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Abstract

Tobacco smoking is highly prevalent among people living with HIV (PLWH), yet there is a lack of data on smoking
behaviours and effective treatments in this population. Understanding factors influencing tobacco smoking and cessation is
crucial to guide the design of effective interventions. This systematic review and meta-analysis of studies conducted in both
high-income (HICs) and low- and middle-income countries (LMICs) synthesised existing evidence on associated factors of
smoking and cessation behaviour among PLWH. Male gender, substance use, and loneliness were positively associated with
current smoking and negatively associated with smoking abstinence. The association of depression with current smoking
and lower abstinence rates were observed only in HICs. The review did not identify randomised controlled trials conducted
in LMICs. Findings indicate the need to integrate smoking cessation interventions with mental health and substance use
services, provide greater social support, and address other comorbid conditions as part of a comprehensive approach to treat-
ing tobacco use in this population. Consistent support from health providers trained to provide advice and treatment options

is also an important component of treatment for PLWH engaged in care, especially in LMICs.
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Introduction

Tobacco use is substantially greater in people living with
human immunodeficiency virus (HIV) (PLWH), com-
pared to the general population [1]. The double burden of
tobacco smoking and HIV transmission is particularly high
in low-resource countries [2—5]. Although improved access
to antiretroviral therapy (ART) has significantly reduced
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HIV-related morbidity and mortality, tobacco smoking
threatens to diminish those gains [6—12]. Compared to
PLWH who do not use tobacco, PLWH who smoke have
higher rates of tobacco- and HIV-related diseases and poorer
adherence and treatment response to ART [13—15]. Besides,
AIDS-related deaths are higher in smokers living with HIV
than in their non-smoking counterparts, resulting in the dif-
ference in life expectancy between these two groups of about
12.3 years [16]. Given the high prevalence of tobacco smok-
ing and its detrimental health effects on PLWH, promoting
smoking cessation is essential to address this modifiable risk
factor, especially among populations in low- and middle-
income countries (LMICs) where the burden is heavier, and
the gaps in the literature on effective interventions to address
tobacco smoking among PLWH are greater [2, 17, 18].
Despite the availability of evidence-based smoking cessa-
tion interventions targeting PLWH, many intervention com-
ponents are not tailored to the unique needs of PLWH to
maintain long-term smoking abstinence [18]. Furthermore,
studies have shown that compared to the general population,
PLWH had lower quit rates and readiness to quit, which were
associated with drug abuse, greater emotional issues, and
fewer quit attempts [19, 20]. Many studies have identified
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characteristics of smoking PLWH and determinants of their
quitting behaviour. However, no existing systematic review
has attempted to scrutinise the associated factors of tobacco
smoking and smoking cessation of PLWH to inform future
interventions.

A thorough understanding of the demographic, social,
behavioural, and cultural factors that affect smoking and ces-
sation behaviour of PLWH is crucial to determine appropri-
ate approaches to reduce tobacco use among this population.
Therefore, we conducted a systematic review to synthesise
and meta-analyse factors influencing smoking and cessation
behaviours, including current tobacco smoking and smok-
ing cessation among PLWH. The differences in associated
factors between high-income countries (HICs) and LMICs
were also examined in our sub-analyses to understand the
unique needs of PLWH in the two settings.

Methods
Search Strategies

The Preferred Reporting Items for Systematic Reviews
and Meta-analyses Protocols (PRISMA-P) checklist was
used to develop the systematic review protocol (see Online
Appendix) [21]. A systematic search was conducted through
four databases (PubMed, Scopus, PsycINFO, and Web of
Science).

The search strategies utilised Boolean operation, MeSH
terms and text words related to HIV transmission, tobacco
smoking and smoking cessation (Table S1). The scope of
this review was restricted to peer-reviewed studies published
between 2011 and 2023 in the English language and con-
ducted on human subjects.

In this review, current smoking and smoking cessation
were the primary outcomes of interest. Current smoking
status was defined as participants’ self-reported current
daily or intermittent tobacco smoking by the study entry.
Smoking cessation was defined as self-reported quitting
behaviour (e.g., ever quitting, former smoking, quitting after
testing HIV-positive, and quitting in the past six months)
or clinically confirmed abstinence (e.g., carbon monoxide-
verified 7-day point prevalence abstinence). Secondary out-
comes included intention to quit, quit attempts, adherence,
uptake, and receipt of smoking cessation aids/programmes/
interventions.

Our study aimed to explore associated factors of cur-
rent smoking and smoking cessation rather than the effect
of interventions on smoking cessation in a particular trial.
Therefore, the analysis included both observational and
interventional studies to comprehensively assess what could
influence smoking cessation in PLWH [22, 23].

@ Springer

Study Selection

Two reviewers independently reviewed and screened
titles, abstracts, and full text of the selected articles in
Rayyan—QCRI. For inclusion criteria, studies must: (1)
be published in the English language and peer-reviewed
journals; (2) empirically explore the relationship between
predictors of current smoking and cessation behaviour;
and (3) be conducted on PLWH. We included observa-
tional (i.e., cross-sectional and cohort studies) and experi-
mental (i.e., randomised-controlled trials/RCTs and quasi-
experimental studies) study designs. Pilot or qualitative
studies, non-research articles and abstract-only papers
were excluded. If the two reviewers could not reach an
agreement, a third reviewer was consulted to reach a con-
sensus. We contacted authors for non-reported estimates.
Papers eligible for the systematic review were exported to
Endnote X9.

