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Background.  Individuals with human immunodeficiency virus (HIV) face elevated cardiovascular disease (CVD) risk. There 
are limited data regarding the application of the American College of Cardiology/American Heart Association (ACC/AHA) choles-
terol guidelines in HIV compared with non-HIV patients.

Methods.  Human immunodeficiency virus-infected and demographically similar control patients were assessed for statin rec-
ommendation status by ACC/AHA and the National Cholesterol Education Program Adult Treatment Program III (ATPIII), indi-
cation for statin recommendation, actual statin prescription, and CVD event. Outcomes were atherosclerotic CVD for ACC/AHA 
and coronary heart disease for ATPIII.

Results.  In a clinical care cohort of 1394 patients infected with HIV, 38.6% (538 of 1394) of patients were recommended for statin 
therapy by the ACC/AHA guidelines compared with 20.1% (280 of 1394) by the ATPIII guidelines. Of those recommended for statin ther-
apy, actual statin prescription rates were 42.8% (230 of 538) for ACC/AHA and 66.4% (186 of 280) for ATPIII. Among patients infected 
with HIV with an incident CVD event during follow-up, statin therapy was recommended for 59.2% (42 of 71) of patients by ACC/AHA 
and 35.2% (25 of 71) by ATPIII, versus 71.6% (141 of 197) by ACC/AHA and 43.1% (85 of 197) by ATPIII in the control group.

Conclusions.  In an HIV clinical care cohort, the ACC/AHA cholesterol guidelines recommend a higher proportion of patients 
for statin therapy and identify an increased proportion of patients with a CVD event compared with ATPIII. However, 40% of 
patients with a CVD event would not have been recommended for statin therapy by ACC/AHA, compared with 29% for controls. 
This gap in identification of patients infected with HIV at high CVD risk underscores the need for HIV-specific cardiovascular pre-
vention strategies.
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Human immunodeficiency virus (HIV)-infection confers a 1.5- to 
2-fold increased risk of cardiovascular disease (CVD) [1–3]. Among 
other risk reduction strategies, statin therapy may reduce CVD risk in 
patients infected with HIV. Statins have been associated with decrease 
in cholesterol levels, CVD-related inflammation and immune activa-
tion, and mortality rates among HIV-infected groups [4–8]. However, 
it remains unknown which patients infected with HIV will benefit 
from statin therapy and whether strategies to identify patients as 
eligible for statin therapy developed for the general population are 
applicable in the setting of HIV.

In 2013, the American College of Cardiology/American Heart 
Association (ACC/AHA) released new cholesterol guidelines [9] 
to replace the National Cholesterol Education Program Adult 
Treatment Program III (ATPIII) [10]. The ACC/AHA choles-
terol guidelines differ from ATPIII in that low-density lipopro-
tein (LDL) thresholds to determine statin eligibility are largely 
eliminated and a new risk score with an expanded outcome 
definition of CVD (coronary heart disease [CHD] or stroke) 
is used as a major criterion for statin eligibility [11]. Although 
the guidelines both outline criteria for treating dyslipidemia to 
prevent a cardiovascular event, the guidelines utilize different 
endpoints; the ACC/AHA guidelines use a broader endpoint of 
atherosclerotic CVD (including myocardial infarction, stroke, or 
coronary death) versus an endpoint of CHD (including myocar-
dial infarction or coronary death) for ATPIII. Studies indicate 
that in the general population, an additional 11% of patients 
would be newly recommended for statin therapy by the ACC/
AHA guidelines, and that this increase would largely be driven 
by older patients with an elevated risk score [12].
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Application of the ACC/AHA cholesterol guidelines to HIV 
populations remains limited. When applied to women infected 
with HIV, who make up a small proportion of the HIV-infected 
population in the United States, these guidelines may recommend 
statins to fewer HIV-infected women [13]. However, whether a 
similarly increased number of all patients infected with HIV 
would be recommended for statin therapy under the new guide-
lines has not been explored relative to a control population of all 
patients infected with HIV. Moreover, it is not known whether 
application of the ACC/AHA guidelines would result in improved 
identification of patients who ultimately experience a CVD event 
and would benefit from preventative therapy with a statin.

