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Abstract

Objective Impairments in executive function (EF) skills have been observed in youth with type 1
diabetes (T1D), and these skills are critical for following the complex treatment regimen. This study
examines parent reports of EF in relation to measures of adherence, glycemic control (A1c), and
psychosocial outcomes (depression and quality of life) in adolescents with T1D. Methods A total
of 120 adolescents (aged 13-17 years, 52.5% female, 87.5% White) with T1D and their parents com-
pleted questionnaires. Glucometers were downloaded and Al1c was obtained during clinical visits
at the time of enroliment. Results The prevalence of clinically significant elevated scores on spe-
cific EF skills ranged from 11 to 18.6%. In multivariate analyses, parent-reported EF deficits were as-
sociated with poorer adherence and lower quality of life, explaining 13 and 12% of the variance, re-
spectively. Conclusions Adolescents with T1D exhibit specific EF deficits that may negatively

impact their quality of life and their ability to engage in self-management activities.
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Introduction

Type 1 diabetes (T1D) ranks among the most prevalent
pediatric chronic illnesses, with estimates of >18,000
new annual cases in the United States in youth <20
years of age (Center for Disease Control and
Prevention, 2014; SEARCH for Diabetes in Youth
Study Group, 2007). Compared with other age-groups,
adolescents with T1D are at a particular risk for deteri-
orating glycemic control and poor treatment adherence
because of psychosocial and physiological changes
(Clements et al., 2015; Hilliard, Wu, Rausch, Dolan, &
Hood, 2013). Furthermore, increased depressive symp-
toms and decreased quality of life are more prevalent in
adolescents with T1D as compared with healthy popu-
lations (Grey, Whittemore, & Tamborlane, 2002;
Varni et al., 2003), with differences more pronounced

among females than males (Hood et al., 2006;
Naughton et al., 2014). The negative impact of these
psychosocial issues further elevates the likelihood of
poorly controlled diabetes (Baucom et al., 2015;
Hilliard et al., 2013; Lawrence et al., 2012).

The risks associated with poor glycemic control are
well documented. Long-term complications such as
retinopathy, cardiovascular disease, and neuropathy
have been linked to suboptimal glycemic control, par-
ticularly hyperglycemia (DCCT Group, 2000; Wood
et al., 2013). The complex treatment regimen recom-
mended to achieve and maintain optimal glycemic
control includes frequent blood glucose checks, moni-
toring carbohydrate consumption, and multiple daily
administrations of insulin (American Diabetes
Association, 2016). Following this regimen requires
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careful planning (e.g., remembering to bring supplies)
and complex decision-making (e.g., making adjust-
ments to insulin based on activity level or food intake),
and treatment adherence often presents a challenge for
adolescents. During adolescence, responsibility for
completing these tasks typically shifts from parents to
adolescents, which may further compromise diabetes
management (Anderson et al., 2002). Given the com-
plexity of treatment management, the influence of ad-
olescent cognitive factors has recently been explored
in relation to adherence behaviors and outcomes.
Specifically, previous studies in youth with T1D have
identified associations between treatment-related vari-
ables and executive function (EF), or the ability to
plan, organize, and monitor goal-directed behavior
(Duke & Harris, 2014).

Given the complex tasks involved in T1D manage-
ment, and the potential implications of suboptimal cog-
nitive function, EF is an important component to
consider when researching treatment adherence. To
guide our understanding of EF, we used a widely ac-
cepted, three-component framework for EF, consisting
of three cognitive tasks: updating (i.e., keeping track of
and adjusting working memory content), shifting (i.e.,
alternating between tasks or cognitive sets), and inhibi-
tion (i.e., behavioral self-control; Miyake et al., 2000).
Recent evidence suggests that this structure emerges as
children advance through adolescence (Lee, Bull, &
Ho, 2013). Generally, substantial gains in inhibition
occur early in childhood (Best & Miller, 2010;
Boelema et al., 2014), while working memory and
shifting abilities improve gradually throughout adoles-
cence (Best & Miller, 2010; Boelema et al., 2014; Lee
et al., 2013). Evidence from neuroimaging literature in-
dicates that brain development continues during adoles-
cence through axonal myelination and changes in
synaptic organization and connectivity in the prefrontal
cortex (Blakemore & Choudhury, 2006; Spear, 2013).
These changes that take place during adolescence may
play a contributing role in the development and honing
of EF skills (Spear, 2013). Impairments in EF may be
the result of variations in brain function or structure
(i.e., slower gray and white matter growth) in youth
with T1D in response to glycemic variability (Lin,
Northam, Rankins, Werther, & Cameron, 2010;
Mauras et al., 2015; Ohmann et al., 2010). On the
other hand, adolescents who have problems with EF
may have greater difficulty engaging in treatment man-
agement, resulting in suboptimal glycemic control.

