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Introduction

Testosterone hormone decreases consistently with advancing age. Many studies have shown
a possible relationship between decreasing level of testosterone and atherosclerosis.
Objective

The objective of our study was to demonstrate the relationship between male sex
hormone [testosterone and sex hormone-binding globulin (SHBG)] concentration and peripheral
vascular disease in elderly men.

Background

Few studies have explored the relationship between serum sex hormones and lower-extremity
peripheral arterial disease (PAD) in men.

Patients and methods

Our study was conducted on 20 elderly men older than 65 years with peripheral vascular
disease and 10 healthy age-matched men as controls. Lower-extremity PAD was defined as
ankle brachial index less than 0.90 and diagnosis was confirmed with Doppler ultrasound.
Radioimmunoassay measured serum levels of total testosterone and SHBG, and we calculated
free androgen index level from the mass action equations.

Results

The results show that serum level of total testosterone, SHBG, and free androgen index
were lower in men with peripheral vascular disease than in those without. There is a positive
correlation between total testosterone, SHBG, free androgen index, and ankle brachial index.
Conclusion

Low serum level of total testosterone, SHBG, and free androgen index are significantly and
independently associated with the presence of PAD in elderly men.
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Introduction

Lower-extremity peripheral arterial disease (PAD)
is a highly prevalent condition in the elderly [1].
The presence of PAD is also widely accepted as
an indicator of generalized atherosclerosis and is a
potential determinant of cardiovascular mortality and
morbidity [2] As an early indicator of PAD, a low ankle
brachial index (ABI) has also been associated with
increased risk for subsequent cardiovascular disease

and mortality [3].

The level of testosterone decreases consistently with
advancing age. Many studies have shown a possible
relationship between decreasinglevel of testosterone and
atherosclerosis [4]. Many mechanisms were postulated,
but the definitive mechanisms remain unclear. Several
prospective investigations have shown that low total
testosterone concentrations in men are associated
with obesity [5], incident metabolic syndrome [6],
diabetes mellitus [7], and dyslipidemia, [8], which are

© 2017 Egyptian Journal of Obesity, Diabetes and Endocrinology |
Published by Wolters Kluwer - Medknow

well-recognized risk factors for coronary and peripheral
vascular diseases.

Arterial functions may be directly influenced
by testosterone, and, most likely, two independent
pathways of testosterone-induced effects within
the vessel wall can be assumed (i.e., genomic and
nongenomic) [9].

Aim of the work

The aim of the work was to study the relationship
between male sex hormone [testosterone and sex
hormone-binding globulin (SHBG)] and peripheral

vascular disease in elderly men.
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Patients and methods

The present study was conducted on 30 elderly men
above 65 years who were divided into two groups:
group I, comprising 20 men older than 65 years and
suffering from peripheral vascular disease, and group II,
comprising 10 healthy elderly men older than 65 years.
All individuals, both patients and controls, included
in this study were recruited after obtaining informed
consent for thorough and full history taking, complete
physical examination, ECG examination, and routine
laboratory investigations including complete blood
picture, fasting and postprandial blood glucose, and
renal function tests. The ABI was measured, and
vascular studies using ultrasonographic duplex Doppler
examination of peripheral arteries were conducted.
Peripheral blood was collected, the samples were
centrifuged, and serum separated. Serum level of total
testosterone and SHBG was measured by means of
electrochemiluminescence immunoassay, and free
androgen index was calculated. The normal level of
total testosterone ranged from 1.93 to 7.40 ng/ml, that
of SHBG ranged from 20.6 to 76.7 nmol/l, and free
androgen index (FAI) ranged from 24.3 to 72.1.

Ethical approval
'The protocol was approved by the ethical committee of
the Faculty of Medicine.

Statistical analysis of data

Data were fed into a computer and analyzed using IBM

SPSS software package version 20.0 (Armonk, NY:

IBM Corp). Qualitative data were described as number

and percentage, and quantitative data were described

using range (minimum and maximum), mean, SD, and

median. Significance of the obtained results was judged

at the 5% level. The following tests were conducted:

(1) The x?-test: This test was used to compare
categorical variables between different groups

(2) Fisher’s exact test: This test was used to determine
the correction for y? when more than 20% of the
cells had expected counts less than 5

(3) The Student #-test: This test was conducted to
compare normally quantitative variables between
two groups

(4) Paired #-test: This was used to compare normally
quantitative variables between two periods

(5) Z for Mann-Whitney test: This test was used
to compare abnormally quantitative variables
between two groups.

Results
The mean total testosterone level in group I was

3.51 + 1.76 ng/ml (range 0.36-7.51 ng/ml), and

the mean total testosterone level in group II was
8.17+2.17 ng/ml (range 4.46-10.77 ng/ml). There was a
statistically significant difference between groups I and
IT regarding total testosterone (P > 0.001) (Table 1).

