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Association of Low Serum Total Testosterone with 
Carotid Atherosclerosis in Male 
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Abstract:  
The present study was aimed to evaluate the association of serum total testosterone in 59 patients of carotid 
atherosclerotic male [<50% stenosis (n=26); >50% stenosis (n=33)]. Twenty-seven patients who had normal 
carotid doppler findings were taken as control. Serum total testosterone was measured by chemiluminescence 
micro particle immunoassay. Concentration of total testosterone differed significantly among groups (p<0.001) 
and it was significantly lower in both <50% and >50% stenosed group. Logistic regression analysis revealed that 
low total testosterone (total testosterone ≤8 nmol/L) was independently associated with development of carotid 
atherosclerosis (p<0.01, OR 5.03, 95% CI 1.22-20.64). In conclusion total testosterone is associated with carotid 
atherosclerosis in male. 
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Introduction:  
Atherosclerosis underlies the pathogenesis of 
coronary, cerebral and peripheral vascular disease 
and causes more morbidity & mortality (Roughly 
half of all death)1. The South Asian countries like 
India, Pakistan, Bangladesh, Srilanka and Nepal 
contributes the highest proportion of the burden of 
cardiovascular disease (CVD) compared to any 
other region globally2. Over 80% of CVD takes 
place in this region3. According to health bulletin 
2014, published by ministry of health and family 
welfare, Bangladesh, death caused by disease of 
circulatory system (33.2%) was highest among all 
cause of death4.   
 
Atherosclerosis is a chronic condition where the 
arteries become narrowed and hardened due to 
excessive buildup of plaque around the arterial wall, 
containing cholesterol, lipoid materials and 
macrophage5. Atherosclerotic events begin in 
childhood and remain clinically silent until they 
become large enough to impair tissue perfusion or 
until ulceration and disruption of the lesion, result in 
thrombotic occlusion or distal embolization of the 
vessel6.  
 
There are some well-known non modifiable and 
modifiable risk factors of atherosclerosis. But 
traditional risk factors fall short in identifying 
individuals at high risk for atherosclerosis7. So, there 
is continuous search for biomarkers which are easy 

to measure, standardize and independent from 
establish risk factors8. An atheromatous plaque 
consists of a grumous core of lipid (mainly 
cholesterol and cholesterol ester) covered by a white 
fibrous cap1. For many years physician only look for 
dyslipidemia in their patients with atherosclerosis. 
In a study of 27,939 healthy American, 77% of first 
cardiovascular events occurred in those with only 
moderately elevated low-density lipoprotein 
cholesterol (LDL-C) and 46% occurred among those 
with normal levels of LDL-C. Moreover, as many as 
50% of first cardiovascular events occur in 
individuals with neither elevated cholesterol nor any 
other traditional risk factors9. 
 
Testosterone is a principal hormone that mainly 
bound two plasma protein sex hormone binding 
globulin and albumin10. Recently low testosterone 
has received increase attention not only from the 
standpoint of hypogonadism related symptoms but 
also increase cardiovascular mortality in men11. 
However lower testosterone has also been found in 
men with hypertension, stroke12 insulin resistance 
and diabetes mellitus13.  
 
It is well known that vascular cell adhesion molecule 
1 (VCAM-1) plays an important role in the 
development of atherosclerosis14. In vitro 
experiment revealed that testosterone restrained 
endothelial cells from excreting VCAM-1 by 
preventing nuclear factor kappa B from activation15. 
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Therefore, appropriate testosterone levels might 
inhibit the elevation of VCAM-1 expression and this 
way it might improve endothelial function16. Free 
testosterone and testosterone nonspecifically bound 
to albumin have been together called bioavailable 
testosterone (BT). BT reflects the physiological 
activity of testosterone but BT is difficult to measure 
in clinical setting and total testosterone replaces that 
of BT with exclusion of liver, renal and thyroid 
disorders17. In studies of middle-aged and older 
men, low total and free testosterone concentrations 
were associated with higher overall mortality and 
mortality from cardiovascular, cancer and 
respiratory causes18-20. However, other studies have 
reported negative or conflicting findings21-23. 
 
