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Abstract
Background
Evaluation of diabetes knowledge plays a pivotal role in identifying and addressing patients’ knowledge gaps. The implementation of a standardized diabetes knowledge assessment tool is important to ensure consistent scoring and facilitating the development of effective and standardized education programs.

Aim
To develop and validate a patient diabetes knowledge questionnaire (PDKQ) to assess knowledge of diabetes mellitus patients.

Methods
The development of the PDKQ questionnaire involved three phases: item development, content validation, and reliability testing. In the item development phase, the initial draft of the PDKQ, comprising a multiple-choice answer questionnaire was developed. The content validation phase comprised two stages. Firstly, ten experts participated in the expert validation process, followed by face validation involving six patients. In the final phase, test–retest analysis was performed among diabetes mellitus patients to assess reliability.

Results
The first draft of PDKQ consisted of 11 patient characteristics items and 37 items of multiple choices questions. During the expert validation, three items were eliminated due to low clarity, and an additional six items were removed as they were deemed irrelevant or unimportant. During the face validation, three patients' characteristic items and eight multiple-choice questions were excluded due to a content validity index of less than 0.83. In the test–retest phase, 36 subjects responded to 8 items pertaining to patients' characteristics and 20 multiple-choice questions. The test–retest analysis yielded an intraclass correlation coefficient of 0.88, indicating good reliability.

Conclusion
The 20-item PDKQ is a reliable and robust tool in assessing the knowledge of diabetes mellitus patients in Malaysia. Its implementation allows standardized assessment of diabetic patients' knowledge levels, enabling targeted interventions to empower patients and optimize diabetes care practices.
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Introduction
Diabetes is one of the major public health concerns in the twenty-first century. Currently, half a billion people in the world are living with diabetes, and by 2030, it is estimated to rise to 643 millions adults aged 20–79 years [1]. Similarly, diabetes prevalence increased remarkably among the Asian population in the last few decades and is more likely in the younger age group as compared to the Western population [2]. In Malaysia, National Health and Morbidity Survey 2019 (NHMS 2019) reported that one in five people aged 18 years and above suffered from diabetes [3]. The alarming and projected increase in these numbers calls for the urgent implementation of coordinated strategies to tackle this disease.
Management of diabetes is complex, multi-faceted and needs high patient involvement to perform self-care activities, self-monitoring, and medication adherence. Patient education is vital to diabetes care as it empowers patients with essential knowledge and skills necessary for appropriate self-management [4]. A previous study revealed that pharmacist-led educational intervention significantly improved glycemic control [5]. Assessment of diabetes knowledge is essential for healthcare providers in identifying the patients’ knowledge gap and providing effective individualized education programs. Patients’ knowledge of diabetes can also be used as one of the outcome measures to assess the effectiveness of the educational intervention [6].
Several instruments were developed to assess diabetes knowledge that includes the Michigan Diabetes Knowledge Tool (MDKT) [7], Diabetic Knowledge Questionnaire (DKQ) [8, 9], Diabetes Knowledge Assessment (DKN) scale [10], the Ped-Carb Quiz (PCQ) [11] and the Diabetic Numeracy Test (DNT) [12]. These instruments were developed and validated in the United States [7–9, 11, 12] and Australia [10]. They were varied in assessment objectives. The MDKT was the earliest instrument developed to assess knowledge on general issues and insulin use [7]. The DKQ assessed general diabetes knowledge [8, 9], while the PCQ assessed carbohydrate food recognition, carbohydrate food counting, and the incorporation of carbohydrate counting in calculating insulin dose [11]. Meanwhile, the DNT measured numeracy skills for diabetes, such as food label interpretation, insulin dose calculation based on blood glucose level, and carbohydrate corrections [12]. These instruments have been adapted and adopted in other countries.
In Malaysia, validated and translated MDKT had been utilized in two studies conducted in diabetes clinics [13] and in a few pharmacies in district areas using convenient sampling to assess the knowledge of type 2 diabetes patients [14]. Both studies used a brief 14-item MDKT instead of the complete 23-item MDKT [7], and the scoring was based on the number of correct items. On the other hand, two studies utilized different knowledge assessment tools scored based on percentage. One study, conducted in the district area of Seremban, utilized a 41-item questionnaire [15] which included items from the questionnaires of Wee et al. [16] and Tham et al. [17]. Meanwhile, another study conducted in a specialized diabetes clinic in Kelantan [18] used a 15-item DKN questionnaire.
A wide variety of adapted tools were used in Malaysia, leading to variations in the scoring methods. The variation in the assessment tools could result in inconsistency in result reporting and pose challenges when comparing studies. Therefore, having a reliable and validated instrument to assess diabetes knowledge among patients with diabetes mellitus in Malaysia is essential to meet the specific educational needs of this population. The current study aimed to report the development and validation of a new diabetes knowledge questionnaire, the patient diabetes knowledge questionnaire (PDKQ).

