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Abstract

Background: Smoking cessation is critical for Chinese patients with cardiovascular disease (CVD) or CVD risk factors, yet the
efficacy of smartphone-delivered interventions for this group remains to be evaluated.

Objective: To evaluate the efficacy of the 12-week smartphone-delivered CBT-based programme ("Quit for Heart") for smoking
cessation among Chinese CVD patients.

Methods: A two-arm, parallel-group, individually randomised, double-blind, controlled pilot trial. 108 participants (from 214
randomised) with CVD/CVD risk factors in China were analysed for data integrity. Intervention group received CBT modules,
personalized quit plans, and progress tracking; control group got automated reminders. Assessments (during intervention/follow-
up) included primary outcome (biologically verified continuous smoking abstinence at week 26 after quit date) and secondary
outcomes (seven-day point prevalence abstinence, self-reported continuous abstinence, physiological parameters [blood pressure,
heart rate], predictive factors [baseline psychological metrics, disease profiles]). Assessments occurred during the intervention
and follow-up.

Results: No significant group differences in abstinence (adjusted OR range: 0.56–1.04; p=0.14–0.87) but better trends for
intervention. Survival analysis showed intervention group’s longer relapse-free duration trend (log-rank p=0.095). DBP
moderately decreased with abstinence (Cohen’s d: -0.63 to -0.72 at weeks 2–4). Baseline anxiety (DASS; OR=35.18, p=0.045)
and lower quit will (OR=0.003–0.145, p=0.08–0.086) predicted relapse. Anxiety correlated with SBP elevation (?=3.93, p<0.05),
depression with heart rate increases (?=4.27, p<0.05). Obesity elevated BP (SBP ?=9.83, DBP ?=8.34; p<0.01), hyperlipidemia
lowered it (?=-3.61 to -5.10, p<0.05). Attrition exceeded 80% by week 26.

Conclusions: "Quit for Heart" demonstrated potential feasibility for smoking cessation in this high-attrition pilot study. Baseline
anxiety, disease profile and motivation levels predicted relapse. Future research requires enhanced retention strategies and
objective outcome validation. Clinical Trial: ClinicalTrials.gov Identifier: NCT06747182. Website:
https://clinicaltrials.gov/study/NCT06747182
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Abstract
Background: Smoking cessation is critical for Chinese patients with cardiovascular disease (CVD)
or CVD risk factors, yet the efficacy of smartphone-delivered interventions for this group remains to
be evaluated.
Objective:  To evaluate the efficacy of the 12-week smartphone-delivered CBT-based programme
("Quit for Heart") for smoking cessation among Chinese CVD patients.
Methods:  A two-arm, parallel-group, individually randomised, double-blind, controlled pilot trial.
108 participants (from 214 randomised) with CVD/CVD risk factors in China were analysed for data
integrity. Intervention group received CBT modules, personalized quit plans, and progress tracking;
control  group  got  automated  reminders.  Assessments  (during  intervention/follow-up)  included
primary outcome (biologically verified continuous smoking abstinence at week 26 after quit date)
and  secondary  outcomes  (seven-day  point  prevalence  abstinence,  self-reported  continuous
abstinence,  physiological  parameters  [blood  pressure,  heart  rate],  predictive  factors  [baseline
psychological metrics, disease profiles]). Assessments occurred during the intervention and follow-
up.
Results:  No significant  group differences in  abstinence (adjusted OR range: 0.56–1.04; p=0.14–
0.87) but better trends for intervention. Survival analysis showed intervention group’s longer relapse-
free duration trend (log-rank p=0.095). DBP moderately decreased with abstinence (Cohen’s d: -0.63
to  -0.72  at  weeks  2–4).  Baseline  anxiety  (DASS;  OR=35.18,  p=0.045)  and  lower  quit  will
(OR=0.003–0.145, p=0.08–0.086) predicted relapse. Anxiety correlated with SBP elevation (β=3.93,
p<0.05), depression with heart rate increases (β=4.27, p<0.05). Obesity elevated BP (SBP β=9.83,
DBP β=8.34; p<0.01), hyperlipidemia lowered it (β=-3.61 to -5.10, p<0.05). Attrition exceeded 80%
by week 26.
Conclusions: "Quit for Heart" demonstrated potential feasibility for smoking cessation in this high-
attrition pilot study. Baseline anxiety, disease profile and motivation levels predicted relapse. Future
research requires enhanced retention strategies and objective outcome validation.
Keywords:  Mobile  health  (mHealth);  Smoking  cessation;  Cardiovascular  diseases;  Cognitive
behavioural therapy; Pilot study.
Abbreviations: CBT: cognitive behavioural therapy; CVD: cardiovascular disease; SBP: systolic
blood pressure; DBP: diastolic blood pressure; HR: heart rate; CCA: complete case analysis; ITT:
intention-to-treat; SMS: short message service; ePRO: electronic patient-reported outcome; GAD-7:
Generalized Anxiety Disorder-7; DASS: Anxiety Stress Scales-21.
Implications:  This  pilot  study  demonstrates  the  potential  feasibility  of  a  CBT-based  digital
intervention ("Quit for Heart") for smoking cessation among Chinese CVD patients, despite high
attrition challenges. It identifies baseline anxiety and low motivation as key relapse predictors and
suggests short-term cardiovascular benefits from cessation.  The findings underscore the need for
enhanced  retention  strategies  and  integrated  psychological  support  in  future  scalable  mHealth
interventions for high-risk populations.
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Introduction
Smoking  persists  as  a  major  global  public  health  challenge,  exhibiting  substantial  regional

