The association of epicardial adipose tissue volume and density with coronary calcium in HIV-positive and HIV-negative patients
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Introduction
Patients living with HIV have an increased risk of developing cardiovascular disease (CVD) compared to risk matched HIV-negative patients (1). This increased risk may be driven by several factors. Viral related mechanisms, antiretroviral therapy (ART), and increased prevalence of traditional risk factors (smoking, poor diet, sedentary lifestyle) act in a synergistic fashion to enhance the cardiovascular risk seen in HIV-positive patients. 

Epicardial adipose tissue (EAT) is increasingly recognised as a potential risk factor for CVD. EAT functions as an energy depot for normal cardiac function and has an intimate relationship with the epicardial coronary arteries, with both EAT volume and density strongly associated with CVD (2–4). EAT shares a common microcirculation with the epicardial coronary arteries and exerts influence on vascular function through adipokine secretion, buffering of fatty acids, and secretion of inflammatory cytokines.

Increasing energy storage requirements causes adipocytes to increase in size and number to accommodate extra lipid. Hypertrophic adipocytes have been shown to be dysfunctional due to lipotoxicity and ischaemia. This induces a proinflammatory phenotype with secretion of pro-inflammatory cytokines and adipokines. The close anatomical relationship between EAT and the epicardial coronary arteries may indicate a novel substrate for atherogenesis in the context of EAT dysfunction (5).  

EAT is readily quantifiable using non-invasive imaging techniques. Computed tomography (CT) allows accurate quantification of EAT volume and density (6). Increased EAT volumes have been shown to be associated with markers of subclinical CVD and cardiac events in HIV-positive populations (7,8). This association has also been demonstrated in general populations (9). 

Lower EAT density is associated with adipocyte hypertrophy and hyperplasia due to increased lipid content (10). Lower EAT density has been shown to be associated with markers of metabolic syndrome, inflammation and coronary artery disease in general populations (11,12). However, in the converse has been demonstrated in patients presenting with acute myocardial infarction (13). EAT density has not been substantially studied in HIV-positive populations

In this study, we aimed to assess the association of EAT volume and density with the presence of coronary artery disease using a large dataset of HIV-positive and HIV-negative individuals.

Methods
We conducted a real-world retrospective analysis to compare the associations of EAT volume and CVD in both HIV positive and HIV negative patients. Data were collected from the Royal Liverpool University Hospital HIV clinical database and CT Coronary Angiography (CTCA) clinical database. Both databases are clinically approved by the Liverpool University Hospitals Foundation Trust’s audit committee. All demographic and clinical variables present on the databases were cross checked by the research team using electronic patient records (clinical notes).  The primary objective of this study was to assess the association between EAT volume and coronary calcium in HIV-positive and HIV-negative groups. The secondary objective was to assess the association between EAT density and coronary calcium in both groups.

The HIV database includes all patients under follow up with the service. It contains clinical co-morbidities, current and previous medications, anthropometric measurements, blood chemistry, and CVD risk. The HIV database was cross checked for patients that had received a CT thorax within the last 5 years. The images were inspected by an independent imaging cardiologist for the presence of coronary calcification which was recorded in a binary fashion (yes or no). 

The CTCA database contains demographic and clinical variables for all patients referred for cardiac CT (either CAC scoring or CTCA). We included all sequential patients referred for cardiovascular CT from 1st July to 31st December 2019. The majority of patients were referred for the investigation of atypical angina and were considered low to medium risk. The presence of hepatosteatosis (HS) had previously been calculated by two independent radiologists and added to the clinical database. Patients were labelled as having coronary calcification if the calcium score was >0. 

Clinical variables were collected and checked by reviewing patient case notes, including consultation letters, for prior and current diagnoses. The inclusion criteria were age >18 and CAC score or CTCA between July 1st and December 31st 2019. Patients with prior diagnoses of cardiovascular disease (including clinical diagnosis, imaging diagnosis of coronary plaque or coronary event, or intervention) were excluded. Patients were also excluded if quantification of coronary calcifications was not possible.