Methods
The development of PDKQ questionnaire consisted of three phases: item development, content validation, and reliability test. This study was registered with the National Medical Research Register of Malaysia (NMRR ID: NMRR-20-1844-55868) and approved by Medical Research Ethics Committee, Malaysia.
Phase 1: item development
The item development phase consisted of three steps: item generation, item deduction, and questionnaire formatting.
The item generation process involved a systematic and vigorous literature search of existing published English language diabetes knowledge tools. The systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) using six electronic databases: CINAHL, Medline, Google Scholar, PubMed, Sage Journals, and Science Direct. This systematic review was published in the Review of Diabetic Studies in 2021 [19]. This review included seven studies that comprised 99 items and divided into eight domains: 29 questions on disease-specific, 21 questions on nutrition, 18 questions on treatment, 12 questions on adverse effects, 9 questions on monitoring, 5 questions on physical activity, 4 questions on risk factors, and 1 question on foot care [19]. The questionnaires utilized were (1) translated and validated MDKT; (2) a questionnaire from Wee et al. and Tham et al.; (3) translated DKN; (4) translated and validated American Association of Clinical Endocrinologists (AACE); and (5) validated Theptarin Diabetes questionnaire. Items for the questionnaire were generated from the findings of the systematic review. Some items were developed based on the locally available Diabetes Medication Therapy Adherence Clinic protocol by the Ministry of Health, Malaysia (16 items) [20] and additional domain related to Ramadan (4 items).
The item deduction step involved six members of expert in three meetings. The members consisted of pharmacists who were involved in the management of diabetes patients in the ward, ambulatory care, and counseling. A nominal technique was utilized to identify the domains and prioritize the key areas of diabetes-related knowledge. Each item in the key area was evaluated in terms of relevance, representativeness, and value to educate diabetes mellitus patients. Every item was voted and comments were made to modify, keep or remove the items. Items that consistently received votes for removal were eliminated, and modifications were made to the commented items. Following extensive discussions, the reranking process was carried out until a consensus was reached, ensuring that no further changes were necessary in the questionnaire.
The first draft of PDKQ was formatted and presented as questions with multiple-choice answers, enabling the identification of specific knowledge gaps for personalized and targeted education.

Phase 2: content validation
Expert validation
The first draft of PDKQ was sent to experts selected from different states in Malaysia for content validity. The ten experts included in this study comprised consultant endocrinologists, family medicine specialists, and pharmacists who represented different states in the Working Committee of Clinical Pharmacy specializing in diabetes. The expert validation was conducted through a non-face-to-face approach. The content validation form, expert information sheet, clear information, and informed consent form were emailed to the experts. The experts evaluated the relevancy, importance, and clarity of each item for its corresponding construct on a 4-point scale (4 being either very relevant, very important, or highest clarity, whereas 1 being either not relevant, not important, or no clarity). The experts were asked to provide feedback on the questions to improve the quality of the items.
Content validity ratio (CVR) was calculated for items clarity based on the formula, CVR = (Ne − N/2)/(N/2), where Ne is the number of experts indicated ‘essential’ and N is the total number of experts. The content validity ratio was between 1 and − 1. A higher score indicated better agreement between the members of the experts on the necessity of an item in the questionnaire. Based on the Lawshe table, the items were considered acceptable if they achieved a CVR value of at least 0.62 [21]. The content validity index (I-CVI) and scale-level content validity index were calculated to measure proportional agreement. The Scale-level Content Validity Index (S-CVI/Ave) was computed on average to indicate content validity. An I-CVI of 0.78 or higher was considered to have excellent content validity, given the involvement of 10 experts [22]. For the scale-level content validity index, S-CVI/Ave of 0.9 or higher indicated acceptable content validity [23]. The second draft of PDKQ was provided after modifying and eliminating the items based on feedbacks from the experts.

Face validation
Potential subjects were recruited for face validation to test the appropriateness of the questionnaire in terms of construct, language clarity, readability, and feasibility. Patients of either gender aged more than 18 years with diabetes mellitus and who understood English were included, whereas patients who had cognitive impairment or psychiatry-associated illnesses such as dementia, Alzheimer, schizophrenia, and mania were excluded. All subjects provided written informed consent.
A cognitive interview was conducted with six patients in two rounds. The second draft of the PDKQ, along with the demographic data, was administered to the subjects. Confusing questions were identified and modified to improve clarity or to be removed. Problematic, irrelevant, or unimportant questions and demographic item were identified and removed. The order of questions was rearranged. The subjects graded the relevancy and importance of each item on a 4-point scale (4 being either very relevant or very important, whereas 1 is either not relevant or not important). Content validity (I-CVI) was calculated, and a score of at least 0.83 was considered excellent validity [24]. The outcomes of the cognitive interviews were recorded. Modifications were made to grammar and word choice. Items were dropped if they lacked clarity, relevance, and importance to produce the third draft of PDKQ.


