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ABSTRACT

Objective: The objectives of the study were to assess (1) if serum levels of
testosterone differ between men with and those without ST-elevation myocardial
infarction, and (2) to determine the association of testosterone with the outcome
of ST-elevation myocardial infarction (STEMI).

Methodology: This was hospital based case control study, conducted at
Coronary Care Unit of Teaching Hospital, Karapitiya, Galle, Sri Lanka from
January 2010 to December 2011. Two hundred and six males (103 patients with
STEMI and 103 controls without a history of CAD) were studied. They were
followed up for one year for the occurrence of clinically significant adverse
cardiovascular events. Serum total testosterone, lipids and plasma glucose were
estimated.

Results: The basal serum total testosterone in patients was significantly lower
compared to controls (11.47 + 3.3 vs. 18.15 = 7.2 nmol/L, P = 0.001). The
results showed that total testosterone (P = 0.001; OR = 0.75; 95 % Cl = 0.66 -
0.85) was a significant independent predictor of STEMI and it was a significant
independent predictors of in-hospital complications (P = 0.003, OR = 1.68, 95
%Cl=1.2-2.36).

Conclusion: Men with STEMI have significantly lower basal serum total
testosterone compared to controls. Low testosterone is a risk factor of STEMI.
Testosterone was independently related to the development of in-hospital
complications of STEMI.
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INTRODUCTION

The association between testosterone and ST-elevation
myocardial infarction (STEMI) is an area of current interest.
There is evidence that the testosterone level is significantly
lower in new myocardial infarction patients compared to
controls." Furthermore, endogenous testosterone
concentrations in men are inversely related to
cardiovascular disease mortality and all-cause mortality.*®
A prospective study conducted on a larger group of patients
referred for coronary angiography showed that low levels of
free testosterone (FT) were independently associated with
the congestive cardiac failure mortality however, no
significant associations of FT were found with other
cardiovascular and cancer related mortality.”’

Identification of existence of novel risk factors in STEMI
patients which is of immense importance in primary
prevention as well as in secondary prevention. In the local
setting, the association of testosterone with STEMI, in
relation to the development of complication has not been
studied. Therefore our study would contribute in filling the
gapsin knowledge in the Sri Lankan population.

The objectives of the study were to assess (1) if serum
levels of testosterone differ between men with and without
ST-elevation myocardial infarction and (2) to determine the
association of testosterone with the complications of ST-
elevation myocardial infarction.

METHODOLOGY

A hospital-based case-control study was conducted from
January 2010 to December 2011. Patients with STEMI were
followed up prospectively for one year (2011t02012).

The common exclusion criteria for both case and control
groups were history of recent surgery or major trauma
within three months or a history of acute coronary
syndrome in the past three months, malignancy, chronic
inflammatory disorders, current acute severe infections,
dementia or any structural damage to the central nervous
system, renal dysfunction, chronic liver disease, alcohol
dependency based on the CAGE questions.’ Those on
current therapy with drugs that may alter serum
testosterone level were also excluded. Patients with
endocrine disorders, past history of orchidectomy,
thyroidectomy, coronary artery bypass graft and testicular
problems (testicular injury, tumour or infection,
undescended testes) were not recruited to the study.

Group 1 comprised of 103 consecutive male patients (age
range of between 30-70 yrs) admitted to the Coronary Care
Unit of Teaching Hospital, Karapitiya, Galle, Sri Lanka with
the first episode of ST — elevation myocardial infarction
(STEMI; n = 103). The diagnosis of STEMI was made on a
typical history and electrocardiographic changes and all
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recruited patients fulfilled the Universal guidelines for
myocardial infarction.’ The patients who were admitted in
the morning before 10:00 hours of the day were recruited to
overcome the effect of diurnal variation on testosterone.”
Patients presenting 24 hours after chest pain were excluded.

