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Patient engagement in the process of developing a diabetes treatment plan is associated with person-centered care and improved treatment outcomes. The objective of the present study was to evaluate the self-reported patient and parent-centered satisfaction and well-being outcomes associated with the three treatment strategies utilized in a comparative effectiveness trial of technology-enhanced blood glucose monitoring and family-centered goal setting. We evaluated data from 97 adolescent-parent pairs at baseline and 6-months during the randomized intervention. Measures included: Problem Areas in Diabetes (PAID) child and parent scales, pediatric diabetes-related quality of life, sleep quality, and satisfaction with diabetes management. Inclusion criteria were 1) ages 12-18 years, 2) a T1D diagnosis for at least six months and 3) parent/caregiver participation. Longitudinal changes in survey responses were measured at 6 months from baseline. Differences between and within participant groups were evaluated using ANOVA. The average age of youth participants was 14.8 ± 1.6 years with half of the participants being female (49.5%). The predominant ethnicity/race was Non-Hispanic (89.9%) and white (85.9%). We found that youth perceived 1) greater of diabetes-related communication when using a meter capable of transmitting data electronically, 2) increased engagement with diabetes self-management when using family-centered goal setting, and 3) worse sleep quality when using both strategies together (technology-enhanced meter and family-centered goal setting). Throughout the study, scores for self-reported satisfaction with diabetes management were higher in youth than parents. This suggests that patients and parents have different goals and expectations regarding their diabetes care management and care delivery. Our data suggest that youth with diabetes value communication via technology and patient-centered goal setting. Strategies to align youth and parent expectations with the goal of improving satisfaction could be utilized as a strategy to improve partnerships in diabetes care management.
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Introduction

The vast majority of adolescents with type 1 diabetes (T1D) have glycosylated hemoglobin (HbA1c) values above the recommended range, indicating suboptimal glycemic control (1, 2). It is well-known that adequate frequency of self-monitoring of blood glucose (SMBG), appropriate insulin dosing, and parental involvement in type 1 diabetes management are important to achieve good glycemic control in adolescents (3, 4). Despite the increasing availability of advanced technologies to improve glycemic control, for adolescents, there are multiple technological and social barriers to adopting these technologies (5–7). Moreover, adolescents are often reluctant to accept recommendations for increasing SMBG or insulin doses when they feel that it increases their diabetes-related distress and burden (8).

Diabetes management is associated with substantial burdens, necessitating ongoing assessment and treatment of mental health and diabetes-related distress during routine diabetes visits (9). Poor glycemic control is often associated with lack of sufficient SMBG and insulin dosing when there is significant family conflict and increased diabetes-related distress (10). Previous studies indicate both general and diabetes-specific family conflict are associated with decreased diabetes self-care in adolescents and deteriorations in glycemic control (11, 12), while improved family communication is directly related to improved SMBG and better glycemic control (13). In addition, shared goals and teamwork between adolescents and parents can decrease diabetes-related family conflict and improve patient outcomes (14).

Shared decision-making is a model of patient-centered care that encourages individuals or families to be actively involved in the medical decisions that impact their health. It is recognized that a personal interest and investment in the diabetes treatment plan from the adolescent with diabetes is associated with engagement with diabetes self-management and improved metabolic control of T1D (9, 15, 16). We previously created a patient decision aid to utilize with decision coaching to facilitate adolescent patient and parent alignment with goals for diabetes self-management (family-centered goal setting) (17). We then performed an intervention that combined real-time sharing of SMBG data, electronic messaging, and a clinic-based family-centered goal setting strategy to address patient-centered diabetes care and family-centered goals simultaneously (18). The objective of previously published study was to compare 3 strategies for improving SMBG and diabetes outcomes in the short-term (6 months). These strategies were: (1) a technology-enhanced blood glucose meter that both shared blood glucose data among patients, their parent, and health care providers, allowing for text messaging; (2) family-centered goal setting; and (3) a combination of (1) and (2). Utilizing a family-centered goal setting strategy was associated with improved short-term outcomes when introducing new technology for SMBG. However, there is little known about shared decision making with adolescents with diabetes care and whether or not patients and families have an improved experience with healthcare teams who implement this into practice (19).

