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ABSTRACT

Background: From the perspective of the increasing number of chronically ill people, the
increasing shortage of healthcare professionals and the rising healthcare costs, self-
management is becoming more important. Currently, there are self-monitoring applications
that facilitate self-management, but it is still unclear which factors, on the level healthcare
consumers, influence use and whether the trend in use of self-monitoring applications over the
time differs in subgroups of healthcare consumers.

Methods: Data from 3,921 Dutch healthcare consumers was used for this cross-sectional study.
Secondary analyses of existing data where performed. The relationship between patient- and
disease-specific factors and use/willingness to use self-monitoring applications for self-
management was assed. Univariate logistic regression analyses where preformed to select
potential predictors for the multivariate logistic regression analyses. Trend analyses where
preformed to asses change in use/willingness to use over time.

Results: lower age, higher level of education and higher income are positively related to using
a technological device to track physical activity (SMA-1) and willingness to measure and
maintain health values using the internet or with an application (SMA-2). In addition to that,
willingness to use a device that regularly measures health values and sends them to a
healthcare provider (SMA-3) is also associated with males, presence of a chronic condition,
ethnicity, occupation and working in the healthcare sector. SMA-1 and SMA-3 showed a
positive trend in use/ willingness to use over time. For SMA-2 willingness tot use stays more or
less the same.

Conclusion: This study provides the first evidence for factors, on the level healthcare
consumers, that are related to use/willingness to use self-monitoring application. Lower
educated people need more counselling in order to preform optimal self-monitoring behavior.
The percentage use/willingness to use SMA-1 and SMA-3 has increased over time while the
gap in use/willingness to use between higher and lower educated healthcare consumers
remains similar.

Clinical Relevance : This study contributes to the implementation of self-monitoring
applications in the Dutch healthcare system by tailoring to specific groups of healthcare
consumers.

Keywords: self-management; self-monitoring; health behavior; eHealth.
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INTRODUCTION

In recent years, there has been a growing demand for the reorganization of healthcare from
secondary to primary care in the Netherlands(1,2). The increasing demand for change is
triggered by 3 key aspects: 1- The ageing population, resulting in more healthcare consumers
whit a chronic condition and an increasing demand for healthcare services. In addition, not
only the number of healthcare consumers with a chronic condition is rising, treatment of
healthcare consumers with chronic conditions becomes more complex because they often have
more than one chronic condition (2,3). Contributing to this, 2- the growing shortage of
healthcare professionals in the Netherlands is making the previous aspect an even bigger
problem (2,3). At last, 3- both current and future health care costs are believed to be
unsustainable (2). According to National Institute for Public Health and the Environment (RIVM)
healthcare expenses are expected to increase by 2,9 percent each year. This means care

expenditure will increase from 85.8 billion in 2015 to 174 billion euro in 2040 (3).

The demand for a shift from secondary to primary care asks for a different approach. Self-
management can facilitate this. Bringing health care services closer to the patients enables
them to self-manage their healthcare needs in collaboration with local primary care providers
or informal care. Primary care professionals consider self-management as an essential
component of chronic care (4). In addition, self-management can lead to a reduction in the use
of health care services (5,6). The self-management approach is also in line with the current
debate on the definition of health. A proposal for change has been made where the authors
state that health should be formulated as the ability to adjust and self-manage in terms of

social, physical and emotional challenges (7).

Self-management requires considerable effort from healthcare consumers and an active role
in everyday decisions managing their health (8). In return, however, preforming self-
management improves health outcomes, quality of life and reduces mortality and disability (9).
Where healthcare consumers need to take an active role, for primary healthcare providers the
self-management approach requires a more coaching role. The physiotherapist could play an
important role in this as he or she treats many chronically ill patients, sees the patients more
frequently and for longer periods of time each visit compared to other healthcare providers

(10,11).

A key aspect of self-management is awareness of health (8). This applies to both the patient
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and the healthcare provider. The healthcare provider must know what the patient is doing and
what the patient wants to achieve in order to contribute to patients self-management and carry
out the coaching role properly (12-14). Technology can facilitate this e.g. by self-monitoring
applications and internet communication. Self-monitoring improves patient awareness of

specific health values which can be a trigger to take action or consult a healthcare provider (9).

