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Purpose: Diabetes knowledge is important for people with type 2 diabetes mellitus (DM) to improve their health. Therefore, it is 
important to validate an instrument for assessing diabetes knowledge. The present study aimed to validate the 24-item Diabetes 
Knowledge Questionnaire (DKQ).
Patients and Methods: The 24-item DKQ and Diabetes-specific Quality of Life Module (DMQoL) were administered to 425 
patients (mean±SD age=58.4±11.6) with type 2 DM.
Results: The 24-item DKQ was first examined for its factor structure using exploratory factor analysis (EFA). Items with low factors 
loadings were removed and 18 items were retained to make a DKQ-18. In DKQ-18, five factors were identified, which were named as 
diabetes etiology and symptoms (F1), intermediate nursing (F2), complications (F3), diet and treatment (F4), and elementary nursing 
(F5). The DKQ-18 had satisfactory internal consistency (Cronbach’s α= 0.732 and McDonald’s ω=0.748), good known-group validity 
(participants with a higher level of education showed better score in DKQ-18; participants with HbA1c ≤7 had better score in DKQ-18 
compared to group of HbA1c level >8.5), acceptable test–retest reliability (r=0.69), adequate responsiveness (DKQ-18 can detect 
knowledge change), and concurrent validity with DMQoL.
Conclusion: The DKQ-18 is a valid measure for assessing diabetes knowledge. The DKQ-18 could evaluate participants’ diabetes 
knowledge and improve their diabetes knowledge and self-care through a diabetes team and serve as a tool to evaluate the knowledge 
of participants with type 2 DM.
Keywords: diabetes mellitus, knowledge, diabetes care, self-care, psychometrics

Introduction
Diabetes mellitus (DM) is a challenging chronic illness, leading over time to target organ damage individually;1 therefore, DM 
imposes an economic burden globally.2 The prevalence of diabetes has been steadily increasing worldwide, including in 
Taiwan.3 From 2005 to 2014 in Taiwan, the total population with DM increased by 66%; the prevalence of DM was 
approximately 50% in those aged ≥ 65 years.4 Self-care begins with diabetes knowledge and adherence to good self-care 
practices.5 Moreover, diabetes knowledge could be classified as different concepts, including diabetes etiology and symptoms 
(eg, type 1 or type 2 DM; polyuria/polydipsia),6 different levels of nursing (eg, glycemic targets7 and inspection of foot as 
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elementary nursing; wound care8 and balanced diet as intermediate nursing), complications (eg, diabetic kidney disease9), and 
relevant treatments (eg, optimization of glucose control).10

To help patients with DM have better self-care behavior, a program named as pay for performance (P4P) was 
launched in Taiwan in 2001. The P4P program for patients with DM has demonstrated higher medication adherence,11 

fewer diabetes-related hospitalizations,12 less lower extremity amputation,13 and better survival14 compared to non-P4P 
usual care. The P4P program covers patient empowerment, health literacy and self-care behaviors, resulting in reduced 
HbA1c level.15–17 Among the positive effects of the P4P program, an important feature is that it may assist patients with 
DM in improving their health literacy, which is instrumental in improving diabetes knowledge and self-efficacy.18

Indeed, the importance of health literacy has been documented. Patient score of complication awareness and health 
literacy were significantly and negatively associated with the level of glycated hemoglobin (HbA1c).19 Significant and 
direct pathways were demonstrated from empowerment perceptions to health literacy; subsequently leading to self- 
efficacy, and finally to self-care behavior, which contributes to reduction in HbA1c levels.16 Some prior studies have 
demonstrated different factors associated with health literacy. For example, Kim et al reported that lower health literacy 
was associated with older age and having less education;20 Asmelash et al found that occupation, education and marital 
status were significantly associated with attitude and practice towards glycemic control.21 Although prior evidence 
demonstrates the potential factors on diabetes knowledge, it is important for healthcare providers to have a validated 
instrument to assess diabetes knowledge for their patients with DM. With the use of a validated instrument assessing 
diabetes knowledge, healthcare providers may evaluate the effectiveness of a program on diabetes knowledge 
improvement.

