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Abstract
Purpose  To develop a new computer adaptive test that evaluates important aspects of medication adherence for persons 
with type 2 diabetes mellitus.
Methods  Two hundred and twenty-five people with type 2 diabetes mellitus completed 41 items related to medication 
adherence.
Results  Exploratory analysis supported the essential unidimensionality of the initial item pool. Five items were deleted due 
to low item-adjusted total score correlations (resulting in 36 items). Confirmatory factor analysis supported the retention of 
27 items. A graded response model identified no items for exclusion, based on misfit. No items were flagged for meaning-
ful differential item functioning (DIF). The final item bank is comprised of 27 items; an associated 6-item short form was 
constructed that balanced both psychometric factors (e.g., item information values) and clinical input. Initial analysis of the 
simulated CAT and static short form supported both the reliability (i.e., internal consistency and test–retest reliability) and 
validity (i.e., convergent, discriminant, and known groups) of both administration formats.
Conclusions  The new medication adherence item bank provides a reliable and valid assessment of the ability to take medica-
tions accurately among people with T2DM; it will be available in early 2023 through healthmeasures.net.

Keywords  Type 2 diabetes · Healthcare · Patient-reported outcomes

Introduction

The medical management of type 2 diabetes mellitus is 
complex and commonly includes both pharmacotherapy 
and lifestyle changes (e.g., diet and exercise). Given these 
complexities, medication adherence is often poor, as eluci-
dated in several systematic reviews [1–3]. Poor medication 
adherence is associated with several negative effects, includ-
ing acute and chronic complications, with increased health-
care utilization and hospitalizations [1–3]; these effects are 
both costly and can have a deleterious impact on individual 
health-related quality of life (HRQOL). Medication adher-
ence is also influenced by social determinants that present 
additional barriers, including socioeconomic factors, health 
literacy, comorbid mental health symptoms/conditions, and 
behavioral skills [4, 5].

Approaches to assessing medication adherence include 
both objective and subjective evaluation (see Clifford et al. 
[6]). With regard to objective assessments, the medication 
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possession ratio (MPR) [7], which reflects the number of 
days of medication supplied within the refill interval divided 
by the number of days in the refill interval, is a common 
objective approach to adherence assessment [6]. Although 
this is typically considered the gold standard approach for 
objective evaluation of medication adherence, it requires 
access to pharmacy claims databases or pharmacy/medical 
records to calculate, and it may not allow for the considera-
tion of individuals that may fill their prescriptions across 
multiple pharmacies. In addition, this approach does not take 
into account whether or not the patient is taking the medica-
tion in the correct way, only that he/she is filling a prescrip-
tion; as such, it commonly overestimates adherence: Patients 
who routinely refill prescriptions will have an inflated MPR, 
and those that refill in advance of the prescription running 
out will also have an inflated MPR. The use of electronic 
pill-caps that register the date and time of pill-bottle open-
ings provides an alternative objective approach to medica-
tion adherence monitoring. Yet these devices are expensive 
and, while they provide more granular information about 
pill-taking behavior, they still do not confirm/ensure that an 
individual is actually taking the prescribed dose, only that 
he/she has opened the pill-bottle.

Given the disadvantages of these objective approaches, 
subjective ratings of medication adherence are commonly 
used [6]. Advantages of subjective approaches include the 
low cost and the low burden associated with the administra-
tion of this type of assessment. These advantages are miti-
gated by the fact that subjective reports, by design, rely on 
retrospective reporting, which can be biased and commonly 
overestimate actual adherence rates. One of the most com-
mon self-report measures of medication adherence is the 
Morisky Medication Adherence Scale [8–10]. The psycho-
metric characteristics of this measure, albeit adequate (i.e., 
generally meeting minimal standards for internal consist-
ency reliability, adequate test–retest reliability, yet subop-
timal sensitivity/specificity [8]), are typically less robust 
than the psychometric reliability and validity that has been 
reported for newer-generation patient-reported outcome 
(PRO) measures.

The purpose of this report is to detail the development 
of a new patient-reported outcome (PRO) measure that was 
developed using classical test theory and item response 
theory methodologies [11–13].2 This new item bank, the 
Re-Engineered Discharge for Diabetes Computer Adap-
tive Test (REDD-CAT) medication adherence item bank, 
was developed to evaluate medication adherence in people 
with T2DM. This item bank was developed according to 
the rigorous methodology [13] required for measure inclu-
sion within the Patient-Reported Outcomes Measurement 
Information System (PROMIS) [14, 15] and Neuro-QoL 
measurement systems [16, 17], i.e., comprehensive measure-
ment systems that capture important aspects of HRQOL. It 

is expected that the REDD-CAT medication adherence Item 
Bank would be adopted within the PROMIS and Neuro-QoL 
measurement systems once it is fully developed. Below we 
describe the analytical process that informed the develop-
ment of this new PRO, and we highlight the preliminary 
reliability (i.e., internal consistency reliability), and valid-
ity (i.e., concurrent validity, discriminant validity, known-
groups validity) observed for this new tool.

