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Abstract

Stopping smoking is crucial for public health and especially for individuals with diabetes. Combustion-free nicotine alter-
natives like e-cigarettes and heated tobacco products are increasingly being used as substitutes for conventional cigarettes,
contributing to the decline in smoking prevalence. However, there is limited information about the long-term health impact
of those products in patients with diabetes. This randomized controlled trial aims to investigate whether switching from
conventional cigarettes to combustion-free nicotine alternatives will lead to a measurable improvement in cardiovascular
risk factors and metabolic parameters over a period of 2 years in smokers with type 2 diabetes. The multicenter study will
be conducted in seven sites across four countries. A total of 576 smokers with type 2 diabetes will be randomly assigned
(1:2 ratio) to either standard of care with brief cessation advice (Control Arm) or combustion-free nicotine alternatives use
(Intervention Arm). The primary end point is the change in the proportion of patients with metabolic syndrome between
baseline and the 2-year follow-up. Additionally, the study will analyze the absolute change in the sum of the individual
factors of metabolic syndrome at each study time point. Patient recruitment has started in September 2021 and enrollment
is expected to be completed by December 2023. Results will be reported in 2026. This study may provide valuable insights
into cardiovascular and metabolic health benefits or risks associated with using combustion-free nicotine alternatives for
individuals with type 2 diabetes who are seeking alternatives to tobacco cigarette smoking. The study protocol, informed
consent forms, and relevant documents were approved by seven ethical review boards. Study results will be disseminated
through articles published in high-quality, peer-reviewed journals and presentations at conferences.

Keywords Diabetes - Smoking cessation - Tobacco harm reduction - e-Cigarettes - Heated tobacco products - Metabolic
syndrome - Cardiovascular risk factors - Glycemic control

Introduction

Diabetes is a major public health problem and its burden is
increasing globally [1]. People with diabetes have increased
health risks mainly secondary to the development of mac-
rovascular (coronary artery disease, stroke, and periph-
eral arterial disease) and microvascular complications
(nephropathy, retinopathy, and diabetic neuropathy) [2].

Extended author information available on the last page of the article

Cardiovascular complications are the most common, often
being the cause of death [3].

In addition to diabetes and hyperglycemia, well-estab-
lished cardiovascular risk factors encompass obesity, hyper-
tension, dyslipidemia, and other factors falling under the
umbrella of metabolic syndrome (MetS). Lifestyle plays a
critical role in the determination of cardiovascular risk in
people with diabetes, independently from factors reflecting
MetS and diabetes severity. In this context, the coexistence
of cigarette smoking is of particular relevance.
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People with diabetes who smoke cigarettes are at
increased risk of cardiovascular events and premature death
and avoiding smoking can reduce this risk [3-5]. Given that
exposure to cigarette smoke is associated with vascular dam-
age, endothelial dysfunction, and activation of coagulation
and fibrinolysis [6—8], it is not surprising that smoking exac-
erbates the detrimental effects of elevated blood glucose and
other risk factors, accelerating vascular damage in people
with diabetes.

While reducing exposure to cigarette smoke is impor-
tant for public health, it becomes even more significant for
people with Type 2 diabetes mellitus (T2D). Prevalence of
cigarette consumption has significantly decreased, but this
trend has not been observed in those with diabetes [9—11],
justifying an urgent need to target this vulnerable population
with effective smoking cessation interventions, including
counseling and nicotine-containing preparations [5, 12—15].

Despite high-quality evidence supporting the efficacy
of combining smoking cessation medications with coun-
seling [12—15], the evidence for efficacious smoking ces-
sation interventions in people with diabetes is limited [5,
16, 17]. Consequently, novel, and more efficient approaches
are required.

Although not authorized as medications for smoking
cessation, combustion-free technologies for nicotine deliv-
ery, such as e-cigarettes (ECs) and heated tobacco products
(HTPs), have become de facto harm reduction tools from
cigarette smoke [18-20] and aids for quitting smoking [21,
22]. Currently, there is insufficient evidence to recommend
use of ECs or HTPs as a tobacco cigarette substitute among
people with diabetes who smoke, and there are no long-
term studies assessing cardiovascular risk or the impact on
metabolic parameters in people with diabetes who use these
technologies.

