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Relationship Between
Testosterone Serum Levels and
Slow Coronary Flow

Serum Testosteron Diizeyi ve
Koroner Yavas Akim Arasindaki [liski

ABSTRACT Objective: Slow Coronary Flow (SCF) is a condition related to endothelial dysfunction
that is considered within the spectrum of coronary artery disease (CAD). A relationship has been
shown to exist between testosterone and CAD. The aim of the study is to investigate the associa-
tion between the total serum testosterone level and SCF. Material and Methods: The study group
consisted of 88 male subjects (mean age+55+12 SD: 1 years); 42 of the patients had SCF. The con-
trol group had 46 subjects with no significant coronary artery stenosis. Demographic characteris-
tics were same in both groups. Coronary flow rates were determined by the TIMI frame count
method. Total testosterone levels were compared between two groups. Testosterone level meas-
urements were performed by radioimmunoassay (RIA) method. Results: Mean serum levels of total
testosterone were 2.4+0.8 ng/mL in the SCF patients and 2.5+0.9 ng/mL in the control group (p=0.6).
No significant association was found between the total testosterone level and TIMI frame count. The
age and body mass index (BMI) averages and the frequency of diabetes, dyslipidemia and hyper-
tension were higher in the SCF group than in controls, albeit not at a statistically significant level.
Smoking habit was significantly more frequent in the SCF group. Conclusion: Even though the
serum total testosterone levels seemed to be lower in the SCF patients, no statistically significant
difference was found. Our findings are consistent with the known negative effects of cardiovascu-
lar risk factors on endothelial function.

Key Words: Coronary angiography; biological markers

OZET Amag: Koroner yavas akim (KYA), koroner arter hastaligi (KAH) spektrumunda degerlen-
dirilen ve endotel disfonksiyonu ile iligkili bir klinik durumdur. Testosteronun koroner arter has-
taligryla iligkisi gosterilmigtir. Bu ¢aligmanin amaci, serum total testosteron seviyesinin KYA ile
olan iligkisini aragtirmaktir. Gereg ve Yontemler: Calismaya KAH 6n tanisiyla koroner anjiyografi
yapilan 42 koroner yavag akimi olan hasta ve koroner anjiyografisinde anlamli darlik olmayan 46
kontrol birey olmak iizere toplam 88 erkek hasta (ortalama yas 55+12 yil) alindi. KYA grubu ve
kontrol grubu hastalar1 ayni demografik 6zelliklere sahipti. Koroner akim hizlar1 TIMI frame count
(kare sayis1) yontemi ile belirlendi. KYA saptanan hastalar ve kontrol grubundaki hastalarin serum
total testosteron seviyeleri kargilastirildi. Testosteron seviyeleri radio-immuno-assay (RIA) yonte-
miyle 6l¢iildii. Bulgular: Serum total testosteron seviyeleri; KYA grubunda 2,4+0,8 ng/ml kontrol
grubunda 2,5+0,9 ng/ml olarak tespit edildi (p:0,6). Total testosteron diizeyleri ile TIMI frame count
arasinda anlaml bir korelasyon gosterilemedi. KYA grubunda yas ve beden kitle indeksi (BKI) or-
talamalar ile diyabet siklig1, dislipidemi ve hipertansiyon oranlar istatistiksel olarak anlaml dii-
zeyde olmamakla beraber daha yiiksek bulundu. Sigara i¢imi KYA grubunda anlamlh diizeyde
fazlaydi. Sonug: Serum total testosteron seviyeleri KYA hasta gurubunda daha diisiik saptanmasina
ragmen istatistiksel olarak anlaml bir iligki bulunamadi. Bulgularimiz kardiyovaskiiler risk faktor-
lerinin endotel disfonksiyonu tizerindeki negatif etkileriyle uyumludur.

Anahtar Kelimeler: Koroner anjiyografi; biyolojik belirtegler
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low coronary flow (SCF) is characterized by
Sdelayed contrast dye opacification without

significant stenosis of epicardial coronary ar-
teries. Most patients with SCF are debilitated with
recurrent chest pain, commonly resulting in re-
peated hospital admissions.! Several mechanisms
have been proposed for etiology of SCF, including
microvascular and endothelial dysfunction, small-
vessel disease and diffuse atherosclerosis.>* It has
more recently been shown that the coronary ar-
teries of an important proportion of SCF patients
present intimal thickening, diffuse calcification, or
atheromatous plaques that do not cause irregular-
ity of the lumen. Based on this finding, it would be
appropriate to consider SCF that was formerly
thought as a subgroup of cardiac syndrome X , as a
coronary artery disease.*

