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Abstract: The Feel4Diabetes intervention was a school and community-based intervention aiming
to promote healthy lifestyle and tackle obesity and obesity-related metabolic risk factors for the
prevention of type 2 diabetes (T2D) among families at risk of developing this disease. The current
study aims to present the results on lifestyle behaviors obtained from parents during the first year
of the Feel4Diabetes intervention. This multicomponent intervention had a cluster randomized
design and was implemented in Belgium, Bulgaria, Finland, Greece, Hungary and Spain over two
years (2016–2018). Standardized protocols and procedures were used by the participating centers
in all countries to collect data on parents’ lifestyle behaviors (diet, physical activity, sedentary
behavior). The Feel4Diabetes intervention was registered at clinicaltrials.gov (registration number:
NCT02393872). In total, 2110 high-risk parents participated in the baseline and 12-month follow-up
examination measurements. Participants allocated to the intervention group reduced their daily
consumption of sugary drinks (p = 0.037) and sweets (p = 0.031) and their daily screen time (p = 0.032),
compared with the control group. In addition, participants in the intervention group in Greece and
Spain increased their consumption of breakfast (p = 0.034) and fruits (p = 0.029), while in Belgium
and Finland they increased their water intake (p = 0.024). These findings indicate that the first year of
the Feel4Diabetes intervention resulted in the improvement of certain lifestyle behaviors in parents
from high-risk families.
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1. Introduction

The prevalence of type 2 diabetes (T2D) progressively increases on a global basis [1]. According to
the latest report (9th edition) of the International Diabetes Federation, the number of people living
with diabetes in Europe is expected to increase at least until 2045, with a large proportion of these cases
remaining undiagnosed [2]. The negative impact of diabetes on public health, but also its direct and
indirect financial burden on healthcare systems and society, urgently call for cost-effective interventions
to halt the rise of T2D [2,3].

According to previous studies, the prevalence of T2D has been reported to be higher in Low- and
Middle-Income Countries (LMICs) as well as in vulnerable population groups from High-Income
Countries (HICs), including individuals with low socioeconomic status (SES) [4,5]. Therefore, public
health initiatives aiming to tackle T2D should carefully consider these vulnerable population groups,
starting from the early identification of people at risk using easy-to-apply, relatively low-cost and
potentially scalable and sustainable screening procedures [6].

Previous randomized controlled trials (RCTs) have shown lifestyle interventions to be effective
in improving lifestyle behaviors in individuals at high risk of developing T2D [7]. Still, given the nature
of these interventions, including their intensity (frequent counseling sessions), duration (3–10 years),
high demands in infrastructure and health professionals’ skills and opportunistic screening procedures
(i.e., recruitment of high-risk individuals via hospitals, door-to-door procedures or by providing
incentives to possible participants), they cannot be scaled up and applied to the whole population
in real-life conditions. Implementing large-scale community-based interventions that target the whole
population could serve this purpose, but this is not feasible due to financial and practical restrictions.
Applying screening procedures to the community to target high-risk/vulnerable population groups
might be more promising to tackle the increase of T2D.

To address the aforementioned challenges, the Feel4Diabetes-study used the school setting as the
entry-point to the community and the available infrastructure and personnel, when possible, to deliver
a low-cost community intervention that is potentially scalable [8]. Specifically, integrating schools and
community infrastructure to screen the target population, a large number of parents were screened
and invited to join the study.

Although the T2D risk identification was based on parents’ FINDRISC score, the Feel4Diabetes
intervention targeted the whole family. Targeting families, instead of individuals, can further support
the effectiveness and cost-effectiveness of the intervention, as risk factors seem to cluster within the
family, not only because the family members share a common genetic background, but also lifestyle
habits, perceptions, beliefs and the social and physical environment [9–11].

The Feel4Diabetes intervention aimed to promote healthy eating and active lifestyle for all
members of the targeted families. Face-to-face lifestyle counseling sessions were provided to the adults
in the families during the first year of intervention, while during the second year the intervention
was implemented via personalized SMS messages [8]. In addition, in collaboration with the local
municipalities, a more supportive physical environment at schools and communities was created.

The aim of the current work is to present the changes observed in lifestyle behaviors among the
parents of high-risk families over the first year of the Feel4Diabetes intervention.

2. Materials and Methods

The Feel4Diabetes intervention was registered at clinicaltrials.gov (registration number:
NCT02393872).
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2.1. Ethical Approval

The Feel4Diabetes-study adhered to the Declaration of Helsinki and the conventions of the
Council of Europe on human rights and biomedicine. All participating countries obtained ethical
clearance from the relevant ethical committees and local authorities. More specifically: in Belgium,
the study was approved by the Medical Ethics Committee of the Ghent University Hospital (ethical
approval code: B670201524437); in Bulgaria, by the Ethics Committee of the Medical University of
Varna (ethical approval code: 52/10-3-2016) and the Municipalities of Sofia and Varna, as well as
the Ministry of Education and Science’s local representatives; in Finland, by the hospital district
of Southwest Finland’s ethical committee (ethical approval code: 174/1801/2015); in Greece, by the
Bioethics Committee of Harokopio University (ethical approval code: 46/3-4-2015) and the Greek
Ministry of Education; in Hungary, by the National Committee for Scientific Research in Medicine
(ethical approval code: 20095/2016/EKU); and in Spain, by the Clinical Research Ethics Committee
and the Department of Consumers’ Health of the Government of Aragón (ethical approval code:
CP03/2016). All participants gave their written informed consent prior to their enrolment in the study.

2.2. Study Population

Recruitment was based on a standardized, multi-stage sampling procedure and was conducted
within selected provinces in six European countries, targeting vulnerable population groups at high risk
of developing T2D. In Bulgaria and Hungary (i.e., LMICs), all the municipalities within the participating
regions were eligible for recruitment, while in Belgium, Finland, Greece and Spain (i.e., HICs), families
within low SES municipalities were recruited. Specifically, in HICs, low SES municipalities were
defined as those with the lowest educational level and/or the highest unemployment rates, as retrieved
from official resources and local authorities, within each country.