The DiaSmokeFree investigators aim to determine
whether smokers with T2D who switch to combustion-
free nicotine alternatives (C-F NA) experience measur-
able improvements in their cardiovascular risk factors and
metabolic parameters. The protocol of this prospective,
randomized, controlled trial is designed to provide valuable
insights into the potential benefits or risks associated with
using C-F NA for individuals with T2D who are seeking
alternatives to tobacco cigarette smoking, particularly in
relation to their cardiovascular and metabolic health.

Methods

The study is designed to assess the impact of combustion-
free nicotine alternatives (C-F NA) on cardiovascular
risk factors and metabolic homeostasis as a consequence
of avoiding individual exposure to cigarette smoke toxi-
cants in smokers with T2D. It is a 24-month prospective
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international, multicenter, open-label, randomized, con-
trolled, two parallel-arm study conducted in seven locations
across four different countries.

Study population

Participants will be recruited on a voluntary basis from a
group of cigarette smokers who have been clinically diag-
nosed with T2D. Only patients who smoked daily for at least
5 years will be considered for inclusion in the study. To con-
firm the smoking status of potential participants, an exhaled
carbon monoxide (eCO) measurement will be taken at the
screening visit. The cutoff for confirmation as a smoker will
be an exhaled CO level greater than or equal to 7 parts per
million (ppm). To avoid including patients with poorly con-
trolled diabetes requiring immediate modification of therapy,
it was decided to set a glycated hemoglobin percentage of
between 6 and 12% as an inclusion criterion. Another crite-
rion is a BMI between 17.6 kg/m? and 34.5 kg/m? to achieve
greater homogeneity of the group and to avoid subjects with
morbid obesity and coexisting other metabolic disorders,
which could affect the outcome of the study. Each partici-
pant identified as a smoker with T2D will be offered access
to free smoking cessation programs aimed at helping partici-
pants quit smoking. Only those who refuse to participate in
the smoking cessation programs and express willingness to
switch to C-F NA will be eligible for randomization. Before
randomization, participants will provide informed consent.

Participants will be required to satisfy all of the follow-
ing criteria.

Inclusion criteria:

e Men or women diagnosed with T2D (as defined by the
American Diabetes Association).

e Cigarette smokers of > 10 cigarettes/day (max 30 ciga-
rettes/day).

e History of regular smoking for at least 5 consecutive

years.

Verified smoking status (eCO >7 ppm).

Willingness to switch to a C-F NA.

Refusal to participate in smoking cessation programs.

Glycated hemoglobin between 6 and 12%.

Body mass index between 17.6 kg/m? and 34.5 kg/m?,

both inclusive.

e Body weight exceeding at least 50 kg (men) or 40 kg
(women).

Exclusion criteria:

e History of recent (i.e., within 4 weeks prior to visit 1)
acute decompensation of T2D requiring change of treat-
ment.
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e Known clinically significant cardiovascular, metabolic,
respiratory, renal, psychiatric, or other major disorder
that, in the opinion of the principal investigator, would
jeopardize the safety of the participant or impact on the
validity of the study results.

e Any other condition or therapy that would make the
patient unsuitable for the studies and will not allow par-
ticipation for the full planned study period (e.g., active
malignancy or other condition limiting life expectancy
to < 12 months).

e Desire to quit smoking within the next 6 months.

e A significant history of alcohol or drug abuse within
24 months prior to screening.

e Regular use of any nicotine (e.g., e-cigarettes, NRT, nico-
tine pouches) or tobacco product (e.g., heated tobacco
products—HTPs, oral smokeless) other than their own
cigarettes within 14 days of screening.

e Pregnant or breast-feeding or intention to become preg-
nant during the study.

e Active participation in another clinical trial.

Study design

The study follows a randomized controlled design with two
parallel groups: control (A) and intervention (B) (Fig. 1).
The study will be conducted in seven locations across four
different countries (UK, Italy, Poland, and Moldova). The
setting for the study will be an ambulatory (outpatient)
setting. The design of the trial follows the rules set by the
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Standard Protocol Items: Recommendations for Interven-
tional Trials (SPIRIT) guidelines (SPIRIT checklist).

