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Abstract

Introduction We codesigned an intervention with a low-resourced community with the aim to
investigate the effects of time-restricted eating (TRE) on changes in body weight and associated
cardiometabolic outcomes in South African women living with overweight/obesity and HIV who
have initiated dolutegravir (DTG)-based antiretroviral therapy (ART). Methods and analysis Women
with overweight or obesity (body mass index ?25 kg/m?, no upper limit), aged 20-45 years, living
with HIV and in a low-resourced community, and receiving DTG-based ART for less than 2 years
will be recruited from a community healthcare centre in Khayelitsha, Cape Town (n=152).
Participants will be randomised 1:1 to the TRE group (n=76) or standard of care control group
(n=76) for 12 months. The TRE group will be required to restrict their eating window to ~8-10
hours/day and will receive nutritional information sessions at baseline and at 3, 6, 9 and 12 months.
The primary outcome of body weight will be assessed at baseline and monthly. Cardiometabolic
measures will be reported as secondary outcomes. At baseline, 6- and 12 months, an oral glucose
tolerance test (to estimate insulin sensitivity and beta-cell function), questionnaires
(sociodemographic, food insecurity, quality of life, social support and sleep quality) and a quantified
food frequency questionnaire (total energy and macronutrient composition) will be completed.
Every 3 months, appetite ratings, bioelectrical impedance (fat mass and fat-free mass), fasting
venous bloods (glucose, insulin, gut hormones and systemic inflammation) and process evaluation
(qualitative interviews) will be completed. Monthly monitoring will also include anthropometry and
blood pressure.

keyword

Test

Figure






Manuscript
| ntroduction



Approximately 2.7 million newborns die every year, many from preventable or treatable conditions including
prematurity, infection and birth asphyxia. Many low- and middle-income countries (LMIC) are struggling to
meet the Every Newborn Action Plan target of fewer than 12 newborn deaths per 1000 live births by
2030.Health ministries urgently need approaches to upskill frontline healthcare workers to provide care to
sick newborns.

The poor newborn outcomes in LMICs are due to many factors. Healthcare workers have limited skills and
poor adherence to clinical guidelines; they also face large patient loads and high staff turnover, which make
training difficult to implement.Clinical decision support system (CDSS) offers features that address many of
these gaps in care delivery including improving fidelity to clinical guidelines and reducing medical
errors.CDSS al so has the potential to surmount training challenges. Incorporated into daily practice, CDSS
offers the prospect of improvement that endures over time and across new and frequently changing staff.
Several CDSS platforms have demonstrated efficacy in improving knowledge and confidence of frontline
healthcare workersin neonatal care delivery.

While CDSS is generally designed to be easy for people with smartphones and other computer experience to
learn, fluency with modern technology cannot be assumed in low-resource settings. Indeed, the key challenge
in scaling CDSS is that implementation requires initial training that has historically been done by information
technology specialists or product designers, who are short in supply in low-income countries. Task shiftingof
training roles and other clinical work to lower cadre healthcare workers has been recognised as a sustainable
and cost-effective method to expand access to medical care. This approach could provide a sustainable and
successful implementation of CDSS. However, there have been no studies examining whether tasks
traditionally done by specialists related to CDSS in low-resource settings can be task shifted to healthcare
workers.

The NoviGuide Neonatal Essentials application (hereafter, NoviGuide) is a CDSS with six pathways for
common neonatal encounters.These pathways include: (1) initial assessment <24 hours, (2) initial assessment
>24 hours, (3) rounding, (4) spot check, (5) discharge and (6) seizure and abdominal emergency. NoviGuide
contains instructional videos from Global Health Media Project depicting physical signs of common newborn
conditions, breastfeeding guidance and newborn procedures. NoviGuide works both online and offline and
can be deployed as aweb or mobile application. It is configurable at the level of the facility to variationsin
equipment or protocols and its dashboards can show site-specific use. NoviGuide has been shown to improve
the nurse-midwives knowledge and confidence to care for newborns at arural general hospital in eastern
Uganda.

Given the limited evidence for a sustainable and scalable adoption of CDSS,our aim was to evaluate whether
CDSS expert roles could be task shifted to midwives in the implementation of NoviGuide. First, we
developed the NoviGuide Neonatal Essentials Trainer programme, a midwife-led training programme for the
introduction of NoviGuide in health facilities. We then applied the Kirkpatrick model to evaluate: (1) the
acceptability of midwives as trainers of NoviGuide among nurse-midwives caring for newborns at four rural
health facilities in eastern Uganda, and (2) the effectiveness of the training programme on nurse-midwives
uptake of NoviGuide and their perception of quality of newborn care in the four rural health facilities.



M ethods



Study design

We conducted a 20-month, concurrent triangulation mixed-methods open cohort study from September 2020
to May 2022. We chose an open cohort study design to enrol all nurse-midwives following staff changes,
capturing real-world situations with high attrition rates for NoviGuide implementation. We used
Kirkpatrick’s programme eval uation model .We evaluated acceptability at level 1 (Reaction) for participant’s
reaction immediately after theinitial training, and at level 3 (Behaviour) for the participant’s attitude towards
midwives as NoviGuide Trainers at 3 and 6 months. We evaluated effectiveness at level 2 (Learning) for
participants’ newly acquired knowledge and skills to use NoviGuide, and at level 3 (Behaviour) for
participant’ s uptake of NoviGuide and perception of newborn care following the introduction of NoviGuide.



Levels Description Data source Study timeline
Level 1:

Reaction

(Acceptability) Participants acceptability of midwivesas |The Training Acceptability Post-training

NoviGuide Trainers

Rating Scale

Level 2:
Learning

(Effectiveness)

Participants newly acquired knowledge
and skills to use NoviGuide

Electronic Health Record
End User survey

Focus group discussions

3 and 6 months
3 and 6 months

Level 3:
Behaviour

(Acceptahility)

Participants attitude towards midwives as
NoviGuide Trainers

Focus group discussions

3 and 6 months

(Effectiveness)

Participants uptake of NoviGuide

Changes in newborn care practices

NoviGuide usage data
Focus group discussions

Weekly for 20
months
3 and 6 months




Study site selection and setting

We selected four government-owned health facilities located in Tororo district, eastern Uganda, where
newborn careis primarily provided by nurses and midwives. The sites include Tororo General Hospital and
Mulanda, Nagongera and Mukujju Health Center (HC) 1Vs. These health facilities serve a population of 583
400 people. Tororo General Hospital conducts approximately 400 deliveries monthly and admits nearly 100
sick newborns per month from the community, health centres, private facilities and across the Kenya-Uganda
border. At the launch of the study, Tororo General Hospital had 22 midwives providing both maternal and
newborn care in the labour suite, postnatal ward and a small kangaroo mother care room. Staff work 2—3 per
shift on each of these units with supervisory support from two to three medical officers. They rotate to other
units at least annually. The kangaroo mother care room was refurbished in September 2021 to a neonatal unit
with new equipment including neonatal incubators, phototherapy, warmers and oxygen concentrators. Six
staff were assigned neonatal roles to work on this unit. The three HC 1V's conduct between 70 and 130
deliveries each per month and had no dedicated areafor sick newborn admissions. Six to eight midwives
provide newborn care in addition to maternity care including labour and delivery, postnatal care and
outpatient department. Staff work 1-2 per shift with supervisory support from one medical officer.