Despite the wide range of self-monitoring applications that is available, self-monitoring is not
yet integrated in standard healthcare procedures (15,16). Previous research reported the lack
of additional benefits, regular care being sufficient, technological difficulties and the
association with a high degree of dependency as arguments for non-use (17). In addition, self-
management tasks are partly disease specific and partly generic (18). Up until now it is still
unknown which kind of healthcare consumers (in terms of characteristics) are using or willing
to use self-monitoring applications for self-management. Recent literature examined the use
of eHealth in general and indicated age, gender, socioeconomic status, long-term health
problems, education and income as predictors for use (19,20). Previous studies on self-
monitoring usage, only examined patient specific populations (4,16,21-23). These studies
indicate that disease-specific factors can play an important role in willingness to self-monitor
(4,16,21-23). For example, to which extend is the patient able to have influence by self-
monitoring (diabetes vs. cancer) and what is the patient’s believe about his or her capabilities

to manage and control the disease (self-efficacy).

Considering the implementation of self-monitoring in standard healthcare, it is important to
tailor this process to specific groups and settings (24). An important first step is to find out
which healthcare consumer-specific factors are related to use and non-use, and what trend
these factors show in relation to use over time. This leads to the following objectives (a) which
factors, on the level of the healthcare consumers, are related to using different types of self-
monitoring applications for self-management and (b) which subgroups can be distinguished
that show a different trend in the use of self-monitoring tools for self-management compared

to the average population?
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METHODS

Recruitment
Data gathered for the eHealth-monitor 2013 up to 2018 (25-29) was used to perform

secondary analysis for this cross-sectional study. The eHealth-monitor is an annual survey from
Nivel and Nictiz that monitors the availability and use of eHealth applications by healthcare
consumers and caregivers. This data was obtained from Nivels’ (the Netherlands Institute for
Health Services Research) Dutch Health Care Consumer Panel (COPA) (30). Each year a sample
that is representative for the Dutch adult (18+) population was drawn from the COPA. The
COPA consists of approximately 12.000 members who represent the Dutch population. The
COPA is a so-called access panel where the members have agreed to answer questions on a
regular base. Inclusion in the COPA is only possible by invitation. Inclusion criteria are: at least
18 years of age and a citizen of the Netherlands. The panel is regularly refreshed. To avoid the
learning effect, members are deregistered after 4-5 years. COPA members are sent a
questionnaire 2 to 3 times a year about experiences with or opinions about healthcare. COPA
members indicate whether they want to receive a postal or digital questionnaire. Non-
respondents receive two reminders. There were no additional inclusion criteria for participation

in the eHealth-monitor questionnaire regarding the use of Self-monitoring applications.

Measurements
Participant Characteristics
The background characteristics had already been gathered using a questionnaire when they

entered the COPA. The following healthcare consumer-related factors where used for this
study: gender (O=female, 1=male), age, ethnicity (1=native, 2=western immigrant, 3= non-
western immigrant), level of education (1=low, 2=medium, 3=high), income (1=low <€1450,
2=medium €1450-€2500, 3=high >€2500), occupation (1=student, 2=paid work,
3=unemployed, 4=incapacitated for work, 5=housewife/man, 6=retired, 7=other), self-
reported general health (1=excellent, 2=very good, 3=good, 4=mediocre, 5=poor), self-
reported mental health (1=excellent, 2=very good, 3=good, 4=mediocre, 5=poor), presence
of a chronic condition (amount and type) and Profession (1=l am not, and never have been
working as a healthcare provider, 2=I currently am working as a healthcare provider, 3=I have

been working as a healthcare provider).

Measurement of self-monitoring applications usage
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Participants were asked the following three questions regarding the use of self-monitoring
applications: In the past 12 months | have; 1- used a technological device to track my physical
activity (self-monitoring application 1, SMA-1), 2- measured and maintained health values
using the internet or with an application (self-monitoring application 2, SMA-2) and 3- used a
device that regularly measures health values and sends them to a healthcare provider (self-
monitoring application 3, SMA-3). Participants could give the following answers: In the past 12
months | have; 1-used once, 2- used more than once, 3-not used and | don't want to use, 4-
not used and | don't know if | want to use and 5-not used but would like to use. For SMA-1
and SMA-2 data from 2014 until 2018 was available for this study. For SMA-3 there was also

data from 2013 available.

