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Purpose: The SPUR (Social, Psychological, Usage and Rational) Adherence Profiling Tool is a recently developed adaptive
instrument for assessing key patient-level drivers for non-adherence. This study describes the SPUR questionnaire’s finalization and
psychometric evaluation.

Patients and Methods: Data were collected through an online survey among patients with type 2 diabetes included by general
practitioners and diabetologists in France. The survey included four questionnaires, SPUR and three validated adherence measures:
BMQ, MARS and ACCEPT. Item-level analysis and a partial credit model (PCM) were performed to refine the response option coding
of SPUR items. The final item selection of SPUR was defined using a PCM and a principal component analysis (PCA). Construct
validity, concurrent validity and known-groups validity were assessed on the final SPUR questionnaire.

Results: A total of 245 patients (55% men, mean age of 63 years) completed the survey remotely and were included in this analysis.
Refining response option coding allowed a better discrimination of patients on the latent trait. After item selection, a short, an
intermediate, and a long form composed the final SPUR questionnaire. The short form will be used to screen patients for risk and then
the other forms will allow the collection of further information to refine the risk assessment and decide the best levers for action.
Results obtained were supportive of the construct validity of the forms. Their concurrent validity was demonstrated: moderate to high
significant correlations were obtained with BMQ, MARS and ACCEPT scores. Their known-groups validity were shown with a logical
pattern of higher scores obtained for patients considered non-adherent and significant differences between the scores obtained for
patients considered adherent versus non-adherent.

Conclusion: SPUR is a valid tool to evaluate the risk of non-adherence of patients, allowing effective intervention by providing
insights into the respective individual reasons for lack of adherence.

Keywords: digital questionnaire, non-adherence drivers, psychometric validation, Rasch modelling

Introduction
Adherence to medication is a key factor in the management of chronic disease. As pointed out by the World Health

Organization,

Increasing the effectiveness of adherence interventions may have a far greater impact on the health of the population than any

improvement in specific medical treatments."

Non-adherence to treatment for chronic disease is common and is a major predictor of poor disease outcomes.' While
a number of questionnaires are available to assess non-adherence, they tend to provide little information about the
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underlying drivers of non-adherence, delivering only one or two specific scores. For example, the Morisky questionnaires
(MMAS-4 and MMAS-8) provide useful adherence measures, but without quantifiable insights into the reasons behind
the patient’s behavior. Furthermore, none are designed to take advantage of the ability of digital administration to
alleviate total testing burden by using adaptive questionnaire structure to reduce the potential number of questions asked
to any respondent on the basis of their initial responses. For this purpose, the SPUR (Social, Psychological, Usage and
Rational) tool was developed.

The SPUR tool currently consists of 45 items with 5-point Likert scale response options. SPUR’s underlying
framework is based on a categorization of previously studied drivers of non-adherence for patients with chronic
disease.”? SPUR categorizes drivers for adherence to chronic treatments into four broad dimensions: Social which
includes both how the patient perceives the support of those close to them as well as the patient’s perceptions of how
the treatment affects their place in society; Psychological which includes items referring to the patient’s sense of identity,
their degree of reactance and the discounting of future benefits; Usage which corresponds to unintentional non-adherence,
namely practical elements such as financial burden, forgetfulness, complexity of administration and perceived self-
efficacy; and Rational which focuses on perceptions of the treatment’s benefits, the seriousness of the illness, and the
individual’s perceived risk for bad outcomes, including fear of side effects, as per the Health Belief Model.

The most common approach used to develop and validate an algorithm of an instrument like SPUR is Classical Test
Theory (CTT).** However, while CTT can provide unbiased estimates of the target construct, random measurement error
can make those estimates unreliable in practice. Rasch-family models can improve the precision of scale scores while
minimizing the number of items.® Our goal was to develop an algorithm for calculating summary adherence measures
accurately even in the context of missing data on some of the items.” To reach this goal, CTT and Rasch modelling were
used together for the finalization of the SPUR questionnaire and algorithm and its validation in order to combine the
assets of both approaches in a complementary way.

A previously online survey conducted on 501 participants with type 2 diabetes in the United States was the basis for
the preliminary development of SPUR algorithm.” The objective was to create an adaptive algorithm to streamline the
use of the SPUR questionnaire via digitally-based means. Administering the SPUR questionnaire in this manner would
allow health care providers to get information more reliably and quickly. Results obtained would enable health care
providers to focus on gathering detailed information within the range of adherence issues experienced by the respondent
while focusing less on less relevant issues. In this way, the SPUR algorithm could be used in the growing field of Digital
Adherence Technology (DAT) to provide personalized digital behavioral interventions. In order to retain sufficient
flexibility to be incorporated into DATs for a variety of situations, questions were designed in such a way as to not be
specific to any one pathology or healthcare system.

The current study presents the analyses and results of the SPUR questionnaire and algorithm finalization and
validation. The study used data collected via an online survey of type 2 diabetes patients living in France.

