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Abstract

Background: Epidemiological studies suggest an inverse correlation of testosterone with the prevalence of cardiovascular risk factors, but most of these 
trials evaluated a small population with selected co-morbidities only. 

Aim: The present trial evaluated the association of testosterone concentrations with the prevalence of cardiovascular risk factors in a broad general 
population of all ages throughout Germany.

Methods: Association of testosterone concentrations with prevalence of hypertension and diabetes as well as body mass index and waist circumference 
were analysed in 14,171 men between 2011 and 2016. Age dependent analysis was performed corresponding to categorization (18-40 years, 41-60 years, 
61-80 years and >80 years).

Outcomes: Valid information regarding prevalence of hypertension, diabetes and body mass index were obtained via a personal interview. Waist 
circumference was measured in 3,074 men.

Results: Prevalence of hypertension and diabetes as well as body mass index and waist circumference were significantly increased in hypogonadal men 
with testosterone concentrations <2.5ng/ml (p<0.001), but also in patients with border zone testosterone concentrations (2.5-3.5ng/ml, p<0.001). Age-related 
categorization of participants did not reveal any significant impact of age on association of testosterone concentrations with cardiovascular risk factors.

Clinical implications: Data from the current trial highlight the importance to screen for low testosterone concentrations even in younger patient with 
symptoms of a testosterone deficiency syndrome, providing the opportunity to prevent cardiovascular events by an early detection and treatment of the 
underlying cardiovascular risk.

Strengths & Limitations: Recent studies are widely limited by a restrictive patient selection or study population´s age, whereas the current study was 
performed in a broad general population of more than 14,000 men aged between 18 and 104 years. However, data are limited to a cross-sectional and 
non-prospective study design.

Conclusion: The results reveal a strong and age independent association of low testosterone concentrations with cardiovascular risk factors in a broad 
general population of more than 14,000 men aged between 18 and 104 years.

INTRODUCTION
Testosterone concentrations in men were thought to decrease 

with increasing age, starting with the age of 30-40 years [1,2]. 
The testosterone deficiency syndrome (TDS) is defined by low 
testosterone concentrations in addition to symptoms related to the 
physiological effects of low testosterone, which include reduced 
sexual activity, fatigue, reduced strength and depressed mood.3 
Incidence of the TDS increases with age and may affect 30-50% of 
men older than 70 years [3]. Irrespective of the male genital and 
reproductive system, the symptoms of low testosterone levels 
are attributable to the broad range of physiological effects of 
testosterone affecting multiple organ systems including muscles, 
fat, bone, peripheral nerves, but also the cardiovascular system.4 

Several trials and meta-analyses demonstrated an increasing 
all-cause and particularly cardiovascular mortality in men with 
low testosterone concentrations [5,6]. This coherence was as 
well shown in patients with proven cardiovascular disease, i.e. 
coronary heart disease, or renal failure and is suggested to be 
more distinctive in those cardiovascular high-risk-patients [5-8]. 

Increased cardiovascular morbidity and mortality in men with 
low testosterone concentrations may be attributed to a cross-
link between testosterone and the cardiovascular risk factors, 
although available data are inconclusive. Recent trials suggest 
an association of low testosterone levels with an increased 
incidence and prevalence of diabetes and increased body mass 
index, which might be related to impaired insulin sensitivity and 
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increased body fat percentage [4,9]. Regarding the relationship 
between testosterone and blood pressure, available data are 
rather inconsistent. Epidemiological studies suggest an inverse 
correlation of testosterone with blood pressure, but testosterone 
replacement was associated with increased blood pressure or a 
high incidence of hypertension in several trials [10,11]. 

However, majority of these trials focused on specific 
cardiovascular risk factors and merely evaluated a small 
population with selected co-morbidities. The present trial 
evaluated the association of testosterone concentrations with 
the prevalence of cardiovascular risk factors in a broad general 
population of all ages throughout Germany.

