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Purpose: A validated questionnaire assessing diabetic retinopathy (DR)- and diabetic
macular edema (DME)-related knowledge (K) and attitudes (A) is lacking. We developed
and validated the Diabetic Retinopathy Knowledge and Attitudes (DRKA) questionnaire
and explored the association between K and A and the self-reported difficulty accessing
DR-related information (hereafter referred to as Access).

Methods: In this mixed-methods study, eight focus groups with 36 people with DR or
DME (mean age, 60.1± 8.0 years; 53%male) were conducted to develop content (phase
1). In phase 2, we conducted 10 cognitive interviews to refine item phrasing. In phase
3, we administered 28-item K and nine-item A pilot questionnaires to 200 purposively
recruited DR/DME patients (mean age, 59.0 ± 10.6 years; 59% male). The psychometric
properties of DRKA were assessed using Rasch and classical methods. The association
betweenK andAandDR-relatedAccesswas assessedusingunivariable linear regression
of mean K/A scores against Access.

Results: Following Rasch-guided amendments, the final 22-item K and nine-item A
scales demonstrated adequate psychometric properties, although precision remained
borderline. The scales displayed excellent discriminant validity, with K/A scores increas-
ing as education level increased. Compared to those with low scores, those with high
K/A scores were more likely to report better access to DR-related information, with K
scores of 0.99 ± 0.86 for no difficulty; 0.79 ± 1.05 for a little difficulty; and 0.24 ± 0.85
for moderate or worse difficulty (P < 0.001).

Conclusions: The psychometrically robust 31-item DRKA questionnaire can measure
DR- and DME-related knowledge and attitudes.

Translational Relevance: The DRKA questionnaire may be useful for interventions to
improve DR-related knowledge and attitudes and, in turn, optimize health behaviors
and health literacy.

Introduction

Diabetic retinopathy (DR) and diabetic macular
edema (DME) are common microvascular complica-
tions of diabetes which, if left untreated, can cause
substantial vision loss1,2 and poor quality of life.3–5
The onset and progression of these two conditions

can generally be prevented and controlled if diabetes
is optimally managed.6,7 Similarly, early detection,
surveillance, and timely treatment have been shown to
reduce the incidence and progression of DR by up to
two-thirds.8–10 These preventative behaviors are influ-
enced by a patient’s knowledge (K) of and attitude (A)
toward diabetes andDR.However, previous qualitative
and quantitative work suggests that patients with DR
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have a poor understanding of the link among glycated
hemoglobin A1c (HbA1c) levels, blood pressure goals,
and diabetic eye diseases.11–13 Healthcare profession-
als have also highlighted erroneous beliefs expressed
by some patients regarding laser treatment causing
irreversible vision loss, as well as a lack of understand-
ing by patients about the purpose of the HbA1c test
and optimal levels to achieve.13

The knowledge, attitudes, and practice (KAP)
framework is widely used to elucidate the mecha-
nisms of health education necessary for patient behav-
ioral changes via KAP questionnaires.14 For example,
good diabetes- and DR-specific knowledge has been
associated with positive preventative practices, such
as getting an eye exam by an ophthalmologist,15,16
whereas low levels of practical knowledge about
diabetes have been linked to greater likelihood of non-
adherence to diabetes vision care guidelines.17 Impor-
tantly, education interventions have been successful in
improving knowledge and attitudes in patients with
DR.18

However, most questionnaires used to assess DR-
related KAP are brief,15,18,19 lack a sound theoret-
ical framework, have not adequately described the
questionnaire development process,17 or have under-
gone only rudimentary psychometric testing.16,20 As
such, a comprehensive understanding of patients’ K
and A about their DR cannot be achieved, as no
tool has undergone rigorous psychometric evaluation.
Without this information, the patient-centered, clini-
cal, and economic impact of suboptimal DR-specific
K and A cannot be quantified, nor can appropriate
interventions be designed or implemented to improve
DR-specific practice, such as adherence to DR screen-
ing and accessing related health information.

