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Abstract 

Introduction: This systematic review and meta-analysis assessed the effectiveness of smoking cessation interven-
tions among women smokers in low socio-economic status (SES) groups or women living in disadvantaged areas 
who are historically underserved by smoking cessation services.

Methods: A systematic literature search was conducted using MEDLINE (OVID), EMBASE, Cochrane, CINAHL, 
PsychINFO and Web of Science databases. Eligibility criteria included randomised controlled trials of any smoking ces-
sation intervention among women in low SES groups or living in socio-economically disadvantaged areas. A random 
effects meta-analysis assessed effectiveness of interventions on smoking cessation. Risk of bias was assessed with the 
Cochrane Risk of Bias tool. The GRADE approach established certainty of evidence.

Results: A total of 396 studies were screened for eligibility and 11 (6153 female participants) were included. Seven 
studies targeted women-only. 5/11 tested a form of face-to-face support. A pooled effect size was estimated in 
10/11 studies. At end of treatment, two-thirds more low SES women who received a smoking cessation intervention 
were more likely to stop smoking than women in control groups (risk ratio (RR) 1.68, 95% CI 1.36–2.08, I2= 34%). The 
effect was reduced but remained significant when longest available follow-up periods were pooled (RR 1.23, 95% CI 
1.04–1.48, I2 = 0%). There was moderate-to-high risk of bias in most studies. Certainty of evidence was low.

Conclusions: Behavioural and behavioural + pharmacotherapy interventions for smoking cessation targeting 
women in low SES groups or women living in areas of disadvantage were effective in the short term. However, longer 
follow-up periods indicated reduced effectiveness. Future studies to explore ways to prevent smoking relapse in this 
population are needed.

Systematic review registration: PROSPERO: CRD42 01913 0160
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Background
Tobacco use is one of the most common preventable 
causes of premature death, killing more than eight mil-
lion people a year globally [1]. Worldwide, it is estimated 
nearly one in seven adults smoke tobacco daily [2]. Smok-
ing is a leading cause of cancer linked to increased risk of 
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at least 12 different cancers [3], as well as non-malignant 
respiratory diseases, cardiovascular disease, reproductive 
issues, early menopause and many other chronic health 
conditions [4].

Socio-economic status (SES) refers to the social and 
economic circumstances that influence how people are 
positioned within the structure of society [5]. Tobacco 
use deepens and maintains societal health inequalities [6] 
and accounts for one third of the differences in life expec-
tancy between lower and higher SES groups [7]. The 
overall reduction in smoking rates in Europe has been 
a public health success, but the main effects have been 
observed in middle- and high-income groups, causing an 
increase in health inequity [8]. In 2015 and 2016 in the 
USA, smoking prevalence was 10% for adults in higher 
income households, compared with 25% in adults living 
below the US Federal Poverty Level [9]. Research sug-
gests that as disadvantage accumulates within an individ-
ual (e.g. experiencing unemployment, poverty, disability 
and psychological distress), the risk of smoking increases 
[10]. Low SES smokers also face disproportionate smok-
ing-related illness compared to affluent smokers [8].

Gender inequalities in smoking initiation, cessation and 
the health consequences of smoking also exist. Inequity 
in mortality from smoking-related conditions accounts 
for 6% of the overall inequity in the female death rate in 
European countries [11]. There are also specific gender 
differences in adverse health effects. Women smokers 
experience a higher incidence of myocardial infarction 
[12]; are more likely to be diagnosed with depression and 
more often use smoking to control weight or mood than 
men [13]. Female smokers have additional risk for gender-
specific cancers, e.g. breast [14] and cervical cancer [15]. 
In Europe, while lung cancer rates in men have declined 
by 9.2% between 2015 and 2020, the rate in women has 
increased by 6% over the same period. Predicted mortal-
ity from lung cancer In women is now higher than that of 
breast cancer, and the number of deaths from lung cancer 
is now greater than breast cancer [16]. Women may also 
be less likely to quit or attempt to quit than men, with UK 
data showing that while women are more likely to access 
services (e.g. cessation support) than men, they are less 
likely to stop smoking [17].

Smoking cessation reduces smoking-related disease 
and premature death [18]. Stopping smoking at age 30 
increases life expectancy by a decade [19]. Nicotine 
replacement therapy (NRT) is the most widely used 
smoking cessation pharmacotherapy. All licensed forms 
of NRT (gum, transdermal patch, nasal spray, inhalator, 
tablets and lozenges) increase quit rates by 50–60% com-
pared to a placebo or no-NRT control group, regardless 
of setting [20]. Varenicline (Champix) and bupropion 
(Zyban) can reduce withdrawal symptoms and relieve 

cravings, with evidence that combined treatment of 
both drugs can improve abstinence rates, particularly for 
highly dependent and heavy smokers [21].

Behavioural interventions for smoking cessation vary 
in intensity, frequency, mode of contact (e.g. group, tel-
ephone and face-to-face support) and provider type. 
Tobacco cessation behavioural change techniques (BCTs) 
have been summarised by Michie et al. [22] as those that 
address: motivation; self-regulatory capacity and skills; 
adjuvant activities; and other BCTs, e.g. building rapport 
and relapse prevention. There is strong evidence that 
providing in person or telephone behavioural support in 
combination with pharmacotherapy is likely to increase 
the chance of quitting by between 10–20%, compared to 
less intensive or no behavioural support [23].

