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Abstract

Background—Adherence to the medical regimen after pediatric organ transplantation is important
for maximizing good clinical outcomes. However, the literature provides inconsistent evidence
regarding prevalence and risk factors for nonadherence posttransplant.

Methods—A total of 61 studies (30 kidney, 18 liver, 8 heart, 2 lung/heart-lung, and 3 with mixed
recipient samples) were included in a meta-analysis. Average rates of nonadherence to 6 areas of the
regimen, and correlations of potential risk factors with nonadherence, were calculated.

Results—Across all types of transplantation, nonadherence to clinic appointments and tests was
most prevalent, at 12.9 cases per 100 patients per year (PPY). The immunosuppression nonadherence
rate was 6 cases per 100 PPY. Nonadherence to substance use restrictions, diet, exercise and other
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healthcare requirements ranged from 0.6 to 8 cases per 100 PPY. Only the rate of nonadherence to
clinic appointments and tests varied by transplant type: heart recipients had the lowest rate (4.6 cases
per 100 PPY vs. 12.7-18.8 cases per 100 PPY in other recipients). Older age of the child, family
functioning (greater parental distress, lower family cohesion), and the child’s psychological status
(poorer behavioral functioning, greater distress) were among the psychosocial characteristics
significantly correlated with poorer adherence. These correlations were small to modest in size (r =.
12-.18).

Conclusions—These nonadherence rates provide benchmarks for clinicians to use to estimate
patient risk. The identified psychosocial correlates of nonadherence are potential targets for
intervention. Future studies should focus on improving the prediction of nonadherence risk and on
testing interventions to reduce risk.
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INTRODUCTION

Organ transplantation offers children with end-stage organ disease an opportunity for a
significant extension of life as well as major improvements in quality of life.(1-8) Although
these benefits are similar to those accrued by adult organ recipients, the value of transplantation
for children is even more profound, including the potential for more normalized trajectories of
growth and development, the chance to move into adulthood, and the attainment of roles and
responsibilities that come with maturation.(3-5,9—13) Poor adherence to the posttransplant
regimen —i.e., the degree to which patients’ behavior fails to coincide with medical
recommendations(14,15) —undercuts the likelihood of achieving these benefits: poor
adherence, especially to medication and clinical follow-up requirements, has repeatedly been
linked to morbidity and mortality in pediatric recipients.(16—25) Moreover, adherence is
potentially more important in children than adults because of altered pharmacokinetics of
immunosuppressive agents in children and the consequent need for meticulous dosing,
monitoring, and clinical follow-up care.(26-28).

Recognition of these issues has led to remarkable growth in the literature on adherence in
pediatric organ recipients. However, there is little consensus on the prevalence of nonadherence
to each of the multiple components of the medical regimen among these children. For example,
literature reviews have reported crude rates of immunosuppression nonadherence (unadjusted
for duration of follow-up) ranging from 5% to 71%.(7,8,28-33) A recent small meta-analysis
of 12 studies primarily in pediatric renal recipients in the United States reported an average
rate of nonadherence (without distinguishing the components of the regimen involved) of 28%.
(34) This analysis reported substantial between-study variability in nonadherence rates (range,
4% to 50%), but it was unable to evaluate study differences that might have contributed to this
variability. In general, reviews of this literature have faced difficult challenges in estimating
average prevalence rates of nonadherence after pediatric transplantation due to (a) differences
across studies in the type of transplant children received, (b) duration of study follow-up, (c)
areas of nonadherence assessed (e.g., medication taking vs. clinic appointment attendance,
etc.), and (d) mode of adherence assessment (e.g., paper and pencil vs. parental/other informant
report vs. medication monitoring).(3,28,29,35-37) Because of uncontrolled variability related
to these factors, the clinical interpretation of the nonadherence prevalence data summarized in
past reviews remains difficult.

An additional concern noted in past reviews is that hypothesized risk factors for nonadherence
in pediatric transplant populations are understudied and show inconsistent effects.(4,7,29,31,
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38) In particular, although adolescents have long been viewed as being at considerably greater
risk for nonadherence than younger children,(4,27,35,39-41) some empirical studies support
this clinical observation(17,24,42) while others do not.(43—47) In their meta-analysis, Kahana
et al. (34) found that older age of the child was moderately associated with greater
nonadherence. However, they noted significant variability in the size of the age-nonadherence
association across studies. Similar to interpretations of variability in nonadherence prevalence
rates, methodologic and other study differences are usually emphasized as likely contributors
to the mixed findings on risk factors.(29,36) Even so, there has been no direct evaluation of
the impact of these differences in any review.

In the present report, we performed a meta-analysis of the full literature on nonadherence in
pediatric organ transplantation, published in any of multiple languages and involving cohorts
worldwide. We had two goals. First, we sought to estimate the rate of nonadherence to each
component of the medical regimen, both across all types of pediatric organ transplantation and
within specific types of transplant. Where there was substantial variation in rates across studies,
we examined whether it could be explained by differences in study characteristics (e.g., design).
Second, we aimed to determine whether nonadherence was associated with patient risk factors
and whether any associations varied by transplant type and other study characteristics.

