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Abstract
Background

The prevalence of diabetes and the use of electronic health (eHealth) are increasing. Life-
style changes in a positive direction may reduce morbidity and mortality in patients with dia-
betes. The main objective of this study was to test the association between lifestyle changes
based on online information seeking and discussing the information with a doctor.

Methods

In this cross-sectional study we used e-mail survey data from 1250 members of The Norwe-
gian Diabetes Association, collected in 2018. Included in the analyses were 847 men and
women aged 18 to 89 years diagnosed with diabetes and who reported use of eHealth within
the previous year. We used descriptive statistics to estimate lifestyle changes based on
information from the internet. Logistic regressions were used to estimate the associations
between lifestyle changes after online information seeking and discussing the information
with a doctor. Analyses were adjusted for gender, age, education, and self-rated health.

Results

Lifestyle changes accomplished after online information seeking was reported by 46.9%
(397/847) of the participants. The odds of changing lifestyle were more than doubled for
those who had discussed information from the internet with a doctor (odds ratio 2.54, confi-
dence interval 1.90-3.40). The odds of lifestyle changes were lower in the age groups 30—
39 years and 60 years and over, compared to those aged 18—29 years (the reference
group). Lifestyle changes were not associated with gender, education, or self-rated health.

Conclusions

Our findings indicate that health-care professionals can play an important role in lifestyle
changes additional to health-advice found on the internet. This study underlines the impor-
tance of easily accessible high-quality online information, as well as the importance of mak-
ing room for discussing lifestyle in the clinical encounter.
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Introduction
Prevalence of diabetes in Norway and globally

Diabetes is recognized as one of the fastest growing global health emergencies of the 21 cen-
tury. The global prevalence of diabetes was estimated to 463 million (9.3%) in 2019, and is
expected to increase to 700 million (10.9%) in 2045 [1]. It is estimated that 244 000 people
(4.7%) have diabetes in Norway; 28 000 type 1 diabetes (T1D), and 216 000 type 2 diabetes
(T2D) [2]. Data from the Norwegian Prescription Database indicates that the prevalence of
diabetes is increasing in Norway, as the number of people using anti-diabetic drugs has
increased from 110 751 in 2004 to 207 517 in 2019 [3]. In recent years incident use of oral anti-
diabetic drugs was stable or decreasing, which may indicate that the increase in diabetes inci-
dence in Norway is levelling off [4]. People with diabetes have increased morbidity and mortal-
ity compared to the general population [5, 6]. Estimates from the Global Burden of Disease
study 2015 shows that diabetes is the 10™ most important reason for disability adjusted life
years (DALYs) in Norway [7]. Diabetes is a complex, chronic illness requiring continuous
medical care with multifactorial risk-reduction strategies beyond glycemic control [8]. Most
patients do not reach the combined treatment goals regarding HbA ¢, systolic blood-pressure
and LDL-cholesterol levels [9-12].

Recommendations for lifestyle focus in people with diabetes

Lifestyle management is a fundamental aspect of diabetes care [13]. Physical activity, diet man-
agement and smoking cessation is recommended [13-15]. Exercise have shown several benefi-
cial effects in people with diabetes included improved glycemic control (only T2D), beneficial
effects on lipid-levels, increased insulin-response and a reduction in cardiovascular and total
mortality [16-22]. Also, evidence is strong that medical nutrition therapy provided by regis-
tered dietitians is effective and essential [23]. Medical nutrition therapy is the process by which
the nutrition prescription is tailored for each patient based on medical, lifestyle, and personal
factors and is an integral component of diabetes management and diabetes self-management
education [24]. Medical nutrition therapy improves glycemic control, and may also improve
lipids, blood pressure, weight management, as well as decreasing the need for medication and
reducing the risk of onset and progression of comorbidities [23]. Last but not least, smoking
cessation is essential, as quitting smoking decreases the risk of both micro- and macrovascular
complications of diabetes [25, 26]. Thus, there are strong indications that lifestyle changes in a
positive direction may reduce morbidity and mortality in patients with diabetes.

Increasing use of eHealth

The World Health Organization (WHO) defines eHealth as “the use of information and com-
munication technologies for health” [27]. Health-related internet use has increased substan-
tially in recent years [28-31]. 70-80% of internet users in Europe and the United States use the
internet for health-related purposes [28, 30, 32-37]. Those more likely to seek health informa-
tion online are women, younger people, people with higher education, higher household
income, long-term-illness/heavy use of health-care services, and a subjective assessment of
one’s own health as good [28, 30-38]. It was recently reported that 87% of Norwegians with
T1D, and 78% with T2D use eHealth-services [39, 40].

In Norway, 98% of households have internet access [41] and 90% of the population between
16 and 79 years use the internet every day. Social media is used by 80% [42]. Among the Nor-
wegian population over 15 years of age, 78% have reported using the internet for health-related
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purposes [30]. In year 2000, only 19% of the Norwegian population had searched for health-
information online [30].

Lifestyle changes after online information

Several studies have shown that internet-based interventions can promote health behavior
change [43-45] regarding physical activity [46], diet, weight loss [47-49], and smoking cessa-
tion [50]. A quite consistent finding is that internet-based interventions that are interactive
and tailored to individuals are generally more successful than those who are not, and that
eHealth used with additional support, such as direct interaction with the health-care provider
or in-person counseling, increase the effectiveness compared to stand-alone eHealth interven-
tions [44, 45, 47-50]. There is no solid evidence whether this applies to people with T1D or
T2D in Norway.