Statistical analyses
Defining use
Considering the number of cases per event, use of the Self-monitoring applications 1 to 3

(SMA-1 to 3) was categorized in two ways. 1: willingness to use defined as: used once, used
more than once and not used but would like to use. For this categorization SMA-1 was labelled
as SMA-1a. The use of SMA-1 was also defined as: used once or used more than once and
labelled as SMA-1b. In this way a comparison of actual use and willingness to use can be made.

Table 1 shows the definition of “use” for each SMA.

. Lo eHealth-monitor data
Self-monitoring applications Users Non-users used

not used and | don't

want to use, not used
SMA-1a Uese on;:}e O L] el and | don't know if | want
than once to use and not used but
would like to use.

not used and | don't

2014 to 2018

used once, used more

SMA-1b than once and not used want toluse, no’F used 2014 to 2018
. and | don't know if | want
but would like to use. t0 Lse

not used and | don't
want to use, not used
and | don't know if | want

used once, used more
SMA-2 than once and not used
but would like to use.

2014 to 2018

to use
used once, used more not used and | don't
' want to use, not used 2013 to 2018
SMA-3 than once and not used \ .
. and | don't know if | want
but would like to use.
to use

Table 1. Categorization of SMA use

Krommenhoek, E. Self-monitoring applications for self-management by healthcare consumers



Chronic condition categorization
At the start of their COPA membership, participants were asked the following question in

relation to chronic conditions: Can you mark below the conditions you have had in the past 12
months? Participants also had the opportunity to mark that they have another chronic
condition or that they have no chronic condition. The variable “chronic condition” was analyzed
in 2 ways: (1) chronic condition (0= no chronic condition, 1= one or more chronic conditions)
and (2) the presence of (O=not present, 1=present) chronic conditions that can be controlled
by self-managing (osteoarthritis, ischemic heart disease/heart failure, chronic backpain, COPD,
asthma, hypertension, diabetes). This selection was based on previous research (16,31-33) and

supported by the clinical expertise of the researchers and physiotherapeutic relevance.

Trend analyses
To give insight in subgroups that show a different trend in the use/willingness to use self-

monitoring tools for self-management compared to the average population, the percentage
of use/willingness to use each SMA is graphically displayed as a function of year. Factors that
did not differ from the average population were removed from the graph in order to be able

to display the data more clearly.

Statistics
Statistical analyses were preformed using STATA version 15.0. The Shapiro-Wilk test,

histograms and Q-Q-plots are used to check on normality. A boxplot was used to graphically
inspect data on outliers. In case of outliers the data was manually checked and noted as missing
if they were unrealistic. Descriptive statistics were conducted to study patient characteristics
and the distribution of use for each SMA. Results were presented by mean and standard

deviation for continues variables and number and percentages for categorical variables.

Data was checked on multicollinearity by correlation coefficients and variance of influence
(VIFs). Correlation coefficients above .8 and VIF values above 10 where considered as a cut of

point to be included in the regression analysis (34).

Univariate logistic regression analysis were conducted to identify which characteristics are
related to use of Self-monitoring applications. Dependent value: self-monitoring application
1-3 (SMA-1b: 1= used once + used more than once, 0= not used and | don't want to use + not
used and | don't know if | want to use + not used but would like to use. SMA-1a+2+3: 1= used

once + used more than once + not used but would like to use, 0= not used and | don't want
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to use + not used and | don't know if | want to use). Independent values: participant
characteristics (see Participant Characteristics). Independent values: participant characteristics
(see section Participant Characteristics). Independent values that had an association with the
use/willingness to use Self-monitoring applications were selected (p<0.20) for building the
multivariate model considering that the used parameters may not be more than 10% of the
minimum number of people with and without the event (35). A less strict p-value (p<0.20) was
used to ensure the possible mutual influence of covariates is also taken into account.
Assumptions for logistic regression were checked. Ultimately, multivariate logistic regression

analyses were preformed using a backward stepwise method.

Sample size calculation is done by the rule of thumb that for each predictor variable a minimum
of 10 outcome events should be used (35,36). This study contains 11 predictor variables with a

total of 35 parameters which leads to a minimum sample of n=350 for each event.