Our goals, and the use of meta-analysis to achieve them, are consistent with best-practice
standards in evidence-based medicine.(48,49) These standards call for meta-analysis in order
to advance a research field as well as to provide clinicians with optimal information. With
respect to the latter, our analyses were designed to yield essential data for transplant clinicians
who must gauge nonadherence risk in their pediatric patient populations in order to provide
appropriate care and monitoring. Such data are also critical for the design of intervention
research to evaluate promising clinical strategies for nonadherence risk reduction.

METHODS

The methodology for conducting and reporting the meta-analysis followed established
guidelines(50,51) and was similar in approach to our meta-analyses of adult posttransplant
adherence.(52,53)

Search strategy and study selection

Figure 1 summarizes our study retrieval and selection strategy. From 1,136 citations meeting
initial inclusion/exclusion criteria, 343 were retrieved. Their bibliographies were searched,
yielding 27 additional papers. This group of 370 articles received detailed evaluation, as
depicted in the figure.

Data extraction

Nonadherence outcomes—nPairs of us (one of whom was M.A.D.) reviewed all studies.
We examined several outcomes: immunosuppression medication nonadherence; nonadherence
to clinic appointments and required tests; nonadherence to diet and exercise requirements;
alcohol and illicit drug use; and tobacco use. In addition, some studies reported a nonspecific
“global” nonadherence outcome (reflecting nonadherence in multiple, often unspecified,
areas). For some areas (e.g., diet and exercise), we grouped behaviors together because few
studies examined each individually.

Following Cochrane Collaboration standards(54) and other meta-analyses of nonadherence in
transplant and other chronic disease populations,(34,52,55,56) we extracted information from
each study on the occurrence of nonadherence in each outcome area based on the original study
authors’ definition of clinically significant nonadherence (e.g., taking less than a specified
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percentage of medication; failing to engage in a behavior at an acceptable level; having a blood
test value outside an acceptable range). Authors’ definitions reflected their transplant
programs’ requirements. (These definitions necessarily varied depending on studies’
nonadherence assessment method; we evaluated the impact of method differences on outcome
as described below.)

The only exceptions to our reliance on study authors’ own definitions of nonadherence were
for tobacco and other substance use, for which we simply recorded information on any vs. no
use. In most studies reporting on substance use, it was not explicitly stated that any use
constituted nonadherent behavior. However, since most samples consisted exclusively of
minors and substance use is not recommended for any pediatric transplant population, we
defined nonadherence as any substance use.

Assessment-related and other study characteristics—We categorized the method
used to assess nonadherence outcomes into five broad groupings(52,55): (a) self-report (e.g.,
patient interview, paper-and-pencil survey); (b) collateral report by family or healthcare
professional (e.g., through interview or survey); (c) biologic or other “indirect”(57,58) measure
(e.g., blood level from laboratory reports, electronic medication monitoring, pill count, claims
data); (d) clinical data retrieved from medical records (i.e., summaries of clinic visits and other
encounters with patients and families), and (e) combinations of these methods (e.g., self report
+clinical records data). We recorded descriptive information about each investigation (e.g.,
design, sample age composition). Following current meta-analysis standards,(50) pairs of us
rated each study on five components of methodologic quality using a validated scoring system
for each.(52,59) We employed a consensus approach where any disagreements were resolved
before assigning a final rating. The five components (each rated as 1=yes, 0=no) were whether:
(a) the sample was clearly described (e.g., including demographic information, transplant
dates), (b) the patients approached for enrollment were shown to be representative of the study
site’s transplant population, (c) the sample enrolled was shown to be representative of those
approached, (d) the definition of nonadherence, source of nonadherence data and time period
covered by the nonadherence measure were clearly described, and (e) analyses of nonadherence
rates were appropriate (i.e., if patients varied in follow-up duration, rates were calculated via
survival analysis techniques). A composite quality score was created for each study which was
the count of the number of the five areas rated as “yes” (total score range, 0-5). (A scoring
manual, with criteria for each rated component, is available from M.A.D.)

Risk factors for nonadherence—We extracted information from each study on the size
of the association of each nonadherence outcome with a series of potential risk factors. We
aimed to examine as many as possible of the characteristics hypothesized in the pediatric
transplant literature to affect risk.(4,7,8,11-13,23,26-36,38—43) However, there were only
sufficient numbers of studies (i.e., >4) to examine the following: (a) 6 patient sociodemographic
characteristics (gender, race/ethnicity, age, whether the parents’ marriage was intact,
socioeconomic status, receipt of public health insurance), (b) 2 background medical
characteristics (receipt of a deceased donor kidney transplant, receipt of dialysis before kidney
transplant) and (c) 6 posttransplant characteristics (time since transplant, parental distress and/
or feelings of burden related to the child’s health, level of family cohesiveness and support,
level of child behavioral functioning, level of child psychological distress, and child
perceptions of medical regimen side effects). Because of the small numbers of studies
examining most of these variables, we could not distinguish in our analyses whether the
variables were based on patient or parent/other informant report.
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Statistical analysis

