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Abstract
Objective:/RZWHVWRVWHURQHOHYHOVLQPHQKDYHEHHQDVVRFLDWHGZLWKDQLQFUHDVHGULVNRIFDUGLRYDVFXODUGLVHDVH:HDLPHGWRLGHQWLI\
WKHDVVRFLDWLRQEHWZHHQVHUXPWHVWRVWHURQHOHYHODQGSUHPDWXUHFRURQDU\DUWHU\GLVHDVH &$' DQGLWVSUHGLFWRUVLQ\RXQJDGXOWPDOHV
Methods: ,QWKLVFURVVVHFWLRQDOVWXG\FRQVHFXWLYHPDOHFDQGLGDWHVIRUFRURQDU\DQJLRJUDSK\ZLWKXQVWDEOHDQJLQDQRSUHYLRXV&$'
DQGDJH\HDUVZHUHLQFOXGHG6HUXPOHYHOVRIIUHH )7 DQGWRWDOWHVWRVWHURQH 77 DVZHOODVGHPRJUDSKLFDQGFDUGLRYDVFXODUFKDUDFWHULVWLFVZHUHFRPSDUHGEHWZHHQWKH&$'SRVLWLYHDQGQRUPDOFRURQDU\VXEMHFWV7KHFXWRIISRLQWIRUORZ77ZDVQJ/$GGLWLRQDOO\WKH
UHODWLRQVKLSVEHWZHHQDOOWKHYDULDEOHVDQGWKHQXPEHURIDIIHFWHGYHVVHOVDQG)7DQG77DQGSUHGLFWRUVRI&$'ZHUHDVVHVVHG
Results,QWKLVVWXG\SDWLHQWVZLWKSUHPDWXUH&$'ZHUHFRPSDUHGZLWKQRUPDOFRURQDU\VXEMHFWV3DWLHQWVLQWKH&$'JURXS
ZHUHVLJQL¿FDQWO\ROGHU YHUVXV\HDUVP-value < 0.01), and had higher rates of diabetes mellitus (PYDOXH  
and dyslipidemia (PYDOXH  6HUXPOHYHOVRI)7DQG77ZHUHVLJQL¿FDQWO\ORZHULQWKH&$'JURXSWKDQWKHQRUPDOFRURQDU\VXEMHFWV PYDOXHIRUERWK 7KHUDWHRIVXEMHFWVZLWKORZ77LQFUHDVHGE\WKHQXPEHURIWKHDIIHFWHGYHVVHOV SYDOXHIRUWUHQG 
DQGWKHUHZDVDVLJQL¿FDQWFRUUHODWLRQEHWZHHQWKH*HQVLQLVFRUHDQG)7DQG77 U PYDOXHDQGU P-value < 0.01,
UHVSHFWLYHO\ $IWHUDGMXVWPHQWIRUFRQIRXQGHUVWKHDVVRFLDWLRQEHWZHHQORZ77DQG&$'UHPDLQHGVLJQL¿FDQW 2GGVUDWLR 
FRQ¿GHQFHLQWHUYDO±PYDOXH
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CAD before the age of 45 years.10-11 However, current evidence is
still inconclusive and the role of testosterone in premature CAD
he relationship between serum testosterone level and coro- has yet to be understood, highlighting the serious need for renary artery disease (CAD) has always been a hot topic in search on aging process.12 As testosterone supplementation in the
FDUGLRYDVFXODUPHGLFLQH$VLJQL¿FDQWUHODWLRQVKLSZDVRE- elderly and middle-aged males with hypogonadism has conferred
served between cardiovascular risk factors and testosterone in the a better cardiovascular state and even deceleration of the atheroFramingham study.1 It has also been shown that testosterone mod- VFOHURVLVSURFHVVLWLVEHQH¿FLDOWRFODULI\WKLVUHODWLRQVKLSLQWKLV
L¿HV FDUGLRYDVFXODU ULVN IDFWRUV SDUWLFXODUO\ WKH OLSLG SUR¿OH2 age group.13
3UHPDWXUH&$'GH¿QHGDVWKHSUHVHQFHRIFRURQDU\KHDUWGLVblood pressure,3 body mass index (BMI), and obesity.4 Furthermore, levels of plasma androgens are conversely associated with HDVHLQPHQ\HDUVDQGZRPHQ\HDUV14 is a growing phenomenon in our developing world. The prevalence and magnitude
the risk of atherosclerosis in elderly men.5
Current data show that testosterone level declines with advanc- of classical cardiovascular risk factors seem to be more promiing age in both men and women and is in association with age- QHQWLQSDWLHQWVZLWKSUHPDWXUH&$'DQGWKHLU¿UVWGHJUHHUHODrelated diseases.6-7 During male aging, serum testosterone level tives.15-16 Therefore, it is necessary to identify other risk factors
declines gradually,8 while the risk of cardiovascular and throm- for this condition that may enhance the classical cardiovascular
botic events begins to increase.9 Since the aging process com- risk factors.
Considering the above-mentioned points, this study aimed to
mences after puberty, it can be presumed that the decline in testosterone level starts at a younger age than is generally expected. investigate whether serum testosterone level in males with premaThus, younger patients with acquired cardiovascular conditions, ture CAD is lower than that in peers with normal coronary vasparticularly CAD, may have a lower level of testosterone. A low culature. Also, we investigated the determinants of CAD in the
level of free testosterone (FT) has been shown to be related to the study population, considering the effects of testosterone and other
GHYHORSPHQWRISUHPDWXUH&$'GH¿QHGDVWKHGHYHORSPHQWRI classical risk factors for CAD.

