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Abstract

Objective:  Approximately one in four deaths among people living with HIV (PLWH) in the United 
States can be attributed to cigarette smoking. Using a nationally representative sample of PLWH, 
this study examines the prevalence, time-trends, and correlates of current cigarette smoking 
among PLWH compared to people without HIV.
Design:  Secondary analysis of population-based cross-sectional biobehavioral survey.
Methods:  Data were pooled from the 1999–2016 National Health and Nutrition Examination Survey 
(NHANES). All adults (20–59 years) who self-reported their smoking status and were tested for HIV 
(HIV+ = 152; HIV− = 26 305) were included in the analysis. Prevalence with 95% confidence interval 
(95% CI), trend analysis by year and group (HIV+/HIV−), and multivariable logistic regression ana-
lyses were performed with the complex survey design adjustments.
Results:  Overall, 47.0% of PLWH were current smokers compared to 25.5% of those without HIV. 
From 1999 to 2016, the decline in smoking in PLWH was comparable to those without HIV (10.7% 
vs. 8.0%). PLWH smokers were more likely than PLWH nonsmokers to be substance users (ad-
justed odds ratio [aOR] = 17.52; 95% CI = 2.04 to 27.8). Compared to smokers without HIV, PLWH 
smokers were more likely to be older (1.10; 1.06 to 1.14), males (7.96; 2.50 to 25.40), non-Hispanic 
Black (10.45; 4.13 to 26.45), with depression (Patient Health Questionnaire-9 sum score ≥5) (3.79; 
1.22 to 11.79), and less likely to be gay (0.02; 0.00 to 0.07).
Conclusion:  Cigarette smoking among PLWH is a major public health problem in the United States. 
Targeted and tailored smoking cessation interventions that incorporate assessment and treatment 
of depression and co-occurring substance use are critical for PLWH, especially among those who 
are disproportionately affected by smoking and HIV (sexual minority).
Implications:  This study offers important research implications in four areas: 
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1. The decline in smoking among PLWH over 18 years has been modest, and half of PLWH are still 
smokers. 
2. More resources and efforts should be allocated to reduce cigarette smoking among PLWH. 
3. There is a critical need to develop and test culturally tailored smoking cessation interventions for 
minority subgroups who are most impacted by HIV infection and smoking (non-Hispanic Blacks 
and men who have sex with men) 
4. Smoking cessation interventions designed for PLWH should incorporate assessment and treat-
ment of depression and substance use.

Introduction

In 2017, it was estimated that 1 003 782 adults in the United States 
have been diagnosed with HIV infection.1 Owing to major advances 
in HIV treatment, people living with HIV (PLWH) who use antiretro-
viral therapy (ART) are expected to live as long as people without 
HIV.2 However, cigarette smoking causes 24% of deaths among 
PLWH,3 and substantially increases HIV-related and non-related 
morbidity, even for individuals on successful ART.4 Compared with 
PLWH who are nonsmokers, smokers have threefold the risk of can-
cers,5 double the risk of cardiovascular complications,6 twice the risk 
of developing tuberculosis, a 6–15 year shorter lifespan,7 and lower 
self-reported quality of life.8 In contrast, smoking cessation among 
PLWH reduces non-AIDS malignancy by 34%, the risk of cardiovas-
cular disease by 20%, and overall mortality by 16%.3

Despite the substantial negative health effects of smoking on 
PLWH, only modest progress has been made in reducing their 
smoking, and nationally representative prevalence, time-trends, and 
current smoking correlates have not been adequately investigated. 
Several studies have reported a high rate of smoking among PLWH 
ranging between 45% and 70%.9 However, most of these studies 
have focused on clinic‐ or small community‐based samples,10,11 with 
only four studies reporting on cigarette smoking among PLWH in 
large, national samples. Among these, only one used a national rep-
resentative sample of PLWH; however, that study determined HIV 
status based on self-report and focused on only PLWH, without 
comparison with the general population.12 The other three studies in-
cluded only PLWH who are currently receiving medical care, and as 
such their results are not generalizable to those with less healthcare 
access.13–15 In addition, the most recent study was reported in 2014, 
and changes in smoking among PLWH at the national level after 
2014 have not been examined.13 Therefore, a more updated smoking 
profile investigation of PLWH drawn from a nationally represen-
tative sample would contribute to identifying opportunities for 
interventions.

