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Abstract

Executive function (EF) skills, parent—child conflict, and high blood glucose (BG) may impact child externalizing behaviors.
We examined these child and parent factors in families of 5-9 year olds with recent-onset type 1 diabetes (T1D). Parents
(N=125) reported child EF, child externalizing behaviors, and conflict regarding T1D-specific tasks. We used self-monitoring
BG uploads to calculate the percentage of time children had high BG (> 180 mg/dl). We entered data into a moderated path
analysis using MPlus8. The path analysis revealed a positive direct effect for parent-reported child EF and child external-
izing behavior (p <.01). Further, T1D-specific conflict moderated the positive association between parent-reported child
EF and child externalizing behaviors (p <.05). Early screening of child EF, externalizing behavior, and family conflict may
be particularly important in the recent-onset period of T1D. The introduction of T1D-related conflict after diagnosis may
impact child externalizing behavior and limited child EF skills that pre-date diagnosis.
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Introduction

Type 1 diabetes (T1D) is a common medical condition that
affects approximately 167,000 children in the United States
and 1.94 per 1000 children worldwide (Chiang et al., 2014;
Dabelea et al., 2014). T1D is characterized by a loss of
natural insulin production, a hormone necessary to regulate
blood glucose. Therefore, children with T1D must rely on
exogenous insulin to maintain normal glycemic levels (e.g.,
72—-142 mg/dl), and engage in a complex daily treatment
management regimen (e.g., adequate carbohydrate intake,
regular physical activity, and glucose monitoring) to main-
tain optimal glycemic levels. When T1D care is not closely
managed, however, children are at risk for developing severe
hyperglycemia (i.e., blood glucose concentration > 181 mg/

< Susana R. Patton
Susana.patton @nemours.org

Clinical Child Psychology Program, University of Kansas,
Lawrence, KS, USA

Pediatric Clinical Research Unit, Children’s Mercy Hospitals
& Clinics, Kansas City, MO, USA

Center for Healthcare Delivery Science, Nemours Children’s
Health System, 807 Children’s Way, Jacksonville, FL. 32207,
USA

dl) and urgent hypoglycemia (i.e., <54 mg/dl), which may
negatively impact the developing brain’s glucose utilization
and affect optimal executive functioning (Cameron, 2015;
Gonder-Frederick et al., 2009).

Executive functioning (EF) encompasses a set of skills
(e.g., behavioral inhibition, selective attention, working
memory, mental flexibility, problem solving, and planning)
that develop throughout childhood and are critical for cogni-
tive functioning, managing behavior, regulating emotions,
and engaging in social interaction (Anderson, 2002; Dia-
mond, 2013). Children who exhibit lower EF skills than their
peers are more likely to display increased negative emotional
responses and disruptive (i.e., externalizing) behavior (Bark-
ley, 1997; Clark et al., 2002). Unfortunately, some evidence
suggests that children with T1D may evidence more deficits
in EF skills than peers without T1D (Northam et al., 2001),
and these deficits associate with reduced self and parent-
reported T1D treatment management (Perez et al., 2017).
For example, a child with T1D and suboptimal EF may have
a more difficult time cooperating with tasks that require
behavioral inhibition (e.g., dosing insulin before eating),
organization (e.g., remembering to keep T1D supplies on
hand or keep track of a continuous glucose monitor transmit-
ter), and short-term memory skills (e.g., recalling T1D man-
agement tasks performed earlier in the day). Further, there is
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evidence that T1D-specific family conflict (e.g., parent and
child disagreements regarding T1D treatment management
tasks and daily activities that impact glycemic levels) and
under-developed child EF skills associate with suboptimal
T1D treatment management and glycemic control (Bagner
et al., 2007; Hilliard, Holmes, et al., 2013; Hilliard, Wu,
et al., 2013; McNally et al., 2010). In addition to family
conflict and suboptimal EF, behavioral issues, including
externalizing behaviors (e.g., oppositionality, defiance,
hyperactivity) can exacerbate problems with T1D manage-
ment during school-aged years because these management
tasks require child cooperation (Duke et al., 2008). Families
of school-age children with T1D in particular seek clini-
cal assistance with child externalizing behaviors because
poor child cooperation can interfere with the completion
of important T1D management tasks which may ultimately
affect the child’s glycemic control (Cohen et al., 2004).
To date, no study has sought to examine how parent—child
conflict and child EF relate to child externalizing behaviors
in youth with T1D, in a single model, thereby limiting our
understanding of how they may relate to children at risk for
suboptimal glycemic control.