Women from affluent areas are more likely to be suc-
cessful in their smoking cessation attempts than women 
from poor areas [24, 25]. Suggested reasons for lower suc-
cess rates in low SES women are structural causes such 
as: limited access to effective smoking cessation interven-
tions [26]; higher rates of physical comorbidities; lower 
income; more stressful living environments; less leisure 
time; and higher involvement in unpaid caregiving roles. 
Important psychosocial factors include stigma associ-
ated with smoking, fear of being judged; higher levels of 
stress; fear of failure; potentially less support from family 
or community in smoking cessation attempts; smoking as 
a means to help control weight, lack of knowledge about 
existing services; and perceptions that interventions are 
ineffective or too expensive [27, 28]. Given these complex 
factors likely operate in a way that are specific to low SES 
women compared to affluent women or low SES men, 
there is a need for interventions that specifically target 
this group.

Behavioural interventions targeting smoking cessation 
in the general population may increase health inequali-
ties [29] as they are likely to be more effective in higher 
than lower SES groups. There have been increasing 
international calls for interventions to address socio-
economic differentials by tailoring interventions to the 
needs of lower SES smokers. The World Health Organi-
sation (WHO) through the Framework Convention of 
Tobacco Control has highlighted the need for approaches 
tailored to gender when developing tobacco control poli-
cies in the light of increasing cancer rates, particularly 
increasing lung cancer in women [30] and they argue for 
gender-specific risks in tobacco usage to be addressed 
when developing tobacco control strategies [31]. An 
evidence-to-practice gap currently exists in develop-
ing targeted gender-based approaches. While previous 
reviews of smoking cessation interventions show promise 
in improving smoking cessation rates in disadvantaged 
groups including at-risk youth, individuals with mental 
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illness and low-income smokers [32, 33], only one pre-
vious meta-analysis has examined the effectiveness of 
smoking cessation interventions among low-SES women.

This review examines the existing evidence of effective-
ness of smoking cessation interventions tailored to low 
SES women smokers and women smokers living in disad-
vantaged areas, the majority of whom are in low SES. The 
term ‘low-SES women’ denote both groups. The review 
excludes smoking in pregnancy which is the subject of a 
separate on-going systematic review [34].

Methods
Search strategy and selection criteria
This systematic review followed PRISMA-P guidelines 
[35]. It assessed programme effectiveness, recruitment 
strategies, retention, drop-out and follow-up rates, strat-
egies that enhance implementation and barriers and 
enablers to successful implementation. All comparator 
groups, as defined by study authors, were included. Only 
randomised controlled trials (RCTs) were included in our 
search.

The databases MEDLINE (OVID), EMBASE, Cochrane, 
CINAHL, PsychINFO and Web of Science were searched 
(see Supplementary Material 1 for study search strategy). 
Studies were included if they

 (i) included information on women aged 18 years and 
over who smoke and were socio-economically dis-
advantaged or lived in an area of socioeconomic 
disadvantage (“low-SES”);

 (ii) reported the results of any smoking cessation inter-
vention, with no limitations on intervention type;

 (iii) contained any definition of ‘neighbourhood socio-
economic disadvantage’ (including but not limited 
to disadvantaged communities, poverty, neigh-
bourhood/area status); or any definition of ‘indi-
vidually measured disadvantage’ (including but not 
limited to low income, entitlement to medical or 
other state benefits, unemployment, educational 
status and social class);

 (iv) included both men and women if findings were 
reported separately for women or were available for 
women;

 (v) included both pregnant and non-pregnant women 
if smoking cessation was reported separately or 
available for non-pregnant women; and

 (vi) included women living in any circumstances where 
results of women in disadvantaged communities 
were reported separately or were available.

Studies were excluded if (i) they were exclusive to men; 
(ii) included only pregnant women; (iii) were not avail-
able in English; or (iv) used quasi-experimental meth-
odologies. No limitations were placed on dates. Only 

peer-reviewed, published studies were included. Data-
base searches occurred in April 2019.

This study is registered with PROSPERO (registration 
ID: CRD42019130160) and is available online [36].

Procedure
All retrieved citations were imported into Covidence® 
(Cochrane, Melbourne, Australia) and duplicates were 
removed. Two reviewers (NOC and EB) independently 
reviewed all titles and abstracts. Differences concerning 
inclusion were resolved through consensus. Upon com-
pletion of title reviews, two reviewers (NOC and FD) 
screened the full text of all studies. Differences concern-
ing the inclusion of 31 full texts (26.7% of total) were 
arbitrated by a third reviewer (CBH).

NOC independently extracted data from all studies and 
FD extracted from a sample of studies to ensure there 
was consistency of approach using Covidence. There was 
full consistency in the data extraction of both authors. 
We were guided by the TIDieR checklist in the reporting 
of study interventions [37].

Data analysis
We collected the following information on low-SES 
women only: SES definition; ethnicity; setting; interven-
tion type and content; intervention duration provider 
and associated provider training; intervention fidelity; 
comparison arms; length of study follow-up and outcome 
measures; and intervention completion rates.

