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Abstract

Background—Risks for cardiovascular diseases, including myocardial infarction and stroke, are 

elevated in people with HIV infection (PWH). However, no trials of statin utilization with clinical 

cardiovascular disease (CVD) end points have been completed in PWH, and there are sparse 

real-world data regarding statin use and lipid-lowering effectiveness. We therefore used a unique 

cohort of PWH and uninfected controls to evaluate (1) differences in statin types used for PWH 

versus uninfected persons; (2) lipid lowering achieved by statin use for PWH versus uninfected 

persons; and (3) racial and ethnic disparities in appropriate statin use among PWH and uninfected 

persons.

Methods—We analyzed a cohort of 5,039 PWH and 10,011 uninfected demographically matched 

controls who received care at a large urban medical center between January 1, 2000, and May 

17, 2017. Medication administration records, prescription data, and validated natural language 

processing algorithms were used to determine statin utilization. Statins were categorized by 

generic active ingredient name and intensity (high, moderate, or low). Lipid values collected 

in routine clinical care were available for analysis. The first set of analyses was restricted to 

PWH and uninfected matched controls taking statins and compared (1) differences in statin type 

and (2) difference in cholesterol levels after versus before statin initiation by HIV status. For the 

second set of analyses, we first used prevalent CVD risk factors to determine participants with 

statin indications and then determined how many of these participants were taking statins. We then 
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compared statin utilization among persons with indications for statins by race/ethnic group for 

PWH and uninfected matched controls using multivariable-adjusted logistic regression.

Results—Among people prescribed statins, PWH were more likely than controls to have ever 

taken pravastatin (34.8% vs 12.3%, P < .001) or atorvastatin (72.2% vs 65.6%, P = .002) and 

less likely to have ever taken simvastatin (14.2% vs 39.5%, P < .001). Among PWH with 

indications for statin utilization, 55.7% of whites, 39.4% of blacks, and 45.8% of Hispanics were 

prescribed statins (P < .001). These differences in statin prescription by race/ethnicity remained 

significant after adjustment for demographics (including insurance status), cardiovascular risk 

factors, antiretroviral therapy use, HIV viremia, and CD4 count. These racial/ethnic disparities in 

statin utilization were less pronounced among uninfected persons.

Conclusions—Among PWH with statin indication(s), blacks and Hispanics were less likely 

than whites to have been prescribed a statin. These racial/ethnic disparities were less pronounced 

among uninfected persons. There were significant differences in type of statin used for PWH 

compared to uninfected matched controls. Future efforts addressing disparities in CVD prevention 

among PWH are warranted.

With widespread uptake of effective antiretroviral therapy (ART), morbidity and mortality 

from acquired immunodeficiency syndrome (ATDS)-defining illnesses have declined, 

whereas cardiovascular disease (CVD) has become more prominent among people with HIV 

infection (PWH).1–3 PWH have greater risks for atherosclerotic CVD (ASCVD) compared 

with uninfected controls.4 The elevated risk is due in part to the higher prevalence of 

traditional CVD risk factors such as smoking, diabetes, and dyslipidemia in PWH. However, 

after accounting for traditional risk factors, PWH still have a 1.5- to 2-fold greater risk of 

ASCVD than the general population.1,2,4,5

3-Hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitors (“statins”), which 

substantially decrease vascular event rates across CVD risk levels, form the backbone of 

primary and secondary prevention of ASCVD in the general population.6,7 Whereas well-

powered trials with adjudicated clinical end points have evaluated statins in the general 

population and are in evidence-based guidelines,8 similar data are unavailable among 

PWH, although the Randomized Trial to Prevent Vascular Events in HIV is ongoing 

(ClinicalTrials.gov Identifier: NCT02344290). Furthermore, some studies suggest that the 

cholesterol-lowering effectiveness of statins may be somewhat different for PWH compared 

with the general population, although it remains unclear whether these findings relate 

to different statin intensities, coadministration of different ART regimens, adherence, or 

other factors.9–12 Several studies have reported statin underutilization among PWH.13,14 

Possible contributing factors include a care model that prioritizes ART and management of 

opportunistic infections with less emphasis on noninfectious chronic diseases, a dearth of 

statin safety and outcome data for PWH, and concerns over drug-drug interactions between 

ART and certain statins.13,15,16 With the transition of HIV to a chronic manageable disease 

state marked by chronic inflammation and immune activation, prevention and management 

of CVD and other chronic noninfectious comorbidities are expected to join center stage.

