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Abstract

Background and objective: Studies in men have demonstrated a correlation between serum
concentrations of androgens and sex hormone binding globulin (SHBG) with the presence of
impaired glucose tolerance, diabetes and metabolic syndrome. The aim of this study was to
evaluate circulating levels of total testosterone, SHBG, and bioavailable testosterone in the
cohort of the Asturias Study and their association with the degree of glucose tolerance and
metabolic syndrome.

Patients and methods: The study population consisted of 282 men aged 36 to 85 years old with
normal concentrations of total testosterone. The degree of glucose tolerance and the presence
of metabolic syndrome were evaluated.

Results: Serum concentrations of testosterone and bioavailable testosterone were negatively
correlated with age, body mass index, waist circumference, blood glucose, glycosylated
hemoglobin levels and insulin. Serum concentrations of total testosterone, bioavailable
testosterone and SHBG were lower in men with glucose intolerance or diabetes than in those
with normal glucose tolerance. After multivariate analysis, age and total testosterone levels
were independent predictors of the presence of diabetes or glucose intolerance. The risk of
glucose intolerance or diabetes mellitus was over 2.5 times higher in men with total testosterone
levels in the lowest quartile than in those with total testosterone in the top quartile.
Conclusions: In this general population sample from Asturias, men with lower plasma
concentrations of total testosterone - even when within the normal range - have an increased
risk of glucose intolerance or diabetes, regardless of age and body mass index.

© 2010 SEEN. Published by Elsevier Espafia, S.L. All rights reserved.

*Corresponding author.

E-mail address: edelmiro.menendez@sespa.princast.es (E. Menéndez).

1575-0922/$% - see front matter © 2010 SEEN. Published by Elsevier Espafia, S.L. All rights reserved.



E. Menéndez et al

PALABRAS CLAVE
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Tolerancia a la glucosa y concentraciones plasmaticas de testosterona en varones.
Resultados del Estudio Asturias

Resumen

Antecedentes y objetivo: Diversos estudios realizados en varones han demostrado la existencia
de una correlacion entre las concentraciones séricas de andrégenos asi como de proteina trans-
portadora de hormonas sexuales (sex hormone binding globulin o SHBG), y la presencia de alte-
raciones de la tolerancia a la glucosa, diabetes y sindrome metabdlico. El objetivo de este estu-
dio fue evaluar las concentraciones séricas de testosterona total, SHBG y testosterona
biodisponible en la cohorte del Estudio Asturias, y su asociacién con el grado de tolerancia a la
glucosa y el sindrome metabdlico.

Pacientes y métodos: Se estudiaron 282 varones adultos de 36 a 85 afios de edad con concentra-
ciones séricas normales de testosterona total, evaludndose tanto su grado de tolerancia a la
glucosa como la presencia o no de sindrome metabdlico.

Resultados: Las concentraciones en suero de testosterona y testosterona biodisponible se corre-
lacionaron negativamente con la edad, el indice de masa corporal, el perimetro de cintura, la
glucemia, las concentraciones de hemoglobina glucosilada y la insulinemia. Los hombres con
intolerancia a la glucosa o diabetes mellitus tenian concentraciones en suero de testosterona
total, SHBG y testosterona biodisponible inferiores a las de los que tenian tolerancia normal a la
glucosa. Tras el analisis multivariable, la edad y las concentraciones de testosterona total fue-
ron predictores independientes de la presencia de diabetes mellitus o intolerancia a la glucosa.
Los hombres con concentraciones de testosterona total en el cuartil inferior tenian un riesgo de
padecer intolerancia o diabetes mas de 2,5 veces mayor que el de los que tenian la testosterona
plasmatica en el cuartil superior.

Conclusiones: En esta muestra de poblacion general de Asturias los hombres con concentracio-
nes en plasma mas bajas de testosterona total, aun dentro del rango de normalidad, tienen
mayor riesgo de presentar intolerancia a la glucosa o diabetes, independientemente de la edad
y del indice de masa corporal.

© 2010 SEEN. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.

Introduction

In both men and women, changes in plasma testosterone
levels have been seen to be associated with type 2 diabetes
and glucose intolerance, and also with insulin resistance and
metabolic syndrome. This association appears to differ
depending on sext. While in men2? low plasma testosterone
levels are associated to diabetes and an increased insulin
resistance, in women it is hyperandrogenism, as occurs in
polycystic ovary syndrome*, which is associated to diabetes
mellitus, impaired glucose tolerance, and decreased insulin
sensitivity.