Introduction

T

$XWKRUV¶DI¿OLDWLRQ 1 Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran.
&RUUHVSRQGLQJDXWKRUDQGUHSULQWV Younes Nozari MD, North Kargar Ave.,
Tehran, Iran. 1411713138. Tel: +98 21 88029256. Fax: +98 21 88029702. Email: Y_nozari@yahoo.com (This author takes responsibility for all aspects of
the reliability and freedom from bias of the data presented and their discussed
interpretation)
Accepted for publication: 30 April 2014

Materials and Methods
Study population
,Q WKLV FURVVVHFWLRQDO VWXG\ PDOH VXEMHFWV DJHG  \HDUV
VFKHGXOHGIRUHOHFWLYHFRURQDU\DQJLRJUDSK\IRUWKH¿UVWWLPHDW
Tehran Heart Center from January to April 2011 were prospecArchives of Iranian Medicine, Volume 17, Number 8, August 2014 545
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tively enrolled. The exclusion criteria included history of known
CAD or myocardial infarction, metabolic syndrome, malignancy,
FKURQLFUHQDOLQVXI¿FLHQF\WUHDWHGZLWKGLDO\VLVKHSDWLFIDLOXUH
presence of acute illness, and use of medications that affect sexual
hormones, such as anticonvulsants and antithyroid drugs.
Written informed consent was obtained from the participants.
The study proposal was approved by the Committee of Medical
Ethics and the Research Board of Tehran University of Medical
Sciences. This study conforms to the principles outlined in the
Declaration of Helsinki.

