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ABSTRACT
Objective: To determine the association among aromatase activity, testosterone-to-estradiol (T/E2) ratio, body 
mass index (BMI), and coronary artery disease in males.
Study Design: Comparative cross- sectional study.
Place and Duration of Study: Department of Chemical Pathology, from Feb2023 –Jan2024.
Materials and Methods: This cross-sectional study used the T/E2 ratio as a marker for aromatase activity and 
assessed the levels of plasma testosterone, estradiol, and T/E2 in 300 males. In order to evaluate the evolution 
of CAD, T/E2 was compared across serum quartiles and cardiac calcium score groups using ANOVA. It also 
showed correlations with atherosclerotic plaque, CRP, cholesterol, and BMI.
Results T/E2 ratio and plaque calcification score were found to be negatively correlated in atherosclerotic 
plaques. These effects were observed to be greater in men with elevated body mass indexes (BMI). BMI, CRP, 
and Calcium Score show statistically significant differences across the three T/E2 ratio groups 
Conclusion: Males with low T/E2 ratio had higher levels of calcified plaque, systemic inflammation and evident 
atherosclerosis. These effects were strongest in men with higher BMI, which increased risk of future major 
acute coronary event. 

Key Words: BMI; Cardiac Calcium Score; Coronary Artery Disease; CT Angiography; Testosterone to Estradiol 
Ratio; Myocardial Infarction.

4 
Americans suffer a heart attack or stroke every year.
In 2019, CADs accounted for up to 32% of all deaths 
worldwide, with myocardial infarction and stroke 

5accounting for 85% of these deaths.
There is still uncertainty regarding the connection 
between testosterone and cardiovascular health. 
While some research indicates testosterone has a 
preventive impact, other studies imply it raises the 

6 
chance of cardiovascular incidents. The enzyme 
aromatase, which changes testosterone into 
estrogen, has been discovered to play a major role in 

7 the development of CAD. Heart disease (CAD) and 
poorer cardiovascular outcomes are linked to a low 
serum testosterone/estradiol (T/E2) ratio, which 

8 
indicates aromatase enzyme activity in males.
Systemic inflammation, bigger plaque size, and an 
increased risk of cardiovascular events are 
associated with low testosterone/estradiol (T/E2) 
ratios, which are regulated by testosterone being 

9 converted into estradiol by white fat cells. There are 
a number of known direct and indirect effects on 
artery health of steroid hormones related to 
testosterone and estrogen, including 17β estradiol. 
An elevated BMI is associated with coronary artery 
disease because estradiol depends on both 
aromatase and circulating free testosterone. 

Introduction
The development of atherosclerotic plaques in the 
arterial lumen is a typical sign of coronary artery 
disease. This results in decreased blood flow, 
Consequently, this hinders the myocardium's 

1 capacity to take in oxygen. Superimposed 
atherothrombosis and subsequent artery blockage 
can result from plaque erosion or rupture, this may 
result in cardiovascular (CV) events such as 
myocardial infarction (MI), stroke, limb ischemia, 

2 
and death from CV. Age is the most significant risk 
element for coronary heart disease development 
and mortality after coronary atherosclerosis 

3 appears. CAD affects the lives of almost four million 
people annually in the 49 nations that make up 
Europe and Northern Asia. An estimated 1.5 million 
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Because of the increased white adipose tissue, an 
elevated BMI raises aromatase activity, which 
increases the production of estrogen and upsets the 

10hormonal balance.
Although there has been progress in identifying the 
hormonal factors involved in coronary artery disease 
(CAD), the aromatase activity, as measured by the 
testosterone-to-estradiol (T/E2) ratio, is poorly 
comprehended in men. Earlier reports have shown 
mixed results on its relationship with systemic 
inflammation, coronary calcification, and obesity-
related risks and there is an urgent need to fill this 
knowledge gap. The study was conducted to fill this 
gap and examine the relationship between 
aromatase activity, which is assessed by T/E2 ratio, 
and CAD and its associations with clinical markers 
including BMI and coronary calcification. The results 
are to elucidate the influence of hormonal 
imbalances on the cardiovascular pathology and 
guide the development of better risk assessment and 
specific treatment.

