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Abstract
Background
Patient-reported outcome (PRO) measures may be used in telehealth for the clinical assessment of mental health and diabetes distress, which are important aspects in diabetes care, but valid and reliable instruments on these topics are necessary. We aimed to evaluate the test–retest reliability and measurement error of the Danish versions of the WHO-Five Well-being Index (WHO-5) and Problem Areas in Diabetes (PAID) questionnaires used in a PRO-based telehealth intervention among patients with type 1 diabetes. A further aim was to evaluate the test–retest reliability of single items concerning patients’ symptom burden and general health status.


Methods
Outpatients with type 1 diabetes from the Steno Diabetes Center Aarhus, Aarhus University Hospital, Denmark, were enrolled from April 2019 to June 2020. Patients aged ≥ 18 who had type 1 diabetes for > 1 year, internet access, and the ability to understand, read, and write Danish were included. Intraclass correlation coefficients (ICC) and weighted Kappa values were used to assess test–retest reliability, and measurement error was assessed by estimating the minimal detectable change (MDC).

Results
A total of 146/255 (57%) patients completed the web questionnaire twice. The median response time between the two-time points was five days. The ICC of the WHO-5 scale was 0.87 (95% CI 0.82–0.90), and MDC was 18.56 points (95% CI 16.65–20.99). The ICC of the PAID scale was 0.89 (95% CI 0.84–0.92), and MDC was 11.86 points (95% CI 10.46–13.70). Overall, test–retest reliability of single symptoms and general health status items was substantial.

Conclusions
The WHO-5 and PAID questionnaires, and single symptoms and general health status items showed substantial test–retest reliability among patients with type 1 diabetes. Measurement error of the PAID questionnaire was considered acceptable; however, a larger measurement error of the WHO-5 questionnaire was observed. Further research is recommended to explore these findings.
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Background
Remote monitoring using patient-reported outcome (PRO) measures is becoming more convenient and useful as telehealth technologies develop, allowing new opportunities, such as real-time monitoring of symptoms and flexible scheduling of hospital appointments [1, 2]. Thus, PRO measures in telehealth could contribute to the reorganization of the healthcare system for follow-up activities in patients with chronic conditions by prioritizing or optimizing the use of healthcare resources and promoting patient-centered care [3, 4].
In patients with diabetes, face-to-face consultations are traditionally used in clinical care; however, telehealth initiatives that provide more flexible and convenient services are increasingly adopted [5]. In Denmark, a PRO-based telehealth initiative called DiabetesFlex has been developed for patients with type 1 diabetes [6]. In DiabetesFlex, patients fill in a web-based questionnaire at home, and healthcare professionals use the patient’s PRO data to identify whether patients need further clinical attention. The impact of the DiabetesFlex intervention was evaluated in a randomized design, demonstrating no differences in clinical outcomes, better well-being, and lower diabetes distress than standard face-to-face visits [7]. As of August 2022, PRO-based telehealth/DiabetesFlex has been offered and accepted by 335 outpatients with type 1 diabetes from one outpatient clinic in the Central Denmark Region and will soon be adopted in other clinics in the region and expanded to patients with type 2 diabetes.
The selection of PRO measures is central to a PRO-based telehealth solution, such as DiabetesFlex, and a disease-specific questionnaire has been developed in close cooperation with patients and clinical experts to ensure content and face validity [6]. A PRO measure must be used according to its purpose, measurement properties such as validity and reliability must be considered, and users must know how to interpret the PRO measure’s results [8]. Among the significant aspects of diabetes care is the assessment of mental health and diabetes distress; hence, the WHO-Five Well-being Index (WHO-5) and Problems Areas in Diabetes (PAID) questionnaires were selected in the PRO-based telehealth solution DiabetesFlex.
The WHO-5 is a five-item generic questionnaire measuring mental well-being during the last 2 weeks. WHO-5 was originally developed for patients with diabetes but has been applied across several patient populations and countries [9, 10]. The psychometric properties of the WHO-5 scale have been described in terms of construct validity, predictive validity, and internal consistency in several patient populations, including diabetes and a Danish context [9]. Factor analyses have confirmed a one-factor structure of the WHO-5 scale [9]. However, studies investigating the test–retest reliability and/or measurement error of the WHO-5 have only been explored in a few other patient populations, e.g. in epilepsy and rheumatoid arthritis [11–13]. Only one study has reported the WHO-5's measurement error in an epilepsy population [13]. Thus, further research on this topic is necessary for other patient populations, including diabetic patients.
Moreover, we selected PAID which is a 20-item disease-specific questionnaire measuring diabetes distress, for example, feeling scared about living with diabetes, feelings of deprivation regarding food and meals, and worrying about low blood sugar reactions [14]. PAID has been widely used, and its measurement properties for construct and convergent validity, internal consistency, and responsiveness have been evaluated, including in a Danish context [15–22]. PAID was originally conceptualized as a large general factor, and summation of the 20 PAID items into a total score was recommended [14]. Subsequent studies have found both a two- and four factor structure [23, 24], but other studies have shown mixed results [19]. From a clinical perspective, the total score of 20 items have been found to have sufficient clinical sensitivity in detecting diabetes-related distress [25]. Few studies, however, have assessed test–retest reliability [19, 26], and no studies reporting measurement error of the PAID scale has been identified. The lack of research regarding test–retest reliability and measurement error of the PAID scale was recently pointed out as an issue in a systematic review [22]. Thus, we consider the need to investigate the PAID scale’s reliability and measurement error.
This study’s aim was to evaluate the test–retest reliability and measurement error of the Danish WHO-Five Well-being Index (WHO-5) and the Danish Problem Areas in Diabetes (PAID) questionnaire used in a PRO-based telehealth solution (DiabetesFlex) among patients with type 1 diabetes. A further aim was to evaluate the test–retest reliability of single items concerning patients’ symptoms and general health status.

