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Gender differences 1n the relationship between
parental report of self-regulation skills and
adolescents’ management of type 1 diabetes

Graziano PA, Geffken GR, Williams LB, Lewin AB, Duke DC, Storch EA,
Silverstein JH. Gender differences in the relationship between parental report
of self-regulation skills and adolescents’ management of type 1 diabetes.
Pediatric Diabetes 2011: 12: 410-418.

Objective: To examine the extent to which self-regulation skills of adolescents
with type 1 diabetes (T1D), including executive functioning and emotion
regulation, relate to treatment adherence and glycemic control.

Method: Participants were 109 adolescents aged 12—18 yr with TID and their
primary caregiver who attended an outpatient appointment at a pediatric
endocrinology clinic. Parents and adolescents completed a measure of
treatment adherence. Parents completed a self-regulation measure while a
glycemic control measure [i.e., hemoglobin Alc (HbAlc)] was collected.
Results: For boys, executive functioning and emotion regulation deficits were
significantly associated with worse treatment adherence and glycemic control.
Further analyses indicated that emotion regulation was the primary
self-regulation measure related to treatment adherence and glycemic control.
No significant associations were found for girls.

Conclusion: For adolescent boys, the ability to cope with various stressors
and emotions may be as important as higher-order thinking skills for
maximizing treatment adherence and diabetes control. Clinical implications
and potential mechanisms by which emotion regulation skills relate to
adolescent boys’ diabetes treatment management are discussed.

Given the complexity of diabetes treatment regimens,
it is not surprising that children, adolescents, and their
families often have difficulty adhering to them (1).
Non-adherence is not only problematic in terms of
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increasing an individual’s risk for potentially serious
medical consequences (e.g., diabetic ketoacidosis), but
it also impacts society in terms of excessive healthcare
costs (2). Consequently, recent research has attempted



to examine predictors of treatment adherence and
biological indices associated with glycemic control such
as HbAlc levels.

Factors that have been shown to predict treatment
compliance include demographic variables (3), medical
and organizational factors (4), and psychosocial fac-
tors such as support from family and friends (5, 6).
Family factors and particularly parental behaviors
have been shown to be important for treatment
compliance and glycemic control in children with
diabetes (7-9). Although it is clear that parental fac-
tors play a significant role in children’s treatment
compliance and glycemic control, less research has
examined the extent to which children’s individual
traits impact their treatment. Given the developmen-
tal shift in responsibility that occurs as children enter
adolescence (10), examining individual traits may be
particularly important for understanding when adoles-
cents are ready to self-manage their treatment.

The few studies that have examined individual
factors have focused on children’s and adolescents’
overall behavior problems (11), cognitions and per-
ceived competence regarding diabetes care (12), and/or
their motivation for treatment (13). The current study
explored adolescents’ self-regulation skills, including
executive functioning and emotion regulation skills, as
significant factors associated with treatment adherence
and glycemic control.

Broadly speaking, self-regulation refers to an indi-
vidual’s conscious or unconscious efforts to alter his
or her inner states or responses (14). Self-regulation
is a multi-level construct with control efforts that
may include the use of physiological, attentional,
executive functioning, emotional, and behavioral
processes. These processes are hierarchically orga-
nized and become more sophisticated and integrated
through development (15). Individual differences in
self-regulation skills are well documented along with
its importance for children’s adaptive functioning (16).
An important aspect of self-regulation is executive
functioning which refers to higher-order cognitive
skills that enable the child to self-regulate or ‘main-
tain behavior on a goal and calibrate behavior to
context’ (16). Among the most widely cited (17, 18),
cognitive skills thought to represent executive function-
ing are (i) cognitive flexibility, which involves working
memory processes and the ability to shift between
response sets and process multiple sources of informa-
tion; (ii) attentional control, which involves selective
attention and inhibition and includes the capacity to
sustain attention and selectively attend to specific stim-
uli while inhibiting prepotent responses; and (iii) goal
setting, which involves planning and monitoring abil-
ities and the ability to develop new initiatives and
concepts for a future task.
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A recent meta-analysis indicated that children with
type 1 diabetes are at an increased risk of having mild
cognitive impairments (19). Poorer neuropsychologi-
cal performance in youth with type 1 diabetes relative
to healthy controls has also been documented (20).
However, the extent to which executive function-
ing abilities contribute to treatment non-adherence
remains unclear. One recent study did find that chil-
dren’s overall executive functioning skills, as reported
by parents, were related to overall behavioral adher-
ence to type 1 diabetes treatment (21). However, bio-
logical markers for glycemic control were not collected.
Given the moderate association between behavioral
treatment adherence and glycemic control (22), it is
important to include both measures.