The objective of the present study was to evaluate the self-reported patient and parent-centered satisfaction and well-being outcomes associated with the three intervention strategies utilized in the published comparative effectiveness trial (18). We hypothesized that the combination of a technology-enhanced blood glucose meter along with family-centered goal setting would result in higher levels of patient-centered satisfaction with diabetes care.



Materials and Methods

This study was performed at Indiana University Health, Indianapolis, IN, approved by the Indiana University Institutional Review Board, and all participants signed informed consent/assent prior to enrolling. Inclusion criteria were 1) ages 12-18 years, 2) a T1D diagnosis for at least six months and 3) parent/caregiver participation. Exclusion criteria included diagnoses of other chronic diseases except depression, asthma, and thyroid disease which, if present, were required to be controlled. We did not exclude these conditions because they are commonly present in youth with T1D and when controlled with stable doses of medications would not interfere with the intervention strategies. We excluded individuals currently using a continuous glucose monitoring system at the time of study entry because one of the intervention strategies included a technology-enhanced blood glucose meter and the duplicative systems could contribute to burn-out and/or not using the assigned intervention strategy. The complete methods and primary clinical outcomes of the parent study have been published elsewhere (18). In short, we identified potential participants from existing pediatric and adolescent diabetes clinics, pre-screened them for inclusion in this study, and invited eligible participants to enroll. After enrollment but prior to being randomized, participants entered a 3-month run-in period of routine diabetes care in an adolescent diabetes clinic to establish baseline characteristics and to accommodate for any enrollment effect on HbA1c prior to implementing the study intervention strategies. A single diabetes care provider (a board-certified pediatric endocrinologist) and a certified diabetes educator/nurse practitioner (CDE, CNP) provided American Diabetes Association endorsed care recommendations during the 3-month run-in period. Standard recommendations were made to perform SMBG at least 4 times per day (fasting, before meals, before bedtime), review SMBG records weekly, and dose insulin as prescribed prior to meals and snacks. Participants were then randomized using block randomization, stratifying by sex, in a 1:1:1 ratio to one of three treatment strategies: meter (n=43), goal setting (n=42), or meter/goal setting group (n=43). This study design allowed for the measurement of longitudinal change in outcomes in individuals by treatment, as patients were serving as their own controls, and between treatment groups.

The sample size estimation for the proposed pilot study was based on change in HbA1c at 6 months from baseline (the mean of 2 measures taken at the onset and the end of run-in). For evaluation of the longitudinal change in outcomes measures in individuals by treatment (patients serve as their own controls): With 90 participants, we had over 90% power to detect a HbA1c difference of 0.5 ± 0.8% from baseline to 6 months among individuals (paired-T tests, α = 0.05). For evaluation of treatment group differences for the 3 treatment arms: With 30 participants per group, we had 80% power to detect a HbA1c difference of 0.5 ± 0.5% (one-way ANOVA, α = 0.05).


Research Study Visits

After the run-in period, consented patients and parents were randomized to a treatment group during the baseline visit, therefore study activities were based on the allocated group, previously published (18). Each study visit consisted of meeting with the healthcare providers for routine diabetes care and physical examination, discussion related to the specific intervention strategy, and the completion of study questionnaires.



Intervention Strategies

HIT-enhanced SMBG strategy - The Telcare System (Concord, MA, https://telcare.com) allowed for real-time SMBG data monitoring for the patient, their parents, and their healthcare provider by automatically transmitting SMBG data to a secure, online, HIPAA-compliant web portal via cellular data networks. Both pre-set and free-text alerts could be sent to any cell phone in real time when SMBG was performed. If randomized into this strategy, participants were encouraged to use the Telcare blood glucose meter throughout the study, regardless of their insulin delivery mode. Regardless if the patient used the intervention strategy meter or another meter, all data were downloaded and reviewed weekly by a CDE and a CNP. Adolescents were consequently either messaged through Telcare system with care recommendations or when possible, directly contacted by phone/text message.