Where cluster randomisation was used, we assessed 
whether authors accounted for the intra-class correla-
tion (ICC). ICC estimates the relative variability within 
and between clusters. Where the ICC was not reported, 
we assumed an ICC of 0.013 as this ICC was reported in 
two previous smoking intervention cluster RCTs [38, 39]. 
The design effect was calculated as 1 + ((M – 1)*ICC), 
where M is the average cluster size and the number of 
participants and number experiencing the event should 
be divided by the design effect [40].

Abstinence rates were summarised as risk ratios (RRs) 
with 95% confidence intervals (CIs) which were calcu-
lated using the following formula: ([number of quitters: 
intervention arm]/[number randomised: intervention 
arm])/([number of quitters: control arm]/[number ran-
domised: control arm]). While our protocol states that we 
would calculate odds ratios, risk ratios were used instead 
as they are typically a more clinically understood effect 
measure [40]. Descriptive data is displayed alongside RRs 
with 95% CIs in forest plots.

We assessed statistical heterogeneity using the I2 sta-
tistic which assesses the proportion of variation between 
studies due to heterogeneity rather than chance [41]. 
I2 values range from 0 to 100%, with 0% indicating no 
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heterogeneity and larger values indicating greater het-
erogeneity. Values of 25%, 50% and 75% correspond to 
low, moderate and high levels of statistical heterogeneity 
respectively [41].

We assessed studies for missing data. Missing data 
were not reported in two studies. A sensitivity analysis, 
excluding both studies did not alter the results. Both 
studies were therefore retained in the meta-analysis. 
Where statistical heterogeneity and measures of incon-
sistency were acceptable, we conducted a meta-analysis 
to compare intervention and control cessation rates at 
the earliest available end point in each study (end-of-
treatment). We conducted a second meta-analysis which 
compared intervention and control group smoking ces-
sation at the latest available follow-up point and only in 
instances where a time period had elapsed since end-
of-treatment. We conducted intention-to-treat (ITT) 
analyses in each meta-analysis; hence, all randomised 
participants were included in the denominator and indi-
viduals lost to follow-up were counted as smokers. Stud-
ies were weighted by the inverse variance of their effect 
size estimates.

We conducted four ’subgroup comparisons’ to further 
explore heterogeneity using forest plots. These included 
comparisons of (1) interventions targeting only women 
versus interventions including men and women; (2) 
interventions using biochemical verification as part of 
their smoking cessation outcome measure versus those 
that did not; (3) interventions taking place in clinical set-
tings versus any other setting; (4) interventions compar-
ing face-to-face support (e.g. motivational interviewing) 
with any other intervention type (e.g. telephone support); 
and interventions which used pharmacotherapy versus 
those that did not. Publication bias was assessed using a 
funnel plot.

Review Manager software (RevMan, Version 5.3. 
Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014) was used to conduct the meta-anal-
ysis. Random-effects (RE) methods for dichotomous data 
were selected using the Mantel-Haenszel (M-H) method 
[40]. The expected clinical diversity and range of outcome 
timepoints reported in the trials warranted selection of 
an RE model as we could not assume the meta-analysis 
would estimate a common underlying effect.

Risk of bias
We assessed methodological quality of eligible stud-
ies using the Cochrane Risk of Bias 2 tool [42] to assess 
the following biases: those arising from the randomiza-
tion process; due to deviations from the intended inter-
vention; missing data; measurement of the outcome, and 
bias in selection of the reported result [43].

GRADE approach
The GRADE (Grades of Recommendation Assessment, 
Development and Evaluation) approach was used to 
assess the overall certainty of the evidence for each out-
come [44]. The approach classifies the certainty of the 
evidence into high, moderate, low and very low levels. An 
RCT starts as high-certainty evidence and the certainty 
of evidence is downgraded according to five domains: 
risk of bias; inconsistency; indirectness; imprecision; and 
publication bias [45].

GRADE Pro software was used for this assessment 
(GRADEpro GDT: GRADEpro Guideline Development 
Tool [Software]. McMaster University, 2015).

Risk of bias and GRADE assessments were performed 
by NOC under the supervision of CBH.

Ethics
Ethical approval was not required for this systematic 
review.

Results
Figure  1 displays the systematic review PRISMA flow 
chart. Of 398 studies retrieved and screened for eligibil-
ity, in total, 27 studies were chosen for inclusion in the 
systematic review. Following the commencement of data 
extraction, five additional studies were excluded. Of these 
five studies, two did not provide relevant information for 
determining SES status of included participants; one was 
a protocol; and one included non-smokers in the analysis. 
The fifth reported limited trial outcomes and the author 
advised the main trial paper would not be published until 
2020. A further 13 studies did not contain sufficient out-
come information necessary for data extraction. Authors 
of these 13 studies were contacted and three responded. 
Two authors supplied the required information [46, 47] 
and one was unable to provide further information as 
the data were previously destroyed. In total, 11 studies 
were included. Table 1 describes the 11 included studies 
in detail. The PRISMA checklist is included (see Supple-
mentary Material 2).

All studies were two-group RCTs, of which two were 
cluster RCTs [48, 54]. The total number of women in low-
SES groups randomised to all 11 interventions was 6153. 
Of these, 3190 women were randomised to intervention 
groups and 2963 to control groups.