Methods
Study participants and setting
We conducted a test–retest reliability study among outpatients with type 1 diabetes from the Steno Diabetes Center Aarhus, Aarhus University Hospital, Denmark. Patients aged at least 18 who had type 1 diabetes for > 1 year, internet access, and the ability to understand, read, and write Danish were included from April 2019 to June 2020. The included patients were enrolled in the PRO-based telehealth intervention DiabetesFlex [6]. The patients filled in a questionnaire at two-time points. First, they completed the annual DiabetesFlex questionnaire before a scheduled appointment at the department (Test 1). Two reminders were sent to non-responders. Second, the patients completed the same questionnaire approximately 5 days later (Test 2). No reminders were sent to non-responders of Test 2. At both time points, the questionnaires and study information were sent to the patients electronically via “e-box,”—a secure electronic mailbox available for all Danish citizens. Moreover, the patients completed the questionnaires electronically at both time points.
The DiabetesFlex questionnaire
The DiabetesFlex questionnaire includes information specific to aspects of daily life with diabetes, using several generic scales and items, for example, the WHO-Five Well-being Index (WHO-5) [9, 10], the Problem Areas in Diabetes (PAID) scale [14], and items from the Short Form 36 Health Survey (SF-36) [27]. WHO-5 has a unidimensional structure and comprises five positively worded items with six ordinal response categories ranging from 0 “At no time” to 5 “All of the time.” The total percentage score ranges from 0 to 100, and a score of ≤ 50 indicates impaired well-being and depression risk [9]. PAID comprises 20 negatively worded items with five ordinal response categories ranging from 0 “Not a problem” to 4 “Serious problem.” The total percentage score ranges from 0 to 100, and a score above 40 indicates emotional burnout and a risk of diabetes distress [14]. Two items from SF-36 were included: “In general, would you say your health is: excellent, very good, good, fair, or poor” and “Compared to 1 year ago, how would you rate your health in general now?” with the response categories: “Much better now than 1 year ago/Somewhat better now than 1 year ago/About the same/Somewhat worse now than 1 year ago/Much worse than 1 year ago” [27].
In addition, some ad hoc items to determine patients’ symptom status have been developed in close cooperation with patients and clinical experts, for example, dyspnea, rapid heart rate, chest pain, foot ulcer, and feet pain. These items have five ordinal response categories, ranging from “Never” to “Very often.” Also, the DiabetesFlex questionnaire includes questions about blood pressure, weight, diabetes eye and foot care, and a list of diabetes-related topics, for example, measurement of blood sugar, nutritional issues, and daily life with diabetes, that the patients can tick off if they want to talk about the topic during the next consultation at the hospital. Finally, patients can leave a comment if they have anything else to add that is unaddressed by the questionnaire’s selected items. The mean time to complete the DiabetesFlex questionnaire electronically was estimated to be 13 min.

Statistical analysis
A sample size of at least 50 participants was considered sufficient according to the Consensus-based Standards for the Selection of health Measurement Instruments (COSMIN) checklist for studies assessing validity and reliability [28, 29]. The interval between Test 1 and Test 2 was estimated by calculating the days between the two-response time point dates. Descriptive data were presented for patient characteristics and for each item in the WHO-5 and PAID questionnaires to determine the extent of floor and ceiling effects. Internal consistency of the WHO-5 and PAID scales was evaluated by estimating Cronbach’s alpha values with a corresponding 95% confidence interval (CI) using the bootstrap method (100 replications). The WHO-5 and PAID scales were not calculated if just one item had missing values. Differences between responders and non-responders of the questionnaire retest (Test 2) were evaluated by X2 test or the Kruskal–Wallies test following categorical or continuous variables on available data from the first questionnaire response (Test 1).

Test–retest reliability of single ordinal items was assessed using weighted kappa statistic with squared weights and corresponding 95% CI estimated using the bootstrap method (1000 replications). The interpretation of the kappa coefficients followed the recommendations of Landis et al.: < 0.2 (slight), 0.21–0.4 (fair), 0.41–0.60 (moderate), 0.61–0.8 (substantial), and 0.81–1.0 (almost perfect) [30]. Intraclass correlation coefficients (ICC) absolute-agreement, 2-way mixed-effects model with corresponding 95% CI were used to assess the test–retest reliability of the WHO-5 and PAID scales [31]. An ICC of 0.70 is considered acceptable at the group level; however, at the patient level, an ICC of 0.90 is recommended [8].

Measurement error of the WHO-5 and PAID scales was evaluated using standard error of the measurement. First, the differences between Test 1 and Test 2 were illustrated in a Bland–Altman plot with 95% CI and 95% limits of agreement (LOA). The differences between scores (Test 1 − Test 2) were plotted against the means of the two Test 1 and Test 2 scores ((Test 1 + Test 2)/2)) [8]. LOA equals the mean systematic difference in scores between Test 1 and Test 2 ± 1.96 × standard deviation (SD) of the difference. LOA gives an indication of the size of the measurement error and is expressed in the units of the measurement [8]. Second, the standard error of the measurement (SEM) was estimated, which equals the square root of the error variance, reflecting the intra-individual variation [32]. The interpretation of SEM is not straightforward. Thus, the minimal detectable change (MDC) was calculated based on the SEM. MDC with 95% CI equals 1.96 ± √2 × SEM reflecting the smallest within-person change, which can be explained as a real individual change above the measurement error [32]. Thus, a change in scores smaller than the MDC can be due to measurement error and may not be a real change. All analyses were performed using the Stata software version 17 (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC).
Results
Participants and item characteristics
During the recruitment period, 255 patients received the annual DiabetesFlex questionnaire. The questionnaire was completed by 231 (91%) patients (Test 1), and 146 (57%) patients completed the retest (Test 2). The median response time between the two-time points was five days, and the interquartile range (IQR) was 5 to 7 days. The mean age was 52.8 SD (13.5) years; 47% were female, and 48% reported excellent/very good general health (Table 1). Non-responders to the second questionnaire were younger than responders, but no differences were found in gender, general health, well-being, or diabetes distress. A total of 145 patients completed the WHO-5 scale at both time points, and 108 patients completed the PAID scale twice. There was a tendency toward ceiling effects in all items in both the WHO-5 and PAID questionnaires (Tables 2, 3), but no missing values were present among completers. Cronbach’s alpha for the WHO-5 was 0.89 (95% CI 0.86–0.93) in Test 1 and 0.90 (95% CI 0.86–0.93) in Test 2. In PAID, Cronbach’s alpha was 0.93 (95% CI 0.92–0.95) in Test 1 and 0.94 (95% CI 0.92–0.96) in Test 2.Table 1Patients characteristics of responders and non-responders of the second questionnaire (Test 2) based on data from the annual DiabetesFlex questionnaire (Test 1), N = 231


