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INTRODUCTION
 Previous analyses of the D:A:D Study, published in 2008, have demonstrated that 

current exposure to ABC is associated with an increased risk of MI1,2.  However, 
associations between exposure to the drug and the risk of a subsequent MI in 
persons who have already experienced an MI have not yet been investigated.

 Our objective was to describe associations between ABC use and subsequent MI 
among people having experienced at least one MI during prospective D:A:D follow-
up.

METHODS
 We considered the rate of recurrent MI among D:A:D participants who had 

experienced an MI during study follow-up and who remained under follow-up at 28 
days post-MI

 Follow-up was considered from 28 days post-MI to the date of next new (recurrent) 
MI, death, 1st February 2014 or 6 months after last clinic visit

 Poisson regression models considered associations between recurrent MI and 
exposure to ABC before and after adjusting for calendar year and age (both time-
updated)

 Three different exposures to ABC were considered:
‐ Use at the time of initial MI (time-fixed);
‐ Current, post-MI use (time-updated); and
‐ Cumulative use (time-updated, including exposure both pre- and post-MI)

RESULTS
 816 people who developed an MI during prospective follow-up remained alive and 

under follow-up for at least 28 days.  
 Included individuals were largely male (91.4%), infected with HIV through sex 

between men (59.6%) and had a median age of 51 years (inter-quartile range [IQR] 
44-58) at initial MI. 80.1% of participants were current/ex-smokers (Table 1).

 Median CD4 count at initial MI was 503 (IQR 340-728) cells/mm3. Most people (793, 
97.2%) had received antiretroviral therapy (ART), with 719 (88.1%) receiving ART at 
the time of MI; 544 people (66.8%) had an HIV RNA <50 copies/ml. 

 415 (50.9%) people had received ABC prior to initial MI for a median of 3.1 years 
(IQR 0.1-13.9) and 277 (34.0%) were still on ABC at the time of initial MI.  Of these, 
204 (73.7%) subsequently stopped using the drug after their initial MI (Table 2).  Of 
the 139 people who, after their initial MI, either started ABC for the first time or 
restarted ABC after a previous use, 120 (86.3%) did so prior to the publication of the 
D:A:D study findings in 2008 demonstrating an association between ABC and MI.

 People with an MI were followed for a median of 4.2 (range 0.1-13.2) years after their MI 
(total person-years of follow-up (PYFU): 3863).  Over this time, there were 102 recurrent 
MIs, giving a rate of 2.64/1000 PYFU (95% Confidence Interval [CI] 2.13-3.15).  

 Rates of recurrent MI were 2.75 (1.90-3.60) and 2.57 (1.93-3.21)/1000 PYFU in those 
who were and were not on ABC at initial MI.  Rates were 3.47 (2.37-4.57) and 2.31 
(1.75-2.88)/1000 PYFU in those who were/were not currently receiving ABC post-MI 
(Figure 1).

 Whilst neither cumulative exposure to ABC nor receipt of ABC at initial MI were 
significantly associated with recurrent MI risk, current post-MI exposure was associated 
with an increased risk (Figure 1).  With the exception of age, there were no significant 
associations between demographic or lifestyle factors and recurrent MI.  Earlier calendar 
year was, however, associated with an increased risk (Table 3).  

 The association between recent ABC use and recurrent MI risk was similar after 
controlling for age (adjusted relative hazard: 1.51 [95% CI 1.01, 2.25], p=0.04), but was 
attenuated after controlling for calendar year (1.19 [0.79, 1.79], p=0.40).

CONCLUSIONS
 Whilst we found some evidence that use of ABC post-MI was also associated with an 

elevated risk of a recurrent MI, this effect was attenuated after adjusting for calendar 
year.  

 This suggests that the apparent increased risk may be explained by greater use of ABC 
in those with an initial MI in the earlier years of the study, although our findings should 
be interpreted cautiously given the collinearity between current ABC use and calendar 
year.
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Total number of persons 816 (100.0)

Male gender, n (%) 746 (91.4)

Median (IQR) age (years) at MI 51 (44, 58)
Mode of infection, 
n (%)

Men having sex with men 486 (59.6)
Injection drug use 109 (13.4)

Heterosexual 175 (21.5)
Other/not known 46 (5.6)

Race, n (%) White 459 (56.3)
Black African 24 (2.9)

Other 13 (1.6)
Not known 320 (39.2)

