Medication Adherence and Health Care Utilization in Pediatric Chronic Illness:
A Systematic Review
Meghan E. McGrady and Kevin A. Hommel
Pediatrics 2013;132;730; originally published online September 2, 2013;
DOI: 10.1542/peds.2013-1451

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/132/4/730.full.html

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned,
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2013 by the American Academy
of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

Downloaded from pediatrics.aappublications.org by Gerri Mattson on October 1, 2013

Medication Adherence and Health Care Utilization in Pediatric Chronic Illness:
A Systematic Review
Meghan E. McGrady and Kevin A. Hommel
Pediatrics 2013;132;730; originally published online September 2, 2013;
DOI: 10.1542/peds.2013-1451
Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/132/4/730.full.ht
ml

Supplementary Material

Supplementary material can be found at:
http://pediatrics.aappublications.org/content/suppl/2013/08/2
8/peds.2013-1451.DCSupplemental.html

References

This article cites 40 articles, 13 of which can be accessed free
at:
http://pediatrics.aappublications.org/content/132/4/730.full.ht
ml#ref-list-1

Permissions & Licensing

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xh
tml

Reprints

Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2013 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

Downloaded from pediatrics.aappublications.org by Gerri Mattson on October 1, 2013

Medication Adherence and Health Care Utilization in
Pediatric Chronic Illness: A Systematic Review
abstract

AUTHORS: Meghan E. McGrady, PhD and Kevin A. Hommel,
PhD

BACKGROUND AND OBJECTIVE: Advanced understanding of modiﬁable
predictors of health care use in pediatric chronic illness is critical to
reducing health care costs. We examined the relationship between
medication non-adherence and health care use in children and
adolescents who have a chronic medical condition.

Division of Behavioral Medicine and Clinical Psychology, Center
for Adherence and Self-Management, Cincinnati Children’s
Hospital Medical Center, Cincinnati, Ohio

METHODS: A systematic review of articles by using PubMed, PsycINFO,
and CINAHL was conducted. Additional studies were identiﬁed by
searching reference sections of relevant manuscripts. Studies that
tested the relationship between medication non-adherence and
health care use (ie, hospitalizations, emergency department visits,
outpatient visits) or cost in children and adolescents (mean age #18
years) who have a chronic medical condition were included. Extraction of
articles was completed by using predeﬁned data ﬁelds.

ABBREVIATIONS
ED—emergency department
MPR—medication possession ratio

RESULTS: Ten studies met our inclusion criteria. Nine of the 10 studies
reviewed (90%) demonstrated a relationship between medication nonadherence and increased health care use. The directionality of this
relationship varied depending on the outcome variable of interest.
CONCLUSIONS: Medication non-adherence is related to increased
health care use in children and adolescents who have a chronic
medical condition and should be addressed in clinical care. Future
studies should include randomized controlled trials examining the
impact of adherence promotion efforts on health care use and
costs. Pediatrics 2013;132:730–740
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medication adherence, health care costs, health care quality,
access, and evaluation, chronic disease
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In 2010, the United States spent $2.6
trillion on health care, an increase of
3.9% from 2009, and 17.9% of its gross
domestic product.1 Hospital care and
physician and clinical services (ie,
emergency department [ED] visits,
hospitalizations, and ofﬁce visits, hereafter deﬁned as “health care use”) are
the 2 largest components of health care
spending,2,3 and accounted for over 50%
of the growth in health care spending
from 2009 to 2010.1 Continued rising
health care costs despite the recession,
the increasing US national deﬁcit, and
the increasing percentage of US health
spending ﬁnanced by the government
($1.2 trillion, 45% of all US health
spending) have prompted investigation
of modiﬁable factors to reduce health
care use and associated costs.4 Although there is no single strategy for
effectively controlling costs, researchers have begun to focus on the 83% of
health care resources consumed by
individuals who have a chronic medical
condition.4,5
The number of children and adolescents diagnosed with a chronic medical
condition has been steadily increasing
over the past 20 years,6 driven in part
by increases in the prevalence of obesity7 and asthma8 as well as advances
in medical care that increase survival
(eg, cystic ﬁbrosis, kidney transplant).9,10
Increases in the prevalence of chronic
medical conditions have only increased
the already disproportionate health
care expenses accounted for by children
and adolescents who have a chronic
illness.5,11,12 In 2000, children and
adolescents with a special health care
need made up 16% of youth but
accounted for 53% of hospital days.13
Consequently, targeting factors that
inﬂuence health care use in this population may provide 1 of the greatest
opportunities to reduce pediatric
health care spending.
Non-adherence refers to a lack of
correspondence between patient
PEDIATRICS Volume 132, Number 4, October 2013