Results

Respondents selection and sample characteristics
A total of 3.921 cases with a mean age of 55 years (sd: 16.429, range: 18-94) were used for

secondary analyses of existing data (25-29). As shown in figure 1. a random sample from the
COPA was drawn each year. A total of 2219 individual respondents took part in this study. the
minimum sample of 350 per event was met. Table 2. shows the characteristics of the study

sample.

Figure 1. Data that was used for this study

COPA  n=12.000

|
| | | | | |

2013 2014 2015 2016 2017 2018
sample sample sample sample sample sample
n=1500 n=1500 n=1500 n=1500 n=1500 n=1500
response response response response response response
n=769 n=754 n=728 n=590 n=611 n=469

| | | | | |
|

Data used for this study
n=3.921
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Table 2. Characteristics of the study sample

Characteristics

2013 (n=796)
mean(sd) or
n(%)

2014 (n=754)
mean(sd) or
n(%)

2015 (n=728)
mean(sd) or
n(%)

2016 (n=590)
mean(sd) or
n(%)

2017 (n=611)
mean(sd) or
n(%)

2018 (n=496)
mean(sd) or
n(%)

Study sample

(n=) mean(sd)
or n(%)

Age in years
Gender, male
Ethnicity
Native
Western immigrant
Non-western immigrant
Level of education
High
Medium
Low

Occupation

Paid work
Unemployed
Incapacitated for work
Housewife/man
Student

Retired

Other

Income

High

Medium

Low

Physical health
Excellent

Very good

Good

Mediocre

Poor

Mental health
Excellent

Very good

Good

Mediocre

poor

Working as a Healthcare
provider

| currently am

| have been

I'm not and never have
Chronic condition

53.4 (15.6)
359 (46.68%)

695 (90,49%)
47 (6.12%)
26 (3.39%)

218 (29.14%)
427 (57.09%)
103 (13.77%)

413 (54.27%)
26 (3.42%)
36 (4.73%)
48 (6.31%)
26 (3.24%)
197 (25.89%)
15 (1.97%)

298 (39.73%)
313 (41.73%)
139 (18.53%)

54 (7.09%)
182 (23.88%)
424 (55.64%)
93 (12.20%)
9 (1.18%)

145 (19.05%)
233 (30.62%)
336 (44.15%)
44 (5.78%)
3 (0.39%)

122
122
516

299

16.05%)
16.05%)
67.89%)

(
(
(
(42.84%)

52.5 (16.8)
385 (51.06%)

670 (89.54%)
34 (4,54%)
45 (6.01%)

208 (28.11%)
421 (56.89%)
111 (15%)

412 (55.15%)
30 (4.02%)
43 (5.76%)
31 (4.15%)
35 (4.69%)
175 (23.43%)
21 (2.81%)

263 (35.64%)
301 (40.79%)
174 (23.58%)

64 (8.57%)
218 (29.18%)
359 (48.06%)
92 (12.32%)
14 (1.87%)

165 (22.12%)
240 (32.17%)
287 (38.47%)
48 (6.43%)
6 (0.80%)

108 (14.48%)
98 (13.14%)
540 (72.39%)

301 (41.52%)

55.3 (15.3)
394 (54.12%)

660 (90.66%)
34 (4.67%)
34 (4.67%)

191 (26.71%)
394 (55.10%)
130 (18.18%)

369 (51.25%)
33 (4.58%)
62 (8.61%)
34 (4.72%)
20 (2.78%)
183 (25.42%)
19 (2.64%)

186 (31.79%)
290 (49.57%)
109 (18.63%)

54 (7.47%)
158 (21.85%)
365 (50.48%)
127 (17.57%)
19 (2.63%)

146 (20.14%)
215 (29.66%)
309 (42.62%)
45 (6.21%)
10 (1.38%)

93 (13.01%)
105 (14.69%)
517 (72.31%)

363 (50.70%)

56.7 (16.3)
307 (52.03%)

547 (92.71%)
23 (3.90%)
20 (3.39%)

147 (25.39%)
323 (55.79%)
109 (18.83%)

307 (52.75%)
23 (3.95%)
35 (6.01%)
25 (4.30%)
15 (2.58%)
162 (27.84%)
15 (2.58)

184 (34.98%)
233 (44.30%)
109 (20.72%)

45 (7.65%)
134 (22.79%)
304 (51.70%)
89 (15.14%)
16 (2.72%)

