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A B S T R A C T

Aims: To evaluate the efficacy and safety of pharmacological therapies for smoking cessation in individuals with 
Type 2 Diabetes Mellitus (T2DM) through a systematic review, meta-analysis, and GRADE evaluation.
Methods: PubMed and Scopus were searched on 7 June 2024 using relevant keywords. Randomized controlled 
trials and prospective cohort studies involving adult smokers with T2DM receiving pharmacological treatments 
for smoking cessation were included. Data were extracted independently by two reviewers. Random-effects meta- 
analyses were conducted, and the certainty of evidence was assessed using GRADE.
Results: Eighteen studies (19 publications) were included. Pharmacotherapy significantly increased continuous 
abstinence rates at 12 and 24 weeks (p < 0.001), with ORs of 4.17 (95 % CI: 2.71–6.42) and 3.80 (95 % CI: 
2.52–5.72), respectively. At 52 weeks, varenicline was more effective than placebo (OR: 2.84, 95 % CI: 
1.41–5.69, p = 0.003). Adverse events were more frequent with varenicline, but not significantly (OR: 1.40, 95 % 
CI: 0.98–1.98, p = 0.06).
Conclusions: Varenicline appears effective for smoking cessation in T2DM, with an acceptable tolerability profile. 
Bupropion and NRT show potential efficacy. However, most evidence comes from post hoc analyses in which 
diabetes was not a predefined variable, warranting cautious interpretation.
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1. Introduction

Diabetes mellitus (DM) is characterized by elevated blood sugar 
levels caused by defects in insulin secretion, action, or both [1]. As of 
2021, it affects 537 million adults worldwide, with the International 
Diabetes Federation projecting a 46 % increase in cases by 2045 [2]. The 
most common form, type 2 diabetes mellitus (T2DM), arises from insulin 
resistance and a gradual decline in β-cell insulin production [3]. Chronic 
hyperglycemia in T2DM causes vascular damage, leading to macro
vascular and microvascular complications. Given that cigarette smoke 
exposure similarly contributes to vascular damage, endothelial 
dysfunction, and clotting activation [4–6], it is not surprising that the 
combined harmful effects of high blood glucose and cigarette smoke 
likely accelerate vascular complications in patients with diabetes who 
smoke. Indeed, research has shown that cigarette smoking increases the 
risk of both microvascular and macrovascular complications, as well as 
mortality, in patients with T2DM [7,8]. In line with these findings, 
smoking cessation dramatically reduces this excess risk [8–10]. While 
limiting exposure to cigarette smoke is a public health priority, it is even 
more critical for smokers with T2DM.

In the general population, smoking quit rates can be doubled or 
tripled when combining smoking cessation counseling with pharma
ceutical interventions including varenicline [11], bupropion [12], 
nicotine replacement therapy (NRT) [13], and cytisine [14]. However, 
the efficacy and tolerability of these treatments in individuals with 
T2DM remain under-researched, and for some interventions, such as 
cytisine, efficacy data specifically in patients with diabetes are lacking.

To address this gap and support the development of evidence-based 
treatment guidelines for improving patients’ outcomes, we conducted a 
systematic review, meta-analysis, and GRADE evaluation of the available 
evidence. This approach provides a structured method for assessing the 
quality of evidence and the strength of recommendations for individuals 
with T2DM who smoke.

2. Methods

The present review was reported following the Preferred Reported 
Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines. 
The protocol is registered in PROSPERO (CRD42024572377).

2.1. PICO (Population, Intervention, Comparator, Outcome)

The research strategy was based on the PICO approach:
Population (P)—adult patients (≥18 years) with T2DM who smoked 

at baseline;
Intervention (I)— pharmacological therapy for smoking cessation (e. 

g., varenicline, bupropion, NRT);
Comparison (C)— placebo, usual care, and counselling;
Outcome (O)— Primary: Continuous abstinence rate (CAR) at week 

12, 24 and 52; any adverse event. Secondary: Smoking abstinence (7- 
day point prevalence), weight gain post-cessation, and withdrawals due 
to treatment.

2.2. Search strategy

We conducted searches in PubMed and Scopus databases on 7 June 
2024, using keywords: “diabetes mellitus, type 2”, “smoking cessation”, 
“abstinence”, “varenicline”, “nicotine replacement therapy”, “bupro
pion”. The search syntax is in the Table S1. There were no exclusions by 
language or time. All included studies were reference checked and 
citation chased in Google Scholar. Expert recommendations were 
requested.