Patients and Methods
Study Design and Population

All study methods were discussed by an Academic Board comprised of doctors in endocrinology and diabetology;
experts in health behavior, chronic disease, clinical and applied pharmacy practice, management sciences, therapeutic
education and adherence issues. The Academic Board contributed to the writing of the study protocol. They did not
contribute to the data collection. The Academic Board was also consulted before the analysis of the data to validate the
methodological approach. This study was a phase 3 observational study submitted to and validated by the “Comité de
Protection des Personnes (CPP)” on September 4th, 2019. This study complies with the Declaration of Helsinki. French
law (Jardé) does not require approval from an Ethical Committee or Institutional Review Board for studies in the field of
Human and Social Sciences. General practitioners and diabetologists, who volunteered to be included in this study,
signed a financial agreement. The list of the general practitioners and diabetologists included in this study was registered
to the “Conseil National de I’Ordre des Médecins (CNOM)”. These general practitioners and diabetologists presented the
study to their patients. The patients interested in this study received an information and consent note and they had then 7
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days of reflection before accepting to participate to the study. If they wanted to accept to participate, an oral consent was
sufficient. Patients included in this study were patients who volunteered and were 18 years of age or above, have type 2
diabetes, have consented to participate to the study, speak French and use at least one oral anti-diabetic medicine.
Exclusion criteria were subjects with injectable treatment for diabetes, subjects who participate in another study, subjects
with severe psychiatric disorders, subjects with language barrier, and subjects with mental disability. After providing
consent, these patients were invited to complete the survey questionnaires online. The duration of completion of the
questionnaires was approximately 15 minutes. This study was non-interventional and was not designed to influence the
physician’s drug prescription or therapeutic management. Any patient personal data collected was de-identified. The
inclusion period lasted from November 2019 to October 2020.

Patients were asked to complete a battery of 4 questionnaires, including the SPUR tool, the Medication Adherence Rating
Scale (MARS), the Beliefs about Medicine Questionnaire (BMQ) and the 3-item General Acceptance dimension of the
Acceptance by the Patients of their Treatment (ACCEPT) questionnaire as well as questions about their sociodemographic and
clinical characteristics. The French versions of the MARS, the BMQ and the ACCEPT questionnaires were used; all licenses and
permissions have been obtained prior to the use of these questionnaires in this study.

The MARS is a 10-item questionnaire measuring medication adherence.® The first four items assess medication adherence
behavior including the intensity of drug use and persistence, the four subsequent items evaluate the attitude toward taking
medication including beliefs about medications and the two remaining items assess side effects and attitudes to psychotropic
medication. Total scores range from 0 to 10, with a higher score indicating better medication adherence.

The BMQ is an 18-item questionnaire evaluating people’s beliefs about medicines, for example, perceptions of medication
necessity and perceived concerns about medicines in general.” The Necessity scale of the BMQ assesses patients’ beliefs about the
necessity of medication for maintaining present and future health (score ranges from 5 to 25). The Concern scale of the BMQ
assesses the patient’s attitudes with respect to the potential adverse consequences of using medication (score ranges from 5 to 25).
For both Necessity and Concerns scores, higher scores indicate stronger beliefs regarding medicine.

The ACCEPT General Acceptance dimension consists of three items: Advantages outweigh disadvantages;
Medication is an acceptable solution; Medication is worth taking in the long term. Its summary score ranges from 0 to
100, with higher scores indicating greater medication acceptance.'® '

The 6-month Medication Possession Ratio (MPR) was calculated for the patients who answered the questionnaires. The MPR
was computed using general practitioner and diabetologist prescription, and drug dispensing data from health insurance. General
practitioners and diabetologists filled in the patients’ electronic Case Report Forms (eCRFs) using prescription and drug
dispensing data that they could access using their health insurance professional portal.

Analysis

Finalization of the SPUR Questionnaire and Algorithm

Exploration of Item Response Option Coding

An item-level analysis was performed, consisting of calculation of the frequency and percentage of responses for each
item of the SPUR tool in order to determine whether floor or ceiling effects occurred.'®> A Partial Credit Model (PCM)
analysis was conducted to compute the item characteristic curve (ICC) of each SPUR item in order to verify whether the
response options were ordered in accordance with the scoring function specifications.'* In the case of misfit of an item
whose response options are not ordered in accordance with the scoring function specifications, this item was recoded.
The recoding consists of combining adjacent response options in the scoring algorithm taking into account the response
option distribution described with the item-level analysis.

Item Selection

A PCM analysis was conducted to understand the structure of the SPUR tool and determine whether all items reflect the
same underlying concept.'> 7 The fit of each item was examined using p-value (x°). The person-item map was
computed. This map shows the conjoint distribution of the patient measures and the location of the items along the
range of scores defined by the latent dimension: low non-adherence to high non-adherence.'® The purpose of the person-
item map is to confirm that the SPUR items cover the full range of adherence behaviors in the population. This is
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determined by examining the distribution of the item difficulties and thresholds (represented in Figure 1 at the bottom of
the map in blue) along the latent dimension (x axis) in the person-item map.