We have developed the culturally relevant Diabetic
Retinopathy Knowledge and Attitudes (DRKA)
questionnaire to assess K and A in people with DR in
Singapore. This manuscript reports on the processes
involved in developing the two scales and describes
their psychometric properties using both classical test
theory (CTT) and modern psychometric methods.
Using the newly validated tool, we explored the associ-
ation between K and A and self-reported difficulty in
accessing DR-related information (hereafter referred
to as Access), hypothesizing that those with poorer K
and A would report greater difficulty with this activity.

Methods

Development of the DRKA Questionnaire

The DRKA questionnaire was developed using a
multiphased approach encompassing qualitative and

quantitative methodology. A total of 246 participants
across three phases were recruited from retinal clinics
at the Singapore National Eye Centre (SNEC) between
December 2015 and June 2017. The study included
English- and/or Mandarin-speaking participants who
were≥21 years of age and of Chinese,Malay, or Indian
ethnicity who had a primary diagnosis of DR and/or
DME with type 1 or 2 diabetes. Those with signif-
icant hearing or cognitive impairment (as measured
by the Six-Item Cognitive Impairment Test)21 or other
ocular comorbidity were ineligible. Patients’ sociode-
mographic and clinical information was collected via
an in-house questionnaire and medical files. Ethical
approval from the SingHealth Centralised Institutional
Review Board (#2015/2567) was obtained, and all
participants provided written informed consent prior
to participation. The study was conducted in accor-
dance with the tenets of the Declaration of Helsinki.

Phase 1: Content Development Via Focus
Groups and Semi-Structured Interviews

Based on the knowledge, attitudes, practice,
and outcomes (KAP-O) framework14 (Supple-
mentary Materials S1) and relevant related liter-
ature,15,16,20,22–25 we developed the moderator’s
guides for our qualitative phases. Eight focus groups
(five English, three Mandarin) comprised of 4 to
6 participants each were conducted among 36 subjects
(24 English-speaking; 12 Mandarin-speaking) by facil-
itators trained in qualitative research (EKF and Ching
Siong Tey [TCS]). Three semi-structured interviews
were also conducted with retinal specialists from
SNEC. The moderator’s guide contained open-ended
questions to elicit information about patients’ under-
standing of and attitudes toward DR (e.g., “What
things cause diabetic eye problems?”) and its treatment
(e.g., “What worries or concerns do you have about
your diabetic eye disease and treatment?”; “How do
these worries or concerns influence your decisions
about managing your diabetic eye disease?”) (Supple-
mentary Materials S2).

Focus groups (65–100 minutes) and semi-structured
interviews (30–45 minutes) were conducted at SNEC
with a note-taker recording key points and body
language. Each session was audiorecorded and profes-
sionally transcribed verbatim. After each session, the
study group met to summarize the outcomes, and
sessions were conducted until no new themes emerged
(thematic saturation). The study coordinator (EKF)
analyzed the transcripts using an inductive analyt-
ical approach based on the constant comparative
method.26,27 This iterative process involves coding
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utterances from the transcripts into themes and
contrasting the coded themes within and across
transcripts. As the aim of the study was to develop
questionnaires to measure level of knowledge and
attitudes, we focused on the utterances that were incor-
rect or partially correct, or that demonstrated a lack
of understanding or knowledge in the particular area.
Two other researchers (TCS and HJTS) reviewed the
final coding, and any disagreements were iteratively
resolved during five discussion sessions with all three
coders by returning to the transcripts, re-reading the
relevant point, and agreeing on the final code for that
utterance.

Using information from the themes and patient
utterances, the study team crafted items to measure
DR-specific Knowledge (n = 31) and Attitudes
(n = 8) for pretesting; for example, one theme was
“unclear about the HbA1c test,” and a supporting
quote was “Is it the fasting blood test?” Two multi-
ple choice items on the Knowledge scale were crafted
asking what the HbA1c test measures and what the
best range for people with diabetes is. The Knowl-
edge items measured the patient’s understanding about
DR symptomatology, factors associatedwith the devel-
opment and progression of DR, and treatment and
management regimens and goals. Examples of how the
Knowledge items were rated include the following:

1. Multiple choice—What is the main goal of laser
treatment for diabetic eye disease? (A) To improve
your vision. (B) To preserve your vision. (C) Both.
(D) Not sure.