Monitoring change in cigarette smoking prevalence and profile 
among PLWH compared to the general population is important to 
identify progress and opportunities for reducing the burden of to-
bacco use among this population. Smoking prevalence among US 
adults has been falling dramatically since the first Surgeon General 
Report in 1964 and is half the prevalence of 1964 (17.8%); how-
ever, smoking rates in medically vulnerable population groups 
such as PLWH are still high.16 Only two prior studies reported on 
time-trends in smoking prevalence among PLWH, and both have 
shown a decline in smoking among PLWH comparable to that in 
the general population.13 Although they are important contributions 
to the literature, the first report included only women with HIV, and 
the second report included only PLWH who are currently receiving 

medical care in Medical Monitoring Project facilities.13 Hence, their 
results are not generalizable to all PLWH in the United States.

Despite the high interest in quitting among PLWH smokers 
(40%–75%), very few quit smoking.17 Although reasons for the 
low quit rates among PLWH are not well understood, several bar-
riers to quitting smoking have been identified. PLWH smokers 
experience structural barriers (ie, poverty, stigma, lack of social 
support) as well as psychiatric comorbidities such as depressive 
and substance use disorders that hinder their smoking cessation 
efforts.18 The syndemic of unhealthy alcohol use, cigarette use, 
and depressive symptoms is common among PLWH.19 Estimates 
indicate that 60% of PLWH have at least two of these conditions, 
and 15% have had all three.19

To address the limitations in previous studies, this study used 
a nationally representative sample of US adults and relied on HIV 
antibody blood assay test to determine HIV status.20 The current 
study aims to: (a) compare characteristics of PLWH who are current 
smokers with people without HIV; (b) compare the time-trend of 
smoking prevalence and lifetime smoking cessation measured by the 
quit ratio over a period of 18 years (from 1999 to 2016) between 
PLWH and those without HIV; and (c) identify correlates of smoking 
among PLWH, specifically sociodemographic characteristics and risk 
factors, such as alcohol consumption, depression, and substance use 
that often co-occur with smoking. Mapping and documenting this 
information are important to assess the magnitude of the smoking 
problem among PLWH as well as guide future prevention and cessa-
tion efforts to reduce their tobacco use.

Methods

Data Source
Data were obtained from the 1999–2016 National Health and 
Nutrition Examination Survey (NHANES). NHANES is a complex 
multi-stage survey representative of the non-institutionalized US 
civilian population which over-samples persons 60 and older, 
African Americans, Asians, and Hispanics. Each participant in 
the NHANES represents a certain number of individuals based 
on the survey weights.21 The survey employs household in-person 
interviews with biologic specimens of blood and urine collected at 
mobile examination centers. Since 1999, the NHANES has been 
conducted continuously in two-year cycles. All participants aged 
18–59  years completed the HIV antibody blood assay test. All 
adults 20 years and older self-reported current cigarette smoking 
(every day/someday). Therefore, all participants who were 
20–59 years old, had HIV antibody blood assay test results (posi-
tive or negative), and reported their smoking status were included 
in the analysis (Figure 1).20
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Measures

HIV Diagnosis
HIV status was determined based on the HIV-1 antibody blood 
assay test results. Based on the test results, participants were grouped 
into two categories: HIV+ (PLWH) or HIV− (people without HIV 
infection).20