In each country, primary schools located in the selected municipalities were used as the entry-point
to the community. Within the participating municipalities and schools, all families having children
in the targeted classes of the first three grades of obligatory education received the “all families”
component of the intervention. The families with at least one parent found to be at increased risk of
T2D were invited to attend the “high-risk families” component, which was delivered out of the school
setting (both components are described in the Design section below) [8]. The screening procedure
followed for the identification of the high-risk adults/families has been described in detail elsewhere [6].
In brief, the identification of high-risk families was based on T2D risk estimation using the Finnish
Diabetes Risk Score (FINDRISC). More specifically, “high-risk families” were considered those with
at least one parent in the family fulfilling the country-specific cut-off point. The total numbers of
participants in the “all families” and the “high-risk families” components are presented in Table 1.
The current work focuses only on the first-year results of the “high-risk families” component.

The randomization of the intervention and control group was conducted at a municipality/regional
level (1:1 ratio).

2.3. Design

The design of the Feel4Diabetes intervention was based on the PRECEDE-PROCEED and the
HAPA models, which led to the identification of the lifestyle behaviors that are associated with the risk
factors to develop T2D in vulnerable population groups, as well as their determinants, which were the
targets of the implemented intervention [7,8].

The duration of the intervention period was two years (2016–2018) and consisted of two
components: the “all families” component delivered at schools targeting all families and the “high-risk
families” component delivered out of the school curriculum and hours, in families found to be at
increased risk of T2D.

The “all families” component aimed to prevent obesity in children and promote healthy behaviors
for the whole family, i.e., to: increase water consumption (instead of sugary drinks); increase
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consumption of fruits and vegetables; increase consumption of healthy and balanced breakfast
and/or morning snack; increase physical activity; and decrease/interrupt prolonged sedentary time.
The “all families” component was delivered by the teachers in the intervention schools, who were
trained to deliver activities during school hours, to create a more supportive social and physical
environment and promote a healthy and active lifestyle for the children. These activities were
complemented with simple, easy-to-read and culturally adapted newsletters, aiming to inform and
actively engage the families in the intervention. Control schools were asked to continue with the
standard curriculum [8].

Table 1. Numbers of families in the “all families” and the “high-risk families” components of the
Feel4Diabetes intervention.

Country Families Contacted “All Families” Measured at
Baseline and Follow-Up 1

“High-Risk Families” Measured
at Baseline and Follow-Up 1

Belgium 5367 1502 286
Bulgaria 6541 2169 274
Finland 3247 1307 261
Greece 5195 1957 342

Hungary 2902 1684 171
Spain 4823 1448 335

Total 28075 10067 1669

With regard to the “high-risk families” component, parents in the control municipalities received
their medical check-up results and were offered one counseling session (or leaflet, in the case of
Belgium) on lifestyle changes, which was delivered to them by trained researchers. Furthermore,
they were provided with an extensive leaflet with easy to read recommendations on lifestyle changes
and tips on how they could potentially introduce these changes in their own daily life as well as
their children’s.

High-risk families in the intervention group, apart from the aforementioned counseling session
and relevant material, received five more counseling sessions, aiming to help them to set their own
specific, measurable, attainable, realistic and timely (SMART) goals, improve their self-efficacy and
monitor and self-evaluate their progress over the one year period [8]. These goals were based on the
general goals of the Feel4Diabetes intervention, which were identified based on a systematic literature
review that was conducted in the PRECEDE-phase of the Feel4Diabetes-study and are described
in Table 2.

In the school and community setting, further initiatives were taken to create a supportive physical
environment for all families living in the intervention municipalities during and outside school hours,
over weekdays and weekends. The main scope of these initiatives was to support and promote a more
active lifestyle in the intervention municipalities.

2.4. Evaluation

To assess the effectiveness of the Feel4Diabetes intervention, measurements at baseline (2016) and
the first follow-up (2017) were performed by well-trained researchers [12]. These measurements were
conducted as close to the date of the baseline measurements as possible in both the intervention and the
control group, in order to minimize the seasonality effect on participants’ behaviors. Parents’ behavioral
indices were assessed by self-reported questionnaires on drinking, eating, physical activity and
sedentary behaviors. The reliability of these questionnaires was evaluated prior to the study execution
and was found to be acceptable [13].

Specifically, breakfast consumption on weekdays and on weekend days was reported in number
of days, while food intake was evaluated with the use of a Food Frequency Questionnaire (FFQ),
by which self-reported information on the weekly consumption of servings of different food groups
was collected. For the assessment of parental sedentary behavior (i.e., on weekdays and weekend
days), data were collected via the following question: “How much time do you usually spend using
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a computer, tablet, smartphone per day? (excluding working hours)”. In addition, the estimation of
parental time spent on moderate to vigorous physical activity (MVPA) was based on relevant data
collected from a short version of the International Physical Activity Questionnaire. The variables
relevant to lifestyle behaviors were dichotomized based on the main Feel4Diabetes interevention’s
behavioral goals.

Table 2. “Core goals” and “additional goals” of the Feel4Diabetes intervention.

CORE GOALS ADDITIONAL GOALS

(1) Eating breakfast daily
(2) ≥5 servings of vegetables every day
(3) ≥3 servings of fruit or berries every day
(4) <1 servings of sugary drinks per day (sodas

and juices) [and drink water/coffee instead]
(5) ≥150 min of moderate to vigorous physical

activity per week
(6) <120 min of screen time (excluding work

and school) per day

(7) ≥4 servings of whole-grain foods per day
(8) ≤1 servings of sweets, biscuits, ice cream, cakes, pastries per week
(9) ≤1 servings of salty snacks/fast food per week (hamburgers, chips, pizza, savory

pastries, etc.)
(10) ≥3 servings (3 × 30 g) of nuts per week
(11) ≤2 servings of red and/or processed meat per week
(12) ≥1 serving of low-fat dairy products per day
(13) Use of olive or rapeseed oil or soft margarines
(14) Weight loss of >5% of the baseline body weight, for those who are overweight/obese
(15) Family meal at table once a day

2.5. Statistical analysis

Descriptive data on participants’ characteristics are presented as means or percentages for
continuous or categorical variables, respectively. Comparisons of continuous variables between
groups were made using Students’ T-test or the non-parametric Mann–Whitney tests, according to the
normality of distribution. Pearson’s chi-square test was used in the case of categorical variables to
compare percentages between groups and within the same group, with regard to changes from baseline
to follow-up. The effectiveness of the intervention was further evaluated using generalized linear
mixed modeling and sex as a covariate. The generalized linear mixed models provide information on
the significance of the differences between the intervention and control groups in the observed mean
values at baseline and follow-up (treatment effect), the within-group mean changes from baseline to
follow-up (time effect) and the differences between groups with regard to these mean changes from
baseline to follow-up (treatment x time interaction effect). The level of statistical significance was set
as P ≤ 0.05, while all reported p-values were 2-tailed. Data were analyzed using the SPSS statistical
analysis software, version 25.0.

