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Abstract

Background—Chronic lung disease of prematurity (CLDP) is a frequent complication of

premature birth. Infants and children with CLDP are often prescribed complex medication

regimens, which can be difficult for families to manage.

Objective—We sought to determine whether non-adherence was associated with increased

CLDP-related morbidities and to identify predictors of adherence.

Methods—Recruited caregivers of 194 children with CLDP completed questionnaires regarding

self-reported adherence, respiratory outcomes, and quality of life (January 2008 – June 2010).

Adherence data were available for 176 subjects, of whom 143 had self-reported data only, and 33

had prescription claims data, which were used to calculate a medication possession ratio (MPR).

Participants in the Prescription Claims Sample (n=33) were more likely to have public insurance

(p<0.001).

Results—Self-reported adherence substantially overestimated medication possession; the mean

MPR was 38.8% (n=33) and was not associated with self-reported adherence (p=0.71; n=26). In a

small sample, higher MPR was associated with decreased odds ratios of visiting the emergency

department (OR=0.75 for a 10% increase in MPR [95%CI: 0.58, 0.97]; p=0.03; n=74

questionnaires from 28 participants), activity limitations (OR=0.71 [95%CI: 0.53, 0.95]; p=0.02;

n=70 questionnaires from 28 participants), and rescue medication use (OR=0.84 [95%CI:

0.73-0.98]; p=0.03; n=70 questionnaires from 28 participants). Increasing caregiver worries

regarding medication efficacy and side effects were associated with lower MPR (p=0.04; p=0.02,

respectively; n=62 questionnaires from 27 participants). Socio-demographic and clinical risk

factors were not predictors of MPR (n=33).

Conclusions—We found that non-adherence with respiratory medications was common in

premature infants and children with CLDP. Using multiple timepoints in a small sample, non-
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adherence was associated with a higher likelihood of respiratory morbidities. Although self-

reported adherence and demographic characteristics did not predict MPR, concerns about

medications did. We suggest that addressing caregiver concerns about medications may improve

adherence and ultimately decrease CLDP-related morbidities. Larger, prospective studies are

needed to confirm these findings and determine which factors predict non-adherence.
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INTRODUCTION

In 2007 premature births accounted for 12.7% of live births within the United States.1 A

frequent complication of prematurity is chronic lung disease of prematurity (CLDP), which

occurs more commonly among premature infants and those born with very low birth

weights. It has been estimated that as many as 44-77% of infants born with a birth weight of

<1000g and <32 weeks gestation are afflicted with the precursor to CLDP,

bronchopulmonary dysplasia.2 The development of CLDP is associated with significant

morbidity as up to 50% of infants with CLDP are re-hospitalized during the first year of life,

frequently for respiratory causes.3, 4 Infants and children with CLDP often experience

chronic respiratory symptoms such as tachypnea, hypoxia, coughing, and wheezing.5

Furthermore, recurrent respiratory infections and other injuries during a crucial period of

postnatal catch-up lung growth may influence long-term pulmonary outcomes.5

After discharge from the neonatal intensive care unit (NICU) caregivers of infants with

CLDP are often burdened with complex home treatment regimens, including multiple

medications, home supplemental oxygen, cardio-respiratory monitoring, and/or frequent

primary care and subspecialty outpatient visits. We hypothesized that non-adherence to

respiratory medications would increase morbidity, similar to other chronic respiratory

diseases such as asthma6, 7 and cystic fibrosis.8 Surprisingly, in a number of chronic

diseases adherence remains low despite the risk of serious complications. In pediatric

asthma and cystic fibrosis, adherence with medications has been estimated to be at best

