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Abstract

Objective: To study relationship between androgen receptor (AR) CAG repeat polymorphism, insulin resistance (IR),
B-cell function and other clinical/biochemical parameters in ethnic South Asian adults. A case (males with diabetes),
control (males without diabetes) study, was conducted and 110 males were invited. Anthropometry, blood pres-
sure and biochemical parameters (fasting Insulin, blood sugar, HbA1c and lipid profile) were measured. IR and {3-cell
function was calculated. A multiple-linear-regression analysis was performed, using number of AR CAG repeats as the

continuous dependent variable.

Results: Sample size was 100 (response rate—90.9%, cases—>53). Mean age was 49.6 4= 10.7 years. CAG repeat
length did not show any significant correlation with IR or f-cell function. In all males there was a significant correla-
tion between number of AR CAG repeats and systolic blood pressure (r = 0.25; p = 0.016), diastolic blood pressure
(r=0.21; p = 0.045), total cholesterol (r = — 0.22; p = 0.037) and low-density lipoprotein cholesterol (r = — 0.22;

p = 0.037). Only total cholesterol (3 = — 4.41; p < 0.001) and estrogen (3 = 2.25; p = 0.03) were significantly associ-
ated with number of AR CAG repeats in regression analysis. In conclusion, AR CAG repeat length did not show any sig-
nificant correlation with IR or 3-cell function. Positive association of AR CAG with systolic and diastolic blood pressure
and negative association of AR CAG with total and low-density lipoprotein cholesterol deserves further attention.
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Introduction

Males of South Asian origin, including Sri Lankans are
at an increased risk of developing insulin resistance (IR)
and type-2 diabetes (T2DM), in comparison to European
males [1]. Central obesity significantly contributes to the
pathogenesis of IR through a variety of mechanisms [2].
However, even in the absence of central obesity South
Asian men have shown to have an increased IR, com-
pared to European males [3]. There has been evidence to
suggest that hypoandrogenism is associated with T2DM,
metabolic syndrome and central obesity in males [4—6].
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Heald et al. [7] reported significantly lower testosterone
levels in a small group of South Asian males, compared
to Europid and Afro-Caribbean males. It is possible that
this lower testosterone levels or testosterone activity in
South Asian males are associated with the higher preva-
lence of IR and T2DM.

Activity of testosterone is predominantly related to the
activation of the androgen receptor (AR). Exon 1 of the
AR gene contains a polymorphic CAG repeat sequence
which encodes a variable length poly-glutamine stretch
(AR CAG) [8]. The length of the CAG repeats vary
between 12 and 30 [8, 9]. The number of CAG repeats
in the AR has also shown to be associated with body fat
content, leptin and insulin [10]. Ethnic variation in CAG
repeats in the AR has been reported [11]. However, to
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date this has not been studied in South Asian males. It
could be possible that the higher body fat content, IR and
T2DM in South Asian males are associated with higher
prevalence of the AR polymorphism. The present study
aims to study the relationship between AR polymor-
phism, IR, B-cell function and other clinical/biochemical
parameters in a cohort of ethnic South Asian adults with
and without diabetes.

Main text

Methods

Study population and sampling

The study was conducted as a case—control study. One
hundred and ten males between 21 and 65 years of age
were invited for the study from the National Hospital of
Sri Lanka (NHSL), which included an equal proportion
of males with diabetes mellitus (cases) and males without
diabetes (controls). Sample size to determine a difference
of AR CAG repeats of 1 (SD 1.75) between the cases and
controls (80% power and 95% confidence interval), with a
non-response rate of 10% was 108. Hence, a total of 110
subjects (55 in each study group) were invited for the
study. Those on anti-testosterone treatment, those who
have undergone prostatic surgery or pelvic irradiation or
those who are diagnosed with klinefelters syndrome were
excluded. Ethical approval for the study was obtained
from the Ethics Review Committee (ERC), Faculty of
Medicine, University of Colombo. Informed written con-
sent was obtained from all research participants.