The initial structure of the SPUR questionnaire was tested using Principal Component Analysis (PCA). The PCA aimed at
evaluating whether empirical data confirms this hypothesized structure and defining adjustments that may be needed in the
construction of the scoring algorithm. PCA was conducted multiple times on the SPUR items using VARIMAX rotation to
refine the scale structure. These analyses were run for the purpose of exploring the underlying factor structure of the latent
variable “non-adherence”. The final structure of SPUR was determined using the following elements: the hypothetical
structure of SPUR, the Kaiser Criterion provided by PCA, item fit and the person-item map generated by PCM analysis.
These analyses allowed the identification of items not fitting with the scale structure and possible candidates for exclusion.
A multitrait analysis was also used to confirm the final SPUR structure. In this analysis, Pearson correlation coefficients were
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Figure | Partial credit model — person-item map. The participants are represented at the top of the map and the items are at the bottom of the map. The hardest items for
participants to endorse are located on the right of the map, and the easiest items for participants to endorse are on the left. Person-item maps obtained using partial credit
model analysis on all SPUR — Social, Psychological, Usage, Rational — items (First figure. Person-item map obtained using partial credit model analysis on all SPUR — Social,
Psychological, Usage, Rational — items before response option recoding; Second figure. Person-ltem map obtained using partial credit model analysis on all SPUR — Social,
Psychological, Usage, Rational — items after response option recoding).
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calculated between each item and each dimension score after the considered item was removed. Two criteria were assessed:
item convergent validity (correlation between each item and its own dimension >0.40) and item divergent validity (each item
should have a higher correlation with its own dimension than with other dimensions).

Validation of the SPUR Algorithm

Construct Validity

The construct validity examines the extent to which a measure captures the underlying “construct” or concept it set out to evaluate.
In accordance with the FDA guidance,'® construct validity was examined regarding convergent/divergent aspects (concurrent
validity) and the degree to which SPUR can distinguish among groups hypothesized a priori to be different (known-groups
validity). Furthermore, the Receiver operating characteristic (ROC) curve with calculation of the area under the curve (AUC) was
used to identify the relationship between the final algorithm score of SPUR and the categorization of patients based on the latent
trait obtained with the PCM using a threshold of —1 for the 20% of patients the most at risk of being non-adherent.”**!

Concurrent Validity

Concurrent validity was assessed by calculating Spearman correlation coefficients between the final algorithm score of SPUR and
the MARS total score, the ACCEPT General Acceptance dimension score, the BMQ dimension scores, the latent trait provided by
PCM analysis, MPR and HbA ¢ (glycated hemoglobin, average blood glucose levels for the last two to three months).

Known-Groups Validity

For the known-groups validity, SPUR scores were described and compared between groups defined using MPR (MPR > 80%;
MPR < 80%; the a priori hypothesis being that higher SPUR scores are expected for patients with MPR < 80%), HbAlc (HbAlc <
6 for excellent glycated hemoglobin; HbAlc =]6;9[for good glycated hemoglobin; HbAlc > 9 for poor glycated hemoglobin;
a priori hypothesis being that higher SPUR scores are expected for patients with HbA1c > 9), current comorbidities assessed by the
general practitioner or the diabetologist (absence versus presence; a priori hypothesis being that higher SPUR scores are expected
for patients with comorbidities), latent trait (latent trait > —1 for the 20% of patients the most at risk of being non-adherent; latent
trait <—1 for other patients; a priori hypothesis being that higher SPUR scores are expected for patients with latent trait > —1),
ACCEPT General Score Group (ACCEPT General Score Group < 50; ACCEPT General Score Group > 50, threshold provided
by the author of the ACCEPT questionnaire; a priori hypothesis being that higher SPUR scores are expected for patients with
Accept General Score Group < 50), MARS score (MARS score > 7; MARS score < 7; a priori hypothesis being that higher SPUR
scores are expected for patients with MARS score < 7),>>2* BMQ Necessity score (BMQ Necessity score > 18; BMQ Necessity
score < 18 for the 20% of patients the most at risk of being non-adherent; a priori hypothesis being that higher SPUR scores are
expected for patients with BMQ Necessity score < 18), BMQ Concern score (BMQ Concern score > 13; BMQ Concern score < 13
for the 20% of patients the most at risk of being non-adherent; a priori hypothesis being that higher SPUR scores are expected for
patients with BMQ Concern score < 13).

The threshold for statistical significance was fixed at 5%.

Statistical Analyses Software
Statistical analyses were performed using SAS software for Windows (Version SAS® Studio 3.7; SAS Institute, Inc.,
Cary, NC, USA) and the PCM analysis was performed with RUMM 2030 (Rumm Laboratory Pty Ltd).

Results

Population Characteristics

Two hundred and forty five patients (55% men) completed the online survey and were included in the analysis. Most
respondents (75%) had comorbidities and almost all (84%) lived at home with other people. Patients had a mean age of
63 years and a mean recent HbAlc of 7.3 (standard deviation (SD)=1.3) (Table 1).

