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Abstract

Background: Socioeconomic disparities in the adoption of preventive health programs represent a well-known challenge, with
programs delivered via the web serving as a potential solution. The preventive health program examined in this study is a
large-scale, open-access web-based platform operating in the Netherlands, which aims to improve the health behaviors and
wellness of its participants.

Objective: This study aims to examine the differences in the adoption of the website and mobile app of a web-based preventive
health program across socioeconomic groups.

Methods: The 83,466 participants in this longitudinal, nonexperimental study were individuals who had signed up for the health
program between July 2012 and September 2019. The rate of program adoption per delivery means was estimated using the
Prentice, Williams, and Peterson Gap–Time model, with the measure of neighborhood socioeconomic status (NSES) used to
distinguish between population segments with different socioeconomic characteristics. Registration to the health program was
voluntary and free, and not within a controlled study setting, allowing the observation of the true rate of adoption.

Results: The estimation results indicate that program adoption across socioeconomic groups varies depending on the program’s
delivery means. For the website, higher NSES groups have a higher likelihood of program adoption compared with the lowest
NSES group (hazard ratio 1.03, 95% CI 1.01-1.05). For the mobile app, the opposite holds: higher NSES groups have a lower
likelihood of program adoption compared with the lowest NSES group (hazard ratio 0.94, 95% CI 0.91-0.97).

Conclusions: Promoting preventive health programs using mobile apps can help to increase program adoption among the lowest
socioeconomic segments. Given the increasing use of mobile phones among disadvantaged population groups, structuring future
health interventions to include mobile apps as means of delivery can support the stride toward diminishing health disparities.
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Introduction

Background
Noncommunicable diseases currently account for more than
half of the global burden of disease, causing an ever-increasing
proportion of premature deaths in both low- and high-income
countries [1]. This occurrence is driven by preventable factors
such as unhealthy diets, lack of physical activity, and tobacco
and alcohol consumption [2,3]. Although noncommunicable
diseases affect all segments of the population, the socially
disadvantaged groups experience higher risk factors for these
diseases [4,5] while remaining hard to reach through preventive
health interventions [6].

Socioeconomic disparities in the adoption of preventive health
programs are a well-known challenge [7,8], with programs
delivered via the web being a potential solution. Web-based
health programs show higher prospects in terms of behavior
change ability and accessibility as compared with offline
programs [9-11], having predominantly two means of delivery:
website and mobile app. However, no clear understanding exists
yet as to which (if any) of these delivery means is better able
to promote increased inclusivity of all population segments
[12,13], or on the contrary, leads to reinforcement, or even
widening, of the existing disparities [14,15].

Objective
The health program examined in this study is the SamenGezond
(from Dutch: Healthy Together) platform. Originally introduced
by the health insurance company Menzis, the health program
is aimed at the general Dutch population, following the goals
of improving the health behaviors and wellness of its
participants. The SamenGezond program was originally offered
in the form of a website (introduced in 2012) and subsequently
expanded to also include a mobile app (in 2017). Currently,
reaching approximately 1 million participants, the program
offers a set of activities and coaching that support healthy
nutrition, physical activity, and other health behaviors.

With an increasing proportion of health programs being
delivered through the web [16], it is of added value to gain a
better understanding of the potential differential impact that the
delivery means can have on program adoption. Therefore, the
objective of this study is to analyze whether the adoption of a
preventive health program by especially the low socioeconomic
segment differs between the website and the mobile app.
Identifying whether either of these means of delivery can
achieve a better adoption rate among the socially disadvantaged
groups could allow for future refining of health policy tools,
contributing toward alleviating existing health disparities.

Methods

Study Sample
The database analyzed in this study originated from the
SamenGezond platform, a large-scale web-based health program
delivered by a health insurance company to the general Dutch
population. The health program was introduced in July 2012,
initially through a website, and starting in October 2017,

expanded to also include a mobile app. The website of the health
program mainly comprises information and coaching related to
wellness and healthy lifestyle. The mobile app is an extension
of the website, introducing several additional features to the
health program, such as the ability to record activities with GPS,
interact with an internet-based coach, and set and complete
health goals. All program participants initially used the website
of the program, with a subsequent choice of enrolling for the
mobile app or continuing the use of solely the website. Although
the health program is offered by a health insurance company,
its participants are not solely clients of this company but can
also be insured elsewhere (health insurance participation being
legally mandated in the Netherlands).

The health program’s aim is to improve the lifestyle and
wellness of its participants by focusing on physical activity,
healthy eating habits, social activity, mental health, good sleep
habits, and minimized stress. The activities that are provided
involve entering or recording physical activities, reading articles,
setting goals, including friends in challenges, answering health
questions, being assisted by an internet-based coach, and
forming a daily fit-score based on the individual activities within
the platform. The program also offers benefits in the form of
accumulated points from participation in the various sections
of the platform, which can be used to acquire specific products,
vouchers for various services, gadgets, or charity contributions.

Enrollment to the health program was open and free, and all the
participants involved in this study provided their voluntary and
informed consent. Approval for this project was obtained from
the institutional review board of the University of Groningen.

Data were collected between 2012 and 2019 and analyzed in
2020 and 2021 within a longitudinal, nonexperimental study
design. This study design was used as it allows for the
examination of the duration until adoption of the 2 components
of the health program for a large group of participants. The
analyzed data had a weekly frequency, covering 376 weeks and
including 83,466 participants. All program participants were
aged >18 years and were residents of the Netherlands; no
additional exclusion criteria were applied. When selecting the
participants for this study, out of the 838,500 individuals who
enrolled in the health program at the time, 404,398 (48.23%)
individuals who had logged into the health program at least
once in the past 2 years were examined for eligibility. Owing
to limitations in data transfer and storage, approximately 24.73%
(100,000/404,398) of the eligible group were invited randomly
to participate in this study, with 83.46% (83,466/100,000) of
them having provided their consent for participation. It is not
possible to compare the analyzed sample with the approached
sample, as no data were available on the individuals who did
not provide their consent for data sharing.