EAT volumes and density were calculated using automated, deep learning software specifically designed to quantify EAT. We used QFAT 2.0 software developed by Cedars- Sinai Medical Center. Contours are generated along the visceral pericardium from the main pulmonary artery bifurcation to apex of the heart on sequential axial slices (figure 1). Operators, specifically trained in EAT volume measurement, were able to adjust the contours as required. Epicardial fat was defined tissue between the visceral pericardium and myocardium meeting the predefined attenuation thresholds for adipose tissue. The overall mean density was quantified using the QFAT software and displayed in mean Hounsfield Units (HU). Hepatosteatosis (HS) was confirmed if the liver to spleen ratio (L/S ratio) was less than 1 and/or the mean hepatic measurement was <40HU in non-contrast scans. Liver/spleen ratio of <0.8 was used for the venous phase imaging. HS was also confirmed in patients that had a prior imaging (ultrasound) or biopsy confirmed diagnosis of fatty liver.

In the HIV-positive group CT datasets, including contrast and non-contrast studies, were analysed. For non-contrast enhanced studies, attenuation thresholds were set between -190 and -30 HU. For contrast enhanced studies the upper threshold limit was adjusted to 0HU as described in previous work (6). In the HIV-negative group EAT volume was assessed from non-contrast enhanced studies using the attenuation thresholds.  

Statistical Analysis
Summary statistics were calculated to compare the difference in clinical and demographic covariates between HIV-positive and HIV-negative groups. The prevalence of categorical variables was presented in absolute prevalence and percentages. All data were inspected using graphical representation for normality (histograms and Q-Q plots) and Shapiro-Wilk test. The proportions between categorical variables were compared using the Chi Squared test. Continuous variables were presented as means and standard deviations (normal distribution) or median and interquartile ranges (non-normal distribution). The means were compared using an independent t test where normally distributed and Mann-Whitney-U test where non-normally distributed. P-values were considered statistically significant if <0.05. Missing data (<5%) was imputed using a random forest multiple imputation technique.

Linear regression analysis was performed on continuous data and the logit of the probabilities of coronary calcification. Variables were inspected for linear associations. Outliers and influential datapoints were assessed using graphical representation of Cook’s distance and plotting the standardized residuals. Multicollinearity was assessed by measuring the variance inflation factors of the covariates. 

Multiple logistic regression (LR) models were developed to ascertain the association between coronary calcifications (binary) and EAT volumes after adjustment for clinical covariates in the HIV-positive and HIV negative groups. Clinical covariates were added to the model a priori. Further multiple logistic models were developed to assess the influence of lipid subfractions and finally HIV-serostatus as independent predictors of coronary calcifications. Odd ratios (OR) and 95% confidence intervals (95% CI) were used to demonstrate the degree of association. 

Multiple linear regression models were developed to assess the association of predictor variables and EAT volume for HIV-positive and HIV-negative groups. In the subgroup analysis, models were developed to assess the association with EAT density and predictor variables.

Sensitivity Analysis
We performed a propensity score matching analysis using the “matchit” package on the imputed dataset. This technique uses a ‘nearest-neighbour’ with propensity score estimated using logistic regression models using HIV status as the dependent variable with baseline clinical covarites as independent variables. We then inspected the model for balance of covariates from the resulting model outputs (see supplementary data). The propensity score matched cohort were then inspected for the association of EAT volume and coronary calcification The statistical analysis and development of the regression models were performed using RStudio, version 1.3.1056.
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Results
A total of 700 patients were included in the analysis. Of these, there were 195 HIV positive and 505 HIV-negative subjects. The demographic and clinical covariates for the cohort, stratified by HIV-serostatus, are summarised in table 1. Mean age was lower in the HIV-positive group (49.2 versus 57.8, p<0.005) whilst the HIV-positive group had a higher proportion of male sex (75.9% versus 48.1%, p<0.005). The presence of traditional CVD risk factors (hypertension, diabetes, hypercholesterolaemia) was all significantly lower in the HIV-positive group compared to the HIV-negative group (all p<0.005). Current smoking was more prevalent in the HIV positive group whilst ex-smoking status was more prevalent in the HIV-negative group (both p<0.005).