MATERIAL AND METHODS
Study population 

Between 2011 and 2016 testosterone concentrations were 
evaluated in more than 20,000 men in the context of informative 
presentations throughout Germany. In 14,171 men, valid 
information regarding prevalence of hypertension, diabetes and 
body mass index were obtained via a personal interview. Waist 
circumference was measured in 3,074 men. For age dependent 
analysis, participants were categorized in four groups (18-40 
years, 41-60 years, 61-80 years and >80 years). The investigation 
conforms with the principles outlined in the Declaration of 
Helsinki, informed consent was obtained from all participants.

Measurement of testosterone concentrations

Blood samples were collected between 9am and 2pm to 
exclude circadian variation of testosterone levels. Samples were 
analysed by Bioscientia Med Lab Service, Ingelheim, Germany 
using an ElectroChemiLumineszenz ImmunoAssay from Roche 
Diagnostics, Switzerland (Elecsys Testosterone II). Testosterone 
concentrations were expressed in ng/ml, with <2.5ng/ml as 
threshold for hypogonadism and an additional border zone of 
2.5-3.5ng/ml.

Statistical analysis 

All data are expressed as mean+standard deviation (SD). 
Statistical significance was assumed at a p-level <0.05. Prevalence 
of hypertension and diabetes was analysed with the chi-square-
test. Means of age, body mass index and waist circumference 
between groups were compared with the unpaired t-test and 
the one-way-ANOVA with Newman-Keul post hoc analysis were 
applicable. Statistical analysis was performed with PSPP for 
MacOs. 

RESULTS
Information about prevalence of hypertension, diabetes 

mellitus and body mass index could be obtained from 14,171 
men, waist circumference was measured in 3,074 men. Baseline 
characteristics of participants are shown in Table 1.

Prevalence of hypertension and diabetes as well as body 
mass index and waist circumference were significantly increased 
in hypogonadal men with testosterone concentrations <2.5ng/
ml (Table 2a). Further analysis of border zone testosterone 
concentrations (2.5-3.5ng/ml) suggests a linear association of 
testosterone concentrations with prevalence of hypertension, 
diabetes, BMI, and waist circumference (Table 2b).

Age-related categorization of participants did not reveal 
any significant impact of age on association of testosterone 
concentrations with cardiovascular risk factors (Figure 1a-d). 
Further analysis of the total cardiovascular risk, combining the 
prevalence of hypertension, diabetes and/or the body mass index 
indicates a more than threefold risk for having two or three risk 
factors with a decreased testosterone concentration (<2.5ng/ml) 
(Figure 2).

DISCUSSION
The testosterone deficiency syndrome affects numerousness 

men after a certain age, and, in particular low testosterone 
concentrations might be related to an increased cardiovascular 
risk owing to the physiological actions of testosterone [3,5] 
However, these studies are widely limited by a restrictive patient 
selection or study population´s age [12-14]. The results of the 
current study reveal a strong and age independent association of 

Table 1: Detailed characteristics of participants.

Total (mean±SD )

Age (yrs) 58.9±13.6 (18-104)

Body mass index (kg/m2) 27.1±3.9

Waist circumference (cm) 101.7±12.9

Hypertension (%) 17.4

Diabetes mellitus (%) 6.98

Testosterone-concentration (ng/ml)  4.2±1.7
Hypogonadism (%) 
(testosterone <2.5ng/ml)
total
18-40yrs
41-60yrs
61-80yrs
81-100yrs

13.7
12.0
13.7
14.2
13.4

Border zone hypogonadism (%)
(testosterone 2.5-3.5ng/ml)
total
18-40yrs
41-60yrs
61-80yrs
81-100yrs

23.0
20.3
24.1
22.6
19.8

Baseline characteristics were evaluated in 14,171 men, except waist 
circumference (3,074 men). Age - mean±SD (range), body mass index/
waist circumference/testosterone concentrations - mean±SD.

