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ABSTRACT

Introduction New glucose-monitoring technologies have
different cost—benefit profiles compared with traditional
finger-prick tests, resulting in a preference-sensitive
situation for patients. This study aimed to assess the
relative value adults with diabetes assign to device
attributes in two countries.

Research design and methods Adults with type 1 or

2 diabetes from the Netherlands (n=226) and Poland
(n=261) completed an online discrete choice experiment.
Respondents choose between hypothetical glucose
monitors described using seven attributes: precision,
effort to check, number of finger pricks required, risk of
skin irritation, information provided, alarm function and
out-of-pocket costs. Panel mixed logit models were used
to determine attribute relative importance and to calculate
expected uptake rates and willingness to pay (WTP).
Results The most important attribute for both countries
was monthly out-of-pocket costs. Polish respondents were
more likely than Dutch respondents to choose a glucose-
monitoring device over a standard finger prick and had
higher WTP for a device. Dutch respondents had higher
WTP for device improvements in an effort to check and
reduce the number of finger pricks a device requires.
Conclusion Costs are the primary concern of patients

in both countries when choosing a glucose monitor and
would likely hamper real-world uptake. The costs-benefit
profiles of such devices should be critically reviewed.

INTRODUCTION

Diabetes is a chronic disease characterized
by the body’s inability to maintain healthy
levels of blood glucose, which is associated
with long-term health problems including
an increased risk of mortality with an esti-
mated global prevalence of 10.5% in 2021."
Diabetes care is centered around the corner-
stone of metabolic control, specifically
keeping glucose levels as close to normal as
possible through medication, a careful diet,
physical activity and self-monitoring of blood

.8 Esther W de Bekker-Grob,*>* G Ardine de Wit'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous research identified factors that patients
with diabetes find important when choosing a glu-
cose monitor for self-management of their diabetes.
These studies did not assess the relative importance
of these factors or were only conducted in samples
of type 1 diabetes mellitus (T1DM), limiting how
these findings can be applied.

WHAT THIS STUDY ADDS

= This study identified out-of-pocket costs as the most
important factor for both patients with TIDM and
type 2 diabetes mellitus in two countries and quanti-
fied that these costs are 5-50 times more important
than any other factor.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Regulators and policy makers can incorporate this
patient preference information into decision making
to develop diabetes care management strategies
that are not only cost-efficient but also based on

patient values.

glucose (SMBG).*® SMBG has traditionally
been done using the finger-prick test and is
associated with improvements in glycemic
control.” While highly accurate,” this tech-
nique represents a large burden to patients,
which can result in non-compliance to
medical treatment advice.*"’ Studies exam-
ining the adherence of patients to SMBG
regimens report adherence rates ranging
from 88% in Australia'' to as low as 44%
in Sweden,'? 26% in the USA'® and 20% in
Hungary.'* These low adherence rates are
related to barriers to the practice of SMBG
including low socioeconomic status (SES),
fear of testing and fingertip pain, distressing
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emotions and thoughts, frustration about ‘poor’ blood
glucose reading, lack of awareness of hypoglycemia and
hyperglycemia, lack of social support and difficulty in
interpreting SMBG results. '’

Recent technological developments have resulted in
commercially available medical devices which can (semi-)
continuously monitor blood glucose levels (or proxies
thereof).'®!” These devices are often less invasive, quicker
and easier to use, and can give more detailed daily blood
glucose-level information by showing trends over time
compared with SMBG with finger pricking."*" However,
these devices vary in regard to functionality and features
including (but not limited to) differences in accuracy,
size, battery requirements, range of transmitter, calibra-
tion requirements, scanning procedures and longevity
(replacement time). Further, these devices are often not
reimbursed through insurance plans and can have high
out-of-pocket costs for the patient.”’ The differences in
function, features and costs have resulted in a situation
where personal preferences may guide the choice of
device used for SMBG.

Despite growing interest in patient preference assess-
ment, limited research has been done quantifying
patient preferences for glucose monitors. Hannah et al
found that for patients with type 1 diabetes (T1DM),
the most important factors for choosing a continuous
glucose monitor (CGM) were method of data retrieval,
longer sensor wear time with more adhesive durability,
and personalized alerts and alarms.” Engler et al found
that the reasons related to stopping CGM usage for
patients with TIDM were poor accuracy due to lag times,
insurance reimbursement or cost, comfort and false
alarms.'® They also found that for patients with TIDM
without CGM experience cost, having a device attached
to the body and expectations of discomfort in wearing
were primary reasons for not using a CGM for SMBG."
Both studies highlight the preference-sensitive nature of
these devices; however, neither included patients with
type 2 diabetes mellitus (T2DM), a growing popula-
tion of patients who may need to monitor their blood
glucose.'? *"# Further, only Hannah et af** used a method
of relative valuation to show how important these attri-
butes were in regard to each other but did not include a
cost attribute, which is a major concern for many patients.
There is thus a gap in knowledge regarding the relative
valuation information that regulatory authorities and
decision makers use to guide policies for medical treat-
ments.** This study aimed to fill that gap by quantitatively
assessing the factors that patients with T1IDM and T2DM
consider important when choosing a glucose-monitoring
device for SMBG and identify willingness to pay (WTP)
and expected device uptake rates.

