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Abstract
Objective—To estimate the rates of cardiovascular disease (CVD) events after stopping smoking
in patients with HIV-infection.

Design—Patients who reported smoking status, and no previous CVD prior to enrolment into
D:A:D were included. Smoking status is collected at each visit as current smoker (yes/no) and ever
smoker (yes/no). Duration since stopping smoking was calculated for persons who had reported
current smoking during follow-up and no current smoking subsequently. Endpoints were:
myocardial infarction (MI); coronary heart disease (CHD – MI plus invasive coronary artery
procedure or death from other CHD); CVD (CVD – CHD plus carotid artery endarterectomy or
stroke); and all-cause mortality.
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Methods—Event rates were calculated for never, previous and current smokers, and smokers
who stopped during follow-up. Incidence rate ratios (IRR) were determined using Poisson
regression adjusted for age, sex, cohort, calendar year, family history of CVD, diabetes, lipids,
blood pressure and antiretroviral treatment.

Results—27,136 patients had smoking status reported, with a total of 432, 600, 746 and 1902
MI, CHD, CVD and mortality events respectively. The adjusted IRR of CVD in patients who
stopped smoking during follow-up decreased from 2.32 within the first year of stopping to 1.49
after 3+ years compared to those who never smoked. Similar trends were observed for the MI and
CHD endpoints. Reductions in risk were less pronounced for all cause mortality.

Conclusion—The risk of CVD events in HIV-positive patients decreased with increasing time
since stopping smoking. Smoking cessation efforts should be a priority in the management of HIV
positive patients.

Keywords
HIV-infection; smoking cessation; myocardial infarction; cardiovascular disease; cohort study

Introduction
Rates of cigarette smoking are high across most HIV populations in developed countries.
Studies have reported at least a 2 to 3 fold increased rate compared to the general
population, with 40 to 70% of HIV positive patients reporting current smoking [1–6].
Smoking has been independently associated with morbidity and mortality of HIV positive
patients [7–11]; comorbid conditions include bacterial pneumonia [8,10,12], pulmonary
disease [8,13], lung cancer [14,15] and cardiovascular disease (CVD) [7,16]. The
contribution of smoking on the risk of MIs has also been shown to be considerably greater
than other CVD risk factors. The Data collection on Adverse Events of Anti-HIV Drugs
(D:A:D) study demonstrated a 2 fold increase risk of MIs among current and previous
smokers compared to non-smokers. While other cardiovascular risk factors increased the
risk of MIs by 16% per doubling in triglycerides, 20% per unit increase in total cholesterol,
and 25% for patients with hypertension and diabetes [17].

In the era of effective combination antiretroviral treatment (cART), the effect of smoking on
morbidity in HIV positive patients remains a concern, as HIV positive patients are living
longer and at increased risk for many smoking associated non-AIDS defining illnesses
including CVD, pulmonary disease and non-AIDS malignancies [7,15,18–20]. Despite this,
HIV positive patients continue to smoke. Several reasons have been suggested, including
social conditions, polysubstance abuse, psychiatric comorbities, physical and mental
distress, access to smoking cessation interventions and adherence with such treatments, as
well as the negative perception of long-term survival among HIV positive patients [3,5,21].

The health benefits of quitting cigarette smoking in the general population are substantial
and widely documented. The risk of coronary heart disease and mortality is considerably
reduced within the first two years of stopping smoking [22–27], and in some studies has
been shown to return to levels observed in non-smokers within five years [22,23,25].
Whether HIV positive patients also benefit from quitting smoking in terms of cardiovascular
and mortality risk has not previously been investigated; although recent data have
demonstrated reduced risk of bacterial pneumonia after at least one year of having ceased
smoking [28]. If similar evidence observed in the general HIV negative population could be
demonstrated in HIV positive populations then this may provide additional incentive to quit
smoking. The D:A:D study is a large international prospective cohort study with detailed
follow-up information on incident CVD and smoking status. Our objective was to estimate
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the rates of CVD events and mortality after smoking cessation in HIV positive patients
participating in the D:A:D study.