Although higher-order executive functions such as
planning and working memory skills may facilitate
adherence to diabetes treatment regimen (e.g., remem-
bering and organizing one’s treatment regimen), other
self-regulation skills such as emotion regulation may
operate by controlling affective and stressful aspects
of having type 1 diabetes. For example, higher lev-
els of emotion regulation skills have been associated
with decreased levels of stress (23), as well as anxiety
and depressive symptoms (24). Thus, adolescents with
higher levels of emotion regulation skills may be less
likely to view their treatment regimen as stressful or
may be able to better express their emotions associ-
ated with their treatment and be less frustrated. Better
coping with these affective and stressful aspects of dia-
betes treatment will likely result in better behavioral
adherence to the treatment regimen and subsequently
better glycemic control. Support for this link has been
found in the adult literature as a recent study found
that a coping style that promoted better emotion regu-
lation was associated with better glycemic control (25).
However, to date, no study has examined the extent to
which adolescents’ emotion regulation skills relate to
treatment adherence and glycemic control.

Hence, the primary goal of this study was to deter-
mine within a sample of adolescents with type 1
diabetes the extent to which self-regulation skills,
including executive functioning and emotion regula-
tion skills, relate to treatment adherence and subse-
quently glycemic control as measured by hemoglobin
Alc test. We hypothesized that adolescents with lower
levels of emotion regulation and executive functioning
skills would have lower levels of treatment adherence
and subsequently have poorer glycemic control com-
pared to adolescents with higher self-regulation skills.
Finally, it is important to note that numerous studies
within the child development and developmental psy-
chopathology domains have documented boys as hav-
ing significant greater self-regulation deficits compared
to girls (26, 27). Consequently, we expected that the
link between self-regulation, treatment adherence, and
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glycemic control to be stronger for boys compared
to girls.

Method
Participants

Participants were 109 youths with type 1 diabetes
(TID) and their primary caregiver recruited from the
outpatient tertiary Pediatric Endocrinology Clinic at
a large university hospital in the Southeastern United
States. Inclusion criteria for the study participation
were (1) aged 1218 yr, (i1) diagnosed with T1D for at
least 6 months, (iii) living with and accompanied by
their primary caregiver, (iv) no other chronic medical
conditions (e.g., cystic fibrosis), and (v) both adolescent
and primary caregiver were able to read and complete
study materials. Subjects participating in the current
research study may have also participated in previous
studies and included in different analyses presented
elsewhere (e.g., sample demographic data and asso-
ciations between adherence, metabolic control, and
demographics) (9, 28-31).

The sample consisted of 59 girls and 50 boys aged
12-18yr (M =15.23, SD =1.81). The ethnic dis-
tribution of participants was: 72% Caucasian, 18%
African American, 8% Hispanic, and 2% indicating
membership in other ethnic groups. Participants were
from predominantly two-parent families (68%) and
the mothers were the primary caregiver respondents
(72%), followed by fathers (17%) and other caregivers
(11%). The median family income was $37000 per
year (range = $1200-$200000). Youth in the study
had been diagnosed with T1D for an average of 5.06 yr
(SD = 3.7, range = 0.5-17).