	 	Respondents
	Non-respondents
	P value

	n = 146
	n = 85

	Age, years
	 	 	 
	Mean (SD)
	52.8 (13.5)
	44.9 (13.7)
	 
	Median (IQR)
	54.5 (44.4–62.9)
	44.4 (34.1–54.6)
	p = 0.0001

	Gender, n (%)
	 	 	 
	 Female
	69 (47)
	37 (44)
	 
	 Male
	77 (53)
	48 (56)
	p = 0.58

	General health, n (%)
	 	 	 
	 Excellent
	5 (3.4)
	10 (11.8)
	 
	 Very good
	65 (44.5)
	37 (43.5)
	 
	 Good
	54 (37.0)
	28 (32.9)
	 
	 Fair
	18 (12.3)
	9 (10.6)
	 
	 Poor
	4 (2.7)
	1 (1.2)
	p = 0.15

	Well-being (WHO-5)
	 	 	 
	 Mean (SD)
	66.6 (18.9)
	68.5 (17.2)
	 
	 Median (IQR)
	72 (56–80)
	76 (56–80)
	p = 0.59

	Problem Areas in Diabetes (PAID)
	 	 	 
	 Mean (SD)
	14.1 (13.0)
	11.6 (11.2)
	 
	 Median (IQR)
	9.4 (3.8–23.1)
	7.5 (3.8–18.8)
	p = 0.24

	 Missing, n
	2
	0
	 

SD standard deviation, IQR interquartile range, WHO-5 WHO-Five Well-being Index, PAID Problem Areas in Diabetes


Table 2Item level distribution and weighted kappa of the WHO-Five Well-being Index among 145 patients with type 1 diabetes


	Item
	Item content
	 	Distribution (%) of the response optionsa
	Test–retest
Weighted kappa

	0
	1
	2
	3
	4
	5

	1
	I have felt cheerful and in good spirits
	Test 1
	0
	7.5
	6.9
	15.1
	61.0
	9.6
	0.74 (0.58–0.84)

	 	 	Test 2
	0
	4.8
	8.9
	20.6
	58.9
	6.9
	 
	2
	I have felt calm and relaxed
	Test 1
	0.7
	8.9
	8.2
	26.0
	48.6
	7.5
	0.75 (0.61–0.85)

	 	 	Test 2
	0.7
	6.2
	11.6
	21.2
	51.4
	8.9
	 
	3
	I have felt active and vigorous
	Test 1
	4.1
	8.2
	13.7
	21.9
	48.0
	4.1
	0.79 (0.61–0.87)

	 	 	Test 2
	3.4
	6.9
	11.0
	32.2
	40.4
	6.2
	 
	4
	I woke up feeling fresh and rested
	Test 1
	4.8
	10.3
	13.7
	24.0
	43.2
	4.1
	0.80 (0.69–0.87)

	 	 	Test 2
	7.5
	8.2
	11.6
	24.0
	45.2
	3.4
	 
	5
	My daily life has been filled with things that interest me
	Test 1
	0.7
	6.9
	6.2
	19.2
	56.2
	11.0
	0.70 (0.54–0.80)

	 	 	Test 2
	0
	7.5
	8.2
	19.9
	57.5
	6.9
	 

a0 = at no time, 1 = some of the time, 2 = less than half of the time, 3 = more than half of the time, 4 = most of the time, 5 = all of the time


Table 3Item level distribution and weighted kappa of the Problem Areas in Diabetes (PAID) questionnaire among 108 patients with type 1 diabetes


	Item
	Item content
	 	Distribution (%) of the response optionsa
	Test–retest
Weighted kappa

	0
	1
	2
	3
	4

	1
	Not having clear and concrete goals for your diabetes care
	Test 1
	68.8
	22.0
	7.3
	1.8
	0
	0.67 (0.51–0.79)

	 	 	Test 2
	71.6
	23.9
	2.8
	1.8
	0
	 
	2
	Feeling discouraged with your diabetes treatment plan
	Test 1
	67.0
	21.1
	10.1
	0.9
	0.9
	0.70 (0.52–0.83)

	 	 	Test 2
	67.9
	23.9
	6.4
	1.8
	0
	 
	3
	Feeling scared when you think about living with diabetes
	Test 1
	63.3
	29.4
	5.5
	0.9
	0.9
	0.76 (0.59–0.86)

	 	 	Test 2
	61.5
	24.8
	11.9
	1.8
	0
	 
	4
	Uncomfortable social situations related to your diabetes care (e.g. people telling you what to eat)
	Test 1
	70.6
	22.9
	5.5
	0.9
	0
	0.63 (0.33–0.82)