3. Results

The study sample comprised 2756 parents from families at high-risk of developing T2D, allocated
to the intervention group (n = 1526) and the control group (n = 1230). The baseline descriptive
characteristics of the total sample of study participants and by treatment arm are presented in Table 3.
In brief, the study participants’ mean age was 40.9 (5.7) years, the majority were females (66.4%) and
75.5% of them had more than 12 years of education. Regarding their FINDRISC scores, 25.4% had
a score that was lower than 9, 35.7% had an intermediate score from 9 to 11 and 37.1% had a score that
was higher than 11. No significant differences were observed between the intervention and control
groups at baseline regarding these variables.

Table 4 presents the changes from baseline to follow-up in energy-balance-related behaviors
of parents by study group and by region where the study was implemented. In the total sample,
a higher decrease of sugary drinks consumption was observed in the intervention compared to the
control group (p = 0.037). Similarly, a higher decrease of sweets consumption was observed in the
intervention compared to the control group (p = 0.031). Regarding sedentary behavior, the average time
that parents reported spending on screen-related activities was found to decrease in the intervention
group compared to the increase that was observed in the control group (p = 0.032). Furthermore, some
non-significant trends in favor of the intervention group were observed, including a higher increase of
breakfast (p = 0.287), vegetables (p = 0.157), fruit consumption (p = 0.061) and water intake (p = 0.069).
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Table 3. Descriptive characteristics of study participants in the total sample and by study group.

Total Sample Control Group Intervention Group p-Value *

(n = 2756) (n = 1230) (n = 1526)

Age 40.9 (5.66) 40.9 (5.81) 41.0 (5.55) 0.221 §
Females, % (n) 66.4 (1830) 66.6 (819) 66.3 (1011) 0.854 ‡

Educational level,
% (n)

≤12 years 24.5 (676) 26.0 (320) 23.3 (356) 0.103 ‡
>12 years 75.5 (2080) 74.0 (910) 76.7 (1170)

FINDRISC
categories, % (n)

<9 25.4 (700) 25.0 (307) 25.8 (393) 0.424 ‡
9–11 37.5 (1033) 36.6 (450) 38.2 (583)
>11 37.1 (1023) 38.5 (473) 36.0 (550)

FINDRISC value 10.3 (4.20) 10.4 (4.24) 10.3 (4.17) 0.398 §

Data are presented as means (SD), percentages (%) and frequencies (n). Age is presented in years. FINDRISC:
Finnish Diabetes Risk Score. * p-values indicate the significance of the differences between study groups. ‡ p values
were derived from the chi-square test, § p values were derived from the nonparametric Mann–Whitney test.

Additional or similar findings were observed in the statistical analyses according to the region.
More specifically, in HICs under austerity measures, parents in the intervention group had a higher
increase of their weekly frequency of breakfast (p = 0.034) and fruits (p = 0.029) consumption compared
to the control group. Furthermore, some non-significant trends in favor of the intervention group
were observed, including a higher increase of vegetables consumption (p = 0.061) and water intake
(p = 0.330), as well as a higher decrease of sweets consumption (p = 0.150). No significant changes
were observed in LMICs, but some non-significant trends in favor of the intervention group included
a decrease of screen-related activities compared to an increase observed in the control group (p = 0.061).
In HICs, an increase of water intake was observed in the intervention group compared to a decrease
that was reported in the control group (p = 0.024). Some other, non-significant trends in favor of
the intervention group included an increase of fruits consumption (p = 0.362), a decrease of sweets
consumption (p = 0.229) and a decrease of screen time (p = 0.424).

Table 5 illustrates the proportion of study participants achieving the behavioral goals from baseline
to follow-up by study group in the total sample and by region subgroups. In the total sample, a higher
increase of the percentage of parents consuming ≤1 serving of sugary drinks per week was observed
in the intervention group compared to the control group (p = 0.009). Moreover, some non-significant
trends were observed in favor of the intervention group compared to the control group, such as higher
increase of breakfast (p = 0.430) and fruit consumption (p = 0.525) and higher decrease of sweets
consumption (p = 0.172) and screen time (p = 0.443).

In HICs under austerity measures, a significantly higher increase of the percentage of participants
consuming <1 serving of sugary drinks per week was observed in the intervention group compared to
the control group (p = 0.024). Moreover, some non-significant trends were observed in favor of the
intervention group compared to the control group, such as a higher increase of breakfast (p = 0.225)
and fruit consumption (p = 0.262) and a higher decrease of sweets consumption (p = 0.188) and screen
time (p = 0.786). No significant changes were observed in LMICs, but some non-significant trends in
favor of the intervention group included an increase of the percentage of participants consuming <1
serving of sugary drinks per week compared to a decrease that was observed in the control group
(p = 0.064). Similarly, no significant changes were observed in HICs, but some non-significant trends
were observed in favor of the intervention group compared to the control group, such as an increase of
breakfast (p = 0.113) and fruit consumption (p = 0.895) and an increase of the percentage of participants
consuming <1 serving of sugary drinks (p = 0.460) or <1 serving of sweets per week (p = 0.487) or
devoting <2 hours per day to screen activities (p = 0.629) compared to decreases observed in the control
group for these behaviors.
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Table 4. Changes from baseline to follow-up in energy-balance-related behaviors of parents by study group, in the total sample and in each region/country.

