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Abstract: In a randomized controlled trial including 340 people living with obesity, with and without
type 2 diabetes, digital coaching has induced significant long-term weight loss compared to the
usual methods of care. We investigated whether education level influenced this weight loss and
which lifestyle changes supported the digital lifestyle coaching program. The intervention consisted
of a 1 h face-to-face motivational interview followed by digital coaching using behavioral change
techniques. At 6 months, the weight loss in the intervention group was significantly larger in
participants with short education (6.0 vs. 2.2 kg, p < 0.01) (p = 0.006). Participants with long education
experienced initially a modest weight loss, but the effect was maintained, leading to the largest
weight loss at 24 months (5.06 [−11.98–1.86] kg), even though there were fewer coaching sessions in
the maintenance period. In multiple regression analyses, the greater weight loss in the intervention
group was associated with short education (β = 1.81, p = 0.02), improvements in everyday physical
activity (β = 2.60, p = 0.014) and improvements in dietary habits (β = 3.84, p = 0.013). In conclusion, at
6 months, the effect of the intervention was more pronounced in people with short education through
improvements in everyday physical activity and dietary habits. However, participants with long
education sustained their weight loss at 24 months.

Keywords: digital behavioral coaching; health behavioral change; obesity; type 2 diabetes

1. Introduction

The global incidence and prevalence of type 2 diabetes (T2D) has increased signifi-
cantly over the last several decades [1]. The total population of adult patients with diabetes
in Denmark is estimated to be around 350,000 (6.2% of the entire population), and approxi-
mately 89% of these have T2D [2]. More than 80% of all patients with T2D are overweight
or experiencing obesity [3]. Obesity and inactivity are of major importance for developing
T2D [4]. Self-management, including healthy lifestyle, is thus essential for prevention and
treatment of T2D [3].

Despite an intensive focus on T2D in general practice, treatment goals have not been
achieved for many patients in Denmark [5]. Studies have shown that annual consultations
seldom address lifestyle issues, nor do the patients follow recommendations for a healthy
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lifestyle, such as physical activity recommendations or tobacco cessation [5,6]. Systematic
reviews and meta-analyses show that electronic health (eHealth) solutions are significantly
better than usual care, defined as routine diabetes self-care in general practice with no
personalized feedback when supporting weight loss short term (3–6 months) in participants
with obesity (BMI ≥ 30) [7–9]. Previously, in a randomized controlled trial (RCT) called
‘long-term Lifestyle change Intervention and eHealth Application’ (LIVA), we have shown
that digital lifestyle coaching can induce and maintain significant weight loss compared to
usual care for 12 months (4.5 [3.4–5.6] kg vs. 1.5 [0.2–2.7] kg) in people living with obesity,
both with and without T2D [10].

However, the effect of using digital coaching, like any other intervention, is depen-
dent on the participants’ adherence to the intervention, emphasizing the importance of
participant motivation and coping resources, which often are related to socioeconomic
and psychological factors [11]. Moreover, good quality evidence-based interventions are
lacking in individuals experiencing obesity with a lower socioeconomic status. One study
has demonstrated that eHealth weight loss interventions can lead to a short-term increase
in physical exercise and weight loss in people with a low socioeconomic status (SES) [12],
but also that more thoroughly designed studies of longer duration are needed [12]. We
hypothesize that similar weight loss will be observed across various education levels in
participants using the eHealth application (LIVA), as digital coaching seems to be also
effective in participants with a low socioeconomic status.

Therefore, with the present pre-specified post hoc analysis, we aimed firstly to investi-
gate at which time-points the digital lifestyle coaching program LIVA was most effective in
reducing weight in various education level groups in obese participants compared to usual
care. Secondly, we investigated which lifestyle changes were best supported by the digital
lifestyle coaching program.

2. Materials and Methods
2.1. Study Design and Ethical Approval

The LIVA study was an RCT carried out from March 2018 to October 2021 in the Capital
Region of Denmark and the Region of Southern Denmark. The two regions include a total
of 40 municipalities. The study was approved by the scientific committee of the Region
of Southern Denmark (S-20170183G) and registered in clinicaltrials.gov (NCT03788915).
All methods are described in detail in the study protocol [13] but will be presented here
in short.

2.2. Participants and Eligibility Criteria

All participants were recruited either through their general practitioners (GPs), their
local health center (there is one in each municipality), the Danish Diabetes Association,
or advertisements via social media. Participants who were interested in participating
could then register through the LIVA Healthcare app. After registration, participants
were contacted by telephone by a research assistant, who ensured that the participants
met the inclusion criteria of (a) a body mass index (BMI) of 30–45 kg/m2 and (b) an
age between 18 and 70 years. The following exclusion criteria were applied: (a) lack of
internet access through a computer or smartphone, (b) pregnancy or planned pregnancy, or
(c) serious or life-threatening disease defined as a less-than-one-year lifetime expectancy.
A total of 340 participants were included. Two participants in the intervention group
decided to withdraw their consent; thus, a total of 338 participants were randomized. At
baseline, the intervention group included 198 participants and the control group included
140 participants (Figure 1).
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only usual care. Randomization occurred after the participants had completed a medical 
examination via an automated computer algorithm in groups of 10 at a 6:4 ratio, where 
60% of the recruited participants were randomized to the intervention group and the re-
maining 40% were assigned to the control group. The allocation method was based on a 
pilot RCT [14] and is described in detail in our protocol paper [13]. Randomization was 
controlled to ensure that 50% of participants in both the intervention and control group 
previously had been diagnosed with T2D. After randomization, blinding for the interven-
tion was not possible, but neither the research assistant who carried out the tests nor the 
intervention health coach had a role in analyzing or interpreting the data [13]. 

2.4. Outcomes and Data Collection 
All participants gave their written consent and informed the research assistant about 

their medication use at the baseline meeting, where the physical examination was per-
formed. The examination included such measurements as the participants’ height, meas-
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while subtracting 1 kg for clothing. Height and weight were used to calculate the Body 
Mass Index (BMI = kg/m2) [9]. Additional examinations were made but not described in 
the present study since they were not relevant to our two aims; however, they are 

Figure 1. Flowchart of participation and questionnaire completion from baseline to 24 months in the
randomized controlled trial.

