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ABSTRACT
Asthma is oneof themost commonchronic diseases of childhood. For childrenwithpersistent asthma,
asthma control is largely related to controller medication adherence. With increasing calls for children
to be involved in their own asthmamanagement, there is a gap in our knowledge about the executive
functioning of children with asthma. Objective: The purpose of this study was to explore the relation-
shipbetweenexecutive function, asthma, andmedication adherence among school-age childrenwith
asthma.Methods: Thirty-one children ages 7 to 11 years (M = 8.9 ± 1.51) and one of their parents were
enrolled in this study. Parents reported on asthma control while children reported on asthma control,
medicationbeliefs,medication adherence, and completed anexecutive functionbattery that assessed
inhibition, updating, shifting and planning. Results: Compared to the reference sample, children in
this study had significantly lower composite scores in inhibition, t (31) = −3.84, p =. 001, and shifting,
t (30) = −3.73, p =. 001. Controlling for age and asthma control, hierarchical regression analyses
revealed that shifting accounted for 16% of the variance in child-reported medication adherence.
Conclusions: This study revealed lowered executive functioning scores among school-age children
with persistent asthma. Furthermore, it appears executive functioning and controller medication
adherence are intertwined and warrant future exploration.

Introduction

Asthma is one of themost prevalent diseases of childhood,
affecting over 6 million children in the United States (1).
Nearly half of childrenwith asthma experience at least one
exacerbation per year; collectively accounting for 571,000
ER visits (2), 136,000 hospitalizations (3), and $10 bil-
lion in healthcare costs (4) annually in the US. Asthma
is an incurable, lifelong condition that places children
at increased risk for functional impairments including
decreased quality of life and school attendance, increased
healthcare utilization, and irreversible structural airway
remodeling (5–8). Asthma controller medications are the
mainstay of treatment for childrenwith persistent disease,
with treatment aimed at maintaining asthma control and,
by extension, preventing asthma exacerbations (5). How-
ever, less than fifty percent of children adhere to their
controller medication regimen (7,9). Understanding con-
troller medication adherence represents a critical health
need.

Asthma controller medication adherence is complex,
with a body of literature that is largely focused on parents
as opposed to the children themselves (10). By exten-
sion, the majority of medication adherence interventions
primarily focus on parents, telling the parent what to
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“do” to their child tomanage their asthma (11–15). Unfor-
tunately, such approaches disregard the child’s role in
asthma management. Moreover, exclusion of the child
does not prepare children to learn to manage asthma
while under their parent’s supervision, ultimately leading
to individuals who are unprepared to assume sole respon-
sibility for their lifelong condition (16). In our prior work,
we have argued to reframe child asthma management
to that of parent-child shared management, which more
accurately reflects the shifting responsibility for asthma
management shared between parent and child (10,17).
Previously, we reported differences in parent and child-
reported asthma beliefs and controller medication adher-
ence (18). This discordance highlights that children are
not merely recipients in their asthma care, but indeed
do appear to share management responsibility with their
parent(s).

The school-age years are a critical time with respect to
asthma management, given that children spend increas-
ing time away from their parents while attending school
and social activities. Unfortunately, much of the literature
related to transfer of asthma management responsi-
bility focuses on adolescents. From a developmental
perspective, adolescence is often when peer conformity,
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invincibility, and a desire for normalcy are prevalent
(19). It is not surprising, therefore, that nonadherence to
management regimens peaks in adolescence along with
poor asthma control and related morbidity (20–22). In
contrast, the school years represent a natural period of
management transition, as school-age children are typ-
ically rule-driven, understand right and wrong, and are
able to problem solve; all of which support their capacity
to be active participants in their own asthma manage-
ment (17,19,23–27). Asthma management is complex
and involves a broad range of executive functioning
processes. Given the pervasive issue of controller med-
ication nonadherence among children with asthma, we
chose to explore the relationship between child executive
functioning processes and medication adherence among
school-age children.