The mean MPR of the population was 84.2 (SD=23.2, range: 11.7-100), indicating a high level of adherence. The
mean MARS total score of the population was 7.2 (SD=1.6, range: 1-10), indicating a high level of medication
adherence but with the full range of possible scores used. The mean BMQ-Concerns subscale and Necessity subscale
scores were 17.0 (SD=4.7, range: 5-25) and 20.5 (SD=4.0, range: 5-25), respectively; indicating strong level of beliefs
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Table | Description of Patients

Variable® Overall (N=245)
Age

N (missing) 245 (0)

Mean (SD) 62.99 (11.29)

Median 64.00

Ql -Q3 56.00-71.00

Min - max 33.00-88.00
Gender

N (missing) 245 (0)

Male 134 (54.7%)

Female 111 (45.3%)

Other 0 (0.0%)
Living Alone

N (missing) 245 (0)

Yes 39 (15.9%)

No 206 (84.1%)
Recent HbAIc

N (missing) 245 (0)

Mean (SD) 7.26 (1.25)

Median 7.00

Ql -Q3 6.00-8.00

Min - max 5.00-14.00
Comorbidities

N (missing) 245 (0)

Yes 184 (75.1%)

No 61 (24.9%)
MPR Min

N (missing) 245 (0)

Mean (SD) 84.19 (23.15)

Median 97.78

Ql -Q3 76.11-100.00

Min - max 11.67-100.00

Note: *Missing data not included in calculation of
percentages.

regarding medicine but with the full range of possible scores used. The mean ACCEPT General Score was 75.7
(SD=22.7, range: 0.0-100), indicating a high level of treatment acceptance but with the full range of possible scores used.

Finalization of SPUR Questionnaire and Algorithm
Exploration of Item Response Option Coding
The item-level analysis showed that 28 items presented floor or ceiling effects (depending on the positive or negative
wording of the questions regarding non-adherence assessment). The under-representation of a part of the 5-point Likert
scale response options was further examined using a PCM analysis. The ICC obtained for each SPUR item showed that
the response options were not ordered in accordance with the scoring function specifications for 43 items. (Figure 2)
These analyses (item-level analysis and PCM analysis) led to the recoding of 31 items into two response options and 14
items into three response options.

Furthermore, since some questions are positively worded and others negatively regarding non-adherence assessment,
some items were reverse scored so that a higher item score corresponds to a higher level of non-adherence or higher

barriers to adherence before proceeding with the analysis.
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Figure 2 Partial credit model — item characteristics curve (ICC) plots. These curves are plots of the probability for each response options to be answered by the
participants (y axis) depending on the continuum of the latent trait being measured (x axis representing the non-adherence level). Example of one SPUR item Item
characteristics curve with response options not ordered in accordance with the scoring function specifications before response option recoding (First figure. SPUR Item 33
characteristics curve before response option recoding) and then reordered after response option recoding (Second figure. SPUR Item 33 characteristics curve after
response option recoding).

The examination of the person-item threshold distribution before and after the response option recoding showed
a better coverage of the latent trait by the SPUR items after recoding (Figure 1).

A comparison of the correlations between the SPUR total score and the latent trait obtained on each SPUR dimension,
on all SPUR items (45 items and 4 “meta” items) and on the 4 “meta” items before and after recoding showed an increase
of 0.07 (for S dimension latent trait) to 0.18 (for P dimension latent trait) points after recoding (Table 2).

Item Selection
The PCM fit was good (Person Separation Index (PSI) of 0.78), confirming that SPUR responses reflected one underlying
latent trait hypothesized as non-adherence. 24 of 45 items did not fit the PCM model (p-value (y*) < 0.05).

Figure 1 shows the person-item map that represents the distribution of the sample on the latent trait hypothesized to
be non-adherence. The person-item map indicates that the items of the SPUR tool covered the full range of the patient
population distribution except the extreme left (extremely adherent patients). Furthermore, the items of the SPUR tool
covered the extreme right of the person-item map (even if no patient is located at this extremity), indicating that high
levels of non-adherence also can be well assessed by this tool. Respondents were mainly located on the left of the map,
indicating that most were moderately to highly adherent. Items located to the right of the map are more “difficult” than
those located to the left. The “easiest” items were “I am worried about the side effects of some medications” and “I live
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Table 2 Spearman’S Correlation Coefficient Between the SPUR Questionnaire Total Score and the SPUR Latent Trait, the 4 “Meta”
Item Latent Trait, the S Dimension Latent Trait, the P Dimension Latent Trait, the U Dimension Latent Trait and the R Dimension
Latent Trait (Before Response Option Recoding and After Response Option Recoding)

SPUR Total Score Before Response Option SPUR Total Score After Response Option
Recoding Recoding
Spearman Correlation Coefficient p-value | Spearman Correlation Coefficient p-value
SPUR Latent Trait 0.97453 <0.0001 096111 <0.0001
4 “Meta” Item Latent Trait 0.29484 <0.0001 0.41098 <0.0001
S Dimension Latent Trait 0.50678 <0.0001 0.58338 <0.0001
P Dimension Latent Trait 0.46003 <0.0001 0.63919 <0.0001
U Dimension Latent Trait 0.60008 <0.0001 0.74821 <0.0001
R Dimension Latent Trait 0.71356 <0.0001 0.83599 <0.0001

in the moment” and the most “difficult” items were “It is essential that I follow my treatment plan” and “I am able to
follow my treatment plan”.