Smoking
Smoking status was assessed from two self-reported items in the 
data: “Have you smoked at least 100 cigarettes in your lifetime?” 
and “Do you smoke cigarettes now?” Smoking status was cat-
egorized into three groups: (1) current smokers who reported they 
smoked at least 100 cigarettes in their lifetime and currently smoke 
either every day or some days; (2) former smokers who reported 
they have smoked at least 100 cigarettes in their lifetime, but do 
not smoke now); and (3) never smokers who reported they have not 
smoked 100 cigarettes in their lifetime and do not smoke now. Age 
at smoking initiation was derived from the question: “At what age 
did you first start to smoke fairly regularly?” Smoking intensity was 
measured by number of cigarettes smoked per day. Quit attempts 
were defined as having made a serious quit attempt during the past 
12 months and stopped smoking for at least 1 day. The quit ratio 
was defined as the number of former smokers to the number of ever-
smokers (ie, sum of current and former smokers) and was considered 
as a proxy for smoking cessation.

Socio-demographic Characteristics
Participants reported their age, gender, educational attainment (less 
than high school or high school, some college or more), health in-
surance (insured, uninsured), race/ethnicity (non-Hispanic White, 
non-Hispanic Black, Hispanic), employment status (employed, un-
employed), marital status (Married/Living with partner, Divorced/
Widowed/Separated, Never married), and sexual orientation (gay, 
heterosexual, bisexual, Others/Don't Know). A family poverty index 
ratio (PIR) was used to identify participants as living at or above 
(PIR ≥ 1) or below the poverty threshold (PIR < 1). PIRs are calcu-
lated based on the poverty guidelines that vary family size and geo-
graphic location specific to NHANES survey year.

Depression and Mental Health
Depression was assessed using the Patient Health Questionnaire 
(PHQ-9).22 Based on the total score on nine items, participants were 
grouped into two categories: having no depression (score 1–4) or 
having mild/moderate/moderately severe/severe depression (score 
≥5–27). Having a mental health problem was based on having 
self-reported more than 15 days of poor mental health in the past 
30 days (NHANES 2001–2012).23

Substance Use
History of substance use behaviors included: (1) risky alcohol con-
sumption (defined as having 4+ (for females) or 5+ (for males) drink/

Figure 1.  Study diagram, NHANES 1999–2016.
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day, every day, at any point in past),24 (2) use of cocaine, heroin, or 
methamphetamine (NHANES 2005–2016), and (3) use of marijuana 
or hashish (NHANES 2005–2016).

Statistical Analysis
Data management and statistical analyses were conducted using 
SAS version 9.4 (SAS Institute Inc., Cary, NC) adjusting for 
NHANES sample weights and design effects. We stratified the 
pooled sample into two groups (PLWH, People without HIV) and 
examined group differences in sociodemographic characteristics, 
smoking profile, depression, mental health, alcohol and substance 
use history. We combined our data based on the CDC instructions.21 
We weighted records from each survey year according to person-
level weights. Then, we adjusted weights per the number of repre-
sentative years used in the analyses by dividing the original weight 
by eight, the total number of 2-year survey cycles. Each person 
was counted as one observation each time in the merged dataset. 
We calculated weighted prevalence rates and corresponding 95% 
confidence intervals (95% CI) of current smokers among PLWH 
compared to people without HIV (Table 1). Chi-square test for 
independence for categorical variables and independent two-
sample Student's t test for continuous variables were then used 
to detect statistical significance. Prevalence estimates with a rela-
tive standard error more than 30% were noted in the tables as 
they do not meet the NHANES standard of reliability/precision.25 
We calculated weighted percentages and used weighted second-
degree polynomial linear regression of prevalence on year for the 
trend analysis of current smoking and quit ratio (Figure 2).26 Two 
multivariable logistic regression models were fitted (Table 2). The 
first model included only current smokers, and tested correlates of 
smoking among PLWH versus people without HIV. In this model, 
HIV status (positive vs. negative) was the dependent variable. The 
second model included only PLWH and tested correlates of being 
a current smoker among PLWH. The dependent variable was 
smoking status (current smoker vs. former/never smoker). The two 
models included all sociodemographic characteristics (age, gender, 
race/ethnicity, marital status, educational attainment, health insur-
ance, employment status, and sexual orientation), substance use 
(ever heavy alcohol use, ever use any drug including marijuana, 
cocaine, heroin, methamphetamine, and injection drugs), and de-
pression. Missing data were handled by complete case analysis. 
Participants with missing values were excluded from the analysis, 
and sample weights and design effects were adjusted accord-
ingly. We reported results using adjusted odds ratios (aORs) and 
95% CIs.