2.3. Inclusion criteria

Studies were included if they satisfied the following criteria: 1) 

Randomized controlled studies (RCTs) and prospective cohort studies or 
meta-analyses of such studies; 2) studies conducted among adult 
smokers with T2DM or reporting mixed results on both T1DM and 
T2DM; 3) pharmacological treatment for smoking cessation adminis
tered as a standalone intervention; 4) data on control group (including 
placebo and usual care).

2.4. Exclusion criteria

Studies were excluded if they were cross-sectional, case-control, 
retrospective cohort, non-systematic reviews, editorials, and comments; 
if data from patients with diabetes were mixed with those from other 
conditions; and if pharmacological treatment for smoking cessation was 
provided as optional medication.

2.5. Study selection and data extraction

Two reviewers independently screened titles and abstracts to deter
mine full-text assessment needs. Disagreements were resolved by a third 
reviewer. Full-text articles were then evaluated, and data were entered 
into a predefined table. The data extraction table captured information 
on: (1) trial methodology, setting, and duration of follow-up; (2) pop
ulation characteristics; (3) type of intervention; and (4) analyses and 
outcomes.

2.6. Risk of bias assessment

The risk of bias of outcomes from the included studies was assessed 
using the revised version of the Cochrane risk of bias tool, RoB 2. The 
judgments may indicate a risk of bias as “Low”, “High”, or “Some 
concerns“.

2.7. Meta-analysis

A meta-analysis was performed using the ’meta’ package in R, 
employing the metagen function with the calculated logOR and SE 
(logOR) as inputs. The meta-analysis was conducted using the random- 
effects models, and the results were presented as ORs with 95 % CIs.

Heterogeneity was assessed using the I2 statistic, with values over 50 
% indicating moderate heterogeneity. Subgroup analyses explored 
population or treatment differences, while sensitivity analyses assessed 
the impact of high-risk studies. All analyses were performed using R 
software (version 4.2.1) and the ’meta’ package (version 7.0).

Data extraction involved extracting the published odds ratios (OR) 
along with their confidence intervals (CIs), as well as the number of 
patients with the outcome and the total number of patients in both the 
intervention and comparator groups. For studies where the published 
OR was not available, the OR was calculated from the n/N data.

2.8. GRADE assessment

Using all relevant publications found in the systematic search, a 
GRADE analysis was conducted in accordance with the Cochrane 
Guidelines (Supplementary Appendix 1).

The GRADE assessment is made for each outcome reported for each 
treatment comparison. The overall GRADE assessment then informs the 
determination of the strength of the recommendation in favour of the 
intervention.

3. Results

A total of 540 citations were identified through electronic searches, 
with 19 additional publications found via citation tracking. After 
removing duplicates, 542 citations were screened, and 498 were deemed 
ineligible based on titles and abstracts. Two articles were unavailable. 
The remaining 42 articles were reviewed, with 23 excluded; the list of 
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excluded studies with reason for exclusion is in Table S2. Ultimately, 
this leaves 18 studies (19 publications) for inclusion (Fig. 1). Of these, 14 
were RCTs from Tonstad’s retrospective meta-analysis [15], though 
none specifically focused on individuals with diabetes. These RCTs were 
included for bias assessment, with further analyses referring to Ton
stad’s study [15]. Two studies from the EAGLES RCT covered over
lapping populations [16,17]. The main characteristics of the included 
publications are detailed in Table 1.

3.1. Study characteristics

One study was conducted in Europe [18], one in Asia [19], and the 
EAGLES RCT spanned 16 countries [16,17]. Tonstad’s retrospective 
analysis pooled 15 randomized, placebo-controlled trials across North 
and South America, Europe, Asia-Pacific, Africa. The follow-up duration 
across these studies varied from a minimum of 12 weeks to a maximum 
of 52 weeks [15,18] (Table S3). A total of 1,346 adult smokers with 
diabetes participated, with T2DM specifically noted in three studies 
[15,18,19]. All studies included both male and female participants, with 
the EAGLES RCT including smokers with or without psychiatric 
diagnoses.

