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Abstract
Background: People living with HIV (PLWH) have a high level of interest in quitting smoking, but only a small
proportion have sustainable abstinence 6 months after cessation. Few investigations have focused on relapse to
smoking among PLWH. In this investigation, we evaluated the prevalence of relapse after smoking cessation and
the characteristics associated with smoking relapse using a retrospective, longitudinal cohort of PLWH during an
eight-year observation.
Methods: All patients aged ≥19 years that reported current smoking during the study period and then reported
not smoking on a subsequent tobacco use questionnaire (quitters) were eligible for the study. In addition, patients
required at least one subsequent follow-up visit after quitting where smoking status was again reported to allow
for assessment of relapse. A Cox proportional hazard model was fit to evaluate factors associated with smoking
relapse in PLWH attending routine clinical care.
Results: Of the 473 patients who quit smoking in the study, 51% relapsed. In multivariable analysis, factors significantly
associated with a higher likelihood of relapse were anxiety symptoms (HR = 1.55, 95% CI [1.11, 2.17]) and at-risk alcohol
use (HR = 1.74, 95% CI [1.06, 2.85]), whereas antiretroviral therapy (ART) adherence (HR = 0.65, 95% CI [0.49, 0.99]) and
longer time in care (HR = 0.94, 95% CI [0.91, 0.98]) were associated with a reduced likelihood of relapse after cessation.
Conclusion: Our study underscores the high prevalence of smoking relapse that exists among PLWH after they quit
smoking. Successful engagement in mental health care may enhance efforts to reduce relapse in the underserved
populations of PLWH.
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Background
Tobacco smoking is one of the most significant public
health threats that the world has ever faced, currently
claiming the lives of seven million people annually [1], and
480,000 people annually in the United States (US) alone [2,
3]. Recent studies report smoking prevalence estimates
among people living with HIV (PLWH) in the US ranging
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from approximately 39 to 70% [4–6]-two to three times
higher than the general population [7–9]. Most PLWH are
aware of the health risks associated with smoking, and
though a high level of interest in quitting exists [10–12],
only a small proportion have sustained abstinence 6
months after cessation [13]. In the general population, 68%
of the smokers would like to quit, and at least 57.2% report
attempting to quit in the past year [14]. However, the
smoking prevalence has not substantially declined over
recent decades, and the quit rate has remained as low as
7.4% [14]. In addition, many of those who manage to quit
often relapse [15–18]. The addictive nature of cigarettes

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Zyambo et al. BMC Public Health

(2019) 19:1409

including their associated withdrawal symptoms, such as
anxiety, depression, and weight gain [19, 20], may require
multiple quit attempts [21, 22] to break the cycle of remission and relapse [23, 24].
PLWH who are smokers have a high prevalence of mental health disorders and illicit drug use, as well as limited
economic resources and diminished access to care. These
characteristics collectively place them at a high risk for
relapse [11, 25–27] . Thus, there is a need not only to
support initial smoking cessation among PLWH but also
to have interventions that monitor for and help prevent
smoking relapse. Although studies on factors relating to
smoking relapse have been conducted, most of them have
been conducted in the general population [16, 17, 28, 29].
There is a paucity of studies on smoking relapse that have
targeted special populations such as PLWH [18], and none
evaluating factors related to smoking relapse among
PLWH in the US. Therefore, we used a sample from a
large cohort of PLWH engaged in routine clinical care to
report the prevalence of smoking relapse as well as the
sociodemographic, clinical, behavioral, and psychological
factors associated with smoking relapse.