2.3. Randomization

Participants randomized to the intervention group received digital lifestyle coaching
in addition to usual care, whereas participants randomized to the control group received
only usual care. Randomization occurred after the participants had completed a medical
examination via an automated computer algorithm in groups of 10 at a 6:4 ratio, where
60% of the recruited participants were randomized to the intervention group and the
remaining 40% were assigned to the control group. The allocation method was based
on a pilot RCT [14] and is described in detail in our protocol paper [13]. Randomization
was controlled to ensure that 50% of participants in both the intervention and control
group previously had been diagnosed with T2D. After randomization, blinding for the
intervention was not possible, but neither the research assistant who carried out the tests
nor the intervention health coach had a role in analyzing or interpreting the data [13].

2.4. Outcomes and Data Collection

All participants gave their written consent and informed the research assistant about
their medication use at the baseline meeting, where the physical examination was per-
formed. The examination included such measurements as the participants’ height, mea-
sured in centimeters without shoes, and weight, measured with clothes but without shoes
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while subtracting 1 kg for clothing. Height and weight were used to calculate the Body
Mass Index (BMI = kg/m2) [9]. Additional examinations were made but not described
in the present study since they were not relevant to our two aims; however, they are
described in our protocol paper [13]. The examination was also performed after 6, 12 and
24 months [13].

The participants then filled out an online questionnaire assessing a range of measures
included in our protocol paper [13]. The data relevant to the two aims in this paper
includes sociodemographic data, such as education level, marital and employment status,
and lifestyle habits such as physical and dietary behaviors [Table S1]. The dietary questions
are based on the models established by the Swedish National Board of Health and Welfare
(SoS) [15].

Each question had several answer options. However, after receiving the answers
from the participants, some answers were combined to create a more logical and clear
division of categories. In marital status, the three answers ‘Single’, ‘Widow or longest living
partner’, and ‘Divorce or no longer in registered partnership’ were combined to create the
category ‘Single, divorced or widow’. In employment status, the two answers ‘On the labor
market’ and ‘Student’ were combined to create a category named ‘Employed or student’,
whereas the two answers ‘Unemployed’ and ‘Retired’ were combined to create the category,
‘Unemployed or retired’. Questions about dietary habits, such as how often participants eat
vegetables (fresh as well as frozen) and how often they eat fruit (fresh, frozen, preserves, or
juice/smoothie), had four answer options, while the two answer options ‘Twice daily or
more often’ and ‘Once a day’ were combined to create the category ‘Once a day or more
often’. The question ‘How often do you eat seafood as a main course?’ had four response
options, and ‘Twice a week’ and ‘Once a week’ were combined to create ‘Once or twice a
week’. The question ‘How often do you eat pastry, chocolate, sweets and/or drink soda?’
had four response options, and the two ‘Daily’ and ‘Almost every day’ were combined to
create the category ‘Daily or almost every day’.

The ‘0 min/no time’, ‘Less than 30 min’, ‘30–60 min (½–1 h)’, ‘60–120 min (1–2 h)’,
and ‘More than 120 min (2 h or more)’ answers about physical activity were combined to
create the three categories ‘Less than 30 min’, ‘½–2 h’ and ‘2 h or more’, while ‘0 min/no
time’, ‘Less than 30 min’, ‘30–60 min (½–1 h)’, ‘60–90 min (1–1½ h)’, ‘90–150 min (1½–2½ h)’,
‘150–300 min (2½–5 h)’, and ‘More than 300 min (5 h or more)’ were the answers about
everyday physical activity that were also combined to create the three categories ‘Less than
30 min’, ‘½–2½ h’ and ‘2½ h or more’.

The participants answered the questionnaires at each of the four clinical examinations.
The participants were contacted one month before their 6-, 12- and 24 month assessments
by telephone to schedule the assessment. If a participant did not respond, a voice mail was
left explaining the purpose of the call. Another telephone call was made a week later, then
again after another week after that, and then again one month later. Participants who had
not responded to the four different attempts were considered lost to follow-up.

2.5. Intervention Group

After downloading the LIVA app, the participants in the intervention group received
an initial 45- to 60-min lifestyle-coaching consultation with the health coach online or in
person. Based on the participants’ individual wishes, goals were created using the SMART
(specific, measurable, attainable, relevant, timely) model [16].

In the initial consultation, a partnership was created between the coach and the in-
dividual in question, guiding them through the Stages of Change (SoC) [17], developing
a lifestyle plan around personalized user-centered goals that can be tracked over time,
together with educational resources specifically tailored to the needs of the participant.
The goal of the health coach was to inspire the participants, commend on goal attainment,
and help the participants to stay motivated [18]. The suggestions for new lifestyle be-
havior were based on a comprehensive theoretical model developed specifically for the
LIVA coaching program that combined a range of theories such as the Social Cognitive
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Theory [19], Self-Determination Theory (SDT) [20], a Patient Centered Communication
(PCC) approach [21], the BCT taxonomy [22], and Motivational Interviewing (MI) [23].
The program was delivered by trained health coaches who had a healthcare professional
background. Based on the goals and needs of the participant, the coaches drove the user’s
engagement using the theoretical foundation in combination with goal tracking, personal-
ized content, and progress in the program. The subsequent asynchronous eHealth coaching
sessions were carried out once a week for the first 6 months, then once a month for the next
6 months. Finally, as maintenance, participants only received coaching every third month
from 12–24 months.

2.6. Control Group

All participants randomized in the control group were invited to follow-up exam-
inations at the same frequency as the intervention group, and they also answered the
questionnaires at each timepoint. The participants in the control group were not offered
access to the LIVA app but received only the usual care preferred by the patient and
their doctor.

2.7. Characteristics of Health Coaches

The health coaches who provided the digital lifestyle coaching through the LIVA app
were all educated as either nurses, physiotherapists, dieticians, or occupational therapists.
They all had received special training on digital health coaching and had practiced that for
at least two years. Each patient had a primary health coach, creating the opportunity to
form a close and trusting relationship [13].