Group 2 comprised of 103 controls (age range of between
30-70 yrs) selected from patients awaiting minor surgery in
the surgical units of the same hospital and without clinically
manifested coronary artery disease. The patients with
abnormal electrocardiograms (presence of pathological Q
waves in leads without ST- elevation is suggestive of old or
silent myocardial infarction) were notincluded as controls.

Details were extracted from the hospital and personal health
records, through interview and clinical examination.
Anthropometric measurements (weight, height, waist
circumference, hip circumference) were obtained and body
mass index (BMI) and waist to hip ratio were calculated.
Two-dimensional echocardiography was done in all patients
during the hospital stay and left ventricular ejection fraction
(LVEF) was determined by the modified Simpson's method.

Physical activity was defined as regular (daily) when
physical activity was done daily for = 30 minutes. Smoking
was assessed as “Yes” if subject smokes at least one
cigarette per day and “No”- if never smoked or ex smoker for
more than one year at the time of recruitment to the study.
Diabetes mellitus was diagnosed if the patient had fasting
blood glucose of =7 mmol/L orif the patient was already on
treatment for diabetes mellitus." Hypertension was defined
if the patient was already on antihypertensive therapy and if
the blood pressure readings exceeded systolic blood
pressure = 140 mmHg or diastolic blood pressure = 90
mmHg."” Hypercholesterolaemia was defined according to
National Cholesterol Education Programme guidelines.”™
Premature coronary artery disease in males was defined by
the upper age limit of < 45 years." Body mass index
categories were defined according to the guidelines laid for
Asian adults.”

Blood from STEMI patients was drawn at a mean of 6.3
hours from the onset of symptoms (patients presenting 24
hours after chest pain were excluded) and enrolled patients
were restricted to morning admissions before 10:00 hours
to avoid the effect of diurnal variation on testosterone level."
Plasma glucose estimation was done on the pre-discharge
fasting sample. A sample of venous blood was collected in
the morning from controls to measure the biochemical
variables following an overnight fast (10-12 hours).

Plasma glucose was estimated by a colourimetry based
method (ProDia International, UAE). Serum total cholesterol
(TCh), triglycerides (TGs) and high-density lipoprotein
cholesterol (HDL-Ch) were estimated by a colourimetric
method (ProDia International, UAE). Low-density lipoprotein
cholesterol (LDL-Ch) level was calculated using the
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Friedewald formula except when TGs exceed 4.5 mmol/L."
Serum total testosterone concentration was estimated by an
enzyme immunoassay kit (PATHOZYME TESTOSTERONE
0D 497, OMEGA DIAGNOSTICS LTD, Omega House, UK;
Star Fax 1000). In STEMI patients, serum cardiac troponin |
(cTnl) was analyzed using an enzyme-labeled
chemiluminescent immunometric assay (IMMULITE 1000
Troponin 1). The ¢Tnl concentration more than 1.0 ng/mL
was considered as positive.

The follow up periods were determined on local clinic
practices where the patients are followed up 1 month after
the event and thereafter 3-monthly unless they develop
complications or have special needs. Therefore patients
were followed up for one year for the occurrence of clinically
significant adverse cardiovascular events at specific time
intervals as 30 days (short-term), > 1-3 months, > 3-6
months (medium-term) and > 6 months to one year (long-
term) from the first STEMI.>"" Development of heart failure,
unstable angina, myocardial infarction and death were
considered as adverse cardiovascular events. The
diagnosis of unstable angina and myocardial infarction was
based on clinical history, electrocardiographic changes and
cardiac biomarker changes.”™ Heart failure was defined
according to the guidelines of European Society of
Cardiology.”

Information on follow up was obtained at the clinic visits of
patients. The cause of death was determined on scrutiny of
hospital notes and death certificates. No postmortems were
done in the two deaths that occurred during follow up. The
cause of death was classified as death due to cardiovascular
and non-cardiovascular causes. Cardiovascular death was
further categorized into sudden cardiac death, fatal
myocardial infarction, death due to congestive heart failure,
and other cardiac deaths. Sudden cardiac death was defined
as sudden unexpected death either within 1 h of symptom
onset or within 24 h of having been observed alive and
symptom free.