In considering factors that may impact the associa-
tion between EF and externalizing in children with T1D,
glycemic control may play a role. This study utilized the
pediatric psychology transactional model to explore how
T1D-specific conflict, glycemic control, parent-reported
child EF, and externalizing behavior may relate to each
other. The transactional model proposes reciprocal interac-
tions between child health and behavior, and parent char-
acteristics and experiences (Fiese & Sameroff, 1989). In a
previous study, researchers have explored how blood glu-
cose variability (i.e., fluctuating periods of hyperglycemia
and hypoglycemia) and parent stress associate with child
externalizing behavior (Hilliard et al., 2011). Blood glucose
variability did not emerge as a significant predictor, possibly
due to findings that suggest more time in the hyperglyce-
mic range associate with increased externalizing behavior
compared to time in the hypoglycemic range (McDonnell
et al., 2007; Northam et al., 2005). Here, this study seeks to
conduct a novel extension of these associations by examin-
ing blood glucose values as moderators of EF and external-
izing behaviors, and focusing on children aged 5-9 years
with recent-onset T1D. Children aged 5-9 years with new
onset T1D are at risk for declining glycemic control in the
years following diagnosis (Clements et al., 2014). It may be
clinically important to identify factors that can complicate
glycemic control soon after diagnosis in an age group where
glycemic control begins to deteriorate to identify potential
early intervention targets. We also believed that it was novel
to focus on children with recent-onset T1D to extend the use
of the transactional model in T1D. Therefore, we tested the
moderating role of T1D-specific conflict and percent of high
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blood glucose values on the association between child EF
and child externalizing behavior in a recent-onset sample.
We hypothesized that T1D-specific conflict and high blood
glucose values would add unique variance and exacerbate
the association between child EF and child externalizing
behavior.

Methods
Participants

We recruited 131 families from two large endocrinology
clinic networks in the Midwestern and Rocky Mountain
regions of the U.S. to participate in a longitudinal study
examining glycemic control in children aged 5 to 9 years old
with recent-onset T1D. To be eligible for this study, children
had to be less than 12 months from their T1D diagnosis,
between 5 and 9 years old, English speaking, and on inten-
sive insulin therapy (e.g., multiple daily injections or insulin
pump). This study excluded children with a developmental
delay (i.e., autism, cerebral palsy, or intellectual disability),
any comorbid chronic condition (e.g., renal disease), a diag-
nosis of Type 2 or monogenic diabetes, and any medica-
tion use that could impact glycemic control (e.g., systemic
steroids). One hundred twenty-five families completed the
baseline assessment, and their data are included in the pre-
sent analyses.

Procedures

The Institutional Review Boards of both participating hospi-
tals provided ethical approval for all study procedures prior
to study recruitment. A study coordinator approached eligi-
ble families during a regularly scheduled diabetes clinic visit
or recruited families via telephone. A parent/legal guardian
provided written informed consent for their child, and when
age appropriate, children completed an assent form. Parents
completed study measures on a tablet computer. Research-
ers used blood glucose data uploaded from children’s glu-
cometers for the 2 weeks prior to the study visit. Parents
received $30 for completing the questionnaires and each
child received a toy valued at $10 for their participation.

Measures
Demographic Information

Parents reported their child’s date of birth, T1D duration,
sex, race/ethnicity, treatment regimen (e.g., multiple daily
injections or continuous subcutaneous insulin infusion),
continuous glucose monitor use (yes or no), and any T1D-
related adverse events (e.g., severe hypoglycemia, seizure)
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at their baseline visit. Parents also reported family income,
parent employment status, and parent education level.
Researchers verified medical data through electronic health
record (EHR) review. Research staff noted very few discrep-
ancies between parents’ responses to questions related to
their child’s medical history (e.g., insulin regimen, continu-
ous glucose monitor use, T1D-related adverse events) and
their child’s EHR. In the few cases of a discrepancy (e.g.,
frequency of severe hypoglycemia), researchers used the
parents’ response as families may not report these events to
their child’s diabetes provider.

