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Background. The Data Collection on Adverse Events of Anti-HIV Drugs (DAD) study has reported an increased risk of car-
diovascular diseases in people with human immunodeficiency virus who were exposed to darunavir (DRV) but not to atazanavir 
(ATV). Our objective was to evaluate associations between ATV or DRV exposures and the risk of myocardial infarction (MI) in a 
nested case-control study within ANRS-CO4 French Hospital Database on HIV (FHDH).

Methods. Cases were individuals who had a first validated MI between 2006 and 2012. Up to 5 controls were selected at random 
with replacement among individuals with no history of MI, followed at the time of MI diagnosis, and matched for age and sex. 
Conditional logistic regression models were used to adjust for potential confounders (MI risk factors and HIV-related parameters) 
and for cumulative exposure to each antiretroviral drug (ARV).

Results. Overall, 408 MI cases and 1250 controls were included: 109 (27%) cases and 288 (23%) controls had been exposed to ATV, 
and 41 (10%) cases and 107 (9%) controls had been exposed to DRV. There was no significant association between exposure to ATV (ad-
justed odds ratio [OR] = 1.54; 95% confidence interval [CI], .87–2.73) or DRV (adjusted OR = 0.51; 95% CI, .11–2.32) and the risk of MI.

Conclusions. In FHDH, exposures to ATV or to DRV were not significantly associated with the risk of MI, adjusting for com-
plete ARV history, contrary to the analysis in DAD.

Keywords.  antiretroviral drugs; atazanavir; darunavir, HIV; myocardial infarction.

People with human immunodeficiency virus (PWH) have a 
higher incidence of myocardial infarction (MI) compared with 
the general population [1–4]. The use of first-generation pro-
tease inhibitors (PIs)—indinavir, lopinavir, and amprenavir/
fosamprenavir—has been associated with an increased risk of 
MI [5, 6], but today these PIs are no longer recommended, at 

least in high-income countries [7]. More recent PIs, atazanavir 
and darunavir, are potent antiretroviral drugs (ARVs) with 
more favorable lipid profiles than lopinavir [8, 9]. The Data 
Collection on Adverse Events of Anti-HIV Drugs (DAD) study, 
an international PWH multicohort study, has reported an as-
sociation between exposure to darunavir and the risk of cardi-
ovascular disease (CVD) in PWH, whereas no association was 
evident with atazanavir [10]. This analysis accounted for expo-
sure to only 3 drugs: lopinavir, indinavir, and abacavir. Earlier 
analyses in DAD have found these drugs to be associated with an 
increased risk of CVD [5]. In contrast, a study based on pooled 
data from 19 Janssen-sponsored clinical trials, postmarketing, 
and epidemiological data did not suggest an important risk of 
CVD for users of darunavir [11]. Finally, a cohort study found a 
reduced risk of CVD with atazanavir versus other PIs including 
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darunavir among treatment-naive PWH [12]. In this context 
of discordant results, and thanks to the large French Hospital 
Database on HIV (FHDH ANRS CO4), we aimed to evaluate 
associations between exposure to atazanavir or darunavir and 
the risk of MI in a nested case-control study within FHDH.

METHODS

The French Hospital Database on HIV

The FHDH is a hospital-based, open multicenter cohort, and 
inclusion have been ongoing since 1989 [13]. Individuals are 
eligible if they have documented human immunodeficiency 
virus (HIV)-1 or HIV-2 infection and give written informed 
consent to participate. Data are collected prospectively on 
standardized forms, which include demographic characteris-
tics, the date and type of clinical events recorded according to 
the International Disease Classification (ICD), antiretroviral 
therapy (ART), and biological markers. The FHDH project 
has been approved by the French data protection authority 
(Commission National de l’Informatique et des Libertés on 
November 27, 1991, Journal Officiel, January 17, 1992).

Study Design

We conducted a case-control study nested in the FHDH and 
restricted to HIV-1 infected individuals. We chose this ap-
proach because of the time-varying nature of ARV use, the 
large size of the cohort, and the long duration of follow-up. 
Moreover, compared with a full cohort approach using a sur-
vival analysis with time-dependent variables, a nested case-
control analysis provides estimates of odds ratios (ORs) from 
conditional logistic regression models that are unbiased es-
timates of relative risk [14]. We focused on the 2006–2012 
period because atazanavir was available in France beginning 
in 2002 and darunavir was available beginning in 2006, ini-
tially through expanded access programs. During this period, 
there were 81 294 PWH with at least 1 follow-up visit in the 
FHDH.