The research project was approved by the local Ethical
Review Committee and conducted according to the ethical
guidelines outlined in the Declaration of Helsinki. Permission
was obtained from all necessary local authorities to conduct
the study. Informed written consent was obtained by all the
participants.

Data were analyzed using appropriate statistical tests.
Categorical data were analyzed using the Chi-squared test or
Fisher's exact test. Comparison between cases and controls
was done using two sample t-tests forindependent samples
assuming unequal variance. Age, BMI, smoking, diabetes
mellitus and physical activity were used as independent
predictor variables for adjusted means of testosterone while
age, BMI, smoking, diabetes mellitus, physical activity and
use of statin were used as independent variables for lipids.
Age, BMI, physical activity and use of hypoglycaemic
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agents were used as clinical covariates for the regression
model to determine the adjusted plasma glucose. Pearson
correlation coefficient was used to assess the relationship
between serum testosterone concentrations and other
parameters. Statistical significance was defined when
p<0.05. Multivariate logistic regression was used in
calculating the odds ratios. Predictors of STEMI related
complications were analyzed by binary logistic regression
analysis.

RESULTS

The mean age, body mass index (BMI), waist
circumference, hip circumference and waist-hip ratio were
not significantly different between the two groups (all p >
0.05). However, systolic and diastolic blood pressure
measurements were significantly higher in the patient group
than the controls. Not surprisingly, the presence of
cardiovascular risk factors was high in the case group
compared to controls (Table 1). In the STEMI group BMI
ranged from 13.0 to 33.4 kgm®. According to the proposed
new classification for adult Asians 26 (25.2 %), 52 (50.5 %),
13 (12.6 %) and 12 (11.7 %) of STEMI patients were in
underweight, normal, overweight and obesity categories
respectively. In the control group, BMI ranged from 13.8 to
46.3 kgm™ and according to the new proposed classification
for Asian adults, 17 (16.5 %), 45 (43.7 %), 20 (19.4 %), 21
(20.4 %) were in the underweight, normal, overweight and
obese BMI categories respectively. The prevalence of BMI
categories were not significantly different between the two
groups (p = 0.198).

In the STEMI group, waist circumference (WC) ranged from
52.5t0104.3 cm, 9 (8.7 %) of them had WC above 90 cm,
which indicated the central obesity. Inthe control group, WG
ranged from 58.8 cm to 104.1 cm, 9 (8.7 %) of them also
had WC above 90 cm. Hip circumference varied from 45 to
109 cm and waist-hip ratio ranged from 0.77 to 1.17, 29
(28.2 %) of them were having waist to hip ratio above 0.9 in
STEMI patients. Among the controls the hip circumference
varied from 69.1 cm to 105.5 cm and the waist to hip ratio
ranged from 0.74 to 1.08, 46 ( 44.6 %) of them had waist to
hip ratio above 0.9.

Fasting plasma glucose levels and lipids were higher in
STEMI group compared to control group and statistical
significance was observed (p=0.001). Serum total
testosterone concentration showed significantly low levels
in the patient group comparedto controls (p = 0.001) which
remained significant (p = 0.001) after the adjustment for the
clinical covariates (Table 2). Following adjustment to the
clinical covariates also difference of significance remained
between the two groups.

When lower cut off level of total testosterone was
considered as 10.4 nmol/L according to the laboratory cut
off and the American College of Endocrinologists guidelines,
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Table 1: Baseline Characteristics in
STEMI Cases vs. Controls