MATERIALS AND METHODS

Subjects

Participants were recruited from the Netherlands
and Poland through a professional panel provider

(SurveyEngine). These countries were chosen as costs
were expected to play an important role in deciding
between devices, and these two countries had partial and
no reimbursement of glucose monitors for SMBG at the
time of data collection (respectively). To be eligible to
complete the survey, patients had to have a self-reported
diagnosis of TIDM or T2DM, reside in the Nether-
lands or Poland, be over 18 years of age, be able to read
and understand Dutch or Polish, and have access to a
computer.

Discrete choice experiment (DCE)

A DCE was used to quantify patient preferences.
DCEs are based on random utility theory, which assumes
that the utility or value of a healthcare alternative can
be derived through the compound valuation of the
different attributes and attribute levels used to describe
the treatment alternative.””* In a DCE, respondents
are presented with choice tasks in which they chose
their preferred option from two or more alternative
treatment profiles. These alternative profiles describe
treatments using a set of characteristics (called attri-
butes) with varying levels, representing realistic values
of these attributes.” *' Patients choose the alternative
which represents the highest personal utility based on
the personal value they attach to the different levels of
attributes used to describe the alternative. After a patient
completes the DCE, attribute estimates can be generated
using econometric models and the relative importance
of the included attributes can be inferred from these
estimates.”*

25 26

Attributes and levels

The attributes and levels used in this DCE were devel-
oped according to best practices using a stepwise, qualita-
tive approach from April 2019 to October 2019.%° * This
approach started with ascoping literature review of articles
describing aspects relevant to patients in using glucose-
monitoring devices. The results of this review were used
to create an interview guide (see online supplemental
material) which was used in semistructured interviews
with patients with TIDM and T2DM from the Neth-
erlands (n=9), clinical diabetes experts (n=b), patient
organization representatives (n=2) and pharmaceutical
industry representatives involved in glucose-monitoring
device development (n=4), as well as a focus group with
patients with T1DM and T2DM in Poland (n=10). This
process generated a list of 12 potentially relevant attri-
butes which was reviewed and reduced by the research
team to ensure relevance according to the interviewees,
non-redundancy and operationality to a final list of 7
attributes for use in the DCE. The levels used to describe
the attributes were developed based on the literature
review and interviews and were chosen to be realistic and
reflect the most common types of commercially available
glucose monitors, including CGMs and flash glucose
monitors (FGMs).37_40 One attribute (‘out-of-pocket
costs’) was standardized between the two countries using
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Table 1 Attributes and levels for the discrete choice experiment

Attributes Level 1 Level 2 Level 3 Level 4
Precision compared with Less accurate than Less accurate than finger Accurate as finger -
finger prickingf finger pricking (higher  pricking (higher or lower  prickingt

or lower by 0.6 mmol/L by 0.3

(*10.8 mg/dLt) (*5.4 mg/dLt)
Average number of finger 4% 2 0 -

pricks per day§

Effort to check] High effort: you need to Moderate effort: you scan Low effort: glucose
measure your glucose a sensor to check glucose levels automatically

levels yourself levels sent to yout

No chance of
skin irritation or

5% chance of skin
irritation or redness

20% chance of skin
irritation or redness

35% chance of skin
irritation or redness

Probability of getting skin
irritation or redness**

rednesst
Monthly coststt €250 (*550zI) €175 (*390zl) €100 (*220zl) €25 (*55zl)
Glucose informationtt Current glucose levelt Current Glucose level and  Current glucose level —
arrow and a graphic of your
level trends over the
day

Alarms§§ Nozt Yes - -

*Unit equivalents shown for Polish survey.

tReference level.

