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Abstract

Aims—Although most children with type 1 diabetes don’t achieve optimal glycemic control, no
systematic method exists to identify and address self-management barriers. This study develops
and validates PRISM (Problem Recognition in Illness Self-Management), a survey-based tool for
efficiently identifying self-management barriers experienced by children/adolescents with diabetes
and their parents.

Methods—Adolescents 13 years and older and parents of children 8 years and older visiting for
routine diabetes management (n=425) were surveyed about self-management barriers. HbAlc was
abstracted from the electronic health record. To develop PRISM, exploratory and confirmatory
factor analyses were used. To assess validity, the association of PRISM scores with HbAlc was
examined using linear regression.

Results—Factor analyses of adolescent and parent data yielded well-fitting models of self-
management barriers, reflecting the following domains: 1) Understanding and Organizing Care, 2)
Regimen Pain and Bother, 3) Denial of Disease and Consequences, and 4) Healthcare Team, 5)
Family, or 6) Peer Interactions. All models exhibited good fit, with X2 ratios<2.21, root mean
square errors of approximation<0.09, Confirmatory Fit Indices and Tucker-Lewis Indices both
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>0.92, and weighted root mean square residuals<1.71. Greater PRISM barrier scores were
significantly associated with higher HbAlcs.

Conclusions—Our findings suggest at least six different domains exist within self-management
barriers, nearly all of which are significantly related to HbAlc. PRISM could be used in clinical
practice to identify each child and family’s unique self-management barriers, allowing existing
self-management resources to be tailored to the family’s barriers, ultimately improving
effectiveness of such services.
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Introduction

The majority of children with type 1 diabetes are unable to adequately adhere to their self-
management regimen [1, 2], resulting in about 20% of children with poor glycemic control
[3] and over 50% with sub-optimal glycemic control [4]. Children unable to achieve
glycemic control can face devastating complications, seriously affecting duration and quality
of life, as well as family dynamics and finances [2, 5-7]. Further, sub-optimal glycemic
control in childhood predicts sub-optimal control in adulthood [8]. A recent publication
concluded, ‘The high percentage of US youth with HbAlc levels above the target value (...)
indicates an urgent need for effective treatment strategies to improve metabolic status in
youth with diabetes (p.668) [3].

While efficacious strategies to improve glycemic control are available, no single strategy
addresses self-management barriers adequately for every child or family. Many existing
strategies to promote diabetes self-management, such as the ADA self-management
curriculum or motivational interviewing, have small to moderate effects on adherence or
HbAlc [9-12]. Larger effects are often achieved by multi-component interventions that
incorporate both behavioral and educational strategies [9, 11, 13]. Yet these strategies can be
resource intensive with their delivery averaging 9 sessions over 7 months [11]. For example,
Behavioral Family Systems Therapy, a well-designed psychological intervention helping
adolescents with diabetes work with their families to achieve better control, was delivered as
12 sessions over a 6 month period [14]. Only 27% of eligible families agreed to enroll in the
study, despite $200 incentives to participate. Thus, with families for whom adherence is
already problematic, completing lengthy, intensive interventions may not be feasible.

In keeping with recommendations for family-centered care [15], attention to the unique
barriers experienced by the child/adolescent and their parents could improve effectiveness of
strategies to improve self-management. Understanding and addressing self-management
barriers for both parents and children/adolescents is essential, given the critical role families
play in optimizing diabetes outcomes as well as the developmental changes occurring
through childhood and adolescence[16]. Accepted conceptual frameworks, such as the
Theory of Planned Behavior, suggest numerous barriers that children and families may face
[17]. Adolescent perspectives on self-management barriers have been assessed for asthma
and type 1 diabetes, with the latter focused specifically on psychosocial barriers such as
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stress and stigma [18, 19]. Scores on these surveys were associated with disease control,
suggesting instrument validity. In addition, parent perspectives on diabetes self-management
barriers suggest potential commonalities across barriers as experienced by adolescents and
their parents [20].