RESULTS

Examination of nonadherence rates across outcome areas—Patients in most
studies had unequal follow-up time, typically because they entered a given study at different
time points (e.g., different transplant dates) or were lost to follow-up at varying time points
(e.g., because of death). As in other clinical epidemiologic contexts when the goal is to compare
rates in the face of differences in duration of observation,(52,60—63) we examined event rates
—cases of nonadherence—per 100 persons per year (i.e., per 100 person-years of observation).
If total person-years of observation was not reported directly, we calculated it from either
reported cumulative probabilities or descriptive information about the distribution of follow-
up duration in the sample.(61)

We calculated the pooled, or average, estimate of the nonadherence rate in each outcome area
(rate=cases per 100 persons per year [PPY]) across all contributing studies, as well as within
each organ transplant type. The pooled estimate is a weighted average that takes within-study
variance into account. It was generated under a random effects model, in order to allow
generalizability beyond the retrieved studies.(64) For each statistically significant pooled
estimate, we evaluated the impact of publication bias (i.e., that studies finding nonadherence
rates significantly different from zero may have been more likely to have been published) by
calculating the “fail-safe N.” This is the number of missing studies obtaining null findings that
would need to be added to the analysis so that the pooled estimate would no longer be
statistically significant.(65,66)

When there was substantial variability across studies in nonadherence rates in a given outcome
area (based on the Q test for heterogeneity), we used random effects meta-regression to
determine whether the variability could be explained by five study characteristics: geographic
location, design, quality, nonadherence assessment methodology, and (for the subset of studies
examining specific age groups) whether the cohort under study consisted exclusively of
adolescents or younger children.

Examination of potential risk factors for nonadherence—The association of
nonadherence with each factor was examined by extracting or calculating r, the Pearson
correlation coefficient. This effect size (ES) indicates the strength and direction of association
between pairs of variables. It was chosen for its applicability across measurement scenarios
(i.e., with continuous, dichotomous, or ranked variables).(67) For each statistically significant
average ES, we calculated the fail-safe N to estimate the impact of publication bias. We
calculated Q to determine whether there was significant variability in ESs across studies. When
there was significant variability, we examined whether study characteristics accounted for it.

Retrieved studies

A total of 61 studies met inclusion criteria; descriptive information is provided in Table 1.
(Appendix A lists the studies and nonadherence outcomes examined; a bibliography is
available from M.A.D.) Almost half of the studies focused on kidney recipients (49%),
followed by liver recipients (30%) and heart recipients (13%). Over 3,800 pediatric patients
were included across all studies, contributing almost 11,600 person-years of observation.

The number of reports contributing data on each nonadherence outcome are also shown in

Table 1. Studies of immunosuppression medication nonadherence were by far the most
common.
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Nonadherence rates and rate differences by type of transplant

Figure 2 shows the average rate and 95% confidence interval (CI) for each nonadherence
outcome. For example, the average rate for immunosuppression nonadherence was 6 cases per
100 PPY. The average rates for all outcomes differed significantly from zero (i.e., CIs do not
include zero). The rates of alcohol or drug use, and tobacco use were very low, with narrow
CIs. We found higher rates, with wider CIs, for immunosuppression nonadherence, diet and
exercise nonadherence, and global nonadherence. The highest rate of nonadherence was for
clinic appointments and tests. The generally large fail-safe N’s for the rates in Figure 2,
especially for immunosuppression nonadherence, indicate that these average rates are very
robust to the discovery of many additional studies reporting null findings.

The Q tests in Figure 2 indicate that there was significant variability in the rates across studies
for three outcome areas: immunosuppression nonadherence; clinic appointment and test
nonadherence; and global nonadherence. While we hypothesized that this variability might be
explained by differences between types of transplant, we found no evidence of such differences
for immunosuppression or global nonadherence: for these outcomes, a meta-ANOVA
comparing rates across kidney, liver, and heart recipient studies was nonsignificant: overall
test statistic, Q(2)=1.92, p=.383 and Q(2)=2.67, p=.263, for the two outcomes, respectively
(lung recipients could not be included because only one study examined these outcomes).
However, there were transplant-related differences in the rate of nonadherence to clinic
appointments and tests (Q(2)=8.63, p=.013): it was greatest in liver recipients (rate=18.8,
SE=3.6, n=4 studies) and kidney recipients (rate=12.7, SE=4.4, n=4 studies), and smallest in
heart recipients (rate=4.6, SE=3.3, n=2 studies).

Study-related characteristics accounting for variability in nonadherence rates

We focused on the three nonadherence areas where there was significant variability across
studies and, for each, we used multivariate meta-regression to test the independent effects of
study design, quality, and nonadherence assessment method. (An additional characteristic,
study geographic location, could not be examined because location was confounded with other
methodologic characteristics. For example, all Asian studies used retrospective designs and
clinical records reviews; all European studies except two used retrospective designs.) Study
sample age group could not be included in the multivariate analyses because only a subset of
studies reported rates specifically for adolescents (most often defined in this literature as aged
>10; see footnote b, Table 1) or for younger children. However, we performed a univariate test
of the impact of this characteristic (i.e., a meta-regression with age group as the single
predictor).