RIVWHQRVLVLQWKHFRURQDU\DUWHULHVVLQJOHYHVVHOGLVHDVH
(SVD): stenosis of one of left anterior descending artery or left
FLUFXPÀH[ DUWHU\ RU ULJKW FRURQDU\ DUWHU\ RU PDLQ EUDQFKHV RI
each; two-vessel disease (2VD): stenosis in two coronary arteries
other than left main artery; three-vessel disease (3VD): stenosis in
three coronary arteries other than left main artery; and left main
stenosis (LMS): stenosis in left main artery regardless of existence of stenosis in other arteries. The extent of atherosclerosis
was assessed with a “clinical vessel score” on a scale of 0–3.19
The Gensini score was calculated by assigning a severity score
to each coronary stenosis based on the degree of luminal narrowing and its geographic importance. Reduction in lumen diameter
and the roentgenographic appearance of concentric lesions and
eccentric plaques were evaluated (reductions of 25%, 50%, 75%,
90%, 99%, and complete occlusion were given Gensini scores of
1, 2, 4, 8, 16, and 32, respectively). Each principal vascular segment was assigned a multiplier in accordance with the functional
VLJQL¿FDQFHRIWKHP\RFDUGLDODUHDVXSSOLHGE\WKDWVHJPHQWWKH
left main coronary artery, ×5; the proximal segment of the left
anterior descending coronary artery (LAD) and the proximal segPHQWRIWKHFLUFXPÀH[DUWHU\îWKHPLGVHJPHQWRIWKH/$'
×1.5; the right coronary artery, the distal segment of the LAD, the
GLVWDOVHJPHQWRIWKHFLUFXPÀH[DUWHU\WKHULJKWFRURQDU\DUWHU\
the posterolateral artery, the posterior descending artery, and the
obtuse marginal artery, ×1; and diagonal artery and others, ×0.5.20
3DWLHQWVZLWKDQRUPDODQJLRJUDSK\ZHUHFODVVL¿HGDVWKHFRQWURO
group, and the Gensini score was considered zero for them.