self-management behavior and medical
or health advice14 and signiﬁcantly
contributes to health care use in adults
who have a chronic illness,15–18 accounting for an estimated 33% to 69%
of adult hospital admissions and $100
to $300 billion in annual health care
costs.19,20 Because much of the health
care use attributable to non-adherence
includes excess use of urgent care and
hospitalizations for preventable complications,16 it represents avoidable
costs, an ideal target outcome for
interventions aimed at reducing health
care spending. As non-adherence is
modiﬁable with intervention,21 adult
adherence promotion efforts have begun to focus on both improving health
status and reducing health care use,
resulting in programs that effectively
decrease health care costs.15
Efforts to contain pediatric health care
costs could prove to be equally as effective as adult-focused interventions,
but have not yet been examined despite
the widespread nature of non-adherence
in pediatrics. Approximately 63% of
children and adolescents who have
a chronic illness are prescribed medication,22 but 50% to 88% of children
and adolescents are non-adherent to
their prescribed regimens.23–25 As in
adult samples, pediatric non-adherence
may be a modiﬁable predictor of health
care use and resulting health care
costs. For example, an adolescent who
has asthma may require hospitalization
after failing to take his controller medication for several days and suffering an
exacerbation. If his medical care included regular assessments of his adherence and adherence promotion
efforts as necessary, this hospitalization and its associated costs may have
been avoided.16,26
Understanding the impact of adherence
promotion interventions on health care
costs speciﬁc to pediatric populations
is necessary given the numerous developmental factors that make pediatric

adherence unique (ie, inﬂuence of adult
caregivers and systems on adherence,
evolution of illness burden with age,
increasing autonomy for disease management) and the variations in health
care systems and outcomes across the
lifespan. For example, health care ﬁnancing for over one-third of children
and adolescents is provided by Medicaid and Children’s Health Insurance
Programs.27 With inconsistencies in
beneﬁts and reimbursement rates
between states, it is difﬁcult to compare health care costs across pediatric and adult samples. Furthermore,
given the more advanced disease
course and higher likelihood of complications experienced by adults who
have a chronic illness, the beneﬁts in
quality of life and cost savings resulting from pediatric prevention efforts
are likely to be less visible in shortterm evaluations typically used with
these populations.28
An increased understanding of the relationship between non-adherence and
health care use in pediatric populations
presents an opportunity to examine
a highly prevalent and modiﬁable
(amenable to behavioral intervention)
potential contributor to pediatric
health care costs. Unlike other stable
predictors of health care use (ie,
gender, socioeconomic status), nonadherence can be modiﬁed with behavioral intervention, and thus is of
clinical signiﬁcance. If non-adherence
contributes to pediatric health care
use, there is the potential to have even
greater impact on health care use
than adult efforts, because long-term
self-management behaviors are often
developed in childhood and adolescence.23 Speciﬁcally, promoting adherence in pediatric populations may have
the potential to reduce short-term
health care use as well as long-term
health care use that may result from
the increased morbidity associated
with non-adherence.23
731

Despite the potential signiﬁcance, to
our knowledge no studies have reviewed the extant literature with a targeted examination of the relationship
between medication non-adherence and
health care use in children and adolescents who have a chronic illness. This
issue is timely as health care reform
efforts and discussions regarding covered services and service delivery
models (ie, fee for service versus permember, per month) move forward.
We need to better understand how
modiﬁable factors contribute to health
care costs and value to identify relevant
and signiﬁcant priorities of health care
reform. Application of ﬁndingswith adult
populations would exclude many of the
unique modiﬁable variables that impact
pediatric adherence (ie, family functioning, caregiver involvement).14 The
purpose of this systematic review is to
provide a comprehensive summary of
the empirical studies examining the
relationship between non-adherence
and health care use in children
and adolescents who have a chronic
medical condition. Recommendations
for advancing research in this ﬁeld
and policy implications are also
discussed.