Phase 3: reliability test
A pilot test was conducted for test–retest analysis. Patients aged 18 years and above with diabetes mellitus who understood English were recruited and consented to participate. Patients who were unwilling to consent or with cognitive impairment or psychiatric disorders were excluded. Considering the dropout rate of 20%, 36 patients were recruited [25]. The patients completed the questionnaire on Day 1 and then returned to re-administer the same questionnaire after 14 days. The correct answer for the multiple-choice questionnaire was scored as 1, while the incorrect answer was scored as 0. The total score of the first and second responses were measured.
Demographic data such as age, duration of diabetes, smoking, underlying comorbidities, and education level of the patients were collected. Data were analyzed using SPSS 22.0 (IBM Corp., New York, USA). Intraclass correlation coefficient analysis was performed to assess the test–retest reliability of the responses. Spearman rank correlation coefficient was used to analyze overall score stability. An intraclass coefficient value greater than 0.90 indicated excellent reliability, while a value less than 0.5 indicated poor reliability. A value between 0.5 and 0.75 indicated moderate reliability, and a value between 0.75 and 0.9 indicated good reliability [26].


Results
The flow of the development and validation of PDKQ is summarized in Fig. 1.[image: ]
Fig. 1Flow diagram describing the steps to develop and validate PDKQ


Items development
The initial pool of questions comprised 119 items and nine domains. During the nominal technique, 69% of the items were removed as duplication and did not reach the consensus. The experts also decided to exclude two domains from the questionnaire: foot care and Ramadan. The domain of foot care was not part of the DMTAC protocol, while the domain of Ramadan was applicable only to Muslim patients.
Subsequently, 37 items were retained (Fig. 1). Seventeen items (45.9%) were modified to enhance understandability in the target population. The first draft of PDKQ consisted of two parts. The first part consisted of 11 patient characteristics items, and the second consisted of 37 items with multiple-choice questions.

Expert validation
During the expert validation process, three items (8.1%) were excluded due to low clarity, with CVR values less than 0.6 (Table 1). However, items 7, 27, and 37 were rephrased and retained (Table 2), as they achieved a CVR of more than 0.6 (Table 1). Furthermore, six items (16.2%) were eliminated as they were deemed irrelevant or unimportant, with I-CVI values less than 0.78 (Table 3). The S-CVI/Ave scores of 0.92 and 0.94 for relevancy and importance of the remaining items indicated that they were effective operationalizations of the underlying construct.Table 1Content validity ratio (CVR) to assess the clarity (expert validation)


	Items
	Ne
	CVR
	Interpretation

	1
	10
	1
	Remained

	2
	10
	1
	Remained

	3
	10
	1
	Remained

	4
	10
	1
	Remained

	5
	10
	1
	Remained

	6
	10
	1
	Remained

	7
	8
	0.6
	Remained

	8
	10
	1
	Remained

	9
	10
	1
	Remained

	10
	10
	1
	Remained

	11
	10
	1
	Remained

	12
	10
	1
	Remained

	13
	9
	0.8
	Remained

	14
	10
	1
	Remained

	15
	9
	0.8
	Remained

	16
	10
	1
	Remained

	17
	10
	1
	Remained

	18
	9
	0.8
	Remained

	19
	9
	0.8
	Remained

	20
	10
	1
	Remained

	21
	5
	0
	Eliminated

	22
	10
	1
	Remained

	23
	10
	1
	Remained

	24
	10
	1
	Remained

	25
	9
	0.8
	Remained

	26
	7
	0.2
	Eliminated

	27
	8
	0.6
	Remained

	28
	10
	1
	Remained

	29
	10
	1
	Remained

	30
	10
	1
	Remained

	31
	7
	0.2
	Eliminated

	32
	9
	0.8
	Remained

	33
	10
	1
	Remained

	34
	10
	1
	Remained

	35
	10
	1
	Remained

	36
	9
	0.8
	Remained

	37
	8
	0.6
	Remained



Table 2Wording problems in PDKQ


	Question no.
	Original wording
	Change

	Expert validation

	 7
	Can be cured
	All patients can be cured

	Is a progressive disease
	Is a progressive disease that can lead to a lot of complications

	 27
	Potato
	Biscuits

	 37
	Random blood sugar
	Blood sugar immediately after meal

	Face validation

	 1, 4, 6, 8, 9, 19, 29, 35, 36, 37
	Glucose
	Sugar

	 4
	Risk factors of type 2 diabetes are as follows EXCEPT
	Risk factors of type 2 diabetes are as follows

	Obesity
	Overweight

	Blurred vision
	All of the above

	 22
	Stop taking
	Throw away



Table 3Content validity index (I-CVI) and scale content validity index (S-CVI) for item relevancy and importance (expert validation)