Quality Assessment

Study quality was assessed using the Cochrane risk-of-bias
tool (RoB) for randomised trials and the NITH/NILBI tool
for quantitative observational studies [24, 25]. For the RoB
tool, grading can be ‘Low’ or ‘High’ risk of bias or can
express ‘Some concerns’. Studies that fulfilled 70% of the
criteria of the NILBI tool were classified as good quality.

Data Extraction and Analysis

We extracted data from eligible studies using a standard-
ised data extraction template (Tables S2-S4). Associated
factors of the outcomes of interest were extracted for meta-
analyses only if they had been assessed in at least two
studies, in which at least one association was statistically
significant, and if the definitions and measurements of
the factors could be harmonised. Non-harmonisable fac-
tors were not meta-analysed but narratively synthesised.
If studies only reported stratified analysis, each stratified
analysis was considered an independent data set.

If available, we reported findings from the adjusted mul-
tivariate analyses. Odds ratios (ORs) were the effect meas-
ure of interest for the meta-analysis. Other effect meas-
ures, such as relative risks (RRs), hazard ratios (HRs),
and coefficients (f), were converted to odds ratios (ORs)
for consistency [26]. Non-convertible estimates, such as
prevalence ratios (PR), were narratively summarised or
separately meta-analysed if they met the criteria for meta-
analysis. We estimated the pooled effects (pOR and pPR)
separately for factors examined by different analytical
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methods like Poisson and logistic models, and single and
multilevel models due to non-convertible measures.

The effect sizes were extracted with 95% confidence
intervals (ClIs). If not reported, 95%CIs were estimated
based on either standard errors or p-values [27]. The pooled
effect of each factor was calculated using random effect
meta-analysis (due to anticipated heterogeneity) with an
inverse variance weighting method that summarises effect
sizes from individual studies. The weight assigned to each
study was the inverse of that study’s variance. Forest plots
were used to visualise the pooled effect size of each factor.
We also performed the sub-analyses to compare the pooled
effects between HICs and LMICs.

I? statistics were used to quantify heterogeneity across
studies [28]. An P2 value of 25-50% was classified as low,
50-75% as moderate and > 75% as high heterogeneity [29].
Random-effect meta-regression was performed for factors
measured in at least ten studies if moderate to high het-
erogeneity was suspected. Besides univariate models of
meta-regression, we also built multivariate models using
a stepwise removal approach. The adjusted R? reflects the
proportion of between-study variance that can be explained
by the model.

Meta-analysis was performed using Stata 17 SE (Stata
Corp., College Station, Texas) and command metan [30].
We assessed publication bias using funnel plots and Egger’s
test if at least ten studies were included in the meta-analysis.

Results

Study Selection, Characteristics, and Quality
Assessment

The search identified 8210 articles. After removing dupli-
cates and articles based on titles, abstracts and full texts, 146
full-text articles were assessed, and 80 articles with 131,854
participants (range: 76-31,270) were included in this review
[2, 19, 20, 31-107]. Of the 80 articles, 59 were conducted
in HICs (51 of those in the US) and 21 in LMICs. The 80
eligible studies included cross-sectional (n=45), cohort
(n=27), and RCT design (n=38, all from the US). The
studies explored risk factors of current smoking (n=41),
smoking abstinence (n =24, none from LMICs) and other
smoking-related outcomes (n=26) among PLWH (some
studies assessed multiple outcomes). Fifty-three of the 80
studies were included in the meta-analysis, 35 from HICs
and 18 from LMICs; 38 included data on factors associated
with current smoking status and 16 on those factors associ-
ated with cessation (the study by Miles et al. [66] examined
both outcomes). We conducted a narrative synthesis of 27
of the total 80 studies (Fig. 1). See Table 1 for additional
study characteristics.

All RCTs were rated as low risk of bias except for the
study by Humfleet et al. which did not adjust for age dif-
ferences between intervention groups [55]. Among cohort
and cross-sectional studies (n="72), two (2.8%) and twelve
studies (16.7%) were graded as poor and fair quality, respec-
tively, due to small sample sizes, self-reported data, and
uncontrolled confounders, as well as attrition in cohort stud-
ies. See Tables S5 and S6 for quality grading elements.

Findings from Quantitative Synthesis

Table 2 describes eligible studies exploring factors associ-
ated with current smoking and smoking abstinence, which
were included in meta-analyses.

Meta-analyses of Factors Associated with Tobacco Smoking
and Smoking Cessation

The meta-analyses summarised 24 factors associated with
current smoking and 10 associated with smoking abstinence.
Operational definitions of these factors are presented in
Table S7. Figure 2a—c shows the forest plots of alcohol use
(n=16), male gender (n=22), and illicit drug use (n=13),
as these factors are eligible for heterogeneity and publication
bias assessment (factors analysed by at least ten studies). See
Figs. S1-S3 for the forest plots of other factors.

Factors Associated with Current Smoking Men were 3.26
times more likely than women to be current smokers (n=22;
95%CI 2.09-5.10) (Fig. 2a). This result was consistent in
sub-analyses of male gender in studies from HICs (n=10;
pOR 1.35 95%CI 1.03-1.77) and LMICs (n=12; pOR 6.26
95%CI 2.76-14.19). No tertiary education also increased
the odds of current smoking (n=5; pOR 2.11; 95%CI 1.70-
2.62) (Table 3). Compared to non-Hispanic White, non-
Hispanic Black ethnicity was associated with current smok-
ing (n=3; pOR 1.68; 95%CI 1.04-2.71). This finding was
consistent in studies using the Poisson regression analytical
approach (n=2: pPR 1.09; 95%CI 1.02-1.15) (Table 3).
Compared to single, divorced, or widowed PLWH, married
PLWH (n=6; pOR 0.72; 95%CI 0.55-0.95) were less likely
to smoke. The reverse association was reported for those
divorced or widowed versus those married or in a stable
relationship (n=3; pOR 2.14; 95%CI 1.05-4.37) (Table 3).