Seven of the 11 studies targeted women only and four 
included men [46, 47, 51, 53]. One study was not specifi-
cally tailored to low socio-economic groups [46]; how-
ever, the authors provided RCT results of women living 
in high deprivation areas and these results are included 
in this review and meta-analysis.
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SES
Measures of SES varied across studies from individual-
level to area-level definitions (Table  1). Individual-level 
definitions were used in six studies. These were: receipt of 
or eligibility for Medicaid (a federal and state programme 
which assists with medical costs for people with limited 
income and resources) [47, 55, 56], residence in pub-
lic housing [48] and specific income thresholds [51, 53]. 
Area-level definitions of low-SES included people living 
in low-income and racial minority communities [49, 50], 
small area deprivation [46] and attendance at clinics serv-
ing low-income women or a public health clinic [52, 54].

Ethnicity
Six studies reported ethnicity rates [47–50, 52, 54]. 
Of these, the number of non-White women including 
Black, Hispanic and Asian females as a proportion of 
the total women randomised in those studies was 2511 
(58.5%). African American women were the most com-
mon ethnicity in five of the six studies [47–50, 54].

Setting
Nine studies were based in the USA [47–50, 52–56], 
one in Switzerland [51] and one in England [46].

Seven recruited patients through screening within 
emergency departments [47], paediatric primary care and 
community clinics [49, 50], primary care [46, 53], fam-
ily planning [52] and public health clinics [54] (Table 1). 
Other studies used a combination of information stands, 
flyers, advertising within the community, advertising 
on the internet and in the press and on public bulletin 
boards [48, 55, 56]. In one, community advertising was 
displayed in the press, online, and within workplaces, 
pharmacies and medical and dental clinics [51].

Intervention type and content
Five interventions tested a form of face-to-face individual 
support such as motivational interviewing or brief behav-
ioural support [47–50, 52] (Table 1). Only one study pro-
vided a group intervention [48]. Telephone support was 
provided in combination with a face-to-face intervention 
in four studies [47, 49, 50, 52]. In a further four studies, 
telephone support was provided without any face-to-face 
intervention [53–56]. NRT was offered in conjunction 
with other forms of support in five studies [47, 48, 53, 
55, 56] and written materials were offered in four [46, 49, 
51, 54]. Etter et al. [51] tested the signing of a ‘contract to 
quit’ alongside the designation of a friend or family mem-
ber as a ‘social supporter’. Gilbert et  al. [46] tested the 
efficacy of a personalised letter sent from a GP inviting 

Fig. 1 PRISMA flow diagram
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smokers to a smoking cessation taster session with a 
reminder letter 3 months later.

The interventions targeted a range of behavioural 
change processes (see Table  2). Andrews et  al. [48] tar-
geted both group (educational and behavioural strategies) 
and individual-level (social support and self-efficacy) 
processes. Developing self-efficacy, self-confidence, pro-
viding encouragement and positive reinforcement were 
behavioural targets in interventions by Solomon et  al. 
[55], Solomon et  al. [56], Bernstein et  al. [47], Curry 
et al. [50] and Haas et al. [53]. Provision of advice, guid-
ance and addressing lack of knowledge were targeted by 
Bernstein et al. [47], Gilbert et al. [46], Solomon et al. [55] 
and Solomon et al. [56]. Improving motivation and readi-
ness to quit and reducing smoking cessation ambivalence 
were targeted by Glasgow et al. [52], Haas et al. [53] and 
Manfredi et al. [54]. Collins et al. [49] targeted the man-
agement of smoking urges and support for parents to 
help protect children from secondary smoke exposure 
and Etter et al. [51] targeted sustained abstinence, rather 
than initial quit attempts.

Intervention duration, provider and provider training
Table 1 outlines the duration of each intervention. Inter-
ventions varied in length between 1.5 [53] and 6 months 
[48, 51]. Three studies tested 3-month interventions 
[47, 50, 55] and two tested 4-month interventions [49, 
56]. The intervention by Glasgow et al. [52] was 6 weeks 
in duration and Manfredi et  al.’s [54] between 5 and 8 
weeks. Gilbert et al. [46] tested the once-off sending of a 
letter with a 3-month follow-up letter sent if the receiver 
did not respond to the first letter.

Mode of intervention delivery varied (see Table  2). 
Three studies tested interventions delivered by trial 
Research Assistants [46, 47, 51]. In addition, three service 
clinicians delivered the interventions [50, 52, 54]. In five 
studies, the interventions used specific clinical special-
ists who were not based within a service. Andrews et al. 
[48] employed certified smoking cessation counsellors 
for behavioural group sessions and community health 
workers for one-to-one contacts, Collins et al. [49] used 
clinical social workers, Haas et  al. [53] used tobacco 
treatment specialists and Solomon et  al. [55] and Solo-
mon et al. [56] employed support workers.

Six studies described the training intervention provid-
ers received; however, information varied on the level and 
type of training provided (Table 2). Bernstein et al. [47] 
trained Research Associates in motivational techniques. 
Collins et  al. [49] provided training by doctoral-level 
experts in smoking cessation. Gilbert et  al. [46] trained 
Research Assistants in RCT methodology. In Glasgow 
et al. [52], Planned Parenthood staff received a 1-h train-
ing session whereas in Solomon et al. [56], support staff 

received periodic refresher training. The intervention 
by Etter et  al. tested the delivery of financial incentives 
[51] and the Research Assistants delivering the incentives 
were not trained in smoking cessation techniques.