Materials and methods
Setting and population

The University of Alabama in Birmingham (UAB) 1917
HIV Clinic cohort is an ongoing longitudinal HIV clinical
cohort protocol which was established in 1992 (http://
www.uab.edu/medicine/1917cliniccohort/) and has been
well-described in our previous work [30]. Our cohort’s clinical electronic database captures extensive sociodemographic, clinical, behavioral, and psychological data on all
the PLWH receiving primary care and subspecialty care at
the UAB HIV/AIDS clinic (1917 Clinic). This retrospective
longitudinal study utilized data on PLWH seen at the 1917
Clinic between April 2008 and April 2017.
Sources of data

Electronic query using MS SQL Server 2008 was used to
obtain sociodemographic information, comorbidities, visit
information and clinically relevant laboratory results from
the UAB 1917 HIV Clinic electronic medical records
(EMR) and administrative databases. Behavioral and
psychological information from PLWH receiving care at
the clinic are captured electronically by a patient-reported
outcome (PRO) system. Patients complete computerized,
standardized, validated questionnaires that are selfadministered every 4–6 months during a routine visit and
take 10–15 min. Using the PRO tobacco use questionnaire,
patients were asked, “Have you smoked more than 20 cigarettes in your lifetime?” If the answer was “Yes,” then the
follow-up question was, “Do you currently smoke cigarettes?”. The PRO system also contains questionnaires regarding depression (Patient Health Questionnaire-9
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[PHQ-9]); anxiety (PHQ-Anxiety); for alcohol use (the Alcohol Use Disorder Identification Test - Consumption
[AUDIT-C]); substance use (the Alcohol, Smoking, and
Substance Involvement Screening Test –[ASSIST] and
antiretroviral therapy (ART) adherence, (the Adult AIDS
Clinical Trials Group [AACTG] Adherence Instrument)
[31]. Data was de-identified before the analyses.
Eligibility criteria

All 1917 Clinic patients aged ≥19 years (Age of consent
in Alabama) who reported current smoking between
April 2008 and April 2017 and then reported not smoking on a subsequent tobacco use questionnaire (quitters)
were eligible for the study. In addition, patients required
at least one subsequent follow-up visit after quitting
where smoking status was again reported to allow for assessment of relapse (Fig. 1). The index visit in this study
was defined as the first primary care visit where a patient
reported no longer currently smoking on the PRO. The
final analysis included 473 PLWH who quit smoking.
Primary outcome and variables

The primary outcome was the time to smoking relapse
after quitting. Time to relapse was defined as the number
of months from the index date until the first follow-up visit
where current smoking was reported. Individuals who did
not relapse were censored at the date of their last followup PRO in the study period where smoking status was reported. Patients were also censored when they died or were
lost to follow-up (not being in care for > 12 months). Independent variables were similar to those used in our prior
work on smokers in this cohort [30] and included: 1) Sociodemographic characteristics—age, composite gender/sexual
orientation (men who have sex with men (MSM), heterosexual men, and women), and race/ethnicity. Only AfricanAmerican and White patients were included. We excluded
4 people (0.8%) of other race /ethnicity due to low sample
size. 2) Clinical characteristics—years in care at the 1917
HIV clinic, type of health insurance (private, public, or uninsured), non-adherence to ART (defined as missing ≥1
dose in the last 7 days using the AACTG Adherence Instrument), history of smoking related co-morbidities including respiratory diseases (asthma, chronic obstructive
pulmonary disease [COPD], and bacterial pneumonia),
metabolic diseases (diabetes and dyslipidemia), and cardiovascular diseases (stroke, myocardial infarction, coronary
heart disease [CHD] and hypertension), history of any cancer, and HIV-related laboratory values (plasma HIV-1
RNA [viral load; VL] and CD4 count). 3) Behavioral and
psychological characteristics — symptoms of major depression (based on a PHQ-9 score ≥ 10); anxiety symptoms
(based on PHQ Anxiety score ≥ 10); substance use (nonprescription use of prescription opioids or use of illicit opioids, cannabis, crack/cocaine, amphetamines, sedatives,
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Fig. 1 Flow diagram of criteria for inclusion in analysis of smoking relapse among HIV- infected patients attending the UAB 1917 HIV clinic
between April 2008 and April 2017

inhalants, or hallucinogens indicated on the ASSIST) and
alcohol use as per the AUDIT-C (at-risk score defined as
≥5 for men and ≥ 4 for women). These variables were used
as a single baseline value at index visit. History of comorbidity (respiratory, metabolic, or cardiovascular disease or
any cancer) was defined by presence of that comorbidity
on a patient’s problem list in the EMR on or prior to the
index visit. For time-varying variables, the value closest to
the index visit was used.
Statistical analysis