On the other hand, several studies have shown male
hypogonadism to be a risk factor for development of insulin
resistance, metabolic syndrome, and diabetes®, and low
testosterone levels, which are associated to a higher insulin
resistance, are also commonly seen in men with diabetes®.

Various studies and a meta-analysis have shown an inverse
correlation of total testosterone blood levels” and the risk
of developing type 2 diabetes. However, in the only study
conducted on a general population sample, this correlation
was only significant for free testosterone or calculated
bioavailable testosterone®.

We measured serum levels of total testosterone, sex
hormone binding globulin (SHBG), and bioavailable
testosterone in a sample of a general population aged over
36 years in the Asturias Study® and assessed their relationship

with age, various anthropometric parameters, and the
presence or absence of diabetes mellitus, glucose
intolerance, and metabolic syndrome.

Materials and methods

The study population was the male population of the cohort
of the Asturias Study® at the assessment performed in
November 2004. The Asturias Study is a population-based
prospective study of diabetes and cardiovascular risk factors
started in 1999 in the principality of Asturias. An initial
sampling was done in two phases. Fifteen of the 76 basic
health areas in Asturias were randomly selected, with a
probability proportional to the number of health cards of
users aged 30 to 75 years. A total of 125 people were
randomly selected from each basic health area. Eighty-
seven subjects were excluded for various reasons (type 1
diabetes, pregnancy, severe disease, hospitalization, or use
of diabetogenic drugs), and another 162 subjects for
unavailability of the necessary contact data. The final
sample consisted of 1,626 subjects, of whom 1,034 (63.6%)
agreed to participate in the study.

A second assessment was performed in 2004. Of the
original cohort, 42 subjects had died and 19 had left
Asturias. Another 30 subjects were excluded (pregnancy,
severe disease, hospitalization, or use of diabetogenic
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drugs). Of the remaining 843 subjects, 700 (74.2%), 321 of
them men, participated in this second assessment. Of this
male group, 282 men aged 36 to 85 years with total
testosterone levels higher than 2.5 ng/mL participated in
this study. In all of them, a fasting blood sample was taken
and an oral glucose tolerance test was performed
administering 75 g of glucose. Samples were centrifuged in
situ using a portable centrifuge, carried to the laboratory in
aportable ice box, and stored at -40 °C. Waist circumference,
systolic and diastolic blood pressure, height, and body
weight were measured in all subjects.

Glucose was measured using the enzymatic hexokinase
method (DPP Hitachi), and subjects were classified as
normal, intolerant to glucose or diabetic based on the
criteria of the World Health Organization?® after the oral
glucose tolerance test (OGTT). Intolerance was defined as
blood glucose levels at 2 h of OGTT ranging from 140 and
200 mg/dL, and diabetes mellitus as levels higher than 200
mg/dL. Plasma levels of total cholesterol, HDL (high density
lipoprotein) cholesterol, triglycerides (colorimetric method,
DPP Hitachi), glycosylated hemoglobin (HPLC Menarini), and
insulin (Sorin radioimmunoassay®) were also measured.

Metabolic syndrome was defined based on criteria of the
National Cholesterol Education Group - Adult Treatment
Panel Il (NCEP -ATPIII). The Homeostatic Model Assessment
(HOMA) index was calculated using the formula: HOMA =
Insulin (mIU/L)* Glucose (mg/dL)/4052. Plasma levels of
total testosterone (normal range: 2.5-7.9 ng/mL) and SHBG
(normal range: 18-92 nmol/L) were measured using
electrochemiluminescence immunoassay (Elecsys 2010,
Roche Diagnostics). Inter-assay coefficients of variation
were 9.2% and 4% respectively. Bioavailable testosterone
was calculated using the Vermeulen algorithm?s.
Glycosylated hemoglobin was measured by HPLC (high
performance liquid chromatography), and reference values
were 4%-5.9%.

The study was approved by the local ethics committee,
and all participants gave their informed consent.

