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Abstract

Objectives: To determine the possible association between serum testosterone levels and the presence or severity of coronary artery disease (CAD) among male
patients.

Methods: During a 6-month course, all consecutive male individuals younger than 55 years referred for angiography to the Rasoul-e-Akram General Hospital and
the Day Clinic, Tehran, Iran, were recruited to the study. Excluded were those with recent history of acute coronary syndrome, history for hypogonadism, or any
other medical backgrounds that interfere with results of serum testosterone level. After sending plasma samples, all individuals underwent angiography according
which they were categorized as the CAD group (>50% occlusion) and the non-CAD group (<50% occlusion). Furthermore, the Syntax score was calculated for
patients of the CAD group.

Results: A total of 43 patients were recruited to the study among whom 21 were categorized as the CAD group and 22 as the non-CAD one. Serum level of
free testosterone was lower (P=0.010) and that of albumin was higher (P=0.031) in the CAD group when compared to the non-CAD one. However, the total
testosterone and the bioavailable testosterone levels were not different between the two groups. No statistically significant correlation was found between the free or
total testosterone levels and the Syntax score in CAD patients.

Conclusion: Male patients with CAD had lower free testosterone levels when compared to the non-CAD ones. However, the severity of CAD, determined by the

Syntax score, did not correlate with the serum testosterone level. Additional studies are needed to clarify the latter issue.

Abbreviations and Symbols: CAD: Coronary Artery Disease;
DM: Diabetes Mellitus; HTN: Hypertension; HLP: Hyperlipidemia;
PCI: Percutaneous Coronary Intervention; FSH: Follicle-Stimulating
Hormone; LH: Luteinizing Hormone; SHBG: Sex-Hormone Binding
Globulin; IRMA: Immunoradiometric Assay; SD: Standard Deviation;
IQR: Interquartile Range

Introduction

Coronary artery disease (CAD) remains the leading cause of death
worldwide and is responsible for nearly 40% of all deaths, either directly
or indirectly [1,2]. In addition, about 90 million working days each year
are lost because of CAD which inflicts heavy economic costs and makes
CAD one of the main causes of morbidity in all countries [3,4]. That is
why CAD has been the subject of several preventive efforts as well as
many investigations around the world.

After the well-known Framingham study [5], the CAD risk factors
have been targeted in extensive medical research for many years.
During the time, the role of many factors such as diabetes mellitus
(DM), hypertension (HTN), hyperlipidemia (HLP), and cigarette
smoking have been established as predisposing factors for CAD [6]. At
the same time, however, there are some other factors that have never
been established either as a risk factor or as a protective one for CAD;
among which the relationship between serum levels of androgens
and CAD has been a controversial debate among researchers [7-10].
Whereas some investigations reported no relationship between severity
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of CAD and serum androgen levels [11], some others found a positive
association between either the CAD risk factors (such as obesity) [12]
or coronary artery blood flow [13] with serum androgen levels.

The gold standard method for diagnosing CAD is coronary
angiography that also could have a therapeutic role through
percutaneous coronary intervention (PCI). The Syntax (Synergy
between PCI with Taxus and cardiac surgery) system is an angiographic
tool to grade the complexity of CAD and to obtain evidence-based
guidelines for selecting the optimal technique of revascularization. In
addition, it will allow comparison of CAD complexity in individual
patients [14]. Utilizing the Syntax score as an accurate scale for CAD
can be beneficial to quantitatively evaluate the impact of specific risk
factors on the severity of CAD.