METHODS
The systematic review was conducted
in accordance with the published
guidelines presented in the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses Statement.29
Data Search
PubMed, PsycINFO, and CINAHL were
searched in April 2013 for peerreviewed original research articles
published in English before April 2013.
The search strategy included a combination of Medical Subject Headings
terms (eg, chronic disease, patient
compliance,medicationadherence,health
care costs, hospitalization, emergency
service, ambulatory care) and key
732
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words (eg, adherence, non-adherence,
self-management, compliance, treatment concordance, health care utilization, outpatient visit, emergency
department, hospitalization, health
care cost, service utilization, service
use, health care use, cost, chronic illness, chronic care, chronic) (see Supplemental Information). To ensure all
relevant articles were captured, an
additional search was done replacing
terms describing “chronic disease”
with “diabetes,” “asthma,” or “HIV,” effectively searching some of the most
developed adherence literature bases
in pediatrics (see Supplemental Information). The search did not include
restrictions on publication date or
study design.
Study Selection and Screening
The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
4-phase ﬂow diagram detailing study
selection is depicted in Fig 1.29 The
initial search resulted in 4519 records.
After the removal of duplicates, we
screened the abstracts of 4346 manuscripts. Of these, 73 manuscripts met
the following inclusion criteria: (1)
pediatric sample with a chronic illness;
(2) original research article; and (3)
mention of adherence and health care
use or cost. We then reviewed full-text
versions of these 73 manuscripts. We
excluded studies that did not assess
non-adherence and health care use,
did not examine the relationship between these variables, or included
participants with a mean age .18
years.
Data Extraction
One reviewer (Dr McGrady) completed
data extraction from included articles
by using a standardized data collection
form. A second reviewer (Dr Hommel)
checked the abstracted data for accuracy. Data retrieved from articles
included: (1) identiﬁcation of the

manuscript (authors, year); (2) characteristics of participants (child age,
child chronic illness, caregiver participating); (3) study design in accordance with published guidelines30
(cohort, cross-sectional, case-control,
or randomized clinical trial); (4) measure of non-adherence; (5) measure of
health care use; and (6) relationship
between non-adherence and health
care use. In cases in which multiple
measures of non-adherence or outcomes were used, all variables were
included. Questions regarding inclusion or relevant data were resolved
via discussion between authors.
Deﬁnitions of Variables
Measures of Medication
Non-Adherence
Medication non-adherence was assessed using measures of varying
validity and reliability,31 including selfreport questionnaires, self-report
structured interviews, electronic monitoring devices, prescription reﬁll histories, and biochemical assays (see
Table 1). The time period during which
non-adherence was assessed ranged
from 24 hours to 365 days. Of note,
some measures included non-adherence
threshold measurements with cutpoints. As these cut-points differed
across studies, deﬁnitions of “good,”
“high,” or “optimal” adherence presented in this manuscript are those
provided by the authors of reviewed
studies.
Measures of Health Care Use
To facilitate comparison across studies, we classiﬁed health care use data
as ED visits, outpatient visits, hospitalizations, or “other” measures (eg,
combined number of ED visits, outpatient visits, and hospitalizations) of
health care use. Measures of health
care use were obtained via caregiver
self-report, review of the electronic
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FIGURE 1

Study selection ﬂow diagram.

medical record, or review of insurance
databases.
Risk of Bias
To ascertain the reliability of the results of the included studies, the risk
for bias was assessed by using the
items from the Newcastle-Ottawa
Quality Assessment Scale. 32,33 The
Newcastle-Ottawa Quality Assessment
Scale is a valid and reliable measure
developed to assess the quality of
nonrandomized studies included in
systematic reviews. High-quality studies are identiﬁed using a “star system,”
with more stars representing higher
quality. Two of the 8 domains of study
quality (representativeness of the cohort and outcome assessment method)
were relevant to the included studies.
We rated each study in accordance
with published guidelines on these 2
domains.

