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Abstract

Coronary artery disease (CAD) is multi-factorial
in origin and develops as a result of both genetic
and environmental factors. Traditional risk factors
(generally smoking, hypertension, raised lipids,
and diabetes mellitus) do not explain all of the risk
for coronary disease events. There remain several
other factors that contribute to the overall risk.
Various new or emerging risk factors have been
studied to improve global risk assessment for
CAD. Inflammation indicated by markers as C-
reactive protein and low androgen (testosterone)
status in males are among the emerging risk
factors. In the local setting, the association of
testosterone with CAD has not been explored,
although this relationship has been well-studied
in the Western population. Therefore we
investigated, whether serum levels of total
testosterone (TT) and high sensitivity C-reactive
protein (hs-CRP) differ in men with CAD from
those without CAD and to evaluate the relationship
of serum TT and hs-CRP with the severity of CAD.

Three hundred and nine males (103 patients with
ST-elevation myocardial infarction (STEMI), 103
patients with angiographically-proven CAD, 103
controls without having a history of CAD) were
studied. Serum TT, hs-CRP, lipids, cardiac
troponin I (cTnI) and plasma glucose were
estimated. Three angiogram-based severity
scores were used in the severity assessment of
angiographically-proven CAD. In STEMI patients,
clinical risk scores and modified Selvester ECG
QRS score were used in assessing the severity
of myocardial infarction.

We showed that low levels of total testosterone,
high levels of hs-CRP, abnormal lipid profile and
raised plasma glucose contribute to an
atherogenic milieu. Low levels of total testosterone
and high level of hs-CRP can be perceived as risk
factors of coronary artery disease.

Introduction

Coronary artery disease (CAD) is a condition in
which atherosclerotic plaque builds up within the wall of
the coronary arteries leading to their narrowing and the
clinical manifestations of acute coronary syndrome.
Coronary artery disease is one of the leading causes of
mortality, morbidity worldwide.1 In developed countries,
although mortality from CAD is decreasing, morbidity is
increasing, particularly in older age groups.2 In deve-
loping countries, like Sri Lanka incidence of CAD is
increasing with demographic changes, urbanization and
lifestyle changes.3

It is clear that CAD is multi-factorial and originated
as a result of both genetic and lifestyle factors. In the past,
development of CAD and its association between gender,
family history of coronary artery disease, diabetes mellitus,
hypertension, dyslipidaemia and smoking etc. have been
described and are known as established (traditional) risk
factors. Integration of these factors into risk scores (the
Framingham Risk Score) provides quantitative prediction
of an individual's future risk of CAD.4

However, these traditional risk factors do not explain
all of the risk for incident CAD events. Various new or
emerging risk factors have been researched and would
improve global risk assessment for CAD. Recent studies
have demonstrated that additional novel markers which
include elevated lipoprotein (a), homocysteine, C-reactive
protein, fibrinogen, sex hormones and many others are
associated with increased risk for CAD.5

Among the novel risk factors of CAD, sex hormones
are known to have cardiovascular effects. Epidemio-
logical studies have identified an inverse association
between testosterone and CAD in men,6 and reduced
testosterone concentration has a link to premature CAD.7
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There are several studies that support the role of
testosterone as an independent risk factor of coronary
artery disease.6-7 There are studies that have shown the
relationship between low endogenous testosterone levels
and risk factors of CAD which include haemostatic risk
factors, obesity, hypertension, dyslipidaemia, diabetes
mellitus and metabolic syndrome.8-9

Among the new or emerging risk factors, particularly
inflammatory markers might identify the high risk group
and might benefit from more aggressive risk reduction.
Atherothrombosis of the coronary vessels is considered
as a disorder of inflammation and lipid accumulation.10

High-sensitivity C-reactive protein is proposed as a new
coronary risk marker and may reflect either an acute or
chronic inflammation. High-sensitivity C-reactive protein
has attracted increasing attention in recent years,
following epidemiologic studies showing hs-CRP as an
independent predictor associated with risk of future
cardiovascular events in those who are predisposed.11

The morbidity from non-communicable disease has
increased in Sri Lanka. Therefore health and economic
implications for caring these patients are enormous.
Hence, identification of novel risk factors which are
modifiable is of immense importance in the primary
prevention. In the local setting, the association of testo-
sterone and hs-CRP with CAD is not known, although
this relationship has been well-studied in the Western
population. We Sri Lankans are Asians and have different
tendencies for diseases. Therefore we undertook a study
to identify the relationship between low testosterone, high
hs-CRP and CAD.

Preliminary study

In an attempt to find out the optimal time to obtain
blood that would reflect the baseline levels of hs-CRP
and testosterone in patient with acute myocardial
infarction (MI), we did a preliminary study. Total tes-
tosterone and hs-CRP levels are known to fluctuate during
MI according to the existing literature.12-13 However, the
optimal time to obtain blood samples is not consistent.
Since our main study evaluates the relationship between
serum TT and hs-CRP concen-tration in myocardial
infarction patients also, it was of paramount importance
that timing of blood sampling for the basal levels of these
two parameters was determined.

