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Abstract We measured the trend of cigarette smoking

among HIV-seropositive and seronegative men over time

from 1984 to 2012. Additionally, we examined the demo-

graphic correlates of smoking and smoking consumption. Six

thousand and five hundred and seventy seven men who have

sex with men (MSM) from the Multicenter AIDS Cohort

Study (MACS) were asked detailed information about their

smoking history since their visit. Prevalence of smoking and

quantity smoked was calculated yearly from 1984 to 2012.

Poisson regression with robust error variance was used to

estimate prevalence ratios of smoking in univariate and mul-

tivariate models. In 2012, 11.8 and 36.9 % of men who were

enrolled in the MACS before 2001 or during or after 2001

smoked cigarettes, respectively. In the multivariate analysis,

black, non-Hispanic, lower education, enrollment wave,

alcohol use, andmarijuanausewere positively associatedwith

current smoking in MSM. HIV serostatus was not significant

in the multivariate analysis. However, HIV variables, such as

detectable viral load, were positively associated. Though

cigarette smoking has declined over time, the prevalence still

remains high among subgroups. There is still a need for tai-

lored smoking cessation programs to decrease the risk of

smoking in HIV-seropositive MSM.

Resumen Un análisis de hombres VIH-sero-positivo y -

sero-negativo con fechas de nacimiento entre 1984 y 2012.

Inclusivo, estudiamos la demografı́a relacionada entre

fumando cigarrillos y la frecuencia de fumar cigarrillos. Se

hizo entrevistas detalladas a 6.577 hombres del estudio

Multicenter AIDS Cohort (MACS) que han tenido rela-

ciones sexuales con otros hombres, sobre su frecuencia de

fumar cigarrillos desde su última cita. Se calculó anual la

frecuencia y cantidad de fumar desde el 1984 a 2012. Se

usó la regresión de Poisson con un error de discrepancia

conservativo para estimar la proporción de frecuencia de

fumar en modelos univariante y multivariante. En 2012, de

los hombres que estuvieron matriculados en el estudio de

MACS antes del 2001 un 11,8 % fumaban cigarrillos y de

los que matricularon en el 2001 o luego un 36,9 %. En el

análisis multivariante, personas: africano-americano,

anglo, baja nivel de educación, fecha de matriculación al

MACS, uso del alcohol y mariguana muestrearon una

correlación positiva dentro los hombres fumadores que han

tenido relaciones sexuales con otros hombres. VIH-sero-

estatus no estuvo significante en el análisis multivariante.

Pero, los variables de VIH, como el carga viral, eran
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asociado positivamente. Aunque el consumo de cigarrillos

ha bajado con tiempo, la presencia sigue predominante

entre los grupos mencionados. Hay falta de programación

que les pueda ayudar en eliminar el uso de cigarrillos para

reducir el daño de salud entre hombres VIH-sero-positivo

que mantienen relaciones sexuales con otros hombres.

Keywords Smoking � Tobacco � Detection of smoking �
HIV � MSM

Introduction

Research suggests that the prevalence of smoking in men

who have sex with men (MSM) is higher than men in the

general population [1–5]. This group has the largest pro-

portion of people living with HIV (PLWH). Because of a

history of exclusion and discrimination in other social set-

tings, the social focus for MSM has been gay-identified bars

and clubs, where the prevalence of smoking continues to be

high [6]. Recently, two studies focusing onHIV-seropositive

women and indigent adults reported the prevalence of cur-

rent smoking to be 39 and 67.3 %, respectively [7, 8]. Fur-

ther, recent studies have assessed smoking in MSM but have

not assessed the overall changing trend [9, 10].

Studies assessing smoking in PLWH support research

from the general population—showing that smoking is a

risk factor for coronary artery disease, myocardial infarc-

tion, and stroke [4, 5, 11–13]. Smoking is also the number

one reason for non-AIDS defining cancers in PLWH [13].

Implementing tobacco cessation programs has been chal-

lenging in PLWH. Crothers et al. (2007) found that HIV

care providers in the Veterans Aging Cohort 5-Site Study

are less likely to recognize current smoking as a problem

compared with non-HIV care providers [14]. Furthermore,

providers who identify current smokers are less likely to

make smoking treatment a priority because of other com-

peting health concerns, economic barriers, or limited time

for health promotion activities [6, 14].

Although the overall prevalence of smoking has

decreased in the general population [15], it is unclear

whether this trend also holds among HIV-seropositive and

negative MSM. Compared to the general population, HIV-

seropositive and seronegative MSM may have higher rates

of other addictive behaviors such as alcohol use and drug

use that are likely to increase the risk of cigarette smoke

[16]. More importantly, if different trends exist in this

subpopulation, then culturally tailored public health mes-

sages may be needed to promote health behavior change

interventions among HIV-seropositive and negative MSM.