RESULTS
Ten studies met all inclusion criteria
and were included in this review (see
PEDIATRICS Volume 132, Number 4, October 2013

Fig 1). Nine of the studies included
children and/or adolescents who had
asthma, and 1 study included a sample
of adolescents and young adults who
had type 1 diabetes. Mean age of study
participants ranged from 6.2 to 16
years. Study designs included prospective observational cohort (n = 4),
cross-sectional analyses (n = 3), retrospective observational cohort (n = 2),
and randomized-controlled trials (n = 1).
Three studies used managed care organizations, Medicaid, or Children’s
Health Insurance Programs to access
population-level data (range of sample sizes, 1474–18 456). The other
studies included data from single
(n = 4; range of sample sizes, 63–150)
or multiple hospitals/clinics (n = 3;
range of sample sizes, 158–2960).
Measures of adherence varied across
studies and included pharmacy reﬁll
records (n = 5), self-report measures
(n = 3; eg, “In the past 2 weeks, how
many days would you guess that your
child has forgotten to take his or her
medicine?”), and electronic monitors
(n = 2).

Medication Non-Adherence and ED
Visits
Six of the 7 studies examining the relationship between medication nonadherence and ED visits in children
and adolescents who had asthma
found that greater non-adherence
using multiple measures was related
to more ED visits. Children and adolescents who had asthma who did
not ﬁll any prescriptions for antiinﬂammatory medications had a higher
risk for an ED visit than those who
ﬁlled at least 1 prescription.34,35 Furthermore, lower percentage of time
during which children and adolescents possessed anti-inﬂammatory
medications (medication possession
ratio [MPR] = [number of days covered
by dispensed medication/365] 3 100)
was related to higher odds of an ED
visit.36 Consistent with these ﬁndings,
a lower percentage of doses taken, as
measured by electronic monitoring
devices, was associated with increased
ED visits.37
In a study comparing groups of children who had asthma seen in the ED
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18 456 children
(ages 2–18 y)
with asthmaa

Boylston
Herndon
et al
(2012)36

Cohort

1199 children
(ages 4–9 y)
with asthmaa

Bauman et al Cohort
(2002)41

100 children (ages
2–14 y) with
asthma referred
to a pediatric ED;
50 children with
asthma attending
an HAC

158 children
with asthma

Crosssectional

Ashkenazi
et al
(1993)38

11 195 children
(ages 3–15 yr)
with asthmaa

Sample Size and
Study Population

Bartlett et al Cohort
(2004)40

Cohort

Study Design

Adams et al
(2001)34

Author
(Year)

Age, gender,
site, reliever
medication
dispensing

Controlled For

“How often does your
Child age, family
child forget to take
income, asthma
his/her asthma
morbidity, maternal
medication?”
depressive symptoms
“In the past 2 weeks, how Child age, family
many days would you
income, asthma
guess that your child
morbidity,
has forgotten to take
maternal depressive
his or her medicine?”
symptoms
Admitted non-adherence:
number of times that
caregivers admitted
noncompliance with
a physician
recommendation for
asthma management
MPR for ICS: the
Demographics,
percentage of days
health
within a 365-d period
characteristics
that an ICS was
supplied; Grouped into:
0% to 19% MPR; 20% to
49% MPR, and $50%
MPRa

Self-report measure
including 2
dichotomous items
assessing whether
medications were
taken in the dose and
frequency prescribed
STLa

Number of canisters
or containers of
drug dispenseda

Measure of Adherence

$50% MPR was
associated with
lower odds of an
ED visit than 0% to
19% MPR, OR = 0.56
(95% CI: 0.43–0.73),
P , .001

