
Articles
Real-world effectiveness of digital and group-based
lifestyle interventions as compared with usual care to
reduce type 2 diabetes risk − A stop diabetes
pragmatic randomised trial
Timo A. Lakka,a,b,c Kirsikka Aittola,d Elina J€arvel€a-Reijonen,d Tanja Tilles-Tirkkonen,d Reija M€annikk€o,d Niina Lintu,a

Leila Karhunen,d Marjukka Kolehmainen,d Marja Harjumaa,e Elina Mattila,e Riia J€arvenp€a€a,f Miikka Ermes,e Santtu Mikkonen,g,h

Janne Martikainen,i Kaisa Poutanen,e Ursula Schwab,d,j Pilvikki Absetz,d,k Jaana Lindstr€om,f and Jussi Pihlajam€aki d,j*

aInstitute of Biomedicine, University of Eastern Finland, Kuopio Campus, Finland
bDepartment of Clinical Physiology and Nuclear Medicine, Kuopio University Hospital, Kuopio, Finland
cFoundation for Research in Health Exercise and Nutrition, Kuopio Research Institute of Exercise Medicine, Kuopio, Finland
dInstitute of Public Health and Clinical Nutrition, University of Eastern Finland, Kuopio Campus, Finland
eVTT Technical Research Centre of Finland Ltd., Espoo, Finland
fDepartment of Public Health and Welfare, Finnish Institute for Health and Welfare, Helsinki, Finland
gDepartment of Applied Physics, University of Eastern Finland, Kuopio Campus, Finland
hDepartment of Environmental and Biological Sciences, University of Eastern Finland, Kuopio Campus, Finland
iSchool of Pharmacy, University of Eastern Finland, Kuopio Campus, Finland
jEndocrinology and Clinical Nutrition, Department of Medicine, Kuopio University Hospital, Kuopio Finland
kHealth Sciences Unit, Faculty of Social Sciences, Tampere University, Tampere, Finland
The Lancet Regional
Health - Europe
2023;24: 100527
Published online 12
October 2022
https://doi.org/10.1016/j.
lanepe.2022.100527
Summary
Background No real-world randomised controlled trials (RCTs) have explored the effectiveness of lifestyle interven-
tions based on multiple behaviour change theories and using combined digital and group-based face-to-face delivery
to improve risk factors for type 2 diabetes (T2D).

Methods We conducted a one-year, multi-centre, unblinded, pragmatic RCT in primary healthcare using the habit
formation, self-determination, and self-regulation theories among 2907 adults aged 18−74 years at increased T2D
risk randomised into a digital lifestyle intervention group (DIGI, n = 967), a combined digital and group-based life-
style intervention group (DIGI+GROUP, n = 971), and a control group receiving usual care (CONTROL, n = 969).
We collected data on primary outcomes (diet quality by Healthy Diet Index [HDI], physical activity, body weight, fast-
ing plasma glucose, 2-hour plasma glucose) and secondary outcomes (sedentary time, waist circumference, fasting
plasma insulin) using digital questionnaires, clinical examinations, fasting blood tests, and 2-hour oral glucose toler-
ance tests. Main statistical analyses were performed using linear mixed-effects models adjusted for age, sex, and
province. This RCT was registered with ClinicalTrials.gov, NCT03156478.

Findings The 2907 participants assigned were recruited between March 1st, 2017, and February 28th, 2018. Diet
quality improved more (3¢2 vs. 1¢4 HDI points, p<0¢001 for difference between groups, p’<0¢001 for group*time
interaction) and waist circumference tended to decrease more (�1¢8 vs. �1¢3 cm, p = 0¢028, p’ = 0¢068) in DIGI
+GROUP than in CONTROL. Fasting insulin tended to increase in CONTROL but not in DIGI (1¢0 vs. 0¢0 mU/L,
p = 0¢033, p’ = 0¢054) or in DIGI+GROUP (1¢0 vs. 0¢5 mU/L, p = 0¢042, p’ = 0¢054). Good adherence to DIGI and
DIGI+GROUP (≥median of 501 habits/year in DIGI, ≥5 of all 6 sessions in GROUP) was associated with improved
diet quality and good adherence to DIGI with increased physical activity and decreased sedentary time.

Interpretation A lifestyle intervention based on multiple behaviour change theories and combined digital and
group-based face-to-face delivery improves diet quality and tends to decrease abdominal adiposity and prevent an
increase in insulin resistance. Good adherence improves the results of the interventions.
*Corresponding author at: Dean of the Faculty of Health Sciences, Professor in Clinical Nutrition, Institute of Public Health and

Clinical Nutrition, University of Eastern Finland, 70210 Kuopio, Finland.
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Research in context

Evidence before this study

We searched PubMed for systematic reviews and meta-
analyses of lifestyle interventions as well as original
articles in English on mobile and Internet-based inter-
ventions to prevent type 2 diabetes (T2D) implemented
in a health care setting until April 2020. Interventions in
clinical and real-world settings have proven that lifestyle
modification programmes based on face-to-face coun-
selling either individually or in groups can be effective
in the prevention of T2D. Some evidence also suggests
that digital interventions can help in lifestyle modifica-
tion and weight reduction, but not whether they are
effective alone or in combination with group counsel-
ling in the prevention of T2D.