	 	 	Test 2
	71.6
	22.0
	5.5
	0.9
	0
	 
	5
	Feelings of deprivation regarding food and meals
	Test 1
	64.2
	29.4
	5.5
	0.9
	0
	0.61 (0.45–0.74)

	 	 	Test 2
	64.2
	26.6
	9.2
	0
	0
	 
	6
	Feeling depressed when you think about living with diabetes
	Test 1
	63.3
	24.8
	10.1
	1.8
	0
	0.74 (0.59–0.86)

	 	 	Test 2
	67.0
	17.4
	13.8
	0.9
	0.9
	 
	7
	Not knowing if your mood or feelings are related to your diabetes
	Test 1
	49.5
	26.6
	19.3
	4.6
	0
	0.77 (0.66–0.86)

	 	 	Test 2
	54.1
	25.7
	16.5
	3.7
	0
	 
	8
	Feeling overwhelmed by your diabetes
	Test 1
	62.4
	23.9
	11.9
	0.9
	0.9
	0.80 (0.66–0.89)

	 	 	Test 2
	62.4
	23.9
	11.0
	0.9
	1.8
	 
	9
	Worrying about low blood sugar reactions
	Test 1
	43.1
	31.2
	20.2
	4.6
	0.9
	0.68 (0.50–0.80)

	 	 	Test 2
	45.9
	34.9
	18.4
	0
	0.9
	 
	10
	Feeling angry when you think about living with diabetes
	Test 1
	73.4
	16.5
	8.3
	1.8
	0
	0.81 (0.64–0.90)

	 	 	Test 2
	75.2
	16.5
	6.4
	1.8
	0
	 
	11
	Feeling constantly concerned about food and eating
	Test 1
	60.6
	30.3
	6.4
	2.8
	0
	0.60 (0.39–0.76)

	 	 	Test 2
	66.1
	24.8
	8.3
	0.9
	0
	 
	12
	Worrying about the future and the possibility of serious diabetes complications
	Test 1
	33.0
	34.9
	19.3
	10.1
	2.8
	0.82 (0.74–0.88)

	 	 	Test 2
	37.6
	24.8
	30.3
	6.4
	0.9
	 
	13
	Feelings of guilt or anxiety when you get off track with your diabetes management
	Test 1
	50.5
	29.4
	17.4
	2.8
	0
	0.67 (0.52–0.80)

	 	 	Test 2
	61.5
	19.3
	16.5
	2.8
	0
	 
	14
	Not ‘accepting’ your diabetes
	Test 1
	77.1
	15.6
	5.5
	1.8
	0
	0.70 (0.47–0.84)

	 	 	Test 2
	78.0
	13.8
	7.3
	0
	0.9
	 
	15
	Feeling unsatisfied with your diabetes physician
	Test 1
	83.5
	8.3
	4.6
	3.7
	0
	0.67 (0.39–0.84)

	 	 	Test 2
	84.4
	10.1
	3.7
	1.8
	0
	 
	16
	Feeling that diabetes is taking up too much of your mental and physical energy every day
	Test 1
	42.2
	31.2
	19.3
	5.5
	1.8
	0.71 (0.57–0.81)

	 	 	Test 2
	45.0
	34.9
	15.6
	4.6
	0
	 
	17
	Feeling alone with your diabetes
	Test 1
	63.3
	23.9
	11.9
	0.9
	0
	0.72 (0.57–0.83)

	 	 	Test 2
	67.9
	18.4
	13.8
	0
	0
	 
	18
	Feeling that your friends and family are not supportive of your diabetes management efforts
	Test 1
	76.2
	15.6
	7.3
	0
	0
	0.71 (0.48–0.87)

	 	 	Test 2
	83.5
	11.9
	4.6
	0
	0
	 
	19
	Coping with complications of diabetes
	Test 1
	56.9
	25.7
	14.7
	1.8
	0.9
	0.73 (0.57–0.84)

	 	 	Test 2
	57.8
	22.9
	17.4
	0.9
	0.9
	 
	20
	Feeling ‘burned out’ by the constant effort needed to manage diabetes
	Test 1
	51.4
	27.5
	11.9
	7.3
	1.8
	0.66 (0.52–0.78)

	 	 	Test 2
	50.5
	33.9
	9.2
	6.4
	0
	 

a0 = not a problem, 1 = minor problem, 2 = moderate problem, 3 = somewhat serious problem, 4 = serious problem



Missing data and reasons for non-response to the second questionnaire (Test 2)
Among the responders to the second questionnaire, one patient (0.7%) and 38 patients (26%) did not answer the WHO-5 or PAID questionnaires, respectively. Furthermore, missing data in single items ranged from 0.7% in the general health status item to 25.3% in the decreased feet feeling and pain in feet items. The highest proportion of missing data was found in the erectile dysfunction item (60.3%) (Table 5). Informal conversations with patients related to non-response indicated two primary reasons for not completing the second questionnaire: 1). Some patients did not understand the purpose of the second questionnaire as they had already answered the same questionnaire at test 1, and 2). Some patients expressed a lack of energy to fill in an additional questionnaire.
Test–retest reliability and measurement error of the WHO-Five Well-being Index
Weighted kappa values for the five ordinal items included in the WHO-5 scale were overall substantial (Table 2). As shown in Table 4, the ICC of the WHO-5 scale was 0.87 (95% CI 0.82–0.90). Figure 1 presents the differences between Test 1 and Test 2 plotted against the mean of the two measurement time points. The standard error of the measurement was 6.70 (95% CI 6.01–7.57), and the calculated MDC was 18.56 points (95% CI 16.65–20.99).Table 4Test–retest reliability and measurement error of the WHO-Five Well-being Index (WHO-5) and the Problem Areas in Diabetes (PAID) scale between Test 1 and Test 2


	 	WHO-5
	PAID

	N
	145
	108

	Mean (95% CI) Test 1
	66.98 (63.94–70.02)
	14.36 (11.87–16.86)