X

NS, values not
reported

Any dispensing of an
anti-inﬂammatory
medication was
associated with
a decreased risk for ED
visits. Adjusted RR = 0.4
(95% CI: 0.3–0.5),
P , .01
Compliance to prescribed
dose (P , .001) and
frequency (P , .001)
was higher in
participants in
the HAC group than
in the ED group
STL were higher in
participants in the
HAC group than in the
ED group, P , .001
NS, values not
reported

ED Visits

TABLE 1 Studies Examining the Relationship Between Adherence and Health Care Use in Pediatric Populations

X

X

X

Greater medication
adherence was
associated with
more frequent
asthma-related
ofﬁce visits,
P , .01

X

Other Measures of
Health Care Use

Increased adherence
Adherence was not
was associated with
associated with
fewer unscheduled
whether the child
asthma visits
was hospitalized
(provider and
in the past
ED visits),
9 months,
P , .001
P = .059
Higher adherence
20% to 49% MPR was
was associated
associated with
with higher perincreased odds of
member
a hospital admission
per-month
than 0% to 19% MPR,
payments
OR = 1.27 (95% CI: 1.04–
1.55), P , .01

X

Any dispensing of an
anti-inﬂammatory
medication was
associated with
a decreased risk
for hospitalization.
Adjusted RR = 0.4 (95%
CI: 0.3–0.6), P , .01
X

X

X

Hospitalizations

Outpatient Visits

Relationship Between Adherence and Health Care Use

Study Design

Sample Size and
Study Population

McNally et al Randomized 63 children
(2009)43
controlled
(ages 5–17 y)
trial
with persistent
moderate or
severe asthma

Author
(Year)

TABLE 1 Continued
Controlled For

PEDIATRICS Volume 132, Number 4, October 2013
Percent of prescribed
Demographic and
inhaled ﬂuticasone
clinical covariates
doses received each
examined but not
day as recorded by an
included in model
electronic monitoring
owing to NS
device; Grouped into:
low and high
adherence groups
based on the upperand
lower quartiles of
adherencea

MPR for LI: the percentage Demographics,
of days within a 365health
d period that an LI was
characteristics
supplied; Grouped into:
0% to 19% MPR; 20%
to 49% MPR, and
$50% MPRa
Percent of prescribed
Demographic and
oral montelukast
clinical covariates
doses received each
examined but not
day as recorded by an
included in model
electronic monitoring
owing to NS
device; Grouped into:
low and high
adherence groups
based on the upperand
lower quartiles of
adherencea

Measure of Adherence

X

$50% MPR was
associated with
lower odds of an
ED visit than 0% to
19% MPR, OR = 0.68
(95% CI: 0.53–0.86),
P = .002
X

ED Visits

X

Greater medication
adherence was
associated with
more frequent
asthma-related
ofﬁce visits,
P , .01
X

Outpatient Visits
NS, P = .52

X

X

Hospitalizations

Relationship Between Adherence and Health Care Use

Low adherence group
demonstrated an
increase in health
care use (number of ED
visits, hospitalizations,
and clinic visits
attributable to
asthma) over the
course of the
study, P , .05; High
adherence group
demonstrated no
signiﬁcant change in
health care use, P ,
.05
Low adherence group
demonstrated an
increase in health
care use (number
of ED visits,
hospitalizations,
and clinic visits
attributable to
asthma) over the
course of the
study, P , .05;
High adherence
group demonstrated
no signiﬁcant
change in health
care use,
P , .05

Higher adherence
was associated with
higher per-member
per-month payments

Other Measures of
Health Care Use
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Cohort

Smith et al
(2007)35

Crosssectional

Measure of Adherence

75 children
(ages 8–16 y)
with persistent
asthma
2960 children
(age #14 y)
with asthmaa
Self-reported months
(out of 12) patient
adhered to prescribed
corticosteroid use
Self-reported months
(out of 12) patient
adhered to prescribed
leukotriene receptor
modulator use