Androgen levels below or above the physiologic
limits associated with cardiovascular disease.>” Es-
pecially, exogenous synthetic androgens associated
with adverse cardiovascular event and impaired
lipid parameters. Effects of androgen deficiency has
been known better. Epidemiology studies showed
that low testosterone levels help the progression of
atherosclerotic change.” There are reports regard-
ing correlation between low testosterone levels and
cardiovascular risk factors such as human athero-
genic lipid profile, systolic and diastolic hyperten-
sion, obesity and high fibrinogen levels.®!!
Considering the effect of testosterone on the car-
diovascular system and the lipid profile, one can
hypothesize a relationship between testosterone
levels and SCF. However, the relation between SCF
and serum testosterone levels has not been investi-
gated previously. The objective of this study was to
investigate the relationship between total testos-
terone serum level and SCF.

I MATERIAL AND METHODS

The study included 42 consecutive male patients
(mean age 57.1+14.6 years) with angiographically
normal but with SCF in coronary arteries. The con-
trol group consisted of 46 consecutive male patients
(mean age 53.9+12.1 years) with angiographically
normal coronary arteries without SCF. Coronary
flow rates were determined by the TIMI frame
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count method. Subjects with a history of hypogo-
nadism or use of a drug that affects sexual hormone
levels (for example, anti-androgens for prostate
cancer) were excluded from the study. Patients
with a history of congestive heart failure, coronary
artery disease including spasm, plaque, or ectasia,
chronic obstructive pulmonary disease, valvular
heart disease, hyperthyroidism, ventricular preex-
citation, atrioventricular conduction abnormalities
and those taking medications known to alter car-
diac conduction were excluded from the study. The
total serum testosterone levels of the SCF patients
were compared to those of the healthy subjects.
Approval of the study protocol was obtained from
the local ethics committee and informed consent
was obtained from all of the participants.

Subjects with systolic blood pressure higher
than 140 mmHg or diastolic pressure over 90
mmHg, and those with a history of antihyperten-
sive drug use were considered to be hypertensive.
Subjects whose fasting LDL level was higher than
130 mg/dL and those with a history of statin use
were considered as hypercholesterolemic, while
those with a fasting triglyceride level above
150 mg/dL were classified as hypertriglyceridemic.
Finally, subjects whose fasting blood glucose ex-
ceeded 126 mg/dL, or treated with the diagnosis of
diabetes mellitus, were accepted as diabetic. Smok-
ing history was also recorded.

SLOW CORONARY FLOW DIAGNOSIS

Selective coronary angiography was performed by
means of the Judkins technique in multiple projec-
tions. We used iohexol (Omnipaque) as contrast
agent during coronary angiography in all patients
and control subjects. An injection of 5-8 ml con-
trast medium was given manually at each position.
Coronary angiograms were analyzed by cardiolo-
gists blinded to the patients’ data. Coronary flow
rates of all subjects were determined by the TIMI
frame count (TFC) method. Coronary blood flow
was measured quantitatively using the TIMI frame
count which was derived from the number of cine-
frames recorded from the first entrance of contrast
to its arrival at the distal end of either the left an-
terior descending artery (LAD), circumflex artery
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(Cx), or right coronary artery (RCA).'? Arteriogra-
phies were recorded at a rate of 30 frames/sec. Ini-
tial frame count is defined as the frame in which
concentrated dye occupies the full width of proxi-
mal coronary artery lumen, touching both borders
of the lumen, and forward motion down the artery.
The final frame is designated when the leading
edge of the contrast column initially arrives at the
distal end. The distal reference points were the ter-
minal bifurcations of the LAD and Cx, and the first
side-branch of the posterolateral artery in the RCA.
Available measurements showed that the length of
LAD is on the average 1.7 times longer than that of
RCA and Cgx, the frame count for LAD is divided
into 1.7 to obtain the corrected LAD (cLAD) frame
count. According to data obtained from subjects
with normal coronaries, the TFC is 36.2+2.6 for
LAD, 22.2+4.1 for Cx, and 20.4+3.0 for RCA. The
patients who had TFCs greater than the predicted
normal values were regarded as to have SCF.

BLOOD SAMPLES

For each participant, blood samples were drawn
from an antecubital vein before the coronary an-
giography after a 12-hour overnight fasting. Total
testosterone levels were measured by radioim-
munoassay (RIA) using a Testosterone TIA CT kit
by Biosource Europe (Belgium).