The potential role of low testosterone in the 
development of carotid atherosclerosis in men has 
been matter specific interest in recent years. That is 
why we designed a study was aimed to evaluate the 
association serum total testosterone with carotid 
atherosclerosis in men. 
 
Materials & Methods: 
The study was conducted from March 2015 to 
February 2016 after receiving Institutional Review 
Board approval from Bangabandhu Sheikh Mujib 
Medical University (BSMMU). By convenient and 
purposive sampling, a total of 86 male of age 
between 40-65 years attending in Radiology & 
Imaging department of BSMMU & National 
Institute of Neurosciences (NINS) for carotid 
doppler study, were enrolled in this study. The study 
subjects with liver disease, renal disease, thyroid 
disease, castration or taking any medication known 
to affect testosterone concentration (e.g. anti 
androgenic agents for prostate cancer) were 
excluded from this study.  
 
After enrollment, they were grouped on the basis of 
doppler findings. Among them 27 were normal 
carotid doppler findings (group-I), 26 had stenosis 
upto 50% (group-II) and 33 had >50% stenosis 
(group-III). Informed written consents were taken 
and with all aseptic precaution, fasting blood 
samples were collected from each study subjects. 
Initial evaluation of the study subjects by history and 
clinical examination was performed and were 
recorded in the preformed data collection sheet. 
Demographic profile and pulse, BP, height, weight, 
BMI, WHR etc. were measured. Serum glucose 
(3.5-6 millimole/L) was measured using glucose 
oxidase method24. Serum creatinine (0.7-1.4 mg/dL) 
was measured by modified kinetic Jaffe assay25.  
 
The eGFR was calculated from serum creatinine for 
each subject. Serum alanine amino transferase 
(ALT), lipid profile, and total testosterone were 
measured by chemiluminescence micro particle 
immuno-assay26. Low total testosterone was defined 

as a serum total testosterone level below 8 nmol/L in 
accordance with the generally accepted standard27. 
 
The statistical analysis was carried out using the 
SPSS version 22. Quantitative data were expressed 
as mean and standard deviation (mean±SD). 
Differences among the groups were analyzed using 
ANOVA test, as well as the Chi-square test for 
categorical values. Differences between groups 
were assessed by mean of Mann Whitney U test or 
Bonferroni post hoc test as adequate. Multinomial 
regression analysis was performed to evaluate the 
relationships between carotid atherosclerosis and 
low total testosterone & also evaluate the odds ratio 
(OR), controlling for covariates. Spearman rank 
correlation coefficient was used to analyze 
correlation between total testosterone and carotid 
atherosclerosis. The p value <0.05 was considered 
significant. 
 
Results: 
This study was a cross sectional study. The study 
subjects were included who came for carotid doppler 
scanning. After getting the reports of the doppler 
study, the subjects were categorized into groups 
according to the reports. The study subjects who had 
normal sonographic findings were grouped into 
group-I (n=27), the study subjects who had up to 
50% stenosis were grouped into group-II (n=26), 
and the study subjects who had >50% stenosis were 
grouped into group-III (n=33) (Table-I). 
 
Table-I: Grouping of study subjects on the basis 
of ultrasonographic findings 

Ultrasonographic 
findings 

Number of 
Patients % 

Normal sonographic 
findings, Group-I 27 31.39 

Stenosis up to 50%, 
Group=II 26 30.23 

Stenosis > 50%,  
Group-III 33 38.37 

 

 
Figure-1: Mean distribution of free testosterone 
in different groups of study subjects 
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There were no significant differences among groups 
in term of overall baseline demographic, 
paraclinical, and clinical characteristics except 
smoking, which was statistically significant having 
p value 0.001 and significant was in group-III 
compared to group-I and II (Table II). 
 