Total doses taken per day
divided by prescribed
doses per daya

Number of ﬁlled
prescriptions for
bronchodilatorsa
Dichotomous indicator
of whether a
prescription for
any controller
medication was ﬁlled
within the past 3 moa

89 adolescents and young Number of days (out of
adults (age ,30 y)
365) with maximum
with type 1 diabetesa
possible insulin
coverage (as
determined by
comparing the
medically
recommended insulin
dose with the
cumulative volume of
insulin prescriptions
supplied); Grouped
into quartilesa
1474 children
Number of ﬁlled
(ages 2–17 y)
prescriptions
with persistent
for an inhaled
asthmaa
corticosteroida

Sample Size and
Study Population

Age, gender, PCP
visits, asthma
PCP visits

Controlled For

X

1–2 ﬁlled prescriptions
compared with 0
ﬁlled prescriptions
decreased odds of an
ED visit for asthma, Adj
OR = 0.08 (95% CI:
0.05–0.15), P , .001
NS in multivariate
model

X

X

Increased adherence
was associated with
decreased odds of
admission for diabetic
ketoacidosis (P , .001)
Increased adherence was
associated with
decreased odds of
hospital admissions
related to
complications of
diabetes (P = .008)

Hospitalizations

Those with a ﬁlled
Those with a ﬁlled
X
prescription were less
prescription were
likely to have an ED visit
more likely to have an
for asthma (P , .001)
asthma PCP visit (P ,
.001) than those
than those without
a ﬁlled prescription
without a ﬁlled
prescription
Increased adherence was
X
X
associated with
decreased ED visits
(r = 20.25, P , .05)
Increased adherence was
X
Increased adherence
associated with fewer
was associated with
ED visits, P = .00
fewer hospitalizations,
P = .00
NS, P . .05
X
NS, P . .05

X

X

Outpatient Visits

X

ED Visits

Relationship Between Adherence and Health Care Use

CI, conﬁdence interval; HAC, hospital asthma clinic; ICS, inhaled corticosteroids; LI, leukotriene inhibitors; NS, not signiﬁcant; OR, odds ratio, PCP, primary care physician; STL, serum theophylline levels.
a Representativeness of exposed cohort or assessment of outcome judged to be of high quality per Newcastle-Ottawa Quality Assessment Scale.

Zhao et al
(2012)39

Walders et al Crosssectional
(2004)37

Cohort

Study Design

Morris et al
(1997)42

Author
(Year)

TABLE 1 Continued

Other Measures of
Health Care Use

REVIEW ARTICLE

to those seen in asthma clinic, selfreported non-adherence was higher
in those seen in the ED.38 Similarly,
caregiver report of more non-adherence
was associated with more ED visits for
children who had asthma.39 In contrast, a third study using a self-report
measure of adherence found no relationship between non-adherence
and ED visits when included in a multivariate model.40
Medication Non-Adherence and
Outpatient Visits
Both of the studies examining medication non-adherence and outpatient
visits found that non-adherence was
associated with fewer asthma-related
ofﬁce visits. In a sample of children
who had asthma, the fewer days
a child possessed inhaled corticosteroids or leukotriene inhibitors, the
less often asthma-related ofﬁce visits
occurred.36 Similarly, children who had
not ﬁlled a prescription for a controller
medication in the past 3 months were
less likely than children who had ﬁlled
a prescription to have an asthma primary care physician visit.35
Medication Non-Adherence and
Hospitalizations
Findings of the 5 studies examining
medication non-adherence and hospitalizations were mixed and varied
based on method of adherence measurement. Four of these studies included children who had asthma and
1 included adolescents and young
adults who had type 1 diabetes. For
children who had asthma, failing to
ﬁllanyprescriptionsforanti-inﬂammatory
medication was associated with an
increased risk for hospitalization.34
However, when MPRs for inhaled corticosteroids were calculated and
grouped, those with 20% to 49% MPR
had increased odds of a hospital admission as compared with those with
an MPR of 0% to 19%.36 MPRs for
PEDIATRICS Volume 132, Number 4, October 2013