Among Norwegian internet-users the most used eHealth related activity was to read about
exercise or diet, reported by 60% [30, 36]. A Norwegian study from 2007 found that 40% of
those who had used internet for health-related purposes reported feeling inspired to change
health behavior as a consequence [31]. Using internet- or mobile-based self-help programs to
support health-behavior changes was reported by 17% of Norwegian internet users [36]. In the
United States 43% of internet users reported using the internet to help with diet, weight and
physical activity [51]. Using the internet for this purpose was associated with more fruit intake,
more vegetable intake and more moderate exercise [51]. Since lifestyle focus is strongly recom-
mended for people with diabetes, and the use of internet is widespread in Norway, we want to
examine how use of the internet can affect lifestyle changes for the large group of people diag-
nosed with diabetes in Norway.

Aim

The aim of this study was to investigate to what extent people with diabetes report lifestyle
changes based on online information, and to examine associations between lifestyle changes
and discussing the information with a doctor. Specifically, we aim to answer the following
research questions: “To what extent do people with diabetes report lifestyle changes after
online information?” and “How are lifestyle changes after online information seeking associ-
ated with discussing the internet information with a doctor?”

Material and methods
Data source

This cross-sectional study is based on the same data as the DIAcare project [40]. The project
conducted a survey on use of eHealth among members of the Norwegian Diabetes Association
(NDA) in January and February 2018. By December 31 2017, the organization had 33 908
members (53% women and 47% men). Around 30% of the members have T1D [52]. The Nor-
wegian Centre for Research Data (NSD) assisted in the collection of data. Representatives
from the NDA have been involved in the design, conduct, reporting, and dissemination of this
research.

Participants

Invitations to participate were sent by email to 5971 randomly selected members of the NDA
(about 18% of all members). Information about the study was posted together with the email-
invitation. It was not possible for the same member to fill in the questionnaire more than once.
We sent one reminder to the non-respondents 15 days after the first request. A total of 1250
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Mailed invitation sent (n=5971)

. Did not attend (n=4721)

Attended the study (n=1250)

Excluded if not diagnosed with diabetes
themselves (n=66)

Respondents diagnosed with
diabetes (n=1184)

Excluded if no response to most of the
questions (n=5), failing to inform about
gender (n=93), had not used eHealth
during the previous year (n=191), or did
not answer regarding lifestyle changes
Respondents eligible for analyses (n=48)

(n=847)

Fig 1. Flow chart of study population.
https://doi.org/10.1371/journal.pone.0261471.g001

persons, aged 18-89 years answered the questionnaire, giving a minimum response rate of
21% (1250/5971). The real response rate is assumed to be higher as more than 400 servers were
unable to deliver the invitation (bounce backs) [40].

Starting from 1250, 66 participants were excluded for not having diabetes themselves (fam-
ily members, health personnel, and others). Those who left out most of the questions (n = 5)
and those who did not give information about gender (n = 93) were also excluded. Finally, we
excluded those who had not used eHealth within the previous year (n = 191) and those who
did not answer regarding lifestyle changes (n = 48). This left a sample of 847 respondents who
were diagnosed with diabetes and had used eHealth during the previous year (Fig 1).

Questionnaire and measures

Based on the specific objectives of our study we developed a tailored questionnaire, using ques-
tions from other published studies on health information seeking [53, 54]. The questionnaire
(SI Questionnaire) included questions about use of and experiences with eHealth and health
care services, health status, and sociodemographic information. The questionnaire was tested
and reviewed several times before data collection by persons diagnosed with diabetes and by
experts from the DIAcare research group.

Regarding use of eHealth we included the two following questions; “Based on information
you have found on the internet, have you changed your lifestyle?” and “Based on information
you have found on the internet, have you discussed the information with a doctor?”. These var-
iables were dichotomized by merging the four response options into “never” and “once, some-
times or often”, since our interest was if the respondents had ever made lifestyle changes or
discussed online information with a doctor, rather than how often.

Age was grouped in 10-year intervals. The 4 education categories were labeled low (pri-
mary/part of secondary school), middle (high school), high (college/university less than 4
years), and highest (college/university 4 years or more). Self-rated health was measured with
the item: “How do you rate your own health in general?” Response options were excellent,
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good, fair, bad, and very bad. Due to low numbers in the very bad category (4 respondents),
we merged the bad and very bad categories.

Analyses

Data were analyzed by descriptive statistics and logistic regressions. A multivariable regression
model was constructed to analyze the associations between lifestyle changes based on informa-
tion from the internet and the independent variables. The dependent variable was lifestyle
changes based on online information seeking. The core independent variable was whether the
participants had discussed eHealth information with a doctor. Adjustment independent vari-
ables were age, gender, education, and self-rated health. The independent variables were intro-
duced collectively into the regression model.

As reference categories we used female gender, age 18-29 years, low education, excellent
self-rated health and never having discussed information from the internet with a doctor. We
used 95% confidence intervals and set P < .05 as significance level throughout the study. All
analyses were performed using Stata version 15.1 (StataCorp LLC).

Ethics

This study was approved by the data protection officer at the University Hospital of North-Nor-
way (ref 2019/3761). The Regional Committee for Medical and Health Research Ethics (REK)
found that an application for this project was not required according to the Norwegian Health
Research Act (2015/1779/REK Nord). Informed consent was obtained from all participants. The
data bureau NSD received no information about the participants other than the email addresses.

Results

Sample characteristics

Of the 847 participants included in this study, 438 were men (51.7%). Mean age of the partici-
pants was 53.9 years, 51.0 years for women and 56.6 years for men. Median age was 56 years.
Over forty percent were aged 60 years and older (357/847, 42.2%). Half of the participants had
T1D (428/847, 50.5%), 47.7% had T2D (404/847), and 2.8% had other types of diabetes (24/
847). Four of the participants reported having both T1D and T2D, and two reported having
both gestational diabetes and T2D. Therefore, six of the participants entered into more than
one group regarding type of diabetes (Table 1).

Most of the participants, 62,1% had education from college or university (high or highest
education group, 262/826, 31.7% and 251/826, 30.4%, respectively). Half of the participants
rated their own health as good (424/841, 50.4%). Just over half of the participants had never
discussed information from the internet with a doctor (443/845, 52.4%). Lifestyle changes
accomplished after online information seeking was reported by 46.9% (397/847).

