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Abstract

Objective: Whether HIV modifies the relationship of serum lipids with coronary atherosclerosis 

and coronary plaque subtypes is uncertain. We examined the associations between traditional 

lipids and coronary atherosclerosis among HIV-infected (HIV+) and HIV-uninfected (HIV−) men.

Design: The Multicenter AIDS Cohort Study (MACS) is an observational cohort with a total of 

429 HIV+ and 303 HIV− men who had non-contrast cardiac computed tomography (CT) 

performed to measure coronary artery calcium (CAC) and coronary CT angiography to measure 

coronary stenosis, coronary plaque presence, and composition.

Methods: We used multivariable adjusted prevalence ratios (PR) to examine the relationship 

between the standard deviation (SD) difference in each lipid parameter and coronary 

atherosclerosis.
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Results: Total cholesterol (TC) / HDL-C had the strongest associations with coronary 

atherosclerosis regardless of HIV status. Overall, lipid parameters were most strongly associated 

with the presence of mixed plaque, stenosis >50%, and CAC for both HIV+ and HIV− men. HIV+ 

men had similar, but weaker associations, between lipid parameters and coronary atherosclerosis 

compared to HIV− men. The strongest association was between the TC/HDL-C and stenosis 

>50% for both HIV+ [PR 1.25 per SD (95% CI 1.07–1.43)] and HIV− men [PR 1.46 per SD (95% 

CI 1.08–1.85)].

Conclusion: The associations between lipids and coronary atherosclerosis tended to be weaker 

for HIV+ compared to HIV− men, although TC/HDL had the strongest association for both HIV+ 

and HIV− men. A weaker association between lipid levels and coronary atherosclerosis for HIV+ 

men may contribute to the decreased discrimination of CVD risk observed in HIV+ individuals.
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Introduction

Human immunodeficiency virus (HIV) infected individuals have an estimated 40–75% 

increased risk for atherosclerotic cardiovascular disease (ASCVD), a leading cause of death 

for HIV+ individuals receiving highly active antiretroviral therapies (HAART) in the United 

States.[1–3] The pathophysiology for this increased rate of ASCVD is multifactorial and 

includes heightened inflammation and immune dysregulation, an increased prevalence of 

ASCVD risk factors, coagulation disorders, and impaired endothelial function.[4–9] There 

may also be differences in the pathophysiology of atherosclerosis for HIV-infected (HIV+) 

individuals and we, and others, have previously demonstrated that HIV+ men have a higher 

prevalence of non-calcified plaque compared to HIV− men.[10, 11]

Treatment with older HAART regimens is associated with an increase in total cholesterol 

(TC) and low-density lipoprotein (LDL) cholesterol, which is also known as the “return to 

health” phenomenon.[12, 13] Use of some protease inhibitors in particular are also 

associated with an increase in triglycerides and first generation protease inhibitors have also 

been suggested to increase the risk for CVD.[14] This increase in lipid levels with HAART 

may be due to decreased inflammation, associated improved virologic control and 

potentially represent an individual’s pre-HIV infection lipid baseline. Accordingly, these 

lipid changes make accurate ASCVD risk assessment more difficult and the 2013 American 

College of Cardiology (ACC)/American Heart Association (AHA) Pooled Cohort Equation 

(PCE) underestimates the ASCVD risk among individuals with HIV infection and acquired 

immunodeficiency syndrome (AIDS).[15–18]

Coronary CT angiography provides a detailed assessment of the coronary anatomy for both 

coronary stenosis and plaque composition. Therefore, a detailed description of the 

relationship between traditional lipid values and coronary atherosclerosis is imperative to 

better understand potential differences in the pathophysiology of coronary atherosclerosis 

for HIV+ individuals and to improve ASCVD risk prediction. We used data from the 

Multicenter AIDS Cohort Study (MACS), which included a detailed assessment of the 
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coronary anatomy for both coronary stenosis and plaque composition using coronary 

computed tomography (CT) angiography in order 1) to determine associations between lipid 

levels and various components of coronary atherosclerotic plaque composition and 2) to 

examine whether the relationship between traditional lipid values and subclinical coronary 

atherosclerosis differs by HIV serostatus and.

Methods

MACS is a cohort study comprised of HIV+ and HIV− bi-sexual and homosexual men who 

are at risk for HIV infection. Participants were initially enrolled from 1984–1985 in 

Baltimore, Maryland/Washington, DC; Chicago, Illinois; Pittsburgh, Pennsylvania; and Los 

Angeles, California with subsequent enrollment occurring between 1987 to 1991 and 2001 

to 2003.[19] Semi-annual visits include standardized interviews, physical examination, and 

collection of blood. Participants in the MACS cardiovascular ancillary study were between 

40 to 70 years of age, weighed less than 300 pounds, had no prior history of cardiac surgery 

or percutaneous coronary intervention, or current atrial fibrillation, and were oversampled 

for HIV+ men. Participants were excluded from coronary CT angiography if they had 

chronic kidney disease (estimated glomerular filtration rate <60 mL/min/1.73 m2) or a 

known history of intravenous contrast allergy. The current analysis included 732 men who 

underwent coronary CT angiography after excluding men with missing fasting lipid data 

(n=27). The study was approved by the institutional review boards of all participating sites 

and participants provided informed consent.