Procedure

Participants were recruited during their regular visits to
the Pediatric Endocrinology Clinic. Clinic nurses iden-
tified patients meeting inclusion criteria and eligible
participants were approached in private patient wait-
ing rooms by a trained member of the research team
and provided with an introduction to the study prior to
obtaining consent. The consent rate was approximately
92% which is similar to past research recruitment within
this clinic (32). The study was approved by the govern-
ing Institutional Review Board and families received
a $10 gift certificate for their participation. Signed
informed consent was obtained from legal guardian
and caregiver of all participants and adolescents pro-
vided assent. Adolescents and their caregivers were
interviewed separately about T1D treatment adherence
and parents completed the remaining questionnaires
independently. Blood samples were obtained by nurs-
ing staff as part of the patients’ regular clinic visit for
the measurement of glycemic control (Alc test).
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Measures

Demographic questionnaire. The participants’ pri-
mary caregiver completed a basic demographic form,
including information such as age, sex, socioeconomic
status, duration of T1D, and family composition.

Behavior rating inventory of executive function.
The behavior rating inventory of executive func-
tion (BRIEF; 33) is designed to assess executive
functioning/self-regulation skills in children and ado-
lescents. The parent version contains 86 items, which
yield eight non-overlapping but correlated clinical
scales (inhibit, shift, emotional control, initiate, work-
ing memory, plan/organize, organization of mate-
rials, and monitor) and two validity scales. Par-
ents circle ‘never’, ‘sometimes’, or ‘often’ to indicate
whether their child has experienced problems over
the last 6 months with a given behavior as described
in each item. Higher scores indicate poorer execu-
tive functioning/self-regulation. The BRIEF has well-
established internal consistency, reliability, and valid-
ity (33). For the purpose of this study, the total raw
scores from the Inhibit (ability to control behavioral
impulses, inhibitory control), Shift (ability to switch
or alternate attention), Working Memory (ability to
retain information in one’s mind for the comple-
tion of a task), Plan/Organize (ability to anticipate
future events and set goals), and Monitor (ability to
assess one’s own performance) subscales will be used
to represent the three executive functioning domains
discussed earlier: cognitive flexibility = working mem-
ory; attentional control = inhibit and shift; and goal
setting = plan/organize and monitor. The Emotional
Control subscale will be examined as a measure of
adolescents’ emotion regulation skills. Reliabilities for
the BRIEF subscales in this study were excellent (a =
0.92-0.94).

Diabetes self-management profile. The diabetes self-
management profile (DSMP; 34) is a structured inter-
view that assesses T1D-specific adherence behaviors
over the past 3 months. It consists of 23 questions in the
areas of insulin administration/dose adjustment, blood
glucose monitoring, exercise, diet, and management of
hypoglycemia. The DSMP interview was conducted
separately to parents and adolescents with T1D by
trained research assistants and required approximately
I5min to complete. Participants’ responses to each
item were coded on scales ranging from 0 to 1 and 0
to 4, with higher numbers indicating better adherence.
A total adherence score, ranging from 0 to 79, was
then calculated from the sum of each item score. The
DSMP has well-established internal consistency and
inter-observer agreement (34).

Pediatric Diabetes 2011: 12: 410-418

95U8017 SUOWILIOD 9AI1e8.D) 3cfedt [dde 8u) Aq pauen0B 8.2 Soo1Le YO ‘9Sh 10 S9INJ 10} ATeIg1T 8UIIUQ 48] 1A UO (SUOTIPUOD-PUR-SWLBI WD A | 1M Afed 18Ul Uo//:Sdny) SUORIPUOD pue swie | 8y} 89S *[520zZ/0T/0E] Uo Afeiqiauluo Ao|im 'AIsIBAlN [euo eIl BPLOIH AQ X'26900'0T0Z 8YYS-66ET [/TTTT OT/I0p/W0d 8| 1M Ale.q 1 ul|uo//:sdny woy pepeoiumod ‘Zidy ‘TT0Z '8rvS665T



Glycemic control. To obtain a biological assess-
ment of glycemic control, the hemoglobin Alc test
was conducted. Blood samples were analyzed using
a Bayer DCA 2000+. The Alc test is considered
the gold standard assessment and provides an esti-
mate of metabolic/glycemic control over the previous
2—-3 months with higher Alc values indicating poorer
control.