FAttribute explanation as presented to patients: Some glucose monitors are more precise than others. Finger pricking is generally regarded
as the most accurate way to measure glucose levels. Measurements from devices that use sensors can be just as accurate but can also be
less accurate than finger pricking, especially if your glucose levels are very high or very low. For example, if your glucose level is 6 mmol/L
and you measure it with a device that is off by 0.6 mmol/L, then this device can say your glucose is anywhere from 5.4 to 6.6 mmol/L
§Attribute explanation as presented to patients: This is how many times you would need to do a finger-prick test each day on an average
day. This number could be higher on days when you feel the need to test more often like when you’re sick, but we want you to picture an
average day. Sometimes, this is your only method of measuring your glucose levels or you might need to do finger-prick tests to confirm the
levels from another device.

YlAttribute explanation as presented to patients: This means how much effort you need to give to check your blood glucose levels. High effort
checking means you need to stop what you’re doing and concentrate on measuring your levels. You need to wash your hands, get out your
device equipment, prick your finger, put blood on a strip, check the results and then clean everything up. Moderate effort checking means
you need to get out a small device and use it to scan the sensor on your body to obtain your glucose levels. Low-effort checking means your
glucose levels are automatically sent to a device which you can view at any time. This could be a dedicated glucose device, your phone or a
smartwatch. You do not need to do anything to have your blood glucose levels sent through, just look at the device to check.

**Attribute explanation as presented to patients: A chance of skin irritation or redness around a sensor means a redness or itchy rash on the
skin around or under the sensor. This is similar to having an itchy allergic reaction and can be rather uncomfortable or irritating. The sensor
will need to be removed and replaced in a different spot. This skin irritation and redness usually last until after the sensor is replaced. Not all
sensors have this side effect, so chances of getting the side effect can differ per device. If a device gives you a 15% chance, this means that
15 out of a 100 people who get this device experience skin irritation and redness, while 85 out of a 100 people do not experience this.
TTAttribute explanation as presented to patients: This means how much money you need to pay out-of-pocket per month in order to check
your blood glucose. Please note that this is money that is not reimbursed by your insurance. This could be money needed to pay for devices,
sensors, or strips used.

TfAttribute explanation as presented to patients: This means how your glucose levels are presented to you. This information could be only
your current glucose level (you only see a digital number like 8.3 mmol/L). This could be your current glucose level with an arrow showing
how your blood glucose is changing as compared to your previous measurement (increasing, decreasing or stable). Or it could show your
current glucose level with a graphic of your blood glucose levels over the day.

§§Attribute explanation as presented to patients: Your device will give you a beeping alarm (like a phone notification) any time your blood
glucose levels are (getting) too high or too low.

purchasing power parity weights to ensure that the rela-
tive value of the levels was similar, given the differences in
wealth between the two countries.”’ The final list of attri-
butes and levels used in the DCE can be found in table 1.

Experimental design

The DCE was developed using an efficient design (Bayesian
D-efficient design® **) generated in NGene V.1.0 software.
This allows for participants to complete a minimal amount
of choice tasks (3 blocks of n=12 choice tasks each) while

maximizing the amount of information each task gener-
ates. Available literature, interviews, and researcher knowl-
edge were used to generate the initial design. The design
was updated after a pilot of n=99 Dutch participants. In
each choice task, patients were instructed to imagine that
their doctor told them to check their blood glucose levels
at least four times per day and gave them options of devices
to choose from to do this. The choice tasks were presented
using a dual response ‘best-best’ set-up where participants
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Imagine that your doctor told you to check your blood glucose levels at least four times per day.
To do this, the doctor offers you different hypothetical devices to choose from.

Precision compared to fingerpricking | Less accurate than fingerpricking

(higher or lower by 0.3)

Less accurate than fingerpricking
(higher or lower by 0.6)

Average number of fingerpricks per 0 0
day

Effort to check Low effort Moderate effort

35% chance of skin irritation or redness
(35 out of 100)

Probability of getting skin irritation 5% chance of skin irritation or redness
or redness (5 out of 100)

Glucose information Current Glucose level Current Glucose level and arrow
Alarms Yes No

Monthly costs €25 €175

1 prefer: o) o)

If you have to choose between the device you have chosen above and the traditional fingerprick-
test to check your glucose levels, which one would you prefer? (Please note that a fingerprick-
test should be done four times a day, requires high effort to check, does not result in skin
irritation or redness, will show your glucose levels, doesn’t have an alarm and costs €25 per
month).

Select only one answer

O I prefer the device I have selected above O 1 prefer the fingerprick-test

Figure 1 Example discrete choice experiment choice task.

first chose between two hypothetical glucose monitors
(device A or device B) and then they chose between that
choice and a standard finger-prick test for their care (see
figure 1).*** This method mimics realistic choice scenarios
while also ensuring data quality. The finger-prick test was
always described as requiring four finger pricks per day, a
high amount of effort to check blood glucose, no skin irri-
tation or redness associated with a device on skin, showing
glucose level only at time of measurement, no alarm and
with out-of-pocket costs of €25 (or 55z1) per month. Partic-
ipants were given two ‘warm-up’ DCE choice tasks before
the main exercise started to ensure comprehension.