The Diabetes Knowledge Questionnaire (DKQ), a 24-item questionnaire, has been developed by the Starr County 
Diabetes Education Study22 to evaluate patients’ diabetes knowledge. DKQ was firstly developed in Spanish and English, 
and has been translated and validated in many languages, including Simplified Chinese.23 To make DKQ free to openly 
access in Chinese-using countries, the present study’s objective was to translate and validate DKQ (and make modifica-
tions if needed) among patients with type 2 DM into the Traditional Chinese language used in Taiwan. More specifically, 
factor structure, internal consistency, known-group validity, responsiveness, test–retest reliability, and concurrent validity 
were examined for the DKQ.

Materials and Methods
Participants and Procedure
The participants of this study were patients with type 2 DM, who were recruited from a certified health-promoting diabetes 
clinic with certified diabetes educators (CDE) including physicians, nutritionists, and registered nurses in Taiwan. Participants 
covered three subgroups for different psychometric testing: (1) existing patients with type 2 DM in the diabetes clinic for all 
psychometric testing, except for responsiveness and test–retest reliability, (2) newly arrived patients with type 2 DM who have 
not received a DKQ-specific diabetes education in the clinic for responsiveness, and (3) patients completing a re-test 3 months 
after the first test for test–retest reliability. For newly arrived patients with type 2 DM (subgroup 2), the certified diabetes 
educators (CDE) provided a diabetes education that took approximately 30 minutes. The content of DKQ was used as the 
DKQ-specific education material (Appendix). The DKQ is used as a pre-test and post-test. A pre-test is conducted before the 
first-time diabetes education. A post-test is conducted after the diabetes education session. Approval of this study was obtained 
from the National Cheng Kung University Human Research Ethics Committee (NCKU HREC-E-110–443-2). Moreover, the 
present study complies with the Declaration of Helsinki.

Patients with type 2 DM were invited to participate in this study after their regular visit to the clinic, and they could 
decide whether they wanted to participate. The paper-based questionnaires were administered one-on-one in a certified 
health-promoting diabetes clinic. Data collection of the two questionnaires take about 5 to 10 minutes to complete. The 
participants received an NT$ 50 (about USD 1.8) convenience store gift card after they completed the questionnaires. For 
the subgroup of newcomers, they received an NT$ 100 dollars gift card after completing both pre-test and post-test. 
Moreover, all the participants signed a written informed consent.
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Instrument
Diabetes Knowledge Questionnaire (DKQ)
The 24-item DKQ (DKQ-24)22 was the shortened version of the 60-item DKQ. Response choices to the questions include (1) 
Yes, (2) No, and (3) I do not know. The items were scored as correct or incorrect, and the correct items were summed to obtain 
a total score; the higher the score, the better the diabetes knowledge. DKQ-24 contains 17 positively worded items and 7 
negatively worded items, and attained a reliability coefficient of 0.78; the group-by-time interaction effect was statistically 
significant (P < 0.001).22 The DKQ was translated into Traditional Chinese for Taiwanese after the permission was obtained 
from the original authors, who have published the DKQ.22 In the translation procedure, the standard procedure that ensures the 
linguistic validity was adopted.24 Specifically, forward translation, back translation, and reconciliation were carried out in the 
translation process. First, the DKQ was translated from English into Traditional Chinese version by a native Mandarin 
translator with a bachelor’s degree in English. Second, the Traditional Chinese version was translated back into English by 
a professional Taiwanese translator with an MA degree in English. Lastly, the translation was reviewed by two experts 
including a psychometrician and a physician with diabetes educator certification. Moreover, the simplified Chinese version of 
the DKQ developed by Dr. Hu23 was also used as reference during the translation process.

Diabetes-Specific Quality of Life Module (DMQoL)
In addition to the DKQ, this study utilized the diabetes-specific quality of life questionnaire module (DMQoL) developed 
by Lin et al25 to evaluate the quality of life of patients with type 2 DM. The DMQoL is a 10-item questionnaire with 
5-point Likert scale. The DMQoL includes 10 items selected from 20 items, as shown in Table 1. For item 12, the 
Table 1 Demographic Characteristics

Entire Sample  
(n=425)

Pre- and Post-Test Sample  
(n=51)