Tailoring interventions to a family’s unique self-management barriers may be more effective
and efficient for families and for healthcare providers, rather than offering single-component
interventions that may not address a family’s own self-management barriers or multi-
component interventions that are not convenient or feasible. Ultimately, a tool to identify
self-management barriers could facilitate tailoring of available self-management resources to
these identified barriers. To that end, this research develops and validates PRISM (Problem
Recognition in Illiness Self-Management), a survey-based tool to efficiently identify the self-
management barriers experienced by children with diabetes and their parents. We use factor
analyses to develop and validate the PRISM tool’s structure. To assess concurrent validity,
we use linear regression to examine associations between PRISM scores and HbA1c.

Subjects and procedures

During the same 5-month period of two consecutive years, all parents accompanying
children 8 years and older for routine diabetes management visits were asked to complete a
survey including demographics, disease or regimen factors, and potential barriers to diabetes
self-management. This 5-month period was implemented to ensure adequate power for the
study. We wished to represent the barriers to self-management as experienced by three
different types of participants (parents of adolescents (13-17 years), the adolescents, and
parents of children (8-12 years)). Thus, based on standard approaches for estimating sample
size requirements for factor analyses, we required about 100-150 subjects in each
respondent group [21, 22]. The ~500 families of children with type 1 diabetes at our center
are typically asked to visit every 3 months. By extending our recruitment period 2 months
beyond the 3-month interval expected between visits, we were able to recruit families who
may not rigorously attend quarterly visits while minimizing effort expended on re-contacting
families who had already been approached. Adolescents at least 13 years of age also
completed their own survey. The vast majority of families approached (93%) agreed to
participate, resulting in a sample of 425 children/adolescents recruited from this large, mid-
western children’s hospital’s pediatric diabetes clinic. We excluded non-English speaking
families due to lack of valid survey measures in these populations.

Ethical considerations

The study received Institutional Review Board approval from the University of Wisconsin
prior to undertaking data collection. As is standard practice, all potential subjects were
initially approached by a member of their healthcare team, who ascertained their willingness
to learn about the study. For those who were interested, research assistants trained in ethical
treatment of human subjects and consenting practices in pediatrics then explained the study
in lay language and provided written study materials. In keeping with institutional policies
regarding consent, all parents and children ages 15-17 years gave informed consent, while
children ages 8-14 years provided assent.
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Materials and Methods

Development of diabetes self-management item pool

To ensure inclusion of items broadly representing theorized self-management barriers, we
used a recommended approach of using concepts from more than one accepted conceptual
model of health behavior [17, 23, 24]. Specifically, we retained the structure of the Theory
of Planned Behavior (TPB) because of its success in explaining variability in adherence and
its strong linkage between intention to adhere and actual adherence. The TBP includes
measurable constructs such as subjective norms [25]. Subjective norms reflect the person’s
determination of whether their interactions with important referent individuals (e.g., peers,
families, or healthcare providers) support their diabetes self-management behaviors. To this
structure, we added the concepts of perceived barriers and perceived benefits of self-
management from the Health Belief Model [26, 27]. For example, perceived barriers are
beliefs about the tangible and psychological costs of self-management (e.g., the belief that
following the diabetes self-management regimen takes a lot of time and work).

Two authors (EDC and KAF) reviewed the literature on diabetes self-management barriers
[18, 28-31] and an existing validated survey of adolescents’ asthma self-management
barriers [18], to develop a comprehensive item pool representing known pediatric chronic
disease self-management barriers. Based on review of the literature about known challenges
to self-management in pediatric diabetes, items reflecting family interactions as an important
barrier to self-management were drawn from validated surveys [32]. These items reflected
concepts such as listening to the youth’s ideas about their diabetes, understanding how the
child feels about his/her diabetes, or becoming angry when the child doesn’t take care of
his/her diabetes. To capture varying experiences and perspectives across parents of
adolescents, adolescents, and parents of children, we revised item wording to reflect each
participant’s perspective. For example, the first person language appropriate for the
adolescent’s perspective was adapted to “my child” in the parent surveys. We pilot tested the
items with families of children with diabetes, gaining parent and adolescent feedback on
clarity and completeness. Based on their feedback, definitions were provided for some terms
(e.g., “regimen”) and items were iteratively revised, but no items were dropped or added.
Responses on the 32 items were reported using a 5-point scale to quantify agreement with
experiencing the barrier (1=strongly disagree; 5=strongly agree). Positively worded items
were reverse-scored.