NoviGuide Neonatal Essentials Trainer programme

We trained two midwives as NoviGuide Trainers, tasked with instructing staff on the basic operation and
troubleshooting of NoviGuide. The trainers attended three 3-hour sessions conducted at Tororo General
Hospital boardroom.

There were three key elementsto the training. First, trainers learnt the installation and set-up of the software
onto tablets. This includes downloading the application, linking the software to a specific clinic using a 9-
digit code and creating and managing user profiles.

Second, the trainers learnt how to train fellow nurse-midwives on the (1) basic function of NoviGuide,
including its content and location of key functionalities such as contextual drug dosing calculators and
preterm feeding widgets, (2) introduction to the use of the tablet, (3) value of NoviGuide in promoting
fidelity to neonatal guidelines to reduce medical errors, (4) key safety considerations including what to do
when one’s clinical judgement does not align with software information and (5) gamification features to track
their use of the application.

Third, the trainers learnt how to monitor sites using the dashboards. This training includes review of
dashboards, evaluation of NoviGuide adoption and address low uptake, data synchronisation and
troubleshooting common technical issues.

We taught these three elements using a combination of PowerPoint presentations, role-play and support
supervision. The trainers used the same PowerPoint presentations during the on-site training of nurse-
midwives. In thisway, the training was first modelled for the trainers.



Enrolment and training of the study participants

All nurse-midwives at the four study sites were invited to attend an introductory session at their respective
sites. Eligibility criteriaincluded provision of newborn care at the study sites, more than 18 years of age,
having an active practising licence to practise and willingness to participate in the study. We obtained written
informed consent before participation. We conducted recruitment first at Tororo General Hospital in
September 2020 and at Mulanda, Nagongera and Mukujju HC IVsin March, April and May 2021,
respectively. The delay was due to COVID-19 pandemic travel restrictions.

Following recruitment, NoviGuide Trainers travelled to each site and trained participants for 3 hours. The
trainers used the PowerPoint presentations of the NoviGuide Neonatal Essentials Trainer programme. The
trainers then provided technical support for NoviGuide use and addressed any technical problems daily
during the first 2 weeks and monthly thereafter. As an open cohort study, the trainers also trained newly
recruited participants following staff changes.



I ntroduction of NoviGuide at the health facilities

The NoviGuide Trainers introduced NoviGuide at the four study sites, adding each participant into the
application as a user with adistinct password. Each site received two to four tablets (Amazon Fire HD 8
tablet) loaded with NoviGuide. The number of tablets depended on the number of staff per shift. With two to
three staff per shift, the general hospital received four tablets, while the HC 1V's each received two tablets
because they have one to two staff per shift. Tablets were stored in lockable wooden cabinets located in the
midwives office, neonatal unit or labour suite.

Thetrainers identified akey contact person (NoviNurse) at each site who kept the study team informed about
any challenges encountered. The NoviNurse assisted with data synchronisation by intermittently connecting
the tabletsto WiFi provided by a MiFi modem (Airtel 4G modem model MF927U).



Data collection

At baseline, participants completed a questionnaire that included demographic information (age and sex),
years of clinical experience, role (nurse or midwife), health facility, devices personally owned and accessto
internet.

Immediately after the training, participants completed a survey adapted from the Training Acceptability
Rating Scale evaluating acceptability (Kirkpatrick level 1—Reaction). The first section consists of six
statements assessing general acceptability, appropriateness and perceived effectiveness, negative side effects,
consistency and social validity of midwives as NoviGuide Trainers. The participants rated each of the
statements on a 6-point Likert scale indicating their degree of agreement or disagreement with responses 1-6,
where 1 represents ‘ Strongly disagree’ and 6 represents * Strongly agree’. The second section consists of nine
statements assessing the participants perception about the training process and competence of Trainers. The
participants rated each of the statements on a 4-point scale from 1 to 4 where 1 represents ‘Not at al’ and 4
‘A great deal’.

At 3 and 6 months, participants completed another survey adapted from the Electronic Health Record End
User survey and participated in focus group discussions for evaluation of both effectiveness and acceptability
(Kirkpatrick level 2—L earning and level 3—Behaviour). We chose 3 and 6 months as these timepoints were
close enough to theinitial training for participants to remember their perception about the programme. The
survey consists of 11 statements, including: ‘1 received adequate training from the Trainers on how to use
NoviGuide', ‘My questions about NoviGuide were sufficiently answered by the Trainers and ‘ The Trainers
were able to provide technical support on NoviGuide when | needed it’. The respondents indicated their
degree of agreement or disagreement on a 5-point Likert scale, where 1 represents ‘strongly disagree’ and 5
‘strongly agree’. In total, we conducted 10 focus group discussions; four at the general hospital because of
the large number of participants and two at each of the three HC IVs. Seven to eleven participants attended
each discussion. Two female members of the study team guided the discussions. One moderated the
discussions using the following questions: (a) Share your experience of caring for newborns before and after
the introduction of NoviGuide, and (b) Describe your attitude towards midwives as NoviGuide Trainers. The
other managed the audio recording. Each focus group opened with a statement explaining the purpose of the
discussion and an assurance of confidentiality. All the interviews were conducted in English, audio recorded
and lasted approximately 1 hour. The focus group data were transcribed verbatim, labelled with a unique
number and kept on a password-protected computer.

At least once every week for 20 months, NoviNurses connected the tablets to WiFi by switching on modems
to transfer NoviGuide usage data to a secure cloud-based database. We viewed the usage data from the site
dashboards for the participant’ s uptake of NoviGuide to further evaluate effectiveness (Kirkpatrick level
3—Behaviour).



Data analysis

We used descriptive statistics to analyse the participant’ s baseline characteristics and NoviGuide uptake. For
the Training Acceptability Rating Scale 1 and 2, we determined the mean scores and SD of each of the
statements. For each of the Electronic Health Record End User survey statements, we cal culated the median
scores and |QRs. We then used a two-tailed Wilcoxon signed-rank test to compare the median scores at 3 and
6 months. To determine the magnitude of the differences, we calculated effect size using Cohen’sd. A
positive effect size indicated an increase in the mean score while a negative effect size indicated a decrease.
We considered effect sizes of 0.2 to <0.5 as small, 0.5 to <0.8 as medium and 0.8 and above as large.To
assess uptake, we determined the proportion of trained participants who used NoviGuide following the
training. We a'so captured the total number of newborn assessments entered into NoviGuide by each
participant, expressing the results in afigure and determined the total and range of assessments per site. We
analysed all quantitative data using Stata V.16 (StataCorp, College Station, Texas) setting the Cl at 95% and
considered p value <0.05 significant.