Test–Retest Sample  
(n=77)

n % n % n %

Gender
Female 197 46.35% 19 37.25% 34 44.16%

Male 228 53.65% 32 62.75% 43 55.84%

Age (years)a 58.4±11.6 60.47±11.48 57.52±11.92

≤50 94 22.12% 8 15.69% 21 27.27%

50<Age≤60 190 44.71% 26 50.98% 33 42.86%
>60 141 33.18% 17 33.33% 23 29.87%

Education
≤Junior high school 104 24.47% 19 37.25% 14 18.18%

Senior high school 154 36.24% 15 29.41% 34 44.16%

≥College 167 39.29% 17 33.33% 29 37.66%

DM duration (yr)a 8.9±7.2 4.98±6.72 9.75±7.5

≤4 145 34.12% 29 56.86% 24 31.17%
4< duration ≤11 142 33.41% 14 27.45% 26 33.77%

>11 138 32.47% 8 15.69% 27 35.06%

HbA1c (%)a 7.4±1.3 8.54±2.06 7.25±1.02

≤7 195 45.88% 15 29.41% 39 50.65%

7<HbA1c≤8.5 157 36.94% 13 25.49% 28 36.36%
>8.5 73 17.18% 23 45.10% 10 12.99%

Diabetes treatment

Diet only 21 4.94% 3 5.88% 3 3.9%

Oral antidiabetic agents (OAD) 331 77.88% 42 82.35% 55 71.43%
Insulin, GLP-1 agonists or both 7 1.65% 0 0% 2 2.6%

OAD and injection therapy 66 15.53% 6 11.76% 17 22.08%

Note: aReported using mean±sd.
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response scale ranged from 1 (None at all) to 5 (Extremely). For the other items, the scale ranged from 1 (very 
dissatisfied) to 5 (most satisfied).

Laboratory Data
Glycated hemoglobin, HbA1c, was measured by turbidimetric inhibition immunoassay (TINIA) method using Roche’s 
cobas c513. This method is certified by the National Glycohemoglobin Standardization Program.

Data Analysis
SPSS 23.0 (IBM SPSS Incorp., Armonk, NY) was used to analyze all the data. The demographics of patients with type 2 
DM were analyzed using descriptive statistics. Categorical variables were reported using numbers and percentage, and 
continuous variables used mean and standard deviation (SD). Exploratory factor analysis (EFA) was used to examine the 
factors of the DKQ. Moreover, factor loadings derived from the EFA were used to remove items for improving the factor 
structure of the DKQ. Principle axis factoring with promax oblique rotation method was used to extract the number of 
factors based on an eigenvalue >1. Items with a factor loading less than 0.3 were removed unless an item had a strong 
reason to be retained; then, another EFA was conducted using the same procedure. Cronbach’s α and corrected item–total 
correlation was later used to verify the internal consistency of each factor score.

To evaluate the quality of each item of the DKQ, item difficulty and item discrimination were assessed. Item difficulty 
was calculated using the item difficulty index (ie, the number of correct responses to each test item of DKQ divided by 
the total number of responses including both correct and incorrect ones). Item discrimination using Truman Kelley’s 
“27% of sample” group size, values of 0.4 and above are regarded as high and less than 0.2 as low by R.L. Ebel.26 Item 
discrimination was calculated using the Pearson correlation between participant responses to a particular item and total 
scores on all items on the test. Specifically, item discrimination of each item was determined by the relationship between 
the participant’s DKQ performance in each item and his/her overall scores.

Test–retest reliability of the entire DKQ was examined using the Pearson correlation coefficient. Test–retest reliability 
> 0.4 was considered to be acceptable according to following suggestions: test–retest reliability between 0.4 and 0.75 is fair to 
good; > 0.75 is excellent.27,28 The concurrent validity of the DKQ was examined using the Pearson correlation with the 
DMQoL. The correlation between each factor of DKQ-18 and DMQoL score were examined separately in three education 
levels, ie ≤ junior high school, senior high school, and ≥ college. Known-group validity29 of DKQ-18 was examined using two 
demographic characteristics, ie gender and education level, and one clinical characteristic, ie HbA1c level. Gender was 
analyzed by an independent t-test; education and HbA1c levels were analyzed by analysis of variance (ANOVA). Lastly, the 
responsiveness of the DKQ-18 was tested among 51 participants who received a pre-test and post-test of DKQ. The scores of 
pre-test and post-test were analyzed using paired-samples t-test and Cohen’s d. Lastly, hierarchical regression was constructed 
to explore the potential predictors for diabetes knowledge assessing using DKQ.