Total Sample HICs under Austerity Measures LMICs HICs

Baseline Follow-Up p-Value * Baseline Follow-Up p-Value * Baseline Follow-Up p-Value * Baseline Follow-Up p-Value *

Breakfast (days per week) mean SE mean SE mean SE mean SE mean SE mean SE mean SE mean SE

Intervention 5.34 1.62 5.62 1.62 0.003 5.56 1.55 6.06 1.56 <0.001 4.54 1.74 4.50 1.74 0.809 5.94 1.23 6.16 1.23 0.134
Control 5.36 1.62 5.49 1.62 0.180 5.33 1.56 5.42 1.56 0.549 4.47 1.74 4.65 1.74 0.409 6.22 1.23 6.20 1.23 0.919
p-value § 0.790 0.249 0.287 ‡ 0.079 <0.001 0.034 ‡ 0.671 0.507 0.433 ‡ 0.025 0.752 0.241 ‡

Water (ml per day)

Intervention 1101.5 514.2 1182.6 514.4 0.007 1167.5 528.5 1266.6 528.9 0.025 1137.9 493.2 1125.0 494.0 0.812 920.8 498.3 1062.8 499.3 0.017
Control 1076.1 514.3 1077.4 514.4 0.966 1157.7 528.7 1192.2 529.1 0.485 1068.9 493.6 1085.0 494.7 0.798 937.8 498.4 896.4 498.8 0.454
p-value § 0.360 0.002 0.069 ‡ 0.818 0.144 0.330 ‡ 0.173 0.542 0.726 ‡ 0.741 0.008 0.024 ‡

Sugary drinks (ml per day)

Intervention 78.8 106.6 53.7 106.6 <0.001 51.9 80.3 24.4 80.4 <0.001 119.7 138.8 98.1 139.2 0.197 87.6 105.1 75.7 105.3 0.353
Control 83.9 106.6 78.7 106.6 0.460 65.0 80.4 46.2 80.4 0.017 112.4 139.0 134.0 139.3 0.247 93.1 105.2 92.4 105.3 0.954
p-value § 0.400 0.001 0.037 ‡ 0.055 0.007 0.412 ‡ 0.632 0.071 0.084 ‡ 0.620 0.223 0.527 ‡

Vegetables (servings/day)

Intervention 1.13 0.78 1.24 0.79 0.011 1.09 0.82 1.33 0.82 <0.001 1.02 0.76 1.05 0.76 0.761 1.35 0.73 1.33 0.73 0.752
Control 1.06 0.78 1.08 0.79 0.657 0.99 0.82 1.05 0.82 0.479 1.01 0.76 0.98 0.96 0.771 1.20 0.73 1.20 0.73 0.946
p-value § 0.080 0.001 0.157 ‡ 0.145 <0.001 0.061 ‡ 0.813 0.474 0.674 ‡ 0.043 0.158 0.852 ‡

Fruits (servings/day)

Intervention 1.05 0.73 1.17 0.73 0.004 1.07 0.78 1.37 0.78 <0.001 1.02 0.66 0.88 0.66 0.042 0.99 0.70 1.05 0.70 0.417
Control 0.93 0.73 0.94 0.73 0.894 0.93 0.78 1.01 0.78 0.221 0.81 0.66 0.69 0.66 0.139 1.00 0.70 0.96 0.70 0.643
p-value § 0.003 <0.001 0.061 ‡ 0.022 <0.001 0.029 ‡ 0.002 0.032 0.824 ‡ 0.879 0.293 0.362 ‡

Sweets (servings/day)

Intervention 0.55 0.47 0.43 0.47 <0.001 0.59 0.49 0.42 0.49 <0.001 0.49 0.46 0.44 0.46 0.348 0.57 0.45 0.44 0.45 0.014
Control 0.56 0.47 0.52 0.47 0.180 0.54 0.49 0.46 0.49 0.080 0.53 0.46 0.56 0.46 0.596 0.63 0.45 0.58 0.45 0.375
p-value § 0.710 0.002 0.031 ‡ 0.256 0.353 0.150 ‡ 0.447 0.060 0.308 ‡ 0.199 0.009 0.229 ‡

Screen time (hours per day)

Intervention 3.64 1.22 3.48 1.22 0.034 3.59 1.21 3.39 1.22 0.045 3.70 1.30 3.62 1.30 0.560 3.64 1.15 3.55 1.15 0.506
Control 3.67 1.22 3.74 1.22 0.346 3.61 1.22 3.55 1.22 0.630 3.66 1.30 3.98 1.31 0.049 3.76 1.15 3.82 1.15 0.646
p-value § 0.633 0.002 0.032 ‡ 0.900 0.165 0.322 ‡ 0.754 0.033 0.061 ‡ 0.307 0.063 0.424 ‡

MVPA (minutes per week)

Intervention 325.6 315.4 311.4 315.5 0.474 307.6 322.3 277.4 322.6 0.291 377.2 339.7 396.7 340.6 0.638 299.3 277.3 290.8 277.9 0.815
Control 328.3 315.6 331.5 315.6 0.878 354.8 322.4 322.9 322.8 0.320 325.4 340.1 362.6 341.1 0.437 287.7 277.3 323.2 277.5 0.282
p-value § 0.884 0.374 0.547 ‡ 0.082 0.172 0.969 ‡ 0.171 0.501 0.779 ‡ 0.709 0.395 0.371 ‡

MVPA: Moderate to vigorous physical activity; HICs: High-income countries; LMICs: Low- to middle-income countries. Serving size: for fruits and vegetables: 1/2 cup, for sweets: one
small chocolate bar (40 g) or half a cup of sweets, cookies or one scoop of ice cream. * p-values indicate the time effect and were derived from generalized linear mixed modeling with sex as
a covariate. § p-values indicate the treatment effect and were derived from generalized linear mixed modeling with sex as a covariate. ‡ p-values indicate the treatment × time interaction
effect and were derived from generalized linear mixed modeling with sex as a covariate. Significant p-values are highlighted in bold.
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Table 5. Changes from baseline to follow-up in the percentage of parents achieving the behavioral goals by study group in the total sample and in each region/country.