The computed tomography (CT) non-contrast and contrast scan protocols used in this study 

have been previously described in detail and the CT angiogram scans were performed 

between January 2010 and June 2013.[20] Three centers used 64-slice multi-detector CT and 

one center used 320-row multi-detector CT. The coronary artery calcium (CAC) score was 

calculated using the Agatston method and in this analysis was classified as either absent 

(CAC <10) or present (CAC ≥10).[21]. A prospective EKG triggered protocol was used for 

CT angiography (CTA) studies to minimize radiation exposure, except in cases where the 

heart rate was too fast or irregular.The median radiation dose for the CTA scans was 2.0 

mSV (interquartile range 1.7–2.9).

CT images were transferred to the core CT center (Los Angeles Biomedical Research 

Institute at Harbor-UCLA) and interpreted by experienced readers who were blinded to 

participant characteristics and HIV serostatus. For CTA studies each coronary segment was 

analyzed using the modified 15-segment model of the AHA. Any object identified in at least 

two independent planes that was a part of the coronary artery vessel wall with a CT density 

less than the contrast-enhanced lumen, but greater than the surrounding connective tissue 

was defined as a non-calcified atherosclerotic plaque. If the object had an attenuation ≥130 

Hounsfield Units (HU), it was defined as a calcified atherosclerotic plaque. The presence of 

coronary plaque along with its associated size, composition (calcified, non-calcified, or 

mixed), and degree of luminal narrowing were evaluated using axial images, multi-planar 

reconstructions, and maximum intensity projections in all assessable coronary segments. If 

there was calcium that occupied <50% of the plaque area it was defined as mixed.
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Participants were seen every six months as part of routine MACS research visits. Data were 

collected regarding ASCVD risk factors and HIV clinical parameters by self-reported 

history, physical examination, and blood tests. For this analysis, the data used were collected 

at the MACS study visit closest to the CT scan, which was approximately within 6 months 

of the CT scan. Data collected included demographics and clinical parameters including age, 

self-reported race/ethnicity (Caucasian, African-American, and Hispanic and Other), study 

center, body mass index (BMI), and systolic blood pressure (SBP). Self-reported data 

included smoking status (former, never, current), cumulative pack-years, initiation of 

HAART, duration of HAART therapy, and use of medications to treat hypertension, 

dyslipidemia, and diabetes.

Fasting serum samples were collected on the day of the CT scan or within approximately 6 

months of the CT scan at the routine MACS study visit [average time between blood draw 

and CT scan was 1.4 months (standard deviation (SD) ±2.2)]. Total cholesterol was 

measured using an enzymatic method and high density lipoprotein (HDL) cholesterol was 

measured using selective precipitation with removal by centrifugation of LDL-C at the 

Heinz laboratory, University of Pittsburgh.[22, 23] LDL-C was calculated using the 

Friedewald equation except for men with triglycerides >400 mg/dL in whom it was 

measured directly.[24] Non-HDL-C was calculated by subtracting HDL-C from the TC and 

the TC/HDL-C ratio was calculated by dividing the TC by HDL-C. Triglyceride levels were 

log transformed for this analysis due to their non-normal distribution.

Distributions of demographic and clinical factors by HIV serostatus were compared using 

Student’s t-test, Wilcoxon rank-sum test, or chi-square test as appropriate. Poisson 

regression with robust variance was used to estimate prevalence ratios (PR) and 95% 

confidence intervals for coronary plaque outcomes per standard deviation increase in lipid 

parameters. In order to test whether the association between the lipid parameters and plaque 

outcomes differed by HIV serostatus, we included an interaction term between HIV and 

each lipid parameter. Similarly, we tested for a statistical interaction between lipid lowering 

medications and each lipid parameter.

We calculated progressively adjusted PR models with Model 1 including age, race, study 

site, and HIV serostatus. Model 2 additionally included body mass index (BMI), systolic 

blood pressure (SBP), use of antihypertensive, diabetes, or lipid-lowering medication use 

along with fasting glucose and smoking status. Missing covariate data were imputed using 

multiple imputation; imputation models included all predictor variables and the outcome and 

were imputed 5 times based on Markov-chain Monte Carlo method.[25] Continuous 

covariates were centered at a clinically relevant value (BMI, SBP, fasting glucose), or at the 

mean of the distribution (age, HIV clinical parameters). Statistical analysis was performed 

using Stata Version 13.1 (StataCorp. 2013. Stata Statistical Software: Release 13. College 

Station, TX: StataCorp LP).