Blood Glucose

Families used their own blood glucose test strips and glu-
cometers to measure their child’s blood glucose concentra-
tion throughout the day. Researchers downloaded 2 weeks
of self-monitoring blood glucose data from the glucometers
for the weeks just prior to each study visit. Researchers used
the glucose value ranges recommended by Bergenstal et al.
(2013) to estimate the percentage of time each child was low
(<70 mg/dl), in range (70-180 mg/dl), and high (> 180 mg/
dl). Researchers assessed the frequency each child and fam-
ily checked blood glucose each day and did not include
glucose values on days where the total number of glucose
checks was two standard deviations below the mean number
of checks for the total study period.

Parent-Reported Executive Functioning

Researchers used the Behavior Rating Inventory of Execu-
tive Function (BRIEF) to measure parent-reported deficits
in child executive functioning. The BRIEF is a valid meas-
ure of EF for children and adolescents aged 5-18 (Gioia
et al., 2000). It includes 86 items in which parents’ rate how
often an item has occurred in the previous 6 months using
a 3-point Likert scale (i.e., never, sometimes, often). The
BRIEF includes two index scores (e.g., Behavioral Regula-
tion Index [BRI] and Metacognition Index [MI]) and one
composite score (e.g., Global Executive Composite [GEC]).
In all cases, lower scores indicate better executive function-
ing. Internal consistencies for the GEC, MI, and BRI in
the current sample were a=0.93, a=0.92, and a=0.81,
respectively.

Child Externalizing Behaviors

We used the Eyberg Child Behavior Inventory (ECBI)
to measure parent-report of child externalizing behavior
(Eyberg & Ross, 1978). The ECBI includes 36 items that
parents respond to using a 7-point Likert scale (i.e., never to
always). The scores from the Likert scale form the Intensity
Scale. Parents also rate if they perceived each behavior as

problematic via a dichotomous “yes/no” response. In this
case, the sum of “yes” responses for items forms the Prob-
lem Scale. For both the Intensity and Problem Scales, higher
scores indicate more externalizing behaviors. The internal
consistency for the ECBI in the current sample was a =0.96.

Diabetes-Specific Conflict

We used the Revised Diabetes Family Conflict Scale (DFCS)
to measure parent-reported T1D-specific conflict (Hood
et al., 2007). The DFCS has 19 items and parents respond
using a 3-point Likert scale (i.e., | =never argue, 2 =some-
times argue, and 3 = always argue), with higher scores indi-
cating higher conflict. The DFCS includes two subscales,
one that reflects conflict related to routine T1D manage-
ment tasks (Direct, i.e., rotating injection sites or infusion
sets, eating meals, and snacks) and one that reflects conflict
related to periodic T1D management tasks (Indirect, i.e.,
what to eat when away from home). We used the Direct sub-
scale as the measure of T1D-specific conflict in our model
as the Indirect subscale was deemed less developmentally
appropriate for the age range of the study sample. The inter-
nal consistency for the Direct subscale for the current sample
was a=0.89.

Data Analysis

We first assessed for possible covariates by examining
bivariate correlations between demographic variables (i.e.,
HbAc, duration of T1D, child age, child sex, child ethnic-
ity) and the scores from the parent-reported questionnaires.
Then, we entered data into a moderated path analysis model
using MPlus8 (Muthén & Muthén, 2017) to test the moderat-
ing role of percent of high blood glucose values and T1D-
specific conflict on the association between parent-reported
EF and child externalizing behaviors. We constructed one
latent construct representing Externalizing Behaviors. The
Externalizing Behavior latent variable used the two sub-
scales of the ECBI measure, representing the intensity and
number of child externalizing behaviors. We then regressed
child externalizing behaviors onto parent-reported child EF,
percent high blood glucose values, parent perceived T1D-
specific conflict, and each two-way interaction (i.e., parent-
reported child EF by percent high blood glucose values and
parent-reported child EF by parent perceived T1D-specific
conflict). To probe for significant interactions, we conducted
simple slopes analysis in Mplus using the model constraint
command and conditional values of 0 and 1 to denote differ-
ences between one standard deviation above and below mean
T1D-specific conflict. All models used maximum likelihood
estimation with robust standard errors. To examine overall
model fit, we evaluated the model chi-square 4 test of signif-
icance, comparative fit index (CFI), standardized root mean
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square residual (SRMR), and the root-mean-squared error of
approximation (RMSEA). We used established benchmarks
of model fit, such that CFI values>0.90 and SRMR and
RMSEA values < 0.10 indicated better model fit.