Demographic and clinical data
Demographic data, past medical history, and physiological measurements were recorded at baseline for all participants. Based
RQRXULQVWLWXWLRQDOGH¿QLWLRQVZKLFKZHUHDGRSWHGIURPLQWHUQDtional guidelines,17 patients already taking antihypertensive agents
DQGWKRVHZLWKWZREORRGSUHVVXUHUHDGLQJVPP+J DW
OHDVW¿YHPLQXWHVDSDUWLQWKHVLWWLQJSRVWXUH ZHUHODEHOHGDVK\pertensive. Also, patients with a history of taking lipid lowering
DJHQWVWRWDOFKROHVWHUROPJG/RUORZGHQVLW\OLSRSURWHLQ
 PJG/ ZHUH FODVVL¿HG DV G\VOLSLGHPLF 'LDEHWHV PHOOLWXV
ZDVGLDJQRVHGLIWKHSDWLHQWKDGDGH¿QLWHKLVWRU\RIGLDEHWHVDQG
being treated with glucose lowering agents or fasting plasma gluFRVHPJG/RUWZRKRXUSRVWORDGJOXFRVHPJG/:H
considered patients who regularly smoked cigarettes or who had
stopped smoking within the past one month as smokers.
A trained nurse was responsible for taking each patient’s blood
pressure (with a mercury sphygmomanometer), height, and
weight. Based on the BMI, the participants were categorized as
Statistical Analysis
follows: normal = 18–24.9 Kg/m2; overweight = 25–29.9 Kg/m2;
The continuous variables were expressed as mean ± standard
deviation (SD) or median with interquartile range (IQR) and were
and obese >30 Kg/m2.
compared using student’s t or Mann-Whitney U test between
CAD and non-CAD groups; while analysis of variance (ANOVA)
Laboratory measurements
After an overnight fasting, venous blood samples were obtained or Kruskal-Wallis test were used to compare the groups based on
on the day of the coronary angiography in order to measure serum the vessel score. Categorical variables were described through
biochemistry. Serum biochemistry measurements included fast- frequency and percentage and were compared among the aboveLQJEORRGVXJDUOLSLGSUR¿OH LHWULJO\FHULGHWRWDOFKROHVWHURO mentioned groups using chi-square or Fisher’s exact test, where
LDL, and HDL), and serum testosterone. Serum levels of FT and DSSURSULDWH7KH6SHDUPDQFRUUHODWLRQFRHI¿FLHQWZDVXVHGWRDVtotal testosterone (TT) were measured via the ELISA method sess the relationship between the Gensini score and serum testosusing commercially available immunoassays and in accordance terone concentrations because of the skewness of both variables.
with the manufacturer’s instructions (IBL International, Ham- Variables with p-values less than 0.2 in the univariate analysis of
burg, Germany). A cut-point of 2.5 ng/L for TT was considered CAD and non CAD groups were candidate to enter the multivarias the level of low TT and patients were dichotomized around this able prediction model. A backward logistic regression model with
probabilities of 0.05 and 0.1 as entrance and removal probabilities
point to facilitate the analysis.
ZDVXVHGWR¿QGPXOWLSOHSUHGLFWRUVRI&$'(IIHFWVRIFRYDULDWHV
RQ&$'ZHUHUHSRUWHGDVRGGVUDWLR 25 ZLWKFRQ¿GHQFH
Angiography
7KHSUHVHQFHRISUHPDWXUH&$'ZDVFRQ¿UPHGE\FRQYHQWLRQDO LQWHUYDO &,  7KH GLVFULPLQDWLRQ SRZHU RI WKH ¿QDO PRGHO ZDV
angiography. The angiography was performed in the cath-lab under measured using the c statistic, which is equal to the area under the
local anesthesia by an expert cardiologist, and the results were re- receiver operating characteristics (ROC) curve; and model calibraported by two cardiologists who were blinded to each other’s report WLRQZDVHVWLPDWHGZLWK+RVPHU/HPHVKRZJRRGQHVVRI¿WWHVW
to increase the intra- and inter-observer reliability. In case of discrep- Covariates which simultaneously had P-values less than 0.2 with
ancy between the reports, a consensus session was planned for both CAD and low TT were considered as potential confounders. The
FDUGLRORJLVWVWRUHYLHZWKHDQJLRJUDSK\¿OP6LJQL¿FDQWFRURQDU\ association between low TT and CAD was adjusted on detected
VWHQRVLVDQGWKHUHE\&$'ZDVGH¿QHGDFFRUGLQJWRWKHJXLGHOLQHRI possible confounders, using logistic regression model. P-values
the American College of Cardiology/American Heart Association as OHVV WKDQ  ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLJQL¿FDQW7KH GDWD
a 50% or more narrowing of the lumen diameter in at least one major were analyzed using PASW (Ver. 18.0, SPSS Inc., Chicago, IL).
coronary artery.18 The patients in whom the presence of premature
&$'ZDVFRQ¿UPHGE\FRQYHQWLRQDODQJLRJUDSK\ZHUHFODVVL¿HG
Results
based on the clinical vessel score 19 and the Gensini score. 20
,QWKHFOLQLFDOYHVVHOVFRUH&$'ZDVGH¿QHGDVWKHSUHVHQFH
Out of a total of 285 subjects, 191 (67.02%) with CAD (mean age
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= 41.59 ± 3.79 years) were compared with 94 (32.98%) normal
coronary subjects (mean age =39.27 ± 4.97 years). In the CAD
group, 67 (35.08%) subjects had single-, 57 (29.84%) had two-,
and 67 (35.08%) had three-vessel disease. The CAD positive paWLHQWVZHUHVLJQL¿FDQWO\ROGHUZLWKDKLJKHUUDWHRIGLDEHWHVPHOOLtus and dyslipidemia as well as higher levels of serum triglyceride
compared with the CAD negative subjects. More importantly, the
QXPEHURIVXEMHFWVZLWKORZ77ZDVVLJQL¿FDQWO\KLJKHULQWKH
CAD group (P-value < 0.01). The general characteristics of the
subjects by the presence or absence of the coronary artery disease
are summarized in Table 1.
7KH OHYHOV RI )7 DQG 77 ZHUH VLJQL¿FDQWO\ ORZHU LQ VXEMHFWV
with CAD than in the normal coronary group (P-value < 0.01 for
both) (Table 1). After adjustment for age, diabetes mellitus, and
G\VOLSLGHPLDWKLVGLIIHUHQFHZDVVWLOOVLJQL¿FDQW P-value < 0.01
IRUERWK 0RUHRYHUWKHUHZDVDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ
the level of FT and TT and the number of affected vessels within
the CAD group. Patients with three-vessel disease had lower levels of FT and TT compared to those with single-vessel and double-vessel disease (P-value < 0.01 for both). The results of the
comparison between the study variables within the CAD group

