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ABSTRACT 

Objective: To systematically evaluate the effect of smoking cessation on glycaemic control — indexed by HbA1c, fasting 

blood glucose and insulin resistance — in adults with T2DM. 

Methods: A PRISMA 2020-compliant search of PubMed/MEDLINE and Google Scholar was conducted through March 

2025. Of 56 records identified, 24 underwent full-text review; six studies (N = 15,744; five countries) met all inclusion 

criteria. Evaluation of quality using the Cochrane RoB 2 tool for RCTs and ROBINS-I for observational studies. 

Results: the number of records included were six studies: two RCTs, two cohort studies, one retrospective cohort, and one 

cross-sectional observational study. Two observational studies documented a transient short-term HbA1c increase post-

cessation, primarily attributed to weight gain. One large cross-sectional study provided supportive associative evidence of 

a dose- and time-dependent inverse connection among cessation duration, HbA1c, and insulin resistance; however, its 

design precludes causal inference. One retrospective cohort showed significant HbA1c reduction at six months despite 

weight gain. Both RCTs reported null findings, reflecting critically insufficient cessation rates. 

Conclusions: Cessation follows a temporally biphasic glycaemic trajectory: a transient early deterioration followed by 

sustained long-term improvement. Proactive weight management — including GLP-1 receptor agonist therapy where 

indicated — is essential to optimise post-cessation metabolic outcomes. Adequately powered long-term RCTs are urgently 

required. 
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1. INTRODUCTION 

Diabetes melilitus (T2DM) influence many people around the globe with current data around 537 million and expected to 

jump in 2045 to around 783 million (International Diabetes Federation, 2021) (1), with sustained HbA1c reduction 

constituting the cornerstone of complication prevention. Tobacco smoking — the leading stoppable cause of premature 

mortality (World Health Organization, 2023) (2), converges deleteriously on glucose homeostasis through multiple 

pathways. Nicotine stimulates catecholamine secretion, augmenting hepatic glucose output and peripheral (3)(4). Activation 

of nicotinic acetylcholine receptors impairs IRS-1 insulin signal transduction via the MAPK and mTOR pathways (5), while 

smoke-derived reactive oxygen species deplete Nrf2-mediated antioxidant defence and disrupt endothelial nitric oxide 

synthase activity (6).Systemic inflammation characterized by elevated IL-6 and TNF-α further impairs beta-cell function 
(7)(8).Active smoking in T2DM independently elevates cardiovascular mortality (9) and worsens cardiometabolic profiles 
(10). 

Smoking cessation is universally recommended in T2DM guidelines (American Diabetes Association, 2024) (11)(12)(13). 

Nevertheless, cessation presents a clinical paradox: patients commonly experience a rise in transient HbA1c, 

predominantly attributed to post-cessation weight gain (14) and alterations in appetite-regulating hormones. Unique patient-

level barriers — including diabetes-related depression, perceived metabolic benefits of smoking, and weight-gain 

apprehension — further complicate cessation management (15). Emerging pharmacological strategies combining 

varenicline with glucagon-like peptide-1 receptor agonists (GLP-1 RAs) offer integrated solutions that address cessation, 

weight, and glycaemia simultaneously (16)(17). This systematic review synthesises the available evidence on the temporal 

pattern and magnitude of glycaemic change following smoking cessation in adults with T2DM. 

 

2. METHODS 

This review was executed and written in according with the PRISMA 2020 statement (18). Registration in PRSPERO with 

ID CRD420261338679 was performed. 
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2.1 Search Strategy 

PubMed/MEDLINE and Google Scholar were searched from inception through March 2025 using: ("smoking cessation" 

OR "tobacco cessation" OR "quit smoking") AND ("type 2 diabetes" OR "diabetes mellitus type 2") AND ("HbA1c" OR 

"glycaemic control" OR "blood glucose" OR "insulin resistance"). Searches were conducted independently by both 

authors; results were merged, de-duplicated, and supplemented by manual reference screening, yielding 56 total records. 

