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WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ REPRIEVE (Randomised Trial to Prevent Vascular Events in HIV) investigated 

the effect of pitavastatin on cardiovascular disease and safety outcomes
	⇒ Robust evidence is lacking on the effectiveness and safety of different statins 

for preventing cardiovascular disease in people with HIV

WHAT THIS STUDY ADDS
	⇒ Estimates of the effectiveness and safety of the use of statins for the 

primary prevention of cardiovascular disease are provided, based on a large 
observational cohort of adults receiving HIV care in the US and Canada

	⇒ Participants who initiated statin treatment had lower cardiovascular disease 
event rates but higher diabetes rates than participants who developed the 
indication but did not take statins

	⇒ Cardiovascular disease risk thresholds were identified by statin type, 
subgroup, and patient preference, emphasising the importance of 
customising statin treatment to optimise benefits

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
	⇒ The findings suggest that statins benefit people with HIV but highlight the 

need for careful evaluation of the net benefits based on baseline risk of 
cardiovascular disease, potential harms, and patient preferences, rather than 
a one-size-fits-all approach

	⇒ Controlled studies on various statins in people with HIV taking modern 
antiretroviral therapy regimens are essential, because earlier observational 
data might have limitations that could affect the observed benefits

ABSTRACT
OBJECTIVE  To evaluate the effectiveness and 
benefit-harm balance of various statins for the 
primary prevention of cardiovascular disease in 
people with HIV.
DESIGN  Target trial and modelling study.
SETTING  North American AIDS Cohort Collaboration 
on Research and Design (NA-ACCORD), 1995 to 2019. 
NA-ACCORD integrates individual level data from >20 
HIV cohorts across the US and Canada from people 
with HIV who have successfully linked into care.
PARTICIPANTS  157 699 people with HIV enrolled in 
one of the cohorts of NA-ACCORD. 54 165 eligible 
individuals, aged 40-75 years, were enrolled in the 
target trial.
MAIN OUTCOME MEASURES  The primary outcomes 
for the target trial were the 10 year effects of statins 
on cardiovascular disease events (fatal and non-fatal 
myocardial infarction, hospital admission for unstable 
angina, coronary or arterial revascularisation, fatal 
and non-fatal stroke, or transient ischaemic attack) 
and harm outcomes (type 2 diabetes, mild cognitive 

impairment, rhabdomyolysis, and myopathy). The 
secondary outcome was the 10 year risk threshold 
where the reduction in cardiovascular disease 
outweighed the increased risk of harm outcomes, 
showing an overall net benefit of statins.
RESULTS  Participants who first started receiving 
treatment with statins (statin initiators) had a 21% 
reduction in cardiovascular disease events (hazard 
ratio 0.79, 95% confidence interval (CI) 0.72 to 0.87) 
and a 26% reduction in the combined risk of stroke 
and myocardial infarction (0.74, 0.56 to 0.98), but a 
12% increase in the risk of type 2 diabetes (1.12, 1.01 
to 1.25) compared with participants who developed 
the indication but did not take statins (non-initiators). 
The effects on cognitive impairment (hazard ratio 
1.13, 95% CI 0.82 to 1.56), myopathy (1.10, 0.76 to 
1.61), and rhabdomyolysis (1.09, 0.68 to 1.75) were 
not statistically significant. On average, the benefit of 
statins exceeded harms for individuals with a 10 year 
baseline risk of cardiovascular disease of ≥13.8%. 
Subgroup specific thresholds included men (14.2%), 
women (11.1%), ages 40-64 years (13.8%) versus 65-75 
years (15.1%), and CD4 count >200 cells/mm³ (13.6%) 
versus <200 cells/mm³ (15.3%). Varying weights for 
cardiovascular disease yielded thresholds ranging 
from 11.6% to 54.0%, whereas weights for harm 
outcomes resulted in thresholds ranging from 5.0% to 
>30.0%.
CONCLUSIONS  In this study, statins benefitted 
individuals with HIV with a moderate or high risk of 
cardiovascular disease, but the threshold for net 
benefit varied by patient subgroup and preference, 
implying the need to customise statin treatment 
to individual risks, preferences, and treatment 
goals. Given the limitations of observational data, 
further controlled studies are needed to evaluate 
the efficacy and safety of statins in people with HIV 
receiving modern antiretroviral therapy.

Introduction
The risk of cardiovascular disease in people with HIV 
is twice as high as in those without HIV.1 As well as 
the traditional risk enhancers, chronic immune acti-
vation and inflammation related to HIV and some 
antiretroviral therapy, particularly protease inhib-
itors and early generations of nucleoside reverse 
transcriptase inhibitor analogues, contribute to 
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progressive atherosclerosis and unfavourable lipid 
dysregulation in people with HIV.2 Newer antiretro-
viral treatments, such as the integrase strand transfer 
inhibitors and tenofovir alafenamide fumarate, are 
associated with weight gain and subsequent meta-
bolic changes that might further increase the risk of 
cardiovascular disease.3–5