Qualitatively, we employed thematic analysis using Qualitative Data Analysis Miner Lite V.2.0.9 (Provalis
Research, Montreal, Quebec, Canada). MKM cleaned the data by reading each transcript while listening to
the original recording. Then, MKM and JA analysed the data. During the coding meetings, they developed
subthemes emerging from the codes, further categorising these subthemes into three overarching themes: one
themein level 2 (Learning)—Newly gained knowledge and skills, and two themesin level 3
(Behaviour)—Changes in newborn care practices and Attitude towards midwives as trainers. In total, 10
subthemes emerged. For each subtheme, we included key illustrative quotes and examined for similarities
and differences across study sites. The whole study team approved the finalised categorisation of the
subthemes.

We concurrently triangul ated the quantitative and qualitative data by assessing focus group discussion data
for content areas that explained or contradicted survey data and NoviGuide usage data. We used
Strengthening the Reporting of Observational Studiesin Epidemiology checklist for cohort studies during the
preparation of this manuscript.



Patient and public involvement

Neither patients nor the general public were involved in the design or management of the study.



Results



Participant characteristics

We screened 49 femal e nurse-midwives and enrolled them all with a mean age of 34 (range: 24-56) years.
None declined to participate in the study. Of 49 participants, 26 (53.1%) worked at Tororo General Hospital
and 8 (16.3%), 8 (16.3%) and 7 (14.3%) at Mulanda, Mukujju and Nagongera HC 1Vs, respectively. We first
enrolled participants in September 2020 from Tororo General Hospital (13/26) before adding Mulanda,
Nagongera and Mukujju HC IVsin March, April and May 2021, respectively. Thiswas an open cohort with
new participants enrolled during the course of the study following staff changes. Mgjority (46/49 (94%))
were midwives and only 3/49 (6%) were nurses, 23/49 (46.9%) owned smartphones but only 12/49 (24.5%)
reported accessing the internet daily. Of 49 participants, 21 (42.7%) had work experience of 3-10 years, 12
(24.5%) had worked for 11-20 years, 11 (22.5%) for 0-2 years and only 5 (10.2%) for more than 21 years.

Of 49 enrolled participants, only 17 (35%) remained in the study at the time of closure because of staff
changes, including: (a) transfer to other wards within or to other health facilities by the district
administration, and (b) refurbishment of the neonatal unit at Tororo General Hospital in September 2021,
where only six participants were assigned to care for newborns. The rest were given non-neonatal
assignments.



Kirkpatrick level 1. Reaction

Immediately following the initial training, all participants reported high acceptability of midwives as trainers
of NoviGuide (mean 5.9, SD 0.37). They perceived the use of midwives as NoviGuide Trainers an
appropriate approach that would result in increased interest in NoviGuide among staff. The participants
perceived the training by midwives sufficient for them to develop the skills needed to use NoviGuide during
their care of newborns (mean 3.88, SD 0.33). The participants felt confident to use NoviGuide (mean 3.80,
SD 0.41). Thetrainers were perceived as competent, motivating and able to relate well with the participants
during the training sessions.



Questions

M ean scor e (SD)

The Training Acceptability Rating Scale 1 (maximum score of 6)*

1. General acceptability: Midwife trainers would be appropriate for other staff at other

hospitals and clinics. 5.9(0.37)
2. Effectiveness: Thistraining approach will be beneficia for the staff. 5.94 (0.24)
3. Negative side effects: This training approach will result in decreased interest in
. o 1.33(1.14)
using NoviGuide.
4. Appropriateness. Most staff would not accept midwife trainers as an appropriate
. 1.78 (1.65)
approach to learn how to use NoviGuide.
5. Consistency: The training was consistent with common sense and good practice in 5.84 (0.75)
helping staff learn to use the NoviGuide in the care for newborns. ' '
6. Social validity: In an overall general sense, most staff would approve of midwives
o : 5.76 (1.01)
as NoviGuide Trainers.
The Training Acceptability Rating Scale 2 (maximum score of 4)1
7. Did the training improve your understanding of NoviGuide? 3.76 (0.48)
8. Did the training help you develop skills you need to use NoviGuide, that is, you 3.88 (0.33)
feel comfortable using the tablet and the NoviGuide software? ' '
9. Has the training made you feel confident about using NoviGuide? 3.80 (0.41)
10. Do you expect to make use of what you have learnt in the training when you use
- 3.86 (0.35)
NoviGuide?
11. How competent were the midwife trainers? 3.86 (0.35)
12. In an overall general sense, how satisfied are you with the training? 3.71 (0.46)




13. Did the training set out to cover the topicsit set out to cover?

3.65 (0.56)

14. Did the midwife trainers relate to the group effectively?

3.96 (0.20)

15. Were the midwife trainers motivating?

3.92 (0.28)

Kirkpatrick level 2: Learning

Three subthemes emerged concerning the participants’ newly gained knowledge and skills, namely: (1) learnt
how to use NoviGuide, (2) gained technology skills and (3) colleagues learnt and helped others. Across all
study sites, participants reported that the training was sufficient for them to start using NoviGuide. They
discussed that NoviGuide was easy to learn because of the understandable language and guidance provided
by the software. Some of the participants, especially those who did not own smartphones, reported gaining
new skillsin using technology. In addition to the Trainer’s support, participants also reported receiving
support from their colleagues, especially during weekend and night shifts. Support sought included: (a) how
to navigate the tablet, (b) waking an unresponsive tablet and (c) training colleagues who were away during

theinitial training.
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Table3

Focus group discussion themes and key illustrative quotes (Kirkpatrick evaluation levels 2 and 3)

Theme

Subtheme

Key illustrative quotes

Kirkpatrick evaluation level 2—L earning

Newly gained
knowledge
and skills

Learnt how to use

‘The training was okay. We were able to use NoviGuide.” (NAG-03)
‘...it did not take us alot. Within one week, we had caught up and we
were doing perfectly...” (MUK-03)

NoviGuide ‘To me, NoviGuide uses the language we understand. There are no
serious terminologies in this NoviGuide and sometimes even when you
mess up with something, it tellsyou...” (MUL-01)

‘At the very beginning, | faced a challenge because the technology, |

Gained technology was not used_ toit. 1 was uged to angl ogue. Everyt_hi ng with a pen. _

«ills When | continued to practice, | felt it was the easiest way of managing

these children. At least | felt my technology was also improving abit. |
have moved a step away from analogue...” (MUL-05)

Colleagues learnt
and helped others

‘... sometimes you can get stuck somewhere and consult a colleague.
Onetime, | remained stuck on the treatment but | didn’t know where to
go. So, | consulted a colleague and she directed me.” (MUL-03)

‘...we had a colleague that we trained later...so we had to guide her on
what to do... we made sure that the first five babies that we had, she
was the one to start NoviGuiding. So, we were like supervising and
telling her what to do. So that’s how she was able to catch-up very fast
and to use NoviGuide up to now.” (MUK-07)