50%.9, 10

In terms of improving health outcomes for any chronic disease, improving medication

adherence is an attractive target as it does not involve developing new therapies, but rather

using existing ones more effectively. Adherence is related to a patient’s health beliefs,

namely the perceived benefits (e.g., effectiveness) of a medication must outweigh its

perceived risks (e.g., side effects) for a patient.11, 12 Concerns about medications have been

shown to be an important, perhaps the most significant, predictor of medication adherence in

parents of children with asthma.12, 13 Unfortunately, discussing non-medical issues, such as

health beliefs, in detail may be difficult in a time-limited physician-parent encounter.12 We

hypothesized that sociodemographic factors and standardized questions about medication

concerns would be predictive of non-adherence in the CLDP population, and thus provide an

easier means for assessing potential adherence for busy clinicians.
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Little is known of medication adherence in infants and children with CLDP, therefore we

sought to determine what the mean level of medication adherence was, using an objective

measure of prescription claims for respiratory medications in this population. Secondary

aims of our study included: (i) whether increased non-adherence is associated with the

increased respiratory morbidities that are seen with CLDP, and (ii) what predictors can be

easily assessed by clinicians to determine adherence. Our data was derived from

questionnaires, clinic charts, and prescription claims data obtained from participants

recruited through a subspecialty CLDP outpatient clinic.

METHODS

Recruitment and Data Collection

Participants for this study were recruited from patients attending the Johns Hopkins Chronic

Lung Disease of Prematurity (CLDP) Clinic between January 2008 and June 2010 (Figure

1). The study protocol was approved by the Johns Hopkins University Institutional Review

Board. Inclusion criteria included (i) a diagnosis of CLDP by the staffing pulmonologist, (ii)

born at ≤34 weeks gestation, and (iii) provision of informed consent by a legal guardian(s),

who was predominantly the primary caregiver accompanying the infant to clinic, to

participate in the study. During each clinic visit, caregivers completed questionnaires

regarding socio-demographics, adherence to prescribed medications, acute health care use,

symptom frequency, and quality of life. For the prescription claims data, all insurance

carriers were contacted and pursued until data were received or the corporate privacy office

explicitly refused to release the data, despite having written caregiver informed consent.

Socio-demographics

Socio-economic factors examined were household income, primary caregiver education

level, and insurance status. Median household income was derived from 2000 U.S. Census

tract data, and primary caregiver education level was obtained via questionnaire. Insurance

coverage (private vs. public) was obtained from billing records; the 8 participants who

carried both types of coverage were classified as “private.”

Self-Reported Adherence

Self-reported medication adherence without a specified timeframe was obtained through the

survey question, “How often does your child miss getting their daily breathing medications

when he/she feels fine?” Caregivers who responded “none of the time” for their children

were considered to have a self-report of 100% adherence. Those who responded “some of

the time,” “most of the time,” or “all of the time” were considered to have a self-report of

partial/non-adherence. This stratification of 100% adherence vs. partial/non-adherence was

used as it was hypothesized that any non-adherence was potentially detrimental, and that as

caregiver report is likely biased, any report of non-adherence was taken to reflect true non-

adherence. For participants who had more than one complete questionnaire during the study

period, self-reported adherence was categorized as the maximum degree of non-adherence

ever reported, as again, any self-reported non-adherence was thought to be detrimental.
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Medication Possession Ratio

A Medication Possession Ratio (MPR) for an individual medication was defined as the days

supply of medication dispensed by a pharmacy (obtained by prescription claims data)

divided by the number of days the patient was expected to be receiving the medication

(obtained by clinic chart review). Participants had to have at least 90 calendar days of

prescription claims data available for analysis (Mean ± SD: 300 ± 72 days; Range:

154-365); if more than 365 days of data were available for a participant only the most recent

365 days of data were used for analysis. Ultimately, the prescription claims data were

available for 30 participants by a managed care organization authorized by the state of

Maryland and for an additional 3 by a pharmacy benefit manager of a preferred provider

organization. CLDP medications tracked were limited to chronic respiratory medications,

including diuretics (spironolactone, spironolactone + hydrochlorothiazide, chlorothiazide,

and furosemide), inhaled corticosteroids (fluticasone and budesonide), and montelukast. The

expected number of days that a medication was prescribed was calculated as the interval

between the date that the medication was prescribed and the date that the medication was

discontinued in clinic. MPRs were calculated for each of the targeted medications

individually with values truncated to 100% as individuals with an excess supply of a

medication was considered to have a dispensing pattern consistent with 100% adherence for

that medication. The MPRs of each medication were averaged across all medications to

obtain the Composite MPR. If an individual was prescribed only one drug, then the

composite MPR would be equal to his or her MPR for that individual drug.