Tonstad [15] and Russo [18] assessed varenicline’s efficacy 
compared to placebo. In the EAGLES RCT, Tønnesen [17] and Rojewski 
[16] stratified participants by active treatment (i.e., varenicline, 
bupropion, or NRT) and compared them with placebo. Similarly, 
Huang’s study [19] compared varenicline, bupropion, and NRT. All 
studies provided standardized individual counseling to all participants. 
Continuous abstinence rates was reported at 9–12, 9–24, and 9–52 
weeks, verified by breath carbon monoxide (CO) measurements 
[15–18]. CAR provides a robust measure of long-term cessation success, 
offering a more accurate reflection of sustained behavior change. One 
study [19] assessed smoking abstinence at weeks 12 and 24 using self- 
reported data from the Fagerström Test for Nicotine Dependence 

(FTND) questionnaire. Additionally, Russo’s RCT measured the 7-day 
point prevalence of abstinence at weeks 12, 24, and 52 [18]. While 
the 7-day point prevalence is easy to measure and provides immediate 
data at specific time points, it may not be as robust as CAR and often 
leads to overestimation of success rates.

Safety was investigated in four studies [15–18], weight changes in 
two [15,18], and only Russo reported withdrawals due to treatment- 
related adverse events [18].

3.2. Meta-analysis

3.2.1. Study selection
A total of 5 studies were deemed suitable for inclusion in the meta- 

analysis [15–19], of which only 2 contained overlapping data from the 
EAGLES trial [16,17]. Both studies reported continuous abstinence rates 
(CAR) at weeks 12 and 24 by treatment arm in patients with diabetes. As 
the Rojewski’s study included only the 282 participants recruited from 
the United States [16], while the Tønnesen’s study encompassed the full 
diabetic subgroup (n = 408), we opted to include only the Tønnesen’s 
data in the primary analysis to avoid duplication and ensure broader 
coverage [17]. Additionally, one study identified as having a high risk of 
bias was excluded from the primary analysis but retained for sensitivity 
analysis [19]. Inclusion of its outcome data (CAR at 24 weeks) in the 
sensitivity analysis did not alter the overall conclusions of the meta- 
analysis. Finally, 3 studies [15,17,18] were included in the primary 
analysis.

3.2.2. Continuous abstinence rate (CAR), week 12
The meta-analysis of CAR at week 12 included 3 studies [15,17,18], 

with 5 treatment comparisons. The random effects model yielded an OR 
of 4.17 (95 % CI: 2.71, 6.42), indicating that smoking cessation phar
macotherapy (i.e., varenicline, bupropion, and NRT) was significantly 
more effective than the comparator (p < 0.0001). Heterogeneity 

Fig. 1. Flow chart of review process.
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statistics was moderate (I2 value of 52.5 %), suggesting some variability 
in the effect sizes among the included studies (Fig. 2). Varenicline, 
bupropion, and NRT all provided a similar significant benefit compared 
to controls.

3.2.3. Continuous abstinence rate (CAR), week 24
The meta-analysis of CAR at week 24 included 3 studies [15,17,18], 

with 3 treatment comparisons. The random effects model showed an OR 
of 3.80 (95 % CI: 2.52, 5.72), indicating a similar significant benefit of 

Table 1 
Main characteristics of the included publications.

Author 
and Year

Setting Sample 
Size 
(n)

Study 
Duration

Study 
Follow- 
up

Age, 
years 
mean 
(SD) 
Men, n 
(%)

Type 1 
Diabetes, 
n(%)

Type 2 
Diabetes, 
n(%)

Intervention Control Primary Outcome

Huang 
et al., 
2023

Hospital, Taiwan 32 6 months 12th and 
24th 
weeks

56.0 
(10.62) 
56 
(82.4 
%)

− 68 (100 %) 2 month 
varenicline use 
plus 4 month 
coaching

Smoking 
cessation 
services alone 
or combined 
with 2 month 
varenicline 

Smoking abstinence 
(FTND) and 
smoking reduction 
(participants’ self- 
reported number of 
cigarettes smoked 
per day)

Rojewski 
et al., 
2024

Clinical trial 
centres, academic 
centres, and 
outpatient clinics 
in 16 countries 
(EAGLES RCT)

282 12 weeks 12th and 
24th 
weeks

NR NR NR Varenicline 
Bupropion 
NRT patch

Placebo Smoking abstinence 
(CAR)