We had 2 primary objectives. In an HIV clinical care cohort, 
we sought to (1) compare the proportion of HIV-infected 
patients recommended for statin use by the ACC/AHA guide-
lines versus ATPIII and (2) determine how many patients who 
incurred a CVD event would have been recommended for 
statin use by general population guidelines, comparing HIV 
to control patients. We used the broader outcome of CVD to 
reflect the most recent ACC/AHA guidelines.

METHODS

Data Source

We conducted a retrospective clinical care cohort study of 1394 
patients infected with HIV in the Partners HIV Cohort. The 
cohort comprised patients followed in hospital-based or affil-
iated outpatient clinics at Brigham and Women’s Hospital or 
Massachusetts General Hospital, 2 urban tertiary care hospitals 
in the Partners HealthCare System. The cohort was initially 
developed by querying the Research Patient Data Registry, a 
centralized clinical data registry containing comprehensive 
demographic and clinical information for over 4.7 million 
patients. A  control group was generated from the same data 
source and individually matched to patients in the HIV cohort 
on the basis of age, gender, and race (5 controls: 1 case). The 
study was approved by Partners Human Research Committee.

Eligibility Criteria

Patients were eligible for inclusion in the study if they had 3 
or more encounters assigned International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
codes 042 and V08 or associated electronic health record (EHR) 
codes and available data to generate a CVD risk score (ATPIII 
and ACC/AHA) between January 1, 2006 and December 31, 
2008. A definition of 3 or more ICD codes has been demon-
strated in a validation study in this cohort to have a sensitivity 
of 89% and specificity of 100% for identifying HIV infection. 
Patients under 18 years old or with a prior diagnosis of CHD 
at start of observation were excluded. Start of observation was 
defined as the date on which the risk score was generated and 
occurred for each individual patient in a 3-year window ending 
December 31, 2008. Patients were followed through the earliest 
of CVD event, death, last encounter, or December 31, 2011.

Ascertainment of Covariates

Traditional CVD risk factors have been validated and included 
hypertension (ICD-9-CM code 401), diabetes mellitus (ICD-
9-CM code 250), and dyslipidemia (ICD-9-CM code 272) [14]. 
Blood pressure data were obtained through EHR health mainte-
nance-coded field data and by query of free text notes. Total and 
high-density lipoprotein cholesterol were obtained from labora-
tory data. Smoking status was obtained through a combination 
of coded smoking status from the EHR and a natural language 
processing-based algorithm applied to free text notes [15]. Use 
of statins and antihypertensive medications was obtained from 
inpatient and outpatient prescription medication data. Human 
immunodeficiency virus-related measures obtained from the 
EHR included use of antiretroviral therapy (ART), CD4 cell 
counts, and HIV ribonucleic acid level.

Ascertainment of Outcomes

In the analyses addressing the first objective, the primary out-
come was statin recommendation according to either ACC/
AHA or ATPIII, as of the observation start date for each indi-
vidual patient. The outcome for the ACC/AHA guideline is ath-
erosclerotic CVD (defined as myocardial infarction, stroke, or 
coronary death), and the outcome for the ATPIII guideline is 
CHD (defined as myocardial infarction or coronary death). In 
the analyses addressing the second objective, the primary out-
come was CVD event during the observation period defined 
by ICD-9-CM codes 410–414 and 433–434. Ascertainment of 
these outcomes have been validated in our prior publications 
[16–19]. Coronary death was determined using EHR data.

Statistical Analysis

Baseline characteristics were compared using χ2 tests for cat-
egorical variables and Kruskal-Wallis tests for continuous var-
iables. Recommendation for statin use by ATPIII was assessed 
using risk category (including CHD, CHD risk equivalent, or 
CHD risk factors and calculating 10-year Framingham Risk 
Score [FRS] if indicated). Recommendation for statin use by 
ACC/AHA was assessed as per guideline-defined statin bene-
fit groups and calculating the atherosclerotic CVD (Pooled 
Cohorts Equation) risk score if indicated. Reason for statin 
recommendation according to each cholesterol guideline was 
established for all study participants. Cardiovascular disease 
event rates were calculated. Analyses were performed for the 
HIV group and repeated for the control group. All analy-
ses were performed using STATA (Release 13; StataCorp LP, 
College Station, TX), and all tests were 2-sided with statistical 
significance defined as P < .05.