Measures
The effectiveness of health programs is defined by their ability
to contribute to disease prevention, which critically hinges on
individuals adopting and using the program. However, a reason
causing overall ambiguity related to the benefits of web-based
health programs is the significant number of programs that have
been unsuccessfully adopted by individuals [17]. In addition, a
slow rate of adoption can serve as an early indicator of potential
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dropout [18] and, subsequently, program failure, making it
paramount to gain a better understanding of the health program
adoption process, to support program success.

Building on the diffusion of innovations literature [19], this
study measured the adoption of the health program using the
number of individuals who signed up for the program each week
(weekly subscription rate), with the rate of adoption being
defined as the speed at which the health program spreads among
the target group. Given that the adoption decision of individuals
varies between technologies [20], this study focused in particular
on the comparison of the rate of adoption of the health program
between the website and mobile app across socioeconomic
groups.

Examining the rate of adoption by distinguishing between
population groups allows for assessing whether there are
differences in the reach of the health program depending on the
means of delivery. Given that solely individual factors offer
insufficient explanations of differences in health behaviors [21],
the neighborhoods in which individuals live have emerged as
contexts affecting both health behaviors [22] and health
outcomes [23]. On the basis of the discussion by Duncan and
Kawachi [24], neighborhood socioeconomic status (NSES) was
used in this study to distinguish between population segments
with different socioeconomic characteristics.

The NSES measure was created in this study using data on key
indicators for each neighborhood in the Netherlands, provided
by the Central Bureau of Statistics [25]. Following the
methodology outlined in the study by Dekker et al [26], the
NSES measure was calculated using nonlinear iterative partial
least squares principal component analysis on the following
characteristics, given on a postcode level: average income,
average property value, subsidized renting, share of high-income
households, share of owner-occupied properties, share of
low-income households, share of the population receiving
unemployment benefits, share of the population receiving
disability benefits, and share of the population receiving
short-term unemployment benefits. NSES quintiles were used
in the analysis of this study based on the constructed NSES
measure, with a lower NSES quintile corresponding to lower
levels of socioeconomic conditions.

To control for individual characteristics of the program
participants, gender and age were included in the analysis as
additional covariates. Moreover, as it can be expected that
marketing campaigns that support the health program influence
the rate of program adoption, the analysis was augmented with
indicators for marketing activities taking place in each observed
week or in the preceding week (to control for a lagged impact
of marketing). The marketing campaigns considered were radio,
television, and web-based campaigns.

Statistical Analysis
This study used survival modeling, which encompasses
statistical procedures aimed at analyzing the time until an event
occurs; the event of interest in this study was the adoption of
the health program. The baseline population of individuals who
could decide to adopt the health program was the general Dutch

population, which was the target group of the health program
(the marketing activities related to the health program took place
in the Netherlands and were aimed at the Dutch population).
Registration for the analyzed program was voluntary and free,
which made it possible to examine the true rate of adoption, as
in such a setup, individuals are free to decide by themselves
when to enroll in the health program [27].

All the observed participants of the health program could
experience two events: the adoption of the health program
through the website and the adoption of the mobile app, with
the former always preceding the latter. This pattern is
schematically reflected in Figure 1, which depicts the several
types of health program participants possible, depending on
whether and when a participant adopted the website and the
mobile app of the health program.

Figure 1 summarizes the 4 types of health program participants.
Type 1 includes users (26,908/83,466, 32.24% of the program
users) who adopted the health program before the mobile app
was introduced (in the period between 2012 and 2017) and
subsequently did not adopt the app when it became available
in October 2017. Type 2 includes the users (31,333/83,466,
37.54%) who adopted the program before the app introduction
and subsequently also adopted the app. Type 3 includes the
users (12,979/83,466, 15.55%) who adopted the program after
the app introduction and subsequently also adopted the app.
Type 4 includes the users (12,246/83,466, 14.67%) who adopted
the program after the app introduction and subsequently did not
adopt the app. As the data set included solely participants who
adopted the health program before September 2019, the
observations linked to participants who would adopt the program
or its mobile app after 2019 are not available and were censored.

At the end of the observation period, of the analyzed
participants, 46.91% (39,154/83,466) had not adopted the app
(yet) and were using only the website to access the health
program. Possible reasons for this occurrence could be
unawareness about the existence of the app or unwillingness to
use the app based on not needing the extended features offered
by it. Alternatively, the reluctance toward the adoption of the
mobile app can be linked to privacy concerns [28].

As reflected in Figure 1, the adoption of the website and the
mobile app were sequential events, with each participant being
at risk for only 1 of these events at a time. The modeling
approach that handles this structure best is an extension of the
classical Cox model [29], namely the variants of the Prentice,
Williams, and Peterson (PWP) model [30-32]. To answer the
research question of this study related to differences in the rate
of adoption between means of delivery, the PWP Gap–Time
(PWP-GT) model is most appropriate, which estimates the
effects of the following event since the time from the previous
event [30,32]. This is achieved using time-dependent strata,
where the hazard function is allowed to vary from event to event
[33]. The PWP model estimates unbiased effects [33] and
provides SEs robust to within-subject correlation [34]. Statistical
analysis was performed using the survival package [35,36]
implemented within the R (R Foundation for Statistical
Computing) environment for statistical computing [37].
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Figure 1. Types of health program participants.

Several robustness checks were performed for changes in the
model specifications based on models accounting for
nonproportional hazard rates, with the estimated parameters of
the main PWP-GT model maintaining their direction and
statistical significance (section 2 in Multimedia Appendix 1
[29,38,39], available on the web). Similarly, the models’
parameter estimates remained unchanged when estimating the
PWP-GT model with solely the NSES quintiles as covariates
when controlling for being insured at the company that had
initially introduced the health program and when accounting
for subsequent program use measured by the number of weekly
log-ins (section 3 in Multimedia Appendix 1, available on the
web). Additionally, following the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology)
recommendations, the checklist presented in Multimedia
Appendix 2 has been completed.