The Multicenter AIDS Cohort Study (MACS) is an

ongoing longitudinal study of men who have had sex with

men. With nearly 30 years of longitudinal data on almost

7000 HIV-seropositive and HIV-seronegative MSM, the

MACS is an ideal cohort to study trends in smoking in

MSM over time because of its large sample size, continued

enrollment and repeated measures of smoking status.

The aims of this study were [1] to evaluate differences

in trends of cigarette smoking and change in daily con-

sumption among HIV-seropositive and seronegative men

over time by birth cohort from 1984 to 2012, [2] examine

predictors of smoking prevalence and smoking consump-

tion among total MSM and HIV-seropositive men.

Methods

Study Design and Administration

The MACS is an ongoing prospective cohort study of the

natural and treated histories ofHIV infection amongMSM in

the United States [17]. The study has been described in detail

previously [17]. A total of 6972 men were recruited at four

centers: Baltimore/Washington DC, Chicago, Los Angeles,

and Pittsburgh. Men were recruited in three waves, 4954 in

1984–1985, 668 in 1987–1991, and 1350 in 2001–2003.

Informed consent was obtained from all participants, and the

MACS study protocol was approved by the institutional

review boards of each of the participating centers.

Participants of the MACS return biannually for detailed

interviews, physical examinations, and collection of blood

and laboratory testing. At each study visit, the men are

asked detailed information about their smoking history

since their previous visit. The questionnaires are available

online at http://www.statepi.jhsph.edu/macs/forms.html.

This present study utilizes a prospective cohort design to

examine the association between demographic character-

istics with self-reported smoking. We utilized all data from

the three waves since smoking behavior was captured since

their initial visit. The study sample included 6577 men who

reported their smoking behavior during their initial visit

and at least one more visit. The median person-years in the

study was 9.6 years (interquartile range 5.4–18.5 years).

Main Outcome Measure

Current smoking was collected based on answers to a

detailed interview. Participants were classified as never,

former, and current smokers at each visit. These questions

include ‘‘Did you ever smoke cigarettes?’’ and ‘‘Do you

smoke cigarettes now?’’ Participants who answered yes to

both questions were categorized as current smokers. Partic-

ipants were categorized as former smokers if they answered

yes to the first question and no to the second. Never smokers

were participants who answered no to both questions.
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Quantity of cigarette packs smoked were categorized by

the MACS as follows: less than � pack per day; at least �
but less than 1 pack per day; at least 1 but less than 2 packs

per day; and 2 or more packs per day. For the current study,

the quantity consumed was dichotomized as less than one

pack per day, and 1 pack or more a day.

The MACS also assessed the length of time participants

had smoked prior to joining the study. Participants were

asked at what age they had begun smoking cigarettes and

how many packs they had smoked during their heaviest

smoking periods. If participants were former smokers, the

men were asked for the number of years they had stopped

smoking cigarettes. Using this information, we calculated

baseline cumulative smoking for each participant, and

continued to add onto it while the participants remained in

the study.

Independent Variables

Age at the each visit was calculated using self-reported

recorded date of birth and was treated as a continuous

variable. Self-reported race at enrollment was categorized

as follows: White non-Hispanic; White Hispanic; Black

non-Hispanic; Black Hispanic; American Indian or Alas-

kan Native, Asian or Pacific Islander, other, or other His-

panic. Because of the small number of Hispanics

(n = 631), American Indian or Alaskan Native (n = 23),

Asian or Pacific Islander (n = 32), and other (n = 39)

were grouped together with other. Self-reported educa-

tional attainment was collected from the most recent semi-

annual visit and was categorized as high school diploma or

less, some college or college degree, and graduate work or

more (reference group).

We dichotomized participants into two groups based on

their time of enrollment as either before or after 2001; before

2001 was the reference group. Baseline characteristics dif-

fered by time of enrollment. Participants enrolled in 2001 or

after were more likely to be younger, HIV-seronegative,

black non-Hispanic, Hispanic, express depressive symp-

toms, have a high school diploma or less, unemployed, and

were smokers at baseline.

HIV serostatus was assessed using enzyme-linked

immunosorbent assay with confirmatory Western blot tests

on all MACS participants at each participant’s initial visit

and at every semiannual visit for participants who were

initially HIV-seronegative. Standardized flow cytometry

was used to quantify CD4? T-lymphocyte subset levels by

each MACS site [18, 19]. Through the course of the lon-

gitudinal study, 17.3 % of HIV-seronegative MSM were

diagnosed with HIV.

Self-reported employment status was dichotomized as

employed or unemployed. Self-reported alcohol use was

measured using questions about frequency of drinking and

average number of drinks the participant consumed since

his last visit. Participants were categorized as no drinks

since last visit, low–moderate (1–2 drinks per day or 3–4

drinks per day no more than once a month), moderate–

heavy (3–4 drinks per day for more than once a month or 5

or more drinks per day for less than once a month), and

binge (5 or more drinks for at least once a month) (Sub-

stance Abuse and Mental Health Services Administration

[20]. Binge drinking: terminology and patterns of use.

http://captus.samhsa.gov/access-resources/binge-drinking-

terminology-and-patterns-use. Accessed 15 Feb 2014).