disparities in prevalence and disease burden (1). In China, adult smoking prevalence declined from
30.8% to 26.7% during 2007–2018  (2). Adolescent smoking (ages 15–24) doubled from 8.3% to
19.9%, with strong comorbidity with alcohol use (OR=7.5) (3). Critically, smoking among patients
with  cardiovascular  comorbidities  remained persistently  high (53.9% -50.8%)  (4),  aligning with
projections of 2 million annual  tobacco-related deaths by 2050  (5).  Meanwhile,  control  policies
remained  inadequate  (5).  These  patterns  establish  tobacco  as  a  modifiable  risk  factor  requiring
urgent clinical interventions.

The cardiovascular impacts of smoking necessitate targeted cessation strategies. Paradoxically,
current  smokers  show  better  systolic  pressure  control  than  nonsmokers  (OR=0.78),  yet  heavy
smoking elevates diastolic pressure and hypertension risk (OR=3.89)  (6,7).  Nevertheless, cohort
studies confirm cessation significantly reduces hypertension incidence (OR=0.30) and cardiovascular
disease (CVD) risk independently of baseline parameters or short-term weight fluctuations (8–10).
However,  heavy ex-smokers (≥8 pack-years) retain CVD risks equivalent to current smokers for
decades, underscoring the need for early intervention (11,12). These findings establish cessation as
a cornerstone cardiovascular intervention.

Digital  cessation interventions support  clinical  potential.  Automated programmes (text/multi-
platform) achieve higher abstinence rates (17.8%) versus controls (RR=1.58) at 3–12 months, while
smartphone  apps  combined  with  pharmacotherapy  enhance  outcomes  (OR=1.79)  despite  limited
standalone efficacy (OR=1.25)  (13,14). Video counseling matches telephone efficacy overall but
excels in clinical subgroups (e.g., women with HIV), whereas text messaging yields strong short-
term effects (RR=2.10) and acceptance-commitment therapy (ACT) apps achieve 28% abstinence at
12 months  via  engagement  (15–17).  Personalization and theory-based design (e.g.,  CBT/TTM)
improve  effectiveness,  though  early  dropout  remains  high  (38.6% by  day  7)  despite  predictive
analytics  (AUC=0.66)  (14,18,19).  While  tailored  tools  benefit  vulnerable  groups,  outcome
heterogeneity and small samples limit generalizability (20,21).

Persistent challenges constrain digital interventions for CVD secondary prevention. Programmes
(e.g., SMS/video) improve medication adherence and short-term cessation (22,23), yet impacts on
hard CVD outcomes remain unproven. Trials  report  modest quit  rates,  typically  limited to short
follow-up (24,25), with interventions like Japan’s DTx requiring standard programme integration
for  efficacy  (26).  Key  limitations  include  inconsistent  cessation  integration  in  digital  cardiac
rehabilitation  (27),  suboptimal  retention  (37–57%)  due  to  early  disengagement  (28,29),  and
insufficient scalable strategies for diverse populations (30,31).

This  pilot  study evaluated  a  CBT-based digital  cessation  program for  CVD-risk patients,
measuring feasibility via retention dynamics (40% attrition by week 4) and physiological outcomes.

Materials and methods
Study Design

This randomised controlled double-blind pilot trial compared smartphone app-delivered CBT
intervention to a minimal-intervention control in mainland China (Oct 2022-Apr 2023). Recruitment
combined online (WeChat/Weibo) and offline channels (hospitals/communities). Approved by the
Zhejiang University SRRSH Ethics Committee (#20200129-33) and registered at ClinicalTrials.gov
(NCT06747182),  it  followed  CONSORT guidelines.  Procedures  complied  with  ethical  standards
(electronic  informed  consent  via  ePRO,  data  anonymization  with  unique  identifiers,  identifier
deletion  post-trial).  Outcome  assessors  remained  separate  from  intervention  teams  for  bias
minimization,  alongside  blinded  statistical  analysis.  No  serious  adverse  events  occurred;  all  de-
identified data are securely stored.

Participants and Recruitment
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Participants  were  recruited  in  mainland  China  through  online  platforms  (e.g.,  WeChat  and
Weibo) and offline channels (hospitals and communities) between October 2022 and April 2023.
Eligibility criteria mandated that participants be adults aged ≥18 years who smoked ≥5 cigarettes per
day  with  ≥100 lifetime  cigarettes  consumed,  diagnosed  with  cardiovascular  diseases  (CVDs)  or
possessing ≥1 major CVD risk factor (e.g., hypertension or diabetes), and expressing will to quit
within 30 days. Exclusion criteria included individuals with severe psychiatric disorders, smartphone
application usage incapability, or concurrent participation in other smoking cessation programmes.
All enrolled participants provided electronic informed consent via an ePRO system, with baseline
data collected using anonymized user identification codes. Participants retained the right to withdraw
at any time without penalty, and data handling ensured deletion of personal identifiers post-trial.