Results

There was a total of 88 062 participants in NHANES between 
1999 and 2016. Among these, 61 605 (70.0%) were excluded 
from the analysis and 26 457 (30.0%) were included (Figure 1). 
Excluded participants were younger than 20 years old (not asked 
about smoking) (n = 40 929), older than 59 years old (not tested for 
HIV) (n = 15 803) or were missing HIV test results (n = 4856) or 
smoking status (n = 24). Overall, 26 457 participants (PLWH = 152; 
people without HIV = 26 305) were included in the analysis. Among 
PLWH, 71 were smokers and 81 were nonsmokers (former or never 
smokers). Of those without HIV, 6669 were smokers and 19 636 
were nonsmokers.

Characteristics of PLWH Compared to People 
without HIV
The sociodemographic characteristics of the sample are shown in 
Table 1. Compared to smokers without HIV, PLWH who are current 
smokers were significantly older (≥50 years old, 23.3% [95% CIs = 
8.7 to 37.8] vs. 10.8% [9.7 to 12.0], male (80.7% [70.8 to 90.7] vs. 
54.5% [53.2 to 55.8]), gay (46.2% [27.4 to 65.1] vs. 2.2% [1.7 to 
2.7]) and bisexual (14.6% [1.8 to 27.4] vs. 4.1% [3.5 to 4.7]), non-
Hispanic Black (47.4% [33.0 to 61.8] vs. 13.2% [11.6 to 14.7]), and 
unemployed (50.0% [33.3 to 66.7] vs. 29.5% [27.9 to 31.1]). PLWH 
were also significantly more likely to have depression (61.4% [42.6 
to 80.1] vs. 34.9% [33.0 to 36.8]), (p < .05 for all).

Smoking prevalence was significantly higher among PLWH 
compared to people without HIV (47.0% [35.4 to 58.6] vs. 25.5% 
[24.5 to 26.5]; p < .0001). Compared to people without HIV, PLWH 
were less likely to be former smokers (18.3% vs. 14.6%) and never 
smokers (56.2% vs. 38.4%). Compared to smokers without HIV, the 
number of successful quit attempts was significantly lower among 
PLWH (5.7 ± [1.44] vs. 1.8 ± SD [0.39]; p < .0003). However, the 
number of cigarettes smoked per day was significantly lower in 
PLWH compared with people without HIV (9.9 ± [3.90] vs. 18.2 ± 
[1.25]; p = .048).

Time-Trends in Smoking Prevalence and Quit Ratio
Figure 2 depicts the time-trend in smoking prevalence and quit 
ratio among PLWH compared to people without HIV from 1999 to 
2016. Over the 18-year period, the prevalence of current smoking 
declined by approximately 10% (from 53.0% in 1999 to 42.2% in 
2016) among PLWH and by 7.9% (from 29.7 in 1999 to 21.8% in 
2016) among people without HIV. However, compared to PLWH, 
the overall increase in quit ratio was higher in the people without 
HIV during this period (PLWH: 6.3% increase [from 21.5% in 1999 
to 26.9% in  2016]; people without HIV: 10.6% increase [from 
36.4% in 1999 to 47.0% in 2016]). The difference between the two 
groups was not statistically significant for both smoking prevalence 
and quit ratio.