For each of the three nonadherence areas, Table 2 shows the estimated nonadherence rate
according to each study characteristic. For example, the average immunosuppression
nonadherence rate was 5.5 cases per 100 PPY for the 33 cross-sectional/retrospective studies,
and 14.7 for the 8 longitudinal/prospective studies. Meta-regression results show that studies
with higher quality ratings found higher immunosuppression nonadherence rates than lower
quality studies (Z=4.27, p<.001). Concerning nonadherence assessment methods, studies using
indirect methods or a multiple-method approach showed significantly higher nonadherence
rates than studies relying on clinical records reviews. (An additional comparison of indirect
vs. multiple method approaches yielded no statistically significant difference between these
two rates, Z=0.27, p=.788). Self-report was also associated with a higher nonadherence rate
but could not be tested in the meta-regression because only one study relied exclusively on that
approach. The single study using collateral reports showed a very low nonadherence rate.

The lowermost section of Table 2 also shows that cohorts for 16 of the 41 studies of
immunosuppression nonadherence consisted solely of adolescents or solely of younger
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children (remaining studies included children in both age groups and did not present separate
rates for each). The nonadherence rate among the 12 studies of adolescent cohorts was
significantly higher than that for younger cohorts (Z=4.96, p<.001).

Finally, Table 2 shows that none of the study characteristics accounted for significant
variability in rate of clinic appointment and test nonadherence. For global nonadherence, the
use of a multimethod assessment strategy was associated with a nonadherence rate three times
greater than that of a clinical records approach.

Associations of nonadherence rates with potential risk factors

The numbers of studies examining each individual nonadherence outcome in relation to
potential risk factors were small. For the outcomes of diet and exercise, alcohol and drug use,
and tobacco use, only one to two studies of each outcome considered any possible correlates,
and thus we could not examine them further. We collapsed the remaining three outcomes
(immunosuppression nonadherence, clinic appointment and test nonadherence, and global
nonadherence) and first analyzed the association of the risk factor variables with any type of
nonadherence across all available studies. Then, if we detected significant ES heterogeneity
across studies, we examined whether it could be explained by differences in the specific type
of nonadherence outcome considered in the studies, as well as other study characteristics.

Figure 3 displays the potential risk factors’ correlations with nonadherence. For example,
across the 20 studies contributing data on the gender-nonadherence correlation, the average
ES was r=—.01 (CI, —.06, .06). Within each of the three broad categories of risk factors, the
correlations are shown ordered by size.

A number of significant correlations were found (i.e., p’s<.05, CIs not overlapping with zero).
The average ESs were generally small to modest (r’s of .12 to .18). Among sociodemographic
characteristics, receipt of public health insurance, older age of the child, and a non-intact
parental marriage were associated with greater rates of nonadherence (average ESs of .12, .16,
and .18, respectively). The fail-safe N of 5 for receipt of public health insurance is small, but
the fail-safe Ns of 30 to 170 for parental marriage and older child age suggests that these latter
associations are robust to the discovery of additional reports of null effects. Neither of the
background medical factors was reliably associated with nonadherence. All posttransplant
psychosocial variables but one (the child’s perception of more medical regimen side effects)
were significantly associated with nonadherence. However, the fail-safe Ns for some effects
were very small. The most robust associations (with larger fail-safe Ns) were found for lower
family cohesion/support and greater child psychological distress.

Characteristics accounting for variability in the size of associations between potential risk
factors and nonadherence outcomes

Q was significant for several ESs in Figure 3. However, the between-study variability in the
sizes of these associations was largely unexplained by differences in specific type of
nonadherence, type of transplant, or study characteristics (e.g., design) (p’s >.05). There was
one exception: studies with higher quality ratings found older age of the child to be more
strongly associated with nonadherence (ES, r=.31, SE=.06) than did studies with lower quality
ratings (ES, r=.09, SE=.04; Z from meta-regression =2.28, p=.023).

DISCUSSION

Although the volume of research on adherence in pediatric organ transplantation has lagged
behind that for adult transplantation,(4,22,34,36,38) we found a surprising number of studies
conducted since the advent of modern immunosuppression that have considered pediatric
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adherence outcomes. This literature has focused on medication adherence, and we identified
almost as many empirical studies documenting immunosuppression nonadherence in pediatric
samples (n=41) as we found in our recent meta-analysis of adult organ recipients (n=46)(52).

Our results indicate that most pediatric recipients are adherent to the multiple components of
their medical regimen. Nevertheless, significant proportions of recipients are nonadherent; the
rates shown in Figure 2 provide important benchmarks for clinicians to use in estimating risk
for nonadherence in their pediatric cohorts. These rates represent annualized risk (cases per
year); over time posttransplant the rates would cumulate and, in fact, we found a significant
correlation between time since transplantation and nonadherence risk (Figure 3).