Questionnaire

Prior to completing the DCE, the participants were
given information describing glucose monitoring as a
part of diabetes self-management, including the impact
of uncontrolled blood glucose on health outcomes and
a description of the attributes used in the DCE. Partici-
pants were asked to answer sociodemographic questions
and disease-related questions including diabetes type,
years since diagnosis, use of medication and questions
related to their current diabetes self-care regimen. Two
brief measures assessing subjective numeracy (the Short-
ened Subjective Numeracy Scale-3)* and health literacy
(Brief Health Literacy Screener (Chew Items))*” were
included in the survey. The final survey was pretested in
think-aloud interviews with n=6 patients with diabetes
from the Netherlands. The outcomes of this pretest were
used to reword the survey for understandability.

Analysis

Data quality

Respondents were required to answer all questions, and
only surveys that included all necessary questions for the
final analysis were included. Completed responses were
checked for flatlining (only choosing device A or device
B) and speeding (respondents completing the survey
faster than 70% of the mean response time based on log
data) as data quality checks. Differences in sample demo-
graphics were assessed using %’ tests or t-tests where appli-
cable. A significance of p<0.05 was used for all analyses.

Preferences

Data from the DCE was analyzed by combining the two
questions from each choice task as a single observation
(device A vs device B vs the finger-prick test). Preference
estimates in each country were assessed independently
using a panel mixed-effects logit regression to account
for heterogeneity of preferences within patient popula-
tions.” Effects-coding was used for all variables except
for cost, which was assumed to be linear.*® Effects-coding
allows for a calculation of the reference category coef-
ficient, which can be used for comparison to other
attributes and a clear interpretation of a constant term
(reflecting the utility of a status-quo finger-prick test).*®
Robust outcomes were generated by applying 1000
Halton draws.” The analysis was conducted in Stata
V.14.** The optimal model was identified based on log
likelihood. Attributes with significant SD for at least one
level were included as random effects in the final model.
The following value functions were used for the final
analyses (Equations 1-3):

Vpevice A1 = Bo + B1i X precisiong s + [Boi X precisiong e +
Bsi X pricks per daysy + B4i X effortmederate + Bsi X
skin irritationggg, + i X skin irritationgsg, + B7; X
monthly costs + (g X informationarrow +

Boi X informationyendiine + B10i X alarmsnone

(1)

Vbevice Bi = Pii * precisiong s + fo; * precisiongg +
Bsi X pricks per daysy + B4i X effortmoderate + Bsi X
skin irritationggg, + i X skin irritationgsg, + B7; X
monthly costs + g X informationarrow + Boi X

informationgendiine + B10i X alarmspone

(2)

VFingerprick i= Bn (3)

In these equations, the value of an alternative for indi-
vidual i is calculated based on the coefficients reflecting
the relative importance of each attribute or attribute level
(B,-B,,)- B,, is an alternative specific constant reflecting
the individual’s preference for the fixed alternative of the
finger-prick test over device B. 3 is a constant term which
identifies the respondent’s preferences for device A over
device B, reflecting a left-right bias in case participants
had a tendency to favor the left option. All attributes and
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attribute levels were included as random parameters,
with a normal distribution to identify heterogeneity in
the preferences for those attributes.

The mixed logit model preference estimates were used
to calculate the attribute relative importance score (RIS) 50
The RIS reflects how important one attribute is compared
with another. These were calculated by identifying the
attribute with the greatest absolute difference between
highest and lowest valued levels and using this as a refer-
ence (RIS=1). The RIS for each attribute was then calcu-
lated as the quotient of the absolute difference of the most
and least valued levels of that attribute and the reference
value. This results in a normalized scale for comparison.

WTP estimates and uptake rates

Individual attribute coefficient estimates were extracted
from the mixed-effects models to calculate individual
WTP estimates and expected uptake rates. WIP esti-
mates were generated by calculating the utility differ-
ence between attribute levels and dividing this by the
negative linear cost coefficient resulting in the estimated
amount that each participant would be willing to pay for
the change in attribute level. Very small cost coefficients
for some participants led to extreme WTP outliers so the
median and IQR are reported rather than the mean.
Differences in median WTP estimates were assessed using
Mood’s test for equality of medians.”"