Respiratory Outcomes

The respiratory morbidity outcomes were obtained through questionnaires. Acute care use

outcomes included any reported emergency department (ED) visits, hospitalizations,

systemic steroid use, and antibiotic use since the previous clinic visit. Symptomatic

outcomes included any reported difficulty breathing, rescue medication use, activity

limitation, and nighttime symptoms within the past week. All outcomes were treated as

dichotomous variables.

Medication Concerns

Concerns about medications were assessed through questionnaires. Caregivers were asked to

respond to the following statements: “I worry about whether or not my child’s medical

treatments are working” and “I worry about the side effects of my child’s medications/

medical treatments.” The caregivers ranked their frequency of worry on a scale from 0-4

(0=never; 1=almost never; 2=sometimes; 3=often; 4=almost always). As different caregivers

with different levels of concern may have completed questionnaires at different clinic visits,

all questionnaires were used in analyses, clustered by patient.

Statistical analyses

Descriptive frequencies of socio-demographic characteristics and risk factors were generated

using means and proportions as appropriate. Statistical comparisons between samples were

made using 2-tailed t tests, Fisher’s exact tests, and chi-square tests. Multivariable logistic

and linear regression models were constructed to assess the relationships between MPRs and
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outcomes as well as between MPRs and potential predictors. Models for respiratory

morbidity outcomes were adjusted for age at the time of questionnaire completion and

disease severity as measured by gestational age and oxygen use at the first clinic visit. Any

regressions which were based on multiple clinical visits/questionnaires per participant were

adjusted using Generalized Estimating Equations (GEE) methodology clustered by subject

to account for participants who completed more than one questionnaire during the course of

the study.14 All odds ratios are reported as the change in likelihood of an outcome with an

arbitrary 10% increase in MPR. STATA 10 (StataCorp LP, College Station, TX) was used

for all statistical analyses. P-values <0.05 were considered statistically significant.

RESULTS

Demographics

Of the 194 recruited individuals, 18 were excluded due to a lack of either self-reported

adherence or prescription claims data, leaving a total of 176 participants in the study

population. The study population consisted of 143 participants with self-reported adherence

data only and 33 patients whose insurance carriers released at least 90 days of prescription

claims data to calculate adherence. The recruited population (n=194) consisted of 59.8%

males and 32.0% Non-Hispanic Whites (Table 1). Excluded individuals (n=18) were more

likely to be covered by public insurance (p=0.02) and were less likely to be on supplemental

oxygen at the first clinic visit (p=0.02) than the study population (n=176). Participants in the

Prescription Claims Sample (n=33) were more likely to have public insurance (p<0.001), a

lower estimated household income (p=0.03), and a lower caregiver education level (p=0.02)

than those in the Self Reported Sample (n=143), reflecting the majority of the patients being

fully covered by Medicaid in the Prescription Claims Sample (28 out of 33).

Self-Reported Adherence was Low

48.9% of caregivers (n=176) reported they were non-adherent “none of the time”, while

29.5% acknowledged missing doses of medication, specifically “some of the time” (19.3%),

“most of the time” (2.8%), and “all of the time” (7.4%)(Table 2). Almost one out of five

(18.8%) reported their child was not prescribed daily breathing medication, and 2.8% had a

missing response. For the 18.8% of caregivers (n=33) who responded that their child was

not on a daily breathing medication, clinical chart review indicated that 12 (36.4%) were

discordant with the clinic chart; 9 participants were prescribed diuretics as their only

respiratory medication, 2 were prescribed only an inhaled corticosteroid, while the

remaining participant was prescribed both. The distribution of responses on the adherence

item did not differ between the Self-Reported Sample and the Prescription Claims Sample

(Fischer’s exact p=0.32).

