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Objective To apply a social ecological model to explore the psychosocial factors prospectively

associated with longitudinal adherence to antiretroviral treatment in youth perinatally infected with

HIV. Methods Randomly selected youth, age 8 to <19 years old, completed cognitive testing and

psychosocial questionnaires at baseline as part of a multisite protocol (N¼ 138). A validated caregiver-report

measure of adherence was completed at baseline and 24 and 48 weeks after baseline. Results In multivar-

iate analysis, youth awareness of HIV status, caregiver not fully responsible for medications, low caregiver

well-being, adolescent perceptions of poor caregiver–youth relations, caregiver perceptions of low social sup-

port, and African American ethnicity were associated with nonadherence over 48 weeks. Conclusions

Interventions focusing on caregivers and their interactions with the individual youth and extrafamilial system

should be prioritized for prevention and treatment efforts to address nonadherence during the transition into

adolescents.

Key words antiretroviral therapy; children; HIV; patient adherence.

Most perinatally HIV-infected youth in the United States

(currently an estimated 10,000) are aging into adolescence

and young adulthood (Hazra, Siberry, & Mofenson, 2010).

However, in HIV and in other chronic conditions, adoles-

cents are at higher risk for poorer adherence compared with

younger children (Drotar & Levers, 1994; McQuaid, Kopel,

Klein, & Fritz, 2003; Mellins, Brackis-Cott, Dolezal, &

Abrams, 2004; Williams et al., 2006). Thus, it is critical

to develop theory-driven HIV adherence interventions for

youth transitioning into adolescence and young adulthood

that take into account the multiple contexts within which

they are embedded. Social–ecological theory suggests that

poor regimen adherence is driven by risk factors across

multiple systems, including individual child factors, family

factors, and extrafamilial factors (Bronfenbrenner, 1979;

Kazak, 1989). Indeed, studies of one or two systems have

shown pediatric HIV adherence to be related to factors in

each of these domains, including child psychological symp-

toms and awareness of HIV status, child and caregiver

disbelief about the need for medications, lower caregiver
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well-being regardless of caregiver HIV status, low caregiver

self-efficacy, worse parent–child relationships, less respon-

sibility for illness management, and being a biological

parent or relative (vs. foster or adoptive parent) (Malee

et al., 2009, 2011; Simoni et al., 2007). Extrafamilial factors

related to antiretroviral treatment (ART) nonadherence in-

clude more stressful life events and less social support

(Simoni et al., 2007). Although patient–provider relation-

ships are thought to be an important extrafamilial factor

(Beach, Keruly, & Moore, 2006), there are few pediatric

HIV studies that have assessed this variable.

The literature on factors associated with adherence to

treatment of pediatric HIV is largely atheoretical (Simoni et

al., 2007). A social ecological model has been recommended

for understanding adherence in pediatric chronic illness

(Fuemmeler, 2004; Pontali, 2005), but few studies of pedi-

atric HIV simultaneously assessed factors across multiple

systems. Only one study to date used this model (Naar-

King, Arfken, Frey, et al., 2006), and results were limited

by a small sample size from a single site, data collection only

from caregivers, and family measures with low reliability.

Furthermore, available adherence studies of pediatric HIV

have only addressed associations between adherence and

psychosocial factors at a single point in time. However,

cross-sectional data are limited in explaining causality, and

factors associated with sustained adherence are unknown.

Thus, the literature is clearly lacking in longitudinal theory-

driven studies that can identify factors across multiple sys-

tems causally related to sustained adherence. Findings could

identify groups at high risk for nonadherence over time and

potentially modifiable factors for intervention.