Results

HIV+ men were younger, more likely to be black and be a current smoker, and had a lower 

BMI. TC, LDL-C, and HDL-C levels were lower, and triglycerides and TC/HDL-C ratio 
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were higher in HIV+ compared to HIV− men (Table 1). There was no difference in non-

HDL-C between HIV+ and HIV− men. HIV+ men with a detectable viral load had lower 

mean TC (178.2 ± SD 40.0 mg/dl vs. 187.5 ± SD 40.6 mg/dl, p= 0.04) and non-HDL-C 

(129.8 ± SD 38.1 mg/dl vs. 139.0 ± SD 38.2, p=0.03) than men without detectable viral load 

(Supplemental Table 1). Lipid lowering medication was used by 33.6% of HIV+ men and 

30.7% for HIV− men (p=0.56). Overall, HIV+ men had a higher prevalence of non-calcified 

plaque (63.2%) compared to HIV− men (53.1%), but there was no significant difference in 

the total proportion of men with any coronary plaque or calcified coronary plaque.

When evaluating associations between lipid parameters and atherosclerotic plaque, there was 

generally a positive relationship between atherogenic lipid parameters and the prevalence of 

atherosclerosis, while HDL-C was inversely associated with atherosclerosis (Figure 1). 

However, not all lipid parameters were statistically significantly associated with all coronary 

plaque measures. Non-HDL-C was significantly associated with a greater prevalence of all 

coronary plaque outcomes. In addition, the TC/HDL-C was significantly associated with a 

greater prevalence of all coronary outcomes except calcified plaques as measured by CTA 

(PR 1.04, 95% CI 0.95–1.14). Greater HDL-C level was only associated with a significantly 

lower prevalence of mixed plaque (PR 0.83, 0.74–0.93), CAC (PR 0.89, 0.82–0.97), and in 

particular stenosis >50% (PR 0.70, 0.57–0.85).

Overall, HIV+ men had similar, but generally attenuated associations between lipid levels 

and coronary plaque outcomes compared to HIV− participants (Figure 2), although the 

interaction tests by HIV serostatus were only significant for HDL-C and calcified plaque 

measured by CTA. The TC/HDL-C had the strongest observed association for coronary 

outcomes for both HIV+ and HIV – men and in particular its association with stenosis >50% 

was PR 1.25 (95% CI 1.07–1.43) for HIV+ men and PR 1.46 (95% CI 1.08–1.85) for HIV− 

men (Table 2). In general, for HIV+ men lipid parameters were most consistently associated 

with any plaque and non-calcified plaque, while for HIV− men they were most strongly 

associated with any plaque, stenosis >50%, and CAC. Among HIV+ men, the only 

significant association observed for LDL-C was with the presence of any plaque on CTA 

(PR 1.05, 1.00–1.09).

There were no statistically significant associations between lipid levels and the presence of 

calcified coronary plaques as measured by CTA for either HIV+ or HIV− participants, 

except that a higher TC/HDL-C was associated with a greater PR for CAC for both HIV+ 

(PR 1.10, 1.00–1.2) and HIV− (PR 1.17, 1.02–1.32) men. However, among men not taking 

lipid lowering medication, all lipid parameters were significantly associated with CAC 

(inversely for HDL-C), while none of the lipid parameters were associated with CAC for 

men taking a lipid lowering medication. In addition, there was a statistically significant 

interaction (p<0.05) between lipid lowering medication use and total cholesterol, 

triglycerides, non-HDL-C, and TC/HDL-C associations with CAC.

The associations between lipid parameters and coronary plaque were stronger for men not 

taking a lipid lowering medication compared to those taking lipid lowering medication 

(Table 3). There were no significant associations between lipid levels among men on lipid 

lowering therapy and the prevalence of any plaque, calcified plaque on CTA, or non-
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calcified plaque. The strongest observed associations were among men not taking lipid 

lowering medication for TC/HDL-C and stenosis >50% with a PR of 1.39 (95% CI 1.13–

1.65) and for triglycerides with a PR of 1.56 (95% CI 1.22–1.90). Men not taking lipid 

lowering medication had significantly stronger associations between many, but not all, 

atherogenic lipid parameters with prevalence of mixed plaque, stenosis >50%, and CAC 

compared to the associations seen among men on lipid lowering therapy (p for interaction 

<0.05). In particular, triglycerides were strongly associated with stenosis >50% (PR 1.56, 

1.22–1.90) for men not taking lipid lowering medication, but there was no significant 

association for men taking lipid lowering medication (PR 1.17, 0.90–1.43). In addition, non-

HDL-C levels were significantly associated with prevalence of CAC (PR 1.22, 1.08, 1.36) in 

men not taking lipid lowering medications but was not associated with CAC in men taking 

lipid lowering medications (PR 0.97, 0.86, 1.08, p interaction <0.05). Similar interactions by 

lipid lowering mediation use status were seen for other lipid parameters with CAC and for 

mixed plaque.