Intervention fidelity
Measurements of fidelity varied between studies 
(Table 2). Manfredi et al. [54] and Etter et al. [51] did not 
state whether any fidelity checks occurred. Haas et al. [53] 
stated fidelity was not assessed and Glasgow et  al. [52] 
write that intervention delivery was measured, but pro-
vide no further detail. Andrews et al. [48] used a fidelity 
checklist. Supervision by experts was provided by Collins 
et al. [49]. Curry et al. [50], Bernstein et al. [47] and Gil-
bert et al. [46] audio-recorded interviews. Solomon et al. 
[56] and Curry et al. [50] reviewed call summary sheets 
and call logs. Solomon et al. [56] and Solomon et al. [55] 
conducted quality control calls with participants to verify 
contact and to ensure calls were well received.

Comparison arms
Two studies compared the intervention to usual care [50, 
53] and four used single control comparators (Table  1). 
These included written materials [46, 48] and NRT [55, 
56]. A combination of control conditions were allocated 
in the remaining studies.

Outcome measures and periods of follow-up
Studies reported cessation outcomes at multiple endpoints 
(Table  1). All studies used 7-day point prevalence absti-
nence as the primary outcome measure, with the exception 
of Etter et al. [51] and Glasgow et al. [52] who used ‘contin-
ued abstinence between 6 and 18 months’ and ’30-day point 
prevalence’ respectively. Biological verification through car-
bon monoxide or urine cotinine samples was collected in 
seven studies, but was not used by Curry et al. [50], Haas 
et al. [53], Manfredi et al. [54] or Solomon et al. [56].

Participant follow-up dates differed (Table 1). The long-
est follow-up period post-randomisation was 18 months 
[54], while the shortest was 3 months, which coincided 
with end of treatment [47].

Process measures
Three studies did not report process measures [47, 51, 
53] (Table  3). In studies with available data, interven-
tion completion rates were reasonably high. The highest 
proportion of women completing the intervention was 
95%, reported by Solomon et al. [55]. The lowest number 
reported was in Collins et  al. [49] with 105 completing 
the intervention of the 145 (72.4%) randomised.

In studies that provided follow-up data beyond the end 
of the intervention, follow-up rates dropped in most (see 
Table  3). For participants randomised to intervention 
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arms, the highest follow-up rate was Andrews et al.’s [48] 
Sister-to-Sister intervention with 185/200 (92.5%) women 
randomised responding at 12-month follow-up. The low-
est rate of 226/456 (42.9%) was reported by Manfredi 
et al. [54]. Data on intervention attendance were reported 
differently in each trial. The highest attendance rates were 
reported in both trials by Solomon et al. [55, 56].

Meta-analysis
Outcomes from 10 of the 11 studies were combined in 
each meta-analysis. One study by Haas et  al. [53] was 
excluded prior to meta-analysis consideration as it did not 
publish the number or proportion of abstinent smokers.

The remaining 10 studies were assessed for statisti-
cal heterogeneity and inconsistency. The I2 value was 
34%, and therefore deemed within acceptable limits to 
proceed to a meta-analysis [40]. Each study specified a 
greater than 50% follow-up for outcome measures; how-
ever, missing data for females were not reported in two 
studies [47, 51] (see Table 3).

Two of the trials were cluster RCTs but neither 
reported whether the intra-class correlation (ICC) had 
been accounted for in the original analysis [48, 54]. Please 
see Supplementary Material 3 for a description of how 
we accounted for the design effect in the Andrews et al. 
[48] and Manfredi et al. [54] studies.

Primary outcome
For trial related end-of-treatment smoking cessation out-
comes, or the first available follow-up, we found a low 
level of statistical heterogeneity  (chi2 = 13.66; degrees 
of freedom = 9; p = 0.13), and low ‘inconsistency’ in the 
effect size between trials (I2 = 34%).

Analyses with data from 10 studies showed that women 
in low-SES positions, who received a smoking cessation 
intervention (n = 2585) were statistically significantly 
more likely to have stopped smoking than women in low-
SES positions in control groups (n = 2409) (RR 1.68, 95% 
CI 1.36–2.08; I2 = 34%) (Fig. 2).

Outcome at further follow-up
Six studies completed further follow-ups after the end 
of intervention. We conducted a meta-analysis using the 
latest available follow-up data in trials where a period 
of time had passed between end-of-treatment and the 
follow-up (median = 9 months, interquartile range 
= 6–13.5 months). Using the same design effect size, 
we recalculated outcomes and sample sizes in the two 
cluster RCTs [48, 54]. The intervention event size was 
reduced from 18 to 13 in Andrews et  al., and control 
events were reduced from 9 to 7. In Manfredi et al, the 
intervention event size reduced from 59 to 28 and the 
control event size reduced from 69 to 32.

The difference in cessation rates between inter-
vention (n = 1404) and control (n = 1397) groups 
remained statistically significant, however, the RR 
was reduced (RR 1.23, 95% CI 1.04–1.45) (see Fig. 3). 
Statistical heterogeneity was not present  (Chi2= 
3.60; degrees of freedom = 5; p = 0.61) and I2 was 
low (I2= 0%).