The goal of this exploratory analysis was to identify

social ecological factors, by simultaneously assessing mul-

tiple factors across multiple systems, which prospectively

predict adherence in a multisite cohort of perinatally in-

fected youth. We hypothesized that factors in the individ-

ual youth (lower cognitive and behavioral functioning,

unawareness of HIV status), in the family system (biolog-

ical parent, poor caregiver well-being, poor caregiver–child

relationships, low caregiver beliefs about HIV severity, and

low caregiver responsibility for medication), and in the ex-

trafamilial system (stressful life events, low social support

for caregiver and child, and less engagement with medical

team) at baseline would be associated with longitudinal

nonadherence over the subsequent 48 weeks.

Methods
Study Design and Participants

This longitudinal cohort study (N¼ 138) was based on the

Pediatric AIDS Clinical Trials Group Protocol (PACTG)

1042s, a substudy of PACTG 219C, a long-term observa-

tional study that followed large cohorts of HIV-infected

(N¼ 2,869) children throughout the United States from

September 2000 through May 2007. Further details regard-

ing 219C and 1042s are available in other publications

(Lee, Gortmaker, McIntosh, Hughes, & Oleske, 2006;

Nichols et al., 2012; Williams et al., 2006). For P1042s,

perinatally infected youth aged 8 to <19 years were ran-

domly selected from P219C and stratified by age (<12 and

�12 years). An initial list of 280 subjects was randomly

selected (simple random sample without replacement)

from the entire subset of P219C subjects still under

study when P1042S was opened to enrollment and who

on record were anticipated to meet eligibility requirements

for P1042S when they enroll. A second list of 140 addi-

tional patients was later randomly generated to achieve

target enrollment.

Eligibility criteria included on ART regimen during

study duration with no planned treatment interruption,

primary language of English or Spanish, and actively en-

rolled in P219C, with an age-appropriate Wechsler test for

P219C within 3 months of P1042s study entry, so that this

assessment would not have to be repeated. Written in-

formed consent was obtained from youth aged 18 and

older and from parents or legal guardians of younger

youth, with assent also obtained from younger youth.

From the 420 potential caregiver–youth dyads, 99

declined to enroll (25.6%). Sites completed a form request-

ing reasons for refusal for 72 of the 99 who declined to

enroll. Of these 72, 25 caregivers did not volunteer a rea-

son. For the remaining 47, reasons included lack of time

(n¼ 19), lack of interest in research trials (n¼ 18), and

travel difficulties (n¼ 10). An additional 91 were deemed

ineligible, 62 were never approached before study closure,

and no information was available for 9. Among the 159

participants who were enrolled in the study, 138 had ad-

herence data at baseline. No significant differences in

gender, race/ethnicity, primary caregiver, CD4 count/per-

cent at study entry, or Centers for Disease Control Class C

categorization at/before study entry were observed between

those with completed data and those without. Participants

with missing data (9%) were older (median¼ 13.1 vs. 12.3

years, p¼ .04), had a lower percentage of primary care-

givers who did not have a high school diploma (31% vs.

64%, p¼ .03), and had higher viral loads at study entry

(median log[RNA]¼ 4.20 vs. 2.60, p¼ .008) compared

with those with complete data.

Measures

Research nurses asked parents and youth to complete

study questionnaires in separate private rooms. Trained
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site staff members were available to assist with reading

when necessary to ensure questionnaire comprehension

and completeness. Twelve caregivers completed measures

in Spanish. Licensed psychologists or supervised psycho-

metricians administered the cognitive assessment. Eight

youth were tested in Spanish.

In addition to demographic characteristics such as

gender, age, and ethnicity, data on markers of HIV disease

were taken from the PACTG 219C database to describe

subject characteristics on enrollment into P1042S.

Baseline data on HIV-1 RNA viral load and CD4 percent

were based on the available value closest to and within 3

months before study entry into P1042S. Centers for

Disease Control classification of disease severity was the

most severe classification of the subject before study entry.