Total Sample HICs under Austerity Measures LMICs HICs

Baseline Follow-Up p-Value
* Baseline Follow-Up p-Value

* Baseline Follow-up p-Value
* Baseline Follow-Up p-Value *

Breakfast % % % % % % % %

Intervention daily 57.8 61.6 0.062 65.2 71.7 0.019 35.2 31.0 0.242 71.0 77.7 0.071
Control daily 60.0 61.5 0.478 62.8 64.3 0.651 33.9 33.2 0.855 79.1 77.9 0.708

p-value § 0.245 0.971 0.430 ‡ 0.381 0.019 0.225 ‡ 0.703 0.613 0.533 ‡ 0.010 0.965 0.113 ‡

Sugary drinks % % % % % % % %

Intervention <1 serving per week 54.6 66.4 <0.001 59.5 77.0 <0.001 46.4 53.1 0.117 86.9 90.5 0.196
Control <1 serving per week 52.3 56.3 0.087 54.6 63.8 0.007 50.3 45.8 0.336 88.2 87.7 0.850

p-value § 0.254 <0.001 0.009 ‡ 0.104 <0.001 0.024 ‡ 0.305 0.152 0.064 ‡ 0.607 0.330 0.460 ‡

Vegetables % % % % % % % %

Intervention >=5 servings per day 3.4 2.8 0.387 3.6 3.2 0.701 3.8 2.9 0.537 2.6 1.8 0.526
Control >=5 servings per day 2.7 3.4 0.298 3.2 4.3 0.375 4.1 4.2 0.937 0.5 1.7 0.144

p-value § 0.245 0.430 0.623 ‡ 0.701 0.387 0.595 ‡ 0.838 0.447 0.856 ‡ 0.023 0.927 0.719 ‡

Fruits % % % % % % % % % %

Intervention >=3 servings per day 9.4 11.7 0.063 10.4 16.7 0.001 8.5 4.0 0.021 8.6 10.5 0.448
Control >=3 servings per day 7.0 7.5 0.648 7.4 9.0 0.358 5.2 2.3 0.095 8.0 9.2 0.581

p-value § 0.020 0.002 0.525 ‡ 0.060 0.001 0.262 ‡ 0.078 0.303 0.780 ‡ 0.750 0.622 0.895 ‡

Sweets % % % % % % % % % %

Intervention <= 1 serving per week 24.1 28.0 0.026 24.5 31.3 0.009 25.7 25.8 0.980 21.2 23.6 0.485
Control <= 1 serving per week 23.5 23.6 0.954 28.5 29.8 0.662 19.9 20.1 0.952 19.1 17.7 0.644

p-value § 0.708 0.028 0.172 ‡ 0.104 0.631 0.188 ‡ 0.051 0.138 0.973 ‡ 0.470 0.097 0.487 ‡

Screen time % % % % % % % % % %
Intervention <2 h per day 16.6 18.5 0.219 17.9 21.0 0.193 19.1 19.4 0.928 11.0 12.0 0.700

Control <2 h per day 14.9 14.6 0.842 16.2 18.1 0.430 19.4 16.9 0.470 8.8 8.0 0.715
p-value § 0.222 0.024 0.443 ‡ 0.410 0.294 0.786 ‡ 0.926 0.486 0.630 ‡ 0.320 0.132 0.629 ‡

MVPA % % % % % % % % % %

Intervention >=150 min per week 46.9 47.6 0.756 42.3 43.6 0.692 51.5 53.4 0.653 50.6 50.0 0.892
Control >=150 min per week 46.5 47.5 0.666 43.0 44.7 0.638 49.3 52.2 0.555 49.5 48.4 0.793

p-value § 0.858 0.989 0.909 ‡ 0.818 0.764 0.876 ‡ 0.582 0.825 0.863 ‡ 0.780 0.745 0.914 ‡

MVPA: Moderate to vigorous physical activity; HICs: High-income countries; LMICs: Low- to middle-income countries. Serving size: for sugary drinks: 250 mL, for fruits and vegetables:
1/2 cup, for sweets: one small chocolate bar (40 g) or half a cup of sweets, cookies or one scoop of ice cream. * p-values indicate the time effect and were derived from generalized linear
mixed modeling with sex as a covariate. § p-values indicate the treatment effect and were derived from generalized linear mixed modeling with sex as a covariate. ‡ p-values indicate the
treatment × time interaction effect and were derived from generalized linear mixed modeling with sex as a covariate. Significant p-values are highlighted in bold.
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4. Discussion

The results of the present study showed that the Feel4Diabetes intervention improved some of
the targeted dietary and sedentary behaviors of parents, especially in HICs under austerity measures
(i.e., Greece and Spain). More specifically, in the total sample, the amount of energy-dense sugary
drinks and sweets consumed weekly by parents was reduced, as well as the time they spent on
screen-related sedentary activities (i.e., TV viewing, computer use, etc.). In HICs under austerity
measures, the intervention increased the frequency of breakfast consumption and the amount of fruits
and vegetables consumed by parents on a daily basis. In HICs, the intervention increased parents’
water intake. These findings are in line with previous studies that also implemented interventions
targeting both children and their parents, possibly indicating that when interventions are applied to
the whole family, parents are motivated to improve their dietary, sedentary and physical activity habits,
in order to become role models for their children [14].

Moreover, previous studies focusing on the prevention of T2D via lifestyle modification in high-risk
adults have showed that this approach is effective. The Finnish Diabetes Prevention Study (DPS)
was an RCT promoting healthy lifestyle via dietary and physical activity counseling to middle-aged,
overweight adults at high risk of developing T2D [15]. According to the findings of this study, lifestyle
modification resulted in significant improvements of several determinants of T2D, such as weight loss
and reduction in the prevalence of metabolic syndrome and in the prevalence of abdominal obesity,
while a relative risk reduction of T2D development was achieved [15,16]. Interestingly, the study
also showed that the intervention effects were sustained over a period of 13 years [17]. The Diabetes
Prevention Program (DPP) was a large-scale clinical trial implemented in 27 clinical centers, involving
3000 participants in the USA and aimed at preventing T2D [18,19]. The DPP-intervention delivered
an intensive lifestyle intervention via researchers who were trained on lifestyle modification, including
≥16 face-to-face, individual counseling sessions over the first 6 months of the intervention period
and monthly contacts until the end of the program [18]. The results of this intervention showed
favorable changes on participants’ dietary behavior and physical activity [17,20]. Similarly, the Study
on Lifestyle intervention and Impaired glucose tolerance Maastricht (SLIM) delivered a 3-year lifestyle
intervention in 147 adults in the Netherlands [21]. Based on the findings of this study, significant
improvement of lifestyle behaviors and clinical indices (e.g., blood glucose levels, insulin resistance,
free fatty acids) were observed and prevented the development of metabolic syndrome and T2D in the
intervention group, with the improvements of these clinical indices being sustained after 3 years of
follow-up [21,22].