 

2.2 Eligibility Criteria 

Inclusion: Adults (≥18 years) with confirmed T2DM; smoking cessation as an intervention or exposure; a comparator of 

continued smokers or usual care; at least one quantitative glycaemic outcome (HbA1c, FBG, or HOMA-IR); study designs 

of RCT, cohort, or cross-sectional observational study (the last accepted for associative evidence only). Exclusion: Type 

1 DM, gestational DM, paediatric samples, studies reporting only cessation rates without glycaemic data, review articles, 

conference abstracts, and studies at critical risk of bias. 

 

2.3 articles Selection, Data Extraction, and Quality Assessment 

Both authors self-reliant viewed records and resolved disagreements by consensus. Standardised extraction forms captured 

study design, participant characteristics, cessation intervention details, and glycaemic outcomes. Evaluation of risk of bias 

utilizing the Cochrane RoB 2 tool (19) for RCTs and ROBINS-I (20) for observational articles. Narrative synthesis was 

preformed because of substantial methodological heterogeneity. 

 

3. RESULTS 

3.1 record Selection 

Of 56 papers spotted, seven duplicates were removed, yielding 49 for title/abstract screening; 25 were excluded. Of the 24 

full-text articles assessed, 18 were excluded: six review or scoping review articles (Tonstad, 2009(21); Walicka et al., 

2022(22); Driva et al., 2022(23)); one Chinese-only publication (Su et al., 2017(24)); three reporting cessation rates only 

(Persson & Hjalmarson, 2006(25); Canga et al., 2000(26); Polosa et al., 2025(27)); two non-T2DM cohorts; two with smoking-

status data only; two at critical risk of bias; one duplicate; and one conference abstract. Six studies met all inclusion criteria. 

The PRISMA 2020 flow diagram is presented in Figure 1. 

 

Figure 1. PRISMA 2020 Flow Diagram — Study Selection Process 

IDENTIFICATION 

 

Identifiable records through database searches 

PubMed/MEDLINE (n = 18)  |  Google Scholar (n = 38) 

Total identified: n = 56 

 
Additional records from manual searching 

(n = 0) 

▼   

researches after duplicates removed 

(n = 49) 

 Duplicates excluded: n = 7 

  Identical records across databases 

 

SCREENING 

 

researches screened (title and abstract) 

(n = 49) 

 Excluded at title/abstract: n = 25 

  Irrelevant to PICO (n = 12) 

  Incorrect population (n = 5) 

  Ineligible study design (n = 5) 

  No glycaemic outcomes (n = 3) 

▼   

 

ELIGIBILITY 

 

Full-text researches assessed for eligibility 

(n = 24) 

 Excluded at full-text review: n = 18 

  Review/scoping review articles (n = 6) 

  Language barrier (n = 1) 

  Cessation rates only (n = 3) 
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  Type 1 DM or non-diabetic (n = 2) 

  Smoking status only (n = 2) 

  Critical risk of bias (n = 2) 

  Duplicate publication (n = 1) 

  Conference abstract (n = 1) 

▼   

 

INCLUDED 

 

included articles in qualitative synthesis (n = 6) 

2 RCTs  |  2 Cohort Studies  |  1 Cross-Sectional Observational Study  |  1 Retrospective Cohort 

Total participants: N = 15,744 

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses. T1DM = type 1 diabetes mellitus. 

RoB = risk of bias. PICO = Population, Intervention, Comparator, Outcome. 