Added value of this study

The StopDia study is the first large-scale randomised
controlled trial (RCT) that is conducted in primary
healthcare as part of its routine practices and that is
focused on the effectiveness of digital and group-based
face-to-face lifestyle interventions based on habit for-
mation, self-determination and self-regulation theories
in adults at increased risk of T2D. The results of our
study suggest that a lifestyle intervention based on mul-
tiple behaviour change theories and combined digital
and group-based face-to-face delivery improves diet
quality and tends to decrease abdominal adiposity and
prevent an increase in insulin resistance. The outcome
appears to depend on adherence to these interven-
tions, emphasising the importance of participant
engagement.

Implications of all the available evidence

Given the increasing human and economic burden of
T2D and other non-communicable diseases, evidence
on the added value of low-cost and scalable digital life-
style interventions combined with group-based lifestyle
interventions in real-world conditions is needed. Our
findings emphasise that a lifestyle intervention based
on multiple behaviour change theories and using com-
bined digital and group-based face-to-face delivery is
effective in improving health behaviour, particularly
diet quality, to improve risk factors for T2D. The variable
participation in the digital and group-based lifestyle
interventions warrant further RCTs in which adapted
intervention models optimising the intervention type
based on individuals’ characteristics and early adher-
ence will be considered.
Introduction
Previous randomised controlled trials (RCTs) have
shown the efficacy of lifestyle interventions in the pre-
vention of type 2 diabetes (T2D) among individuals at
increased risk1−3 and the sustainability of the beneficial
effects for several years after the discontinuation of the
interventions.4,5 These interventions aimed at decreas-
ing the risk of T2D have mainly applied face-to-face life-
style counselling either individually or in groups. The
efficacy of such interventions has been shown to be
associated with the number of lifestyle goals achieved,4

which emphasizes the importance of beneficial lifestyle
changes in the prevention of T2D.

Lifestyle interventions implemented in real-world
conditions, using group-based face-to-face counselling,
and delivered by health care professionals have been
found to decrease the risk of T2D as compared with
usual care in individuals at increased risk, although the
effects of these interventions on weight reduction have
been small.6 Adherence to these lifestyle interventions
appears to be crucial in decreasing body weight and the
risk of T2D.6 Digital lifestyle interventions conducted in
real-world conditions, such as in healthcare or work pla-
ces, have been shown to improve diet quality, increase
physical activity,7 decrease body weight,7−9 and improve
glucose metabolism8,9 in people at increased risk of
T2D. However, little is known about the role of variable
adherence on the effects of digital interventions on risk
factors for T2D at individuals at increased risk.

In addition to the contents and delivery methods of
lifestyle interventions, strategies based on behaviour
change theories may also influence the effectiveness of
these interventions. Empirical evidence supports a self-
determination theoretical approach in promoting auton-
omous motivation and perceived competence10 and a
www.thelancet.com Vol 24 January, 2023
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self-regulation theoretical approach in promoting self-
monitoring, goal setting, and action planning in lifestyle
modification.11 However, these strategies focus on adop-
tion of novel behaviours, while maintenance of these
behaviours as daily routines through habit formation
has received less attention.12 Habits are central in reach-
ing sustainable lifestyle changes as they are performed
relatively automatically with little conscious consider-
ation.12 Habit formation techniques guide selection of
specific simple, contextualized, and frequent behaviours
that promote repetition. So far, a minority of digital
behaviour change interventions have utilized habit for-
mation techniques.12,13

There are no large-scale RCTs carried out in real-
world conditions comparing the effects of digital life-
style interventions alone and combined with group-
based lifestyle interventions that would have been
founded on behaviour change theories on various risk
factors of T2D in people at increased risk. We therefore
conducted a large one-year RCT in primary healthcare
as part of its routine practices to compare the effects of
a digital intervention and a combined digital and group-
based intervention - each founded on habit formation,
self-determination, and/or self-regulation theories -
against usual care on measures of diet quality, physical
activity, sedentary time, anthropometrics, insulin resis-
tance, fasting glycaemia, and glucose tolerance in adults
at increased risk of T2D. We also investigated whether
adherence to the digital and group-based lifestyle inter-
ventions modified these outcomes.
Methods