The observed nonadherence rates are uniformly lower than those obtained in our meta-analysis
of adult recipients.(52) For example, while transplant healthcare providers can expect to see,
on average, about 23 adult recipients per 100 patients per year who are nonadherent to
immunosuppression medications, the present findings indicate that only 6 such pediatric
recipients per 100 per year would be expected. However, unlike adults—for whom taking
immunosuppression and following diet and exercise requirements were among the most
problematic areas of the regimen(52)—we found that clinic appointment and test nonadherence
was the most common difficulty in pediatric samples, with an average rate of almost 13 cases
per 100 PPY. This was also the only area of the regimen in which there were differences across
types of transplantation. Nonadherence to clinic appointments and tests was more than twice
as prevalent in pediatric liver recipients and kidney recipients (~13 to 19 cases per 100 PPY)
than in heart recipients (5 cases per 100 PPY). This may relate to the fact that heart recipients
require more intensive clinical surveillance to detect graft rejection and related complications.
(68) The critical importance of these follow-up activities may lead to more attention on the
part of transplant professionals and patients’ families to ensuring that appointments and tests
are not missed.

No other study-related characteristics accounted for significant variability in nonadherence
rates for clinic appointments and tests. However, studies of higher methodologic quality
yielded higher immunosuppression nonadherence rates than did lower quality studies. In
addition, studies employing methods other than clinical record reviews (either indirect
methods, self-report, or multi-method approaches) found rates of immunosuppression
nonadherence and global nonadherence that were two to over three times higher than rates in
studies relying exclusively on clinical record reviews. Clinical record reviews alone, then,
appear markedly inadequate for the assessment of nonadherence in pediatric transplant
populations.

One of our key aims was to examine correlates of nonadherence. We found converging
evidence that children’s age mattered: first, our between-study analyses comparing studies of
adolescent cohorts to studies of younger cohorts found the rate of immunosuppression
nonadherence to be over twice as high in adolescents. Second, our analyses examining within-
study age-nonadherence associations found a significant correlation between these variables.
Moreover, this correlation was stronger in higher quality studies (r=.31, indicating a moderate
sized effect[69]), than in lower quality studies (r=.09). A variety of other psychosocial variables
also emerged as significant correlates of nonadherence. Consistent with clinical observations
regarding the critical role of the family system for pediatric patients’ adherence,(27,38,40,41,
45,70) we observed significant correlations between nonadherence and both lower family
cohesion and greater parental feelings of distress. Nonadherence was also correlated with
poorer child behavioral functioning and greater psychological distress. Unfortunately, the
predictive direction of these effects cannot be specified, given the cross-sectional nature of
most studies.
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The sizes of most of the correlations between psychosocial variables and nonadherence—while
slightly larger than the ESs of .05—.12 for most psychosocial variables in our meta-analysis of
adult recipients(52)— were nevertheless modest at best. We and others have suggested that
other classes of variables, namely provider-related and healthcare systems-level factors, may
ultimately prove to be stronger risk factors for nonadherence in both adult and pediatric
patients.(29,38,52,71,72) Many such factors—e.g., patient-provider communication styles,
costs of medications, accessibility of care, the structure of pediatric to adult care transition
programs—have been found to influence adherence behaviors in other chronic disease groups,
(15,29,73,74) but have rarely been examined in pediatric transplant samples.(39,58,75)

The present meta-analysis also has other limitations that reflect the body of research that we
synthesized. Few studies considered areas of the regimen beyond immunosuppression
adherence. Therefore, we had to group some areas of nonadherence crudely (e.g., diet and
exercise) rather than conduct more fine-grained analyses. Studies varied in the age cut point
used to define adolescence; this may have affected the strength of the association between
adolescence and nonadherence. There were few to no studies of adherence in some types of
pediatric transplant recipients (e.g., lung recipients, intestine recipients). We could not examine
geographic variations in studies’ nonadherence rates because study site location was
confounded with methodologic factors. There were too few studies to perform finer-grained
analyses of variations in nonadherence rates according to specific strategies for adherence
assessment (e.g., within the category of “indirect” assessments, comparing studies using
electronic monitoring to those using another approach). Each of these limitations suggests areas
for future work.

In sum, our findings have direct clinical care and research implications, as detailed in Table 3.
A particularly important avenue of work is the development and testing of interventions to
improve adherence. Although some nonadherence risk factors are not modifiable (e.g.,
children’s age), such factors identify groups most in need of immediate intervention research
attention. Other potentially modifiable psychosocial correlates of nonadherence (e.g., parental
and child psychological distress) might reasonably become focal points for prospective
research to establish their predictive effects, followed by intervention effectiveness studies.
However, intervention testing need not await definitive information on risk factors if a model
of “universal prevention”(76) is adopted, in which preventive interventions are offered to all
pediatric transplant recipients. While this might seem to be less efficient and more costly than
targeting interventions on the basis of risk, universal prevention in the form of education and
counseling is offered routinely to patients and their families pre- and posttransplant. Formally
evaluating the effectiveness of the educational and other novel clinical follow-up strategies
already in use in pediatric programs(36,77,78) may be the critical next step in reducing
nonadherence after pediatric organ transplantation.
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Databases searched: MEDLINE, PsycINFO, CINAHL, Global Health, AMED, EMBASE

qualitative studies or literature reviews (N = 13)

Yield: 343 arlicles meeting criteria identified and retrieved
+27 articles identified from bibliographies of retrieved reports