The results were similar when we examined HIV+ participants only and when stratified by 

both HIV serostatus and lipid lowering medication use (Supplemental Tables 2 and 3). The 

duration and control of HIV may also mediate lipid levels and the development of coronary 

atherosclerosis and we performed a subgroup analysis to examine the association between 

markers of HIV disease control and lipid levels that did not show a statistically significant 

consistent relationship by HIV specific parameters (Supplemental table 4).

Discussion

This analysis demonstrates that traditional lipid levels tended to have weaker associations 

with subclinical coronary atherosclerosis for HIV+ compared to HIV− men across all 

coronary plaque outcomes, although there was no consistent statistically significant 

interaction between HIV serostatus and any individual lipid parameter. The TC/HDL-C had 

the strongest association with subclinical coronary atherosclerosis, for both HIV+ and HIV− 

menand among the measures of coronary atherosclerosis, lipid parameters were most 

strongly associated with stenosis >50% for both HIV+ and HIV – men.

Traditional ASCVD risk assessment models such as the 2013 ACC/AHA Pooled Cohort 

Equation have a weaker association with coronary plaque burden and underestimate risk 

among HIV+ individuals compared to HIV− individuals, by as much as 20%. [17, 18] This 

underestimation among HIV+ individuals is likely secondary to a greater impact of non-

traditional atherosclerotic risk factors that are not included in the equation, such as increased 

inflammation and impaired endothelial function.[26] However, the specific reasons for the 

underestimation of atherosclerotic risk among HIV+ individuals is incompletely understood.

This analysis is the first, to our knowledge, to examine the associations of traditional lipid 

parameters and subclinical coronary atherosclerosis in a cohort of HIV+ and HIV− men. Our 

study provides important information about the relationship of traditional lipids and 

coronary plaque composition, for which there also is limited information in non-HIV 

cohorts. The trends towards weaker observed associations of traditional serum lipid 

parameters and subclinical coronary atherosclerosis in HIV+ compared to HIV− men may 

Whelton et al. Page 6

AIDS. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



contribute to the underestimation of atherosclerotic risk among HIV+ individuals using 

traditional risk equations. Furthermore, it provides an approximation of the relative 

reduction in the associations between traditional lipid levels and subclinical coronary 

atherosclerosis for HIV+ men.

Statins appear to have a similar reduction in their LDL-C lowering efficacy among HIV+ 

and HIV− individuals.[27–29] However, the results of this analysis suggest that other non-

traditional atherosclerotic risk factors, such as inflammation, HAART use, and 

hypercoagulability may have heightened importance in the development of atherosclerosis in 

HIV+ individuals. Indeed, the Data Collection on Adverse Effects on Anti-HIV drugs 

Cohort –DAD (DAD) risk score incorporates use of specific antiretroviral medications that 

have been associated with CVD risk, but unfortunately only provides a small improvement 

in risk prediction compared to the Framingham Risk Score among HIV+ individuals.[30] 

However, the TC/HDL-C had the strongest association with coronary atherosclerosis, which 

is consistent with data from other large non-HIV cohorts.[16] In addition, the TC/HDL-C is 

incorporated into the 2013 ACC/AHA Pooled Cohort Equation as it is the best lipid based 

predictor of CVD risk, because it incorporates both atherogenic (TC) and atheroprotective 

(HDL-C) lipid parameters. [15]

While traditional lipid parameters may be less predictive of atherosclerotic risk in HIV+ 

individuals, statins are a cornerstone of treatment and pitavastatin is being tested in the 

Randomized Trial to Prevent Vascular Events in HIV (REPRIEVE) to formally examine 

whether statins reduce atherosclerotic risk in HIV+ individuals who do not have a statin 

indication.[31].

People living with HIV infection have important differences in lipid composition due to 

increases in hepatic VLDL production and a decrease in overall lipid clearance compared 

with the general population. Untreated HIV infection is associated with higher triglycerides 

and lower HDL-C.[32] In the MACS, men who seroconverted to HIV during study follow-

up were found to have a higher TC, LDL-C, and HDL-C levels before seroconversion.[12] 

The SMART study also showed that HDL-C levels decreased during HAART interruption, 

which was also associated with an increased CVD risk.[33] In addition, people treated with 

HAART have been demonstrated to have lower HDL-C levels even with appropriate CD4+ 

T cell counts, suppressed viral load, and decreased inflammation compared to those who are 

treated with HAART and the general population.[12, 34] These differences in lipid 

metabolism and composition along with increased inflammation and endothelial dysfunction 

likely contribute to the lower strength in association we observed for traditional lipids and 

subclinical coronary atherosclerosis.

Limitations of this study include the cross-sectional design, inclusion of only men, and 

differences in baseline lipid variables between HIV+ and HIV− participants. In order to 

account for these differences we included atherosclerotic risk factors as covariates in our 

statistical models.

