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Abstract

Objectives The objectives of this study were to develop a conceptual framework for the diabetes treatment-related quality
of life (DTR-QOL) and validate the new structure of the DTR-QOL.

Methods This study was conducted in two stages. First, items were collated into similar concepts to develop a new conceptual
framework for the DTR-QOL. Next, psychometric analyses were conducted. Analyses included a distribution of responses
(and domains) with a focus on floor/ceiling effects, item convergent/discriminant validity, internal consistency reliability
(where possible), clinical validity, known-group analysis, and concurrent validity with the Diabetes Treatment Satisfaction
Questionnaire and SF-8. Known groups were evaluated using “Glycemic control in the last month”, “Concerned with weight
gain in the last month”, “Current health status”, and “Degree of communication with clinician”. To evaluate the reliability
of each scale, test-retest were assessed.

Results The DTR-QOL items were reconstructed into seven domains based on similar concepts: usual activities, pain/
discomfort, anxiety/depression, satisfaction, positive feelings, negative feelings, and feeling troubled. Although there were
ceiling effects on most items, when patients reported having a hypoglycemic event in the last month, score distributions found
fewer ceiling effects indicating that items are able to respond to clinical changes. Internal consistency reliability was met
for all scales except satisfaction (¢ =0.69) and pain/discomfort (@« =0.66). Clinical validity, known groups, and concurrent
validity were met. Test—retest met acceptable levels for all scales except positive feelings.

Conclusions The restructuring of the DTR-QOL resulted in an acceptable measure with domains that are easily interpreted
and allow physicians to better measure more specific impacts on their patients.
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Introduction

With a growing number of type-2 diabetes mellitus (T2DM)
patients in Japan, and its significant impact on patients’ qual-
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come instrument developed in Japan, to derive results on
patients’ QOL regarding diabetes treatment, which aligns
with the importance of patient-focused disease manage-
ment by measuring patients’ improvement of QOL and
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satisfaction of treatment, as part of routine care [9]. Despite
its fit-for-purpose nature for T2DM patients, there have been
concerns with how to interpret the results in the initial phase,
as the initial domain structure of the DTR-QOL was not
unidimensional, but a mixture of concepts due to a reliance
solely on statistical modeling. In addition, there was no con-
ceptual framework available in the initial stage. According
to Rothman et al, when a framework does not exist, it is
recommended to develop one to demonstrate how the items
and scales are related to one another upon discussion with
the developer to better reflect the content and link to the
claim [10]. Similarly, the US Food and Drug Administra-
tion (FDA) Guidance for Industry states the importance
of clearly addressing construct validity along with content
validity when assessing adequacy of a patient-reported out-
comes measure (PROM) [11].

For this reason, this study first aimed to reconstruct the
questionnaire to modify the existing structure into more
interpretable and discrete domains, through a conceptual
framework exercise and investigate the content validity via
traditional psychometric validation methods to understand
the performance of each domain and document its proper-
ties [12].

Methods
Data set

This analysis utilized the same data set utilized in the origi-
nal validation study of the DTR-QOL [9], thereby building
upon the earlier analyses with a new domain structure. The
study population consisted of adult patients with either type
1 or type 2 diabetes. As this is a reanalysis of the previ-
ously collected data, additional ethics submission was not
required.

The diabetes therapy-related quality-of-life (DTR-QOL)
questionnaire is a diabetes-specific instrument developed
and validated to assess the influence of diabetes treatment
on QoL. The DTR-QOL consisted of 29 items utilizing a
7-point Likert scale (1: strongly agree—7: strongly disa-
gree). The previous exploratory factor analysis resulted in 4
domains: burden on social activities and daily activities, anx-
iety and dissatisfaction with treatment, hypoglycemia, and
satisfaction with treatment [9]. It has been used to measure
diabetes patients’ QoL in Japan since its development and
preliminary validation [13—15]. A copy of the DTR-QOL
has been provided in the Supplementary Materials with a
brief English translation (this translation is the authors for-
ward translation only and not an official forward-backward
translation needed for use in the English language).