2. True/False/Not sure—Vision problems from
diabetic eye disease can be improved with new
glasses.

3. Agree/Disagree/Not sure—Which of the following
things can increase your risk of developing diabetic
eye disease?…High blood pressure.

Participant responses for each item were coded
dichotomously as correct (1) or incorrect/not sure (0).

The Attitude items measured patients’ true or false
beliefs about diabetic eye disease development and
progression, the likelihood of the patient assuming
control regarding potential development and progres-
sion of diabetic eye disease, and the patient’s feelings
about DR management experiences in the past. The
Attitude items were rated using a four-point Likert
scale (“strongly agree” to “strongly disagree”), with
higher scores indicating more positive attitudes.

Scores for the K andA scales can simply be summed
and averaged as per classical methods to generate
raw scores from questionnaires; however, it is recom-
mended that Rasch analysis be applied to the raw data

to optimizemeasurement precision (see RaschAnalysis
section below).

Phase 2: Scale Refinement Via Cognitive
Interviews

Ten individual cognitive interviews were conducted
with DR patients to pretest the clarity of instruc-
tions, items, and response options and to highlight any
issues by using a combination of the think-aloud and
verbal probing techniques.28 After the first three inter-
views, feedback was systematically synthesized and
subsequently incorporated into a new version of the
questionnaires. This process was repeated until no
further issues emerged.

Phase 3: Psychometric Analysis in a Large
Patient Sample

Study Population
The pilot versions of the DRKA questionnaires

were interviewer-administered to 200 patients with DR
(134 English-speaking; 66 Mandarin-speaking) who
were purposively sampled to ensure a sufficient spread
of gender, age, ethnicity, and DR severity (see Supple-
mentary Materials S1 for DR and visual acuity assess-
ment). In addition, 15 retinal specialists and 28 diabetic
nurses answered the Knowledge questionnaire via an
online survey portal.

Rasch Analysis
We performed Rasch analysis on the DRKA

scales using Winsteps 3.91.2 (Winsteps, Chicago, IL)
using the dichotomous (Knowledge) and polyto-
mous (Attitudes) Andrich single rating scale model.29
Rasch analysis provides substantial insight into the
psychometric properties of a scale30 (Supplementary
Materials S1), including response category function-
ing, measurement precision, unidimensionality, item
fit, item discrimination, targeting of item difficulty to
the person’s ability, and differential item functioning
(DIF), which reflects item bias for age, gender, and
education level. In addition, Rasch analysis converts
the ordinal-level raw score data from the item responses
into estimates of interval person measures (expressed
in logits), which are suitable for parametric testing.31
We used the person measures (logits) derived from
Rasch analyses in our subsequent statistical testing,
as using Rasch scores has been shown to improve
measurement precision and detection of associations
among variables of interest.32,33
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Table 2. Sociodemographic and Clinical Characteristics of the 200 Participants in Phase 3

Characteristics n (%a)

Male 118 (59.0)
Diabetes type
Type 1 13 (6.5)
Type 2 97 (48.5)
Unknown 90 (45.0)

At least one other diabetes complication (yes) 79 (39.5)
At least one other comorbidity (yes) 169 (84.5)
Attended diabetes education
Never 95 (47.5)
Yes, in the past few years 42 (21.0)
Yes, at diagnosis of diabetes or soon after 62 (31.0)

Diabetes treatment
Tablets 114 (57.0)
Insulin 79 (39.5)

Ethnicity
Chinese 137 (68.5)
Indian 37 (18.5)
Malay 26 (13.0)

Marital status
Single/never married 28 (14.0)
Married/de facto 150 (75.0)
Divorced/separated/widowed 22 (11.0)

Education level
None or primary 38 (19.0)
Secondary 107 (53.5)
A level, diploma, vocational training, university
degree

55 (27.5)

Occupation
Managerial, administrative 36 (18.0)
Production, technical 18 (9.0)
Other 53 (26.5)
Self-employed 13 (6.5)
Not working 80 (40.0)

Monthly household income
<$2000 66 (33.0)
$2000 to <$5000 58 (29.0)
$5000 to <$10,000 34 (17.0)
≥$10,000 15 (7.5)