Year of MI 1999-2001 95 (11.6)
2002-2004 203 (24.9)
2005-2007 200 (24.5)
2008-2010 178 (21.8)
2011-2013 140 (17.2)

Hepatitis C virus infection, n (%) 165 (20.2)
Active hepatitis B virus infection, n (%) 30 (3.7)

Smoking, n (%) Current smoker 464 (56.9)
Ex-smoker 189 (23.2)

Diabetes, n (%) 113 (13.9)
Dyslipidaemia1, n (%) 525 (64.3)
Hypertension2, n (%) 341 (41.8)
Family history of MI, n  (%) 124 (19.3)
Previous MI before D:A:D entry, n (%) 60 (7.4)

10-year Framingham risk, n 
(%)

Low (<10%) 195 (23.9)

Moderate (10-20%) 263 (32.2)
High (>20%) 228 (27.9)

Not known 130 (15.9)

ART 
exposure

Any ART Ever received, n (%) 793 (97.2)
ABC Ever received, n (%) 415 (50.9)

Median (IQR) years 3.1 (0.0, 13.9)
On at the time of MI, n (%) 277 (34.0)

PIs Ever received, n (%) 695 (85.2)
Median (IQR) years 4.6 (0.0, 17.7)

NNRTIs Ever received, n (%) 571 (70.0)
Median (IQR) years 2.8 (0.0, 17.7)

Table 1

Table 2

ABC use at time of initial MI Action N (%)
On ABC at time of initial MI (n=277) Remained on ABC 73 (26.3)

Stopped ABC 204 (73.7)
Restarted ABC 56/204 (27.5)

Never received ABC prior to initial 
MI (n=401)

Started ABC 63 (15.7)

Previous use of ABC but not on it at 
time of initial MI (n=138)

Restarted ABC 20 (14.5)

Table 3

Factor Relative 
Rate (RR)

95% CI p‐value

Year 1999‐2001 12.32 (5.17, 29.37) 0.0001
2002‐2004 4.91 (2.53, 9.54) 0.0001
2005‐2007 3.74 (1.98, 7.04) 0.0001
2008‐2010 2.34 (1.23, 4.46) 0.01
2011‐2013 1 ‐ ‐

Gender Male 0.98 (0.48, 2.03) 0.97
Female 1 ‐ ‐

Age (/5 years older) 1.02 (1.00, 1.04) 0.06

Smoking Current 0.93 (0.49, 1.76) 0.83
Ex‐ 1.13 (0.60, 2.15) 0.71

Never 1 ‐ ‐
Unknown 0.89 (0.29, 2.77) 0.85

Ethnicity White 1 ‐ ‐
Non‐white 0.75 (0.50, 1.12) 0.16

Mode of infection MSM 1 ‐ ‐
IDU 0.55 (0.26, 1.14) 0.11

Heterosexual 0.83 (0.49, 1.38) 0.47
Other/unknown 3.03 (1.67, 5.51) 0.0003

Dyslipidaemia 0.76 (0.43, 1.37) 0.36

Body mass index <18 1.21 (0.49, 3.01) 0.68
>18, <26 1 ‐ ‐
>26, <30 0.83 (0.47, 1.45) 0.51

>30 0.86 (0.35, 2.14) 0.75
Not known 2.81 (1.48, 5.32) 0.002

Diabetes  1.34 (0.82, 2.18) 0.24

Hypertension 0.74 (0.46, 1.19) 0.21

* Gender, ethnic group, mode of acquisition and receipt of ABC at the time of MI were treated as fixed 
covariates; calendar year, age, smoking status, dyslipidaemia, BMI, diabetes, hypertension, cumulative and 
recent exposure to ABC were all considered as time-updated covariates.