 

3.2 Characteristics of Included records 

Six articles released between 2004 and 2025 spanned Japan (n = 2), Taiwan (n = 1), the UK (n = 1), Malaysia (n = 1), and 

Hong Kong (n = 1), comprising two RCTs (Ibrahim, 2023(28); Li et al., 2017(29)), one retrospective cohort (Fu et al., 2025)(30) 

, one prospective observational cohort (Iino et al., 2004)(31), one primary care database cohort (Lycett, 2015)(32), and one 

cross-sectional observational article (Ohkuma, 2015)(33) . The cross-sectional study was included because it evaluated 

glycaemic control according to cessation status and time since quitting; however, due to its design, temporal and causal 

inferences remain limited. The total sample was 15,744 (range: 25–10,592); participants were predominantly male (87–

100%); baseline HbA1c ranged from 6.53% to 8.8%, reflecting heterogeneous clinical contexts. The included articles 

features are summarised in Table 1. 

 

Table 1. features of the Included records 

article 
Title 

(Abbreviated) 
Geography Design n 

Follow-

up 

Exposure vs. 

Comparator 

Primary 

Glycaemic 

Outcome 

Fu et al. 

(2025)(30) 

Smoking cessation: 

metabolic & renal 

effects 

Taiwan 
Retrospective 

cohort 
1,954 

6 

months 

Cessation 

success vs. 

failure 

HbA1c ↓ 

6.59→6.28%; 

β=−0.258 

Iino et al. 

(2004)(31) 

Smoking cessation 

& glycaemic 

control in T2DM 

Japan 

Prospective 

observational 

cohort 

25 
12 

months 

Quitters (n=15) 

vs. continued 

smokers 

HbA1c ↑ 

6.8→7.8% at 

12 months 

Lycett et al. 

(2015)(32) 

Smoking cessation 

& HbA1c: THIN 

cohort 

UK 

Database 

cohort 

(THIN) 

10,592 
12 

months 

Cessation vs. 

continued 

smoking 

Transient 

HbA1c ↑ 

+0.21% (95% 

CI 0.17–0.25) 

Ibrahim et 

al. (2023)(28) 

Brief cessation 

intervention & 

glycaemia in 

T2DM 

Malaysia 

Randomised 

controlled 

trial 

126 
~6 

months 

5A's 

counselling vs. 

usual care 

No 

significant 

HbA1c 

difference 

Ohkuma et 

al. (2015)(33) 

Dose/time-

dependent 

cessation & 

glycaemia: 

Fukuoka Registry 

Japan 

Cross-

sectional 

observational 

2,490 N/A 

Never / past / 

current 

smokers; years 

since quitting 

HbA1c ↓ 

linearly with 

cessation 

years; 

HOMA2-IR 

dose-

response 
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article 
Title 

(Abbreviated) 
Geography Design n 

Follow-

up 

Exposure vs. 

Comparator 

Primary 

Glycaemic 

Outcome 

Li et al. 

(2017)(29) 

Brief cessation 

intervention & 

glycaemia in 

T2DM 

Hong Kong 

Randomised 

controlled 

trial 

557 
12 

months 

Stage-matched 

counselling vs. 

usual care 

No 

significant 

HbA1c 

difference at 

12 months 

T2DM = type 2 diabetes mellitus. RCT = randomised controlled trial. THIN = The Health Improvement Network. 

N/A = not applicable. Note: Ohkuma et al. (2015) is cross-sectional; causal and temporal inferences are limited 

accordingly. 

 

3.3 Risk of Bias 

Both RCTs were graded as having as low overall risk on the RoB 2 tool, with adequate randomisation, allocation 

concealment, and biochemically verified outcomes. The THIN database cohort (Lycett et al., 2015) (32) and the Fukuoka 

Registry study (Ohkuma et al., 2015) (33) were rated moderate, primarily reflecting potential residual confounding. Iino et 

al. (2004) (31) was rated as high risk owing to a very small sample (n = 25) and inadequate confounder control. Fu et al. 

(2025) (30) was rated as moderate due to its retrospective design and telephone-verified smoking status. Assessments are 

Exhibited in Table 2. 

 

Table 2. Risk of Bias evaluation of Included records 

Study Tool Selection Performance Detection Attrition Reporting 
Overall 

Risk 

Fu et al. 