Lifestyle changes after online information

The odds of changing lifestyle after online information was more than doubled for people who
had discussed information from the internet with a doctor, compared to those who had not
(OR 2.54, CI 1.90-3.40).

People aged 60-69 years and 70 years and over had significantly lower odds of reporting
lifestyle changes after online information, compared to people aged 18-29 years (odds ratio
(OR) 0.54, CI 0.31-0.95 and OR 0.42, CI 0.23-0.80, respectively). Persons aged 30-39 years
also had significantly lower odds of lifestyle changes compared to persons aged 18-29 years
(OR 0.49, CI0.25-0.97). The age groups 40-49 years and 50-59 years did not have significantly
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Table 1. Sample characteristics.

Have you discussed information from the internet with a doctor? (n = 845)

Never

Once/sometimes/often

Have you changed your lifestyle based on information from the internet? (n = 847)

Never
Once/sometimes/often
Gender (n = 847)
Female

Male

Age in years (n = 847)
18-29

30-39

40-49

50-59

60-69

>70

Type diabetes (n = 847)
Type 1

Type 2

Other (including gestational diabetes)
Education (n = 826)
Low

Middle

High

Highest

Self-rated health (n = 841)
Excellent

Good

Fair

Poor/very poor

https://doi.org/10.1371/journal.pone.0261471.t001

n (%)

443 (52.4)
402 (47.6)

450 (53.1)
(46.9)

409 (48.3)
438 (51.7)

73 (8.6)
87 (10.3)
127 (15.0)
203 (24.0)
229 (27.0)
128 (15.1)

428 (50.5)
404 (47.7)
24 (2.8)

73 (8.8)
240 (29.1)
262 (31.7)
251 (30.4)
118 (14.0
424 (50.4
212 (25.2

)
)
)
87 (10.3)

lower odds of lifestyle changes compared to the reference group. Gender, education, and self-

rated health were not associated with lifestyle changes (Table 2).

Discussion
Principal findings

Almost half of the participants (397/847, 46.9%) reported that they had made lifestyle changes
based on online information, once or more. The odds of making lifestyle changes were higher
when discussing information from the internet with a doctor, and lower for age groups > 60
years. Those aged 30-39 years had significantly lower odds of lifestyle changes after online
information compared to persons aged 18-29 years. Lifestyle changes from online information

were not associated with gender, education, or self-rated health.

Strengths and limitations

One of the study strengths is the recruitment of a quite homogenous group of study partici-
pants from a patient organization, covering all Norway and a wide age span. Also, the focus on
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Table 2. Odds of changing lifestyle after online information.

OR* P value 95% CI
Have you discussed information from the internet with a doctor?
Never 1.0
Once/sometimes/often 2.54 <0.001 1.90-3.40
Gender
Female 1.00 N
Male 0.99 0.95 0.74-1.33
Age in years
18-29 1.00
30-39 0.49 0.04 0.25-0.97
40-49 0.79 0.46 0.43-1.46
50-59 0.74 0.30 0.42-1.30
60-69 0.54 0.03 0.31-0.95
>70 0.42 0.01 0.23-0.80
Education
Low 1.0
Middle 1.04 0.89 0.60-1.81
High 0.95 0.84 0.54-1.64
Highest 1.01 0.97 0.58-1.77
Self-rated health
Excellent 1.0
Good 1.12 0.60 0.73-1.74
Fair 1.07 0.77 0.67-1.73
Poor/very poor 1.35 0.32 0.75-2.43

?OR: odds ratio.
°CI: confidence interval.
“Not applicable (reference group).

Statistically significant findings are written in bold and cursive.

https://doi.org/10.1371/journal.pone.0261471.t1002

a scarcely investigated research area is a strength. Another strength is the use of a systemati-
cally tested comprehensive questionnaire. The cross-sectional study design based on self-
reported data gave us the opportunity to investigate lifestyle changes after online information
on a general basis, rather than focusing on one type of lifestyle change after the use of one spe-
cific webpage/app/internet-intervention.

The low participation rate is the main limitation of this study. This was problematized by
Hansen et al. in the DIAcare project [40]. They therefore compared respondents who did not
respond initially but eventually consented with early respondents, assuming that late respon-
dents were more similar to non-respondents, finding that older people (60 years and over)
dominated among the late respondents. Younger people may thus be overrepresented in this
study. However, participation in studies are generally lower in younger people [55], which
may contribute to level out possible overrepresentation of younger people. Nevertheless, gen-
eralization should be made with caution.

The percentage of people with T1D is higher in our study than in the general diabetes popu-
lation in Norway (Table 1) [2]. However, this study does not claim to be representative for
T1D or T2D in particular. Rather, the overall general perspective of lifestyle changes obtained
from online information approaches T1D as well as T2D as chronic disease groups in need of
long term follow up and lifestyle considerations.
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In questionnaire data there is always a potential for recall bias, which can lead to under- or
overreporting. For this study, it would be very difficult to obtain objective measures instead of
self-reported ones, as it would interfere with participants’ privacy as well as be very time- and
cost consuming. There is also a risk that such measures would not necessarily provide objective
measures in this research area, and studies have suggested that self-reported data are valid
when it comes to Web-based eHealth solutions [56]. Our validation and testing of the ques-
tionnaire minimize the risk of misunderstandings and different interpretations by the respon-
dents [40].

The wide and general perspective of this study, as we have so far considered a strength,
might also be considered a limitation. We do not have specific information about the nature of
the reported lifestyle changes, nor about the content of the patient-doctor discussion. Conse-
quently, we do not know which specific lifestyle topics related to online information that were
discussed in the clinical encounter. This study of lifestyle changes based on online information
as a phenomenon should be followed up by studies on specific lifestyle changes for people
diagnosed with diabetes.