Adherence Measure

Whereas multiple measures of adherence to ART medica-

tion regimen were used in P1042s, the caregiver-report

measure dichotomized as no missed doses in the past

month had the strongest association with viral load com-

pared with child report on the same measure, 3-day recalls,

and pill counts (Farley et al., 2008). Thus, this measure,

collected at baseline, 24 weeks, and 48 weeks, was used in

subsequent analyses.

Social Ecological Factors

Individual Factor: Youth Knowledge of HIV Status. Youth

awareness of HIV status was assessed by caregiver report

(Aware or Unaware).

Individual Factor: Cognitive Functioning. The P219C pro-

tocol included administration, every 3 years, of a standard-

ized measure of general cognitive functioning, either the

Wechsler Intelligence Scale for Children–Third Edition

(Wechsler, 1991) for children aged 6–16 years or the

Wechsler Adult Intelligence Scale–Third Edition (Wech-

sler, 1997) for youth aged 17 years and older. The analyses

for P1042s included the Index score of the full-scale IQ

from the age-appropriate Wechsler test administered

within 3 months of entry into P1042s.

Individual Factor: Behavioral Functioning. Four indices of

behavioral and social–emotional functioning were assessed

with the Behavior Assessment System for Children (BASC;

Reynolds & Kamphaus, 2004): parent report of internaliz-

ing and externalizing symptoms, and youth report of inter-

nalizing and externalizing symptoms. Because the age

range of study participants was 8 through <19 years old,

the child version was used if the participant was 10 or 11

and the adolescent version was used if the participant was

12 or older. Use of standardized scores (t-scores) rather

than raw scores ensured comparability of the measure

across the two versions. Internalizing symptoms were rep-

resented by the Internalizing composite of the caregiver

questionnaire (BASC-PRS) and the Emotional Symptoms

Index from the child or adolescent version (BASC-SRP).

The Externalizing composite (caregiver report) and the

School Maladjustment composite, which assesses the

child’s or adolescent’s report of Attitude toward School,

Attitude toward Teachers, and Sensation Seeking, captured

externalizing symptoms.

Family Factor: Caregiver Well-Being. Caregiver’s well-

being (physical and emotional; range: 1–10) in the past

month was evaluated with a single self-report item devel-

oped for the study and rated on a 10-point scale from feel-

ing the very worst overall (1) to feeling the very best (10).

Family Factor: Caregivers’ Health Beliefs. Caregivers com-

pleted an adaptation of the Beliefs About Medication Scale

(Riekert & Drotar, 2002) originally developed for asthma

and adapted for pediatric HIV (Naar-King, Arfken, Frey, et

al., 2006). Items are rated on a 5-point scale from ‘‘Really

False’’ (5) to ‘‘Really True’’ (1). The average response to six

items that assessed beliefs about health problems associ-

ated with HIV disease was used with higher scores indicat-

ing greater belief in the severity of the disease. Examples

include ‘‘My child’s current infection with HIV can lead to

serious long-term health problems’’ and ‘‘My child can

become very sick as a result of their infection with HIV.’’

The computed Cronbach alpha of the six items based on

data used in this analysis was 0.66.

Family: Caregiver Responsibility for Medication. Caregivers

completed an adaptation of the Diabetes Family Respon-

sibility Questionnaire (Anderson, Auslander, Jung, Miller,

& Santiago, 1990). They assigned responsibility for four

HIV medication tasks to the caregiver alone, to the youth

alone, to the youth and caregiver as a shared responsibility,

to someone else in the home, or endorsed ‘‘nobody really

does this.’’ Medication responsibility is represented as a

dichotomous measure in this study (caregiver fully respon-

sible for all four items vs. caregiver not fully responsible),

as this measure has been associated with ART adherence

(Naar-King et al., 2009).

Family Factor: Child–Caregiver Relationships. The BASC

Relations With Parents subscale was used to represent

family relationships. Standard scores from the child and

adolescent self-report versions were used. Also, caregiver’s

relationship to the participant (biological caregiver or rela-

tive vs. foster/adoptive parent) was also included in the

model.
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Extrafamilial Factor: Social Support. Caregiver and youth

satisfaction with social support from extended family and

friends was rated with a single 4-point scale item developed

for the study, from very dissatisfied (1) to very satisfied (4).