Preventive strategies for cardiovascular disease in 
people with HIV are limited by insufficient evidence.6 
Treatment with statins is a mainstay of lipid lowering 
and cardiovascular risk prevention in the general 
population.7 8 Although guidelines recommend 
single thresholds for starting statins, focused mainly 
on cardioprotective effects, our previous study 
found that these thresholds varied between 14% 
and 22%, depending on age and sex, with a benefit-
harm trade-off analysis.9 Statins, however, have not 
been well evaluated in people with HIV. REPRIEVE 
(Randomised Trial to Prevent Vascular Events in 
HIV)10 was the first trial that tested a daily dose of 4 
mg of pitavastatin.2 The trial showed a 35% reduc-
tion in cardiovascular disease but increased risks 
for diabetes and muscle disorders, indicating the 
need for a careful evaluation of the benefit-harm 
balance. The effects of other commonly used statins 
should be examined because of potential differ-
ences in effectiveness and safety. Statins should 
provide benefits for people with HIV by reducing 
lipid levels10 11 and also by pleiotropic effects, such 
as reducing inflammation and markers that enhance 
the risk of atherosclerosis.12 The harms, however, 
including interactions with antiretroviral therapy, 
hepatitis C virus protease inhibitors, and CYP3A4 
(cytochrome P450 3A4) inhibiting antimicrobial 
agents, could offset the cardioprotective effects in 
certain individuals.2 13 Hence as well as evaluating 
effectiveness and harms, a careful and systematic 
approach for personalised decisions is needed to 
identify individuals who would derive most benefit 
from statins based on their risk for the treatment-
related benefit and harm outcomes and antiretroviral 
therapy.

In this study, we used data from the North 
American AIDS Cohort Collaboration on Research 
and Design (NA-ACCORD),14 the largest collabo-
ration of longitudinal HIV cohorts, to estimate the 
effectiveness and harms of statins for the primary 
prevention of cardiovascular disease, with a target 
trial approach.15 We also evaluated the balance 
between cardiovascular disease events prevented 
and the harms of statins, and determined cardio-
vascular disease risk thresholds above which the 
benefits outweighed the harms. The approach could 
inform how decision making should be guided to 
optimise the benefits of statins by identifying indi-
viduals or subgroups who would benefit most based 
on their risks and preferences.

Methods
Study design
We developed an open label target trial protocol and 
emulated it with observational data from NA-ACCORD 
to evaluate the effects of statins on the incidence of 
primary cardiovascular disease and harm outcomes 
in people with HIV. Table 1 gives specifications of the 
target trial.

NA-ACCORD integrates individual level data from 
>20 HIV cohorts across the US and Canada from 
people with HIV who have successfully linked into 
care (defined as ≥2 HIV clinical visits in 12 months).14 
Our study included 157 699 people with HIV enrolled 
in one of these cohorts between 1995 and 2019 
(online supplemental material). NA-ACCORD uses 
rigorous data collection and harmonisation methods, 
and quality checks, and follows standardised data 
management processes to ensure data reliability. 
Although the cohorts represent wide geographic 
areas across both countries,14 differences in popula-
tion personal characteristics, healthcare access, and 
care delivery should be considered when interpreting 
findings and applying them to other settings.

Participants and eligibility
We defined the entry date for follow-up based on the 
start of combination antiretroviral therapy (1 January 
1995), enrolment in NA-ACCORD, the opening date 
of the specific cohort, or the start of the observa-
tion windows for comorbidities (such as diabetes, 
hepatitis C virus, and body mass index), whichever 
occurred later. We then included individuals aged 
40-75 years with no previous cardiovascular disease 
events, and no previous use of statins or indications 
for statin use, specifically those with low density 
lipoprotein levels <4.9 mmol/L, total cholesterol 
<7.5 mmol/L, triglycerides <5.7 mmol/L, and 10 year 
predicted cardiovascular disease risk score <7.5% 
based on the pooled cohort equations for those with 
low density lipoprotein levels of 1.8-4.9 mmol/L, or 
low density lipoprotein levels <1.8 mmol/L for partic-
ipants with diabetes at entry to follow-up.16 17

Exclusion criteria were CD4 count <100 cells/mm3, 
use of other lipid lowering agents (such as ezetimibe 
and proprotein convertase subtilisin/kexin type 9 
(PCSK-9) inhibitors) within 60 days of study entry, 
alanine aminotransferase levels >3 times the upper 
limit of normal, renal diseases, myopathy, rhabdo-
myolysis, or dementia within 60 days of study entry, 
cancer within 12 months of entry to the target trial, 
or current use of treatments with potential interac-
tions with statins. Participants were assessed at the 
time of entry to follow-up.

We defined the start of statin treatment as the first 
statin prescription (statin initiators). Controls (non-
initiators) were individuals who first developed an 
indication for statin therapy: low density lipopro-
tein levels ≥4.9 mmol/L, total cholesterol levels ≥7.5 
mmol/L, and a 10 year cardiovascular disease risk of 
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≥7.5% for those with low density lipoprotein levels 
1.8-4.9 mmol/L, or in patients with diabetes, low 
density lipoprotein levels ≥1.8 mmol/L, and having 
no contraindications. We included all statin types, 
but excluded simvastatin and lovastatin because 
of their higher risk of interactions.13 18 Individuals 
exited the study at the earliest occurrence of any of 
the following: outcomes of interest, death, loss to 
follow-up (defined as a period of ≥2 years without a 
CD4 or viral load measurement), reaching a 10 year 
follow-up after entry to the target trial, closing of 
cohorts or observation window for comorbidities, or 
administrative censoring at 31 December 2019.