This analysis has a number of important strengths including the large sample size of detailed 

characterization of subclinical coronary atherosclerosis by both CAC and coronary CTA, 
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which is unique in its ability to provide information on plaque composition. The MACS 

cohort is ethnically diverse and has a HIV− comparison group drawn from the same at risk 

population. In addition, the cohort is very well-characterized including the participants’ 

atherosclerotic risk factors, markers of HIV infection control, and HIV medication use.

Overall, these results demonstrate that traditional serum lipid parameters tend to have 

weaker associations with subclinical coronary atherosclerosis in HIV+ compared to HIV− 

men. However, the strongest association was observed for TC/HDL-C and stenosis >50%. 

This weaker association may be secondary to changes in lipid parameters due to HIV 

infection, HAART use, and/or an increased role of non-lipid risk factors such as 

inflammation in the atherosclerotic process.[35] This weaker association may contribute to 

the decreased discrimination of atherosclerotic risk observed in HIV+ individuals and 

further research is necessary to describe the relationship of traditional lipid parameters and 

CVD outcomes in this unique population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Multivariable-adjusted Prevalence Ratios (PRs) Estimates and 95% Confidence Intervals 

(CIs) of the Presence of Plaque Outcomes Detected by Computed Tomography (CT) per 

Standard Deviation (SD) Increase in Lipid Parameters, Multicenter AIDS Cohort Study, 

N=732
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Figure 2. 
Multivariable-adjusted Prevalence Ratios (PRs) Estimates and 95% Confidence Intervals 

(CIs) of the Presence of Plaque Outcomes Detected by Computed Tomography (CT) per 

Standard Deviation (SD) Increase in Lipid Parameters by HIV Serostatus, Multicenter 

AIDS Cohort Study, N=732
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Table 1.

Study Population Characteristics by HIV Serostatus, Multicenter AIDS Cohort Study, N=732

HIV infected (N=429) HIV uninfected (N=303) p-value

Demographics

 Age (years) 52.1 (6.5) 55.2 (7.3) <0.0001

 Race, %

   Caucasian 50.8 65.3

   African American 34.7 24.1 <0.0001

   Hispanic and Other 14.5 7.6

 Body mass index (kg/m2) 26.1 (4.2) 27.2 (4.9) 0.001

 Smoking status, %

   Never 27.2 23.4

   Former 43.3 54.9 0.007

   Current 29.5 21.7

 Systolic blood pressure (mmHg) 126.4 (14.2) 127.8 (14.6) 0.19

 Anti-hypertensive medication, % 31.8 28.8 0.39

 Diabetes, % 9.7 7.4 0.28

 Lipid lowering medication, % 33.6 30.7 0.56

Lipid variables (mg/dL)

 Total cholesterol (TC) 185 (41) 193 (37) 0.005

 Low density lipoprotein cholesterol (LDL-C) 108 (36) 116 (33) 0.003

 High density lipoprotein cholesterol (HDL-C) 48 (15) 54 (15) <0.0001

 Triglycerides* 124 (91, 183) 105 (74, 146) <0.0001

 Non-HDL cholesterol (Non-HDL-C) 137 (38) 140 (35) 0.32

 TC/HDL-C ratio 4.1 (1.3) 3.8 (1.1) 0.002

HIV variables

 History of AIDS, % 11.9 -- --

 Detectable Viral Load, % 25.5 -- --

 HIV RNA (copies/mL),*† 290 (52, 6,074) -- --

 Initiated HAART, % 97.4 -- --

 Duration of HAART use (years) 8.9 (4.4) -- --

Coronary plaque

 Any plaque on coronary CT angiography (CTA), % 78.3 74.6 0.24

 Calcified plaque on CTA, % 34.5 40.3 0.11

 Non-calcified plaque, % 63.2 53.1 0.007

 Mixed plaque, % 34.5 31.7 0.43

 Coronary Stenosis >50%, % 16.8 14.9 0.48

 CAC score >10,% 42.0 43.6 0.67

Results presented as mean and standard deviation unless otherwise noted
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*
Median (25th and 75th Interquartile range)

†
Among HIV infected participants with detectable viral load only
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Table 2:

Adjusted Prevalence Ratios (PRs) Estimates and 95% Confidence Intervals (CIs) for Presence of Plaque 

Outcomes Detected by Computed Tomography (CT) per Standard Deviation (SD) Increase in Lipid 

Parameters by HIV status, Multicenter AIDS Cohort Study, N=732

HIV-infected
(N=429)

HIV-uninfected
(N=303)

Model 1 Model 2 Model 1 Model 2

PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)

Any Plaque

  Total Cholesterol 1.03 (0.99, 1.08) 1.03 (0.99, 1.08) 1.03 (0.99, 1.08) 1.07 (1.00, 1.15)