Expected uptake rate estimates were calculated using
the individual attribute coefficient estimates. Three
device profiles represent potential glucose-monitoring
devices were used to calculate uptake rates compared with
a standard finger-prick test. The first profile represented
the most desired device according to the outcomes of the
mixed logit model: high precision, zero finger pricks per
day, low effort to check, low chance of skin irritation, €25
per month out-of-pocket costs, glucose information with
a daily trendline, and an alarm. The second profile was
similar to a generic FGM: moderate precision, zero finger
pricks, moderate effort, moderate chance of skin irrita-
tion, €100 per month out-of-pocket costs, glucose infor-
mation with an arrow indicating glucose direction, and
no alarm. The last profile used the generic FGM profile
but changed the monthly out-of-pocket costs to €25. The
uptake estimate was calculated at the individual level by
taking the proportion of the individuals’ () total utility,
which was accountable to a device (V) in a scenario
containing both this device and a finger-prick alternative
(W) using the following equation:

Equation 4:

V.
n S
DU (Vi eTngerpeky (4)

The mean of these expected uptake rate estimates was
interpreted as the expected population uptake rate.

RESULTS
In total, n=521 respondents completed the surveys. Of
those, n=487 responses were included in the final analysis

Table 2 Respondent characteristics (N=487)

Dutch Polish
respondents respondents
Characteristics n=226 n=261
Age (years)t (mean+SD) 51.6+£17.2 39.4+13.4
Sex, n (%)
Female 116 (51.3) 125 (47.9)
Male 110 (48.7) 134 (51.3)
Type of diabetes, n (%)
Type 1 65 (28.8) 83 (31.8)
Type 2 158 (69.9) 167 (64.0)
Other 3(1.3) 11 (4.2)
Number of years having 9.5+9.1 (6.5, 6.1£7.1 (3,
diabetes,t mean+SD (median, 0-60) 0-53)
range)
Current glucose monitor used
as part of diabetes caret
CGM or FGM 38 (16.8) 39 (14.9)
Finger-prick testing only 128 (56.6) 211 (80.8)
None 60 (26.5) 11 (4.2)
Checks glucose more than two 83 (31.8) 161 (71.2)
times per day*
Uses insulin, n (%) 120 (53.1) 140 (53.6)
Health literacy, n (%)
High 102 (45.1) 113 (43.3)
Low 124 (54.9) 148 (56.7)
Numeracy*
High 195 (86.3) 243 (93.1)
Low 31 (13.7) 18 (6.9)
OECD educational level,T n (%)
Tertiary 100 (44.2) 134 (51.3)
Upper secondary/vocational 114 (50.4) 127 (48.7)
Secondary or lower 12 (20.8) 0(0.0)

*Significant differences between countries at p<0.05.
tSignificant differences between countries at p<0.001.

CGM, continuous glucose monitor; FGM, flash glucose
monitor; OECD, Organisation for Economic Co-operation and
Development; SD, standard deviation.

after n=34 (6.5%) respondents were excluded following a
check of data quality. Participant demographic informa-
tion can be found in table 2. Compared with the Polish
sample, the Dutch sample was significantly older (51.6
years vs 39.4 years), had lived with diabetes for more years,
were less educated, had lower levels of health numeracy,
and were less likely to monitor their blood glucose than
the Polish sample. No other significant differences were
found between the samples.

Preferences for glucose monitors

All attributes were found to be significant for patients in
at least one of the countries. Significant heterogeneity of
preferences was found for all attributes except for type
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of glucose information. High costs were associated with
a lower likelihood of choosing a device. Increased preci-
sion was preferred over lower precision, and decreased
number of finger pricks and chance of skin irritation
were consistently favored over increases in these attri-
butes. Samples from both countries favored a device with
an alarm over one without an alarm. Improving a device’s
effort to check from moderate to low and improving
glucose information to show more than only current
levels were only important for the Dutch respondents.
Both samples preferred glucose-monitoring devices over
a fingerprick test. The complete results of the mixed
logit model can be found in table 3.

Regarding the RIS of the attributes, costs were found
to be the most important factor when choosing a device
by a factor of 5, compared with the next most important
attribute, and a factor of approximately 50, compared
with the least important attribute (online supplemental
figure 2). For the Dutch sample, after costs, the most
important attributes were number of finger pricks,
followed by precision and chance of skin irritation, all
of which were comparably valued. For the Polish popula-
tion, after costs, precision of device was the second most
important attribute followed by chance of skin irritation.
These were also comparably valued. Polish patients were
not as averse to additional finger pricks as Dutch respon-
dents and found this approximately half as important as
Dutch respondents. However, Polish respondents valued
switching to a device from a finger-prick test more than
Dutch respondents. Having an alarm and improving
glucose information were both relatively unimportant
in a device. Only the Dutch sample viewed improved
effort to check and the type of glucose information as
important when deciding on a device.