Marijuana use, hospitalization in the last 6 months, and

frequency of depressive symptoms (occasionally or most/

all days versus rarely or some days) were dichotomized.

Data Analysis

We first calculated the prevalence of smoking as the

number of smokers over the total number of participants

for each year. Smoking prevalence was stratified by birth

cohort, and HIV serostatus. We used the Cochran–Mantel–

Haenszel test to measure the difference between birth

cohort and HIV serostatus. We also used the Cochran–

Armitage trend test to assess changes by calendar year. We

repeated this calculation to assess the prevalence of

smoking one pack or more per day. We also stratified by

birth cohort and HIV serostatus. Univariate analyses were

used to describe characteristics of the population as a

function of HIV serostatus.

Poisson regression with robust error variance was used

to estimate prevalence ratios for smoking [21]. Univariate

and multivariate analysis were first done for all MSM and

then HIV-seropositive MSM. We used SAS 9.2 GENMOD

procedure (SAS Institute, Cary, North Carolina, USA). We

included age, race, education, employment, HIV serostatus,

time of enrollment, depressive symptoms, alcohol use,

hospitalization, and marijuana use in the univariate models.

Covariates with statistical significance at p\ 0.05 were

entered into an exploratory multivariate model. Missing

values for smoking status (n = 113), age (n = 1), race

(n = 2), education (n = 50), and alcohol use (n = 147)

were imputed with values from the subsequent visit. We

tested an interaction term for HIV serostatus and time of

enrollment, and then stratified the analysis by HIV? and

HIV- men.

Two sensitivity analyses were conducted to understand

the changes in association based on seroconverters and lost

to follow up. First, seroconverters were analyzed as HIV-

seropositives and were then removed to assess changes in

baseline characteristics and longitudinal associations

(n = 5865). Additionally, we removed all participants that

were lost to follow up to assess the same baseline char-

acteristics and longitudinal associations (n = 1966).
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Results

Baseline demographic data for HIV-seropositive and HIV-

seronegative men are shown in Table 1. The prevalence of

smoking was slightly higher among HIV-seropositive men

(44.1 %) compared with HIV-seronegative men (37.9 %).

HIV-seropositive men were more likely to be black non-

Hispanic (19 % compared with 13.2 %) or other (11.5 %

compared with 7.2 %), enrolled in 2001 or after (21.0 %

compared with 15.8 %), have a high school diploma or less

(19.0 % compared with 14.0 %), have depressive symp-

toms (25.6 % compared with 21.6 %), and were hospital-

ized in the past 6 months (6.4 % compared with 4.1 %).

The annual smoking prevalence has declined over time

in the MACS. Shown in Fig. 1a, 38.9 % of participants

enrolled in the MACS in 1984 smoked. In 2012, the

prevalence sharply declined to 11.8 % (test for trend

p\ 0.0001). Among participants who were enrolled in

2001 or after, the prevalence of smoking in 2002 was 53.9

and 36.9 % in 2012 (test for trend p\ 0.0001). Shown in

Fig. 1b, differences in prevalence were also observed by

birth cohort. Participants in the oldest birth cohort

(1914–1934) had the lowest prevalence of smoking while

participants in the youngest birth cohort (1960–1969) had

the highest (test for trend p\ 0.05). However, in partici-

pants recruited after 2001, the oldest (1940–1949) and

Table 1 Characteristics of the

MACS population at time of

enrollment

HIV- HIV? Total men

Age (mean, SD) 34.9 (8.6) 34.0 (7.7) 34.4 (8.2)

Race (%)

White, non-Hispanic 79.6 (2535) 69.5 (2358) 74.4 (4893)

Black, non-Hispanic 13.2 (421) 19.0 (644) 16.2 (1065)

Other 7.2 (228) 11.5 (389) 9.4 (617)

Enrolled after 2001 15.8 (503) 21.0 (712) 18.5 (1215)

Site of enrollment

Baltimore/Washington DC 27.7 (882) 22.7 (771) 25.1 (1663)

Chicago 21.7 (692) 24.7 (837) 23.3 (1529)

Los Angeles 23.6 (752) 33.3 (1129) 28.6 (1881)

Pittsburgh 27.0 (860) 19.3 (654) 23.0 (1514)

Education (%)

High school diploma or less 14.0 (443) 19.0 (639) 16.6 (1082)

Some college or college degree 46.5 (1471) 53.5 (1800) 50.1 (3271)

Graduate work or more 39.5 (1247) 27.5 (927) 33.3 (2174)