Despite the considerable neurodevelopmental changes
that mark adolescence, and the increased risk of subopti-
mal glycemic control characteristic of adolescents with
T1D, the role of EF in adolescents with T1D remains an
understudied area. The limited number of studies that
have been conducted in adolescents with T1D have iden-
tified associations between general constructs of EF and

adherence (Bagner, Williams, Geffken, Silverstein, &
Storch, 2007; Berg et al., 2014; McNally, Rohan,
Pendley, Delamater, & Drotar, 2010; Smith et al.,
2014); however, these studies have relied on subjective
measures of adherence (i.e., questionnaires and inter-
views), and at least two included younger children, who
may not be responsible for treatment management
(McNally et al., 20105 Smith et al., 2014). The literature
examining EF and glycemic control includes mixed find-
ings, with some studies indicating a significant associa-
tion (e.g., Berg et al., 2014; Nylander et al., 2013), but
others finding no relationship between these variables
(e.g., Smith et al., 2014). One study examined EF in rela-
tion to both adherence and glycemic control and found
significant associations only among males (Graziano
et al., 2011), while a recent study piloted a novel
diabetes-specific measure of EF and found significant as-
sociations for both adherence (adolescent and parent re-
port) and glycemic control (Duke, Raymond, & Harris,
2014). These findings have not been replicated, further
indicating a need for additional research to explore these
factors. Finally, none of these studies examined EF in re-
lation to psychosocial outcomes in adolescents with
T1D, such as quality of life or depression.

Current Study

To address these limitations and current gaps in the ex-
isting literature, the current study examined the relation-
ship between specific aspects of parent-reported EF,
glycemic control, and adherence, captured through sub-
jective reports (parent and adolescent questionnaires)
and objective glucometer data. The current study fo-
cused on the specific components of EF discussed above
(i.e., shifting, updating, and inhibition), which may pro-
vide important clinical information. We hypothesized
that poorer EF would be associated with lower adher-
ence across measures. In line with previous studies, we
also predicted that poorer EF would be associated with
worse glycemic control (i.e., higher hemoglobin Alc). In
addition, we sought to describe the relationship between
EF and psychosocial outcomes, including depression and
quality of life in adolescents of studies with T1D.
Finally, given that sex differences in outcomes of studies
with adolescents with T1D have been inconsistent
(Graziano et al., 2011; Hood et al., 2006; Naughton
et al., 2014; Nylander et al., 2013), we explored sex as a
potential moderator of the associations between EF, ad-
herence, glycemic control, and psychosocial outcomes.

Methods

The current study was a cross-sectional analysis of base-
line data collected in a pilot randomized trial of a posi-
tive psychology intervention for adolescents with T1D
(ClinicalTrials.gov NCT02746627). Adolescents were
approached at their routine diabetes appointments at an
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academic medical center. Adolescents were eligible if
they met the following criteria: (1) age 13-17 years, (2)
diagnosed with T1D for at least 6 months, (3) no other
major health problems, (4) not participating in other in-
tervention studies, and (5) Alc level between 8.0 and
12.0% at the time of recruitment. Of the adolescents
approached (7 = 183), 63 (34%) declined participation
(most common reasons were lack of time and interest).
There were no significant differences in those who did
and did not participate related to age, mean Alc, sex, or
race/ethnicity. Data analyses included a sample of 120
participants (see Table I for demographic and clinical
characteristics).