Housing type
1- or 2-room HDB 9 (4.5)
3-room HDB 41 (20.5)
4-room HDB 69 (34.5)
5-room HDB or executive flat 71 (35.5)
Condominium or landed property 10 (5.0)

Vision impairment (better eye)
No 148 (74.0)
Yes 52 (26.0)

Severity of DR (better eye)
No to mild NPDR 84 (42.0)
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Table 2. Continued

Characteristics n (%a)

Moderate NPDR 52 (26.0)
Severe NPDR 34 (17.0)
PDR 12 (6.0)
Quiescent PDR 18 (9.0)

DME present (better eye), yes 14 (7.0)
NVS category
High likelihood of limited HL (score 0–1) 85 (43.8)
Possibility of limited HL (score 2–3) 42 (21.7)
Almost always indicates adequate HL (score 4–6) 67 (34.5)

Health Literacy Test for Singapore category
Inadequate HL (<3 numeracy; <27 comprehension) 54 (38.3)
Adequate HL (≥3 numeracy; ≥27 comprehension)b 87 (61.7)

Continuous Variables Mean (SD); Median (Range)

Age (y) 59.0 (10.6); 60.0 (30.0–82.0)
Duration of diabetes (y) 16.0 (9.8); 16.0 (1.0–40.0)
HbA1c (%) 8.0 (1.6); 7.7 (4.4–12.8)
Presenting visual acuity in better eye (logMAR) 0.24 (0.18); 0.20 (0.00–0.90)

HDB, Housing Development Board; HL, health literacy.
aPercentages for some variables may not equal 100% due to missing data.
bOnly 141 answered both the numeracy and comprehension questions.

Classical Test Theory Analysis
In order to assess the construct (convergent and

divergent) validity of our DRKA scales, participants
also answered two generic health literacy question-
naires, namely the Health Literacy Test for Singa-
pore (HLTS)34 and the Newest Vital Sign (NVS),35
as well as the Patient Health Questionnaire (PHQ-
9),36 which is a valid measure of depressive symptoms
(Supplementary Materials S1). We also assessed the
discriminant validity, criterion validity, and tempo-
ral reliability of the DRKA questionnaire using
standard traditional methods and statistical tests
(Supplementary Materials S1).

Statistical Analyses

Patients’ sociodemographic and clinical informa-
tion for all phases was characterized using means
and standard deviations for continuous data and
counts and percentages for categorical data using Stata
15 (StataCorp, College Station, TX). We examined the
associations of K and A person measures with a single
item measuring self-reported difficulty accessing DR-
related information (Access): “In the past 12 months,
how much difficulty did you have finding informa-
tion about your diabetic eye disease (e.g., TV, Inter-
net, books, radio, or newspapers?” Response options

included no difficulty, a little difficulty, or moderate
difficulty or above. We conducted univariable linear
regression analysis of K and A separately against the
Access item as the independent variable and deter-
mined pairwise differences among the three categories
(Tukey’s test). Linearly increasing/decreasing trends
of K/A scores with greater difficulty reported on the
Access item were assessed by treating the Access item
as a continuous variable taking the values of 1 (no diffi-
culty), 2 (a little difficulty), and 3 (moderate difficulty
or above).

Results

Phase 1: Content Development Via Focus
Groups and Semi-Structured Interviews

Of the 36 participants (mean age, 60.1 ±
8.0 years; 53% male; 50% secondary education), 39%
(n = 14), 19% (n = 7), 14% (n = 6), and 22%
(n = 8) had mild non-proliferative diabetic retinopa-
thy (NPDR), moderate NPDR, severe NPDR, and
proliferative diabetic retinopathy (PDR), respectively;
three (8.3%) had clinically significant macular edema
(Supplementary Table S1).