Outcomes
The primary outcome was the first cardiovascular 
disease event (fatal and non-fatal myocardial 

infarction, hospital admission for unstable angina, 
coronary or arterial revascularisation, fatal and 
non-fatal stroke, or transient ischaemic attack). 
Statin harm outcomes included ICD (international 
classification of diseases) diagnosis codes for type 
2 diabetes, mild cognitive impairment (non-HIV 
dementia), rhabdomyolysis, and myopathy (defined 
as creatine kinase levels >10 times the upper limit of 
normal) (online supplemental table S1).19

Statistical analysis
We evaluated the effectiveness and safety of statins. 
Participants who first started receiving treatment 
with statins (statin initiators) were closely matched 
with participants who developed the indication but 
did not take statins (non-initiators). Matching factors 
were personal characteristics (age, sex at birth, race 

Table 1 | Target trial specifications and emulation to estimate effectiveness and safety of statins for primary prevention of cardiovascular disease
Protocol component Target trial Target trial emulation

Design Open label trial Same as for target trial. Because individuals know what treatments they are 
taking in real world practice, the target trial we emulated was open label

Eligibility criteria Age 40-75 years Same as for target trial
	► No previous history of cardiovascular disease, no statin treatment 

started before enrolment
	► LDL <4.9 mmol/L, total cholesterol <7.5 mmol/L, and 10 year 

cardiovascular disease risk score <7.5 for individuals with LDL 1.8-4.9 
mmol/L and triglycerides <5.7 mmol/L, or LDL <1.8 mmol/L for patients 
with diabetes

	► No contraindications at baseline, including cognitive impairment, 
HIV dementia, renal and liver disease, muscle disorders, history of 
allergy or severe adverse reactions to statins, liver enzymes >3 times 
the upper value of a normal range, cancer 12 months before study 
entry, and no current use of erythromycin, clarithromycin, colchicine, 
or fluconazole

Same as for target trial

Treatment strategies 
and start of follow-up

Statin treatment initiation v non-initiation Statin initiation was the first date of a statin prescription
Non-initiation (controls) had indications for statin treatment: LDL ≥4.9 
mmol/L, total cholesterol ≥7.5 mmol/L, and 10 year cardiovascular disease 
risk score ≥7.5 for individuals with LDL 1.8-4.9 mmol/L and triglycerides ≥5.7 
mmol/L, or LDL ≥1.8 mmol/L for patients with diabetes
Follow-up began at these time points: when statin treatment was first started 
(initiators) or time participants developed the indication but did not take 
statins (non-initiators)

Randomisation Individuals randomly assigned to a strategy at baseline and are aware of 
their assigned strategy

Emulated randomisation by adjusting for baseline confounders determined 
when treatment assigned (statin initiation or developed indications for statin 
treatment), including age, sex, race, cohort, year of enrolment to NA-ACCORD, 
10 year risk score, hypertension, diabetes, LDL/total cholesterol, systolic 
blood pressure, family history of cardiovascular disease, behavioural risk, 
cohort site, smoking, year of enrolment, CD4 count, viral load, and use of 
abacavir, protease inhibitors, nucleoside reverse transcriptase inhibitor ana-
logues, integrase strand transfer inhibitors, tenofovir alafenamide fumarate, 
and antihypertensive treatments

Ending follow-up Follow-up ended on the date of occurrence of the first event of interest 
(cardiovascular disease, diabetes, or cognitive impairment), death, loss 
to follow-up, or censoring at 10 years after enrolment in the target trial, 
whichever occurred first

Individuals exited the study at the first occurrence of: outcomes of interest; 
date of death; loss to follow-up (defined as a period of ≥2 years without CD4 
or viral load measurement); 10 year follow-up after entry to the target trial; 
closing of cohorts or comorbidity observation window; or administrative 
censoring (31 December 2019)

Outcomes Time to any cardiovascular disease events (fatal and non-fatal myo-
cardial infarction, fatal and non-fatal stroke, hospital admission for 
unstable angina, or coronary or peripheral arterial revascularisation) 
and harm outcomes (diabetes, mild cognitive impairment, and rhabdo-
myolysis)

Same as for target trial
Outcome assessment was not blinded, and not all outcomes were deter-
mined in all NA-ACCORD cohorts

Causal contrast Intention-to-treat effect Observational analogue intention-to-treat average treatment effect
Statistical analysis Intention-to-treat analysis Same as for target trial

LDL, low density lipoprotein; NA-ACCORD, North American AIDS Cohort Collaboration on Research and Design.
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and ethnic group, and HIV acquisition risk), risk 
factors for the outcomes of interest (body mass index, 
smoking, cholesterol levels, 10 year cardiovascular 
disease risk score, family history of cardiovascular 
disease, hypertension, use of antihypertensive drug 
treatments, systolic blood pressure, diabetes, and 
hepatitis C virus infection), and factors related to HIV 
(CD4 count, viral load, and use of abacavir, protease 
inhibitors, integrase strand transfer inhibitors, and 
tenofovir alafenamide fumarate). The cohort indi-
cator was also considered in matching, to account for 
variations in practice, as well as year of enrolment, 
to account for changes in specifications for antiretro-
viral therapy and guidelines over time. We imputed 
missing covariates with multiple imputations before 
matching. We also accounted for the competing risk 
of death with inverse probability weighting.