Procedures
All study procedures and measures were approved by
the university’s institutional review board/Human

Research Protection Program. Parents and adolescents
provided consent/assent and completed electronic
questionnaires on a HIPAA-protected secure site
(REDCap; Harris et al., 2009). Glucometer data were
downloaded if available, but if participants forgot
their meters, attempts to capture glucometer data
were made at subsequent clinic visits (meter data were
available from 93%). Parents and adolescents were
compensated for their time.

Adolescents and parents agreed to participate in a
randomized trial comparing an 8-week education in-
tervention (7 = 60) with a positive psychology inter-
vention (7 = 60). Adolescents in both groups
completed brief measures of mood every 2 weeks by
phone or text during the active phase of the interven-
tion, and adolescents and their parents completed
questionnaire data at 3 and 6 months.

Table I. Demographics and Baseline Clinical Characteristics (n= 120)

Adolescent baseline variables Range Mean (SD) N (%) elevated?®
Age (years) 13-17 14.83 (1.44) -
Duration of diabetes (years) 1-16 5.84 (3.64) -
Alc (%) 8-11.5 9.16 (0.90) -
Daily BGM 0.21-9.30 3.29 (1.75) -
PHQ-9 0-24 4.14 (4.02) 7(5.8)
SCl—overall
Parent report 1.29-5.0 3.53(0.73) -
Child report 1.71-4.86 3.50 (0.74) -
BRIEF T scores
GEC 35-78 51.30 (10.76) 16 (13.6)
Initiate 36-80 52.35(11.25) 22 (18.6)
Inhibit 40-84 48.86 (10.42) 13 (11.0)
Shift 38-91 50.94 (11.67) 19 (16.1)
Working Memory 38-85 53.51(11.68) 21 (17.8)
PedsQL diabetes 26.85-97.22 70.87 (12.05) -
Adolescent demographic variables

N (%)
Gender
Male - - 57 (47.5)
Female - - 63 (52.5)
Race/ethnicity
White, Non-Hispanic - - 105 (87.5)
Other - - 14 (11.7)
Unknown - - 1(0.8)
Annual family income (USD)
<39,000 - - 32 (26.7)
40,000-79,000 - - 45 (37.5)
>80,000 - - 43 (35.8)
Treatment type
Insulin pump - - 61(50.8)
Injection - - 59 (49.2)
ADHD diagnosis
Yes - - 9(7.5)
No - - 111 (92.5)

Note. Daily BGM = average daily blood glucose checks from meter download, blood glucose monitoring; PHQ-9 = Patient Health
Questionnaire (adolescent report); SCI = Self-Care Inventory; BRIEF = Behavior Rating Inventory of Executive Function (parent report);
GEC = Global Executive Composite; PedsQL Diabetes = Pediatric Quality of Life Inventory 3.0 Diabetes Module (adolescent report); ADHD

= attention deficit/hyperactivity disorder; USD = U.S. Dollar.

#Executive function = BRIEF T score >635; Clinically significant depressive symptoms = PHQ-9 > 11.
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Measures

Demographic and Clinical Variables

Parents provided demographic information, such as
race/ethnicity and annual family income, as well as
diabetes-related variables, including adolescents’ date
of diagnosis and treatment type (i.e., insulin pump or
injections).

Executive Function

Parents completed the Behavior Rating Inventory of
Executive Function (BRIEF; Gioia, Isquith, Guy, &
Kenworthy, 2000), which assessed the adolescents’
cognitive ability to plan, organize, and manage time in
the school and home environments. The 86-item
BRIEF questionnaire includes eight scales that form an
overall Global Executive Composite (GEC). Each item
is rated on a 3-point Likert scale from 1 = never a
problem to 3 = often a problem, with higher scores
signifying poorer EF. Age- and sex-adjusted T scores
are used to compare individuals’ EF to normative
data, with a mean of 50 and SD of 10; the clinical cut-
off T score of >65 indicates impaired EF. The GEC
was used to assess general EF, to allow for the com-
parison of results to other studies of youth with T1D
(Bagner et al., 2007; Berg et al., 2014; Smith et al.,
2014). Additionally, four of the eight scales (Inhibit,
Initiate, Working Memory, and Shift) were included
in the analyses, as these scales are most representative
of the domains of EF captured in the aforementioned
framework (Miyake et al., 2000). Similar to other
studies (e.g., Limbers & Young, 2015), we selected
the Inhibit scale to represent the Inhibition function,
the Working Memory and Initiate scales to represent
the Updating function, and the Shift scale to represent
the Shifting function. In our sample, the overall GEC
had excellent reliability (Cronbach’s alpha = .97), as
did the four scales (Inhibit o0 = .91, Working Memory
o = .91, Initiate oo = .83, and Shift o = .85). The
BRIEF has two validity scales: Inconsistency and
Negativity. In our sample, five parents scored in the
Questionable range for Inconsistency, and no one
scored in the Inconsistent range. Only one of the par-
ents scored in the Elevated range for Negativity, and
no one scored in the Highly Elevated range, meaning
that ratings of EF were reasonably consistent and not
overly negative. Additionally, adolescents were asked
to report if they have ever been diagnosed with atten-
tion deficit/hyperactivity disorder (ADHD), to account
for the impact on reported EF.