Study instruments and data collection

A structured interviewer-administered questionnaire
was used for data collection. The questionnaire evalu-
ated socio-demographic and clinical details such as age,
diabetes status and presence of other chronic diseases.
Height, weight, waist circumference, hip circumference
and blood pressure were measured according to standard
methods. Following hormonal studies were performed
by a chemiluminescent immunoassay (CLIA) using com-
mercially available kits; total testosterone, sex hormone
binding globulin (SHBG), luteinising hormone (LH), fol-
licular stimulating hormone (FSH), estrogen (E2) and
fasting insulin. In addition total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), tria-
cylglyceride (TAG), serum albumin, fasting blood sugar
(FBS) and HbA,C was also evaluated in all research par-
ticipants. IR (HOMA-IR) and p-cell function (HOMA-f)
was calculated based on the Homeostatic model assess-
ment (HOMA) method.

Genetic investigations for AR polymorphism
DNA was extracted from peripheral lympho-
cytes in whole blood. A region in the exon 1 of the
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Androgen receptor gene present in the X chromosome
was amplified by PCR. The PCR fragment was purified
and sequenced at Macrogen Inc Korea. The sequence
obtained was visualized in Bioedit sequence editor and
the alignment was processed using the Mega 4 software
with a known AR gene sequence obtained from the NCBI
database as a reference. The final sequence was again
blasted against the sequences that were reported in the
Genebank in order to clarify the amplified nucleotide
sequence and count the CAG repeats.

Statistical analysis

Data were analyzed using SPSS version 17.0 (SPSSInc.,
Chicago, IL, USA). A multiple linear-regression analysis
was performed in all patients with number of AR CAG
repeats as the continuous dependent variable and total
cholesterol, LDL cholesterol, systolic blood pressure,
diastolic blood pressure, IR, free testosterone, estrogen
and diabetes status as the continuous or dichotomous
independent variables and confounding factors. In all
analyses a p value < 0.05 was considered statistically
significant.

Results

Sample size was 100 (response rate—90.9%). There
were 53 patients with diabetes (cases, response
rate—96.4%) and 47 patients without diabetes (con-
trols, response rate—85.4%). Mean age (£ SD) was
49.6 + 10.7 years (cases—52.2 + 10.8 years and con-
trols—47.3 £+ 10.2 years). The clinical and biochemical
characteristics of the cohort are summarized in Table 1.
Except for age, BMI, FBS, HbAlc, SHBG, FSH, LH,
Total cholesterol and LDL cholesterol, all other clinical
and biochemical characteristics were not significantly
different between patients with and without diabetes.
The calculated mean HOMA-IR (£ SD) in the patients
with diabetes was 1.5 £ 0.7, while in patients without
diabetes it was 1.0 = 0.5 (p < 0.01). Mean p-cell func-
tion (HOMA-B %) (& SD) in patients with and without
diabetes was 83.1 & 75.3 and 121.4 + 62.4 respectively
(p = 0.02).

The mean CAG repeat length (£ SD) of the AR in the
study cohort was 22.4 + 3.1 ranging from 14 to 31 as
shown in Fig. 1. The mean AR CAG repeat length (£ SD)
in patients with and without diabetes was 22.3 4 3.2 and
22.6 £ 3.0 respectively (p = 0.70). The AR CAG repeat
length did not show any significant correlation with IR in
all males (r = 0.05; p = 0.68), cases (r = 0.15; p = 0.46) or
controls (r = 0.01; p = 0.93). Similarly no significant cor-
relation was observed between the AR CAG repeat length
and p-cell function (HOMA-B %) in all males (r = — 0.04;
p = 0.72), patients with (r = — 0.09; p = 0.62) and with-
out diabetes (r = — 0.02; p = 0.88). The mean number of
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Table 1 Clinical and biochemical features of the cases and controls