Results
A total of 425 patients with type 2 DM (mean±SD age=58.4±11.6 years), with females accounting for 197 (46.4%), were 
enrolled. The numbers of education levels are 104 (24.47%) for the subgroup of ≤ junior high school, 154 (36.24%) for 
the subgroup of senior high school, and 167 (39.29%) for the subgroup of ≥ college, respectively. The average duration 
of diabetes was 8.9±7.2 years. The HbA1c of each participant was the mean value of 5 latest HbA1c values with three 
months apart, accounting for 92.25% of 374 participants. In the pre-test and post-test group of 51 participants, 58.8% 
only has a single HbA1c value because they are new patients visiting this clinic. For diabetes treatment, 21 (4.94%) were 
on diet control only, 331 (77.88%) received oral anti-diabetic drugs, 7 (1.65%) insulin, GLP-1 agonists or both, and 66 
(15.53%) oral antidiabetic agents (OAD) and injection therapy (Table 1).

Six items showing low factor loadings (ie, < 0.3) in the EFA were removed. The retained 18 items (ie, DKQ-18) were 
used to examine the factor structure and five factors were extracted. The DKQ-18 had six items loaded on the first factor 
(named as Diabetes etiology and symptoms); three items on the second factor (Intermediate nursing); four items on the 
third factor (Complications); two items on the fourth factor (Diet and treatment); and three items on the fifth factor 
(Elementary nursing). Moreover, the eigenvalue (1.099 to 3.345) and the explained variance (2.261 to 14.806) for 
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the second EFA results were satisfactory, indicating that the five-factor structure is appropriate for the 18-item DKQ (ie, 
DKQ-18; Table 2).

After ensuring the suitable items and factor structure of the DKQ-18, the 18 DKQ items were tested for their item 
properties. Specifically, Table 3 presents their item difficulties (ranged between 0.285 and 0.993) and item discrimina-
tions (ranged between 0.199 and 0.578). Afterward, the entire DKQ-18 were examined for their internal consistency, 
which was satisfactory (Cronbach’s α= 0.732 and McDonald’s ω=0.748). Concurrent validity of the DKQ-18 was 
supported by the positive correlations with DMQoL (Table 4). Specifically, Factor 2 (Intermediate nursing) was 
significantly associated with DMQoL (r=0.210; P=0.007) in the college or above education group. Factor 4 (Diet and 

Table 2 Rotated Factor Matrix of Exploratory Factor Analysis

DKQ Item* Factor

F1: Diabetes 
Etiology and 

Symptom

F2: 
Intermediate 

Nursing

F3: 
Complications

F4: Diet 
and 

Treatment

F5: 
Elementary 

Nursing

Retained 
or 

Deleted

4. Kidneys produce insulin. 0.709 Retained

3. Diabetes is caused by failure of the 
kidneys to keep sugar out of the urine.

0.647 −0.112 −0.155 Retained

22. Frequent urination and thirst are signs 
of low blood sugar.

0.497 0.104 Retained

21. Shaking and sweating are signs of high 
blood sugar.

0.398 0.257 −0.222 0.105 0.128 Retained

12. An insulin reaction is caused by too 
much food.

0.360 Retained

9. The best way to check my diabetes is 

by testing my urine.

0.336 0.159 Retained

7. Diabetes can be cured. 0.249 0.128 Deleted

10. Regular exercise will increase the 
need for insulin or other diabetic 

medication.

0.214 0.196 0.164 −0.124 Deleted

17. A person with diabetes should cleanse 

a cut with iodine and alcohol.

−0.159 0.642 −0.117 0.204 Retained

24. A diabetic diet consists mostly of 

special foods.

0.161 0.457 Retained

23. Tight elastic hose or socks are not 

bad for diabetics.

0.450 0.141 0.103 Retained

13. Medication is more important than 

diet and exercise to control my diabetes.

0.123 0.263 0.233 −0.143 Retained

1. Eating too much sugar and other sweet 

foods is a cause of diabetes.

0.200 Deleted

6. If I am diabetic, my children have 

a higher chance of being diabetic.

0.171 −0.190 0.118 0.175 Deleted

(Continued)
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treatment) was significantly associated with DMQoL (r=0.201; P=0.04) in junior high school or below education group 
and the senior high school group (r= 0.200; P=0.01). Factor 5 (Elementary nursing) was significantly associated with 
DMQoL (r=0.288; P=0.003) in junior high school or below education group and the senior high school group (r=0.170; 
P=0.035).