SPSS 15.0 statistical software was used for the statistical
study. Descriptive data are given as arithmetic means and
standard deviations. Spearman correlations were calculated
for continuous variables. Group means were compared using
a Student’s t test. The sample was divided into quartiles of
total testosterone, SHBG, and bioavailable testosterone. A
multiple logistic regression analysis was performed, with
“impaired glucose tolerance or diabetes” as a dependent
variable adjusted for body mass index (BMI) or waist
circumference. Avalue of p < 0.05 in the two-tailed test was
considered statistically significant.

Results

In our male adult population sample in Asturias, serum levels
of total and bioavailable testosterone negatively correlated
with age. By decades, serum total testosterone levels
gradually decreased with patient age until they stabilized in
those aged 75-85 years. However, SHBG levels increased
more than 10% with each decade, so that bioavailable
testosterone levels decreased more than 10% with each
decade up to 75 years, and 5% from 75 to 85 years of age

(Fig. 1).
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Figure 1 Total testosterone, sex hormone binding globulin,
and bioavailable testosterone levels by decade of age. SHBG:
sex hormone binding globulin.

A negative correlation of BMI and waist circumference
with total testosterone, SHBG, and bioavailable testosterone
levels was also seen. These three values were significantly
lower in obese men with BMI > 30 as compared to men with
a normal weight and BMI < 25, as shown in Table 1.

Plasma levels of total and bioavailable testosterone were
also found to have a significant negative correlation to basal
glucose, two-hour glucose, glycosylated hemoglobin (HbA,,),
insulinemia, HOMA index, and other variables associated to
metabolic syndrome such as systolic blood pressure, and
plasma triglyceride levels. There was however no association
of SHBG to blood glucose and HbA,, values or the HOMA
index.

Seventy of the 282 subjects (24.8%) had metabolic
syndrome based on the ATP Ill criteria and, as shown in
Figure 2, serum levels of total and bioavailable testosterone
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Table 1 Plasma levels of total testosterone, SHBG, and bioavailable testosterone by body mass index

BMI (kg/m?) 25-30 >30
Total testosterone (ng/mL) 5.65+1.89 4.63+1.35 4.04 £1.43*
SHBG (nmol/L) 50.76 + 22.05 37.59 + 14.68 37.57 £ 19.35*
Bioavailable testosterone (nmol/L) 7.48 £2.33 7.36 £2.39 6.38 £ 2.08*

BMI: body mass index; SHBG: sex hormone binding globulin.
*p < 0.01 versus BMI < 25.

and SHBG were significantly lower in this group as compared
to subjects without metabolic syndrome (total testosterone:
4.96 + 1.59 vs 4.06 + 1.45 ng/mL respectively; SHBG: 42.53
+ 18.59 vs 34.79 + 16.88 nmol/L respectively; bioavailable
testosterone: 7.36 £ 2.33 vs 6.56 * 2.27 nmol/L
respectively).

Among the 282 men of the cohort, prevalence rates of
diabetes and glucose intolerance were 20.2% (57) and 12.4%
(35) respectively. Type 2 diabetes mellitus or glucose
intolerance were found in 92 patients, 32.6% of the sample.
As shown in Table 2, men with glucose intolerance of
diabetes mellitus had an older mean age and higher waist
circumference and BMI values as compared to those with
normal glucose tolerance. Their serum levels of total and
bioavailable testosterone and SHBG were also lower.

In our multivariate logistic regression model, both age
(p = 0.017) and testosterone levels (p = 0.005) were
independent predictors for the presence of diabetes or
glucose intolerance which persisted with BMI and waist
circumference as covariates. When total testosterone was
introduced as categorical variable as quartiles and the upper
guartile was used as a reference, patients with total
testosterone levels in the lower quartile had a 2.9-fold
greater risk of having diabetes or glucose intolerance as
compared to those with levels in the upper quartile
(confidence interval: 1,30-6,56).

7 736

m BMI<25
B BMI>30

.
.
T .

Total testosterone (ng/mL)  Bioavailable testosterone
(nmol/L)

& P<0.01

Figure 2 Total and bioavailable testosterone and presence or
absence of metabolic syndrome (NCEP-ATP Il criteria). BMI:
body mass index.

Discussion

This cross-sectional study in men from the Asturias general
population supports the results of prior studies**® showing a
gradual decrease in serum levels of total testosterone up to
75 years of age. Such decrease is small, less than 0.5% per
year. However, bioavailable testosterone levels show a much
greater decrease, more than 1% per year, because of the
increase in SHBG levels with age. These results are similar
to those found in samples of European®® and American?'®
populations.