Statin initiators were matched with one to three of 
their closest non-initiators, based on their propensity 
to receive statins, taking into account the wide range 
of covariates listed above, as well as the competing 
risk of death. We evaluated the covariate balance 
with a plot of the standardised mean differences 
between variable values for statin initiators and non-
initiators, with a difference of ≤0.1 considered to be 
acceptable matching (online supplemental figures 
S1–S5).

We fitted a Cox proportional hazards model to the 
matched cohorts, with the use of statins as the inter-
vention, incorporating matching weights for multiple 
controls. We estimated the 10 year cumulative inci-
dence for each outcome with the Kaplan-Meier esti-
mator for statin initiators and non-initiators. The 
observational analogue, intention-to-treat hazard 
ratios of starting statins, on cardiovascular disease, 
diabetes, cognitive impairment, myopathy, and rhab-
domyolysis were estimated with Cox proportional 
hazard models.

Sensitivity analysis
We performed sensitivity analyses with different alter-
native assumptions to assess the robustness of the 
results. Firstly, because a statin adherence indicator 
was not available, we restricted the analysis to indi-
viduals who were prescribed statins for >12 months 
versus never users, which might serve as a proxy 
indicator for adherence. Secondly, a random placebo 
treatment was assigned, disregarding patient char-
acteristics, to assess the expected null effect in the 
absence of residual confounders. Thirdly, analyses 
were performed separately for specific statin types, 
including atorvastatin, rosuvastatin pravastatin, and 
fluvastatin. Finally, we estimated subgroup effects 
based on factors defined a priori, including age, 
cardiovascular disease risk score, hypertension, use 
of integrase strand transfer inhibitors, and diabetes, 
among others.

For the benefit-harm analysis, we weighed 
prevented cardiovascular disease events against 

cumulative harm events, including diabetes, 
myopathy, rhabdomyolysis, and cognitive impair-
ment, as estimated in our target trial. We included 
all potential outcomes in the benefit-harm analysis, 
irrespective of whether they were significant, and 
accounted for the statistical uncertainty of the esti-
mates. Also, we incorporated statin related outcomes 
from the general population, that were not estimable 
from the NA-ACCORD data, specifically hepatic 
dysfunction, renal dysfunction, and cataracts from 
external sources.7 20–22 We assessed the relative 
effects of only these three outcomes from external 
sources, while their outcome risks were taken from 
NA-ACCORD.

The benefit-harm analysis considered the relative 
treatment effect, outcome risks in participants who 
were not treated with statins, and preferences. The 
cumulative risk differences with and without statins 
were predicted with an exponential model adjusted 
for the competing risk of death. We weighed the risk 
difference by their respective preference (relative 
importance) values to summarise the benefits and 
harms in one number. Preference is also an impor-
tant factor to consider for treatment decisions. It can 
be a proxy indicator for the patient's willingness to 
accept or reject (ie, risk aversion) the risks of harm 
in pursuit of the benefit. Because we did not find 
studies on outcome preferences specific to people 
with HIV, we used preferences from a previous study 
conducted in Ethiopia and Switzerland in people 
without HIV.23 We adjusted these values to the 
outcome features in our study by applying different 
anchor values. Preference weights ranged from 0.0 
for outcomes with no perceived concern to 1.0 for 
the worst outcome (ie, death for most people). We 
conducted extensive analyses with a range of pref-
erences to examine the preference sensitivity of the 
results.

We summed the preference adjusted risk differ-
ences across all outcomes to derive the benefit-harm 
index distribution, with negative (harm outweighed 
benefit), positive (benefit outweighed harm), or 
zero (equipoise) values. We repeated this process 
100 000 times, accounting for the statistical uncer-
tainty around the input parameters. Since the aggre-
gated index might not be directly interpretable, we 
provided a proxy interpretation by transforming 
the index to cardiovascular disease equivalent 
events (online supplemental material). The analyses 
included bootstrapping with 1000 replicate samples 
to estimate 95% uncertainty intervals based on the 
2.5th and 97.5th percentiles in the distributions of 
net benefit and outcome events.

For a more intuitive interpretation, we calculated 
the probability of the benefits of statins outweighing 
the harms (ie, net benefit) from the distribution of 
the benefit-harm balance index. We conducted this 
analysis for 10 year baseline risk values of cardiovas-
cular disease ranging from 0% to 30% and identified 
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the threshold at which the probability of net benefit 
reached at least 0.6. We selected a probability of 0.6 
for defining the risk threshold to ensure a non-zero 
minimal net benefit, rather than using a probability 
of 0.5 where the expected net benefit would be zero. 
We also provided the thresholds defined at 0.5 prob-
ability of net benefit. The method is described in our 
previous works,9 24 25 and the online supplemental 
material gives more details.

We conducted the analyses for varying hypothet-
ical weights, different time horizons, and subgroups 
based on sex, age, body mass index, race, use of 
protease inhibitors or integrase strand transfer inhib-
itors, hepatitis C virus infection, hypertension, viral 
load or CD4 count, and smoking status at entry to 
the target trial. Analyses were done with R software 
(version 4.0.4) and in accordance with standards of 
reporting quantitative benefit-risk models and esti-
mates from observational studies.26 27

Patient and public involvement
This study used data from NA-ACCORD. Patients or 
the public were not involved in the development of 
the research question or outcome measures, or in 
the design, implementation, or dissemination plans 
of this study because we did not have access to indi-
vidual participants in the NA-ACCORD cohorts. All data 
were anonymised and provided under agreements 
that preclude patient contact. Findings will be shared 
through open access publication and distributed to the 
NA-ACCORD network.