Procedures
Following  ePRO-informed  consent,  participants  completed  a  baseline  assessment  collecting

demographics  (age,  gender,  education,  BMI),  smoking  history  (cigarettes/day,  Fagerström  Test
nicotine  dependence),  CVD risk  factors/diagnoses,  and psychological  metrics  (motivation,  VAS-
assessed self-efficacy,  quality-of-life).  An Interactive Web Response System (IWRS) randomized
participants 1:1 to intervention or control. The 26-week trial involved parallel baseline and weeks 1-
4,  8,  12,  16,  20,  and  26  assessments  post-quit;  all  participants  commenced  quitting  within  the
timeframe.  Data  collection  used  anonymized  identifiers.  Assessors  remained  blinded  until  trial
completion. Passive recording measured the intervention group's in-app engagement (logins, feature
usage).

Baseline Data Collection
Baseline  data  were  collected  via  ePRO  system  post-consent,  covering  demographics  (age,

gender, education, BMI), smoking history (daily cigarettes, lifetime consumption, Fagerström Test
for  nicotine  dependence),  CVD  status  (diagnoses/risk  factors),  and  psychological  metrics
(motivation, VAS-assessed self-efficacy, quality-of-life). The assessment used validated instruments,
with anonymization via unique identifier codes.
Randomisation and Blinding

Randomisation  was  conducted  using  an  Interactive  Web  Response  System  (IWRS),  with
participants allocated in a 1:1 ratio to either the intervention or control group. Stratification factors
included sex, age group (≤45 years vs. >45 years), education level (≤15 years vs. >15 years), number
of cigarettes smoked per day (5–20 vs. >20), and prior quit attempts. Due to the pilot study's scale
limitations,  final  group balancing was  not  achieved for  some demographic  variables.  Allocation
concealment was maintained through the IWRS, and study investigators were blinded to treatment
allocation  until  all  data  collection  was  complete.  Outcome assessors  remained  blinded  to  group
assignments until after data analysis, ensuring minimization of bias throughout the trial.

Intervention
The intervention group received a 12-week CBT-based smartphone programme via a WeChat

Mini-Program  ("Quit  for  Heart"),  which  included  personalized  quit  plans  (abrupt  cessation  or
gradual reduction), craving management tools, progress tracking features (e.g.,  cigarettes avoided
and  financial  savings),  family  support  integration,  relaxation  techniques,  and SOS strategies  for
relapse prevention. CBT modules were delivered weekly during the initial 12 weeks, focusing on
cognitive  restructuring,  behavioural  substitution,  and  relapse  prevention,  with  daily  motivational
messages in the first  4 weeks, biweekly feedback from weeks 5–12, and monthly reinforcement
thereafter. In-app engagement metrics, such as logins and feature usage, were passively recorded.
The control group received a minimal-intervention approach through a basic WeChat Mini-Program
designed solely for daily smoking status logging, devoid of any active therapeutic components or
behavioural  support.  Both groups were assessed at  identical  time points,  and participants  in  the
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intervention  group received follow-up messages  at  weeks  16,  20,  and 26 to  reinforce  cessation
efforts.

Measures
Rigorously assessed at weeks 4 and 26, the primary outcome was biochemically verified 26-

week continuous abstinence, requiring ≤5 self-reported cigarettes smoked since baseline and urinary
cotinine <200 ng/mL (verified via mailed strips with video-confirmed testing). Secondary outcomes,
determined via ePRO questionnaires at all follow-ups (weeks 1, 2, 3, 4, 8, 12, 16, 20, 26), included
seven-day  point  and  self-reported  continuous  abstinence.  Supplementary  measures  included
physiological  parameters  (blood  pressure,  heart  rate),  predictive  factors  (baseline  psychological
metrics,  disease profiles),  cravings,  and self-efficacy assessed via  Visual  Analogue Scale  (VAS).
Programme  acceptability  was  quantitatively  evaluated  at  week  4  using  Likert-scale  ratings.  All
psychological  measures  (PHQ-9  depression,  GAD-7  anxiety,  DASS-21  stress,  FTND  nicotine
dependence) employed validated instruments to ensure accuracy.

Data Analysis
The data retention criteria stipulated that subsequent measurements must exhibit a completion

rate greater than 0% to be included in analyses. Participant screening, baseline eligibility, baseline
attendance,  and attrition rates at  each time point throughout the study were illustrated in Fig. 1.
Attrition rates were compared between groups using the Chi-square test. Owing to high attrition,
complete case analysis (CCA) instead of Intention-to-treat analysis (ITT) was applied for outcomes,
resulting in datasets of n=52 at week 4 and n=16 at week 26. Baseline demographic and clinical
characteristics  were  evaluated  through  pairwise  comparisons,  employing  independent  t-tests  for
normally distributed continuous variables and Mann-Whitney U tests for non-normally distributed or
ordinal data, as appropriate for individual comparisons.