Overall, few participants could clearly explain DR.
Although most correctly identified that having uncon-
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Figure 1. Person–item map for the 22-item Diabetic Retinopathy
Knowledge questionnaire. To the left of the dashed line are the
participants, represented by “#” (signifying 3 participants) and by “•”
(signifying 1 to 2 participants); on the right are the items, denoted by
their item number and content. Participants with better DR-specific
knowledge and the most “difficult” items are near the top of the
diagram; participants with worse DR-specific knowledge and the
least “difficult” items are near the bottom. This figure shows that
items on the Knowledge questionnaire are generally well targeted
to participant ability level, with a <1 logit difference between the
mean of person knowledge and mean of item difficulty. Four items
at the bottom of the figure are too easy for this particular patient
sample.

trolled blood glucose is a risk factor for develop-
ing DR, few had heard of “the glycated hemoglobin
or HbA1c test” or knew the target value indicat-
ing optimal diabetes control (Table 1). Important
risk factors such as blood pressure and lipid control
were rarely mentioned, and some participants listed
factors not known to be associated with DR, including
radiation exposure, high eye pressure, processed foods,
stress, pollution, and excessive computer usage. Many
patients also reported using special diets (e.g., super-

foods), Chinese/Indian herbal supplements, acupunc-
ture, or reflexology to reduce DR progression. Most
patients were aware of laser treatment and intravitreal
injections, but there was a lack of understanding about
how they worked and that ongoing sessionsmay poten-
tially be needed.

A commonly expressed attitude by participants
was that DR is due to aging or genetics and there-
fore largely inevitable (Table 1). Some participants
reported reluctance to receive treatment for DR as
it was perceived as being painful or not neces-
sary for the elderly, it could cause blindness or
other health problems, or such treatment contra-
vened advice from Traditional Chinese Medicine
(TCM) practitioners. Similar themes emerged from
the semi-structured interviews with retinal specialists
(Supplementary Materials S1).

Phase 2: Scale Refinement Via Cognitive
Interviews

The mean age of the 10 participants (50% Chinese)
was 58 ± 13.5 years, and most were male (n = 8, 80%)
(Supplementary Table S2). Following the cognitive
interviews, two items were added, five were removed,
and 30 changes to item phrasing were made to the K
scale (Supplementary Table S3), resulting in a pilot 28-
item scale. For the A scale, one item was added and
phrasing for 11 items was amended, resulting in a pilot
nine-item A scale.

Phase 3: Psychometric Analysis in a Large
Patient Sample

Sociodemographic and Clinical Characteristics
Two hundred participants (mean age, 59.0

± 10.6 years; 59% male; 69% Chinese; 73% secondary
school education or lower) completed the pilot 28-item
K scale and the nine-item A scale (Table 2). Most (n
= 94, 48.5%) had type 2 diabetes, although nearly
half (n = 90, 45%) did not know their diabetes type.
Mean duration of diabetes was 16.0 ± 9.8 years; 84
(42%), 52 (26%), 34 (17%), 12 (6%), and 18 (9%)
had none to mild NPDR, moderate NPDR, severe
NPDR, PDR, or quiescent PDR in the better eye,
respectively. Fourteen (7%) had DME. Based on the
NVS, 44% (n = 85), 22% (n = 42), and 34% (n = 67)
had limited, potentially limited, or adequate health
literacy, respectively.

Rasch Analysis Results
The 28-item K scale displayed good item fit and

targeting; however, it had relatively poor precision
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Figure 2. Category probability curves of the nine-item Diabetic Retinopathy Attitudes questionnaire before (A) and after (B) category
collapse. The disordered thresholds on the left demonstrate that the category of “somewhat agree”was at no point the most likely option
to be chosen by participants.

(Person Separation Index [PSI] < 1.5), evidence of
multidimensionality (raw variance explained by the
measure 38%and a first contrast eigenvalue of 2.6), and
DIF for three items (Table 3). To remedy these issues,
we first explored the standardized residual loadings
where two items (losing weight and increasing exercise)
were loading substantively, suggesting that they were
measuring a different construct. Upon removal of these
items, the eigenvalue was still greater than 2.0; however,
the disattenuated correlations were high (1.0 and 0.84),
which suggested that any potential secondary dimen-
sions were likely to be measuring different aspects
of DR-specific knowledge. Second, we examined item
discrimination to unearth any low information items.
The two items are “Getting older” and “Use tradi-
tional medicine/alternative therapies” had values of
0.43 and 0.56, respectively. Given that these items were
already captured by related items on the A scale, they
were deleted. Two other items (stress, attend recom-
mended eye checks) also had poor discrimination (0.36
and 0.66, respectively) and were at the extreme diffi-
cult (19.5% correct) and easy (93% correct) end of the
knowledge spectrum; as such, we removed these items.
The remaining 22-item K scale was unidimensional,
with good targeting (Fig. 1) and no DIF, although
precision still remained suboptimal (PSI = 1.09).