Participants will attend a screening visit within 28 days
prior to study visit 1 (Tables 1 and 2). During the screen-
ing visit, socio-demographic data, detailed medical history
(including medication use), and detailed history of smoking,
vaping, and heated tobacco products (HTPs) use will be col-
lected. Additionally, participants’ intention to quit smoking
will be assessed. All patients will be offered a smoking ces-
sation program according to the local guidelines. A second
opportunity to enroll in a free smoking cessation program
will be offered before study enrollment. Any participant who
expresses the intention of booking for the cessation program
or to quit smoking in the next 6 months will be urged to do
so and not be recruited in the study. Patients taking part in
the study will be informed that they are free to quit smoking
and withdraw from the study at any time. Moreover, partici-
pants will be encouraged to quit smoking at every contact
time point throughout the whole study.

On day 1, baseline assessments will be performed for
all participants (Tables 1 and 2). This includes measure-
ments and evaluations related to cardiovascular risk factors,
metabolic homeostasis, and general health. Following the
baseline assessments, participants will be randomly assigned
to either the control (A) arm or the intervention (B) arm. The
randomization sequence will be computer generated, with
an allocation ratio of 1:2 (arm A:arm B) to account for the
estimated 50% proportion of subjects achieving sustained
reduction in cigarette consumption of at least 80% in the arm
B (see “Statistical Considerations”).

v

Arm A ArmB

Usual Standard of Care

v

Visit 2- Day 90 £ 5 days
v

Visit 3- Day 180 * 7 days
v

Visit 4- Day 360 * 7 days

v

Visit 5- Day 720 £ 7 days

Switch to C-F NA

v

Visit 2- Day 90 £ 5 days
v

Visit 3- Day 180 + 7 days
v

Visit 4- Day 360 + 7 days

v

Visit 5- Day 720 + 7 days

Visits for C-F NA supplies

Visits for C-F NA supplies

Visits for C-F NA supplies

Visits for C-F NA supplies
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Table 1 Study assessments (Control group—Arm A)

Procedure Screen (VO) Baseline Week 12 (V2) Week 24 (V3)  Week 52 (V4)  Weekl 04

(Vl)day1  day90+5 day 180+7 day 360+7 (V5) day
720+7

Eligibility criteria check X X

Medical Hx X

Medication use X X X X X

Smoking/vaping Hx X

Cigarette consumption X X X X X X

Exhaled CO X X X X X

FTND X

Intention to quit X X

Informed consent X

Randomization X

Tracker APP installation X

Vital signs X X X X X

Weight, BMI, waist circumference X X X X X

Body composition equation® X X X X X

QoL questionnaire X X X X X

Smoking cessation advice X X X X X X

Spirometry X X

Metabolic syndrome assessment** X X X X X

Blood sample*** X X X X X

Testosterone (men only) X X X X X

Urine albumin to creatinine ratio (ACR)

Safety reporting X X X X X

BL baseline, V visit, Hx history, CO carbon monoxide, BMI body mass index, FTND Fagerstrom Test for Nicotine Dependence, QoL quality of
life, CBC complete blood count, WBC white blood cells, Hb hemoglobin, LDL low-density lipoprotein, HDL high-density lipoprotein, HbAI -

glycated hemoglobin, AE/SAE (serious) adverse incidents

*Body composition (fat and skeletal muscle mass) by validated equation by Lean ME et al. (1996) and Al-Gindan YY et al. (2014)

**Metabolic syndrome is defined according to the National Cholesterol Education Program (NCEP) criteria as having >3 of the following five

features:
1—fasting plasma glucose > 6.1 mmol/L (110 mg/dL)
2—blood pressure > 130/ > 85 mmHg or treatment for hypertension

3—triglycerides > 1.69 mmol/L (150 mg/dL) or treatment for high triglycerides
4—high-density lipoprotein (HDL) cholesterol < 1.29 mmol/L (50 mg/dL) for females or < 1.04 mmol/L (40 mg/dL) for males or treatment for

low HDL

S5—waist circumference > 88 cm (35 in) for females or> 102 cm (40 in) for males
***To measure: CBC (WBC Hb, platelets), lipid profile (triglycerides, LDL and HDL cholesterol) HbA1_, insulin level

Participants randomized into the intervention arm (B)
will be allowed to choose a preferred C-F NA (e-cigarettes,
HTPs, etc.) from a given pool of popular options present
in the respective markets. They will receive training and
counseling on how to use the chosen device and will be pro-
vided with a full 2-week supply of the required consumables
(cartridges/pods or e-liquids refill bottles for e-cigarettes,
tobacco sticks for HTPs) on day 1. Participants randomized
into the control arm (A) will be offered the usual standard
of care, which includes brief smoking cessation counseling
at each visit.