Unemployed 8.9 (282) 9.4 (313) 9.1 (595)

Smoking status

Non-smoker 41.4 (1310) 36.8 (1216) 39.1 (2526)

Former smoker 20.7 (653) 19.7 (630) 19.9 (1283)

Current smoker 37.9 (1198) 44.1 (1457) 41.1 (2655)

Depressed symptomsa (%) 21.6 (454) 25.6 (560) 23.6 (1014)

Cumulative pack-years (median)b 2.1 3.8 3.0

Marijuana usec 74.3 (199) 75.5 (247) 75.0 (446)

Hospitalization in the past 6 months 4.1 (131) 6.4 (215) 5.3 (346)

HAART

No therapy – 64.3 (701) –

Monotherapy – 1.0 (11) –

Combined therapy – 2.4 (26) –

Potent therapy – 32.3 (352) –

Detectable viral loadd – 70.2 (697) –

a CESD Score of 16 or greater
b The median was presented because of the unsymmetrical distribution of pack-years
c Baseline was available for second new recruits
d Detectable viral load[40 copies/ml
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youngest (1970–1992) birth cohorts had a lower prevalence

of smoking compared with participants born between 1950

and 1959 (test for trend p\ 0.05) (Fig. 1b).

Among participants who were enrolled before 2001,

HIV-seropositive men had a higher prevalence of smoking

compared with HIV-seronegative men (Fig. 1c). The rate

of decline of smoking was the same among both groups.

There were no differences observed among HIV-seropos-

itive and HIV-seronegative men who were enrolled after

2001 (Fig. 1d). Similarly, there were no differences

observed in the quantity of daily cigarettes smoked by birth

cohort or HIV serostatus (not shown).

In the multivariate analysis using the total sample, black

non-Hispanic, lower education, time of enrollment, living

in Chicago and Pittsburgh, marijuana use and alcohol use

were positively associated with smoking prevalence in

MSM (Table 2). To understand the analysis more clearly,

among all MSM participants, having less than a high

school diploma was associated with a 20 % (95 % CI

1.15–1.25) higher prevalence of smoking compared with

MSM who had attended graduate school or more; a 10 %

(95 % CI 1.07–1.15) higher prevalence for black, non-

Hispanic men compared with white, non-Hispanic men; a

12 % (95 % CI 1.06–1.14) higher prevalence of smoking if

enrolled in 2001 or after; a 5 % (95 % CI 1.01–1.08)

higher prevalence of smoking if participants lived in

Chicago compared with participants living in Baltimore/

Washington DC; a 5 % (95 % CI 1.01–1.08) higher

prevalence of smoking if participants living in Pittsburgh

compared with participants living in Baltimore/Washing-

ton DC; an 11 % (95 % CI 1.09–1.14) higher prevalence

rate if they were marijuana users; and a 11 % (95 % CI

1.09–1.14) higher prevalence rate if they were binge

drinkers. Being HIV-seropositive was positively associated

with smoking prevalence in the univariate analysis, but the

association was no longer significant after adjusting for

covariates.

Although the association with HIV serostatus was no

longer significant after adjusting for covariates, we further

examined potential predictors of smoking using HIV-re-

lated variables among HIV-seropositive men (Table 3).

Having less than a high school diploma was associated

with a 18 % (95 % CI 1.10–1.27) higher prevalence of

smoking compared with MSM who had attended graduate

school or more; a 13 % (95 % CI 1.06–1.21) higher

prevalence of smoking if enrolled in 2001 or after; a 9 %

(95 % CI 1.05–1.13) higher prevalence of smoking if

participants used marijuana; a 2 % (95 % CI 1.01–1.04)

higher prevalence of smoking if participants exhibited

depressive symptoms; and a 14 % (95 % CI 1.08–1.16)

higher prevalence of smoking if participants were binge

drinkers compared to those who did not drink. CD4? count
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Fig. 1 a Annual prevalence of current smoking in the MACS by birth

cohort, first wave (1984–2012). b Annual prevalence of current

smoking in the MACS by birth cohort, second wave (2002–2012).

c Annual prevalence of current smoking in the MACS by serostatus,

first wave (1984–2012). d Annual prevalence of current smoking in

the MACS by serostatus, second wave (2002–2012)

626 AIDS Behav (2016) 20:622–632

123



and HAART use were not statistically significant associ-

ated with smoking prevalence in the multivariate analysis.

However, HIV-seropositive men had a 4 % (95 % CI

1.02–1.06) higher prevalence of smoking if they had a

detectable viral load.