Methods
The D:A:D study is a prospective, multi-cohort observational collaborative study, including
11 previously established cohorts following 33,308 patients at 212 clinics from Europe,
Argentina, Australia and the US. The primary objective of the study is to investigate the
possible association between cART and the risk of myocardial infarction (MI). At the time
of enrolment into the D:A:D study, patients were under active follow-up at the individual
cohorts, and were included in D:A:D irrespective of whether or how long they were
receiving antiretroviral treatment (ART). Data were collected as part of their routine clinical
care and include demographic and other prospectively collected data such as age, sex, body
mass index (BMI), hepatitis B and C status, history of CVD, diabetes mellitus (DM), family
history of CVD, cigarette smoking, blood pressure therapy, DM therapy, lipid lowering and
antihypertensive therapy, and serum lipid levels. HIV related core clinical data collected
include mode of HIV (transmission) risk group, ART medication received, CD4 and viral
load and all clinical AIDS diagnoses. A detailed description of the study methodology has
been described previously [17]. Ethics approval is sought by the individual D:A:D
collaborating cohorts from their local Institutional Review Boards as required. Written
informed patient consent is obtained for each cohort subject to local IRB requirements. All
D:A:D and individual cohort procedures are developed in accordance with the revised 1975
Helsinki Declaration.

Endpoints
We assessed the following individual endpoints in these analyses: myocardial infarction
(MI) - including fatal and non-fatal cases; coronary heart disease (CHD) - MI plus invasive
coronary artery procedure (including coronary artery by-pass or angioplasty), or death from
other coronary heart disease; cardiovascular disease (CVD) - CHD plus carotid artery
endarterectomy, or stroke; and all cause mortality. All endpoints are protocol defined,
audited for completeness and centrally validated.

Smoking status
In the D:A:D study, smoking status is reported as Current Smoker (Yes/No) and Ever
Smoker (Yes/No) at each visit. Dates of stopping or starting smoking are not recorded.
Patients were therefore categorised as never smokers, previous smokers, current smokers or
smokers who had stopped smoking during D:A:D follow up. Without dates of stopping or
starting cigarette smoking, reasonably accurate durations of stopping smoking could only be
calculated for those subjects who stopped smoking during the D:A:D study follow-up
period. We calculated duration of stopping smoking from the mid-point between the last
visit where a subject reported being a current smoker to the first visit a subject reported
being a current non-smoker. Similarly, subjects who reported that they started smoking
again were taken to do so at the mid-point of the respective visits. Where smoking status
was reported to be missing, previous smoking status was carried forward. A sensitivity
analysis was also performed omitting all periods of follow-up where smoking status was
missing.

Statistical methods
These analyses were limited to D:A:D patients who ever report smoking status at enrolment
(cohort entry) or during D:A:D follow-up, and had not reported a previous CVD event.
Follow-up started at the later of D:A:D cohort entry (enrolment into D:A:D commenced
December 1999) and first reported smoking status, and finished at the earlier of date of
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death, 6 months after the patients last clinic visit, or 1 February 2008, whichever occurred
first. Event rates for each endpoint were calculated for never, previous, current smokers, and
smokers who stop during D:A:D follow-up. Event rates for smokers who stopped during
D:A:D follow-up were calculated in annual increments (< 1 year, 1–2 years, 2–3 years and
3+ years). Smoking status for individual patients could change during D:A:D follow-up
could. For example, never smokers may become current smokers and then stop smoking;
while previous smokers may restart smoking during follow-up.

Crude unadjusted event rates for each smoking status group were calculated. We determined
incidence rate ratios (IRR) using Poisson regression methods adjusted for age, sex, cohort,
calendar year, family history of CVD, diabetes, time updated lipid (total cholesterol and
high-density lipoprotein cholesterol [HDL-C], triglycerides) and systolic blood pressure
assessments, and antiretroviral treatment (cumulative cART, cumulative indinavir,
cumulative lopinavir, and current exposure to abacavir). IRRs are ratios of the incidence
rates and can be interpreted as relative risks. These covariates were selected for adjustment
based on factors identified in the D:A:D CVD prediction equation [29], and previous
publications from this dataset [30,31]. For all-cause mortality we further adjusted for
hepatitis B and C coinfection, mode of HIV transmission, ethnicity and incidence of CVD
during follow-up. Testing for hepatitis B (HBV) and C (HCV) varies both between and
within cohorts. It is unknown why patients are tested, and those who are positive probably
would have been positive for some time prior to testing. HBV and HCV are therefore treated
as fixed covariates categorised as ever versus never.