based on the number of affected vessels are summarized in Table
7KHUHZDVDVLJQL¿FDQWLQFUHDVLQJWUHQGLQWKHQXPEHURIVXEjects with low TT levels based on the vessel score and the degree
of involvement, as depicted in Figure 1.
Serum levels of FT and TT were conversely correlated with the
Gensini score (r = -0.37, P-value < 0.01 and r = -0.34, P-value
< 0.01, respectively). The unadjusted effect of low TT on CAD
VKRZHGWKDWORZ77LVDVLJQL¿FDQWSUHGLFWRUIRU&$' 25 
95% CI: 1.91–8.12; P-value < 0.001). In order to remove the effect of potential confounders, i.e. diabetes mellitus and smoking, and also determine the predictors of CAD, a multivariable
regression test was performed including age, diabetes mellitus,
G\VOLSLGHPLDVPRNLQJDQGORZ77DQGVKRZHGDVWURQJVLJQL¿cant association between CAD and low TT (OR = 4.30, 95% CI:
1.99–9.32; P-value < 0.01). The predictors of CAD in this study
are shown in Table 3.

Discussion
In this study, we found that lower serum levels of FT and TT
ZHUH VLJQL¿FDQWO\ DVVRFLDWHG ZLWK SUHPDWXUH &$' WKH QXPEHU

Table 1.*HQHUDOFKDUDFWHULVWLFVRIWKHVWXG\SRSXODWLRQ
Parameter

Normal coronary (n = 94)

CAD (n = 191)

Age (year)

39.27 ± 4.97

41.59 ± 3.79

P-value*
<0.001

Family history of CAD, n (%)

22 (23.4)

56 (29.3)

0.29

Diabetes Mellitus, n (%)

9 (9.6)

46 (24.1)

0.04

Hypertension, n (%)

22 (23.4)

51 (26.7)

0.54

Hyperlipidemia, n (%)

54 (57.4)

137 (71.7)

0.01

Smoking, n (%)

32 (34.0)

84 (44.0)

0.1

BMI (Kg/m2)

25.82 ± 3.86

26.30 ± 3.60

0.3

FBS (mg/dL)

102.38 ± 31.34

114.33 ± 39.97

0.06

Triglyceride (mg/dL)

173.23 ± 83.79

198.23 ± 123.20

0.04

Cholesterol (mg/dL)

179.27± 41.41

188.71 ± 44.98

0.08

HDL (mg/dL)

39.45 ± 8.55

38.88 ± 8.81

0.6

LDL (mg/dL)

112.76 ± 36.27

120.59 ± 34.93

0.08

Free Testosterone (pg/mL)†

5.10 [4.00, 6.12]

4.20 [2.30, 5.40]

<0.001

Total Testosterone (ng/L)†

4.15 [3.27, 4.90]

3.40 [2.10, 4.60]

0.003

Low total testosterone, n (%) ‡

10 (10.6)

61 (31.9)

<0.001

PYDOXHZDVFRQVLGHUHGVLJQL¿FDQW'DWDVKRZQDV0HGLDQ>,QWHUTXDUWLOHUDQJH@Á'H¿QHGDVVHUXPWRWDOWHVWRVWHURQHQJP/%0, ERG\PDVV
index; CAD = coronary artery disease; FBS = fasting blood sugar; HDL = high density lipoprotein; LDL: Low density lipoprotein.

Figure 1.&RPSDULQJWKHSHUFHQWDJHRIORZWRWDOWHVWRVWHURQHZLWKLQWKHVWXG\JURXSVEDVHGRQWKHQXPEHURILQYROYHGFRURQDU\YHVVHOVP-value for
trend is indicated.
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Table 2.&KDUDFWHULVWLFVRIVXEMHFWVE\WKHPDJQLWXGHRI&$'
Parameter

1-vessel (n = 67 )

2-vessel (n = 57)

3-vessel (n = 67)

Age (year)

41.55 ± 4.03

41.26 ± 4.22

41.90 ± 3.12

P-value
0.65

Family history of CAD, n (%)

23(34.32)

16(28.07)

17(31.00)

0.5
0.02

Diabetes Mellitus, n (%)

9(13.43)

15(26.31)

22(32.83)

Hypertension, n (%)

19(28.35)