Adherence

Adolescents and their parents each reported on adoles-
cents’ adherence to the diabetes regimen using the
Self-Care Inventory (SCI; Lewin et al., 2009), which
assesses key elements of T1D management, including
diet, exercise, blood glucose monitoring (BGM), and

insulin administration. The mean of seven items
scored on a scale of 1 (never do it) to 5 (always do this
as recommended without fail) is used to calculate an
overall adherence score. Higher scores indicate better
adherence. In our sample, Cronbach’s alpha was .78
for both teen (C-SCI) and parent (P-SCI) reports of ad-
herence. As an objective proxy measure of adherence
(Guilfoyle, Crimmins, & Hood, 2011), frequency of
BGM (average number of blood glucose checks over a
28 + 2-day period from glucometers, daily BGM) was
used.

Glycemic Control

The Alc test reflects average blood glucose level over
the past 2-3 months, measured quarterly in adolescents
with T1D. Alc level was obtained from each partici-
pant’s medical record at the time of enrollment, with
analyses conducted wusing a Bayer Diagnostics
DCA2000® Analyzer. The American Diabetes
Association recommends a target Alc of <7.5% for
adolescents with T1D (American Diabetes Association,
2016).

Depression

Adolescents reported on depressive symptoms experi-
enced over the past 2 weeks, measured using the
Patient Health Questionnaire (PHQ-9; Kroenke,
Spitzer, & Williams, 2001). Each of nine items is as-
signed a score of 0-3 and contributes to an overall
score between 0 and 27, with scores of >11 indicating
clinically significant symptoms of depression in ado-
lescents (Richardson et al., 2010). Cronbach’s alpha
was .79 in our sample.

Quality of Life

The Pediatric Quality of Life Inventory (PedsQL) 3.0
Diabetes Module was used to measure adolescent re-
port of diabetes-specific health-related quality of life.
The 28-item module assesses how often adolescents
encounter problems with diabetes-related symptoms,
treatment barriers, adherence, worry, and communi-
cation. The total scaled score was used, as recom-
mended in the literature (Nansel et al., 2008), ranging
from 0 to 100, with higher values indicating better
quality of life. Cronbach’s alpha was .87 in our
sample.

Statistical Plan

Statistical analyses were performed using IBM SPSS
Statistics 23. Descriptive analyses were conducted to
describe the sample (Table I), and further analyses
with the Kruskal-Wallis H test and Mann—Whitney U
test were performed to examine potential demo-
graphic differences in components of EF (Table II).
Bivariate correlations were calculated to test the
strength of associations between EF and adherence,
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Table Il. Differences in Parent-Reported Executive Function
by Demographic and Clinical Characteristics

GEC Initiate Inhibit Shift WM

Sex

Female 50.00 50.85 47.84 49.50 52.44

Male 52.73 54.00 50.00 52.54 54.70
Race/ethnicity

White, non-Hispanic 51.99 53.01 49.32 51.37 53.98

Other 46.07 47.43 45.64 48.00 49.29
Income (USD)