A limitation of a cross-sectional study design is that it precludes any causal interpretation.

Lifestyle changes from online information

Nearly half of the participants in this study reported that they once or more had made lifestyle
changes based on online information. A Norwegian study with data from 2007 found that 40%
of those who had used internet for health-related purposes reported feeling inspired to change
health behavior as a consequence [31]. A US study found that in 2011, 43% of internet users
used the internet to help with diet, weight and physical activity and that using the internet for
this purpose was associated with more fruit- and vegetable-intake and more physical activity
[51]. These numbers are just slightly lower than what we found. However, none of these stud-
ies reported on how many who had actually changed their lifestyle based on online informa-
tion. In contrast to these studies, our study is conducted among people with diabetes, and
previous research has indicated that persons with chronic diseases tend to use the internet for
health purposes to a higher extent than the general population [30, 32, 37]. This might be the
main explanation why the proportion of people reporting lifestyle changes in this study is
higher than in the general population. Although none of the studies mentioned above are
directly comparable to ours, they support the finding that internet can play an important role
in lifestyle changes.

Lifestyle changes and discussing online information with a doctor

The odds of making lifestyle changes after online information seeking more than doubled for
people who had discussed information from the internet with a doctor. Metanalyses have indi-
cated that face-to-face interactions can increase the effectiveness of internet interventions [45,
49]. A recent qualitative study among obese diabetes patients who had participated in an
eHealth-intervention for weight loss, found that the most important driver in long-term
weight loss was a strong relationship with a healthcare professional [57]. Our findings are in
line with this research, emphasizing that health-care professionals can play an important role
in lifestyle changes additional to health-advice found on the internet. In general, there are evi-
dence that eHealth services are additional rather than alternative to support provided by tradi-
tional health care services [40]. Our findings imply that it is important that health personnel
do discuss lifestyle advice with patients.
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Lifestyle changes and age

The odds of making lifestyle changes based on online information was lower in people aged 60
years and over. Previous research indicate that younger people use the internet for health pur-
poses more than older people [28-32, 34, 35, 51]. There are also indications that younger peo-
ple to a larger extent trust information from the internet, as around 80% of young French
adults (mean age 22.6 years) trusted health information from the internet [58], whereas around
40% of older people in the Netherlands (mean age 72.0 years) trusted this information source
[53]. More use of eHealth and greater trust in internet information among younger people
might make them more able to make lifestyle changes based on internet information.

A quite surprising finding in our study was that people aged 30-39 years reported signifi-
cantly less lifestyle changes compared to people aged 18-29 years. For the use of eHealth in
general we have not found any reports that people aged 30-39 years are less active. Rather,
Andreassen et al. reported in 2007 that the 30-44 age group included the most active eHealth
users in seven European countries [32]. A possible explanation of our finding could be that
people on their 30s are strongly occupied with career and family, rather than focusing on life-
style changes.

Gender, education and self-rated health

We found no associations between lifestyle changes and gender, education or self-rated health.
Women tend to use the internet for health purposes more than men [29, 30, 32-37]. However,
using the internet for health purposes does not necessarily lead to lifestyle changes. A Danish
study among obese diabetes patients, found no significant gender differences in average weight
loss after an eHealth intervention [59]. This finding is in line with ours and may indicate that
men and women are equally able to make lifestyle changes from internet information. As both
studies are conducted among people with diabetes in Scandinavia, the findings are not neces-
sarily representative for other populations.

Prior research quite consistently indicates that people with higher education use the inter-
net for health purposes to a greater extent [28, 31-34, 37], including using the internet to sup-
port exercise or diet [36, 51]. A possible explanation to why we did not find differences
according to education could be related to adaption time for the use of internet for health pur-
poses. People with higher education are often early adapters to novel technology. Now, when
consulting the internet is more common and widespread [28-31], the differences may even
out. Therefore, differences according to education might be larger in earlier studies, compared
to more recent ones. Our results might also be influenced by the high amount of participants
with college or university education (62.1%), compared to the general Norwegian population
34.6% [60]. Also, the percentage of persons with T1D is higher in our study than in the general
diabetes population in Norway [2], and there are indications that that people with T1D are
higher educated than people with T2D [39]. This may in turn partly be explained by socio-eco-
nomic inequalities in the prevalence of T1D and T2D, as well as by the higher age in the T2D
group due to a higher average age by the time of diagnosis. In Norway and many other coun-
tries older people have a lower level of education compared to younger residents. These factors
make our findings regarding education inconclusive.

We found no associations between lifestyle changes and self-rated health. This is in line
with Alvarez-Galvez et al., who found no significant relationship between self-rated health and
the use of internet for health purposes [37]. We were not able to find solid studies investigating
the associations between self-rated health and lifestyle changes based on internet information
among people with diabetes.
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Further research

To extend our study, future research could investigate what kind of lifestyle changes people
make from internet information, as well as the amount of changes and whether they sustain. It
would also be interesting to investigate the relation between any particular information
obtained from the internet, and the discussion in the clinical encounter. Likewise, investiga-
tions of possible facilitators and barriers to discussing information from the internet with
health-care providers are scarce. Further research should also seek to find possible explana-
tions to our finding that people aged 30-39 years report less lifestyle changes.

Conclusions

Our findings confirm that internet can play an important role in lifestyle changes among peo-
ple with diabetes, and that discussing internet information with a doctor more than doubles
the odds of lifestyle changes. It is thus important that high-quality updated online information
is easily available for patients. This study also indicates that health-care professionals can play
an important role in lifestyle changes additional to health-advice found on the internet, under-
lining the importance of making room for discussing lifestyle advice in the clinical encounter.
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(PDF)

Acknowledgments

We thank the members of the Norwegian Diabetes Association for providing data for this
study.