Methods

Study participants

Two hundred and twenty-five people with type 2 diabe-
tes were enrolled in this study. Participants had to be age 
18 + , have a diagnosis of T2DM, be able to converse in 
English, and be capable of providing informed consent in 
order to participate in the study. In addition, participants 
were required to correctly pronounce the first 10 words on 
the Wide Range Achievement Test 4th Edition (WRAT4) 
Reading Subtest [18] in order to complete study assessments 
independently; those with one or more errors on the first 10 
words were assisted by a study coordinator in completing 
the study assessments. Participants were recruited through 
Boston Medical Center (BMC) by: (1) screening weekly 
lists of diabetes outpatients with upcoming appointments 
(using BMCs Clinical Data Warehouse to identify eligible 
participants), (2) using BMC internal census reports from 
the electronic health record to identify potential inpatient 
participants, and (3) by contacting individuals that had pre-
viously participated in research on T2DM and had agreed 
to be contacted for other studies. This study was conducted 
in accordance with institutional review board approval. Par-
ticipants were required to provide informed consent prior to 
their participation in study-related activities.

Measures

Medication Adherence

The Medication Adherence item bank (i.e., calibrated set of 
items) was developed to assess the knowledge and ability to 
take medications as prescribed, including getting prescrip-
tions filled on time and taking medications at the correct 
time. Both qualitative and quantitative methodologies were 
used to develop this new item bank. This process involved 
the creation of an item pool (i.e., an uncalibrated set of 
items) that reflected important issues related to medication 
adherence for people with T2DM (see Cancino et al. 2014 
[19] and https://​www.​pcori.​org/​resea​rch-​resul​ts/​2012/​pilot-​
proje​ct-​figur​ing-​out-​which-​patie​nts-​are-​likely-​return-​hospi​
tal). Response options for the items in this pool include two 

https://www.pcori.org/research-results/2012/pilot-project-figuring-out-which-patients-are-likely-return-hospital
https://www.pcori.org/research-results/2012/pilot-project-figuring-out-which-patients-are-likely-return-hospital
https://www.pcori.org/research-results/2012/pilot-project-figuring-out-which-patients-are-likely-return-hospital
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different 5-point Likert scales: never (1), rarely (2), some-
times (3), usually (4), always (5); strongly disagree (1), 
disagree (2), neither agree nor disagree (3), agree (4), and 
strongly agree (5).

The initial item pool was refined using feedback from 
experts, an item reading-level assessment (to ensure no 
greater than a 5th-grade reading level for the final measure), 
translatability review (to allow for future translations of the 
measure into other languages), as well as feedback from 
patients with T2DM. The item pool was then field tested in 
a large sample of people with T2DM, and classical test the-
ory and item response theory analytic approaches were used 
to inform the development of the final item bank. A brief 
summary of this process is provided below, with additional 
details reported in another manuscript within this issue [20]. 
The final Medication Adherence item bank provides a score 
that is on the T-score metric (mean = 50; SD = 10); higher 
scores indicate more problems with taking medications 
as prescribed (i.e., more difficulty with medication adher-
ence). Note that these T-scores are normalized relative to 
the calibration sample which is comprised of other people 
with T2DM. Computer adaptive test (CAT) scores from the 
medication adherence item bank were simulated using Fire-
star Version 1.3.2 [21].

Neuro‑QOL Anxiety [15–17, 22]

The Neuro-QoL Anxiety CAT was used to assess percep-
tions of worry, fear, hyperarousal, and anxiety using a 
5-point Likert scale (1 = never, 2 = rarely, 3 = sometimes, 
4 = often, 5 = always). This measure is scored on the T-score 
metric (M = 50, SD = 10), with higher scores representing 
more perceived anxiety relative to a calibration sample of 
individuals with neurological conditions. This measure was 
used to examine convergent validity of the new medication 
adherence measure. Reliability, validity, and responsive-
ness data for Neuro-QoL anxiety have been reported in 
the general population, as well as in people with chronic 
conditions including adults with epilepsy, multiple sclero-
sis, Parkinson’s disease, and Huntington disease [23–29]. 
Internal consistency is typically excellent (all Cronbach’s 
alpha > 0.91 for the different cohorts), 3-day test–retest 
reliability is excellent (ICC = 0.96 in Huntington disease), 
7-day test–retest reliability ranges from adequate to very 
good (ICCs range from 0.68 to 0.81 across the other clini-
cal cohorts), convergent validity is supported by moderate 
to strong correlations with other measures of mental health 
or emotional well-being (all r’s > 0.63), discriminant valid-
ity is supported by less robust correlations with measures of 
social health or motor functioning (r’s < 0.50 for measures of 
social health and r’s < 0.36 for measures of motor function), 
known-groups validity was supported by group differences 
among patients with more severe disease in the epilepsy, 

multiple sclerosis, and Parkinson’s disease cohorts, respon-
siveness was supported by worsening anxiety over a 6-month 
period in the epilepsy and multiple sclerosis cohorts, and 
sensitivity and specificity that support clinical decision mak-
ing were reported in Huntington disease.