RESULTS

Demographic and Clinical Characteristics

The HIV group included 1394 patients with median follow-up 
of 4.7 years. The control group included 6141 patients with a 
shorter median follow-up of 3.9 years compared with patients 
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infected with HIV (P < .001). Demographic and clinical char-
acteristics for the patients infected with HIV are summarized 
in Table 1 overall and by gender. The cohorts were initially 
matched on age, gender, and race, but some differences in 
demographics were present after application of inclusion 
criteria. Women comprised 26.9% of the HIV cohort versus 
36.3% for the control cohort. Rates of some traditional CVD 
risk factors tended to be lower in the HIV group versus con-
trols for dyslipidemia (53.1% vs 56.2%, P = .037) and hyper-
tension (30.9% vs 44.1%, P  <  .001), but smoking was more 
prevalent among patients infected with HIV (45.3% vs 27.8%, 
P  <  .001). There was no difference in the rates of diabetes 
between HIV-infected group and controls (16.4% vs 17.4%, 
P  =  .366). In the HIV group, diabetes was more common 
among women than men (21.3% vs 14.6%, P = .003). In con-
trast, a higher proportion of HIV-infected males were smok-
ers (47.3% vs 40.0%, P = .015) (Table 1). A higher proportion 
of controls were on statin therapy compared with the HIV 
group (33.7% vs 22.0%, P < .001).

Recommended and Actual Statin Use

Statin recommendations under the 2 guidelines and actual 
statin prescriptions are presented in Figure 1 for the HIV and 
control groups. Overall, patients infected with HIV were less 
likely to be prescribed statin therapy compared with controls 
(22.0% vs 33.7%, P  <  .001). Statins were recommended for 
more patients infected with HIV under ACC/AHA (38.6%; 
95% confidence interval [CI], 36.1%–41.2%) than ATPIII 
(20.1%; 95% CI, 18.1%–22.3%). In the HIV group, statins were 

prescribed for 66.4% (95% CI, 60.7%–71.7%) of those meeting 
ATPIII and 42.8% (95% CI, 38.6%–47.0%) of those meeting 
ACC/AHA guidelines.

Statin Recommendation Status and Prescriptions

The indications for statin recommendation among the HIV 
and control groups according to each guideline are shown in 
Figure 2. Among all, an increased proportion of patients met 
criteria for statin use due to predicted risk of an event under 
ACC/AHA compared with ATPIII (40.2% vs 25.1%, P < .001).

Statin Recommendation Status Among Patients With Cardiovascular 
Disease Events

A total of 71 CVD events occurred in the HIV group, and 197 
events occurred in the control group. Table  2 presents CVD 
event rates (ICD-9-CM 410–414 and 433–434) by statin recom-
mendation status for both groups. Of 71 patients with events 
observed in the HIV group, 42 (59.2%) met criteria for statin 
use under ACC/AHA versus 25 (35.2%) under ATPIII. Of 197 
patients with events observed in the control group, 71.6% (141 
of 197) met ACC/AHA criteria for statin use and 43.1% (85 of 
197)  met ATPIII criteria. Results were similar when the out-
come of CHD was used (data not shown).

DISCUSSION

In this retrospective clinical care cohort study conducted in the 
modern ART era, we showed that an increased proportion of 
patients were recommended to be on a statin when applying the 
ACC/AHA cholesterol guidelines compared with ATPIII and 
that the ACC/AHA guidelines identified a higher proportion 

Table 1.  Demographic and Clinical Characteristics of HIV-Infected Patientsa and Controls

Characteristics 

HIV Control

All Female Male P Value All Female Male P Value

bP 
Value

N 1394 375 1019 6141 2227 3914

Age, mean (SD) 46 (9.0) 44 (9.6) 46 (8.7) .002 47 (10.4) 46 (11.8) 48.3 (9.43) <.001 <.001

Race, N (%) <.001 <.001 <.001

  White 734 (53) 126 (34) 608 (60) 2826 (46) 759 (34) 2067 (53)

  Black 360 (26) 156 (42) 204 (20) 1448 (24) 735 (33) 713 (18)

  Hispanic 220 (16) 69 (18) 151 (15) 1505 (25) 603 (27) 902 (23)