Author Contributions

Conceptualization: Tiki Celine Midthassel, Anne Helen Hansen.
Data curation: Anne Helen Hansen.

Formal analysis: Tiki Celine Midthassel, Anne Helen Hansen.
Investigation: Tiki Celine Midthassel, Anne Helen Hansen.
Methodology: Tiki Celine Midthassel, Anne Helen Hansen.
Project administration: Anne Helen Hansen.

Resources: Tiki Celine Midthassel, Anne Helen Hansen.
Software: Tiki Celine Midthassel, Anne Helen Hansen.
Supervision: Anne Helen Hansen.

Validation: Anne Helen Hansen.

Visualization: Anne Helen Hansen.

Writing - original draft: Tiki Celine Midthassel.

Writing - review & editing: Tiki Celine Midthassel, Anne Helen Hansen.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261471 December 31, 2021 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261471.s001
https://doi.org/10.1371/journal.pone.0261471

PLOS ONE

Are lifestyle changes from online information associated with discussing the information with a doctor?

References

10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

21,

22,

International Diabetes Federation. IDF Diabetes Atlas, 9th edn. Brussels, Belgium, 2019.

Norwegian Institute of Public Health. Public Health Report: Health Status in Norway 2018. Oslo: Nor-
wegian Institute of Public Health, 2018.

Norwegian Institute of Public Health. Norwegian Prescription Database. Available from [www.
reseptregisteret.no], 2019. Accessed 08.03.2021.

Strgm H, Selmer R, Birkeland K, et al. No increase in new users of blood glucose-lowering drugs in
Norway 2006—2011: a nationwide prescription database study. 2014; 14(1):520. https://doi.org/10.
1186/1471-2458-14-520 PMID: 24886413

Sandahl K, Nielsen LB, Svensson J, et al. Increased mortality in a Danish cohort of young people with
Type 1 diabetes mellitus followed for 24 years. Diabet Med 2017; 34(3):380-86. https://doi.org/10.1111/
dme.13124 PMID: 27027777

Tancredi M, Rosengren A, Svensson A-M, et al. Excess Mortality among Persons with Type 2 Diabetes.
The New England Journal of Medicine 2015; 373(18):1720-32. https://doi.org/10.1056/
NEJMoa1504347 PMID: 26510021

Norwegian Institute of Public Health. Burden of Diseases in Norway 2015. Resultater fra Global Burden
of Diseases, Injuries, and Risk Factors Study 2015 (GBD 2015), 2017.

Care Diabetes. Introduction: Standards of Medical Care in Diabetes—2018. Diabetes Care 2018; 41
(Supplement 1):S1-S2. https://doi.org/10.2337/dc18-Sint01 PMID: 29222369

Cooper JG, Claudi T, Thordarson HB, et al. Treatment of type 1 diabetes in the specialist health service
—data from the Norwegian Diabetes Register for Adults. Tidsskrift for den Norske laegeforening: tids-
skrift for praktisk medicin, ny raekke 2013; 133(21):2257-62. hitps://doi.org/10.4045/tidsskr.13.0153
PMID: 24226332

Mouland G. Diabetes in general practice—were treatment goals reached? Diabetes i en fastlegepraksis
—ble behandlingsmélene nadd? 2014; 134(2) https://doi.org/10.4045/tidsskr.13.0375 PMID: 24477150

Jenssen TG, Tonstad S, Claudi T, et al. The gap between guidelines and practice in the treatment of
type 2 diabetes: A nationwide survey in Norway. Diabetes Res Clin Pract 2008; 80(2):314—20. https://
doi.org/10.1016/j.diabres.2007.12.025 PMID: 18279994

Pinchevsky Y, Butkow N, Chirwa T, et al. Glycaemic, blood pressure and cholesterol control in 25 629
diabetics. Cardiovasc J Afr2015; 26(4):188-92. https://doi.org/10.5830/CVJA-2015-050 [published
Online First: 2015/09/26]. PMID: 26407221

American Diabetes Association. 4. Lifestyle Management: Standards of Medical Care in Diabetes—
2018. Diabetes Care 2018; 41(Supplement 1):S38-S50. https://doi.org/10.2337/dc18-S004 PMID:
29222375

Norwegian Directorate of Health. Nasjonal faglig retningsline for diabetes. Oslo, 2018.
Norwegian Diabetes Association. Veiviser: God egenbehandling av diabetes. Oslo, 2018.

Umpierre D, Ribeiro PAB, Kramer CK, et al. Physical Activity Advice Only or Structured Exercise Train-
ing and Association With HbA1c Levels in Type 2 Diabetes: A Systematic Review and Meta-analysis.
JAMA 2011; 305(17):1790-99. https://doi.org/10.1001/jama.2011.576 PMID: 21540423

Thomas D, Elliott EJ, Naughton GA. Exercise for type 2 diabetes mellitus. Cochrane Database of Sys-
tematic Reviews 2006(3) https://doi.org/10.1002/14651858.CD002968.pub2 PMID: 16855995

Chimen M, Kennedy A, Nirantharakumar K, et al. What are the health benefits of physical activity in
type 1 diabetes mellitus? A literature review. Clinical and Experimental Diabetes and Metabolism 2012;
55(3):542-51. https://doi.org/10.1007/s00125-011-2403-2 PMID: 22189486

Gregg EW, Gerzoff RB, Caspersen CJ, et al. Relationship of Walking to Mortality Among US Adults
With Diabetes. Arch Intern Med 2003; 163(12):1440—-47. https://doi.org/10.1001/archinte.163.12.1440
PMID: 12824093

Hu G, Jousilahti P, Barengo NC, et al. Physical activity, cardiovascular risk factors, and mortality among
Finnish adults with diabetes.(Epidemiology/Health Services/Psychosocial Research). Diabetes Care
2005; 28(4):799. https://doi.org/10.2337/diacare.28.4.799 PMID: 15793176