The same analysis was performed to observe prevalence

ratios for smoking one pack or more by among participants

who were smokers. Shown in Table 4, among all MSM

participants, black, non-Hispanic, and other were less

likely to smoke more than one pack a day compared to

White non-Hispanics. Having less than a high school

diploma was associated with a 10 % (95 % CI 1.07–1.13)

higher prevalence of smoking one pack or more per day

compared with MSM who attended graduate school or

more; a 6 % (95 % CI 1.03–1.09) higher prevalence if they

lived in Pittsburgh compared with those who lived in

Baltimore/Washington, DC; a 3 % (95 % CI 1.00–1.05)

higher prevalence for unemployed MSM compared with

those that were employed; a 6 % (95 % CI 1.04–1.09)

higher prevalence rate if they were binge drinkers com-

pared with MSM who were non-drinkers; an 11 % (95 %

CI 1.08–1.09) higher prevalence in marijuana users com-

pared with non-users; and 3 % (95 % CI 1.00–1.05) higher

prevalence in MSM who were HIV-seropositive compared

with HIV-seronegative MSM. After further stratifying by

HIV serostatus, CD4? count was still not statistically

significant associated with a higher prevalence of amount

smoked among HIV-seropositive men (Table 5). HIV-

seropositive men had a 1 % (95 % CI 1.00–1.02) higher

prevalence of smoking if they had a detectable viral load.

An interaction term was introduced to further assess the

association of cigarette smoking on HIV serostatus by time

of enrollment. There were no statistically significant

interactions for both outcomes. After removing serocon-

verters from the dataset, we assessed changes in baseline

characteristics and longitudinal associations. There were no

major differences in baseline characteristics (data not

shown). There were no major differences in prevalence

ratios for smoking in multivariate analysis except for a

statistically significant positive association in participants

enrolled after 2001 (data not shown). Additionally, we

removed all participants that were lost to follow up in order

Table 2 Prevalence ratios for

cigarette smoking from

univariate and multivariate

analysis

Univariate analysis Multivariate analysis

Total men p value Total men p value

Age 0.996 (0.995–0.996) \0.0001 0.999 (0.998–1.001) 0.393

Race

White, non-Hispanic Reference – Reference –

Black, non-Hispanic 1.13 (1.10–1.15) \0.0001 1.11 (1.07–1.15) \0.0001

Other 1.02 (0.99–1.05) 0.177 0.95 (0.92–0.95) 0.028

Education

High school diploma or less 1.25 (1.21–1.28) \0.0001 1.20 (1.15–1.25) \0.0001

Some college or college degree 1.10 (1.08–1.12) \0.0001 1.09 (1.06–1.25) \0.0001

Graduate work or more Reference – Reference –

Enrolled after 2001 1.14 (1.11–1.17) \0.0001 1.12 (1.06–1.12) \0.0001

Unemployed 1.12 (1.10–1.14) \0.0001 1.06 (1.03–1.10) 0.0001

Site

Baltimore/Washington DC Reference – Reference

Chicago 1.04 (1.02–1.07) .0015 1.05 (1.01–1.08) 0.009

Los Angeles 1.01 (0.98–1.03) 0.439 1.01 (0.98–1.04) 0.534

Pittsburgh 1.07 (1.04–1.09) \0.0001 1.05 (1.01–1.08) 0.009

Alcohol use

None Reference – Reference –

Low–moderate 1.21 (1.19–1.23) \0.0001 1.06 (1.03–1.08) \0.0001

Moderate–heavy 1.34 (1.31–1.37) \0.0001 1.06 (1.02–1.11) 0.007

Binge 1.48 (1.44–1.53) \0.0001 1.12 (1.09–1.16) \0.0001

Marijuana use 1.14 (1.13–1.16) \0.0001 1.11 (1.09–1.14) \0.0001

Hospitalization in the last 6 months 1.03 (1.02–1.04) \0.0001 1.02 (0.99–1.03) 0.051

Depressed symptoms 1.05 (1.04–1.07) \0.0001 1.00 (0.99–1.05) 0.02

HIV-seropositive 1.05 (1.03–1.07) \0.0001 1.01 (1.00–1.06) 0.01

Enrolled after 2001*HIV-seropositive 0.97 (0.94–1.00) 0.065 – –
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to assess the same baseline characteristics and longitudinal

associations. Because participants who were enrolled

before 2001 were more likely to have died or have been

lost to follow up, baseline characteristics were similar to

the characteristics of participants enrolled after 2001.

Compared to the participants analyzed in the study, par-

ticipants who were not lost to follow-up, were more likely

to be Black non-Hispanic, enrolled after 2001, be unem-

ployed, and be current smokers (data not shown). After

conducting the same multivariate analysis, the same pre-

dictors were positively associated with prevalence of

smoking in total MSM, with the exception of hospitaliza-

tion in the last 6 months. Additionally, being HIV-

seropositive was associated with a 4 % (95 % CI

1.01–1.06) higher prevalence of cigarette smoking com-

pared with HIV-seronegative participants (data not shown).

Discussion

In this study, although prevalence of smoking in MSM

remain high, there were no differences by HIV serostatus.