Correlates of Smoking Among PLWH
In the first multivariable logistic regression model that compared 
PLWH smokers with smokers among people without HIV, PLWH 
who are current smokers were more likely to be older (aOR = 1.10; 
95% CIs = 1.06 to 1.14), male (7.96; 2.50 to 25.40), non-Hispanic 
Black (10.45; 4.13 to 26.45), and suffering from depression (3.79; 
1.22 to 11.79), while those who were heterosexual or bisexual 
were less likely to be current smokers (0.02; 0.00 to 0.07) (Table 
2). In the second model that compared PLWH smokers with PLWH 
nonsmokers, those who were substance users were more likely to be 
current smokers (7.52; 2.04 to 27.8) (Table 2).

Discussion

This study is the first to document the prevalence, time-trends, and 
correlates of smoking in a nationally representative sample of PLWH 
compared with people without HIV in the US Consistent with prior 
reports, our findings confirmed that smoking prevalence in PLWH is 
double that of the general population.11,27,28 The decline in smoking 
among PLWH over a period of 18 years has been modest, and al-
most half of PLWH are still smokers. Disparities in smoking per-
sist among PLWH, with those who are oldest, male, non-Hispanic 
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Black, not employed, and gay more likely to be current smokers.28 
These factors are common denominators of smoking, and underlie 
the deeper roots of unhealthy behavior and barriers to promoting 
health in groups that face many challenges and have the least re-
sources to address them.29 Our findings are also compatible with 
prior findings suggesting that PLWH face several challenges such 
as high rates of substance use and comorbid psychiatric illnesses 
such as depression that may undermine their smoking cessation 
efforts.30,31 Given the substantial negative effect of smoking on 
PLWH's mortality and morbidity,4 greater resources and efforts 
should be allocated to improve smoking cessation outcomes among 
PLWH. In addition, smoking cessation interventions designed for 
PLWH should incorporate assessment and treatment of depression 
and substance use, especially among those who are disproportion-
ately affected by HIV and smoking including non-Hispanic Blacks 
and gay.

Smoking among PLWH seems to be a global public health 
problem in need of special attention. The positive association be-
tween HIV and cigarette smoking observed in our study aligns with 
previous reports from other countries across the globe. For ex-
ample, similar results were reported in Canada and Italy indicating 
that smoking among PLWH is double that in the general popula-
tion.32,33 In addition, in a study in 28 low- and middle-income coun-
tries, male PLWH were 41% more likely to use tobacco than men 
without HIV.34 Similarly, in a cross-sectional survey in Zimbabwe 
among 6111 factory workers, smoking prevalence among PLWH 
was double that among those without HIV (27% vs. 17%).35 As in 
prior research, our results indicated that tobacco-related disparities 
by gender, sexual orientation, and race/ethnicity among PLWH per-
sists and mirrors those who are most affected by HIV infection.13,14,36 
Smoking rates were the highest among males, gay, and non-Hispanic 
Blacks. In the United States, non-Hispanic Blacks represent 45% of 
all new HIV infections each year,37 and non-Hispanic Black men 
who have sex with men (MSM) constitute more than 75% of new 
infections in this race group.38 Prior studies have documented sig-
nificantly higher rates of cigarette smoking among MSM HIV pa-
tients.39 Qualitative research exploring smoking cessation among 
this group indicated that the most common barriers to quitting 
smoking are low self-efficacy, emotional stress, substance use, and 
cultural factors related to sexual orientation (eg, considering bars 
an important social venue where smoking helps them feel more re-
laxed and able to “fit in” socially).18 To date, very few interventions 
have been developed to address the complex social and emotional 
needs that may impact smoking behavior and response to smoking 
cessation interventions within this group.40 We found only one pilot 
study that examined a culturally tailored smoking cessation inter-
vention among 31 HIV non-Hispanic black MSM smokers.18 Results 
indicated that the intervention was feasible, acceptable, and showed 
benefits for reducing smoking and depression scores. However, this 
study was a feasibility trial, and therefore was limited in terms of 
the size and scope of its findings. Thus, there is a critical need to 
further develop and test through a large-scale trial culturally accept-
able and effective smoking cessation interventions for those minority 
subgroups most disproportionately impacted by HIV infection and 
at risk for smoking-related health disparities.41