In this study, BMI was associated to a significant and
progressive decrease in total testosterone levels, in
agreement with previous studies’. This effect of BMI is
very important and, in fact, the difference in total
testosterone levels between people with normal BMI and
obese subjects is greater than seen with age. This effect of
BMI appears to be independent from age, because the
decrease in total testosterone levels with age occurs in all
BMI strata. By contrast, SHBG levels decrease with BMI and
this positive correlation does not change with age, which
suggests opposite and different effects of age and obesity
on them.

Association of obesity to lower levels of both total and
bioavailable testosterone appears to be due to a decreased
response of pituitary luteinizing hormone due to impairment
of the hypothalamic-pituitary-gonadal axis®® that may be
secondary to either inflammatory adipokine production?® or
to insulin resistance and hyperinsulinemia®®. The latter may
directly inhibit testosterone secretion by Leydig cells by
acting on its specific receptors on these cells®.

Males with hypogonadism, such as patients with Klinefelter
syndrome?, have a high risk of developing insulin resistance,
as well as glucose intolerance and diabetes mellitus, and
hypogonadotropic hypogonadism is known to be more
common in men with type 2 diabetes mellitus®. However,
the relationship between total testosterone serum levels in
the normal range and risk of experiencing diabetes or
glucose intolerance has not been elucidated yet. This study
of a general population sample aged over 36 years with
normal total testosterone levels showed total testosterone
serum levels to be independently associated to glucose
intolerance or diabetes, thus suggesting that low levels of
this hormone, even within the normal range, may be a risk
factor for this metabolic condition. Although testosterone
levels decrease with age and also as BMI increases, and the
same occurs with the incidence of diabetes and glucose
intolerance, the correlation of total testosterone serum
levels to the presence of impaired glucose tolerance in our
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Table 2 Age, body mass, waist circumference, and plasma levels of total and bioavailable testosterone and SHBG in patients
with normal glucose tolerance and with an impaired glucose tolerance (diabetes and glucose intolerance)

Total Diabetes and Gl Normal p*

N 282 92 190

Age (years) 58.96 + 12.25 63.81 £ 11.75 56.61 + 11.82 <0.001
BMI 28.44 + 4.07 29.18 + 4.67 28.08 £+ 3.70 0.032
Waist circumference (cm) 98.66 + 10.53 101.38 + 11.00 97.35 + 10.06 0.002
Total testosterone (ng/mL) 4.72+£1.61 4.24 +1.44 4.95+1.63 <0.001
SHBG (nmol/L) 40.61 + 18.46 40.07 £ 18.21 41.71 £ 19.01 0.432
Bioavailable testosterone (nmol/L) 7.16 £2.34 6.27 £2.00 7.60 £2.37 <0.001

BMI: body mass index; Gl: glucose intolerance; SHBG: sex hormone binding globulin.

*p: statistical significance comparing “normal’ to “diabetes and GI”.

study was independent from age, added to it as a predictor
in our multivariate model, and its predictive value persisted
when BMI was introduced in the model, thus suggesting an
association that is also independent from the degree of
overweight or obesity.

These results in our population agree with those reported
by various cross-sectional studies and a meta-analysis®
showing an association between low testosterone levels and
the presence or development of both metabolic syndrome?
and type 2 diabetes mellitus or glucose intolerance®2?¢, and
which also occurs in men with plasma testosterone levels
within the normal range.

When testosterone quartiles were compared in our
sample, the age- and BMI-adjusted risk that men with
testosterone levels in the lower quartile experience glucose
intolerance or diabetes is more than 2.5-fold greater as
compared to that in men with testosterone levels in the
upper quartile.

This study had many limitations, the main of which was its
cross-sectional design, which prevents from establishing the
directionality of the associations found. However, prior
longitudinal studies!®-?” appear to confirm the decrease in
bioavailable testosterone levels with age. The time sequence
between low plasma testosterone levels and occurrence of
glucose intolerance cannot be established either from this
cross-sectional study, but prospective studies in other
populations have shown that low testosterone levels are
prior to development of diabetes or glucose intolerance®-3!,
and low SHBG levels themselves are also predictors of the
risk of diabetes in both sexes®. Follow-up of our cohort
could allow us to confirm this hypothesis in the future.