Additional questionnaires used in this study include the
Diabetes Treatment Satisfaction Questionnaire (DTSQ) [16,
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17] and the 8-item short form health survey (SF-8) [18].
The DTSQ is comprised of 8§ items that assess satisfaction
with treatment as it relates to diabetes. The SF-8 is a generic
QoL questionnaire which is scored to create 2 composite
domains: physical component summary (PCS) and mental
component summary (MCS) scores. The PCS and MCS
are normative based, such that they have a mean of 50 and
standard deviation of 10, based on the Japanese population.

Phase I: reconstruction of the DTR-QOL

To update the domain structure of the DTR-QOL, a con-
ceptual framework was developed to better capture all the
concepts within the DTR-QOL. The DTR-QOL was exam-
ined closely at the item level to develop concise groupings of
“like concepts” that were more unidimensional than those of
the previous study [9]. A conceptual framework, represent-
ing the new structure, presented each item in their respective
domain. Through close examination of the concepts being
measured in each question, the research team grouped items
together initially according to FDA guideline [12, 19], fol-
lowed by developing a domain name that represents the con-
tent of the proposed domain.

Phase Il: validation of the DTR-QOL

Following the restructuring of items, a psychometric valida-
tion on the new structure was conducted to demonstrate its
properties and ability to differentiate subgroups. The vali-
dation analyses on the DTR-QOL’s new structure evaluated
its reliability and validity. Analyses included a distribution
of responses (and domains) with a focus on floor/ceiling
effects, item convergent/discriminant validity, internal con-
sistency reliability of each domain, clinical validity, known-
group analysis, and concurrent validity with other instru-
ments. To evaluate the reliability of each scale, test-retest
were assessed. Psychometric validation focused more on the
magnitude and direction of relationships rather than on sta-
tistical significance.

Floor/ceiling effects evaluated the proportion of patients
scoring at the lowest/highest possible score, respectively.
When a question (or scale) has a large proportion of patients
at the highest score (ceiling effect), it is not able to detect
patients improving. In contrast, a large proportion of patients
scoring the lowest score (floor effect) is not able to detect
worsening. These scores needed to be evaluated in regards
to the population under investigation.

Item convergent/discriminant validity was used to assess
correlations between each item and the domain scores. Items
should correlate at a level of 0.40 or greater with their own
scale (convergent validity) and be more correlated with their
respective domain than another domain (discriminant valid-
ity). Items that cross correlate with several domains were
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examined closely to understand the item content and domain
content. [tem—domain selection was determined primarily
based on content rather than correlations to ensure inter-
pretability. As item—domain correlations are almost always
highly significant, the magnitude of correlation was exam-
ined. When items were correlated with their own domain
and another domain, we sought physician’s advice.

Internal consistency reliability was assessed with Cron-
bach’s alpha and represented how well the questions fit
together as a domain. A threshold of 0.70 or greater was
usually sought as an indicator of good fit [20]. A standard-
ized alpha coefficient was used to standardize reporting on
a 10-item scale. Items were examined for changes in alpha
level with that item removed to identify any possible mis-
fitting items. Only domains with three or more items are able
to be assessed for internal consistency reliability.

For groups with known differences (known groups), the
domain should also demonstrate differences. Known groups
were evaluated for “Glycemic control in the last month”,
“Concerned with weight gain in the last month”, “Current
health status”, and “Degree of communication with clini-
cian”. Significance testing was conducted with ANOVA,
although the primary focus was on demonstrating a mono-
tonic positive or negative relationship across response
options. Concurrent validity was assessed by evaluation of
the correlation between the DTR-QOL domains with the
DTSQ and the SF-8.

Test-retest were calculated using intraclass correlation
coefficients [Shrout-Fleiss ICC(2,1)]. A threshold of 0.70
or greater is considered as minimum criteria for acceptable
test—retest reliability.