Extrafamilial Factor: Stressful Life Events. Caregivers en-

dorsed up to 18 stressful life events in the past 12

months from the PACTG 219C Quality of Life

questionnaire.

Extrafamilial Factor: Engagement With Medical Team. As a

proxy for engagement with the medical team, caregiver

report of the number of phone calls made to the team in

the past 4 weeks was included in analyses.

Statistical Analysis

Comparisons between P1042S subjects included in this

analysis and those who were not were done using Fisher

exact test or Pearson chi-square test for categorical vari-

ables, and using Kruskal–Wallis test for continuous vari-

ables. Comparisons between subjects with adherence data

at week 48 and who were lost to follow-up with respect to

baseline characteristics were also done using Fisher exact

test or Pearson chi-square test for categorical variables, and

using Kruskal–Wallis test for continuous variables.

Generalized estimating equations (GEEs) for repeated

binary outcomes were used to assess stability of adherence

for the whole group (population averaged model) over 48

weeks. GEEs were also used for both univariate and mul-

tiple logistic regression modeling of repeated measures to

determine which factors were associated with adherence

over time. The exchangeable correlation structure was

used in all the models, as it exhibited good fit to the

data. Univariate logistic regressions of repeated adherence

measures on each of the demographic variables, youth,

family, and extrafamilial factors, listed in Table III were

performed. Interactions between time and each of the fac-

tors were also added in the GEE models and checked for

significance. Time was considered either as continuous (in

weeks) or categorical (week 24, week 48) variable in the

GEE models that were computed. In the end, the contin-

uous representation was used in the final analyses, as it

exhibited better fit (smaller QICu) in the models where it

was used. Representation of race as either black or other

category was used in the final analyses after exploratory

analysis showed no difference among the other groups

with respect to nonadherence. Factors or variables with

associated p < .25 in the univariate repeated measures

models were considered as potential predictors in the mul-

tiple logistic regression repeated measures modeling of

nonadherence. Forward selection with a 10% level of

significance for including variables was used to determine

the final models.

In an effort to alleviate potential bias that may occur

under standard methods of analyses (e.g., by complete case

analysis or imputing missing loss to follow-up data by the

‘‘last observation carried forward’’ method), we used mul-

tiple imputation with n¼ 3 imputations for each time

point with missing adherence value. Markov Chain

Monte Carlo method was used on relevant missing values

to attain monotone missingness, and then linear regression

was used to impute the remaining missing values. Imputed

values were rounded to either 0 or 1, whichever is the

closest. The statistical package SAS version 9.2 was used

in all analyses.

Results
Baseline Characteristics

Tables I and II show summaries of regimen characteristics,

patient characteristics, and baseline predictors considered.

Table III shows summaries for the baseline cognitive, be-

havioral, and psychosocial measures being studied. About

half of the patients had full-scale IQ scores in either the

impaired (<70) or at-risk (70–85) category. The mean and

median BASC-SRP or BASC-PRS scores were about the

same as the general population mean score of 50.

Adherence data were available for 138 participants at

baseline, 112 participants at week 24, and 103 participants

at week 48. Of the 138 with baseline adherence data, 38

(25%) did not have adherence data either at week 48 or

starting from week 24 and were thus considered lost to

follow-up for this analysis. There were 11 participants who

had no week 24 adherence data but had week 48 adher-

ence data, and so were not considered lost to follow-up.

None of the characteristics listed in Table I were signifi-

cantly associated with loss to follow-up. Multiple imputa-

tion was performed (as described in the statistical section)

to replace the missing data at each time point for each

subject, and was included in the estimation of the GEE

models with repeated measures. Rates of nonadherence

were not significantly different across time points, with

36% (50/138), 39% (44/112), and 29% (30/103) at base-

line, week 24, and week 48, respectively (GEE model with

repeated measures and no other predictors had p¼ .13).

