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Background. Human immunodeficiency virus-infected individuals have increased risk of myocardial infarction
(MI); however, the contribution from smoking and potentiating effects of HIV are controversial.

Methods. From the Danish HIV Cohort Study and the Copenhagen General Population Study, we identified 3251
HIV-infected individuals and 13 004 population controls matched on age and gender. Data on MI were obtained from
the National Hospital Registry and the National Registry of Causes of Death.We calculated adjusted incidence rate ratios
(aIRR) for risk of MI and population-attributable fractions (PAF) of MI associated with smoking.

Results. In never smokers, HIVwas not associated with an increased risk of MI (aIRR, 1.01; 95% confidence interval
[CI], .41–2.54). In previous and current smokers, HIV was associated with a substantially increased risk of MI (aIRR,
1.78; 95% CI, .75–4.24 and aIRR, 2.83; 95% CI, 1.71–4.70). The PAF associated with ever smoking (previous or current)
was 72% (95% CI, 55%–82%) for HIV-infected individuals and 24% (95% CI, 3%–40%) for population controls. If all
current smokers stopped smoking, 42% (95% CI, 21%–57%) and 21% (95% CI, 12%–28%) of all MIs could potentially
be avoided in these 2 populations.

Conclusions. Smoking is associated with a higher risk of MI in the HIV-infected population than in the general
population. Approximately 3 of 4 MIs among HIV-infected individuals are associated with ever smoking compared
with only 1 of 4 MIs among population controls. Smoking cessation could potentially prevent more than 40% of
MIs among HIV-infected individuals, and smoking cessation should be a primary focus in modern HIV care.
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The risk of cardiovascular disease in human immuno-
deficiency virus (HIV)-infected individuals has been
extensively debated over the last decade. In several
observational studies, a 1.5- to 2-fold increased risk
of myocardial infarction (MI) among HIV-infected

individuals was seen [1–4].Although prior observation-
al studies have indicated that the higher risk of MI in
HIV-infected individuals is due to drug toxicities asso-
ciated with some antiretroviral drugs [1, 4–7], results
from the Strategies for Management of Antiretroviral
Therapy trial [8] in 2006 indicate that continuous expo-
sure to highly active antiretroviral therapy (HAART) as
opposed to drug-sparing regimens (CD4 count–guided
HAART) not only reduced the risk of death but also the
risk of MI. As such, the mechanisms that drive the asso-
ciation between HIV and risk of MI seem to rely on com-
plex associations of known and unknown factors. In
recent years, there has been an ongoing debate about the
potential effects of chronic immune activation, persistent

Received 22 October 2014; accepted 18 November 2014; electronically published
16 February 2015.

Correspondence: Line D. Rasmussen, MD, PhD, Department of Infectious Diseas-
es, Odense University Hospital, Sdr. Boulevard 29, 5000 Odense C, Denmark
(linedahlerup@hotmail.com).

Clinical Infectious Diseases® 2015;60(9):1415–23
© The Author 2015. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/cid/civ013

HIV/AIDS • CID 2015:60 (1 May) • 1415

 at Inserm
/D

isc on N
ovem

ber 30, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

mailto:linedahlerup@hotmail.com
mailto:journals.permissions@oup.com
http://cid.oxfordjournals.org/


inflammation, and accelerated aging on risk of MI [9]. However, it
is important to emphasize the effect of factors associated with an
HIV-positive status, including ethnicity, socioeconomic factors,
and behavioral and lifestyle-associated factors including a high
prevalence of conventional cardiovascular disease risk factors.