@ Springer

After randomization, participants’ smartphones will be
equipped with a dedicated tracker application. This appli-
cation is designed to monitor individual behaviors such
as physical activity, adherence to capillary blood glucose
monitoring, cigarette smoking frequency and daily C-F NA
usage. The tracker application will also identify any protocol
violations, collect adverse events and send reminders (e.g.,
next scheduled appointment, study restrictions, instructions)
throughout the study duration. The use of a dedicated tracker
application adds an innovative element to continuously col-
lect data and enhances adherence to the study protocol.
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After the baseline assessments (Visit 1), participants will
be invited to attend four more clinical visits (Visits 2-5),
which will be conducted in an ambulatory (outpatient) set-
ting. During these visits, a number of measurements will
be taken, with a particular focus on metabolic syndrome
parameters, i.e., waist circumference, systolic blood pressure
value, venous blood concentration of triglycerides, HDL,
and fasting blood glucose (Tables 1 and 2). Also, two ques-
tionnaires will be used.

(Diabetes Quality of Life questionnaire and the Fag-
erstrom Test for Nicotine Dependence) to assess specific
aspects of participants' health and smoking behavior.

Following each clinical visit, participants will be provided
with an appropriate number of consumables (cartridges/pods
or e-liquids refill bottles for e-cigarettes, tobacco sticks for
HTPs) if they are in the intervention arm (Arm B). Par-
ticipants in the intervention arm will have additional non-
clinical visits between the clinical visits. These non-clinical
visits are designed to replace any used consumables and
provide an opportunity for study investigators to stimulate
retention and check compliance. At these non-clinical visits,
participants in Arm B will be required to return all empty,
part-used, and unused consumables from the previous study
period. This evaluation of the habitual pattern of C-F NA use
and verification of product adherence are essential for moni-
toring the participants' compliance with the intervention.

Before each study visit, participants will be required to
fast overnight (from midnight). During the clinic visits,
clinical laboratory evaluations will be performed on fasting
blood samples. Participants will also receive instructions to
refrain from consuming alcohol for 24 h prior to clinic visits
and will be advised not to consume more than 14 units of
alcohol per week throughout the entire study duration. This
is to minimize any potential interference of alcohol con-
sumption with study outcomes and to maintain consistency
in data collection. Throughout the study, any modifications
in participants' diet and/or anti-diabetic medication will be
regularly recorded and monitored.

At each visit, all participants will be advised and encour-
aged to completely quit smoking. They will be explicitly
informed about the risks associated with smoking and will
be offered referral to free smoking cessation programs at
every contact time point.

Premature withdrawal from the study may occur if a par-
ticipant experiences a severe adverse event (SAE), sustains
any uncorrectable protocol deviations during the study,
exhibits uncooperative behavior or non-attendance, decides
to stop their participation at any time, becomes pregnant,
or decides to accept the investigators advice to completely
stop smoking.

The DiaSmokeFree study is designed as an unblinded
trial due to the nature of the intervention, where participants
and trial staff cannot be blinded to the specific intervention

being provided (either C-F NA or brief smoking cessation
counseling).

To ensure the integrity and reliability of the study data,
the source data and source documents will be managed
according to Good Clinical Practice (GCP) guidelines. The
trial will formally conclude on the date of the last visit of
the last patient in the last country participating in the trial.

For data collection, each individual patient will be allo-
cated an electronic case report form (eCRF). Anonymized
data from each study visit will be entered directly onto the
eCRF, which will then serve as a source document for the
trial. This data entry process ensures that data is collected
accurately and consistently at all study sites. To maintain
data quality, the study will use standardized instruments,
such as the Diabetes Quality of Life questionnaire and the
Fagerstrom Test for Nicotine Dependence, to assess specific
aspects of participants' health and smoking behavior.