Results
Patient characteristics

Of the 33,308 participants in D:A:D as of February 2008, 27136 (82%) had reported
smoking status at least once during prospective D:A:D follow-up. At the time of first report
of smoking status, 8920 (33%) had never smoked, 6265 (23%) were previous-smokers, and
11,951 (44%) were current smokers. During 151,717 person years of follow-up, 8197 (30%)
participants reported stopping smoking at least once (69% of those who reported current
smoking). Characteristics of patients included in these analyses are shown in Table 1. A
smaller proportion of current and previous-smokers were female, compared to those who
never smoked (23% and 21% versus 35%). Current smokers were mostly of white ethnicity
(70%) compared to previous (46%) and never (48%) smokers respectively, and were more
likely to have reported mode of HIV transmission as injecting drug use (32% vs. 18% and
5%, respectively). In terms of HIV-related factors, never, previous and current smokers had
similar median CD4 cell counts at baseline (IQR) (406 (255–591), 410 (250–603) and 440
(278–642) respectively, and all three groups had a median of at least 1.5 years of cART
exposure. Total cholesterol, HDL-C, triglycerides and BMI were also similar across current,
previous and never smokers (Table 1). Patient characteristics of the 20% (n=5623) patients
excluded from these analyses were broadly similar to the included population for most
demographic factors. Key differences were a smaller proportion of the excluded population
reported mode of exposure as heterosexual (17% compared to 33%), were HBV and HCV
positive (9% and 10% respectively compared to 16% and 22% in the included population),
and less cART exposure (data not shown).

Cardiovascular disease rates
In these analyses there were 432 MI, 600 CHD and 746 CVD events reported during
15,1717 person years of follow up, yielding overall crude rates (and 95% CI) per 1000
person years of 2.85 (2.59, 3.13), 3.95 (3.64, 4.28) and 4.92 (4.57,5.28) for MI, CHD and
CVD events respectively. Adjusted incidence rate ratios (IRR) for all cardiovascular events
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and smoking status groups are shown in table 2 and figure 1. For MI events, the IRR (95%
CI) compared to never smokers decreased from 3.73 (2.46, 5.64) within the first year to 3.00
(1.84, 4.88) within one and two years, to 2.62 (1.42, 4.83) between two and three years, and
to 2.07 (1.19, 3.63) after more than three years of having stopped smoking. Similarly, the
IRR for CHD events decreased from 2.93 (95%CI: 2.07, 4.14) in the first year of having quit
smoking, to 2.48 (1.65, 3.73) in the subsequent year, and 1.90 (1.09, 3.29) within the second
and third year, to 1.83 (1.16, 2.89) after more than three years having stopped smoking. The
IRRs (95% CI) also decreased for CVD events from 2.32 (1.69, 3.18) within less than one
year, to 1.84 (1.25, 2.70) between the first and second year, and 1.60 (0.99, 2.61) and 1.49
(0.99, 2.24) for those who have stopped smoking between two and three years and more
than three years respectively (Table 2 and Figure 1). Compared to current smokers, the risk
of MI, CHD and CVD among patients who stopped smoking for more than 3 years was
reduced by approximately 30% (IRR (95% CI): 0.61 (0.36, 1.04) for MI, 0.74 (0.48, 1.15)
for CVD, and 0.68 (0.46, 1.01) for CHD) (Table 2).