2.8. Statistical Analysis

All analyses were performed using Stata version 18.0 (StataCorp LLC, College Station,
TX, USA). Baseline characteristics were presented as means with standard deviations
(SD) for continuous variables and as percentages for non-continuous variables. Unpaired
Student-t tests or Chi2-tests were used to compare participants attending or not attending
their 6-, 12-, and 24 month examination, respectively.

Reduction in weight was calculated as weight at baseline minus follow up at 6, 12, and
24 months and presented in kilograms with 95% confidence intervals. Unpaired Student-t
tests or Chi2-tests were used to compare change in weight in the intervention and the
control group. Interaction analysis was used to compare weight loss in different subgroups.
Statistical significance was set at 2-tailed p < 0.05.

Chi2-tests were used to compare the fraction of participants reporting improvements
in physical and dietary behaviors in the intervention and control group, and these results
were presented as percentages.

Finally, univariate and multivariate regression analyses were used to determine the
association between weight loss as the dependent variable and baseline characteristics and
changes in lifestyle at 6, 12, and 24 months of follow-up as the independent variables.

2.9. Creating New Variables

The original answers on physical exercise, everyday physical activity, and dietary
habits from baseline to the 6-, 12- and 24 month follow-up examinations were changed
to a semi-continuous variable by giving each answer a value from 1–5, 1–7 or 1–4, where
the best answer had the highest value. Changes were calculated by subtracting baseline
values from values obtained from the 6-, 12-, and 24 month follow-up examinations. These
changes were then divided into three categories (improved (value > 1), stable (value = 0),
worsen (value < 0) and used to compare the fraction of participants reporting improvements
in physical and dietary behaviors, helping to determine the association between weight
loss and changes in lifestyle. However, participants reporting the highest or lowest values
at baseline could not experience improvement or worsening, respectively. Therefore, we
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performed a sensitivity analysis defining a continuing highest or lowest value as improved
or worsened, respectively.

Moreover, all four questions about dietary habits (Table S1, question 4–7) were com-
bined to create an overall diet variable. The new variable was divided in two categories:
healthy (value > mean value) and unhealthy (value < mean value).

3. Results
3.1. Participants Characteristics

Participants who did not participate in the 6-, 12-, or 24 month follow-up examinations
were generally not different from the attending participants (Table 1). However, a larger
fraction of the participants coming to the 6- and 12-month follow-ups were married or
in a registered partnership. There was no difference in education level or other socioeco-
nomic characteristics between the 136 (40.2%) participants attending and the 202 (59.8%)
participants not attending the 24 month follow-up examinations (Table 1).

Table 1. Baseline characteristics of participants based on attendance vs. non-attendance at 6-, 12- and
24 months follow up.

6 Months 12 Months 24 Months

Attendance Non-
Attendance p-Value Attendance Non-

Attendance p-Value Attendance Non-
Attendance p-Value

n (%) 232 (68.6) 106 (31.4) 200 (59.2) 138 (40.8) 136 (40.2) 202 (59.8)

Age, mean (SD) 52.0 (10.6) 52.5 (11.9) 0.75 52.3 (10.8) 51.9 (11.3) 0.75 53.5 (10.2) 51.3 (11.4) 0.07

Sex (female), n (%) 141 (60.8) 72 (67.9) 0.21 127 (63.5) 86 (62.3) 0.83 83 (61.0) 130 (64.4) 0.53

Type 2 Diabetes 115 (49.6) 53 (50.0) 0.94 98 (49.0) 70 (50.7) 0.76 65 (47.8) 103 (51.0) 0.56

Education level, n (%)

None 37 (15.9) 18 (17.1) 34 (17.0) 21 (15.3) 28 (20.6) 27 (13.4)

Short 57 (24.6) 27 (25.7) 52 (26.0) 32 (23.4) 33 (24.3) 51 (25.4)

Medium 105 (45.3) 54 (51.4) 91 (45.5) 68 (49.6) 56 (41.2) 103 (51.2)

Long 28 (12.1) 5 (4.8) 21 (10.5) 12 (8.8) 17 (12.5) 16 (8.0)

Do not know 5 (2.2) 1 (1.0) 0.27 2 (1.0) 4 (2.9) 0.63 2 (1.5) 4 (2.0) 0.19

Married or registered
partnership, n (%) 162 (69.8) 54 (51.4) <0.001 141 (70.5) 75 (54.7) <0.001 93 (68.4) 123 (61.2) 0.18

Employed or student, n (%) 171 (73.7) 69 (65.7) 0.13 147 (73.5) 93 (67.9) 0.26 100 (73.5) 140 (69.7) 0.44

3.2. Measured Weight Loss in Different Subgroups

In general, the greater weight losses within the intervention group at 6 and 12 months
were independent of baseline characteristics (Table 2). However, at 6 months, the weight
loss in the intervention group was significantly larger in participants with short education
(5.99 vs. 2.20 kg, p < 0.01) (p = 0.006 for interaction) (Table 2) (Figure 2). At 6 months, there
was also a tendency towards smaller weight loss in participants undertaking moderate
physical exercise at baseline (3.24 vs. 1.62 kg, NS) compared to participants with low
physical exercise (4.20 vs. 0.05 kg, p < 0.01, p = 0.08 for interaction) (Table 2). At 6 and
12 months, the weight loss in the intervention group was significantly larger both in
participants with type 2 diabetes (T2D) (4.00 vs. 1.63 kg, p < 0.01 and 3.98 vs. −0.29 kg,
p < 0.01) or without T2D (4.50 vs. 2.09 kg, p = 0.46 and 4.64 vs. 0.68, p < 0.01) compared to
the control group without any interaction (Table 2). Moreover, at 24 months, weight was
more reduced in participants younger than 54 years (5.54 vs. 1.46 kg, p = 0.03) compared
to participants older than 54 years (3.21 vs. 3.66 kg, NS) (p = 0.052 for interaction) and in
single participants (including divorced and widowed) (5.80 vs. 0.28 kg, p < 0.01) compared
to married participants (including registered partnership) (3.77 vs. 3.47 kg, NS) (p = 0.04
for interaction) (Table 2).
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Table 2. Change in weight from baseline to 6, 12 and 24 months in the intervention group compared
to the control group in different subgroups.