Therefore in eight patients admitted with acute
coronary syndrome (ACS), serum TT and hs-CRP were
assayed on serial blood samples (on admission, day
three, day five, day 24 and day 84). We found that TT
fluctuates after ACS. The optimal time to obtain blood
sample that reflect the baseline TT level in a patient
presenting with ACS appears to be within first three days
from the onset of ACS event. If this time window is missed,
blood sampling for testosterone should be delayed
until 12 weeks to assess the baseline levels.14 Serum

hs-CRP fluctuates after ACS, peaked at day three, returns
to the basal level by day five following ACS. Therefore
basal level of hs-CRP is more reliably reflected by the on
admission sample.15 Hence, we decided to collect the
on admission blood sample from MI patients.

Main study

Main study included 103 consecutive male patients
(age range of 30-70 years) with angiographically-
diagnosed CAD awaiting coronary artery bypass graft
(CABG) at the Cardiothoracic Unit and 103 ST-elevation
myocardial infarction (STEMI) patients admitted to
Coronary Care Unit, Teaching Hospital, Karapitiya, Sri
Lanka as cases. Male patients in the same age range,
awaiting minor surgeries in surgical units and with normal
electrocardiogram (ECG) and without having clinically
evident CAD were selected as controls. Serum TT, hs-
CRP, lipids and plasma glucose were estimated. Three
methods were employed in assessing the severity of
atherosclerotic burden which included Gensini, Leaman
and vessel score.16-18 In STEMI patients, Killip classes,
TIMI (Thrombolysis In Myocardial Infarction), GRACE
(Global Registry of Acute Coronary Events) and modified
Selvester ECG (electrocardiographic) QRS scores were
used in assessing the severity of myocardial infarction.19-22

We found that TT levels were low, while hs-CRP levels
were high in patients with angiographically-proven CAD
compared to controls (Table 1). The hs-CRP showed a
negative correlation with TT (Figure 1). The low levels of
TT, high levels of hs-CRP and abnormal lipid profile
appeared to be risk factors in atherogenesis. Testo-
sterone level did not show a correlation with the severity
of CAD, while hs-CRP level did show a significant
positive correlation with the severity.23

Figure 1. Negative correlation between serum total
testosterone and hs-CRP concentrations.

We showed that serum hs-CRP levels were high
both in patients with established CAD and ST- elevation
myocardial infarction compared to controls. A significant
negative correlation was observed between hs-CRP and
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Table 1.  Comparison of laboratory findings between angiographically-proven CAD patients and controls

Measurements Angiographically proven Controls p
CAD patients n = 103

n = 103

TT (nmol/L) 11.4 ±  2.7 18.1 ± 7.2 0.001

hs-CRP (mg/L) 3.4 ± 1.62 1.7 ± 0.6 0.001

TGs (mmol/L) 2.5 ± 1.0 1.5 ± 0.8 0.001

TCh (mmol/L) 5.9 ±  2.8 5.2 ± 1.6 0.022

HDL-Ch (mmol/L) 1.1 ± 0.5 1.4 ±  0.6 0.001

LDL-Ch (mmol/L) 3.9 ± 1.2 3.1 ± 0.5 0.001

PG (mmol/L) 5.5 ± 1.4 5.1± 0.6 0.007

HDL-Ch (Figure 2), while significant positive correlations
were seen between hs-CRP and other lipid measure-
ments. A significant positive correlation existed between
hs-CRP and waist and hip circumferences. Therefore
higher levels of hs-CRP appear to be promoting dysli-
pideamia associated with obesity and it is a marker of
atherogenic milieu reflecting the chronic inflammatory
process involved.24

Moreover, we were interested to find out the
prevalence of cardiovascular risk factors (CVRFs),
socioeconomic determinants and to explore their
relationship between CVRFs and the angiographic
severity of CAD. Therefore 141 male patients with
angiographically-diagnosed CAD who were awaiting
CABG at Cardiothoracic Unit, Teaching Hospital,
Karapitiya were selected. We found that majority of the
patients were from lower socioeconomic status and the
conventional CVRFs were not able to predict the CAD
severity assessed by the angiographic based scores,
although they were prevalent.25

Figure 2. Negative correlation between serum hs-CRP and
HDL-Ch concentrations.

In order to clarify the relationship between serum TT
and lipid parameters in angiographically confirmed CAD
patients, we selected 103 angiographically proven CAD
patients awaiting CABG and 103 controls. Fasting plasma
glucose, serum total cholesterol (TCh), triglycerides
(TGs), HDL-Ch, LDL-Ch and TT levels were estimated.
The variables were compared and the relationships were
assessed using correlation coefficients. There was a
significant positive association between serum TT and
HDL-Ch in both groups (Figure 3).  A negative association
was found between testosterone and LDL-Ch in patients
with CAD. Hence, low levels of testosterone appear to
associate with an atherogenic lipid milieu.26

We evaluated the relationship between anthro-
pometric measurements and serum TT level and wanted
to find out the most reliable anthropometric measurement
that can predict the testosterone deficiency. Obesity and
anthropometric parameters are related to the testo-
sterone concentration in men, although debate remains
as to which anthropometric parameters are most

Figure 3. Positive correlation between serum total
testosterone and HDL-cholesterol concentrations.