Cases (diabetics) Controls (non-diabetic) p value
Age (years) 5224108 473 +10.2 0.02
BMI (kg/mz) 242 4+ 3.1 254432 0.05
Waist circumference (cm) 90.2 +£80 920489 0.28
Hip circumference (cm) 935469 950475 030
Systolic blood pressure (mmHg) 1232+ 169 1232+ 139 0.98
Diastolic blood pressure (mmHg) 8154091 838+ 106 0.24
Hypertension 24 (51.1%) 19 (35.8%) 0.16
Ischaemic heart disease 18 (38.3%) 14 (26.4%) 0.28
Stroke 3(6.4%) 5(9.4%) 0.72
Cirrhosis 1(2.1%) 1(1.9%) 092
Chronic kidney disease 4 (8.5%) 2 (3.8%) 042
FBS (mg/dL) 1413 £ 752 8324257 < 0.001
HbA1C (%) 87+21 59+089 < 0.001
Total Testosterone (ng/dL) 5543+ 2186 569.5 + 2574 0.75
Free testosterone (ng/dL) 99471 122 4£89 0.15
Bio-available testosterone (ng/dL) 2022 +£1215 2396+ 1483 017
SHBG (nmol/L) 599 4285 456 £ 238 0.007
FSH (mlIU/mL) 98 +108 56+6.1 0.02
LH (mIU/mL) 76+43 47 £34 < 0.001
Total cholesterol (mg/dL) 2006 £ 724 239.6 £69.9 0.04
LDL (mg/dL) 1332 +614 1625+ 61.8 0.02
HDL (mg/dL) 477 £138 459+ 14.7 0.54
Triglycerides (mg/dL) 143.0+81.2 1556+ 76.7 042

* Continuous variables are presented as mean =+ SD and frequencies as n (%)

CAG repeats in the AR gene did not show any significant
difference with the presence of hypertension, ischaemic
heart disease, stroke, cirrhosis and chronic kidney dis-
ease. Similarly the mean number of CAG repeats in the
AR gene did not show any significant difference with the
presence of metabolic syndrome defined according to the
NCEP-ATPIII criteria.

In the study cohort there was no significant correla-
tion between the number of AR CAG repeats and BMI
(r = 0.09; p = 0.41), waist circumference (r = 0.05;
p = 0.61) and hip circumference (r = 0.004; p = 0.97).
A similar observation was noted independently in both
males with and without diabetes (data not shown). In
all males there was a significant positive correlation
between the number of AR CAG repeats with the sys-
tolic (r = 0.25; p = 0.016) and diastolic blood pressure
(r = 0.21; p = 0.045). However, this association was
not observed independently in males with and without
diabetes.

In the study cohort the number of AR CAG repeats did
not shown any significant correlation with FBS (r = 0.03;
p = 0.75), HbAlc (r = — 0.07; p = 0.53), serum insulin
(r = 0.05; p = 0.65), triglycerides (r = — 0.09; p = 0.37),

HDL cholesterol (r = — 0.05; p = 0.66), total testoster-

one (r = — 0.06; p = 0.57), free testosterone (r = 0.10;
p = 0.34), bio-available testosterone (r = 0.02; p = 0.81),
albumin (r = 0.05; p = 0.66), SHBG (r = — 0.11;
p = 0.29), FSH (r = — 0.02; p = 0.89) LH (r = 0.05;