Study design
As part of the Stop Diabetes (StopDia) study,14 we carried
out a one-year, parallel-group, unblinded, multicentre
RCT on the effects of a digital lifestyle intervention and a
combined digital and group-based lifestyle intervention on
diet quality, physical activity, sedentary time, overall adi-
posity, abdominal adiposity, insulin resistance, and glu-
cose metabolism as compared with usual care in adults at
increased risk of T2D in primary healthcare as part of its
routine practices. The StopDia study was approved by the
Research Ethics Committee of the Hospital District of
North Savo (Statement 467/2016) and was carried out
according to the principles of the Declaration of Helsinki
as revised in 2008 and the guidelines for responsible con-
duct of research by the Finnish Advisory Board on
Research Integrity. There were no protocol deviations or
modifications in the protocols and methods after the ethi-
cal approval and during the study.
Participants
Adults aged 18-74 with a Finnish Diabetes Risk Score
(FINDRISC) at least 12 indicating a moderate risk of
www.thelancet.com Vol 24 January, 2023
developing T2D representing a one in six chance of
developing T2D within the next 10 years were recruited
through multiple channels from three provinces in Fin-
land and screened for eligibility using the anonymous
StopDia Digital Screening Tool between March 1st,
2017, and February 28th, 2018, as described in detail
earlier.14,15 The inclusion and exclusion criteria are
listed in the flow chart (Figure 1). The individuals
deemed eligible were invited to participate in the RCT
and were provided with instructions on how to book an
appointment with the designated nurse in a local
healthcare centre for the verification of the inclusion
and exclusion criteria and for clinical measurements,
including a 2-hour oral glucose tolerance test (OGTT) to
rule out prevalent, unknown diabetes. All participants
gave their written informed consent at the first study
visit.
Randomisation and masking
The participants who met the inclusion criteria and had
no exclusion criteria, had filled out the StopDia Digital
Questionnaire using a digital Lime Survey platform
(Lime Survey GmbH, Hamburg, Germany), had given
blood samples in a local laboratory, and had no diabetes
according to the results of the 2-hour OGTT were ran-
domly assigned to a digital intervention group (DIGI), a
combined digital and group-based face-to-face interven-
tion group (DIGI+GROUP), or a control group (CON-
TROL) with 1:1:1 allocation. The randomization was
performed using a computerized randomisation system
by specially trained nurses working in the local health-
care centres. The participants, the nurses who used the
computerized randomisation system and performed the
clinical assessments, the healthcare professionals who
carried out the face-to-face group counselling, or the
researchers who performed the statistical analyses were
not masked to the group assignment. After randomisa-
tion to the study groups, all participants were sent an
electronic information letter by email and short mes-
sage service. The participants in DIGI and DIGI
+GROUP were given a description of the contents of
the interventions and instructions on how to attend.
The participants in CONTROL were given information
about lifestyle-related risk factors for T2D and recom-
mendations on a healthy diet and physical activity only
once at baseline.
Lifestyle interventions
The lifestyle interventions were carried out between
March 1st, 2017, and February 28th, 2019. The lifestyle
targets of the interventions were diet quality, physical
activity, sedentary time, body weight, sleep, smoking,
and alcohol consumption, as described in detail ear-
lier.14 The digital and group-based lifestyle interventions
used a self-determination theory approach that supports
3



Figure 1. Flow chart of the StopDia study.
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autonomous motivation and perceived competence10

through emphasis on participants’ freedom of choice in
lifestyle change as well as on their existing knowledge,
skills and healthy habits as a basis for change. The digi-
tal lifestyle intervention that was based on using the
BitHabit web app was specifically built on the habit for-
mation theory to promote maintenance of behaviour
change by repetition and eventual habit automaticity.12

The group-based lifestyle intervention utilised self-regu-
lation theory to guide in self-monitoring, goal setting,
and planning related to lifestyle behaviours.11 Detailed
descriptions of both interventions with program con-
tents, behaviour change techniques, and technological
functionalities are included in Pihlajam€aki et al. 2019.14

The participants in DIGI and DIGI+GROUP got
access to the BitHabit web app via a link sent by email
and short message service and were instructed to use
it throughout the 1-year intervention period. The app
provided an extensive evidence-based habit library
developed by translating lifestyle guidelines and
www.thelancet.com Vol 24 January, 2023
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recommendations into simple habit-forming sugges-
tions of health behaviours that could easily be adopted
into daily life.13 The library consisted of 489 behavioural
suggestions divided into 13 lifestyle categories, includ-
ing meal frequency, vegetables, dietary fat, grain prod-
ucts, sugar, alcohol and other drinks, conditioning
physical activity, everyday physical activity, sedentary
behaviour, sleep, stress management, positive mood,
and non-smoking. The app use was possible with all
smart devices and did not require installing a separate
app. The main functionalities of the app were 1) brows-
ing behavioural suggestions and selecting those that the
users wanted to perform, 2) daily self-monitoring of the
selected behaviours, and 3) getting summary feedback
for habit formation in each of the 13 lifestyle categories.
The participants in DIGI+GROUP received a six-session
group coaching programme over the first six months of
the one-year intervention period. The group sessions
were delivered by trained nurses, dietitians, exercise
specialists, and other healthcare professionals and were
organised in local healthcare centres in groups of 6−15
individuals. Each session lasted for two hours and
included 90 minutes of organised activity and 30
minutes of optional activity. All six sessions had their
specific topics, including 1) “Orientation to the StopDia
group coaching”, 2) “Rhythm of daily life”, 3) “Let’s eat
well and healthy”, 4) “Enjoying physical activity”, 5)
“Automating activity to everyday life”, and 6)
“Succeeding in lifestyle management, also after the
StopDia study”. The contents of the sessions have been
explained in detail earlier.14 Between the face-to-face
group counselling sessions, lifestyle changes were sup-
ported by homework materials.
Control group
The participants in CONTROL received a digital infor-
mation package on lifestyle risk factors for T2D and on
dietary and physical activity recommendations to
decrease the risk of T2D only once at baseline. They
were informed that they will have the opportunity to use
the BitHabit web app after one year. The participants in
CONTROL received standard healthcare as did the par-
ticipants in DIGI and DIGI+GROUP.
Assessments
At baseline and at one year, the participants completed
the StopDia Digital Questionnaire, including validated
questions on food consumption16 and questions on
physical activity and sedentary time modified from
those used in previous studies.14 The study nurse also
measured their body weight, body height, and waist cir-
cumference, and they underwent blood sampling and
the 2-hour OGTT in the local laboratories. Impaired
fasting glucose and impaired glucose tolerance were
defined according to the criteria of the American
www.thelancet.com Vol 24 January, 2023
Diabetes Association.17 The assessments of primary and
secondary outcomes and other variables at baseline and
at one-year visits have been described in detail earlier14