<40,000 55.47* 55.09 53.88* 56.28* 56.94

40,000-80,000 47.34 48.50 46.36 47.70 49.73

>80,000 52.26 5429 47.67 50.26 54.86
Treatment type

Insulin pump 51.51 53.61 48.42 50.49 53.61

Injection 51.08 51.08 49.31 51.39 53.41
ADHD diagnosis

Yes 56.00 58.44 49.78 51.22 63.67*%

No 50.87 51.81 48.85 50.95 52.57
PHQ-9

Yes 53.43 52.86 50.14 56.71 55.43

No 51.16  52.32 48.78 50.58 53.39

Note. ADHD = attention deficit/hyperactivity disorder; BRIEF
=Behavior Rating Inventory of Executive Function; GEC = Global
Executive Composite, WM = Working Memory scale; PHQ-9 =
Pediatric Health Questionnaire; USD = U.S. Dollar; T scores are
presented.

*p <.01;

**p <.001.

using parent report, self-report, and glucometer data,
as well as EF and glycemic control, depressive symp-
toms, and quality of life. Finally, linear regression
models were conducted to assess general EF as a pre-
dictor of adherence and diabetes-related outcomes, ad-
justing for preselected covariates (i.e., adolescent’s
sex, age, race/ethnicity, and family income). To exam-
ine potential effects of child sex, we tested child sex as
a moderator by creating an interaction term (GEC
centered x Child sex), which was added to the final
step of each model.

Results

Descriptive Results

Descriptive statistics for demographic and clinical var-
iables are presented in Table I. Mean T scores for
overall EF (GEC) and the BRIEF scales ranged from
48.9 to 53.5, which is within the normal range of
functioning. As seen in Table I, 11.0% of adolescents
demonstrated elevated scores on the Inhibit scale,
16.1% on the Shift scale, 17.8% on the Working
Memory scale, and 18.6% on the Initiate scale. In ad-
dition, 13.6% of adolescents demonstrated elevated
scores on the GEC. Compared with the published
norms, males in our sample scored significantly higher
on the Initiate Scale (¢t = 2.80, p = .008) and Working
Memory scales (t = 2.87, p = .006), as well as the
GEC (¢t = 2.21, p = .033), and females in our sample

scored significantly higher on the Inhibit scale (r =
2.24, p = .021; Gioia et al., 2000).

As seen in Table II, there were no significant differ-
ences on any of the BRIEF scales related to sex (male
vs. female), race/ethnicity (White, non-Hispanic vs.
Other), or treatment type (insulin pump vs. injec-
tions), but there were some income-related differences
in EF. The lowest income group demonstrated signifi-
cantly higher scores (i.e., greater impairment) than the
middle-income group on the GEC and Shift scale, and
the lowest income group had significantly higher
scores than the middle- or highest-income groups on
the Inhibit scale (all p < .01). This is similar to find-
ings in the normative sample, in which small but sig-
nificant correlations between socioeconomic status
and BRIEF scale scores were evident; however, socio-
economic status only accounted for 5% of the vari-
ance and was not considered a major factor in the
interpretation of scores in the normative sample
(Gioia et al., 2000). There were no differences in EF
related to clinically significant depressive symptoms,
and the only significant difference related to adoles-
cents’ self-reported diagnosis of ADHD was the
Working Memory scale (adolescents with ADHD had
significantly higher scores than those who did not).

Bivariate Associations Between EF, Adherence,
and Diabetes-Related Outcomes

Bivariate correlations are presented in Table IIL
Higher scores on the GEC and Initiate, Shift, and
Working Memory scales were significantly associated
with lower levels of parent-reported adherence (7’s
range from —.26 to —.36, all p < .01). However, none
of the EF scores was significantly related to adoles-
cents’ self-reported adherence, or to glucometer data
(mean daily BGM). In terms of diabetes-related out-
comes, higher GEC, Initiate, Inhibit, and Shift scores
were significantly related to lower diabetes-related
quality of life (¥’s range from —.24 to —.32, all p <
.01). However, there was no significant association
between EF and glycemic control or depressive
symptoms.