Smoking is one of the largest contributors to MI worldwide
[10] and possibly one of the predominant risk factors for MI
among HIV-infected individuals [11]. As smoking is highly
prevalent in the HIV-infected population (40%–70%), with
rates 2- to 3-fold higher than in the general population and
with a high average number of pack-years [12–14], smoking
has profound health implications for the HIV-infected popula-
tion [15–19]. In a recent study by our group [18], smoking was
found to be associated with a 4.4-fold risk of all-cause mortality
and a 5.3-fold risk of non-AIDS death. Furthermore, the num-
ber of life-years lost due to smoking in the HIV-infected popu-
lation exceeded the number of life-years lost due to HIV itself
[18]. It is therefore important to determine whether smoking
has a higher impact on risk of MI among those who are HIV
positive than HIV-negative smokers and to estimate to what
extent smoking can explain the increased risk of MI in the
HIV-infected population. We therefore estimated the risk of
MI associated with smoking in HIV-infected individuals com-
pared with that of the background population. In order to esti-
mate the fraction of the risk of MI that could be prevented if the
potential risk factors were eliminated, we calculated the popu-
lation-attributable fraction (PAF) of MI associated with smok-
ing in the Danish HIV-infected population and a matched
population control cohort.

METHODS

Setting
As of 1 January 2013 Denmark had a population of 5.6 million,
with an estimated HIV prevalence of 0.1% among adults. Treat-
ment of HIV is restricted to 8 specialized centers where patients
are seen on an outpatient basis at established intervals of 12–24
weeks. The healthcare in Denmark is universal tax-funded, and
antiretroviral treatment is provided free of charge. HAART is
prescribed according to national guidelines [20].

Data Sources
We used the unique 10-digit personal identification number as-
signed to all individuals in Denmark at birth or upon immigra-
tion to track individuals in the national healthcare registries
described below.

Danish HIV Cohort Study
The Danish HIV Cohort Study (DHCS) is a nationwide, pro-
spective, population-based cohort study of all Danish HIV-
infected individuals treated at Danish hospitals since 1 January

1995; the study has been described in detail elsewhere [21].
DHCS is consecutively enrolling patients newly diagnosed
with HIV and immigrants with HIV infection. Data on smoking
have been collected prospectively since 2004 and were obtained
retrospectively from medical files for patients who died or em-
igrated prior to 2004. DHCS included data on 6228 individuals
diagnosed with HIV before 1 April 2013.

Copenhagen General Population Study
The Copenhagen General Population Study (CGPS) is a prospec-
tive cohort study initiated in 2003 and still recruiting individuals
randomly selected from greater Copenhagen [22, 23]. Study par-
ticipants are interviewed about lifestyle and health-related factors.

Danish Civil Registration System
The Danish Civil Registration System, established in 1968, is a
national registry that stores information on vital status, residen-
cy, and migration for all Danish residents [24].

Danish National Hospital Registry
The Danish National Hospital Registry (DNHR), established in
1977, records data on all patients discharged from nonpsychiatric
hospitals and, since 1995, data on all visits to outpatient depart-
ments and emergency clinics in Denmark. Diagnoses were coded
by the attending physician according to the International Classi-
fication of Diseases, 8th revision (ICD-8), until 31 December
1993 and according to the 10th revision (ICD-10) thereafter [25].

Danish National Registry of Causes of Death
The Danish National Registry of Causes of Death (DNRCD)
contains information from all Danish death certificates since
1970, specifying up to 4 diagnoses according to ICD codes [26].

Study Population
HIV Cohort
From DHCS we identified all HIV-infected individuals who
were alive and living in Denmark at index date, were followed
for HIV in Denmark between 1 January 1995 and 1 April 2013,
had not reported injection drug use as the route of HIV infec-
tion, and had no diagnosis of MI prior to the index date.

General Population Comparison Cohort
The comparison cohort consisted of population controls from
the Copenhagen General Population Study that were frequency
matched according to gender and 5-year age intervals, with 4
controls per gender-specific age interval (Supplementary
Material). The same criteria for inclusion as for the HIV-
infected cohort had to be fulfilled.