STEMI Group Control Group

Characteristics n=103) (n=103) P-value
Age (in years) 54 =8 92 =11 0.201
Weight (kg) 56.3 = 11.1 57.4 =11.8 0.486
BMI (kgm-") 212+36 224=51 0055
Waist circumference (cm) 76.9+99 759=x101 0462
Hip (cm) 84481 83376 0300
Waist-hip-ratio 0.91 +0.06 0.91 +0.07 0.997
SBP mmHg 136 + 265 12513  0.001
DBP mmHg 87 =18 79+8 0.001
Regular physical activity 14 (13.6 %) 15(14.6%) 0.433
LVEF (%) 486 +11  Notdone
Diabetes mellitus 14 (13.6 %)  Not present
Hypertension 20 (19.4 %)  Not present
Cerebrovascular disease 2(1.9%)  Notpresent
Family history of premature CAD 2 (1.9%)  Not present
Smoking 59 (57.3 %) Not present
QObesity 12 (11.7%) 21(20.4%) 0.270
Statin treatment 5 (4.8 %) Not used
Aspirin treatment 22 (21.4%)  Notused

STEMI=ST-elevation myocardial infarction, BMI=body mass index,
CAD=coronary artery disease, SBP=Systolic blood pressure,
DBP=Diastolic blood pressure, LVEF=Left ventricular ejection fraction.
All values expressed as mean = SD, Frequencies or percentages.
P-Values stated calculated by two-sample t-test,

Chi-square test or Fisher's exact test.

the crude odds ratio of low testosterone for CAD was 5.4 (p
= 0.001, 95 % Cl = 2.42 - 11.92).% The individuals with
total testosterone levels lower than 10.4 nmol/L had an
adjusted (for BMI, age, smoking) odds ratio indicating 5.6
times risk for developing STEMI (p = 0.001; OR = 5.66; 95
% Cl = 2.32 - 13.84) compared to those above the cut off
value. The results showed that total testosterone, plasma
glucose, total cholesterol, LDL-Ch and triglycerides were
significant independent biochemical predictors of STEMI
(Table 3).

Cardiac troponin | was elevated in all patients. During the
hospital stay 50 (48.5%) patients developed complications,
but no deaths were reported. Heart failure 34 (33.0%) was
the most common in-hospital complication. The majority of
patients 91(88.3%) were treated with thrombolysis
(streptokinase), except for 12 patients (11.7%) who had one
or more contraindications for its use.

The duration of hospital stay varied from day three to five.
The clinical development of adverse events were observed,
during the first 30 days (short-term), > 1-3 months, > 3-6
months (medium term) and > 6 months to one year (long-
term)in6 (5.8 %), 6 (5.8 %), 2 (1.9 %) and 5 (4.8 %) patients
respectively. There were 2 (1.7%) deaths, 7 (5.8%) recurrent
myocardial infarctions and 30 (25%) patients with unstable
angina. Only 7 (5.8%) needed interventional treatment, while
the rest of the patients were managed medically. There were
no new events of symptomatic heart failure that required
admission were reported during the follow up. The two
deaths were due to a fatal myocardial infarction and due to a
non-cardiac cause.

The left ventricular ejection fraction during hospital stay,
serum cardiac troponin | and total testosterone were
significant independent predictors of in-hospital
complications (Table 4), but none of the other
measurements were significantly related to the major in-

Table 2: Comparison of Biochemical Measurements

Patients

Measurements (n = 103)

Unadjusted
TT (nmol/L) 11.47 = 3.3
TCh (mmol/L) 6.0 =23
HDL-Ch (mmol/L) 11£ 05
LDL-Ch (mmol/L) 45+23
TGs (mmol/L) 2110
PG (mmol/L) 6.0 = 2.0

Controls
(n =103)
Unadjusted
18.15 = 7.2
51+1.6
13+ 0.6
31+ 05
15+038

50= 0.6

Patient Controls
P-value (n =103) (n =103) P-value
Adjusted*  Adjusted*

0.001 11.49 £ 069 18.12 = 6.80 0.001
0.001 6.0=0.7 51+ 02 0.001
0.001 1.1 = 0.1 13+ 02 0.001
0.001 45=0.8 31 = 01 0.001
0.001 2104 1.5+ 0.1 0.001
0.001 6.0=0.8 50 = 0.1 0.001