Materials and Methods
In this comparative cross-sectional study, conducted 
at Department of Chemical Pathology, Armed Forces 
Institute of Pathology, Rawalpindi, in collaboration 
with the Armed Forces Institute of Cardiology, 
Rawalpindi, from Feb2023 –Jan2024. Blood samples 
and data was collected after taking informed consent 
from every patient and the institutional review 
board's ethical clearance of participating centres -
IRB letter no.2773 dated 27.7.24.  Following a 
comprehensive review of the literature, we used the 
WHO calculator to determine a sample size of 300, 
maintaining a 5% margin of error, a 95% confidence 

11level, and an 80% test power.
All male patients (40-60 years) presenting to 
Institute of Cardiology for coronary CT angiography 
were incorporated into the research. Patients on 
hormone replacement therapy, diagnosed with 
testosterone producing tumors, diabetics and 
patients on insulin therapy, hypertensive patients, 
patients on lipid lowering drugs, patients with 
history of angioplasty or previous myocardial 
infarction, acute and chronic inflammatory 
conditions were taken out of the study.
Blood samples were drawn at the time of 
cannulation of patient for CT angiography. Using an 
automated analyzer and the CHOD-PAP enzymatic 

colorimetric technique, serum total cholesterol was 
measured. Serum testosterone and estradiol levels 
were analyzed by chemiluminescence dedicated 
reagent method on Advia centaur XPT. CRP was 
performed on Roche Cobas 600 through 
Turbidimetric inhibitory immunoassay (TINIA).
SPSS version 26 was used to do the statistical analysis 
for this investigation. The Shapiro-Wilk test was used 
to assess the normality of the data prior to analysis. 
The median and interquartile ranges (IQR) were 
given for data that was not regularly distributed, 
whereas the mean and standard deviation (SD) were 
computed for variables that were normally 
distributed. The testosterone to estradiol (T/E2) ratio 
was initially treated as a continuous variable and 
expressed as median (IQR) due to non-normal 
distribution. For additional analysis, the T/E2 ratio 
was also categorized into three groups to assess its 
relationship with BMI and calcium score. The groups 
were defined using tertiles as follows: Low T/E2 ratio 
(<1.41), Normal T/E2 ratio (1.41–1.89), and High T/E2 
ratio (>1.89). To compare the testosterone to 
estradiol (T/E2) ratio, CRP levels, and total 
cholesterol between two groups based on BMI (High 
BMI >25 kg/m², and Normal BMI <25 kg/m²), the 
Mann Whitney U test was applied. The Kruskal Wallis 
Test was used for comparison of BMI and Calcium 
Score across T/E2 Ratio Groups. For pairwise 
comparisons among the three T/E2 ratio groups 
(Low, Normal, and High), Dunn's Post Hoc Test was 
employed because of the data's non-parametric 
character. Spearman The association between the 
T/E2 ratio and BMI was investigated using correlation 
analysis. Significant p-Values were those that were 
less than 0.05.

Results�
This study covered 300 patients in total. The patients' 
median age was 46.00 years, with an 11-year IQR.
The table I presents a comparison of various 
biochemical and clinical variables between two BMI 
groups: Normal BMI (<25 kg/m²) and High BMI (>25 
kg/m²). The significant differences was found 
between BMI groups for the T/E2 ratio, CRP levels, 
and calcium score, with p-values of <0.001 for each, 
demonstrating substantial statistical significance. In 
contrast, the p-value for total cholesterol is 0.626 
mmol/L showing no significant difference between 
the two groups. These findings suggest that 
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individuals with higher BMI have increased 
aromatase activity, inflammation, and coronary 
artery calcification.

Discussion
The importance of the testosterone-to-estradiol 
(T/E2) ratio as a possible indicator of coronary artery 
disease (CAD) risk is highlighted in the current study, 
especially in people with high body mass indexes 
(BMIs). Prior studies have demonstrated a 
substantial  correlation between systemic 
inflammation and vascular calcification and 
hormonal abnormalities, which are manifested by 
low T/E2 ratios. A major cause of morbidity and 
death globally, coronary artery disease (CAD) is 
influenced by intricate interactions between 
hormonal, metabolic, and inflammatory pathways. 
New research identifies the testosterone-to-
estradiol (T/E2) ratio as a crucial indicator of 
hormonal imbalance and a possible predictor of 
CAD; low T/E2 ratios have been linked to increased 