Neuro‑QOL Depression [16, 17]

The Neuro-QoL Depression CAT was used to assess percep-
tions of sadness and depression using a 5-point Likert scale 
(1 = never, 2 = rarely, 3 = sometimes, 4 = often, 5 = always). 
This measure is scored on the T-score metric (M = 50, 
SD = 10), with higher scores representing more perceived 
depression relative to a calibration sample of individuals 
with neurological conditions. This measure was used to 
examine the convergent validity of the new Medication 
Adherence measure. Reliability, validity, and responsive-
ness data for Neuro-QoL Depression have been reported 
for the general population and in people with chronic con-
ditions including adults with epilepsy, multiple sclerosis, 
Parkinson’s disease, and Huntington disease [23–28, 30]. 
Internal consistency is typically excellent (all Cronbach’s 
alpha > 0.92 for the different cohorts), 3-day test–retest reli-
ability is excellent (ICC = 0.95 in Huntington disease), 7-day 
test–retest reliability ranges from adequate to good (ICCs 
range from 0.72 to 0.82 across the other clinical cohorts), 
convergent validity is supported by moderate to strong cor-
relations with other measures of mental health or emotional 
well-being (all r’s > 0.67), discriminant validity is supported 
by less robust correlations with measures of social health or 
motor functioning (r’s < 0.38 for measures of social health 
and r’s < 0.36 for measures of motor function), known-
groups validity was supported by group differences among 
patients with more severe disease in the epilepsy, multiple 
sclerosis, and Parkinson’s disease cohorts, responsiveness 
was supported by worsening depression over a 6-month 
period in the epilepsy and multiple sclerosis cohorts, and 
sensitivity and specificity that support clinical decision mak-
ing were reported in Huntington disease.

Healing encounters and attitudes lists (HEAL) Patient–
Provider Connection [31]

The 7-item HEAL Patient–Provider Connection short form 
(SF) was used to assess perceptions of trust and satisfac-
tion with one’s healthcare provider using a 5-point Likert 
scale (1 = not at all, 2 = a little bit, 3 = somewhat, 4 = quite 
a bit, 5 = very much). This measure is scored on the T-score 
metric (M = 50, SD = 10) relative to a calibration sample of 
individuals from the general population, with higher scores 
representing better perceived patient–provider connection. 
This measure was used to examine the discriminant validity 
of the new medication adherence measure. The measurement 
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development publication for the HEAL Patient–Provider 
Connection SF includes data to support its reliability and 
validity in the general population [31]; Cronbach’s alpha was 
0.96 and there was a moderate relationship with a measure 
of outpatient clinical care (r = 0.38).

HEAL Healthcare Environment [31]

The 6-item HEAL Healthcare Environment SF was used to 
assess perceived satisfaction with the healthcare staff and 
facility using a 5-point Likert scale (1 = not at all, 2 = a lit-
tle bit, 3 = somewhat, 4 = quite a bit, 5 = very much). This 
measure is scored on the T-score metric (M = 50, SD = 10) 
relative to a calibration sample of individuals from the gen-
eral population; higher scores represent more healthcare 
environment satisfaction. This measure was used to examine 
the discriminant validity of the new medication adherence 
measure. The measurement development publication for the 
HEAL Healthcare Environment SF includes data to support 
its reliability and validity in the general population [31]; 
Cronbach’s alpha was 0.92 and there was a moderate rela-
tionship with a measure of outpatient clinical care (r = 0.39).

Economic Quality of Life (Econ‑QOL) [32]

This 8-item Econ-QOL SF was used to examine economic 
and financial security. This measure is scored on the T-score 
metric (M = 50, SD = 10); higher scores indicate poorer per-
ceived economic quality of life. To establish known-groups 
validity, we examined those with “better” (scores ≤ 40) ver-
sus “worse” (scores ≥ 60) economic problems. Reliability 
(all Cronbach’s alpha > 0.91 supporting internal consist-
ency reliability) and validity (convergent validity supported 
by r’s > 0.46 with self-reported income and known-groups 
validity supported by being able to differentiate those above 
versus below the poverty line) for the Econ-QOL SF have 
been reported in people with disabilities (i.e., traumatic 
brain injury, spinal cord injury, and stroke) [33–35] and in 
caregivers of people with traumatic brain injury [36].