Outcome
The study outcome was time to incident MI, defined as the first
date an individual was registered in the DNHR with 1 of the
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Table 1. Characteristics of the Study Population

Characteristic HIV-Infected Individuals Population Controls

No. of individualsa 3233 12 932

Malea 2548 (78.8) 10 192 (78.8)

Age at baseline (years)b 44.6 (40.0–52.5) 44.8 (41.9–52.6)

Total observation time (person-years) 18 263 63 128

Myocardial infarctionsa 95 (2.9) 125 (1.0)

Incidence ratec 5.20 (4.25–6.36) 1.99 (1.66–2.36)

Smoking Status Smoking Status

Never (34.3) Previous (18.7) Current (47.0) Never (46.0) Previous (34.4) Current (19.5)

No. of individualsa 1108 604 1521 5955 4451 2526

Malea 737 (66.5) 495 (82.0) 1316 (86.5) 4685 (78.7) 3508 (78.8) 1999 (79.1)

Age at baseline (years)b 43.8 (40.0–52.1) 46.7 (40.5–55.3) 44.3 (40.0–51.6) 44.1 (41.4–49.7) 46.9 (42.5–55.6) 45.6 (42.3–53.7)

Origin

Danish borna 680 (61.4) 448 (74.2) 1195 (78.6) 5955 (100) 4451 (100) 2526 (100)

Body mass indexb,d 21.5 (19.5–23.9) 21.2 (19.3–23.4) 20.4 (18.3–22.4) 25.6 (23.5–28.11) 26.1 (24.0–28.8) 25.6 (23.4–28.4)

Total cholesterolb,d 5.3 (4.5–6.0) 5.2 (4.5–6.2) 5.3 (4.4–6.1) 5.4 (4.7–6.0) 5.5 (4.8–6.2) 5.6 (4.9–6.4)

Hypertensiona 53 (4.8) 21 (3.5) 39 (2.6) 129 (2.2) 185 (4.2) 77 (3.0)

Diabetesa 40 (3.6) 15 (2.5) 40 (2.6) 50 (0.8) 82 (1.8) 36 (1.4)

Route of transmission

Men who have sex with mena 469 (42.3) 329 (54.5) 847 (55.7)

Heterosexuala 575 (51.9) 233 (38.6) 584 (38.4)

Othera 64 (5.8) 42 (7.0) 90 (5.9)

Hepatitis Ca 61 (5.5) 34 (5.6) 149 (9.8)

HIV before year 1995a 287 (25.9) 221 (36.6) 513 (33.7)

Years since HIV diagnosisb 7.2 (2.9–12.2) 7.5 (1.8–13.8) 7.7 (2.7–13.3)

AIDS at baselinea 237 (21.4) 139 (23.0) 325 (21.4)

CD4 cell count at baseline (cells/µL)b,d 470 (320–635) 440 (263–654) 503 (322–702)

Viral load <400 copies/mL at baseline 839 (75.8) 419 (69.5) 1038 (68.7)

HAART at baselinea 878 (79.2) 462 (76.5) 1157 (76.1)

Years on HAART at baselineb 5.8 (3.1–8.6) 4.9 (2.8–8.3) 5.1 (2.6–8.4)

Total observation time (person-years) 6301 3554 8407 27 987 21 413 13 728

Observation time (years)b 6.0 (3.3–7.3) 5.9 (3.3–7.3) 5.7 (3.1–7.3) 4.7 (2.7–6.4) 4.8 (2.7–6.7) 5.5 (3.4–7.7)

Deatha 43 (3.9) 50 (8.3) 195 (12.8) 47 (0.8) 89 (2.0) 90 (3.6)

Emigrationa 25 (2.3) 18 (3.0) 28 (1.8) 40 (0.7) 19 (0.4) 12 (0.5)

Loss to follow-upa 0 (0.0) 2 (0.3) 1 (0.1) 0 (0) 0 (0) 0 (0)

Myocardial infarctionsa 9 (0.8) 16 (2.6) 70 (4.6) 36 (0.6) 40 (0.9) 49 (1.9)

Incidence Ratec 1.43 (0.74–2.75) 4.50 (2.76–7.35) 8.32 (6.59–10.52) 1.29 (0.93–1.78) 1.87 (1.37–2.55) 3.57 (2.70–4.72

For conversion from the SI unit mmol/L to mg/dL: mg/dL cholesterol =mmol/L * 38.6 [27].
Abbreviations: HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; SI, International System of Units; VL, viral load.
a Number (%).
b Median (interquartile range).
c 95% confidence interval.
d Missing values: body mass index = 636; cholesterol = 112; CD4 cell count = 10, VL = 13.
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following codes: ICD-8: 410.9, 410.99 and ICD-10: I21.0–22.9,
or date of death caused by MI as registered in the DNRCD
(Supplementary Material).