Alcohol use and illicit drug use were positively asso-
ciated with current smoking (Fig. 2b, c). The results
remained consistent with hazardous alcohol use in both
logistic (n=6, pOR 1.89; 95%CI 1.33-2.69) and Poisson
models (n=3, pPR 1.41; 95%CI 1.03-1.93) and across
different types of drug use (Table 3). The effects of alco-
hol, hazardous alcohol, illicit drug, and marijuana use
on current smoking in LMICs were larger than those in
HICs (Table 4). Having smoking partners (n=2; pOR

@ Springer



AIDS and Behavior
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° Web of Science (n = 3224)
—
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g
c Records after duplicates removed o Records excluded based on titles and abstracts
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—
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Full-text articles assessed > Articles excluded (n=66): _
(n = 146) - Wrong study design (n=24)
> - Wrong outcome (n = 15)
= - Wrong population (n = 2)
2 - Not assess associated factors of current
2 smoking and smoking cessation (n = 23)
= - Not published in English (n = 1)
- No full text (n = 1)
—
Total included articles
(n=80) Studies assessing factors associated with
- Current tobacco smoking (n = 41)
® - Smoking cessation (n = 24)
E Studies included - Adherence to tobacco use treatment (n = 6)
g Studies included ) s - Uptake/receipt of tobacco use treatment (n = 5)
£ . . in quantitative : . . o
in narrative synthesis - Interest, intention, readiness to quit, risk
synthesis Y vsi perception and quit attempts (n = 15)
(n=27) (meta-analysis)
(n=53)
—

Fig.1 PRISMA flowchart

6.78; 95%CI 2.03-22.64) or the presence of other smok-
ers in living and social environments (n = 3; multilevel
POR 2.33; 95%CI 0.92-5.88) was associated with current
smoking (Table 3).

The meta-analysis of studies in HIC studies showed a
positive relationship between depressive symptoms and
current smoking (n=4; pOR 1.18; 95%CI 1.05-1.32)
(Table 4). This relationship was not demonstrated in LMIC
studies.

Other medical conditions, including chronic obstruc-
tive pulmonary disease (COPD) (n=3; pOR 1.96; 95%CI
0.97-3.94), cardiovascular diseases (CVDs) (n=4; pOR
1.32; 95%CI1 0.98-1.79) and Tuberculosis (n=4; pOR 1.08
95%CI 0.77-1.53) were positively associated with current
smoking, and PLWH who received ART were less likely
to smoke (n="7; pOR 0.92; 95%CI 0.67-1.28) (Table 3).
However, these associations were not statistically significant.
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Factors Associated with Smoking Abstinence Men were less
likely to quit smoking (n=2; pOR 0.60; 95%CI 0.37-0.98),
and older age was associated with higher abstinence rates
(n=2; pOR 1.08; 95%CI 1.03-1.14) (Table 5).

Those who use cocaine (n=2; pOR 0.18; 95%CI
0.08-0-44) or displayed hazardous alcohol consumption
(n=4; pOR 0.50; 95%CI 0.39-0.64) were also less likely to
abstain from smoking (Table 5). Nicotine dependence was
associated with a low likelihood of abstinence rates (n=4;
POR 0.82; 95%CI 0.75-0.88) (Table 5). However, those
who had attempted to quit smoking in the last 12 months
were more likely to abstain from smoking (n=2; pOR 2.65;
95%CI 1.37-5.14) (Table 5).

People with higher UCLA loneliness scores were less
likely to quit (n=2; pOR 0.95; 95%C1 0.91-0.99) (Table 5).
Besides, PLWH in HIC with a history of depression had a
21% lower likelihood of quitting smoking (n=3; pOR 0.79;
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Table 1 Characteristics of eligible studies by country income level

Table 1 (continued)

n  High-income
countries

Low- and middle-
income countries

Frequency %

Frequency %

Low- and middle-
income countries

n  High-income
countries

Frequency % Frequency %

Total (N=80) 59 73.75 21
Country of origin
Australia 1 1.25
France 1 1.25
Germany & Austria 1 1.25
Italy 2 2.50
Japan 1 1.25
Puerto Rico 1 1.25
Switzerland 1 1.25
USA 51 63.75
Brazil 3
China 2
Nepal 2
Nigeria 1
Russia 1
Serbia 1
South Africa 4
Tanzania 1
Thailand 1
Uganda 2
Vietnam 2
Sub-Saharan Africa 1
With funding
No 2 8 10.00 4
Yes 68 51 63.75 17
Year
2011 4 2 250 2
2012 3 2 250 1
2013 2 2 250 0
2014 14 10 12.50 4
2015 6 4 500 2
2016 11 10 1250 1
2017 6 4 500 2
2018 8§ 4 500 4
2019 5 3 375 2
2020 15 13 1625 2
2021 4 3 375 1
Study design
Cohort 27 26 3250 1
Cross-sectional 45 25 31.25 20
RCT 8 8 10.00 0
Outcome variables of all eligible studies (N=80)*
Smoking abstinence 24 24 30.00 O
Adherence to SCA/ 6 6 750 0
SCP
Current smoking 41 22 2750 19
Intention to quit 4 3 375 1
Interest in quitting 2 2 250 0