Results
Of the initial sample of 157 699 people with HIV, 54 
165 eligible individuals were enrolled in the target 
trial (online supplemental figure S6). Table 2 shows 
the baseline characteristics of the matched sample 
at entry to the target trial (online supplemental table 
S2 describes the characteristics of individuals before 
matching). Nearly 99% of participants were enrolled 
in NA-ACCORD cohorts after 2000, with 72.0% 
enrolled in 2006 or later. Most participants were men 
(85.0%). Mean age was 50.9 years (standard devi-
ation (SD) 8.0) for statin initiators and 50.7 years 
(SD 7.0) for non-initiators. Median 10 year cardio-
vascular disease risk scores for statin initiators and 
non-initiators were 8.8 (interquartile range (IQR) 5.5-
11.1) and 8.6 (5.3-10.0), and low density lipoprotein 
levels were 3.2 mmol/L (SD 1.1) and 3.2 mmol/L (SD 
0.9), respectively.

The 10 year cumulative risk was lower for cardiovas-
cular disease but higher for diabetes in statin initiators 
than in non-initiators (table  3, figure  1, and online 
supplemental figure S7). Statin initiators had a 21% 
reduction in cardiovascular disease incident events 
(hazard ratio 0.79, 95% CI 0.72 to 0.87). The effect 
was particularly pronounced because the baseline risk 
of cardiovascular disease increased. For individuals 
with a 10 year cardiovascular disease risk of <7.5%, 

≥7.5-10.0%, >10.0-15.0%, and ≥15.0%, statins had 
effects on cardiovascular disease risk reduction, with 
hazard ratios of 0.84 (95% CI 0.70 to 1.00), 0.75 
(0.56 to 0.95), 0.56 (0.47 to 0.68), and 0.65 (0.55 
to 0.77), respectively. The effect increased slightly 
with age, with a hazard ratio of 0.76 (95% CI 0.61 to 
0.95) for individuals aged 60-75 years compared with 
0.79 (0.71 to 0.88) for those aged 40-60 years (online 
supplemental table S3). The effect was greater on the 
combined events of myocardial infarction and stroke 
(hazard ratio 0.74, 0.56 to 0.98).

Statin initiators had a higher risk of diabetes 
(hazard ratio 1.12, 95% CI 1.01 to 1.25) than non-
initiators. Other harm outcomes were rare (table 3), 
and starting statins had no significant effect on 
cognitive impairment (hazard ratio 1.13, 95% CI 
0.82 to 1.56), myopathy (1.10, 0.76 to 1.61), or rhab-
domyolysis (1.09, 0.68 to 1.75).

Analysis of specific statin types was restricted to 
cardiovascular disease and diabetes outcomes with 
sufficiently large sample sizes. The greatest reduc-
tion in the risk of cardiovascular disease was asso-
ciated with rosuvastatin (hazard ratio 0.76, 95% CI 
0.66 to 0.87) and atorvastatin (0.76, 0.69 to 0.84), 
followed by fluvastatin (0.80, 0.67 to 0.90) and 
pravastatin (0.86, 0.79 to 0.94). We found a lower 
risk of diabetes with pravastatin (hazard ratio 0.99, 
95% CI 0.90 to 1.08) and fluvastatin (1.05, 0.83 to 
1.35), and a slightly higher risk with rosuvastatin 
(1.13, 0.98 to 1.30) and atorvastatin (1.10, 1.00 to 
1.23). Long term use (>12 months) also showed a 
slightly greater benefit (hazard ratio 0.76, 95% CI 
0.68-0.84) but increased the risks of diabetes (1.16, 
1.05 to 1.29). Random placebo test showed no effect 
on cardiovascular disease (hazard ratio 1.01, 95% CI 
0.93 to 1.10) or diabetes (1.00, 0.90 to 1.11), with no 
indication of residual confounding.

Table 4 shows the input estimates for the benefit-
harm analysis. The threshold for baseline risk of 
cardiovascular disease, above which the prevention 
of cardiovascular disease outweighed the harmful 
outcomes, was 13.8% over 10 years, on average 
(figure 2). The net benefit at the calculated threshold 
was 1.58 (instead of 0 as for the naive threshold calcu-
lations; 95% uncertainty interval 1.18 to 2.00) cardi-
ovascular disease equivalent risk prevented per 1000 
persons over 10 years (online supplemental figures 
S8 and S9). Online supplemental tables S4 and S5 
show the 10 year cumulative risks of the outcomes, 
with and without statins. The benefit-harm balance 
varied according to personal characteristics and clin-
ical subgroups (online supplemental tables S6 and 
S7). The risk thresholds also varied by statin type, 
with thresholds of 12.3% for atorvastatin, 13.5% for 
rosuvastatin, 13.4% for fluvastatin, and 19.4% for 
pravastatin (figure 2).