114 (19.39%)
177 (30.10%)
253 (43.03%)
38 (6.46%)
6 (1.02%)

71 (12.20%)
88 (15.12%)
423 (72.68%)

276 (47.67%)

54.7 (17)
317 (51.88%)

531 (88.35%)
48 (7.99%)
22 (3.66%)

165 (27.27%)
357 (59.01%)
83 (13.72%)

298 (50.17%)
28 (4.71%)
35 (5.86%)
23 (3.87%)
20 (3.37%)
163 (27.44%)
27 (4.55%)

164 (38.05%)
214 (49.65%)
53 (12.30%)

60 (10.19%)
123 (20.88%)
290 (49.24%)
108 (18.34%)
8 (1.36%)

142 (24.03%)
177 (29.95%)
235 (39.76%)
31 (5.25%)
6 (1.02%)

81 (13.59%)
83 (13.93%)
432 (72.48%)

265 (44.09%)

59.8 (17.1)
209 (44.56%)

423 (90.58%)
23 (4.93%)
21 (4.5%)

118 (26.05%)
263 (58.06%)
72 (15.89%)

206 (44.78%)
15 (3.26%)
23 (5.00%)
21 (4.57%)
14 (3.04%)
172 (37.39%)
9 (1.96%)

112 (29.24%)
195 (50.91%)
76 (19.84%)

31 (6.75%)
98 (21.35%)
242 (52.72%)
79 (17.21%)
9 (1.96%)

95 (20.52%)
139 (30.02%)
195 (42.12%)
31 (6.70%)
6 (1.02%)

69 (15.13%)
61 (13.38%)
326 (71.49%)

216 (47.16%)

55 (16.4)
1971 (50.27%)

3.526 (90.34%)
209 (5.35%)
168 (4.3%)

1047 (27.27%)
2185 (56.90%)
608 (15.83%)

2005 (51.89%)
155 (4.01%)
234 (6.06%)
182 (4.71%)
130 (3.36%)
1052 (22.23%)
106 (2.74%)

1207 (35.36%)
1546 (45.30%)
660 (19.34%)

308 (7.96%)
913 (23.60%)
1984 (51.29%)
588 (15.20%)
75 (1.94%)

807 (20.83%)
1181 (30.49%)
1615 (41.69%)
237 (6.12%)
34 (0.88%)

544 (14.11%)
557 (14.45%)
2754 (71.44%)

1720 (45.54%)

Relationship of patient characteristics with use/willingness to use self-

monitoring applications.

Univariate logistic regression analyses

In the univariate model for SMA1 (table 3), all variables - except self-reported mental health -

turned out to be significant (p <0.2) related to willingness to use SMA-1a. When actual use

examined, all variables - except ethnicity turned out to be significant (p <0.2) related to the use

of SMA-1b. Notice that there are no major differences in the Odds Ratio’s (OR) between the

“Use group” and “Willing to use group”. For the willingness to use SMA-2 (table 4), age ethnicity

occupation, income, self-reported physical health and working as a healthcare provider turned
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out to be significant (p <0.2). The disease related variables (chronic condition, and controllable
chronic conditions) and gender turned out to be not significant (p>0.2). The relationship with
willingness to use SMA-3 (table 4) is significant for age, gender, ethnicity, level of education,
occupation, income, physical health, working as a healthcare provider and the presence of a

chronic condition. “Controllable chronic condition” turned out to be not significant.

Table 3. Univariate logistic regression analysis with the dependent variable: use/willingness to use SMA-1

Independent variable

SMA-1.a (n=2824)

SMA-1.b (n=2824)

OR (95% Cl) p OR (95% Cl) p

Age in years 0.829 (0.710-0.969) 0.018 0.959 (0.953-0.965) 0.000
Gender (male) 1.206 (1.032-1.409) 0.018 0.856 (0.709-1.036) 0.109
Ethnicity

Native (=ref) - - - -
Western immigrant 0.711 (0.488-1.037) 0.076 0.792 (0.468-1.262) 0.327
Non-western immigrant 1.152 (0.798-1.664) 0.451 1.122 (0.721-1.746) 0.610
Level of education

High 3.161 (2.401-4.162) 0.000 4.402 (2.997-6.468) 0.000
Medium 1.812 (1.401-2.344) 0.000 2.300 (1.582-3.344) 0.000
Low (=ref) - - - -
Occupation