Results

Characteristics of Participants
On average, the 83,466 participants who were analyzed were
in the program for >3 years (mean number of weeks in the health
program 186, SD 124 weeks) and aged between 18 and 80 (mean
age 46.5, SD 15.5) years, and 56% (46,741/83,466) of them
were female. Table 1 provides an overview of the study
participants’ characteristics.

Among the participants’ characteristics outlined in Table 1 is
their distribution across NSES quintiles, which showed a higher
proportion of program participants in the lowest 2 NSES
quintiles. The insurance company operates on a larger scale in
areas with low socioeconomic conditions, and as most
participants were clients of this insurance company, the
overrepresentation of the lowest NSES quintiles was reflected
in the participants’ distribution (a more detailed distribution of
participants across NSES quintiles is discussed in section 1 in
Multimedia Appendix 1, available on the web).
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Table 1. Characteristics of study participants (N=83,466).

ValuesKey attributes

376Weeks covered, n

186 (124)Number weeks in health program, mean (SD)

39,146 (46.9)Participants using website alone, n (%)

44,320 (53.09)Participants using website and mobile app, n (%)

46.5 (15.5)Age (years), mean (SD)

46,741 (56)Female participants, n (%)

56 (14.9)Weeks with active marketing campaigns, n (%)

Participants per age group (years), n (%)

8263 (9.89)18-26

17,779 (21.3)27-36

16,693 (19.99)37-46

17,695 (21.2)47-56

12,937 (15.49)57-66

10,099 (12.09)67-80

Participants per NSESa quintile (from lowest to highest socioeconomic conditions), n (%)

18,446 (22.1)First

22,453 (26.9)Second

16,109 (19.29)Third

13,605 (16.3)Fourth

12,853 (15.38)Fifth

aNSES: neighborhood socioeconomic status.

Figure 2 further depicts the proportion of program participants
who were in each NSES quintile, separated into two groups:
those who used solely the website of the health program and
those who used both the website and the mobile app.

On the basis of Figure 2, the distribution of program participants
across NSES quintiles showed a similar pattern independent of
the health program’s delivery means used.

Figure 2. Distribution of health program participants across neighborhood socioeconomic status (NSES) quintiles.
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Regression Results
Analyzing the rate of adoption of the health program generated
the results shown in Table 2, which contains the parameter
estimates from the PWP-GT model accounting for NSES

quintiles and the covariates of age, gender, and marketing
indicators. The estimates shown in Table 2 are the hazard ratios
(HRs; exponentiated model parameters) reflecting the effect
size of the covariates, their corresponding 95% CIs, and P
values.

Table 2. The impact of covariates on the rate of program adoption (Prentice, Williams, and Peterson Gap–Time model estimation resultsa,b).

Mobile app adoptionProgram adoption through websiteVariables

P valueHRd (95% CI)P valueHRc,d (95% CI)

NSESe quintile

N/A1.000fN/Ag1.000fFirst

.0010.940 (0.907-0.973).0021.034 (1.015-1.054)Second

.020.954 (0.918-0.990).021.029 (1.008-1.051)Third

.020.950 (0.912-0.988).021.031 (1.009-1.053)Fourth

.020.948 (0.910-0.987).121.020 (0.997-1.043)Fifth

<.0010.980 (0.979-0.981)<.0011.007 (1.006-1.007)Age (in years)

Gender

N/A1.000N/A1.000Female

<.0010.821 (0.797-0.845)<.0011.074 (1.060-1.088)Male

Marketing

N/A1.000N/A1.000No

<.00117.007 (16.979-17.035)<.0010.378 (0.360-0.396)Yes

aInterpreting the estimated hazard ratios, for example, the second neighborhood socioeconomic status (NSES) quintile had an increased likelihood of
program adoption via the website by a factor of 1.034 (95% CI 1.015-1.054) as compared with the lowest NSES quintile, keeping other covariates
constant (equivalent to a 3.4% increased likelihood of adoption). On the other hand, the likelihood of adoption of the mobile app when comparing the
second NSES quintile with the first one shows a decreased likelihood of adoption for the second NSES quintile by a factor of 0.940 (95% CI 0.907-0.973)
or 6%.
bObservations=166,932 (the 166,932 observations reflect the 83,466 participants as the model accounts for 2 events per participant); R2=0.255; maximum

possible R2=1.000; Wald test (df)=56,343.96 (14); P<.001.
cHR: hazard ratio.
dAn HR of 1.000 was assigned to the reference level for each categorical covariate.
eNSES: neighborhood socioeconomic status.
fFor the HR of 1.000 there is no 95% CI reported, as this is not an estimated HR, but is the default value assigned to the reference level.
gN/A: not applicable (it is the reference level).

The estimation results indicate that the impact of association
with an NSES quintile on the rate of adoption of the health
program differs between the 2 means of delivery. For the health
program adoption through the website (shown in the first column
of Table 2), most NSES quintiles have a statistically significant
higher likelihood of adoption compared with the lowest NSES
quintile; for example, an individual associated with the second
NSES quintile has an increased likelihood of adoption by a
factor of 1.034 (95% CI 1.015-1.054) compared with the lowest
NSES quintile, keeping other covariates constant. However, for
the adoption of the mobile app of the health program, all NSES
quintiles have a lower likelihood of adoption compared with
the lowest NSES quintile (shown in the second column of Table
2); comparing the second NSES quintile to the lowest one
reveals a lower likelihood of adoption for the mobile app by a
factor of 0.940 (95% CI 0.907-0.973), keeping other covariates
constant. In addition, the estimated decrease in the likelihood
of mobile app adoption for the higher NSES quintiles compared

with the lowest one is higher than the estimated increased
likelihood of website adoption (the effect sizes vary between a
decreased likelihood of 4.6%-6% for the mobile app adoption
and an increased likelihood of approximately 3% for the website
adoption).