WTP for a glucose monitor and expected uptake rates

WTP results can be found in table 4. It was estimated that
Polish patients would pay significantly more to switch from
a standard finger prick to a device than Dutch patients
(€65.01 vs €27.74 per month). The median WTP for
improvements in glucose monitors ranged from €2.58
(for the Dutch respondents to improve glucose informa-
tion) to €33.64 (for the Polish respondents to increase
precision from low to high). Significant differences were
found between the two countries with Dutch respondents
having higher WTP for device improvements in preci-
sion from low to medium, improving effort to check, and
improving glucose information. Dutch patients were also
willing to pay significantly more for a reduction in the
number of finger pricks per day in conjunction with a
device compared with Poland (€32.71 vs €13.35).

These differences were also reflected in the expected
uptake rates for devices. Polish patients were significantly
more likely to choose a device over finger prick (table 4)
compared with Dutch patients. These differences were
most pronounced in patients aged 18-50, patients with
T2DM, and current finger prick-only users.

DISCUSSION

To the best of our knowledge, this was the first study
to investigate the relative importance of different attri-
butes describing glucose-monitoring technologies which
involved cost as an attribute. As expected, cost was
found to be the most important factor for patients when
deciding on glucose monitors in both the Netherlands
and Poland. Increased device precision, reduction in skin
irritation, and required number of finger pricks per day
were the next most important attributes when choosing
between glucose monitors.

The findings from this study replicate some of the
findings of earlier studies," #* but the current study
enables us to show that costs were at least more than
five times more important for patients when choosing a
glucose monitor than any other attribute. As costs are the
primary consideration for patients when deciding to use
a glucose-monitoring device or a standard finger prick,
it may not be a question of WIP, but the ability to pay
that is determining glucose monitor choice.'® *** This is
unfortunate as the improvements in diabetes outcomes,
patient quality of life, and healthcare expenditures in
connection with using these devices are increasingly
documented.'” **%

Beyond costs, the relative importance of the other
attributes differed to some degree between the two coun-
tries. Specifically, Dutch respondents valued reducing
the number of daily finger pricks to zero more than
twice as much as Polish respondents. The acceptance
of additional finger pricks to verify blood glucose levels
may reflect the greater importance that Polish respon-
dents assigned to precision as these finger pricks are the
most accurate reading and can be used for calibration of
devices or verification of device glucose information. For
both populations, precision was mainly significant when
the device was described as having higher levels of impre-
cision. Lower levels of imprecision were not important for
choosing a device, indicating that there is an acceptable
amount of device imprecision. This was also reported by
patients during the qualitative phase.

These preference differences resulted in different
in WTP for glucose devices and expected uptake rates
for the two countries. Both samples reflected an overall
desire to move away from finger-prick tests for SMBG,
although this was more pronounced in the Polish popula-
tion compared with the Dutch population. Patients were
consistently willing to pay for device improvements that
resulted in devices that more closely represented FGMs
or CGMs regarding functionality.

While we found type of information to be relatively less
important based on the model outcomes, this conflicts
with the findings from the qualitative phase of this
study. During the interviews, stakeholders from every
area including the patients indicated that only having
the current glucose level was insufficient for proper
glucose management. In the preference study outcomes,
improvements in this area were not nearly as important
for choosing a device as the interviews would have led

6

BMJ Open Diab Res Care 2023;11:¢003025. doi:10.1136/bmjdrc-2022-003025

"ybuAdoo Aq paroalold 1sanb Aq £202 ‘S Areniga4 uo jwodfwg-alp//:dny wouy papeojumoq €20z Arenuer /T U0 GZ0E00-2202-24plwag/9eTT 0T Sk paysiignd 1si1y :a1ed say qelq uado rINg


https://dx.doi.org/10.1136/bmjdrc-2022-003025
https://dx.doi.org/10.1136/bmjdrc-2022-003025
http://drc.bmj.com/