Case Definition

Cases comprised individuals enrolled in the FHDH who had 
a first prospectively reported MI between January 2006 and 
December 2012. The diagnosis of MI (ICD I21) was confirmed 
by a cardiologist (F.B.) who was provided with cardiac signs and 
symptoms, troponin and/or creatinine kinase levels, and elec-
trocardiographic findings, as recorded in the medical records. 
We used the American College of Cardiology/European Society 
of Cardiology definition [15]. Only definite and probable cases 
of MI and possible death from MI were included. The index 
date was the date of MI diagnosis.

Selection of Controls

Up to 5 controls enrolled in the FHDH were randomly selected 
using the incidence density sampling method [16], among indi-
viduals with no history of MI, who were under follow-up at the 

time of MI diagnosis in the corresponding case (±6 months) in 
the same clinical center, and matched for sex and age (±3 years).

Potential Confounders

It was important to consider pre-existing risk factors for MI that 
might have influenced the choice of ARV during the study period. 
Therefore, we explored traditional risk factors unlikely to be on the 
causal pathway between PI exposure and the risk of MI: body mass 
index (BMI) (<21/21 ≤ BMI < 24/24 ≤ BMI < 27/≥27), smoker 
status (no/yes), family history of premature coronary artery dis-
ease (CAD), hypertension or antihypertensive treatment (no/yes), 
current cocaine and/or intravenous drug use (no/yes). We also 
studied the potential effect of (1) geographic origin (sub-Saharan 
Africa/other) and (2) the following HIV-related variables on the 
risk of MI: prior acquired immune deficiency syndrome (AIDS) 
status, CD4 T-cell nadir, CD4 T-cell count, CD8 T-cell count, CD4 
to CD8 T-cell ratio, and viral load (VL). Hypercholesterolemia or 
hypertriglyceridemia or lipid-lowering treatment and diabetes 
or antidiabetic treatment, which could be on the causal pathway 
between ARV exposure and the risk of MI, were collected to be 
used in sensitivity analyses if a significant association was found 
between exposure to any ARV and the risk of MI.

Data Collection

The date of MI diagnosis (for cases), sex, age, geographic origin, 
HIV parameters, and a detailed history of prescribed ARV up to 
the index date were extracted from the FHDH and validated in the 
medical records by trained medical assistants using a predefined 
case report form for both cases and controls. We also collected 
smoking status, family history of premature CAD, hypertension, 
antihypertensive medication, diabetes, antidiabetic treatment, 
hypercholesterolemia (including lipid-lowering treatment), and 
hypertriglyceridemia from the medical records. All biological 
parameters were measured within 3 months before the date index.

Statistical Analysis

Characteristics of cases and controls were compared by using 
univariable conditional logistic regression. Exposure to each 
ARV was considered as the cumulative duration of exposure 
per 5 years up to the index date. Conditional logistic regression 
models were used to quantify the relation between exposure to 
atazanavir or darunavir and the risk of MI. In a first multivariable 
model, the exposures of all ARVs were included. In a second 
multivariable model, we included exposure to all drugs plus the 
potential confounders. These confounders were classic MI risk 
factors, geographic origin, and HIV-related variables that dif-
ferentiated cases and controls. In a sensitivity analysis, diabetes 
or antidiabetic treatment, hypercholesterolemia (including 
use of lipid-lowering drugs), and hypertriglyceridemia were 
added in the multivariable model. To replicate an analysis that 
is close to that conducted by the DAD study, we performed a 
sensitivity analysis accounting only for exposures to lopinavir, 
indinavir, and abacavir. Because parameters with missing data 
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can influence the results, all values missing for fewer than 50% 
of individuals were replaced by using a multiple imputation 
method, and missing values were randomly sampled from their 
predicted distributions [17]. Ten sets of imputations were used 
to create 10 complete datasets. All 10 datasets were analyzed 
and combined with Rubin’s rules. SAS software (version 9.4; 
SAS Institute Inc., Cary, NC) was used for all statistical analyses.

RESULTS

Baseline Characteristics of Participants

Overall, 408 MI cases were validated and matched to at 
least 1 control (1250 controls, mean of 3 controls per case). 
Characteristics of cases and controls are shown in Table 1. The 
median year of MI diagnosis was 2008 (interquartile range 
[IQR], 2007–2009). At enrollment in FHDH, 81% of partici-
pants were ARV naive. In the case population, median age was 
49 years and 88% of individuals were men. At the index date, 
the cases were different from the controls on a majority of HIV-
related factors including a lower CD4 nadir, a higher CD8 level, 
a higher proportion of  cases with VL >50 copies/mL, and with 
a history of AIDS-defining event, and those less likely to be 
from sub-Saharan origin. The classic MI risk factors were more 
frequent among the cases, except for obesity. The individuals 
with BMI <21 kg/m2 were more frequent among the cases.