Examining the additional covariates shown in Table 2 indicate
that older individuals have a higher rate of adoption of the
website (HR=1.007, 95% CI 1.006-1.007) but a lower rate of
adoption of the mobile app (HR=0.980, 95% CI 0.979-0.981)
as compared with younger individuals. In addition, men are
faster adopters of the website (HR=1.074, 95% CI 1.060-1.088)
but slower adopters of the mobile app (HR=0.821, 95% CI
0.797-0.845) as compared with women. Finally, the weeks in
which the marketing campaigns took place showed an increased
rate of adoption for the mobile app (HR=17.007, 95% CI
16.979-17.035) but a decreased rate of adoption for the website
(HR=0.378, 95% CI 0.360-0.396). The latter effect can be
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explained by the fact that all marketing campaigns took place
after the introduction of the mobile app, when the website rate
of adoption had already slowed down. Focusing on the impact
of marketing campaigns on the rate of adoption of the mobile
app based on interaction terms (section 3 in Multimedia
Appendix 1, available on the web), it turns out that higher NSES
quintiles are more sensitive to the marketing campaigns than
the lowest NSES quintile.

Discussion

Principal Findings
Owing to the increasing need for the prevention of risk behaviors
such as poor nutrition habits and insufficient physical activity,
web-based health programs have emerged as sustainable means
of providing large-scale preventive health services to the
population. As lower socioeconomic segments frequently exhibit
lower uptake levels of preventive health services, additional
research is needed to identify whether the lower socioeconomic
segments are more receptive to web-based health programs. In
this study, we examine whether the website or mobile app
delivery means of a web-based preventive health program can
induce a higher likelihood of adoption among the population
group with the lowest socioeconomic conditions.

Analyzing the distribution of health program participants across
NSES quintiles revealed a higher proportion in the lowest 2
NSES quintiles. Although generally, higher socioeconomic
segments tend to be more represented in preventive health
programs [40], the overrepresentation of the lowest NSES
quintiles observed in this study is linked to the particularities
of the insurance company that introduced the program, which
operates on a larger scale in areas with low socioeconomic
conditions.

The main findings of this study show that the website of the
health program is associated with a higher likelihood of adoption
among the higher socioeconomic population groups (between
2% and 3% increased likelihood of adoption; P value between
.12 and .002 depending on the NSES quintile), whereas the
mobile app displays a higher likelihood of adoption among the
lowest socioeconomic group (between 2% and 6% increased
likelihood of adoption; P value between .02 and .001 depending
on the NSES quintile). Additional findings originating from
this study reveal that the individuals’ demographic
characteristics are also linked to differences in adoption per
means of delivery, with younger women (P<.001) more likely
to adopt the mobile app of the health program. Marketing
campaigns are estimated to increase the likelihood of mobile
app adoption: 170% (P<.001) increased likelihood of mobile
app adoption during, or right after, the weeks in which the
marketing campaigns about the health program took place.

Comparison With Previous Work
The findings in other existing research differ on the topic of
health program adoption through mobile apps among
socioeconomic groups. On the one hand, it is estimated that
higher NSES segments are more likely to use health programs
delivered through mobile apps [12,15] because of their
possession of better digital skills [41] and easier access to

technological devices [42]. On the other hand, when engaging
with web-based health programs, individuals living in lower
NSES areas do so mostly through mobile apps [13,43] while
showing similar ease of use of mobile apps for health as that of
groups with higher socioeconomic conditions [44,45].

For the findings in this study, a circumstance likely linked to
the lower socioeconomic group showing a higher likelihood of
mobile app adoption is the possession of digital skills. A
characteristic of the Dutch population is the high levels of digital
skills, with the Netherlands ranking highest in Europe on this
scale [46]. An overall high level of digital proficiency removes
the potential barriers that could prevent lower socioeconomic
segments from engaging with health programs delivered through
mobile apps. In addition, among communities with the lowest
socioeconomic conditions in the Netherlands, there is a positive
attitude toward web-based lifestyle programs [47]; this,
combined with the high digital skills, potentially facilitates the
adoption of the mobile app of the health program.

Overall, the topic of disparities in the use of preventive health
services in the existing literature is supported by a general
consensus that although the socially disadvantaged segments
experience a heavier burden of behavioral risk factors and
disease [48,49], they are generally the least represented group
in preventive health services [40], an occurrence leading to an
accelerating inverse social gradient [50]. With web-based health
programs having the ability to achieve higher adoption and use
rates [9-11], more research is warranted on the effects of specific
delivery means of such programs on uptake, especially among
the lower socioeconomic population groups.

The realization that mobile app delivery of preventive health
programs can increase adoption among the lowest
socioeconomic segment of the population has important
implications for the future design of health programs. The
current digital age is characterized by a higher prevalence of
mobile phone use as compared with computer use, a pattern
that is especially heightened in low socioeconomic groups
[51,52], with mobile phone ownership and use also seeing a
sharp increase in the low-income countries [53]. Given these
tendencies, structuring future health programs to include a
mobile app as a means of delivery can help to increase the
adoption of such services among the disadvantaged
socioeconomic segment, which can support the stride toward
achieving health equity among all population groups.

In light of the growing health care expenditures and the
associated health disparities, it is of importance for health
insurance policies to encourage prevention over treatment. Given
the higher burden of costs associated with the population
segment with the lowest socioeconomic conditions, it is
paramount to increase preventive health service use within this
segment. Designing future health programs, including the use
of mobile apps, can facilitate the increase in the use of such
services by the lowest socioeconomic group, thus leading to
cost savings and encouraging further investment toward
large-scale, web-based prevention services.

Limitations and Future Research
This study’s setup and analysis methods have several limitations.
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First, as the adoption of the health program continued beyond
the window of observation analyzed in this study, it is not
confirmed that the effects observed here would maintain their
validity when including the later adopters of the website and
the mobile app. To verify whether the later adopters match the
pattern discussed in this study, the current analysis can be
replicated at a later stage of the health program’s existence.

Second, as the data analyzed were retrospective, the analysis
was limited to only a few covariates related to the study’s
participants. To overcome this restriction, the measure of NSES
was used to reflect socioeconomic conditions, with the limitation
of missing information on residential moves and not accounting
for heterogeneity within neighborhoods. An extension of the
current analysis would be to include a measure of individual
socioeconomic status and compare the inferences based on the
individual-level measure to the ones obtained here based on the
neighborhood-level measure.