Simply defined, executive functioning relates to
numerous cognitive processes that contribute to plan-
ning, organization, monitoring and self-regulation of
goal-directed behavior (28,29). Miyake et al. (30) pro-
posed a framework for understanding executive function
comprised of three foundational processes: inhibition,
updating, and shifting (30). Inhibition refers to the ability
to suppress automatic, predisposed responses or inter-
fering stimuli (29,30). Updating, often linked to working
memory, is the ability to monitor, manipulate and update
information of relevance to specific tasks (29–31). Shift-
ing, also known as task switching or cognitive flexibility,
refers to the ability to shift betweenmultiple tasks or oper-
ations (28,30). Together, inhibition, updating and shifting
are distinguishable but related processes that collectively
contribute to more complex executive function processes
(e.g., self-monitoring and planning) (30). Numerous
studies have demonstrated that inhibition, updating and
shifting have distinct developmental trajectories toward
adult-level performance (32–34). Typically developing
children attain adult-level performance of inhibition
in early adolescence, shifting during adolescence, and
updating in young adulthood (29,33).

Executive functioning of children with asthma is
a relatively understudied area. Much of the literature
focuses on intelligence and academic achievement
(35–37). Despite increased absences among children with
asthma, most teams report no differences in academic
achievement among children with asthma compared to
their healthy peers (35–39). Few studies have examined
the relationship between asthma and more specific exec-
utive function processes. While some teams report no
relationship between neurocognitive functioning and
asthma (38,39), others have found that children with
asthma do perform worse on specific processes such as
inhibition, sustained attention and processing speed (40).
Note, while processing speed is not an executive function

process, it supports executive functioning. The challenge
in comparing across studies lies in what Miyake et al.
describe as task impurity, in that many executive function
tests actually measure numerous processes, therefore it is
unclear which process(es) relate to asthma management
(30). We addressed this knowledge gap by selecting an
executive function battery with subtests targeting specific
executive function processes. Our aims for this paper
are to 1) describe executive functioning of school-age
children with asthma; 2) examine the associations among
child executive functioning, asthma beliefs, and asthma
controller medication adherence; and 3) examine exec-
utive function as a predictor of child medication beliefs
and controller medication adherence.

Methods

Sample

Thirty-one children with asthma ages 7 to 11 years par-
ticipated in this cross-sectional descriptive study. Partici-
pants were recruited from the Arizona Respiratory Cen-
ter research database, comprised of children and their
families who have participated in other studies and/or
expressed interest in participating in asthma research.
The study teamdid not have access to the electronic health
records of prospective participants, therefore our eligibil-
ity criteria depended on parental report. Children were
eligible for the study if they had a persistent asthma,which
we defined as a prescription for daily asthma medication.
Children were excluded if their parents reported a history
of developmental delay, traumatic brain injury, Attention
Deficit Hyperactivity Disorder, Obstructive Sleep Apnea,
or an asthma exacerbation requiring oral corticosteroids
within the prior 30 days. These exclusion criteria were
selected as each could negatively affect performance on
the executive function measures. Each child had one par-
ent participate in the studywhowas able to speak and read
English and reside with the child at least 50% of the time.

Procedure

The University of Arizona Human Subjects Protection
Program approved this study. Staff from the Arizona Res-
piratory Center generated a list of prospective study par-
ticipants from the research database. Parents of prospec-
tive participants were called on the telephone by Respira-
tory Center staff using a recruitment script. After describ-
ing the study and reviewing eligibility, interested subjects
were referred to the Principal Investigator to discuss par-
ticipation and schedule a one-time study visit. Parent-
child dyads met with a study representative at the Uni-
versity of ArizonaCollege of Nursing research suite where
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parents signed informed consent and children assented to
participate. During the two-hour session, parents sat in an
adjacent sitting room while study personnel read survey
questions to the children and then administered the exec-
utive function battery.

Measures

Subtests were selected from three cognitive batteries,
NEPSYII (41), Wide Range Assessment of Memory
and Learning – Second Edition (WRAML2) (42), and
Woodcock-Johnson III Tests of Cognitive Abilities (WJ
III) (43). Each of the cognitive batteries use established
normative data based on national, stratified random
samples of children (41–43). The NEPSYII subtests are
associated with several executive function processes; the
selected battery of NEPSYII subtests included Animal
Sorting, Auditory Attention and Response Set, Clocks,
Design Fluency and Inhibition (41). Updating was
assessed using selected subtests of the WRAML2 (42).
Processing speed, or the speed in which one completes
a mental task, was assessed using selected subtests of the
WJ III (43). See Table 1 for a summary of executive func-
tion processes assessed by each subtest. We acknowledge
that task impurity may be present among some subtests;
that is, subtests may assess more than one executive
function process. When subtests assess more than one
executive function process, the higher-level process was
selected (e.g., shifting was selected over updating).