TOTAL = 370 articles retrieved for more detailed evaluation

Inclusion criteria: publication date 1981 (advent of cyclosporine) - (June) 2008

report provides empirical data on post-transplant adherence in pediatric™ or all-age samples
Yield: 1,136 citations
Exclusion criteria: case studies/samples < 10 (N = 14)

no data on pediatric adherence (e.g., adult samples aged = 18 or age not specified) (N = 764)
none of these reasons, but full article not in English, Spanish, French, or German (N = 2)

298 articles excluded from present analyses:

N = 204 no data on rates or correlates of adherence outcomes
examined in present meta-analysis
N=2 nodata on duration of follow-up or time period during
which adherence was assessed
M =21 adherence assessed only in patients with poor health autcomes
(i.e., because such outcomes can result from nonadherence,
studies limited to these patients would not provide rate data
generalizable to the broad pediatric transplant population)
=3 adherence assessed only during an intervention
N =68 data for pediatric patients not reported separately from adults
or reported separately on pediatric samples of < 10

Of remaining 72 articles:

N = 27 articles represented 11 independent studies (i.e., 11 studies each published = 1
article describing different aspects of their project). For studies with multiple articles,
data on a given nonadherence outcome were extracted from the report with the
longest duration of follow-up.

N = 5 articles represented 10 independent studies (each article described 2 separate
pediatric cohorts, e.g., a kidney recipient cohort and a liver recipient cohort).

N =40 articles each represented independent studies of individual pediatric cohorts.

}

Final set of independent studies included: 11 + 10 + 40 = 61

TOTAL = 61 studies

Figure 1.

* "Pediatric” was defined differently across studies but in most
cases included individuals either aged < 18 or aged < 21, See
Table 1 and Appendix A for the age ranges of cohorts in the final
set of studies included in the meta-analysis.

Identification of independent studies for the meta-analysis.
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Point
Area N2 Estimate (95% Cl) Q

Immunosuppression nonadherence 41 6.0 (4.7, 7.3) 426.4*

Monadherence to clinic appts. and tests 10 12.9 (7.6,18.2) 44.9*

Diet and exercise nonadherence 3 54 (2.0, 88) 112
Alcohol and illicit drug use 6 0.6 (0.1, 1.0) 2.1
Tobacco use 4 07 (0.1, 1.3) 4.0
Global nonadherence 11 8.0 (4.9,11.0) 789"

*Mumber of studies examining each nonadherence cutcome.

*p<.001

Figure 2.

Pooled estimates of nonadherence rates after pediatric organ transplantation in 6 outcome areas.

Fail-
Safe N

4,877
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N of Average ES Fail-
Correlate Studies r  (95% CI) Q  SafeN¢ Point estimate and 95% Cl|
Sociodemographic characteristics
Male gender 20 -01 (-.06,.068) 1428 - ‘
Ethnic minority 5 .08 (-.04,.20) 6.08 - 5
Receives public health insurance 5 12% (.02, .23) 425 5 5
Older age 22 16 (.08, .24)  48.44* 170 5
Parents' marriage not intact 10 18" (.04, .30) 1944 30 B
Lower socioeconomic status 6 18 (-.01,.36) 13.92" - =
Background medical characteristics
On dialysis before kidney transplant® 4 05 (-12,.21) 473 - B
Deceased donor kidney transplant® 4 13 (-.05,.30) 515 - &
Post-transplant characteristics
Greater perceived side effects 4 12 (-.05, .28) 0.94 - ]
Greater time since transplant 9 A2° (.01, .23) 8.94 2 &
Greater parental distress/burden 8 A3 (.01, .25) 3.88 2 &
Lower family cohesion/support 11 A5%(.01,.29)  19.12° 14 &
Poorer child behavioral functioning 9 5% (.02, .28) 6.60 2 .
Greater child psych. distress 12 A8*(.07,.28) 11.79 21 .

-25

0

.25

Effect size, correlation coefficient

.50

Abbreviations: ES, effect; Cl, confidence interval

“Positive effect sizes indicate associations of nonadherence with male gender,
ethnic minority group membership, receipt of public health insurance, older age, etc.

“Correlate examined only in kidney transplant recipients.

“Fail-safe M reported only when Cl does not cross zero, i.e., when effect differed from zero.
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Figure 3.

Associations between pediatric post-transplant nonadherence and potential risk factors.?

Transplantation. Author manuscript; available in PMC 2010 September 15.



Page 17

Dew et al.