Church TS, Lamonte MJ, Barlow CE, et al. Cardiorespiratory Fitness and Body Mass Index as Predic-
tors of Cardiovascular Disease Mortality Among Men With Diabetes. Arch Intern Med 2005; 165
(18):2114—-20. https://doi.org/10.1001/archinte.165.18.2114 PMID: 16217001

Kennedy A, Nirantharakumar K, Chimen M, et al. Does exercise improve glycaemic control in type 1
diabetes? A systematic review and meta-analysis. PLoS One 2013; 8(3):e58861—e61. https://doi.org/
10.1371/journal.pone.0058861 PMID: 23554942

PLOS ONE | https://doi.org/10.1371/journal.pone.0261471 December 31, 2021 11/13


http://www.reseptregisteret.no
http://www.reseptregisteret.no
https://doi.org/10.1186/1471-2458-14-520
https://doi.org/10.1186/1471-2458-14-520
http://www.ncbi.nlm.nih.gov/pubmed/24886413
https://doi.org/10.1111/dme.13124
https://doi.org/10.1111/dme.13124
http://www.ncbi.nlm.nih.gov/pubmed/27027777
https://doi.org/10.1056/NEJMoa1504347
https://doi.org/10.1056/NEJMoa1504347
http://www.ncbi.nlm.nih.gov/pubmed/26510021
https://doi.org/10.2337/dc18-Sint01
http://www.ncbi.nlm.nih.gov/pubmed/29222369
https://doi.org/10.4045/tidsskr.13.0153
http://www.ncbi.nlm.nih.gov/pubmed/24226332
https://doi.org/10.4045/tidsskr.13.0375
http://www.ncbi.nlm.nih.gov/pubmed/24477150
https://doi.org/10.1016/j.diabres.2007.12.025
https://doi.org/10.1016/j.diabres.2007.12.025
http://www.ncbi.nlm.nih.gov/pubmed/18279994
https://doi.org/10.5830/CVJA-2015-050
http://www.ncbi.nlm.nih.gov/pubmed/26407221
https://doi.org/10.2337/dc18-S004
http://www.ncbi.nlm.nih.gov/pubmed/29222375
https://doi.org/10.1001/jama.2011.576
http://www.ncbi.nlm.nih.gov/pubmed/21540423
https://doi.org/10.1002/14651858.CD002968.pub2
http://www.ncbi.nlm.nih.gov/pubmed/16855995
https://doi.org/10.1007/s00125-011-2403-2
http://www.ncbi.nlm.nih.gov/pubmed/22189486
https://doi.org/10.1001/archinte.163.12.1440
http://www.ncbi.nlm.nih.gov/pubmed/12824093
https://doi.org/10.2337/diacare.28.4.799
http://www.ncbi.nlm.nih.gov/pubmed/15793176
https://doi.org/10.1001/archinte.165.18.2114
http://www.ncbi.nlm.nih.gov/pubmed/16217001
https://doi.org/10.1371/journal.pone.0058861
https://doi.org/10.1371/journal.pone.0058861
http://www.ncbi.nlm.nih.gov/pubmed/23554942
https://doi.org/10.1371/journal.pone.0261471

PLOS ONE

Are lifestyle changes from online information associated with discussing the information with a doctor?

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

Franz MJ, Powers MA, Leontos C, et al. The evidence for medical nutrition therapy for type 1 and type 2
diabetes in adults. Journal of the American Dietetic Association 2010; 110(12):1852—89. https://doi.org/
10.1016/j.jada.2010.09.014 PMID: 21111095

Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recommendations for the management of
adults with diabetes. Diabetes Care 2013; 36(11):3821-42. https://doi.org/10.2337/dc13-2042 PMID:
24107659

Yudkin JS. How can we best prolong life? Benefits of coronary risk factor reduction in non-diabetic and
diabetic subjects. BMJ: British medical journal 1993; 306(6888):1313—18. [published Online First: Inter-
national edition.]. https://doi.org/10.1136/bmj.306.6888.1313 PMID: 8518573

Stein IH, Stephan RO. Smoking is a risk factor in the progression to kidney failure. Kidney Int2011; 80
(5):516. https://doi.org/10.1038/ki.2011.157 PMID: 21677635

World Health Organization. eHealth at WHO [Available from: https://www.who.int/ehealth/en/]
Accessed 15.02.2021.

Hong YA, Cho J. Has the Digital Health Divide Widened? Trends of Health-Related Internet Use Among
Older Adults From 2003 to 2011. Journals of Gerontology Series B: Psychological Sciences and Social
Sciences 2017; 72(5):856—63. https://doi.org/10.1093/geronb/gbw100 PMID: 27558403

Kummervold PE, Chronaki C, Lausen B, Prokosch HU, Rasmussen J, Santana S, et al. eHealth trends
in Europe 2005-2007: a population-based survey. J Med Internet Res 2008; 10(4). https://doi.org/10.
2196/jmir.1023 PMID: 19017584

Sgrensen T, Andreassen HK, Wangberg SC. Prosjektrapport E-helse i Norge 2013 Nasjonalt Senter for
samhandling og telemedisin, 2014.

Wangberg S, Andreassen H, Kummervold P, et al. Use of the internet for health purposes: trends in
Norway 2000—-2010. Scand J Caring Sci2009; 23(4):691-96. https://doi.org/10.1111/j.1471-6712.
2008.00662.x PMID: 19473317

Andreassen HK, Bujnowska-Fedak MM, Chronaki CE, et al. European citizens’ use of E-health ser-
vices: A study of seven countries. BVC Public Health 2007; 7(1):53-53. https://doi.org/10.1186/1471-
2458-7-53 PMID: 17425798

Nolke L, Mensing M, Kramer A, et al. Sociodemographic and health-(care-)related characteristics of
online health information seekers: a cross-sectional German study. BMC Public Health 2015; 15(1)
https://doi.org/10.1186/s12889-015-2459-x PMID: 26577404

Fox S, Duggan M. Health Online 2013: Pew Research Center, 2013.