A PCM analysis was performed only on the 4 “meta” items to explore their added value in the SPUR model. The
PCM fit was not good (PSI of 0.03) highlighting that no underlying latent trait existed for these 4 “meta” items.
Furthermore, the correlations obtained between the SPUR total score and the 4 “meta” items latent trait were low: 0.29
before recoding and 0.41 after recoding, suggesting that the 4 “meta” items did not assess the same underlying concept
than the 45 SPUR items (Table 2).

Iterative PCAs were performed to test the impact of variations in the number of factors on the scale structure. PCAs
with number of factors free and then forced with defined number of factors (for instance, 4 and 5) were tested. Results
from the PCA with four factors yielded the most readily interpretable dimensions for the SPUR structure and were used
to define the final SPUR structure. PCA Scree Plot show that a structure of four factors was optimal. (Supplementary
Materials) The PCA results led to propose a final SPUR structure made of four multi-item dimensions (Social,
Psychological, Usage and Rational) close to the initial hypothesized structure which was based on the results of the
qualitative interview analysis performed during the SPUR item development phase.’

Results of the multitrait analysis are shown in Table 3. The analysis revealed three items with convergent validity issue
and two with divergent validity issue in the dimension P; ten items with convergent validity issue and three with divergent
validity issue in the dimension R; four items with convergent validity issue and four with divergent validity issue in the
dimension S; and eight items with convergent validity issue and three with divergent validity issue in the dimension U.

It was determined that the 4 “meta” items and 21 items of the SPUR initial 45 items were to be excluded based on the
results of the PCM analyses, the iterative PCAs and the multitrait analysis but also the hypothetical structure of SPUR. 6
of the remaining 24 items were selected to comprise the short form: these 6 items obtained the strongest statistical results
and were meaningful for experts. A further 11 items of the remaining items were added to the short form to comprise the
intermediate 17-items form. Finally, a 24-items long form was developed that consisted of a further 7 items added to the
intermediate version.

The short form will be used to screen patients for risk and then the other forms will allow the collection of further
information to refine the risk assessment and decide the best levers for action.

Validation of SPUR Algorithm
Construct Validity
The construct validity was examined regarding concurrent and known-groups validity (see details below).
The ROC curves show that the relationship between the final algorithm score of SPUR and the latent trait was strong.
(Figure 3). The 20% of patients at the highest risk for being non-adherent according to the latent trait were well
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Table 3 Item-Scale Pearson Correlations from the Multitrait Analysis

Scale Label Psychological Rational Social Usage Total
Psychological | SPUR Item 6 0.49 0.31 0.07 0.20 0.34
Psychological | SPUR Item 7 0.70 0.45 0.14 0.30 0.50
Psychological | SPUR Item 8 0.67 0.49 0.23 0.39 0.57
Psychological | SPUR Item 9 0.55 0.49 0.30 0.47 0.60
Psychological | SPUR Item 10 0.10% 0.00 —-0.10 —0.08 —0.03
Psychological | SPUR Item |1 0.43* 0.45 0.17 0.48 0.53

Psychological | SPUR Item 12 0.26* 0.37 0.10 0.23 0.34
Psychological | SPUR Item |3 —-0.36* -0.34 —0.01 -0.13 -0.29
Psychological | SPUR Item 4 0.57 0.43 0.22 0.37 0.51

Rational SPUR Item 26 0.03 0.30 0.23 0.31 0.31

Rational SPUR Item 32 0.29 0.52 0.34 0.43 0.55

Rational SPUR Item 33 0.28 0.40* 0.38 0.43 0.49
Rational SPUR Item 34 0.25 0.25 0.09 0.11 0.23

Rational SPUR Item 35 0.18 0.45 0.22 0.40 0.44
Rational SPUR Item 36 0.27 0.36 0.07 0.26 0.34
Rational SPUR Item 37 0.15 0.33 0.20 0.21 0.31

Rational SPUR Item 38 0.02 0.02 —-0.01 0.12 0.06
Rational SPUR Item 39 0.46 0.37 0.12 0.21 0.38
Rational SPUR Item 40 0.23 0.02 —0.12 —0.05 0.02
Rational SPUR Item 42 0.32 0.42 0.19 0.35 0.44
Rational SPUR Item 43 0.14 0.29 0.12 0.24 0.29
Rational SPUR Item 44 0.15 0.41 0.18 0.34 0.39
Rational SPUR Item 27 0.19 0.35% 0.30 0.39 0.42
Rational SPUR Item 28 0.15 0.45 0.24 0.33 0.41