p = 0.67) and Estrogen (r = 0.25; p = 0.08). A similar
finding was seen in males with and without diabetes
independently (data not shown). In all males a significant
negative correlation was observed between the number
of AR CAG repeats and total cholesterol (r = — 0.22;
p = 0.037) and LDL cholesterol (r = — 0.22; p = 0.037).
A higher negative correlation between the number
of AR CAG repeats and total cholesterol (r = — 0.44;
p = 0.003) and LDL cholesterol (r = — 0.45; p = 0.001)
was observed in males with diabetes. However, no sig-
nificant correlation was observed in males without dia-
betes. The backward regression model demonstrated
statistical significance, the Cox & Snell R-Square and
Nagelkerke R Square values were 0.379 and 0.339 respec-
tively. The final results indicated that only total cho-
lesterol (B = — 4.41; p < 0.001) and estrogen ( = 2.25;
p = 0.03) were significantly associated with the number
of AR CAG repeats.
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Fig. 1 Distribution of the androgen receptor CAG repeat lengths in the entire study population (both cases and controls)
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Discussion
In the present study we explored the relationship
between AR CAG repeat length, IR, diabetes status
and other clinical/biochemical parameters in a cohort
of ethnic South Asian males. The mean CAG repeat
length (& SD) of the AR in the present study cohort was
22.4 £ 3.1 (range 14-31), which is comparable to results
observed previously in white Caucasian males (22.0 = 3.2
[range 17-32]) [12]. A large cohort study among 2878
males from eight different European countries also dem-
onstrated a similar result (mean 22.1 + 3.1) [8]. Rajan
et al. [13] evaluated the AR CAG repeat length in a group
of Indian males residing in USA and demonstrated that
their mean number of AR CAG repeats (22.3 & 3.7) were
similar to that of white Caucasians (22.4 4 3.1) taken as
age-matched controls. The result of the present study
also supports the above findings. It is evident from these
studies that the mean number of AR CAG repeats does
not differ significantly between the white Caucasian and
South Asian males.

We were unable to demonstrate any significant rela-
tionship between the number of AR CAG repeats and

the presence of diabetes, hypertension, ischaemic heart
disease, stroke, cirrhosis and chronic kidney disease.
Similarly the AR CAG repeat length did not show any
significant correlation with IR, B-cell function, FBS and
HbAlc. In patients with diabetes IR and [B-cell function
is likely to be modified by treatment and progression of
the disease. Furthermore, it is not unexpected that AR
CAG had no relationship with FBS and HbA1C in our
population, because patients with diabetes are on treat-
ment with diet, oral hypoglycaemics and insulin with the
aim of meeting diabetes treatment targets and in patients
without diabetes the parameters are remaining within the
normal range. However, previous studies have demon-
strated a significant relationship between AR CAG repeat
polymorphism and body fat mass, serum leptin, serum
insulin and IR among healthy males [12, 14]. Hence, the
lack of association observed in the healthy cohort in the
present study requires further investigation. We also
did not observe any significant relationship between AR
CAG repeat length and serum testosterone (free/bio-
available), SHBG, FSH and LH. Some studies have found
a positive correlation between testosterone levels and AR
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CAG repeat length in healthy men [15]. A finding which
has not been supported by studies in other male popula-
tions, including the present study [16, 17]. This could be
due to the fact that testosterone can have actions inde-
pendent of the AR, with newer evidence demonstrating
its action in a non-genomic way at the cell surface [18].

The positive association of AR CAG with systolic and
diastolic blood pressure deserves further attention. The
fact that these findings were not independently observed
in those with and without diabetes may suggest a false
positive result. However, since this has previously been
observed in adolescents, hypo-gonadal males and in
males with diabetes, this association deserves further
study, to establish or refute any relationship and to iden-
tify the aetio-pathological mechanisms [10, 19, 20]. We
also observed a significant negative correlation between
the number of AR CAG repeats, total cholesterol and
LDL cholesterol in males with diabetes. Previous studies
have demonstrated that a higher AR CAG repeat length
is associated with an increase in LDL cholesterol and
triglyceride, while showing a negative correlation with
HDL and total cholesterol [21]. It is likely that the lipid
profile was modified by lipid lowering drugs (57.4%) in
the diabetic cohort, resulting in a false association. This
is supported by the fact that no significant correlation
was observed independently in males without diabetes, a
finding also supported by evidence from previous studies
[22].