EAT volume was significantly lower in the HIV positive group (68mm3 versus 118.3mm3, p<0.005) whilst the prevalence of HS was significantly higher (31.3% versus 19.6%, p<0.005). Coronary calcifications were higher in the HIV-negative group (58.2% versus 29.2%, p<0.005). BMI was significantly lower in the HIV-positive group (27.3 versus 29.6, p<0.005). There were no significant differences in parameters of the lipid profile (all >0.05).

EAT volume and Coronary Calcification 
Univariate and multivariate predictors of coronary calcification are presented in table 2. In the HIV-positive group, after adjustment for CVD risk factors, age, sex, statin use and BMI both EAT volume (OR: 1.14 per 10mls, p<0.005) and HS (OR: 3.17, p<0.005) remained significantly associated with coronary calcification. In the HIV-negative group the only significant association in the final model was TC (OR: 0.75, p=0.012).

EAT volume and clinical covariates
Multiple linear regression demonstrated that HS was significantly associated with EAT volume in the HIV-positive group but not in the HIV-negative group after adjustment for sex, age, and BMI (p<0.005 versus 0.066). There were no significant associations with constituents of the lipid panel and EAT volume in the HIV-positive group. In the HIV-negative group, TG was the only marker significantly associated with increasing EAT volume (p=0.009). There was no significant association with hypertension, diabetes or hypercholesterolaemia in either the HIV-positive or the HIV-negative group. HIV positivity was negatively associated with EAT volume after adjusting for age, sex, BMI, and HS (p<0.005). The logit odds of each clinical covariate were calculated and compared between HIV-positive and HIV-negative groups (figure 2).

EAT Density 
In the subgroup analysis the association of EAT density with clinical covariates was assessed in 79 HIV-positive patients (40.5%) in whom non-contrast CT datasets were available. Associations with EAT density were assessed using linear regression models. Significant univariate predictors of lower EAT density for the HIV-positive group were ex-smoking (p=0.039), statin prescription (p=0.030), EAT volume (p<0.005), and BMI (p=0.030). For the HIV-negative group, age (p<0.005), male sex (p=0.043), statin use (p=0.024), EAT volume (p<0.005), triglyceride (p=0.025), and BMI (p<0.005) were significantly associated with lower EAT density. 

In the HIV-positive group only EAT volume (p<0.005) was significantly associated with lower EAT density on multivariate analysis. In the HIV-negative group male sex (p<0.005) and EAT volume (p<0.005) were significantly associated with EAT density. The correlation between EAT volume and EAT density was significantly negatively correlated in both HIV-positive and HIV-negative groups.

The association of EAT density and coronary calcification was assessed using multiple logistic regression. In both HIV-positive and HIV-negative group, EAT density was a significant predictor of coronary calcification. After adjusting for age, sex (model 2) and age, sex, HS, and EAT volume (model 3) the association became non-significant (supplementary figure 1).

Sensitivity Analysis
There were 300 matched participants following completion of the matching algorithm (195 HIV-positive, 195 HIV-negative). Multivariate logistic regression demonstrated the significant association of EAT volume (p<0.005) and HS (p<0.005) with coronary calcium when adjusted for age, sex, BMI, hypertension, diabetes, hypercholesterolaemia and BMI. In the HIV-negative matched group there was no significant association with both EAT volume and HS and coronary calcification (p>0.05 for both).
Discussion
In this retrospective analysis, involving 700 participants, we sought to investigate the association of EAT volume and EAT density with coronary calcification in HIV-positive and HIV-negative groups. The principal findings from our study were that increasing EAT volume was strongly and independently associated with coronary calcium in HIV-positive individuals. In the HIV-negative group there was no significant association. Secondly, lower EAT density was significantly associated with coronary calcification in both groups, however, this association became non-significant when adjusted for traditional CVD risk factors. 