	Items
	Relevancy
	Importance

	Relevant (rating 3 or 4)
	Not relevant (rating 1 or 2)
	I-CVI
	Interpretation
	Important (rating 3 or 4)
	Not important (rating 1 or 2)
	I-CVI
	Interpretation

	1
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	2
	7
	3
	0.7
	Eliminated
	7
	3
	0.7
	Eliminated

	3
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	4
	9
	1
	0.9
	Relevant
	9
	1
	0.9
	Important

	5
	7
	3
	0.7
	Eliminated
	8
	2
	0.8
	To revise

	6
	9
	1
	0.9
	Relevant
	9
	1
	0.9
	Important

	7
	10
	0
	1
	Relevant
	9
	1
	0.9
	Important

	8
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	9
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	10
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	11
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	12
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	13
	7
	3
	0.7
	Eliminated
	8
	2
	0.8
	To revise

	14
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	15
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	16
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	17
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	18
	8
	2
	0.8
	To revise
	8
	2
	0.8
	To revise

	19
	9
	1
	0.9
	Relevant
	10
	0
	1
	Important

	20
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	21
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	22
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	23
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	24
	5
	5
	0.5
	Eliminated
	7
	3
	0.7
	Eliminated

	25
	7
	3
	0.7
	Eliminated
	7
	3
	0.7
	Eliminated

	26
	9
	1
	0.9
	Relevant
	10
	0
	1
	Important

	27
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	28
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	29
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	30
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	31
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	32
	7
	3
	0.7
	Eliminated
	6
	4
	0.6
	Eliminated

	33
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	34
	9
	1
	0.9
	Relevant
	9
	1
	0.9
	Important

	35
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	36
	10
	0
	1
	Relevant
	10
	0
	1
	Important

	37
	9
	1
	0.9
	Relevant
	9
	1
	0.9
	Important





Face validity
Six patients (66.7% female, 50.0% Malay, 33.3% Chinese, 16.7% Indian) were included for face validation. Two patients commented that the questionnaire contained too many questions. Eight items (21.6%) were then eliminated from the questionnaire, as their I-CVI scores were less than 0.83 (Table 4).Table 4Content validity index (I-CVI) for item relevancy and importance (face validity)


	Items
	Relevancy
	Importance

	Relevant (rating 3 or 4)
	Not relevant (rating 1 or 2)
	I-CVI
	Interpretation
	Important (rating 3 or 4)
	Not important (rating 1 or 2)
	I-CVI
	Interpretation

	1
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	3
	4
	2
	0.67
	Eliminated
	5
	1
	0.83
	Important

	4
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	6
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	7
	6
	0
	1
	Relevant
	5
	1
	0.83
	Important

	8
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	9
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	10
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	11
	5
	1
	0.83
	Relevant
	4
	2
	0.67
	Eliminated

	12
	5
	1
	0.83
	Relevant
	4
	2
	0.67
	Eliminated

	14
	4
	2
	0.67
	Eliminated
	2
	4
	0.33
	Eliminated

	15
	5
	1
	0.83
	Relevant
	6
	0
	1
	Important

	16
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	17
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	18
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	19
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	20
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	22
	5
	1
	0.83
	Relevant
	6
	0
	1
	Important

	23
	5
	1
	0.83
	Relevant
	4
	2
	0.67
	Eliminated

	27
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	28
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	29
	6
	0
	1
	Relevant
	5
	1
	0.83
	Important

	30
	4
	2
	0.67
	Eliminated
	4
	2
	0.67
	Eliminated

	33
	4
	2
	0.67
	Eliminated
	4
	2
	0.67
	Eliminated

	34
	5
	1
	0.83
	Relevant
	4
	2
	0.67
	Eliminated

	35
	6
	0
	1
	Relevant
	6
	0
	1
	Important

	36
	5
	1
	0.83
	Relevant
	6
	0
	1
	Important

	37
	6
	0
	1
	Relevant
	6
	0
	1
	Important




Additionally, the wordings in few items were changed to improved the clarity of the items (Table 2). During the face validation interviews, patients expressed that their occupation sector, marital status, and monthly income were not relevant to their disease or knowledge. Therefore, these three items on patients' characteristics were deleted, and only eight items on patients' characteristics were included in the third draft of PDKQ.