The known-group validity of the DKQ-18 was adequate as participants with different genders, different educational 
levels, or different HbA1c levels had significantly different scores in the DKQ-18 (Table 5). Women had significantly 
better DKQ-18 score (13.28±2.48 vs 12.57± 3.22; P< 0.011) when compared with men. Participants with a higher level 
of education showed better score in DKQ-18, with 11.70±2.992 (junior high school or below), 12.82±2.724 (senior high 
school), and 13.73±2.795 (college or above); p<0.001) for each respective education group. Participants with HbA1c≤7 
had better score in DKQ-18 compared to group of HbA1c level >8.5 (13.35±2.664 vs 11.99±3.272; P=0.002). The test– 
retest reliability with an interval of three months on a subgroup of 77 patients with type 2 DM was 0.69. Regarding the 
responsiveness of the DKQ-18, the paired-samples t-test revealed a significant difference in the scores for pre-test score 
(13.41±4.88) and post-test score (19.27±3.27; P<0.0001) among the 51 newcomers. Moreover, the effect size was large 
(Cohen’s d=1.41).

Table 2 (Continued). 

DKQ Item* Factor

F1: Diabetes 
Etiology and 

Symptom

F2: 
Intermediate 

Nursing

F3: 
Complications

F4: Diet 
and 

Treatment

F5: 
Elementary 

Nursing

Retained 
or 

Deleted

20. Diabetes can cause loss of feeling in 

my hands, fingers, and feet.

0.120 0.639 Retained

19. Diabetes can damage my kidneys. −0.176 0.495 0.201 Retained

14. Diabetes often causes poor 

circulation.

−0.133 0.436 Retained

5. In untreated diabetes, the amount of 

sugar in the blood usually increases.

0.678 Retained

18. The way I prepare my food is as 

important as the foods I eat.

0.479 −0.115 Retained

2. The usual cause of diabetes is lack of 

effective insulin in the body.

0.107 −0.154 0.285 0.232 Deleted

11. There are two main types of diabetes: 

type 1 (insulin-dependent) and type 2 
(non-insulin dependent).

0.194 0.212 Deleted

8. A fasting blood sugar level of 210 is too 
high.

0.417 Retained

16. Diabetics should take extra care when 
cutting their toenails.

0.148 0.182 0.415 Retained

15. Cuts and abrasions on diabetics heal 
more slowly.

0.279 0.314 Retained

Notes: Factor loadings >0.3 are presented in bold; in each factor column, the factor loading of each corresponding item is presented in bold. The items with gray 
background were deleted from DKQ-24. The rest of the items were retained in DKQ-18. The item descriptions in the Table were all identical to those in the original DKQ- 
24; however, it is strongly recommended replacing “diabetics” to other person-first language (eg, people living with diabetes) with permission from the original authors for 
future studies which want to use DKQ-24 or DKQ-18. *DKQ items reproduced with permission from: Garcia AA, Villagomez ET, Brown SA, Kouzekanani K, Hanis CL. The 
Starr County Diabetes Education Study: development of the Spanish-language diabetes knowledge questionnaire. Diabetes Care. 2001;24(1):16–21. Erratum in: Diabetes Care. 
2001;24(5):972. doi:10.2337/diacare.24.1.16.22 Copyright © 2001, American Diabetes Association. Copyright and all rights reserved. Material from this publication has been 
used with the permission of American Diabetes Association.
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Predictors of diabetes knowledge: A two-level hierarchical multiple regression analysis was conducted with the 
demographic variables of gender, age, body mass index and level of education as a first block followed by the addition of 
a second block of variables: diabetes duration, HbA1c value and diabetes treatment. Table 6 presents the results of the 
regression analysis. In the first step of the model, demographic variables accounted for 8% of the variance in diabetes 
knowledge, and gender and level of education were significant predictors. In the second step, demographic variables, 
along with clinical variables enhanced the prediction of diabetes knowledge, explaining 11% of the total variance in 
diabetes knowledge, with diabetes duration and HbA1c value as significant predictors. Table 7 shows the six deleted 
items, where significance occurred rarely in terms of gender, education, HbA1c, and DM duration.