HIV-positive populations are known to have approximately double the risk of developing CVD events than risk matched HIV-negative patients (1). The aetiology of this excess risk is multifactorial and includes increased burdens of traditional risk factors and metabolic pressures derived from HIV-positivity, inflammation, and ART (14). The impact of ectopic fat deposition and its role in driving adverse cardiometabolic profiles in HIV-positive populations is of great interest. The principal sites of ectopic fat deposition are the hepatic parenchyma, EAT, and skeletal muscle. Ectopic fat and visceral adipose tissue (VAT) are used interchangeably to describe fat deposition outside specialist tissue. VAT has been demonstrated to be an important risk factor and HIV-positive populations have high rates of visceral adipose tissue at lower body weights than general populations (15). Our own data, and others, have demonstrated the role of HS as an independent predictor of CVD (16). Specific pressures relating to HIV and ART may cause dysregulation of adipose tissue and drive ectopic fat deposition (17). The finding of increasing EAT volume being associated with coronary calcification is therefore unsurprising given these pressures towards ectopic fat deposition. The intimate relationship of EAT with epicardial coronary arteries may explain how dysfunctional proinflammatory phenotypes of fat contribute to increasing atherosclerosis.

The significant association of EAT volume with coronary calcification in the HIV-positive group was demonstrated as a univariate predictor and through sequential multivariate models (table 2). In addition, HS remained an independent predicator of coronary calcification in the fully adjusted model. In contrast, both EAT volume and HS became non-significant after adjustment for age, sex, and BMI in the HIV-negative group. We calculated the logit odds of EAT volume (along with other continuous covariates) and demonstrated a strong linear relationship with the odds of coronary calcification (figure 2). 

The association of EAT volume and coronary artery disease in HIV-positive patients has been assessed before. Sandouni et al demonstrated a significant association with EAT volume and non-calcified plaque on CTCA. The association with calcified plaque was not significant (18). Brener et al. found a significant association with calcified plaque and EAT volume in their minimally adjusted model, however, this association became non-significant in the fully adjusted models (8). The association of non-calcified plaque and any plaque was significant through all adjusted models. Other studies have demonstrated significant associations of coronary calcium and EAT volume (19,20).

We assessed the association of clinical covariates with EAT density in a subgroup of the HIV-positive group and all of the HIV-negative group. Both groups had similar covariates that were associated with EAT density including EAT volume and BMI. We also assessed the association of EAT density on coronary calcification. Lower EAT density was associated with coronary calcification in both HIV-positive and HIV-negative groups (figure 2). However, after adjustment this association became non-significant. Data on EAT density in HIV-positive groups is lacking. The association of EAT density, CVD risk factors, and coronary calcium has been assessed in HIV-negative populations. EAT density has been previously shown to be independently associated with coronary calcium, in low to medium CVD risk groups (21). However, higher EAT attenuation has been shown to be independently associated with those suffering myocardial infarction versus stable coronary artery disease (13). The SMART study analysed 140 patients at high risk of CVD. They found the strongest associations of EAT density and clinical covariates were male sex, BMI, and lower adipose tissue attenuation (22). Our data is broadly in keeping with previous work, demonstrating similar associations of clinical covariates and EAT density. Both HIV-positive and HIV-negative groups had similar predictors of EAT density. Both groups also demonstrated no significant association with coronary calcification after adjustment. The role of EAT density in development of CVD risk in HIV-positive groups requires further study. Our data is the first to our knowledge which assesses the association of EAT density in HIV-positive patients.

There are differences in the data of studies assessing the association of EAT volume and CVD in HIV-positive groups. The EAT volumes vary significantly across studies. The mean EAT volume in our study was 68mm3. Srinivasa et al reported a mean EAT volume of 65mm3 in HIV infected women (23). Other studies have reported mean volumes >100mm3 despite a similar BMI to our study (8,18,20). The reason for these differences is not clear but may represent differences in patient demographics and ethnicity. The method for quantifying EAT volume also differs across studies with different attenuation thresholds used.