At time of MI diagnosis, 27% (n  =  109) of cases had been 
exposed to atazanavir with a mean duration of 2.1 years, a me-
dian duration of 1.9 years (10th–90th percentile: 0.1–4.7) and 
10% (n = 41) to darunavir with a mean duration of 1.2 years, 
a median duration of 1.0 year (10th–90th percentile: 0.2–2.5). 
The corresponding figures for controls were 23% (288) with 
a mean duration of exposure of 2.0  years, a median duration 
of 1.7 years (10th–90th percentile: 0.2–4.6) for atazanavir and 
9% (n = 107) with a mean duration of exposure of 1.4 years, 
a median duration of 1.2 years (10th–90th percentile: 0.1–2.7) 
for darunavir. Ten cases and 34 controls had been exposed to 
unboosted atazanavir, and 1 case and 4 controls had been ex-
posed to unboosted darunavir. With a total of 408 cases and 
1250 controls, the OR that could be detected with 80% power 
and a 5% type-one error was above 1.65 or below 0.61 for DRV 
exposure and above 1.45 or below 0.69 for ATV exposure. The 
potential confounders accounted for in multivariable models 
were sub-Saharan origin, family history of premature CAD, hy-
pertension, smoker status, current cocaine and/or intravenous 
drugs use, BMI, VL, CD4 nadir, and CD4/CD8 ratio.

Impact of Atazanavir or Darunavir Exposure on the Risk of Myocardial 

Infarction

As shown in figure 1, no association was found between atazanavir 
exposure or darunavir exposure and the risk of MI in all the 
models including the sensitivity analyses. For atazanavir, the 
univariable OR was 1.32, the OR adjusted for exposure to other 
ARVs was 1.39, and the OR in the fully adjusted model was 1.54. 

The corresponding figures in analyses accounting only for expo-
sure to abacavir, indinavir, and lopinavir were 1.27 and 1.29. For 
darunavir, the univariable OR was 1.14, whereas the OR adjusted 
for exposure to other ARVs was 0.61, and the OR in the fully ad-
justed model was 0.51. The corresponding figures in analyses ac-
counting only for exposure to abacavir, indinavir, and lopinavir 
were 0.86 and 0.79. It is interesting to note that the OR for darunavir 
was smaller in the analysis accounting for complete treatment his-
tory than in the analysis similar to DAD, ie, accounting only for 
exposure to lopinavir, indinavir, and abacavir, whereas the reverse 
was observed for atazanavir. In the models including diabetes, hy-
percholesterolemia, and hypertriglyceridemia, the ORs were 1.22 
(95% confidence interval [CI], .68–1.82) for atazanavir exposure 
and 0.44 (95% CI, .09–2.05) for darunavir exposure.

DISCUSSION

We found no significant association between the risk of MI 
in HIV-infected individuals and exposure to atazanavir or 
darunavir. We used several approaches to minimize biases in-
cluding the choice of a case-control design nested within the 
FHDH cohort [14], use of controls matched for age and sex, 
which are 2 important risk factors for MI [18], as well as ad-
justment for both HIV-related parameters and classic MI risk 
factors. These classic risk factors were associated with the risk 
of MI in our study, supporting the reliability of our data. We 
did not include recurrent MI to avoid a possible selection bias, 
because the treatment choice could be influenced by a previous 
MI. Of note, however, durations of atazanavir and darunavir 
exposure in those exposed were relatively short with mean du-
ration of 2.1 years and 1.2 years, respectively, with somewhat 
larger CIs for darunavir. Therefore, we cannot exclude that 
longer duration of exposure would lead to different results.