Univariate Associations With Longitudinal
Nonadherence

Unadjusted (for other predictors) odds ratios (ORs) of non-

adherence for regimen, demographics, individual child,

family, and extrafamilial factors, using a GEE model for

repeated measures based on adherence data at baseline,
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week 24, and week 48, are shown in Table IV. Among

measures of individual child factors, only Child Knowledge

of HIV Status was found to be significantly related to

nonadherence (OR¼ 3.27, p < .001). Among measures of

family factors, low Caregiver Well-being (OR¼ 0.75,

p¼ .007) was significantly related to nonadherence.

None of the proposed extrafamilial system factors were

significant in univariate analysis. None of the factors had

a significant interaction with time. Figure 1 shows observed

trends for a baseline factor that significantly predicts lon-

gitudinal nonadherence. In this case, the main effect of the

baseline predictor (Child Knowledge of HIV Status) was sig-

nificant, but it had no significant interaction with time.

Thus, nonadherence rates appear stable over time for

both groups, but the proportion of nonadherents among

children who were aware of their HIV status was consis-

tently higher compared with those who did not know their

status, by an amount that was about the same over time.

Multivariate Repeated Measures Model
Predicting Nonadherence

Potential predictors with a p < .25 in the univariate GEE

models with repeated measures were entered in the for-

ward model selection process. These were: Child

Knowledge of HIV Status, Caregiver Well-being score,

Caregiver Fully Responsible for Medication (yes or no),

BASC Relation to Parents T-score, and Black Race (yes or

no). At each stage of model selection, the variable with

smallest p < .10 was entered. All variables with p < .05

were kept in the final model (Table V). The final GEE

model with repeated measures contained the following

variables: Child Knowledge of HIV (adjusted OR¼ 3.80,

p < .001), low Caregiver Well-being (adjusted OR¼ 0.76,

p¼ .016), poor BASC Relation to Parents (adjusted

OR ¼ 0.97, p¼ .033), and Black Race (adjusted

Table II. Patient Demographic and Selected Baseline Characteristics

(N¼138)

Characteristic Overall n (%)

Demographic variables

Female 62 (45%)

Age

8 to <12 years 57 (41%)

12 to <19 years 81 (59%)

Race/ethnicity

White/others 21 (15%)

African American 79 (57%)

Hispanic 38 (28%)

Primary caregiver

Biological parent/relative 92 (67%)

Other adult/shelter/home 46 (33%)

Education level of primary caregiver

Grade 1-11/other/unknown 49 (35%)

High school graduate 89 (65%)

Individual child factors

Youth knows HIV status

No 40 (29%)

Yes 98 (71%)

Family factors

Caregiver fully responsible for meds (caregiver-reported)

No 64 (47%)

Yes 72 (53%)

Missing 2 (–)

Extrafamilial factors

Number of recent calls to clinic

None 89 (78%)

At least one 25 (22%)

Missing 24 (–)

HIV disease markers

Detectable viral load (HIV-1 RNA > 400 cp/mL)

No 77 (62%)

Yes 48 (38%)

Missing 13 (–)

CD4 percent

<15% 10 (8%)

15 to <25% 31 (24%)

�25% 86 (68%)

Missing 11 (–)

CDC class C

No 90 (65%)

Yes 48 (35%)

Table I. Patient Regimen and Regimen Complexity at Baseline

(N¼138)

Characteristic Overall n (%)

On protease inhibitor

No 31 (22%)

Yes 107 (78%)

Maximum dose per day (for drug with

highest number of doses/day)

1 7 (5%)

2 125 (91%)

3 3 (2%)

Missing 3 (2%)

Total number of doses/day (whole regimen)

2 2 (1%)

3 10 (7%)

4 21 (15%)

5 36 (26%)

6 38 (28%)

7 15 (11%)

8 9 (7%)

9 4 (3%)

Missing 3 (2%)
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OR¼ 2.29, p¼ .009). The time variable (weeks) was not

significant, confirming that the rate of nonadherence in this

group was stable over time.