The NEPSY II subtests that test inhibition, or the
suppression of automatic, predisposed responses (30)
included Auditory Attention, Inhibition-Naming and
Inhibition-Inhibition. Auditory Attention assesses selec-
tive and sustained attention as a child listens to a series
of words and responds to a specified target word. The
inhibition subtest has three phases: naming, inhibition
and switching. For Inhibition-Naming, the child names
a series of black and white shapes followed by naming
the direction of a series of arrows. Inhibition-Inhibition

Table . Subtests and associated executive function processes.

Inhibition Updating Shifting Planning

NEPSYII
Animal Sorting X
Auditory Attention X
Clocks X
Design Fluency X
Inhibition-Naming X
Inhibition-Inhibition X
Inhibition-Switching X
Response Set X

WRAML
Finger Windows X
Number Letter X

Note: WRAML, Wide Range Assessment of Memory and Learning – Second
Edition

involves giving an alternate response (e.g., saying circle
when seeing a square, and square when seeing a circle).

NEPSYII subtests associated with shifting, or the abil-
ity to shift back and forth between multiple tasks or
operations (30), include Animal Sorting, Design Fluency,
Inhibition-Switching and Response Set. Animal Sorting
assesses the child’s ability to use self-determined criteria
to create as many unique card sorts as they can under
time constraints. Design Fluency subtest tests the child’s
ability to generate unique designs connecting five dots
under time constraints. Response Set, a subtest of Audi-
tory Attention, assesses the ability of the child to inhibit
the previously learned response and respond in a differ-
ent way to a target word. Inhibition-Switching involves
inhibiting a learned response while a conflicting response
is given. The Clocks measure assesses both visual and
drawing items and is associated with planning, a higher
order executive function process. For visual items, the
child reads the time on clocks with or without numbers
present. For drawing items, the child draws analog clocks
to represent a time provided by the examiner. The selected
battery included paper and pencil activities, answering
questions, and playing games. All subtests have estab-
lished reliability and validity. Subtest age-adjusted stan-
dardized scores are computed by the NEPSY II computer-
scoring program, with a mean scaled score of ten and a
standard deviation of three.

Updating, closely related to working memory, refers
to monitoring, revising, and the dynamically manipu-
lating relevant information (30). Updating was assessed
using the Finger Windows and Number Letter subtests of
the WRAML2 (42). Finger windows involves the exam-
iner presenting predetermined sequences of inserting the
blunt end of a pencil through holes in a plastic template,
then the child reproduces the sequence. Number Letter
asks the child to orally reorder digits and letters in numer-
ical order and alphabetical order when initially given in
no particular order. The WRAML2 has established reli-
ability and validity. Raw subtest scores are converted to
age-adjusted standard scores and a standardized working
memory index (composite) score with a mean of 100 and
a standard deviation of 15.

Processing speed, or the speed in which one completes
a mental task, was assessed using the Visual Matching
and Decision Speed subtests of the WJ III (43). While
not an executive function, processing speed supports
cognitive processes. Visual Matching consists of two rows
of numbers and the child selects the two that match.
Similarly, Decision Speed consists of the child selecting
the two pictures that are similar from an array. Both
subtests were conducted under time constraints. The
WJIII computer-scoring program computes age-adjusted
standard scores for each subtest and a standardized
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processing speed composite. Scores have a mean of 100
and a standard deviation of 15.

The children in our sample all had an established
asthma diagnosis and had initiated controller medication
therapy, which precluded assessment of asthma severity.
Instead, as recommended by the National Heart, Lung,
and Blood Institute (NHLBI) Guidelines for the Diagno-
sis and Management of Asthma (5), we assessed asthma
control using the Childhood Asthma Control Test (C-
ACT) (44), a 7-item instrument using child and par-
ent report to classify asthma control in children aged 4
to 11 years. Children completed the four child-reported
items with a study representative while parents indepen-
dently completed the three parent-reported items. The
summed scores can range from zero to 27, with higher
scores indicating better asthma control. Validated cut-
points for C-ACT scores of �20 indicate well-controlled
asthma, 13–19 not well controlled, and �12 as poorly
controlled. The C-ACT has established validity and relia-
bility. The Cronbach’s alpha was .65 for the present study.