Diabetes mellitus and glucose intolerance are known
cardiovascular disease risk factors. In men, consequences
on cardiovascular risk of declining total and bioavailable
testosterone levels with age have not been clearly
established yet. Although some evidence has associated a
predictive effect of low testosterone levels®:3 on
cardiovascular disease in men, additional studies are
required to clarify whether part of the increase in
cardiovascular risk associated to age is due to development
of glucose intolerance in people with lower testosterone
levels, and whether therapeutic intervention administering
testosterone may have some benefit.

In conclusion, our cross-sectional study of men from the
general population of Asturias showed that those with the
lowest plasma total testosterone levels, even within the
normal range, have a greater risk of experiencing glucose
intolerance or diabetes, a risk which is independent from
age and BMI.

Conflict of interest

The authors state that they have no conflict of interest.

References

1. Goodman-Gruen D, Barrett-Connor E. Sex differences in the
association of endogenous sex hormone levels and glucose
tolerance status in older men and women. Diabetes Care.
2000;23:912-8.

2. Colangelo LA, Ouyang P, Liu K, Kopp P, Golden SH, Dobs AS, et
al. Association of endogenous sex hormones with diabe- tes and
impaired fasting glucose in men. Multi-ethnic study of
atherosclerosis. Diabetes Care. 2009;32:1049-51.

3. Kupelian V, Hayes FJ, Link CL, Rosen R, McKinley JB. Inverse
association of testosterone and the metabolic syndrome in men
is consistent across race and etnich groups. J Clin Endocrinol
Metab. 2008;93:3403-10.

4. Azziz R, CarminaE, Dewailly D, Diamanti-Kandarakis E, Escobar-
Morreale HF, Futterweit W, et al. Position statement: criteria
for defining polycystic ovary syndrome as a predomi- nantly
hyperandrogenic syndrome: an Androgen Excess Society
Guideline. J Clin Endocrinol Metab. 2006;91:4237-45.

5. Grossmann M, Thomas MC, Panagiotopoulos S, Sharpe K,
Macisaac RJ, Clarke S, et al. Low testosterone levels are
common and associated with insulin resistance in men with
diabetes. J Clin Endocrinol Metab. 2008;93:1834-40.

6. Ding EL, Song Y, Malik VS, Liu S. Sex differences of endogenous
sex hormones and risk of type 2 diabetes. A systematic review
and meta-analysis. JAMA. 2006;295:1288-99.

7. Selvin E, Feinleib M, Zhang L, Rohrmann S, Rifai N, Nelson WG,
et al. Androgens and diabetes in men. Results from the third
national helath and nutrition examination survey (NHANES II1).
Diabetes Care. 2007;30:234-8.

8. Botas P, Delgado E, Castafio G, Diaz de Grefiu C, Prieto J, Diaz-
Cadorniga FJ. Prevalencia de diabetes mellitus e intole- rancia



E. Menéndez et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

a la glucosa en poblacién entre 30 y 75 afios en Asturias, Espafa.
Rev Clin Esp. 2002;202:421-7.

Valdés S, Botas P, Delgado E, Alvarez F, Cadérniga FD.
Population-based incidence of type 2 diabetes in northern
Spain: the Asturias Study. Diabetes Care. 2007;30:2258-63.
Definition and diagnosis of diabetes mellitus and intermediate
hyperglycemia. Report of a WHO/IDF Consultation. Geneve:
WHO; 2006.

National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Choles-
terol in Adults (Adult Treatment Panel Ill). Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel 1ll) final report. Circulation.
2002;106:3143-421.

Mathews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and b cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28:412-9.
Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of
simple methods for the estimation of free testosterone in
serum. J Clin Endocrinol Metab. 1999;84:3666-72.

Kaufman JM, Vermeulen A. The decline of androgen levels in
elderly men and its clinical and therapeutic implications.
Endocr Rev. 2005;26:833-76.

Wu FC, Tajar A, Pye SR, Silman AJ, Finn JD, O’Neill TW, et al.,
European Male Aging Study Group. Hypothalamic-pituitary-
testicular axis disruptions in older men are differentially linked
to age and modifiable risk factors: the European Male Aging
Study. J Clin Endocrinol Metab. 2008;93:2737-45.

Travison TG, Araujo AB, Kupelian V, O’Donnell AB, McKinlay JB.
The relative contributions of aging, health, and lifestyle factors
to serum testosterone decline in men. J Clin Endocrinol Metab.
2007;92:549-55.