Test–retest reliability
The third draft of PDKQ consisted of two parts, with the first part consisting of 8 items on patients' characteristics and 20 items of multiple-choice questions (Fig. 1). Thirty-six patients consented to participate in the reliability test and the demographic data are presented in Table 5. The analysis of the internal test–retest score demonstrated good reliability with the intraclass correlation coefficient of 0.88 (95% CI 0.78,0.94), p < 0.001. The overall test–retest score demonstrated a strong correlation, with a Spearman's rho of 0.76. These results supported the reliability of 20-item PDKQ (Table 6). Item 15 and 37 had the highest percentage of incorrect answers, with more than 50% of the subjects providing incorrect responses.Table 5Demographic data of test–retest analysis (n = 36)


	Characteristics
	Number of patients, (%)

	Agea
	49.47 ± 16.35

	Duration of diabetes mellitusa
	11.44 ± 8.21

	Gender
	 
	 Female
 Male
	16 (44.4)
20 (55.6)

	Ethnicity
	 
	 Malay
 Chinese
 Indian
 Other
	12 (33.3)
18 (83.3)
5 (13.9)
1 (2.8)

	Education
	 
	 No formal education
 Primary education
 Secondary education
 Tertiary education
	1 (2.8)
2 (5.6)
21 (58.3)
12 (33.3)

	Family history of diabetes
	26 (72.2)

	Smoking
	 
	 Yes
 No
 Ex-smoker
	1 (2.8)
32 (88.9)
3 (8.3)

	Comorbids
	 
	 Hypertension
 Dyslipidemia
 Cardiovascular disease
 Kidney disease
 Stroke
 Retinopathy
 Neuropathy
	21 (58.3)
20 (55.6)
5 (13.9)
2 (5.6)
2 (5.6)
9 (25.0)
10 (27.8)

	 Others
	9 (25.0)

	Score testb
	16 (4)

	Score retestb
	16 (4)


aData presented in mean ± SD years
bData presented in median (IQR)


Table 6PDKQ (20-item questionnaire)


	Domains
	Questions (n)

	Disease specific
	4

	Treatment
	5

	Nutrition
	2

	Adverse effects
	5

	Monitoring
	2

	Risk factors
	1

	Physical activities
	1






Discussion
The PDKQ represents a unique questionnaire specifically crafted to assess patients' knowledge of diabetes in Malaysia. Throughout its development, the PDKQ has undergone rigorous testing phases, ensuring its validity and reliability. The final 20-item questionnaire demonstrated strong reliability with an Intraclass Correlation Coefficient (ICC) of 0.88, indicating that the measures used in this study generated consistent and stable results. These robust findings solidify the PDKQ as a valid and reproducible instrument for assessing diabetes knowledge among patients in Malaysia.
During the reliability test, it was observed that item number 15 had the highest number of incorrect responses from patients. This item was related to knowledge about the storage of insulin that had been used. Subjects might be confused about the word “used” insulin, as the storage condition for both “used” and “un-used” insulin was different. The insulin needs to be stored in the refrigerator at 2–8 °C. On the other hand, the insulin in use could last up to 4 weeks at room temperature of not more than 28 °C and away from sunlight [27]. The phrase "has been used" should be rephrased to “in use” for better understanding. Similarly, in a previous study, it was reported that 51.2% of diabetic pilgrims from 22 countries during the 2019 Hajj were not aware of the appropriate duration of insulin at room temperature, despite more than 90% being aware that unused insulin should be stored in a refrigerator [28]. Insulin is a labile protein susceptible to elevated temperatures, vigorous agitation, and exposure to sunlight. Therefore, adhering to proper storage protocols is imperative to maintain its efficacy and potency. The improper storage of insulin can have serious consequences, potentially leading to therapy failure as the potency of insulin decreases. Research has shown that inadequate knowledge regarding insulin storage is associated with poor glycemic control [27]. Patient awareness of proper insulin storage is essential to ensure the effectiveness of diabetes management.
Meanwhile, item number 37 evaluated the subjects' knowledge of blood glucose monitoring, and the findings revealed that their understanding of targets for achieving good blood glucose control was inappropriate and quite concerning. Adequate knowledge of glycemic control targets has been shown to positively impact glycemic control, medication adherence, and overall self-management of the disease [29]. This finding underscores the importance of providing education on therapeutic targets to empower patients to take charge of their self-management.
The Michigan Diabetes Knowledge Test (MDKT) is a well-established and internationally recognized tool for reliably assessing the knowledge of diabetes patients [7]. Having been developed over two decades ago in the United States, the Michigan Diabetes Knowledge Test (MDKT) may not align perfectly with the local context in Malaysia and the contemporary approaches to diabetes management. The translated Malay version of the Michigan Diabetes Knowledge Test (MDKT) comprised 14 items [13], whereas the PDKQ developed in this study comprised 20 items. While generating the pool of questions, the PDKQ was thoughtfully organized into seven domains: disease-specific, treatment, nutrition, physical exercise, monitoring, adverse events and risk factors. On the other hand, the translated version of the MDKT only covered five domains, which included disease-specific, nutrition, physical exercise, monitoring, and foot care [13]. The inclusion of additional domains in the PDKQ provides a more comprehensive assessment of diabetes knowledge to facilitate diabetes management and care.
Although translated and validated, certain questions in MDKT might not be suitable in Malaysia diabetes population, particularly the nutrition part. Similarly, questions related to carbohydrate in the validated American Association of Clinical Endocrinologists (AACE) questionnaire, might not align well with the Malaysian context [30]. As the Malaysian primary carbohydrate source is rice-based [31], while the American diet predominantly comprises corn and wheat [32], some food items mentioned in the MDKT and AACE, such as Swiss cheese, may not be as familiar to the local population. Therefore, to ensure the PDKQ's appropriateness for Malaysia, we carefully considered cultural and dietary differences, crafting questions that better resonate with local lifestyle and food choices. This approach enhances the questionnaire's relevance in accurately assessing diabetes knowledge among Malaysian patients, facilitating effective education interventions. While ensuring the PDKQ appropriateness to the Malaysian diet, it may be generalized to other centers and countries in Asia especially South East Asia, considering their similar staple diet being rice [33]. As a whole, the remaining items in the PKDQ also covered a broad context allowing it to be generalizable to most populations with diabetes.
The length of a questionnaire can significantly impact the quality of responses provided by participants. Lengthy questionnaires have been associated with various challenges, such as decreased response rates, response fatigue, and reduced participant engagement, which in turn lead to diminished attention and comprehension of the questions [34, 35]. Consequently, this could compromise the reliability and accuracy of the data collected. An ideal questionnaire typically consists of less than 30 questions and should be feasible to complete within approximately 30 min [35]. A similar local study conducted by Ding et al. utilized a questionnaire comprising 41 questions, which resulted in 15% of incomplete responses [15]. In contrast, the PDKQ developed in this study consisted of 20 items. This deliberate decision to reduce the number of questions aimed to enhance the quality of responses.
This study had few limitations. While the expert validation involved experts from various regions in Malaysia, it is important to note that the subjects for the study were recruited from a single center. The study site was a tertiary public hospital in an urban area, where patients may have had a longer duration of diabetes and more severe disease progression compared to those in primary care settings. The development of the PDKQ was conducted in English, which might have resulted in bias in patient selection. This was because not every patient could understand English, particularly elderly and less educated patients. It is important to acknowledge that the sample size in this study was relatively small, which may limit the generalizability of the findings. Nevertheless, PDKQ consisted of broad questions and referred to protocol by Ministry of Health Malaysia [20] which were used by all the public health facilities in Malaysia. Hence, PDKQ can be used in other healthcare facilities. It is worth noting that the study was conducted with rigor and followed a systematic approach to questionnaire development and validation.
This study represents a significant milestone in the development of a validated diabetes knowledge assessment tool for diabetic patients. The validation of the PDKQ in English serves as a foundation for its future translation into Malay and subsequent validation with more extensive and diverse populations from multiple centers.