11(19.29)

21(31.34)

0.29

Hyperlipidemia, n (%)

46(68.65)

45(78.94)

46(68.65)

0.35

Smoking, n (%)

27(40.29)

29(50.87)

28(41.79)

0.44

BMI (Kg/m2)

26.35 ± 3.67

26.68 ± 3.53

25.93 ± 3.60

0.51

FBS (mg/dL)

106.82 ± 33.74

115.98 ± 37.86

120.43 ± 46.34

0.13

Triglyceride (mg/dL)

174.10 ± 82.78

217.68 ± 121.17

205.81 ± 153.01

0.12

Cholesterol (mg/dL)

184.82 ± 44.37

195.51 ± 46.83

186.81 ± 43.99

0.38

HDL (mg/dL)

39.13 ± 9.23

38.72 ± 8.91

38.76 ± 8.42

0.95

LDL (mg/dL)

120.21 ± 32.83

129.21 ± 36.46

113.63 ± 34.55

0.38

Free Testosterone (pg/mL)

4.60 [3.90, 5.80]

4.20 [2.30, 5.40]

2.50 [1.20, 4.90]

<0.001

Total Testosterone (ng/L)

4.00 [2.90, 4.60]

3.40 [2.40, 4.30]

2.20 [1.30, 4.10]

<0.001

Low total testosterone, n (%)‡

9 (13.4)

18 (31.6)

34 (50.7)

<0.001

Gensini score†

23[14,37]

44[31,68]

70[57,91]

<0.001

*PYDOXHZDVFRQVLGHUHGVLJQL¿FDQW'DWDVKRZQDV0HGLDQ>,QWHUTXDUWLOHUDQJH@Á'H¿QHGDVWRWDOVHUXPWHVWRVWHURQHQJP/%0, ERG\PDVV
index; CAD = coronary artery disease; FBS = fasting blood sugar; HDL = high density lipoprotein; LDL = low density lipoprotein.
Table 3.0XOWLYDULDEOHORJLVWLFUHJUHVVLRQPRGHOIRUSUHGLFWLQJSUHPDWXUHFRURQDU\DUWHU\GLVHDVH
Parameter

Odds ratio

&RQ¿GHQFHLQWHUYDO

P-value

Age

1.13

1.06 – 1.20

<0.001

Diabetes mellitus

2.60

1.16 – 5.81

0.02

Smoking

1.87

1.07 – 3.27

0.02

Low total testosterone *

4.30

1.99 – 9.32

<0.001

'H¿QHGDVWRWDOVHUXPWHVWRVWHURQHQJP/DUHDXQGHUWKH52&FXUYH &,±P < 0.001); Hosmer-Lemeshow test: (Chi-square
statistic: 8.70, P = 0.37).