Exposure
Individuals were classified as smokers if they reported to have
smoked any kind of tobacco at least once per week. Individuals
were categorized as current, previous, or never smokers on the
basis of information on smoking status at time of study inclu-
sion and did not change category during the observation period.
In some analyses, smoking status was dichotomized into never
smoker and ever smoker (current or previous).

Covariates
Data on the following covariates were recorded: age (time-
updated variable in 5-year intervals), gender, calendar year (be-
fore or after 2005), Danish origin, total cholesterol level and
body mass index at date of study inclusion, and a diagnosis of
diabetes mellitus or hypertension at or before study inclusion.
In analyses comparing only HIV-infected individuals, we fur-
ther adjusted for hepatitis C status, baseline CD4 cell count,
and AIDS-defining diseases. Definitions and diagnostic codes
of the covariates are included in Supplementary Material.

Statistical Analysis
The index date was defined as 1 January 1999, HIV diagnosis, first
available data on smoking status, age 40 years, or date of immi-
gration, whichever was more recent. We computed time from
index date until date of first MI, death, emigration, loss to fol-
low-up, or 1 April 2013, whichever occurred first. Cumulative in-
cidence functions were used to illustrate time to first diagnosis of
MI, recognizing death from causes other than MI as a competing
risk. We estimated the incidence rates and the excess incidence
rates, and used Poisson regression analysis to compute incidence
rate ratios (IRR) and 95% confidence intervals (CI) as a measure
of the relative risk. Analyses were adjusted for potential confound-
ers as described above. Interactions of clinical significance were
examined using the likelihood ratio test. The PAF (and associated
95% CIs) of MI associated with smoking, which is the fraction of
the incidence of MI in the population (exposed vs unexposed)
that is associated with the exposure (smoking), was further com-
puted based on the adjusted regression analyses [28].

In a sensitivity analysis, the estimated adjusted IRR (aIRR)
and PAF were performed for men only.

SPSS statistical software, version 15.0 (SPSS Inc., Chicago, Il-
linois), STATA software, version 13.0 (StataCorp, College Sta-
tion, Texas), and R version 2.11.1 were used for data analysis.

Ethical Approval
Data from DNHR, DNRCD, and DNPR were obtained with ap-
proval from the Danish National Board of Health. The study
was approved by the Danish Data Protection Agency ( journal

2008-41-1781). Ethics approval and individual consent are not
required by Danish legislation governing this type of research
on HIV-infected individuals; however, the CGPS was approved
by a Danish ethical committee (H-KF-01-144/01), and all indi-
viduals from the CGPS provided written informed consent.

RESULTS

A total of 3765 individuals fulfilled the inclusion criteria, of
whom 532 (14.2%) were excluded due to missing data on smok-
ing status, leaving 3233 HIV-infected individuals and 12 932
matched population controls in the study. At baseline, 34.3%,
18.7%, and 47% of the HIV-infected individuals were never,
previous, and current smokers compared with 46.0%, 34.4%,
and 19.5% of the population controls, respectively. Additional
characteristics are provided in Table 1.

The study gave rise to a total of 18 263 person-years of follow-
up and 95 (2.9%) incident MIs for the HIV cohort and 63 128
person-years of follow-up and 125 (1.0%) incident MIs for the
comparison cohort (Table 1).

The cumulative incidences of MI stratified on HIV status and
smoking status are presented in Figure 1. The relative risk of MI
among HIV-infected individuals was more than 2-fold that for
the population controls (aIRR, 2.13; 95% CI, 1.47–3.09; Table 2).
Due to an interaction term between HIV status and smoking sta-
tus (P value, .02), we further stratified the analyses by smoking

Figure 1. Cumulative incidence of myocardial infarction (MI) among
human immunodeficiency virus (HIV)-infected individuals compared with
population controls, stratified by smoking status. Index date: 1 January
1999, HIV diagnosis, date of first available data on smoking status, age
40 years, or date of immigration, whichever was more recent.
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status. These analyses showed that HIV infection was associated
with increased risk of MI among individuals who reported cur-
rent or previous smoking (aIRR, 2.83; 95% CI, 1.71–4.70 and
aIRR, 1.78; 95% CI, .75–4.24), whereas no such association was
found among never smokers (aIRR, 1.01; 95% CI, .41–2.54).
When stratifying the analyses by HIV status, the excess and rela-
tive risk of MI associated with being a previous or current smoker
compared with a never smoker was markedly higher in the HIV-
infected population than in the population controls (Table 2).