Conclusion
The 20-item PDKQ demonstrates high reliability and robustness in assessing the knowledge of diabetes mellitus patients in Malaysia. By implementing the PDKQ, healthcare professionals can assess patients' knowledge levels in a standardized manner, facilitating the design of targeted interventions to empower patients and optimize diabetes care practices.

Acknowledgements
We would like to thank Director General of Health, Ministry of Health Malaysia for the approval to publish this article. Appreciation extended to consultant endocrinologists, family medicine specialists and pharmacists from Diabetes Medication Therapy Adherence Clinic for their contribution in content validation.

Author contributions
PCL, RR, YLL and HZ contributed to the study conception, design, material preparation and analysis. All authors contributed equally to this work including data collection, writing and review of manuscript. All authors read and approved the final manuscript.

Funding
There is no funding for this research.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not publicly available due to confidentiality of patients, but are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This research is registered in the National Medical Research Register, Malaysia (No. NMRR-20-1844-55868) and approved by the Medical Research Ethics Committee, Malaysia. All participants were provided information sheet and written informed consent was obtained. All research procedures were conducted according to ICH-GCP and other regulatory requirements.

Consent for publication
Not applicable.

Competing interests
All authors declare to have no competing interest.


References
	1.
Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright D, Williams R, IDF Diabetes Atlas Committee. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract. 2019;157:107843. https://​doi.​org/​10.​1016/​j.​diabres.​2019.​107843.CrossrefPubMed

	2.
Ramachandran A, Snehalatha C, Shetty AS, Nanditha A. Trends in prevalence of diabetes in Asian countries. World J Diabetes. 2012;3(6):110–7. https://​doi.​org/​10.​4239/​wjd.​v3.​i6.​110.CrossrefPubMedPubMedCentral

	3.
National Institute of Public Health. National Health and Morbidity Survey 2019 Non-communicable diseases, healthcare demand, and health literacy. Ministry of Health Malaysia. 2019.