We found a significant association with EAT volume and coronary calcium. Whilst previous studies have demonstrated EAT volume to be associated with coronary artery disease this has principally been non-calcified plaque (8,18,23). HIV-positive patients have previously been demonstrated to have higher burdens of non-calcified plaque compared to matched HIV-negative patients (24). This is thought to be caused by the persistent immune activation and inflammation seen in HIV. Coronary calcification represents the natural evolution of atherosclerosis, and quantification allows assessment of overall atherosclerotic disease burden. We demonstrated a modest incidence of coronary calcification in the HIV-positive group (29.2%). Other groups reported coronary calcium incidences of 53-65.8% with similar rates between HIV-positive and HIV-negative groups (8,18). Our data show that the incidence of coronary calcium was double in the HIV-negative group. This is likely due to this population having a higher mean age and prevalence of CVD risk factors. There were also higher rates of statin prescription which is known to contribute to coronary calcification. 

Limitations and strengths
We acknowledge several limitations to our study. First, assessment of coronary calcium and EAT volumes was performed in some instances on non-dedicated CT datasets of the thorax. These non-dedicated scans had taken place historically for different indications. Although it is recognised that assessment of EAT volumes and coronary calcification can be performed in a robust manor which is highly correlated to dedicated datasets, our datasets were not homogenous. By using non-contrast datasets, we were unable to assess different plaque morphologies. Second, by opportunistically selecting patients who had received CT scans of the thorax for alternative indications we may have introduced selection bias into the study. Thirdly, the HIV-negative cohort were a pre-defined group of patients with symptomatic low to medium risk chest pain and this may affect the generalisability of the result. We did not adjust for HIV-specific covariates or ART. However, this study was designed to assess the differences in associations of EAT volume and attenuation between HIV-positive and HIV-negative cohorts. In addition, due to the design of this study it was not possible to investigate for hard clinical outcomes such as cardiovascular events and death. This is due to the relatively low number of events [er patient years. Statistical significance would require many thousands of patients to show any true differences on this outcome. Instead, we measured against a well-established surrogate for cardiovascular risk (coronary artery calcium). 

Despite these limitations our study had several strengths. Our data was extremely well characterised with <5% missing values. This study is unique in the way that HS, an important visceral adiposity depot and marker of CVD risk, was assessed with EAT metrics to assess associations with coronary calcification.  This is also the first study comparing EAT attenuation between HIV-positive and HIV-negative groups. We were also able to perform a sensitivity analysis which confirmed the associations detected in the principal analysis. Finally, this study is designed to be hypothesis generating and no causality can be inferred from the retrospective nature.

Conclusions
The principal implications of this study are that increasing EAT volume may be an independent predictor of cardiovascular disease risk in HIV-positive populations. This suggests a specific role for EAT in development of coronary atherosclerosis and hints at an altered underlying pathological mechanism compared to HIV-negative populations. Despite EAT volumes being lower, EAT was still associated with coronary calcification in the HIV-positive group. This suggests altered function of this fat depot irrespective of the volume of EAT. The impact of EAT density requires further evaluation and mechanistic analyses are required to elucidate the impact of adipose tissue function on cardiovascular disease risk. 

In conclusion, in this retrospective analysis we demonstrated a strong and significant independent association of EAT volume with coronary calcification in the HIV-positive cohort, but not in the HIV-negative group. Drivers of EAT volume differed in each group, suggesting different mechanistic drivers of coronary atherosclerosis depending on HIV-serostatus.  
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Table 1: Patient characteristics stratified by HIV-serostatus.	
	