For subsequent measurements, distinct statistical approaches were utilised based on the outcome
type. Physiological parameters—specifically systolic blood pressure (SBP), diastolic blood pressure
(DBP),  and  heart  rate  (HR)—were  analysed  using  linear  mixed-effects  models  with  restricted
maximum  likelihood  (REML)  estimation.  These  models  tested  fixed  effects  of  the  parameters,
covariates, and group differences in the week 4 dataset. Pairwise comparisons were also used to
examine the differences between groups in abstinence and physiological parameters. Line plots were
used to demonstrate the trends of physiological parameters. Relapse-free duration was assessed via
survival analyses, incorporating log-rank tests with censoring for missing data to handle incomplete
follow-up. Relapse proportions were examined using logistic regression, which generated adjusted
odds ratios (ORs) to account for confounding variables. A significance level of α=0.05 was applied
for mixed models and exploratory endpoints to accommodate the study's design.

All  statistical  analyses  were  performed  using  Python  version  3.12,  with  specific  libraries
including  Statsmodels  (version  0.14.4)  for  modelling,  NumPy  (version  2.2.3)  for  numerical
operations,  and pandas (version 2.2.3) for data management.  To ensure robustness and minimize
errors, the entire data analysis process was independently reviewed and verified by two researchers,
adhering to best practices for reproducibility and accuracy in scientific reporting.

Results
Recruitment, Attrition, and Analysis Strategy

Trial  enrollment began in October,  2022, and follow-up data collection ended in November,
2023. A total of 256 potential participants were screened for eligibility, and 214 were eligible and
sent for randomisation. The CONSORT flow diagram illustrating the process of the RCT and the
status of retention was shown in Fig. 1. No significance was found between the attrition rates of two
groups. 

This  pilot  study  examined  the  feasibility  and  preliminary  outcomes  of  a  digital  smoking
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cessation intervention targeting patients with CVDs or CVD risk factors. Due to extensive missing
data (>80% attrition by week 26, >40% attrition by week 4), intention-to-treat (ITT) analyses were
deemed inappropriate,  and primary  results  focused on complete  case  analysis  (CCA) at  week 4
(n=52: control=28, intervention=24) and week 26 (n=16: control=9, intervention=7) as a secondary
exploratory endpoint. The baseline characteristics of full dataset were shown in  Table S1 and the
baseline characteristics of week 4 dataset prepared for mixed models were shown in Table S2. All
analyses adopted an α-level of 0.05 and results with borderline significance and possibly statistically
significant (p<0.1) were reported given limited statistical power.

Groupwise Comparison of Abstinences
No  statistically  significant  differences  were  observed  between  the  intervention  and  control

groups for the primary endpoints (relapse event, defined as smoking >5 cigarettes per week in a
specified period), as illustrated in Fig. 2. Survival analysis in the full dataset (n=108) for relapse-free
duration approached marginal significance (log-rank p=0.095 overall, p=0.094 for 7-day), with the
survival curves indicating a trend toward better outcomes in the intervention group, where relapse
events were less frequent compared to the control group. However, data quality was compromised by
missingness (missing data were treated as censored). Similarly, survival analysis in the CCA dataset
(n=16)  showed  non-significant  trends  consistent  with  the  full  dataset  (log-rank  p=0.47  overall,
p=0.62  for  7-day),  but  the  small  sample  size  precluded  meaningful  interpretation.  Pairwise
comparison results, as shown in  Table 1, between groups of No-relapse status across weeks 1-26,
using Chi-square or Fisher's exact test, revealed no group-wise divergence (p-values: 0.19-1.00; FDR
q-values: 0.38-1.00), though the intervention group consistently demonstrated lower relapse rates in
these analyses, aligning with the observed survival curve trends.

Trends of Blood Pressure and Heart Rate
The trends of blood pressure and heart rate were shown in Fig. 3. We found an overall reduction

trend in the diastolic blood pressure curve and several medium-size results were found in group-wise
comparison (w2: p = 0.0085, corrected p = 0.2461, Cohen’s d = -0.72; w4: p = 0.0246, corrected p =
0.2461,  Cohen’s  d  =  -0.63),  which  might  indicate  the  short-term effect  of  smoke  cessation  on
diastolic blood pressure. However, no specific trend was found in systolic blood pressure and heart
rate.

The mixed-effects linear regression analyses for systolic blood pressure (SBP), diastolic blood
pressure (DBP), and heart rate (HR) revealed distinct patterns of association with baseline covariates
and smoking cessation interventions, as shown in  Table 2. The complete results of these models
were  presented  in  supplemental  materials  (Table  S3).  Models  were  estimated  using  restricted
maximum  likelihood  (REML),  with  group-  and  time-specific  random  intercepts.  Due  to
computational singularity in covariance matrices (group × time variance approached zero, SE > 106),
final models excluded non-convergent random interaction terms, retaining only group-level random
intercepts as validated by likelihood ratio tests. DBP models showed the highest reliability among all
3 models (Log-likelihood: DBP -912.7205 > HR -946.6692 > SBP -956.1442) and the significant
results were as follows.
Neither time (p= SBP: 0.726; DBP: 0.791; HR: 0.963) nor group × time interaction (p= SBP: 0.172;
DBP: 0.294; HR: 0.520) reached statistical significance in all three models. Other results revealed
significant  cardiovascular  parameter  associations  across  three  domains.  Disease  profiles  showed
obesity exerted the strongest positive effects (SBP: β=9.83, DBP: β=8.34, HR: β=5.74; all p<0.01)
while  hyperlipidemia  reduced  SBP/DBP  (β=-3.61/-5.10,  p<0.05).  Psychological  measures
demonstrated baseline GAD-7 scores negatively predicted all parameters (β=-5.02 SBP, -4.04 DBP, -
3.09 HR; p<0.01) whereas  DASS anxiety increased SBP/HR (β=3.93/4.27,  p<0.05).  Information
concerning cessation displayed largest effect magnitudes – previous app use substantially lowered all
parameters  (β≈-8.05 to -8.82,  p<0.001) while  cessation method elevated SBP/DBP (β=8.00/9.70,
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p≤0.001). Effect sizes ranged from moderate (WHO scale β≈-1.81 to -3.85) to large (obesity β>5.7
across  parameters),  with  relapse  events  (whether  smoke  >5  cigarettes  per  week  in  week  1)
specifically reducing SBP (β=-7.44, p=0.001). The trends of longer period relapse event (such as
week 2, week 3, etc.) were not calculatable due to singular matrix problems.