To further understand why some factors were not se-

lected in the final model owing to shared variance and the

possibility of indirect effects, relationships between factors

significant in the longitudinal model and other system fac-

tors were analyzed. Youth Knows HIV Status was signifi-

cantly associated with Caregiver Fully Responsible, with

71% of children who do not know their status having care-

givers fully responsible for medication compared with 46%

of those who know their status (Fisher exact test p¼ .012).

Table IV. Odds of Caregiver-Reported Nonadherence on Social Ecological Predictors (Based on GEE Model With Repeated

Measures Unadjusted for Other Predictors)

Predictors Odds ratio 95% LCI 95% UCI p-value

Regimen and regimen complexity at baseline

On PI 0.91 0.44 1.88 .802

Maximum daily dose (of drug with largest dose) 0.51 0.16 1.68 .273

Total number of doses per day (whole regimen) 0.87 0.70 1.07 .195

Individual child factors

Youth knows HIV status 3.27 1.70 6.28 <.001

Full-scale IQ 1.00 0.99 1.02 .806

BASC-PRS internalizing problems 1.00 0.97 1.03 .979

BASC-PRS externalizing problems 1.01 0.99 1.04 .262

BASC-SRP emotional symptoms 1.01 0.98 1.05 .494

BASC-SRP school maladjustment 1.00 0.97 1.03 .802

Family factors

Caregiver well-being 0.75 0.62 0.92 .007

Caregiver belief about HIV 0.92 0.60 1.40 .683

Degree of caregiver responsibility

Caregiver fully responsible for medication 0.62 0.36 1.07 .089

BASC-SRP relation to parents 0.98 0.95 1.00 .054

Caregiver: biological parent/relative 0.88 0.49 1.59 .684

Extrafamilial factors

Caregiver satisfaction w/social support 1.06 0.75 1.49 .756

Youth satisfaction w/social support 1.25 0.84 1.86 .267

At least one call to clinic 1.13 0.47 2.71 .790

Number of recent stressful life events 1.11 0.92 1.35 .270

Table III. Summary of Baseline Cognitive, Behavioral, and Psychosocial Assessments (N¼138)

Characteristic N Mean (SD) Median (minimum, maximum)

Individual child factors

Full-scale IQ 124 84.7 (17.9) 86 (42, 140)

BASC-PRS internalizing problems composite 122 50.5 (11.1) 49 (31, 83)

BASC-PRS externalizing problems composite 122 50.4 (13.0) 48.5 (30, 97)

BASC-SRP emotional symptoms index 115 48.4 (8.3) 46 (37, 72)

BASC-SRP school maladjustment composite 116 50.7 (9.9) 48 (33, 85)

Family factors

Caregiver well-being 138 8.0 (1.6) 8.2 (2.4, 10.0)

Caregiver belief about HIV 134 2.1 (0.7) 2.0 (1.0, 4.2)

BASC-SRP relation to parents 116 48.3 (10.9) 52 (10, 58)

Extrafamilial factors

Caregiver satisfaction with social support 136 3.3 (0.8) 4.0 (1.0, 4.0)

Youth satisfaction with social support 125 3.6 (0.7) 4.0 (1.0, 4.0)

Number of recent stressful life events 114 1.1 (1.6) 0 (0, 6)

Social Ecological Adherence Model for Peds HIV 669



Moreover, Youth Knows HIV Status was significantly asso-

ciated with age at study entry (Kruskal–Wallis p < .001),

with youth who knew their HIV status being generally

older than children who did not know their status.

