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ABSTRACT

INTRODUCTION: When acute systemic illness occurs due to stress, dysfunction of some of the endocrine 
axes often occurs. However, the specific mechanisms have not been elucidated. Acute coronary syndrome 
(ACS) is one model of acute physiological stress in which the hypothalamic-pituitary-gonadal axis is also af-
fected. 

AIM: The aim of this study was to investigate the difference in total testosterone (T) levels in men with ACS 
compared to controls.

RESULTS: In 72 patients with ACS, the level of total testosterone was studied until the 48th hour after 
its onset. Thirty-five controls were also included in the study. After statistical processing of the data, we 
found that total T in the ACS group was statistically significantly lower compared to the controls group 
(t=-3.20, p=0.001) There was also a statistically significant difference in the incidence of hypotestostero-
nemia between the two groups with 52.8% (n=38) in the ACS group and 28.6% (n=10) in the control group. 
(χ2(1)=4.705, p=.030).

CONCLUSION: Low levels of total T are common in patients with ACS. However, T values in the acute pe-
riod after the onset of ACS should be interpreted with caution because of the changes occurring in the reg-
ulation of gonadal function.
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INTRODUCTION
The relationship between coronary artery dis-

ease and gonadal function is highly relevant due to 
the high incidence and social significance of cardio-
vascular pathology. The transient disturbances in-
duced by acute systemic illnesses in the hypothalam-
ic-pituitary-gonadal (HPG) axis are known, yet the 
long-term clinical significance of these facts remains 
unclear. Gonadal dysfunction associated with tissue 
resistance to luteinizing hormone or altered affinity 
for sex hormone-binding globulin has also been de-
scribed in men after acute coronary syndrome (ACS) 
(1). The incidence of erectile dysfunction is also in-
creased (2). It remains unclear whether this transient 
hypogonadism has an adaptive or maladaptive role. 
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PATIENTS AND METHODS
The patients were selected from among the hos-

pitalized men in the cardiology clinics mainly at the 
St. Marina University Hospital in Varna. A total of 72 
patients with ACS at a mean age of 56.12 (age range 
36–77 years) and 35 controls at a mean age of 54.22 
years (age range 44–68 years) were included. The 
group of controls was recruited mainly among out-
patients. In the control group, blood was drawn be-
tween 8 and 10 AM, 36–48 h after the onset of myo-
cardial ischemia.  Inclusion criteria for the patient 
group were the presence of ACS—acute myocardial 
infarction with or without ST elevation, or hospital-
ization for unstable angina pectoris (12).

Exclusion criteria were the presence of uncom-
pensated endocrinopathies, including a history of hy-
pogonadism, intake of psychotropic medications, an-
abolic steroids, hormone therapy in or intake of glu-
cocorticoids in the last 6 months, the presence of de-
compensated organ insufficiency, concomitant acute 
illness and recent surgery. For the control group, his-
tory of cardiovascular disease (arterial hypertension, 
ischemic heart disease) was an additional exclusion 
criterion.  

In defining the lower limit of T in the pres-
ent study, we used a criterion based on recommen-
dations for good clinical practice of the Bulgarian 
Society of Endocrinology and the Endocrine Soci-
ety (13,14). A value of 9.2 nmol/L was considered the 
lower limit of normal

Data analysis was performed using SPSS ver-
sion 19. Parametric analysis and Student’s t-criterion 
were used to compare the means of two independent 
samples (Independent t-Test) with normal distribu-
tion. For indicators that lacked a normal distribu-
tion, a non-parametric Mann-Whitney analysis was 
used to compare medians.

RESULTS 
In the ACS group, the mean T value was 8.97 

nmol/L with a standard deviation of 4.11 nmol/L. In 
the control group, the mean was 11.1 nmol/L with a 
standard deviation of 2.38 nmol/L. When compar-
ing the hormonal values between the two groups, a 
statistically significant difference was found in terms 
of T levels at the expense of a higher value in the con-
trol group (t=-3.20, p=0.001) (Fig. 1.) In the group of 
patients with ACS, 52.8% (n = 38) had a total T val-

This issue is complicated by the unclear incidence of 
hypogonadism preceding acute illness. 

Observational studies have shown that low lev-
els of testosterone are common in men with ACS, es-
pecially in those with glucose abnormalities, further 
demonstrating the many confounders influencing 
the testosterone levels (3).

There are a number of publications in the lit-
erature that provide evidence of lower total, free, 
and bioavailable testosterone in the early days after 
ACS (4). Wang et al. (5) first found a decline in tes-
tosterone (T) levels in the acute period of myocar-
dial infarction, with the lowest levels on the fourth 
day. Other authors have attributed the decline in to-
tal, bioavailable, and free T levels to dysfunction in 
the HPG axis under conditions of acute physiologi-
cal stress (6). The cited studies also demonstrate a re-
covery of T levels in the recovery period in the fol-
lowing weeks and months. However, studies evaluat-
ing T levels after ACS cannot answer the question of 
whether hypotestosteronemia results from the inci-
dent or precedes it.