	Mean (95% CI) Test 2
	66.34 (63.34–69.35)
	13.07 (10.57–15.57)

	Difference (95% CI)
	0.63 (− 0.92–2.19)
	1.30 (0.14–2.45)

	SEM (95% CI)
	6.70 (6.01–7.57)
	4.28 (3.78–4.94)

	MDC (95% CI)
	18.56 (16.65–20.99)
	11.86 (10.46–13.70)

	ICC (95% CI)
	0.87 (0.82–0.90)
	0.89 (0.84–0.92)


CI confidence interval, SEM standard error of the measurement, MDC minimal detectable change, ICC intra class correlation coefficient


[image: ]
Fig. 1Differences in the WHO-Five Well-being Index scale between first and second questionnaire responses (Test 1 and Test 2) plotted against the mean, N = 145


Test–retest reliability and measurement error of the PAID questionnaire
Weighted kappa values for the 20 ordinal items included in the PAID scale were moderate to substantial (Table 3). As shown in Table 4, the ICC of the PAID scale was 0.89 (95% CI 0.84–0.92). Figure 2 presents the differences between Test 1 and Test 2 plotted against the mean of the two measurement time points. The standard error of the measurement was 4.28 (95% CI 3.78–4.94), and the calculated MDC was 11.86 points (95% CI 10.46–13.70).[image: ]
Fig. 2Differences in the Problem Areas in Diabetes (PAID) scale between first and second questionnaire responses (Test 1 and Test 2) plotted against the mean, N = 108


Test–retest reliability of single symptom and general health items
Table 5 shows the test–retest reliability estimates of the 11 ordinal single symptom and general health items included in the DiabetesFlex questionnaire. The estimates were substantial for eight items, with weighted kappa values ranging from 0.79 (95% CI 0.70–0.87) (rapid heartbeat) to 0.90 (95% CI 0.78–0.98) (erection problems). Broad confidence intervals were observed in the symptom items regarding pain in the leg when walking, foot ulcer, and decreased foot feeling; thus, these items showed fair to substantial test–retest reliability, weighted kappa values were 0.77 (95% CI 0.56–0.91), 0.72 (95% CI 0.22–0.94), and 0.73 (95% CI 0.44–0.91), respectively.Table 5Test–retest reliability of single symptom and general health items among 146 patients with type 1 diabetes


	Item
	n
	Levels
	Agreement/expected agreement %
	Weighed kappa (95% CI)

	General health
	145
	5
	98.3/91.2
	0.81 (0.73–0.88)

	General health last year
	146
	5
	98.7/93.8
	0.79 (0.71–0.88)

	Hypoglycemia
	113
	5
	98.2/88.5
	0.84 (0.72–0.91)

	Rapid heartbeat
	112
	5
	98.1/91.1
	0.79 (0.70–0.87)

	Dyspnea
	112
	5
	98.8/92.3
	0.84 (0.70–0.92)

	Heart chest pain
	112
	5
	99.1/93.1
	0.87 (0.73–0.95)

	Pain leg walking
	112
	5
	97.7/89.9
	0.77 (0.56–0.91)

	Foot ulcer
	112
	5
	98.9/96.0
	0.72 (0.22–0.94)

	Decreased feeling feet
	109
	5
	98.3/93.9
	0.73 (0.44–0.91)

	Pain feet
	109
	5
	98.9/90.8
	0.88 (0.80–0.93)

	Erection problems
	58
	5
	97.6/75.4
	0.90 (0.78–0.98)