We calculated the proportion of quitters who relapsed versus those who did not, overall and stratified by patient
characteristics. Categorical variables are reported as frequencies with percentages and continuous variables are reported as means (standard deviation [SD]). Chi square tests
were used to compare categorical variables. Kaplan-Meier
curves were constructed to evaluate the time to smoking
relapse. Cox proportional hazards models producing
unadjusted and adjusted hazard ratios (HRs) and the
corresponding 95% confidence intervals (CIs) were used to
assess associations between the independent variables and
smoking relapse. Clinically relevant variables were determined a priori and included in the full model regardless of
the statistical significance in the univariate regression
model (age, gender/sexual orientation, race/ethnicity, comorbidities, CD4 count and plasma HIV-1 RNA). Additional variables were included in the full model based on
univariate statistical significance (p < 0.25) with smoking
relapse (major depression, anxiety symptoms, substance
use, and alcohol use). Statistical significance in the adjusted

model was set at two-sided 0.05 level. Analysis was performed using IBM SPSS Statistics for Windows, Version
24.0 (IBM Corp., Armonk, N.Y., USA).

Results
Among the 473 PLWH who quit smoking during the
study period (Fig. 1), the mean age (± SD) was 46.7
(11.2) years. Approximately half (50.7%) of the population was African-American and most were male (83.8%).
(Table 1). Over half the patients were insured (public
26.6%, private 32.1%, and uninsured 41.2%). In terms of
comorbidities, 14.8% of the patients had cardiovascular
diseases, 21.4% had respiratory diseases, 15.0% had
metabolic diseases, and 7.2% had history of any cancer.
The VL was suppressed (< 200 copies/ml) in 81.6% of
the patients, and the CD4 cell count was ≥200 cells/μL
in 89.6%. Major depressive symptoms and anxiety symptoms were common (20.9 and 28.2% of patients respectively) as was current substance use (35.7%). At-risk
alcohol use was reported by 11.8% of patients.
Overall, 51% of quitters relapsed after cessation.
Among patients with major depressive symptoms, 59.8%
of the patients relapsed and among those with anxiety
symptoms 61.5% relapsed. The median follow-up time
for patients with anxiety symptoms was 0.96 years (vs.
1.73 years for patients with no anxiety symptoms) (Fig. 2).
In univariate analysis, older age, greater length of time in
care, having a metabolic comorbidity, and adherence to
ART were significantly associated with decreased likelihood of relapse whereas having public as compared to
private insurance, major depressive symptoms, anxiety
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Table 1 The Characteristics of HIV+ -Smoking Quitters receiving care at the UAB 1917 HIV/AIDS clinic between April 2008–April
2017 according to Relapse status
Overall N(473)
N(%)

a

Relapse (Yes = 240)
n(%)

a

Relapse (No = 233)
n(%)

a

Socio-demographic
Age (years), mean (SD)

46.7 (11.2)

46.4 (11.1)

47.1 (11.4)

Women

75 (16.2)

38 (16.1)

37 (16.3)

Male heterosexual

79 (17.1)

35 (14.8)

44 (19.4)

MSM

309 (66.7)

163 (69.1)

146 (64.3)

White

231 (49.3)

120 (50.2)

111 (48.3)

African American

238 (50.7)

119 (49.8)

119 (51.7)

Length in care (years) mean (SD)

8.8 (4.74)

9.14 (4.62)

8.54 (4.85)

Adherent to ART

66 (15.6)

34 (16.4)

32 (14.7)

Private

152 (32.1)

78 (36.2)

74 (31.8)

Public

126 (26.6)

64 (26.7)

62 (26.6)