Kontos E, Blake KD, Chou WY, et al. Predictors of eHealth usage: insights on the digital divide from the
Health Information National Trends Survey 2012. J Med Internet Res 2014; 16(7):e172. https://doi.org/
10.2196/jmir.3117 [published Online First: 2014/07/23]. PMID: 25048379

Wangberg SC, Sgrensen T, Andreassen HK, et al. Using the Internet to Support Exercise and Diet: A
Stratified Norwegian Survey, 2015:3—e3.

Alvarez-Galvez J, Salinas-Perez JA, Montagni |, et al. The persistence of digital divides in the use of
health information: a comparative study in 28 European countries. Int J Public Health 2020; 65(3):325—
33. https://doi.org/10.1007/s00038-020-01363-w [published Online First: 2020/04/12]. PMID:
32277246

LiJ, Theng YL, Foo S. Predictors of online health information seeking behavior: Changes between
2002 and 2012. Health Informatics J 2016; 22(4):804—14. https://doi.org/10.1177/1460458215595851
[published Online First: 2015/08/12]. PMID: 26261218

Hansen AH, Broz J, Claudi T, et al. Relations Between the Use of Electronic Health and the Use of Gen-
eral Practitioner and Somatic Specialist Visits in Patients With Type 1 Diabetes: Cross-Sectional Study,
2018:e11322.

Hansen AH, Bradway M, Broz J, et al. Inequalities in the Use of eHealth Between Socioeconomic
Groups Among Patients With Type 1 and Type 2 Diabetes: Cross-Sectional Study. J Med Internet Res
2019; 21(5):e13615. https://doi.org/10.2196/13615 [published Online First: 2019/05/31]. PMID:
31144669

Department of Information Science and Media Studies, University of Bergen. MediaNorway—Facts and
Figures on Norwegian Media. [Available from: http://medienorge.uib.no/statistikk/medium/ikt/347]
Accessed 15.02.2021.

Statistics Norway. ICT usage in households 2017 [Available from: https://www.ssb.no/teknologi-og-
innovasjon/artikler-og-publikasjoner/ni-av-ti-surfer-pa-nettet-hver-dag.] Accessed 15.02.2021.

Wantland DJ, Portillo CJ, Holzemer WL, et al. The Effectiveness of Web-Based vs. Non-Web-Based
Interventions: A Meta-Analysis of Behavioral Change Outcomes. J Med Internet Res 2004; 6(4):e40.
https://doi.org/10.2196/jmir.6.4.e40 [published Online First: 10.11.2004]. PMID: 15631964

PLOS ONE | https://doi.org/10.1371/journal.pone.0261471 December 31, 2021 12/13


https://doi.org/10.1016/j.jada.2010.09.014
https://doi.org/10.1016/j.jada.2010.09.014
http://www.ncbi.nlm.nih.gov/pubmed/21111095
https://doi.org/10.2337/dc13-2042
http://www.ncbi.nlm.nih.gov/pubmed/24107659
https://doi.org/10.1136/bmj.306.6888.1313
http://www.ncbi.nlm.nih.gov/pubmed/8518573
https://doi.org/10.1038/ki.2011.157
http://www.ncbi.nlm.nih.gov/pubmed/21677635
https://www.who.int/ehealth/en/
https://doi.org/10.1093/geronb/gbw100
http://www.ncbi.nlm.nih.gov/pubmed/27558403
https://doi.org/10.2196/jmir.1023
https://doi.org/10.2196/jmir.1023
http://www.ncbi.nlm.nih.gov/pubmed/19017584
https://doi.org/10.1111/j.1471-6712.2008.00662.x
https://doi.org/10.1111/j.1471-6712.2008.00662.x
http://www.ncbi.nlm.nih.gov/pubmed/19473317
https://doi.org/10.1186/1471-2458-7-53
https://doi.org/10.1186/1471-2458-7-53
http://www.ncbi.nlm.nih.gov/pubmed/17425798
https://doi.org/10.1186/s12889-015-2459-x
http://www.ncbi.nlm.nih.gov/pubmed/26577404
https://doi.org/10.2196/jmir.3117
https://doi.org/10.2196/jmir.3117
http://www.ncbi.nlm.nih.gov/pubmed/25048379
https://doi.org/10.1007/s00038-020-01363-w
http://www.ncbi.nlm.nih.gov/pubmed/32277246
https://doi.org/10.1177/1460458215595851
http://www.ncbi.nlm.nih.gov/pubmed/26261218
https://doi.org/10.2196/13615
http://www.ncbi.nlm.nih.gov/pubmed/31144669
http://medienorge.uib.no/statistikk/medium/ikt/347
https://www.ssb.no/teknologi-og-innovasjon/artikler-og-publikasjoner/ni-av-ti-surfer-pa-nettet-hver-dag
https://www.ssb.no/teknologi-og-innovasjon/artikler-og-publikasjoner/ni-av-ti-surfer-pa-nettet-hver-dag
https://doi.org/10.2196/jmir.6.4.e40
http://www.ncbi.nlm.nih.gov/pubmed/15631964
https://doi.org/10.1371/journal.pone.0261471

PLOS ONE

Are lifestyle changes from online information associated with discussing the information with a doctor?