'The mean SHBG in group I was 53.95 + 20.41 nmol/l
(range 28.31-97.55 nmol/l), and the mean SHBG in
groupIIwas 85.86 +37.41 (range 45.82-164.50 nmol/1).

There was a statistically significant difference between
groups I and II regarding SHBG (P = 0.027).

'The mean free androgen index of patients in group I was
22.94 £ 9.37% (range 2.60-47.20%), and the mean FAI
in group II was 35.26 + 8.54% (range 22.70-55.50%).
There was a statistically significant difference between
groups I and II as regards FAI (P = 0.002) (Table 2).

ABI was positively correlated with serum total

testosterone, FAI, and SHBG in all cases (Table 3).

Discussion

'The present study was performed on 30 men, who were
classified into two groups: group I included 20 elderly
men older than 65 years with peripheral vascular
disease, and group II included 10 healthy elderly men

older than 65 years who were considered as controls.

'The results showed that there was a significant difference
regarding serum total testosterone and free androgen

Table 1 Comparison between the two groups on the basis of
total testosterone and sex hormone-binding globulin

Group | Group Il t-test P
(cases) (control)
(n=20) (n=10)
Total testosterone
(ng/ml)
Minimum-maximum  0.36-7.51 4.46-10.77 6.314* <0.001*
Mean+SD 3.51x1.76  8.17x2.17
Median 3.41 8.83

Sex hormone-binding
globulin (nmol/l)

Minimum-maximum 28.31-97.55 45.82-164.50 2.517* 0.027*
Mean+SD 53.95+20.41 85.86+37.41
Median 52.18 73.76

t, Student’s t-test. *Statistically significant at P<0.05. SD, standard
deviation.

Table 2 Comparison between the two groups on the basis of
free androgen index

Group | Group Il ttest P
(cases) (control)
(n=20) (n=10)

Free androgen index (%)
Minimum-maximum 2.60-47.20 22.70-55.50 3.492* 0.002*

Mean+SD 22.94+9.37 35.26+8.54

Median 21.80 33.75

t, Student’s t-test. *Statistically significant at P<0.05.




Table 3 Correlation between ankle brachial index and
different parameters in each group

Ankle brachial index

Right LL Left LL
R P R P
Total cases
Total testosterone (ng/ml) 0.716* <0.001* 0.708* <0.001*
Sex hormone-binding 0.475* 0.008* 0.431* 0.017*
globulin (nmol/l)
Free androgen index (%) 0.504* 0.005* 0.533* 0.002*

r, Pearson’s coefficient. *Statistically significant at P<0.05.

index among the two groups, with both parameters being
significantly lower in group I compared with group II.
'This agrees with the observations of Tivesten ez al. [10],
who showed for the first time that low serum testosterone
was associated with lower-extremity PAD in elderly men.
Yeap ez al. [11] found in a cross-sectional study in men
aged 70-89 years that lower T or dihydrotestosterone
(DHT) levels, but not E2, are associated with symptoms
of intermittent claudication in older men. Price ez a/. [12]
in a small nested case—control study investigated the
influence of sex hormones on PAD in men and found
no significant difference in mean levels of total and free
testosterone between cases and controls.

In the present study there was a significant difference
regarding the level of SHBG among the two groups,
where serum SHBG was significantly lower in group I
compared with group II. This agrees with the results of
Maggio et al. [13] who found that men with PAD had
SHBG levels lower than do men without PAD.

Price et al. [12] found that the mean level of SHBG
was not significantly different in cases compared with
controls in either sex (P> 0.1).

In the present study we found a significant positive
correlation between serum total testosterone in the two
studied groups as a whole, on the one hand, and ABI,
on the other. In addition, there was a significant positive
correlation between the free androgen index in the two
studied groups as a whole, on the one hand, and the
ABI, on the other. This comes in agreement with the
results of Tivesten ez a/. [10], who, in a cross-sectional
study on 3014 elderly men, found that low free T and
TT concentrations were associated with low ABI and
prevalent PAD (defined as an ABI<0.90).

Cross-sectional and longitudinal associations of
circulating sex hormone concentrations with ABI
and PAD were ascertained by Haring ez /. [14] in
the community-based Framingham Heart Study.
Cross-sectional ~ multivariable —analyses revealed
that men with lower free T and higher estrone (E1)
concentrations had a significantly lower ABI. Lower
total T and SHBG concentrations were also associated
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with prevalent PAD in age-adjusted but not in
multivariable logistic regression models. This study
differs from the MrOS study conducted by Tivesten
et al. [10] in Sweden, which showed a significant
association between TT and prevalent PAD after
multivariable adjustment, suggesting that differences
in the adjustment set could have mitigated or abolished

significant effects of T'T on PAD.