Uninsured

195 (41.2)

98 (40.8)

97 (41.6)

Cardiovascular

70 (14.8)

30 (12.5)

40 (17.2)

Respiratory

101 (21.4)

59 (24.6)

42 (18.0)

Metabolic

71 (15.0)

32 (13.3)

39(16.7)

Cancer

34 (7.2)

21 (8.80)

13 (5.60)

386 (81.6)

190 (79.2)

196 (84.1)

< 200

49 (10.4)

20 (8.40)

29 (12.4)

≥ 200

423 (89.6)

219 (91.6)

204 (87.6)

Depressive symptoms

97 (20.9)

58 (24.6)

39 (17.0)

Anxiety symptoms

130 (28.2)

80 (34.2)

50 (22.0)

Never

65 (13.7)

33 (13.7)

32 (13.7)

Prior

177 (37.4)

91 (37.9)

86 (36.9)

Current

49 (10.4)

28 (11.7)

21 (9.01)

Unknown

182 (38.5)

88 (36.7)

94 (40.3)

No risk

150 (34.6)

74 (33.6)

136 (65.1)

Low risk

232 (53.6)

111 (50.5)

121 (56.8)

At risk

51 (11.8)

35 (15.9)

16 (7.5)

Gender/sexual orientation

Race/ethnicity

Clinical/medical

Health Insurance

Comorbiditiesb

Laboratory parameterc
Plasma HIV-1 RNA < 200 copies/ml
CD4 count (cells/μL)

Behavioral and psychologicale

Substance abused

Alcohol abuse

Abbreviations: ART antiretroviral therapy, HIV human immunodeficiency virus, MSM men who have sex with men, SD standard deviation, UAB University
of Alabama at Birmingham Missing data: Race, 0.8%; Gender/sexual orientation, 2.1%; Adherence, 10.4%; CD4 count, 0.2%; Depression (PHQ-9), 1.7%;
Anxiety (PHQ-A), 2.5%; Alcohol abuse, 8.5%;
a
Column percentages; bComorbidities: respiratory (asthma, chronic obstructive pulmonary disease, bacterial pneumonia); metabolic (diabetes and
dyslipidemia); cardiovascular (stroke, myocardial infarction, coronary artery disease, hypertension); cLab value closest to index visit; dSubstance abuse
includes street opioids, prescription opioids, marijuana, crack/cocaine, amphetamines, sedatives, inhalants, hallucinogens; eAt baseline quit value
Plasma HIV-1 RNA < 200 copies/ml, Depressive symptoms, Anxiety symptoms, Alcohol abuse were significant at p value < 0.05 level
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Fig. 2 Time to smoking relapse for PLWH at the UAB 1917 Clinic (N = 473) with anxiety symptoms versus those without anxiety symptoms. P
value < 0.001

symptoms, and at-risk alcohol use were significantly associated with increased likelihood of relapse. (Table 2). In
the multivariable analysis, factors significantly associated
with a reduced likelihood of relapse included adherence to
ART (HR = 0.65, 95% CI [0.49, 0.99]) and longer time in
care (HR = 0.94, 95% CI [0.91, 0.98]), whereas patients
with anxiety symptoms (HR = 1.55, 95% CI [1.11, 2.17])
and those with at-risk alcohol use (HR = 1.74, 95% CI
[1.06, 2.85]) were more likely to relapse. Patients with
major depression were more likely to relapse (HR = 1.48,
95% CI [0.99, 2.19]) but this difference did not reach statistical significance in the adjusted model.