Initial evaluation of the nine-item A scale showed
good targeting and unidimensionality with no item
misfit or DIF; however, thresholds were disordered,
suggesting that the middle response categories of
“somewhat agree” and “somewhat disagree”were used
interchangeably by participants (Fig. 2). Collapsing

these categories resolved the disordering (Fig. 2), which
also improved precision but slightly worsened target-
ing (difference between person/item means > 1 logit)
(Fig. 3).

Classical Test Theory Results
Both the K andA scales displayed excellent discrim-

inant validity, with scores increasing as level of educa-
tion increased; for example K mean scores (logits)
increased from 0.66 ± 0.81 for people with none or
primary school to 0.81 ± 0.91 and 1.28 ± 0.80 for
people with a secondary or higher education, respec-
tively (Table 4). Those with active PDR (i.e., currently
under treatment) had significantly higherK scores than
those with milder forms of the disease or quiescent
PDR. Compared to people with no vision impairment,
those with vision impairment had significantly worseK
scores.

Convergent and divergent validity were excellent
for both the DRKA scales, with expected moderate
correlations found with the health literacy tests (all
r ≈ 0.3), and no to low correlations for the PHQ-9
(Supplementary Table S4). The 22-item K scale
demonstrated good concurrent validity, with retinal
specialists receiving significantly higher raw scores on
average compared to patients (21.5 vs. 13.4; P <

0.001). Finally, both the K (r = 0.77, P < 0.001) and
A (r = 0.74, P < 0.001) scales showed acceptable
temporal reliability.
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Figure 3. Person–item map for the nine-item Diabetic Retinopa-
thy Attitudes questionnaire. To the left of the dashed line are the
participants, represented by “#” (signifying 3 participants) and by “•”
(signifying 1 to 2 participants); on the right are the items, denoted
by their item number and content. Participants with “better” DR-
specific attitudes and themost “difficult”items arenear the topof the
diagram; participants with worse DR-specific attitudes and the least
“difficult” items are near the bottom. This figure shows that items in
the Attitudes questionnaire are reasonably well targeted to partic-
ipant ability level, with a just over 1 logit difference between the
mean of person attitude andmean of item difficulty. One item at the
bottom of the figure is too “easy” for this particular patient sample,
and there is a lack of “difficult” items to challenge those with “better”
attitudes.

Association Between K and A and Access
In univariable analyses, compared to those with

lower K scores, those with higher K scores were signif-
icantly more likely to report no difficulty accessing
information about their DR: 0.99 ± 0.86 for no diffi-
culty (n = 171), 0.79 ± 1.05 for a little difficulty
(n = 13), and 0.24 ± 0.85 for moderate or worse diffi-
culty (n = 16) (P trend = 0.001) (Table 5). Results were
similar for the association between A scores and self-
reported difficulty accessing DR-related information
(Table 5).

Discussion

Using a mixed-method study design in a multi-
ethnic, clinical population of Singaporeans with
DR and DME, we developed and psychometrically
assessed theDRKAquestionnaire. The 22-itemK scale
was found to capture patients’ knowledge about the
development and progression of DR, treatment and
management regimens and goals, and DR symptoma-
tology. The nine-item A scale measures patients’ beliefs
about disease development and progression and the
onus of responsibility, as well as emotional reactions to
DR management experiences. Higher K and A scores
were significantly associated with less self-reported
difficulty accessing DR-related information. With its
strong basis in the KAP framework, the DRKA
questionnaire may be useful for measuring the preva-
lence of suboptimal patient knowledge and attitudes
relating to DR, particularly in adults with diabetes
who are at risk for developing DR to facilitate early
intervention and prevention strategies; for demonstrat-
ing the effectiveness of educational interventions to
improve patient knowledge/attitudes about DR; and
for quantifying the link between knowledge improve-
ments and changes in practice (e.g., attendance rates
of recommended eye screening, timely disease manage-
ment).