	4.
Funnell MM, Anderson RM. Empowerment and self-management of diabetes. Clin Diabetes. 2004;22(3):123–7. https://​doi.​org/​10.​2337/​diaclin.​22.​3.​123.Crossref

	5.
Lim PC, Tan HH, Mohd Noor NA, et al. The impact of pharmacist interventions, follow-up frequency and default on glycemic control in Diabetes Medication Therapy Adherence Clinic program: a multicenter study in Malaysia. J Pharm Policy Pract. 2023;16:83. https://​doi.​org/​10.​1186/​s40545-023-00583-8.CrossrefPubMedPubMedCentral

	6.
Nazar CM, Bojerenu MM, Safdar M, Marwat J. Effectiveness of diabetes education and awareness of diabetes mellitus in combating diabetes in the United Kingdom; a literature review. J Nephropharmacol. 2015;5(2):110–5.PubMedPubMedCentral

	7.
Fitzgerald JT, Funnell MM, Hess GE, Barr PA, Anderson RM, Hiss RG, Davis WK. The reliability and validity of a brief diabetes knowledge test. Diabetes Care. 1998;21(5):706–10. https://​doi.​org/​10.​2337/​diacare.​21.​5.​706.CrossrefPubMed

	8.
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. https://​doi.​org/​10.​2337/​diacare.​24.​1.​16.CrossrefPubMed

	9.
Villagomez E. Health beliefs, knowledge, and metabolic control in diabetic Mexican American adults (unpublished master's thesis). Houston TX: University of Texas Health Science Center at Houston, 1989.

	10.
Dunn SM, Bryson JM, Hoskins PL, Alford JB, Handelsman DJ, Turtle JR. Development of the diabetes knowledge (DKN) scales: forms DKNA, DKNB, and DKNC. Diabetes Care. 1984;7(1):36–41. https://​doi.​org/​10.​2337/​diacare.​7.​1.​36.CrossrefPubMed

	11.
Koontz MB, Cuttler L, Palmert MR, O’Riordan M, Borawski EA, McConnell J, Kern EO. Development and validation of a questionnaire to assess carbohydrate and insulin-dosing knowledge in youth with type 1 diabetes. Diabetes Care. 2010;33(3):457–62. https://​doi.​org/​10.​2337/​dc09-0390.CrossrefPubMed

	12.
Huizinga MM, Elasy TA, Wallston KA, Cavanaugh K, Davis D, Gregory RP, Fuchs LS, Malone R, Cherrington A, Dewalt DA, Buse J, Pignone M, Rothman RL. Development and validation of the Diabetes Numeracy Test (DNT). BMC Health Serv Res. 2008;1(8):96. https://​doi.​org/​10.​1186/​1472-6963-8-96.Crossref

	13.
Al-Qazaz H, Hassali M, Shafie A, Sulaiman S, Sundram S. The 14-item Michigan Diabetes Knowledge Test: translation and validation study of the Malaysian version. Pract Diabetes Int. 2010;27:238–241a. https://​doi.​org/​10.​1002/​pdi.​1495.Crossref

	14.
Abbasi YF, See OG, Ping NY, Balasubramanian GP, Hoon YC, Paruchuri S. Diabetes knowledge, attitude, and practice among type 2 diabetes mellitus patients in Kuala Muda District, Malaysia—a cross-sectional study. Diabetes Metab Syndr. 2018;12(6):1057–63. https://​doi.​org/​10.​1016/​j.​dsx.​2018.​06.​025.CrossrefPubMed

	15.
Ding CH, Teng CL, Koh CN. Knowledge of diabetes mellitus among diabetic and non-diabetic patients in Klinik Kesihatan Seremban. Med J Malaysia. 2006;61(4):399–404.PubMed

	16.
Wee H, Ho H, Li S. Public awareness of diabetes mellitus in Singapore. Singapore Med J. 2002;43(3):128–34.PubMed

	17.
Tham KY, Ong JJ, Tan DK, How KY. How much do diabetic patients know about diabetes mellitus and its complications? Ann Acad Med Singap. 2004;33(4):503–9.CrossrefPubMed

	18.
Kueh YC, Morris T, Ismail AA. The effect of diabetes knowledge and attitudes on self-management and quality of life among people with type 2 diabetes. Psychol Health Med. 2017;22(2):138–44. https://​doi.​org/​10.​1080/​13548506.​2016.​1147055.CrossrefPubMed

	19.
Lim PC, Rajah R, Lee CY, Wong TY, Tan SSA, Karim SA. Systematic review and meta-analysis of diabetes knowledge among type 2 diabetes patients in Southeast Asia. Rev Diabetes Stud. 2021;17(2):82–9. https://​doi.​org/​10.​1900/​RDS.​2021.​17.​82.Crossref

	20.
Diabetes Medication Therapy Adherence Clinic Protocol. 2nd Edition. 2014. Pharmaceutical Services Division, Ministry of Health Malaysia