Maggio et al. [13] demonstrated in a CHIANTI
study that in women, but not in men, T was
positively associated with PAD (PAD was defined
as an ABI<0.90), even after adjusting for multiple
confounders.

In the present study we found a significant positive
correlation between SHBG in the two studied
groups as a whole, on one hand, and the ABI, on
the other hand. This is in agreement with the results
of Maggio e al. [13], who found that SHBG was
negatively and independently associated with PAD in
men (P = 0.028) but not in women.

Haring ez al. [14] showed in longitudinal multivariable
analyses an association of lower SHBG with ABI
change in men.

Yeap ez al. [11] demonstrated that higher SHBG
was also associated with reduced odds ratio (OR)
of intermittent claudication; however, when total
T and SHBG were included in the same model, the
association with total T remained significant but the
association with SHBG was attenuated.

Conclusion

Serum total testosterone and free androgen index are
lower in elderly men suftering from peripheral vascular
disease than in those without, which suggests that it
may play a role in the pathogenesis of atherosclerosis.
Further, there is a positive correlation between SHBG
and ABI where serum level of SHBG is lower in
elderly men suffering from peripheral vascular disease.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1 Carnethon M, Dai S, De Simone G. American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Circulation 2010;
121:948-954.



Vasunilashorn S, Coppin AK, Patel KV, Lauretani F, Ferrucci L,
Bandinelli S, Guralnik JM Use of the Short Physical Performance Battery
Score to predict loss of ability to walk 400 meters: analysis from the
INCHIANTI study. J Gerontol A Biol Sci Med Sci 2009; 64 (2):223-229.

Heald CL, Fowkes FG, Murray GD, Price JF. Risk of mortality and
cardiovascular disease associated with the ankle-brachial index:
systematic review. Atherosclerosis 2006; 189 (1):61-69.

Cattabiani C, Basaria S, Ceda GP, Luci M, Vignali A, Lauretani F, et al.
Relationship between testosterone deficiency and cardiovascular risk and
mortality in adult men. J Endocrinol Invest 2012; 35 (1):104—120.

Khaw KT, Barrett-Connor E. Lower endogenous androgens predict central
adiposity in men. Ann Epidemiol 1992; 2 (5):675-682.

Haring R, V6lzke H, Felix SB, Schipf S, Dérr M, Rosskopf D, et al. Prediction
of metabolic syndrome by low serum testosterone levels in men: results
from the study of health in Pomerania. Diabetes 2009; 58 (9): 2027-2031.

Vikan T, Schirmer H, Njolstad |, Svartberg J. Low testosterone and
sex hormone-binding globulin levels and high estradiol levels are
independent predictors of type 2 diabetes in men. Eur J Endocrinol 2010;
162 (4):747-754.

Haring R, Baumeister SE, Voélzke H, Dérr M, Felix SB, Kroemer HK, et al.
Prospective association of low total testosterone concentrations with an

10

1"

12

13

14

166 Egyptian Journal of Obesity, Diabetes and Endocrinology, Vol. 2 No. 3, September-December 2016

adverse lipid profile and increased incident dyslipidemia. Eur J Cardiovasc
Prev Rehabil 2011; 18 (1):86-96.

Orshal JM, Khalil RA Gender, sex hormones, and vascular ton? Am J
Physiol Regul Integr Comp Physiol 2004; 286:233-249.

Tivesten A, Mellstrdom D, Jutberger H, Fagerberg B, Lernfelt B, Orwoll E,
et al. Low serum testosterone and high serum estradiol associate with
lower extremity peripheral arterial disease in elderly men. The MrOS
Study in Sweden. J Am Coll Cardiol 2007; 50 (11):1070-1076.

Handelsman DJ, Hankey GJ, Golledge J. Lower plasma testosterone or
dihydrotestosterone, but not estradiol, are associated with symptoms of
intermittent claudication in older men. Clin Endocrinol 2013; 79:725-732.

Price JF, Lee AJ, Fowkes FG. Steroid sex hormones and peripheral
arterial disease in the Edinburgh Artery Study. Steroids 1997; 62 (12):
789-794.

Artoni A, Bandinelli S, Schiavi G. The relation between sex hormones, sex
hormone binding globulin and peripheral vascular disease. Am J Physiol
E Atherosclerosis 2012; 225:469-474.

Haring R, Travison TG, Bhasin S, Vasan RS, Wallaschofski H, Davda MN,
et al. Relation between sex hormone concentrations, peripheral arterial
disease, and change in ankle-brachial index: findings from the Framingham
Heart Study. J Clin Endocrinol Metab. 2011; 96(12):3724-32.