and in supplement.
Outcomes
The primary outcomes were one-year changes in diet
quality assessed by the Healthy Diet Index (HDI)18 total
physical activity, body weight, fasting plasma glucose,
and 2-hour plasma glucose from the 2-hour OGTT. The
HDI gives an estimate of the adherence to a healthy diet
according to the Nordic and Finnish nutrition recom-
mendations, with emphasis on dietary factors associated
with the risk of T2D. The HDI is based on a short food
frequency questionnaire16 and comprises of following
seven domains, which are weighted depending on
their importance in a diet to prevent T2D: meal pattern
(score range 0−10), grains (0−20), fruit and vegetables
(0−20), fats (0−15), fish and meat (0−10), dairy
(0−10), and snacks and treats including beverages
(0−15). The HDI total score ranges from 0 (lowest qual-
ity) to 100 (highest quality). The secondary outcomes
were one-year changes in the HDI domains, total seden-
tary behaviour, waist circumference, fasting plasma
insulin, and blood glycated haemoglobin (HbA1c). The
nurses of the local healthcare centres followed the con-
dition of the participants for the assessment of safety
and adverse events that were unlikely due to the nature
of the lifestyle interventions.
Statistical analyses
The sample size calculations have been explained in
detail earlier14 and in supplement. We performed all sta-
tistical analyses using the IBM SPSS Statistics� soft-
ware, Version 27¢0 (IBM Corp., Armonk, NY, USA). A
p-value of <0¢05 for a 2-tailed test was used to indicate
statistical significance. The normality of the distribu-
tions of the outcome variables were evaluated based on
visual observation of the histograms. We compared
baseline characteristics between DIGI, DIGI+GROUP,
and CONTROL by the Analysis of Variance for continu-
ous variables with normal distributions, by the Kruskal-
Wallis test for continuous variables with skewed distri-
butions, and by the Chi-square test for categorical
variables.

We studied the effects of the interventions on the
outcomes using the intention-to-treat principle by
including all 2907 participants in the statistical analy-
ses. We analysed the data using linear mixed-effects
models according to a 2-level data structure by cluster-
ing the repeated outcome variables at baseline and at
one year within participants who were considered as
subjects in the mixed model structure. We adjusted the
data for age, sex, and study province at baseline and
included main effects for time and for study
5
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group £ time interaction in the models. The linear
mixed-effects model analyses have been explained in
more detail in supplement.

To analyse whether participation in the interventions
affected the changes in the outcomes, we divided the
participants in DIGI and DIGI+GROUP into those who
had higher engagement in the digital intervention
(≥median of 501 habits/year, higher 50%) and those
with lower engagement (<501 habits/year, lower 50%)
and the participants in DIGI+GROUP into those with
higher attendance in the group-based intervention (≥5
of all 6 sessions) and those with lower attendance (<5 of
all 6 sessions). We performed these linear mixed-effects
models similarly to the main analyses, except that the
level of engagement in the digital intervention and the
level of attendance in the group-based intervention were
used instead of the study group variable. This trial was
registered with ClinicalTrials.gov, NCT03156478.
Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit the article for publication.
Results
A total of 26,167 people were screened for eligibility, and
12,123 adults at increased risk of T2D were invited to book
an appointment with the study nurse (Figure 1). Alto-
gether 3265 adults (27% of the eligible) attended the base-
line examinations. Of them, 358 were excluded at baseline
(Figure 1). Of these 358 individuals 178 who were diag-
nosed with T2D at baseline by elevated fasting plasma glu-
cose (≥7¢0 mmol/L) or 2-hour plasma glucose (≥11¢
1 mmol/L at 2-hour OGTT), were excluded from the RCT,
and were directed to diabetes care in local healthcare
centres. Finally, 2907 adults at increased T2D risk were
randomly allocated to CONTROL (n = 969), DIGI (n =
967), or DIGI+GROUP (n = 971).

Of the participants, 2326 (80%) were women, 581
(20%) were men, and 2879 (99%) were born in
Finland. The age ranged between 18 and 74 years with a
mean (standard deviation, SD) of 55¢1 (10¢0) years. The
mean (SD) of BMI was 31¢1 kg/m2 (5¢4), and 349 (12%)
of the participants were normal weight, 986 (34%) over-
weight, and 1571 (54%) obese. Of the participants, 1283
(44%) had normal glucose metabolism, 1040 (36%) iso-
lated impaired fasting glucose (IFG), 161 (6%) isolated
impaired glucose tolerance (IGT), and 407 (14%) had
both IFG and IGT. The baseline characteristics of partic-
ipants in the study groups are presented in Table 1. The
proportions of dropouts were not different between the
study groups (14% in CONTROL, 16% in DIGI, 16% in
DIGI+GROUP, p = 0¢251).
Median (interquartile range, IQR) for the total num-
ber of reported habits performed over the 1-year inter-
vention period assessed by the app was 382 (48-1205) in
DIGI and 396 (60-1110) in DIGI+GROUP. In DIGI
+GROUP among participants who answered the ques-
tion on attendance in the group-based intervention after
one year, 28% reported participating in all six meetings,
21% in five meetings, 12% in four meetings, 6% in
three meetings, 2% in two meetings, and 2% in one
meeting.