6 Months 12 Months 24 Months

Weight Change, kg [95% CI] Weight Change, kg [95% CI] Weight Change, kg [95% CI]

(Number) (Number) (Number)

Intervention Control Intervention Control Intervention Control

All 3.99 [3.14; 4.84] 0.65 [−0.10; 1.39] ** 4.57 [3.38; 5.76] 1.38 [0.13; 2.63] ** 4.45 [2.79; 6.10] 2.54 [1.13; 3.95]

(n = 148) (n = 84) (n = 127) (n = 73) (n = 81) (n = 55)

Male 4.04 [2.56; 5.53] 0.57 [−0.57; 1.71] ** 4.86 [2.75; 6.97] 1.38 [−0.27; 3.03] * 5.10 [1.79; 6.33] 2.58 [0.36; 4.66]

(n = 52) (n = 39) (n = 41) (n = 32) (n = 30) (n = 23)

Female 3.96 [2.90; 5.02] 0.71 [−0.30; 1.73] ** 4.44 [2.97; 5.90] 1.37 [−9.50; 3.25] * 4.06 [2.75; 6.97] 2.51 [−0.27; 3.03]

(n = 96) (n = 45) (n = 86) (n = 41) (n = 51) (n = 32)

Age ≤ 54 years 3.86 [2.73; 4.98] −0.18 [−1.21; 0.84] ** 4.55 [2.79; 6.31] 1.04 [−0.70; 2.78] * 5.54 [2.83; 8.24] 1.46 [−0.66; 3.58] * e

(n = 87) (n = 47) (n = 73) (n = 40) (n = 43) (n = 28)

Age > 54 years 4.18 [2.83; 5.53] 1.69 [0.67; 2.72] ** 4.60 [3.07; 6.13] 1.78 [−0.10; 3.67] * 3.21 [1.41; 5.01] 3.66 [1.78; 5.55]

(n = 61) (n = 37) (n = 54) (n = 33) (n = 38) (n = 27)

BMI ≤ 34 kg/m2 3.81 [2.61; 5.02] 0.96 [−0.10; 2.02] ** 4.09 [2.57; 5.60] 1.28 [−1.12; 3.68] * 3.57 [1.69; 5.45] 1.98 [−0.77; 4.72]

(n = 69) (n = 35) (n = 61) (n = 28) (n = 42) (n = 24)

BMI > 34 kg/m2 4.14 [2.92; 5.36] 0.42 [−0.63; 1.47] ** 5.02 [3.18; 6.86] 1.44 [−0.02; 2.89] ** 5.39 [2.55; 8.23] 2.98 [1.52; 4.44]

(n = 79) (n = 49) (n = 66) (n = 45) (n = 39) (n = 31)

T2D 4.00 [2.80; 5.20] 1.63 [0.58; 2.68] ** 4.50 [3.04; 5.95] 2.09 [0.18; 4.00] * 5.35 [3.21; 7.50] 3.81 [1.92; 5.71]

(n = 74) (n = 41) (n = 62) (n = 36) (n = 40) (n = 25)

Without T2D 3.98 [2.74; 5.22] −0.29 [−1.30; 0.72] ** 4.64 [2.74; 6.55] 0.68 [−1.00; 2.37] ** 3.56 [0.99; 6.13] 1.48 [−0.58; 3.53]

(n = 74) (n = 43) (n = 65) (n = 37) (n = 41) (n = 30)

Education level a

None 1.70 [−0.30; 3.70] 1.22 [−0.18; 2.62] −3.34 [−0.40; 7.09] 0.99 [−1.19; 3.17] 5.28 [−1.15; 11.71] 0.66 [−1.89; 3.21]

(n = 20) (n = 17) (n = 19) (n = 15) (n = 14) (n = 14)

Short 5.99 [4.10; 7.88] 2.20 [−1.81; 1.81] ** b 6.38 [3.88; 8.88] 1.37 [−1.64; 4.38] ** 2.91 [0.04; 5.78] 3.48 [−1.43; 8.38]

(n = 37) (n = 20) (n = 33) (n = 19) (n = 20) (n = 13)

Medium 4.03 [2.84; 5.21] 0.56 [−0.70; 1.82] ** c 4.32 [2.75; 5.89] 1.38 [−0.73; 3.49] * 4.98 [2.87; 7.09] 3.38 [1.90; 4.87]

(n = 71) (n = 34) (n = 61) (n = 30) (n = 37) (n = 19)

Long 2.88 [0.34; 5.42] 0.44 [−0.71; 1.59] ** 3.95 [−0.69; 8.59] 2.02 [−1.99; 6.04] 5.06 [−1.86; 11.98] 2.33 [−1.25; 5.91]

(n = 18) (n = 10) (n = 12) (n = 9) (n = 8) (n = 9)

Marital status

Married 4.15 [3.13; 5.18] 0.24 [−0.64; 1.12] ** 4.90 [3.54; 6.25] 1.38 [−0.10; 2.86] ** 3.77 [1.70; 5.84] 3.47 [1.70; 5.23] f

(n = 107) (n = 55) (n = 92) (n = 49) (n = 54) (n = 39)

Single 3.57 [1.98; 5.15] 1.41 [0.03; 2.79] * 3.72 [1.20; 6.24] 1.37 [−1.11; 3.84] 5.80 [2.95; 8.64] 0.28 [−1.77; 2.33] **

(n = 41) (n = 29) (n = 35) (n = 24) (n = 27) (n = 16)

Employment

Employed/student 3.83 [2.87; 4.79] 0.08 [−0.77; 0.94] ** 4.59 [3.18; 6.00] 1.90 [0.34; 3.48] * 4.19 [2.53; 5.85] 2.78 [1.20; 4.36]

(n = 113) (n = 58) (n = 97) (n = 50) (n = 61) (n = 39)

Unemployed/retired 4.49 [2.58; 6.41] 1.90 [0.48; 3.32] * 4.51 [2.24; 6.78] 0.22 [−1.90; 2.34] ** 5.22 [0.52; 9.93] 1.95 [−1.28; 5.18]

(n = 35) (n = 26) (n = 30) (n = 23) (n = 20) (n = 16)

Everyday physical activity

<30 min 3.90 [2.08; 5.71] −0.52 [−0.68; 1.71] ** 5.60 [−8.54; −3.37] 0.01 [−2.12; 2.13] ** 3.71 [−0.02; 7.43] 2.00 [−1.16; 5.10]