Physical activity and dietary changes have been the main area of focus in T2D prevention lifestyle
intervention. In the Feel4Diabetes intervention, no significant changes were observed regarding
physical activity in the first year. Similar previous behavioral interventions in healthy adults did not
lead to favorable changes in physical activity or were moderately effective, indicating that improving
this behavior may be a complex procedure [23,24]. Individuals’ built environment may determine their
physical activity levels [25]. The Feel4Diabetes-study aimed to modify high-risk families’ physical
environment and provide opportunities for physical activity by co-creating activities (e.g., open
school-yards in the afternoon and weekends, whole-family sport events, creating and/or informing
about safe cycling routes, etc.) with local stakeholders, including mayors, municipality councils, school
directors, schoolboards and parents’ associations, in the intervention municipalities. Still, it appeared
that parents were not always aware of the ongoing activities and the times at which school-yards
remained open for the families in the afternoon and weekends. Possibly by using new technologies
and smartphone applications could instantly inform individuals of ongoing municipality activities
related to physical activity, but also help them organize their own events and consequently promote
changes in their physical activity behavior [26,27].

The rise of diabetes requires the design and implementation of a new generation of intervention
initiatives that are easy-to-apply, scalable and sustainable, and therefore have the capacity to be
transferred to the wider population. In this regard, the Feel4Diabetes-study introduced a novel approach
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to prevent T2D by combining school- and community-based intervention targeting both parents and
children via counseling sessions and SMS-texting and by creating a more supportive environment
within schools and neighborhoods. Scaling up effective interventions has been previously shown to
be an effective approach to prevent T2D, especially when adaptations of the original intervention
are successfully addressed in collaboration with local stakeholders to meet the local needs [28,29].
It should also be noted that a main goal during the development of the Feel4Diabetes-study was
to deliver the minimum amount of counseling sessions required to effectively support individuals’
change, but also counterbalance the high costs of the initiative to achieve an optimum cost-effectiveness
result. Based on the insights received from the Feel4Diabetes intervention, the participation rate in
the face-to-face counseling sessions that were implemented in the first year of the intervention varied
a lot and was quite low in some families (data not shown). Considering that inconvenience and lack
of time constitute important barriers for attending face-to-face lifestyle interventions, for both the
implementers and the users, applying electronic and mobile (e- and m-) health approaches could
provide an alternative solution for delivering such interventions [30].

The findings of the present study should be interpreted in light of its strengths and weaknesses.
The cluster-randomized design, the large sample size—which included participants from six European
countries—and the use of standardized methods and tools for the development, implementation and
assessment of the effectiveness of the Feel4Diabetes intervention are some of the strengths of the present
study. On the other hand, the self-reported data collected from parents on their behaviors (i.e., dietary
intake, screen time physical activity levels) are additional limitations of this study. Although the
validity and reliability of the relevant questionnaires were tested before the start of the intervention,
this approach is prone to recall bias and social desirability. Moreover, no data on quality of life
were collected; therefore it cannot be examined if the Feel4Diabetes-study improved this parameter.
Finally, the Feel4Diabetes-study did not focus on population groups following specific types of diets
(e.g., vegans).

5. Conclusions

The current study showed that the Feel4Diabetes intervention led to some favorable changes
in the dietary behavior and screen time of parents from high-risk families for T2D after the first year of
the intervention. Considering that the Feel4Diabetes intervention is an easy-to-apply intervention at
a relatively low cost, it could be a potentially scalable and sustainable approach to prevent T2D at the
community level.

Author Contributions: All authors participated in the conception and design of the study, contributed to writing
and revising the manuscript and approved the final version. All authors have read and agreed to the published
version of the manuscript

Funding: The Feel4Diabetes-study has received funding from the European Union’s Horizon 2020 research
and innovation programme, under grant agreement no. 643708. The content of this article reflects only the
authors’ views, and the European Community is not liable for any use that may be made of the information
contained therein.

Acknowledgments: The authors would like to thank the members of the Feel4Diabetes study group. Coordinator:
Yannis Manios. Steering Committee: Yannis Manios, Greet Cardon, Jaana Lindström, Peter Schwarz,
Konstantinos Makrilakis, Lieven Annemans, Winne Ko. Harokopio University (Greece): Yannis Manios,
Kalliopi Karatzi, Odysseas Androutsos, George Moschonis, Spyridon Kanellakis, Christina Mavrogianni,
Konstantina Tsoutsoulopoulou, Christina Katsarou, Eva Karaglani, Irini Qira, Efstathios Skoufas, Konstantina
Maragkopoulou, Antigone Tsiafitsa, Irini Sotiropoulou, Michalis Tsolakos, Effie Argyri, Mary Nikolaou, Eleni-Anna
Vampouli, Christina Filippou, Kyriaki Apergi, Amalia Filippou, Gatsiou Katerina, Efstratios Dimitriadis. Finnish
Institute for Health and Welfare (Finland): Jaana Lindström, Tiina Laatikainen, Katja Wikström, Jemina Kivelä,
Päivi Valve, Esko Levälahti, Eeva Virtanen, Tiina Pennanen, Seija Olli, Karoliina Nelimarkka. Ghent University
(Belgium): Department of Movement and Sports Sciences: Greet Cardon, Vicky Van Stappen, Nele Huys. Department
of Public Health: Lieven Annemans, Ruben Willems. Department of Endocrinology and Metabolic Diseases: Samyah
Shadid. Technische Universität Dresden (Germany): Peter Schwarz, Patrick Timpel. University of Athens
(Greece): Konstantinos Makrilakis, Stavros Liatis, George Dafoulas, Christina-Paulina Lambrinou, Angeliki
Giannopoulou. International Diabetes Federation European Region (Belgium): Winne Ko, Ernest Karuranga.
Universidad De Zaragoza (Spain): Luis Moreno, Fernando Civeira, Gloria Bueno, Pilar De Miguel-Etayo, Esther Mª