(2025) 
(30) 

ROBINS-I Moderate Moderate Moderate Low Low Moderate 

Iino et al. 

(2004) (31) ROBINS-I High High Moderate Low Low High 

Lycett et al. 

(2015) (32) ROBINS-I Low Moderate Low Low Low Moderate 

Ibrahim et al. 

(2023) (28) 

Cochrane 

RoB 2 
Low Low Low Low Low Low 

Ohkuma et 

al. (2015) (33) ROBINS-I Moderate N/A Moderate N/A Low Moderate 

Li et al. 

(2017) (29) 

Cochrane 

RoB 2 
Low Low Low Moderate Low Low 

Colour coding: Green = Low; Yellow = Moderate; Red = High. RoB 2 = Cochrane Risk of Bias 2 (RCTs). ROBINS-

I = Risk Of Bias in Non-randomised Studies (observational). N/A = not applicable. 

 

3.4 Glycaemic Outcomes 

Fu et al. (2025) (30). In 1,954 Taiwanese adults enrolled in a pharmacotherapy-supported cessation programme, successful 

abstinence produced a significant reduction in HbA1c from 6.59% to 6.28% at six months (β = −0.258; 95% CI: −0.502 to 

−0.014; p < 0.05), despite weight gain, alongside improvements in LDL and estimated glomerular filtration rate. 

Iino et al. (2004) (31). Among 25 Japanese patients (high risk of bias), HbA1c increased significantly from 6.8% to 7.8% 

at twelve months in quitters versus no change in continued smokers; fasting and postprandial glucose were similarly 

elevated. Weight gain was the proposed primary mediator, although the very small sample substantially limits 

generalisability. 

Lycett et al. (2015) (32). In 10,592 UK primary care patients, HbA1c increased by a mean of 0.21% (95% CI: 0.17–0.25; 

p < 0.001) during the year one post-cessation. Critically, this persisted after weight adjustment, implicating weight-

independent mechanisms including withdrawal-related alterations in leptin, ghrelin, and GLP-1 (34). HbA1c trajectories 

converged toward baseline levels over three years of sustained abstinence. 
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Ibrahim et al. (2023) (28). This RCT of a brief 5A’s physician-delivered intervention (n = 126) found no significant 

differences in HbA1c over six months (baseline 8.6% vs. 8.8%; p = NS), with identical 6.3% quit rates in both arms. The 

null finding reflects insufficient cessation rates rather than an absence of glycaemic benefit (Lindson et al., 2023) (35). 

Ohkuma et al. (2015) (33). This cross-sectional observational study of 2,490 male patients from the Fukuoka Diabetes 

Registry provided supportive associative evidence: current smoking was interconnected with a multivariate-adjusted rise 

in HbA1c of +0.19% relative to never-smokers (95% CI: 0.08–0.30; p < 0.001), and HbA1c decreased progressively with 

cessation duration (β = −0.17 for <10 years, −0.17 for 10–19 years, −0.23 for ≥20 years; p for trend < 0.001), with HOMA2-

IR exhibiting a parallel dose-response pattern, all persisting after multivariable adjustment. Because of the cross-sectional 

design, however, definitive temporal and causal inferences cannot be drawn from these data. 

Li et al. (2017) (29). In 557 Hong Kong patients, HbA1c did not differ significantly between a stage-matched nurse 

counselling intervention and usual care at twelve months (7.95% vs. 8.05%; p = 0.49), nor between confirmed abstainers 

and non-quitters (7.96% vs. 7.99%; p = 0.90). Low quit rates (9.2% vs. 13.9%) and the predominance of pre-contemplation 

stage participants limit the interpretability of this null finding. 

Fasting blood glucose was not significantly associated with smoking status after adjustment in any study, consistent with 

the hypothesis that smoking preferentially elevates HbA1c via post-prandial excursions and glycation kinetics rather than 

fasting glycaemia (Ohkuma et al., 2015) (33). Glycaemic outcomes are summarised in Table 3. 