8 Emerging technologies, pharmacology and therapeutics

Table 3 Attribute-level estimates for the panel mixed logit model

The Netherlands Poland
Attribute Levels Estimate SE P sig. Estimate SE P sig.
Precision compared  Accurate as finger Mean 0.343 0.075 e 0.457 0.071 e
with pricking (ref) sD
finger pricking
+0.3 mmol/L Mean 0.000 0.061 -0.081 0.051
SD 0.036 0.101 0.047 0.112
+0.6 mmol/L Mean -0.343 0.079 o -0.376 0.073 b
SD 0.536 0.093 b 0.655 0.082 o
Average number of 0 times per day (ref) Mean 0.352 0.059 e 0.172 0.044 o
finger pricks per day sSD
2 times per day Mean -0.352 0.059 e -0.172 0.044 e
SD 0.479 0.070 o 0.349 0.059 o
Effort to check Low (ref) Mean 0.120 0.039 * 0.042 0.033
SD
Moderate Mean -0.120 0.039 b —-0.042 0.033
SD
Probability of getting 5% (ref) Mean 0.336 0.076 i 0.377 0.064 e
skin irritation or sD
redness
20% Mean -0.059 0.066 -0.018 0.059
SD 0.061 0.127 0.015 0.166
35% Mean -0.277 0.076 b -0.359 0.066
SD 0.450 0.097 b 0.402 0.084 e
Monthly costs per €1 increase Mean -0.017 0.002 i -0.016 0.001 e
SD 0.015 0.001 b 0.019 0.001 e
Glucose information  Current glucose level only Mean -0.142 0.063 * -0.056 0.054
(ref) sD
Current glucose level with Mean 0.068 0.063 0.004 0.055
arrow )
Current glucose level with Mean 0.074 0.063 0.052 0.053
daily trendline )
Alarms Yes (ref) Mean 0.152 0.044 e 0.148 0.035 e
SD
No Mean -0.152 0.044 e -0.148 0.035 e
SD 0.252 0.076 i 0.151 0.063 *
Alternative specific constant for device instead of Mean -0.982 0.502 -2.770 0.336 i
gl ferfehs s SD 4,527 0.386 4.767 O
Alternative specific constant indicating left-right  Mean 0.376 0.085 oxx 0.346 0.074 ox
o SD 0.446 0.140 0.540 0.098

Higher estimates represent increasing levels of importance for the patient in choosing a device.
All attributes were effects-coded, enabling the direct comparison of the estimates. The sum of the effect coded attributes is zero, and
therefore the coefficient of the reference category can be easily calculated, and the relative importance of the reference categories

of the attributes can be compared with one another, and so that the alternative specific constants have independent interpretation
signifying the average utility for that alternative. SDs are given where parameters were found to have a significant random parameter
estimate. The significant alternative specific constant indicates that patients tended to choose the alternative on the left side. A normal
distribution using 1000 Halton draws was used in model development.
*P<0.05, **P<0.01, ***P<0.001.

ref, reference level; SD, standard deviation; SE, standard error.
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Table 4 Median WTP estimates and average uptake rates compared with traditional finger prick

The Netherlands WTP Poland WTP
Median IQR Median IQR
Increase precision from
Low to medium 15.94 27.73-3.93 10.18 -3.19 to 21.23**
Medium to high 15.87 3.72-26.43 2217 4.54-41.84
Low to high 31.82 7.60-54.73 33.64 1.02-59.45
Reduce daily finger-pricks: 2-0 32.71 14.34-63.41 13.35 4.28-30.34**
Improve chance of skin irritation
High to medium 10.39 18.86-5.56 13.8 6.38-27.87**
Medium to low 18.7 12.52-32.79 16.06 8.20-34.52*
High to low 28.97 16.55-52.5 29.83 14.47-61.74
Improve effort from medium to low 11.32 8.78-22.24 3.55 2.31-7.4
Improve glucose information with
An arrow showing blood glucose is changing  10.22 7.70-19.49 2.58 1.68-5.38"*
Daily trend information 14.19 7.92-20.07 4.6 2.99-9.59***
Get a glucose alarm 14.19 7.15-25.74 12.67 7.44-24.02
WTP to not use finger-prick test 27.74 -231.85t0278.23  65.01 —-183.76 to 295.5*
Estimated Uptake Rates Most preferred FGM proxy FGM proxy with

Total samples
The Netherlands (n=226)
Poland (n=261)

Age 18-50
Netherlands (n=88)
Poland (n=202)

Age 50 and over
Netherlands (n=137)
Poland (n=59)

FP only users
Netherlands (n=128)
Poland (n=211)

CGM/FGM users
Netherlands (n=38)
Poland (n=39)

Type 1
Netherlands (n=65)
Poland (n=83)

Type 2
Netherlands (n=157)
Poland (n=167)

device (%)t

63.6
7747

69.1
78.9*

60.4
70.9

57.5
75***

78.2
85.3

70.8
81.7

61
74.8*

device (%)

44.4
56.1**

51.7
5915

39.9
44.3

37.8
53.6™"

66.7
70.2

53.1
63.2

41
52.8™

reduced cost (%)§

54.8
67.6"*

59.9
69.5"

51.9
61.1

48
65.8"

73
76.7

62
7.7

52.3
65.6™

Note for WTP estimates: estimates are only presented for attribute improvement where level increases were found to be significant
in the mixed logit model; costs presented in euros; Mood’s test of equality of median values was used to assess difference between

countries.

