South Asian geometric mean 0.43 nmol/l, 95% reference interval 0.24 

to 0.77nmol/l; Caucasian geometric mean 0.44 nmol/l, 95% reference interval 0.26 to 0.74 nmol/l) 

and bioavailable testosterone concentration (South Asian geometric mean 10.1 nmol/l, 95% 

reference interval 5.2-19.7, Caucasian geometric mean 10.9 nmol/l, 95% reference interval 6.3 to 

18.7 nmol/l) were not significantly different between the two groups (p=0.73 and 0.18 respectively). 

 

Relationship of total testosterone concentrations with insulin sensitivity and adiposity according to 

ethnicity 

In South Asians, there were weak inverse correlations between total testosterone measured by 

immunoassay and BMI (ρ -0.347, p=0.004), waist circumference (ρ -0.301, p=0.013) and HOMA-IR (ρ  

-0.309, p=0.011). Similarly, there were was a weak inverse correlation between total testosterone 

measured by mass spectrometry and HOMA-IR (ρ -0.334, p=0.006); however an inverse correlation 

with BMI (ρ -0.229) and waist circumference (ρ -0.209) did not quite achieve significance (p=0.064 

and 0.092 respectively).  

In Caucasians, weak inverse correlations were also noted between total testosterone measured by 

immunoassay and BMI (ρ -0.258, p=0.035), weight (ρ -0.243, p=0.048), waist circumference (ρ -

0.373, p=0.002) and HOMA-IR (ρ -0.368, p=0.002). A similar inverse correlation was noted between 

total testosterone measured by mass spectrometry and BMI (ρ -0.356, p=0.003), weight (ρ -0.306, 

p=0.012), waist circumference (ρ -0.395, p=0.001) and HOMA-IR (ρ -0.414, p=0.001).  

 

Multiple linear regression analysis 

Regression models were obtained to adjust differences in log-transformed total testosterone 

between South Asians and Caucasians for concomitant differences in age, HOMA-IR and/or BMI or 
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waist circumference (table 2). Results for total testosterone measured by immunoassay or mass 

spectrometry were very similar: the effects of adjusting for HOMA-IR was to attenuate somewhat 

the shortfall in total testosterone in South Asians. Conversely, the effect of adjusting for waist 

circumference or BMI was to slightly widen the difference. 

 

 

Discussion 

This study has shown that total testosterone concentrations were lowered in young South Asian 

men compared with Caucasians but that differences in calculated free and bioavailable testosterone 

were not apparent at this age. Regression modelling indicated that these differences were partly 

attenuated by adjustment for insulin resistance but not by adjustment for adiposity.  

 

Some of the findings in this study are in keeping with those of Heald et al. who showed that total, 

but also calculated free testosterone concentrations were lower in South Asian males than in their 

African-Caribbean or Caucasian counterparts.
8 

This contrasts with a more recent study by 

Zimmerman et al. 
9
 who found no differences in total or bioavailable testosterone amongst South 

Asians and Caucasians. There are a number of factors which may account for these discrepancies. 

The studies differed in the way in which participants were recruited, in the age range of the subjects 

studied, and in the methods used to determine total testosterone concentration and its component 

fractions. Both the Heald and Zimmerman studies recruited their subjects from community sources, 

respectively in Manchester, UK and British Columbia, Canada. In contrast, we chose a sample of local 

hospital staff and student volunteers which in theory might have contributed to these different 

findings. However, we consider this unlikely since all subjects were in self-reported good health and 

the exclusion criteria were similar to those reported by Zimmerman et al. 
9 

Our cohort also differed 
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with respect to age; we chose to restrict our analysis to a young population, in order to minimise any 

confounding influence of age on testosterone levels and to establish whether ethnic differences in 

testosterone concentrations are apparent under the age of 40 years. This contrasts with the 

predominantly middle-aged participants in both the Heald (South Asian mean 50.4 years, Caucasian 

mean 51.4 years) and Zimmerman (total median age 47.9 years) reports. Total testosterone levels 

may decline slowly with age, but the fall in bioavailable testosterone is more dramatic,
19 

consistent 

with an increase in SHBG,
20 

hence it is conceivable that the lowered free testosterone in South 

Asians demonstrated in the Heald et al. study may reflect an ethnic difference which emerges with 

time. A number of algorithms have been developed to determine free testosterone and these are 

known to vary widely in their ability to estimate free and bioavailable testosterone levels.
21 