Caregivers who had higher well-being were more likely to

be fully responsible for medication (Kruskal–Wallis test

p¼ .027). Caregiver well-being was negatively correlated

with child externalizing behavior (Spearman correlation co-

efficient¼�.23, p¼ .011) and child internalizing behavior

(Spearman correlation coefficient¼�.21, p¼ .020). Care-

giver well-being was positively correlated with his/her satis-

faction with social support (Spearman correlation

coefficient¼ .27, p¼ .001). The BASC-SRP Relation to

Parents score was positively correlated with the BASC-SRP

Emotional Symptoms Index score (Spearman correlation co-

efficient¼ .41, p < .001) and negatively associated with the

BASC-SRP School Maladjustment Composite score

(Spearman correlation coefficient¼�.31, p < .001). Finally,

black children were found to be significantly older than

nonblack children in this cohort (Kruskal–Wallis p¼ .042).

Discussion

To our knowledge, this is the first longitudinal study of

adherence to treatment in perinatally infected youth. More

than one-third of the youths’ caregivers reported nonad-

herence across the 48 weeks, and nonadherence was con-

sistent across this period. Although recent advances in the

effectiveness of ART suggest that less-than-perfect adher-

ence may be acceptable for achieving viral suppression

(e.g., Müller, Myer, & Jaspan, 2009), this was likely not

the case with the regimens available during the study

period (2004–2006). Furthermore, because self-report

measures tend to overestimate adherence, researchers

have considered any reported deviation from 100% adher-

ence as indicative of an adherence concern (Marhefka,

Tepper, Brown, & Farley, 2006; Steele & Grauer, 2003).

When simultaneously considering multiple system fac-

tors predicting longitudinal adherence, family factors were

most pronounced. Few individual child factors indepen-

dently predicted adherence. Cognitive functioning was

unrelated, similar to findings from Malee et al. (2009),

although both studies used relatively global measures of

cognition and not neuropsychological assessment of

more specific cognitive functions. Internalizing and exter-

nalizing behaviors also were unrelated to adherence longi-

tudinally. Although Malee et al. (2011) found that conduct

problems were associated with nonadherence, that study

used a measure of ADHD symptoms versus the broader

range of externalizing symptoms, included much younger

children, and was cross-sectional.

Within the individual child, only knowledge of HIV

status prospectively and independently predicted nonad-

herence. Simoni and colleagues’ (2007) review concluded

that studies have shown inconsistent support for this rela-

tionship. In this study, knowledge of HIV status was asso-

ciated with older age, and multiple studies have

documented that adherence deteriorates in adolescents

(Drotar & Levers, 1994; McQuaid et al., 2003; Mellins et

al., 2004; Williams et al., 2006). It is also possible that

youth who do not know their status have caregivers who

are more involved in illness management, a factor also as-

sociated with improved adherence (Ellis, Podolski et al.,

2007). Further research is necessary to elucidate these rela-

tionships, and these findings do not suggest that adoles-

cents with HIV should not know their diagnosis.

Disclosure is ethically mandatory as adolescents become

sexually active. However, interventions could focus on

maintaining a high degree of caregiver involvement in ART

administration during and after the disclosure process.

In fact, children whose caregivers assumed full respon-

sibility were more likely to maintain adherence. Although it

Figure 1. Percentage of nonadherent subject by youth knowledge of

HIV status.

Table V. Final GEE Model With Repeated Measures: Odds of

Caregiver-Reported Nonadherence on Significant Predictors (Forward

Selection Method)

Predictors

Adjusted

odds ratioa 95% LCI 95% UCI p-value

Weekb 0.99 0.98 1.00 .183

Youth knows HIV status 3.80 1.81 7.98 <.001

Caregiver well-being 0.76 0.62 0.95 .016

BASC-SRP relation to parents 0.97 0.95 1.00 .033

Ethnicity: black 2.29 1.24 4.26 .009
aAdjusted for other predictors in the model.
bRepresented as continuous variable.