12vascular calcification and systemic inflammation.  
Due to the greater buildup of white adipose tissue, 
elevated BMI raises aromatase activity, which in turn 
converts testosterone to estrogen. Obesity-related 
metabolic and cardiovascular risks are associated 
with this  hormonal imbalance, which is  
characterized by higher levels of estrogen than 

13
testosterone.
The results of this research serve as evidence of the 
complexity of the connection between the 

TABLE I: Comparison of T/E2 Ratio, CRP, Total Cholesterol, 
and Calcium Score across BMI Groups (n=300)

The table-II compares BMI and calcium score across 
three T/E2 ratio groups: Low (<1.41), Normal (1.41-
1.89), and High (>1.89). For BMI, the group with a low 
T/E2 ratio has a significantly higher median 
compared to the Normal and High groups, having a p-
value of <0.001, suggesting a strong connection 
between T/E2 ratio and BMI. Similarly, the calcium 
score is highest in the Low T/E2 ratio group compared 
to the Normal and High groups, with a p-value of 
<0.001, showing vital differences in coronary artery 
calcification among the groups with T/E2 ratios.

Table II: Comparison of BMI and Calcium Score across 
T/E2 Ratio Groups (n=300)

T/E2 ratio groups were defined using tertiles: Low 
(<1.41), Normal (1.41–1.89), High (>1.89).
The Table-III presents a pairwise comparison of BMI 
and calcium score among the T/E2 ratio groups 
(n=300). For BMI, no significant difference was found 
between the High and Normal T/E2 ratio groups 
(p=0.721). However, significant differences were 
observed between the High and Low groups 
(p<0.001) and the Normal and Low groups (p<0.001), 
indicating a relationship between lower T/E2 ratios 
and higher BMI. For the calcium score, there was no 
significant difference between the High and Normal 
T/E2 ratio groups (p=1.00), but significant 
differences were found between the High and Low 
groups (p<0.001) and the Normal and Low groups 
(p=0.002), suggesting a greater coronary artery 
calcification in the Low T/E2 ratio group.

TABLE III:  Pairwise Comparison of BMI and Calcium 
Score among T/E2 Ratio Groups (n=300)

The table-IV shows the correlation between T/E2 
ratio and BMI, with a correlation coefficient of r = -
0.641, indicating a strong negative correlation 
between these two variables. The p-value of <0.001 
suggests that this correlation is statistically 
significant. This means that as the T/E2 ratio 
increases, BMI tends to decrease.

Table IV: Correlation of T/E2 Ratio with BMI
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testosterone-to-estradiol (T/E2) ratio, BMI, and the 
coronary artery calcification. Decreased T/E2 ratio 
was significantly related to higher BMI, more 
systemic inflammation as shown by CRP levels, and 
more coronary artery calcification. This implies that 
the hormonal imbalance that is caused by the high 
activity of aromatase in those with higher BMI can be 
a contributing factor to the pathogenesis of coronary 
artery disease (CAD). Elevated C-reactive protein 
(CRP) levels indicate systemic inflammation and 
calcified plaques, which are linked to low T/E2 ratios 
in males. Higher BMI individuals experienced these 
effects more strongly, indicating that white adipose 
tissue's elevated aromatase activity is a key factor in 
the development of atherosclerosis. Prior research 
has similarly shown that increased systemic and 
plaque inflammation is associated with lower T/E2 
ratios, highlighting the part aromatase plays in 
cardiovascular risk (van Koeverden et al., 2019). 
These results align with the research of Naftolin et 
al., 2016 states that low T/E2 ratios exacerbate 
vascular inflammation and atherosclerosis through 
aromatase-mediated conversion of testosterone to 
estradiol, and the observed differences in calcium 
scores and BMI across T/E2 quartiles further support 
the role of hormonal imbalance in CAD progression. 
The importance of the T/E2 ratio as a possible 
biomarker for determining CAD risk is emphasized in 
the study. 
The rate of coronary artery calcification was much 
more in the low T/E2 ratio group than in the normal 
and high ratio group, which shows that the severity 
of vascular calcification is strongly associated with 
hormonal imbalances. The absence of a strong 
association between the cholesterol levels and BMI 
groups supports the hypothesis that the classical 
markers of lipids might not be sufficient in reflecting 
the metabolic and inflammatory pathways involved 

16in the development of CAD.  The T/E2 ratio shown a 
substantial connection with CAD markers, in contrast 
to conventional markers like cholesterol levels, 
which did not demonstrate any significant changes 
between BMI groups (p = 0.626). This implies that it 
might be useful as a diagnostic instrument. These 
findings align with the study of Huang et al., 2019 
showing that hormonal abnormalities, rather than 
traditional lipid profiles, are more important in the 
development of CAD. 