Russo 
et al., 
2022

Hospital, Italy 300 12 weeks 12th, 
24th, 
and 
52nd 
weeks

57.4 
(0.8) 
236 
(78.66 
%)

− 300 Varenicline (0.5 
mg daily for 2–3 
days, 0.5 mg twice 
daily for 4 to 5 
days, and 1 mg 
twice daily for 11 
weeks)

Placebo Smoking abstinence 
(CAR)

Tønnesen 
et al., 
2022

Clinical trial 
centres, academic 
centres, and 
outpatient clinics 
in 16 countries 
(EAGLES RCT)

409 12 weeks 12th and 
24th 
weeks

54.8 
(9.4) 
191 
(46.7)

NR NR Varenicline (1 mg 
twice daily) 
Bupropion (150 
mg twice daily) 
NRT (patch 21 
mg/day)

Placebo Smoking abstinence 
(CAR)

Tonstad 
et al., 
2017

Retrospective 
pooled analysis of 
15 RCTs from all 
continents

323 12 weeks 12th, 
24th, 
and 52th 
weeks

55.6 
(9.35) 
242 
(74.9)

12 311 Varenicline 1 mg 
b.i.d 

Placebo Smoking abstinence 
(CAR)

Legend. b.i.d: bis in die (two times a day); CAR: Continuous Abstinence Rate; FTND: Fagerström Test for Nicotine Dependence; NR: Not Reported; NRT: Nicotine Replacement 
Therapy; RCT: Randomized Controlled Trial.

Fig. 2. Forest plot − CAR at 12 weeks.
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the interventions compared to controls. (p < 0.0001) with low to 
moderate heterogeneity (I2 value of 22.9 %) (Fig. 3).

3.2.4. Sensitivity analysis
Sensitivity analysis (4 studies, 5 comparisons) [15,17–19] confirmed 

the results with an OR of 3.68 (95 % CI: 2.48, 5.45) indicating a sig
nificant benefit of the intervention compared to the comparator (p <
0.0001) and similar low to moderate heterogeneity (I2 = 21.1 %) 
(Fig. 4).

At week 24, both primary and sensitivity analyses show that smoking 
cessation pharmacotherapy significantly increases the odds of contin
uous abstinence compared to the comparator. Consistent ORs and the 
inclusion of additional studies in the sensitivity analysis confirm the 
robustness of the primary analysis results. The low to moderate het
erogeneity suggests that the effect size is fairly consistent across studies, 
further supporting the efficacy of the intervention.

3.2.5. Continuous abstinence rate (CAR), week 52
At week 52, meta-analysis of 2 studies [15,18] with 1 treatment 

comparison yielded an OR of 2.84 (95 % CI: 1.41, 5.69), showing that 
varenicline was significantly more effective than the comparator (p =
0.003) with low to moderate heterogeneity (I2 = 31.8 %) (Fig. 5). No 
data were available for bupropion or NRT at this time point.

3.2.6. All adverse events (AE_ALL)
The meta-analysis of AE_ALL included 2 studies [15,18], with one 

treatment comparison. The random effects model showed an OR of 1.40 
(95 % CI: 0.98, 1.98), indicating a non-statistical trend towards more 
adverse events in the varenicline group (p = 0.06). Heterogeneity was 0 
%, indicating no variation among studies (Fig. 6, Table S4). No data 
were available for bupropion or NRT.

3.3. Secondary outcomes

3.3.1. Smoking abstinence (7-day point prevalence)
The Russo’s study (2022) [18] reported significantly higher smoking 

abstinence rates in the varenicline group versus placebo at all time 
points. At week 12, abstinence was 40.0 % vs. 11.0 % (OR 7.67, 95 % CI 
3.91–15.05; p < 0.001). By week 24, it was 29.0 % vs. 8.3 % (OR 4.44, 
95 % CI 2.17–9.07; p < 0.001), and at week 52, 23.7 % vs. 9.5 % (OR 

3.27, 95 % CI 1.57–6.78; P < 0.001).