(n = 30) (n = 16) (n = 25) (n = 14) (n = 19) (n = 9)

30 min–2.5 h 3.82 [2.76; 4.89] 1.13 [0.04; 2.21] ** 4.03 [−5.36; −2.70] 1.63 [−0.39; 3.64] * 4.49 [2.14; 6.82] 1.85 [−0.17; 3.87]

(n = 78) (n = 42) (n = 67) (n = 36) (n = 41) (n = 28)

>2.5 h 4.38 [2.30; 6.46] 0.58 [−0.97; 2.14] ** 4.62 [1.50; 7.74] 1.82 [−0.47; 4.11] 5.04 [1.55; 8.53] 3.90 [1.08; 6.72]

(n = 40) (n = 26) (n = 35) (n = 23) (n = 21) (n = 18)

Physical exercise

<30 min 4.20 [3.20; 5.20] 0.05 [−0.89; 1.00] ** 5.07 [3.56; 6.58] 0.62 [−0.82; 2.05] ** 4.11 [1.80; 6.42] 2.00 [0.24; 3.77]

(n = 93) (n = 51) (n = 78) (n = 44) (n = 48) (n = 33)

30 min–2 h 3.24 [1.68; 4.80] 1.62 [−3.03; −0.22] d 3.64 [2.13; 5.15] 2.13 [−0.59; 4.84] 4.42 [1.77; 7.07] 3.41 [0.44; 6.37]

(n = 42) (n = 27) (n = 38) (n = 23) (n = 24) (n = 18)

>2 h 4.91 [−0.05; 9.87] 1.28 [−1.52; 4.09] 4.25 [−3.96; 12.46] 4.08 [−1.82; 9.98] 6.31 [−0.05; −12.67] 3.08 [−3.00; 9.15]

(n = 13) (n = 6) (n = 11) (n = 6) (n = 9) (n = 4)
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Table 2. Cont.

6 Months 12 Months 24 Months

Weight Change, kg [95% CI] Weight Change, kg [95% CI] Weight Change, kg [95% CI]

(Number) (Number) (Number)

Intervention Control Intervention Control Intervention Control

Diet

Unhealthy 3.96 [2.87; 5.05] 0.71 [−0.17; 1.60] ** 4.93 [3.34; 6.52] 1.59 [0.26; 2.92] ** 4.20 [1.77; 6.63] 2.10 [0.63; 3.57]

(n = 84) (n = 47) (n = 72) (n = 41) (n = 47) (n = 33)

Healthy 4.03 [2.64; 5.42] 0.56 [−0.75; 1.87] ** 4.10 [2.26; 5.94] 1.10 [−1.28; 3.48] * 4.79 [2.58; 6.99] 3.20 [0.30; 6.09]

(n = 64) (n = 37) (n = 55) (n = 32) (n = 34) (n = 22)

Abbreviations: BMI; body mass index, T2D; type 2 diabetes; p-values comparing weight loss between the
intervention and the control group (* p < 0.05 and ** p < 0.01); a Three participants in the control group and
two participants in the intervention group did not know their education level; b p = 0.006 for the interaction
between short education and weight loss in the intervention group vs. control group at 6 months; c p = 0.10 for
the interaction between medium education and weight loss in intervention group vs. control group at 6 months;
d p = 0.08 for the interaction between physical exercise and weight loss in the intervention group vs. control group
at 6 months; e p = 0.052 for the interaction between age and weight loss in the intervention group vs. control
group at 24 month; f p = 0.04 for the interaction between marital status and weight loss in the intervention group
vs. control group at 24 month.
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3.3. Self-Reported Improvement in Activity Levels and Dietary Habits

At the 6 month follow-up examinations, the intervention group compared to the
control group improved everyday physical activity, and dietary habits by eating more
vegetables and/or root vegetables, and significantly more in participants with short (50.0
vs. 22.7%, p = 0.04 and 50.0 vs. 22.7%, p = 0.04) or medium-long education (46.0 vs. 28.6%,
p = 0.07 and 48.7 vs. 23.8%, p = 0.01) (Table 3).
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Table 3. Group comparison of number of participants reporting improvements from baseline in
physical and dietary behaviors at 6-, 12- and 24 months follow-up stratified by education level.

Baseline to 6 Months Baseline to 12 Months Baseline to 24 Months

Improved/Total, (%) Improved/Total, (%) Improved/Total, (%)

Intervention Control Intervention Control Intervention Control

Physical exercise

No education 10/22 (45.5) 8/17 (47.1) 11/18 (61.1) 8/15 (53.3) 7/14 (50.0) 5/11 (45.5)

Short education 23/38 (60.5) 13/22 (59.1) 18/31 (58.1) 10/19 (52.6) 14/24 (58.3) 7/13 (53.9)

Medium education 36/74 (48.7) 17/42 (40.5) 26/58 (44.8) 13/31 (41.9) 18/41 (43.9) 8/20 (40.0)

Long education 6/17 (35.3) 3/11 (27.3) 9/13 (69.2) 2/9 (22.2) * 3/9 (33.3) 0/7 (0.0)

Everyday physical activity

No education 11/22 (50) 11/17 (64.7) 10/18 (55.6) 9/15 (60.0) 5/14 (35.7) 6/11 (54.6)

Short education 19/38 (50) 5/22 (22.7) * 14/31 (45.2) 6/19 (31.6) 13/24 (54.2) 7/13 (53.9)

Medium education 34/74 (46.0) 12/42 (28.6) 30/58 (51.7) 9/31 (29.0) * 18/41 (43.9) 8/20 (40.0)

Long education 6/17 (35.3) 7/11 (63.6) 5/13 (38.5) 4/9 (44.4) 5/9 (55.6) 2/7 (28.6)

Dietary habits—Vegetables and/or root vegetables

No education 8/22 (36.36) 5/17 (29.4) 10/18 (55.6) 5/15 (33.3) 3/14 (21.4) 4/11 (36.4)

Short education 19/38 (50) 5/22 (22.7) * 15/31 (48.4) 7/19 (36.8) 9/24 (37.5) 4/13 (30.8)