Self-reported Adherence was not Associated with Medication Possession Ratios

The mean MPR for the Prescription Claims Sample was 38.8 ± 27.5% (n=33; Range: 0.0,

95.6%). Caregivers who self-reported 100% adherence had an average MPR of 43.3 ±

28.8% (n=15), which did not differ from an average MPR of 39.1 ± 27.8% (n=11) for

caregivers who self-reported partial/total non-adherence (p=0.71). Self-reported adherence

was not available for 7 of the 33 caregivers in the Prescription Claims Sample, 2 of whom
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reported not being on a daily breathing medication, and the remaining 5 for whom self-

reported response data were missing; the mean MPR for these 7 participants was 28.8 ±

25.3%.

Lower Medication Possession Ratios are Associated with Emergency Department Visits,
Rescue Medication Use, and Activity Limitations

In the Prescription Claims Sample (n=72 questionnaires among 28 participants), a higher

MPR was associated with decreased odds ratios of visiting the emergency department

(OR=0.75; p=0.03)(Table 3: All odds ratios are reported as the change in likelihood of an

outcome with a 10% increase in MPR). Based on these odds ratios, for a 10% increase in the

MPR, the likelihood of visiting the ED would be reduced by 25%. The MPR was not

associated with the acute care outcomes of steroid and antibiotic use; however, a decreased

odds ratio of hospitalization with an increased MPR trended towards significance (OR=0.71;

p=0.10; n=74 questionnaires among 28 participants). A higher MPR was associated with

decreased odds ratios of any rescue medication use in the past week (OR=0.84; p=0.03;

n=70 questionnaires among 28 participants) and experiencing any activity limitations in the

past week (OR=0.71; p=0.02; n=70 questionnaires among 28 participants). In contrast to

MPRs, self reported adherence was not associated with the respiratory morbidities of

emergency department visits (p=0.33; n=70 questionnaires among 28 participants), rescue

medication use (p=0.52; n=68 questionnaires among 28 participants), or activity limitations

(p=0.64; n=70 questionnaires among 28 participants) using the same logistic regression

modeling that was used for MPRs, thus implying that self-reported adherence does not

predict outcomes.

Demographic Factors do not Predict Medication Possession Ratios

In the Prescription Claims Sample (n=33), no associations were found between sex, race,

gestation, age at discharge, or age at first clinic visit and refill adherence (Table 4). There

was no association between socio-economic status or other risk factors and MPR.

Concerns about Medications are Associated with Medication Possession Ratios

Caregiver worries about the efficacy of medical treatments and their side effects were

associated with decreased MPRs (Table 5). For each 1 point increase in the level of worry

about whether or not a child’s medical treatments were working, the MPR decreased by

7.2% (p=0.04; n=62 questionnaires among 27 participants). Similarly, for each 1 point

increase in the level of worry about medication side effects, the MPR decreased by 8.3%

(p=0.02; n=62 questionnaires among 27 participants). Responses to these two questions

were correlated (r=0.55). In a sub-analysis using GEE modeling, our data did not show any

association between concerns about medications and race (Non-Hispanic Whites vs. Other;

p=0.50 regarding efficacy, p=0.70 regarding side effects; n=62 questionnaires among 27

participants).

DISCUSSION

Despite the extensive training caregivers often receive over several months in neonatal

intensive care unit and subacute facility settings prior to discharge and the fragile nature of
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these infants, we found that even in this vulnerable population non-adherence (as measured

by medication possession ratios) was observed to be common, with a mean MPR for

respiratory medications of 38.8% (n=33). This is similar to what has been observed in other

chronic diseases affecting children.6-8 Furthermore, in a small sample (n=28) we found that

reduced medication possession was associated with higher risk of emergency department

visits, daily activity limitations and rescue medication use, and a trend of increased risk of

hospitalization.