To more investigate the role of serum testosterone level on the
development and severity of CAD, we designed this study with a novel
use of the Syntax score as a quantitative measure.
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Materials and methods
Study participants

Study subjects were selected from male patients referred for
angiography to the Rasoul-e-Akram General Hospital and the Day
Clinic, Tehran, Iran. All male individuals younger than 55 years were
recruited to the study. Our exclusion criteria were:

1. History of acute coronary syndrome within the preceding 3 months

2. Any past history for hypogonadism, hormone replacement therapy,
or illicit use of androgenic-anabolic steroids

3. Presence of active neoplasm, or any history of chemotherapy for
malignancy

4. Known cases of hepatic cirrhosis, chronic kidney disease, or end-
stage renal disease

5. Any known medical illness (or taking any known medication) that
could affect sex hormone levels; such as sickle cell anemia, celiac
disease, or taking spironolactone, ketokonazole, etc.

Study protocol

During the 6-month course of the study, blood samples from
all consecutive subjects were taken before the angiography. The
samples were measured for the serum levels of total testosterone,
free testosterone, follicle-stimulating hormone (FSH), luteinizing
hormone (LH), sex-hormone binding globulin (SHBG), and albumin.
The Elecsys reagent kits (Roche, USA) were used for the measurement
of total testosterone, free testosterone, FSH and LH; and the
immunoradiometric assay (IRMA) kit (Gentaur, USA) was used for the
measurement of SHBG. All assays were done in the Rasoul-e-Akram
central laboratory. Other information such as age, family history for
premature ischemic heart disease (<55 and <65 years in first-degree
male and female relatives, respectively), history of DM, HTN, HLP, and
cigarette smoking were collected into a checklist.

After sending the samples and before the results are available,
a single interventional cardiologist (SHS) performed coronary
angiographiy for all study patients. According to the results of
angiography, participants were divided into two groups:

1. The CAD group that were defined as those with at least >50%
occlusion in one of the 3 principal coronary arteries or the left main
coronary artery.

2. The non-CAD group with lesions making less than 50% occlusion.

Then the Syntax score was calculated for patients in the CAD group.
The scoring system consists of the dominance of right or left coronary
arteries, the total number of lesions, the vessel segments involved per
lesion, the amount of the diameter reduction by the specific lesion, the
presence or absence of total occlusion, trifurcation, bifurcations, aorto-
osteal stenosis, severe tortousity, thrombosis, heavy calcification, or
diffuse disease in small vessels, and the occlusion length [15]. The final
score is represented as a number, which higher values indicate more
severe CAD.

Ethical issues

The ethical committee of Tehran University of Medical Sciences
(TUMS) approved the study protocol. All patients were informed
about the presence of the study; no additional fees were surcharged
and signed consents were taken. Furthermore, all information was kept
confidential and none of the information was released individually.
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Statistical analysis

Data were analyzed by the software SPSS version 20.0. All
quantitative values were tested for normality by the Shapiro-Wilk
test [16]. The mean + standard deviation (SD) and the median with
interquartile range (IQR) were used to express data with and without
normal distribution, respectively. Qualitative data were expressed
as percentages. For further analysis, independent sample t-test (for
comparing normally distributed means), chi2 and Fisher-exact tests
(for comparing percentages), Mann-Whitney U-test (for comparing
non-normally distributed means), and Pearson correlation coefficient
(to find any correlation between quantitative variables) were executed.
A P-value less than 0.05 was considered as statistically significant.

Results

At the end of the study a total of 43 patients were recruited among
whom 21 were categorized as the CAD group and 22 as the non-CAD
group. Median (IQR) for age of the study subjects was 46 (40-52) years,
and 100% of them were males as planned.

Between-group comparisons

Table 1 summarizes baseline demographic data compared between the
two study groups. As seen, 17 (80.9%) and 3 (13.6%) patients in the CAD
and the non-CAD groups had hyperlipidemia, respectively (P <0.001). No
other statistically significant difference was found in the demographics.

After laboratory evaluation, values of serum albumin, FSH, and LH
were higher in the CAD group with statistical significance (P=0.031,
P=0.001, and P=0.003, respectively). In contrast, serum levels of
free testosterone were significantly lower in the CAD group, when
compared to the non-CAD one (P=0.010). However, no statistically
significant difference was detected for levels of SHBG as well as the
sum of free testosterone and the albumin-bound testosterone, namely
“bioavailable testosterone”, between the two groups. Table 2 represents
hormone profile and other laboratory tests in the two study groups.