Although the psychometric properties of the
DRKA questionnaire were promising overall, both
scales displayed suboptimal measurement precision
(reliability between 0.5 and 0.6), which means they
have the capacity to distinguish one or two levels
of K/A. Good scale precision depends on a large
variance in sample ability, longer test length, higher
number of categories per item, and good sample-item
targeting.37 Given that the length and targeting of
the DRKA questionnaire were appropriate, the low
precision levels are likely due to the dichotomous
rating scale (K) and a lack of variance in participant
ability. Although we purposively sampled for age,
gender, ethnicity, and DR severity, we did not do so
for education; had our sample included more patients
at the lower or higher ends of the education spectrum,
we may have observed more variance in sample ability
and better precision. Future work to refine the DRKA
questionnaire will aim to rectify this sampling issue.

As hypothesized, the DRKA scale was positively
correlated with education. This is important, as
it suggests that poor DR-specific knowledge and
attitudes may be amenable to improvement via educa-
tional interventions. We also observed that people
with vision impairment had significantly worse K
scores than those without, probably due to the well-
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Table 4. Discriminant Validity of the Diabetic Retinopathy Knowledge and Attitudes Questionnaire
Knowledge (n = 22 Items) Attitudes (n = 9 Items)

Variable Mean (SD) (Logits) Pa Mean (SD) (Logits) Pa

Education level <0.001b <0.001c

None or primary 0.66 (0.81) 0.98 (1.10)
Secondary 0.81 (0.91) 1.17 (1.26)
A level, diploma, vocational training, university degree 1.28 (0.80) 1.87 (1.19)

DR severity 0.039d 0.169
None to mild NPDR 0.86 (0.94) 1.33 (1.08)
Moderate NPDR 0.97 (0.66) 1.45 (1.36)
Severe NPDR 0.78 (0.88) 0.97 (1.18)
PDR 1.64 (1.19) 1.95 (1.64)
Quiescent PDR 0.74 (0.86) 1.21 (1.42)

DME status 0.151 0.984
Present 1.24 (0.62) 1.33 (1.23)
Absent 0.89 (0.90) 1.32 (1.26)

Vision impairment (better eye) 0.050 0.242
None (≤0.3 logMAR) 0.98 (0.85) 1.39 (1.23)
Mild (>0.3 logMAR) 0.71 (0.97) 1.15 (1.13)

Bolded values indicate statistically significant results.
aAssessed using one-way analysis of variance and pairwise comparison of means using Tukey’s method.
bSignificant difference between none or primary education and A level, diploma, vocational training, university degree, as

well as between secondary and A level, diploma, vocational training, university degree.
cSignificant difference between none or primary education and secondary education, as well as between none or primary

education and A level, diploma, vocational training, university degree.
dSignificant difference between none or mild versus PDR; severe NPDR versus PDR; and quiescent PDR versus PDR

Table 5. Comparison of Knowledge and Attitudes Scores by Self-Reported Ability to Access DR-Related Informa-
tion

Mean ± SD Tukey’s HSD Test

No Difficulty
(n = 171)

Little Difficulty
(n = 13)

Moderate Difficulty
or Above (n = 16) 2 vs. 1 3 vs. 1 3 vs. 2 P Trenda

Knowledge 0.99 ± 0.86 0.79 ± 1.05 0.24 ± 0.85 0.708 0.004 0.215 0.001
Attitudes 1.44 ± 1.24 0.94 ± 1.38 0.37 ± 0.79 0.328 0.002 0.414 <0.001

Bolded values indicate statistically significant results.
aTest of a linearly increasing or decreasing trend in knowledge/attitudes scores with response to the item, “In the last 12

months, how much difficulty did you have accessing information about your diabetic eye disease (e.g., TV, Internet, books,
radio, or newspapers)?”