The Medication Adherence Report Scale for Asthma
(MARS-A) (45) is a 10-item instrument that assess inten-
tional avoidance and reduction of asthma controllermed-
ication use, particularly symptom-driven nonadherence.
The MARS-A uses a 5-point scale (one = always, five =
never). Scores for the 10 items are averaged, with an aver-
age score of >4.5 indicating high adherence. The MARS-
A does not reflect actualmedication adherence, but rather
individual beliefs and behaviors related to medication
adherence. We chose to have child participants complete
theMARS-A, as opposed to their parents, given our inter-
est in understanding child beliefs and behaviors. Exam-
ples include “I only use my [controller medication] when
I need it” and “I take it less than instructed”. The MARS-
A has been validated in adults with asthma, but this was a
novel use of MARS-A in children with asthma. The esti-
mated literacy level ofMARS-Awas second grade, and the
Cronbach’s alpha was. 70.

The Beliefs about Medicines Questionnaire (BMQ)
– Specific is a 10-item self-report questionnaire that
assesses the domains of medication necessity and con-
cerns (46). The BMQ uses a 5-point scale (one= strongly
disagree, five = strongly agree), with five items assessing
perceived medication necessity and five items assess-
ing medication concerns. Domain scores are summed,
and the Necessity-Concern differential is calculated by
subtracting the concern score from the necessity score.
A positive Necessity-Concern differential indicates that
necessity outweighs medication concern whereas a neg-
ative score indicates concerns outweigh necessity. The
BMQ has been previously used in children down to age
7 years (47). The Cronbach’s alpha was. 79.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
software version 19 was used for analysis. All variables
met assumptions for parametric analyses. A p value
of <.05 was used as the criterion for statistical signif-
icance. Descriptive statistics (mean, range, standard
deviation) were used to describe the demographic char-
acteristics, medication adherence, medication beliefs,
and age-adjusted standard scores on cognitive measures.
Mann-Whitney U and Kruskal-Wallis tests were used
to assess for differences in cognitive performance and
gender, race, ethnicity and asthma status. We calculated
separate executive function composite scores for inhibi-
tion, updating, shifting and processing speed. Inhibition
and shifting composite scores were calculated by averag-
ing subtest scores for each executive function process.
Updating and processing speed composite scores were
calculated via the computerized scoring software for
WRAML2 (updating) and WJ III (processing speed).

One-sample t-tests were used to compare normative
sample means with the study sample means for each cog-
nitive subtest and composite score. Pearson correlation
coefficients (two-tailed) were used to examine associa-
tions between cognitive variables, medication adherence,
medication beliefs, and asthma control. Hierarchical lin-
ear regression was used to examine associations between
selected cognitive processes,medication beliefs andmedi-
cation adherence. There was one instance of missing data,
which occurred when a child declined to complete a par-
ticular subtest.

Results

Forty-one children ages 7–11 years who met study eligi-
bility criteria were contacted byArizona Respiratory Cen-
ter staff using a recruitment script. Four were eliminated
due to exclusion criteria, and an additional six declined
to participate. The remaining thirty-one children ages 7–
11 years (M = 8.9 ± 1.51) enrolled in this cross sectional
study. The demographic characteristics of the sample
are summarized in Table 2. Of the 31 children in this
study, 81% had well-controlled asthma and 19% not well
controlled per the C-ACT. The medication Necessity-
Concern differential ranged from −3 – 16 (M = 6.97, SD
5.63), indicating that overall the sample felt that asthma
controller medication necessity outweighed concerns.
Reported medication adherence ranged from 1.6-4.9
(M = 3.49, ±0.74), indicating medication adherence
below the adherent threshold of 4.5. A series of Mann-
Whitney U Tests showed no difference in cognitive
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Table . Demographic characteristics of the sample.

Demographic Characteristics N (%)

Gender
Male  (.)
Female  (.)

Ethic origin
Hispanic or Latino  (.)
Not Hispanic or Latino  (.)
Prefer Not to Say  (.)

Race
American Indian or Alaska Native  (.)
Black or African American  (.)
Caucasian or White  (.)
Mixed race  (.)
Prefer Not to Say  (.)

Asthma Status
Well Controlled  (.)
Not Well Controlled  (.)

performance by gender nor among children with well-
controlled and not well-controlled asthma. Similarly, a
series of Kruskal-Wallis tests showed no difference in
cognitive performance by race.