Data collection

Data were captured using REDCap, a HIPAA-compliant 
secure online data capture system. Participants completed 
the assessments in-person (n = 200) or at home via an 
online survey link (n = 3) or over the phone with study staff 
(n = 1); n = 21 participants completed the assessments using 
more than one survey approach. This includes n = 15 par-
ticipants who began the survey in-person, but finished with 
the survey via telephone with assistance from a study team 
member (participants include, but are not limited to, those 
who received reading assistance from staff due to failing 
the WRAT), n = 3 participants who began in person and 

completed the assessments at home using a study-specific 
url, and n = 3 participants who began in person, continued 
via telephone with the assistance of study staff, and finished 
using the emailed study link.

Statistical analyses

Item bank development: qualitative analyses

As recommended by current measurement development 
standards, both qualitative and quantitative methods, incor-
porating classical test theory and item response theory anal-
yses, were used in the development of the new medication 
adherence item bank [13]. The details for the development 
of the medication adherence item pool, which went through 
several iterations of expert review (with T2DM and/or psy-
chometrics specialists), cognitive interviews with patients 
with T2DM, reading-level assessment (to ensure no more 
than a 5th-grade reading level), and Spanish translatability 
review (to facilitate future translations), are provided in the 
Supplemental Appendix.

Item bank development: quantitative analyses

Following our review of the literature and our analyses of 
qualitative interview data, we utilized classical test theory 
(CTT) and item response theory (IRT) analytic methods to 
develop the calibrated item bank. A detailed summary of 
our analytical approaches can be found in the Supplemen-
tal Appendix of the Healthcare Access manuscript which 
can be found in this same issue of Quality of Life Research 
[20]. In brief, our quantitative analyses were as follows. 
Full-sample exploratory and confirmatory factor analyses 
(EFA, CFA), in conjunction with clinical input, were used 
to refine the item pool into a unidimensional set of items 
[37–39]. Unidimensionality would be supported by EFA 
where: (1) the ratio of eigenvalue 1 to eigenvalue 2 is ≥ 4; 
and (2) eigenvalue 1 accounts for ≥ 40% of item set vari-
ance. Candidate items for exclusion included: (1) items with 
sparse cells–response categories with n < 5 responses; (2) 
items with low (i.e., < 0.40) item-adjusted total score cor-
relations; and (3) items that were non-monotonic (we inves-
tigated monotonicity using non-parametric IRT models of 
item-rest plots and expected score by latent trait plots) [Test-
graf Software; 40]. With regard to CFA, essential unidimen-
sionality would be supported if the: (1) comparative fit index 
(CFI) ≥ 0.90; (2) Tucker-Lewis index (TLI) ≥ 0.90; and (3) 
root mean square error of approximation (RMSEA) < 0.10 
[38, 41–46]. For comparative fit purposes, we also obtained 
the chi-square value for model fit and its associated p value. 
Here, candidate items for exclusion included: (1) items 
with low factor loadings (lx < 0.50); (2) items with resid-
ual correlations > 0.20; and (3) items with correlated error 
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modification index values ≥ 100 [37–39, 47–51]. EFA and 
CFA analyses were conducted in Mplus (Version 7.4) [52]. 
When CFA overall model fit criteria were not fully met, we 
conducted confirmatory bi-factor analyses (CBFA) [39, 53] 
to obtain comparators to traditional fit analyses. CBFA can 
be used to assess whether data are “unidimensional enough” 
to fit with a unidimensional measurement model [54]. CBFA 
provides a set of indices to assess factor strength, including 
omega, omega-Hierarchical (omega-H), and explained com-
mon variance (ECV). For our interests, omega-H provides a 
dimensionality index: A threshold general factor omega-H 
value > 0.80 has been recommended for establishing a meas-
ure’s essential unidimensionality [55].