‘When | see sister, she asks me, ‘What isthe problem? And if you tell
her, maybe the tablet isdown... she can say, ‘ Try this.” So that is how
sometimeswe do it if our Trainers are not around.” (TOR-09)

Kirkpatrick evaluation level 3—Behaviour




Changesin
newborn care
practices

Confidenceto care
for newborns

‘... those days, when that baby is brought, you even begin thinking...
what am | going to do to this baby? But now...we have the confidence.
These babies are received in time and given treatment in time.” (TOR-
15)

‘Before NoviGuide, | would get worried whenever | received asick
baby. | would call my seniors and eventually we would refer the baby.
But ever since NoviGuide came, am comfortable.” (MUK-05)

*...you would call adoctor and he or she may take maybe two hours
without arriving to save my baby. But now, meanwhile, as we wait for
them, you are at least able to identify what you're supposed to do...
sometimes they tell you to refer the baby. It’ s already late, so babies
would die.” (TOR-05)

‘[NoviGuide] has aso ssimplified our work...we could struggle to first
of all look for our phones to calculate the doses. But with NoviGuide,
you just pick the tablet...it will give you the exact treatment...” (MUL-
03)

Newborn care
knowledge

‘NoviGuide has taught me alot, | used to overdose the children. |
didn’t know what to do...” (NAG-02)

‘I get set and | know which baby will need NoviGuide without fail,
before even this baby is born. And when the baby is born, | will know
NoviGuide will tell me what to do.” (TOR-11)

‘Before, we could give syrups...” (MUK-01)

"...we used to hear about phenobarbitone and originally, we could
even dissolve the tablet at school but we didn’t know the right
quantity. They could tell you quarter of the full tablet. But now we
came to know the full doses.” (MUK-02)

“NoviGuide has helped me to give me warning signs. For example,
preterm, once you input the temperature, it [NoviGuide] will warn you
whether the baby needs extra warmth. When the glucose levels are
low, it will warn you. | didn’t know the normal ranges but it
[NoviGuide] guides you. And when it [the newborn] needs fluids, it
[NoviGuide] will tell you that it [the newborn] needs the fluids.’
(MUK-03)




Teamwork

‘...whentherewasa
challenge, we could
come together asa
team and ask each
other, now here,
what can | do? So as
afacility, we have
been having good
teamwork and there
was nobody who
was left behind.’
(MUL-05)
‘NoviGuideinvolves
togetherness. So,
like, I can comein
the morning, and the
baby has been
delivered by anight
nurse. And then |
NoviGuide the baby.
So, | haveto
handover to the next
person, maybe for
rounding off. So, it
has helped usin this
teamwork and
togetherness. And
that isalso really
good for the
management of
babies’ (TOR-05)
"...I have a baby,
maybe | have tried to
cannulate and |
failed, most times|
call my colleagues.
There are people
who may be better
than you. So, we
always put our hands
together.” (TOR-15)
‘... therewere so
many things | would
doubt. Can this baby
live? And after this
and that treatment,
we were finding life
easy...two or three
of us come together
and work wasfine.’
(NAG-05)




Attitude
towards
midwives as
trainers

Confidencein a
fellow midwife

‘“To me, | appreciate afellow midwife to train... somebody from a
different place gives you that fear to ask some questions and | feel
being afellow midwife training you, you' re free and you can ask
anything.” (TOR 17)

‘...We have confidence in them...” (TOR-13)

"We are used to them so we interact like colleagues. Thereis no
fear...than bringing people from somewhere else.” (MUK-08)

Accessibility

‘...they are easily accessible.” (TOR-17)

‘...Thisisaperson I'm always with. In case I’ m stuck with anything, |
can easily consult her.” (TOR- 03)

‘...even in the night, we work with them.” (TOR-11)

‘...and they are just acall away in case of anything.” (MUK-07)

Easy communication

‘Tomel seeitsgood... when amidwife and a midwife talk to each
other, at least there are ssmple words that they understand. But now...a
doctor talking to amidwife, | will start imagining which question isthe
doctor going to ask. But if it'sa midwife with amidwife...they all
speak the same language.” (MUL-04)

‘...you can talk the same accent... sometimes we have experience
when we get some people to train us and you would say pardon and
again pardon, then the person will get alittleirritated so will not
explain well. They [Trainers] explained clearly...” (NAG-05)

‘...even when | couldn’t understand in English they could trandatein
our local language.” (MUK-01).

Midwives

knowl edgeabl e about
newborn care
challenges

‘...they [Trainers] know what is on the ground and what to be done.
Because somebody from out will not know what happens, what we go
through...” (TOR-22)

‘... they [Trainers] knew very well...the challenges we are facing,
what we had and didn’t have, and they helped us to work within our
limited resources to be able to help these babies survive.” (TOR-11)
‘They are able to explain to usin the simplest way and we feel our
people are being empowered to work with us. They are
knowledgeable, hard working. So | feel they can roll this [NoviGuide]
across the country.” (MUL-07)

MUK, Mukujju Health Center IV; MUL, Mulanda Health Center IV; NAG, Nagongera Health Center 1V
TOR, Tororo General Hospital.







The participants used NoviGuide for varying newborn conditions. Of all the assessments made into
NoviGuide, 13.8% (558/4045) were for preterm newborns, 17.5% (709/4045) for newborns weighing under
2.5 kg and 21.1% (855/4045) had atemperature less than 36.5°C.

In addition to NoviGuide use during the admission of newborns to the hospital, participants used NoviGuide
for rounding (12.2% (492/4045)) and during discharge (9.3% (376/4045)), where they used a checklist to
assess readiness for discharge. The participants also viewed instructional videos within NoviGuide. These
videos, as discussed during the focus groups, were used especially for first time mothers and as a quick
reminder of clinical skills. Of the 44 participants whose use of NoviGuide videos was assessed, 25 (56.8%)
watched breastfeeding videos, 10 (22.7%) a discharge video and 9 (20.5%) a video on danger signs. For
reminders on clinical skills, 22 (50%) watched a resuscitation video, 16 (36.4%) an intravenous insertion
video and 12 (27.3%) avideo on how to insert a nasogastric tube.



Discussion

In our study, the participants revealed a high degree of acceptance of midwives as NoviGuide Trainers. The
midwife-led training programme resulted in high uptake of NoviGuide among participants and perceived
improvement in newborn care practices.

Task shifting has been shown as a cost-effective strategy for addressing staff shortages in the provision of
high-quality care for chronic medical conditions.Most studies on neonatal CDSS in Africa, including our
previous research, evaluated the acceptability and feasibility of individual products.This study contributes to
the limited evidence essential for the sustainable scale-up of CDSS in similar settings. However, CDSS can
also be considered a health system strengthening intervention requiring changes at the individual, facility and
health system levels.Successful adoption of complex interventions requires workflow adjustments at different
levels of the health systems while tackling drug shortages, frequent staff transfers, heavy workload and staff
training and support. Additional resources are needed for CDSS implementation including internet coverage,
reliable electricity and mobile devices which may not be easily availablein rural settings.