Our time-trends results are consistent with two prior reports 
suggesting that the decline in smoking prevalence among PLWH 
was comparable to that in the general population.13,42 This could 
be due to increasing attention to the alarming high smoking rates 
among PLWH and the substantial negative impact of smoking 
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on HIV progression and treatment. Improving smoking cessa-
tion among PLWH has recently become a high priority area for 
the National Institutes of Health (NIH), and more resources and 
funds have been devoted to achieving this goal nationally and 
internationally. However, our results have shown that the increase 
in the quit ratio in the general population was higher than that 
in PLWH. A  possible explanation could be that the decline in 
smoking among PLWH is not related to improvement in smoking 
cessation but rather to fewer individuals initiating smoking due to 
recent wide implementation of tobacco control measures targeting 
this group (eg, publicizing anti-smoking campaigns, banning to-
bacco advertising and promotion, increasing taxes on tobacco 
products, promoting smoke-free environments, banning smoking 
in public places).43,44

Our findings indicated that PLWH who smoke are more likely to 
be depressed than smokers in the general population.14,45 Depression 
represents a significant barrier to successful smoking cessation.46–48 
To date, only two pilot clinical trials have addressed this problem 
among PLWH smokers.49,50 Although these two studies are prom-
ising and have provided some evidence of benefit, they were meth-
odologically limited by having small sample sizes, low numbers of 
female participants, high attrition rate, and lack of active control 
group. Given the potential of such interventions in helping PLWH 
to quit smoking, more trials with a larger and more diverse sample 
are warranted. Another important area to improve cessation among 
PLWH is the need to address the intersection between substance use 
and smoking. The observed association between current smoking 
and substance use among PLWH in the present study is compatible 
with prior findings, and is an important consideration in designing 
or adapting smoking cessation interventions for PLWH.10,36 Yet, 
engaging substance users in smoking cessation treatment is a signifi-
cant challenge. Currently, there are no official medical recommenda-
tions for the treatment of tobacco addiction in illicit polysubstance 
users. We are not aware of any previous study that has tried to ad-
dress this problem among PLWH. Smoking cessation interventions 

specifically designed for PLWH may benefit from flexibility to ad-
dress the concurrent use of tobacco and substance use. For example, 
identifying dual substance and tobacco users within HIV primary 
care and evaluating combined interventions that address the two 
problems might improve smoking cessation efforts among PLWH.

There are several study limitations that should be addressed. The 
cross-sectional design of the NHANES prevented us from making 
any causal inferences of the observed associations. Smoking status 
was based on self-report rather than on biochemical data, which 
could result in under-reporting due to social desirability. An add-
itional limitation was that despite pooling data across several survey 
years, sample sizes for some subgroups were small thus limiting the 
power to detect statistically significant differences and resulting in 
wider CIs for aORs. Despite these limitations, this report presents 
unique, nationally representative findings about a serious public 
health problem in the United States.

Conclusion

PLWH are a group at high risk for tobacco-related health prob-
lems and should be a prime focus for smoking cessation efforts. 
Despite the substantial negative health effect of smoking among 
PLWH, only modest progress has been made in reducing their 
smoking. Almost half of this population are current smokers, 
and tobacco-related health disparity persists. PLWH who are 
current cigarette smokers are members of several marginalized 
groups including ethnic minorities, the unemployed, and gay.28 
PLWH have a complex psychosocial profile with socioeconomic 
challenges, psychiatric conditions (ie, depression), and illicit drug 
use (ie, marijuana, alcohol) that hinder their smoking cessation 
efforts.18,28 Targeted and tailored smoking cessation interventions 
that address their unique profile and needs are urgently needed. 
In particular, improving the screening and treatment of PLWH 
smokers who are substance users or have depression is critical to 
improve their smoking cessation outcomes.

Figure 2.  Trend analysis of change in the percentage of current smoking and quit ratio among people living with HIV compared to people without HIV (NHANES; 
8 survey cycles, 1999–2016) (weighted percentages).
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