Paid work 0.572 (0.373-0.876) 0.010 0.449 (0.292-0.692) 0.000
Unemployed 0.418 (0.238-0.736) 0.002 0.264 (0.139-0.502) 0.000
Incapacitated for work 0.279 (0.164-0.475) 0.000 0.206 (0.114-0.375) 0.000
Housewife/man 0.258 (0.143-0.468) 0.000 0.189 (0.094-0.378) 0.000
Student (=ref) - - - -
Retired 0.185 (0.117-0.291)  0.000 0.086 (0.051-0.143) 0.000
Other 0.471 (0.259-0.856) 0.013 0.190 (0.089-0.406) 0.000
Income (high)

High 1.133 (0.889-1.442) 0.312 1.165 (0.846-1.604) 0.349
Medium 1.781 (1.391-2.280) 0.000 2.145 (1.564-2.942) 0.000
Low (=ref) - - -
Physical health (low) 0.746 (0.682-0.817)  0.000 0.700 (0.627-0.781)  0.000
Mental health (low) 0.963 (0.885-1.049) 0.389 0.923 (0.834-1.023) 0.127
Working as a Healthcare provider

I currently am 1.902 (1.529-2.366) 0.000 1.835 (1.434-2.347) 0.000
| have been 0.983 (0.779-1.241) 0.886 0.714 (0.521-0.977)  0.035
Am not and never have (=ref) - - - -
Chronic condition 0.803 (0.674-0.957) 0.014 0.760 (0.617-0.936) 0.010
Controllable chronic condition 0.617 (0.527-0.724) 0.000 0.543 (0.445-0.663) 0.000
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Table 4. Univariate logistic regression analysis with the dependent variable: willingness to use of SMA-2 & 3

Independent variable SMA-2 (n=2827) SMA-3 (n=3532)
OR (95% Cl) p OR (95% Cl) p

Age in years 0.983 (0.979-0.988) 0.000 0.992 (0.987-0.996) 0.001
Gender (male) 1.013 (0.866-1.186) 0.869 1.140 (0.981-1.326) 0.087
Ethnicity

Native (=ref) - - - -
Western immigrant 0.684 (0.465-1.001) 0.054 0.855 (0.601-1.218) 0.387
Non-western immigrant 1.512 (1.057-2.178) 0.024 1.533 (1.088-2.159) 0.014
Level of education

High 2.409 (1.834-3.164) 0.000 1.995 (1.534-2.596) 0.000
Medium 1.712 (1.328-2.207) 0.000 1.546 (1.208-1.978) 0.001
Low (=ref) - - - -

Occupation

Paid work 0.946 (0.613-1.460) 0.802 0.982 (0.650-1.486) 0.930
Unemployed 0.857 (0.485-1.514) 0.595 1.133 (0.665-1.930) 0.647
Incapacitated for work 0.704 (0.415-1.193) 0.192 0.654 (0.390-1.100) 0.107
Housewife/man 0.473 (0.257-0.874) 0.017 0.610 (0.348-1.069) 0.084
Student - - - -
Retired 0.568 (0.361-0.892) 0.014 0.664 (0.432-1.021) 0.062
Other 1.076 (0.591-1.959) 0.812 0.936 (0.519-1.691) 0.827
Income

High 1.636 (1.274-2.101) 0.000 1.511 (1.194-1.912) 0.001
Medium 1.191 (0.933-1.520) 0.161 1.128 (0.894-1.423) 0.311
Low (=ref) - - - -
Physical health 0.927 (0.847-1.014) 0.098 0.917 (0.840-1.001) 0.053
Mental health 1034 (0.950-1.127) 0.439 1.008 (0.928-1.095) 0.854
Working as a Healthcare provider

I currently am 1.530 (1.226-1.909) 0.000 1.579 (1.287-1.937) 0.000
| have been 1.010 (0.799-1.276) 0.933 0.914 (0.729-1.146) 0.435
Am not and never have (=ref) - - - -
Chronic condition 1.086 (0.907-1.300) 0.372 1.132 (0.956-1.341) 0.151
Controllable chronic condition 1.023 (0.874-1.198) 0.776 1.069 (0.919-1.243) 0.389