Results
New domain structure

The DTR-QOL questionnaire items were reconstructed into
7 domains based on similar concepts of the items: usual
activities, pain/discomfort, anxiety/depression, satisfaction,
positive feelings, negative feelings, and feeling troubled
(Fig. 1). “Usual Activities” contains 9 items, and measures
the restrictions that the patient experiences in various aspects
of their daily life, including interference with the patient’s
work and daily activities, time and location to travel, diet,
and relationships with others. “Pain/Discomfort” contains
4 items and measures the pain/discomfort that the patient
may experience in their current diabetes treatment as well as
discomfort from symptoms. “Anxiety/Depression” contains
5 items and measures the worries/concerns that patients have
with their current diabetes treatment and condition. “Satis-
faction” contains 3 items and is related to how satisfied or
dissatisfied patients are with their current diabetes treatment

Items Domains

Q1, Q2, Q3, Q4, Q5, @6, Q7, Q10, Usual activities

Qn,

Q12, Q13, Q18, Q19 Pain/discomfort

Q15, Q22, Q23, Q24, Q25 Anxietyldepression

Q21, Q26*, Q29* Satisfaction

Q27*, Q28* Positive feelings
Q8, Q9, Q20 Negative feelings
Q14, Q16, Q17 Feeling troubled

*: reversed code

Fig. 1 Reconstructed domains of DTR-QOL

and blood glucose-level control. “Positive Feelings” contain
2 items, measuring the positive thoughts and confidence that
patients have for their current and future condition. “Nega-
tive Feelings” contain 3 items, measuring the patient’s dis-
tress on their current diabetes state and impact on their daily
life. “Feeling Troubled” measures how troubled the patient
feels about their current diabetes state.

Psychometric validation

The DTR-QOL domains were scored on a 0—100 range, with
100 representing the best score, by transforming the summed
score to a 0—100 scale. First, items 2629 were reversely
scored to ensure that a high score was considered better.
Next, items belonging to the same domain were summed (as
shown in Fig. 1), using the 50% rule, a common technique
used to impute data in widely used health-related quality-
of-life measures. The 50% rule dictates that at least 50% + 1
items must have a valid score in order for the scale to be
calculated. Missing values are then replaced by the mean
score of available items. The transformed score was devel-
oped as (total raw score—lowest possible score)/(range of
possible scores).

Item-level distributions were examined at baseline and
items experienced a high level of ceiling effects on most
items. Item-level distributions were further examined by
“hypoglycemic event in the past month” (yes/no) to under-
stand the impact of a negative event. The item distributions
for the hypoglycemic event group demonstrated a better
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distribution of responses, with fewer ceiling effects, dem-
onstrating that the items did change with more severe clini-
cal events.

Item-scale correlations were produced and examined. In
the initial correlation matrix produced, it was found that
item 11 (I am constantly concerned about time to manage
my current diabetes treatment) and item 16 (I am scared
because of low blood sugar) more highly correlated with the
usual activities and feeling troubled domains, respectively.
After further evaluation of the item content, these items
were moved to the new domains. The new item-scale cor-
relation matrix revealed that all items correlated well with
their own domain and all items except 2 correlated higher
with their own domain than another domain. Although item
15 (I worry about low blood glucose due to my current dia-
betes treatment) correlated more highly with feeling troubled
(0.72) than with anxiety/depression (0.63), the content of the
item was judged as a better fit with the anxiety/depression
domain according to expert opinion. Item 18 (Symptoms due
to low blood sugar are uncomfortable) also correlated more
highly with feeling troubled (0.82) than with pain/discomfort

Table 1 Internal consistency reliability at baseline

Domain Cronbach’s alpha
Usual activities 0.910
Pain/discomfort 0.656
Anxiety/depression 0.847
Satisfaction 0.688

Negative feelings 0.735

Positive feelings® N/A

Feeling troubled 0.756

*Positive feelings only has 2 items, and therefore, alpha cannot be cal-
culated

(0.78). It was also determined to leave it in pain/discomfort
as that domain better represents the content of the item.