leukotriene inhibitors were not associated with hospitalizations.36
Caregiver self-reports of non-adherence
to corticosteroids were associated
with more hospitalizations in a sample
of children who had asthma.39 In another sample, however, a composite
score comprised of asking caregivers
yes/no questions related to their adherence to ﬁlling prescriptions, giving
more/less medication than prescribed,
and obtaining recommended devices
yielded no relation to whether the child
was hospitalized in the past 9 months.41
In a sample of adolescents and young
adults who had type 1 diabetes, nonadherence was associated with increased odds for admission for diabetic
ketoacidosis and other diabetes-related
complications.42

non-adherent children had lower drugrelated costs than children with higher
adherence levels. In this study, the
costs saved by not ﬁlling prescriptions
were more than the increased costs of
visiting the ED or being hospitalized
incurred by these participants.
Risk for Bias
Risk for bias as identiﬁed by the items
from the Newcastle-Ottawa Quality
Assessment Scale and the inclusion of
confounding variables is presented in
Table 1. Three of the 10 studies (33%)
included a cohort likely representative of the relevant pediatric population. Over three-quarters of studies
(n = 8, 80%) used objective outcome
measures.

DISCUSSION
Medication Non-Adherence and
Other Measures of Health Care Use
Similar to the aforementioned results
linking non-adherence with more frequent ED visits, caregivers of children
with higher levels of self-reported
non-adherence also reported more
frequent unscheduled asthma visits
(deﬁned as provider and ED visits).41
Results of growth curve modeling
analyses suggest that medication nonadherence may be associated not only
with rates of health care use, but also
changes in health care use patterns.43
In a sample of African American children who had asthma, non-adherence
was associated with greater increases
in health care use over time than those
demonstrated by groups of participants with better adherence.43
The only study to directly examine
costs related to non-adherence indicated that non-adherence was
associated with lower per-member,
per-month public insurance payments
in a sample of children who had
asthma.36 As adherence to medication
requires payment for prescriptions,
Boylston Herndon et al found that

Nine of the 10 studies reviewed (90%)
demonstrated a relationship between
medication non-adherence and increases in at least 1 health care use variable. Of note, the directionality of the
relationship between medication nonadherence and health care use depended on the outcome of interest. The
majority of studies examined reported
that medication non-adherence was
associated with more ED visits and
hospitalizations.
The relationship between medication
non-adherence and ED visits and hospitalizations is consistent with ﬁndings
in adult samples18,44,45 and suggests
that there is potential to reduce the
$1800 per child spent on hospital care
in 2010.46 Children and adolescents
who were non-adherent suffered from
more exacerbations and complications
requiring medication attention and
thus required more ED visits or hospitalizations.
Although non-adherence was linked
with more ED visits and hospitalizations, it was also related to fewer
outpatient visits.35,36 These studies did
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not differentiate between recommended outpatient visits (eg, regularly
scheduled planned clinic visits) and
excessive outpatient visits (eg, sick
visits that may have been prevented
with optimal adherence), and are likely
illustrating the relationship between
multiple aspects of treatment adherence. Speciﬁcally, patients who are
non-adherent to 1 aspect of their
medical regimen (taking medication)
are also more likely to be non-adherent
to other parts of their medical regimen
(attending regular clinic appointments). Thus, this relationship may
represent non-adherence to recommended necessary treatment (both
medications and clinic attendance) as
opposed to less excessive health care
use.
In all, the ﬁndings of this review suggest
that medication non-adherence is likely
an important contributor to health care
use in pediatric chronic illness populations. Clinically, these results suggest that intervention efforts to improve
adherence may result in reduced health
care use and ultimately reduced health
care costs. Currently available pediatric
adherence interventions can effectively improve adherence and health
outcomes.21,47 To our knowledge, no
studies have examined the costeffectiveness of adherence interventions with pediatric populations.
Emerging adult literature, however,
suggests that the reduced health
care and indirect (eg, productivity
loss, absenteeism) costs signiﬁcantly
outweigh the costs of implementing