Executive function and processing speed subtests
and composite scores

Child executive function and processing speed perfor-
mance is summarized in Table 3. Child participant per-
formance differed significantly from the reference sample
means on numerous subtests, particularly NEPSY II sub-
tests that assess inhibition and shifting. The study sample
did have significantly lower composite scores compared
to the reference sample in inhibition, t (31) = −3.84, p =

.001, and shifting, t (30) = −3.73, p = .001 (see Table 3),
indicating lower executive functioning compared to the
reference sample. There were no significant differences
between the study sample and the reference sample on the
updating and processing speed composite scores.

Correlations between child executive function and
asthma control, medication beliefs and adherence

There were no significant associations between execu-
tive functioning and child asthma control or medication
beliefs (see Table 4). There was a significant association
between the shifting composite score and the clocks sub-
test (planning) (r = .75, p < .001), indicating that higher
shifting scores was highly associated with higher capacity
for planning. Child-reported medication adherence was
significantly correlated with both planning (r = .38, p =
.04) and the shifting composite score (r = .42, p = .02),
such that children with higher shifting and planning com-
posite scores had higher medication adherence.

Executive function as a predictor ofmedication
beliefs andmedication adherence

To assess executive function as a predictor of asthma
medication beliefs and adherence, we used two separate
hierarchical regression analyses (see Table 5). For both
models, age and asthma level of control (C-ACT) were
used as a control (step one) given that age and asthma
control have a known association with both asthma
medication beliefs and adherence. The shifting composite

Table . Summaryof executive functionandprocessing speed subtest and composite scores and comparisonwith reference sample scores.

% CI of Difference

Instrument N Mean (SD) Observed Range t-test† t (sig) Lower Upper

Inhibition
Auditory attention  . (.) – . (.) − . .
Inhibition-naming  . (.) – − . (.)

∗∗ − . −.
Inhibition-inhibition  . (.) – − . (.)

∗∗ − . −.
Inhibition composite  . (.) .–. − . (.)

∗∗ − . −.
Updating
Finger windows  . (.) – − . (.) − . .
Number Letter  . (.) – . (.)

∗∗
. .

Updating composite  . (.) – . (.) − . .
Shifting
Animal sorting  . (.) – − . (<.)

∗∗ − . −.
Design fluency  . (.) – − . (.)

∗∗ − . −.
Response set  . (.) – . (.) − . .
Inhibition-switching  . (.) – − . (.)

∗∗ − . −.
Shifting composite  . (.) .–. − . (.)

∗∗ − . −.
Planning
Clocks  . (.) – − . (.) − . .

Processing Speed
Visual Matching  . (.) – − . (.)

∗∗ − . −.
Decision Speed  . (.) – − . (.) − . .
Processing Speed composite  . (.) – − . (.) − . .

Note: SD, Standard Deviation; CI, Confidence Interval
∗p< . ∗∗p< .
† sample mean in comparison with reference sample mean
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Table . Correlations between executive function, medication beliefs and medication adherence.

Variable        

. Inhibition composite −
. Updating composite . −
. Shifting Composite . . −
. Planning . . .

∗∗ −
. Processing Speed composite .

∗
. . . −

. Asthma control (C-ACT) . − . . − . − . −
7. Medication Beliefs .25 .06 .31 .30 .02 .49

∗∗ −
8. Adherence (MARS-A) .18 .02 .42

∗
.38

∗ − .01 .26 .48
∗∗ −

Note: C-ACT, Child Asthma Control Test; MARS-A, Medication Adherence Report Scale for Asthma
∗p< .
∗∗p< .

score was used as the predictor in step two of the anal-
yses based on the significant correlations identified in
Table 4.

In the first model, shifting was used to predict child
medication beliefs, controlling for child age and asthma
control. While age was not a significant predictor of
child medication beliefs, we were not surprised that
child asthma control was significant (β =. 52, p < .01).
The squared semi-partial correlations indicate that child
asthma control explained 27% of the variance in reported
medication beliefs. Addition of the shifting composite
score in step two was not significant at the conventional p
< .05 level, though the squared semi-partial correlations
indicate that shifting explained 7%of the variance inmedi-
cation beliefs and collectively resulted in a statistically sig-
nificant model, F (3, 26) = 5.6, p < .01.

In the second model, shifting, controlling for age and
asthma control, was used to predict child-reported con-
troller medication adherence. In step one of the analysis,
neither age or asthma control were significant predictors
of medication adherence. However, the shifting composite
score in step two accounted for 16% of the variance in

medication adherence, which was statistically significant,
F (3, 26) = 3.23, p < .05.