Associations of Baseline Factors with Relapse Events
Pairwise comparisons and logistic regression revealed significant associations between baseline

factors  and  smoking  relapse  events  (defined  as  smoking  >5  cigarettes/week  within  specific
timeframes), as shown in Table 3. Baseline anxiety measured by DASS scale consistently predicted
higher relapse risks across multiple timepoints: it showed strong associations with week 2/4 episodic
relapse  (OR=35.183/4.785,  p=0.045/0.033)  and  week  4  sustained  relapse  (OR=4.785,  p=0.033).
Conversely, baseline will to quit demonstrated protective trends against episodic relapse at weeks 2/4
(OR=0.003/0.097,  p=0.086/0.083)  and  sustained  relapse  at  week  3/4  (OR=0.145/0.097,
p=0.08/0.083),  though these only approached marginal  significance.  Concerning disease profiles,
several diseases showed complex associations with relapse events. Some diseases showed protective
trends, including arteriosclerosis (sustained w1: OR=0.13, p=0.0559; complete separation occurred
at  w4  sustained  and  w2/4  episodic)  and  coronary  heart  disease  (week  4  sustained/episodic:
OR=0.14/0.14,  p=0.0674/0.0674).  Obesity  (week  2  sustained/episodic:  OR=3.73/3.16,
p=0.0286/0.0479),  diabetes  (week  12:  OR=7.77,  p=0.0492)  and  hypertension  (week  8  episodic:
OR=5, p=0.0439) exhibited opposite effects, increasing relapse risk in different time points. These
findings  underscore  the  complex  temporal  dynamics  of  relapse  predictors,  with  anxiety
demonstrating the most robust association across measurement timepoints and methodologies. It is
notable that due to sample size limit (w8/w12: n=41/31) and unbalanced grouping of these variables,
several results achieved complete separation (arteriosclerosis) and some results lack independency
between sustained and episodic data, leading to the lack of credibility.

Discussion
The findings of this pilot study provide preliminary evidence on the feasibility and physiological

impacts  of  a  digital  smoking  cessation  intervention  among  cardiovascular  disease  (CVD)-risk
populations. The observed high attrition rates (>40% at week 4; >80% at week 26) necessitated a
shift from intention-to-treat (ITT) to complete case analysis (CCA) for primary outcomes, reflecting
challenges  in  sustaining  engagement  in  digital  health  interventions  for  high-risk  groups.  These
results align with prior systematic reviews highlighting the variable attrition rates in mobile app-
based  cessation  programmes,  particularly  among  individuals  with  chronic
comorbidities(13,14,27).

This pilot study represents a methodologically innovative approach to digital smoking cessation
interventions for CVD-risk populations in China. Unlike many previous app-based trials that often
lacked rigorous blinding procedures  (13,22), our study implemented a double-blind RCT design
with  active  control  (automated  logging-only  Mini-Program)  and  stratified  randomisation.
Meanwhile, the programme was based on a novel CBT delivery system based on WeChat Mini-
Programs rather than standard SMS/text messaging platforms prevalent in prior research (23,31).
By embedding evidence-based components (personalized quit plans, craving management tools, and
family  support  integration)  within  a  dominant  social  media  platform in  China,  we developed  a
cultural  adaptive  approach  for  smoking  cessation  in  Asian  countries  as  previous  research  had
suggested (32). 

The short-term reduction in diastolic blood pressure (DBP) at weeks 2 and 4 (Cohen's d = -0.72
to  -0.63)  suggests  potential  cardiovascular  benefits  of  early  smoking  cessation,  consistent  with
longitudinal studies demonstrating blood pressure normalization post-cessation(9,10). However, the
lack of significant time or group × time effects on systolic blood pressure (SBP) or heart rate (HR)
may reflect insufficient statistical power due to limit of sample size, as seen in other pilot trials with
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similar  limitations  (17,21).  The  strong  associations  of  obesity  with  elevated  SBP/DBP/HR
(β=5.74–9.83, all p<0.01) agree with evidence that post-cessation weight management is critical for
mitigating  CVD  risks  (33).  Conversely,  the  paradoxical  SBP/DBP  reduction  associated  with
hyperlipidemia  (β=-3.61/-5.10)  warrants  further  investigation,  as  this  contradicts  typical
cardiometabolic risk profiles (2,3).