	HIV-negative
	HIV-positive
	P Value

	Number
	505
	195
	<0.005

	Age (Mean (SD))
	57.84 (12.2)
	49.24 (10.6)
	<0.005

	Male Sex (%)
	243 (48.1)
	148 (75.9)
	<0.005

	Smoker (%)
	81 (16.0)
	57 (29.2)
	<0.005

	Ex Smoker (%)
	105 (20.8)
	7 (3.6)
	<0.005

	Hypertension (%)
	218 (43.2)
	28 (14.4)
	<0.005

	Diabetes (%)
	81 (16)
	5 (2.6)
	<0.005

	Hypercholesterolaemia (%)
	184 (36.4)
	14 (7.2)
	<0.005

	Statin use (%)
	190 (37.6)
	34 (17.4)
	<0.005

	Hepatosteatosis (%)
	99 (19.6)
	61 (31.3)
	<0.005

	EAT Volume (mm3) (mean (SD))
	118.35 (26.7)
	68.03 (49.94)
	<0.005

	TC (mean (SD)) mmol/L
	4.64 (1.03)
	4.76 (1.11)
	0.188

	TG (mean (SD)) mmol/L
	1.74 (0.80)
	1.89 (1.45)
	0.096

	LDL (mean (SD)) mmol/L
	2.40 (0.93)
	2.51 (1.08)
	0.160

	HDL (mean (SD)) mmol/L
	1.36 (0.36)
	1.34 (0.48)
	0.555

	BMI (mean (SD)) mmol/L
	29.62 (4.68)
	27.33 (6.38)
	<0.005

	Coronary calcium (%) 
	294 (58.2)
	57 (29.2)
	<0.005



HS, Hepatosteatosis; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high density lipoprotein; BMI; body mass index.
Table 2: Univariate and multivariate predictors of coronary calcification
	
	HIV-positive
	HIV-negative

	
	Univariate OR
	p value
	Model 1
	p value
	Model 2
	p value
	Univariate OR
	p value
	Model 1
	p value
	Model 2
	p value

	Age
	1.10 
	<0.005
	
	
	
	
	1.11 (1.09-1.14
	<0.005
	
	
	
	

	Sex
	2.91 (1.28-7.53)
	0.016
	
	
	
	
	1.90 (1.33-2.74)
	<0.005
	
	
	
	

	Smoker
	1.48 (0.75-2.85)
	0.249
	2.78 (1.23-6.48)
	0.015
	
	
	1.27 (0.78-2.09)
	0.345
	1.87 (1.06-3.35)
	0.031
	
	

	Ex-smoker
	1.86 (0.36-8.71)
	0.426
	0.92 (0.13-5.77)
	0.924
	
	
	1.57 (1.01-2.49)
	0.050
	1.71 (1.03-2.89)
	0.042
	
	

	Hypertension
	1.42 (0.59-3.25)
	0.417
	0.85 (0.36-2.16)
	0.738
	
	
	1.84 (1.28-2.66)
	<0.005
	1.08 (0.70-1.67)
	0.733
	
	

	Diabetes
	1.64 (0.21-10.13)
	0.595
	1.38 (0.15-9.96)
	0.754
	
	
	2.16 (1.29-3.71)
	<0.005
	1.18 (0.65-2.19)
	0.580
	
	

	Hypercholesterolaemia
	3.59 (1.19-11.41)
	0.024
	2.15 (0.67-7.16)
	0.197
	
	
	1.90 (1.31-2.80)
	<0.005
	1.46 (0.94-2.28)
	0.092
	
	

	Statin
	3.52 (1.64-7.63)
	<0.005
	2.19 (0.91-5.27)
	0.079
	
	
	3.17 (2.15-4.74)
	<0.005
	1.77 (1.12-2.81)
	0.014
	
	

	EAT Volume (10mls)
	1.22 (1.14–1.32)
	<0.005
	1.14 (1.05-1.25)
	<0.005
	1.14 (1.05-1.26)
	<0.005
	1.12 (1.08-1.17)
	<0.005
	1.05 (0.99-1.10)
	0.089
	1.04 (0.99-1.10)
	0.104

	HS
	4.29 (2.23-8.39)
	<0.005
	3.41 1.62-7.28)
	<0.005
	3.17 (1.46-7.02)
	<0.005
	1.07 (0.69-1.69)
	0.757
	0.85 (0.49-§.46)
	0.549
	0.81 (0.47-1.45)
	0.444

	TC
	1.16 (0.87-1.53)
	0.306
	1.01 (0.73-1.39)
	0.953
	1.05 (0.74-1.48)
	0.778
	0.60 (0.50-0.73)
	<0.005
	0.76 (0.61-0.93)
	0.010
	0.75 (0.60-0.93)
	0.012