Mortality rates
There were 1902 deaths reported during follow-up, yielding a crude rate of 12.54 (95% CI:
11.98–13.11) per 1000 person-years. Table 3 provides crude death rates per 1000 person
years for specific smoking status groups and IRRs for previous, current and stopped
smoking groups compared to the never smoked groups. Unlike the cardiovascular disease
events, these IRRs did not decrease linearly with increased time since smoking cessation. In
a post-hoc mortality analysis which aimed at demonstrating a clearer mortality signal in a
subgroup at higher risk of mortality, we restricted the analysis to patients aged greater than
50 years during follow-up. In this group, a total 634 deaths were recorded (crude rate of
19.64 per 1000 person years). Again, there was no decreasing trend IRR for each additional
year of having stopped smoking (Table 3 and Figure 1). The risk of death overall and for
those aged greater than 50 were similar for patients who stopped smoking for more than 3
years compared to current smokers (Table 3).

Specific causes of death—One explanation for the lack of reduction in mortality
following smoking cessation is that patients stopped smoking following diagnosis of a
serious illness. To investigate this hypothesis further, we summarized causes of death by
smoking status. Overall, HIV/AIDS was recorded as the underlying cause in 27% of deaths,
10% were cardiovascular disease, 13% chronic viral hepatitis, 12% non-AIDS malignances,
6% invasive bacterial, and 24% other. A larger proportion of never smokers died from HIV/
AIDS (35%) compared to previous smokers (27%), current smokers (23%), and those who
stopped smoking (29%). A greater proportion of previous-smokers and those who had
stopped smoking during D:A:D follow-up who died had non-AIDs malignancies as the
reported underlying cause of death (17% for both groups). This compared to 10% non-AIDS
malignancy deaths in both the never smoked and current smokers. A larger proportion of
current smokers died due to chronic viral hepatitis (17%) compared to 10%, 13% and 9%
among those who never smoked, previous-smokers and those who stopped smoking during
follow-up (Table 4). We also assessed rates of CVD related deaths by smoking status. There
were 192 CVD deaths in total. The adjusted IRR for current smokers compared with never
smokers was 1.33 (951% CI: 0.84, 2.10). The IRRs (95CI) for having stopped smoking for
up to 1 year, 1 to 2 years, 2 to 3 years and more than 3 years were 0.90 (0.47,1.76), 0.59
(0.25,1.38), 1.20 (0.53,2.76) and 1.00 (0.47, 2.13) respectively.

Among the 20% of patients who smoking status was not ever known, and therefore excluded
from these analyses, the crude rates for CVD, CHD, MI and deaths were 4.1, 3.7, 2.6 and
18.8 per 1000 person-years respectively. Of patients who reported current smoking status
during follow-up, approximately 17% had some smoking data missing during follow-up. In
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a sensitivity analysis for both the CVD endpoints and mortality omitting all periods of
follow-up where smoking status was missing yielded similar results (data not shown).

Changes in lipids, blood pressure and medication use after stopping smoking
—We assessed if lipid, blood pressure and BMI levels changed in those patients who
stopped smoking, and also whether there were changes in lipid and blood pressure lowering
therapy. The median changes in cholesterol, HDL, cholesterol:HDL ratio, triglycerides,
systolic and diastolic blood pressure and BMI were all 0 up to two years following smoking
cessation. There were, however, small mean decreases in cholesterol (mean (SD)−0.12
(1.16)), cholesterol:HDL ratio (−0.32(2.00)), triglycerides (−0.16(2.03)) and BMI (−0.20
(1.55)), and small mean increases in HDL (0.04 (0.35)) and blood pressure (diastolic: 0.40
(9.51); systolic:1.48 (13.72)) at 2 years. Use of lipid and blood pressure lowering
medications both increased, from 12% and 9% respectively of patients at the time of
stopping smoking, to 19% and 13% respectively two-years post-smoking cessation.