Characteristics of the CDSS should also be considered for adoption success.Our findings of improved
confidence and newborn care practices are consistent with other studies on CDSS.However, contrary to other
studies where poor computer skills are reported as a barrier to implementation of CDSS in African settings,
lack of prior exposure to smartphone use was not a hindrance to NoviGuide use in our study. Uptake of the
software was very high. We attribute this to the usability and unique functionalities of NoviGuide.
NoviGuide uses simple terminology and provides easy-to-follow guidance at the point of care. To further
improve care, usage data could potentially be used to support quality improvement initiatives and staff
supervision. Further research is therefore required to evaluate how site dashboards could be integrated into
routine organisational systems.

Our results also aligned with studies where midwives effectively took on additional roles as trainers for
facility-based interventions. However, it isimportant to put into consideration the implications that task
shifting has on other roles of the midwife trainers. Thisis because trainers are removed from clinical careto
prepare for and provide training. A cost-effectiveness evaluation is needed to compare this approach to
conventional methods.

Our study has severa limitations. To avoid selection bias, we enrolled al nurses and midwives caring for
newborns at the respective health facilities. However, two trainersin our programme had previous experience
with NoviGuide; thislikely contributed to the effectiveness of our training programme. New trainers would
likely take additional time for training. However, the idea of using users astrainersis an appealing strategy
for scaling CDSS. Our work describes a task-shifting approach from CDSS experts to midwives. We did not
formally evaluate the implications that task shifting had displacing other administrative roles of the
midwives. While the universally positive opinions from participants about the programme are encouraging, it
raises concerns about reporting bias; it is possible that participants felt obligated to give their supervisors
positive reviews as trainers. However, the CDSS data suggest that participants sought to use the CDSS even
outside of the presence of the trainers. One site had recently undergone refurbishment of their neonatal unit.
The perception of better care resulting from new resources at that facility could have positively biased
participants’ perception of improved quality of newborn care. We evaluated outcomes at Kirkpatrick levels
1-3. Therefore, further research at level 4 isrequired for long-term impact of the training programme on
newborn outcomes and organisational systems.



Conclusion

The use of midwives as NoviGuide Trainers was acceptable in the introduction of a complex neonatal CDSS
among nurse-midwives at four rural health facilities in eastern Uganda. The trained midwives provided
technical support and NoviGuide troubleshooting. This support resulted in high uptake of NoviGuide among
nurse-midwives and improved confidence and self-reported improvements in neonatal care timeliness,
accuracy and team communication. Task shifting information technology roles to midwives could play akey
role in the scale-up of CDSS. However, resources including internet coverage, reliable electricity and mobile
devices should be considered for sustainable scale-up in low-resource settings. Further research is also
required on the cost-effectiveness and long-term impact on newborn outcomes and organisational systems.
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Table

Background



Thereis good evidence from randomised controlled trials and real-world studies that e-cigarettes help people to quit smoking. E-
cigarette use is behaviouraly similar to cigarette smoking and the devices deliver nicotine effectively. They are generally regarded
as much less harmful than combustible tobacco, but pose some risks compared with neither smoking nor vaping. The extent to
which vaping protects against or increases the risk of relapse to smoking in the longer term is not yet clear. Given ex-smokers
represent a growing proportion of the adult population, monitoring patterns of vaping among people who have quit smoking is
important because unless vaping prevents relapse to smoking, it will expose users to some level of additional harm .

E-cigarettes were first introduced to the UK market in 2008. They were rarely used up to 2011, then rapidly became popular as a
method of quitting smoking. Up to mid-2011, fewer than onein 100 quit attempts in England involved the use of an e-cigarette; by
2014 this number had risen to more than one in four. In the years that followed, the proportion of ex-smokers who had been quit for
? 1 year who reported current vaping increased steadily, from 3.3% in 2014 to 10.4% in 2019. While most ex-smokers who vape
likely start using e-cigarettes while smoking and continue to vape beyond a successful quit attempt, some appear to take up vaping
after stopping smoking. Between 2014 and 2019, 7.1% of ex-smokers who had been quit for < 1 year who did not use an e-
cigarettein their quit attempt reported current vaping, as did an increasing proportion of ex-smokers who quit before e-cigarettes
became popular in 2011 (from 0.8% in 2014 to 2.1% in 2019).

Since 2021, there has been a substantial increase in vaping in England among all smoking statuses, which appears to have been
linked to the introduction of new disposable e-cigarettes. The proportion of ? 1y ex-smokers who reported having vaped for more
than 6 months doubled between the start of 2021 and October 2023 (from 8 to 16%)and the proportion currently using disposable
e-cigarettesincreased from 0 to 4%. Studies show the recent increase in vaping has been much greater among younger adults and
those who drink more heavily . It is not clear whether the same patterns have occurred among ex-smokers specifically, or whether
there have been differences by other key sociodemographic characteristics (e.g., gender or socioeconomic position). It is aso not
clear to what extent the increase in vaping prevalence among ex-smokers reflects more people taking up vaping after smoking
cessation or a change in the types of ex-smokers who are vaping.

This study aimed to examine the extent to which there has been an increase over time in vaping among adults in England who have
quit smoking and when uptake of vaping takes place in relation to cessation. Specifically, we analysed trends in vaping prevalence
among smokers trying to quit and among ex-smokerswho (i) quit ? 1 year ago, (ii) quit recently and did not use an e-cigarette to do
so, and (iii) quit before e-cigarettes became popular. We a so explored how changes in the prevalence of vaping among ex-smokers
differed according to their sociodemographic characteristics and level of acohol consumption, and whether their profiles (in terms
of their duration of abstinence and sociodemographic, drinking, and vaping characteristics) have differed since disposable e-
cigarettes started to become popular.



M ethods



Pre-registration

The study protocol and analysis plan were pre-registered on Open Science Framework. We amended our planned analyses of
trends in recent uptake of vaping after smoking cessation due to the small sample available for this outcome (see statistical analysis
section for details).

Design

We analysed data from the Smoking Toolkit Study, a representative repeat cross-sectional survey of adultsin England. The survey
began in November 2006 and is ongoing. Each month, a new sample of approximately 1,700 adultsis selected via a hybrid of
random probability and simple quota sampling. Data were collected face-to-face up to the start of the Covid-19 pandemic and have
been collected viatelephone interviews since April 2020; the two modalities show good comparability on key sociodemographic
and nicotine use indices.

The present analyses focused on data from ex-smokers surveyed between October 2013 (the first wave to assess vaping status
among ? 1y ex-smokers) and May 2024 (the most recent data at the time of analysis).

Detailed questions on vaping (beyond current use and use in quit attempts) were included in the survey from July 2016, so we
restricted the sampl e to those surveyed between July 2016 and May 2024 for analyses addressing changes in the profile of ex-
smokers who vape. Vaping characteristics were not assessed in certain waves during this period
(May/June/August/September/November/December 2022; February/March/May/August/September/November/December 2023;
and February/March/May 2024), so analyses of these variables were limited to those surveyed in eligible waves.