Multivariate Analyses

Finally, we conducted linear regression models to test
general EF (GEC) as a predictor of parent-reported ad-
herence, adolescent-reported adherence, and quality
of life, adjusting for child age, sex, family income, and
race/ethnicity. The model predicting parent report of
adherence (P-SCI) was significant (F(6, 112) = 3.77, p
= .002). As seen in Table IV, in the final model, race/
ethnicity and GEC were significant predictors, and the
addition of GEC explained 13% of the variance in ad-
herence. The interaction term was not significant, in-
dicating that child sex was not a significant moderator
of the effect of GEC on parent-reported adherence.
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Table lll. Correlations Between Adherence, Outcomes, and Executive Function Measures
1 2 3 4 5 6 7 8 9 10 11 12 13
1. Age -
2. Duration of diabetes .18 -
3. P-SCI -.09 =21 -
4. C-SCI -.10 -.08 .38** -
5. Daily BGM =27 =20 .16 25% -
6.Alc .14 A1 —-.19 —.39%* —26% -
7. GEC -11 -.06 -.32** —.10 .06 .06 -
8. Initiate —.06 .01 -.26% —-.09 .03 .07 .84%* -
9. Inhibit -22 -.07 -.20 -.10 .06 .03 76%* 507 -
10. Shift —-.13 -.08 -.36** —.10 .05 .02 80**  55%*%  68%F -
11. Working Memory —.07 —.11 -.27* —.05 A1 —.04 85FF T7T7FE 48FF 5T7FF 0 —
12. PHQ-9 26 —-.02 —-.17 —-.30** —.04 .08 15 .09 A1 15 .10 -
13. PedsQL -13 -.10 .26% 31 .02 —=.25% —31%* —24*% —27*  —32%* — 17 —.39%* -

Note. P-SCI = parent-reported Self-Care Inventory; C-SCI = adolescent self-reported Self-Care Inventory; Daily BGM = average daily
blood glucose monitoring; GEC = Global Executive Composite; PedsQL = Pediatric Quality of Life Inventory (adolescent self-report)
Diabetes Module; PHQ-9 = Pediatric Health Questionnaire (adolescent self-report).

*p <.01;
**p <.001.

Table IV. Summary of Regression Analyses Predicting Adolescent Adherence and Quality of Life

Parent-reported adherence Self-reported adherence Quality of life

Predictor AR? B AR? B AR? B
Step 1: .02 .10% .05

Child age -.07 —.11 —.16

Family income -.02 .19% .04

Race/ethnicity -.11 —.14 08

Child sex .00 16 16
Step 2: A3 .02 2%

Child age —.11 —.12 —.20*

Family income -.07 17 —.01

Race/ethnicity —.18% -.17 .01

Child sex .04 .18 .20

GEC —.38%** -.15 —.36%**
Step 3: .02 .04* .00

Child age —.11 -.13 -.20*

Family income —.06 15 —.01

Race/ethnicity —.19% -.17 .01

Child sex .04 17 .20

GEC —.26% —.33%% —41%*

GEC x Sex —.18 .26% 08
Total R 12 A1 12

Note. GEC = Global Executive Composite; raw score was centered. Total R? is adjusted R>.

*p <.05;

wip < 01,

5% <001,

The overall model for adolescent report of adherence
(C-SCI) was also significant (F(6, 111) = 3.42, p =
.004), and in the final model, both GEC and the GEC
x Sex interaction term were significant predictors (see
Table IV). As seen in Figure 1, the association between
GEC and adherence was stronger for girls than for
boys. Finally, the model for quality of life was also sig-
nificant (F(6, 112) = 3.71, p = .002). In the final
model predicting PedsQL, child age, sex, and GEC
were significant predictors (see Table IV), and the ad-
dition of GEC explained 12% of the variance in

quality of life. The interaction term was not signifi-
cant, indicating that child sex was not a significant
moderator of the effect of GEC on adolescent quality
of life.

Discussion

In the current study, adolescents’ parent-reported EF
skills were significantly related to adherence and qual-
ity of life. While the adolescents in our sample were
within the normal range of functioning on a measure
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Figure 1. Moderating effect of sex on the association between executive function and adolescents’ self-reported adher-
ence. GEC = Global Executive Composite from the Behavior Rating Inventory of Executive Function; C-SCI = Child Self-

Care Inventory.