Discussion
This is the first study to assess the impact of smoking cessation on coronary heart disease
and mortality in a HIV positive population. We found that the risk of MI, CVD and CHD
decreased with each increasing year of having quit smoking, and after three years, the risk
almost halved compared to the first year of stopping smoking. Rates of MI decreased from
an almost 4 fold increased relative risk compared to never smokers among patients who
were in the first year after having stopped smoking to just over 2 fold greater relative risk
among those who had stopped smoking more than 3 years previously. Although less
pronounced, the relative risk for CHD decreased from 2.5 fold to 1.8-fold, and from 2.3-fold
to 1.5 fold for CVD. In the general population there is also an immediate benefit of quitting
smoking, and in some studies the risk of events at about 5 years after stopping smoking is
close to that in individuals who never smoked was noted [22,23,25]. Although we were not
able to assess event rates beyond 3 years of having ceased smoking, our results show that the
clinical benefits observed in the general HIV negative population are also seen in HIV
positive patients.

Unlike the CVD endpoints, we did not observe a decrease in the mortality rates for patients
who quit smoking during follow-up. Even when we restricted our analysis to the over 50
year age group, a population at increased risk of the detrimental effects of smoking,
mortality rates did not decrease with increasing years of having stopped smoking. These
findings are in contrast to what has been reported in the literature for the general population
both for all cause-mortality as well as for specific causes of death [24,26,27]. One possible
explanation for our findings is that some patients who stopped smoking following diagnosis
of a serious illness such as lung cancer may have quit smoking too late to benefit from
stopping smoking. We do not collect reasons for quitting smoking, and also have only just
begun collecting information on other serious non-AIDS endpoints such as non-AIDS
malignancies, and so were not able to attempt to adjust for this bias. We were, however, able
to summarise data on causes of death to assess this. We found a larger proportion of
previous smokers and those who stopped smoking during follow-up died from non-AIDS
malignancies, while a larger proportion of non-smokers died from HIV/AIDS compared to
all the smoking status groups. This lends some support to the notion that some patients who
died most likely stopped smoking at too late a stage of their illness to benefit from quitting.
It is also notable that most reported causes of death are not directly associated with smoking,
suggesting that we might have missed a reduction in smoking related mortality due to
competing risks. We did assess reductions in CVD mortality only, but did not see any clear
reduction, perhaps due to the relatively small numbers of CVD deaths. It may be that this
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issue will become clearer with further follow-up in D:A:D, and the recent inclusion of data
on serious non-AIDS endpoints.

Whether the rates of CVD in HIV positive patients return to levels observed in non-smokers
after five or more years, as observed in the general population, remains unanswered. Indeed,
although we observed a decrease in CVD on stopping smoking that is qualitatively similar to
the trends seen in HIV-negative populations, making exact quantitative comparisons is not
possible.

There are a number of limitations to our analyses. First, we do not collect start or stop dates
for smoking, and also do not collect data on smoking exposure such as pack-years. We were
therefore only able to determine duration of stopping smoking with any accuracy for patients
who reported stopping smoking during follow-up. While these data limitations may have
resulted in some inaccuracy in our estimates of duration of stopping smoking, it is difficult
to imagine how such inaccuracies might have created an association. It seems more likely
that this bias is akin to misclassification in epidemiological studies, and hence would lead to
underestimates of associations. Furthermore, a sensitivity analysis excluding patient follow-
up where smoking data was missing gave similar results. Therefore we believe that the
decreases in risk of CVD following smoking cessation that we have seen can be interpreted
robustly. Second, in our analyses we adjusted for time-updated lipids and blood pressure
measurements. These are variables which might be expected to improve on stopping
smoking, leading to issues around time-varying confounding. We did not perform more
complex statistical models that attempt to account for such confounding such as marginal
structural models given the very small mean changes in such variables that we observed. By
including changes in lipids and blood pressure post stopping smoking, if these variables
improved as a result of stopping smoking the risk predicted by the model would decrease,
and yet we still observed a decrease in the adjusted risk of CVD after stopping. Hence, the
analyses we performed that did adjust for time-updated changes in these variables would be
expected to lead to underestimates in reduction of CVD disease, again suggesting that our
observed decrease in CVD can be interpreted robustly. Third, we do not collect reasons for
stopping smoking or any other health behaviour data, and it is possible that quitting smoking
may have been accompanied by other beneficial lifestyle changes such as improved diet,
increased exercise and reduced recreation drug use, that may also explain the observed
lower rates among patients who stopped smoking. Hence we cannot exclude that some of the
observed decrease in CVD may be due to other improved lifestyle behaviours and not
entirely due to stopping smoking. Finally, we did not have any historical smoking data (prior
to entry into D:A:D), and therefore we were unable to accurately determine number of
attempts at quitting smoking in this population. However other studies have reported that at
least 70% of HIV positive patients who were regular smokers had tried quitting at least once
before [2,5], 42% after their HIV diagnosis [2] which is consistent with what we observed
during D:A:D follow-up.