Based on the new domain scaling, internal consistency
reliability found most scales to above the common threshold
of acceptability (0.70). The pain/discomfort and satisfac-
tion domains were found to be lower than the threshold, at
0.66 and 0.69, respectively (Table 1). Satisfaction was very
close to the threshold, and, therefore, was not a major con-
cern. The pain/discomfort domain was lower than desired
and should be further examined in another population. As a
minimum of three items was required to calculate an alpha
coefficient, positive feelings were not able to be assessed for
internal consistency reliability.

The examination of scale—scale correlations revealed
moderate correlations between all domains, with the high-
est correlation between pain/discomfort and feeling troubled
(r=0.76; Table 2). The correlation was low enough to not
represent the measurement of the same concept, yet they
were conceptually highly related. This strong relationship
may be acceptable as patients may not feel troubled with-
out having pain and/or discomfort from their symptoms and
treatment. Therefore, conceptually, one was needed to affect
the other.

The DTR-QOL domain summary statistics at baseline and
retest are presented in Tables 3 and 4, respectively. Similar
to the item statistics, there remained some ceiling effects for
pain/discomfort and feeling troubled.

Clinical validity of the DTR-QOL domains was assessed
using any reported hypoglycemic event within the last
month prior to completion of the questionnaire. All domains
reported mean scores in the anticipated direction; patients
with a hypoglycemic event were expected to report lower
scores on all domains (Table 5). Domains showed signifi-
cant differences in all domains except for negative feel-
ings (p =0.16). The domains where hypoglycemic events

Table 2 Scale—scale

. Domain UA PD AD SAT NEG POS FT
correlations (Pearson) and
significance level at baseline UA 1
Usual activities
PD 0.637 1
Pain/discomfort <0.0001
AD 0.645 0.638 1
Ancxiety/depression <0.0001 <0.0001
SAT 0.508 0.494 0.650 1
Satisfaction <0.0001 <0.0001 <0.0001
NEG 0.660 0.519 0.719 0.673 1
Negative feelings <0.0001 <0.0001 <0.0001 <0.0001
POS 0.374 0.300 0.511 0.657 0.469 1
Positive feelings <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
FT 0.574 0.760 0.653 0.404 0.459 0.296 1
Feeling troubled <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Tab.le.?; Scale de.scriptive Domain N Mean SD Median Minimum Maximum % min. % max. % missing
statistics at baseline
Usual activities 285 82.16 18.92 87.04 5.56 100 0 26 0
Pain/discomfort 285 82.72 1839 87.50  20.83 100 0 30 0
Anxiety/depression 285 68.46 24.94 70.00 0.00 100 1 16 0
Satisfaction 285 66.47 23.05 66.67 0.00 100 1 14 0
Negative feelings 285 70.12 24.87 72.22 0.00 100 1 20 0
Positive feelings 285 65.82 2290 66.67 0.00 100 1 18 0
Feeling troubled 285 80.94 23.34 88.89 5.56 100 0 40 0
Tab.le.4 Scale descriptive Domain N Mean Std Dev Median Minimum Maximum % min. % max. % missing
statistics at retest (n=91)
Usual activities 90 82.88 19.88 87.04  16.67 100 0 31 1
Pain/discomfort 90 83.24 19.23 89.58  29.17 100 0 34 1
Anxiety/depression 90 69.56 25.58 71.67 0.00 100 2 15 1
Satisfaction 88 67.58 22.16 66.67 0.00 100 1 8 3
Negative feelings 90 70.99 26.66  77.78 0.00 100 1 22 1
Positive feelings 88 64.77 23.43 62.50 0.00 100 3 13 3
Feeling troubled 91 84.55 21.80 9444  16.67 100 0 46 0
Table 5 Clinical validity: hypoglycemic event occurrence in the last month
Hypoglycemic N UA PD AD SAT NEG POS FT
event in the last
month Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD  Mean SD
Hypo event 65 73.36 21.31 69.94 16.54 58.26 26.07 58.55 25.59 66.32 2496 60.90 2429 62.74 26.78
No hypo noted 220 84.76 17.37 86.50 1720 71.47 2383 6881 21.75 71.24 2478 67.27 2232 86.31 19.23
ANOVA p value <0.0001 <0.0001 0.0002 0.0015 0.1621 0.0484 <0.0001