Notably, our findings reveal modest physiological and behavioural patterns that include mixed
outcomes in digital cessation research. The superior cardiovascular parameter improvements among
participants  with  prior  cessation  application  use  experience  (β≈-8.05  to  -8.82,  p<0.001)  support
meta-analytic findings on the additive benefits of digital tool familiarity (15,34). However, the lack
of long-term follow-up data (week 26: n=16) precludes conclusions about sustained efficacy, which
is a limitation common to early-phase cessation trials. Baseline anxiety (measured by DASS scale)
emerged as  a  robust  predictor  of  relapse  across  multiple  timepoints  (OR=4.79–35.18,  p≤0.045),
consistent with literature emphasizing psychological comorbidities as barriers to sustained abstinence
(18,28). Conversely, baseline will to quit showed marginally protective trends (OR=0.097–0.145,
p=0.08–0.083), aligning with behavioural theories positing intrinsic motivation as a determinant of
intervention adherence  (14).  These partially support previous literature that  digital  interventions
targeting psychological factors affecting CVD risk work better  (30). These physiological benefits
happened  even  though  quit  rates  were  similar  between  groups,  suggesting  that  quitting  act
(regardless of outcomes)  might  protect  the heart  through ways other  than just  reducing nicotine
intake, possibly by reducing anxiety and regulating the nervous system  (7,35).While abstinence
outcomes showed non-significant group differences, the trend toward prolonged relapse-free survival
(log-rank p=0.095 overall, p=0.094 for 7-day) and lower relapse rates at all time points (p-values:
0.19-1.00;  FDR q-values:  0.38-1.00) in the intervention group is  consistent  with the effect sizes
reported  in  Japanese  DTx  trials  where  digital  tools  augmented  standard  programmes  (26).
Meanwhile, relapse associations with clinical comorbidities varied. While arteriosclerosis showed
protective effects (OR=0.13–0.14), diabetes (OR=7.77) and obesity (OR=3.16–3.73) increased risk.
This  pattern mirrors  the complex link between disease burden and quitting behaviours  found in
population studies (3,4).

The  alarmingly  high  attrition  (>40%  at  week  4;  >80%  at  week  26)  represents  a  critical
methodological challenge that mirrors systemic engagement barriers in digital health. Our dropout
patterns  (most  attritions  happened  before  week  4)  validate  previous  evidence  that  early
disengagement predicted sustained non-adoption  (19). The high attrition might also be associated
with our middle-aged population (47.89±10.47) with technologic literacy disparities, consistent with
previous evidence that older users prefer structured telephone support (31).

Future research in digital smoking cessation might achieve better outcomes by addressing these
gaps  highlighted  by  our  study and  related  literature.  First,  developing culturally  adapted  digital
retention strategies for elderly populations is critical.  Promising approaches include blended care
models combining app-based CBT with telephone support, features to engage family involvements,
and  simplified  interfaces  using  voice-based  interaction.  Second,  developing  cost-effective
verification  systems  ,  such  as  integrating  CO  sensors  into  WeChat  platform  similar  to  Japan's
CureApp system(26), offers a potential solution. Third, precision engagement algorithms should be
developed,  using  early-usage  predictors  to  trigger  timely  interventions  when  engagement  drops
significantly. Crucially, integrating these solutions within clinical pathways is vital, as demonstrated
by the  SPRINT INDIA trial  where  healthcare  provider  involvement  substantially  increased  user
response rates compared to standalone apps (23).

Our study has several limitations requiring acknowledgment. The modest sample size (n=108)
and computational singularities limited statistical power for time-dependent analyses, particularly in
physiological  parameters  where clinically  meaningful  effect  sizes  (e.g.,  5-mmHg SBP reduction)
may  have  been  obscured.  High  attrition  introduced  selection  bias  toward  digitally  literate

https://preprints.jmir.org/preprint/84538 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Chen et al

participants,  restricting  generalizability  to  rural  and  elderly  populations,  which  is  a  limitation
prevalent across digital cessation trials (27,30). Reliance on self-reported 7-day abstinence without
biochemical  verification  remains  problematic,  though  this  reflects  real-world  implementation
constraints.  Finally,  the  underrepresentation  of  ethnic  minorities  and  low-SES groups  precludes
assessment of health equity impacts.

Conclusions
This pilot study underscores the feasibility and challenges of implementing a smartphone-based

CBT intervention for smoking cessation in Chinese patients with CVD risk.  Despite comparable
abstinence rates between groups, high attrition (>80% at 26 weeks) limited conclusive inferences,
corroborating real-world adherence barriers. Physiological parameter analyses linked elevated blood
pressure  and  heart  rate  to  baseline  anxiety  and  nicotine  dependence,  emphasizing  the  interplay
between  psychological  factors  and  cardiovascular  health.  While  relapse-free  survival  trends
approached  marginal  significance,  sample  size  constraints  precluded  robust  interpretation.  The
absence  of  biochemical  validation  for  self-reported  7-day abstinence  and underrepresentation  of
diverse socioeconomic cohorts further caution generalizability. These findings align with prior digital
cessation  trials,  highlighting  the  need  for  enhanced  retention  strategies  and  culturally  tailored
adaptations.  Future  research  should  prioritize  scalable  retention  measures,  objective  outcome
verification,  and  pragmatic  designs  to  optimize  efficacy  in  high-risk  populations.  The  study
preliminarily  supports  the  role  of  digital  interventions  in  clinical  tobacco  control  but  calls  for
methodological refinements to address attrition and selection biases.
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Figures