The concentration of serum total testosterone 
(nmol/L) differed significantly among groups 
(p=0.001) and it was significant in both <50% 
stenosed and >50% stenosed group (p=0.013 and 
p=0.001) (Table-III). 
 
Figure-1 showed the mean distribution of total 
testosterone in different groups of study subjects. It 
showed the decrease trend of total testosterone with 

severity of atherosclerosis. Spearman’s correlation 
test revealed that there was a significant negative 
correlation between total testosterone and 
atherosclerosis severity (y=-0.448 and p=<0.001) 
(Figure-2).  
 
Multinomial logistic regression analysis of serum 
total testosterone, age, hypertension, DM, smoking, 
BMI, TC, HDL-C in relation to atherosclerosis 
severity, revealed that serum total testosterone (≤8 
nmol/L) was independently associated with 
development of carotid atherosclerosis (p=0.025, 
OR 5.03, 95% CI 1.22-20.64) irrespective of the 
DM, HTN, smoking, TC, LDL-C, BMI and age of 
the study subjects (Table-IV). 

 
Table-II: Sex distribution and episode of fever in the study population  

Parameters Group I 
n=27 

Group II 
n=26 

Group III 
n=33 p value 

Age (years) 
Smoking (n=35) (%) 
DM (n=26) (%) 
HTN (n=25) (%) 
BMI (kg/m2) 
WHR 
SBP (mm of Hg) 
DBP (mm of Hg) 
FBS (mmol/L) 

53.26±7.28 
29.6 
18.5 
25.9 

23.51±2.94 
0.98±0.05 

117.88±17.50 
78.26±6.29 
5.54±1.67 

56.23±9.20 
19 

30.7 
34.6 

24.64±1.55 
0.96±0.04 

127.12±19.01 
79.81±7.41 
6.26±1.77 

53.97±7.87 
66.6 
39.3 
27.2 

24.86±3.65 
0.99±0.04 

122.41±19.64 
74.85±10.42 
7.23±4.45 

0.383 
0.001a,b 
0.125a,b 
0.752a,b 
0.117 
0.132 
0.173 
0.078 
0.109 

eGFR (ml/min/1.72m2) 93.81±15,65 95.34±16.26 86.27±18.12 0.086 

ALT (U/L) 31.48±14.45 31.85±15.62 37.64±16.70 0.391 
Total cholesterol 
(mg/dL) 134.81±53.50 140.15±57.10 129.45±50.80 0.748 

LDL-C (mg/dL) 77.77±37.44 84.9±43.19 77.38±41.04 0.744 

HDL-C (mg/dL) 25.44±9.86 25.26±9.39 23.18±9.97 0.604 

Continuous variables reported as mean ±SD and categorical variables as absolute or relative frequencies; ANOVA test was done to find out 
the level of significance; aBonferroni post hoc test was done to find out exact level of significance; bChi-square test was done to find out the 
level of significance. 
 
Table-III: Comparison of the serum total 
testosterone among the groups 

Groups TT (nmol/L) 
Mean±SD p value 

Group I 14.30±5.07 

0.001 Group II 12.04±5.73 

Group III 8.12±4.62 

ANOVA test was done to find out the level of significance; To 
find out the exact level of significance Bonferroni post hoc test 
was done which showed that the statistically significant level is 
between group I & group III (p=0.001) and between group II & 
group III (p= 0.013). 
 