Third, the program analyzed has a particular structure of
adoption, with all participants initially adopting the website and
subsequently having the choice to adopt the mobile app. Such
a structure can potentially lead to conservative estimates, as in
this setup, the mobile app adopters are already aware of the
program’s existence, having engaged previously with the
website. Overcoming this restriction can be achieved by
allowing program participants to adopt solely the mobile app,
this being a structure toward which the analyzed health program
is currently migrating.

Fourth, the specific health program analyzed includes solely
individuals aged >18 years and from a high-income country.
Given that youths worldwide are increasingly using more
web-based services, future analyses could include younger
individuals and compare web-based health program adoption
within a more heterogeneous sample of low- and high-income
countries. Although the findings of this study are based on the
participants of a specific health program, we believe that the
inferences drawn can be applied to the contexts of other health
technologies, mainly because of the size and diversity of the
data analyzed.

Finally, it is important to realize that solely adopting a
preventive health program does not contribute to improvements
in health. Therefore, as a future extension of this study, the
analysis can include the subsequent use of the health program,
and its impact on health outcomes, while distinguishing between
population groups with different socioeconomic conditions.

Conclusions
In this study, a large-scale web-based preventive health program
promoted in the Netherlands was analyzed, focusing on its rate
of adoption among socioeconomic groups. The mobile app of
the health program was identified as a delivery means linked
to a higher likelihood of program adoption among the population
group with the lowest socioeconomic conditions. This finding
suggests that future preventive health interventions can benefit
from web-based delivery through mobile apps, especially in the
light of the increasing use of mobile phones among the
disadvantaged population segments.

Acknowledgments
The authors wish to thank Menzis and Dacadoo for providing the data necessary for this project. Funding for this project was
provided by Menzis (the health insurance company that introduced the health program). The funder had no involvement in the
study design, data analysis and interpretation, writing the report, or the decision to submit the report for publication.

Conflicts of Interest
EA is funded by Menzis (the health insurance company that introduced the health program) in her position as a PhD candidate.

Multimedia Appendix 1
Additional estimation results.
[DOC File , 221 KB-Multimedia Appendix 1]

Multimedia Appendix 2
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) checklist.
[PDF File (Adobe PDF File), 135 KB-Multimedia Appendix 2]

References

1. Noncommunicable diseases. World Health Organization. URL: https://www.who.int/health-topics/noncommunicable-diseases
[accessed 2021-03-14]

2. Benziger CP, Roth GA, Moran AE. The global burden of disease study and the preventable burden of NCD. Glob Heart
2016 Dec 01;11(4):393-397. [doi: 10.1016/j.gheart.2016.10.024] [Medline: 27938824]

3. GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk assessment of 79 behavioural,
environmental and occupational, and metabolic risks or clusters of risks, 1990-2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancet 2016 Oct 08;388(10053):1659-1724 [FREE Full text] [doi:
10.1016/S0140-6736(16)31679-8] [Medline: 27733284]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 | e32112 | p. 8https://humanfactors.jmir.org/2022/1/e32112
(page number not for citation purposes)

Agachi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v9i1e32112_app1.doc&filename=f18ec5c5df4c7d2ad92a6b215f20007e.doc
https://jmir.org/api/download?alt_name=humanfactors_v9i1e32112_app1.doc&filename=f18ec5c5df4c7d2ad92a6b215f20007e.doc
https://jmir.org/api/download?alt_name=humanfactors_v9i1e32112_app2.pdf&filename=422be9e515afa4f46f6f691615d2020e.pdf
https://jmir.org/api/download?alt_name=humanfactors_v9i1e32112_app2.pdf&filename=422be9e515afa4f46f6f691615d2020e.pdf
https://www.who.int/health-topics/noncommunicable-diseases
http://dx.doi.org/10.1016/j.gheart.2016.10.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27938824&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(16)31679-8
http://dx.doi.org/10.1016/S0140-6736(16)31679-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27733284&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Marmot M. Social determinants of health inequalities. Lancet 2005 Mar 25;365(9464):1099-1104. [doi:
10.1016/s0140-6736(05)74234-3]

5. de Boer WI, Buskens E, Koning RH, Mierau JO. Neighborhood socioeconomic status and health care costs: a population-wide
study in the Netherlands. Am J Public Health 2019 Jun;109(6):927-933. [doi: 10.2105/ajph.2019.305035]

6. Nelson HD, Cantor A, Wagner J, Jungbauer R, Quiñones A, Stillman L, et al. Achieving health equity in preventive services:
a systematic review for a national institutes of health pathways to prevention workshop. Ann Intern Med 2020 Jan
14;172(4):258. [doi: 10.7326/m19-3199]

7. Bretthauer M, Kalager M. Disparities in preventive health services: targeting minorities and majorities. Ann Intern Med
2020 Jan 14;172(4):287. [doi: 10.7326/m19-3899]

8. Broeders D, Das D, Jennissen R, Tiemeijer W, de Visser M. Van verschil naar potentieel: Een realistisch perspectief op de
sociaaleconomische gezondheidsverschillen. WRR-Policy Brief 7. 2018. URL: https://www.wrr.nl/binaries/wrr/documenten/
policy-briefs/2018/08/27/
van-verschil-naar-potentieel.-een-realistisch-perspectief-op-de-sociaaleconomische-gezondheidsverschillen/
PB+7_Sociaaleconomische+gezondheidsverschillen_web_2908.pdf [accessed 2022-01-24]

9. Dounavi K, Tsoumani O. Mobile health applications in weight management: a systematic literature review. Am J Prev Med
2019 Jun;56(6):894-903 [FREE Full text] [doi: 10.1016/j.amepre.2018.12.005] [Medline: 31003801]

10. Conroy DE, Yang C, Maher JP. Behavior change techniques in top-ranked mobile apps for physical activity. Am J Prev
Med 2014 Jun;46(6):649-652. [doi: 10.1016/j.amepre.2014.01.010] [Medline: 24842742]