26.25

3.75
2.50
2.50
1.25
1.25
1.25
5.00
1.25
1.25
2.50
2.50
1.25

5.00
21.25

2.50
1.25
0.00
5.00
2.50
1.25
2.50
5.00
2.50
2.50
1.25

1.25
25.00
0.00

0.00
0.00

3.75
1.25
0.00

Quit attempt 5 5 625 0 0.00
Readiness to quit 3 1 125 2 2.50
Risk perception 1 1 125 0 0.00
Uptake/receipt of 5 5 625 0 0.00
SCA/SCP
Outcome variables of studies included in meta-analysis (N=53)*
Smoking abstinence 16 16 3019 O 0.00
Current smoking 38 20 37.74 18 33.96

*Some studies assessed more than one outcome

95%CI 0.68-0.93) (Table 5). We did not find significant
associations between smoking abstinence rates and medi-
cation adherence and self-efficacy.

Heterogeneity Assessment We observed moderate-to-high
heterogeneity (/2> 50%) in nine out of sixteen factors signif-
icantly associated with current smoking (Table 3). However,
we assessed high heterogeneity in only three factors associ-
ated with current smoking: male gender (n=22; 1’=94.9%;
p<0.001), alcohol use (n=16; I?’=90.3%; p<0.001), and
illicit drug use (n=13; 91.1%; p<0.001) as they met the
criteria for meta-regression.

Study characteristics, including geographical loca-
tion (continents), ethnicity, gender, country income level,
study quality, outcome definition, the proportion of current
and female smokers, sample size and year, were utilised
for explanatory meta-regression models (Table S8). For
alcohol use, studies conducted in LMICs had 1.22 times
(95%C1 0.44-1.99) higher log pOR than those in HICs, and
good quality studies reduced the log pOR compared with
fair quality studies (8 —1.65; 95%CI —3.60 to 0.29). This
model explained 47.3% out of 86.2% between-study vari-
ance. Similarly, 66.4% out of 88.5% heterogeneity in effect
sizes of male gender factor was explained by the proportion
of current smokers and female smokers. Gender, country
income level, outcome definition, and proportion of current
smokers explained total between-study variations in effect
sizes of illicit drug use.

Assessment of Small Study Effect Funnel plots for male
gender, alcohol use and illicit drug use were created to iden-
tify potential publication bias (Fig. 3a—c). Asymmetry could
be subjectively seen in the plots for male gender and alco-
hol use. The funnel plots of illicit drug use were relatively
symmetric yet lacked small studies to the left. Egger’s test
confirmed the asymmetry of the funnel plot of alcohol use
(0<0.01), which indicated small-study effects (presence

@ Springer
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a Association of Male gender with current smoking
Income level and Study Reference Country OR (95% Cl) Sample Size
LMIC
Teixeira et al., 2020 Brazil —— : 0.5(0.2,0.9) 462
Mutemwa et al., 2020 South Africa — | 0.8(0.5,1.2) 827
Kilibarda et al., 2019 Serbia —-— 0.8(0.5, 1.4) 445
Torres et al., 2014 Brazil - 1.7(14,20) 2775
lliyasu et al., 2012 Nigeria - 32(22,73) 296
Amiya et al., 2011 Nepal — 92(38,223) 301
Bhatta et al., 2018 Nepal —— 122 (4.3,344) 132
Musumari et al., 2017 Thailand : —a 13.4(7.2,14.9) 364
Nguyen et al., 2015 Vietnam i —— 234 (11.6,47.3) 1133
Egbe et al., 2019 South Africa : — 33.3(16.7,100.0) 623
Mwiru et al., 2017 Tanzania : — 33.3(12.5,100.0) 518
Luoetal., 2014 China I —®—— 1424 (356, 569.7) 455
Subgroup, DL (12 = 96.5%, 12 = 1.937, p = 0.000) = 6.3(2.8,14.2)
1
HIC l
Pacek et al., 2014a USA — i 0.7 (04,1.2) 358
Cropsey et al., 2016 USA 1 i 09(0.7,1.2) 2203
Sims et al., 2021 USA ! 1.1(0.6,22) 313
Edwards et al., 2020 Australia —"—: 1.3(0.6, 3.1) 1101
Regan etal., 2016 USA = 14(12,1.7) 2868
De Socio et al., 2020 Italy R : 14(1.0,2.0) 878
Stewart et al., 2011 USA — 2.0(1.2,34) 289
Asfar et al., 2022 USA B 2.8(0.6,12.8) 152
Brath et al., 2016 Germany & Austria —Ii— 35(1.1,85) 447
Pacek et al., 2014b USA L E— 7.3(1.1,51.0) 349
Subgroup, DL (I? = 63.1%, 1 = 1.937, p = 0.004) <o 14(1.0,1.8)
1
Heterogeneity between groups: p = 0.001 :
Overall, DL (12 = 94.7%, = 0.972, p = 0.000) <> 33(21,5.1)
T T
0.00 1.00 512.00
b Association of Alcohol use with current smoking
Income level and Study Reference Country OR (95% Cl) Sample Size
HIC
Cropsey et al., 2016 USA —a | 0.7 (0.6, 0.9) 2203
Miles et al., 2019 (men) USA ] : 1.0(0.9,1.1) 827
Miles et al., 2019 (women) USA | | E 1.0(09,1.1) 511
Pacek et al., 2014b USA - 2 1.0(0.2,6.7) 349
Pacek et al., 2014a USA —.—:' 1.2(0.7,22) 358
Edwards et al., 2020 Australia _.._ 2.0(15,2.7) 1101
De Socio et al., 2020 Italy e 5.8(1.7,19.7) 878
Subgroup, DL (12 = 82.6%, 12 = 0.047, p = 0.000) < 1.1(0.9,14)
|
LMIC i
Mutemwa et al., 2020 South Africa —— i 0.8(0.6,1.2) 827
Teixeira et al., 2020 Brazil — 2.8(1.3,5.8) 462
Amiya et al., 2011 Nepal —_—— 32(1.1,9.3) 301
Bhatta et al., 2018 Nepal —— 3.4 (14,80) 132
Kilibarda et al., 2019 Serbia —— 38(21,7.1) 445
Luo etal., 2014 China | —— 7.6(2.7,21.8) 455
Elf etal., 2018 (men) South Africa : = 7.8(2.1,35.0) 83
Mwiru et al., 2017 Tanzania ! —— 7.9 (4.4,142) 518
Elf etal., 2018 (women) South Africa ! —— & ——  85(29,27.0) 221
Subgroup, DL (12 = 88.2%, 12 = 0.047, p = 0.000) <> 4.0(19,8.1)
Heterogeneity between groups: p = 0.001 i
Overall, DL (I = 90.3%, 2= 0.194, p = 0.000) <> 21(16,2.7)
T T T
0.03 1.00 32.00