The studies that have evaluated statin utilization among PWH to date have generally lacked 

well-matched uninfected control populations and data granularity required for real-world 
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assessment of statin types and intensity utilization. Furthermore, although differences by 

race and sex in statin utilization exist in the general population,17,18 the extent to which 

these differences exist among PWH is unknown. Given considerably lower rates of HIV 

care retention among black PWH versus white and Hispanic PWH,19 we anticipated that 

appropriate statin utilization would likewise be lowest among black PWH.

Therefore, in this study, we evaluated statin utilization, cholesterol-lowering effectiveness, 

and racial differences in statin use in PWH and demographically matched uninfected 

controls at a large urban medical system. Our hypotheses were that (1) significant 

differences in type and intensity of statin used exist for PWH versus uninfected controls, 

(2) lipid lowering after statin initiation in statin-naive PWH is lower than in statin-naive 

uninfected controls, and (3) black and Hispanic PWH are significantly less likely than white 

PWH to receive indicated statin therapy.

Methods

Cohort

The HIV Electronic Comprehensive Cohort of CVD Complications (HIVE-4CVD) is an 

electronic data repository of 5,039 PWH and 10,011 uninfected controls identified from 

the Northwestern Medicine Enterprise Data Warehouse (NMEDW). PWH were eligible for 

inclusion in the cohort if they were at least 18 years of age; received care at Northwestern 

Medicine (NM) between January 1, 2000, and May 17, 2017; and met at least 1 of the 

following criteria for HIV+ status: (1) positive HIV-1 antibody or serology, (2) positive (>0) 

HIV viral load, or (3) at least 3 separate dates on which HIV viral load and CD4 T-cell count 

were ordered concurrently. These criteria have been previously validated for identification of 

HIV-infected patients in electronic records.20 Uninfected controls were frequency-matched 

2:1 with PWH based on age, sex, race/ethnicity, zip code of primary residence in the medical 

record, and clinic location within the NM system. The Northwestern University Institutional 

Review Board approved the HIVE-4CVD creation and research protocol with a waiver of 

consent applied.

Determination of statin type and dose

Each statin/dose combination was extracted from the NMEDW using text search algorithms 

across all inpatient and outpatient encounters, prescription documentation, and medication 

administration records for patients in HIVE-4CVD. Statin type and dose were determined 

using the RxNorm drug terminology (National Library of Medicine, Bethesda, MD). 

Generic statins were not differentiated from brand name statins. Start date was determined as 

the earliest date recorded at which any statin was recorded for each patient in HIVE-4CVD. 

The algorithm identified correctly spelled statins coupled with dosages in patient-reported 

home medication records, inpatient medication administration records, and prescription 

records. The natural language extraction algorithm was validated by manual review of 

randomly selected patient medical records, which revealed zero disagreements between 

the automatically extracted and manually reviewed statin/dose combinations. From the 

NMEDW, we were unable to directly assess patient adherence to statin medications 

prescriptions or documented history of administration.
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Statin total cholesterol-lowering effectiveness

To determine changes in total cholesterol before and after statin initiation, prestatin 

cholesterol values for each patient were determined based on the final cholesterol panel 

prior to initiation of statin therapy. Poststatin lipid values were taken from each patient’s first 

cholesterol panel at least 60 days after the initiation of statin therapy; we did not include 

cholesterol panels from within the first 60 days after statin therapy initiation to ensure 

sufficient time for statin initiation and achieving of steady-state levels. Total cholesterol 

(TC) was the primary lipid variable analyzed. Low-density lipoprotein cholesterol (LDL-

C) was also analyzed but as a secondary lipid variable because hypertriglyceridemia is 

particularly common in PWH and significantly elevated triglycerides invalidate LDL-C 

values calculated using the Friedewald equation (the source of the majority of LDL-C data 

in HIVE-4CVD). Analyses of lipid lowering following statin initiation were restricted to 

patients with lipid values prior to statin initiation (without any documented statin use prior 

to or on the day of the earliest cholesterol panel) who also had cholesterol panels checked at 

least 60 days after statin initiation.