of affected coronary vessels, and the Gensini score. This effect
UHPDLQHGVLJQL¿FDQWHYHQDIWHUDGMXVWPHQWIRURWKHUZHOONQRZQ
cardiovascular risk factors, including age, diabetes mellitus, and
G\VOLSLGHPLDZKLFKZHUHDOVRVLJQL¿FDQWSUHGLFWRUVRIWKHSUHVence of CAD in this study.
It seems that the Framingham risk score may underestimate
the true cardiovascular risk of an individual21; therefore, there is
a growing need to introduce new cardiovascular risk factors to
improve diagnostic accuracy. In this regard, many factors have
been proved useful predictors for premature CAD while some
other factors, such as serum uric acid failed to have any predictive
value.22 Not only is the role of sex hormones in the development
of cardiovascular disease between the two genders controversial,
but also the impact of their changes on the cardiovascular sysWHP ZLWKLQ HDFK JHQGHU LV QRW ZHOOLGHQWL¿HG23 For example, it
has been demonstrated that intracoronary infusion of estradiol
LPSURYHGWKHFRURQDU\EORRGÀRZLQZRPHQEXWQRWLQPHQZLWK
CAD.24 Even the effects of different male sex hormones, i.e. testosterone versus dehydroepiandrosterone sulfate (DHEAS), were
not similar,25 whereas one study suggested the imbalance of the
sex hormones in the male CAD patients rather than the disturbance in the level of individual sex hormones to be associated
with CAD.26 There is an independent, inverse association between
the levels of endogenous testosterone and severe aortic atherosclerosis and progression of aortic atherosclerosis in men, while in
women, higher levels of testosterone tend to be positively associated with severe aortic atherosclerosis and progression of aortic
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atherosclerosis. 5
Despite the debate on the correlation between androgens and
CAD, the association between low serum testosterone level and
the risk of atherosclerosis, CAD, and mortality in elderly men has
been demonstrated.5,27–30 However, our results clearly demonstrated that the serum levels of FT and TT and were associated with
the presence of premature CAD and the number of affected vessels in young adult males. Also, we showed that low TT is a sigQL¿FDQWSUHGLFWRURISUHPDWXUH&$'LQ\RXQJDGXOWPDOHV6RPH
VWXGLHVKDYHIDLOHGWRSURYLGHVXI¿FLHQWHYLGHQFHWRFRQ¿UPWKH
association between serum testosterone concentrations and the severity of CAD,25 ZKHUHDVWKHSUHVHQWVWXG\UHYHDOHGDVLJQL¿FDQW
relationship between testosterone level and the number of affected
vessels as well as the Gensini score.
The decline in FT and TT with advancing age has been reported previously, although the decrease in FT is often more pronounced.31–32 The cross-sectional design of the present study precluded us from tracking FT and TT changes in our study populaWLRQ1RQHWKHOHVVEDVHGRQRXU¿QGLQJVERWK)7DQG77H[HUWHG
a similar effect on the presence of CAD and its severity even after
DGMXVWPHQWIRUSRVVLEOHFRQIRXQGHUVLHVLJQL¿FDQWSUHGLFWRUVRI
CAD in this study. Among the conventional risk factors of CAD,
RQO\GLDEHWHVPHOOLWXVDQGG\VOLSLGHPLDZHUHVLJQL¿FDQWO\KLJKHU
in the CAD group. Our multi-variable regression model revealed
FT and TT as well as age above 40 years, diabetes mellitus, and
dyslipidemia as independent risk factors for CAD.
,QOLJKWRIRXU¿QGLQJVLWVHHPVWKDWIXUWKHUVWXGLHVDUHUHTXLUHG
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QRWRQO\WRLGHQWLI\SDWLHQWVZKRPD\EHQH¿WIURPWHVWRVWHURQH
supplementation and the proper age for treatment initiation, but
also to determine the dose and duration as well as possible cardiovascular or non-cardiovascular adverse effects during testosterone
supplementation therapy.
Study Limitations
7KLVVWXG\KDVVRPHOLPLWDWLRQVWKH¿UVWDQGIRUHPRVWDPRQJ
which is that its cross-sectional design prohibited the assessment
RIÀXFWXDWLRQVLQVHUXPWHVWRVWHURQHWKURXJKWLPH7KHHIIHFWRI
unexpected confounding factors on serum testosterone level canQRWEHHQWLUHO\H[FOXGHG6HUXPWHVWRVWHURQHOHYHOLVLQÀXHQFHG
by different factors such as climate, season, age, and drug abuse,
none of which was evaluated in our study population. In addition,
RQO\)7DQG77ZHUHPHDVXUHGDQGWKHRWKHUVH[VSHFL¿FKRUmones were not evaluated in our study.
,QWKLVVWXG\LQFRQFOXVLRQDVLJQL¿FDQWO\ORZHUVHUXPWHVWRVWHUone level was observed in the young adult males with premature
CAD than in normal coronary subjects. Lower levels of testosterRQHZHUHVLJQL¿FDQWO\FRUUHODWHGZLWKDKLJKHUQXPEHURIDIIHFWHG
vessels and a higher Gensini score. Also, the number of patients
with low TT was greater in premature CAD patients. Based on
these results, serum testosterone can be used as a predictive tool
for the risk of premature CAD in young adult males. Future studies can test the effect of exogenous testosterone in young males
and the effectiveness of this risk scoring system.
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