EFA and CFA analyses were followed by fitting a com-
mon-slope IRT model (i.e., a constrained graded response 
model; GRM) [56] to the data. The following item types 
were candidates for exclusion: (1) items with significant mis-
fit (S-X2 / df effect size > 3) [57–60] and (2) items exhibiting 
impactful differential item functioning (DIF). We defined 
impactful DIF as (1) p < 0.01 for a group-specific item 
parameter difference, along with a weighted area beneath 
the curve (wABC) effect size > 0.30 for any DIF candidate 
item tested [61], and (2) > 2% of DIF-corrected vs. uncor-
rected score differences exceeding individual case uncor-
rected score standard errors. We examined DIF for age (< 60 
vs. ≥ 60 years), sex (male vs. female), education (≤ high 
school vs. > high school), and socioeconomic status (“have 
enough income to pay rent/mortgage” and “can afford to pay 
bills on time,” both categorized as never/rarely/sometimes 
vs. usually/always). GRM analyses and DIF analyses were 
conducted in IRTPRO (version 3.1.2) [62]; DIF analyses 
used iterative Wald-2 testing, an analytical approach that 
tests candidate items for DIF by establishing a DIF-free set 
of items [63, 64]. In Wald-2 testing Step 1, we identified 
a DIF-free set of anchor items, while in Step 2 we tested 
any identified candidate items for DIF. Subgroup-specific 
parameters were estimated for each candidate DIF item, 
using the constrained GRM. The parameters were then com-
pared across subgroups—total DIF, slope-related DIF, and 
threshold-related DIF—to identify statistically significant 
parameter differences with non-trivial effect sizes. A final 
CFA was then conducted to confirm the unidimensionality 
of the final items in the bank (using the aforementioned CFA 
item and model fit criteria).

Slope and threshold information from our GRM analy-
ses (i.e., the estimated item parameter values) were used to 
program computer adaptive test administration of the final 
item bank [65–71]. For a more clinically relevant CAT per-
formance assessment, we simulated the item responses from 
N = 2000 cases drawn from a clinical population (i.e., hav-
ing a mean one SD in the direction of worse health status). 
We optimized CAT administration parameters (e.g., num-
ber of items to administer, targeted score reliability level) 

to balance response burden and score precision. Firestar 
software [72] was used to simulate CAT administration and 
obtain CAT scores for the new item bank. A 6-item short 
form (SF) was selected that balanced clinician input with 
psychometric considerations, emphasizing item content cov-
erage and achievable score-level reliabilities.

Preliminary reliability and validity analyses

Normality was assessed to ensure that parametric analyses 
were appropriate for the examination of obtained scores and 
supporting data. Internal consistency reliability analyses 
included Cronbach’s alpha estimation for the full bank and 
SF scores and an IRT-based estimate [73] for the simulated 
CAT scores (a priori criterion ≥ 0.70) [74]. Floor and ceiling 
effects, which are revealed by investigating the percentages 
of participants with the lowest possible and highest possible 
scores, were examined for both administration formats, i.e., 
the full bank and the newly developed SF (a priori criteria 
for floor and ceiling effects were ≤ 20%) [75, 76]. We divided 
the raw CAT item response score by the number of items 
administered in order to examine floor and ceiling effects 
for the CAT (i.e., a quotient score of “1” was considered a 
“floor effect” and a quotient score of “5” a “ceiling effect”).

An examination of convergent and discriminant valid-
ity included Pearson correlational analysis between the 
medication adherence full bank scores and other self-report 
measures. We expected moderate to high correlations 
(r’s ≥ 0.36–0.67 = “moderate” and r’s between 0.68 and 
0.89 = “high”) between medication adherence and mental 
HRQOL (i.e., Neuro-QOL depression and Neuro-QOL anxi-
ety scores, supporting convergent validity [74]. Conversely, 
we expected low correlations (r’s ≤ 0.35 = “low”) between 
the medication adherence full bank score and two of the 
HEAL measures (patient–provider connection and health-
care environment) to support discriminant validity [74].

Independent sample t-tests were used to examine known-
groups validity. We compared (a) those at high risk for read-
mission (i.e., ≥ 2 inpatient admissions in the past six months) 
vs. those at low risk for readmission (no or one inpatient 
admission in the past six months) and (b) those with “worse” 
economic quality of life (Econ-QOL scores ≥ 60) vs. than 
those with “better” economic quality of life (Econ-QOL 
scores ≤ 40). Specifically, we expected those at high risk 
for readmission to have lower scores on medication adher-
ence than those at low risk for readmission, and we expected 
those with “worse” economic quality of life to have lower 
scores on medication adherence than those with “better” 
economic quality of life. Finally, we expected rates for 
impaired medication adherence scores (i.e., percentage of 
participants whose scores were > 1 SD worse than the sam-
ple mean of 50) to be higher than the normative population 
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(i.e., to exceed 16%) for those at high risk for readmission 
and those with worse economic problems [77].

Sample size requirements

We established our sample size requirements based on 
ensuring stable parameter estimation for both the con-
strained GRM modeling and the Wald-2 DIF analyses 
conducted while developing our item bank. A constrained 
GRM model is appropriate for sample sizes that are less 
than N = 500 [78]; existing recommendations suggest that a 
minimum N = 200 sample size is needed for stable param-
eter estimation with the constrained GRM [79]. Established 
recommendations also indicate that iterative Wald-2-based 
DIF analyses are appropriate when a minimum sample size 
of ~ 100 participants for each DIF subgroup investigated is 
available [80].