Fig.  1  The CONSORT flow diagram illustrating the process of  the RCT and the status  of
attrition rate. The attrition rates were compared between the two group using Chi-square test and no
significant difference was found between intervention and control group.
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Fig. 2 The survival curve of overall abstinence and 7-day abstinence by group in full dataset.
Showing the status of patient attempting to regain smoking (> 5 cigarettes per week in certain period)
in the whole period (above) and recent 7 days (Below). Log-rank test were used to examine the
difference between the two groups.
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Fig. 3 The Trends of Blood Pressure and Heart Rate. Showing systolic blood pressure (SBP),
diastolic blood pressure (DBP), and heart rate (HR) changes in the 26 weeks. The data was divided
by groups and showed changing sample counts at each time points due to attrition. We used “*” for
p<0.05 and “**” for p<0.01 to demonstrate the results of group-wise comparisons (Independent T-
test or Mann-Whitney U test based on sample distribution). FDR method were also performed for the
p values in the comparisons but weren’t shown in the plot due to limited statistical efficacy.
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Tables
Table  1.  The  Comparison  of  No-Relapse  Status  between  Groups. The  table  showed  the
consistent/7-day No-Relapse Status of both groups. The comparisons between the 2 groups were
performed using Chi-square test or Fisher Exact test depending on the distribution of the samples and
p value was corrected through False Discovery Rate (FDR) using Benjamini-Hochberg method. Due
to high attrition across time, no comparison across time was performed.

Table 1. Comparison of No-Relapse Status between Groups
Time
Points

Control
Group

Intervention
Group

P
Value

Q Value
(FDR)

Consistent No-relapse 
Status

Week 1
49/56 
(87.50%) 54/62 (87.10%) 0.21 0.38 

Week 2
47/56 
(83.93%) 56/62 (90.32%) 0.43 0.58 

Week 3
49/56 
(87.50%) 56/62 (90.32%) 1.00 1.00 

Week 4
55/56 
(98.21%) 59/62 (95.16%) 0.44 0.58 

Week 8
55/56 
(98.21%) 61/62 (98.39%) 0.85 0.85 

Week 12
53/56 
(94.64%) 60/62 (96.77%) 0.62 0.70 

Week 16
55/56 
(98.21%)

62/62 
(100.00%) 1.00 1.00 

Week 20
48/56 
(85.71%) 56/62 (90.32%) 0.67 0.75 

Week 26
49/56 
(87.50%) 55/62 (88.71%) 0.47 0.58 

 7-day No-relapse 
Status

Week 2
48/56 
(85.71%) 56/62 (90.32%) 0.63 0.90 

Week 3
49/56 
(87.50%) 55/62 (88.71%) 1.00 1.00 

Week 4
47/56 
(83.93%) 56/62 (90.32%) 0.44 0.88 

Week 8
50/56 
(89.29%) 56/62 (90.32%) 1.00 1.00 

Week 12
55/56 
(98.21%) 59/62 (95.16%) 0.62 0.88 

Week 16
55/56 
(98.21%) 61/62 (98.39%) 1.00 1.00 

Week 20
52/56 
(92.86%) 61/62 (98.39%) 0.19 0.76 

Week 26
56/56 
(100.00%)

62/62 
(100.00%) 1.00 1.00 
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Table 2. The short-term (4 weeks) mixed-effects linear regression analyses for systolic blood
pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR). All fixed effect results with
p<0.10 were shown in the table, with  Coefficients and 95%CI showing the impact of each
variables to the physiological variables.

Table 2. The mixed-effects linear regression analyses for SBP, DBP and
HR

Variable
Coefficient

(SE)
z-

value
P-

value 95% CI
Fixed Effects (SBP)

Hypertension
4.312 
(1.681) 2.566 0.01 1.018 to 7.606

Hyperlipemia
-3.607 
(1.707)

-
2.113 0.035

-6.954 to -
0.261

Obesity
9.833 
(1.885) 5.215

<0.00
1

6.138 to 
13.528

Cessation method
7.999 
(2.428) 3.294 0.001

3.239 to 
12.758

Previous application use
-8.817 
(1.826)

-
4.827

<0.00
1

-12.396 to -
5.237

DASS anxiety score at 
Baseline

3.926 
(1.984) 1.979 0.048 0.038 to 7.814

DASS depression score at 
Baseline

3.008 
(1.624) 1.852 0.064

-0.176 to 
6.192

GAD-7 score at Baseline
-5.022 
(1.213) -4.14

<0.00
1

-7.400 to -
2.645

WHO score at Baseline
-3.851 
(0.867) -4.44

<0.00
1

-5.551 to -
2.151

Relapse event at Week 1
-7.435 
(2.235)

-
3.327 0.001

-11.816 to -
3.055

Fixed Effects (DBP)

Hypertension
2.549 
(1.402) 1.818 0.069

-0.199 to 
5.298

Hyperlipemia
-5.095 
(1.425)