The HDI improved on average more over one year in
DIGI+GROUP compared with CONTROL (Table 2:
+3¢2 vs +1¢4 points, p<0¢001). There was also an interac-
tion effect between intervention and time (p<0¢001),
indicating the overall intervention effect on the
improved HDI with time. There was no difference in
the mean change of total physical activity or total seden-
tary time across the study groups (Table 2). Of the com-
ponents of the HDI, the consumption of fruit and
vegetables (Figure 2, Table S1: +1¢1 vs +0¢4 points, p =
0¢009) increased on average more and the quality of
dietary fat (Figure 2, Table S1: +0¢5 vs +0¢2 points,
p<0¢001) and dairy products (Figure 2, Table S1:
+0¢3 vs +0¢1 points, p = 0¢030) improved on average
more in DIGI+GROUP than in CONTROL.

There were no statistically significant differences in
the mean changes of body weight, BMI, fasting glucose,
or 2-hour glucose across the study groups (Table 2).
Waist circumference tended to decrease on average
more in DIGI+GROUP than in CONTROL (Table 2:
�1¢8 vs �1¢3 points, p = 0¢068), and fasting insulin
tended to increase on average in CONTROL but not in
DIGI (Table 2: 1¢0 vs. 0¢0 mU/L, p = 0¢054) or in DIGI
+GROUP (1¢0 vs. 0¢5 mU/L, p = 0¢054). Sex, age, BMI,
impaired fasting glucose, or impaired glucose tolerance
at baseline did not modify the effects of the interven-
tions on the outcomes.

According to the secondary analyses, the HDI
increased on average more among those with higher
engagement in the digital intervention (Figure 3a, Table
S2), among those with higher attendance in the group-
based intervention (Figure 3b, Table S3), and particu-
larly among those with more active participation in
the combined intervention (Figure 3b, Table S3). Total
physical activity increased on average more and total
sedentary time decreased on average more among those
with higher engagement in the digital intervention
(Figure 3a, Table S2).
Discussion
This one-year RCT carried out in primary healthcare as
part of its routine practices demonstrated that a lifestyle
intervention based on multiple behaviour change theo-
ries and using combined digital and group-based face-
to-face delivery improved diet quality in adults at
increased risk of T2D. In line with the improved diet
www.thelancet.com Vol 24 January, 2023



CONTROL (n = 969) DIGI (n = 967) DIGI+GROUP (n = 971)

Sex (women) 785 (81%) 757 (78%) 784 (81%)

Age (y) 55¢0 (9¢9) 55¢1 (9¢9) 55¢2 (10¢1)
Study province

North Savo 290 (30%) 290 (30%) 291 (30%)

South Karelia 279 (29%) 278 (29%) 280 (29%)

P€aij€at-H€ame 400 (41%) 399 (41%) 400 (41%)

Native country

Finland 960 (99%) 958 (99%) 961 (99%)

Other 9 (1%) 9 (1%) 10 (1%)

Education level

Primary, comprehensive, and middle schools 69 (7%) 63 (6%) 85 (9%)

Upper secondary and vocational schools 267 (28%) 276 (29%) 253 (26%)

Tertiary school including institute, bachelor’s, and master’s degrees 633 (65%) 628 (65%) 633 (65%)

Smoking status

Never smoker 510 (53%) 544 (56%) 531 (55%)

Former smoker 391 (40%) 355 (37%) 368 (38%)

Current smoker 68 (7%) 68 (7%) 72 (7%)

Body mass index (kg/m2) 31¢3 (5¢5) 31¢0 (5¢4) 30¢9 (5¢4)
<25¢0 105 (11%) 119 (12%) 125 (13%)

25¢0−29¢9 326 (34%) 335 (35%) 325 (33%)

≥30¢0 538 (55%) 512 (53%) 521 (54%)

Medication for hypertension

No 647 (67%) 628 (65%) 656 (68%)

Yes 322 (33%) 339 (35%) 315 (32%)

Medication for hypercholesterolaemia

No 803 (83%) 800 (83%) 816 (84%)

Yes 166 (17%) 167 (17%) 155 (16%)

Family history of type 2 diabetes

No 211 (22%) 207 (21%) 205 (21%)

Yes 758 (78%) 760 (79%) 766 (79%)

History of gestational diabetes

No 843 (87¢0%) 841 (87¢1%) 830 (85¢6%)

Yes 126 (13¢0%) 125 (12¢9%) 140 (14¢4%)

Glucose metabolism status

Normal 418 (44%) 443 (46%) 422 (44%)

Isolated IFG 359 (37%) 338 (35%) 343 (35%)

Isolated IGT 50 (5%) 54 (6%) 57 (6%)

Combined IFG and IGT 134 (14%) 128 (13%) 145 (15%)

FINDRISC (range 0−26) 15¢8 (3¢6) 15¢7 (3¢5) 15¢7 (3¢6)

Table 1: Baseline characteristics of the participants.
The data are frequencies (percentages) from the Chi-square test for categorical variables or means (standard deviations) from the Analysis of Variance for con-

tinuous variables. The categories of glucose metabolism status are based on the American Diabetes Association classification.17

IFG, impaired fasting glucose; IGT, impaired glucose tolerance; FINDRISC, Finnish Diabetes Risk Score.