Smoking status

Smoking status was assessed by asking participants which of the following best applied to them: (a) | smoke cigarettes (including
hand-rolled) every day; (b) | smoke cigarettes (including hand-rolled), but not every day; (c) | do not smoke cigarettes at al, but |
do smoke tobacco of some kind (e.g., pipe, cigar or shisha); (d) | have stopped smoking completely in the last year; (€) | stopped
smoking completely more than a year ago; or (f) | have never been a smoker (i.e., smoked for ayear or more). Those who
responded a-d were considered past-year smokers. Those who responded d were considered < 1y ex-smokers and those who
responded e were considered ? 1y ex-smokers.

Main outcomes

Use of e-cigarettes in quit attempts was assessed among past-year smokers who made at least one attempt to stop smoking in the
past year. Quit attempts were assessed with the question: *How many serious attempts to stop smoking have you made in the last
12 months? By serious attempt | mean you decided that you would try to make sure you never smoked again. Please include any
attempt that you are currently making and please include any successful attempt made within the last year’. Those who reported
having made at least one quit attempt were then asked: ‘What did you use to help you stop smoking during the most recent serious
quit attempt? Those who responded * electronic cigarette’ were considered to have used an e-cigarette to support their quit attempt.
Current vaping among ? 1y ex-smokers was assessed with the question: ‘Can | check, are you using any of the following? . Those
who reported using an e-cigarette were considered current vapers.

Recent uptake of vaping after smoking cessation was defined as current vaping among < 1y ex-smokers who did not use e-
cigarettesin their most recent quit attempt, assessed with the question: ‘Can | check, are you using any of the following either to
help you stop smoking, to help you cut down or for any other reason at al? . Those who reported using an e-cigarette were
considered current vapers.

L ate uptake of vaping after smoking cessation was defined as current vaping among people who quit smoking before e-cigarettes
became popular in 2011. Data were not collected on the timing of vaping uptake, or on the use of e-cigarettesin quit attempts that
occurred more than ayear ago, so we were unable to identify ex-smokers who had quit since 2011 without using e-cigarettes and
therefore could not include them in analyses of this outcome. Duration of abstinence (i.e., how many years ago a participant quit
smoking) was calculated as the participant’ s actual age minus the age when they stopped smoking. We identified those who quit
smoking before 2011 from the year in which they were surveyed and duration of abstinence (e.g., participants surveyed in 2013
with at least 3 years of abstinence, 2014 with at least 4 years of abstinence, 2015 with at least 5 years of abstinence, etc.). Current
vaping was assessed as described above, with the question: ‘ Can | check, are you using any of the following? .

Participant characteristics

Sociodemographic characteristics included age, gender, and occupational social grade (ABC1 includes managerial, professional,
and upper supervisory occupations, C2DE includes manual routine, semi-routine, lower supervisory, state pension, and long-term
unemployed).

Past-6-month alcohol consumption was assessed with the three-item AUDIT-C. Scores range from 0-12, with higher scores
indicating higher levels of consumption. A score of 0 indicates that the participant is a non-drinker, ? 4 is considered low-risk, ?5
increasing and higher risk, and ? 11 possible dependence. Data on alcohol consumption were only available from March 2014, so
analyses by alcohol consumption were limited to this period.

V aping characteristics included vaping frequency, duration, main device type, usual nicotine strength, and usual source of
purchase.



Statistical analysis

Datawere analysed using R v.4.2.1. The Smoking Toolkit Study uses raking to weight the sample to match the population in
England. The following analyses used weighted data. We excluded participants with missing data on smoking or vaping status.
Missing cases on other variables were excluded on a per-analysis basis.

Overall trendsin vaping prevalence and uptake among ex-smoker s

We used logistic regression to estimate trends across the study period in (i) use of e-cigarettesin attempts to stop smoking, (ii)
current vaping among ? 1y ex-smokers, (iii) recent uptake of vaping after smoking cessation among < 1y ex-smokers who did not
use e-cigarettesin their quit attempt, and (iv) late uptake of vaping after smoking cessation among people who quit smoking before
2011.

Time was modelled using restricted cubic splines, to allow for flexible and non-linear trends. For outcomes (i), (ii), and (iv), we
modelled trends by survey month (splines with five knots). We had intended to do the same for recent uptake of vaping after
smoking cessation, but sample sizes in each monthly survey wave were too small (mean [SD] monthly number of < 1y ex-smokers
who did not use e-cigarettes to quit = 14.0 [6.3]; mean [SD] number who vaped = 1.1 [1.2]). We therefore aggregated data annually
(12-month periods from October to the following September; e.g., 2013/14 = October 2013 to September 2014, etc.) for this
outcome and reduced the number of knots to three so as not to overfit the modelled trend to the reduced number of datapoints. We
used predicted estimates from the models to plot trends across the study period.

In aplanned sensitivity analysis, we repeated the model for late uptake of vaping after smoking cessation with arestricted sample.
We included only those with ? 14 years of abstinence (the minimum duration of abstinence for people who quit before 2011 and
who were surveyed in 2024), to reduce the impact of this cohort’ s duration of abstinence increasing across the study period (i.e.,
from ? 3 years for those surveyed in 2013 to ? 14 years for those surveyed in 2024).

Trendsin vaping prevalence and uptake among subgroups of ex-smokers

To explore moderation of trendsin vaping among (i) ? 1y ex-smokers and (ii) people who quit smoking before 2011 by age,
gender, occupational socia grade, and level of alcohol consumption, we repeated each model including the interaction between the
moderator of interest and time — thus allowing for time trends to differ across subgroups. Each of the interactionswastested in a
separate model. We did not model subgroup trends in recent uptake of vaping after smoking cessation (as planned) because of the
small sample size.

Age and alcohol consumption (AUDIT-C) were modelled using restricted cubic splines with three knots (placed at the 5, 50, and
95% percentiles), to allow for non-linear relationships. We displayed estimates for specific ages (18-, 25-, 35-, 45-, 55-, and 65-
year-olds) and AUDIT-C scores (0, 3, 6, 9, and 12) to illustrate how trends differ across ages and levels of acohol consumption.
Note that the models used to derive these estimates included data from participants of al ages and AUDIT-C scores.

Changesin the profile of ex-smokerswho vape

We used descriptive statistics to compare the profiles of ? 1y ex-smokers who vaped, before and after disposable e-cigarettes
started to become popular in England. Given vaping characteristics were not assessed before July 2016, we restricted this analysis
to participants from this wave onwards. In line with evidence showing the rise in use of disposables started around June 2021, we
considered July 2016 to May 2021 to be the pre-disposables period and June 2021 to May 2024 to be the disposables period.