Table 2a: Prevalence of cardiovascular risk factors in hypogonadal 
men.

Testosterone 
<2.5ng/ml

Testosterone 
>2.5ng/ml p-value

N (%) 1,944 (13.7) 12,227 (86.3)

Age (yrs) 59.3±13.1 58.8±13.7 n.s.

Hypertension (%) 23.3 16.5 <0.001

Diabetes mellitus (%) 10.8 6.4 <0.001

Body mass index (kg/m2) 29.5±4.6 26.8±3.7 <0.001

Waist circumference (cm) 109.1±15.6 100.6±12.0 <0.001
In hypogonadal men, prevalence of hypertension, diabetes mellitus, 
body mass index and waist circumference were significantly increased. 
Age/body mass index/waist circumference - mean±SD.
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Table 2b: Prevalence of cardiovascular risk factors in hypogonadal and borderzone hypogonadal men.

Testosterone <2.5ng/ml Testosterone 2.5-3.5ng/ml Testosterone >3.5ng/ml p-value

N (%) 1,944 (13.7) 3,258 (23.0) 8,969 (63.3)

Age (yrs) 59.3±13.1 58.7±13.0 58.8±14.0 n.s.

Hypertension (%) 23.3 18.5 15.7 <0.001

Diabetes mellitus (%) 10.8 7.6 5.9 <0.001

Body mass index (kg/m2) 29.5±4.6 27.9±3.9 26.3±3.5 <0.001

Waist circumference (cm) 109.1±15.6 104.2±11.5 99.2±11.5 <0.001
Prevalence of hypertension, diabetes mellitus, body mass index and waist circumference increased with decreasing testosterone concentrations.  
Age/body mass index/waist circumference - mean±SD.

A) B)

C) D)

Figure 1 Prevalence of cardiovascular risk-factors in hypogonadal men is independent of age.

low testosterone concentrations with cardiovascular risk factors 
in a broad general population of more than 14,000 men aged 
between 18 and 104 years.

Decreasing testosterone concentrations were described 
in the aging male, with about 30-50% of men aged above 70 
years with additional symptoms related to the testosterone 
deficiency syndrome [1,3]. Prevalence of decreased testosterone 
concentrations was high in the general population evaluated in the 
present study. Hypogonadism was present in about 13%, border-
zone hypogonadism in 27% of the study population. Interestingly, 
the relation of hypogonadism, border-zone hypogonadism and 

normal testosterone concentrations was robust throughout 
all age-classifications, indicating that there is only a slight or 
even missing age-dependency of testosterone concentrations in 
men. Interpretation of this conflicting data remains speculative. 
Probably there is an increase of testosterone related symptoms 
with age which lead to a more pronounced detection or screening 
for decreased testosterone-concentrations. Testosterone 
concentrations itself might be stable for several decades.

Prevalence of hypertension, diabetes, body mass index and 
waist circumference increased significantly in hypogonadal, and 
to a less, but still significant extent in border-zone hypogonadal 
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men. This result clearly indicates a testosterone-concentration 
dependent effect on the prevalence of cardiovascular risk-factors. 
This is in line with several trials demonstrating an association 
of low testosterone levels with an increased prevalence of risk 
factors referring to the metabolic syndrome [4,9]. In a recent male 
health survey in China, low total testosterone, free testosterone 
and bioavailable testosterone concentrations were significantly 
associated with a higher incidence of hypertension during a 
four-year follow-up [15]. Moreover, another trial revealed 
significantly lower total serum testosterone concentrations in 
patients with type 2 diabetes mellitus and an inverse relation of 
testosterone with body mass index and waist circumference [16]. 
Therefore, the American Association of Clinical Endocrinologists 
recommend a screening for hypogonadism in all men with type 2 
diabetes mellitus with increased body mass index (>30kg/m²) or 
waist circumference over 104cm [17].