-0d£) yuerdsuen Aq Ajojeredas eyep opraoid jou pip sorpmys ‘yuedsuern Sunj-11eay Jo ‘Sunj ‘11edY ‘IOAI[ ‘Aoupry € 19Io Jo sjudrdioar papnjout mo_mEmmz

0 I 14 4 4 11 Qdualaypeuou [eqo[D)
1 1 1 0 I ¥ 9sn 093eqo],
C 1 1 ! 1 9 asn Snp JOI[T PUe [OYOI[Y
I 0 z 0 0 ¢ QOURIAYPLRUOU JSIOIIXA PUE I
0 0 % € [ 01 159} pue ‘sjdde o1uI[o 03 9OUAISYPLUON
z I L €1 31 It pRouRIaypEIou E,vamoamsmg:EEH
SAIPNJS JO "OU ‘PAUNEXD SIWONN()
£'ee 07001 0°6¢ [ £ee e (6—¢) 1oysSiH
L'99 00 0°SL L'99 L'99 969 (20 91095) 19m0]
9 ‘uonenyead Kyenb Apmg
(eanoadsoxd
L'99 00S S'L8 6'88 L'98 'S8 'SA) 9A1}02dS0121/[BUOTIIIS-SSOID 9, ‘USSP Apmg
6L 61— 61-0 12-0 €2-0 6720 ,9Bue1 338 anjosqu
£ee 008 S'L8 '19 L'99 969 SJUDISA[OpE 29 UAIPIIYD
L'99 00§ Sl £'ee £'eT 6'LT Aquo sjueosajope
00 00 00 9°¢ 001 99 Aquo uarpryd
% Qéo_éﬁbm% a3e ordwres Apmg
9'8-C°0 €01 001-0'T 1°ST-0'1 9°€1-+0°0 I'ST-¥0°0 o3uer
80 91 L't 0C 9T ¥'e Uerpaur
@as)
Ly ce 60971 0S¥ TP o€ (€9 ¢se (€o¢¢ ueow :s189£ ‘dn-Mo[[0] 10 UOHEAISSQO JO UOnRIN(
6C L9 011 LSSy 011°¢ €LSTI UONEAISsqO JO s1eak uosiad [el0],
8L-0Y 761 19-LC 14 md! 16S-T1 16511 o3uer
SL 1T 6 6S 23 Ly uerpaut
12 +v9 (©)1¢ (€D v (99) €L (€01) ¥9 (8L) €9 (@s) ueow :az1s ojdureg
€61 (34 993 1€l 0€6°1 P€8°€ parpms syuaned jo “ou [e30],
4 T ¢ S 11 €1 pajuasardar saLuNod Jo “ou [ejo],
00 00 00 00 [ 91 BOLIOWY YINOS
00 00 00 00 L9 [ BOLYY
£'ee 008 Scl L91 £€e Il adomyg
00 00 00 9°¢ L9t 81 BISY
L'L9 00§ S'L8 8'LL 009 6'89 EOLIDWY }ION
9, “JUAUNUOD ‘UONELI0] ApMS
SOW00INO AJUAISYPLUOU
9002 €661 1661 0661 6861 6861 Sururwexs Apms Aue jo uoneorqnd IsarjIes Jo e X
€ 4 8 81 0¢ 19 SIS JO IoquunN
poldures paxijy Sun-)aedf/Sun eI JIAT] Aupry] ®oL JnsLvjIRIRY)

juejdsuea) uesio jo adLJ,

uonejue[dsuen ueSio orerpad J93je 90UAIAYPEUOU JO SAIpNIs Judpuadopur 19 J0J uoneurojul dANdIIdSI

L alqeL
NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Transplantation. Author manuscript; available in PMC 2010 September 15.



Page 18

Dew et al.

‘SISATeUR-BIOW AY) UT PApN[OUT APNIS OB UT PAUTWEXS SEAIE WOI)NO 10§ ¥ XIpuaddy 929G “eare awooino sIy) Ul 0UIYpeuou
JO SOJBI I19Y) UL SAIPNJS SUIUIBWSI S WIOIJ J[qRySINSUNSIPUL JI9M SIIPNIS 7 9SAY [, "dWOIINO SIY) SUIUTWEXS USyMm SUONBIIPAW uoissarddnsounwuiuou apnjoxa ALIBa[0 10U PIp 1By} SAIPNIS ¢ SIPN[oU]
r

*SISATeUB-BIOW UT PIPN[OUL SAIPNJS [enpIAIpuUI Jo aguer oe 10] v xipuaddy SR

"Z1< 98e pasn sarpnis £ pue jutod Ind Y sk | [< 936 pasn sAIpnIs 9AL] "] < PISe Sk SJUDSI[Oope pue ()] PaSe se uaIp[Iyo pauyap jutod Ind  Juisn sAIpnIs €7
Y} Jo (11=u) dnoi3 350318 OYJ, "90UISI[OPE dUIJOp 0} Pasn Jurod Ind Y} UT PALIBA ‘UIP[IYD JOSUNOA 03 sjuadsajope Sulredwod sasA[eue pajonpuod jey) 10 ‘sdnoid oSe o1j10ads uo pasnooyj jey) mo%EmQ

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Transplantation. Author manuscript; available in PMC 2010 September 15.



Page 19

Dew et al.