CI confidence interval



Discussion
The WHO-Five Well-being Index and the Problem Areas in Diabetes (PAID) questionnaire used in a PRO-based telehealth intervention in clinical practice showed substantial test–retest reliability among patients with type 1 diabetes. Many of the single items measuring symptoms and general health also showed substantial test–retest reliability. The measurement error of the WHO-5 and PAID questionnaires varied, and a larger measurement error was found in the WHO-5 scale than in the PAID scale. The estimated MDC was 18.60 points in WHO-5 and 11.90 points in PAID.
Few other studies have investigated the reliability in terms of test–retest reliability and measurement error of the WHO-5 and PAID questionnaires. However, reliability in terms of internal consistency of both questionnaires has been documented by several studies across patient populations and countries. We found a Cronbach’s alpha of 0.89 on the WHO-5 scale, which corresponds to other studies’ findings [33–36]. Furthermore, we found a Cronbach’s alpha of 0.93 for the PAID questionnaire, which parallels other studies’ findings [21, 22, 37].
Supporting our finding, a Danish study among outpatients with epilepsy also found substantial test–retest reliability of the WHO-5 scale [13]. The study identified an MDC of 22.31 points of the WHO-5 scale in web responders, supporting our finding of an MDC of 18.56 points [13]. The size of the MDC is considered imperative if the WHO-5 scale is used to measure change over time at the individual level in clinical practice since a WHO-5 change score lower than 18.56 points may be due to measurement error and not a real change. A Spanish study evaluated the test–retest reliability of the WHO-5 scale in patients with bipolar disorder [12]. They reported a reliability correlation coefficient of 0.83 of the WHO-5 scale; however, the measurement error was not reported [12]. Furthermore, a German study also assessed the test–retest reliability of the WHO-5 scale among patients with rheumatoid arthritis [11]. They found a lower reliability correlational estimate than expected a priori, and they did not report the measurement error [11]. The findings from the Spanish and German studies are not directly comparable to our study, as we used ICC to measure the test–retest reliability estimates in a different patient population.
A Norwegian study of patients with type 1 and type 2 diabetes found high test–retest reliability of the PAID questionnaire. They found an ICC of 0.79 compared to 0.89 in our study [19]. Furthermore, a study from Korea found an ICC of 0.89 (0.83–0.94) [37], and a study from China reported a reliability estimate of 0.83 [26]. These results parallel our findings; however, the studies were conducted only among patients with type 2 diabetes. Measurement error was not reported by other studies that evaluated the PAID questionnaire’s reliability, which underlines the importance of this finding in our study. The lack of measures of reliability and measurement error in the PAID questionnaire is pointed out as an issue by a recently published systematic review regarding diabetes distress instruments, which supports the need for further research [22].
We used 11 single items that aimed to measure clinically relevant symptoms and general health. The two items measuring general health were selected from the SF-36 [27, 38]. We found reliability estimates of 0.81 and 0.79 in the global general health status and the 1-year retrospective general health status items, respectively. A study has found a lower reliability estimate of 0.51 in the SF-36 general health status item in an US general population [39], and no studies assessing the reliability of the retrospectively general health item have been identified. The other single items in this study were developed by clinical experts in endocrinology and experts in PRO. Content and face validity were ensured during the development process; however, measurement properties were not further evaluated until this study. Reliability is only one relevant measurement property, and we are aware of the need to evaluate other properties, such as validity and responsiveness, in future research.
This study followed the COSMIN’s recommendation about evaluating measurement properties such as reliability and measurement error of a PRO instrument [28, 29]. However, some of the strengths and limitations of this study need to be further elaborated. The enrollment of patients in our study is considered adequate, but the response rate at the second measurement time point was only 57%. Potential selection bias exists, but as shown in Table 1, responders did not differ regarding general health and mental well-being compared to non-responders, supporting a heterogeneous study population. However, we cannot exclude differences between responders and non-responders in unmeasured disease-related aspects, such as long-term complications and co-morbidity. This study's age and gender distribution was close to what has been reported in other studies among patients with type 1 diabetes in Denmark [7, 40]. However, the WHO-5 score has been reported to be lower [40] and higher [7] in other studies.
The COSMIN checklist highlights three important design requirements in a test–retest study. First, to ensure stability in patients’ health conditions between the two measurement time points. Second, to select an appropriate time interval between the two measurements. Third, to ensure similar test conditions at the two measurement time points [29, 41]. We selected a relatively short time interval because the study participants had scheduled in-clinic appointments. We aimed to ensure that the patients filled in the second questionnaire before the in-clinic visit at the hospital. The median interval between the two measurement time points was only five days. Choosing a short time interval could have introduced recall bias if the patients remembered their answers at the first time point; however, the risk of a change in the patients’ health status was reduced. We did not measure whether the participants experienced a real change in their health status between the two measurement time points. This could be done based on measurements of similar well-known reliable constructs concurrently or by including a question regarding a change in health status in the second questionnaire. However, the risk of a real change in the patients’ health status was considered low in our study due to the short time interval between the two measurements. Finally, similar test conditions were ensured, since all patients filled in an electronic version of the questionnaires on the same platform. This study only represented patients who were able to respond electronically. To ensure a higher degree of participation equality, it is often recommended to offer different modes of administration or to let family or caregivers have the ability to report on behalf of the patients [42, 43]. This topic is an important future perspective if considering expanding the DiabetesFlex target population to patients with type 2 diabetes.
Conclusion
The Danish version of the WHO-Five Well-being Index (WHO-5) and the Problem Areas in Diabetes (PAID) questionnaire used in identifying mental health status and diabetes distress among an outpatient type 1 diabetes population showed substantial test–retest reliability. Measurement error of the PAID questionnaire was considered acceptable; however, a larger measurement error of the WHO-5 questionnaire was observed. Further research assessing the reliability and measurement error of both instruments in patients with diabetes and other chronic conditions is considered imperative. In addition, substantial test–retest reliability was found in the single items measuring clinically relevant symptoms and general health; however, the symptom items need to be further validated.

Acknowledgements
Not applicable.

Author contributions
NHH, KL, TKH, ALJ, and LMVS conceived the study. NHH, ALJ, and LMVS participated in data collection. LMVS performed the statistical analyses and drafted the manuscript. All authors contributed to the data interpretation and critical revision of the manuscript. All authors read and approved the final manuscript and stood by the integrity of the entire work.

Funding
This study was funded by AmbuFlex, Center for Patient-reported Outcomes, Gødstrup Hospital, Herning. The DiabetesFlex study was funded by the Novo Nordic Foundation (reference no. NNF16OC0022382), Aarhus University Hospital, Department of Endocrinology and Internal Medicine, and Aarhus University Hospital, Steno Diabetes Centre Aarhus. The external funding sources had no role in the study’s design, data collection, analysis, data interpretation, and manuscript writing.

Availability of data and materials
An anonymous version of the datasets used and analyzed in this study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by the Danish Data Protection Agency (record no. 2012-58-006) and by the Central Denmark Regional Committee on Health Research Ethics (record no. M-2017-139-17). All procedures performed followed the ethical standards of the national research committee and the Declaration of Helsinki. Eligible patients received information about the study and its purpose, including that participation was voluntary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	1.
Calvert M, Kyte D, Price G, Valderas JM, Hjollund NH (2019) Maximising the impact of patient reported outcome assessment for patients and society. BMJ (Clin Res Ed) 364:k5267

	2.
Aiyegbusi OL, Calvert MJ (2020) Patient-reported outcomes: central to the management of COVID-19. Lancet 396(10250):531PubMedPubMedCentral

	3.
de Thurah A, Stengaard-Pedersen K, Axelsen M, Fredberg U, Schougaard LMV, Hjollund NHI, Pfeiffer-Jensen M, Laurberg TB, Tarp U, Lomborg K, Maribo T (2018) Tele-health followup strategy for tight control of disease activity in rheumatoid arthritis: results of a randomized controlled trial. Arthritis Care Res 70(3):353–360