Table 3 Item Difficulty and Item Discrimination of Each Item in DKQ-18 (N=425)

Factor Item Correct Responses Item Difficulty Index Discrimination Coefficients

F1: Diabetes etiology and symptoms 4 171 0.402 0.540**
3 134 0.315 0.456**

22 240 0.565 0.578**

21 219 0.515 0.565**
9 315 0.741 0.529**

12 165 0.388 0.447**

F2: Intermediate nursing 17 121 0.285 0.375**

24 293 0.689 0.563**
23 291 0.685 0.569**

13 355 0.835 0.444**

F3: Complications 20 395 0.929 0.410**

19 392 0.922 0.253**

14 373 0.878 0.325**

F4: Diet and treatment 5 382 0.899 0.366**
18 407 0.958 0.277**

F5: Elementary nursing 16 405 0.953 0.267**

8 404 0.951 0.212**
15 422 0.993 0.199**

Note: **Correlation is significant at the 0.01 level (2-tailed).

Table 4 Concurrent Validity of the DKQ-18 (18 Items Diabetes Knowledge Questionnaire) with the Diabetes Mellitus Quality of Life 
(DMQoL) Score

Stratification: Educational 
Level

DKQ-18 Factor 1 Factor 2 
Intermediate 

Nursing

Factor 3 Factor 4 Diet and 
Treatment

Factor 5 
Elementary 

Nursing

≤ Junior high 

school (n=104)

r with DMQoL 0.269** 0.129 0.190 0.160 0.201* 0.288**
P value 0.006 0.191 0.053 0.104 0.041 0.003

Senior high 

school (n=154)

r with DMQoL 0.056 0.057 −0.026 −0.063 0.200* 0.170*
P value 0.489 0.483 0.746 0.438 0.013 0.035

≥ College 

(n=167)

r with DMQoL 0.161* 0.061 0.210** 0.105 0.065 0.087
P value 0.037 0.434 0.007 0.176 0.402 0.265

Notes: * p < 0.05; ** p < 0.01; The decimals of significant concurrent validity are presented in bold with gray background, either p < 0.05 or p < 0.01.
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Discussion
Six items were removed from the DKQ based on the result of EFA. A potential reason for the poor psychometric 
performance of the six items could be explained by the extreme item difficulties (ie, either too hard or too simple). 
Among the 425 participants, 363 (85.41%) gave the wrong answer for item 1; 216 (50.82%) gave the wrong answer for 
item 7. For item 2, item 6, item 10, and item 11, most of the participants gave the correct answer, ranging from 70.35% to 

Table 5 Known-Group Validity of DKQ-18

Variable n Mean Score Std t/F valuec p-value Post-Hocd

Gendera

Female 197 13.28 2.481 −2.560 0.011

Male 228 12.57 3.224

Educationb

①≤Junior high school 104 11.70 2.992 16.705 <0.001 ①<②

② Senior high school 154 12.82 2.724 ①<③

③≥College 167 13.73 2.795 ②<③

HbA1cb

①≤7 195 13.35 2.664 6.226 0.002 ①>③

②7<HbA1c≤8.5 157 12.77 2.961
③>8.5 73 11.99 3.272

Notes: aGender by t-test; bEducation and HbA1c by ANOVA; ct/F value, where t stands for t value and F stands for F value; dPost-hoc test: 
Scheffe for education; Dunnett for HbA1c.

Table 6 Hierarchical Regression Analysis for Variables Predicting Diabetes Knowledge (n=425)

Model 1 Model 2

β t p β t p

Gender (ref. female) −0.14 −2.90 0.004 −0.12 −2.59 0.01

Age (years) 0.04 0.88 0.38 0.04 0.70 0.48

BMI −0.03 −0.57 0.57 −0.01 −0.22 0.83

Education

≤Junior high school ref. ref.
Senior high school 0.20 3.25 0.001 0.20 3.30 0.001

≥College 0.36 5.72 < 0.0001 0.37 5.93 <0.0001

DM duration 0.17 3.38 0.001

HbA1c −0.15 −3.26 0.001

Diabetes treatment
Diet only ref.

Oral antidiabetic agents (OAD) −0.04 −0.51 0.61

Insulin, GLP-1 agonists or both −0.08 −1.60 0.11
OAD and injection therapy −0.02 −0.24 0.81

R2=0.084 F=8.767 R2=0.133 F=7.492
P p<0.0001 p<0.0001

ΔR2 0.059

ΔF 5.723
P for ΔF p<0.0001
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88.24%. Therefore, these items were unable to effectively distinguish the differences among participants’ diabetes 
knowledge, resulting in poor performance in EFA loadings.