11. Wantland DJ, Portillo CJ, Holzemer WL, Slaughter R, McGhee EM. The effectiveness of web-based vs. non-web-based
interventions: a meta-analysis of behavioral change outcomes. J Med Internet Res 2004 Nov 10;6(4):e40 [FREE Full text]
[doi: 10.2196/jmir.6.4.e40] [Medline: 15631964]

12. Bol N, Helberger N, Weert JC. Differences in mobile health app use: a source of new digital inequalities? Inform Society
2018 Apr 26;34(3):183-193. [doi: 10.1080/01972243.2018.1438550] [Medline: 26281194]

13. Graetz I, Huang J, Brand RJ, Hsu J, Yamin CK, Reed ME. Bridging the digital divide: mobile access to personal health
records among patients with diabetes. Am J Manag Care 2018 Jan;24(1):43-48 [FREE Full text] [Medline: 29350505]

14. Robinson L, Cotten SR, Ono H, Quan-Haase A, Mesch G, Chen W, et al. Digital inequalities and why they matter. Inform
Commun Society 2015 Mar 16;18(5):569-582. [doi: 10.1080/1369118X.2015.1012532]

15. Lim D, Norman R, Robinson S. Consumer preference to utilise a mobile health app: a stated preference experiment. PLoS
One 2020 Feb 21;15(2):e0229546 [FREE Full text] [doi: 10.1371/journal.pone.0229546] [Medline: 32084250]

16. Digital health. World Health Organization. URL: https://www.who.int/health-topics/digital-health [accessed 2021-03-14]
17. Labrique A, Vasudevan L, Chang LW, Mehl G. H_pe for mHealth: more "y" or "o" on the horizon? Int J Med Inform 2013

May;82(5):467-469 [FREE Full text] [doi: 10.1016/j.ijmedinf.2012.11.016] [Medline: 23279850]
18. Eysenbach G. The law of attrition. J Med Internet Res 2005 Mar;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]

[Medline: 15829473]
19. Rogers E. Diffusion of Innovations. 4th ed. New York: Simon and Schuster; 2010.
20. Sezgin E. Introduction to current and emerging mHealth technologies: adoption, implementation, and use. In: Sezgin E,

Yildirim SO, Yildirim S, editors. Current and Emerging mHealth Technologies. Switzerland: Springer; 2018:1-6.
21. Berkman L, Kawachi I, Glymour M. Social Epidemiology. 2nd ed. Oxfordshire, United Kingdom: Oxford University Press;

2014:510-548.
22. Robinette JW, Charles ST, Almeida DM, Gruenewald TL. Neighborhood features and physiological risk: an examination

of allostatic load. Health Place 2016 Sep;41:110-118 [FREE Full text] [doi: 10.1016/j.healthplace.2016.08.003] [Medline:
27583527]

23. Jiao J, Drewnowski A, Moudon AV, Aggarwal A, Oppert J, Charreire H, et al. The impact of area residential property
values on self-rated health: a cross-sectional comparative study of Seattle and Paris. Prev Med Rep 2016 Dec;4:68-74
[FREE Full text] [doi: 10.1016/j.pmedr.2016.05.008] [Medline: 27413663]

24. Duncan D, Kawachi I. Neighborhoods and Health. 2nd ed. Oxford, UK: Oxford University Press; 2018.
25. Key indicators neighbourhoods Netherlands, 2016. Central Bureau of Statistics. URL: https://www.cbs.nl/nl-nl/maatwerk/

2016/30/kerncijfers-wijken-en-buurten-2016 [accessed 2020-09-07]
26. Dekker L, Rijnks R, Mierau J. The health potential of neighborhoods: a population-wide study in the Netherlands. SSM

Popul Health 2021 Sep;15:100867 [FREE Full text] [doi: 10.1016/j.ssmph.2021.100867] [Medline: 34377761]
27. Wanner M, Martin-Diener E, Bauer G, Braun-Fahrländer C, Martin BW. Comparison of trial participants and open access

users of a web-based physical activity intervention regarding adherence, attrition, and repeated participation. J Med Internet
Res 2010 Feb;12(1):e3 [FREE Full text] [doi: 10.2196/jmir.1361] [Medline: 20147006]

28. Zhou L, Bao J, Watzlaf V, Parmanto B. Barriers to and facilitators of the use of mobile health apps from a security perspective:
mixed-methods study. JMIR Mhealth Uhealth 2019 Apr 16;7(4):e11223 [FREE Full text] [doi: 10.2196/11223] [Medline:
30990458]

29. Cox D, Oakes D. Analysis of Survival Data. Boca Raton, Florida, United States: Chapman and Hall/CRC; 1984.
30. Amorim L, Cai J. Modelling recurrent events: a tutorial for analysis in epidemiology. Int J Epidemiol 2015 Feb;44(1):324-333

[FREE Full text] [doi: 10.1093/ije/dyu222] [Medline: 25501468]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 | e32112 | p. 9https://humanfactors.jmir.org/2022/1/e32112
(page number not for citation purposes)