Risk of bias
Most studies were considered to have some degree of 
bias (‘some concerns’) as authors did not specify whether 
statistical analyses were pre-defined (Table  4). In five 
studies, a high risk of bias was indicated due to the use 
of self-report rather than biological verification in the 
smoking cessation outcomes.

GRADE
The certainty of evidence according to GRADE was 
low (Table 5) [40]. In addition to the risk of bias noted 
above, there was a potentially serious risk of impre-
cision due to the small sample sizes of the included 
RCTs, despite the presence of a large intervention 
effect, and a strong suspicion of publication bias 
suggested by presence of an asymmetric funnel plot 
(Fig. 4).

Subgroup comparisons
We compared smoking cessation outcomes in low-
SES women, who had attended interventions targeting 
women-only, to low-SES women attending interven-
tions targeting both men and women. Both interven-
tion types found a statistically significant effect in 
favour of interventions compared to controls (see 
Fig.  5), but no statistical difference between sub-
groups. Studies that included biochemical verification 
and those that did not both had statistically signifi-
cant effects in favour of the intervention, but again no 
significant difference between subgroups (see Fig.  6). 
Studies based in clinical settings and those based in 
communities both had statistically significant effects 
in favour of the intervention compared to control 
arms, with no statistical difference between subgroups 
(Fig.  7). There was a greater effect size in face-to-
face interventions compared to other types of inter-
ventions, however, both intervention types favoured 
interventions rather than controls (see Fig.  8). 
Again, there was no statistically significant differ-
ence between subgroups (p = 0.09). Pharmacological 
therapies were included in four of the interventions 
and were not included in six. Although effectiveness 
was noted in interventions with pharmacotherapy and 
without, there was no significant difference in effec-
tiveness between subgroups (Fig. 9).
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Discussion
The findings of this systematic review and meta-anal-
ysis demonstrate that smoking cessation interventions 
directed to low-SES women are effective in the short 
term and that the effect persists but decreases with 
longer follow-up.

Previous reviews of smoking cessation interventions 
show promise in improving smoking cessation rates in 
disadvantaged groups including at-risk youth, individu-
als with mental illness and low-income smokers [32, 33]. 
Bryant et al. [32] conducted a meta-analysis of effective-
ness of smoking cessation interventions for low-income 
females using three trials (n = 2525) and found a sig-
nificant effect for studies when measured at the short-
est follow-up interval, though not when measured at the 
longest available interval. All three studies however origi-
nated in prenatal or paediatric clinics and, as such, have 
little generalisability for women who do not attend such 
services. Kock et  al. [33] examined the effectiveness of 
interventions for disadvantaged groups and the degree to 
which effectiveness is moderated by the tailoring of SES. 

They found evidence that individual-level interventions 
have some effectiveness for disadvantaged smokers but 
provide no information on gender-specific interventions.

We identified 11 studies that met our inclusion crite-
ria. These were published between 1997 and 2019 and 
included a total of 6153 female participants. Studies var-
ied in setting, recruitment methods, fidelity measures, 
intervention duration and type, comparison conditions 
and follow-up length.

The difference in smoking cessation rates between 
interventions and controls in this review at intervention 
end (RR 1.68, 95% CI 1.36–2.08) is similar to risk ratios 
reported in previous meta-analyses, for example the 
pooled cessation rate in individual-level interventions in 
socioeconomically disadvantaged groups generally (RR 
1.56, 95% CIs 1.39–1.75) [33]; the rate in reduction-to-
quit interventions compared to no treatment (RR 1.74, 
95% CIs 0.90–3.38, although not significant) [57]; and 
the rate in smoking cessation interventions in hospi-
tal settings (pooled odds ratio: 1.65, 95% CI 1.44–1.90) 
[58]. It is worth noting that while there was a statistically 

Fig. 2 Smoking cessation in intervention participants versus control participants at end of intervention or at earliest available end point

Fig. 3 Smoking cessation outcomes in studies with time points available beyond end-of-intervention
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significant difference between rates in the control and 
intervention groups in our study, the proportion of 
women stopping smoking was low (ranging from 7 to 
47.9% in the intervention group). While absolute suc-
cess rates are low, when applied to low-SES women 
in any specific country, these interventions can have 
a large effect. Smoking cessation may also have a cycli-
cal nature, whereby successful quitting requires several 

initial quitting attempts, often up to 30 or more before 
sustained quitting [59].