STATISTICAL ANALYSIS

Data entry and statistical analysis was performed
using SPSS 11.5. Normally distributed continuous
variables were compared by Student’s t-test and for
other variables by the Mann-Whitney U test. Cat-
egorical variables were compared by the chi-
squared test. A p-value of less than 0.05 was
accepted as significant.

I RESULTS

Clinical and demographic characteristics of the pa-
tients with SCF and control group were presented
in Table 1. The ages of slow coronary flow patients
(57.1+14.6) were similar to those of the control
group (53.9+12.1). There were no statistically sig-
nificant differences between the groups regarding
body mass index (BMI).
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TABLE 1: Comparison of the clinical and
demographic characteristics of slow coronary flow
in the patients and the control group.
SCF (n=42) Controls (n=46) p-value
Age (years) 57.1:14.6 53.9+12.1 0.5
BMI (kg/m?) 28.3+2.8 27.7+2.7 06
Testosterone (ng/mL) 2.4+0.8 2.5+0.9 0.6
Dyslipidemia, n 14 (33) 10 (21.7) 0.4
Diabetes, n 19 (45.2) 12 (26.1) 0.06
Hypertension, n 22 (52.4) 18 (39.1) 0.7
Smoking, n 26 (61.9) 14 (30.4) 0.003

Data were given as mean +SD or as n (%); SCF: Slow coronary flow.

Hypertension and dyslipidemia frequencies,
two of the risk factors for coronary artery disease,
were similar in two groups; no statistically signifi-
cant differences were noted. The frequency of
smoking was significantly higher in the SCF group
(61.9%) than in the control group (30.4%),
(p=0.003). Although the frequency of diabetes mel-
litus in the SCF group (45.2%) was higher than the
control group (26.1%), statistically significant dif-
ference was not reached (p: 0.06). The mean serum
total testosterone levels were 2.4+0.8 ng/mL in the
SCF patients and 2.5+£0.9 ng/mL in the control
group. The difference between the groups was not
statistically significant (Table 1).

The TIMI frame count of slow coronary flow
and control groups were presented in Table 2. The
TIMI frame count for all the epicardial coronary
arteries were significantly higher in the SCF group
than in the control group (p<0.01). No correlation
was noted between the total cholesterol levels and
TIMI frame count of any epicardial coronary artery
in the SCF and the control groups (Table 2).

I DISCUSSION

We found a lower total testosterone level in the
SCF patients as compared to the control group,
without statistical difference. The frequency of
smoking was significantly higher in the SCF group
and the higher frequency of diabetes was remark-
able but not statistically significant. These find-
ings are compatible with the known negative
effects of cardiovascular risk factors on endothe-
lial function.
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TABLE 2: TIMI frame count of patients in the slow coronary flow and control groups.

Left Anterior Descending (LAD) artery 82+23
Corrected LAD TMI frame count (cLAD) 48+14
Circumflex artery (Cx) 40£12
Right Coronary Artery (RC) 38+13

Slow Coronary Flow (n=42)

Control Group (n=46) p-value
35+6 <0.01
214 <0.01
22+4 <0.01
2145 <0.01

Data were presented as mean +SD.

The underlying mechanism of late opacifica-
tion in the epicardial coronary arteries without
stenosis observed in SCF has yet to be elucidated.
The histopathological characteristics are similar to
those of coronary atherosclerosis and microvascu-
lar dysfunction. Diffuse calcification, diffuse inti-
mal thickening and parietal atheromatous plaques,
which, however, do not restrict the lumen, have
been found along the epicardial coronary arteries
of certain SCF patients.'*!* As indicated by these
pathogenetic processes, the presence of ischemia
and its clinical expression, angina, is inevitable.
Metabolic processes such as myocardial lactate
production and oxygen consumption; stress elec-
trocardiography and thallium-201 myocardial per-
fusion scintigraphy confirmed the presence of
ischemia in 30-80% of these patients."

Testosterone, which is present in larger quan-
tities than any other androgens, may be regarded
as the most important testicular hormone. Testos-
terone and all other androgens are steroidal com-
pounds. Androgens are synthesized both in the
testes and the adrenal glands, either from choles-
terol or directly from acetyl coenzyme A. The
serum testosterone levels range between 250 and
1,200 ng/dL (2.5-12 ng/mL) in the healthy adult
males, decreasing with age.'® Total testosterone
serum levels were in the age-adjusted normal
range, both in the SCF and the control groups.