TT = Total testosterone, TGs = Triglycerides, TCh = Total cholesterol, HDL-Ch = High density lipoprotein cholesterol,
LDL-Ch = Low density lipoprotein cholesterol, PG = Plasma glucose. All values expressed as mean = SD.
p-Values stated calculated by two-sample t-test.* the measurements are adjusted for clinical covariates ; TT(Age, BMI,
smoking and diabetes mellitus, physical activity), Lipids (Age, BMI, smoking, diabetes mellitus, physical activity and use
of statin), PG (Age, BMI, physical activity and use of hypoglycaemic agents ) in the regression analysis.
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Table 3: Independent Biochemical

Predictors of STEMI
Predictors P-value Odds ratio
T 0.001 0.75
Teh 0.004 0.52
LDL-Ch 0.001 2.49
Tgs 0.001 3.33
PG 0.049 1.63

Results of the multivariate logistic regression analysis presented as odds
ratio (OR) and confidence interval (Cl). (Patient = 103, Controls = 103).
TT = Total testosterone, TGs = Triglycerides, TCh = Total cholesterol,
LDL-Ch = Low density lipoprotein cholesterol, PG = Plasma glucose

hospital complications. However, none of the above
predictors showed significant association with the adverse
cardiovascular events developed following discharge from
hospital.

DISCUSSION

In the present study, it was found that basal serum total
testosterone levels (on admission) in patients with first
STEMI were significantly lower than that in controls.
Findings of our study are consistent with the existing
epidemiological studies which have identified an inverse
association between testosterone and CAD in men.”"”
Moreover there are studies that link reduced testosterone
concentrations to premature CAD." Further, there is
evidence suggesting that the testosterone level is
significantly lower in patients with new acute myocardial
infarction patients.™ Pugh et al, (2002) revealed low levels
of baseline (on admission) total and bio-available
testosterone in patients with MI compared to controls.”
Mohamad, et al, (2007) showed that both total and free
testosterone level were significantly lower in patients with
acute myocardial infarction compared to old Ml patients and
patients with normal coronary angiograms.’

Our study revealed that plasma glucose, lipid measurements
and blood pressure were significantly higher in the patients
compared to controls. Recent studies showed that low
endogenous testosterone was related to cardiovascular
disease and its risk factors, including hypertension,
dyslipidaemia, and diabetes mellitus.”** However, in our
study the anthropometric measurements and the prevalence
of obesity among the cases were not significantly different
fromthe controls in contrast to prior evidence.”

The anti-atherogenic mechanism of sex hormones is largely
unknown, but several hypotheses have been proposed to
explain that recently. Population studies have shown that
systolic and diastolic blood pressures are inversely
correlated with testosterone implying vasodilatory effect of
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Table 4: Predictors of in-Hospital Complications

Predictors P-value  Odds Ratio 95 % Cl

LVEF % 0.001 0.90 0.85- 0.95
Creatinine 0.222 0.99 0.97 - 1.01
cTnl 0.030 1.01 1.00- 1.02
T 0.003 1.68 1.20- 2.36
Tch 0.720 077 0.19- 3.13
LDL-Ch 0.606 1.44 0.36 - 5.68
Tgs 0.696 0.88 0.46 - 1.68
PG 0.549 0.93 0.72- 1.19

Results of the logistic regression analysis are presented as odds ratio
(OR) and confidence intervals (Cl). TT = Total testosterone,
TGs = Triglycerides, Tch = Total cholesterol, LDL-Ch = Low density
lipoprotein cholesterol, PG = Plasma glucose, cTnl = Cardiac troponin |,
LV EF - Left ventricular ejection fraction.

testosterone.”® The conversion of testosterone to
oestrogens occurs locally by the action of aromatase
enzyme. Oestrogen is now considered to be beneficial to the
vascular system in men by different mechanisms.” Sex
hormones influence lipid profile by direct effect on
lipoprotein production, degradation and secretion. Effect of
testosterone on lipid profile may be explained by different
mechanisms. Testosterone may directly relate with HDL-Ch
levels, perhaps by regulating the activities of enzymes
involved in HDL-Ch metabolism such as hepatic lipase.”
Alternatively, the relationship of testosterone with lipids may
be due to peripheral conversion of testosterone to 17p-
oestradiol.”’ Conversion of testosterone to oestradiol by
aromatization appears fundamental for the vascular
protective effects in males. Itis like castration, aromatization
inhibition causes a substantial increase in fatty streaks in
vessel walls.”