Among the six deleted items, gender difference only occurred in item 1 (p=0.023) (Table 7). In terms of education, 
a significant ANOVA test was obtained for item 2 and item 11. For item 2, p-value was 0.035 for group of ≤ junior high 
school vs group of senior high school; for item 11, p-value was 0.002 for group of senior high school vs group of 
≥college. In terms of HbA1c, a significant ANOVA test was only obtained for item 10, with p-value 0.04 for group of 
HbA1c≤7 vs group of 7<HbA1c≤8.5. In terms of DM duration, no significant ANOVA test was obtained between 
subgroups of DM duration.

Five factors were extracted according to the EFA results, which are named as Diabetes etiology and symptoms 
(Factor 1), Intermediate nursing (Factor 2), Complications (Factor 3), Diet and treatment (Factor 4), and Elementary 
nursing (Factor 5). For Factor 1, it is named as Diabetes etiology and symptoms because this factor covers the cause of 
diabetes (item 3), insulin production (item 4), best way to check diabetes (item 9), insulin reaction (item 12), and signs of 
hypoglycemia and hyperglycemia (item 21 and 22). Factor 2 is named as Intermediate nursing because this factor covers 
the equal importance of diet, exercise and medication (item 13), the correct way to cleanse a cut wound (item 17), 
avoidance of tight socks (item 23), and the content of diabetes diet (item 24). Factor 3 is named as Complications 
because this factor covers poor circulation (item 14), diabetic neuropathy (item 19), and nerve damage from diabetes, ie 
diabetic neuropathy (item 20). Factor 4 is named as Diet and treatment because this factor includes high blood glucose in 
untreated diabetes (item 5) and the way of food preparation (item 18). Factor 5 is named as Elementary nursing because 
this factor describes the normal values for fasting blood glucose (item 8), cutting toenails with caution (item 16), and 
slow healing of cuts in patients with DM (item 15). The items in Factor 5 were Elementary nursing knowledge compared 
to Factor 2, Intermediate nursing knowledge.

The Cronbach’s α value of DKQ-18 in this study was 0.732 and McDonald’s ω=0.748, which are comparable to prior 
findings.22,23,30,31 For example, Cronbach’s α of the original DKQ-24 was 0.78 in the Spanish version22 and 0.89 in the 
Simplified Chinese version.23 Moreover, the DKQ-24 also had satisfactory internal consistency in the Urdu version 
(Cronbach’s α = 0.702)30 and Croatian language (α = 0.740).31 However, prior evidence on internal consistency was 
based on Cronbach’s α and the present study extended the evidence of DKQ’s internal consistency to another robust 
method, ie, McDonald’s ω. In addition, internal consistency including McDonald’s ω is presented in this study. In the 
psychometrics field, there is a trend of using McDonald’s ω to replace Cronbach’s α because McDonald’s ω can provide 
more robust estimation than α in internal consistency.32 Moreover, to the best of our knowledge, this is the first study to 
demonstrate the test–retest reliability of the DKQ (although the present study used an 18-item version instead of a 24- 
item version); and the results revealed that the DKQ-18 had acceptable test–retest reliability in a three-month interval. In 
this study, participants with better HbA1c level (≤7) had better score in DKQ-18 compared to group of HbA1c level >8.5 
(p=0.002), as was the case in the studies by Hu23 and Bukhsh.30

This study also measured the responsiveness of DKQ by using the DKQ as a test before and after diabetes education. 
After diabetes education, the improvements of the participants were reflected by increase in the DKQ score. The 
responsiveness with a large effect size (Cohen’s d=1.41) because the content of diabetes education covered the 

Table 7 t-Test and ANOVA of Six Items Deleted from DKQ-24

Gender Education HbA1c DM Duration

Item 2 – ① vs ②, p=0.035 – –
Item 6 – – – –

Item 10 – – ① vs ②, p=0.04 –

Item 11 – ② vs ③, p=0.002 – –
Item 1 p=0.023 – – –

Item 7 – – – –

Notes: Education level: ①≤ Junior high school; ②=Senior high school; ③≥ College. HbA1c level: ①denotes≤7%; 
HbA1c ②=7%<HbA1c≤8.5%; HbA1c③>8.5%. DM duration (yr): ①≤4; ②= 4 < duration≤11; ③>11.
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knowledge highlighted in the DKQ-18. Therefore, diabetes care professionals and researchers can use DKQ-18 as an 
evaluation tool to examine if their diabetes care programs are effective.