UA usual activities, PD pain/discomfort, AD anxiety/depression, SAT satisfaction, NEG negative feelings, POS positive feelings, FT feeling trou-

bled

were thought to manifest (usual activities, pain/discomfort,
anxiety/depression, and feeling troubled) were all highly
significant.

Known-group validity of the DTR-QOL domains was
assessed using the patient’s assessment of their glycemic
control in the last month, concerns with weight gain in the
last month, their current health status, and the degree of
communication that they have with their clinician (Table 6).
Most domains showed monotonic relationships with domain
scores at each level of response, demonstrating that the
domains are responding as expected. For glycemic control,
all domains except pain/discomfort, positive feelings, and
feeling troubled had monotonically decreasing scores for all
responses. Evaluating the top 3 response options found that
all scales were monotonically decreasing. Domains were not
able to differentiate well with regard to a patient’s concerns
with weight gain over the last month. Only negative feel-
ings and feeling troubled demonstrated monotonic, decreas-
ing scores with greater concern. Small samples for some
response options may be driving these results.

Similarly, the patient’s perceived health status was not
able to demonstrate a monotonic, decreasing pattern for
domain scores except for anxiety/depression and negative
and positive feelings. Evaluating the top three response
options found that all scales were monotonically decreas-
ing. The degree to which patients communicate with
their clinician demonstrated a monotonically decreasing
domain scores in the top three response options (too few
to evaluate in the lower response options) in all domains
except feeling trouble, which showed little differentiation
between any of the response options. It should be noted
that the items in feeling troubled are directly related to
how “troubled” a patient feels with their current diabetic
health state, something that is likely not affected by discus-
sions with a clinician.

Overall, the DTR-QOL domains were able to differentiate
across response levels of these known-group assessments.
Given the small sample sizes in several response options,
it was recommended to reassess known-group validity in
future studies to further document its properties.
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Concurrent validity was assessed by comparing DTR-
QOL domain scores to the DTSQ domain scores and the
SF-8 PCS and MCS (Table 7). Moderate correlations were
found among similar domains, as expected. The DTSQ
Treatment Satisfaction Score was most highly correlated
with the satisfaction domain (»r=0.56), positive feelings
domain (r=0.52), and anxiety/depression (r=0.52). Nega-
tive events such as frequency of hyperglycemia and hypogly-
cemia demonstrated negative correlations across all domains.
Perceived frequency of hyperglycemia demonstrated the
strongest relationship with Satisfaction (r=—0.52). In con-
trast, perceived frequency of hypoglycemia had its strong-
est association with Pain/Discomfort (r=—0.35). The SF-8
summary scores demonstrated small-to-moderate correla-
tions across DTR-QOL domains. The PCS and MCS had
their strongest association with satisfaction (r=0.32) and
anxiety/depression (r=0.39), respectively.

Test-retest reliability was found to be between 0.91
(Usual Activities) and 0.62 (positive feelings; Table 8). All
scales except positive feelings met acceptable levels of reli-
ability (0.70). Test-retest reliability was assessed on the
entire population of patients, whose symptoms and treat-
ment course were judged to be stable. It was recommended
that test—retest reliability was re-evaluated in future studies,
where a Patient Global Impression of Change (PGI-C) or
some other measure of patient assessed stability is used to
ensure patients truly are unchanged.