Our study showed a high odds ratio for low testosterone as a
risk factor for STEMI. Therefore our results also support the
hypothesis that hypotestosteronaemia is likely to increase
the risk of CAD which is in accord with prior reports.”
Findings of our study are consistent with prior reports where
total testosterone has been introduced as an independent
predictor of CAD.™* Therefore it could be further
hypothesized that low testosterone levels may be a risk
factor leading to CAD. Moreover, in an Asian study it was
revealed that low plasma testosterone level was associated
with cardiovascular events in middle-aged men independent
of other risk factors indicating that a low testosterone level is
an independent risk factor for cardiovascular disease
events.” The results of our study are keeping with these
results, confirming that that a low testosterone level may be
arisk factor of STEMI. However, one other study found that
no independent association between androgens (TT and FT)
and CAD.*
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Moreover, our findings suggested that total cholesterol, LDL-
Ch, triglycerides and plasma glucose were independent
predictors of STEMI. Turhan et al, (2007) demonstrated
diabetes mellitus as a risk factor of premature CAD." In
addition, Davoodig, et al, (2007) suggested total cholesterol
and LDL-cholesterol as independent predictors of CAD and
Turhan, et al, (2007) showed hyperlipdaemia as an
independent predictor of premature CAD."*

It was known that endogenous testosterone was associated
with cardiovascular mortality and all-cause mortality
independent of age.* It has been shown in the Tromso study
that men with lowest free testosterone had increased risk of
all-cause mortality.” Another investigator has recently
evaluated the association between serum testosterone
levels and 30-day mortality in patients with acute
myocardial infarction and showed that a low level of
testosterone was independently related to total short-term
mortality.* Furthermore a prospective study conducted ona
larger group of patients referred for coronary angiography
showed that low levels of free testosterone (FT) were
independently associated with the congestive cardiac failure
mortality however, no significant associations were
observed between FT and other cardiovascular and cancer
related mortality.”” The degree of association reflected by
the odds ratios (OR) of predictors of complications of STEMI
was marginally raised in our study, although statistical
significance was observed. The OR of 1.68 for testosterone
indicates an effect of testosterone on complications of
myocardial infarction. However, our results showed that
testosterone was not associated with the morbidity beyond
the acute period. According to the results of our study, only 7
(5.8%) needed interventional treatment, while the rest of the
patients were managed medically. A low rate of intervention
may be due to limited facilities available for revascularization
procedures for acute myocardial infarction. Therefore
patients have wait for a considerably long time to get the
procedure done inthe state sector hospitals.

Our study included patients with acute STEMI which is a
subset of coronary artery diseases where the association
between testosterone has not been well studied as other
subsets (e.g. angiographically-proven coronary artery
disease). Furthermore, the study also has follow up
information up to one year. Hence, this study contributes to
improved understanding of this association. Therefore it
requires further proof using a larger cohort of patients.
However, further investigations are required to understand
the precise mechanism underlying our observation and its
clinical applications.

Limitations

Estimation of sex hormone binding globulin, free
testosterone, bio-available testosterone and oestradiol
could not be performed due to limited facilities and financial
constraints.
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CONCLUSION

In conclusion, men with ST-elevation myocardial infarction
have significantly lower concentrations of basal (on-
admission) serum total testosterone compared to controls.
Total testosterone was an independent predictor of STEMI
and low testosterone level may be a risk factor of STEMI.
Testosterone was independently related to the development
of in-hospital complications, but not beyond this period.
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