	TG
	1.32 (1.07-1.68)
	0.014
	1.26 (1.00-1.61)
	0.052
	1.23 (0.94-1.64)
	0.142
	0.91 (0.73-1.14)
	0.421
	1.10 (0.84-1.44)
	0.493
	1.06 (0.79-1.37)
	0.699

	LDL
	1.12 (0.84-1.50)
	0.422
	1.03 (0.75-1.43)
	0.839
	1.09 (0.76-1.57)
	0.642
	0.67 (0.55-0.82)
	<0.005
	0.81 (0.64-1.02)
	0.070
	0.83 (0.65-1.05)
	0.115

	HDL
	0.45 (0.20-0.92)
	0.037
	0.35 (0.14-0.79)
	0.016
	0.43 (0.16-1.01)
	0.066
	0.83 (0.51-1.36)
	0.464
	0.53 (0.29-0.99)
	0.050
	0.55 (0.28-0.98)
	0.045

	BMI
	1.05 (1.00-1.11)
	0.034
	
	
	
	
	1.05 (1.01-1.09)
	0.022
	
	
	
	



HS, Hepatosteatosis; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high density lipoprotein; BMI; body mass index. (Odds ratio)
Model 1: Age, Sex, BMI
Model 2: Age, Sex, BMI, Smoker, HTN, DM, Chol, Statin












Figure 1: An example of QFAT quantification of epicardial adipose tissue volume and density
	[image: A screenshot of a video game

Description automatically generated with medium confidence]B
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Figure 1 legend: Panel A demonstrates a 3D reconstruction of the epicardial fat. The sub mask colours demonstrates the programmes ability to regionalise epicardial fat volumes and densities. Panel B demonstrates the machine learning depiction of the epicardial contours. Within the contours any voxel within the pre-specified Hounsfield unit range is shaded. The right hand side of the panel demonstrates the quantification of epicardial fat volume and mean density.














Figure 2
(a) Associations of continuous covariates with logit odds of coronary calcification in the HIV-negative group.
[image: ]
	


Figure 2 (continued)
(b) Association of continuous covariates with logit odds of coronary calcification in the HIV-positive group.
[image: ]
Figure 2 legend: the logtit odds for clinical covariates and their association with coronary calcification in HIV-positive and HIV-negative groups. In both groups age has a strong, positive linear relationsip with increasing odds of coronary calcification. EAT volume also had a linear relationship in both groups. The other clinical covariates do not appear to have a linear relationship with coronary calcification.
BMI, body-mass index; EAT_V, epicardial adipose tissue volume; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride















Figure 3: The association of EAT density with coronary calcification in HIV-positive and HIV-negative groups
[image: ]Model 1: Univariate
Model 2: Adjusted for age and sex
Model 3: Adjusted for age, sex, HS and BMI

Figure 3 Legend: Illustration of risk ratios with confidence intervals for EAT density and coronary calcification in HIV-positive and HIV-negative groups. Model 1(red) models EAT density as a univariate predictor with significant associations in both groups. Model 2 (green) shows a partially adjusted model (non-significant in both groups). Model 3 (blue) shows the fully adjusted model which shows no significant association. 

















Supplementary Digital Content
Supplementary Figure 1: Correlation between EAT volume and EAT density in HIV positive and HIV negative groups.
(a) HIV-Positive
[image: ]


(b) HIV-negative
[image: ]
Supplementary figure 1 legend: correlation of mean fat density and EAT volume with corresponding R value. Figure 2 a) shows the HIV-positive group and figure 2 shows the HIV-negative group
Supplementary figure 2:  Distribution of Propensity Scores

[image: ]

Supplementary figure 2 legend: Graphical representation of matching algorithm performance on HIV-positive and HIV-negative individuals






Supplementary figure 3: Balance of Covariate in Propensity Score Matching
[image: ]

Supplementary figure 3 legend: Graphical representation of the adjusted and unadjusted means  and variances of covariates in the propensity score matching algorithm
Supplementary Table 1: Multiple linear regression for the association of clinical covariates and EAT volume 
	