of EF, scores on the Working Memory, Shift, and
Initiate scales differed significantly from normative
values. Our finding that greater deficits in EF were sig-
nificantly associated with poorer parent-reported ad-
herence, after adjusting for adolescent age, sex,
income, and race/ethnicity, provides partial support
for the hypothesized relationship between EF and ad-
herence and is in line with previous reports (Bagner
et al., 2007; Berg et al.,, 2014). Contrary to our
hypothesis, a significant association between EF and
an objective measure of adherence (glucometer data)
was not found. It is possible that the influence of EF
varies across diabetes tasks, as the adherence question-
naire captured behaviors related to lifestyle and insu-
lin use, in addition to BGM patterns; the task of
testing blood glucose levels may not carry a cognitive
load high enough to result in detectable differences be-
tween varying EF abilities and adherence. Instead, it
may be that other diabetes-related tasks require more
skill and planning (e.g., correct dosing and timing of
insulin use and monitoring food intake) and therefore
could be more sensitive to problems in EF.

There was no significant direct relationship be-
tween EF and glycemic control in our sample, similar
to previous findings in preadolescents; however, our

finding that adherence behaviors (as measured by par-
ent report, self-report, and objective meter download)
were significantly associated with glycemic control,
support the proposed model of an indirect association,
in which deficits in EF affect adherence behaviors,
which in turn may affect glycemic control (McNally
et al., 2010). It is important to note that the cross-
sectional nature of our study does not allow for tests
of the direction of effects. Further, there is some evi-
dence that assessing EF abilities with a diabetes-
specific measure may have a stronger relationship
with glycemic control (Duke et al., 2014). Finally, it
may be possible that parents who recognize poor EF
skills in their adolescent with T1D maintain a more
present role in diabetes management, mitigating the
effects on outcomes such as glycemic control (Smith
et al., 2014).

In multivariate analyses adjusting for covariates,
parent reports of adolescents’ overall EF also emerged
as a significant predictor of adolescent-reported qual-
ity of life. Maintaining health-related quality of life
while practicing good diabetes care is a goal for diabe-
tes management in youth and their families (Lawrence
et al., 2012), suggesting that EF may also play a role
in the amount that T1D influences the psychosocial
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well-being of adolescents. It is possible that adoles-
cents demonstrating problems in EF struggle to face
challenges related to their diabetes, negatively impact-
ing quality of life. Alternatively, poorer quality of life
may reflect other problems in the adolescent’s life that
could interfere with their ability to draw on EF skills.

It is important to note that, while adolescents in
our sample generally displayed age-appropriate EF
skills, certain domains of EF were characterized by
nearly double the amount of elevated symptoms found
in normative samples (Gioia et al., 2000); these in-
cluded EF skills captured by the Working Memory,
Initiate, and Shift scales. These findings are similar to
the small but significant deficits observed in youth
with T1D using objective neurocognitive tests
(Naguib, Kulinskaya, Lomax, & Garralda, 2009). The
demanding nature and heightened stress/emotions ac-
companying diabetes management may undermine
frontal cortical activity necessary for regulating cogni-
tion and behavior, impacting EF performance (Spear,
2013). Alternatively, it could be that poor diabetes
management, resulting in greater glycemic variability
and hyperglycemia, may have a negative impact on
brain structures associated with EF (Lin et al., 2010;
Mauras et al, 2015; Ohmann et al.,, 2010).
Additionally, this finding highlights the need for fur-
ther research to understand which specific EF skills
are critical to diabetes care. For example, working
memory may be needed to follow the necessary steps
of checking blood glucose, calculating insulin dose,
and administering insulin, while the ability to shift at-
tention and behavior may be important when tolerat-
ing changes to routines that may affect diabetes care,
such as dining out at an unfamiliar restaurant
(Wasserman, Hilliard, Schwartz, & Anderson, 2015).

Finally, we found evidence for a moderating effect
of child sex in the association between general EF with
self-reported adherence. Specifically, for boys, there
was a negative association with self-reported adher-
ence, such that fewer problems with EF were related
to lower perceptions of adherence to treatment regi-
mens, and greater problems with EF was related to
better self-reported adherence. For girls, the associa-
tion between problems with EF and adherence was
positive; greater problems with EF were associated
with lower self-reported adherence. In the only other
study that examined sex differences in EF among ado-
lescents with T1D (Graziano et al., 2011), boys’ EF
and emotional regulation deficits were associated with
worse adherence and glycemic control, but there were
no significant associations for girls. Our findings sug-
gest that girls may be more accurate reporters of dia-
betes management; however, larger studies are needed
to better understand the impact of adolescent sex on
the relationships between EF, adherence, and
outcomes.