Results
Preliminary analysis

Descriptive statistics. Descriptive statistics for the
study variables, which were all normally distributed,
are presented in Table 1. All analyses were conducted
using spss 16.0. All available data were used for
each analysis. Preliminary analyses were conducted
to determine any associations between demographic
and disease characteristics and any of the study’s
independent (i.e., self-regulation measures) and depen-
dent (i.e., treatment adherence, glycemic control)
variables. First, multivariate analyses indicated signif-
icant gender differences across multiple self-regulation
variables, F(6,102) = 3.92, p < 0.01. Specifically, boys
were reported as having significantly worse inhibition
skills, F(1,107) = 5.56, p < 0.05, ability to shift or
alternate attention, F(1,107) = 6.60, p < 0.05, work-
ing memory, F(1,107) = 6.84, p < 0.05, plan/organize,
F(1,107) = 17.34, p < 0.001, and monitoring skills,
F(1,107) = 7.36, p < 0.01 compared to girls. Second,
correlational analyses indicated that duration of time
with diabetes was significantly related to parent report
of treatment adherence, r = —0.28, p < 0.01 indicating
that the longer the youth had been diagnosed with dia-
betes the poorer the treatment adherence was according
to the caregiver. Duration of time with diabetes was
also related to higher Alc levels, r = 0.28, p < 0.01.
As a result of these findings, duration of time with

Table 1. Descriptive statistics for study variables

Gender differences

diabetes was controlled in subsequent analyses and
separate analyses were conducted for boys and girls.
No other demographic or disease characteristics were
related to any of the study variables.

Data reduction. First, it was important to reduce the
number of executive functioning variables to match the
theoretical concepts of cognitive flexibility, attentional
control, and goal setting. Thus, the BRIEF’s inhibit
and shift subscales (r = 0.74,p < 0.001) were standard-
ized via Z scores, then the two scores were averaged
and re-standardized to create a single measure of atten-
tional control with higher numbers indicating poorer
functioning. The BRIEF’s plan/organize and monitor
subscales (r = 0.80, p < 0.001) were also standard-
ized via Z scores, then the two scores were averaged
and re-standardized to create a single measure of goal
setting. No data reduction procedures were needed
for emotion regulation and cognitive flexibility as they
were each represented by a single measure (emotion
regulation = emotional control; cognitive flexibility =
working memory), although they were also standard-
ized via Z scores. Finally, parent and child report of
treatment adherence (r = 0.41, p < 0.001) were also
standardized via Z scores, then the two scores were
averaged and re-standardized to create a single measure
of treatment adherence with higher numbers indicating
better adherence.

Associations between self-regulation, treatment
adherence, and glycemic control

Partial correlations, controlling for duration of time
with diabetes, were conducted separately for boys
and girls and are presented in Table 2. For boys, all
three executive functioning measures (cognitive flex-
ibility, attentional control, and goal setting) along
with emotion regulation were negatively correlated

M SD Min Max N

Self-regulation measures

BRIEF-inhibit (P) 5.83 5.35 0 20 109

BRIEF-shift (P) 5.43 4.25 0 16 109

BRIEF-working memory (P) 7.01 5.62 0 20 109

BRIEF-plan/organize (P) 9.36 6.64 0 24 109

BRIEF-monitor (P) 6.46 4.02 0 15 109

BRIEF-emotional control (P) 7.45 5.28 0 20 109
Treatment adherence measures

DSMP-overall score (P) 55.31 11.62 22 77 100

DSMP-overall score (A) 57.37 10.15 22 77 99
Diabetes control measure

Hemoglobin A1c test (L) 9.06 2.04 5.0 14.0 107

BRIEF, behavior rating inventory of executive function; pswp, diabetes self-management profile.
(P) = parent report, (A) = adolescent report, (L) = laboratory measure.
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Table 2. Correlations among variables

Variable 1 2 3 4 5 6

1. Cognitive flexibility (P) — 0.79"* 0.90** 0.62*** —-0.12 0.02
2. Attentional control (P) 0.73* — 0.86*** 0.75"* -0.19 0.03
3. Goal setting (P) 0.86** 0.83** — 0.75"* —-0.19 —0.01

4. Emotion regulation (P) 0.70" 0.87 0.78" — —-0.26 0.03
5. Treatment adherence (P & A) —0.50*" —0.46* —0.58"* —0.47* — —-0.60"*
6. Hbalc (L) 0.47* 0.33* 0.40* 0.45** —0.41* —

Values above the diagonal are for girls; values below the diagonal are for boys.