Articles
quality, the combined digital and group-based lifestyle
intervention tended to decrease abdominal adiposity
and prevent the increase in insulin resistance. The ben-
eficial effect on diet quality increased with high engage-
ment in the digital intervention and even more so with
high attendance in the group-based intervention. More-
over, those who actively engaged in the digital interven-
tion also showed a larger increase in total physical
activity and a larger decrease in total sedentary time
than those with lower engagement.
www.thelancet.com Vol 24 January, 2023
To our knowledge, the StopDia study is the first
large-scale RCT exploring the effects of digital lifestyle
interventions alone and combined with group-based
lifestyle interventions on diet quality, physical activity,
and sedentary time in primary healthcare as part of its
routine practices. The digital intervention combined
with the group-based intervention, but not alone,
improved the overall diet quality, and more specifically,
increased the consumption of fruit and vegetables and
improved the quality of dietary fat and dairy products.
7



n One-year mean change Regression coefficient b (95% CI) p-valuea p- valueb

Lifestyle factors

Healthy Diet Index (score) <0¢001
CONTROL 749 1¢40 (ref) ¢¢
DIGI 720 1¢79 0¢40 (�0¢29 to 1¢09) 0¢255
DIGI+GROUP 736 3¢17 1¢63 (0¢95 to 2¢31) <0¢001

Total physical activity (h/wk) 0¢194
CONTROL 725 0¢34 (ref) ¢¢
DIGI 693 0¢77 0¢48 (�0¢25 to 1¢20) 0¢196
DIGI+GROUP 695 1¢24 0¢64 (�0¢08 to 1¢37) 0¢082

Total sedentary time (h/d) 0¢555
CONTROL 770 �0¢25 (ref) ¢¢
DIGI 745 �0¢16 0¢04 (�0¢11 to 0¢18) 0¢609
DIGI+GROUP 755 �0¢32 �0¢04 (�0¢18 to 0¢10) 0¢561

Anthropometry

Body weight (kg) 0¢160
CONTROL 834 0¢03 (ref) ¢¢
DIGI 810 �0¢14 �0¢20 (�0¢56 to 0¢17) 0¢287
DIGI+GROUP 812 �0¢27 �0¢35 (�0¢72 to 0¢01) 0¢056

Body mass index (kg/m2) 0¢177
CONTROL 834 0¢01 (ref) ¢¢
DIGI 810 �0¢05 �0¢06 (�0¢20 to 0¢07) 0¢334
DIGI+GROUP 812 �0¢10 �0¢12 (�0¢26 to 0¢01) 0¢063

Waist circumference (cm) 0¢068
CONTROL 829 �1¢32 (ref) ¢¢
DIGI 808 �1¢37 �0¢10 (�0¢56 to 0¢36) 0¢665
DIGI+GROUP 809 �1¢78 �0¢52 (�0¢98 to �0¢05) 0¢028

Glucose metabolism

Fasting insulin (mU/L) 0¢054
CONTROL 774 0¢99 (ref) ¢¢
DIGI 759 �0¢01 �0¢89 (�1¢70 to �0¢07) 0¢033
DIGI+GROUP 751 0¢46 �0¢85 (�1¢66 to �0¢03) 0¢042

Fasting glucose (mmol/L) 0¢997
CONTROL 798 0¢02 (ref) ¢¢
DIGI 790 0¢03 0¢00 (�0¢04 to 0¢04) 0¢984
DIGI+GROUP 780 0¢02 0¢00 (�0¢04 to 0¢04) 0¢944

2-hour glucose (mmol/L) 0¢266
CONTROL 793 �0¢07 (ref) ¢¢
DIGI 782 0¢04 0¢07 (�0¢07 to 0¢21) 0¢320
DIGI+GROUP 776 0¢05 0¢11 (�0¢02 to 0¢25) 0¢107

HbA1c (mmol/mol) 0¢131
CONTROL 798 0¢91 (ref) ¢¢
DIGI 779 0¢81 �0¢07 (�0¢32 to 0¢17) 0¢562
DIGI+GROUP 775 0¢66 �0¢25 (�0¢49 to 0¢00) 0¢050

Table 2: Effects of the digital intervention (DIGI) and the combined digital and group-based face-to-face intervention (DIGI+GROUP) on
the measures of lifestyle factors, anthropometry, and glucose metabolism compared with usual care with no study intervention
(CONTROL).
The data are unadjusted one-year mean changes in the measures of lifestyle factors, anthropometry, and glucose metabolism in CONTROL, DIGI, and DIGI

+GROUP. The regression coefficients b and their 95% confidence intervals for the effects of DIGI and DIGI+GROUP compared with CONTROL are also

shown. The p-values are obtained from linear mixed-effects models adjusted for age, sex, study province at baseline, and time between assessments (nurse vis-

its, filling out questionnaires, or laboratory visits) and including the study group*time interaction term in these models.
a P-values for the statistical significance of the effects of DIGI and DIGI+GROUP on the measures of lifestyle factors, anthropometry, and glucose metabo-

lism compared with CONTROL.
b P-values for the statistical significance of the interaction effects between intervention and time (study group*time interactions) on the measures of lifestyle

factors, anthropometry, and glucose metabolism.