Backward stepwise multivariate logistic regression analyses

In the multivariate model (table 5 and 6), age, high and medium income, high and medium
level of education and working as a healthcare provider are related to willingness to use a
technological device to track physical activity (SMA-1a). For the use only group (SMA-1b) Age,
high and medium level of education, high income and occupation retired and “other” were
included in the model. Age, high and medium level of education, ethnicity (western immigrant)
and high income are related to willingness to measure and maintain health values using the
internet or with an application (SMA-2). Working as a healthcare provider, males, presence of
a chronic condition, medium and high level of education, ethnicity, occupation retired and high
income are related to willingness to use a device that regularly measures health values and

sends them to a healthcare provider (SMA-3).
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Table 5. Backward-stepwise Multivariate logistic regression analysis with the dependent variable:
use of SMA-1
Independent variable SMA-1a (n=2824)

Independent variable SMA-1b (n=2824)

OR (95% Cl) p OR (95% Cl) p
Medium income 1.270 (0.980-1.646)  0.071 Occupation “retired” 0.654 (0.424-1.010) 0.055
Age 0.972 (0.966-0.977)  0.000 Age 0.960 (0.960-0.978) 0.000
High education 1.839 (1.317-2.568)  0.000 High income 1.465 (1.161-1.849) 0.001
High income 1.522 (1.162-1.994)  0.002 Occupation "other” 0.521 (0.245-1.110) 0.091
Working as hcp' 1.394 (1.085-1.790)  0.009 Medium education 1.841 (1.182-2.867) 0.007
Medium education 1.389 (1.032-1.869)  0.030 High education 2.493 (1.556-3.994) 0.000

"hcp: Healthcare provider

Table 6. Backward-stepwise Multivariate logistic regression analysis with the dependent variable:
use of SMA-2 & SMA-3
Independent variable SMA-2 (n=2824)

Independent variable SMA-3 (n=2824)

OR (95% Cl) p OR (95% Cl) p
Age 0.988 (0.983-0.994) 0.000 Working as hcp’ 1.530 (1.209-1.936) 0.000
High income 1.219 (1.007-1.475)  0.042 Gender (male) 1.275 (1.072-1.515) 0.006
Ethnicity 22 0.678 (0.430-1.069) 0.094 Chronic condition 1.325 (1.092-1.606) 0.004
High education 1.806 (1.311-1.821)  0.000 Ethnicity 3° 1.492 (1.017-2.188) 0.041
Medium education 1.410 (1.063-1.871) 0.017 Medium education 1.466 (1.113-1.932) 0.007

High education 1.720 (1.263-2.343) 0.001
High income 1.174 (0.980-1.406) 0.081
Occupation “retired” 0809 (0.658-0.995) 0.044

"hcp= Healthcare provider. 2 2= western immigrant 3=non-western immigrant.

Trend analysis

The percentage of use/willingness to use of the self-monitoring applications were calculated
as a function of time for the independent variables. A trendline of the average population is
drawn as a comparison. Variables that showed a different trend in the use of self-monitoring
tools for self-management compared to the average population were selected (figure 2-4).
For SMA-1 the variables were: paid work, student, retired, No chronic Condition, excellent
health, poor health and lower educated. For SMA-2 the variables were: poor health, high
education, and lower education. For SMA-3 the variables were: poor health, high income, low
income, lower education and high education. Trend analysis for SMA-1 indicate an increasing
use of technological devices to track physical activity. For SMA-2 the percentage that was
willing to measure and maintain health values using the internet or with an application stayed
more or less the same. The percentage of healthcare consumers that is willing to use a device
that regularly measures health values and sends them to a healthcare provider (SMA-3) also

increases over the years, but there tends to be les variance between the groups.

15

Krommenhoek, E. Self-monitoring applications for self-management by healthcare consumers



Figure 2. trend analyses for SMA-1
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Figure 3. trend analyses for SMA-2
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Figure 4. trend analyses for SMA-3
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DISCUSSION
Principal results
This study provides the first evidence of a relationship between Dutch healthcare consumer-

specific factors and use/willingness to use self-monitoring applications for self-management.
Healthcare consumers that are higher educated and have a higher income are positively (OR
ranging from 1.174 to 2.493) related to use/willingness to use the self-monitoring applications
in this study. No relation was found for lower educated consumers and lower income, while
this group has a greater risk of developing chronic conditions (37-40) In addition, despite
potential improvement on health outcomes and quality of life that self-monitoring can provide
for this group (9), “chronic condition controllability” is not related to use/willingness to use
self-monitoring applications. Previous research indicates that patients indicate a lack of
potential additional benefits, and regular care being sufficient as reason for non-use (17) .
Given the potential health benefits in these groups, implementation should be tailored to these

groups and focus on highlighting the additional benefits of self-monitoring.