Health literacy played an influential role in diabetes knowledge;33 however, associations of health literacy with 
glycemic control,33 self-monitoring of blood glucose, foot care and medication adherence were inconclusive.18 Educated 
graduate and professional subjects had good level of knowledge about diabetes, frequent exercise and a better control 
over postprandial (PP) blood sugar as compared to those having lower level of education.34 The different levels of 
nursing knowledge could be due to separating nursing knowledge into two different factors, which could be further 
explained based on the concurrent validity of the DKQ-18 and the DMQoL. First, the subgroup with the highest 
education level (≥ college) are already familiar with the knowledge in Factor 5 (Elementary nursing); therefore, no 
significant correlation was found between DKQ-18 and DMQoL. The two subgroups with a lower education level (≤ 
junior high school, high school) might be unfamiliar with the items in Factor 5: Elementary nursing. With learning, 
a significant correlation could be achieved between DKQ-18 and DMQoL. Second, Factor 2 (Intermediate nursing) is 
relatively more difficult for the subgroup of junior high school or below and the subgroup of high school. As for Factor 2, 
significant correlation was found between DKQ-18 and DMQoL for group of college or above but it was not the case for 
lower education subgroup. The lower education subgroups cannot comply with the Intermediate nursing knowledge; 
therefore, their knowledge was not reflected in their DMQoL scores.

According to education level, concurrent validity of DKQ-18 with DMQoL showed that “Intermediate nursing” (F2) 
was significantly associated with DMQoL in the group of college or above (Table 4). “Elementary nursing” (F5) was 
significantly associated with DMQoL in the group of junior high school or below and senior high school. “Diet and 
treatment” (F4) was significantly associated with DMQoL in the group of junior high school or below and group of 
senior high school. We have arguments as follows: First, the group with the highest education level (≥college) are already 
familiar with the knowledge in Factor 5 (Elementary nursing); therefore, no significant correlation was found between 
DKQ-18 score and DMQoL score. In contrast, the two groups with lower education level (≤junior high school, high 
school) might be initially unfamiliar with the items in Factor 5: Elementary nursing. With learning, those two groups 
could interpret items of elementary nursing; in this case, significant correlation could be achieved between DKQ-18 and 
DMQoL. Second, Factor 2 (Intermediate nursing) is relatively more difficult for the lower education level groups (group 
of junior high school or below, and group of high school). As for Factor 2, significant correlation was found between 
DKQ-18 and DMQoL for the group with college or above education levels, but this was not the case for lower education 
group. The lower education groups could not interpret the Intermediate nursing knowledge and could not comply with 
those intermediate nursing items; therefore, their knowledge was not reflected in their DMQoL scores.

Implications: The shorted DKQ-18 can serve as a tool to evaluate the knowledge of participants with type 2 diabetes. 
In addition, DKQ-guided diabetes education provides a time-saving and to-the-point education for patients with type 2 
DM, improving the self-care by participants. More specifically, given that the DKQ-18 was found to have good 
responsiveness, future studies on developing programs in diabetes knowledge improvement can use DKQ-18 to evaluate 
whether a newly designed program is effective. Moreover, the present study found that the DKQ-18 can be constructed 
by five factors, future programs in diabetes knowledge improvement could consider using the five factors to design an in- 
depth program to tackle different aspects of diabetes knowledge, especially in implementing diabetes pay-for- 
performance programs in Taiwan.

A limitation of this study is that the participants of this study come from a single diabetes clinic and the DKQ was 
self-reported, which made recall bias35 possible. Due to the learning effect issue, the responsiveness could be over- 
estimated. In particular, the participants with higher education levels may have better performance than those with lower 
education level after the diabetes education. Social desirability may have influenced the responses of participants.23 That 
is, the participants may select either “Yes” or “No” answers instead of “I don’t know.” Not knowing the answer could be 
embarrassing to some participants. During the interviews, when some participants seemed unsure about the answer, they 
said that they think this should be “Yes.”
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Conclusion
Knowledge of diabetes play an important role in diabetes self-management, which should be addressed through 
integrated education program. The shortened DKQ-18 could evaluate the diabetes knowledge of patients with type 2 
DM. Participants with a higher level of education showed better scores in DKQ-18. Participants with HbA1c ≤ 7 also had 
better scores in DKQ-18 compared to group of HbA1c level > 8.5. Meanwhile, a DKQ-guided diabetes education could 
provide a to-The-point education for patients with type 2 DM, improving their self-management through a diabetes team.
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