Results
Descriptive Statistics

Children had a mean time since T1D diagnosis of
4.61 months (SD=3.19) and a mean age of 7.45 years
(SD =1.34). Most parents identified their child as non-
Hispanic White (89.3%) and approximately half the sample
identified their child as female (52%). Mean child hemo-
globin Alc (HbAlc) at baseline was 7.63% (SD=1.37;
58 mmol/mol). Parents had a mean age of 36.62 years
(SD =6.40 years), 88.8% were mothers, and 80.8% were
married. Seventeen percent of children used an insulin
pump, 83% used multiple daily injections, and 20% per-
cent of children used a continuous glucose monitor (CGM).
Families checked blood glucose levels 6.82 (SD=2.71) per
day on average. Regarding EF, parents reported clinically
significant deficits on the GEC for 15.4% of children, and
clinically significant deficits on the MI and BRI for 14.6%
and 16.9% of children, respectively. Approximately 8.5%
of parents reported clinically significant problems on the
ECBI; common concerns included the child getting angry
when they do not get their way, lingers at mealtimes, and
refuses to go to bed on time. Parents reported an average
DFCS score of 23.07 (SD=23.58) and a mean Direct Con-
flict score of 11.8 (SD =3.6). Parents commonly reported
higher perceived conflict when rotating injection or infusion
sites, during meals and snacks, and when remembering to
check blood glucose. Children’s blood glucose values were
high 31.8% of the time, on average, for the entire sample.
Additional descriptive statistics are in Table 1. Prior to con-
ducting our primary analyses, we examined bivariate cor-
relations between HbA ¢, duration of T1D, child age, child
sex, child ethnicity, and parent-reported scores. We observed
a significant correlation between duration of T1D diagnosis
and parent-reported T1D-specific conflict (r=0.21) and no
other correlations were significant.

Path Analysis

The model fit statistics indicated good fit, ;(,%,(4) =11.107,
p=.049; RMSEA =0.057, 90% CI [0.003, 0.103],
PrMSEMA<=0.05 = 0.336, CFI=1.00, and SRMR =0.08. We
entered duration of T1D diagnosis in the path analysis as
a covariate and the moderated path analysis revealed a
main effect for parent-reported child EF and child exter-
nalizing behavior (f=8.04, p=.01), such that there was an

@ Springer

Table 1 Descriptive data for each measure

Measure M SD %

BRIEF T-scores

GEC 49.09 12.08
BRI 50.69 11.45
MI 47.86 11.80

DFCS total score 23.07 6.18

Direct management tasks 11.72 3.58

Indirect management tasks 11.35 3.05

ECBl intensity scale T-score 46.62 9.80

ECBI problem scale T-score 48.52 6.76

Blood glucose
High (> 180 mg/dl) 31.8
In range (70-180 mg/dl) 62.2
Low (<70 mg/dl) 6.0

association between greater deficits in parent-reported child
EF and higher levels of child externalizing behavior. There
was no main effect for percent high blood glucose (p =.66)
or parent perceived T1D-specific conflict (p=.33). While
these relationships were non-significant, their direction
was in the expected positive direction. However, a two-way
interaction emerged indicating that T1D-specific conflict
moderated the relationship between parent-reported child
EF and child externalizing behaviors (f=1.03, p=.01).
Results of simple slopes tests revealed that the slope of the
line representing the association between parent-reported
child EF and child externalizing behaviors was significant
for parent perceived T1D-specific conflict one SD above the
mean. This finding suggests that when T1D-specific conflict
is elevated, parents who perceive more EF deficits in their
child also report more externalizing behaviors (f=16.40,
p=.05). Figure 1 presents our path model describing the
associations among parent-reported child EF, percent high
blood glucose, parent perceived T1D-specific conflict, and
child externalizing behaviors.