  LDL-C 1.04 (0.99, 1.09) 1.05 (1.00, 1.09) 1.05 (1.00, 1.10) 1.08 (1.01, 1.15)

  HDL-C 0.95 (0.89, 1.00) 0.95 (0.89, 1.00) 0.95 (0.89, 1.00) 0.98 (0.91, 1.03)

  Triglycerides 1.06 (1.01, 1.11) 1.05 (1.00, 1.10) 1.05 (0.99, 1.10) 1.07 (1.00, 1.14)

  Non-HDL-C 1.06 (1.01, 1.10) 1.06 (1.01, 1.10) 1.06 (1.01, 1.10) 1.09 (1.02, 1.16)

  TC/HDL-C ratio 1.05 (0.99, 1.10) 1.05 (0.99, 1.10) 1.05 (0.99, 1.10) 1.08 (1.01, 1.15)

Calcified Plaque

  Total Cholesterol 1.02 (0.90, 1.14) 1.04 (0.91, 1.16) 1.04 (0.92, 1.16) 1.15 (0.99, 1.32)

  LDL-C 1.02 (0.90, 1.15) 1.06 (0.93, 1.19) 1.06 (0.94, 1.19) 1.15 (0.98, 1.32)

  HDL-C 0.91 (0.79, 1.03) 0.90 (0.78, 1.02)* 0.90 (0.78, 1.02) 1.07 (0.93, 1.20)*

  Triglycerides 1.08 (0.95, 1.22) 1.05 (0.92, 1.18) 1.05 (0.92, 1.18) 0.99 (0.86, 1.12)

  Non-HDL-C 1.05 (0.93, 1.17) 1.07 (0.95, 1.20) 1.08 (0.95, 1.20) 1.13 (0.96, 1.30)

  TC/HDL-C ratio 1.03 (0.91, 1.14) 1.05 (0.93, 1.17) 1.05 (0.94, 1.17) 1.02 (0.85, 1.18)

Non-Calcified Plaque

  Total Cholesterol 1.03 (0.96, 1.10) 1.03 (0.96, 1.10) 1.03 (0.96, 1.10) 1.10 (0.97, 1.22)

  LDL-C 1.04 (0.97, 1.11) 1.04 (0.97, 1.11) 1.04 (0.97, 1.11) 1.09 (0.97, 1.21)

  HDL-C 0.92 (0.84, 0.99) 0.92 (0.85, 1.00) 0.92 (0.85, 1.00) 0.97 (0.86, 1.08)

  Triglycerides 1.10 (1.02, 1.18) 1.08 (1.00, 1.16) 1.08 (1.00, 1.15) 1.10 (0.98, 1.22)

  Non-HDL-C 1.07 (1.00, 1.14) 1.06 (0.99, 1.13) 1.06 (0.99, 1.13) 1.11 (0.99, 1.24)

  TC/HDL-C ratio 1.10 (1.02, 1.17) 1.09 (1.01, 1.16) 1.09 (1.02, 1.16) 1.10 (0.97, 1.23)

Mixed Plaque

  Total Cholesterol 1.03 (0.91, 1.16) 1.05 (0.93, 1.17) 1.05 (0.93, 1.17) 1.05 (0.87, 1.22)

  LDL-C 1.05 (0.92, 1.17) 1.09 (0.95, 1.22) 1.09 (0.96, 1.22) 1.12 (0.94, 1.31)

  HDL-C 0.86 (0.74, 0.98) 0.84 (0.72, 0.96) 0.84 (0.71, 0.96) 0.81 (0.67, 0.96)

  Triglycerides 1.10 (0.96, 1.24) 1.08 (0.94, 1.23) 1.09 (0.94, 1.23) 1.11 (0.93, 1.30)

  Non-HDL-C 1.09 (0.96, 1.22) 1.12 (0.98, 1.25) 1.12 (0.98, 1.25) 1.15 (0.95, 1.34)

  TC/HDL-C ratio 1.11 (0.99, 1.23) 1.14 (1.02, 1.27) 1.15 (1.02, 1.27) 1.24 (1.03, 1.45)

Stenosis >50%

  Total Cholesterol 1.03 (0.83, 1.23) 1.06 (0.86, 1.27) 1.07 (0.86, 1.27) 1.00 (0.71, 1.29)

  LDL-C 1.03 (0.83, 1.24) 1.11 (0.89, 1.34) 1.12 (0.89, 1.34) 1.03 (0.74, 1.32)

  HDL-C 0.77 (0.58, 0.95) 0.74 (0.56, 0.93) 0.74 (0.56, 0.92) 0.63 (0.42, 0.83)
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HIV-infected
(N=429)

HIV-uninfected
(N=303)

Model 1 Model 2 Model 1 Model 2

PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)

  Triglycerides 1.29 (1.04, 1.54) 1.25 (0.99, 1.50) 1.25 (0.99, 1.50) 1.53 (1.14, 1.91)