In the sensitivity analyses, we examined how 
variations in individual preferences influenced the 
risk thresholds (online supplemental figure S10). 
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Table 2 | Selected baseline characteristics of matched individuals at time of first use of statins for treated group (statin 
initiators) or at first indication for statin use for participants who did not take statins (non-initiators)
Characteristics Statin initiators (n=8272) Statin non-initiators (n=14 332)

Sex at birth:
 � Women 1241 (15.0) 2164 (15.1)
 � Men 7031 (85.0) 12 168 (84.9)
Race:
 � Asian 91 (1.1) 172 (1.2)
 � Black 3069 (37.0) 5289 (36.9)
 � White 3946 (47.7) 6822 (47.6)
 � Other 1175 (14.2) 2049 (14.3)
Ever smoker 5592 (67.6) 9674 (67.5)
Hispanic 1042 (12.6) 1849 (12.9)
Year of enrolment to target trial:
 � 1995-99 124 (1.4) 215 (1.5)
 � 2000-05 2233 (26.8) 3715 (25.9)
 � 2006-12 3559 (43.0) 6164 (43.0)
 � 2013-19 2416 (29.0) 4238 (29.6)
Mean (SD) age (years) 50.9 (8.0) 50.7 (7.0)
Mean (SD) body mass index 27.2 (5.0) 27.2 (6.0)
Median (IQR) 10 year cardiovascular disease risk score 8.8 (5.5-11.1) 8.6 (5.3-10.0)
Mean (SD) low density lipoprotein (mmol/L) 3.2 (1.1) 3.2 (0.9)
Mean (SD) high density lipoprotein (mmol/L) 1.1 (0.4) 1.1 (0.4)
Mean (SD) systolic blood pressure (mm Hg) 125.2 (9.0) 124.7 (14.0)
CD4 (cells/mm3):
 � ≥200 7461 (90.2) 12 927 (90.2)
 � <200 811 (9.8) 1405 (9.8)
Hypertension 3036 (36.7) 5088 (35.5)
Use of hypertensive drug treatments 1754 (21.2) 2995 (20.9)
Type 2 diabetes 1026 (12.4) 1620 (11.3)
Family history of cardiovascular disease 99 (1.2) 172 (1.2)
Abacavir use 728 (8.8) 1290 (9.0)
Integrase strand transfer inhibitor use 819 (9.9) 1476 (10.3)
Protease inhibitor use 736 (8.9) 1333 (9.3)
Hepatitis C virus infection 149 (1.8) 287 (2.0)
HIV acquisition risk:
 � Injection drug use 2283 (27.6) 4085 (28.5)
 � Men to men homosexual 3508 (42.4) 6005 (41.9)
 � Heterosexual 1167 (14.1) 1907 (13.3)
 � Unknown or other (haemophilia, blood transfusion, or perinatal) 1315 (15.9) 2336 (16.3)

Data are number (%) unless indicated otherwise.
The pooled cohort equations were used to estimate 10 year risk. The 10 year cardiovascular disease risk score might be overestimated because we considered 
ever smoker because current smoker status was not in the data.
IQR, interquartile range; SD, standard deviation.

Table 3 | Treatment effect on cardiovascular disease events (fatal and non-fatal myocardial infarction, hospital 
admission for unstable angina, coronary or arterial revascularisation, fatal and non-fatal stroke, or transient ischaemic 
attack) and harm outcomes (type 2 diabetes, mild cognitive impairment, rhabdomyolysis, and myopathy)

Outcomes

Rate (95% CI) per 1000 person years Hazard ratio
(95% CI)Events in statin initiators Events in non-initiators

Cardiovascular disease 19.0 (17.8 to 20.4) 24.2 (23.1 to 25.3) 0.79 (0.72 to 0.87)
Diabetes 17.8 (16.3 to 19.4) 15.9 (15.3 to 16.4) 1.12 (1.01 to 1.25)
Cognitive impairment 1.8 (1.4 to 2.3) 1.6 (1.4 to 1.8) 1.13 (0.82 to 1.56)
Rhabdomyolysis 0.76 (0.52 to 0.95) 0.7 (0.5 to 0.9) 1.09 (0.68 to 1.75)
Myopathy 2.9 (2.4 to 3.4) 2.6 (2.3 to 3.1) 1.10 (0.76 to 1.62)

CI, confidence interval.
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Assigning hypothetical incremental preferences for 
cardiovascular disease from 0.50 to 1.00 lowered 
the threshold to start statins from 20.9% to 11.6% 
for 10 year cardiovascular disease risk. Similarly, 
the threshold varied from 12.5% to 25.5% when we 

assigned diabetes preferences from 0.0 to 1.00. Some 
outcomes were not sensitive to preference changes, 
however, because of their rare incidence and the 
lower treatment effects of statins. For example, an 
extreme preference change from 0 to 1 only resulted 
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Figure 1 | 10 year cumulative incidence of cardiovascular disease events (fatal and non-fatal myocardial infarction, 
hospital admission for unstable angina, coronary or arterial revascularisation, fatal and non-fatal stroke, or 
transient ischaemic attack) and harm outcome events (type 2 diabetes, mild cognitive impairment, myopathy, and 
rhabdomyolysis) in participants who first started receiving statin treatment (statin initiators) and in those who 
developed the indication but did not take statins (non-initiators)
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in a threshold change from 14.2% to 16.0% for cogni-
tive impairment, 14.0% to 16.8% for myopathy, and 
13.8% to 14.5% for rhabdomyolysis (online supple-
mental figure S10).