Results

Study participants

A total of 225 people with T2DM were included in these 
analyses; data come from a study focused on the develop-
ment of new patient-reported outcomes that capture impor-
tant social determinants of health, including the develop-
ment of the Healthcare Access item bank [20] and the Illness 
Burden item bank [81], which are also published in this issue 
of Quality of Life Research. Table 1 presents a summary of 
the sample’s descriptive characteristics. Briefly, participants 
were 57.7 (SD = 11.0) years of age, on average. There was 
an approximately equal number of males (48%) and females 
(52%), and the majority of the sample was black (75%); 80% 
had a high school education or more.

Item bank development

Findings from the item bank development process are out-
lined in Table 2. To summarize, the initial pool contained 
41 items. EFA analyses supported the unidimensional-
ity of the items in the bank (i.e., the ratio of eigenvalue 
1 to eigenvalue 2 was 5.5, and eigenvalue 1 accounted 
for 43.0% of modeled variance). Five items were flagged 
for deletion due to low item-adjusted total scores. CFA 
flagged one item for having a low factor loading, five 
items for excessive residual correlations, and three items 
for high model-able correlated error values. There were no 
items with sparse cells, nor did any items evidence prob-
lems with monotonicity. Finally, GRM analyses identified 
no items as having significant misfit (see Supplemental 
Table 1 for item fit chi-square values, degrees of freedom, 
p values, and chi-square / degrees of freedom quotients). 

No items were flagged for impactful DIF for any of the 
factors investigated. The final Medication Adherence item 
bank included 27 items. The final CFA (Table 3) sup-
ported the unidimensionality of the final identified item 
set. Because our CFA overall model fit criteria were fully 
met, it was not necessary to conduct CBFA.

Supplemental Table 2 includes the final calibration 
estimates for the 27 items in the Medication Adherence 
item bank. The common slope value was 1.66; thresholds 
ranged from − 4.05 to + 0.51 for the full bank. Figure 1, 
which displays the test information function and stand-
ard errors plotted by theta, indicates that information was 
excellent (i.e., reliability ≥ 0.90) for theta scores between 
approximately − 4.0 and + 0.3 (scaled scores between 10 
and 53). Figure 2, which displays the number of items 
administered by examinee plotted as a function of theta, 
illustrates the minimum and maximum number of items 
administered by the CAT: With CAT settings of minimum 
number of items = 4, maximum number of items = 12, and 
targeted score-level reliability = 0.85, CAT administration 
tended to use the fewest items (i.e., 4) from the item bank 
at approximately ≤ − 3.5 SD units and the maximum num-
ber of items (i.e., 12) at approximately ≥  + 0.1 SD units.

The six items selected for inclusion in the short form 
are indicated by bolding in Supplemental Table 2. A con-
version or “look-up” table for converting SF raw summed 
scores to T-scores is presented in Supplemental Table 3.

Preliminary psychometric analyses

Table 6 reports the internal consistency reliabilities for 
the CAT and SF: For both assessments, internal consist-
ency was acceptable (i.e., ≥ 0.70). Table 4 also indicates 
that both administration formats were devoid of floor and 
ceiling effects. Table 5 presents the findings for conver-
gent and discriminant validity. As hypothesized, there 
were moderate correlations between medication adherence 
scores and scores on Neuro-QOL Depression and Neuro-
QOL Anxiety (i.e., r = − 0.54 and − 0.50, for Neuro-
QOL Depression and Neuro-QOL Anxiety, respectively). 
Correlations between medication adherence and HEAL 
Patient–Provider Connection and Healthcare Environ-
ment were borderline low (the relationship with HEAL 
Healthcare Environment met our established criterion, 
but the relationship with Patient–Provider Connection 
fell short of our criterion by some two hundredths of a 
point, i.e., 0.377 vs. the criterion upper limit of 0.350). 
Finally, Table 6 indicates that Medication Adherence full 
bank scores were able to differentiate between those with 
“better” versus “worse” economic quality of life and that 
those with “worse” economic quality of life had elevated 
risk for poor medication adherence.
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Discussion

The results reported in this manuscript supported the 
development of a new item bank, REDD-CAT Medication 

Adherence, which was designed to assess self-reported 
knowledge and ability to take medications as prescribed 
among persons with T2DM. In addition, the psychometric 
properties for the full item bank, 6-item SF and simulated 

Table 1   Descriptive data for the 
study sample

Entries in the table represent percentage of participants unless otherwise specified

Variable T2DM
(N = 225)

Age (Years)
 M (SD) 57.7 (11.0)