Discussion

This pilot study sought to describe executive functioning
of school-age children with persistent asthma and to
explore the relationship of executive functioning, medi-
cation beliefs and controller medication adherence. With
respect to aim one, to describe the executive functioning
of children with persistent asthma, findings of the present
study show that compared to healthy peers, children
with asthma demonstrated impairments in inhibition and
shifting. Updating, planning and processing speed did not
differ from the reference sample. Hajek et al. (40) explored
the same executive functions and processing speed in
6–14 year old children with asthma (n = 15), and found
that childrenwith asthmaperformed below the normative
population in inhibition, workingmemory (updating) and
processing speed (40). While not in complete agreement,
both teams found that children with asthma appear to

Table . Linear regression models using shifting as predictor of asthma medication beliefs and adherence.

Model R R� β sr

Predicted: Medication Beliefs
Model  predictors: Age, Asthma control (C-ACT) .

∗
.

∗
— —

Age — — . .
Asthma Control — — .

∗∗
.

Model  predictors: Age, Asthma control (C-ACT), Shifting Composite .
∗∗

. — —
Age — — . .
Asthma Control — — .

∗∗
.

Shifting Composite — — . .
Predicted: Medication Adherence

Model  predictors: Age, Asthma control (C-ACT) . . — —
Age — — . .
Asthma Control — — . .

Model  predictors: Age, Asthma Control (C-ACT), Shifting Composite .
∗

.
∗

— —
Age — — . .
Asthma Control — — . .
Shifting Composite — — .

∗
.

∗p< . ∗∗p< ., C-ACT, ChildhoodAsthmaControl Test; R, Coefficient of determination; R�, coefficient of determination change;β , beta coefficient; sr, squared
semi-partial correlation (portionof variance in thedependent variable [MedicationBeliefs orMedicationAdherence] that is uniquely explainedby the independent
variable [predictors]).
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experience impairments in executive function processes.
Interestingly, Rajabi et al. (48) also reported impairments
in inhibition, attention and shifting among 30 adults
with asthma (48). Collectively, despite the use of varying
executive function batteries among the study teams, these
findings suggest that that individuals with asthma appear
to underperform in select executive function processes
compared to reference samples.

Aim two sought to identify associations among child
executive functioning processes, asthma beliefs, and
asthma controller medication adherence. The association
between processing speed and inhibition did not surprise
us, given that processing speed supports executive func-
tioning. Similarly, we have previously reported on the
associations among asthma control, medication beliefs
and medication adherence (18). The association between
shifting and medication adherence as well as planning
and medication adherence was very interesting. To our
knowledge, this is the first study to associate medication
adherence in children with asthma with an executive
function process, shifting, and a more complex execu-
tive function, planning. In our study, higher executive
functioning scores were associated with greater reported
medication adherence.

Shifting reflects an individual’s ability to switch
between tasks, operations and strategies, as well as inhibit
previously established rules (49). Similarly, planning is
related to goal-directed behavior as well as an individual’s
ability to anticipate consequences (32,49,50). As such,
shiftingmay contribute to planning. For example, follow-
ing an asthma exacerbation, a child may inhibit a previ-
ously held belief that controller medications are only use-
ful during an exacerbation and switch to a new rule that
controller medications may be important even outside of
an exacerbation (shifting). As such, the child evaluates the
prior nonadherent behavior and plans to be adherent in
the future (planning). In other words, shiftingmay play a
supportive role to one’s overall planning ability, which cer-
tainly is plausible in our studywhere shifting and planning
were highly correlated.

Our final aim was to examine executive function as
a predictor of child medication beliefs and controller
medication adherence. Shifting did not emerge as a sig-
nificant predictor of child asthma medication beliefs.
Coupled with the lack of correlation among any of the
executive function processes and medication beliefs in
aim two; it appears that in this sample, executive function
does not have a significant relationship with medication
beliefs. Similar findings were recently reported by Soones
et al. (51), who found among their sample of adults ages
60 years and older (n = 433), executive functioning
did not have a significant relationship with medication
beliefs (51). Shifting did emerge as a significant predictor

of child asthma controller medication adherence in our
sample, such that children with lower shifting scores had
lower medication adherence. Medication adherence is
complex, requiring remembering to take the medications
despite competing demands, planning, organizing and
self-regulating. As such, findings from the present study
reflect this complexity in that children withmore capacity
for complex executive function (e.g., shifting, planning)
reported higher adherence.