The question of the clinical and prognostic 
value of the mentioned observations (of lower T in 
ACS) is also relevant. The issue is controversial, dif-
ferent conclusion are reached by different investiga-
tors. Lower free T levels are associated with worse 
response to revascularization and lower incidence 
of ST-elevation recovery (7). Lower T levels (<10 
nmol/L) were also an independent predictor of short-
term mortality (8). Another prospective study by 
Gencer et al. (9) found a higher risk of death one year 
after the onset of ACS in men with the lowest base-
line T (0–9.3 nmol/L) compared with those with the 
highest T (14.4–40 nmol/L) in the study population. 
Despite this observation, the addition of T to the 
GRACE scoring did not improve its predictive val-
ue. Lower T values were also associated with a risk-
ier patient profile. Testosterone levels in other stud-
ies in middle-aged men have also been assessed as a 
marker of the severity of coronary artery disease (10). 
Contrary to that Pesonen et al. predict better surviv-
al with lower T levels after ACS (11).

AIM
The aim of the present study was to investigate 

the difference in total T levels in men with ACS com-
pared to controls.
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ue below the lower limit of 9.2 nmol/L. In the con-
trol group, 28.6% (n = 10) had a total T value below 
the lower limit of normal. In view of these values, 
the difference in hypotestosteronemia between the 
two groups was statistically significant (χ2(1)=4.705, 
p=.030) (Fig. 2.) Given the lack of normal distribu-
tion for the body mass index and age parameters, a 
nonparametric method was used to compare Mann-
Whitney medians. The differences described be-
tween the two study groups were against a back-
ground of similar mean age (U=1056.5 p=0.176) and 
body mass index (U=960.5 p=0.469).

DISCUSSION
After a detailed study of T, some differenc-

es were found between the cases and controls. Our 

study showed that total T was lower in the ACS group 
compared to controls, a higher incidence of hypogo-
nadism was also found with similar age and body 
mass index.

Obesity and older age are associated with lower 
levels of total T. In our study, there was no difference 
in these indicators between the two groups. This al-
lows us to rule out the influence of these well-estab-
lished confounders on T levels and to assess the ef-
fect of acute cardiac ischemia. Against this back-
ground, we found a statistically significant difference 
between the number of patients with low T levels in 
the two groups. For this purpose, we used a thresh-
old value of 9.2 nmol/L for T. These values were ad-
opted for the general population, but in this case we 
studied patients with a mean age of 56.3 yrs. This is 

ACS
(n = 72)

Controls
(n = 35)

Statistical 
Significance

Age mean ± SD 
(95% CI)

56.12 ± 9.73
53.73–58.51

54.22 ± 7.23
51.61–56.83

U = 1056.5
p = 0.176

Body mass index mean ± SD 
(95% CI)

28.54 ± 4.37
(27.47–29.62)

28.98 ± 3.52
(27.7–30.25)

U = 960.5
p = 0.469

Testosterone mean ± SD 
(95% CI)

8.97 ± 4.11
8.01–9.94

11.1 ± 2.38
10.26–11.93

t = -3.20
p = 0.001

Table 1. The table shows the means of age, body mass index, and T levels with standard deviation and 95% confidence 
interval.

Fig. 1. The graph shows the mean T values in the ACS 
group (left) and the control group (right). The labels in the 

columns indicate the mean value for each study group.

Fig. 2. Distribution of patients with hypotestosteronemia. 
The dark part of the columns is the percentage of 

patients with low T (< 9.2 nmol/L), whereas the light 
grey part is the percentage of patients with T within the 

reference range (> 9.2 nmol/L).
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the age at which late onset hypogonadism is expect-
ed leading to physiological decline in T levels, further 
complicated by diseases, environmental factors, and 
other hormonal systems. 

Other studies have examined differences be-
tween patients with stable ACS and controls, dem-
onstrating a correlation between the severity of cor-
onary ischemic pathology on T levels (15,16). In the 
cited studies, severity was estimated as the number 
of affected branches and by a summation of angio-
graphic indices. In a Bulgarian study by Semerdzhie-
va, on the other hand, no association was found be-
tween the value of T with troponin levels or with 
SYNTAX score (17).

Alterations in hypothalamic regulation in se-
vere systemic disease are likely to underlie the dy-
namic changes in T levels observed in the present 
study (18). In a prospective study by Pugh et al. both 
total and bioavailable T were found to be transiently 
suppressed during the first 24 h after acute myocar-
dial infarction (6). The authors proposed the hypoth-
esis that this sharp decline in T levels after the onset 
of the incident was due to a disruption of the HPG 
axis. Suppression of the HPG axis leads to lower T 
levels via a decrease in luteinizing hormone (LH). In 
addition to replicating the transient results of other 
investigators demonstrated an increase in serum T at 
one-year follow-up (11). The presence of insulin resis-
tance, obesity, and diabetes mellitus type 2 suggests 
a more vulnerable LH axis resulting in more difficult 
adaptation to acute stress. Leydig cell function is af-
fected by inflammatory cytokines and local growth 
factors, there is also the presence of insulin receptors. 
These facts and other experimental studies demon-
strating the relationship between insulin resistance 
and Leydig cell response to HPG axis are consistent 
with the observation that insulin resistance increases 
in the course of ACS (19).

In view of these studies, it can be assumed that 
the decrease in T is due to a decrease in LH secre-
tion, a decrease in Leydig cell sensitivity to LH, or 
a combination of these mechanisms. Our results of 
T decrease in the acute period of ACS support these 
hypotheses. 

CONCLUSION 
We found lower T levels in the acute period af-

ter ACS, a fact also reported in other cross-section-

al studies. We attribute the decline in T to the phys-
iological stress induced by the acute cardiovascular 
event, by pathophysiological mechanisms that are 
not fully understood. The trend of increasing T over 
time demonstrated by other investigators supports 
this hypothesis. These changes mean that T values in 
the acute period after the onset of ACS should be in-
terpreted carefully and are subject to follow-up.
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