Fig.2 a Forest plot of association between current smoking and male gender. b Forest plot of association between current smoking and alcohol
use. ¢ Forest plot of association between current smoking and illicit drug use

@ Springer
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c Association of lllicit drug use with current smoking
Income level and Study Reference Country OR (95% Cl) Sample Size
HIC .
Miles et al., 2019 (women) USA s : 04(0.1,1.3) 511
Miles et al., 2019 (men) USA - 18(15,2.2) 827
Pacek et al., 2014a USA — 2.9(1.6,5.3) 358
Colon-Lopez et al., 2018 (women) Puerto Rico = 3.5(0.5, 26.0) 2337
Ompad et al., 2014 USA —_— 4.1(1.8,9.5) 199
Pacek et al., 2014b USA = 6.1(0.9, 42.1) 349
Asfar etal., 2028 USA e 75(2.0,27.8) 152
Colon-Lopez et al., 2018 (men) Puerto Rico - 93 (3.1, 31.5) 4189
Cropsey etal., 2016 USA I —a— 14.1(10.2,19.5) 2203
Subgroup, DL (12 = 93.7%, 12 = 1.341, p = 0.000) <:> 3.8(1.6,8.9)
1
LMIC i
Kilibarda et al., 2019 Serbia —'—\I' 14(0.5,4.1) 445
Nguyen et al., 2015 Vietnam —ll— 3.7(25,5.7) 1133
Luo et al., 2014 China - 4.0(1.3,12.4) 455
Mwiru et al., 2017 Tanzania —— & ——  10.2(3.1,33.1) 518
Subgroup, DL (12 = 49.8%, 2= 1.341, p = 0.113) <> 3.7(20,6.9)
1
1
Heterogeneity between groups: p = 0.962 :
Overall, DL (12 = 91.0%, 12 = 0.948, p = 0.000) <> 3.8(2.1,7.0)
T T T
0.03 1.00 32.00

*DL: DerSimonian and Laird (a random-effect meta-analysis method), HIC: High-income country, LMIC: Low- and middle-income country

Fig.2 (continued)

of publication bias). The test did not detect small-study
effects of male gender (p=0.05) illicit drug use (p=0.58)
(Table S9).

Narrative Syntheses of Factors Associated with Current
Smoking and Smoking Abstinence

Significant effect sizes of other factors influencing current
smoking and smoking abstinence from 26 studies not eligi-
ble for meta-analysis are presented in Table S10.

Current Smoking Findings from the narrative review were
largely consistent with those from the meta-analyses as asso-
ciations of current smoking with loneliness (living alone or
homeless), substance use, and depression were frequently
reported. Studies by Brath et al. and Mdege et al. found
that those having a daily smoking partner (OR 8.78; 95%CI
4.49-17.17) or more than two smokers among the five clos-
est friends (OR 3.97; 95%CI 2.08-7.59) were more likely to
be current smokers [2, 19]. In addition, those of Hispanic
or Latino ethnicity were less likely to smoke compared to
White ethnicity. Other demographic factors, such as higher
education and higher socioeconomic status, were associated
with a lower likelihood of current smoking. Furthermore,
low BMI, chronic diseases such as COPD and asthma, and
detectable HIV viral load were associated with higher odds
of current smoking.

@ Springer

Smoking Abstinence and Other Smoking Cessation-Related
Outcomes Other factors significantly associated with absti-
nence rates and the secondary outcomes (intention to quit,
quit attempt, adherence, uptake, and receipt of smoking
cessation aids) were sorted into categories based on their
relation and recurrence across eligible studies. These cat-
egories and their relationships were conceptually illustrated
in Fig. 4. According to the model, smoking abstinence was
influenced proximally by intention to quit, quit attempt,
uptake, receipt, and adherence to smoking cessation aids or
interventions. Distal factors, including medical conditions
(e.g., pulmonary diseases, pain, and CVDs), self-efficacy,
social support, depression or anxiety, nicotine dependence,
substance use, and provider involvement, were indirectly
associated with smoking cessation. These associations con-
curred with the findings from the meta-analysis.