Discussion
This study aimed to estimate the prevalence of smoking
relapse and examine the socio-demographic, clinical, behavioral, and psychological characteristics associated
with relapse among PLWH engaged in routine clinical
care. Overall, half of PLWH relapsed after smoking cessation. Anxiety symptoms and at-risk alcohol use were
associated with an increased likelihood of relapse
whereas ART adherence and greater length of time in

care were associated with a reduced likelihood of
relapse.
The percentage of PLWH who relapsed after quitting in
the current study (51%) is higher than that reported in the
general population (< 25%) [24, 32] and is relatively similar
to that in another study among PLWH in the Swiss HIV
cohort [18]. It is not unexpected that our relapse estimates
are higher than those in the general population, as PLWH
who are smokers also have a high prevalence of mental
health disorders and substance use, combined with diminished access to care. All these characteristics likely conspire to place them at a higher risk of smoking relapse [11,
25–27]. Indeed, we found that PLWH with anxiety symptoms and at risk alcohol use were more likely to relapse.
Those with symptoms of major depression were also more
likely to relapse, although this association did not reach
statistical significance in the adjusted model, perhaps
owing to sample size.
The prevalence of anxiety and depression was higher
in our sample than in the general population and in conformity with other studies among PLWH [33, 34]. These
psychological symptoms have been shown to predict
relapse [35]. Previous studies have shown that anxiety is
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Table 2 Cox proportional hazard model examining factors associated with relapsing among HIV+ smokers receiving care at the UAB
1917 HIV/AIDS clinic between April 2008 and April 2017
Relapse
Unadjusted
HR (95% CI)

p-value

Adjusted
HR (95% CI)

P-value

0.29 (0.09, 0.92)

0.03

0.57 (0.09, 3.48)

0.56

Socio-demographic
Log age10a
Gender/sexual orientation
Women

REF

Male heterosexual

0.85 (0.54, 1.34)

0.48

REF
0.97 (0.56, 1.68)

0.91

MSM

1.09 (0.77, 1.56)

0.62

1.21 (0.79, 1.84)

0.38

Race/ethnicity
White

REF

African American

1.09 (0.85, 1.42)

0.42

REF
1.06 (0.76, 1.48)

0.73

0.95 (0.92, 0.98)

0.00

0.94 (0.91, 0.98)

0.00

0.63 (0.44, 0.92)

0.02

0.65 (0.42, 0.99)

0.04

Clinical/medical
Length in care
e

Adherent to ART

Health Insurancee
Private

REF

Public

1.41 (1.01, 1.96)

0.04

1.46 (0.97, 2.19)

REF
0.06

Uninsured

1.24 (0.92, 1.67)

0.16

0.86 (0.59, 1.25)

0.44

Cardiovascular

0.72 (0.49, 1.06)

0.09

0.87 (0.54, 1.40)

0.56

Respiratory

1.05 (0.78, 1.41)

0.78

1.23 (0.86, 1.78)

0.24

Metabolic

0.59 (0.40, 0.85)

0.00

0.82 (0.51, 1.32)

0.42

Cancer

0.98 (0.63, 1.55)

0.96

0.99 (0.58, 1.71)

0.98

0.96 (0.70, 1.31)

0.77

0.77 (0.56, 1.07)

0.12

0.89 (0.56,1.41)

0.62

0.61 (0.35, 1.07)

0.09

Major Depression

1.57 (1.16, 2.11)

0.00

1.48 (0.99, 2.19)

0.053

Anxiety symptoms

1.68 (1.28, 2.21)

0.00

1.55 (1.11, 2.17)

0.01

Comorbiditiesb

c

Laboratory parameter

Plasma HIV-1 RNA < 200 copies/ml
CD4 count (cells/μL)
≥ 200
e

Behavioral and psychological

Substance abused
Never

REF

Prior

1.20 (0.89, 1.61)

REF
0.23

1.48 (0.91, 2.42)

0.12

Current

1.19 (0.77, 1.82)

0.43

1.35 (0.94, 1.94)

0.10

Unknown

1.46 (0.97, 2.18)

0.06

1.02 (0.61, 1.64)

0.99

Alcohol abuse
No risk

REF

REF

Low risk

1.01 (0.75, 1.35)

0.96

1.15 (0.81, 1.65)

0.44

At risk

1.69 (1.13, 2.53)

0.01

1.74 (1.06, 2.85)