3.3.2. Weight change
In the 2 studies [15,18], weight changes in patients with diabetes 

treated with varenicline and placebo were consistent. In the Tonstad’s 
study [15], patients who quit smoking saw identical weight increases of 
1.7 kg in both groups, with BMI increases of 0.56 kg/m2 (varenicline) 
and 0.54 kg/m2 (placebo). Among non-quitters, varenicline users 
gained slightly more weight (1.3 kg) than placebo users (0.5 kg), with 
corresponding BMI increases of 0.44 kg/m2 and 0.18 kg/m2, respec
tively. The Russo’s study [18] showed no significant differences in BMI 
or waist circumference between groups, supporting the overall finding 
of minimal weight variation across treatments.

3.3.3. Withdrawals due to treatment
In Russo’s study (2022) [18], discontinuation due to adverse events 

occurred in 4.0 % of patients in the varenicline group (6 cases) and 3.3 % 
in the placebo group (5 cases).

3.4. Risk of bias Appraisal

Table S5 summarizes the risk of bias of the included studies.

3.5. GRADE evaluation of smoking cessation in type 2 diabetes

The systematic review identified 6 publications that reported rele
vant data on separate clinical trials of pharmacological therapies for 
smoking cessation in people with T2DM. Of these: 

• Five reported outcome data for a relevant pharmaceutical interven
tion and comparator in patients with diabetes and were included in 
the GRADE analysis [15–19]. Two of these reported on different but 
overlapping populations from the same EAGLES RCT, so have been 
assessed as one study for the GRADE analysis [16,17].

• One was irretrievable [20].

One of the five included publications was a meta-analysis of clinical 
trials comparing varenicline to placebo in the general population, with 
individual patient data for participants with diabetes provided by the 
study sponsor [15]. We retrieved 14 of the 15 primary publications from 

Fig. 3. Forest plot − CAR at 24 weeks − Primary Analysis.

A. Martin et al.                                                                                                                                                                                                                                  Diabetes Research and Clinical Practice 224 (2025) 112202 

5 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



the meta-analysis (one was irretrievable). None reported outcomes for 
the diabetes subgroup, so we included the meta-analysis but assessed the 
individual studies’ risk of bias. While the primary studies had low bias, 
the meta-analysis only reported the overall odds ratio for cessation, not 
study-specific outcomes. In some cases, the primary RCTs reported 
slightly higher recruitment numbers than the meta-analysis, and one 
paper reported fewer participants with diabetes than the meta-analysis 
(47/355 in the varenicline group, 60/359 in the placebo group in the 
primary study [21]; compared with 58/295 patients in the varenicline 
group and 68/282 of the placebo group reported to have diabetes in the 
meta-analysis [15]). There is therefore some uncertainty about how far 
the results of the meta-analysis can be trusted to be accurate.

Using all relevant publications found in the systematic search, a 
GRADE analysis was conducted in accordance with the Cochrane 
Guidelines [22]. The outcomes of interest for which there was relevant 
data were continuous abstinence and adverse event rates.

A summary of the GRADE analysis is reported in the Table 2.

3.6. Adverse events

Three studies reported adverse events with varenicline versus pla
cebo: 2 RCTs [17,18] and one meta-analysis of 15 RCTs [15]. Commonly 
reported adverse events include nausea, headache, and insomnia. 
Although no statistical analysis was performed, nausea and abnormal 
dreams occurred in at least 5 % more patients on varenicline compared 
to placebo. All other adverse events were either reported by only one 
study or showed less than a 5 % difference between treatment arms 
(Tables S6, S7).

3.7. Other outcomes

In addition to the GRADE analysis outcomes, some publications 

Fig. 4. Forest plot − CAR at 24 weeks − Sensitivity Analysis.

Fig. 5. Forest plot − CAR at 52 weeks.
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assessed other outcomes, such as the proportion of participants with <
50 % or ≥ 50 % smoking reduction, all adverse events, point abstinence 
rates, and adverse events leading to treatment discontinuation. These 
were excluded from the GRADE analysis as they appeared in only one 
high-risk publication, with no comparable results available 
(Supplementary Appendix 2).

4. Discussion

This is the first systematic review and meta-analysis on pharmaco
logical treatments for smoking cessation in patients with T2DM, 
showing significant benefits of pharmacotherapy on CAR. Tolerability 
and weight changes were also assessed, with no significant differences 
between varenicline and placebo.