Pasquali R. Obesity and androgens: facts and perspectives. Fer-
til Steril. 2006;85:1319-40.

Pittas AG, Joseph NA, Greenberg AS. Adipocytokines and insulin
resistance. J Clin Endocrinol Metab. 2004;89:447-52.

Porte Jr D, Baskin DG, Schwartz MW. Insulin signaling in the
central nervous system: a critical role in metabolic homeosta-
sis and disease from C. elegans to humans. Diabetes.
2005;54:1264-76.

Pitteloud N, Hardin M, Dwyer AA, Valassi E, Yialamas M, Elahi D,
et al. Increasing insulin resistance is associated with a decrease
in Leydig cell testosterone secretion in men. J Clin Endocrinol
Metab. 2005;90:2636-41.

Swerdlow AJ, Higgins CD, Schoemaker MJ, Wright AF, Jacobs PA,
the U.K. Clinical Cytogenetics Group. Mortality in patients with
Klinefelter Syndrome in Britain: a cohort study. J Clin Endocrinol
Metab. 2005;90:6516-22.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Barrett-Connor E. Lower endogenous androgen levels and dysli-
pidemia in men with non-insulin-dependent diabetes mellitus.
Ann Intern Med. 1992;117:807-11.

Laaksonen DE, Niskanen L, Punnonen K, Nyyssénen K,
Tuomainen TP, Valkonen VP, et al. Testosterone and sex
hormone-binding globulin predict the metabolic syndrome
and diabetes in middle aged men. Diabetes Care. 2004;27:
1036-41.

Corrales JJ, Burgo RM, Garca-Berrocal B, Almeida M, Alberca I,
Gonzalez-Buitrago JM, et al. Partial androgen deficiency in
aging type 2 diabetic men and its relationship to glycemic
control. Metabolism. 2004;53:666-72.

Pitteloud N, Mootha VK, Dwyer AA, Hardin M, Lee H, Eriksson
KF, et al. Relationship between testosterone levels, insulin
sensitivity, and mitochondrial function in men. Diabetes Care.
2005;28:1636-42.

Martinez JM, Queipo A, Ferrandis C, Queipo JA, Gil M, Chuan P.
Cambios en las hormonas sexuales en varones mayores de 50
afios. Prevalencia de niveles bajos de testosterona y factores
de riesgo. Actas Urol Esp. 2008;32:603-10.

Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR,
Baltimore Longitudinal Study of Aging. Longitudinal effects of
aging on serum total and free testosterone levels in healthy
men. Baltimore Longitudinal Study of Aging. J Clin Endocrinol
Metab. 2001;86:724-31.

Haffner SM, Shaten J, Stern MP, Smith GD, Kuller L. Low levels
of sex hormone binding globulin and testosterone predict the
development of non-insulin-dependent diabetes mellitus in
men. Am J Epidemiol. 1996;143:889-97.

Stellato RK, Feldman HA, Hamdy O, Horton ES, McKinlay JB.
Testosterone, sex hormone-binding globulin, and the develop-
ment of type 2 diabetes in middle aged men. Diabetes Care.
2000;23:490-4.

Oh JY, Barrett-Connor E, Wedick NM, Wingard DL. Endogenous
sex hormones and the development of type 2 diabetes in older
men and women: the Rancho Bernardo Study. Diabetes Care.
2002;25:55-60.

Svartberg J, Jenssen T, Sundsfjord J, Jorde R. The associations
of endogenous testosterone and sex hormone-binding globulin
with glycosylated hemoglobin levels, in community dwelling
men: the Tromso Study. Diabetes Metab. 2004;30: 29-34.

Ding EL, Song Y, Manson JE, Hunter DJ, Lee CC, Rifai N, et al.
Sex hormone-binding globulin and risk of type 2 diabetes in
women and men. N Engl J Med. 2009:3611-2.

Wu FCW, Von Eckardstein A. Androgens and coronary artery
disease. Endocr Rev. 2003;24:183-217.

Akishita M, Hashimoto M, Ohike Y, Ogawa S, lijima K, Eto M,
Ouchi Y. Low testosterone level as a predictor of cardiovascular
events in Japanese men with coronary risk factors. Atheroscle-
rosis. 2010;210:232-6.