  Non-HDL-C 1.12 (0.90, 1.34) 1.17 (0.94, 1.40) 1.17 (0.95, 1.40) 1.18 (0.85, 1.52)

  TC/HDL-C ratio 1.19 (1.01, 1.37) 1.25 (1. 07, 1.43) 1.26 (1.08, 1.44) 1.46 (1.08, 1.85)

CAC

  Total Cholesterol 0.99 (0.90, 1.09) 1.01 (0.92, 1.11) 1.01 (0.92, 1.11) 1.11 (0.96, 1.26)

  LDL-C 0.99 (0.89, 1.09) 1.04 (0.93, 1.14) 1.04 (0.94, 1.14) 1.16 (1.00, 1.31)

  HDL-C 0.88 (0.78, 0.98) 0.86 (0.76, 0.96) 0.86 (0.75, 0.95) 0.93 (0.81, 1.05)

  Triglycerides 1.11 (1.00, 1.22) 1.09 (0.98, 1.20) 1.09 (0.98, 1.20) 1.06 (0.94, 1.19)

  Non-HDL-C 1.03 (0.93, 1.13) 1.06 (0.96, 1.17) 1.07 (0.97, 1.17) 1.16 (1.00, 1.32)

  TC/HDL-C ratio 1.06 (0.96, 1.16) 1.10 (1.00, 1.20) 1.10 (1.00, 1.21) 1.17 (1.02, 1.32)

*
P-value for Wald test for statistical interaction between HIV serostatus and lipid parameter <0.10

Model 1: age, race, study site

Model 2: age, race, study site, body mass index, systolic blood pressure, anti-hypertensive medication use, diabetes medication use, fasting glucose, 
lipid-lowering medication use, and smoking status

Prevalence ratios were derived independently for each lipid variable
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Table 3:

Multivariable-adjusted Prevalence Ratios (PRs) Estimates and 95% Confidence Intervals (CIs) of the Presence 

of Plaque Outcomes Detected by Computed Tomography (CT) Scan per Standard Deviation (SD) Increase in 

Lipid Parameters by Lipid Lowering Medication Use Status, Multicenter AIDS Cohort Study, N=718

Not on lipid lowering medication
(N= 442)

On lipid lowering medication
(N=236)

Model 1 Model 2 Model 1 Model 2

PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)

Any Plaque

  Total Cholesterol 1.06 (1.01, 1.12) 1.06 (1.00, 1.12) 1.02 (0.98, 1.12) 1.03 (0.98, 1.07)

  LDL-C 1.07 (1.01, 1.13) 1.07 (1.01, 1.13) 1.03 (0.98, 1.08) 1.04 (0.99, 1.09)

  HDL-C 0.96 (0.91, 1.01) 0.97 (0.91, 1.02) 0.93 (0.87, 1.00) 0.94 (0.88, 1.00)

  Triglycerides 1.07 (1.01, 1.13) 1.06 (1.00, 1.11) 1.06 (1.01, 1.12) 1.05 (1.00, 1.11)

  Non-HDL-C 1.08 (1.03, 1.14) 1.08 (1.02, 1.14) 1.05 (1.00, 1.10) 1.05 (1.00, 1.10)

  TC/HDL-C ratio 1.07 (1.01, 1.13) 1.06 (1.00, 1.12) 1.06 (1.01, 1.12) 1.06 (1.00, 1.11)

Calcified Plaque

  Total Cholesterol 1.13 (0.98, 1.27) 1.13 (0.98, 1.27) 1.03 (0.89, 1.16) 1.03 (0.90, 1.17)

  LDL-C 1.13 (0.98, 1.29) 1.14 (0.99, 1.29) 1.03 (0.89, .118) 1.04 (0.89, 1.20)

  HDL-C 0.95 (0.82, 1.07) 0.95 (0.83, 1.07) 1.01 (0.88, 1.14) 1.01 (0.88, 1.14)

  Triglycerides 1.11 (0.97, 1.26) 1.09 (0.95, 1.23) 0.95 (0.84, 1.07) 0.95 (0.83, 1.07)

  Non-HDL-C 1.16 (1.01, 1.31) 1.15 (1.01, 1.30) 1.02 (0.89, 1.16) 1.03 (0.89, 1.17)

  TC/HDL-C ratio 1.09 (0.96, 1.22) 1.08 (0.95, 1.21) 0.98 (0.84, 1.12) 0.99 (0.84, 1.14)

Non-Calcified Plaque

  Total Cholesterol 1.05 (0.97, 1.14) 1.05 (0.97, 1.13) 1.05 90.97, 1.14) 1.05 (0.97, 1.14)

  LDL-C 1.07 (0.99, 1.15) 1.06 (0.98, 1.15) 1.04 (0.96, 1.13) 1.05 (0.96, 1.14)