	4.
Schougaard LMV, Mejdahl CT, Christensen J, Lomborg K, Maindal HT, de Thurah A, Hjollund NH (2019) Patient-initiated versus fixed-interval patient-reported outcome-based follow-up in outpatients with epilepsy: a pragmatic randomized controlled trial. J Patient Reported Outcomes 3(1):61-019-0151–0150

	5.
Holt RI (2019) The role of telehealth and diabetes. Diabet Med 36(5):529–530PubMed

	6.
Jensen AL, Lomborg K, Hjollund NH, Schougaard LMV, Olesen LB, Laurberg T, Hansen TK (2020) DiabetesFlex™—the effect of PRO-based telehealth and user involvement in care management of patients with type 1 diabetes: trial protocol for a non-inferiority randomised controlled study. Med Res Arch 8(7):1–16

	7.
Laurberg T, Schougaard LMV, Hjollund NHI, Lomborg KE, Hansen TK, Jensen AL (2022) Randomized controlled study to evaluate the impact of flexible patient-controlled visits in people with type 1 diabetes: the DiabetesFlex trial. Diabet Med 39:e14791PubMed

	8.
de Vet HCW, Terwee CB, Mokkink LB, Knol DL (2011) Measurement in medicine: a practical guide. Cambridge University Press, Cambridge

	9.
Topp CW, Ostergaard SD, Sondergaard S, Bech P (2015) The WHO-5 Well-Being Index: a systematic review of the literature. Psychother Psychosom 84(3):167–176PubMed

	10.
Bech P, Gudex C, Johansen KS (1996) The WHO (Ten) Well-Being Index: validation in diabetes. Psychother Psychosom 65(4):183–190PubMed

	11.
Englbrecht M, Alten R, Aringer M, Baerwald CG, Burkhardt H, Eby N, Fliedner G, Gauger B, Henkemeier U, Hofmann MW, Kleinert S, Kneitz C, Krueger K, Pohl C, Roske AE, Schett G, Schmalzing M, Tausche AK, Peter Tony H, Wendler J (2017) Validation of standardized questionnaires evaluating symptoms of depression in rheumatoid arthritis patients: approaches to screening for a frequent yet underrated challenge. Arthritis Care Res 69(1):58–66

	12.
Bonnin CM, Yatham LN, Michalak EE, Martinez-Aran A, Dhanoa T, Torres I, Santos-Pascual C, Valls E, Carvalho AF, Sanchez-Moreno J, Valenti M, Grande I, Hidalgo-Mazzei D, Vieta E, Reinares M (2018) Psychometric properties of the well-being index (WHO-5) Spanish version in a sample of euthymic patients with bipolar disorder. J Affect Disord 228:153–159PubMed

	13.
Schougaard LMV, de Thurah A, Bech P, Hjollund NH, Christiansen DH (2018) Test–retest reliability and measurement error of the Danish WHO-5 Well-being Index in outpatients with epilepsy. Health Qual Life Outcomes 16(1):175-018-1001–1000

	14.
Welch GW, Jacobson AM, Polonsky WH (1997) The Problem Areas in Diabetes Scale. An evaluation of its clinical utility. Diabetes Care 20(5):760–766PubMed

	15.
Welch G, Weinger K, Anderson B, Polonsky WH (2003) Responsiveness of the Problem Areas in Diabetes (PAID) questionnaire. Diabet Med 20(1):69–72PubMed

	16.
Martin CE, Renn BN, Winderman KE, Hundt N, Petersen NJ, Naik AD, Cully JA (2018) Classifying diabetes-burden: a factor analysis of the Problem Areas in Diabetes Scale. J Health Psychol 23(6):882–888PubMed

	17.
Schmitt A, Reimer A, Kulzer B, Haak T, Ehrmann D, Hermanns N (2016) How to assess diabetes distress: comparison of the Problem Areas in Diabetes Scale (PAID) and the Diabetes Distress Scale (DDS). Diabet Med 33(6):835–843PubMed

	18.
Amsberg S, Wredling R, Lins PE, Adamson U, Johansson UB (2008) The psychometric properties of the Swedish version of the Problem Areas in Diabetes Scale (Swe-PAID-20): scale development. Int J Nurs Stud 45(9):1319–1328PubMed

	19.
Graue M, Haugstvedt A, Wentzel-Larsen T, Iversen MM, Karlsen B, Rokne B (2012) Diabetes-related emotional distress in adults: reliability and validity of the Norwegian versions of the Problem Areas in Diabetes Scale (PAID) and the Diabetes Distress Scale (DDS). Int J Nurs Stud 49(2):174–182PubMed

	20.
Hansen UM, Olesen K, Browne JL, Skinner TC, Willaing I (2018) A call for inclusion of work-related diabetes distress in the spectrum of diabetes management: results from a cross-sectional survey among working people with type 1 diabetes. Diabetes Res Clin Pract 140:139–147PubMed

	21.
Lee J, Lee EH, Kim CJ, Moon SH (2015) Diabetes-related emotional distress instruments: a systematic review of measurement properties. Int J Nurs Stud 52(12):1868–1878PubMed

	22.
Kenny E, O’Malley R, Roche K, Morrissey E, Dinneen SF, Byrne M, Casey B (2020) Diabetes distress instruments in adults with Type 1 diabetes: a systematic review using the COSMIN (COnsensus-based Standards for the selection of health status Measurement INstruments) checklist. Diabet Med 34:e14468

	23.
Snoek FJ, Pouwer F, Welch GW, Polonsky WH (2000) Diabetes-related emotional distress in Dutch and U.S. diabetic patients: cross-cultural validity of the problem areas in diabetes scale. Diabetes Care 23(9):1305–1309PubMed

	24.
Sigurdardottir AK, Benediktsson R (2008) Reliability and validity of the Icelandic version of the Problem Area in Diabetes (PAID) Scale. Int J Nurs Stud 45(4):526–533PubMed