Few countries have attempted to tailor smoking ces-
sation services to meet the needs of women [60]. Hence, 
developing effective ways for low-SES women to engage 
with smoking cessation services is a public health prior-
ity. A recent development to address this need is the ‘We 
Can Quit’ programme developed in local communities in 

Table 5 GRADE summary of findings table

a The risk of bias table suggests there is some concern in most studies, with high risk of bias in 5 of the 11 studies
b Imprecision: the number of events for each outcome was less than 300 in all studies except Gilbert, Glasgow and Manfredi although the effect size is large
c The funnel plot shows asymmetry suggesting the presence of publication bias

Smoking intervention compared to control condition for smoking cessation in socio-economically disadvantaged women
Patient or population: Smoking cessation in socio-economically disadvantaged women or women living in disadvantaged areas
Setting: Varied
Intervention: Smoking intervention
Comparison: Control condition

Outcomes № of participants 
(studies) Follow-up

Certainty of the 
evidence (GRADE)

Relative effect (95% 
CI)

Anticipated absolute effects
Risk with control 
condition

Risk difference with 
smoking intervention

Smoking cessation at 
intervention end

5671 (10 RCTs) ⨁⨁◯◯ LOW a,b,c RR 1.67 (1.45 to 1.94) 82 per 1000 55 more per 1000 (37 
more to 77 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI).
CI: confidence interval; RR: risk ratio

GRADE working group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a 
possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of 
effect

Fig. 4 Funnel plot showing risk of publication bias. The y-axis represents study precision (standard error) and the x-axis represents individual risk 
ratios. This asymmetric funnel plot suggests the presence of publication bias
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Ireland using a community-based participatory research 
approach which is currently being evaluated in a pilot 
RCT [61].

Face-to-face interventions for smoking cessation dem-
onstrated the strongest effect size compared to other 
intervention types (although it is important to note there 
was no statistical difference between subgroups). A previ-
ous review, which included men and women, found indi-
vidual face-to-face counselling was more effective than 
self-help materials, and more intensive forms of coun-
selling were more effective than less intensive interven-
tions [62]. It is noteworthy and a cause for optimism that 
the effect sizes in the overall meta-analysis favoured the 
intervention groups even when 8/11 studies included in 
the meta-analysis used active controls, rather than treat-
ment-as-usual or no treatment. In these studies, active 
controls included written materials, NRT and Quitline 
telephone numbers.

Slightly higher effect sizes amongst women were 
observed in the three studies that targeted both men 
and women, rather than in the seven studies which tar-
geted women only, although there was no statistical dif-
ference between subgroups. It is possible studies that 
targeting both genders include male and female family 
members, who can support each other in their attempts 

to stop smoking. Future research comparing studies tai-
lored specifically to low-SES men and low-SES women, 
as well as comparisons of smoking cessation intervention 
effectiveness in low-SES women compared to affluent 
women, would be informative. Similarly, as this review 
includes only one study with a female-only group inter-
vention [48], one cannot draw definitive conclusions on 
the effectiveness of gender-specific individual-level or 
gender-specific group interventions, or the role of pos-
sible mechanisms like group cohesion or camaraderie in 
gender specific programmes.

Studies that included biochemical verification in their 
smoking cessation outcome measure had greater pooled 
effect sizes compared to studies with self-report out-
comes only (although the difference between subgroups 
was not statistically significant potentially due to the 
small number of studies included in the review), suggest-
ing participants self-reporting smoking may not over-
report cessation compared to those giving biochemical 
samples. Studies taking place in clinical settings also had 
a marginally higher effect size than community-based 
studies, although again the subgroups were not statisti-
cally significantly different. There may be a higher rap-
port between clinicians and participants which may be 
easier to capitalise during an intervention compared to 

Fig. 5 Interventions targeting only women versus interventions targeting both men and women
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Fig. 6 Comparison of interventions which included biological verification of smoking cessation versus interventions that did not

Fig. 7 Comparison of studies taking place in clinical settings versus studies in communities
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community-based studies which require de novo rela-
tionship- and rapport-building. The skill of the clinical 
practitioner is also likely to play a role, as well as poten-
tially greater precision in data collection, although this is 
not something we could quantify. It is important to note 
that while none of our subgroups showed statistically sig-
nificant differences, this may have been due to the rela-
tively small number of studies included.

Ten of the 11 studies used point-prevalence outcomes, 
with nine using 7-day point prevalence, one using 30-day 
point prevalence and one study using a continuous absti-
nence outcome. There is some debate over the robustness 
of the point prevalence measure although both point prev-
alence and continuous abstinence are highly correlated 
measures and produce similar effect sizes [63]. The rela-
tively low heterogeneity in this study further supports this.

With the exception of Andrews et  al. [48], all stud-
ies adopted individual-level approaches to smoking ces-
sation rather than neighbourhood or community-level 
approaches. Bauld et  al. [64] reported that while NHS 
Stop Smoking Services helped reduce health inequali-
ties, their individual-level approach did not address the 
social circumstances which perpetuate health inequali-
ties. This can be addressed through directing increased 
investment to communities where smoking prevalence is 
highest and viewing individual-level interventions as one 

part of broader tobacco control policies and strategies 
and income redistribution.

There are several limitations in this study. A small 
number of protocol deviations were made. Informa-
tion on the proportion of participants recruited to tri-
als from those eligible was not obtained as it was not 
routinely reported.

There was also a lack of consistent information 
on previous quit attempts, baseline and post-inter-
vention dependence (e.g. Fagerstrom scores) and 
smoking reduction behaviour which would have 
been useful additional moderating information. This 
review included only one group intervention so we 
could not compare the effectiveness of group sessions 
versus one-to-one interventions. We did not find 
information on any adverse effects of interventions 
such as withdrawal symptoms or serious adverse 
events which would have been of interest when inves-
tigating potential mediating effects of the interven-
tion on abstinence, although serious adverse events 
are unlikely with NRT, which is an over-the-counter 
drug. The effectiveness of behavioural support is 
likely dependent on the skill of the person deliver-
ing it [65]; however, a lack of information on deliv-
erer skill and experience means we could not account 
for this in our analyses. We did not include pregnant 

Fig. 8 Comparison of face-to-face interventions versus other intervention types
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women in this review as this is the subject of an on-
going review [34].