	21.
Lawshe CH. A quantitative approach to content validity. Pers Psychol. 1975;28(4):563–75.Crossref

	22.
Lynn MR. Determination and quantification of content validity. Nurs Res. 1986;35(6):382–5.CrossrefPubMed

	23.
Shi J, Mo X, Sun Z. Content validity index in scale development. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2012;37(2):152–5. https://​doi.​org/​10.​3969/​j.​issn.​1672-7347.​2012.​02.​007. (Chinese).CrossrefPubMed

	24.
Yusoff MSB. ABC of content validation and content validity index calculation. Educ Med J. 2019;11(2):49–54.Crossref

	25.
Hooper R. Justify sample size for a feasibility study. NIHR. Research Design Service London. https://​www.​rds-london.​nihr.​ac.​uk/​resources/​justify-sample-size-for-a-feasibility-study/​. Assessed 5 Nov 2022.

	26.
Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med. 2016;15(2):155–63. https://​doi.​org/​10.​1016/​j.​jcm.​2016.​02.​012.CrossrefPubMedPubMedCentral

	27.
Bahendeka S, Kaushik R, Swai AB, Otieno F, Bajaj S, Kalra S, Bavuma CM, Karigire C. EADSG Guidelines: insulin storage and optimisation of injection technique in diabetes management. Diabetes Ther. 2019;10(2):341–66. https://​doi.​org/​10.​1007/​s13300-019-0574-x.CrossrefPubMedPubMedCentral

	28.
Yezli S, Yassin Y, Mushi A, Balkhi B, Khan A. Insulin knowledge, handling, and storage among diabetic pilgrims during the Hajj Mass Gathering. J Diabetes Res. 2021;28(2021):5596914. https://​doi.​org/​10.​1155/​2021/​5596914.Crossref

	29.
Casagrande SS, Burrows NR, Geiss LS, Bainbridge KE, Fradkin JE, Cowie CC. Diabetes knowledge and its relationship with achieving treatment recommendations in a national sample of people with type 2 diabetes. Diabetes Care. 2012;35(7):1556–65.Crossref

	30.
Guthold R, Louazani SA, Riley LM, et al. A survey of diabetes knowledge among type 2 diabetes patients at UP-PGH using the Filipino version of American Association of Clinical Endocrinology (AACE) knowledge evaluation form. Phil J Intern Med. 2006;44(5):225–30.

	31.
Malaysian Cuisine. Wikipedia. 2023 Mar 17. https://​en.​wikipedia.​org/​wiki/​Malaysian_​cuisine#Staples. Accessed 21 Mar 2023.

	32.
American Cuisine. Wikipedia. 2023 Mar 18. https://​en.​wikipedia.​org/​wiki/​American_​cuisine. Accessed 21 Mar 2023.

	33.
Bhavadharini B, Mohan V, Dehghan M, et al. White rice intake and incident diabetes: a study of 132,373 participants in 21 countries. Diabetes Care. 2020;43(11):2643–50. https://​doi.​org/​10.​2337/​dc19-2335.CrossrefPubMedPubMedCentral

	34.
Sahlqvist S, Song Y, Bull F, et al. Effect of questionnaire length, personalisation and reminder type on response rate to a complex postal survey: randomised controlled trial. BMC Med Res Methodol. 2011;11:62. https://​doi.​org/​10.​1186/​1471-2288-11-62.CrossrefPubMedPubMedCentral

	35.
Sharma H. How short or long should be a questionnaire for any research? Researchers dilemma in deciding the appropriate questionnaire length. Saudi J Anaesth. 2022;16(1):65–8. https://​doi.​org/​10.​4103/​sja.​sja_​163_​21.CrossrefPubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Development and validation of patient diabetes knowledge questionnaire (PDKQ)


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40545_2023_631_Fig1_HTML.png
Items
development

Content
validity

Face
validity

Reliability
test

' Developing new questions I l . oCpemr:
- (n=20) Systematic review

l Generating a poo[ oz questions
(n=99)
|

Nominal technique, 6 experts

L Selecting 37 items

|

_ [
l Expert validation, 10 experts

|

|

Rating clarity

' Rating for relevance &
imnclmancc
Items revision by two
- l researchers
|
Face validation, 6 patients
(28 items)
[

Deleted questions (n=82)

Content validity ratio (CVR)
3 items excluded (21,26.31)
3 items rephrased (7,27,37)
Rearrange the sequence of the items

I-CVI and S-CVT for relevance
and importance
6 items excluded (2,5,13,24,25,32)

8 items excluded
(3.11,12,14,23,20,33,34)
1 item rearrange the sequence (7)
2 items rephrased (4,22)

Test-retest analysis, 36 patients
L (20 items) )






OEBPS/css/sidebar.gif