We found that among all men in the MACS, the prevalence

of current smoking has been declining significantly, with a

greater likelihood of current smoking among men in certain

subgroups. These include black, non-Hispanic men,

Table 3 Prevalence ratios for

smoking from univariate and

multivariate analysis among

HIV-seropositive participants

Univariate analysis Multivariate analysis

HIV-seropositive p value HIV-seropositive p value

Age 0.996 (0.995–0.997) \0.0001 0.999 (0.0996–1.00) 0.35

Race

White, non-Hispanic Reference – Reference –

Black, non-Hispanic 1.10 (1.06–1.13) \0.0001 1.05 (0.99–1.12) 0.094

Other 1.01 (0.97–1.04) 0.6986 0.94 (0.87–1.02) 0.133

Education

High school diploma or less 1.23 (1.19–1.27) \0.0001 1.18 (1.10–1.27) \0.0001

Some college or college degree 1.10 (1.07–1.13) \0.0001 1.07 (1.02–1.12) 0.007

Graduate work or more Reference Reference

Enrolled after 2001 1.13 (1.08–1.18) \0.0001 1.13 (1.06–1.21) 0.0004

Unemployed 1.11 (1.08–1.13) \0.0001 1.05 (0.99–1.10) 0.109

Site

Baltimore/Washington DC Reference – – –

Chicago 1.03 (0.99–1.07) 0.134 – –

Los Angeles 1.00 (0.97–1.03) 0.962 – –

Pittsburgh 1.04 (0.99–1.08) 0.081 – –

Alcohol use

None Reference – Reference –

Low–moderate 1.11 (1.07–1.15) \0.0001 1.07 (1.03–1.12) 0.0003

Moderate–heavy 1.13 (1.06–1.20) \0.0001 1.08 (0.99–1.16) 0.069

Binge 1.22 (1.16–1.28) 0.0001 1.14 (1.08–1.21) \0.0001

Marijuana use 1.11 (1.09–1.14) \0.0001 1.09 (1.05–1.13) \0.0001

Hospitalization in the last 6 months 1.02 (1.01–1.04) 0.0013 1.02 (0.99–1.04) 0.234

Depressed symptoms 1.07 (1.05–1.09) \0.0001 1.02 (1.01–1.04) 0.001

CD4? T-cell count (cells/ll)

[500 Reference – – –

201–500 1.00 (0.99–1.02) 0.643 – –

B200 1.02 (0.99–1.04) 0.101 – –

HAART use

No therapy 1.04 (1.02–1.06) \0.0001 1.00 (0.96–1.03) 0.885

Monotherapy 1.01 (0.99–1.03) 0.421 1.01 (0.93–1.10) 0.806

Combined therapy 0.99 (0.96–1.01) 0.309 1.03 (0.96–1.10) 0.425

Potent ART Reference – Reference –

Detectable viral load 1.06 (1.04–1.08) \0.0001 1.04 (1.02–1.06) \0.0001
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participants with lower education, those who were enrolled

in 2001 and after, binge drinkers, and marijuana users.

Multivariate analysis on HIV-seropositve participants

showed that, CD4? cell count and HAART use were not

statistically significantly associated with prevalence of

smoking, but detectable viral load was. Additionally, we

found that the prevalence of smoking one pack or more per

day was positively associated among HIV-seropositive

men. Lower education, unemployment, alcohol use and

detectable viral load were positively associated with

prevalence of smoking one pack or more per day among

HIV-seropositive men.

Race, alcohol consumption, level of physical activity,

depression, and substance abuse have been shown to be

associated with smoking among PLWH [5, 14, 16]. The

low prevalence of smoking among HIV-seropositive and

HIV-seronegative MACS participants enrolled before 2001

may be lower than expected because of loss to follow up or

death. Being in a cohort for nearly 30 years may have also

modified their smoking behaviors because they are aware

of being observed. The 2001 enrollment in the MACS

increased the number of minority participants in order to

better represent the current HIV-positive MSM in the US.

Though there is a decline in prevalence of smoking among

this group, they were still more likely to smoke compared

with the earlier enrolled group. This can reflect the overall

historical shift of smoking prevalence in the population as

whole. We found the prevalence of smoking among those

enrolled in 2001 and later to be similar to other HIV-sub-

populations [5, 7, 22]. This comparison includes a recent

study from the Women’s Interagency HIV Study that

showed that 39 % of women living with HIV were current

smokers in 2011 [7]. The Veterans Aging Cohort found

that 45.9 % of HIV seropositive patients were current

smokers [5]. Tesoriero et al., reported the prevalence of

smoking among PLWH in New York State to be 59 %

[12]. Lifson et al., assessed smoking prevalence for 5472

HIV-seropositive men enrolled in 33 countries, and found

that 40.5 % were current smokers [23].