Where trend analyses for SMA-1 (using a technological device to track physical activity and
SMA-3 (willingness to use use a device that regularly measures health values and sends them

to a healthcare provider) illustrate growth in use/willingness to use over time, SMA-2
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(willingness to measure and maintain health values using the internet or with an application)
stays more or less the same over time. and explanation for this can be found in the fact that
measuring and maintain health values demands substantial effort, were patients experience
many barriers in active self-management (41). In contrast to SMA-3, where the healthcare
consumer has support from a healthcare professional and for SMA-1, it's all about measuring
not maintaining. Trend analyses also illustrate the gap between higher and lower educated
healthcare consumers. It is remarkable that, over time, the distance between the lines of the
groups remains similar for SMA-1 and SMA-2. The gap between the lines in SMA-3 (figure 4.)
is smaller. This can be explained by the fact that for SMA-3 also support from the healthcare

system is needed and this is not yet integrated in standard healthcare.

Against our expectations, no evidence was found for a difference between analysis of actual
users and willingness to use (SMA1a and SMA-1b). Table 5 shows a slight difference in the OR
and significance of the factors. This is a positive finding when it comes to promoting self-
monitoring in standard healthcare because this is the first indication that the group that is
willing to use, might not differ from the group actual users. This group is likely to become users

when self-monitoring becomes more and more intergraded in standard healthcare.

Integration of self-monitoring in standard healthcare also raises some questions. When self-
monitoring is entering the healthcare system, the ethical discussion becomes highly relevant.
Self-monitoring encroach with the personal life of healthcare consumers. Healthcare
consumers are more responsible for their healthcare with the consequence of constantly
monitoring these devises in the home environment where it can have serious consequences
on self-identity (42). In addition, the affordability of self-monitoring devices should also be
considered. Lower socio-economic groups should not be disadvantaged because they cannot
afford such devices. (43) These arguments should not simply be discarded because there are

good arguments for the implementation of self-monitoring in standard healthcare.

Due to the increasing demand for the reorganization of healthcare from secondary to primary
care in the Netherlands, it is to be expected that there will be a shift in the demand for care.
care users will have control of their own lives (self-management), with the associated need for
coaching in the area of movement and lifestyle. The physiotherapist is competent for the
supervision in the area of movement and lifestyle of these (risk) groups (10) and can use self-

monitoring applications to gain insight into the need for care and .
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Strengths and limitations

The strength of this study is its focus on healthcare consumers in general, where previous
studies mainly focused on patients. The sample size (n=3,912) and the representation of the
adult Dutch population provide generalizability. A limitation of this study is the use of exciting
data. This limits the research in focusing on recent findings in the literature. Sometimes,
guestions do not fully answer the question that is necessary for the research questions and
compromises had to be made. For example the monthly income of a household may give a
biased picture of the variable income of an individual. Another limitation of this study is that
patient characteristics are not yearly updated. It may be that a respondent is no longer a
student, for example, but is now working, or that a respondent may meanwhile have a chronic
disorder. If a respondent is included in several years, it may be that the patient characteristics
are not correct. In order to prevent this from effecting the results, the number of respondents
who were repeatedly included in the study was examined beforehand and the potential impact

was considered to be acceptable.

CONCLUSION

This study provides the first evidence for factors, on the level healthcare consumers, that are
related to use/willingness to use self-monitoring application. The “Lower educated” group and
the “low income” group need more counselling in order to preform optimal self-monitoring
behavior. The percentage use/willingness to use SMA-1 and SMA-3 has increased over time
while the gap in use/willingness to use between higher and lower educated healthcare
consumers remains. In order to facilitate the further implementation of self-monitoring in
Dutch healthcare, focusing on the healthcare consumer alone is not enough. Facilitation from
healthcare organizations and the government is necessary to give patients the possibility of
applying self-monitoring for self-management, give insight into the potential benefits and to

guide them where necessary.
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