In the univariable analysis of the DAD study over the period 
2009 to 2016, the univariable incidence rate ratio (IRR) of 
CVD event per 5  years of darunavir exposure was 1.93 (95% 
CI, 1.63–2.28) [10], whereas in our study over 2006 to 2011, 
the univariable OR of MI was 1.14 (95% CI, 0.36–3.59) per 
5 years of darunavir exposure. Given our study design (a case-
control study nested in a cohort study with incidence density 
sampling for the selection of controls), the OR provides an es-
timate of the IRR that is estimated in the DAD study, and one 
can directly compare the 2 parameters [19]. In both studies, the 
multivariable analyses accounting for potential confounders 
allowed us to reduce the IRR of CVD or MI associated with 
darunavir exposure; however, in the DAD study, cumulative 
use of darunavir remained associated with an increased risk of 
CVD. The discrepancy between the 2 studies could be explained 
by differences in the definitions of the event and/or in the way 
of accounting for potential confounders and/or by a problem 
of under notification of CVD diagnosis in DAD. The DAD 
study assessed the risk of all cardiovascular events including 
MI, strokes, sudden cardiac deaths, and invasive cardiovascular 
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Table 1. Characteristics of Participants

Characteristics 

Controls (n = 1250) Cases (n = 408)

P* n, Median %, [IQR] n, Median %, [IQR]

Age 49 [44–57] 49 [44–57]  

Gender      

Men 1108 88.6 361 88.5  

Women 142 11.4 47 11.5  

Sub-Saharan Origin      

Yes 131 10.5 18 4.4 .0002

No 1119 89.5 390 95.6  

HIV-Related Factors      

HIV-1 Diagnosis Period      

<1997 653 52.2 279 68.4 <.0001

≥1997 597 47.8 129 31.6  

Period of First ARV Initiation      

≤1996 397 34.3 177 45.3 <.0001

>1996 762 65.7 214 54.7  

Not relevant (naive participant) 91  17   

Naive or No Treatment at Index Date      

No 1118 89.4 368 90.2 .6381

Yes 132 10.6 40 9.8  

Naive at Inclusion in the Cohort      

No 222 17.8 99 24.3 .0040

Yes 1028 82.2 309 75.7  

Nadir CD4 (cells/mm3)a 185 [79–299] 161 [60–276] .0387**

CD4 (cells/mm3) at index datea 495 [357–692] 498 [313–698] .3664**

CD8 (/mm3) at index datea 837 [594–1130] 914 [620–1328] <.0001**

CD4/CD8 at index datea 0.61 [0.40–0.90] 0.51 [0.33–0.78] .0003**

Viral load (copies/mL) at index datea: >50 copies/mL 304 24.3 127  31.1 .0070**

Prior AIDS Event      

No 902 72.1 268 65.6 .0091**

Yes 348 27.9 140 34.4  

Classical Risk Factors for MI      

BMIa      

<21 274 21.9 130 31.8 <.0001**

21 ≤ BMI < 24 405 32.4 152 37.3  

24 ≤ BMI < 27 335 26.8 79 19.4  

≥27 236 18.9 47 11.5  

Smoking Statusa      

No 617 49.4 78 19.2 <.0001**

Yes 633 50.6 330 80.8  

Family History of Premature Coronary Artery Diseasea      

No 1137 91.0 329 80.6 <.0001**

Yes 113 9.0 79 19.4  

Hypertension or Antihypertensive Treatmenta      

No 1032 82.6 304 74.4 .0001**

Yes 218 17.4 104 25.6  

Current Cocaine and/or Intravenous Drug Usea      

No 1205 96.4 377 92.3 .0003**

Yes 45 3.6 31 7.7  

Diabetes or Antidiadiabetic Treatment      

No 1162 93.0 370 90.7 .0998

Yes 88 7.0 38 9.3  

Hypercholesterolemia or Treatmenta      

No 889 71.2 220 53.9 <.0001**

Yes 361 28.8 188 46.1  

Hypertriglyceridemiaa      
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procedures. However, in DAD, when the analysis was restricted 
to MI only, the association with darunavir exposure remained 
significant (multivariable IRR  =  1.51; 95% CI, 1.13–2.02). 
In terms of confounders, the DAD investigators chose to ac-
count for exposure to only 3 ARVs (abacavir, lopinavir, and 
indinavir). This is a potential important bias, because expo-
sure to any antiretroviral may influence more recent exposure 
and therefore confound the association. It is a strength of our 
study to have accounted for the complete antiretroviral history. 
It would be interesting to see whether, similar to our analysis, 
accounting for complete treatment history in DAD would re-
duce the risk for darunavir. In the DAD study, the events are 
reported electronically on specific forms and are centrally 

validated. However, because centers reporting MI are those 
caring for HIV infection, some MI case may not have been re-
ported. There is potential for selection bias if physicians tend to 
more systematically report MI cases exposed to darunavir be-
cause of its known impact on lipid profile. In our study, a similar 
issue may arise, but we checked that control are truly control 
with no MI prior to the index date and found that 4 of those 
selected to be control had had an MI and were therefore not 
elligible to be a control (no MI reported in the database) and 
eventually found to have had MI, and these were considered 
as cases in the analysis. The relatively small number of MI in 
DAD over 2009–2016 (n = 432 with no prior CVD over a me-
dian follow-up of 7.0  years in 35  711 participants) compared 