In contrast, a reverse mechanism might be still up for 
debate. Several prospective observational studies describe 
the development of low testosterone levels in patients with 
a metabolic syndrome, or at least enhanced visceral fat mass 
[18,19]. These effects might be related to a peripheral conversion 
from testosterone to estrogen leading to a central inhibition 
of testosterone production and exacerbating the vicious cycle 
of obesity and low testosterone concentrations [20]. Thus, it 
is not completely clear, whether low testosterone is a cause or 
consequence of the metabolic syndrome. Nevertheless, most trials 
indicate that low testosterone is predictive of cardiovascular 
risk factors as hypertension, diabetes mellitus and increased 
body mass index, suggesting testosterone as a potential marker 
of overall cardiovascular risk. Moreover, the NHANES III-trial 
demonstrated an inverse correlation of testosterone with the 
incidence of diabetes independent of adipositas [21]. This 
indicates that low testosterone-levels might be the cause of an 
increased cardiovascular risk. Thus, further mechanism leading 
to low testosterone-levels as peripheral conversion to estrogen 
might enhance these effects, but are not suggested to be an 
epiphenomenon only.

The results of the present study support these data. In 
border-zone hypogonadal men, cardiovascular risk was 
significantly increased with a further rise in hypogonadal 

men with testosterone levels below 2.5ng/ml. More than fifty 
percent of these men did have one or more cardiovascular risk 
factors (hypertension, diabetes, increased body mass index). 
Moreover, the association of low testosterone concentrations 
with an increased prevalence of hypertension, diabetes and an 
increased body mass index or waist circumference was shown 
to be independent of age. To our knowledge, independency of 
age was demonstrated for the first time in such a broad general 
population. Physicians should be aware of this result and may 
screen for low testosterone concentrations even in younger 
patient with symptoms of a testosterone deficiency syndrome. 
Detection of low testosterone concentrations and subsequent 
screening for cardiovascular risk in young male patients provides 
the opportunity to prevent cardiovascular events by treatment 
of underlying cardiovascular risk factors according to recent 
guidelines. 

Testosterone replacement treatment is clearly indicated in 
hypogonadal men with symptoms of a testosterone deficiency 
syndrome, but effects on cardiovascular risk factors and even 
cardiovascular risk are contrary. The Osteoporotic Fractures in 
Men-study revealed an association of high testosterone levels 
with a reduced risk of cardiovascular events in elderly men, 
which may lead to the assumption, that testosterone replacement 
in hypogonadal men might be beneficial [22]. Beneficial effects 
of testosterone treatment are likely on diabetes, body mass 
index and waist circumference, subsequently leading to a 
reduced mortality in those patients [23,24]. However, duration 
of testosterone exposure might play an important role. In an 
intention to treat observational cohort study of more than 
10,000 men in Canada, short time treatment with testosterone 
was associated with increased mortality and cardiovascular 
events; whereas long-term exposure reduced this risk [25]. 
Effects of testosterone treatment of hypertension were similar. 
Several trials showed an increase of systolic blood pressure 
after testosterone treatment, but epidemiological studies 
suggest an inverse association of testosterone replacement with 
incidence or prevalence of hypertension [10,11]. Formulation 
and duration of exposure of testosterone replacement may be 
responsible for these conflictive results. Altogether, testosterone 
replacement treatment is suggested to have beneficial effects on 
cardiovascular risk factors and mortality, but due to the lack of 
randomized prospective trials it may not be recommended in this 
indication currently.

CONCLUSIONS
The results of the current study reveal a strong and age 

independent association of low testosterone concentrations 
with cardiovascular risk factors in a broad general population of 
more than 14,000 men aged between 18 and 104 years. These 
data highlight the importance of screening for low testosterone 
concentrations even in younger patient with symptoms of 
a testosterone deficiency syndrome. Further evaluation of 
cardiovascular risk may provide the opportunity for an early 
prevention of cardiovascular events in those patients. 
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