Significant differences between countries: *p<0.05, **p<0.01, **p<0.001.

THigh precision, 0 finger pricks, low effort, low chance of skin irritation, €25 /month, glucose information with trendline, alarm.
FModerate precision, 0 finger pricks, moderate effort, moderate chance of skin irritation, €100/month, arrow information, no alarm.
§Moderate precision, 0 finger pricks, moderate effort, moderate chance of skin irritation, €25/month, arrow information, no alarm.
CGM, continuous glucose monitor; FGM, flash glucose monitor; WTP, willingness to pay.
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us to believe. In addition to this, industry interviewees
and patients reported that connectivity to devices which
the patients normally carried around (eg, smartphone
and smartwatch) was a desirable feature as it reduces
effort to check and the stigma of checking blood glucose
levels. The preference outcomes indicated that while the
Dutch patients significantly preferred a device with low
burden, the added benefit of accessing this information
on a smartphone or watch instead of a dedicated device
was relatively limited compared with other features or
costs. This indicates that connectivity is something that is
a want but not a must in a device. Exceptions to this may
be in specific instances, such as parents who want to be
able to monitor a child’s glucose level at a distance.”" **

Our case study focused on two countries, the Nether-
lands and Poland, which are examples of ‘Western’ and
‘Eastern” European countries with partial and no reim-
bursement for glucose-monitoring devices supporting the
transferability of these findings to other countries with
out-of-pocket costs for SMBG. At the time of designing
the study, the reimbursement for CGMs was limited in
the Netherlands with FGMs not fully reimbursed.”’ The
reimbursement policy of Dutch insurance companies
changed while the study was being conducted to allow
patients with T1IDM, patients with T2DM with intense
insulin regimens, and patients with T2DM who are preg-
nant or trying to become pregnant to be eligible for FGMs
through their health insurance. CGMs and FGMs were
not reimbursed in Poland at the time that the study was
conducted, and to the best of our knowledge are still not
reimbursed.” * Respondent awareness of the change in
reimbursement in the Netherlands may have resulted in
lower WTP estimates. It would be interesting to study how
improved access to these devices for some patients has
changed preferences in Dutch patient populations and
if the removal of cost as an attribute impacts their pref-
erences compared with Poland without a change in reim-
bursement. The removal of cost as a barrier would likely
have a large impact on patient preferences and expected
uptake rates of these devices with a greater focus on how
the device fits into the patient’s lifestyle as reflected in
the study by Hannah et al.**

The strengths of this study include the extensive quali-
tative phase used to identify the relevant attributes for use
in the DCE. This process was more extensive than what
is commonly done to generate attributes in preference
studies. Interviewees were internationally diverse with a
broad range of backgrounds and contributed to the iden-
tification of a set of attributes relevant to a broad sample
of patients. Another strength of this study is the multi-
country sampling, which allows for a better understanding
of the transferability of these findings to diabetes patient
populations in other countries. This study did have some
limitations. First, the study used data that relied on self-
reports of diabetes diagnosis and no quotas based on SES
were imposed. This limited exploring subgroup analyses
of SES group preferences which may be relevant as SES
has previously been associated with adherence to SMBG.

Second, patients were recruited through an online panel
only and not through clinical partners or patient orga-
nizations due to COVID-19-related restrictions on all
non-vital research. This resulted in a sample of respon-
dents that had generally higher levels of education and
were younger than we would expect from the general
diabetes population.” ™ The results of a more represen-
tative sample may produce different relative preference
outcomes as we found differences in expected uptake
rates based on age stratifications.

CONCLUSION

While patients value many aspects of glucose monitors,
out-of-pocket costs are the primary concern of patients
when deciding on devices to self-monitor blood glucose.
Even when different welfare levels between the two coun-
tries were accounted for, differences in estimated WTP
were found between the countries. This study shows that
uptake of modern glucose-monitoring devices is depen-
dent on out-of-pocket costs. In light of these clear pref-
erences to switch from glucose measurement by finger
pricks to more modern equipment, a critical review of
the costs and benefits of such devices is needed to see
if removing the cost barrier is justified by the potential
improvements in blood glucose monitoring.
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