Demographic and clinical covariates

Age, sex, insurance status, and race/ethnicity (white non-Hispanic, black non-Hispanic, 

Hispanic, other) were determined from administrative records from each patient’s 

first clinical encounter. Hypertension diagnoses were determined using International 
Classification of Diseases, Ninth Revision (ICD-9) and ICD-10 codes and use of 

antihypertensive medication. These methods were used instead of direct blood pressure 

measurements because of systematic differences in frequency and distribution of blood 

pressure measurements in different clinical settings (eg, inpatient vs outpatient). Diabetes 

mellitus (DM) diagnoses were determined using ICD-9 or ICD-10 codes and either a 

measured hemoglobin A1c >6.5% or use of diabetes medication. Coronary heart disease 

(CHD) diagnoses were established using administrative (ICD-9, ICD-10, or Current 

Procedural Terminology) codes for coronary revascularization, myocardial infarction, or a 

primary CHD diagnosis, lipid values and other laboratory values from January 1, 2000, to 

May 17, 2017, were extracted for all patients with any lipid levels checked in clinical care, 

regardless of fasting status. For PWH, nadir CD4+ T-cell counts (cells/mm3), peak HIV viral 

load, and use of ART were determined using methods we have published previously.21

Indications for statin therapy

Patients were categorized as having indications for statin therapy if they had a diagnosis of 

CHD or DM, as defined above, or if they ever had a TC ≥240 mg/dL.22 The 2013 American 

College of Cardiology (ACC)/American Heart Association (AHA) guidelines and ASCVD 

risk scores were not used to determine indications for statin therapy because the majority of 

cohort calendar time in HIVE-4CVD predates these guidelines.

Statistical analyses

An overview of the cohort and analyses performed is included in Figure 1. The first set 

of analyses compared patterns of statin utilization and lipid lowering after statin initiation 

for PWH versus uninfected matched controls. We started by comparing demographic and 
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clinical covariates for PWH versus uninfected controls overall and separately for PWH 

versus uninfected controls taking statins. We then restricted our analyses to PWH and 

uninfected controls taking statins and analyzed differences in use of individual statin type 

(“types”, eg, atorvastatin vs pravastatin) and intensity. Statin intensity was determined 

according to 2013 ACC/AHA guidelines, which classify “high”-intensity statins as those 

expected to achieve ≥50% LDL-c reduction, “moderate” a 30% to <50% LDL-c reduction, 

and “low” a <30% LDL-c reduction.6 Next, we compared intraindividual changes in TC 

before and after statin initiation for PWH versus uninfected controls. Multivariable-adjusted 

general regression models adjusted for age, sex, race/ethnicity, and baseline TC were used 

to evaluate the association of HIV status with poststatin changes in TC. Because of the 

possibility of statin intensity (and related lipid lowering) differing systematically for PWH 

versus uninfected persons, we performed sensitivity analyses of TC lowering by statin 

intensity (high, moderate, or low) for PWH versus uninfected controls.

The second set of analyses evaluated disparities by race/ethnicity (non-Hispanic white, non-

Hispanic black, or Hispanic; other races/ethnicities were excluded because of insufficient 

numbers) in statin utilization among PWH with putative indications for statin use. 

Multivariable logistic regression models adjusted for age, sex, insurance status, DM, 

hypertension, CHD, HIV-specific variables (nadir CD4+ T-cell count, peak HIV viral 

load, any antiretroviral use, and any protease inhibitor use), and baseline LDL-C were 

used to analyze racial/ethnic disparities in statin use among PWH for whom statin use 

was indicated. We chose to restrict analyses to persons with statin indications and then 

perform multivariable adjustment (rather than propensity matching-based analyses) because 

we judged this approach to be most clinically relevant and reproducible in other cohorts. 

We included protease inhibitors as a separate variable from any ART use because of the 

potential for drug interactions between boosted protease inhibitors and statins,23 which may 

have led to safety concerns for statin administration by HIV and cardiology providers. 

A sensitivity analysis examining racial/ethnic differences in statin use among uninfected 

controls for whom statins were indicated was also performed. An additional analysis 

of antihypertensive medication use among persons with hypertension was performed to 

determine if patterns of indicated medication use across race/ethnic groups were similar or 

different than with statins.

All analyses were performed using Stata version 14 (StataCorp 15, College Station, TX). A 

P < .05 was considered statistically significant.