In the HIV-infected cohort, exposure to ever smoking (cur-
rent and previous smoking) was associated with a PAF of 72%
(95% CI, 55%–82%) of all MIs in this population (Figure 2). In
contrast, a much lower PAF associated with ever smoking was
found for an age- and gender-matched population control co-
hort (PAF, 24%; 95% CI, 3%–40%; Figure 2). If current smokers
could obtain a risk equivalent to that of previous smokers, the

number of MIs in the HIV population could be reduced by 42%
(95% CI, 21%–57%) and by 21% (95% CI, 12%–28%) in the
population of matched population controls (Figure 2).

Including only men did not change the estimated aIRR or
PAFs considerably (Supplementary Material, Tables 1 and 2).

DISCUSSION

We found the prevalence of current smoking in the HIV-infect-
ed population to be more than 2-fold higher and the increased
risk of MI among current smoking HIV-infected individuals to
be almost 3-fold compared with current smoking population
controls. However, no difference in risk was found between
never-smoking individuals (HIV vs controls). The excess risk
associated with previous and current smoking was much higher
for HIV-infected individuals than for population controls. Ever

Table 2. Risk of Myocardial Infarction Among Human Immunodeficiency Virus-Infected Individuals and Population Controls

Exposure
Events
(n)

Person-Years of
Follow-up

IR/1000 PY
(95% CI)

Excess IR/1000 PY
(95% CI)

Unadjusted IRR
(95% CI)

Adjusteda IRR
(95% CI)

Controls, all 125 63 128 1.98 (1.66–2.36) Ref. Ref. Ref.a

HIV+, all 95 18 263 5.20 (4.25–6.36) 3.22 (2.11–4.32) 2.63 (2.01–3.43) 2.13 (1.47–3.09)

Impact of HIV status stratified on smoking status

Controls, never
smokers

36 27 986 1.29 (.93–1.78) Ref. Ref. Ref.b

HIV+, never
smokers

9 6301 1.43 (.74–2.75) 0.14 (−.88–1.17) 1.11 (.53–2.31) 1.01 (.41–2.54)

Controls, previous
smokers

40 21 414 1.87 (1.37–2.55) Ref. Ref. Ref.b

HIV+, previous
smokers

16 3555 4.50 (2.76–7.35) 2.63 (.35–4.91) 2.41 (1.35–4.30) 1.78 (.75–4.24)

Controls, current
smokers

49 13 728 3.57 (2.70–4.72) Ref. Ref. Ref.b

HIV+, current
smokers

70 8407 8.33 (6.59–10.52) 4.76 (2.57–6.95) 2.33 (1.62–3.36) 2.83 (1.71–4.70)

Impact of smoking status stratified on HIV status

HIV+, never
smokers

9 6301 1.43 (.74–2.75) Ref. Ref. Ref.c

HIV+, previous
smokers

16 3555 4.50 (2.76–7.35) 3.07 (.68–5.47) 3.15 (1.39–7.13) 2.64 (1.16–6.01)

HIV+, current
smokers

70 8407 8.33 (6.59–10.52) 3.83 (.88–6.77) 5.82 (2.91–11.67) 6.06 (2.99–12.25)

Controls, never
smokers

36 27 986 1.29 (.93–1.78) Ref. Ref. Ref.b

Controls, previous
smokers

40 21 414 1.87 (1.37–2.55) 0.58 (−.13–1.30) 1.45 (.93–2.28) 1.06 (.67–1.67)

Controls, current
smokers

49 13 728 3.57 (2.70–4.72) 1.70 (.55–2.86) 2.77 (1.80–4.27) 2.22 (1.44–3.44)