Rational SPUR Item 29 0.48 0.43* 0.28 0.41 0.53

Rational SPUR Item 15 0.20 0.33 0.21 0.21 0.32
Rational SPUR Item 23 0.27 0.40 0.22 0.34 0.43

Social SPUR Item | 0.20 0.31 0.32% 0.34 0.39
Social SPUR Item 2 0.26 0.42 0.44 0.42 0.50
Social SPUR Item 3 —0.14 0.02 0.09* 0.17 0.06
Social SPUR Item 4 0.20 0.28 0.15* 0.24 0.30
Social SPUR Item 5 0.08 0.11 0.05* 0.16 0.14
Usage SPUR Item 17 0.11 0.14 0.24 0.23* 0.22

(Continued)
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Table 3 (Continued).

Scale Label Psychological Rational Social Usage Total
Usage SPUR Item 18 0.05 0.19 0.15 0.24 0.22
Usage SPUR Item 19 0.42 0.40 0.27 0.37% 0.48
Usage SPUR Item 20 0.13 0.36 0.29 0.24% 0.35
Usage SPUR Item 21 0.16 0.28 0.32 0.42 0.38
Usage SPUR Item 22 0.34 0.34 0.26 0.45 0.46
Usage SPUR Item 24 0.42 0.52 0.38 0.56 0.63
Usage SPUR Item 25 0.41 0.45 0.24 0.51 0.55
Usage SPUR Item 30 0.08 0.22 0.10 0.25 0.24
Usage SPUR Item 31 0.11 0.26 0.25 0.28 0.31
Usage SPUR Item 41 0.07 0.19 0.10 0.23 0.21
Usage SPUR Item 16 0.39 0.40 0.27 0.41 0.49
Usage SPUR Item 45 0.04 0.24 0.18 0.32 0.27

Notes: Correlations indicating that items did not meet item convergent validity criterion are indicated in bold. Correlations
indicating that items did not meet item divergent validity criterion are indicated with *. Each shade of grey corresponds to one of
the four SPUR scales.

discriminated using the final algorithm score of SPUR short form (AUC = 0.79), intermediate form (AUC = 0.93) and
long form (AUC = 0.94).

Concurrent Validity

As presented in Table 4, the final algorithm score of the three SPUR forms presented statistically significant correlations
of medium to high size with all selected concurrent scales, as expected as these instruments measure related but distinct
concepts. The highest correlations were obtained between the BMQ concern score and the SPUR intermediate and long
form final algorithm scores (0.55 for both). Correlations between the final algorithm scores of the three SPUR forms and
the latent trait were high (0.68, 0.86 and 0.87 for the short form, the intermediate form and the long form, respectively).
Correlations between the final algorithm score of the three SPUR forms and both the MPR and the HbAlc were small
and non-significant.

Known-Groups Validity

The three forms of SPUR demonstrated a good ability to discriminate between different groups expected to present different
levels of adherence as shown in Figure 4. Patients with a low MPR (< 80%), poor glycated hemoglobin (HbAlc > 9),
comorbidities, high latent trait (> —1), low ACCEPT General Score (< 50), low MARS score (< 7), low BMQ Necessity score
(< 18) and low BMQ Concern score (< 13) presented a logical pattern of higher means in SPUR scores. Highly significant
between-groups differences (p < 0.001) were obtained for the three SPUR form score means of the groups based on: latent
traits, ACCEPT General Scores, MARS scores, BMQ Necessity scores and BMQ Concern scores.

Discussion

This study has allowed a refinement of the SPUR tool initially examined in the US population via 245 patients with type
2 diabetes in France.® An analysis of SPUR item response option distribution and SPUR item response option ordering
using ICC provided by Rasch modelling led to recode 31 items into two response options, and a further 14 into three
response options. This recoding allowed a better discrimination of patients on the latent trait and increased correlations
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Figure 3 Receiver operating characteristic (ROC) curves with calculation of the area under the curve (AUC). ROC curves between SPUR short form (First figure. Receiver
Operating Characteristic curve for SPUR — Social, Psychological, Usage, Rational — short form) (AUC = 0.79), intermediate form (Second figure. Receiver Operating
Characteristic curve for SPUR — Social, Psychological, Usage, Rational — intermediate form) (AUC = 0.93), long form (Third figure. Receiver Operating Characteristic curve
for SPUR — Social, Psychological, Usage, Rational — long form) (AUC = 0.94) total score and all SPUR item latent trait using a threshold of —| on the latent trait for the 20%
of patients the most at risk of being non-adherent.
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Table 4 Spearman Correlation Coefficient (“Correlation” in the Table) Between the Final Algorithm Score of SPUR and the MARS
Total Score, the ACCEPT General Acceptance Dimension Score, the BMQ Dimension Scores, the Latent Trait Provided by PCM
Analysis, MPR and HbAIc (Glycated Hemoglobin, Average Blood Glucose Levels for the Last Two to Three Months)