Limitations

There are several limitations which needs to be appreci-
ated. It is a single-centre study on a limited number of
patients. However, the study findings can serve as cor-
nerstones for further studies involving a larger number
of patients. Furthermore, most of the participants in the
diabetes cohort were treated with medications that could
affect BMI, waist, HbA1C and blood pressure levels,
which could distort associations between AR CAG repeat
length and other variables. The AR CAG distribution in
our population is similar in comparison to other popu-
lations both Asian and Caucasian, implying representa-
tiveness of the sample. It is also important to note that
this cross-sectional study can only describe relationships
between AR CAG and other variables and does not pro-
vide evidence of causal effects.

Abbreviations

AR: androgen receptor; BMI: body mass index; FBS: fasting blood sugar; FSH:
follicular stimulating hormone; HbA1c: glycosylated haemoglobin; HDL: high
density lipoprotein; IR: insulin resistance; LDL: low density lipoprotein; LH:
leutinising hormone; SHBG: sex hormone binding globulin; USA: United States
of America.

Page 5 of 6

Authors’ contributions

LSM, SJ and JCL substantially contributed to the general idea and design of
the study. LSM and SJ took part in designing the protocol. PR and SJ planned
the data analysis. PR and SJ drafted the manuscript. PR and LSM revised the
manuscript. All authors read and approved the final manuscript.

Author details

! Nuffield Department of Clinical Medicine, University of Oxford, Oxford OX3
7LJ, UK. 2 Oxford Radcliffe Trust, Oxford Centre for Diabetes, Endocrinology
and Metabolism, Oxford, UK. 3 Ministry of Health Care and Nutrition, Colombo,
Sri Lanka. * Department of Pharmacology, Faculty of Medicine, University

of Colombo, Colombo, Sri Lanka.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Please contact corresponding author for data requests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The study was approved by the Ethics Review Committee, Faculty of Medicine,
University of Colombo, Sri Lanka. Informed written consent was taken from
each participant.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 20 July 2017 Accepted: 30 November 2017
Published online: 04 December 2017

References

1. Shah A, Kanaya AM. Diabetes and associated complications in the South
Asian population. Curr Cardiol Rep. 2014;16(5):476.

2. Abate N, Chandalia M, Snell PG, Grundy SM. Adipose tissue metabolites
and insulin resistance in nondiabetic Asian Indian men. J Clin Endocrinol
Metab. 2004;89(6):2750-5.

3. Chandalia M, Lin P, Seenivasan T, Livingston EH, Snell PG, Grundy SM,
Abate N. Insulin resistance and body fat distribution in South Asian men
compared to Caucasian men. PLoS ONE. 2007;2(8):e812.

4. Dandona P, Dhindsa S, Chaudhuri A, Bhatia V, Topiwala S, Mohanty P.
Hypogonadotrophic hypogonadism in type 2 diabetes, obesity and the
metabolic syndrome. Curr Mol Med. 2008;8(8):816-28.

5. Host C, Skakkebaek A, Groth KA, Bojesen A. The role of hypogonadism in
klinefelter syndrome. Asian J Androl. 2014;16(2):185-91.

6. Shastri BR, Yaturu S. Metabolic complications and increased cardiovascu-
lar risks as a result of androgen deprivation therapy in men with prostate
cancer. Prostate Cancer. 2011,2011:391576.

7. Heald AH, Ivison F, Anderson SG, Cruickshank K, Laing |, Gibson JM. Sig-
nificant ethnic variation in total and free testosterone concentration. Clin
Endocrinol (Oxf). 2003;58(3):262-6.

8. Huhtaniemi [T, Pye SR, Limer KL, Thomson W, O'Neill TW, Platt H, Payne
D, John SL, Jiang M, Boonen S, et al. Increased estrogen rather than
decreased androgen action is associated with longer androgen receptor
CAG repeats. J Clin Endocrinol Metab. 2009;94(1):277-84.



Malavige et al. BMC Res Notes (2017) 10:685

Vermeersch H, T'Sjoen G, Kaufman JM, Vincke J, Van Houtte M. Testoster-
one, androgen receptor gene CAG repeat length, mood and behaviour in
adolescent males. Eur J Endocrinol. 2010;163(2):319-28.