All correlations controlled for duration of diabetes.
HbA1c, hemoglobin Alc.

(P) = parent report, (P & A) = combined parent and adolescent report, (L) = lab measure.

*p < 0.05, *p < 0.01, **p < 0.001.

with treatment adherence indicating that higher levels
of self-regulation deficits were associated with signif-
icantly worse treatment adherence. All self-regulation
measures were also positively correlated with Alclevels
indicating that higher levels of self-regulation deficits
were associated with significantly worse glycemic con-
trol. For girls, none of the self-regulation measures
were significantly associated with either treatment
adherence or glycemic control. However, treatment
adherence and glycemic control were significantly and
positively associated for both boys and girls. Given
the lack of associations between the self-regulation
measures, treatment adherence, and glycemic control,
subsequent analyses focused on only boys.

Regression analyses were also conducted to deter-
mine whether all self-regulation skills (i.e., emotion
regulation, cognitive flexibility, goal setting, atten-
tional control) were uniquely associated with glycemic
control or if there were particular skills that were
most important in this association in boys. These
analyses revealed a significant association between
self-regulation skills and glycemic control, even after
controlling for duration of diabetes, F(4,39) = 3.92,
p < 0.01, total R2 = 0.42, AR? = 0.23. However, only
emotion regulation was marginally related to glycemic
control, f =0.49, p < 0.07. Thus, adolescent boys
with higher levels of emotion regulation difficulties
had higher Alc levels. Attentional control (§ = —0.37,
p = 0.21), cognitive flexibility (8 = 0.38,p = 0.11), and
goal setting (B = —0.03, p =0.92) were not signifi-
cantly related to glycemic control.

Mediational analyses

Hiearchical regressions were conducted to examine
whether treatment adherence mediates the association
between self-regulation and glycemic control in boys.
Mediational analyses were only conducted with emo-
tion regulation as it was the only self-regulation mea-
sure to be marginally associated with glycemic control.
To test for mediation, procedures recommended by
Baron and Kenny (35) were followed. All requirements
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Table 3. Regression analyses testing treatment adherence
as a mediator between the association of emotion regulation
and glycemic control

R? F
B R? change change
Boys (n = 42)

Step 1. Duration of 0.34* 0.19 0.19 9.37*
diabetes

Step 2.  Treatment -0.27 032 013 8.25"
adherence

Step 3. Emotion 0.29* 0.39 0.07 4.25*
regulation

*p < 0.05, ¥p < 0.01.

for mediation were met as emotion regulation skills,
after controlling for duration of diabetes, significantly
related to both treatment adherence, F(1,41) change =
11.13, p < 0.01, total R?> =0.38, R? change = 0.17,
B = —0.41; and glycemic control, F(1,42) change =
10.55, p < 0.01, total R> = 0.35, R? change = 0.16,
B =0.41. Treatment adherence also was associated
with glycemic control, F(1,40) = 8.25, p < 0.01, total
R? =0.33, R? change = 0.14, p = —0.42. Finally, as
depicted in Table 3, we tested our mediational model
by examining whether emotion regulation continued
to have a significant effect on glycemic control, after
controlling for both duration of diabetes and treat-
ment adherence. Contrary to our hypothesis, treatment
adherence did not mediate the relation between emo-
tion regulation and glycemic control. The Sobel test
also confirmed the lack of even a partial mediation
model as there was not a significant reduction in the
effect of emotion regulation on glycemic control once
treatment adherence was added to the model, Sobel
test = 1.50, p = 0.13. Thus, for boys, emotion regula-
tion provided unique variance toward the association
with glycemic control even after accounting for dura-
tion of diabetes and treatment adherence.