SPUR Long Form Score | SPUR Intermediate Form Score | SPUR Short Form Score
(24 Items) (17 Items) (6 Items)
BMQ Necessity | Correlation -0.4291 -0.4122 —0.3569
p-value <0.0001 <0.0001 <0.0001
BMQ Concern Correlation —0.5479 -0.5518 -0.3717
p-value <0.0001 <0.0001 <0.0001
MARS Correlation —0.4701 —0.4539 —0.3176
p-value <0.0001 <0.0001 <0.0001
ACCEPT Correlation —0.4686 —0.4292 —0.3063
p-value <0.0001 <0.0001 <0.0001
MPR Correlation 0.0870 0.0717 0.0796
p-value 0.1744 0.2636 0.2142
Latent Trait Correlation 0.8730 0.8616 0.6771
p-value <0.0001 <0.0001 <0.0001
HbAIlc Correlation 0.0969 0.1209 0.0895
p-value 0.1305 0.0588 0.1626

between the SPUR total score and the latent traits, both the global latent trait — corresponding to non-adherence — and the
latent trait of each dimension in the SPUR framework.

Analysis of the scale structure using PCA and the item fit statistics along with Rasch modelling using item location
and fit has led to eliminating 21 items from the tool, along with the four “meta” items. The remaining items can be
structured into three different versions of SPUR: a short form, consisting of six items; an intermediate form, consisting of
a further 11 items added to the short version; and a long form, consisting of a further 7 items added to the intermediate
version. The short, intermediate and long forms and also the initial 45 items of the SPUR tool are available for
consultation (Supplementary Materials). Copyright permission for SPUR 24 questionnaire was granted by Observia.

Results from the psychometric analysis were supportive of the validity of the SPUR tool in assessing the risk of non-
adherence and its drivers. ROC curves supported the construct validity of the short, intermediate and long forms while

the concurrent validity of the three forms was demonstrated:

All three versions of SPUR were highly correlated with the latent trait.

Both the intermediate and the long forms displayed high correlations with the BMQ Concern score.

The short form showed moderate correlations with the BMQ Concern score.

All three forms were moderately correlated with the BMQ Necessity score, the MARS score and the ACCEPT
General score.

The analysis allows validation of the SPUR tool as a predictor of patient adherence given the following evidence:

e Patients with a low MPR (< 80%), poor glycated hemoglobin (HbAlc > 9), comorbidities, high latent trait (> —1),
low ACCEPT General Score (< 50), low MARS score (< 7), low BMQ Necessity score (< 18) and low BMQ
Concern score (< 13) presented a logical pattern of higher means in SPUR scores.

e Highly significant between-group differences (p < 0.001) were obtained for the three SPUR form score means of the
groups based on: latent traits, ACCEPT General scores, MARS scores, BMQ Necessity scores and BMQ Concern

SCOres.
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Figure 4 Continued.

Note at the same time that none of the SPUR measures, nor the BMQ, MARS and ACCEPT measures were
significantly correlated with MPR. As all three of the other measures have been correlated with measures of adherence
in other studies,” and as the MPR in the study group was unexpectedly high, we believe that this is due to the lack of
variance across MPR in the study group, largely a function both of an unbalanced selection in the study sample with
patients more adherent than in general population and the relatively short period of time over which MPR was measured

(six months).
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Figure 4 Continued.

The high correlation of a recoded result of the short version of SPUR with the latent trait allows for accurate
assessment of adherence risk via a short questionnaire of simply six items. The intermediate and long versions can then
be used to provide a dynamic questionnaire to patients who are at risk in order to assess which of the behavioral drivers
in the SPUR framework are prevalent for the patient. The ROC curve built using the short form total score demonstrated
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Figure 4 Continued.

that the short form provides sufficient information to accurately discriminate the patient at risk for non-adherence with
good sensitivity and specificity. This is preferable, in this case, to classify an adherent patient as non-adherent because the
classification is then finalized using the intermediate and long forms of SPUR. Indeed, the items added by the
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G