Stanworth RD, Kapoor D, Channer KS, Jones TH. Androgen receptor

CAG repeat polymorphism is associated with serum testosterone levels,
obesity and serum leptin in men with type 2 diabetes. Eur J Endocrinol.
2008;159(6):739-46.

. Ackerman CM, Lowe LP, Lee H, Hayes MG, Dyer AR, Metzger BE, Lowe

WL, Urbanek M. Hapo study cooperative research G: ethnic variation in
allele distribution of the androgen receptor (AR) (CAG)n repeat. J Androl.
2012;33(2):210-5.

Mohlig M, Arafat AM, Osterhoff MA, Isken F, Weickert MO, Spranger J,
Pfeiffer AF, Schofl C. Androgen receptor CAG repeat length polymor-
phism modifies the impact of testosterone on insulin sensitivity in men.
Eur J Endocrinol. 2011;164(6):1013-8.

Rajan TV, Kerstetter J, Feinn R, Kenny A. Evidence for low androgenicity
among Indian (South Asian) men. Aging Male. 2014;17(1):30-4.
Zitzmann M, Gromoll J, von Eckardstein A, Nieschlag E. The CAG repeat
polymorphism in the androgen receptor gene modulates body fat mass
and serum concentrations of leptin and insulin in men. Diabetologia.
2003;46(1):31-9.

Krithivas K, Yurgalevitch SM, Mohr BA, Wilcox CJ, Batter SJ, Brown M,
Longcope C, McKinlay JB, Kantoff PW. Evidence that the CAG repeat in
the androgen receptor gene is associated with the age-related decline in
serum androgen levels in men. J Endocrinol. 1999;162(1):137-42.

16.

20.

22.

Page 6 of 6

Walsh S, Zmuda JM, Cauley JA, Shea PR, Metter EJ, Hurley BF, Ferrell RE,
Roth SM. Androgen receptor CAG repeat polymorphism is associated
with fat-free mass in men. J Appl Physiol. 2005;98(1):132-7.

Van Pottelbergh |, Lumbroso S, Goemaere S, Sultan C, Kaufman JM. Lack
of influence of the androgen receptor gene CAG-repeat polymorphism
on sex steroid status and bone metabolism in elderly men. Clin Endo-
crinol (Oxf). 2001;55(5):659-66.

Hall J, Jones RD, Jones TH, Channer KS, Peers C. Selective inhibition of
L-type Ca?* channels in A7r5 cells by physiological levels of testosterone.
Endocrinology. 2006;147(6):2675-80.

Pausova Z, Abrahamowicz M, Mahboubi A, Syme C, Leonard GT, Perron
M, Richer L, Veillette S, Gaudet D, Paus T. Functional variation in the
androgen-receptor gene is associated with visceral adiposity and blood
pressure in male adolescents. Hypertension. 2010;55(3):706-14.
Zitzmann M, Nieschlag E. Androgen receptor gene CAG repeat length
and body mass index modulate the safety of long-term intramuscular
testosterone undecanoate therapy in hypogonadal men. J Clin Endo-
crinol Metab. 2007;92(10):3844-53.

. Yoon CY, Bae YD, Kim JW, Kim JJ, Moon DG. AB172. Androgen receptor

CAG repeat length polymorphism is associated with risk of metabolic
syndrome in a Korean male. Trans| Androl Urol. 2014;3(Suppl 1):AB172.
Goutou M, Sakka C, Stakias N, Stefanidis |, Koukoulis GN. AR CAG repeat
length is not associated with serum gonadal steroids and lipid levels in
healthy men. Int J Androl. 2009;32(6):616-22.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Androgen receptor CAG repeat polymorphism is not associated with insulin resistance and diabetes among South Asian males
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Study population and sampling
	Study instruments and data collection
	Genetic investigations for AR polymorphism
	Statistical analysis

	Results
	Discussion

	Limitations
	Authors’ contributions
	References