HbA1c, glycated haemoglobin. The Healthy Diet Index ranges between 0 (lowest quality) and 100 (highest quality).
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Figure 2. Unadjusted one-year mean percentage changes in the Healthy Diet Index and its components in the control group (CON-
TROL), the digital intervention group (DIGI), and the combined digital and group-based face-to-face intervention group (DIGI
+GROUP). The data are from linear mixed-effects models adjusted for age, sex, study province at baseline, and time between assess-
ments (filling out questionnaires) and including the study group*time interaction term in these models. The asterisks denote the sta-
tistical significance (p<0¢05) of the effects of DIGI and DIGI+GROUP on the Healthy Diet Index and its components compared with
CONTROL. The P-values shown are for the statistical significance of the interaction effects between intervention and time (study
group*time interactions) on the Healthy Diet Index and its components.
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So far, there are few RCTs reporting the effects of digital
lifestyle interventions on health behaviours in real-
world conditions, such as in healthcare, among adults
at increased risk of T2D.9 While two thirds of the
reviewed interventions were found to be effective over
the first six months, one third also showed effects
extending to 12 months. The effective interventions
were more likely to utilise behaviour change techniques,
with digital features facilitating health and lifestyle edu-
cation, behaviour or outcome tracking, and online
health coaching being most effective. A more recent
non-randomised controlled trial confirmed the impor-
tance of features for self-monitoring of diet and physical
activity as well as features allowing virtual interaction
with a human coach and peer support.19 Our findings
suggest that the habit-based digital lifestyle intervention
may not be sufficient alone, but support from healthcare
professionals and peers received in group-based inter-
vention is necessary for effectiveness. The group-based
intervention may have helped the participants apply the
dietary contents of the digital intervention in their every-
day life. However, the digital intervention alone or com-
bined with the group-based intervention had no effect
on total physical activity or total sedentary time. One
explanation for this could be that the BitHabit app
included more habits for improving diet quality than for
increasing physical activity or decreasing sedentary
time, resulting in choosing more habits related to diet
quality than physical activity or sedentary time.13

Although the improved diet quality could be
expected to lead to weight loss, we found only a modest
and statistically non-significant decrease in waist
www.thelancet.com Vol 24 January, 2023
circumference, and no reduction in body weight, with
the combined digital and group-based lifestyle interven-
tion. There is some evidence from earlier RCTs that life-
style interventions conducted in real-world conditions,
including group counselling organised by community
members, can decrease excess body weight in individu-
als at increased risk of T2D.6 It is important to note that
our lifestyle interventions were not explicitly aimed at
decreasing energy intake and losing body weight but
achieving permanent improvements in daily health
behaviours, including diet, physical activity, sedentary
time, alcohol consumption, and smoking.14 The effects
of our interventions on body weight could thus have
been larger if weight loss had been the defined aim in
the interventions.

Previous RCTs have demonstrated that group coun-
selling by healthcare professionals can decrease the risk
of T2D in real-world conditions in adults at increased
risk.6 On the other hand, it is known that the intensity
of lifestyle interventions plays a major role in the mag-
nitude of decreased risk of T2D achieved.9,20,21 There-
fore, it is not surprising that the few earlier RCTs
carried out in healthcare have shown inconsistent
results concerning the effects of digital lifestyle inter-
ventions on indicators of glucose metabolism in adults
at increased risk of T2D.9 In line with this, we observed
that the digital intervention alone and combined with
group-based intervention modestly decreased fasting
insulin but had no effect on fasting glucose, 2-hour glu-
cose, or HbA1c in adults at increased T2D risk. The
explanation for this suggestive finding could be that
insulin resistance is usually evident long before chronic
9



Figure 3. (a) Unadjusted one-year mean percentage changes in the Healthy Diet Index, physical activity, and sedentary time among
those with high engagement in the digital intervention (≥median of 501 habits/year, higher 50%) and among those with low
engagement in the digital intervention (<501 habits/year, lower 50%) in the study groups with digital intervention (DIGI and DIGI
+GROUP). The data are from linear mixed-effects models adjusted for age, sex, study province at baseline, and time between assess-
ments (filling out questionnaires). The P-values are for the statistical significance of the differences in the one-year mean percentage
changes in the Healthy Diet Index, physical activity, and sedentary time between the low engagement group and the high engage-
ment group. (b): Unadjusted one-year mean percentage changes in the Healthy Diet Index, physical activity, and sedentary time
among those with low participation in both study interventions, high engagement in the digital intervention (≥501 habits/year,
higher 50%), high attendance in the group-based face-to-face intervention (≥5 of all 6 group sessions), and high participation in
both study interventions in the study group with group-based face-to-face intervention (DIGI+GROUP). The data are from linear
mixed-effects models adjusted for age, sex, study province at baseline, and time between assessments (filling out questionnaires).
The asterisks denote the statistical significance (p<0¢05) of the differences in the one-year mean percentage changes in the Healthy
Diet Index and sedentary time in the groups of high engagement in the digital intervention, high attendance in the group-based
face-to-face intervention, and high participation in both interventions compared with the group of low participation in both inter-
ventions. The P-value shown is for the statistical significance of the difference in the one-year mean percentage change in the
Healthy Diet Index across the groups of low participation in both interventions, high engagement in the digital intervention, high
attendance in the group-based face-to-face intervention, and high participation in both interventions.
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hyperglycaemia in the pathogenesis of T2D.22 Other
reasons for the lack of effect on fasting or 2-hour plasma
glucose could be the large proportion of individuals with
normal glucose metabolism (44%) in our study, the
modest intervention effect on adiposity, and the rela-
tively short intervention period of one year, all of which
tend to decrease the likelihood of showing the beneficial
effects of the observed lifestyle modifications on glucose
metabolism. Moreover, the digital intervention
combined with the group-based intervention improved
the overall diet quality that appeared to be attributed to
the increased consumption of fruit and vegetables and
the improved quality of dietary fat and dairy products.
However, the consumption of whole grains, which did
not change in our study, has been most consistently
been associated with T2D risk.23 Finally, it has to be
highlighted that the StopDia study was performed as
part of routine primary healthcare practices within real-
www.thelancet.com Vol 24 January, 2023
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world population setting. Thus, variation in adherence
to the interventions and the responses to interventions
limit the statistical power to demonstrate effects on glu-
cose metabolism as compared with studies conducted
in more controlled conditions.