0.03

Abbreviations: AIDS acquired immunodeficiency syndrome, ART antiretroviral therapy, CI confidence interval, HIV human immunodeficiency virus, MSM men who
have sex with men, UAB University of Alabama, Birmingham; clinically relevant variables with P values < 0.25 were included in the adjusted model. Bold typeface
indicates statistical significance at the P < 0.05 level
a
Hazard ratio per 10-year increment; bComorbidities: cardiovascular (stroke, myocardial infarction, cardiovascular disease, hypertension); respiratory (asthma,
chronic obstructive pulmonary disease, bacterial pneumonia); metabolic (diabetes and dyslipidemia), patients without comorbidities were used as the reference
group; cLab value closest to index visit; dSubstance abuse includes street opioids, prescription opioids, marijuana, crack/cocaine, amphetamines, sedatives,
inhalants, hallucinogens; eAt baseline quit value
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the most commonly reported smoking withdrawal symptom, affecting almost 87% of the patients who stop
smoking [35, 36]. Anxiety increases in the first 1–3 days
after smoking cessation and then gradually reduces in
intensity [37–39], and has been cited as a robust predictor of relapse. It is not surprising as well in our study
that the proportion of those who relapsed was higher in
patients with anxiety symptoms than those with no anxiety symptoms. Despite the positive association between
depression and relapse not reaching statistical significance in our study, studies in the general population
have shown that an increase in depressive symptoms before or after quitting smoking predicts relapse [40, 41]
and a recent prospective study reported that depression
is associated with smoking relapse [42]. The association
between at-risk alcohol use and smoking relapse observed among our patients also is consistent with previous findings in the general population [43–45] and
alcohol use has previously been suggested as a potential
factor increasing the likelihood for smoking cessation
failure among PLWH [46].
Our study found that patients who undergo a longer
duration of care and are adherent to ART are less likely
to relapse. The training of physicians and clinic staff on
the 5As of smoking cessation (Ask, Advise, Assess, Assist and Arrange) could be one plausible explanation for
how length in care at the 1917 HIV Clinic was associated with lower rates of relapse. The other plausible explanation is that longer duration of care would likely
mean more episodes of smoking cessation counseling.
Among our study population 15.6% were non-adherent
to ART, which is not unexpected as previous studies
have indicated that ART adherence in PLWH is a significant problem [47–49] but more so in PLWH who
smoke [50–52]. Aggarwal et al. have reported that
smokers are less adherent to other medications as well
[53]. Although we did not assess use of smoking cessation medications in this study, adherence to ART is
likely a marker of other health behaviors; it is plausible
that patients who did not adhere to ART also did not
adhere to smoking cessation medication or counseling
from providers.
Our study has limitations. First, we used self-reported
data in our analyses. However, studies have shown that
computer-administered questionnaires have comparable
validity to that of clinical interviews [54]. Second, as quit
and relapse dates were self-report of current smoking
status of the patient at clinic visits, these dates likely do
not represent a precise estimation of the primary outcome variable “time to relapse”. Third, although we were
able to adjust for a number of patient characteristics
with the potential to impact smoking relapse, residual
confounders may be present. Fourth, due to the
retrospective observational nature of the study design,
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we can comment on associations but cannot demonstrate causality. Finally, findings from this single study
site may not be generalizable to other national and
international settings.
A strength of our study is a relatively large sample of
well-characterized PLWH engaged in routine clinical care.
Routine clinical data often represent a more diverse population than clinical trials due to the absence of enforcing
any enrollment criteria and is more reflective of the “real
world” experience of clinicians providing HIV care. The
application of PROs using standardized, validated instruments to measure behavioral and psychological domains
is an additional strength of the current study.

Conclusion
Our findings underscore the high risk of relapse in PLWH
after they quit smoking, particularly among patients who
have anxiety symptoms and at-risk alcohol use. The mental health needs and alcohol use of this population will
need to be addressed in concert with smoking cessation
inventions in order to prevent relapse.
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