Discussion

In this study, we examined the extent to which
self-regulation skills, including executive functioning
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and emotion regulation skills, related to treatment
adherence and glycemic control in youth with type 1
diabetes. Our results generally supported our hypoth-
esis in that for boys, all self-regulation measures
(cognitive flexibility, attentional control, goal setting,
and emotion regulation) were significantly associated
with treatment adherence and glycemic control. Specif-
ically, male adolescents whose parents reported them
as having poorer self-regulation skills across executive
functioning and emotion regulation domains were less
likely to adhere to their diabetes treatment regimen
as measured by both parent and adolescent report
and had worse Alc compared to adolescents with bet-
ter self-regulation skills. Further analyses indicated
that emotion regulation was the main self-regulation
measure related to treatment adherence and glycemic
control. For girls, no self-regulation measures were
significantly associated with treatment adherence or
glycemic control.

These results provide initial support for the impor-
tance of examining male adolescents’ self-regulation
skills as they relate to diabetes treatment management.
Past studies have demonstrated that individual fac-
tors such as children’s overall behavior problems are
associated with treatment adherence and diabetes con-
trol (9, 11). However, the exact mechanisms by which
overall behavior problems contribute to non-adherence
remained unclear. Our findings extend the literature by
showing that a more specific and proximal mechanism
(i.e., self-regulation) is related to both behavioral treat-
ment adherence and glycemic control. It is important
to note that while there is a significant link between
behavior problems and self-regulation deficits (36), the
association between self-regulation deficits and poor
diabetes control may also occur independent of behav-
ior problems (e.g., an adolescent who is forgetful but
compliant).

A recent study by Bagner and colleagues (21) found
that children with type 1 diabetes who had worse exec-
utive functioning skills were less likely to behaviorally
adhere to their treatment. Our study not only cor-
roborates this finding in an adolescent sample, but
also extends the literature by showing that executive
functioning/self-regulation skills also relate to biolog-
ical indicators of diabetes control (i.e., Alc). It also
extends the literature by showing the importance of
examining various self-regulation/executive function-
ing skills as emotion regulation had the strongest
association to treatment adherence and glycemic con-
trol. Thus, while a type 1 diabetes treatment regimen
is complex, an adolescent’s ability to cope with the
various stressors and emotions may be as important
as higher-order thinking skills for maximizing treat-
ment adherence and diabetes control. The mechanism
by which emotion regulation relates to glycemic con-
trol remains unclear as mediational analyses failed

Pediatric Diabetes 2011: 12: 410-418
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to support that the link between emotion regulation
and glycemic control is mediated through treatment
adherence. Thus, emotion regulation continued to be
associated with glycemic control, even after accounting
for treatment adherence.

Perhaps, a physiological mechanism can explain the
link between emotion regulation and glycemic con-
trol. For example, there is some evidence suggesting
that stress can contribute to metabolic instability via
increased secretion of glucocorticoids such as corti-
sol (37, 38). Cortisol is a counter-regulatory hormone
that has been shown to alter insulin sensitivity via
multiple mechanisms including by impairing insulin-
dependent glucose uptake, enhancing gluconeogene-
sis, and/or inhibiting insulin secretion from pancre-
atic B-cells (39). Given the well-established association
between emotion regulation and the HPA axis/cortisol
activity (40), it is possible that adolescents with bet-
ter emotion regulation skills end up having better
glycemic control via better regulation of cortisol dur-
ing non-stressful and stressful events. However, given
the cross-sectional nature of this study and evidence
that blood glucose levels can also affect HPA axis
responsiveness (41), it may also be the case that poorly
controlled diabetes contributes to emotion dysregula-
tion. To gain a better understanding on the direction-
ality of the association between emotion regulation
and glycemic control, future research needs to employ
a longitudinal design with multiple measurements of
emotion regulation and glycemic control to determine
whether dynamic changes in one variable affects the
other.