Agachi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0140-6736(05)74234-3
http://dx.doi.org/10.2105/ajph.2019.305035
http://dx.doi.org/10.7326/m19-3199
http://dx.doi.org/10.7326/m19-3899
https://www.wrr.nl/binaries/wrr/documenten/policy-briefs/2018/08/27/van-verschil-naar-potentieel.-een-realistisch-perspectief-op-de-sociaaleconomische-gezondheidsverschillen/PB+7_Sociaaleconomische+gezondheidsverschillen_web_2908.pdf
https://www.wrr.nl/binaries/wrr/documenten/policy-briefs/2018/08/27/van-verschil-naar-potentieel.-een-realistisch-perspectief-op-de-sociaaleconomische-gezondheidsverschillen/PB+7_Sociaaleconomische+gezondheidsverschillen_web_2908.pdf
https://www.wrr.nl/binaries/wrr/documenten/policy-briefs/2018/08/27/van-verschil-naar-potentieel.-een-realistisch-perspectief-op-de-sociaaleconomische-gezondheidsverschillen/PB+7_Sociaaleconomische+gezondheidsverschillen_web_2908.pdf
https://www.wrr.nl/binaries/wrr/documenten/policy-briefs/2018/08/27/van-verschil-naar-potentieel.-een-realistisch-perspectief-op-de-sociaaleconomische-gezondheidsverschillen/PB+7_Sociaaleconomische+gezondheidsverschillen_web_2908.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0749-3797(19)30025-X
http://dx.doi.org/10.1016/j.amepre.2018.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31003801&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2014.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24842742&dopt=Abstract
http://www.jmir.org/2004/4/e40/
http://dx.doi.org/10.2196/jmir.6.4.e40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15631964&dopt=Abstract
http://dx.doi.org/10.1080/01972243.2018.1438550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26281194&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=87412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29350505&dopt=Abstract
http://dx.doi.org/10.1080/1369118X.2015.1012532
https://dx.plos.org/10.1371/journal.pone.0229546
http://dx.doi.org/10.1371/journal.pone.0229546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32084250&dopt=Abstract
https://www.who.int/health-topics/digital-health
http://europepmc.org/abstract/MED/23279850
http://dx.doi.org/10.1016/j.ijmedinf.2012.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23279850&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://europepmc.org/abstract/MED/27583527
http://dx.doi.org/10.1016/j.healthplace.2016.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27583527&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(16)30038-9
http://dx.doi.org/10.1016/j.pmedr.2016.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27413663&dopt=Abstract
https://www.cbs.nl/nl-nl/maatwerk/2016/30/kerncijfers-wijken-en-buurten-2016
https://www.cbs.nl/nl-nl/maatwerk/2016/30/kerncijfers-wijken-en-buurten-2016
https://linkinghub.elsevier.com/retrieve/pii/S2352-8273(21)00142-7
http://dx.doi.org/10.1016/j.ssmph.2021.100867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34377761&dopt=Abstract
http://www.jmir.org/2010/1/e3/
http://dx.doi.org/10.2196/jmir.1361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20147006&dopt=Abstract
https://mhealth.jmir.org/2019/4/e11223/
http://dx.doi.org/10.2196/11223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30990458&dopt=Abstract
http://europepmc.org/abstract/MED/25501468
http://dx.doi.org/10.1093/ije/dyu222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25501468&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Prentice RL, Williams BJ, Peterson AV. On the regression analysis of multivariate failure time data. Biometrika
1981;68(2):373-379. [doi: 10.1093/biomet/68.2.373]

32. Yadav CP, Lodha R, Kabra SK, Sreenivas V, Sinha A, Khan MA, et al. Comparison of statistical methods for recurrent
event analysis using pediatrics asthma data. Pharm Stat 2020 Nov 02;19(6):803-813. [doi: 10.1002/pst.2032] [Medline:
32484295]

33. Castañeda J, Gerritse B. Appraisal of several methods to model time to multiple events per subject: modelling time to
hospitalizations and death. Rev Colomb Estad 2010;33(1):43-61 [FREE Full text]

34. Kelly PJ, Lim LL. Survival analysis for recurrent event data: an application to childhood infectious diseases. Statist Med
2000 Jan 15;19(1):13-33. [doi: 10.1002/(sici)1097-0258(20000115)19:1<13::aid-sim279>3.0.co;2-5]

35. Therneau T. A package for survival analysis in R. R Package Version 3.2-13. 2021. URL: https://CRAN.R-project.org/
package=survival [accessed 2022-01-18]

36. Therneau T, Grambsch P. Modeling Survival Data: Extending the Cox Model. New York: Springer; 2000.
37. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL:

https://www.r-project.org [accessed 2020-09-07]
38. Schoenfeld D. Partial residuals for the proportional hazards regression model. Biometrika 1982;69(1):239-241. [doi:

10.1093/biomet/69.1.239]
39. Therneau T, Crowson C, Atkinson E. Using time dependent covariates and time dependent coefficients in the cox model.

The Survival Package. 2013. URL: https://cran.microsoft.com/snapshot/2018-07-06/web/packages/survival/vignettes/
timedep.pdf [accessed 2021-02-01]

40. Jusot F, Or Z, Sirven N. Variations in preventive care utilisation in Europe. Eur J Ageing 2011 Oct 21;9(1):15-25. [doi:
10.1007/s10433-011-0201-9]

41. Angosto S, García-Fernández J, Valantine I, Grimaldi-Puyana M. The Intention to Use Fitness and Physical Activity Apps:
A Systematic Review. Sustainability 2020 Aug 17;12(16):6641. [doi: 10.3390/su12166641]

42. Ha J, Kang SJ, Kim Y. Sport fans in a “smart sport” (SS) age: drivers of smartphone use for sport consumption. Int J Sports
Market Sponsor 2017 Aug 07;18(3):281-297. [doi: 10.1108/ijsms-08-2017-093]

43. Chang E, Blondon K, Lyles CR, Jordan L, Ralston JD. Racial/ethnic variation in devices used to access patient portals. Am
J Manag Care 2018 Jan 01;24(1):1-8 [FREE Full text] [Medline: 29350513]

44. Ramirez V, Johnson E, Gonzalez C, Ramirez V, Rubino B, Rossetti G. Assessing the use of mobile health technology by
patients: an observational study in primary care clinics. JMIR Mhealth Uhealth 2016 Apr 19;4(2):e41 [FREE Full text]
[doi: 10.2196/mhealth.4928] [Medline: 27095507]

45. Miller DP, Weaver KE, Case LD, Babcock D, Lawler D, Denizard-Thompson N, et al. Usability of a novel mobile health
iPad app by vulnerable populations. JMIR Mhealth Uhealth 2017 Apr 11;5(4):e43 [FREE Full text] [doi:
10.2196/mhealth.7268] [Medline: 28400354]

46. The Netherlands ranks among the EU top in digital skills. Central Bureau of Statistics. 2020. URL: https://www.cbs.nl/
en-gb/news/2020/07/the-netherlands-ranks-among-the-eu-top-in-digital-skills [accessed 2021-05-20]