Family-centered goal setting strategy – In addition to meeting with a health educator and a CDE, families randomized into this strategy met with a board-certified pediatric endocrinologist at the randomization visit. Using motivational interviewing, the multidisciplinary team helped the families set goals that were tailored to each family’s desires, while considering the age and stage of maturity based on that age of the participating adolescent. The goal-setting tool utilized was specifically designed for this study by a patient advisory group and is published in detail elsewhere (17). This tool was used to facilitate identification of diabetes self-management skills or behaviors that both the parent and adolescent agreed were important to work on and a reward system was discussed. Examples of self-management behaviors included specifics regarding self-monitoring of blood glucose, insulin dosing at meals, and adjusting insulin, but these were specific and unique for each parent-adolescent pair depending on their input. Independent from adolescents, parents chose goals that they felt were important and achievable for both themselves and their child. Conversely, adolescents chose goals that they felt were important and achievable for themselves and their parents. Tool responses were exchanged, and a shared decision-making process was utilized to choose mutually agreed-upon goals, tracking systems, and rewards.

For the present study, we focused on the impact of using this process on self-determined quality of life outcomes and diabetes distress.

As an example of a tracking and reward system, parents and adolescents were offered a jar and marbles in two different colors. Written on the jar were the agreed upon goals and rewards. Each time a behavior was demonstrated by either the parent or the adolescent, a marble of the corresponding color could be added to the jar. The adolescent could give the parent points and vice versa. Once an agreed upon number of marbles were added, an agreed-upon reward could be anticipated. This was not a required activity but was offered as an example to give a visual reminder of the goals that they had agreed upon.

Combined strategy – families participated activities for both the HIT-enhanced SMBG and family-center goal setting strategies. This required being instructed on the Telcare System and meeting with the research team to complete all the activities for the family-centered goal setting.



Data Collection Instruments

Validated questionnaires were administered to youth and parent participants to evaluate patient-centered outcomes measures. All questionnaires were self-administered via a tablet, and data were stored in Research Electronic Data Capture system: REDCap (Vanderbilt University, Nashville, TN, USA), a HIPAA-secure database system approved by the university and healthcare system (20). The youth participants completed five questionnaires at baseline and six months: 1) The Problem Areas in Diabetes Validated Scale (PAID-Peds) measured burden related to T1D management and related emotional distress (21); 2) The Pediatric Quality of Life Inventory (PedsQL) version 3.2 was an exploratory measure to assess health-related quality of life and youth participants completed the appropriate PedsQL version for their age, 8-12 years or 13-18 years (22, 23); 3) The Cleveland Adolescent Sleepiness Questionnaire was collected to assess sleepiness and alertness given the emerging data of higher sleep disturbances in youth with type 1 diabetes (24); 4) The Adherence in Diabetes Questionnaire measured behaviors regarding T1D management and treatment (25); and 5) an original patient satisfaction questionnaire was utilized to assess satisfaction with diabetes management during the study at baseline and six months (Supplementary Table 1).

Participating parents completed three questionnaires at baseline and six months: 1) Problems Areas in Diabetes (PAID) measured emotional distress and burden with the adolescent’s diabetes management (26); 2) The Parental Environment Questionnaire Parent-Child Conflict Scale measured parent-child conflict (27); and 3) an original parent satisfaction questionnaire (Supplementary Table 1) was utilized to assess satisfaction with their adolescent’s diabetes management during the study. The original satisfaction questionnaires were scored so that a higher score reflects a higher satisfaction level.