Funding source

The research and creation of this paper were supported by funding from the American Heart 

Association (Fellow-to-Faculty Transition Award FTF 31200010; Feinstein M. J., PI). The 

authors are solely responsible for the design and conduct of this study, all study analyses, the 

drafting and editing of the paper, and its final contents.
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Results

Statin type, dose, and lipid lowering for PWH and uninfected matched controls

Demographic characteristics and relevant clinical covariates of PWH and uninfected controls 

in HIVE-4CVD overall (n=15,050) and persons in HIVE-4CVD with any documented statin 

use (n=1830) are summarized in Tables I and II, respectively. Our PWH and control cohorts 

were well matched by age, sex, and race. In the overall cohort (Table I), PWH were sicker 

than uninfected persons (more likely to have diabetes and hypertension and to be taking 

statins). In the nested cohort of PWH and uninfected persons taking statins (Table II), the 

composition of age, sex, and race/ethnicity was similar for PWH and uninfected persons, 

and uninfected persons were marginally sicker (slightly more likely to have diabetes and 

hypertension). Regarding specific statin used (Figure 2), PWH who ever used statins were 

significantly more likely than uninfected controls to have been prescribed pravastatin (34.8% 

vs 12.3%; P < .001), atorvastatin (72.2% vs 65.7%; P = .002), and rosuvastatin (19.4% vs 

14.3%; P = .004) but less likely to have taken simvastatin (14.2% vs 39.5%; P < .001). There 

was no significant difference in the proportion of patients who took high-intensity statins 

(atorvastatin ≥40 mg daily or rosuvastatin ≥20 mg daily; P = .75). Analyses of cholesterol 

lowering after statin initiation revealed no statistically significant difference in TC or LDL-C 

lowering after statin initiation for PWH compared to uninfected controls, although there was 

a nonsignificant pattern of somewhat less TC and LDL-C lowering among PWH (Table III).

Racial and ethnic differences in statin utilization PWH

When we evaluated statin utilization among PWH with indications for statins, significant 

differences by race and ethnicity were apparent (Table IV). Whereas 340 of 610 white PWH 

(55.7%) with indications for statin were prescribed a statin, only 200 of 508 black (39.4%) 

and 66 of 143 Hispanic (45.8%) PWH with statin indications received a statin prescription 

(P < .001). After adjustment for age, sex, insurance status, hypertension, DM, CHD, nadir 

CD4+ T-cell count, peak HIV viral load, antiretroviral therapy, and baseline LDL-c (Table 

V), black PWH with statin indications were significantly less likely than white PWH with 

statin indications to be prescribed statins (odds ratio 0.59, 95% CI 0.42–0.85, P = .004). The 

pattern was similar but did not reach statistical significance for Hispanic versus white PWH 

with indications for statins (odds ratio 0.60, 95% CI 0.36–1.02; P = .06).

Sensitivity analyses revealed that these racial differences were less pronounced among 

uninfected persons in HIVE-4CVD, although they were statistically significant after 

adjustment for demographics and cardiovascular risk factors (Supplementary Table I). In 

a separate analysis, there were no consistent or significant differences in antihypertensive 

medication use for black versus white versus Hispanic PWH or uninfected persons with 

hypertension (data not shown).

Discussion

In this study, we evaluated real-world statin utilization for PWH and demographically 

matched uninfected controls in clinical care at a large university-based health care system. 

We found that black and Hispanic PWH with indications for statins (CHD, DM, and/or 
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hypercholesterolemia with TC ≥240 mg/dL) were significantly less likely than white PWH 

to be prescribed statins even after adjustment for demographic and clinical factors; these 

difference were not as pronounced among uninfected persons and may represent a racial 

disparity in cardiovascular disease prevention for PWH. Regarding statin types, PWH 

were approximately 3 times more likely to take pravastatin than uninfected controls and 

approximately one-third as likely to take simvastatin. Lipid lowering after statin initiation 

was not significantly different for PWH versus uninfected controls.

Our finding of dramatic racial differences in statin utilization by race among PWH but 

not uninfected controls is concerning and may reflect a “double jeopardy” phenomenon, 

whereby racial/ethnic minorities with HIV may be particularly vulnerable. Black and 

Hispanic PWH with DM, CHD, and/or significant hypercholesterolemia consistently 

had 0.5–0.6 times the odds of white PWH to be taking a statin after considerable 

multivariable adjustment, including for demographics, clinical characteristics, HIV viremia 

and immunosuppression, and baseline LDL-C levels. Although we expected some racial/

ethnic differences in statin utilization given previous studies in uninfected patients 

demonstrating lower statin utilization rates among racial/ethnic minorities compared with 

whites, 24–27 the extent to which this potential racial disparity was present among PWH 