	25.
Hermanns N, Kulzer B, Krichbaum M, Kubiak T, Haak T (2006) How to screen for depression and emotional problems in patients with diabetes: comparison of screening characteristics of depression questionnaires, measurement of diabetes-specific emotional problems and standard clinical assessment. Diabetologia 49(3):469–477PubMed

	26.
Huang MF, Courtney M, Edwards H, McDowell J (2010) Validation of the Chinese version of the Problem Areas in Diabetes (PAID-C) scale. Diabetes Care 33(1):38–40PubMed

	27.
Bjorner JB, Thunedborg K, Kristensen TS, Modvig J, Bech P (1998) The Danish SF-36 Health Survey: translation and preliminary validity studies. J Clin Epidemiol 51(11):991–999PubMed

	28.
Mokkink LB, Terwee CB, Knol DL, Stratford PW, Alonso J, Patrick DL, Bouter LM, de Vet HC (2010) The COSMIN checklist for evaluating the methodological quality of studies on measurement properties: a clarification of its content. BMC Med Res Methodol 10:22-2288-2210–2222

	29.
COSMIN Study Design checklist for Patient-reported outcome measurement instruments. https://​www.​cosmin.​nl/​wp-content/​uploads/​COSMIN-study-designing-checklist_​final.​pdf. Accessed 20 Apr 2022

	30.
Landis JR, Koch GG (1977) The measurement of observer agreement for categorical data. Biometrics 33(1):159–174PubMed

	31.
Koo TK, Li MY (2016) A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med 15(2):155–163PubMedPubMedCentral

	32.
Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol DL, Dekker J, Bouter LM, de Vet HC (2007) Quality criteria were proposed for measurement properties of health status questionnaires. J Clin Epidemiol 60(1):34–42PubMed

	33.
Lucas-Carrasco R (2012) Reliability and validity of the Spanish version of the World Health Organization-Five Well-Being Index in elderly. Psychiatry Clin Neurosci 66(6):508–513PubMed

	34.
Newnham EA, Hooke GR, Page AC (2010) Monitoring treatment response and outcomes using the World Health Organization’s Wellbeing Index in psychiatric care. J Affect Disord 122(1–2):133–138PubMed

	35.
van Dijk SEM, Adriaanse MC, van der Zwaan L, Bosmans JE, van Marwijk HWJ, van Tulder MW, Terwee CB (2018) Measurement properties of depression questionnaires in patients with diabetes: a systematic review. Qual Life Res Int J Qual Life Asp Treatment Care Rehabil 27(6):1415–1430

	36.
Perera BPR, Jayasuriya R, Caldera A, Wickremasinghe AR (2020) Assessing mental well-being in a Sinhala speaking Sri Lankan population: validation of the WHO-5 well-being index. Health Qual Life Outcomes 18(1):305PubMedPubMedCentral

	37.
Lee EH, Lee YW, Lee KW, Kim YS, Nam MS (2014) Measurement of diabetes-related emotional distress using the Problem Areas in Diabetes scale: psychometric evaluations show that the short form is better than the full form. Health Qual Life Outcomes 12:142PubMedPubMedCentral

	38.
Bjorner JB, Damsgaard MT, Watt T, Groenvold M (1998) Tests of data quality, scaling assumptions, and reliability of the Danish SF-36. J Clin Epidemiol 51(11):1001–1011PubMed

	39.
Hays RD, Spritzer KL, Thompson WW, Cella D (2015) U.S. general population estimate for “excellent” to “poor” self-rated health item. J Gen Intern Med 30(10):1511–1516PubMedPubMedCentral

	40.
Jones A, Olsen MZ, Perrild HJ, Willaing I (2016) The psychological impact of living with diabetes: descriptive findings from the DAWN2 study in Denmark. Prim Care Diabetes 10(1):83–86PubMed

	41.
COSMIN Risk of Bias checklist. https://​www.​cosmin.​nl/​wp-content/​uploads/​COSMIN-RoB-checklist-V2-0-v17_​rev3.​pdf. Accessed 20 Apr 2022

	42.
Di Maio M, Basch E, Denis F, Fallowfield LJ, Ganz PA, Howell D, Kowalski C, Perrone F, Stover AM, Sundaresan P, Warrington L, Zhang L, Apostolidis K, Freeman-Daily J, Ripamonti CI, Santini D (2022) The role of patient-reported outcome measures in the continuum of cancer clinical care: ESMO Clinical Practice Guideline. Ann Oncol 33:878–892PubMed

	43.
Calvert MJ, Cruz Rivera S, Retzer A, Hughes SE, Campbell L, Molony-Oates B, Aiyegbusi OL, Stover AM, Wilson R, McMullan C, Anderson NE, Turner GM, Davies EH, Verdi R, Velikova G, Kamudoni P, Muslim S, Gheorghe A, O’Connor D, Liu X, Wu AW, Denniston AK (2022) Patient reported outcome assessment must be inclusive and equitable. Nat Med 28(6):1120–1124PubMed



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Test–retest reliability and measurement error of the WHO-5 Well-being Index and the Problem Areas in Diabetes questionnaire (PAID) used in telehealth among patients with type 1 diabetes


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/41687_2022_505_Fig1_HTML.png
T
0 0c-
aoualauig

T
0o~

60 80 100
Average

40

20





OEBPS/css/envelope.png





OEBPS/images/41687_2022_505_Fig2_HTML.png
Difference

30

20

10

10

-20

o
o o
o
o oo
o
80 o o o
o
S Qee—vos———0
AV < SA, AR~ O
o © ° o®o o o
o
o 0% o
o
o
0 10 20 30 40 50

Average





OEBPS/css/cc-by.png
() _®





OEBPS/css/sidebar.gif