Discussion

The present study examined several predictors of child exter-
nalizing behavior in a sample of children with recent-onset
T1D. Our findings suggested that child externalizing behav-
iors may associate with T1D-specific conflict in families of
children with recent-onset T1D and parent-reported child
deficits in EF but does not appear related to our proxy of
child glycemic control. In this way, our findings may offer
important treatment considerations for clinicians working
with families during the recent-onset period of T1D.
Previous research indicates that child cooperation and
adequate EF skills are important for TID management
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Fig. 1 Moderated path analysis
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(Holmes et al., 2006). In particular, one study suggests
parent-reported child EF deficits associate with suboptimal
treatment engagement and lower child-reported quality of
life (Perez et al., 2017). Daily T1D management requires
several complicated behaviors, including dosing for insulin,
monitoring blood glucose levels, counting carbohydrates,
moderating dietary intake, and monitoring physical activity
to treat non-normal blood glucose levels. Performing T1D
management tasks effectively could be difficult for parents
of a school-aged child with T1D who has deficits in the
primary components of EF, such as behavioral inhibition,
organization, and following routines. For example, deficits
in EF could make it harder for a child with T1D to comply
with adult directives to moderate their food intake or activ-
ity levels related to a high or low glucose level, to keep
track of T1D management supplies, or to follow through
with scheduled T1D management tasks (e.g., seeking
adult help with insulin dosing before eating; Bagner et al.,
2007). Moreover, under-developed EF skills would make it
more challenging for school-age children to become more
involved in their T1D management tasks and to begin to
assume any autonomy for their T1D management (Wasser-
man et al., 2015). Thus, when treating school-age children
with T1D, clinicians may consider assessing children’s EF
levels to inform appropriate T1D management expectations.
In addition, these data could inform T1D education. Based
on a child’s EF levels, parents could consider modeling T1D
management behavior with their child for building skills and
whether offering immediate positive feedback for newly
acquired skills could help encourage maintenance of new
skills. In particular, praise and rewards may be helpful for
younger children or helpful for children who struggle with
behavioral disinhibition. Children with deficits in behavio-
ral disinhibition and organization might also benefit from
one-step prompts as they are beginning to complete T1D
management tasks more independently, while environmental
cues and reminders might also help if children have trouble
following a routine.

Future studies may consider examining how child
EF skills relate to shared responsibility of daily T1D

£=8.04 - Externalizing
4 Behavior
< s
Percent of High BG

management tasks between the parent and child when con-
sidering factors that impact child glucose outcomes. For
example, if a school-age child assumes some responsibility
for completing their own T1D self-management tasks, and
their EF skills are under-developed, we may expect to see
some effect on their blood glucose levels due to an imbal-
ance of EF skill and increased cognitive demand. Lastly, the
present study did not assess for parental EF skills; however,
previous studies demonstrate that youth are more likely to
have suboptimal glycemic control if their parents have poor
problem-solving skills (Wysocki et al., 2008), and there may
be a link between lower parent EF skills and challenging
child behavior (Deater-Deckard et al., 2012). Researchers
may consider how parental EF skills fit in models of child
glycemic control and behavior in youth with T1D in future
studies.

Our results also suggest that T1D-specific family conflict
may exacerbate the relationship between child EF and child
disruptive behavior, which may have implications for T1D
outcomes. Indeed, several published studies show a positive
association between child externalizing behaviors and family
conflict and a negative association between child external-
izing behaviors and child cooperation around T1D manage-
ment behaviors (Anderson et al., 2002; Miller & Drotar,
2003; Weinger et al., 2001). There are also two published
studies reporting positive associations between child mis-
behavior and externalizing behaviors and suboptimal T1D
outcomes without the influence of family conflict (Cohen
et al., 2004; Patton et al., 2006). In the present study, parent-
reported conflict was higher than previous reports (Laffel
et al., 2003) suggesting that the recent-onset period may be
a particularly challenging time for parents and school-age
children with T1D. Thus, when aiming to intervene in the
recent-onset period of T1D, clinicians may want to consider
how high levels of family conflict related to child disruptive
behaviors could thwart interventions aimed to improve child
health outcomes. In the event, family conflict is a barrier, cli-
nicians should focus on incorporating principles from behav-
ioral family systems therapy to improve positive commu-
nication habits, assist families in problem-solving specific
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points of conflict, and address unhelpful beliefs and attitudes
about each person’s behavior (Wysocki et al., 2006).