To protect participants’ privacy and confidentiality, each
participant will be assigned a unique study identification
number (patient ID). Participants' personal data will not be
linked to the research results, and only a limited number
of members of the research team will have access to the
decoding list that links participant IDs to their personal
information. All information obtained during the study pro-
cedures, including participant data and personal details, will
be treated as private and confidential, in accordance with
ethical and privacy regulations.

Compliance will be checked by counting all empty, par-
tially used and unused consumables returned at each visit (i.e.,
consumables record checks) and by reviewing any non-com-
pliance recorded in the research diary or via the tracker app.

Patient and public involvement

In the DiaSmokeFree study, patient and public involvement
consisted of a focus group of smokers with T2D. The focus
group feedback was used to shape and refine the trial design,
ensuring that the study is more relevant and responsive to
the needs and expectations of its target population. Moreo-
ver, the study protocol has been reviewed by the Research
and Development (R&D) Committee of Ashford and St
Peter’s Hospitals NHS Foundation Trust, which includes
a patient representative, thus ensuring that the study is
ethically sound, aligns with patient interests, and respects
patient rights. By involving patients and the public in the
study design and review process, the DiaSmokeFree study
demonstrates a commitment to patient-centered research.

Objectives and end points
Primary end points: The primary objective of the study

is to assess the impact of sustained use of C-F NA on the
proportion of patients with metabolic syndrome (MetS)

@ Springer
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among individuals with T2D. The MetS will be defined by
the National Cholesterol Education Program (NCEP) MetS
score [23], and the primary end point will be the change in
the prevalence of an NCEP MetS score below the diagnostic
threshold (< 3) between baseline and the 2-year follow-up.
The comparison will be made between patients with T2D in
both arms of the study.

Secondary end points: The study will also assess the
change in MetS prevalence at 3 months, 6 months, and
1 year as secondary outcomes. All assessments at each time
point will be performed in all participants in both arms of
the study.

Considering the results of several lifestyle modification
interventions, the absolute reduction in MetS prevalence
after smoking cessation is expected to be no less than 15%
[24-28].

Additionally, the study will analyze the absolute change
in the sum of the individual factors of MetS, as defined by
NCERP criteria, at each study time point (between and within
study groups. Other secondary end points will include
changes in each individual factor of MetS and changes in
the variables at each study time point (between and within
study groups).

Statistical considerations
Powering and sample size calculation

The sample size calculation is based on assumptions that the
expected reduction in MetS prevalence after smoking cessa-
tion is 15% [24-28], and the expected baseline prevalence
of MetS in T2D is 70% [29-32]. Sample size was calcu-
lated on the basis of demonstration of superiority, assuming
a normal distribution of the sample [33]. Significance level
was set at 5% (a¢=0.05), with a power of 80% (#=0.20).
Based on these assumptions, the minimum number of sub-
jects with analyzable data required is 160 per treatment arm
(N). Considering an estimated 50% proportion of subjects
in the intervention arm achieving sustained reduction in
cigarette consumption of at least 80% for the study duration
[34-38], the final number of subjects required in the inter-
vention arm (N2) is set at 320. Taking into consideration the
expected 20% withdrawal rate in both arms over 2 years, the
total number of subjects recruited in each treatment arm is
increased by this amount. Thus, the total number of subjects
for both arms is set at 576.

Statistical analyses
The primary end point for the statistical analysis will be
the between-groups difference in the calculated prevalence

of MetS after at least 24 months of follow-up. The full
analysis set (FAS) will include all subjects randomized to

@ Springer

the intervention arm who achieve a sustained reduction in
cigarette consumption of at least 80% during the follow-up,
combined with all subjects randomized into the usual stand-
ard of care control group. Two approaches to the primary
analysis will be used: (a) unadjusted analysis, based on a
direct comparison of the change in prevalence using a Z
test, and (b) adjusted analysis, where potential confound-
ers (including age, gender, smoking, and medications for
hypertension, hyperlipidemia, or diabetes) will be analyzed
to identify factors that may influence the primary outcome.
A generalized linear model will be used to adjust for identi-
fied confounders. Any difference between the groups will
be assessed for statistical significance at a two-sided alpha
of 0.05.