Other measures

In addition, surveys also assessed participant characteristics and disease or regimen factors
that have known or hypothesized relationships to glycemic control or self-management
barriers [7, 33—41]. Demographics included parent/child ages (continuous) and genders,
race/ethnicity (white, non-Hispanic vs all other), and parent education (standard categories).
Disease and regimen factors included years since diagnosis, child health status (excellent or
good vs all others), insulin pump use (yes/no) and comorbid chronic illnesses (e.g., attention
deficit/hyperactivity disorder, learning disorders, or developmental delay). The surveyed
chronic conditions were selected based on their frequency in populations in general
pediatrics or children with type 1 diabetes.
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Glycemic control, measured by HbAlc, was abstracted from the medical record by one
author (KAF) and two trained abstractors. Coinciding with each quarterly clinic visit, a
blood sample for hemoglobin HbAlc is either assessed by point of care HbAlc or sent to
clinical laboratories. Prior research suggests HbAlc values from these two methods are
comparable [42]. For each participant, we used the HbA1c value obtained closest to the date
of the survey completion. We excluded HbA1c values for 10% of respondents whose sample
was obtained more than 2 weeks before or after the date of survey completion. The inter-
abstractor reliability for HbAlc values was “near perfect” (intraclass correlation
coefficient=0.90). The values were considered continuous for modeling purposes.

We used means with standard deviations (sd) and proportions to describe participants. In
developing PRISM, we implemented the recommended practice of confirming the PRISM
structure across two independent datasets, using one dataset to develop the measure and
another dataset to confirm the measure [43]. To achieve this, we separated our data into
three samples (Figure 1) for use in our three analyses. To develop the PRISM barrier
domains and their items, we used Year 2 responses from those participants who contributed
data in both study years (n=248). To confirm the PRISM model structure on an independent
sample, we used data from those who participated in only one of the two survey years
(n=177, confirmatory sample). Lastly, to relate PRISM barrier scores to HbAlc, we used
responses from all Year 1 participants (n=297) for whom the HbAlc available from medical
record abstraction was within 2 weeks before or after the PRISM survey completion.

We used an iterative exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) process to develop the PRISM structure [44]. Because we wished to represent the
barriers to self-management as experienced by three different types of participants (parents
of adolescents (13-17 years), the adolescents, and parents of children (8-12 years)),
responses from these participant types were modeled separately. Eigenvalues were used to
determine the number of self-management barrier domains to be considered. Items that
cross-loaded in the EFA were forced to be orthogonal, based on conceptual frameworks and
factor loadings. Model fit was assessed using standard cut points on recommended criteria
(ledegrees of freedom (df), root mean square error of approximation (RMSEA),
comparative fit index (CFI), Tucker-Lewis Index (TLI), and weighted root mean square
residual (WRMR) [45]. Based on results of factor analyses, items were permitted to load on
different factors for each of the participant types. For example, the item reflecting parent
anger when the child makes a slip in self-management loaded on the “Denial of Disease and
Consequences” domain for parents of adolescents and loaded on the “Family Interactions”
domain for the adolescents.

Once well-fitting PRISM models for our three participant types were developed, CFA was
performed to confirm PRISM model structures by constraining the measurement models to
be similar across our two independent datasets [43]. Construct validity for models was
assessed using standard model fit criteria as described previously [45]. Discriminant validity
was assessed with average variance extracted.
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To assess concurrent validity, we performed linear regressions to examine the association of
PRISM scores with HbAlc, using data from Year 1 participants. Results are reported as beta
coefficients and 95% confidence intervals representing the increase in HbAlc associated
with a 1-unit increase in the PRISM domain barrier score. We regarded a two-tailed p<0.05
as significant for all analyses.