In conclusion, we found that rates of CVD decreased in HIV positive patients who stopped
smoking. Successfully quitting smoking can overall reduce the disease burden of HIV
positive patients and improve quality of life, and smoking cessation efforts should be made a
priority in the clinical management of HIV positive patients. This will require research into
identifying the most effective smoking cessation approaches in HIV-positive patients. Our
results provide further incentive to quit smoking among a population where smoking is
highly prevalent
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Figure 1.
Cardiovascular and mortality incidence rate ratios: (a) MI, (b) CVD, (d) CHD, (d) Mortality
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Table 1

Patient characteristics at date of first reported smoking status

Smoking status at baseline Reported stopping smoking

Never smoked Previous-smoker Current smoker during D:A:D follow-up1

(n=8920) (n=6265) (n=11951) (n=8197)

Age (years) 38 (33, 46) 39 (34, 46) 38 (33, 43) 41 (37, 47)

Female 35% 21% 23% 21.5%

Transmission group

      Heterosexual 45% 28% 26% 28%

      Homosexual 42% 48% 38% 47%

      Injecting drug use 5% 18% 32% 20%

Ethnicity

      White 48% 46% 70% 54%

      Non-white 19% 4% 5% 5%

      Unknown 34% 50% 25% 41%

HCV Positive 8% 19% 34% 24%

      Not tested/Unknown 27% 22% 22% 15%

HBV Positive 14% 15% 17% 17%

      Not tested/Unknown 21% 17% 20% 12%

CD4 count (cells/µl) 406 (255, 591) 410 (250, 603) 440 (278, 642) 480 (320, 680)

Viral load >50 copies/ml 62.9% 65.6% 63.7% 47.7%

cART exposure (years) 1.5 (0, 3.0) 1.5 (0, 3.1) 1.8 (0, 3.1) 4.1 (1.8, 6.1)

PI exposure (years) 1.0 (0, 2.7) 0.7 (0, 2.7) 1.3 (0, 2.8) 2.5 (0, 4.7)

Systolic BP (mmHG) 120 (115, 130) 120 (110, 130) 120 (110, 130) 120 (110, 130)

Diastolic BP (mmHG) 80 (70, 84) 80 (70, 82) 80 (70, 80) 80 (70, 80)

Total cholesterol (mmol/L) 5.0 (4.2, 6.0) 5.0 (4.2, 6.0) 4.9 (4.0, 5.8) 5.0 (4.2, 5.8)

HDL-C (mmol/L) 1.2 (0.9, 1.4) 1.1 (0.9, 1.4) 1.1 (0.9, 1.4) 1.2 (0.9, 1.4)

Cholesterol:HDL-C ratio 4.4 (3.4, 5.7) 4.6 (3.4, 6.0) 4.4 (3.4, 5.7) 4.3 (3.3, 5.6)

Triglycerides (mmol/L) 1.5 (1.0, 2.6) 1.6 (1.1, 2.7) 1.6, (1.1, 2.6) 1.7 (1.1, 2.7)

BMI (kg/m2) 23.5 (21.5, 25.8) 23.0 (21.1, 25.2) 22.5 (20.7, 24.6) 22.8 (20.9, 25.0)

Lipid medication 4% 6% 4% 12%

BP medication 5% 5% 4% 9%

Family history of CVD 6% 8% 10% 10%

Diabetes 3% 3% 2% 5%

1
Characteristics at first attempt to stop smoking. Figures are medians (inter quartile ranges) unless otherwise specified
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