  HDL-C 0.93 90.85, 1.00) 0.94 (0.86, 1.02) 0.93 (0.84, 1.03) 0.95 (0.85, 1.04)

  Triglycerides 1.09 (1.00, 1.18) 1.07 (0.98, 1.16) 1.13 (1.02, 1.23) 1.11 (1.01, 1.21)

  Non-HDL-C 1.09 (1.00, 1.17) 1.08 (0.99, 1.16) 1.09 (1.00, 1.18) 1.08 (0.99, 1.17)

  TC/HDL-C ratio 1.11 (1.03, 1.19) 1.09 (1.01, 1.18) 1.11 (1.02, 1.19) 1.09 (1.00, 1.17)

Mixed Plaque

  Total Cholesterol 1.16 (1.00, 1.31)** 1.15 (0.99, 1.30)** 0.93 (0.80, 1.06)** 0.94 (0.81, 1.07)**

  LDL-C 1.21 (1.05, 1.38)** 1.21 (1.05, 1.38)** 0.93 (0.79, 1.07)** 0.95 (0.80, 1.10)**

  HDL-C 0.88 (0.76, 1.01) 0.86 (0.73, 0.99) 0.79 (0.66, 0.93) 0.77 (0.64, 0.90)

  Triglycerides 1.06 (0.91, 1.20) 1.06 (0.92, 1.21) 1.13 (0.97, 1.30) 1.14 (0.97, 1.31)

  Non-HDL-C 1.22 (1.05, 1.39)* 1.22 (1.05, 1.39)* 1.00 (0.85, 1.14)* 1.01 (0.87, 1.16)*

  TC/HDL-C ratio 1.17 (1.02, 1.32) 1.18 (1.03, 1.33) 1.12 (0.98, 1.26) 1.15 (1.00, 1.30)

Stenosis >50%

  Total Cholesterol 1.07 (0.80, 1.34) 1.06 (0.79, 1.33) 1.01 (0.80, 1.23) 1.03 (0.81, 1.25)

  LDL-C 1.13 (0.84, 1.41) 1.13 (0.84, 1.41) 1.02 (0.79, 1.24) 1.07 (0.82, 1.31)

  HDL-C 0.60 (0.42, 0.78)* 0.59 (0.41, 0.76)* 0.83 (0.62, 1.04)* 0.82 (0.61, 1.03)*
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Not on lipid lowering medication
(N= 442)

On lipid lowering medication
(N=236)

Model 1 Model 2 Model 1 Model 2

PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)

  Triglycerides 1.55 (1.22, 1.88)* 1.56 (1.22, 1.90)* 1.17 (0.92, 1.43)* 1.17 (0.90, 1.43)*

  Non-HDL-C 1.27 (0.96, 1.58) 1.26 (0.96, 1.57) 1.08 (0.84, 1.31) 1.10 (0.86, 1.34)

  TC/HDL-C ratio 1.36 (1.12, 161) 1.39 (1.13, 1.65) 1.18 (0.95, 1.40) 1.20 (0.97, 1.42)

CAC

  Total Cholesterol 1.15 (1.01, 1.28)** 1.14 (1.01, 1.27)** 0.95 (0.85, 1.06)** 0.96 (0.86, 1.06)**

  LDL-C 1.19 (1.05, 1.33)** 1.19 (1.05, 1.33)** 0.95 (0.84, 1.06)** 0.95 (0.84, 1.07)**

  HDL-C 0.87 (0.75, 0.98) 0.85 (0.75, 0.96) 0.96 (0.84, 1.07) 0.94 (0.83, 1.05)

  Triglycerides 1.14 (1.01, 1.27)* 1.14 (1.01, 1.27) 1.00 (0.90, 1.10)* 1.01 (0.91, 1.11)

  Non-HDL-C 1.22 (1.08, 1.36)** 1.22 (1.08, 1.36)** 0.96 (0.85, 1.07)** 0.97 (0.86, 1.08)**

  TC/HDL-C ratio 1.19 (1.07, 1.32)** 1.20 (1.07, 1.33)** 0.98 (0.86, 1.10)** 1.00 (0.88, 1.13)**

Abbreviations: CAC, coronary artery calcium; CI, confidence interval; HDL-C, High density lipoprotein; LDL-C, Low density lipoprotein; PR, 
Prevalence ratio; TC, total cholesterol

*
P-value for Wald test for statistical interaction between lipid lowering medication use and lipid parameter <0.10

**
P-value for Wald test for statistical interaction between lipid lowering medication use and lipid parameter <0.05

Model 1: age, race (Caucasian, African-American, Hispanic and Other), study site, HIV serostatus

Model 2: age, race (Caucasian, African-American, Hispanic and Other), study site, HIV serostatus, body mass index, systolic blood pressure, anti-
hypertensive medication use, diabetes medication use, fasting glucose, lipid-lowering medication use, and smoking status
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