Nutrients 2020, 12, 1949 11 of 12

Gonzalez-Gil, María L. Miguel-Berges, Natalia Giménez-Legarre; Paloma Flores-Barrantes, Aleli M. Ayala-Marín,
Miguel Seral-Cortés, Lucia Baila-Rueda, Ana Cenarro, Estíbaliz Jarauta, Rocío Mateo-Gallego. Medical University
of Varna (Bulgaria): Violeta Iotova, Tsvetalina Tankova, Natalia Usheva, Kaloyan Tsochev, Nevena Chakarova,
Sonya Galcheva, Rumyana Dimova, Yana Bocheva, Zhaneta Radkova, Vanya Marinova, Yuliya Bazdarska,
Tanya Stefanova. University of Debrecen (Hungary): Imre Rurik, Timea Ungvari, Zoltán Jancsó, Anna Nánási,
László Kolozsvári, Csilla Semánova, Éva Bíró, Emese Antal, Sándorné Radó. Extensive Life Oy (Finland):
Remberto Martinez, Marcos Tong.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. NCD Risk Factor Collaboration (NCD-RisC) Worldwide Trends in Diabetes Since 1980: A Pooled Analysis of
751 Population-Based Studies with 4.4 Million Participants. Lancet 2016, 387, 1513–1530.

2. International Diabetes Federation, 9th ed.; IDF Diabetes Atlas: Brussels, Belgium, 2019.
3. Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration. Cardiovascular disease,

chronic kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980 to 2010:
A comparative risk assessment. Lancet Diabetes Endocrinol. 2014, 2, 634–647. [CrossRef]

4. Agardh, E.; Allebeck, P.; Hallqvist, J.; Moradi, T.; Sidorchuk, A. Type 2 diabetes incidence and socio-economic
position: A systematic review and meta-analysis. Int. J. Epidemiol. 2011, 40, 804–818. [CrossRef] [PubMed]

5. Global Report on Diabetes; World Health Organization: Geneva, Switzerland, 2016.
6. Manios, Y.; Mavrogianni, C.; Lambrinou, C.P.; Cardon, G.; Lindström, J.; Iotova, V.; Tankova, T.; Civeira, F.;

Kivelä, J.; Jancsó, Z.; et al. Two-stage, school and community-based population screening successfully
identifies individuals and families at high-risk for type 2 diabetes: The Feel4Diabetes-study. BMC Endocr.
Disord. 2020, 20, 12. [CrossRef]

7. Kivela, J.; Wikström, K.; Virtanen, E.; Georgoulis, M.; Cardon, G.; Civeira, F.; Iotova, V.; Karuranga, E.; Ko, W.;
Liatis, S.; et al. Obtaining evidence base for the development of Feel4Diabetes intervention to prevent type 2
diabetes-a narrative literature review. BMC Endocr. Disord. 2020, 20, 140. [CrossRef]

8. Manios, Y.; Androutsos, O.; Lambrinou, C.P.; Cardon, G.; Lindstrom, J.; Annemans, L.; Mateo-Gallego, R.;
De Sabata, M.S.; Iotova, V.; Kivela, J.; et al. A school- and community-based intervention to promote healthy
lifestyle and prevent type 2 diabetes in vulnerable families across Europe: Design and implementation of the
Feel4Diabetes-study. Public Health Nutr. 2018, 21, 3281–3290. [CrossRef]

9. Lambrinou, C. Effective strategies for childhood obesity prevention via school based, family involved
interventions: A critical review for the development of the Feel4Diabetes-study school based component.
BMC Endocr. Disord. 2020, 20, 1–20. [CrossRef]

10. Foster, G.D. A School-Based Intervention for Diabetes Risk Reduction. N. Engl. J. Med. 2010, 363, 443–453.
11. Pyle, S.A.; Sharkey, J.; Yetter, G.; Felix, E.; Furlong, M.J.; Poston, W.S.C. Fighting an epidemic: The role of

schools in reducing childhood obesity. Psychol. Sch. 2006, 43, 361–376. [CrossRef]
12. Androutsos, O.; Anastasiou, C.; Lambrinou, C.P.; Mavrogianni, C.; Cardon, G.; Van Stappen, V.; Kivelä, J.;

Wikström, K.; Moreno, L.A.; Iotova, V.; et al. Intra- and inter- observer reliability of anthropometric
measurements and blood pressure in primary schoolchildren and adults: The Feel4Diabetes-study.
BMC Endocr. Disord. 2020, 20, 27. [CrossRef] [PubMed]

13. Anastasiou, C.A.; Fappa, E.; Zachari, K.; Mavrogianni, C.; Van Stappen, V.; Kivelä, J.; Virtanen, E.;
González-Gil, E.M.; Flores-Barrantes, P.; Nánási, A.; et al. Development and reliability of questionnaires for
the assessment of diet and physical activity behaviors in a multi-country sample in Europe the Feel4Diabetes
Study. BMC Endocr. Disord. 2020, 20, 135. [CrossRef] [PubMed]

14. Wang, Y.; Cai, L.; Wu, Y.; Wilson, R.F.; Weston, C.; Fawole, O.; Bleich, S.N.; Cheskin, L.J.; Showell, N.N.;
Lau, B.D.; et al. What childhood obesity prevention programmes work? A systematic review and
meta-analysis. Obes. Rev. 2015, 16, 547–565.