Intra-group analyses of the CAD patients

In the CAD group, the mean (+ SD) of the Syntax score was 16.33
* 9.63. For further analysis, we divided the patients of the CAD group
into the two age subgroups with a 50-year-old cut-point. No statistically
significant difference was found in all measured factors (table 3). For
example, the mean Syntax score was 16.71 + 9.58 and 15.44 + 10.29 for
patients younger and older than 50 years, respectively (P=0.747). Other
results are shown in the Table 3.

There was no correlation between the serum levels of total
testosterone (R=0.035, P=0.096) and free testosterone (R=0.187,
P=0.114) with the Syntax score among the whole CAD patients. Similar
results were detected when we looked for such a correlation in either
the subgroups:

Table 1. Baseline characteristics of the study patients by their groups

Non-CAD group

CAD group (N=21) (N=22) P
Age(years)” 47 (42-52) 45 (38-52) 0.843
Diabetes mellitus™ 18(85.7) 20091) 0.898
Hypertension™ 17(81) 18(81.8) 0.990
CAD family history™ 16(76) 12(54.5) 0.176
Smoking™ 6(28.5) 4(18.1) 0.549
Hyperlipidemia™ 17 (80.9) 3(13.6) <0.001

*Value is represented as median (interquartile range)
**Values are the number (%)
CAD: Coronary Artery Disease
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Table 2. Results of laboratory measurements by the study groups

CAD group
3.22(1.81-4.63)
0.08 (0.02-0.14)

41.10 (33.83-48.37)

Total Testosterone (ng/dl)”
Free testosterone(ng/dl)"

Bioavailable Testosterone(ng/dl)*

Albumin(mg/dl)” 4.59+0.33
Sex-Hormone Binding Globulin (nmol/L)™ 43.73+13.90
Follicle-Stimulating Hormone (ng/dl)™ 7.16 £3.76

Luteinizing Hormone (ng/dl)" 6.26 (3.28-9.24)

*Values are the median (interquartile range)
**Values are the mean (standard deviation)
CAD: Coronary Artey Diseas

Non-CAD group P
4.33 (1.45-7.21) 0.077
0.15 (0.05-0.25) 0.010
43.20 (28.90-57.50) 0.477
4.36 +£0.45 0.031
45.66 +£23.83 0.702
4.53+1.79 0.001
3.47 (2.00-4.94) 0.003

Table 3. Results of laboratory measurements comparing two age sub-groups within the group of patients with coronary artery disease *

Younger than 50 years
N=9)
1.85(1.45-2.25)
0.19 (0.15-0.23)
14.48 (11.32-17.64)
0.46 (0.36-0.56)
24.55 (19.20-29.90)
3.88(3.04-4.72)
3.82(2.99-4.65)

Total Testosterone (ng/dl)

Free testosterone (ng/dl)
Bioavailable Testosterone (ng/dl)
Albumin (mg/dl)
Sex-Hormone Binding Globulin (nmol/L)
Follicle-Stimulating Hormone (ng/dl)
Luteinizing Hormone (ng/dl)

*Values are represented as the median (interquartile range)

1. For CAD patients younger than 50 years, correlation coefficients
(R) of the serum levels of total testosterone and free testosterone
with the Syntax score were 0.013 (P=0.276) and 0.123 (P=0.251),
respectively.

2. For CAD patients older than 50 years, correlation coefficients of
the serum levels of total testosterone and free testosterone with the
Syntax score were 0.111 (P=0.231) and 0.145 (P=0.104), respectively.