Table 8 Test-retest reliability

Shrout-Fleiss
reliability (2,1)

Domain

Usual activities 0.912
Pain/discomfort 0.811
Anxiety/depression 0.876
Satisfaction 0.741
Negative feelings 0.897
Positive feelings 0.620
Feeling troubled 0.840
Discussion

The DTR-QOL was reconstructed into seven, more unidi-
mensional domains based on item concepts followed by
psychometric evaluation. Although several items are broad
and are highly correlated with other items, the overall fit
of the new structure was acceptable.

Although there remained two mismatched items with
respect to item-scale correlations, the item content dic-
tated that they remained in their current domain to ensure
a higher level of interpretation of the scores. Internal con-
sistency reliability was also less than desired for pain/
discomfort and satisfaction domains. Satisfaction had

Table 7 Concurrent validation
at baseline

Concurrent Measure UA

PD DTR-QOL domains POS FT
AD SAT

NEG

DTSQ Treatment Satisfaction Score (0-36)

correlation (r =)
p-value
number of patients (n =) 283

0.460
<0.0001

DTSQ perceived freq of hyperglycemia (0-6)

correlation (r =)
p-value
number of patients (n =) 285

—0.346
<0.0001

DTSQ perceived freq of hypoglycemia (0-6)

correlation (r =)
p-value
number of patients (n =) 285

—0.260
<0.0001

SF-8 physical component summary (PCS)*

correlation (r =)
p-value

number of patients (n =) 284

0.261
<0.0001

SF-8 mental component summary (MCS)*

correlation (r =)
p-value

number of patients (n =) 284

0.358
<0.0001

0.375 0.516 0.559 0.401 0.523 0.275
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
283 283 283 283 283 283
-0343 -0420 -0.517 -0467 —0393 -0.278
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
285 285 285 285 285 285
-0347 -0267 —-0.195 —0.135 —-0.149 —-0.341
<0.0001 <0.0001 0.0009 0.0228 0.0118 <0.0001
285 285 285 285 285 285
0.298 0.304 0.319 0.315 0.253 0.272
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
284 284 284 284 284 284
0.350 0.391 0.278 0.362 0.157 0.239
<0.0001 <0.0001 <0.0001 <0.0001 0.0081 <0.0001
284 284 284 284 284 284

PCS/MCS scored with a mean of 50 and standard deviation of 10
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a documented alpha of 0.69, which was borderline on
acceptable (using a 0.70 threshold). This lower reliability
will require larger changes to demonstrate significance
and may be found to be higher in another more diverse
population.

There were some concerns with ceiling effects; however,
this needed to be considered in terms of the population under
investigation. Using a more diverse population with more
severe patients will likely demonstrate fewer ceiling effects.
The results of the clinical validity testing on “hypoglyce-
mic event in the last month” demonstrated the ability of the
DTR-QOL domains to differentiate when a clinical event
occurred.

Concurrent validity was established, with domains meas-
uring similar concepts more highly correlated than domains
of different concepts. Finally, test-retest were found to be
acceptable for all domains except positive feelings. A limi-
tation of this analysis was the lack of a marker for patient
assessed “unchanged”. Re-evaluating test—retest on a docu-
mented stable population may show better properties. In
addition, evaluation of the DTR-QOL on patients through
time would be beneficial to evaluate the instrument’s ability
to detect change.

Conclusions

The restructuring of the DTR-QOL resulted in an accept-
able measure with domains that are more easily interpreted
and will allow physicians to better measure more specific
impacts on their patients. It is recommended to replicate
the validation analyses on a population with a larger range
of severity and complications to ensure a diverse popula-
tion. This would allow the evaluation of statistical properties
within a population, where differences are expected and pro-
vide further validation supporting the use of the DTR-QOL.
A longitudinal analysis is also recommended to evaluate the
DTR-QOL’s usefulness in detecting changes and in monitor-
ing treatment.
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