Given that up to 50% of CLDP patients are re-hospitalized in the first year of life,3, 4 it is

crucial to identify and counsel families who are having difficulties adhering to medication

regimens. However, it may be challenging for clinicians to easily identify families with

barriers to adherence. We found that self-report does not predict medication possession as

there was no difference in the mean MPR between those who self-reported 100% adherence

and those who did not (n=26). Additionally, self-report does not predict the same adverse

outcomes as does the MPR, although our sample for this analysis is limited to 26

individuals. Thus, our data echoes what has been seen in other chronic pediatric respiratory

diseases that self-reported adherence does not correlate with objective measurements of

adherence and over-estimates adherence as suggested by medication dispensing

rates.9, 10, 15, 16

In examining predictors of non-adherence, we found that demographics, including

socioeconomic status, and potential clinical risk factors did not predict medication

possession (n=33). However, we did find that concerns about medications were associated

with decreased medication possession. Thus, beliefs are barrier to adherence that clinicians

can potentially modify by providing more counsel on efficacy and side effects on

medications. For every increase in worry regarding medication efficacy and side effects,

MPRs were observed to drop 7.2% and 8.3%, respectively (n=27). Our finding is similar to

previous findings in pediatric asthma patients that caregivers who have low treatment

expectations and are concerned about medication side effects have lower adherence

rates.17-19 Some pediatric asthma studies have demonstrated that Non-Whites/Hispanic

patients are more likely to be concerned about their medications than Non-Hispanic White

patients,17, 19 but our data did not show any association between concerns about medications

and race/ethnicity. Lastly, although we assumed that health beliefs influence adherence, an

alternative hypothesis is that certain classes of medications prescribed for CLDP may not be

effective leading to decreased adherence; certainly, there are no evidence-based guidelines

for which medications should be used and how for long to prevent poor outcomes.

Our study has several limitations, the largest being small sample size as prescription claims

data was only available for 33 participants in our study population. Thus, our observations

should be taken specifically in the context of informing future research design, particularly

given large confidence intervals of our estimates of association. Our sample size did not

permit us to stratify by disease severity or medication class. In addition, 85% of the

Prescriptions Claims Sample was fully covered by Medicaid; this more uniform

subpopulation may make it more difficult to detect demographic differences that lead to

poor adherence and result in selection bias. Another limitation of our study is its

retrospective nature which does not permit us to determine causality between medication
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adherence and health beliefs or poor outcomes. Recall biases may also be present owing to

retrospective data collection via questionnaires. In terms of objective data collection,

although prescription claims data is several steps removed from direct observation of

ingestion or inhalation of medications, other studies have shown correlations between this

commonly used method of calculating adherence and other objective measures such as

serum drug levels, physiologic drug effect, and pill counts.20 Nevertheless, the limited

amount of pharmacy refill data (300 ± 72 days) did not permit us to assess whether

adherence changes over time (e.g. perhaps decreased adherence with increased time from

NICU discharge.). Finally, we recognize that there may be unmeasured confounders of

adherence (e.g., maternal depression21) that may affect our results.

Our study provides a survey of adherence in a sample of CLDP patients, unfortunately

demonstrating that poor adherence to respiratory medications may be common in this

population. Larger studies are needed to verify that poor adherence to chronic respiratory

medications in this population does indeed lead to worse outcomes. Although it may be

difficult to identify non-adherent patients based on their self-reported adherence or

demographic characteristics, open dialogue between health care providers and parents about

their concerns regarding their children’s medications and treatments may lead to improved

adherence and ultimately decreased CLDP-related morbidities.
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Figure 1.
Study Population Derivation
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Table 2

Self-Reported Adherence

“How often does your child miss getting their daily
breathing medications when he/she feels fine?”*

Self-Reported +
Prescription Claims
Samples (n = 176)

Self-Reported Sample (n=143) Prescription Claims
Sample (n=33)†

None of the time (%) 48.9 49.7 45.5

Some of the time (%) 19.3 18.2 24.2

Most of the time (%) 2.8 2.8 3.0

All of the time (%) 7.4 7.7 6.1

My child is not supposed to be on a daily breathing
medication (%)

18.8 21.7 6.1

Missing (%) 2.8 - 15.2

*
For participants with multiple visits, self-reported non-adherence was categorized as the maximal degree of nonadherence ever reported.