  Other 33 (2) 15 (4) 18 (2) 155 (3) 69 (3) 86 (2)

  Unknown 47 (3) 9 (2) 38 (4) 207 (3) 61 (3) 146 (4)

Hypertension, N (%) 431 (31) 120 (32) 311 (31) .596 2707 (44) 840 (38) 1867 (48) <.001 <.001

Diabetes, N (%) 229 (16) 80 (21) 149 (15) .003 1071 (17) 377 (17) 694 (18) .426 .366

Dyslipidemia, N (%) 740 (53) 197 (53) 543 (53) .802 3449 (56) 1039 (47) 2410 (62) <.001 .037

Smoking, N (%) 632 (45) 150 40) 482 (47) .015 1709 (28) 535 (24) 1174 (30) <.001 <.001

Statin Use, N (%) 306 (22) 74 (20) 232 (23) .225 2068 (34) 540 (24) 1528 (39) <.001 <.001

ART, N (%) 1050 (75) 278 (74) 772 (76) .532 - - - -

CD4, mean (SD) 507 (305.3) 519 (301.4) 503 (306.8) .394 - - - -

Nadir CD4, mean (SD) 269 (235.6) 250 (225.0) 276 (238.9) .076 - - - -

HIV RNA <400, N (%) 839 (75) 204 (68) 635 (78) .001 - - - -

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; RNA, ribonucleic acid; SD, standard deviation.
aAll data are N (%) unless otherwise indicated. CD4 count data were available for 1254 patients (326 women, 928 men). Viral load data were available for 1115 patients (300 women, 815 
men).
bComparing HIV-infected group to controls.
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of patients who would experience a future CVD event. Despite 
this increase in recommended statin use, however, over 40% 
of HIV-infected patients who experienced a CVD event would 
not have been identified as statin-eligible at baseline by the 
ACC/AHA guidelines. This contrasts with only 29% of control 
patients with a CVD event who would not have been identi-
fied as statin-eligible. Our findings suggest that although the 
ACC/AHA guidelines may identify more HIV-infected patients 
as statin-eligible, the newer cholesterol guidelines still perform 

suboptimally in HIV patients in terms of identifying patients at 
high cardiovascular risk who merit preventative therapy.

Individuals infected with HIV face increased rates of non-
communicable chronic diseases including CVD, often at 
younger ages [20, 21]. However, the mechanism of CVD in HIV 
is thought to differ from that in non-HIV-infected individuals, 
with prominent contributions from novel risk factors related to 
HIV-associated inflammation and immune activation [22–26]. 
Whether widespread CVD guidelines developed for the gen-
eral population are applicable in the setting of HIV remains 
unknown, because the guidelines were developed based on 
traditional risk profiles. The ACC/AHA cholesterol guidelines 
specifically cite HIV-infected individuals as a group in whom 
recommendations may not apply and further research is needed 
[9]. In the current study, we sought to assess the impact of the 
ACC/AHA cholesterol guidelines in individuals infected with 
HIV. In comparison to the longstanding ATPIII guidelines and 
using a matched control group from the same background pop-
ulation as a comparator group, we compared recommended and 
actual statin use and assessed the ability of general population 
cholesterol guidelines to identify high-risk individuals who 
would experience a future CVD event.