Prevalence of smoking in MSM enrolled in 2001 and

later was similar to older published studies [1, 2, 24–26].

For the first time in 2013, the National Health Interview

Table 4 Prevalence ratios for

amount smoked from univariate

and multivariate analysis

Univariate analysis Multivariate analysis

Total men p value Total Men p value

Age 0.997 (0.996–0.998) \0.0001 0.999 (0.999–1.001) 0.445

Race

White, non-Hispanic Reference Reference

Black, non-Hispanic 0.95 (0.94–0.97) \0.0001 0.96 (0.94–0.98) 0.0004

Other 0.93 (0.92–0.95) 0.177 0.93 (0.91–0.95) \0.0001

Education

High school diploma or less 1.13 (1.11–1.16) \0.0001 1.10 (1.07–1.13) \0.0001

Some college or college degree 1.06 (1.05–1.08) \0.0001 1.04 (1.02–1.05) \0.0001

Graduate work or more Reference Reference

Enrolled after 2001 0.95 (0.94–0.96) \0.0001 1.02 (0.99–1.04) 0.145

Unemployed 1.03 (1.02–1.05) \0.0001 1.03 (1.00–1.05) 0.024

Site

Baltimore/Washington DC Reference Reference

Chicago 1.01 (0.99–1.03) 0.323 1.03 (0.96–1.10) 0.544

Los Angeles 0.99 (0.98–1.01) 0.646 1.00 (0.98–1.02) 0.653

Pittsburgh 1.07 (1.04–1.09) \0.0001 1.06 (1.03–1.09) 0.012

Alcohol use

None Reference Reference

Low–moderate 1.07 (1.06–1.09) \0.0001 1.02 (1.00–1.04) 0.026

Moderate–heavy 1.12 (1.07–1.16) \0.0001 1.05 (1.01–1.03) 0.017

Binge 1.13 (1.44–1.53) \0.0001 1.06 (1.04–1.09) \0.0001

Marijuana use 1.07 (1.06–1.09) \0.0001 1.11 (1.08–1.09) 0.0016

Hospitalization in the last 6 months 1.00 (0.99–1.01) 0.390 – –

Depressed symptoms 1.04 (1.02–1.05) \0.0001 1.02 (1.01–1.04) 0.0095

HIV-seropositive 1.02 (1.01–1.42) 0.002 1.03 (1.00–1.05) 0.008

Enrolled after 2001*HIV-seropositive 0.99 (0.96–1.03) 0.848 – –
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Survey (NHIS) established a sexual orientation question for

their annual health survey. The landmark addition will

enable surveillance and long-term monitoring of the

Healthy People 2020 goals to improve the health, safety,

and well-being of lesbian, gay, and bisexual populations

[27]. In 2013, 27.2 % of gay men between the ages of

16–64 were current smokers compared with 22.3 % of

straight men of the same age group. Although the preva-

lence of smoking differed in our current study, the NHIS

did not include a question on HIV serostatus. Additionally,

a recent study utilizing data from the National Survey on

Drug Use and Health examined the association between

sociodemographic characteristics and smoking status

among HIV-positive individuals [28]. Among their partic-

ipants, 40 % of PLWH were smokers, and were more likely

to smoke if they were previously married, binge drinkers,

and were in lifetime drug and alcohol treatment.