Participant characteristics

Table 1 provides participant characteristics for our three samples: 1) the factor analysis
sample to construct PRISM (n=248), 2) the independent, confirmatory sample (n=177), and
3) the regression analysis sample to relate PRISM barrier scores to HbAlc (n=297). In
general, most children were non-Hispanic, White, and in good to excellent health, with
slightly less than one-half having at least one other chronic illness. The mean HbAlc was
comparable across the samples, ranging from 8.3% (67 mmaol/mol) to 8.5% (69 mmol/mol)
respectively. About half of the children were using an insulin pump, and the mean time since
diabetes diagnosis was 5-6 years. Parents who accompanied children to the visits were
predominantly mothers and had a wide range of educational attainment.

Identifying PRISM Self-Management Barrier Domains

For parents of adolescents, analyses suggested a 6-factor solution (eigenvalues of 10.9, 4.0,
2.5,15, 1.3, and 1.3), including 1) Understanding and Organizing Care, 2) Regimen Pain
and Bother, 3) Denial of Disease and Consequences, and 4) Healthcare Team, 5) Family, or
6) Peer Interactions. For adolescents, analyses yielded a 5-factor solution (eigenvalues of
10.0, 4.1, 2.4, 2.1, and 1.7), including all factors in the parent model except Denial (Factor
2). For parents of children, analyses yielded a 4-factor solution (eigenvalues of 10.0, 5.3,
2.1, and 1.9), including all factors in the parent of adolescent model except Family and Peer
Interactions (Factors 5 and 6). Items and factor loadings are available in Table 2.

For factor 1, Understanding and Organizing Care, and factor 2, Regimen Pain and Bother,
items loaded similarly across the three participant types. Specifically, Understanding and
Organizing Care consisted of six items for parents of adolescents, five of which loaded for
both adolescents and parents of children. These items reflected knowledge of and ability to
follow the self-management regimen. Items for factor 2, Regimen Pain and Bother,
reflecting the undesirable effects of following the self-management regimen, were the same
four items across participant types. Factor 3, Denial, consisted of three items for parents of
adolescents and four items for parents of children. For parents of adolescents, these items
focused around the adolescent’s desire to forget s/he has an illness, ignore diabetes
consequences, and not put time into managing the disease. For parents of children, these
items focused on the child’s negative perceptions of how other unaffected family members’
and friends’ respond to them and their disease. For factor 4, Healthcare Team Interactions,
four items loaded for parents of adolescents, three items for parents of children, and five
items for adolescents. The three items common across all participant types reflect trust in the
providers, age-appropriate treatment of the child or adolescent, and believing one has
adequate time with the provider. For parents of adolescents, this factor also contained a
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fourth item reflecting the healthcare provider’s understanding of the regimen’s effect on
important aspects of the adolescents’ lives. For adolescents, two additional items
characterizing the healthcare providers’ verbal communication skills loaded on to the
Healthcare Team Interactions factor. Family Interactions, factor 5, consisted of four items
for adolescents and five for their parents; three of these items were common to both groups.
Factor 6, Peer Interactions, was represented by two items for parents of adolescents and
three for adolescents, addressing how the adolescents deal with diabetes in their interactions
with peers. Overall, four items did not load on any factor and were dropped.

Construct validity

CFA indicated good model fit for the final PRISM structures for all three participant types.
In addition, CFA confirmed this model fit on the independent confirmatory sample of
respondents, with good model fit (Table 3). All models exhibited good fit, with X2
ratios<2.21, root mean square errors of approximation<0.09, Confirmatory Fit Indices and
Tucker-Lewis Indices both >0.92, and weighted root mean square residuals<1.71. Tau
equivalence testing suggested unity weighting for the items in each domain, indicating
appropriateness for constructing average PRISM barrier domain scores for participants.