Statins have the potential to reduce CVD risk in patients 
infected with HIV via effects on lipids or anti-inflammatory 
effects. Data have demonstrated many beneficial effects of 
statins in individuals infected with HIV, including decrease in 
high-risk morphology coronary plaque, decreases in choles-
terol levels, in CVD-related inflammation and immune activa-
tion, and in mortality rates [4–8, 25, 27, 28]. However, whether 
strategies to identify statin-eligible patients developed for the 
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Figure 2.  Indications for statin recommendation by guideline. Indications for statin recommendation are shown for Adult Treatment Panel III (ATPIII) and American College 
of Cardiology/American Heart Association (ACC/AHA) cholesterol guidelines for the human immunodeficiency virus (HIV) and control groups, with the length of the bars 
indicating the percentage of overall patients recommended for statin by indication. For ACC/AHA, the prior cardiovascular disease (CVD) category includes patients with 
atherosclerotic CVD (ASCVD) and the diabetes category includes patients with diabetes and low-density lipoprotein (LDL) ≥70. For ATPIII, the prior coronary heart disease 
(CHD) category includes patients with CHD or CHD risk equivalents as defined by ATPIII (symptomatic carotid artery disease, peripheral artery disease, and abdominal aortic 
aneurysm) and with LDL ≥100 and the diabetes category includes patients with diabetes and LDL ≥100. For both guidelines, current statin group refers to patients who were 
already on statin therapy at the time of the observation period. The predicted risk category reflects statin recommendation based on calculated predicted ASCVD risk ≥7.5% 
for ACC/AHA and statin recommendation based on a combination of CHD risk factors and calculated predicted CHD risk by the Framingham Risk Score for ATPIII.
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Figure  1.  Statin recommendation status and prescriptions by guideline. 
Percentages of patients recommended for statin therapy by each guideline are 
shown for both human immunodeficiency virus (HIV) and control groups. Among 
those recommended statin therapy by each guideline, the percentage of patients 
who were prescribed statin therapy is shown. ACC/AHA, American College of 
Cardiology/American Heart Association; ATPIII, Adult Treatment Panel III. 
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general population are applicable in the setting of HIV remains 
unknown. The Randomized Trial to Prevent Vascular Events in 
HIV (REPRIEVE trial) [29] will provide valuable insight into the 
extent to which statins are a robust CVD risk reduction method 
in HIV-infected individuals at low to moderate CVD risk. In the 
present study, we investigate current patterns of use and applic-
ability of cholesterol guidelines in HIV to assess whether these 
paradigms are likely to need to be adapted for use in HIV.

The ACC/AHA released new cholesterol guidelines in 2013 
to update the longstanding ATPIII guidelines [30]. In contrast 
to ATPIII, which used LDL thresholds to determine statin eli-
gibility, the new guidelines delineate 4 at-risk groups to con-
sider for initiation of statin therapy. A new CVD risk score (the 
Pooled Cohorts Equations) introduced as part of new CVD risk 
prediction guidelines [11] concurrently released by the ACC/
AHA forms the basis for one of the statin risk categories in the 
new cholesterol guidelines. It is notable that the outcome for the 
ACC/AHA risk score, which is a key determinant of the chol-
esterol guidelines, encompasses both CHD and stroke (CVD) 
and is broader than the outcome used in the risk scores used in 
ATPIII (CHD). Data from the National Health and Nutrition 
Examination Surveys (NHANES) indicate that an additional 11% 
of patients would be newly recommended for statin therapy by 
the ACC/AHA guidelines, and that this increase would largely be 
driven by older patients with an elevated CVD risk score [12]. In 
the current study, we similarly show that an increased proportion 
of patients infected with HIV would be newly recommended for 
statin therapy by ACC/AHA versus ATPIII, at a rate nearly dou-
bled (39% vs 20%), similar to observations reported by others [13, 
31, 32]. Moreover, the increase in the proportion recommended 
for statin comparing ACC/AHA to ATPIII was relatively greater 
in the HIV compared with the control group (19 percentage point 
increase in statin recommendation among patients infected with 
HIV compared with 15-point increase among controls). In our 
cohort, as in the NHANES-based general population estimate, 
the increase in recommended statin use was driven by the pre-
dicted risk score category.

In our study, actual statin prescription rates in patients iden-
tified as eligible for statins were lower in the HIV group than 
in the control group despite similar proportions recommended 
for statins. Statin use in our cohort was comparable to reported 
statin use among other HIV-clinical cohorts [33], including 
among European cohorts [34]. However, in a small study of 155 
HIV-infected patients in a primary care setting, there was no 
difference in statin recommendation by either ACC/AHA or 
ATPIII [35]. Suboptimal adherence to CVD prevention guide-
lines is consistent with prior reports of low aspirin prescrip-
tion rates for primary and secondary prevention [18, 34, 36] 
and low treatment rates for traditional cardiovascular risk fac-
tors among individuals infected with HIV [37–39]. In a study 
assessing compliance with cholesterol guidelines among male 
veterans infected with HIV, 23% of eligible individuals were not 
receiving statins; these results are in alignment with our results 
showing underutilization of statin therapy, with 33% eligible by 
ATPIII not receiving treatment [40]. The relatively low rates of 
statin use in HIV we observed during the ATPIII treatment era 
may reflect competing priorities of advanced HIV and oppor-
tunistic infection management, concern for possible drug inter-
actions, lower prioritization of chronic disease management in 
HIV clinic settings, or lack of evidence for clear transportability 
of general population guidelines to HIV.