Discussion
Principal findings
We have provided comprehensive findings on the 
effectiveness, safety, and benefit-harm balance of 
different statins for primary prevention of cardio-
vascular disease in people with HIV using real world 
data. Patients who started statin treatment had 21% 
lower rates of cardiovascular disease events, but 
12% higher rates of diabetes. The effect on stroke 
and myocardial infarction was 5% greater than the 
overall effect on cardiovascular disease.

On average, the benefits of statins exceeded the 
harms for individuals with a 10 year baseline risk 
of cardiovascular disease of ≥13.8%. However, the 
risk thresholds varied across individuals. Some 
individuals may be recommended statins at lower 
thresholds than the average, depending on their 
individual risk of harm outcomes and how they value 

the importance of cardiovascular disease relative to 
the potential harms. The risk thresholds also differed 
by statin type and clinical or patient phenotypes. 
Individuals with comorbidities, such as those with 
immunocompromised conditions, hypertension, 
hepatitis C virus infection, or older individuals, had 
higher risk thresholds (online supplemental table 
S7). This finding could be because of general frailty 
and increased risks for the harm outcomes of statins, 
which may offset the benefits of reduced cardiovas-
cular disease events. We attempted to show the poten-
tial interactions of the effects of statins by subgroup 
characteristics that could add to the variations in risk 
thresholds in the subgroups (online supplemental 
table S3). These subgroup effects should be inter-
preted with caution, however, because the target trial 
design and analysis might not be sufficiently robust 
for subgroup estimations.

The variation in findings based on patient risks 
and preferences implies that use of one-size-fits-all 
thresholds could be overly simplistic. Starting treat-
ment with statins should be customised to individual 
patients, taking into account their outcome risks and 
preferences. These individualised decisions can be 
facilitated by integrating the benefit-harm balance 
estimators into existing care procedures.

Comparison with other studies
Our target trial findings were similar to those in the 
general population.7 8 28–31 REPRIEVE assessed only 
pitavastatin in prevention of cardiovascular disease 
in people with HIV,10 and our findings are broadly 
consistent with its results. Although qualitatively 
similar, REPRIEVE showed a greater reduction in the 
risk of cardiovascular disease from treatment with 
pitavastatin but also increased risks, particularly for 
diabetes and muscle disorders, compared with our 
target trial. Our study could be complementary to 
REPRIEVE by reflecting real world evidence.

Table 4 | Input estimates for the analysis of benefit-harm balance

Outcomes
Hazard ratio (95% CI)

Relative effect of statin treatment
Outcome rates in statin non-
initiators (per 1000 person years)

Outcome preference 
weights‡24

Cardiovascular disease 0.79 (0.72 to 0.87) 10 year baseline risks 0-30%* 0.741 (0.686 to 0.800)
Diabetes 1.12 (1.01 to 1.25) 15.9 (15.3 to 16.4) 0.246 (0.209 to 0.290)
Cognitive impairment 1.13 (0.82 to 1.56) 1.6 (1.4 to 1.8) 0.100 (0.070 to 0.142)
Rhabdomyolysis 1.09 (0.68 to 1.75) 0.7 (0.5 to 0.9) 0.741 (0.686 to 0.800)†
Myopathy 1.10 (0.76 to 1.62) 2.6 (2.3 to 3.1) 0.100 (0.071 to 0.142)
Acute renal injury 1.12 (1.00 to 1.26)7 22 25.4 (24.7 to 26.1) 0.194 (0.165 to 0.247)
Cataracts 1.22 (1.03 to 1.49)21 22 2.1 (1.7 to 2.5)20 0.130 (0.108 to 0.170)
Liver dysfunction 1.40 (1.34 to 1.46)7 22 22.3 (21.6 to 22.9) 0.130 (0.108 to 0.170)

Data were obtained from the target trial, unless other sources are indicated.
*The benefit-harm evaluation was calculated for individuals with hypothetical 10 year baseline cardiovascular disease risks ranging from 0% to 30%.
†Rhabdomyolysis and cognitive impairment were not part of the preference study, and we considered them as important as cardiovascular disease and liver 
dysfunction, respectively.
‡A preference of 0.0 corresponds to no concern, and 1.0 to the worst outcome.
CI, confidence interval.
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Figure 2 | Distribution of benefit-harm balance across 
the baseline cardiovascular disease risk spectrum for all 
statins and for specific statins. Threshold for baseline 
cardiovascular disease risk, above which the prevention 
of cardiovascular disease outweighed the harmful 
outcomes, was 13.8% over 10 years (dotted lines)
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Direct comparisons between our findings and 
REPRIEVE, however, should be made with caution. 
Statins differ in potency, which can influence effec-
tiveness and safety outcomes.29 Although REPRIEVE 
tested pitavastatin, a glucuronidated statin known 
for its minimal risk of interaction with antiretroviral 
therapy,2 our analysis was of all statins (except lovas-
tatin and simvastatin because of their higher risk of 
interactions).2 13 18 Pitavastatin was also part of our 
data but only contributed <1% of statin prescrip-
tions, which shows its limited use in real world 
settings (online supplemental table S8).