Discussion
Gender Differences in Smoking

Gender differences in tobacco smoking were consistent
with the Demographic and Health Survey data from 28
LMICs that reported 24.4% smoking prevalence in men
and 1.3% among women living with HIV [108]. This has
been explained by gender inequality that can manifest
as the greater social power of men and social pressure
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Table 3 Meta-analysis of factors associated with current smoking

Associated factor

Analytical methods No of studies Sample size Pooled OR/PR* (95% CI) J?

Demographic factors

Age (years) Logistic
Age (years) Poisson
Male gender (ref: female) Logistic
Male gender (ref: female) Poisson
Male gender (ref: female) Multilevel
Non-Hispanic Black (ref: non-Hispanic White) Logistic
Non-Hispanic Black (ref: non-Hispanic White) Poisson
Divorced or widowed (ref: married/in a stable relation-  Logistic
ship)
Married (ref: single, divorced, widowed) Logistic
Unemployed (ref: employed) Logistic
Formal education (ref: no) Logistic
No tertiary education (ref: yes) Logistic
Behavioural factors
Alcohol use (ref: no) Logistic
Hazardous alcohol use (ref: no) Logistic
Hazardous alcohol use (ref: no) Poisson
Binge drinking (ref: no) Logistic
Alcohol & drug use (ref: no or never) Logistic
Illicit drug use (ref: no or never) Logistic
Injection drug use (ref: no or never) Logistic
Cocaine use (ref: no or never) Logistic
Crack use (ref: no or never) Logistic
Marijuana use (ref: no or never) Logistic
Environmental factors
Smoking living environment (ref: no) Logistic
Smoking partners (ref: no) Logistic
Medical conditions
COPD (ref: no) Logistic
CVDs (ref: no) Logistic
Depressive symptoms (ref: no) Logistic
Depressive symptoms (continuous) Logistic
Tuberculosis (ref: no) Logistic
Receipt of ART (ref: no) Logistic

13 11,014 0.99 (0.98-1.01) 73.19%
2 3847 1.00 (1.00-1.00) 0.00
22 17,289 3.26 (2.09-5.10) 94.98*
2 8816 1.55 (0.64-3.78) 87.95°
2 32,047 20.43 (2.26-184.94) 98.73*
3 5044 1.68 (1.04-2.71) 72.97°¢
2 11,751 1.09 (1.02-1.15) 2243
3 1672 2.14 (1.05-4.37) 53.60
6 2500 0.72 (0.55-0.95) 20.35
8 4236 1.10 (0.82-1.47) 55.25¢
2 433 0.76 (0.17-3.38) 83.21¢
5 6345 2.11 (1.70-2.62) 51.22
16 9671 2.06 (1.56-2.72) 90.25°
6 3968 1.89 (1.33-2.69) 94.17°
3 12,207 1.41 (1.03-1.93) 87.19%
3 5327 1.64 (0.73-3.69) 91.722
2 511 2.55 (1.46-4.45) 0.00
13 13,676 3.82 (2.09-6.98) 91.05°
2 748 5.19 (2.70-9.96) 0.00
2 3237 3.08 (2.12-4.47) 19.02
3 4085 5.87 (2.82-12.21) 0.00
8 3729 2.91 (1.54-5.50) 92.08*
3 857 2.33 (0.92-5.88) 82.40°
2 820 6.78 (2.03-22.64) 75.83
3 4113 1.96 (0.97-3.94) 74.22°
4 4560 1.32 (0.98-1.79) 0.00
6 4662 1.22 (0.96-1.55) 54.31
4 993 1.05 (0.95-1.16) 70.07°
4 4035 1.08 (0.77-1.53) 57.34
7 11,698 0.92 (0.67-1.28) 39.66

ART anti-retroviral therapy, COPD Chronic obstructive pulmonary disease, CVDs cardiovascular diseases

*PR: Prevalence ratio (estimates for Poisson regression methods)
3p<0.001, °p <0.01, °p <0.05 (p-value corresponding to Q statistics)

against women smoking [109]. Indeed, the qualitative
assessment by Thirlway et al. [110] revealed that smok-
ing was widely common and socially accepted among
men in Uganda. Smoking-related stigma among women
could result in underreporting and create challenges in
documenting the true smoking prevalence in this popula-
tion [110].

The Impact of Psychological Distress

This review found a strong association between depres-
sion and current smoking, as well as between depression
and smoking abstinence. However, a systematic review has
shown some inconsistency regarding the direction of this
association [111]. From the qualitative studies, smoking

@ Springer



AIDS and Behavior

Table 4 Meta-analysis of factors associated with current smoking by country income level

Associated factor

High-income countries

Low- and middle-income countries

No of studies Sample size Pooled OR (95%CI) [?

No of studies Sample size Pooled OR (95%CI) [?