Table-IV: Logistic regression analysis of Age, 
TT, HTN, DM, Smoking, BMI, TC, HDL-C with 
carotid atherosclerosis  

Variable of interest OR 95% CI of odds p value 
Age (≥55 years) 2.71 0.84 - 5.05 0.093 
TT (≤ 8 nmol/L) 5.03 1.22 – 20.64 0.025 
HTN (Yes) 1.31 0.38 - 4.53 0.662 
DM (Yes) 3.21 0.87 - 11.78 0.078 
Smoking (Yes) 1.52 0.46 - 4.97 0.489 
BMI (≤25 kg/m2) 0.34 0.11 - 1.45 0.060 
TC (>200 mg/dL) 5.36 1.23 - 23.29 0.025 
HDL-C (≤30 mg/dL) 1.56 0.48 - 5.05 0.458 
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Figure-2: Correlation between total testosterone 
(TT) and severity of atherosclerosis. (Correlation 
coefficient r = -0.448) 
 
Discussion: 
This study was aimed to evaluate the association of 
serum total testosterone with carotid atherosclerosis 
in male. The study subjects were a cross section of 
population who came for carotid doppler and blood 
samples were collected for the measurement of the 
markers of interest. We enrolled 86 male patients 
and among them 27 were normal (group-I), 26 had 
stenosis up to 50% (group-II) and 33 had >50% 
stenosis (group-III) diagnosed by carotid doppler. 
 
Mean age in the three groups were not statistically 
significant which reflects homogeneity of the groups 
in term of age. Our results in consistent with study 
done by Makinen et al.28. 
 
In our study we compared baseline demographic, 
paraclinical and clinical characteristics of the study 
subjects grouped into three groups in term of BMI 
(kg/m2), WHR, BP, FBS (mmol/L), eGFR 
(ml/min/1.72m2) and lipid profile. None of them 
were statistically significant. The mean LDL-C 
value of the three groups were not high (<100 
mg/dL) which supports observation of Libby et al.29, 
that only dyslipidaemia is not enough to find out the 
risk of atherosclerosis in an individual. 
 
We investigate the distribution of study subjects in 
term of number of smokers, diabetes mellitus and 
hypertensive patients in three groups. Though 
numbers of DM and HTN individuals were not 
significant in three groups but smoker were 
significantly differed with each other. Soisson et 
al.30 and Tsujimura et al.31 did not find the 
association of smoker with severity of 
atherosclerosis but Svartberg et al.32 found the 
association of smoking severity of atherosclerosis. 
 
The total testosterone levels were lower both in 
individual with <50% carotid atherosclerosis and 
>50% stenosis than normal carotid doppler findings 
and statistically significant difference was found in 
between no stenosis and <50% stenosis & between 

<50% stenosed and >50% stenosed group. Other 
researchers found a significant inverse correlation 
with total testosterone and carotid 
atherosclerosis33,34,35 and is consistent with the 
concept that total testosterone reflects total 
availability of testosterone to the target tissue36. 
Contrary to our results, Vikan et al.37 found that 
there is no significant association between 
endogenous testosterone progression of carotid 
atherosclerosis. 
We also did the Spearman’s correlation test which 
showed significant negative correlation between 
serum total testosterone and severity of carotid 
atherosclerosis but findings were not compatible 
with that of the study of Vikan et al.37. 
 
Finally, we did multinomial logistic regression 
analysis which showed that low levels of serum total 
testosterone (≤8 nmol/L) were independently 
associated with the development of carotid 
atherosclerosis in male. This result suggested that 
total testosterone deficiency is the sole contributing 
factor in developing carotid atherosclerosis 
irrespective to age, BMI, DM, HTN, smoker, TC 
and HDL-C. 
 
Our study result was not coherent with the findings 
of Pergola et al.38 who conducted a large cross-
sectional study of carotid atherosclerosis subjects. 
Another cross-sectional study of negatively 
associated testosterone with carotid atherosclerosis 
subjects conducted by Glisic et al.39 also supported 
the findings of Pergola et al.38 and this conflicted 
with our study result. These dissimilarities of these 
two study results with our study findings indicate 
that a multi-institutional large sample case-control 
study is needed to be conducted. 
 
Conclusion: 
Serum low total testosterone is independently 
associated with carotid atherosclerosis in male. 
However, the relationship between low total 
testosterone and carotid atherosclerosis still remains 
inconclusive. 
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