While this study contributes to the literature on EF
in adolescents with T1D, several limitations should be
considered. First, participants were targeted because
of having poor glycemic control (Alc > 8.0%), and
this may have limited our ability to detect an associa-
tion between glycemic control exhibit and EF skills.
Second, because of the structure of clinic visits, par-
ents were typically informed of their adolescent’s Alc
value before completing study materials, which could
have impacted their reporting on adolescents’ behav-
ior (i.e., BRIEF and P-SCI). As such, these findings
should be replicated in multimethod studies. Third,
because of the use of cross-sectional data, the direction
of effects between EF and diabetes management is im-
possible to discern, and a longitudinal study design is
recommended. Finally, EF was measured through
questionnaire data; although the BRIEF is a well-
established instrument to measure EF, it is based on
parent report of the child’s everyday EF ability.
Because parents also reported on adherence, it is possi-
ble that the apparent relation between these two vari-
ables may be attributed at least in part to shared
method variance, or potential bias related to the re-
porter, and direct measurement of EF is a necessary
next step (i.e., neuropsychological testing). However,
similar studies using the BRIEF Parent Form have
found this association to exist across reporters (Berg
et al., 2014; McNally et al., 2010; Smith et al., 2014).
Additionally, it is important to note that performance-
based tests and rating scales may provide valuable and
nonoverlapping information about EF skills, with the
former capturing EF ability, and the latter describing
success in goal achievement or the application of EF
skills (Isquith, Roth, & Gioia, 2013; Toplak, West, &
Stanovich, 2013).

If these findings are replicated in multimethod and
longitudinal studies, several potential clinical implica-
tions are suggested. First, adolescents with poor EF
skills may be adherent to some specific aspects of dia-
betes care, such as monitoring blood glucose satisfac-
torily, but failing in other areas that require greater
application of cognitive skills, such as making adjust-
ments to insulin dose. It remains essential, therefore,
for future research to determine whether specific EF
skills, rather than overall EF, are stronger predictors
of diabetes management tasks and outcomes, and war-
rant skill-specific intervention. Second, it is important
to consider that problems in EF (whether they are
caused by diabetes or as the result of poor manage-
ment) may have a negative impact on adolescents’
quality of life. Finally, two studies have demonstrated
that self-care autonomy disproportionate to psycho-
logical maturation is associated with glycemic dysre-
gulation and inadequate adherence (King et al., 2012;
Wysocki et al., 1996), indicating that adolescents may
assume excessive autonomy in their diabetes care
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without psychological readiness. Providers should col-
laborate with adolescents and their parents in under-
standing their planning, organization, and monitoring
skills to discuss a more structured plan that optimizes
individual diabetes treatment, while allowing for the
assessment of adolescents’ maturity in EF skills when
transitioning responsibility over diabetes manage-
ment. For example, Wasserman et al. (2015) provide
practical implications of EF skills in diabetes manage-
ment and ways to strengthen them in adolescents with
T1D. Still, a subset of adolescents may experience
more serious difficulties in EF that reach beyond the
scope of diabetes management (e.g., a diagnosis of
ADHD), and may require a comprehensive formal
evaluation of cognitive function and other disorders
with coinciding symptoms (Wasserman et al., 2015).
The current study highlights specific problems with
EF in adolescents with T1D, and demonstrates that
parent-reported EF is related to adherence and quality
of life. Furthermore, results highlight that these associa-
tions can be further influenced by demographic vari-
ables such as adolescent sex, illustrating that the
relationships between EF, adherence, and outcomes in
adolescents with T1D are complex and multifaceted.
The adolescent with T1D should continue to be studied
comprehensively, with the focus expanding beyond tra-
ditional measures such as medical outcomes (e.g., com-
plications and Alc) to include cognitive abilities (i.e.,
EF) and other important diabetes-related variables such
as health-related quality of life, depression, and other
psychosocial variables, such as coping and self-efficacy.
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