15. Tuomilehto, J.; Lindström, J.; Eriksson, J.G.; Valle, T.T.; Hämäläinen, H.; Ilanne-Parikka, P.;
Keinänen-Kiukaanniemi, S.; Laakso, M.; Louheranta, A.; Rastas, M.; et al. Prevention of type 2 diabetes
mellitus by changes in lifestyle among subjects with impaired glucose tolerance. N. Engl. J. Med. 2001, 344,
1343–1350. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S2213-8587(14)70102-0
http://dx.doi.org/10.1093/ije/dyr029
http://www.ncbi.nlm.nih.gov/pubmed/21335614
http://dx.doi.org/10.1186/s12902-019-0478-9
http://dx.doi.org/10.1186/s12902-019-0468-y
http://dx.doi.org/10.1017/S1368980018002136
http://dx.doi.org/10.1186/s12902-020-0526-5
http://dx.doi.org/10.1002/pits.20146
http://dx.doi.org/10.1186/s12902-020-0501-1
http://www.ncbi.nlm.nih.gov/pubmed/32164691
http://dx.doi.org/10.1186/s12902-019-0469-x
http://www.ncbi.nlm.nih.gov/pubmed/32164677
http://dx.doi.org/10.1056/NEJM200105033441801
http://www.ncbi.nlm.nih.gov/pubmed/11333990


Nutrients 2020, 12, 1949 12 of 12

16. Ilanne-Parikka, P.; Eriksson, J.G.; Lindström, J.; Peltonen, M.; Aunola, S.; Hämäläinen, H.;
Keinänen-Kiukaanniemi, S.; Laakso, M.; Valle, T.T.; Lahtela, J.; et al. Effect of lifestyle intervention
on the occurrence of metabolic syndrome and its components in the Finnish Diabetes Prevention Study.
Diabetes Care 2008, 31, 805–807. [CrossRef] [PubMed]

17. Lindstrom, J.; Tuomilehto, J. The diabetes risk score: A practical tool to predict type 2 diabetes risk.
Diabetes Care 2003, 26, 725–731. [CrossRef] [PubMed]

18. The Diabetes Prevention Program. Design and methods for a clinical trial in the prevention of type 2 diabetes.
Diabetes Care 1999, 22, 623–634. [CrossRef] [PubMed]

19. The Diabetes Prevention Program: Baseline characteristics of the randomized cohort. The Diabetes Prevention
Program Research Grou. Diabetes Care 2000, 23, 1619–1629.

20. Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M.
Diabetes Prevention Program Research Group..Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N. Engl. J. Med. 2002, 346, 393–403.

21. Roumen, C.; Corpeleijn, E.; Feskens, E.J.M.; Mensink, M.; Saris, W.H.M.; Blaak, E.E. Impact of 3-year
lifestyle intervention on postprandial glucose metabolism: The SLIM study. Diabet. Med. 2008, 25, 597–605.
[CrossRef]

22. den Boer, A.T.; Herraets, I.J.T.; Stegen, J.; Roumen, C.; Corpeleijn, E.; Schaper, N.C.; Feskens, E.; Blaak, E.E.
Prevention of the metabolic syndrome in IGT subjects in a lifestyle intervention: Results from the SLIM
study. Nutr. Metab. Cardiovasc. Dis. 2013, 23, 1147–1153. [CrossRef]

23. Conn, V.S.; Hafdahl, A.R.; Mehr, D.R. Interventions to increase physical activity among healthy adults:
Meta-analysis of outcomes. Am. J. Public Health 2011, 101, 751–758. [CrossRef] [PubMed]

24. Kelly, M.; Barker, M. Why is changing health-related behaviour so difficult? Public Health 2016, 136, 109–116.
[CrossRef] [PubMed]

25. Sallis, J.F.; Cerin, E.; Kerr, J.; Adams, M.A.; Sugiyama, T.; Christiansen, L.B.; Schipperijn, J.; Davey, R.; Salvo, D.;
Frank, L.D.; et al. Built Environment, Physical Activity, and Obesity: Findings from the International Physical
Activity and Environment Network (IPEN) Adult Study. Annu. Rev. Public Health 2020, 41, 119–139.
[CrossRef] [PubMed]

26. Gomez Quinonez, S.; Walthouwer, M.J. mHealth or eHealth? Efficacy, Use, and Appreciation of a Web-Based
Computer-Tailored Physical Activity Intervention for Dutch Adults: A Randomized Controlled Trial. J. Med
Int. Res. 2016, 18, e278. [CrossRef] [PubMed]

27. Muller, A.M.; Maher, C.A. Physical Activity, Sedentary Behavior, and Diet-Related eHealth and mHealth
Research: Bibliometric Analysis. J. Med Int. Res. 2018, 20, e122. [CrossRef]

28. Bean, C.; Sewell, K.; Jung, M.E. A winning combination: Collaborating with stakeholders throughout the
process of planning and implementing a type 2 diabetes prevention programme in the community. Health Soc.
Care Community 2020, 28, 681–689. [CrossRef]

29. Ravindranath, R.; Oldenburg, B.; Balachandran, S.; Krishnakurup Mini, G.; Mahat, K.; Sathish, T.;
Thankappan, K.R. Scale-up of the Kerala Diabetes Prevention Program (K-DPP) in Kerala, India:
Implementation evaluation findings. Transl. Behav. Med. 2020, 10, 5–12. [CrossRef]

30. Van Stappen, V.; Latomme, J. Barriers from Multiple Perspectives Towards Physical Activity, Sedentary
Behaviour, Physical Activity and Dietary Habits When Living in Low Socio-Economic Areas in Europe.
Feel4Diabetes Study 2018, 15, 2840. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2337/dc07-1117
http://www.ncbi.nlm.nih.gov/pubmed/18184907
http://dx.doi.org/10.2337/diacare.26.3.725
http://www.ncbi.nlm.nih.gov/pubmed/12610029
http://dx.doi.org/10.2337/diacare.22.4.623
http://www.ncbi.nlm.nih.gov/pubmed/10189543
http://dx.doi.org/10.1111/j.1464-5491.2008.02417.x
http://dx.doi.org/10.1016/j.numecd.2012.12.005
http://dx.doi.org/10.2105/AJPH.2010.194381
http://www.ncbi.nlm.nih.gov/pubmed/21330590
http://dx.doi.org/10.1016/j.puhe.2016.03.030
http://www.ncbi.nlm.nih.gov/pubmed/27184821
http://dx.doi.org/10.1146/annurev-publhealth-040218-043657
http://www.ncbi.nlm.nih.gov/pubmed/32237990
http://dx.doi.org/10.2196/jmir.6171
http://www.ncbi.nlm.nih.gov/pubmed/27829576
http://dx.doi.org/10.2196/jmir.8954
http://dx.doi.org/10.1111/hsc.12902
http://dx.doi.org/10.1093/tbm/ibz197
http://dx.doi.org/10.3390/ijerph15122840
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Study Population 
	Design 
	Evaluation 
	Statistical analysis 

	Results 
	Discussion 
	Conclusions 
	References