For both outcomes in this study, site was associated with

higher prevalence of smoking in MSM overall. Of the four

sites, California’s state smoking laws were enacted in 1994

but allowed for exemptions for smoking in ventilated

employee smoking rooms. The exemption still remains in

effect [29]. Washington, DC/Baltimore, MD and Chicago,

IL have 100 % smoke-free laws in all non-hospitality

workplaces, restaurants and bars [29]. Pennsylvania has

enacted smoke-free worksites but allow exemptions for

Table 5 Prevalence ratios for

amount smoked from univariate

and multivariate analysis among

HIV-seropositive participants

Univariate analysis Multivariate analysis

HIV-seropositive p value HIV-seropositive p value

Age 0.997 (0.996–0.997) \0.0001 0.998 (0.997–0.999) 0.018

Race

White, non-Hispanic Reference Reference

Black, non-Hispanic 0.93 (0.91–0.95) \0.0001 0.94 (0.91–0.97) 0.0001

Other 0.91 (0.89–0.94) \0.0001 0.89 (0.85–0.92) \0.0001

Education

High school diploma or less 1.10 (1.07–1.13) \0.0001 1.09 (1.05–1.14) \0.0001

Some college or college degree 1.05 (1.03–1.08) \0.0001 1.04 (1.01–1.07) 0.008

Graduate work or more Reference Reference

Enrolled after 2001 0.95 (0.93–0.97) \0.0001 1.02 (0.99–1.01) 0.143

Unemployed 1.02 (1.00–1.05) 0.028 1.01 (0.98–1.48) 0.565

Site

Baltimore/Washington DC Reference Reference

Chicago 1.00 (0.97–1.03) 0.860 1.00 (0.96–1.03) 0.891

Los Angeles 1.00 (0.97–1.02) 0.720 0.98 (0.95–1.01) 0.140

Pittsburgh 1.05 (1.02–1.09) 0.001 1.02 (0.98–1.07) 0.245

Alcohol use

None Reference Reference

Low–moderate 1.03 (1.01–1.06) 0.013 1.02 (0.99–1.05) 0.062

Moderate–heavy 1.06 (1.01–2.68) 0.016 1.05 (1.01–1.10) 0.02

Binge 1.09 (1.04–1.13) \0.0001 1.08 (1.02–1.04) 0.0002

Marijuana use 1.07 (1.05–1.08) \0.0001 1.07 (1.05–1.08) 0.067

Hospitalization in the last 6 months 0.998 (0.986–1.01) 0.756 – –

Depressed Symptoms 0.95 (0.94–1.06) \0.0001 1.02 (0.99–1.45) 0.142

CD4? T-cell count (cells/ll)

[500 Reference Reference –

201–500 0.98 (0.966–1.00) 0.101 – –

B200 0.99 (0.972–1.00) 0.156 – –

HAART Use

No therapy 1.04 (1.02–1.06) \0.0001 1.02 (0.99–1.04) 0.245

Monotherapy 1.01 (0.99–1.03) 0.421 0.96 (0.92–0.99) 0.132

Combined therapy 0.99 (0.96–1.02) 0.310 1.06 (0.99–1.14) 0.094

Potent ART Reference Reference

Viral load 1.07 (1.05–1.08) \0.0001 1.01 (1.00–1.02) 0.02
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smoking in ventilated restaurants. Compared to participants

in Washington, DC/Baltimore, MD, MSM living in Chi-

cago, IL and Pittsburgh, PA were more likely to smoke.

More importantly, site was not statistically significant

associated with smoking prevalence or quantity of cigar-

ettes consumed among HIV-seropositive participants.

Among PLWH, detectable viral load was associated with

prevalence of smoking while CD4? cell count and HAART

use were not statistically significant in this study. Previous

studies assessing the association of smoking with the pro-

gression of HIV disease have yielded inconsistent results.

Royce andWinkelstein found that smoking increased CD4?

cell count but the relationship was less pronounced among

PLWH while Kabali et al. did not find a statistically signif-

icant association between smoking and CD4? cell count and

viral load [3, 30]. It has been suggested that nicotine may

alter the metabolism of HAART by increasing clearance and

decreasing its efficacy, thus increasing viral load among

smokers [31]. This may have been why detectable viral load

was associated with smoking prevalence in our study while

HAART use remained statistically insignificant.

It has been suggested that PLWH maintain the belief

that they will not live long enough to suffer the adverse

effects of tobacco use and therefore are not concerned

about smoking cessation [32, 33]. However, as the life

expectancy of PLWH continues to improve, there is a need

to focus on modifiable risk factors such as smoking that

will further reduce morbidity and mortality from non-AIDS

conditions [9]. Additionally, in one study, 63 % of current

smokers reported they were interested in quitting smoking

[34], but low-self efficacy (believing that they will not be

able to quit) is a strong predictor of non-enrollment in

smoking cessation programs [35].

As mentioned before, Crothers et al. (2007) showed that

HIV providers were more likely to not identify patients

who were current smokers when compared with non-HIV

providers. Providers who do identify patients that are cur-

rent smokers often feel that smoking cessation is low pri-

ority because of competing priorities, economic barriers,

and that it may impose an additional burden on someone

who is living with HIV [11, 36].

A strength of our study is the large, diverse sample of

HIV-seropositive and HIV-seronegative MSM representing

four different cities with nearly 30 years’ worth of data. We

were able to assess the prevalence of smoking over time and

determine factors associated with prevalence of smoking.

However, our study also has limitations. Like most studies

assessing cigarette smoking, we relied on self-reported data

and were unable to confirm smoking status with biomarkers

such as salivary or blood cotinine. Additionally, as men-

tioned, the very low reported prevalence rate for men who

were enrolled before 2001 could have been because of loss to

follow-up, death, or participation bias.

Our study shows that prevalence of smoking remains high

among certain subpopulations of MSM including HIV-ser-

positive MSM. There is need for a continued effort to target

MSM and PLWH with evidence-based tobacco cessation

treatments. We also documented a strong tendency among

men in the MACS to decrease smoking consumption. Other

studies can build on this research and identify the predictors

of successful smoking cessation. Understanding these pre-

dictors of smoking prevalence over time can inform targeted

intervention for HIV-seropositive and seronegative MSM to

mitigate smoking-associated comorbidities (i.e., heart dis-

ease, cancer) among HIV-seropositive men and smoking-

related health disparities among MSM in general.
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