However, since Heald and colleagues also used the Vermuelen method to estimate free 

testosterone, we cannot attribute the ethnic differences in free testosterone between our and their 

study to differences in calculation method. Conversely, Zimmerman et al., in keeping with our 

findings, showed no ethnic differences in bioavailable testosterone. The methods used in each study 

to measure total testosterone and determine its bioavailable fraction were also different: Heald et 

al. used a radioimmunoassay to measure total testosterone, Zimmerman et al. used the Siemens 

Centaur immunoassay whereas both immunoassay and mass spectrometry were used in our study. 

Mass spectrometry measurement of testosterone offers improved accuracy and sensitivity over 

immunoassays 
22  

which can over- or underestimate total testosterone;
13, 14

 
 
indeed, the positive bias 

of the immunoassay method in our study of approximately 2 nmol/l is consistent with this 

observation. Notwithstanding potential concerns surrounding the performance of immunoassays, 

the consistent results obtained with both methods in the present study suggests that differences in 

assay methodology may not have contributed significantly to the discrepant study findings. 

Zimmerman et al. also used a different method to determine bioavailable testosterone, namely 

ammonium sulphate precipitation. Since calculated bioavailable testosterone levels correlate very 
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well with those measured by ammonium sulphate precipitation,
17

 this is unlikely to be an important 

factor in explaining the different study results.   

 

The analyses suggest that the differences observed in total testosterone between South Asians and 

Caucasians may be partly explained in terms of a difference in HOMA-IR, although the degree of 

attenuation was not marked and it is likely that other unknown factors account for residual 

differences between the 2 ethnic groups. Our findings are in agreement with Heald et al., in which 

testosterone was found to be independently and negatively associated with fasting insulin.  As with 

their study, although we sought to exclude subjects with significant glucose intolerance, important 

metabolic differences were identified between the groups, with greater insulin resistance apparent 

in South Asians despite a lower BMI and waist circumference. This observation is in keeping with 

many previous studies which have shown that South Asians are more insulin resistant at every level 

of waist-hip ratio than their European counterparts.
23,24,25

 This inverse relationship between insulin 

resistance and total testosterone concentration is well recognised 
26 

 but our results confirm that this 

develops at a young age. Insulin resistance, obesity and the metabolic syndrome may lower 

testosterone levels through a number of mechanisms, including increased aromatisation, increased 

leptin, reduced LH pulsatility, and lowered SHBG concentrations.
27,28,29

 However, although Heald et 

al. suggested that differences in abdominal obesity might account for the lowered testosterone in 

South Asians, both in their original study and a second study of South Asian migrants residing in the 

UK, 
8, 30

 we did not find evidence for this assertion in our study. Indeed, adjusting for BMI and waist 

circumference served to widen the difference in total testosterone between the two groups. Our 

observations may have particular relevance to the setting of type 2 diabetes, since South Asians are 

known to have an increased risk of developing type 2 diabetes compared to their Caucasian 

counterparts, and type 2 diabetes is associated with a high prevalence of testosterone deficiency.  

However, the precise influence of ethnicity on the relationship between testosterone and type 2 

diabetes is currently unclear, although observations from the Multi-Ethnic Study of Atherosclerosis 
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(MESA) suggest that the inverse association between total testosterone and type 2 diabetes does 

not differ across ethnic groups.
31

    

 

In summary, we have shown significant differences in total, but not free or bioavailable testosterone 

concentrations among young healthy South Asian and Caucasian men. Although the 95% reference 

intervals for total testosterone in both groups are broadly similar, we believe that our findings are 

clinically relevant, especially at the lower end of the working range where failure to account for 

ethnic differences in total testosterone levels may run the risk of misclassifying South Asian 

individuals as hypogonadal. Further large-scale studies are needed in other populations to confirm 

or refute our findings, but in the meantime calculated free testosterone may offer a more accurate 

assessment of androgen status in clinical practice. 
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Legends for tables 

Table 1. Characteristics of the study subjects. 