†
Fischer’s exact test p=0.32 for Prescription Claims Sample vs. Self-Reported Sample for non-missing responses.
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Table 3

Medication Possession Ratios and Respiratory Morbidities

Odds ratios are calculated for a 10% increase in MPR (Adherence) Odds Ratio [95% C.I.]* P value Total number of responses
(n=28 participants)†

Acute Care Use Emergency Department 0.75 [0.58, 0.97] 0.03 72

Hospitalization 0.71 [0.47, 1.06] 0.10 74

Steroid use 0.99 [0.84, 1.16] 0.88 73

Antibiotic use 1.01 [0.88, 1.17] 0.85 74

Symptomatic Outcomes Days with trouble breathing 1.12 [0.92, 1.36] 0.25 70

Rescue medication use 0.84 [0.73, 0.98] 0.03 70

Activity limitations 0.71 [0.53, 0.95] 0.02 70

Caregiver awake at night 0.78 [0.53, 1.14] 0.20 70

*
Logistic regressions clustered by participant (GEE Methodology) and adjusted for age in years at the time of visit and disease severity (gestational

age and the use of oxygen as recorded at the first clinic visit).

†
Participants (n=28) had a mean (±SD) of 2.6 ± 1.7 responses at separate clinic visits. Out of 33 individuals in the Prescription Claims Sample, 5

individuals did not complete questionnaires covering these outcomes.
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Table 4

Demographic Predictors of Medication Possession Ratios in the Prescription Claims Sample

Predictor Variable Coefficient* [95% CI] (n=33) P value

Demographics

Sex

-1.4 [-21.7, 18.8] 0.890=Female

1=Male

Race/Ethnicity

-10.3 [-34.2, 13.7] 0.390=White

1=Nonwhite

Gestation (weeks) 3.4 [-1.8, 8.5] 0.2

Age at discharge (months) -1.1 [-5.1, 2.8] 0.57

Age at first clinic visit (months) -1.3 [-4.5, 1.9] 0.41

Socio-economic Status

Median household income ($’000) 0.16 [-0.51, 0.82] 0.63

Education

3.2 [-8.3, 14.7] (n=24) 0.57

0= <High School

1=H.S. grad

2=Some College

3=College Grad

4=Adv. Degree

Insurance status

-3.7 [-31.3, 23.9] 0.790=Private

1=Public

Risk Factors

Secondhand smoke

0.41 [-22.8, 23.6] (n=28) 0.970=Never exposed

1=Ever exposed

Daycare

5.8 [-29.2, 40.9] (n=26) 0.730=Never attended

1=Ever attended

Oxygen

13.9 [-7.1, 34.8] 0.190=Not on oxygen at first visit

1=On oxygen at first visit

Gastronomy tube

10.6 [-19.5, 40.7] 0.480=Not on supplemental enteral feeds at first visit

1=On supplemental enteral feeds at first visit

*
Unadjusted linear regressions.
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Table 5

Health Beliefs as a Predictor of Medication Possession Ratios

(n=27 patients, 62 responses) Coefficient* [95% CI] P value R

“I worry about whether or not my child’s medical treatments are working.”† -7.2 [-13.9, -0.4] 0.04 0.26

“I worry about the side effects of my child’s medications/medical treatments.”† -8.3 [-14.8, -1.7] 0.02 0.35

*
Linear regressions clustered by participant (GEE Methodology). Out of 33 individuals in the Prescription Claims Sample, 6 individuals did not

complete questionnaires covering these predictors.

†
Reponses include: 0=Never, 1=Almost Never, 2=Sometimes, 3=Often, 4=Almost Always.
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