
Meta-Analysis of Medical Regimen Adherence Outcomes in

Pediatric Solid Organ Transplantation*

Mary Amanda Dew, Ph.D.1,2,3,4,10, Annette DeVito Dabbs, Ph.D., R.N.5, Larissa
Myaskovsky, Ph.D.6,1,12, Susan Shyu, B.S.9, Diana A. Shellmer, Ph.D.7,11, Andrea F.
DiMartini, M.D.1,8,12, Jennifer Steel, Ph.D.8,1,12, Mark Unruh, M.D., M.Sc.6, Galen E. Switzer,
Ph.D.6,1,13, Ron Shapiro, M.D.8,12, and Joel B. Greenhouse, Ph.D.14,1

1 Department of Psychiatry, University of Pittsburgh

2 Department of Psychology, University of Pittsburgh

3 Department of Biostatistics, University of Pittsburgh

4 Department of Epidemiology, University of Pittsburgh

5 Department of Acute and Tertiary Care Nursing, University of Pittsburgh

6 Department of Medicine, University of Pittsburgh

7 Department of Pediatrics, University of Pittsburgh

8 Department of Surgery, University of Pittsburgh

9 University of Pittsburgh School of Medicine

10 Cardiothoracic Transplantation Program, University of Pittsburgh Medical Center (UPMC)

11 Hillman Center for Pediatric Transplantation, UPMC

12 Thomas E. Starzl Transplantation Institute, UPMC

13 Center for Health Equity Research and Promotion, Veterans Administration Medical Center

14 Department of Statistics, Carnegie Mellon University, Pittsburgh, PA, USA

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—Pairs 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

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.

RESULTS

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.

Dew et al. Page 8

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

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



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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Figure 1.

Identification of independent studies for the meta-analysis.

Dew et al. Page 14

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

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Figure 2.

Pooled estimates of nonadherence rates after pediatric organ transplantation in 6 outcome areas.
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Figure 3.

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