High glucose levels may impact a child’s cognitive per-
formance, a dimension of EF, which could have important
implications for children with T1D (Gonder-Frederick et al.,
2009). Interestingly, the results of the present study did not
suggest that high blood glucose levels moderate the relation-
ship between parent-reported child EF and child external-
izing behaviors. Rather, the findings of the present study
align with previous studies that suggest certain measures of
glycemia or glycemic control may not associate with parent
ratings of child behavior (Hilliard et al., 2011). The present
study did not measure family adherence to insulin require-
ments; however, the variability in a child’s response to their
insulin treatment could influence the percentage of time
they experience high glucose values. Future research studies
should consider assessing other factors of T1D management,
such as insulin regimen, which may be more salient when
assessing child disruptive behaviors or family functioning in
families of children with T1D.

While the present study provides the opportunity for cli-
nicians to consider intervention targets in children recently
diagnosed with T1D, there are some limitations to note.
First, we used a transactional framework for constructing our
theoretical model; however, other frameworks would suggest
alternative factors to explore (e.g., coercion theory would
suggest we study parenting style in our model). Therefore,
we need additional research testing alternative models and
theoretical frameworks. Second, we solely collected parent
self-report of three similar constructs measured cross sec-
tionally which limit our ability to make temporal or causal
assumptions. Future studies aiming to use a moderation
analysis should consider an experimental research design
where the predictors or moderators may be altered to rigor-
ously examine the proposed interactions. A multi-method,
multi-reporter (e.g., other parents/caregivers, teachers) lon-
gitudinal design would provide additional opportunities to
gain new information regarding the associations of interest.
Third, the original validation of the DFCS included children
older (i.e., 8-18 years old) than the current study sample. To
address this, we choose to omit the Indirect Management
subscale of the DFCS in the path model because the items
on this subscale are less developmentally appropriate for the
younger age range in our sample. The items in the Direct
Management subscale more appropriately assess for conflict
between the parent and child regarding the time needed to
complete daily task, rather than assessing who takes respon-
sibility for the task. Fourth, our sample was largely homo-
geneous regarding race and ethnicity, and while the demo-
graphics were typical of the participating clinics and for T1D
in general, this may limit generalizability. Fifth, we were
unable to control for the potential impact of the honeymoon
period in our model because children with T1D may exit the
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honeymoon period at varying times during the recent-onset
period. Lastly, our EF measure is a parent-report behavio-
ral rating scale of the child’s observable behavior and not
a performance-based measure. Toplak et al. (2013) report
that behavioral rating scales for EF best capture higher-order
processes (e.g., planning, problem solving), while perfor-
mance-based measures best capture lower-order processes
(e.g., working memory, inhibitory control). Therefore, it is
possible that we did not obtain a complete assessment of
child EF. However, because planning and problem solving
are skills essential for optimal T1D management (e.g., dos-
ing insulin based on carbohydrate intake or coordinating
eating and physical activity to maintain safe blood glucose
levels), and these skills can be accurately captured in behav-
ioral rating scales, we perceive this as a minor limitation.

The findings of the present study may guide assessment
and intervention in the recent-onset period of T1D by spe-
cifically calling for early screening of child EF, family con-
flict, and child externalizing behavior. While it is likely that
child externalizing behavior and limited child EF skills will
pre-date T1D for most families, a diagnosis of T1D is life
changing and likely to add considerable stress in families
(Whittemore et al., 2012). Therefore, it is possible that the
additional stress and worry associated with T1D could fur-
ther exacerbate conflict in families who already perceive
child EF deficits and problematic behavior. Fortunately,
problem-solving interventions can reduce T1D-specific con-
flict and yield promising results for glycemic control and
better parent involvement in T1D management (Cook et al.,
2002; Mulvaney et al., 2011). Further, our findings also
highlight a need for additional research examining screen-
ing tools to identify children with behavioral issues and lim-
ited EF skills, as well as families with T1D-specific conflict
in children recently diagnosed with T1D. The American
Diabetes Association currently recommends screening for
internalizing symptoms (i.e., depression, anxiety) and eat-
ing disorders; however, there are no specific guidelines for
the assessment of other behaviors at the time of diagnosis
or during routine follow-up care. To fill this gap in the lit-
erature and improve patient care, researchers and clinicians
may consider the addition of these screening tools during
the recent-onset period in order to better assess families’
needs for psychological care and to accelerate the generation
of real-world evidence regarding family functioning in the
recent-onset period.
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