Specifically, the results of this meta-analysis provide robust evidence 
supporting the efficacy of varenicline as a smoking cessation aid in in
dividuals with T2DM. Pooled data from three key studies [15,17,18] 

demonstrated that varenicline significantly increased CAR at 12, 24, and 
52 weeks compared to placebo, with odds ratios of 4.17, 3.80, and 2.84, 
respectively. These findings highlight varenicline’s potential for sus
tained smoking cessation, crucial for reducing cardiovascular and other 
smoking-related risks in patients with diabetes [23].

The week 12 results are particularly noteworthy, showing that 
pharmacotherapy more than quadruples the odds of sustained absti
nence during the early, critical phase of cessation, when the risk of 
relapse is highest [24,25]. The moderate heterogeneity indicates some 
variability between studies, but the overall effect of pharmacotherapy is 
consistently positive. By week 24, the benefits of varenicline remained 
significant consistent with its mechanism of action in targeting nicotinic 
acetylcholine receptors to reduce cravings and withdrawal symptoms 
[26]. Low to moderate heterogeneity across studies of all three phar
macotherapies further supports the reliability of these findings. The 
sensitivity analysis, which included the Huang’s study (2023) [19], 
confirmed the robustness of the primary outcomes, with similar odds 

Fig. 6. Forest plot − All Adverse Events.

Table 2 
GRADE analysis for the outcome of continuous abstinence rate (CAR).

CAR at week 12

Comparison Initial 
score

Conclusion ROB Consistency Indirectness Imprecision Effect 
size

Dose 
effect

Confounding Final 
score

Bupropion vs 
placebo

4 Bupropion more 
effective

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Varenicline vs 
placebo

4 Varenicline more 
effective

No 
change

No change No change ¡1 þ1 No 
change

No change 4

NRT vs placebo 4 NRT more effective No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Varenicline vs 
bupropion

4 Varenicline more 
effective

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Varenicline vs NRT 4 No significant 
difference

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Bupropion vs NRT 4 No significant 
difference

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

CAR at 24 weeks
Bupropion vs 

placebo
4 Bupropion more 

effective
No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Varenicline vs 
placebo

4 Varenicline more 
effective

No 
change

No change No change ¡1 þ1 No 
change

No change 4

NRT vs placebo 4 NRT more effective No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Varenicline vs 
bupropion

4 Varenicline more 
effective

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Varenicline vs NRT 4 No significant 
difference

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

Bupropion vs NRT 4 No significant 
difference

No 
change

No change No change ¡1 No 
change

No 
change

No change 3

CAR at 52 weeks
Varenicline vs 

placebo
4 Varenicline more 

effective
No 
change

No change No change ¡1 þ1 No 
change

No change 4
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ratios and low heterogeneity, reinforcing the generalizability of the 
data. By week 52, varenicline’s effect on sustained abstinence, though 
slightly reduced, remained statistically significant, with no data for 
bupropion or NRT. This prolonged effect is beneficial for individuals 
with diabetes, as sustained cessation reduces the risk of cardiovascular 
events and improved glycemic control over time [8,27]. Low hetero
geneity at one year supports varenicline’s consistent efficacy in main
taining cessation. However, declining odds ratios suggest reduced long- 
term efficacy, possibly due to relapse or rising quit rates in the control 
group. Over time, behavioral and psychological factors—such as stress, 
triggers, and habits—become more prominent, increasing the risk of 
relapse [28]. Smoking relapse is particularly common among people 
with depression, a condition frequently associated with patients 
suffering from T2DM [29,30].

The results of this meta-analysis provide limited evidence for NRT 
and bupropion, as they primarily derive from a single study (EAGLES) 
[31], reducing confidence in the consistency of these findings. Of note, 
their effect sizes and confidence intervals are similar to that of vareni
cline, which supports the hypothesis that they may also be beneficial. 
Further studies are needed to confirm the efficacy of these drugs in 
patients with T2DM.

The pooled odds ratio for adverse events with varenicline was 1.40 
(95 % CI: 0.98–1.98; p = 0.06), a finding that approaches statistical 
significance and warrants careful interpretation. This consideration is 
especially important in patients with chronic conditions such as T2DM, 
where even mild side effects may influence adherence and overall 
treatment acceptability. Nonetheless, treatment discontinuation rates 
were not markedly elevated, suggesting that varenicline remained 
generally acceptable in terms of tolerability and adherence in this 
population [18]. Moreover, common adverse events, such as nausea and 
abnormal dreams, were mild and aligned with previous findings in the 
general population [15]. Additionally, a recent review found no clini
cally significant interactions between smoking cessation treatments and 
antidiabetic medications [32].