(and more pronounced than for uninfected persons) was surprising. One potential reason 

for this would be if racial/ethnic disparities in access to care—particularly subspecialty 

and CVD care—are greater among PWH. Another possible related explanation is that 

HIV transmission factors most associated with socioeconomic vulnerability and fragmented 

care—such as intravenous drug use—are more common among black and Hispanic PWH 

than white PWH. The design of our study precludes us from determining why participants 

were or were not prescribed statins; we sought to account for obvious socioeconomic and 

access-related causes by adjusting for insurance status, although the possibility of residual 

confounding certainly exists. Furthermore, HIVE-4CVD does not have reliable substance 

use data, so we were not able to include these data in our analyses. Nevertheless, our 

findings may reflect a public health need for improved CVD screening and prevention 

programs among certain racial and ethnic groups of PWH. In the short term, further studies 

in other diverse cohorts of PWH in clinical care are needed to confirm our findings.

We also found highly significant differences in the statin types and doses prescribed 

for PWH versus uninfected persons in HIVE-4CVD. These differences were expected, 

particularly the relatively low rates of simvastatin utilization among PWH, for whom 

simvastatin is relatively contraindicated.15 Meanwhile, pravastatin was 3 times as common 

among PWH on statins versus uninfected controls on statins, suggesting that this was 

a common alternative for PWH who may have otherwise been prescribed simvastatin. 

Certainly, much of the relative excess in pravastatin among PWH may be driven by 

concerns regarding statin interactions with ART. These concerns are based primarily on 

pharmacokinetic data which have, appropriately, led to simvastatin being contraindicated 

among PWH.15,23,28 It remains unclear whether the benefits of higher-intensity statins 

(particularly atorvastatin 40 mg daily or greater and rosuvastatin 20 mg daily or greater) 

outweigh their risks for PWH given the potential for adverse effects but also the substantial 

potential CVD risk-reducing benefit of intensified statin therapy.
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Similar to previous studies, we found somewhat (though not statistically significant) less 

lipid lowering for PWH versus controls taking statins, with percent LDL-C reduction similar 

to those in a previous study of Kaiser Permanente data that did not distinguish statin 

type and dose.9–11 Whether this reflects differences in statin adherence, statin doses being 

decreased more commonly among PWH (with resulting reduced lipid lowering), or other 

mechanisms is unclear. Our finding that achieved LDL-C levels on statins were similar for 

PWH and uninfected persons corroborates the findings of a recent study in the Multicenter 

AIDS Cohort Study.29

A key strength of this study is that the cohort represents a racially and ethnically diverse 

cohort receiving inpatient and/or outpatient care in an urban university-based health care 

system. Our findings may therefore be generalizable to similar routine care settings, which 

is a limitation of cohorts that require regular and frequent participant follow-up. There 

were several limitations to this study. As with any study of nonrandomized medication 

data, confounding by indication limits potential comparison between groups. We sought 

to address this (particularly for the race/ethnic differences in statin use among PWH) by 

restricting our analyses of statin utilization to patients with likely indications for statins 

based on diagnoses of DM, CHD, and/or significant hypercholesterolemia. We judged this to 

be more clinically relevant alternative to matching on propensity scores for statin use, which 

would have been limited by heterogeneous collection of demographic and clinical variables 

in this cohort. Nevertheless, residual confounding by indication is certainly possible, and we 

were unable to control for other factors that may have influenced provider decision making 

regarding statin prescription. We sought to limit the extent to which confounders may have 

influenced our analyses through multivariable adjustment, after which the effect size for 

statin use by race/ethnicity among PWH remained consistent. Based on the nature of this 

cohort, there was no standardized procedure for measurement of baseline and follow-up 

lipid panels, and statin prescription data may have been incomplete. Finally, although most 

guidelines and previous studies use LDL-C to guide and evaluate statin therapy, we focused 

primarily on TC in our analyses because very high rates of hypertriglyceridemia in our 

population (particularly among PWH) complicated LDL-C calculation when the Freidewald 

formula was used.

Despite these limitations, our findings indicate potential race/ethnicity disparities in statin 

use among PWH that require further study and suggest a need for improved CVD prevention 

efforts among racial and ethnic minority PWH. Future studies should confirm these findings 

in other cohorts and focus on implementation efforts to improve CVD prevention among 

PWH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overview of cohort and analyses.
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Figure 2. 
Statin types used among persons in HIVE-4CVD ever taking statins.
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