47. Faber JS, Al-Dhahir I, Reijnders T, Chavannes NH, Evers AW, Kraal JJ, et al. Attitudes toward health, healthcare, and
eHealth of people with a low socioeconomic status: a community-based participatory approach. Front Digit Health 2021
Jul 8;3:690182 [FREE Full text] [doi: 10.3389/fdgth.2021.690182] [Medline: 34713165]

48. Kivimäki M, Batty GD, Pentti J, Shipley MJ, Sipilä PN, Nyberg ST, et al. Association between socioeconomic status and
the development of mental and physical health conditions in adulthood: a multi-cohort study. Lancet Public Health 2020
Mar;5(3):e140-e149 [FREE Full text] [doi: 10.1016/S2468-2667(19)30248-8] [Medline: 32007134]

49. Allen L, Williams J, Townsend N, Mikkelsen B, Roberts N, Foster C, et al. Socioeconomic status and non-communicable
disease behavioural risk factors in low-income and lower-middle-income countries: a systematic review. Lancet Global
Health 2017 Mar;5(3):277-289. [doi: 10.1016/s2214-109x(17)30058-x]

50. Marmot M. Health equity in England: the Marmot review 10 years on. Br Med J 2020 Feb 24;368:m693. [doi:
10.1136/bmj.m693] [Medline: 32094110]

51. Mobile fact sheet. Pew Research Center, Internet & Technology. 2021. URL: https://www.pewresearch.org/internet/
fact-sheet/mobile/?menuItem=011fca0d-9756-4f48-b352-d58f343696bf [accessed 2021-05-20]

52. Marler W. Mobile phones and inequality: findings, trends, and future directions. New Media Society 2018 Apr
07;20(9):3498-3520. [doi: 10.1177/1461444818765154]

53. Silver L, Smith A, Johnson C, Jiang J, Anderson M, Rainie L. Use of smartphones and social media is common across most
emerging economies. Pew Research Center, Internet & Technology. 2019. URL: https://www.pewresearch.org/internet/
2019/03/07/use-of-smartphones-and-social-media-is-common-across-most-emerging-economies [accessed 2021-05-20]

Abbreviations
HR: hazard ratio
NSES: neighborhood socioeconomic status
PWP: Prentice, Williams, and Peterson

JMIR Hum Factors 2022 | vol. 9 | iss. 1 | e32112 | p. 10https://humanfactors.jmir.org/2022/1/e32112
(page number not for citation purposes)

Agachi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1093/biomet/68.2.373
http://dx.doi.org/10.1002/pst.2032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32484295&dopt=Abstract
http://ref.scielo.org/vpb4f4
http://dx.doi.org/10.1002/(sici)1097-0258(20000115)19:1<13::aid-sim279>3.0.co;2-5
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
https://www.r-project.org
http://dx.doi.org/10.1093/biomet/69.1.239
https://cran.microsoft.com/snapshot/2018-07-06/web/packages/survival/vignettes/timedep.pdf
https://cran.microsoft.com/snapshot/2018-07-06/web/packages/survival/vignettes/timedep.pdf
http://dx.doi.org/10.1007/s10433-011-0201-9
http://dx.doi.org/10.3390/su12166641
http://dx.doi.org/10.1108/ijsms-08-2017-093
https://www.ajmc.com/pubMed.php?pii=87420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29350513&dopt=Abstract
http://mhealth.jmir.org/2016/2/e41/
http://dx.doi.org/10.2196/mhealth.4928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27095507&dopt=Abstract
https://mhealth.jmir.org/2017/4/e43/
http://dx.doi.org/10.2196/mhealth.7268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28400354&dopt=Abstract
https://www.cbs.nl/en-gb/news/2020/07/the-netherlands-ranks-among-the-eu-top-in-digital-skills
https://www.cbs.nl/en-gb/news/2020/07/the-netherlands-ranks-among-the-eu-top-in-digital-skills
http://europepmc.org/abstract/MED/34713165
http://dx.doi.org/10.3389/fdgth.2021.690182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34713165&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(19)30248-8
http://dx.doi.org/10.1016/S2468-2667(19)30248-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32007134&dopt=Abstract
http://dx.doi.org/10.1016/s2214-109x(17)30058-x
http://dx.doi.org/10.1136/bmj.m693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32094110&dopt=Abstract
https://www.pewresearch.org/internet/fact-sheet/mobile/?menuItem=011fca0d-9756-4f48-b352-d58f343696bf
https://www.pewresearch.org/internet/fact-sheet/mobile/?menuItem=011fca0d-9756-4f48-b352-d58f343696bf
http://dx.doi.org/10.1177/1461444818765154
https://www.pewresearch.org/internet/2019/03/07/use-of-smartphones-and-social-media-is-common-across-most-emerging-economies
https://www.pewresearch.org/internet/2019/03/07/use-of-smartphones-and-social-media-is-common-across-most-emerging-economies
http://www.w3.org/Style/XSL
http://www.renderx.com/


PWP-GT: Prentice, Williams, and Peterson Gap–Time
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology

Edited by M Focsa; submitted 15.07.21; peer-reviewed by H Do, A Hidki, C Reis; comments to author 01.09.21; revised version
received 13.10.21; accepted 05.11.21; published 02.02.22

Please cite as:
Agachi E, Bijmolt THA, Mierau JO, van Ittersum K
Adoption of the Website and Mobile App of a Preventive Health Program Across Neighborhoods With Different Socioeconomic
Conditions in the Netherlands: Longitudinal Study
JMIR Hum Factors 2022;9(1):e32112
URL: https://humanfactors.jmir.org/2022/1/e32112
doi: 10.2196/32112
PMID:

©Elena Agachi, Tammo H A Bijmolt, Jochen O Mierau, Koert van Ittersum. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 02.02.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 | e32112 | p. 11https://humanfactors.jmir.org/2022/1/e32112
(page number not for citation purposes)

Agachi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2022/1/e32112
http://dx.doi.org/10.2196/32112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