According to the study's findings, a higher BMI is 
linked to higher T/E2 ratio quartiles, which probably 
explains the connection between raised T/E2 and 
higher CRP levels as well as enhanced arterial wall 
inflammation. Given its association with 
atherosclerosis and cardiovascular control, this 
implies that the T/E2 ratio, which represents 
aromatase activity, may be a valuable indicator for 
determining a person's personal cardiovascular risk. 
The results emphasize how important it is to keep 
researching the metabolic and hormonal processes. 
More details about the relative contributions of this 
ratio in men would be beneficial to better 
understand the possible application of T: E2 ratio as a 
clinical biomarker (Wang et al., 2019).
Our study compared the T/E2 ratio in CAD patients 
grouped on basis of cardiac calcium score on CT 
angiography while a study by Van et al and Huang et 
al had a significant difference in groups based on 
T/E2 ratio when compared to endarterectomy 
patients results of plaque's histological appearance, 
type of plaque and their 3 year survival rate and 
future occurrence of MACE Van Koeverden D. et al. 
(2019) and HTERT expression in patients with worse 
cardiovascular status respectively (Huang et al., 
2019). 
Recent studies of Kusters et al., 2024 also confirm the 
mechanistic connection between increased 
expression of aromatase in adipose tissue and 
systemic inflammatory markers in obese men. In 
their observation, they found a correlation between 
production of adipose tissue-derived estrogens and 
elevated levels of C-reactive protein (CRP) and 
interleukin-6 (IL-6), which are major mediators of 
vascular inflammation. This is similar to our 
observation that people with lower T/E2 ratio have 
higher levels of CRP, highlighting the inflammatory 
process in case of hormonal imbalance. 
Inflammation plays a crucial role in CAD, with the 
T/E2 ratio emerging as a potential measure for 
aromatase activity, particularly in obese patients. 
Increased systemic inflammation and vascular 
calcification are associated with low T/E2 ratios. Our 
findings add relevance to the idea that a key 
connection between obesity and CAD may be 
disrupted sex hormone balance, which is triggered 
by elevated aromatase activity in the setting of 
higher BMI. This is in line with the data of the van 
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Koeverden et al., 2019, which showed that lower T/E 
2 ratios correlate with higher systemic and plaque 
inflammation, higher calcification and twofold risk of 
major adverse cardiovascular events in overweight 
men.
Thirumalai et al., 2022 elucidate the simultaneous 
functions of estrogen and testosterone in 
cardiovascular health. Although men have 
historically been at higher risk for CAD due to 
testosterone, new research indicates that aromatase 
may be able to reduce some of these risks by 
converting testosterone to estrogen. 

Conclusion
This study emphasize the prospect of the 
testosterone to estradiol (T/E2) ratio as a measure of 
coronary artery disease (CAD) risk, especially among 
males with high body mass index (BMI). The fact that 
low T/E2 ratio is strongly linked to systemic 
inflammation, vascular calcification, hormonal 
imbalance highlights the significance of dealing with 
metabolic and hormonal aspects of CAD 
management. This highlights the wider aspect of the 
hormonal pathways aim of reducing cardiovascular 
risk. The research needs to be conducted in the 
future to examine the potential role of T/E2 
modulation in therapeutic approaches and its 
relevance in various populations to improve 
cardiovascular outcomes. 
Future recommendations: Long-term, randomized, 
double-blind, placebo-controlled studies to assess 
the effects of aromatase blockers on cardiovascular 
disease, cardiovascular death, and all-cause death in 
men with low testosterone estradiol levels could be 
extremely useful in advancing our understanding of 
the atherosclerotic process.
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