 

Table 3. Summary of Glycaemic Outcomes Across Included records 

Study n HbA1c Change 
FBG / HOMA-

IR 
Significance Notes 

Fu et al. 

(2025) (30) 1,954 

HbA1c ↓ 6.59%→6.28%; 

β=−0.258 (95% CI −0.502 

to −0.014) 

FBG: not 

reported HOMA-

IR: not reported 

Significant 

(p<0.05) 

Net benefit despite 

weight gain; 

improved eGFR 

and LDL 

Iino et al. 

(2004) (31) 25 

HbA1c ↑ 6.8%→7.8% at 

12 months; FBG and PPG 

also elevated 

FBG and PPG 

elevated post-

cessation 

Significant 

deterioration 

High RoB; small 

sample; weight 

gain implicated 

Lycett et al. 

(2015) (32) 10,592 

Transient ↑ +0.21% (95% 

CI 0.17–0.25) year 1; 

resolved by year 3 

Not separately 

reported 

Significant 

short-term 

increase 

Weight-

independent after 

adjustment; large 

primary care 

cohort 

Ibrahim et 

al. (2023) (28) 126 
No significant change 

(8.6% vs. 8.8%; p=NS) 
Not reported 

Non-

significant 

6.3% quit rate both 

groups; no 

pharmacotherapy 

used 

Ohkuma et 

al. (2015) (33) 2,490 

Current smokers +0.19% 

vs. never (95% CI 0.08–

0.30); β decreases linearly 

with cessation years 

FBG: NS after 

adjustment; 

HOMA2-IR: 

dose-response 

decrease 

Significant; 

dose- and 

time-

dependent 

Cross-sectional: 

associative 

evidence only; 

male only 

Li et al. 

(2017) (29) 557 
No significant difference 

(7.95% vs. 8.05%; p=0.49) 
Not reported 

Non-

significant 

>70% pre-

contemplation; 

9.2% vs. 13.9% 

quit rate 

HbA1c = glycated haemoglobin. FBG = fasting blood glucose. PPG = postprandial plasma glucose. HOMA2-IR = updated 

homeostatic model assessment of insulin resistance. NS = not statistically significant. Note: Ohkuma et al. (2015) provides 

associative evidence only; cross-sectional design precludes causal inference. 

 

4. DISCUSSION 

4.1 Principal Findings 

This systematic review reveals that the glycaemic response to smoking cessation in T2DM is characterised by a temporally 

biphasic pattern: a transient short-term HbA1c deterioration in the early post-cessation period, followed by progressive, 
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dose- and time-dependent improvement with sustained long-term abstinence. This pattern has direct implications for 

patient counselling, integrated pharmacological management, and the design of future trials. 

 

4.2 Short-Term Glycaemic Deterioration: Mechanisms 

Post-cessation HbA1c elevation is predominantly, but not exclusively, mediated by weight gain. Nicotine withdrawal 

reverses anorexigenic and thermogenic effects, increasing visceral adiposity and insulin resistance in approximately 80–

90% of quitters (14). However, the persistence of HbA1c elevation after weight adjustment in the THIN cohort (Lycett et 

al., 2015) (32) implicates additional weight-independent mechanisms: withdrawal-related alterations in leptin, ghrelin, and 

endogenous GLP-1 secretion, as well as cessation of nAChR-mediated modulation of hepatic glucose output (5). 

Pharmacotherapy-facilitated cessation may attenuate this effect; Driva et al. (2024) (13) found that varenicline-facilitated 

cessation was not associated with significant HbA1c deterioration and was accompanied by increased plasma GLP-1 and 

leptin without significant weight gain at four months. 