We reported data on quitting history (i.e., duration of abstinence), sociodemographic characteristics, alcohol consumption, and
vaping characteristics. We cal culated absolute percentage point changes (with 95%CIs) in the proportion belonging to each
subgroup (avg_comparisons function, marginal effects package ). In planned sensitivity analyses, we restricted the pre-disposables
period to April-2020 to May-2021 (when data were consistently collected viatelephone). Sample sizes were too small to repeat
these analyses for ex-smokers who took up vaping after smoking cessation (recent uptake n = 115 [41/74 pre-

disposabl es/disposables period]; late uptake n = 196 [59/137]). In an unplanned analysis, we explored changes in mean duration of
abstinence among ? 1y ex-smokers who vaped in more detail, aggregating data annually across the entire study period (in 12-month
periods from October to November the subsequent year, from October 2013 to May 2024) and modelling the trend using restricted
cubic splines (three knots).



Results



A total of 208,640 adults (? 18y) in England were surveyed between October 2013 and May 2024. We analysed data from 54,251
participants who reported having tried to stop smoking in the past year or having stopped smoking more than ayear ago (weighted

mean [SD] age = 49.2 [18.2] y; 46.9% women). A flow diagram showing the derivation of the subsamples used for each analysisis
provided in and characteristics of each subsample are summarised in Table.
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Trendsin vaping prevalence and uptake

Across the study period, there were non-linear changes in the prevalence of use of e-cigarettes in attempts to stop smoking, current
vaping among ? 1y ex-smokers, and recent and late uptake of vaping after smoking cessation.
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Trendsin the use of e-cigarettes for stopping smoking, current vaping among ex-smokers, and uptake of vaping after smoking
cessation, October 2013 to May 2024. Panels show the prevalence of (A) e-cigarette use in quit attempts by past-year smokers (n =
12,593); (B) current vaping among ? 1y ex-smokers (n = 41,658); (C) current vaping among < 1y ex-smokers who did not use e-
cigarettesin their most recent quit attempt (n = 1,782); and (D) current vaping among ? 1y ex-smokers who quit smoking before e-
cigarettes started to become popular in 2011 (n = 29,029). Trendsin (A), (B), and (D) were modelled monthly (restricted cubic
splines; five knots); (C) was modelled annually (three knots) on account of small samples. Lines represent modelled weighted
proportions. Shaded bands represent 95% confidence intervals. Points represent unmodelled weighted proportions






Use of e-cigarettesin attemptsto stop smoking

Among past-year smokers who tried to quit (n = 12,593; 32.5% of the n = 38,814 past-year smokers surveyed), the proportion who
reported using e-cigarettes to support their most recent quit attempt increased from 26.9% [24.0-30.0%] in October 2013 to 37.1%
[35.1-39.1%] in July 2016. It then declined to 30.0% [28.1-31.9%)] by August 2019 and remained stable for a short period (at an
average of 29.6% [27.9-31.3%)] between August 2019 and May 2021), before increasing from 30.2% [28.4-32.1%] to a new high
of 41.4% [37.7-45.2%)] between June 2021 and May 2024.

Current vaping among ?1y ex-smokers

Among ? 1y ex-smokers (n = 41,658), the proportion who reported current vaping increased from 1.9% [1.5-2.5%] in October
2013 t0 9.6% [9.0-10.2%] in December 2017, was relatively stable between December 2017 and May 2021 (at an average of
10.1% [9.5-10.8%]), then increased further from 11.2% [10.6—11.9%)] to 20.4% [18.7—22.2%] between June 2021 and May 2024.
Theincrease in current vaping among ? 1y ex-smokers was greater at younger ages (e.g., reaching 58.9% among 18-year-olds vs.
10.7% among 65-year-olds; A; Additional File 1: Table S1) and among those with the highest levels of acohol consumption (e.g.,
reaching 35.4% among those with an AUDIT-C score of 12D; Additiona File 1: Table S1). The proportion who vaped was
consistently dightly higher among those from less compared with more advantaged social grades, but changesin prevalence over
time were similar. There were no notable differences by gender.
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Trendsin current vaping and late uptake of vaping after smoking cessation among subgroups of ex-smokers, October 2013 to May
2024. Panels show the prevalence of (i) current vaping among ? 1y ex-smokers and (ii) current vaping among ? 1y ex-smokers who
quit smoking before e-cigarettes started to become popular in 2011 (i.e., late uptake of vaping after smoking cessation), by (A) age,
(B) gender, (C) occupational socia grade, and (D) level of acohol consumption. Lines represent modelled weighted proportions
(time modelled monthly using restricted cubic splines; five knots). Shaded bands represent 95% confidence intervals. * Estimates of
late uptake of vaping after smoking cessation are not reported for 18- and 25-year-ol ds because very few participantsin this age
range could have quit smoking as an adult before 2011. ** Alcohol consumption was assessed from March 2014 onwards.
Estimates of prevalence in the first and last months of the time series are provided in Additional File 1: Table S1



Recent uptake of vaping after smoking cessation
L ate uptake of vaping after smoking cessation
Changes in the profile of ex-smokerswho vape

There were several differencesin the profile of ? 1y ex-smokers who vaped from before to after disposable e-cigarettes started to
become popular. Results are reported in detail in Additional File 3. Briefly, changes included greater mean duration of abstinence,
younger age, longer duration of vaping, greater use of disposable e-cigarettes and high-strength nicotine e-liquids, and a shift away
from purchasing vaping products from vape shops towards supermarkets and convenience stores.



Discussion



Over the past decade, there have been clear shiftsin vaping prevalence and uptake among adults in England who have quit
smoking. In October 2013, when e-cigarettes were still fairly new and delivered nicotine less efficiently, around onein 50 ? 1y ex-
smokers vaped. This number increased steadily to onein ten by the end of 2017 and remained stable for severa years. It then
increased sharply from 2021, reaching one in five by May 2024, equivalent to approximately 2.2 million people (45.2 million
adults ? 18y in England * 23.8% ? 1y ex-smokers [ Smoking Toolkit Study, January—May 2024] * 20.4% vaping prevalence). This
pattern is consistent with that observed in the general adult population: an initial rise in popularity of e-cigarettes, followed by a
plateau and then a subsequent rapid rise linked to the introduction of new disposable e-cigarettes to the market.

Much of thisincrease in vaping prevalence among ex-smokersis likely to be the result of more people using e-cigarettes as a
smoking cessation aid who continue to use them after stopping smoking. The timing of the changes in vaping prevalence we
observed coincided with changes in the prevalence of the use of e-cigarettes by people attempting to quit smoking. Studies have
shown that a substantial proportion of those who quit with the support of an e-cigarette continue to vape for many months (and in
some cases, years) beyond their successful quit attempt. For example, arandomised controlled trial of e-cigarettes vs. nicotine
replacement therapy for smoking cessation found that among those in the e-cigarette condition who were abstinent at one year,
80% were still vaping. UK guidance advises people not to rush to stop vaping after quitting smoking, but rather to gradually reduce
their vaping frequency or nicotine strength when they feel confident that they can do this without going back to smoking. As such,
one would expect to see an increase in vaping among ex-smokers as use of e-cigarettesin quit attempts increases.