Sex (%)
 Female 52.4
 Male 47.6

Ethnicity (%)
 Not Hispanic or Latino 83.3
 Hispanic or Latino 16.7

Race (%)
 White 17.8
 Black/African American 75.1
 Other 7.1

Education (%)
 Less than High School 4.9
 Some High School (9 through < 12) 13.8
 High School Graduate or Equivalent 32.4
 Attended vocational, trade, or Business School after High School 7.6
 College: < 2 years 15.6
 College: Associate’s Degree 5.3
 College: 2 or > years, No Degree 6.2
 College Graduate (B.S. or B.A.) 8.4
 Postgraduate/No Degree 0.4
 Postgraduate Degree (M.S., M.A., PhD, M.D., etc.) 5.3

Marital Status (%)
 Single, without partner 37.8
 Single, with partner 16.9
 Married 15.1
 Separated/divorced 21.3
 Widowed 8.4
 Missing 0.4

How confident are you in filling out medical forms by yourself? (%)
 Extremely confident 46.7
 Quite a bit confident 20.4
 Somewhat confident 20.0
 A little confident 8.0
 Not at all confident 4.4
 Missing 0.5

Do you usually ask someone to help you read materials you receive from the hospital or doctor?
 Yes 24.0
 No 75.1
 Missing 0.9
 HbA1c
 Mean (SD) 8.1 (2.2)
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CAT administrations, were strong and support the reliabil-
ity and validity of scores on this new measure. Specifically, 
this new measure is essentially unidimensional, its items 
are devoid of bias for age, gender, education, and socioeco-
nomic status, internal consistency reliability was supported 
(with the CAT outperforming the SF in terms of magnitude 
of internal consistency reliability estimate), and scores for 
both formats were devoid of floor and ceiling effects, all 
of which serve these measures meeting established psycho-
metric standards. This new measure will be publicly avail-
able through healthmeasures.net as a Neuro-QoL measure 
in early 2023, as well as through the PROMIS Application 
Programmable Interface (API).

There was also preliminary support for convergent valid-
ity (there were moderate relationships between Medication 
Adherence scores and the mental HRQOL measures). In 
addition, discriminant validity was supported by low corre-
lations with HEAL Healthcare Environment; the relationship 
between medication adherence and HEAL Patient–Provider 
Connection fell just short of our criterion. Even with this 
one exception, 75% of our proposed convergent/discrimi-
nant analysis findings were in accordance with our a priori 
criteria, which meets established standards for establishing 
the construct validity of health status PROs [82]. Finally, 
known-groups validity was supported in that those indi-
viduals with better self-reported economic means had bet-
ter medication adherence than those with worse economic 
means. Individuals with worse economic means were also 
more likely to have elevated risk for medication adherence 
problems, which is consistent with supporting a positive 
relationship between socioeconomic status and medication 
adherence [4, 5].

REDD-CAT Medication Adherence scores are on a 
T-score metric (M = 50, SD = 10), with lower scores indicat-
ing poor adherence; this increases the clinical utility of the 
measure, since obtained scores can immediately provide an 

Fig. 1   Medication adherence item bank test information plot. In gen-
eral, we would like total test information per score level to be ≥ 10.0 
and the resultant standard error to be ≤ 0.32 (which provides a score-
level reliability of ≥ 0.90). This figure shows excellent total test 
information (left y axis) and standard errors (right y axis) for medi-
cation adherence theta scores (x axis) between approximately − 4.0 
and + 0.3 (scaled T-scores between approximately 10 and 53)

Fig. 2   Simulation data for the medication adherence number of CAT 
Items by CAT Theta. In this figure, the number of items administered 
by examinee (the individual blue circles) is plotted as a function (the 
red curvilinear line) of theta. The figure shows the number of CAT 
items used for different score levels in standard deviation units: At 
approximately ≤ − 3.5 SD units , the CAT tended to use the minimum 
of four items from the item bank; at approximately ≥  + 0.1 SD units , 
the maximum of 12 items from the item bank was used by the CAT 
(Color figure online)

Table 4   Descriptive data for the different medication adherence 
administration formats

CAT​ Computer adaptive test, SF Short form

N Internal 
consistency 
reliability

Mean (SD) % at floor % at ceiling

Medica-
tion 
Adher-
ence—
CAT​

225 0.91 49.9 (8.6) 0.0 0.0

Medica-
tion 
Adher-
ence—
SF

225 0.71 49.7 (8.3) 0.0 13.3



822	 Quality of Life Research (2023) 32:813–826

1 3

estimation of an individual’s functioning relevant to a refer-
ence group (in this case, other people with T2DM). As such, 
persons with T2DM with Medication Adherence scores 
equal to or below 40 (i.e., ≤ 1 SD below the normative mean) 
have medication adherence problems that exceed 83.9% of 
persons with T2DM, whereas individuals with scores of less 
than or equal to 30 (i.e., ≤ 2 SDs below the normative mean) 
are exhibiting problems with medication adherence that are 
worse than 97.9% of their peers.