behavioral adherence-promoting interventions.48–51
Several limitations and resulting
implications for future research exist.
First, the relatively small number of
studies that met inclusion criteria and
the varied risk for bias across studies
indicate that this is a nascent area of
research that requires further investigation. To broaden the literature
base in this important ﬁeld, future research examining adherence should
include health care use and cost analyses and be conducted with additional
illness populations. Including additional illness populations is of particular importance, as it will allow for an
improved understanding of how adherence relates to health care costs
across a variety of illnesses with varying medical regimens and health care
use patterns. Second, the observational
study design of the reviewed manuscripts negates the possibilities of determining the implications of improving
adherence on health care use and costs.
Future research should examine this
question in the context of randomized
controlled trials using longitudinal
data. Third, as the method of assessing
adherence varied signiﬁcantly between
studies, it is not possible to directly
compare results. Given the signiﬁcant
implications of this research, future
efforts should use evidence-based
methods of adherence assessment.31
Fourth, currently available methods
can result in misleading ﬁndings, such
as cost-savings associated with lower
drug-related costs attributable to

non-adherence. Researchers using
relatively brief follow-up periods capture only the short-term drug cost
savings realized from non-adherence
and not the long-term, more costly
consequences (eg, more frequent
hospitalizations) of non-adherence.
Thus, future research should address
this methodologic issue by longitudinal
designs that account for expected
costs (eg, medication reﬁlls) versus
unexpected costs (eg, ED visits) and
follow participants for periods of time
that allow for long-term consequences
of non-adherence to be realized. Fifth,
the generalizability of our ﬁndings to
non-Western populations may be limited by our exclusion of non-English
manuscripts. As the prevalence of
non-adherence is a global concern,15
more inclusive reviews should be considered.
Resources allocated to improving adherence are often fairly limited. In the
current economic and political climate, however, increasing attention
has been paid to novel approaches to
improving health outcomes while reducing spending. Results of this review
suggest that targeting non-adherence
in children and adolescents who have
a chronic illness may provide a unique
opportunity to reduce health care use
in a continually growing population.
Consistent with the call for action
proposed by the World Health Organization,15 multidisciplinary efforts to
promote adherence should be a priority for all medical providers and
policy makers.
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WHAT’S IN A NUMBER: While I have not thought too much about my three sons’
ability to father children, researchers are worried about the fertility of the
current generation of men between the ages of 18 and 25 years. As reported in
The Wall Street Journal (In the Lab: July 15, 2013), many in the reproductive
science world believe that we are entering a “sperm crisis” due to falling sperm
counts. In general, men have approximately 60 million sperm in each milliliter of
semen. As long as a man has approximately 40 million in each milliliter, he is
considered fertile. As the number falls beneath this threshold (and particularly
below 20 million), either the ability to conceive begins to drop or the time to
conception increases. Several European studies have demonstrated that men
have much lower sperm counts now than previously. A study of nearly 26,000
healthy French men followed at fertility clinics because of partner infertility
demonstrated a 30% decline in sperm count from 1989 to 2005. Another large
study showed that sperm counts had declined by almost 50% in the past 50 years.
While on average French men still have healthy sperm counts (49 million per
milliliter of semen), approximately 1 in 5 northern European men have sperm
counts low enough to affect fertility. Why sperm counts have declined is not
known. Possible explanations include in utero such as maternal smoking, early
life exposures to phthalates, and sedentary jobs, frequent hot baths, fatty foods,
and marijuana use. Even central obesity has been implicated. Scientists are
worried about the implications beyond fertility as sperm count may be an easy
and sensitive measurement of other effects lifestyle may have on other body
functions or processes. Others are not so convinced that a “crisis” is at hand.
While the study of French men only included presumably healthy men, many
studies have been in men presenting to clinics because of infertility and thus may
not be representative of the general population. I am not sure how to counsel my
sons on this topic. Other than to wait until they are sure they are absolutely ready
to start a family, I generally simply recommend a healthy lifestyle and appropriate protection should fertility be something they ﬁnd themselves needing to
consider.
Noted by WVR, MD
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