Medium education 36/74 (48.65) 10/42 (23.8) ** 22/58 (37.9) 11/31 (35.5) 21/41 (51.2) 10/20 (50.0)

Long education 2/17 (11.76) 3/11 (27.3) 4/13 (30.8) 1/9 (11.1) 0/9 (0.0) 3/7 (42.9) *

Dietary habits—Fruit and/or berries

No education 7/22 (31.8) 4/17 (23.5) 8/18 (44.4) 6/15 (40.0) 6/14 (42.9) 5/11 (44.0)

Short education 14/38 (36.8) 6/22 (27.3) 14/31 (45.2) 5/19 (26.3) 8/24 (33.3) 1/13 (7.7)

Medium education 28/74 (37.8) 9/42 (21.4) 16/58 (27.6) 9/31 (29.0) 13/41 (31.7) 7/20 (35.0)

Long education 2/17 (11.8) 2/11 (18.2) 4/13 (30.8) 2/9 (22.2) 2/9 (22.2) 3/7 (42.9)

Dietary habits—Seafood

No education 4/22 (18.2) 5/17 (29.4) 6/18 (33.3) 5/15 (33.3) 3/14 (21.4) 5/11 (45.5)

Short education 11/38 (29.0) 5/22 (22.7) 11/31 (35.5) 4/19 (21.1) 7/24 (28.2) 4/13 (30.8)

Medium education 23/74 (31.1) 9/42 (21.4) 16/58 (27.6) 9/31 (29.0) 6/41 (14.6) 6/20 (30.0)

Long education 4/17 (23.5) 3/11 (27.3) 5/13 (38.5) 3/9 (33.3) 3/9 (33.3) 4/7 (57.1)

Dietary habits—Pastry, chocolate, sweets, soda

No education 8/22 (36.4) 10/17 (58.8) 10/18 (55.6) 5/15 (33.3) 4/14 (28.6) 5/11 (45.5)

Short education 23/38 (60.5) 11/22 (50.0) 13/31 (41.9) 6/19 (31.6) 7/24 (29.2) 5/14 (35.7)

Medium education 39/74 (52.7) 11/42 (26.2) ** 30/58 (51.7) 14/31 (45.2) 17/42 (40.5) 7/21 (33.3)

Long education 3/17 (17.7) 5/11 (45.5) 5/13 (38.5) 3/9 (33.3) 0/12 (0.0) 5/8 (62.5) **

p-values comparing the fraction of participants improving lifestyle behaviors between the intervention and the
control group (* p < 0.05 and ** p < 0.01).

In addition, more participants with medium-long education also improved their
dietary habits by eating more fruits and/or berries (37.8 vs. 21.4%, p = 0.07) or less pastry,
chocolate, sweets and/or drinking soda (52.7 vs. 26.2%, p = 0.01) (Table 3). At 12 months,
the intervention still improved everyday physical activity in significantly more participants
with medium-long education (51.7 vs. 29.0%, p = 0.04). Additionally, at 12 months the
intervention was associated with improving physical exercise in more participants with
long education (69.2 vs. 22.2%, p = 0.03) (Table 3).
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3.4. Correlation between Weight Loss, Baseline Characteristics and Behavioral Changes

For the whole population, the weight loss at 6 months was larger in participants with
lower BMI (β = 0.18, p = 0.04) or of older age (β = 0.07, p = 0.03) at baseline, as well as
in participants with steady or increasing everyday physical activity (β = 1.93, p = 0.025;
β = 2.35, p = 0.003) and who were eating more vegetables (β = 3.20, p = 0.004) or fruits
(β = 2.08, p = 0.039) or eating less pastry, chocolate, sweets or drinking less soda (β = 2.31,
p = 0.035) (Table 4). In the multiple regression analyses, the weight loss in all participants
was mainly associated with steady or increasing everyday physical activity (β = 1.57,
p = 0.05; β = 1.68, p = 0.022), eating more vegetables (β = 2.46, p = 0.018), or receiving the
intervention (β = 2.94, p < 0.01) (Table S2).

Table 4. Associations between weight loss and baseline characteristics and changes in physical and
dietary behaviors between baseline and 6 months.

All Participants Intervention Control

Beta-Coefficient [95% CI] Beta-Coefficient [95% CI] Beta-Coefficient [95% CI]

Age (years) 0.07 [0.01; 0.13] * 0.076 [−0.01; 0.16] 0.041 [−0.020; 0.10]

Sex (male vs. female) −0.37 [−1.68; 0.94] 0.085 [−1.71; 1.88] −0.15 [−1.64; 1.35]

BMI (kg/m2) −0.18 [−0.35; −0.01] * −0.10 [−0.33; 0.13] −0.21 [−0.41; −0.010] *

Without T2D vs. with T2D −0.75 [−2.02; 0.53] −0.02 [−1.73; 1.69] −1.91 [−3.35; −0.48] **

Education level

None vs. medium −1.43 [−3.27; 0.42] −2.33 [−4.88; 0.22] 0.66 [−1.38; 2.69]

Short vs. medium 0.98 [−0.61; 2.57] 1.96 [−0.08; 4.00] −0.56 [−2.49; 1.37]

Long vs. medium −0.89 [−2.95; 1.16] −1.14 [- 3.80; 1.51] −0.12 [−2.58; 2.35]

Married or registered
partnership vs. single,

divorced or widow
0.15 [−1.24; 1.54] 0.59 [−1.32; 2.49] −1.17 [−2.72; 0.38]

Employed or student vs.
Unemployed or retired −0.82 [−2.27; 0.63] −0.66 [−2.68; 1.35] −1.81 [−3.38; −0.24] *

Physical exercise

Stable vs. worsened 1.65 [−0.39; 3.68] 2.70 [−0.03; 5.42] * −0.09 [−2.42–2.24]

Improved vs. worsened 1.70 [−0.28; 3.67] 2.11 [−0.52; 4.74] 0.76 [−1.52–3.05]

Everyday physical activity

Stable vs. worsened 1.93 [0.24; 3.62] * 1.64 [−0.66; 3.94] 1.41 [−0.57; 3.40]

Improved vs. worsened 2.35 [0.81; 3.88] ** 2.77 [0.65; 4.90] * 0.44 [−1.30; 2.18]