REDD-CAT Medication Adherence is the first self-
reported PRO for medication adherence that can be admin-
istered as a CAT. CAT administration is such that only the 
most relevant items for a particular respondent are actually 
administered to that individual; in this type of “smart-test,” 
each item that is administered has been purposely selected 
based on the previous recorded item response. Given that 
the REDD-CAT measurement system is designed to provide 
a comprehensive assessment of important social determi-
nants of behavior related to readmission risk, this type of 
administration assessment capitalizes on brevity while not 
sacrificing measurement sensitivity. In addition, for this new 
measure, the psychometric reliability of the CAT is supe-
rior to that of the SF administration, making it the preferred 
mode of administration. Regardless, the SF administration 
of this new measure has adequate psychometric properties 
and is still a viable option when practical considerations 
outweigh CAT administration (CAT administration requires 
the use of an electronic device, a reliable Wi-Fi connection, 
and access to a data collection platform along with access 
to the PROMIS API).

While this new self-report measure demonstrated ade-
quate psychometric characteristics, future work is needed 
to mitigate several study limitations. First, this study did 
not assess MPR, nor did it include other self-reported medi-
cation adherence measures; thus, future work examining 

the performance of this tool relative to other objective and 
subjective reports of medication adherence are needed to 
provide more robust support for convergence validity. Sec-
ond, the study sample size, although it has been successfully 
applied in other PRO measurement development efforts [83, 
84] and is appropriate for new measurement development 
using our study’s specified analyses (EFA, CFA, constrained 
GRM modeling, and DIF investigations), is relatively small. 
As such, future work with independent samples is needed 
to confirm these data; reliability and validity data should 
also be considered preliminary and warrant replication in 
an independent sample. Third, CAT analyses for this new 
measure utilized simulated scores and warrant replication in 
prospective data that are administered in a CAT format. In 
addition, this sample was recruited using an urban safety-net 
health system, which is likely to target individuals that have 
a higher probability of lacking health insurance and having a 
greater number of unmet social needs, and, as such, may not 
be generalizable to other types of hospital systems. Further-
more, future research is needed to examine responsiveness 
to change data, including establishing minimally important 
differences, to further contribute to the clinical utility of 
this new tool.

In sum, these preliminary data indicate that the new 
REDD-CAT Medication Adherence item bank is a psycho-
metrically sound PRO that can be used to screen for prob-
lems with medication management in persons with T2DM; 
it has been accepted for inclusion within the Neuro-QoL 
measurement system and will be available through health-
measures.net, as well as anywhere the PROMIS API is 
available, in early 2023. Furthermore, this PRO, as well as 
the other PROs that are included within the REDD-CAT 
measurement system, offer a comprehensive battery of 
measures that provide a sensitive assessment of the diverse 
social determinants of behavior related to readmission risk 

Table 5   Convergent and 
discriminant validity for the 
Medication Adherence item 
bank

Medication adherence Convergent validity Discriminant validity

Neuro-QOL 
depression

Neuro-QOL anxiety Patient–provider 
connection

Healthcare 
environ-
ment

Full Bank Score − 0.54 − 0.50 0.38 0.36
Mean (SD) 48.6 (8.22) 51.6 (9.72) 64.4 (9.6) 53.9 (9.8)

Table 6   Additional support for the validity of the REDD-CAT Medication Adherence item bank

a Medication Adherence score ≤ 40

Medication Adherence administration format “Worse” economic quality of life “Better” economic quality of life t p │d│

n Mean (SD) %
Impaireda

n Mean (SD) %
Impaireda

Full bank score 63 45.8 (8.5) 25.4 16 59.3 (6.6) 0.00 − 5.92  < 0.001 1.38
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in persons with T2DM. This new measure is the first CAT 
to assess medication adherence and is an excellent candi-
date for inclusion in studies that are focused on improving 
medication management of persons with T2DM. Finally, 
although this measure was developed specifically for use in 
persons with T2DM, it may also have clinical utility in other 
populations, especially those in which complex medication 
regimens are the norm (e.g., cardiovascular disease manage-
ment, especially those individuals taking oral anticoagulant 
medications; or individuals on psychotropic medications for 
psychiatric conditions).

Conclusions

The REDD-CAT measurement system is the first compre-
hensive system designed to assess social determinants of 
health among persons with T2DM. The new REDD-CAT 
Medication Adherence measure captures an important social 
determinant of behavior, namely, patient self-reported medi-
cation adherence. This measure will be available for public 
use as a part of the healthmeasures.net platform. Additional 
research is needed to elucidate the mediation and modera-
tion effects that self-reported medication adherence has on 
outcomes in these individuals. Understanding these rela-
tionships will help inform targeted interventions designed 
to minimize readmission risk and improve patient HRQOL.
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