Abbreviations: CI, confidence interval; HIV+, HIV-infected individuals; IR, incidence rate; IRR, incidence rate ratio; PY, person-year; Ref., reference.
a Adjusted for gender, age (time updated, 5-years interval–categorical) and calendar year (time updates, split at 2005–binary), Danish origin (binary), smoking status
(fixed–categorical), body mass index (fixed–categorical), total cholesterol (fixed–categorical), diabetes mellitus (fixed–binary), and hypertension (fixed–binary) at
baseline (see Supplementary Materials for further definition of the variables).
b Due to interaction between smoking status and HIV status, further analyses were stratified according to smoking status and adjusted as footnote a.
c Analyses comparing HIV-infected individuals were adjusted for baseline CD4 cell count (fixed–categorical), hepatitis C virus status (fixed–binary), and AIDS at
baseline (fixed–binary).
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smoking was associated with more than 70% of all MIs diag-
nosed in the HIV-infected population but only approximately
25% of all MIs of an age- and gender-matched population co-
hort. If HIV-infected individuals who currently smoke stopped
smoking, more than 40% of all MIs in the HIV population
could potentially be prevented

The strengths of our study include the use of a population-
based, nationwide cohort of HIV-infected individuals and a
well-matched population-based control cohort, both with a
long observation period, almost complete follow-up, and access
to data on smoking status. High-quality Danish registries pro-
vided full access to data on all individuals in the study concern-
ing vital status, hospital contacts, and deaths. As almost all
HIV-infected individuals with a history of injection drug use
were smokers and differed considerably according to risk-taking
behavior and prevalence of comorbidities, these individuals
were excluded in order to avoid confounding [29]. Furthermore,
IRRs were adjusted for confounders of importance. We estimat-
ed the PAF, which has a value in identifying potential priority
areas in terms of public health burden. As the distribution of
smoking status by sex differed in the 2 cohorts, we performed
a sensitivity analysis that included men only. However, this
did not have any major impact on the estimates.

The study has some limitations. We had to rely on hospital
registry-based discharge diagnoses in order to identify MI,
which may have led to misclassification. However, importantly
we used the same source of data to ascertain MI diagnosis for
both cohorts and included death of presumed ischemic etiology.

Using discharge diagnosis to identify MIs has previously been
shown to be valid [30]. However, as we identified our popula-
tion cohort among voluntary participants in a health study of
Danish individuals living in Copenhagen and the DHCS is a
population-based nationwide cohort, the 2 cohorts may differ
according to ethnicity, socioeconomic status, educational
level, sexual orientation, abuse, and health-seeking behavior.
We excluded individuals with missing data on smoking status
(14%), which may have introduced bias. However, as individu-
als with no data on smoking were mainly individuals who died
before 2004 and individuals in whom death occurred shortly
after the HIV diagnosis, our study mainly represents the
HIV-infected population and setting as of today. As a clear
dose-effect relationship of smoking and MI exists [10], the in-
tensity, duration, and time since quitting may better predict the
risk of MI; however, only categorical baseline measures (cur-
rent/previous/never smoker) were available. Of note, the PAF
assumes causality between the exposure and the outcome. Al-
though our results may rely on the detrimental effects of tobac-
co, it may also in part reflect differences in behavior and social
disparities (low socioeconomic and educational levels) associat-
ed with smoking status [17]. As such, we are aware that the re-
sults associated with smoking in our study may represent an
underlying prevalence of other risk factors associated with
being a smoker and do not apply a strict causal association.