Data monitoring and study safety

A Data Monitoring and Safety Committee (DMC) will be
established before the study begins. The committee will
periodically review safety data and make recommendations
on whether to continue, modify, or stop the study based on
the observed results. The DMC will be independent from the
study sponsor and competing interests to ensure unbiased
evaluation.

A trial monitoring plan will be developed based on the
trial risk assessment. It may include on-site monitoring and
will be agreed upon by the trial steering committee, and
principal investigators. The clinical research organization
(Metanoic Health Ltd) will arrange an independent monitor,
separate from investigators and the sponsor, to ensure com-
pliance with trial protocols and policies, participant protec-
tion, and accurate data collection.

Adverse events (AEs) and serious adverse events (SAEs)
will be recorded throughout the study. Participants will be
interviewed at each visit to investigate signs or symptoms.
Participants will also be encouraged to report AEs/SAEs at
any time. The investigator will gather sufficient informa-
tion to determine the outcome and causality of AEs/SAEs
and promptly notify the competent authority if necessary.
Follow-up of AEs/SAEs will be required after the study's
discontinuation if they persist or have sequelae.

Ethical considerations and results dissemination

The study will adhere to the principles of Good Clini-
cal Practice and the Declaration of Helsinki. It has been
reviewed and approved by seven ethics committees. Rel-
evant documentation, such as the informed consent form
and patient information sheet, has been translated where
necessary. The informed consent material will be obtained
by site investigators through relevant forms. The chief inves-
tigator will be responsible for deciding whether amendments
to the protocol are substantial or non-substantial. Substantial
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amendments will be submitted to the research ethics com-
mittee for approval before implementation.

In the UK, all investigators and trial site staff will comply
with the Data Protection Act 2018 regarding the collection,
storage, processing, and disclosure of personal information.
In other countries, equivalent local data protection regula-
tions will be followed.

The trial steering committee (TSC) will have access to
the full trial data set. Site investigator(s) will need formal
approval from the TSC and sponsor for data access requests.
Committee members are independent and have no conflicts
of interest.

The intention is to disseminate the study results through
articles in peer-reviewed journals and conference presenta-
tions. A summary of results will be available on the Ash-
ford and St Peter’s Hospitals’ website for public access.
The anonymized data will be available to researchers upon
request, following approval from the established scientific
committee.

Results

Patient recruitment has started in September 2021 and
enrolment is expected to be completed by December 2023.
Results will be reported in 2026.

Discussion

Smoking cessation is a priority for patients with T2D and the
use of C-F NA has grown exponentially in the past decade.
However, there is limited knowledge regarding the overall
health impact of C-F NA like e-cigarettes and HTPs on indi-
viduals with T2D who smoke. The DiaSmokeFree study will
be the first trial to address this knowledge gap. The study
has been specifically designed to tests the hypothesis that
avoiding exposure to cigarette smoke toxicants by substitut-
ing tobacco cigarettes for C-F NA may lead to measurable
amelioration in cardiovascular risk factors and metabolic
parameters, compared to individuals who continue smoking
tobacco cigarettes.

Although it is generally desirable, and in particular
for individuals with T2D who smoke to stop any form of
tobacco consumption, devices that deliver nicotine without
combustion (i.e., C-F NA) are de facto replacing tobacco
cigarettes among smokers worldwide [39-44]. Compared
with tobacco cigarettes, they offer substantial reduction in
exposure to toxic chemical emissions [45—49]. For this rea-
son, they are proposed for harm reduction from cigarette
smoke and for smoking cessation [18, 21, 50, 51]. However,
C-F NA are not risk free, and they might have adverse health
effects not yet identified.

DiaSmokeFree's study design was based on the idea that
C-F NA are marketed as substitutes for tobacco cigarettes
and that the reference product would be participants’ own
brand tobacco cigarettes. The study duration of 24 months
allows for observation of changes in the primary end point,
and the randomized design ensures high-quality data by
equalizing variation in smoking history and other variables
between the study arms. Additionally, the welfare of par-
ticipants is emphasized throughout the study with regular
reminders to quit smoking and access to free smoking ces-
sation programs.

Several of the parameters measured in this study are asso-
ciated with the development of cardiovascular diseases (e.g.,
hypertension, elevated blood cholesterol, and BMI > 25),
and some of these parameters have been shown to improve
relatively quickly after smoking cessation [34, 35]. There-
fore, the profile of these changes after switching to C-F NA
may provide valuable insight into the overall potential of
these products to reduce the overall cardiovascular risk.