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

Webb TL, Joseph J, Yardley L, et al. Using the Internet to Promote Health Behavior Change: A System-
atic Review and Meta-analysis of the Impact of Theoretical Basis, Use of Behavior Change Techniques,
and Mode of Delivery on Efficacy. J Med Internet Res 2010; 12(1):e4. https://doi.org/10.2196/jmir.1376

[published Online First: 17.2.2010]. PMID: 20164043

Afshin A, Babalola D, McLean M, et al. Information Technology and Lifestyle: A Systematic Evaluation
of Internet and Mobile Interventions for Improving Diet, Physical Activity, Obesity, Tobacco, and Alcohol
Use. Journal of the American Heart Association 2016; 5(9):e003058. https://doi.org/10.1161/JAHA.
115.003058 PMID: 27581172

van den Berg MH, Schoones JW, Vliet Vlieland TP. Internet-Based Physical Activity Interventions: A
Systematic Review of the Literature. J Med Internet Res 2007; 9(3):e26. https://doi.org/10.2196/jmir.9.
3.e26 [published Online First: 30.09.2007]. PMID: 17942388

Tang J, Abraham C, Greaves C, et al. Self-Directed Interventions to Promote Weight Loss: A System-
atic Review of Reviews. J Med Internet Res 2014; 16(2):e58. https://doi.org/10.2196/jmir.2857 [pub-
lished Online First: 19.02.2014]. PMID: 24554464

Dutton GR, Laitner MH, Perri MG. Lifestyle interventions for cardiovascular disease risk reduction: a

systematic review of the effects of diet composition, food provision, and treatment modality on weight
loss. Curr Atheroscler Rep 2014; 16(10):442. https://doi.org/10.1007/s11883-014-0442-0 [published

Online First: 2014/08/06]. PMID: 25092578

Joiner KL, Nam S, Whittemore R. Lifestyle interventions based on the diabetes prevention program
delivered via eHealth: A systematic review and meta-analysis. Prev Med2017; 100:194-207. https://
doi.org/10.1016/j.ypmed.2017.04.033 [published Online First: 2017/05/01]. PMID: 28456513

Civljak M, Stead LF, Hartmann-Boyce J, et al. Internet-based interventions for smoking cessation.
Cochrane Database Syst Rev2013(7):Cd007078. https://doi.org/10.1002/14651858.CD007078.pub4
[published Online First: 2013/07/11]. PMID: 23839868

McCully S, Don B, Updegraff J. Using the Internet to help with diet, weight, and physical activity: results
from the Health Information National Trends Survey (HINTS). Journal of medical internet research
2013; 15(8).

The Norwegian Diabetes Association. Arsberetning 2017. Oslo; 2018.

Medlock S, Eslami S, Askari M, et al. Health information-seeking behavior of seniors who use the Inter-
net: a survey. J Med Internet Res 2015; 17(1):e10. https://doi.org/10.2196/jmir.3749 PMID: 25574815

The Tromsg Study Website. Available from [https://uit.no/research/tromsoundersokelsen] Accessed
08.11.2021.

Langhammer A, Krokstad S, Romundstad P, et al. The HUNT study: participation is associated with sur-
vival and depends on socioeconomic status, diseases and symptoms. BMC Med Res Methodol 2012;
12:143. https://doi.org/10.1186/1471-2288-12-143 PMID: 22978749

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. J Am
Diet Assoc2011; 111(1):92—102. https://doi.org/10.1016/j.jada.2010.10.008 PMID: 21185970

Brandt CJ, Clemensen J, Nielsen JB, et al. Drivers for successful long-term lifestyle change, the role of
e-health: a qualitative interview study. BMJ Open 2018; 8(3):e017466. https://doi.org/10.1136/
bmjopen-2017-017466 PMID: 29530904

Beck F, Richard JB, Nguyen-Thanh V, et al. Use of the internet as a health information resource among
French young adults: results from a nationally representative survey. J Med Internet Res 2014; 16(5):
e128. https://doi.org/10.2196/jmir.2934 PMID: 24824164

Komkova A, Brandt CJ, Hansen Pedersen D, et al. Electronic Health Lifestyle Coaching Among Diabe-
tes Patients in a Real-Life Municipality Setting: Observational Study. JMIR Diabetes 2019; 4(1):e12140.
https://doi.org/10.2196/12140 PMID: 30860486

Statistics Norway. Education level in the polulation 2020. [Available from https://www.ssb.no/utniv/].
Accessed 08.03.2021.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261471 December 31, 2021 13/13


https://doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/pubmed/20164043
https://doi.org/10.1161/JAHA.115.003058
https://doi.org/10.1161/JAHA.115.003058
http://www.ncbi.nlm.nih.gov/pubmed/27581172
https://doi.org/10.2196/jmir.9.3.e26
https://doi.org/10.2196/jmir.9.3.e26
http://www.ncbi.nlm.nih.gov/pubmed/17942388
https://doi.org/10.2196/jmir.2857
http://www.ncbi.nlm.nih.gov/pubmed/24554464
https://doi.org/10.1007/s11883-014-0442-0
http://www.ncbi.nlm.nih.gov/pubmed/25092578
https://doi.org/10.1016/j.ypmed.2017.04.033
https://doi.org/10.1016/j.ypmed.2017.04.033
http://www.ncbi.nlm.nih.gov/pubmed/28456513
https://doi.org/10.1002/14651858.CD007078.pub4
http://www.ncbi.nlm.nih.gov/pubmed/23839868
https://doi.org/10.2196/jmir.3749
http://www.ncbi.nlm.nih.gov/pubmed/25574815
https://uit.no/research/tromsoundersokelsen
https://doi.org/10.1186/1471-2288-12-143
http://www.ncbi.nlm.nih.gov/pubmed/22978749
https://doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/pubmed/21185970
https://doi.org/10.1136/bmjopen-2017-017466
https://doi.org/10.1136/bmjopen-2017-017466
http://www.ncbi.nlm.nih.gov/pubmed/29530904
https://doi.org/10.2196/jmir.2934
http://www.ncbi.nlm.nih.gov/pubmed/24824164
https://doi.org/10.2196/12140
http://www.ncbi.nlm.nih.gov/pubmed/30860486
https://www.ssb.no/utniv/
https://doi.org/10.1371/journal.pone.0261471