-
3.576

<0.00
1

-7.887 to -
2.302

Obesity
8.342 
(1.573) 5.302

<0.00
1

5.259 to 
11.426

Cessation method
9.696 
(2.026) 4.785

<0.00
1

5.725 to 
13.668

Previous application use
-8.792 
(1.524)

-
5.769

<0.00
1

-11.779 to -
5.805

Will to quit at Baseline
-1.757 
(0.840)

-
2.092 0.036

-3.402 to -
0.111

GAD-7 score at Baseline
-4.039 
(1.012) -3.99

<0.00
1

-6.022 to -
2.055

WHO score at Baseline
-2.346 
(0.724)

-
3.241 0.001

-3.765 to -
0.927

Relapse event at Week 1
-2.476 
(1.865)

-
1.327 0.184

-6.132 to 
1.180

Fixed Effects (HR)

Arteriosclerosis
 -3.925 
(2.024) 

-
1.939 0.053

 -7.893 to 
0.043 

Obesity  5.737 3.165 0.002  2.185 to 
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(1.812) 9.289 

Previous application use
 -8.049 
(1.756) 

-
4.584

 
<0.00
1 

 -11.490 to -
4.608 

FTND score at Baseline
 2.390 
(0.780) 3.064 0.002

 0.861 to 
3.918 

DASS anxiety score at 
Baseline

 4.270 
(1.907) 2.239 0.025

 0.532 to 
8.007 

GAD-7 score at Baseline
 -3.094 
(1.166) 

-
2.654 0.008

 -5.380 to -
0.809 

PSQI score at Baseline
 1.903 
(0.945) 2.014 0.044

 0.051 to 
3.756 

WHO score at Baseline
 -1.806 
(0.834) 

-
2.166 0.03

 -3.440 to -
0.172 
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Table 3. Associations of Baseline Factors with Smoking Relapse Events Across
Timepoints. Showing  the  relationships  of  baseline  factors  (including  demographic
data, psychological data and disease profiles) and the occurrence of relapse events
(defined  as  smoking  >5  cigarettes/week  within  specific  timeframes).  Groupwise
comparisons  for  categorical  variables were  made through Chi-square  test  or  Fisher
exact test based on sample size and logistic regression were applied for all variables.
Only results with p<0.10 were shown in the table.

Table 3. Associations of Baseline Factors with Smoking Relapse Events Across
Timepoints

Time
points

Variables
Group 0

rate
Group 1

rate
Crude OR

P
valu

e

OR(logi
stics)

P
value(logi

stics)
Overall relapse 
events
Categorical variables

Week 
1

arteriosclerosis 20.50% 3.30%
7.46 
(0.95-
58.49)

0.04
06

0.13 0.0559

Week 
2

obesity 7.00% 21.90%
0.27 
(0.08-
0.87)

0.04
15

3.73 0.0286

Week 
4

coronary heart
disease

16.90% 2.90%
6.90 
(0.87-
54.67)

0.03
8

0.14 0.0674

Week 
4

arteriosclerosis 17.00% 0.00%
nan (nan-
nan)

0.01
13

0 0.991

Week 
12

diabetes 1.90% 13.30%
0.13 
(0.02-
0.99)

0.07
82

7.77 0.0492

Continuous variables
Week 
3

will to quit at 
baseline

0.145 0.08

Week 
4

DASS anxiety 
at baseline

4.785 0.033

Week 
4

will to quit at 
baseline

0.097 0.083

7-day relapse events
Categorical variables
Week 
2

arteriosclerosis 15.90% 0.00%
nan (nan-
nan)

0.01
96

0 0.991

Week 
2

obesity 8.10% 21.90%
0.32 
(0.10-
0.99)

0.05
5

3.16 0.0479

Week 
4

coronary heart
disease

16.90% 2.90%
6.90 
(0.87-
54.67)

0.03
8

0.14 0.0674

Week 
4

arteriosclerosis 17.00% 0.00%
nan (nan-
nan)

0.01
13

0 0.991

Week 
8

hypertension 3.60% 15.90%
0.20 
(0.04-
0.96)

0.05
89

5 0.0439

Week diabetes 1.90% 13.30% 0.13 0.07 7.77 0.0492
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12
(0.02-
0.99)

82

Continuous variables
Week 
2

will to quit at 
baseline

0.003 0.086

Week 
2

DASS pressure at 
baselline

0.211 0.089

Week 
2

DASS anxiety 
at baseline

35.183 0.045

Week 
4

DASS anxiety 
at baseline

4.785 0.033

Week 
4

will to quit at 
baseline

　 　 　 　 0.097 0.083
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Supplementary Files
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Figures
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The CONSORT flow diagram illustrating the process of the RCT and the status of attrition rate. The attrition rates were
compared between the two group using Chi-square test and no significant difference was found between intervention and
control group.
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The survival curve of overall abstinence and 7-day abstinence by group in full dataset. Showing the status of patient attempting
to regain smoking (> 5 cigarettes per week in certain period) in the whole period (above) and recent 7 days (Below). Log-rank
test were used to examine the difference between the two groups.
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CONSORT (or other) checklists
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CONSORT checklist and supplemental tables.

URL: http://asset.jmir.pub/assets/c14ae0ecfc801e6ec2ced38d8bc0e9c6.pdf
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