Concerns inherent in observational studies might 
also explain the difference in estimates. Harm events, 
drug interactions, and increased comorbidity in real 
world practice could cause higher rates of early with-
drawals or reduced adherence, subsequently dimin-
ishing the effects compared with controlled studies 
such as REPRIEVE. Treatments in real world settings 
might not be taken as recommended, affecting 
their effectiveness, compared with the setting of a 
randomised controlled trial. Lower doses of statins 
might often be used in practice to avoid the risk of 
drug interactions, which could compromise effec-
tiveness, whereas participants in REPRIEVE took 
a fixed dose of 4 mg.10 Unlike REPRIEVE, which 
might have used modern and better quality antiretro-
viral treatments, our study used data collected over 
decades, including periods when low quality antiret-
roviral treatments were in use.32 The cardiovascular 
disease risk profiles of these treatments differ. These 
concerns, and the fact that we emulated a pragmatic, 
open label target trial (as opposed to the trial with 
blinding strategies) might collectively contribute to 
differences between REPRIEVE and our findings. Our 
results did not differ from those in studies of individ-
uals without HIV,7 8 28–31 but different statins should 
be evaluated in controlled studies in the contem-
porary HIV population with current generations of 
antiretroviral therapy.

The findings of benefit-harm balance were similar 
to our previous study in the general population,9 
but higher than those outlined in most guide-
lines, including those from the American College 
of Cardiology/American Heart Association, US 
Preventive Services Task Force, and European Society 
of Cardiology.8 16 33 The higher thresholds in our study 
are due to our quantitative assessment of the trade-
off between benefits and harms on the same scale. 
This approach allows us to determine optimal risk 
thresholds where the reduction in the risk of cardi-
ovascular disease started to exceed the cumulative 
harms. In contrast, most practices and guidelines 
use simplified metrics, such as number need to treat 
or number need to harm for each outcome in isola-
tion, or their ratio,34 making determination of risk 
thresholds unclear. As a result, varying thresholds 
exist between guidelines, despite most being based 
on a similar body of evidence. We also accounted for 

preference together with outcome risks and treat-
ment effects. Preference is an important factor that 
ultimately determines treatment decisions, but how 
this factor is included in clinical guidelines is often 
unclear.

Strengths and limitations of this study
Our study provided a nuanced analysis of the effec-
tiveness and safety of statins based on a target trial, 
as well as risk thresholds to guide decision making 
for statin treatment. The study also had some limi-
tations which should be accounted for when inter-
preting the findings. We did not perform dose-effect 
analyses because of limited data on statin doses. Our 
assumption of adherence to statins might have been 
overstated. Substantial non-adherence because of 
harm outcomes, polypharmacy, drug interactions, 
and other reasons is possible. In a controlled study 
where adherence is measured and adjusted for, the 
effect of statins could be greater than what we found, 
as indicated by our explorative analyses limited 
to long term use of statins. This concern should be 
looked at in other data with adherence indicators.

Although we controlled for relevant factors or their 
proxies, unmeasured confounding variables might 
still exist, including diet, exercise, and excessive 
alcohol use. We mainly estimated intention-to-treat 
causal effects, and differential switching of treat-
ments might have occurred because of changes in 
patient prognosis after enrolment in the target trial. 
Not all outcomes were evaluated in our target trial, 
and future studies should thus investigate all poten-
tial harm outcomes of statins in people with HIV.

We performed robustness checks for cardiovascular 
disease and diabetes that had sufficient data, but to 
a lesser extent for myopathy, rhabdomyolysis, and 
cognitive impairment because of the smaller number 
of events. Moreover, not all NA-ACCORD cohorts 
conducted outcome ascertainment and hence the 
benefit and harm outcomes cannot be guaranteed. 
The effectiveness and safety of statins on established 
benefit and harm outcomes, including death, should 
be evaluated in randomised controlled trials or 
larger international cohorts to ensure reproducibility 
of the effects. Moreover, although the NA-ACCORD 
cohorts were from broad geographical areas across 
the US and Canada, further research should look 
at the under-representation of some groups in the 
cohorts (eg, women, Asians), diverse populations, 
including low and middle income countries, and 
settings with different healthcare systems. We used 
preferences from sources other than NA-ACCORD, 
because studies indicate that measures of outcome 
specific preference or disability weights focusing on 
health loss do not vary across populations, unlike 
other broader constructs, such as quality adjusted 
life years or welfare loss measures.23 35 Our analysis, 
however, found that regardless of the sources from 
people with or wiithout HIV, aggregate preferences 
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might not be relevant. These findings emphasise the 
need for customised decision making, taking into 
account individual patient preferences.

Conclusions
Our study showed the potential benefit of statins 
as a class, and rosuvastatin, atorvastatin, pravas-
tatin, and fluvastatin, for the primary prevention 
of cardiovascular disease events in people with 
HIV. Identifying a threshold at which subgroups 
or individual patients would derive more benefit 
than harm would be useful, based on a transparent 
and systematic approach. We provided global 
and grouped risk thresholds for starting statin 
treatment for different subgroups, but the anal-
ysis should be continuously updated and refined 
as more data accrues, such as data on the use of 
integrase strand transfer inhibitors and tenofovir 
alafenamide fumarate. To efficiently optimise the 
use of statins, decisions should be individualised 
by integrating a benefit-harm balance estimator, 
considering individual benefits, harms, and pref-
erences, as well as the selection of antiretroviral 
therapy with minimal drug-drug interactions.
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