Demographic factors
Age (years)

Male gender (ref:
female)

Non-Hispanic Black
(ref: non-Hispanic
White)

Divorced or widowed
(ref: married/in a
relationship)

Married (ref: single,
divorced, widowed)

Unemployed (ref:
employed)

Formal education (ref:
no)

No tertiary education
(ref: yes)

Behavioural factors
Alcohol use (ref: no)

Hazardous alcohol use
(ref: no)

Binge drinking (ref:
no)

Alcohol & drug use
(ref: no or never)

Illicit drug use (ref: no
or never)

Cocaine use (ref: no or
never)

Crack use (ref: no or
never)

Marijuana use (ref: no
or never)

Environmental factors

Smoking partners (ref:
no)

Smoking living envi-
ronment (ref: no)

Medical conditions

COPD (ref: no)

CVDs (ref: no)

Depressive symptoms
(ref: no)

Depressive symptoms
(continuous)

Tuberculosis (ref: no)

Receipt of ART (ref:
no)

12
10

0

10,187
8958

5044

1227

NA

1230

6345

5869
1490

2552

511

11,125

1538

820

556

1338
1785
3899

993

10,942

1 (0.98-1.02)
1.35 (1.03-1.77)
1.68 (1.04-2.71)

5.70 (0.41-79.36)

1.31 (0.77-2.23)

2.11 (1.7-2.62)

1.12 (0.89-1.41)
1.11 (1.04-1.18)

4.59 (0.11-197.26)

2.55(1.46-4.45)

3.82 (1.64-8.87)

1.19 (0.63-2.24)

6.78 (2.03-22.64)

3.52 (0.99-12.52)

1.89 (0.42-8.45)"
1.00 (0.64-1.56)
1.18 (1.05-1.31)

1.05 (0.95-1.16)

0.99 (0.68-1.46)

7450 1
63.08" 12
72.97° 0
7239 1
5

4210 5
2

5122 0
8526 9
0.00 3
9329* 1
000 0
93.73* 4
2

3

6649 5
7583 0
83.17° 1
87.10 1
0.00 1
000 2
70.07° 0
4

4830 2

NA
8331

NA

2142

3006

433

3444
2478

NA

2551

3237

4085

2191

NA
NA
763

4035
756

6.26 (2.76-14.19)

0.70 (0.51-0.98)

1.02 (0.70-1.47)

0.76 (0.17-3.38)

3.97 (1.94-8.11)
3.21 (1.95-5.30)

3.72 (2.00-6.95)

3.08 (2.12-4.47)

5.87 (2.82-12.21)

5.26 (4.03-6.86)

NA

1.06 (0.25-4.51)

1.08 (0.77-1.53)
0.68 (0.36-1.27)

96.51*

32.03
62.57*

83.21°

88.20°
76.40°

49.78
19.02
0.00

6.42

88.79°

57.34
0.00

ART anti-retroviral therapy, COPD Chronic obstructive pulmonary disease, CVDs cardiovascular diseases

*NA: Not applicable due to small number of study (i.e., a meta-analysis requires at least two studies)

2p<0.001, °p <0.01, °p <0.05 (p-value corresponding to Q statistics)
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Table 5 Meta-analysis of factors associated with smoking abstinence

Associated factor Analytical methods

No of studies Sample size Pooled OR (95% CI) I

Demographic factors

Age (years) Logistic

Male gender (ref: female) Multilevel
Behavioural factors

Cocaine use (ref: no or never) Logistic

Hazardous alcohol use (ref: no) Logistic

Medication adherence (ref: no) Logistic
Psychological factors

History of depression (ref: no) Logistic

UCLA loneliness scores Logistic
Smoking cessation-related factors

FTND scale Logistic

Quit attempt in the past 12 months (ref: no) Logistic

Self-efficacy scores Logistic

2.00 447 1.08 (1.03-1.14) 0.00
2.00 668 0.60 (0.37-0.98) 0.00
2.00 554 0.18 (0.08-0.44) 0.00
4.00 8265 0.50 (0.39-0.64) 4.87
4.00 762 1.01 (0.98-1.04) 77.43°
3.00 6551 0.79 (0.68-0.93) 0.00
2.00 417 0.95 (0.91-0.99) 0.00
4.00 2006 0.82 (0.75-0.88) 0.00
2.00 587 2.65 (1.37-5.14) 0.00
2.00 440 1.60 (0.59-4.37) 78.91°

FTND Fagerstrom Test for Nicotine Dependence
p<0.01, °p<0.05 (p-value corresponding to Q statistics)

was mainly described as a strategy for dealing with stress
and depression in PLWH, which commonly resulted from
several stressors, namely financial pressure, stigma, health
concerns, traumatic events, and lack of social support [110,
112, 113]. Most of these stressors were identified as factors
associated with smoking and unsuccessful abstinence in the
descriptive synthesis, which could imply their interrelations
with depression.

Furthermore, the meta-analyses found that those who
were single, divorced or widowed had a higher likelihood of
being current smokers, and loneliness contributed to lower
abstinence rates. These results demonstrated that a lack of
social support among PLWH is a risk factor for continued
tobacco use.

Our review observed a positive association between
adverse health conditions (e.g., CVDs, Tuberculosis and
COPD) and tobacco smoking. Earlier studies found that
some PLWH described worries about adverse health out-
comes as their motivation to quit smoking, while others
mentioned that smoking helped them feel better when they
were too sick [110, 112, 113]. A qualitative study has found
that life incidents and lifelong smoking habits are the pri-
mary reasons people with COPD do not quit smoking [114].
More studies, therefore, should be conducted to explore
these associations further.