Characteristics 

Controls (n = 1250) Cases (n = 408)

P* n, Median %, [IQR] n, Median %, [IQR]

No 899 71.9 240 58.7 <.0001**

Yes 351 28.1 168 41.3  

Number of Cardiovascular Risk Factors      

0 207 16.5 3 0.8  

1 or 2 756 60.5 239 58.5 .0003

≥3 287 23.0 166 40.7  

Abbreviations: AIDS, acquired immune deficiency syndrome; ARV, antiretroviral drug; BMI, body mass index; HIV, human immunodeficiency virus; IQR, interquartile range; MI, myocardial 
infarction.

*, P values by conditional logistic regression.

**, P values after imputing missing values.
aNumber of missing values for CD4 nadir: n = 44; CD4: n = 4; CD8: n = 47; CD4/CD8: n = 47; VL: n = 6; prior AIDS event: n = 3; BMI: n = 33; smoking status: n = 147; family history of pre-
mature coronary artery disease: n = 417; hypertension or antihypertensive treatment: n = 1; current cocaine and/or intravenous drug use: n = 2; hypercholesterolemia or treatment: n = 4; 
hypertriglyceridemia: n = 131.

Table 1. Continued

Univariable analysis
1.32 [0.84–2.08]
1.14 [0.36–3.59]

Multivariable analysis adjusted
for exposure to other ARVs

Multivariable analysis adjusted
for exposure to other ARVs and
confounders*

1.39 [0.84–2.29]
0.61 [0.16–2.36]

Multivariable analysis adjusted
only for exposure to lopinavir, 
indinavir and abacavir

1.54 [0.87–2.73]
0.51 [0.11–2.32]

1.27 [0.80–2.03]
0.86 [0.27–2.75]

1.29 [0.76–2.20]
0.79 [0.21–2.98]

Multivariable analysis adjusted only
for exposure to lopinavir, indinavir, 
abacavir and confounders*

*Confounders: Sub-Saharan origin, family history of premature coronary artery disease, hypertension, smoking status,
current cocaine and/or intravenous drugs use, body mass index, viral load, CD4 nadir and CD4/CD8 ratio

0.01 0.1

Atazanavir

Darunavir

1 10

Figure 1. Odds ratios and 95% confidence intervals of the risk of myocardial infarction according to exposure to atazanavir or darunavir. ARV, antiretroviral drug. 
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with our study over 2006–2011—whereas DAD is conducted 
in countries that tend to have a higher incidence of MI com-
pared with France—is an indication that this phenomenon of 
underreporting might be present. Our study design has the ad-
vantage to permit the prospective collection of MI cases from 
all FHDH participating centers, as well as to validate the cases 
as cases, but also to validate that the controls did not had an MI, 
which would be very costly in a cohort approach. Finally, one 
should note that although the direction of the association is dif-
ferent between the 2 studies, the CI for darunavir exposure in 
the DAD study is completely enclosed in the CI of the present 
study, and it is possible that the 2 studies are not discrepant.

The study conducted by Janssen, which contains analyses of 
19 Janssen-sponsored clinical trials, analyses of postmarketing 
pharmacovigilance database, and analyses of administrative claim 
database, does not suggest that a CVD should be considered an 
important risk for users of darunavir [11]. Regarding the anal-
ysis in the study of the US Veterans [12], the authors compared 
the risk of cardiovascular outcomes in naive PWH initiating ART 
with a regimen including either atazanavir (n = 1529) or other PIs 
(n = 2053), in the majority PIs known to be associated with an in-
creased risk of CVD (lopinavir [n = 1087], indinavir [n = 98], and 
fosamprenavir [n = 169] or amprenavir [n = 11]; for a total of 1365 
[66.5%]), and only a limited number of darunavir users (n = 424, 
20.7%). Given that, it is difficult to conclude on the risk associated 
with darunavir exposure from this study.

CONCLUSIONS

In conclusion, in this large, case-control study nested within 
FHDH, we found no evidence of excess risk of MI after expo-
sure to darunavir or atazanavir, which is reassuring because PIs 
remain widely used in real-life management of PWH.
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