Finally, this study found a significant gender
difference in the link between self-regulation and
diabetes treatment management as no associations
were found for girls. Past studies within the child
development and developmental psychopathology
domains have documented boys as having significant
greater self-regulation deficits compared to girls (26,
27). Perhaps, girls’ lack of self-regulation difficulties as
reported by parents statistically limited its potential
association with adherence measures and diabetes
control. On the other hand, it may be that parents
tend to be more overprotective and/or involved in the
diabetes treatment of girls compared to boys. This type
of parental overprotection and/or involvement may
limit girls’ opportunity to independently manage their
diabetes treatment which would subsequently lessen
the chance to observe how their self-regulation skills
relate to successful diabetes treatment management.
Gender differences in parental involvement have been
reported in the educational literature as parents tend
to be more involved in girls’ education compared to
boys (42). It will be important for future research
to examine how parents socialize their adolescents
into managing their diabetes treatment and determine
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whether such socialization practices differ by child
gender.

The role of cortisol as a potential physiological
mechanism linking emotion regulation to glycemic
control may also explain the significant gender
difference we found. For example, males have been
found to have higher levels of stress reactivity and
surges of cortisol when encountering challenging
or stressful situations compared to females (43, 44).
The neural pathways by which males and females
react to stress have also been shown to differ. For
example, Wang etal. (45) found that the neural
activation pattern for males involved asymmetric
prefrontal activity, whereas females had primarily
limbic activation. In turn, the asymmetric prefrontal
activity in males was associated with higher levels of
cortisol, whereas the female limbic activation showed
a lower degree of association with cortisol (45). Hence,
it is possible that the link between adolescent boys’
emotion dysregulation and poor glycemic control is
mediated through higher cortisol levels whereas girls’
lower stress reactivity would limit its association
with glycemic control. Examining adolescents with
type 1 diabetes’ stress reactivity via cortisol levels
along with measures of self-regulation skills would
be an important avenue for future research to
further investigate gender differences in the mechanism
by which self-regulations skills relate to diabetes
control.

In viewing the potential contributions of this study,
limitations should be considered. First, self-regulation
measures were based on parent report and tended to be
highly correlated with one another calling into question
the validity of separating the self-regulation domains.
This may indicate a tendency on parents to generalize
adolescents’ self-regulation deficits across domains. It
will be important for future studies to employ both par-
ent and lab-based measures (e.g., neuropsychological
tasks) to obtain a more accurate assessment of adoles-
cents’ self-regulation skills across domains. Obtaining
adolescents’ self-report on their self-regulation skills
would also provide important information as to the
extent to which they are aware of their skills, especially
given the developmental shift in treatment respon-
sibility that takes place in adolescence. Second, as
mentioned earlier, this study was cross-sectional in
nature; thus causal relations between self-regulation
and glycemic control cannot be concluded. Finally,
the mediational analysis conducted was exploratory in
nature given that only a marginal association between
emotion regulation and glycemic control emerged when
all other self-regulation skills were included in the
model. Despite these limitations, the current study
demonstrates the importance of examining adolescents’
self-regulation skills, in particular emotion regulation
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skills, as it relates to treatment adherence and diabetes
control.

In terms of clinical implications, this study indicates
that a general parent measure of self-regulation/exec-
utive functioning, such as the BRIEF, may be sensitive
enough to identify adolescent boys who may be at risk
of having treatment adherence and glycemic control
difficulties. Hence, it may be important for healthcare
providers to assess adolescent boys’ self-regulation
skills upon diagnosis and throughout treatment to
identify those that may need intervention. In terms
of intervention, significant efforts have been made to
create clinical interventions that improve treatment
adherence and diabetes control (46). The findings
from this study suggest that it may be important
for interventions, which have traditionally focused on
the family system, to include a component in which
adolescent boys’ individual self-regulation skills are
targeted. Specific targets of intervention could focus
on helping adolescent boys improve their ability to
regulate stress and negative emotions by expanding
their coping strategies (e.g., relaxation/meditation
strategies, positive thinking skills). Coping skills
training for youth with diabetes have been found to
be effective in improving glycemic control and quality
of life (47). Hence, it will be important to continue to
integrate such coping services in pediatric clinics as
well as further assessing how to continue to improve
adolescent boys’ self-regulation skills as it relates to
their diabetes treatment management.
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