"I 9[QeL ‘q A)0uj00J 0s[e 33§ " < pase spoalqns

100" >d
EEES

10°>d
ek

so>d
ES

2 SJUQJSA[OPE puk ()] > pade s10alqns se udIp[Iyd paurgep Auowrod jsowr sdnoid oFe o1j10ads uo pasnooy sarpnig

P

*$9sATeUE ) UI PAUTWIEXa 9q 0} £10591ed ST} UI SAIPNIS MIJ 00) ATOM I,
2

"aouaIeypeuou uorssarddnsounurur sururexa 0) uSIsop 2A10adS0I)AI/[EUONIS-SSOID B PASN Jey) SAIPNIS 7€ d1am 210y} “*S0 ONSLIaNoRIeyd APNIs UAALS © Jo £10301ed YOBa U papN[oul SAIpNs Jo JoquINN

q

‘(91qeLreA 10301pa1d 9[3UIS B (PIM UOISSAITII-BIOW *9'T) papIaoid SI 9[qeLIBA SIY) JO 159) QJBLIBAIUN Y "SISATRUR dJBLIBAII[NW OU) UI PAPN[OUL 9 JOU P[nod d[qeLreA siy) ‘dnoisd oFe o1j10ads 10} sojes pajrodar
SOIPN)S JOMQJ 9SNBIAY "Il AIURIAYPEUOU UO JUIWSSISSE JO poyldwl pue Aijenb ‘uSisop Apnis Jo $199132 yuopuadapul oy pR)sd) UOISSAITAI-LIOUI AJBLIBAN[NUI ‘UTBWIOP JWOIINO IDUAIYPLUOU OB J0]
4

8 €1) 641 L 9191 4} axprL A[uo $ju20s3[0pY

) 4 14 &'D e Aquo uap[iy)
Em:ohm o3e ojduwres Apmg

14 (Te) L8t - ol 9099 > 9 T2 08 spoyaw ofdnmiy

15 06°S 14 91 8€T 10211pu|

- ol ©LLe ol Lot [eI01[[0D)

4 1'6) 1'7C ol (s'8) 6°€1 vodai-jjog

00T L &S 0S°0 9 0 €91 (123)] 61 80Ty MIIAJI SPIOJAI [BITUI)
JUAWISSASSE JO POYIdA

9 9056 4 6°¢) LTt €1 TD s (6—¢) 1oySTH

001 S €D¢L 00 9 cosel A 4 8T 80 67 (Z-0) 1omoT
Anrenb Apmg

4 (YRR 4 (9'8) 0T 8 60 LYl aAndadsold

10°T 6 DL 10'T 8 Lostn yI°T €€ 90 ¢ 9AN03ds0NY/[EUONIAS-SSOID)
ug1sop Apmig
Z N ("S) Aex Z N ("s) aex Z N ("s) Aex poustpperey) Apmg

dUIIIYpEUCU [BqO[S)

UIIYPeUOU J59) puk Judunuiodde drur)

duasdypeuo) uoissdaddnsounurury

urewo(J AUI0dINQ

‘sjuardroar

juedsuen uesio omerpad Jo sorpnys Juapuadapur ssoroe (1eak 1od suosiad (o 1 1od) sejer owooIno ur AJrfIqeLrea Joj Sununodoe A[fenuajod sonsLeorIeyd ApMS

NIH-PA Author Manuscript

ZalqeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript

Transplantation. Author manuscript; available in PMC 2010 September 15.



1duosnuely Joyiny Vd-HIN 1duosnuely Joyiny Vd-HIN

1duosnue Joyiny Vd-HIN

Dew et al. Page 20

Table 3

Recommendations based on meta-analytic findings on nonadherence in pediatric transplantation.
Recommendations for clinicians caring for pediatric recipients

Routinely inquire about patients’ adherence to the regimen, not only early posttransplant but in ensuing years. Collect evidence from multiple
sources: the child (especially the adolescent), family, clinical tests and laboratory data.

Recognize that posttransplant adherence involves multiple activities; ask not only about medication-taking but also about activities in meeting
other healthcare and lifestyle requirements.

Failure to attend clinic appointments and complete tests appears to be particularly prevalent; be vigilant for difficulties in this area.

Avoid relying solely on medical records data to indicate whether patients are nonadherent; use such data only in combination with other
methods of evaluating nonadherence.

Routinely inquire about correlates of nonadherence (e.g., parental distress/burden, family supports, child behavioral functioning, child distress).

Recognize that, because a constellation of personal and familial difficulties coexist with nonadherence, multifaceted interventions may be
needed to address not only nonadherence but these other factors.

Bear in mind that, although nonadherence rates in pediatric transplant populations appear to be lower than in adults, the rates increase as
children age. If this developmental trajectory is ignored, it may contribute to risk for nonadherence in adulthood.

Recommendations for researchers in pediatric transplantation

Examine nonadherence in patient groups receiving little study to date (e.g., lung recipients, intestine recipients).

Examine areas of nonadherence that have received little study to date (e.g., home self-monitoring activities, lifestyle factors related to diet,
exercise, substance use).

Because medical records data appear to underestimate nonadherence, avoid assessing nonadherence solely on the basis of such data.

Conduct prospective, longitudinal studies to allow for better examination of the onset, persistence, and risk factors for nonadherence to each
component of the medical regimen.

Examine a wider range of potential risk factors for nonadherence, including provider-related and systems-level factors, and those related to
pediatric to adult transition of care.

Empirically examine interventions to improve adherence: this may involve quality improvement/quality assurance initiatives to examine
ongoing clinical practices as well as research mounted to test novel strategies for intervening on nonadherence outcomes and associated risk
factors.
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