However, not al of the increase in vaping among ex-smokers was attributabl e to continued vaping after successfully quitting
smoking with an e-cigarette. Our data also provide evidence of an increase in the uptake of vaping after successful smoking
cessation. In October 2013, vaping was rare among people who quit smoking before e-cigarettes started to become popular in 2011,
at around one in 250 ex-smokers. By May 2024, this number had increased to onein 27, equivalent to approximately 212,000
people (45.2 million adults ? 18y in England * 12.7% ex-smokers who quit before 2011 [ Smoking Toolkit Study, January—May
2024] * 3.7% vaping prevalence). When we set the minimum duration of abstinence constant across this period (at ? 14y) the
increase was even more stark, with the number of vapersincreasing from one in 10,000 to one in 27. Differences over timein the
uptake of vaping among recent (< 1y) ex-smokers were uncertain, at least partially due to smaller sample sizes, but also suggested
apossible increase in recent years.

Uptake of vaping among ex-smokers may be influenced by new product developments and social trends. Increases in vaping
prevalence were greatest at younger ages, among whom disposable e-cigarettes (and as aresult, vaping more generally) have
become particularly popular since 2021. These influences may be greater among those with a propensity for risk-taking behaviour.
Consistent with this, increases in vaping among ex-smokers were also larger among those who reported the highest levels of
acohol consumption. A similar pattern has been documented among adults who have never regularly smoked.

In terms of the profile of ex-smokers who vape, we observed several differences since disposable e-cigarettes started to become
popular. Most of these reflect changes that have occurred among vapers more generally: younger age, increased use of disposables
and higher nicotine strengths, and increased purchasing from supermarkets and convenience stores. Ex-smoking vapers surveyed
more recently also reported alonger duration of abstinence from smoking, on average, than those surveyed earlier. This may partly
reflect ex-smokers who vape accumulating over time as peopl e take up vaping and continue to vape long-term (echoed by results
indicating more are vaping for > 1 year). It may also reflect increased uptake of vaping among long-term ex-smokers or more
recent ex-smokers relapsing back to smoking.

The health impacts of people taking up vaping after having stopped smoking will depend on what they would be doing if they did
not vape. If they would otherwise not use nicotine, there isarisk that starting to vape may increase their risk of relapse to smoking
by reintroducing them to regular nicotine exposure (although people typically report lower levels of dependence on vaping than
smoking ). Vaping, while much less harmful than smoking, will also expose long-term ex-smokers to more harm than not vaping or
smoking. However, if ex-smokers take up vaping instead of relapsing to smoking this will reduce the harm they are exposed to.
Among very long-term ex-smokers, the risk of relapse would be low, so taking up vaping is probably more likely to have
unintended consequences (i.e., exposure to harm, increased risk of relapse) than benefits. More research is needed to better
understand the extent to which vaping increases vs. reduces the risk of relapse to smoking (both among ex-smokers who vape
continuously from the point of a successful quit attempt and among those who take up vaping after quitting smoking) in different
tobacco and nicotine regulatory contexts and markets. As with examining whether e-cigarettes act as a causal gateway to smoking
among youth, this research should triangulate evidence from both the individual- and population-level using diverse methodologies
with different sources of bias, and in priority groups that exhibit differential risks of returning to smoking.

The plateau in current vaping among long-term ex-smokers between 2018 and 2021 has a number of possible explanations. If
people were quitting smoking with the use of e-cigarettes at a broadly constant rate, and continuing to vape long-term (with a
proportion eventually quitting vaping too) at similar rates, then one would expect the proportion of long-term ex-smokers who
were vaping to grow at a broadly linear rate, providing the rates of vaping uptake after cessation were also constant (which we
observed during this period in the current study). Thus, the observed plateau between 2018 and 2021 (going against the previously
observed steady increase) may reflect an increase during that period of long-term ex-smokers quitting vaping and/or relapsing to
smoking. During that period, we also saw the average duration of smoking abstinence among long-term ex-smokers who vaped
increase up to around 2019 but there appeared to be a plateau thereafter. In separate studies, we have observed a slowing in overall
smoking prevalence around the same period, as well asincreasesin the proportion of non-daily smokers and increasesin the
prevalence of the dual use of e-cigarettes and cigarettes. All of which is consistent with increased relapse to non-daily smoking
among long-term ex-smokers from around 2018 onwards. Insofar that this occurred, the cause(s) is unclear but coincided with big
increases in the risk perceptions of e-cigarettes and the onset of the covid pandemic and its associated impacts. When formulating
vaping policy, any adverse effects on relapse to long-term ex-smokers who vape may represent a serious and unintended public
health risk to be considered for countries in which large numbers of people have already switched from smoking to vaping.
However, in the absence of direct evidence on changesin late relapse rates, it a so remains possible that the increase in vaping



among ex-smokers may offer some protection against relapse to smoking, and the changes described above are a consequence of
other factors. More research into how relapse rates are changing in the context of changesin vaping prevalence, including
following changesin the market and regulation of e-cigarettes, would provide important insights.

Based on our findings, it may be worthwhile health care professionals asking patients who have quit smoking about their use of e-
cigarettes. They could discourage uptake of vaping among long-term ex-smokers who have not used e-cigarettes and advise those
who vape to reduce or quit if thereislittle risk of relapse to smoking. There is an emerging literature on vaping cessation that may
be useful to draw upon in these interactions.

Strengths of this study include the representative sample, monthly data collection, and comprehensive assessment of vaping
behaviour. There were aso limitations. Information was not collected on the timing of vaping uptake (or re-uptake after
discontinuation) or the use of e-cigarettes in quit attempts that occurred more than a year ago, so our definitions of early and late
uptake of vaping after smoking cessation were limited by the information we had available. As aresult, the subgroups we analysed
were not exhaustive. For example, our definition of recent uptake only included past-year quitters and therefore excluded people
who took up vaping just over ayear after quitting smoking. Likewise, our definition of late uptake was linked to a specific calendar
year and excluded people who quit smoking after 2011 without using e-cigarettes who took up vaping some years later. In addition,
data were self-reported and recall may have been imperfect, particularly for events that happened along time ago (e.g., how long
ago the participant quit smoking). However, we would not expect memory failure to differ between vapers and non-vapers. Finally,
while the sample was large overall, small sample sizes for certain subgroups (e.g., recent ex-smokers) limited the precision of some
estimates. Findings cannot be presumed to generalise to other countries.



Conclusions



Vaping prevalence increased substantially among adult ex-smokers in England over the past decade, particularly at younger ages.
While thisislikely to have been partly driven by increasesin people using e-cigarettes as a smoking cessation aid and continuing
to vape beyond their successful quit attempt, there was a so evidence of increased uptake of vaping among those who had been
abstinent from smoking for many years.



Data availability



Data are available on Open Science Framework with age provided in bands to preserve anonymity.
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