established link between low education and literacy
levels and vision impairment.38 We also observed
that DRKA scores were substantially higher in those
with active PDR compared those with NPDR. This
is likely because those with late-stage, active disease
frequently attend DR appointments and are regularly
educated about their DR by their doctors. Interest-
ingly, those with quiescent PDR had similarly low
DRKA scores compared to patients with NPDR,
suggesting that knowledge gained during active disease
phases may attenuate when the condition is under
control. This finding is supported by studies in irrita-
ble bowel syndrome, which have found that the
type, amount, and source of information desired

by patients depend on the course of the disease
(i.e., active vs. remission).39,40

Our inclusion of items on the A scale relating to
the inevitability of getting DR due to aging, genet-
ics, or fate is important, as disease-related fatal-
ism has been reported previously in other health
fields, such as cancer.41,42 Indeed, high fatalism scores
have been found to predict non-adherence to cancer
screening recommendations,42 as well as diabetes
medication adherence and self-care.43 As such, our A
scale may be useful for predicting non-adherence to
follow-up appointments for DR treatment. Similarly,
our A scale provides an opportunity for clinicians
to enhance patient care by detecting and address-
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ing easily correctable erroneous beliefs, especially as
the expertise and authority of health profession-
als are highly respected in Singapore’s hierarchical
culture.44

We found that higher K and A scores were associ-
ated with greater likelihood of reporting no difficulty
accessing DR-related information, a proxy measure of
patients’ DR-related health literacy.45 This is impor-
tant, as limited health literacy has been indepen-
dently associated with worse glycemic control and
higher rates of DR.47 This suggests that improving
DR-related K and A could also enhance DR-specific
health literacy, which, in turn, may improve clinical
outcomes for people with diabetes and DR. Other
studies have also reported a relationship between K
and A and DR-related practices in patients with DME
and DR, such as getting an eye exam,15,16 although we
were not able to assess this relationship in our study.
Future studies could use the DRKA questionnaire to
assess the associations among K and A, health liter-
acy, and positive DR-related behaviors such as atten-
dance at eye screening and adherence to treatment
interventions.

Our study has several strengths, including its
mixed-methods design incorporating a strong theoreti-
cal framework,14 as well as evidence-based guidelines46
including rigorous pretesting and final validity testing
using both modern and classical methods. These
processes enhance the face, content, and construct
validity of the DRKA questionnaire and ensure
that the K and A score estimates are robust.47
Several limitations must also be acknowledged.
First, the relatively low measurement precision of
the DRKA questionnaire means that results must
be interpreted with caution, although this issue is
likely sample dependent and not an inherent flaw
in the scale itself. Second, we did not include a
control group with no DR in our validity testing
analyses, which would have strengthened the study
design. Future work to assess these additional valid-
ity and reliability indices is needed.48 Third, the
DRKA questionnaire may not be generalizable to
countries outside of Singapore with different health-
care systems, including the use of TCM, and attitudes
toward illness. However, most of the knowledge
items are broadly applicable (e.g., understanding laser
procedures, intravitreal injections, and HbA1c targets
and goals) and could be applied to DR populations
more widely. Future work is required to culturally
validate the DRKA questionnaire and adapt certain
items (e.g., seeing TCM doctors) in Asian andWestern
populations. Finally, the sensitivity of the DRKA
questionnaire to education interventions was not
evaluated, and future studies should test the respon-

siveness of the scale. To facilitate this and make the
DRKA questionnaire a more clinically useful tool, a
cut-off that defines “good” and “poor” DR-specific
knowledge and attitudes is needed; for example,
methods that are used to define optimal cutpoints for
medical diagnostic tests49 could be applied by using
a clinical outcome relevant to DR-specific knowl-
edge and attitudes as a reference, such as progres-
sion of DR severity or non-adherence to treatment
appointments.

In conclusion, the 31-item DRKA questionnaire
is a psychometrically sound instrument to measure
patients’ knowledge and attitudes relating to DR and
is associated with patients’ self-reported access to DR-
related information. The DRKA questionnaire may be
useful to clinicians who wish to quantify their patients’
understanding of their condition, to researchers who
intend to design and evaluate educational interven-
tions to improve health behaviors, and to decision-
makers who allocate resources to improve DR-related
outcomes. Future work is needed to culturally validate
the DRKA questionnaire, define cutpoints for poor
DR-specific knowledge and attitudes, and test the
responsiveness of the instrument to interventions.
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