Figure 4 Known-groups validity. Mean (standard deviation) SPUR short form, intermediate form, long form total scores by (A) the Beliefs about Medicine Questionnaire BMQ
necessity score groups (BMQ necessity <18 vs BMQ necessity 218) (First figure. Known-groups validity between the Beliefs about Medicine Questionnaire (BMQ) necessity score
groups), (B) the Beliefs about Medicine Questionnaire (BMQ) concern score groups (BMQ concern <13 vs BMQ concern 213) (Second figure. Known-groups validity between the
Beliefs about Medicine Questionnaire (BMQ) Concern score groups), (C) the Medication Adherence Rating Scale (Mars) total score groups (Mars total score <7 vs Mars total score 27)
(Third figure. Known-groups validity between the Medication Adherence Rating Scale (Mars) total score groups), (D) the Acceptance by the Patients of their Treatment (ACCEPT)
general score groups (ACCEPT general score <50 vs ACCEPT general score >50) (Fourth figure. Known-groups validity between the acceptance by the patients of their treatment
(ACCEPT) general score groups), (E) Medication Possession Ratio (MPR) groups (MPR <80 vs MPR 280) (Fifth figure. Known-groups validity between Medication Possession Ratio
(MPR) groups), (F) latent trait groups (latent trait <-1 vs latent trait 2-1) (Sixth figure. Known-groups validity between latent trait groups), (G) HbAlc (glycated hemoglobin, average
blood glucose levels for the last two to three months) groups (HbAlc <6 vs HbA1c]6;9[vs HbAIc 29) (Seventh figure. Known-groups validity between HbA I c (glycated hemoglobin,
average blood glucose levels for the last two to three months) groups) and (H) Comorbidities groups (presence of comorbidities vs absence of comorbidities) (Eight figure. Known-
groups validity between comorbidities groups). p-value from t-test for between-group comparisons when two groups, from ANOVA when more than two groups, NS non significant, ***
p <0.001.
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intermediate and the long forms allow the refinement of adherence classification and greatly decreases the risk of error
(AUC = 0.94 for the SPUR long form). The level of accuracy of the assessment provided by the short form can be
explained by the strong methodology used to develop the SPUR tool but also by the use of Rasch modelling to finalize
and validate the SPUR tool. Indeed, one of the specific properties of Rasch modelling is to allow consistent estimation of
the parameters associated with the latent trait independently from the items used for these estimations. In other words,
even if some patients do not respond to all items, estimates of the latent trait parameters are unbiased.”*'

Using the CTT and the Rasch modelling approaches together to finalize and validate the SPUR tool allowed
combining the assets of the two methods. While the CTT aims to explore the questionnaire structure, the Rasch analysis
assesses the existence of an underlying latent trait and examines finely the information contained in the items and their
contribution to the latent trait. Rasch analysis remains underused, perhaps because the disadvantage of Rasch modelling
lies in the complexity of scoring it, which makes its use in paper-based tools difficult and hence, practically unusable.
This is not a disadvantage for SPUR since we are focusing on DATs. For this reason, this approach is specifically well
adapted to a validation of an instrument like the SPUR.

Limitations
While useful to examine the validity of the SPUR questionnaire in assessing non-adherence behavior, the study has
a number of limitations.

First, although the SPUR questionnaire was designed to be universal, the study was conducted in only one disease,
type 2 diabetes, one country, France, and one language, French.

Second, in few cases, a bit of precision was lost when going from 17 items (SPUR intermediate form) to 24 items
(SPUR long form) in terms of correlations (Table 4). This is the case for HbAlc. It is possible that this is indicative of the
non-significance of the correlations, but we believe it is more a function of how the long form was established. Certain
items (items 13 and 42) were included in the long form in order to better examine specific behavioral drivers according to
the SPUR theoretical framework, even though their statistical properties were not convincing.

Lastly, there is a limitation in terms of how MPR data was gathered. MPR was calculated over the six-month period
prior to the questionnaires’ administration, using disbursement data. The data was gathered by physicians during patient
visits, who accessed the patients’ disbursement records via France’s electronic health records. This introduces selection
bias, as only patients who had made the effort to visit their physicians were included. Furthermore, many of the
medications studied were disbursed in 3-month packs, thereby reducing the potential for variability over the short period
studied. Furthermore, this approach precluded the measurement of discontinuation and non-initiation, as defined by the
ABC taxonomy.*? As such, any observed variance in MPR is indicative purely of poor implementation and patients who
have not initiated treatment or have discontinued it are not included. This is a common problem in research about
adherence and is a function of how patients are typically recruited.

Conclusions

SPUR is a valid tool to evaluate the risk of non-adherence of patients. Results can facilitate effective behavioral
interventions by providing insights into the individual reasons for lack of adherence. Its use of Rasch modelling allows
it to be adapted to each patient so as to reduce testing burden while generating reliable, useful information. Patients can
be screened via the short form, and those deemed at risk can then be taken through the relevant items in the intermediate
form, while the relevant items in the long form can then be applied as needed to identify exactly which of the behavioral
drivers are at work in the patient’s decision-making process. While the scoring of such a tool is too involved to be applied
in a paper-based setting, in the context of a DAT, SPUR allows an effective behavioral diagnosis to then drive the
relevant choice of content and intensity of intervention.

While the tool was designed to be agnostic to pathology and culture, further research is needed to confirm its diagnostic
validity in other pathologies and other countries. Furthermore, as more data are collected across different patient groups, we
hope to explore in more detail the interplay between the different drivers outlined in the SPUR framework and the items in
the SPUR questionnaire. Hopefully, further research can include patients recruited in such a way to reduce selection bias and
to capture those who do not initiate treatment or who discontinue it. We strongly believe that the latent trait uncovered in the
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SPUR research does correlate to overall adherence, but it will require further research to examine this and to explore whether

different elements of SPUR results can be correlated to the three types of non-adherence (primary non-adherence or non-

fulfillment adherence, non-persistence, and non-conforming), not just to implementation.* In so doing, it is possible that

further insights into the types of patient behavior and their drivers be identified and affected.
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