Given the exploratory nature of this pilot study, we
may only speculate about possiblemechanisms thatmight
account for asthma-related executive function underper-
formance compared to normative samples. Based on a
review of the literature, possible mechanisms include
asthma severity and control, cumulative insults related to
intermittent hypoxia, sleep disturbances, and glucocor-
ticoid use. Asthma control and severity have been asso-
ciated with cognitive deficits among adults with asthma
such that worse asthma control is associated with poorer
cognitive functioning (51–54). In our study, asthma con-
trol (measured by C-ACT) did not emerge as a significant
predictor of medication adherence. However, the major-
ity of children in our sample had well-controlled asthma,
therefore it is possible we experienced a ceiling effect that
explains why we did not find a significant relationship in
our analysis. One strategy to address this in the future is to
use stratified sampling in order to achieve a wider range
in asthma control among the sample.

Hypoxia is another possible mechanism to explain
asthma-related executive function underperformance
compared to normative samples, particularly for those
who have a history of severe exacerbations. Asthma-
induced intermittent hypoxia has been linked to impaired
learning and memory in immature rodents (55,56). Find-
ings in older adults are mixed (57), though there is a lack
of evidence exploring intermittent hypoxia and executive
functioning in children.More research is needed to deter-
mine the whether there is a cumulative effect of inter-
mittent hypoxic episodes on child executive functioning
and whether executive function normalizes over time.
Recent articles report executive functioning impairments
in adults with asthma, suggesting that such insults may
endure (48,58).

Sleep and glucocorticoid use may also be important
considerations with respect to asthma-associated exec-
utive functioning impairment. Children with asthma
experience a high rate of sleep disturbances (59,60),
particularly those with poor asthma control, and such
disturbances may also impair executive functioning
(51,61). Our small sample size precluded analyzing pos-
sible covariates, but sleep should be considered in future
studies. The long-term cognitive effects of glucocorticoid
use may also be relevant. Rajabi et al. (48) reported that
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adults who received regular corticosteroid therapy had
better cognitive performance compared to adults who
did not, and suggested inflammation as a possible mech-
anism (48). Oxidative stress may be another potential
mechanism to explore. Clearly, asthma is a complex,
multifactorial disease, and additional research is needed
to disentangle the contributions of various mechanisms
on child executive function.

Interestingly, executive function deficits and associa-
tion with poorer treatment adherence may not be unique
to asthma, as similar findings have also been reported
among children and adolescents with type 1 diabetes
(62,63). Similarly, executive function deficits have also
been reported among children with cystic fibrosis (64),
though to our knowledge the relationship with treatment
adherence has not been explored. Among adults across
numerous chronic conditions, executive functioning
has also been reported as a predictor of medication
adherence, suggesting that executive function may be an
important predictor of adherence across ages and chronic
conditions (65).

Limitations

Several limitations of this pilot study should be consid-
ered when interpreting findings. We used retrospective
recall of asthma control and controller medication use;
spirometry and a medication-tracking device would have
improved the reliability of those data. The majority of the
children in our study reported well-controlled asthma,
and thus medication adherence among these children
may be of less importance than for those who are poorly
controlled. We also recruited subjects from a respiratory
center research database, suggesting that our sample had
access to subspecialty care, though 35% reported receiv-
ing asthma care from community providers. Our small
sample size was insufficient to pursuemore complex anal-
yses and covariates. We also could not infer causation due
to the correlational design.

Conclusion

This study revealed lowered executive functioning scores
among school-age children with persistent asthma com-
pared to a normative sample. We also found sig-
nificant associations between shifting, planning and
controller medication adherence. If the present find-
ings are longitudinally replicated, executive functioning
may emerge as an important consideration in child-
hood asthma self/shared management. For interven-
tion researchers, executive functioning may provide a
new avenue for targeted interventions aimed at improv-
ing asthma self/shared management. Similarly, clinical

providers may elect to incorporate executive functioning
when developing asthma self/shared asthmamanagement
plans. In summary, it appears that among children with
persistent asthma, executive functioning and controller
medication adherence may be intertwined; further elu-
cidation is needed such that future interventions may be
designed to be within the cognitive capacity of children
with asthma.
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