Substance Use and Tobacco Smoking
This review found that alcohol, cocaine, crack, marijuana,

and injection drug use significantly impacted tobacco smok-
ing and cessation in PLWH, especially in LMICs. Among

those substances, alcohol use emerged as a major determi-
nant for current smoking in both meta-analyses and narra-
tive syntheses. This result was in line with findings about
alcohol use paired with tobacco smoking that was described
as a stress-coping strategy in qualitative studies [110, 113].
Alcohol consumption was also demonstrated to increase
smoking relapse through different mechanisms ranging from
biochemical pathways to stress-coping theory [115, 116].
Other studies showed the other direction of the association
that tobacco smoking was linked to the risk of other sub-
stance use and relapse [117, 118].

Despite the concurrence of smoking, substance use, and
social and psychological challenges experienced by PLWH,
their interrelationships have not been explicitly explored in
the literature.

The Role of Healthcare Providers

Substantial evidence, primarily from HICs, showed that
smoking cessation interventions implemented in clinical
settings delivered by healthcare providers could increase
cessation rates [17]. However, our systematic review identi-
fied only four quantitative studies that described the influ-
ence of providers on disseminating knowledge and skills to
quit smoking, illustrating a gap in research in healthcare set-
tings that serve PLWH [34, 64, 77, 78]. Specifically, PLWH
whose smoking status was assessed by a physician in the last
12 months were 3.34 times more likely to report readiness to
quit [34]. Provider recommendations about smoking cessa-
tion also significantly increased the likelihood of interest in
quitting and increased perceived risk related to smoking [77,
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Fig.3 Funnel plots of the meta-
analyses for a male gender, b
alcohol use, and c illicit drug
use
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Background factors associated with
smoking cessation outcomes are
age, ethnicity, education,
employment, income.
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Fig.4 Associations of smoking cessation outcomes with multiple factors conceptualised from findings of the systematic review

78]. Qualitative studies also revealed the vital role of health-
care providers in providing support, advice and treatment
of tobacco use for PLWH [110, 112, 113]. This finding was
consistent with two reports from Matthews et al. and Pacek
et al. in high-income contexts, showing the importance of
HIV care provider support regarding smoking cessation [78,
119].

Failure to screen for tobacco use, lack of training, and
competing healthcare needs and priorities may create bar-
riers to engaging PLWH in treatment [120]. Unfortunately,
most providers in LMICs have limited access to training
resources to deliver tobacco use treatment for PLWH [112,
121]. PLWH’s regular contact with the healthcare system
presents an important opportunity to intervene. Thus, pro-
vider training for tobacco use treatment among PLWH is
greatly needed in LMICs.

Strengths and Limitations

To our knowledge, this systematic review is the first to apply
descriptive and quantitative methods to synthesise evidence
about factors influencing smoking and cessation behaviour
among PLWH. Findings from our different approaches pro-
vided a more comprehensive understanding of predictors
of tobacco smoking and cessation behaviour in this under-
studied population. The review revealed the lack of RCTs of
smoking cessation intervention for PLWH in LMICs.

Several drawbacks of the study need to be discussed.
Eligible studies have measured smoking abstinence differ-
ently, either based on self-reporting or biochemical verifi-
cation of tobacco smoking. Even though self-reported data
have been shown to be accurate, the potential bias cannot
be fully ignored [122]. Similarly, biochemical confirma-
tion of smoking abstinence increases the rigour and valid-
ity of cigarette smoking and abstinence measurements.
However, this measure is not practical to measure long-
term abstinence due to costs and implementation chal-
lenges [123]. Hence, the results should be interpreted in
the context of this limitation. This study did not consider
levels of tobacco smoking, such as heavy or light smoking
since all included studies mainly reported current smok-
ing as a binary variable. Similarly, pooling reported effect
size estimates was challenging due to different time points
of abstinence rate assessment. The intention to use the
follow-up time as an explanatory factor of potential hetero-
geneity was not fulfilled due to the small number of studies
assessing factors associated with smoking abstinence.

We attempted to harmonise independent variables such
as age, education, substance use, and depression from eligi-
ble studies based on definitions and measurement scales to
make them plausible for the meta-analysis. This process was
rigorously conducted to minimise the risk of selection bias
and inaccuracy. The poor precision of certain pooled effect
sizes, such as smoking partners and crack use, could be due
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to either the small number of studies or the wide variation
in the effect sizes of individual studies.

Finally, heterogeneity of some significant determinants
of current smoking remained unexplained due to the few
studies. The small number of studies or imprecision of effect
sizes may also lead to false low heterogeneity; therefore,
the findings should be interpreted in the broader context of
existing research.

Conclusion

Smoking is more prevalent in PLWH, who are less likely
to quit than the general population. Although studies have
explored tobacco smoking and smoking cessation behaviour
among the PLWH population, there is a lack of particular
reviews that include both HICs and LMICs and a full range
of study designs to guide the development and implementa-
tion of effective treatments.

This review provided a comprehensive summary of multi-
ple factors associated with smoking and cessation in PLWH,
which have implications for future intervention design. Par-
ticularly, interventions for PLWH need to be tailored to soci-
ocultural and gender differences and should integrate with
screening and treatment for mental health and substance
use that addresses these risk factors to optimise cessation
outcomes. Given the essential role of HIV care providers,
professional training that enables them to effectively assess
and assist patients in smoking cessation should be offered.
Lastly, RCTs should be conducted to examine the effective-
ness of smoking cessation aids/interventions for PLWH in
LMICs where the need is greater. Successful implementa-
tion of such interventions would reduce the burden of HIV/
AIDS and HIV-related comorbidities and increase treatment
outcomes in PLWH.
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