All values expressed as mean ± SD.  p-Values stated calculated by two-sample t-test. CAD = Coronary artery disease,
TT = Total testosterone, hs-CRP = High sensitivity-C-reactive protein, TGs = Triglycerides, TCh = Total cholesterol,
HDL-Ch = High density lipoprotein cholesterol, LDL-Ch = Low density lipoprotein cholesterol, PG = Plasma glucose.
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important. Fat mass or adiposity is an important negative
determinant of serum TT level. Therefore the relationship
between weight, height, waist and hip circumferences,
body mass index (BMI) and waist-to-hip ratio and
baseline TT level was analysed in three hundred and nine
male subjects. We found that there is an inverse
association between anthropometric variables and serum
TT level. Waist circumference was the most reliable
predictor of testosterone deficiency among the anthro-
pometric measurements.27

Premature CAD in men has been linked to low
testosterone.7 Therefore we investigated the association
of low TT levels with premature CAD in our patient group.
Thirty one men, 45 years of age or below with docu-
mented CAD constituted the cases. Control group
consisted of 31 men below the same age, without having
clinically evident CAD. The serum TT was significantly
lower in patients with premature CAD compared to
controls.28

We further found that mean basal (on admission)
serum TT in STEMI patients was significantly lower than
controls (Table 2). The difference remained statistically
significant after adjustment for confounding variables.
Serum TT was found to be an independent predictor of
both angiographically-proven CAD and STEMI patients.
Low TT level showed high adjusted (age, BMI, smoking)
odds ratio as a risk factor for both angiographically-
proven CAD and STEMI. The mean basal (on admission)
hs-CRP concentration in STEMI patients was significantly
higher compared to controls. In STEMI patients the TT
level did not show a significant association with the
severity of STEMI assessed by cTnI, Killip classes, TIMI,
GRACE and ECG score, but it showed a significant
association with left ventricular ejection fraction. However,
hs-CRP level showed a significant positive association

with the severity assessed by Killip classes, TIMI, GRACE
and ECG score. Testosterone was independently related
to the development of in-hospital complications, but not
beyond this period according to our study.29

Summary

Mean basal serum total TT level was significantly
lower, while baseline hs-CRP level was significantly
higher in patients with angiographically-proven CAD
patients and patients with ST-elevation myocardial
infarction (STEMI) compared to controls. Total testo-
sterone was an independent risk factor for CAD in both
angiographically-proven CAD and STEMI patient groups.
Low levels of TT showed a high odds ratio as a risk factor
for CAD in both patient groups. Serum lipids and plasma
glucose were significantly higher both in STEMI patients
and angiographically-proven CAD patients compared to
controls. A significant negative correlation was observed
between hs-CRP and serum TT. Serum TT showed a
significant positive correlation with HDL-cholesterol,
while it showed a significant negative correlation with
LDL-cholesterol. High-sensitivity-CRP showed a
significant negative correlation with HDL-cholesterol,
while it showed a significant positive correlation with LDL-
cholesterol.

Total testosterone did not show a significant
correlation with the severity of CAD assessed by
angiographic scores in angiographically-proven coronary
artery disease patients, while hs-CRP displays a
significant positive correlation. Severity of myocardial
infarction graded by Killip classes, clinical risk scores
(TIMI and GRACE) and ECG score was not significantly
correlated with total testosterone concentration, but
significantly correlated with hs-CRP concentration.

Table 2.  Comparison of laboratory findings between STEMI patients and controls

Measurements STEMI patients Controls p
n = 103 n = 103

TT (nmol/L) 11.4 ± 3.2 18.1 ± 7.2 0.001

hs-CRP (mg/L) 3.7 ± 0.84 1.7 ± 0.60 0.001

TGs (mmol/L) 2.1 ± 1.0 1.5 ± 0.8 0.001

TCh (mmol/L) 6.0 ± 2.4 5.1 ± 1.6 0.001

HDL-Ch (mmol/L) 1.1 ± 0.5 1.3 ± 0.6 0.001

LDL-Ch (mmol/L) 4.5 ± 2.4 3.1 ± 0.5 0.001

PG (mmol/L) 6.0 ± 2.06 5.0 ± 0.6 0.001

All values expressed as mean ± SD. p-Values stated calculated by two-sample t-test.
TT = Total testosterone, hs-CRP = High sensitivity C-reactive protein, TGs = Triglycerides, TCh = Total cholesterol, HDL-Ch
= High density lipoprotein cholesterol, LDL-Ch = Low density lipoprotein cholesterol, PG = Plasma glucose
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We showed that low levels of total testosterone, high
levels of hs-CRP, abnormal lipid profile and elevated
plasma glucose are associated with an atherogenic
milieu. Low levels of total testosterone and high level of
hs-CRP can be perceived as risk factors of coronary
artery disease. Majority of patients with CAD were from
low socioeconomic background.
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