The introduction of several compliance checkpoints
throughout the study to record the consumption of tobacco
cigarettes and use of C-F NA is a significant feature of the
study. Ensuring compliance with the study protocol is cru-
cial for obtaining reliable results as failure to replace con-
ventional cigarettes fully or largely with C-F NA would
reduce or nullify the expected changes in study end points.
Participants will be encouraged to adhere to their assigned
intervention and reduce conventional cigarette consumption
by at least 80% from baseline. They also will be informed
that a compliance check will be performed at each visit
through biochemical verification. Compliance will be also
checked by counting all empty, partially used and unused
consumables returned at each visit (i.e., consumables record
checks) and by reviewing any non-compliance recorded in
the research diary or via the tracker app.

Although compliance in this study is not expected to
differ significantly compared to other similar studies, our
power calculation is overestimated, to take account of a non-
compliance rate of 50%. Therefore, the C-F NA population
will be oversampled using a 1:2 randomization ratio scheme
(i.e., for every patient randomized in the control population,
two patients will be randomized in the C-F NA population).
Finally, by requiring participants to return to the clinic to
regularly stock up on cartridges/pods or e-liquids refill bot-
tles for e-cigarettes, and tobacco sticks for HTPs will also
increase study participation and retention in the C-F NA
population.

The study’s innovative features include offering partici-
pants a range of C-F NA options to choose from, ensuring
a user-friendly experience, and increasing the likelihood
of adoption. This element of choice is missing from any
switching trials to date, in which a single product is gen-
erally offered. Since DiaSmokeFree's population sample
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consists mainly of elderly patients, we will provide devices
that ensure the most user-friendly experience possible (e.g.,
easy-to-refill consumables, pre-filled consumables, etc.).
This approach enhances generalizability and makes the find-
ings applicable to a broader population.

Another significant feature that makes this study unique
is the incorporation of an innovative tracker application
designed to monitor various behaviors and enhance adher-
ence to the study protocol. The application serves multiple
functions, including monitoring physical activity, adherence
to capillary blood glucose monitoring, cigarette smoking
frequency and daily C-F NA usage. By continuously col-
lecting data through the tracker application, researchers can
closely monitor participants' behaviors and identify any pro-
tocol violations. This real-time monitoring allows for prompt
intervention or corrective measures to maintain adherence
and ensure the integrity of the study. Additionally, the tracker
application enables the collection of adverse events, which
provides valuable information on the safety and tolerability
of C-F NAs. Researchers can promptly address any adverse
events and take necessary actions to safeguard participant
well-being. Furthermore, the application serves as a com-
munication tool, sending reminders to participants about their
next scheduled appointment, study restrictions, and instruc-
tions. These reminders help to keep participants engaged and
informed throughout the entire duration of the study.

As with any study, our protocol has limitations. First, sub-
ject retention in the study can be challenging due to the rela-
tively long follow-up (24 months). Nonetheless, inviting par-
ticipants to return to the clinic with study equipment provided
free of charge and a dedicated fast-track approach to their
outpatient appointments may increase study participation and
retention. Second, the results of DiaSmokeFree cannot be
extrapolated to all smokers with diabetes. We will not recruit
smokers with untreated disease or with acute complications
of T2D. Also, individuals with Type 1 Diabetes (T1D) will
be excluded from the study. The impact of COVID-19 restric-
tions on recruitment is also acknowledged, and strategies will
be implemented to mitigate any potential drawbacks.

Conclusions

The evidence for potential risk/harm reduction with long-
term use of C-F NA is virtually unexplored in patients with
T2D. DiaSmokeFree's data will be an important addition to
the growing body of knowledge about the health effects of
C-F NA and will provide valuable progress into the overall
potential of these products to reduce the cardio-metabolic
risk, especially in people with diabetes. For governments,
health authorities, and health professionals to be able to pro-
vide guidance on cigarette substitution, reliable evidence-
based information about risk reduction and harm reversal

@ Springer

in T2D is needed. The DiaSmokeFree RCT will stand out
as the first clinical trial being adequately powered to collect
such evidence.
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