Dietary habits—Vegetables and/or root vegetables

Stable vs. worsened 0.82 [−1.26; 2.90] 1.49 [−1.57; 4.55] −0.39 [−2.57; 1.79]

Improved vs. worsened 3.20 [1.06; 5.34] ** 4.09 [1.01; 7.17] * 0.057 [−2.34; 2.46]

Dietary habits—Fruit and/or berries

Stable vs. worsened 1.22 [−0.60; 3.05] 0.98 [−1.66; 3.63] 0.79 [−1.12; 2.69]

Improved vs. worsened 2.08 [0.10; 4.06] * 1.24 [−1.53; 4.02] 1.73 [−0.54; 4.01]

Dietary habits—Seafood

Stable vs. worsened −0.79 [−3.71; 2.13] −0.10 [−4.18; 3.98] −2.21 [−5.30; 0.89]

Improved vs. worsened 1.15 [−1.94; 4.23] 1.52 [−2.76; 5.80] 0.04 [−3.27; 3.34]

Dietary habits—Pastry, chocolate, sweets, soda

Stable vs. worsened 0.90 [−1.24; 3.05] 2.81 [0.095; 5.53] * −1.94 [−4.70; 0.83]

Improved vs. worsened 2.31 [0.16; 4.45] * 3.68 [1.02; 6.35] ** −0.58 [−3.34; 2.23]

Intervention vs. control 3.34 [2.09; 4.60] **

p-values for linear associations between weight loss and baseline characteristics and changes in physical and
dietary behaviors: * p < 0.05 and ** p < 0.01; Abbreviations: BMI; body mass index, T2D; type 2 diabetes.
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At 6 months, achieving a larger weight loss in the intervention group was associated
with improvement in everyday physical activity (β = 2.77, p = 0.01), as well as eating
more vegetables (β = 4.09, p = 0.010) and not eating more pastry, chocolate, sweets and/or
drinking soda (β = 2.81, p = 0.04; β = 3.68, p = 0.007). Moreover, there was a tendency
towards greater weight loss by having a short education level (β = 1.96, p = 0.06) (Table 4).
In the multiple regression analyses, the weight loss in the intervention group was mainly
associated with short education level (β = 1.81, p = 0.02), improvement in everyday physical
activity (β = 2.60, p = 0.01), and eating more vegetables (β = 3.84, p = 0.01) (Table S2). In the
control group, baseline characteristics such as lower BMI at baseline (β = 0.20, p = 0.048),
being unemployed or retired (β = 1.72, p = 0.03) and having type 2 diabetes (β = −1.92,
p < 0.01) was associated with greater weight loss at 6 months (Table 4).

For the whole population, the weight loss at 12 months in the multiple regression
analysis was mainly associated with steady (β = 2.66, p = 0.024) or increasing everyday
physical activity (β = 2.49, p = 0.016), eating less pastry, chocolate, sweets or drinking less
soda (β = 4.82, p = 0.003), or receiving the intervention (β = 2.75, p = 0.003) (Table S3). At
12 months, achieving larger weight loss in the intervention group was negatively associated
with steady levels of physical activity (β = −0.70, p = 0.025) (Table S4). However, this
became non-significant in the multiple regression analyses. In the control group, eating
less pastry, chocolate, sweets or drinking less soda (β = 5.70, p = 0.006) was associated with
greater weight loss, also in the multiple regression analysis (Table S4).

At 24 months, not eating more pastry, chocolate, sweets or drinking less soda was
associated with larger weight loss for the whole population (β = 4.95, p = 0.02; β = 4.56,
p = 0.04) and in the intervention group (β = 5.61, p = 0.055; β = 6.06, p = 0.059). For the control
group, a larger weight loss was associated with older age (β = 0.13, p = 0.029) (Table S5).

3.5. Sensitivity Analyses for the Correlation between Weight Loss and Behavioral Changes

At 6 months there was a shift in the significance of some of the associations in Table 4.
The association between weight loss and improved vs. worsened physical exercise for the
entire population was initially not statistically significant (β = 1.70, p = 0.09), but it became
significant (β = 1.66, p = 0.04). Similarly, stable vs. worsened levels of everyday physical
activity was initially significant (β = 1.93, p = 0.03), but became non-significant (β = 1.67,
p = 0.056). In the intervention group, stable vs. worsened levels of physical exercise
changed from being significant (β = 2.70, p = 0.05) to becoming non-significant (β = 2.10,
p = 0.11). Additionally, the consumption of more vs. less seafood, both for the overall
population and the control group, shifted from being non-significant (β = −1.15, p = 1.15
and β = 0.04, p = 0.98) to becoming significant (β = 1.67, p = 0.04 and β = 1.93, p = 0.04).
Minor changes were also observed by performing sensitivity analyses for the associations
between weight loss and behavioral changes at 12 months.

4. Discussion
4.1. Principal Findings

The weight loss of the intervention group after 6 months was significantly larger in
participants with a short education compared to other education levels. This initial weight
loss was mainly associated with improvement in everyday physical activity and dietary
habits, such as eating more vegetables and/or root vegetables and more fruits and/or
berries, which was more pronounced in participants with short or medium-long education.
However, this initial larger effect of the intervention group in participants with a short
education compared to other education levels was, despite a significant weight loss at
12 months, no longer significant at the 24 month follow-up examinations.

4.2. Comparison with Prior Research

Our findings are new, as Myers-Ingram et al. concluded in their systematic review
from 2023 that it was unknown whether any eHealth interventions could facilitate weight
loss and physical activity in people with obesity with low SES [12]. The LIVA Healthcare
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app is a hybrid model based on the relationship between patients and coaches, which might
explain why it, over a 12 month period, supported individuals with short education and
potentially low SES. It may also have supported individuals long-term if the intervention
was sustained [8].

Moreover, individuals with a short education and/or low SES often have little flexibil-
ity in their time-schedule for work, making it difficult to attend to routine diabetes self-care
sessions [24]. Therefore, eHealth solutions can be one approach to overcome these barriers
faced by individuals with a short education and/or low SES by allowing them to access
weight management interventions at any time and location.