Discriminant validity

Average variances extracted (AVE) suggested discriminant validity for nearly all PRISM
domains as modeled for each of our three participant types. Specifically, for parents of
adolescents, discriminant validity was demonstrated for all domains except Peer Interactions
(AVE=0.42), with Denial and with Family Interactions. Similarly, for adolescents,
discriminant validity for all domains was demonstrated except for Understanding and
Organizing Care (AVE=0.54) with Regimen Pain and Bother and for Family Interactions
(AVE=0.57) with Healthcare Team Interactions. For parents of children, all PRISM domains
displayed discriminant validity.

Concurrent validity

HbA1c values were significantly related to PRISM barrier scores for nearly all barriers
across all three participant types (Table 4). Specifically, for parents of adolescents, four of
the six PRISM barriers were significantly related to HbAlc, with a 1-unit increase in PRISM
barrier score associated with 0.46% (5 mmol/mol) to 0.76% (8 mmol/mol) increases in
HbA1c. Similarly for adolescents, four of the five PRISM barriers were significantly related
to HbAlc, with a 1-unit increase in PRISM barrier score associated with a 0.34% (4 mmol/
mol) to 0.89% (10 mmol/mol) increase in HbAlc. Lastly, for parents of children, all 4
PRISM barriers were related to HbAlc, with a 1-unit increase in PRISM barrier score
associated with a 0.25% (3 mmol/mol) to 0.51% (6 mmol/mol) increase in HbAlc.

Discussion

Our findings suggest PRISM is a reliable and valid tool for identifying self-management
barriers among adolescents, their parents, and parents of children with type 1 diabetes.
PRISM administration in routine diabetes visits has strong potential to support the
healthcare system’s ability to address self-management barriers in a family-centered manner
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using existing, efficacious self-management resources. Family-centered care incorporates
the child and family’s input as to the education and support they need to participate in care
[15]. PRISM would encourage this input by efficiently identifying an individual child or
family’s unique self-management barriers on a short survey during routine diabetes
management visits. Our findings suggest at least 6 domains exist within parent and
adolescent self-management barriers: 1) Understanding and Organizing Care, 2) Regimen
Pain and Bother, 3) Denial of Disease and Consequences, and 4) Healthcare Team, 5)
Family, or 6) Peer Interactions.

As a whole, our findings suggest PRISM’s content, construct, concurrent, and discriminant
validity. The barriers identified by adolescents, their parents, and parents of children
correspond to those of accepted conceptual models of health behavior, including the Health
Beliefs Model and the Theory of Planned Behavior [17, 23]. Specifically, we found domains
consistent with motivation to self-manage (the regimen’s pain or bother and denial of the
disease or its consequences) and self-efficacy around understanding and organizing self-
care, as well as the influences of subjective norms as defined by peers, families or healthcare
team members. Further, the barrier domains suggested by our analyses correspond to those
articulated by children and adolescents with chronic disease and their parents [18, 19].
Lastly, PRISM scores for all three participant types predicted glycemic control, as measured
by HbAlc.

As expected based on the stages of child development, the barrier domains experienced
differ by participant perspective. Specifically, adolescence is characterized by increasing
importance of peer relationships and attempts to separate from parents to assert
independence [46]. Thus, not surprisingly, adolescents and their parents provided responses
reflecting barriers around peer or family interactions, while parents of children with diabetes
did not. In addition, adolescence is often characterized by an inability to recognize one’s
own mortality and the consequences of one’s actions [46]. Not surprisingly, adolescents did
not endorse denial of diabetes and its consequences as a barrier to their diabetes care, but
parents did.

Use of PRISM has several potential benefits for healthcare delivery systems. Most
importantly, PRISM identifies barriers for which healthcare systems may already have
efficacious interventions to meet the specific needs of the patient and family. The necessary
providers for these interventions may already be integrated into today’s multidisciplinary
diabetes care delivery. For example, if PRISM identified the barrier “Understanding and
Organizing Care,” many multi-disciplinary pediatric diabetes clinics would have a diabetes
educator available at the clinic visit. Further, access to these services is greatly enhanced
when the patient and family can be served in coordination with the routine diabetes self-
management visit. Group services in conjunction with or in lieu of routine diabetes self-
management visits have been shown to improve self-management in adult populations with
type 2 diabetes and for adolescent patients with type 1 diabetes [47, 48]. This arrangement
also facilitates dialogue between members of the care team. In addition, PRISM would allow
a healthcare organization to obtain data about the types of self-management support that
would be most beneficial to the families they serve. This data could be instrumental in
planning budgets and making staffing decisions. PRISM results may also illuminate areas
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where a new resource may need to be developed, either de novo or through adaptation of
existing resources.