We cannot comment on whether interventions tai-
lored to women in low-SES groups are superior to inter-
ventions directed to all SES groups, or to low-SES men 
or affluent women as this review focuses on low-SES 
women only. One study in this review targeted all SES 
groups; however, we included participant data from 
women living in deprived areas only [46]. Regarding 
the generalisability of our findings, an important limita-
tion of our study is that most studies were located in the 
USA, and none in low-income countries. The definitions 
of deprivation and disadvantage varied between studies 
and deprivation is itself a relative concept. Deprivation in 
Switzerland (with a Gini coefficient of 32.3, where 0 indi-
cates perfect equality, and where 0% of the Swiss popula-
tion live below the international $1.90 poverty line) has 
a qualitatively different meaning than in the USA (with 
a Gini coefficient of 41.5 and where 1.2% live below the 
poverty line) [66]. Additionally, in studies where selection 
criteria constituted residence in areas of disadvantage 

rather than individual-level disadvantage, we cannot 
ascertain whether high-income women took part. As SES 
definitions differed considerably, a sub-group compari-
son was not possible.

Follow-up rates varied considerably between studies 
with three reporting outcomes at the end of treatment 
only [47, 49, 51]. There are calls for trials to assess absti-
nence at least 6 months after baseline [57], with preferred 
follow-ups at 6 and/or 12 months, with or without inter-
mediate measurements [67]. Nine of the included studies 
report outcomes 6 months post-baseline, but few fol-
lowed participants beyond this.

Finally, the certainty of the evidence in this review 
was low. The reason for this was because the risk of bias 
assessment indicated concerns in most studies, with high 
risk identified in five of the 11 studies. Imprecision was a 
concern as the number of events for each outcome was 
less than 300 in all studies except Gilbert et al. [46], Glas-
gow et al. [52] and Manfredi et al. [54] (this was further 
reduced to account for ICC).

Fig. 9 Comparison of studies testing intervention which included pharmacological therapies versus those that did not include pharmacological 
therapies
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While we have downgraded our findings for publication 
bias, as small negative trials may not have been published, 
we acknowledge that funnel plots to evaluate publication 
bias are difficult to interpret, especially with a small num-
ber of studies, as data are not adequate to evaluate clear 
patterns and asymmetry may be due to other factors. 
These include: industry funded studies, study quality, the 
different intensity of intervention, differences in underly-
ing risk, choice of effect measure and chance [68].

We therefore must conclude, that the certainty of avail-
able evidence on smoking cessation in low-SES is rela-
tively poor.

Despite these limitations, this review has several 
strengths. With the exception of Bryant et  al.’s small 
meta-analysis, no review had previously examined 
the effectiveness of smoking cessation interventions 
among low-SES women or women living in socio-
economically disadvantaged areas. Given the specific 
adverse effects of smoking in women, the high and 
sustained rates of smoking in low-SES women, the 
rapid rise in lung cancer rates in women, coupled with 
the WHO’s call for smoking cessation interventions 
tailored to women, our study goes some way in better 
understanding how low-SES women respond to smok-
ing cessation interventions. This review more gener-
ally addresses a lack of information on equity-related 
issues in tobacco cessation literature. A recent scoping 
review found only 24.5% of tobacco control reviews 
addressed equity-related concepts, and the majority 
of these sought to identify and describe disparities, 
rather than to account for inequity in relation to inter-
vention effectiveness [69]. This study also benefits 
from the inclusion of subgroup comparisons allowing 
the assessment of the size of treatment effects in meth-
odologically different studies.

Future systematic reviews would benefit from report-
ing the most effective intervention components using 
a theory-informed taxonomy [22] and consistent trial 
reporting on intervention attendance, fidelity measures 
and training sessions for delivery staff would assist in 
the pooling of data and strengthen future reviews. There 
is a need for untargeted smoking cessation interven-
tions to publish or make disaggregated data on gender, 
level of education, SES and ethnicity available for future 
researchers. Future reviews assessing the cost-effective-
ness of smoking cessation interventions for women in 
low-SES groups and reviews comparing the effectiveness 
of interventions tailored specifically to low-SES women 
to those tailored specifically to low-SES men may help 
shape the design and implementation of tobacco cessa-
tion services for those who need them most.

Conclusions
This is the first systematic review to examine the effec-
tiveness of smoking cessation interventions in socio-
economically disadvantaged women or women living in 
areas of socioeconomic disadvantage, a group historically 
under-served by smoking cessation services. Our find-
ings show that behavioural and behavioural plus pharma-
cotherapy interventions for smoking cessation targeting 
women in low-SES groups were effective in the short 
term, though longer follow-up periods indicated reduced 
effectiveness. Unfortunately, the certainty of available 
evidence is low. Future studies should explore ways to 
prevent smoking relapse in low-SES women who have 
successfully quit smoking and the cost effectiveness of 
these studies.
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