We observed that high engagement in the digital
intervention and high attendance in the group-based
intervention resulted in a larger improvement in diet
quality. This is expected as active participation in life-
style interventions has been found to be important for
the beneficial effects on health behaviours and their
health consequences.6 High engagement in the digital
intervention also led to a larger increase in total physical
activity and a larger decrease in total sedentary time.
These findings provide further evidence for the previous
notion that good adherence to lifestyle interventions is
important to achieve the expected health behaviour
changes and associated health benefits.6 It may be
more challenging to maintain good adherence in digital
interventions than in more structured group-based
interventions in which healthcare professionals moti-
vate and support individuals to improve their health
behaviour.19,24

Adopting personalised and adaptive approaches
would allow lifestyle interventions to accommodate
individual characteristics and preferences.25 Doing so
could increase intervention participation and effective-
ness as these approaches enable interventions to react
to early signs of decreased response.26 In further devel-
opments of the BitHabit app, we will utilize the possibil-
ity to better adapt the digital intervention based on
participants’ personal needs and preferences, utilizing
the knowledge of over 1¢0 million daily habit selections
reported by the participants within the first six months
of the intervention.13

The strengths of our study include the large number
of adults at increased risk of T2D screened digitally
from a general population, the RCT carried out in pri-
mary healthcare as part of its routine practices, and the
opportunity to investigate the effects of the digital life-
style intervention alone and combined with the group-
based lifestyle intervention on various outcomes rele-
vant for the prevention of T2D. We also had strong theo-
retical basis of the interventions because we used
multiple behaviour change theories, including the self-
determination theory,10 the habit-formation theory,12

and the self-regulation theory,11 to improve the adoption
and sustainability of health behaviour changes.27,28

About 15% of the participants dropped out from the
study, and the proportions of dropouts were similar in
all three study groups. This suggests that the interven-
tions, including the app, were well accepted by the par-
ticipants. Finally, the whole StopDia approach,
including the recruitment process, described in detail
earlier,14 can be scaled for the prevention of not only
T2D but also other non-communicable diseases in real-
world healthcare.
www.thelancet.com Vol 24 January, 2023
A limitation of our study is the relatively low inten-
sity of the lifestyle interventions in a real-world popula-
tion setting that decreased the likelihood of showing the
expected effects on the outcomes. First, we acknowledge
that the real-world approach in our study design started
with the identification of adults at a moderately
increased risk of type 2 diabetes via the inexpensive and
feasible FINDRISC. As this was used in place of the
more expensive and challenging 2-hour oral glucose tol-
erance test, there may have been limited power to
observe a reduction in risk factors during the trial. Fur-
thermore, the decision about the intensity of interven-
tions has to be balanced on their potential scalability at
the population level: implementation of intensive inter-
ventions has largely failed in healthcare due to lack of
resources. The reason for accepting the lower intensity
of the interventions was that we wanted to develop a
cost-effective and scalable model for the prevention of
T2D in healthcare and society. The assessment of diet
quality using a questionnaire instead of food records,
the assessment of physical activity and sedentary time
using a questionnaire instead of objective measures,
and non-fasting measurement of body weight and waist
circumference were realistic choices in our large RCT
carried out in primary healthcare as part of its routine
practices. However, they may have decreased accuracy
of the assessment of these outcomes and thereby lim-
ited statistical power to find the expected effects of the
interventions. At least in case of physical activity there
is evidence that pedometers, heart rate monitors, as well
as combined heart rate and body movement monitors
may motivate participants to increase physical activity.29

The nurses who performed the measurements were not
blinded to group assignment. This could have intro-
duced measurement bias. The participants were also
recruited to the RCT through workplaces, social media,
the internet, newspapers, community pharmacies, and
health care15 that could have resulted in larger pro-
portion of women participating the study. Finally,
the larger number of women than men in our study
sample is a weakness that may limit the generaliz-
ability of our findings to men. However, we con-
trolled for sex in all statistical analyses to avoid
confounding by sex.

In conclusion, this one-year RCT conducted in pri-
mary healthcare as part of its routine practices showed
that the digital lifestyle intervention combined with the
group-based lifestyle intervention improved diet quality
in adults at increased risk of T2D. Although we could
not demonstrate a statistically significant effect of the
interventions on glucose metabolism, the results of our
study suggest that the combined digital and group-
based lifestyle intervention tended to decrease waist cir-
cumference and prevent the increase in insulin resis-
tance. The variable participation in the digital and
group-based lifestyle interventions warrant further
RCTs in which adapted intervention models optimising
11
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the intervention type based on individuals’ characteris-
tics and early adherence will be considered.
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