	HIV-negative
	HIV-positive

	
	Coefficient
	Std Error
	P value
	Significance
	Coefficient
	Std Error
	P value
	Significance

	Intercept
	-5.61
	1.36
	<0.005
	*
	-8.20
	2.05
	<0.005
	*

	Age
	0.11
	0.01
	<0.005
	*
	0.09
	0.02
	<0.005
	*

	Male Sex
	0.75
	0.25
	<0.005
	*
	0.71
	0.62
	0.249
	

	Smoker
	0.79
	0.31
	0.011
	*
	0.80
	0.46
	0.085
	

	Ex Smoker
	0.81
	0.29
	<0.005
	*
	0.01
	1.01
	0.993
	

	Hypertension
	-0.01
	0.23
	0.957
	
	-0.73
	0.67
	0.278
	

	DM
	-0.05
	0.34
	0.898
	
	-0.47
	1.11
	0.669
	

	Dyslipidaemia
	0.24
	0.27
	0.371
	
	1.06
	0.75
	0.158
	

	Statin
	0.39
	0.28
	0.160
	
	0.10
	0.64
	0.882
	

	Hepatosteatosis
	-0.31
	0.30
	0.289
	
	0.88
	0.43
	0.040
	*

	TC
	-0.61
	0.28
	0.030
	*
	-1.07
	1.00
	0.281
	

	TG
	0.18
	0.20
	0.374
	
	0.75
	0.53
	0.153
	

	LDL
	0.36
	0.41
	0.317
	
	1.10
	0.97
	0.256
	

	HDL
	0.02
	0.03
	0.349
	
	0.67
	1.16
	0.564
	

	BMI
	0.03
	0.03
	0.349
	
	0.02
	0.04
	0.593
	




HS, Hepatosteatosis; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high density lipoprotein; BMI; body mass index.

Supplementary Table 2: Univariate and multivariate predictors of EAT volume
	
	HIV-positive
	HIV-negative

	
	Univariate
	Model 1
	Model 2
	Univariate
	Model 1
	Model 2

	
	
	
	
	
	
	

	Age
	<0.005*
	<0.005*
	-
	<0.005
	<0.005*
	-

	Male Sex
	<0.005*
	<0.005*
	-
	<0.005
	<0.005*
	-

	Smoker
	0.443
	0.800
	0.753
	0.858
	0.484
	0.193

	Ex-smoker
	0.016*
	0.034*
	0.104
	0.356
	0.187
	0.187

	Hypertension
	0.115
	0.212
	0.747
	<0.005
	0.030*
	0.593

	Diabetes
	0.262
	0.322
	0.401
	<0.005
	0.005*
	0.183

	Hypercholesterolaemia
	0.173
	0.204
	0.772
	0.319
	0.643
	0.187

	Statin
	<0.005*
	<0.005*
	0.048*
	<0.005
	<0.005*
	0.45

	TC
	0.109
	0.175
	0.449
	<0.005
	<0.005*
	0.576

	TG
	0.154
	0.345
	0.931
	0.006
	0.104
	<0.005

	LDL
	0.254
	0.265
	0.385
	<0.005
	<0.005*
	0.111

	HDL
	0.116
	0.151
	0.276
	0.132
	0.546
	0.5

	HS
	<0.005*
	<0.005*
	<0.005*
	<0.005
	0.032*
	0.067

	BMI
	<0.005*
	-
	-
	<0.005
	-
	-



HS, Hepatosteatosis; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high density lipoprotein; BMI; body mass index.
Model 1: BMI
Model 2: Age, sex, BMI







Supplementary Table 3: HIV-specific covariates
	
	N=195

	Current ABC
	31 (15.9%)

	Current PI
	26 (13.3%)

	Current TDF
	37 (19%)

	Current TAF
	114 (58.5%)

	Length of diagnosis
	11.2 years

	Prior AIDS
	5 (2.6%)

	FRS
	9%






ABC, Abacavir; PI, Protease Inhibitor; TDF, Tenofovir Disoproxil; TAF, Tenofovir Alafenamide; FRS, Framingham Risk Score
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R = − 0.68, p < 2.2e−16
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