Our results showed that individuals with a short education and probably lower SES
improved everyday physical activity and dietary habits by using the LIVA app compared
to controls. This may be because the LIVA Healthcare app deploys small changes when
supporting everyday physical activities, such as a walking, light gardening, cleaning,
or cycling to and from work [18]. Similar findings were concluded in a 24 month RCT
from 2012 [25]. Bennett CG et al. evaluated the effectiveness of an eHealth weight loss
intervention in 365 participants with obesity, whereas 86.3% had an education level lower
than a college degree. They found a larger weight loss at 24 months in the intervention
group compared to the control group (difference, −1.03 [−2.03 to −0.03] kg) [25]. Thus,
people with a shorter education and probably lower SES have generally less flexible
working hours, which can lead to usual care failing in supporting lifestyle changes and
weight loss. A wide-reaching eHealth solution may therefore be the answer for participants
with short education and lower SES. However, to maintain the effect, coaching must
continue, as the effect diminishes if unsupported.

Participants with long education experienced a modest weight loss by the intervention
in the first year, but the effect was maintained, leading to the greatest weight loss after
2 years (5.06 [−11.98–1.86] kg). Moreover, they were the only participants who showed
improvement in physical exercise after 1 year, even though there were fewer coaching
sessions. This suggests that participants with long education had a more steady but
sustainable weight loss, and this appears to be associated with improvement in physical
exercise of a certain intensity.

It is not unusual for participants with longer education and/or high SES to maintain
weight loss independently of the method used. Serdula et al. reported that the odds of
trying to lose weight vs. doing nothing about the weight increased with education level [26].
Moreover, using physical activity and exercise as a strategy to lose weight also increased
with education level [26].

Earnest et al., in a retrospective analysis in 2020, examined the effects of online weight
loss programs by accounting for class attendance and education level, concluding that
online weight loss programs are effective regardless of education level [27]. However, class
participation was essential to participant success [27]. The study suggested that individuals
from higher SES compared to lower SES have lower dropout rates in health promotion
programs. Higher attendance and adherence to weight loss programs may be the reason
why people from higher SES experience better long-term effects, indicating that extended
intensive coaching may not be necessary for this group [12]. In our study, the dropout rate
was independent of education. However, we saw an insignificantly higher initial dropout
rate in participants with long education, whereas participants with short education had a
higher dropout rate after one year, suggesting that extended coaching is more important
for participants with short education.

4.3. Strengths and Limitations

The dropout rate at 24 months was 202 of 338 (59.8%), which is high but not unlike the
adherence rates reported in other studies [8]. Although this could have created adherence
bias, the participants who came to the 24 month follow-up examinations were not different
in baseline characteristics from those who dropped out. This random dropout supports
that the high dropout rate may primarily have occurred due to the COVID-19 lockdown



Nutrients 2024, 16, 795 13 of 15

and national restrictions. In hindsight, we should have gathered information about this
dropout, but did not due to the focus being on completing the study despite the lock down.
This relatively high number of dropouts reduced the power by making the education
subgroups small, increasing the risk of type 2 errors with a higher risk of false negative
results, especially in years one and two.

A limitation of this study is the way participants reported their improvements in
physical activity and dietary habits in the questionnaires. Participants are required to
categorize their activity levels within certain time intervals rather than reporting how much
time they spend per week on physical activity in minutes. If a participant improves in
physical activity by spending more than 2 h per week on physical exercise, they cannot
report this change, and, similarly, if they decrease in physical activity by spending less
than 30 min per week on physical exercise, they cannot report that change either. This may
result in not detecting those participants who improved or worsened from these outlier
points. Moreover, the changes in physical and dietary behaviors between baseline and
the 6-, 12- and 24 month follow-ups were based on simple subtraction, leading to three
categories (improved, stable, or worsened) that did not distinguish between small and large
changes, nor between stable values among the lowest (could not worsen) or highest values
(could not improve). This may have reduced the number of participants experiencing an
improvement, which may have reduced our statistical power. Therefore, we conducted a
new analysis where participants with continuing highest or lowest values were defined as
improved or worsened, respectively. This new analysis did not lead to major changes in
the overall results; however, for the entire population and the control group, improvements
in dietary habits such as consuming more seafood were associated with greater weight loss
at both the 6- and 12 month follow-up examinations. This association was not observed
in the intervention group, suggesting that the weight loss in the intervention group was
primarily achieved through increased levels of everyday physical activity.

Lastly, although the effect of education on weight loss was analyzed, other socioeco-
nomic aspects were not assessed, as none had been collected, unfortunately. This could be a
limitation, as other socioeconomic aspects may have influenced the effect of the intervention
on participants.

The strengths of this study were the very high answering rate of questionnaires about
lifestyle habits and sociodemographic aspects at 6 months (96.6% in the intervention group
vs. 96.4% in the control group), 12 months (95.2% vs. 93.2%), and 24 months (85.2% vs.
78.2%). At baseline, we have questionnaires for all participants, as this was a requirement
for participation. However, six participants in the control group did not report their
education level.

Lastly, the long duration of the follow-up made it possible to determine the long-term
effect of an eHealth intervention on weight loss and lifestyle habits in people with different
SES, which is seldom achieved [12].

5. Conclusions

Evidentially, the digital lifestyle coaching program LIVA pronouncedly supported
weight loss for individuals with short education at 6 months and 12 months, correlating this
success with increased physical activity and dietary improvements at 6 months. Neverthe-
less, those with higher education persisted in losing weight over 24 months, indicating the
intervention’s flexible efficacy across different educational levels, with sustainable lifestyle
changes acting as a probable underlying mechanism.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu16060795/s1, Table S1: Patient questionnaire on sociodemographic data
and lifestyle habits at baseline and at 6, 12 and 24 months. Table S2: Associations between weight
loss and baseline characteristics and changes in physical and dietary behaviors between baseline
and 6 months using multiple regression analyses. Table S3: Associations between weight loss and
baseline characteristics and changes in physical and dietary behaviors between baseline and twelve
months using multiple regression analyses. Table S4: Associations between weight loss and baseline
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characteristics and changes in physical and dietary behaviors between baseline and twelve months.
Table S5: Associations between weight loss and baseline characteristics and changes in physical and
dietary behaviors between baseline and twenty-four months.
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