Discussion

Based on the results, hyperlipidemia was more frequent among
the CAD patients (80.9% vs. 13.6%, P<0.001). Serum levels of the
total testosterone and the bioavailable testosterone were not different
between the two groups of patients, the CAD group and the non-CAD
group. However, the serum levels of free testosterone and albumin were
lower (P=0.010) and higher (P=0.031) in the CAD group than the non-
CAD group, respectively. Finally, no statistically significant correlation
was found between the levels of serum free or total testosterone and
the Syntax score, both in all patients of the CAD group and each of its
subgroups.

As a traditional risk factor for CAD [17,18], hyperlipidemia is
predictable to be more frequent in the CAD group. Fortunately, it
has nothing to do with the serum testosterone level and here is not
considered as a possible confounding factor.

According to the literature, CAD is approximately twice more
frequent among males than females [19-21]. That observation could
lead to the assumption that serum testosterone level has a noxious effect
on the cardiovascular system. Despite this, in our study the serum level
of free testosterone was lower in the CAD group; a finding that has also
been reported by many other investigators [22-25]. Moreover, some
studies have demonstrated that testosterone levels are inversely related
to the surrogate markers of atherosclerosis [26,27]. Therefore, our
results in accordance with those studies suggest a testosterone deficient
state might play a predisposing role for CAD in males.

The finding that free testosterone level differs between the two
groups, but the level of total testosterone does not so, highlights a well-
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Older than 50 years

(N=12) P
4.36 (2.91-5.81) 0.127
0.06 (0.04 0.08) 0.072
14.17 (9.45-18.89) 0.824
0.48 (0.32-0.64) 0.536
21.96 (14.64-29.28) 0.333
3.52(2.35-4.69) 0.589
4.56 (3.13-6.17) 0.743

known endocrinology fact: the unbound form of different hormones
is the main pathophysiologically active form [28,29]. The statistically
significant higher levels of pituitary hormones, FSH and LH, among
the CAD group can be similarly described. However, in contrast to the
differences found for the hormones, the difference of about 0.3 mgr/
dl in serum albumin level between the two groups, although found
statistically significant, is not considered as clinically meaningful.
It becomes more trivial with considering the fact that there was no
statistically significant difference between the two groups in the levels
of the bioavailable testosterone (the sum of free testosterone and
albumin-bound testosterone).

In an attempt to quantitatively investigate a correlation between
the serum testosterone level and the extent of coronary damage in
patients with CAD, we used the Syntax score for evaluation. Previously,
Li, et al. [30] had used the Gensini score for the severity of CAD and
had found it well correlated with the testosterone level. Accordingly,
we hypothesized that higher Syntax score might also correlate with the
lower testosterone level. Although we could not find any statistically
significant such a correlation, it might be for the low number of the
recruited subjects. In order to eliminate the confounding effect of aging,
another analysis among the two subgroups of CAD patients (younger
and older than 50 years) also failed to demonstrate any such a correlation.
More studies with higher sample sizes are needed to clarify that issue.

In this study inter-observer variability was omitted by having all
angiographic evaluations performed by a single cardiologist. Moreover,
to the knowledge of the authors, this is the first study that introduces
the Syntax score for finding a more quantitative correlation between
the severity of CAD and the testosterone level; a feature that makes
our investigation unique. The main limitation of the present study,
however, is the small sample size which underestimates the random
effect; it also diminishes the sufficient statistical power required for
obtaining all potential significant correlations. Additionally, not including
males older than 55 years limits the external validity of our study.

In summary, we studied 43 male patients of whom 21 had CAD
and 22 had not. In the CAD group, the serum free testosterone level
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was significantly lower (P=0.010) and the FSH and LH levels were
significantly higher (P=0.001 and P=0.003, respectively) than the non-
CAD group. No statistically significant correlation was found between
the Syntax score and the free or total testosterone levels among the
CAD patients.

Conclusion

In conclusion, male patients with CAD had lower free testosterone
levels when compared to the non-CAD ones. However, the severity
of CAD, determined by the Syntax score, did not correlate with the
serum testosterone level. Additional studies are needed to clarify the
latter issue.
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