Analysis

We modeled the longitudinal changes in questionnaire responses at six months from baseline. In Statistical Package for Social Sciences version 26 (SPSS v26), we used repeated one-way ANOVA to compare the differences within and between subjects. Linear mixed effects models with random intercepts for subjects were used to model the longitudinal change in questionnaire responses at six months from baseline. The Kenward-Roger approximation was used to test within-subject differences between responses at baseline and 6 months for each intervention strategy group. A likelihood ratio test was used to measure this longitudinal change difference across the three groups. Data were assumed to be missing at random (MAR), and all analyses were conducted in R version 4.0.4 (2021-02-15). The linear mixed models were fit using the lme4 package.




Results

One hundred twenty-eight participants enrolled, and 102 families completed the run-in period and were randomized to one of three intervention strategies. Ninety participants completed both the baseline and 6 months study visits. Baseline characteristics of the participants are shown in Table 1. The average age of youth participants was 14.8 ± 1.6 years with half of the participants being female (49.5%). The predominant ethnicity/race was Non-Hispanic (89.9%) and white (85.9%).


Table 1 | Patient characteristics at baseline by intervention strategy assignment.



Baseline and six-month questionnaire responses are shown in Table 2. For child questionnaires, responses were comparable across the groups for all questionnaires at baseline. The scores for PAID-Peds did not change significantly from baseline to 6 months in any group and there were no between group differences in this measure during the study. The PedsQL scores for diabetes symptoms, treatment barriers, treatment adherence, and worry did not change significantly from baseline to 6 months in any group and there were no between group differences in these subscale measures. The PedsQL communication subscale score was increased at 6 months in the HIT-enhanced SMBG (meter-only) group (p=0.046). The total score on the Cleveland Adolescent Sleepiness Questionnaire changed only in the group assigned to combination therapy (p=0.022), indicating worse self-reported sleep quality, but there were not between group differences for change in this measure. Adherence in diabetes scores increased in youth participants assigned to the family-centered goal setting treatment strategy (p=0.01), but there were not between group differences for change in this measure. Satisfaction with the diabetes care plan increased in the HIT-enhanced SMBG (meter-only) group (p=0.047), but there were not between group differences for change in this measure. For parents responses were comparable across the groups for all questionnaires at baseline except for the Parental Environment questionnaire, which was lower in the combination therapy group at baseline (p=0.03). There were not between group differences for changes in any measure over time. Throughout the study, patient satisfaction with diabetes care was higher than parent satisfaction (baseline and 6-month differences, p<0.001).


Table 2 | Change in study outcomes by intervention strategy assignment modeled by linear mixed effects models with random intercepts for individuals.





Discussion

In this study, we evaluated patient-and parent-centered outcomes in participants in a comparative effectiveness trial of (1) a blood glucose meter that both shared blood glucose data among patients, their parent, and health care providers, and allowed for text-message communication (HIT-enhanced SMBG strategy); (2) a family-centered goal setting strategy; and (3) a combination of (1) and (2) (18). In youth participants, we found: 1) increased self-reported diabetes-related communication in the HIT-enhanced SMBG strategy group, 2) increased self-reported engagement with diabetes self-management as measured by The Adherence in Diabetes Questionnaire in the family-centered goal setting group, and, 3) worse self-reported sleep quality in the combination strategy group. Throughout the study, scores for self-reported satisfaction with diabetes management were higher in youth than parents. This suggests that patients and parents have different goals and expectations regarding their diabetes care management and care delivery.

Youth participants who were randomized into the HIT-enhanced SMBG strategy (meter only) perceived an improvement in diabetes-related communication during the 6-month treatment period. The lack of adequate communication between providers and patients with T1D is one of the major reported barriers for care (28). Some studies have suggested that greater communication with providers can ameliorate perceptions of barriers which can ultimately improve diabetes self-management and outcomes (29). However, despite the reported improvement in communication in this group, there were no significant objective changes in HbA1c in this group (Supplementary Table 2) (18). It may be that youth perceived communication was improved due to technological transfer of data to parents/healthcare providers, yet this did not transfer to actions that changed diabetes self-management behaviors.