Hu et al. showed that middle-aged male pa-
tients with coronary artery disease (CAD) present a
lower level of serum testosterone and the testos-
terone level was negatively correlated with the
severity of coronary artery stenosis."” There was a
significant correlation between angiographic
Gensini score and testosterone level. In an another
observational study by Shores et al. testosterone
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treatment in a cohort of men with low testosterone
levels, was associated with decreased mortality
compared with no treatment. Also there was no sig-
nificant effect modification found by age, diabetes,
or coronary heart disease.'® Arbel et al showed that
current smoking was the most significant variable
related to SCF and the SCF group included signifi-
cantly more smokers (41% versus 15%, p = 0.002)
in their study.” In our study, the frequency of
smoking was significantly higher in the SCF group
than in the control group. It has been clearly
demonstrated that inflammation plays an important
role in the initiation, development, and evolution
of atherosclerosis, suggesting that atherosclerosis is
an inflammatory disease.?”?! There are many in-
flammation markers studied in SCF. Kalay et al.
showed that patients with SCF have significantly
increased red blood cell distribution width (RDW)
and serum uric acid levels.”? Akpinar et al. demon-
strated increased RDW and platelet distribution
width (PDW) in SCF patients may cause microvas-
cular blood flow resistance due to impaired cell de-
formability.?

The association of endothelial dysfunction and
androgen deficiency is supported by pre-clinical
and clinical studies.?* Testosterone is reported as
having a favorable effect on the endothelial func-
tion, as shown e.g. by the brachial artery vasoreac-
tivity in the male CAD patients.” Clinical studies
also indicate that testosterone has positive effects
in cardiovascular disease. Malkin et al. reported
that testosterone might be a protective factor
against atherosclerosis; men with low testosterone
levels have an increased risk of CAD.?*?” The au-
thors suggest that immune modulating properties
of testosterone mediate atheroma inhibition, thus
opposing acute coronary ischemia.”® English et al
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recorded the positive outcome of testosterone ad-
ministration in exertion-induced myocardial is-
chemia, measured by the time to ST-segment
depression at a stress ECG; the authors suggested
that androgen therapy might mediate vasodilata-
tion.” Testosterone may have a protective action
on the vessels by modulating cardiovascular risk
factors, mainly hypertension, high cholesterol lev-
els, diabetes and obesity.***? Low levels of total and
free testosterone seem to correlate with an increase
in aortic atherosclerosis in the elderly males.* Hy-
pogonadism is hypothesized to play a role in the
cardiovascular death risk (CVD) through metabolic
syndrome.?* Shores et al showed that dihy-
drotestosterone had a nonlinear association with
stroke risk in which there was an optimal DHT
level associated with the lowest stroke risk.> An-
drogen deficiency is associated with increased lev-
els of total cholesterol, low-density lipoprotein,
increased production of proinflammatory factors,
and increased thickness of the arterial wall and
contributes to endothelial dysfunction. Testos-
terone supplementation restores arterial vasoreac-
tivity, reduce proinflammatory cytokines, total
cholesterol, and triglyceride levels and also im-
prove endothelial functions. But it might reduce
high-density lipoprotein levels.* Testosterone level
inversely correlates with those of insulin, fibrino-
gen and plasminogen activator inhibitor-1 (PAI-1),
as reported by Philips et al. in patients diagnosed
with ischemic heart disease.®” This leads to the hy-
pothesis that testosterone deficiency due to age and
obesity may increase coagulability, thus preparing
the ground for atherosclerotic development.

As indicated by the cited reports and consid-
ering the undesirable effects of abnormal testos-
terone levels on the cardiovascular system and the
lipid profile, such abnormal testosterone levels
could be responsible for SCF. This hypothesis is yet
untested; existing reports examined the total and
free testosterone levels and we studied the total
testosterone level.

Limitations of the study: Small number of pa-
tients involved in this study; free testosterone, or
simultaneously free and total testosterone, could
have been measured. The medication use of the pa-
tients in both groups was not evaluated. The effects
of these medications on the coronary blood flow
were not assessed. On the other hand, the patients’
risk factors such as hypertension, diabetes mellitus,
and hyperlipidemia, were similar and the medica-
tions that they used were alike in general. We did
not assess other laboratory markers such as insulin
levels, C reactive protein, other inflammation
markers.

I CONCLUSION

Even though the serum total testosterone level ap-
peared to be lower in the SCF patients, no statisti-
cally significant association was found. Statistical
significance might potentially be reached in the
studies with higher number of cases or if free
testosterone level measurements are obtained. Our
findings are consistent with the known negative ef-
fects of cardiovascular risk factors on the endothe-
lial function.
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