The inclusion of weight change data from the Tonstad’s [15] and 
Russo’s [18] studies sheds light on the broader implications of smoking 
cessation for individuals with diabetes, many of whom are overweight or 
obese. Weight gain after quitting smoking is a common concern among 
people with diabetes [33,34], as it can worsen glycemic control and 
insulin resistance, potentially reducing the benefits of smoking cessation 
for diabetes and cardiovascular health. Notably, Pani et al. [35] iden
tified weight gain as a predictor of worsening diabetic control. 
Furthermore, insulin resistance after quitting significantly increased in 
weight gainers but not in weight maintainers [36]. However, the lack of 
significant post-cessation weight gain with varenicline is reassuring, 
suggesting that the metabolic and cardiovascular benefits of quitting 
smoking for diabetes management are not compromised by weight gain.

Considering the significant efficacy and tolerability of varenicline in 
individuals with T2DM, healthcare professionals can confidently 
recommend it as a first-line pharmacotherapy for smoking cessation in 
motivated patients. However, long-term monitoring and support are 
essential to sustain abstinence after the initial intervention. Addition
ally, healthcare providers can reassure patients that quitting smoking 
with varenicline is unlikely to result in significant weight gain, thereby 
promoting treatment adherence.

Despite strong evidence for varenicline, this analysis has limitations. 
While several high-quality RCTs included data on patients with T2DM, 
the Tonstad’s meta-analysis [15] used unpublished data from 14 RCTs 
that did not report outcomes specifically for patients with diabetes. 
Additionally, these RCTs did not stratify by diabetes status, which may 
affect the accuracy of varenicline’s efficacy and safety in this subgroup. 
Our systematic review may have missed studies that reported diabetes- 
specific outcomes only in full texts. However, even with a broader 
search, potential issues with randomization not stratified by diabetes 
status could undermine subgroup analysis reliability.

5. Concluding remarks

This meta-analysis shows varenicline as an effective smoking cessa
tion aid for people with T2DM, with sustained abstinence up to 52 weeks 
and an acceptable tolerability profile, supporting its long-term benefits. 
Varenicline, combined with counseling, is strongly recommended due to 
significant reductions in smoking, despite more frequent but mild side 
effects like nausea and abnormal dreams. Nicotine replacement therapy 
and bupropion receive a moderate recommendation, limiting confi
dence in results. While varenicline is supported by multiple studies and 
longer-term follow-up data, the evidence for bupropion and NRT is 
primarily drawn from a single trial (EAGLES). As such, recommenda
tions for these interventions should be viewed as preliminary and 
interpreted with caution until additional supporting data become 
available.

It should be noted that most of the included trials did not stratify 
participants by diabetes status at the time of randomization. Conse
quently, conclusions regarding efficacy and safety in individuals with 
T2DM are derived from subgroup analyses or pooled data, which may 
limit the direct applicability of the findings. This limitation underscores 
the need for future studies specifically designed to evaluate outcomes in 
this population.

Strengthening global diabetes education programs to support 
smoking cessation and exploring alternatives for those struggling to quit 
is essential.

5.1. Future Directions

Pharmacotherapies such as cytisine, along with complete substitu
tion of tobacco cigarettes with combustion-free alternatives like e-cig
arettes and heated tobacco products, are currently under investigation 
for smoking cessation and may offer potential benefits for individuals 
with T2DM. Cytisine, a partial agonist of the α4β2 nicotinic recep
tor—similar to varenicline—has demonstrated comparable 6-month 
abstinence rates in the general population [14]. However, data specif
ically evaluating its efficacy and safety in individuals with diabetes are 
currently lacking. Similarly, e-cigarettes have shown comparable 
effectiveness to varenicline in recent network meta-analyses [39] and 
may offer a less harmful alternative for nicotine delivery by reducing 
exposure to toxicants [37,38]. Although these therapies were not 
included in the present review, they merit further investigation in 
diabetes-specific populations. In this context, the ongoing DiaSmoke 
trial [40] is expected to provide valuable insights into the role of 
combustion-free alternatives like e-cigarettes and heated tobacco 
products for smoking cessation in individuals with T2DM.
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