Despite the increase in the proportion of HIV-infected 
patients recommended for statins by ACC/AHA, more than 
40% of HIV-infected patients who experienced a CVD event 
would not have been recommended for statin therapy under 
this guideline. Although this unrecognized, at-risk group is 
smaller than that for ATPIII, it is notably larger than that for 
non-HIV control patients from the same population (29% of 
patients with CVD events would not have been recommended 
for a statin by ACC/AHA in the control group). This gap in 
statin recommendation for HIV patients who subsequently 
experience a CVD event is consistent with a recent study indi-
cating that 74% of HIV patients with proven high-risk coronary 
plaque were not recommended statin therapy under ACC/AHA 
for primary prevention [41]. The failure to recommend a sta-
tin for a large proportion of HIV-infected patients who would 
experience a CVD event demonstrates the inadequacy of apply-
ing general population guidelines to HIV-infected populations, 
a group with a discrete risk factor profile comprising novel risk 
factors not captured in general population guidelines.

Our study has several limitations. There is possible incom-
plete ascertainment of primary exposure (statin) or CVD out-
come data. We anticipate medication data to be robust because 
the timing of this study corresponded with widespread adop-
tion of mandatory EHR prescribing. Given the possibility of 
missing exposure or outcome data, we included a non-HIV 
control group from the same healthcare system that would be 
anticipated to have similar rates of incomplete data as an inter-
nal control. We do not anticipate that incomplete capture of 

Table  2.  Statin Recommendation Status Among Patients With CVD 
Eventsa

HIV Controls

Guideline N Events Rateb N Events Rateb

ATPIII 280 25 19.4 (13.1–28.7) 1612 85 13.3 (10.8–16.4)

ACC/AHA 538 42 17.6 (13.0–28.8) 2493 141 14.5 (12.3–17.1)

Both 271 24 19.2 (12.9–28.7) 1553 82 13.2 (10.7–16.5)

Neither 847 28 8.0 (5.5–11.6) 3589 53 4.2 (3.2–5.5)

Overall 1394 71 12.0 (9.5–15.1) 6141 197 8.8 (7.6–10.1)

Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association; ATP, 
Adult Treatment Panel; CDV, cardiovascular disease; HIV, human immunodeficiency virus; 
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
aOutcome is defined as CVD (ICD-9-CM codes 410–414 or 433–434).
bPer 1000 person years.
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outcome events would differ by HIV status. We calculated ACC/
AHA risk scores for those in the 20–39 year age group because 
patients infected with HIV experience CVD at younger ages, 
but we acknowledge the limited evidence for widespread use of 
statin therapy in this age group. Furthermore, we did not con-
duct a time-to-event analysis. Because results reflect practice 
from a single center versus pooled data across several centers, 
the reported prescribing rates may not necessarily apply to all 
clinical settings. For instance, differences in health insurance 
may have influenced statin prescriptions in our cohort. Finally, 
it is possible that statin prescription rates in HIV may vary over 
time, reflecting changes in practice patterns.

CONCLUSIONS

In summary, our findings highlight that the ACC/AHA choles-
terol guidelines are likely to be less applicable in the setting of 
HIV than in the general population, with more than 40% of HIV-
infected individuals who experienced a CVD event not recom-
mended for statin therapy by these guidelines. Notably, this group 
of patients who incurred events but were not identified as sta-
tin-eligible was larger for the HIV group compared with the con-
trol group, suggesting that factors specific to HIV infection that 
are not reflected in the guidelines may mediate the development 
of atherosclerosis in HIV [42, 43]. Our finding that less than 50% 
of patients recommended for statin therapy were prescribed stat-
ins during the ATPIII era suggests that patients with traditional, 
modifiable CVD risk factors may not have been receiving appro-
priate guideline-recommended preventive therapy. Our findings 
underscore an urgent need for ongoing research on CVD risk 
stratification and prevention strategies in HIV.
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