Acknowledgements
Steering Committee: Members indicated w/ *; ¢ chair;
Cohort PIs: W El-Sadr* (CPCRA), G Calvo* (BASS), F Dabis* (Aquitaine), O Kirk* (EuroSIDA), M Law* (AHOD), A d’Arminio Monforte* (ICONA), L Morfeldt* (HivBIVUS),
C Pradier* (Nice), P Reiss* (ATHENA), R Weber* (SHCS), S De Wit* (Brussels). Cohort coordinators and data managers: A Lind-Thomsen (coordinator), R Salbøl Brandt,
M Hillebreght, S Zaheri (ATHENA), F Schöni-Affolter, M Rickenbach, (SHCS), A Travelli, I Fanti, (ICONA), O Leleux, J Mourali, (Aquitaine), E Thulin, A Sundström, (HIVBIVUS),
G Bartsch, G Thompsen (CPCRA), M Delforge, (Brussels), E Fontas, C Caissotti, K Dollet (Nice), S Mateu, F Torres, (BASS), A Blance, R Puhr, (AHOD), D Kristensen
(EuroSIDA). Statisticians: CA Sabin*, AN Phillips*, DA Kamara, CJ Smith, A Mocroft. D:A:D coordinating office: CI Hatleberg, L Ryom, A Lind-Thomsen, D Raben, C Matthews,
A Bojesen, AL Grevsen, JD Lundgren*¢. Member of the D:A:D Oversight Committee: B Powderly*, N Shortman*, C Moecklinghoff*, G Reilly*, X Franquet*.
D:A:D working group experts: Kidney: L Ryom, A Mocroft, O Kirk*, P Reiss*, C Smit, M Ross, CA Fux, P Morlat, E Fontas, DA Kamara, CJ Smith, JD Lundgren*¢. Mortality:
CJ Smith, L Ryom, CI Hatleberg, AN Phillips*, R Weber*, P Morlat, C Pradier*, P Reiss*, N Friis- Møller, J Kowalska, JD Lundgren*¢. Cancer: CA Sabin*, L Ryom,
CI Hatleberg, M Law*, A d'Arminio Monforte*, F Dabis*, F Bonnet*, P Reiss*, CJ Smith, DA Kamara, M Bower, G Fätkenheuer, A Grulich, JD Lundgren*¢.
External endpoint reviewer: A Sjøl (CVD), P Meidahl (oncology), JS Iversen (nephrology)
Funding: ‘Oversight Committee for The Evaluation of Metabolic Complications of HAART’ with representatives from academia, patient community, FDA, EMA and a consortium
of AbbVie, Bristol-Myers Squibb, Gilead Sciences, ViiV Healthcare, Merck and Janssen Pharmaceuticals.

1Defined as  total cholesterol >6.2mmol/l, HDL-cholesterol <0.9 mmol/l, triglyceride >2.3 mmol/l and/or 
use of lipid-lowering agents; 
2Defined as systolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg and/or use of anti-
hypertensive agents or ACE inhibitors.

Demographic and CVD-related characteristics of people 
experiencing an MI during prospective D:A:D follow-up

Changes to ABC use after the initial MI during the study

Results from univariable analyses of associations 
between non-ABC factors and recurrent MI

Abacavir (ABC) use and risk of recurrent myocardial infarction (MI)
CA Sabin1, L Ryom2, A d’Arminio Monforte3, CI Hatleberg2, C Pradier4, O Kirk2, R Weber5, AN Phillips1, F Dabis6, M Law7, S de Wit8, P Reiss9, JD Lundgren2,                          

for the D:A:D Study Group
1Department of Infection and Population Health, UCL, London, UK; 2CHIP, Department of Infectious Diseases, Section 2100, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; 3Dipartimento di Scienze della Salute, Clinica di Malattie 

Infectitive e Tropicali, Azienda Ospedaliera-Polo Universitario San Paolo, Milan Italy; 4Department of Public Health, Nice University Hospital, Nice, France, 5Division of Infectious Diseases and Hospital Epidemiology, University Hospital Zurich, 
University of Zurich, Switzerland; 6Université de Bordeaux, ISPED, Centre INSERM U897-Epidemiologie-Biostatistique, Bordeaux, France, 7The Kirby Institute, UNSW Australia, Sydney, Australia, 8Division of Infectious Diseases, Saint Pierre 
University Hospital, Université Libre de Bruxelles, Brussels, Belgium, 9Academic Medical Center,  Dept. of Global Health and Div. of Infectious Diseases, University of Amsterdam, and HIV Monitoring Foundation, Amsterdam, The Netherlands

Figure 1

Incidence of recurrent MI (/100 PYFU, with 95% CIs) stratified 
by a) use of ABC at time of initial MI, b) current, post-MI use of

ABC and cumulative use of ABC

Unadjusted 
RH 
(95% CI)

1.07 (0.72, 1.59)
p=0.74

1.50 (1.00, 2.24)
p=0.05

0.88 /5 years (0.65, 1.19)
p=0.41
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