670 Naar-King et al.



is certainly developmentally appropriate for adolescents to

engage in self-care, adherence may be best maintained

when caregivers believe that they are ultimately responsible

(i.e., ‘‘the buck stops here’’). Of note, caregiver responsi-

bility should occur in the context of youth perceptions of

good caregiver–child relationships, as this variable was also

independently predictive of nonadherence.

Caregiver well-being also was related to adherence in-

dependent of other factors, and appears to be more impor-

tant to adherence than stressful life events or relationship

to child (biological/relative). Whereas others have theorized

that children cared for by biological caregivers are more

likely to have adherence difficulties owing to poorer care-

giver well-being (Simoni et al., 2007), our finding provides

evidence to support this assumption. Furthermore, it may

not be the direct effect of caregiver stress that affects ad-

herence but the secondary impact of stress on caregivers’

physical and emotional functioning. In fact, caregiver well-

being was related to social support, which may buffer

against stressful life events.

Surprisingly, extrafamilial factors were not directly pre-

dictive of longitudinal nonadherence. However, the study

did not include a formal measure of engagement or satis-

faction with care, and the proxy variable (number of calls to

clinic) may not reflect true engagement. Also, youth of

African American descent had significantly higher odds of

nonadherence over time. It is possible that ethnicity is a

proxy for other extrafamilial factors, as medication adher-

ence is particularly complicated by the disparities in access

to health care and other health support services and in-

creased family stress associated with low-income minority

status (Marhefka et al., 2006). African American families

may be more likely to have lower income and be single-

parent families (Page & Stevens, 2005), characteristics that

have been associated with nonadherence (Ellis, Yopp et al.,

2007; Marhefka et al., 2006), but owing to limitations were

not measured in this study.

There are additional limitations. The study was de-

signed as a preliminary study to guide development of in-

tervention trials, and therefore, many variables were

considered and multiple statistical tests used. Owing to

interest in examining the pattern of results, a significance

level of p < .05 for each test was maintained rather than

correcting for multiple comparisons. The youth and care-

givers who participated in P1042s were randomly selected

from P219C, and there were less-than-ideal recruitment

and retention rates (approximately 75%). The families will-

ing to participate in P219C, and to devote further time to

P1042s, may not be representative of families typically seen

in pediatric HIV clinics. Improved measurement of specific

aspects of neuropsychological function, social support, and

engagement with the medical team, as well as the inclusion

of youth report of depression (not directly measured in

BASC Emotional Symptoms Index), would further eluci-

date the role of these factors in predicting adherence.

In summary, this is the first multisite study to simul-

taneously evaluate factors across multiple systems associ-

ated with ART adherence, and it is the first to use

longitudinal data to strengthen conclusions about causal-

ity. Although measurement limitations require further re-

search to confirm these findings, particularly related to the

impact of extrafamilial factors, these data suggest that more

family factors are associated with adherence than individ-

ual child factors even in a predominantly adolescent

sample. Caregiver variables were so prominently predictive

of adherence over time that caregiver interventions may be

the first line for the prevention or treatment of nonadher-

ence. Indeed, in other areas of pediatric health such as

obesity, a caregiver-only intervention was more effective

than an intervention that included both parents and their

school-aged children (Golan & Crow, 2004; Golan,

Weizman, Apter, & Fainaru, 1998). Multisystemic therapy,

a home-based family treatment, has been shown to im-

prove ART adherence in a primarily perinatally infected

sample of adolescents compared with an individual moti-

vational intervention in a recent pilot clinical trial

(Letourneau et al., 2013). Interventions focusing on paren-

tal monitoring, such as those in the adolescent risk behav-

ior literature (e.g., Stanton et al., 2004), may also be

promising. However, the focus on caregiver must not be

at the expense of the youth’s perception of high-quality

family relationships and the need to eventually transition

responsibility from the caregiver to the emerging adult

living with HIV.
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