Youth in the family-centered goal setting group reported increased engagement with diabetes self-management. Despite this perception, there were not significant improvements in either SMBG frequency or HbA1c as reported in our primary outcomes paper (Supplementary Table 2) (18). This discrepancy between increased perception of engagement with diabetes self-management and no change in HbA1c or frequency of SMBG could be related to the subjectivity of the scale or to the low test-retest reliability of the Adherence in Diabetes Questionnaire, which has not yet been established for this questionnaire (25). It could also be that youth who verbalize patient-centered goals during treatment self-report better engagement with diabetes self-management because the goals are better aligned with the patient’s reality rather than being assigned to them. Additional study is needed to further develop this patient-centered team approach so that youth-verbalized goals are highlighted and supported. Although those with continuous glucose monitors were excluded from our study, there is likely value in family-centered goal setting in this population and further study would be beneficial.

Although we did not document any significant changes in PAID-Peds questionnaires reported by youth, we noted that our youth scores were low (<40) (30). This reflects that the participants had low emotional distress and negative emotions, even at baseline. This might have been related to the 3-months run in period which can provide an added level of comfort to the participating families. It also suggests that families and youth who volunteer to participate in diabetes care studies may differ in important ways from the general population of youth with diabetes. Thus, the findings from this study may not be translatable to all populations of youth with diabetes.

Introducing diabetes technology can be associated with diabetes-related distress and sleep-related concerns (31). The greater the mental and physical burdens of treatment, the more likely they are to interfere with other aspects of health, including sleep. We documented a significant decline in self-reported sleep quality in youth participants in the combination therapy group. Sleep disturbances have been reported to be related to alarm fatigue and fear of hypoglycemia (31). Although we did not collect quantitative data on sleep outcomes, we speculate that night-time sleep disturbances could be related to the increased time associated with the use of the blood glucose meter that shared data among patients, their parent, and healthcare providers.

Strengths of our study include the randomized-controlled prospective design and 3-month run-in period. The run-in period was designed to blunt the positive effect that participation in a research study, on its own, may have on diabetes self-care and satisfaction with care. In addition, this trial was performed in a real-world clinic-based setting and questionnaires were completed at these appointment times. The limitations include that the study was underpowered for some of the analyses comparing group differences in the primary study. There were analysis limitations based on the questionnaires chosen for this study. The PAID-Peds and Adherence in Diabetes questionnaires are validated for age groups up to 17 years and our inclusion criteria included 18-year-olds. We did not collect all the psychological variables or quality of life data in the parents, which precluded evaluation of psychosocial similarities/differences in parents and their children. Satisfaction data reflected the overall experience with the clinic visit and could not be specifically attributed to the device or data sharing aspects of the study. The Adherence in Diabetes questionnaire was validated in a sample of Danish adolescents and may not have construct validity in US adolescents. There were clinical limitations as well. Due to clinic time and resource constraints, the needed family support may have been insufficient for establishing new care routines. There was no study-related clinical psychologist or social worker to provide ongoing support during the study. Finally, some adolescents may have been in the honeymoon period after diagnosis which may have affected outcomes.

In conclusion, our data do not support our hypothesis that the combination of a technology-enhanced blood glucose meter along with family-centered goal setting would result in higher levels of well-being or patient satisfaction. Our data suggest that recommendations to provide added support for patient-centered strategies in the pediatric/adolescent diabetes clinic may be needed. Youth with diabetes value communication via technology and perceive that communication is improved by technology. Strategies to ensure receipt of this data and interim management based on technology-driven communication should be pursued. Youth with diabetes value partnership and patient-centered goal setting, but parents may be frustrated when they do not get the results that they (parents) expect. Strategies to align youth and parent expectations with the goal of improving satisfaction could be utilized as a strategy to improve partnerships in diabetes care management. Consideration should be taken with regard to self-care strategies including sleep habits. Sleep quality may be decreased with increasing burden of diabetes care. Furthermore, next steps in this research will include implementing a shared decision-making clinical process in a virtual format in preparation for diabetes clinic visits.
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