Results are expressed as geometric means with 95% reference intervals, and as the ratio of the 

geometric means with 95% confidence intervals. *n=66 samples for total testosterone measured by 

mass spectrometry. 

 

Table 2. Back-transformed contrasts between South Asians and Caucasians with adjustment for 

differences in HOMA-IR, BMI and/or waist circumference. All contrasts are adjusted for residual 

confounding with the age differences between the groups. Results are expressed as the ratio of the 

geometric means with 95% confidence intervals.  
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Table 1. 

 

 

South Asians 

(n=67) 

 

Caucasians 

(n=67) 

 

Ratio of 

Geometric Means 

p value 

Weight (kg) 70.5  (53.6 to 92.7) 79.3  (61.7 to 101.9) 0.889  (0.850 to 0.931) <0.001 

Height (m) 1.74  (1.63 to 1.87) 1.80  (1.66 to 1.96) 0.968  (0.955 to 0.981) <0.001 

Waist (cm) 82.4  (73.2 to 92.8) 84.2  (74.8 to 94.7) 0.979  (0.959 to 0.999) 0.043 

BMI (kg/m
2
) 23.2  (18.4 to 29.2) 24.4  (19.4 to 30.7) 0.950  (0.912 to 0.989) 0.012 

Fasting glucose (mmol/l) 5.11  (4.24 to 6.16) 4.91  (3.99 to 6.04) 1.042  (1.007 to 1.079) 0.019 

Fasting insulin (mIU/l) 8.46  (2.85 to 25.07) 6.67  (2.32 to 19.19) 1.267  (1.051 to 1.528) 0.013 

HOMA-IR 1.92  (0.61 to 6.07) 1.45  (0.46 to 4.58) 1.324  (1.083 to 1.618) 0.006 

Albumin (g/l) 44.5  (40.6 to 48.8) 45.5  (40.7 to 50.9) 0.978   (0.960 to 0.995) 0.013 

SHBG (nmol/l) 25.6  (12.2 to 53.6) 31.5  (15.7 to 63.0) 0.812  (0.717 to 0.921) 0.001 

Total testosterone 

(immunoassay) (nmol/l) 

18.1   (9.7 to 33.8) 20.7  (11.9 to 36.0) 0.874  (0.789 to 0.969) 0.011 

Total testosterone (mass 

spectrometry) (nmol/l) 

16.3  (9.3 to 28.6) 18.4   (10.6 to 31.9) 0.886  (0. 803 to 0.977) 0.015 

Free testosterone (nmol/l) 0.43 (0.24 to 0.77) 0.44 (0.26 to 0.74) 0.984  (0.893  to 1.083) 0.733 

Bioavailable testosterone 

(nmol/l) 

10.1  (5.2 to 19.7) 10.9    (6.3 to 18.7) 0.930  (0.836 to 1.034) 0.177 
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Table 2.  

Measure Factors adjusted for Ratio Of     Geometric   Means p value 

Total testosterone  

(immunoassay) 

Age 0.900 (0.814 to 0.996) 0.041 

 Age & HOMA-IR 0.936 (0.847 to 1.033) 0.187 

 Age & waist circumference 0.866 (0.785 to 0.954) 0.004 

 Age & BMI 0.868 (0.785 to 0.961) 0.007 

 Age, HOMA-IR & WC 0.899 (0.816 to 0.991) 0.032 

 Age, HOMA-IR & BMI 0.907 (0.817 to 1.006) 0.065 

Total testosterone  

(mass spectrometry) 

Age 0.909 (0.826 to 1.000) 0.050 

 Age & HOMA-IR 0.953 (0.868 to 1.046) 0.309 

 Age & waist circumference 0.878 (0.799 to 0.964) 0.007 

 Age & BMI 0.882 (0.801 to 0.971) 0.011 

 Age, HOMA-IR & WC 0.921 (0.839 to 1.011) 0.083 

 Age, HOMA-IR & BMI 0.932 (0.845 to 1.027) 0.154 
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