 

4.3 Long-Term Glycaemic Improvement: Evidence and Mechanisms 

The most compelling evidence for sustained benefit derives from the Fukuoka Registry (Ohkuma et al., 2015) (33), which 

demonstrated progressive HbA1c and HOMA2-IR reductions over 20 or more years of abstinence. Although the cross-

sectional design inherently limits causal and temporal inference, the dose- and time-dependent gradient — persisting after 

rigorous multivariable adjustment — provides robust associative evidence for long-term benefit. Underlying mechanisms 

include progressive resolution of oxidative stress (Klein et al., 2023) (6), restoration of endothelial nitric oxide 

bioavailability (Bergman et al., 2012) (5), normalisation of systemic inflammatory burden (7)(8), and recovery of IRS-1 

insulin signalling (3). That Fu et al. (2025) (30) observed a net HbA1c reduction at six months despite weight gain further 

suggests that direct glycaemic benefits of cessation can outweigh early adiposity-related deterioration in select contexts. 

 

4.4 Null RCT Findings: Methodological Interpretation 

The null HbA1c findings of both RCTs reflect insufficient cessation rates (6–14%), not an absence of glycaemic benefit. 

Neither incorporated pharmacotherapy, the established determinant of cessation success: a Cochrane network meta-

analysis confirmed that varenicline yields substantially higher abstinence rates than counselling alone (35). Both populations 

were predominantly pre-contemplative. Future RCTs must be pharmacotherapy-inclusive, powered on cessation rate, and 

sufficiently long (≥24–36 months) to capture long-term glycaemic trajectories. 

 

4.5 GLP-1 Receptor Agonists: An Integrated Therapeutic Strategy 

GLP-1 RAs simultaneously address glycaemia, post-cessation weight gain, and potentially tobacco dependence, offering 

particular clinical utility in T2DM patients who smoke. Preclinical evidence demonstrates that central GLP-1 receptor 

activation attenuates nicotine self-administration and reward (16). Lüthi et al. (2024) (17) showed that dulaglutide combined 

with varenicline attenuated post-cessation weight gain and reduced new-onset prediabetes in abstinent smokers. Wang et 

al. (2024) (36) found semaglutide consume was interconnected with reduced incidence of tobacco use disorder in T2DM 

patients. Lengsfeld et al. (2023) (37) demonstrated comparable metabolic benefits of dulaglutide during active cessation, 

with attenuation after discontinuation, emphasising the importance of sustained pharmacotherapy. 

 

4.6 Limitations and Research Priorities 

Substantial heterogeneity precluded meta-analysis; only six studies were eligible, with variable quality. All cohorts were 

predominantly or exclusively male, critically limiting generalisability to women with T2DM. The cross-sectional design 

of Ohkuma et al. (2015) (33) , — although providing important supportive evidence — precludes definitive causal inference. 

Neither included RCT incorporated pharmacotherapy. Research priorities include: (1) large pharmacotherapy-inclusive 

RCTs with ≥24-month follow-up, ideally combining varenicline with GLP-1 RA co-therapy; (2) studies enrolling women; 

(3) mechanistic longitudinal studies characterising post-cessation trajectories of insulin sensitivity, inflammatory 

biomarkers, and appetite-regulating hormones; and (4) prospective registry studies describing glycaemic trajectories 

beyond twelve months of cessation. 

 

5. CONCLUSIONS 

This PRISMA 2020-compliant systematic review establishes that smoking cessation in T2DM follows a temporally 

biphasic glycaemic trajectory: a transient early HbA1c deterioration mediated by weight gain and weight-independent 

hormonal mechanisms, followed by progressive, dose- and time-dependent glycaemic improvement with sustained 

abstinence. Null RCT findings reflect insufficient cessation rates, not an absence of benefit. Smoking cessation must be an 

indispensable component of T2DM management, supported by pharmacotherapy, proactive weight management, and — 

where indicated — GLP-1 RA therapy to optimise concurrent glycaemic, weight, and cessation outcomes. Adequately 

powered, pharmacotherapy-inclusive, long-term RCTs are urgently needed. 
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