A recent study by Freiburg et al [4], who identified their pop-
ulation controls from a broadly similar demographic, geograph-
ic, and behavioral background, found a relative risk of 1.48 of

Figure 2. Population attributable fraction of myocardial infarction (MI) associated with smoking in the Danish human immunodeficiency virus (HIV)-
infected population and an age- and gender-matched population control cohort. The upper 2 bars demonstrate the fraction of MIs that could be pre-
vented if all individuals had the same risk as never smokers. The lower 2 bars demonstrate the fraction of MIs that could be prevented if current smokers
obtained the same risk as previous smokers.
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MI in association with HIV, independent of cardiovascular risk
factors. This is in agreement with our results of a 2-fold
increased risk of MI and the results of previous studies [1, 5,
6, 31]. However, whereas Freiberg et al [4] found a relative
risk of 1.75 when their samples were restricted to never smok-
ers, we observed no such difference (aIRR, 1.01; 95% CI, .41–
2.54). It cannot be ruled out that this may rely on lack of
power. Yet, as we analyzed risk of MI in never-smoking HIV-
infected individuals, using data from a nationwide cohort and
detecting only a few events, it is crucial to consider that these
results might actually illustrate the lack of excess risk associated
with being HIV positive among never-smoking individuals.

The present study illustrated a 6-fold increased risk associat-
ed with current smoking among HIV-infected individuals. The
excess and relative risks were markedly higher than those for
other HIV cohorts [4–6, 13, 32] and higher than that associated
with current smoking among population controls (aIRR, 2.22;
95% CI, 1.44–3.44). In addition, HIV-infected current smokers
had a 2.83 times higher risk of MI than the current smoking pop-
ulation cohort. The magnitude of the MI risk has been shown
to be linearly related to the number of cigarettes smoked [10].
Therefore, a high prevalence of heavy smokers among Danish
HIV-infected individuals may be a plausible explanation for the
observed effect modification. However, we cannot exclude an ef-
fect of smoking-associated risk behavior such as high alcohol in-
take or cocaine abuse, which may be higher among HIV-infected
individuals. Furthermore, some of the antiretroviral drugs that
have previously been found to be associated with risk of MI in
several observational studies [1, 4–7, 33] might potentiate the ef-
fect of smoking. Finally, HIV-induced chronic inflammation may
exacerbate the detrimental effect of smoking [34].

In our study, almost three quarters (PAF, 72%; 95% CI, 55%–
82%) of all MIs among Danish HIV-infected individuals were
attributable to factors associated with ever smoking and could
potentially have been prevented if this population had never
started smoking. This estimated PAF was much larger than that
observed for the population controls of the same age and gender
(PAF, 24%; 95% CI, 3%–40%). Yet, the latter result may rely on a
lower prevalence of smoking as well as a lower relative risk asso-
ciated with smoking for the population controls. As the estimated
PAF depends on the prevalence and impact of the estimated risk
factor in the population, and thus also the composition of the
population, the PAF cannot be extrapolated directly between pop-
ulations, cohorts, and countries. Given the lower prevalence of
smoking amongwomen, smoking confers a lower PAF forwomen
than men [10, 12]. As women were underrepresented in our
study, we could not generate valid estimates for females, and
therefore the results cannot be generalized to women.

Lastly, smoking is associated with a loss of at least 10 years of
life expectancy [35] in the general population compared with
12.3 years in the HIV-infected population [18]. Cessation of

smoking before age 40 years avoids about 90% of the excess haz-
ards among continued smokers in the general population [35–37]
and more than 97% of the excess mortality if stopping before age
30. In addition, the risk of MI among smokers aged <55 years has
been shown to decrease within a few years of quitting to a level
similar to that of men who have never smoked [38]. Although,
a recent study could not illustrate similar reductions in mortality
in association with smoking cessation among HIV-infected indi-
viduals, the aIRR of MI for current smokers compared with never
smokers decreased from 3.73 to 2.07 among those who had
stopped for more than 3 years [39]. Furthermore, the estimated
benefit of smoking cessation in the HIV-infected population
(PAF, 42%; 95% CI, 21%–57%) was double that found for the
comparison cohort (PAF, 21%; 95% CI, 12%–28%). As a high
consumption of alcohol, illicit drug use, and collateral psychiatric
disorders as well as a lower socioeconomic status are highly asso-
ciated with smoking in the HIV-infected population and their risk
perception moreover might be inaccurate, smoking cessation pro-
grams may face numerous barriers prior to success [16, 40, 41].
Considering these results, specific designed interventions to re-
duce the prevalence of smoking should be highly prioritized, ac-
tively pursued, and integrated into modern HIV care.
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