As with all observational research, limitations must be considered. Although our work relies
on data from a single institution, our population is similar with regard to demographics and
disease factors to that of a nationally-representative survey of children with diabetes [3].
However, the limited number of minority respondents and fathers prohibited exploration of
the model’s fit for these specific populations. The self-reported nature of our data could,
through social desirability bias, lead to underreporting of self-management barriers,
resulting in our underestimating the prevalence of the barrier domains. While all models of
health behavior have intrinsic strengths and weaknesses [49], other models could also be
considered for conceptualizing the types of self-management barriers experienced by
children with type 1 diabetes and their families. As recommended, our work was grounded
in a blend of two well-accepted models [17, 23, 24], but future work could expand this
model to consider additional self-management barriers suggested in other models such as the
Health Action Process Approach. While our results address many aspects of reliability and
validity for the PRISM, future work could examine additional aspects such as the variability
in PRISM scores over time and how change in PRISM scores is related to fluctuations in
glycemic control. Future analyses could also relate PRISM barriers to other relevant
outcomes such as quality of life, as HbA1lc may not always be strongly related to self-
management [50]. In addition, given the large number of factors that can potentially
influence self-management, PRISM may represent only the first step in comprehensively
characterizing self-management barriers. Lastly, our analyses did not account for clustering
of response by physician. This likely reduces variability in responses and could overestimate
model fit.

In summary, PRISM offers a promising brief survey to identify the unique self-management
barriers faced by children with diabetes and their families. Identifying these barriers can
facilitate tailoring of self-management resources to meet these needs, potentially resulting in
greater effectiveness and efficiency in achieving glycemic control. Future work will further
examine the validity of the tool across gender and socioeconomic status, its potential
relationship to quality of life, and how its use in clinical settings can influence outcomes
such as glycemic control.
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Table 1
Family characteristics”
Factor analysis sample Confirmatory PRISM factor Regression analysis sample
(n=248) analysis sample (n=177) (n=297)
Child characteristics

Child age, years (mean(sd)) 13.2(2.7) 13.4(2.8) 13.1(2.7)
Female child, % (n) 51.6% (128) 50.3% (89) 56.6% (168)
Non-Hispanic, White, % (n) 93.50 (232) 88.7% (157) 90.2% (268)
Child health excellent to good, % (n) 95.6% (237) 92.7% (164) 93.6% (278)
Other chronic disease, % (n) 41.5% (103) 47.5% (84) 44.2% (126)
HbAlc

NGSP,T % (mean(sd)) 8.3% (1.4) 8.5% (1.6) 8.4% (1.4)

IFcC,¥ mmol/imol (mean(sd)) 67(15.3) 69 (17.5) 68 (15.3)
Insulin pump use, % (n) 54.8% (136) 45.8% (81) 54.2% (161)
Years since diagnosis (mean(sd)) 59(3.4) 6.0(4.2) 5.5(3.6)

Parent characteristics

Parent age, years (mean(sd)) 43.7(6.0) 43.8 (7.6) 43.3 (6.5)
Mother accompanied, % (n) 79.0% (196) 73.5% (130) 77.1% (229)
Parent education, % (n)

High school or less 21.4% (53) 17.0% (30) 21.2% (63)

Some college 35.1% (87) 36.2% (64) 34.0% (101)

Bachelor’s degree or more 42.7% (106) 46.3% (82) 43.1% (128)

*
Values may not add to 100% due to rounding
TNational Glycohemoglobin Standardization Program

IInternationall Federation of Clinical Chemistry
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