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Abstract

Nonadherence in clinical trials affects safety and efficacy determinations. Predictors of 

nonadherence in pediatric acute illness trials are unknown. We sought to examine predictors of 

nonadherence in a multicenter randomized trial of 971 children with acute gastroenteritis receiving 

a 5-day oral course of Lactobacillus rhamnosus GG or placebo. Adherence, defined as consuming 

all doses of the product, was reported by the parents and recorded during daily follow-up contacts. 

Of 943 patients with follow-up data, 766 (81.2%) were adherent. On multivariate analysis, 

older age (OR 1.19; 95% CI: 1.00–1.43), increased vomiting duration (OR 1.23; 95% CI: 1.05–

1.45), higher dehydration score (OR 1.23, 95% CI: 1.07–1.42), and hospitalization following ED 

discharge (OR 4.16, 95% CI: 1.21–14.30) were factors associated with nonadherence; however, 

those with highest severity scores were more likely to adhere (OR 0.87, 95% CI: 0.80–0.95). 

These data may inform strategies and specific targets to maximize adherence in future pediatric 

trials.

Keywords

acute gastrointestinal infections; compliance; study participants

Nonadherence, defined as failure to take medications with respect to timing, dosage, and 

frequency during the prescribed length of time (1), is a common and significant problem 

in clinical practice, and has been linked to poor patient outcomes and increased health care 

costs (2,3). There are many known causes of nonadherence in clinical practice, including 

cost and complexity of treatments, disruption to patient’s routines, poor understanding of 

benefits and risks, as well as medication side effect (particularly when treating chronic 

conditions) as well as complex interactions between patient, provider and health care system 

factors (1,4). In children, additional challenges include the need for a devoted and dedicated 

caregiver, developmental constraints in obtaining cooperation from young patients, and 

the psychological and lifestyle challenges experienced in adolescence (5). Despite these 

challenges, the average rate of adherence in children with chronic conditions is like that 

of adults, about 50%, but with declining adherence reported with time (6). Published rates 

for adherence with medications prescribed from pediatric EDs for acute illnesses range 

between 65% and 72% in the United States (7,8) and over 90% in Canada (9). Factors 

associated with nonadherence in the ED setting included older age, having public insurance 

(8), dissatisfaction with explanations, instructions for treatment, and follow-up (9).

In general, the average adherence in clinical trials is thought to be higher than in clinical 

practice given selection and close attention to participants and incentives from study 

personnel; however, average adherence rates can vary significantly and decrease over time 
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(10). In a clinical trial, nonadherence can result in confounding of safety and efficacy results, 

lower study power, and reduce the magnitude of treatment effect. Methodological and 

statistical strategies have been described to mitigate the effects of nonadherence on clinical 

trials; however, the reasons for nonadherence in clinical trials are not fully understood 

(11). They likely include similar causes as in clinical practice, and potentially artifactual 

nonadherence, such as enrolling in multiple studies, pretending to have certain conditions, or 

lying about adherence to collect stipends and incentives (12).

To the best of our knowledge, there are no data regarding risk factors for nonadherence 

in acute illness pediatric trials, and specifically probiotics, which are thought in general 

to be beneficial and safe. To address this knowledge gap, we aimed to determine factors 

associated with nonadherence of a probiotic product in a randomized, placebo-controlled 

trial in 971 patients 3–48 months of age with acute gastroenteritis (AGE).

METHODS

This is a secondary analysis of the multicenter Pediatric Emergency Care Applied Research 

Network (PECARN) Probiotic Study (13). Briefly, this prospective, randomized, parallel-

group, double-blind trial included 971 children 3 to 48 months of age who presented 

with AGE to 10 US pediatric EDs between July 2014 and June 2017. The study was 

approved by all study site institutional review boards. Eligible participants were diagnosed 

as having AGE defined as 3 or more watery stools per day, with or without vomiting, 

for fewer than 7 days. Children were excluded if they or their direct caregivers had 

risk factors for bacteremia (ie, immunocompromised, used systemic steroids in the past 

6 months, presence of an indwelling catheter, known structural heart disease, history of 

prematurity who were younger than 6 months at enrollment) or a chronic gastrointestinal 

disorder (eg, inflammatory bowel disease). Additional exclusion criteria were presence 

of pancreatitis, bilious emesis, hematochezia, known allergy to LGG, microcrystalline 

cellulose, erythromycin, clindamycin, or β-lactam antibiotics (these antibiotics might have 

been used to treat an invasive infection caused by LGG).

Participants received either a 5-day course of 1 × 1010 CFU of LGG or a placebo of 

similar appearance and taste. The contents of the product were sprinkled in 30mL of 

noncarbonated room temperature liquid. The first dose of the product was administered in 

the ED and caregivers were instructed to give subsequent doses and to complete daily diaries 

of symptoms at home. Follow-up surveys were coordinated centrally by the lead site and 

completed daily by email or phone for 5 days (symptoms, side effects, and adherence) and 

again 14 days (symptoms and side effects) and 1 month (side effects) after enrollment. 

Participants were compensated $10 USD for each follow-up phone call or survey completed. 

Adherence data were reported by caregivers and collected during daily contacts. Care 

givers were given a letter explaining the trial for their primary care provider or for any 

other non-research team provider and instructed to produce the letter, in case medical 

treatment was required during the study period. Instructions regarding the protocol were 

shared with in-patient teams for those participants directly admitted to the hospital from the 

ED and research personnel ensured continued monitoring of symptoms on those patients 

during hospitalization. Side effects were defined as the occurrence of a priori identified 
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specific symptoms reported within a month of enrollment: bloating, gas, intestinal rumbling, 

diarrhea, visible blood in stool, abdominal pain, abdominal cramps, nausea, vomiting, loss of 

appetite, heartburn, constipation, skin rash, diaper rash, fever, nasal congestion, runny nose, 

sore throat, cough, headache, muscle aches, chills, or weakness. We reported side effects 

according to the International Conference on Harmonization guideline for Good Clinical 

Practice. Degree of dehydration was determined by the Clinical Dehydration Score and 

disease severity was classified using the Modified Vesikari Scale score (13).

The primary outcome of this study was adherence, as reported on the survey conducted at 

day #5. Parents were asked how many doses were given and to count the number of doses 

remaining, if any. Participants were deemed to be fully adherent if they consumed all 10 

doses provided (ie, 100%).

We used multiple imputation methods in cases where information needed to derive the 

primary outcome was incomplete. The imputations were obtained by fitting a sequence 

of regression models and drawing values from the corresponding predictive distributions 

(13,14). We describe summary statistics of the sample by adherence group. Continuous 

variables were summarized using the median (IQR) and compared between groups using the 

Wilcoxon rank sum test. We summarized using the median (IQR) or mean (SD) categorical 

variables using proportions, compared groups using the chi-square test of association, and 

assessed independent factors associated with nonadherence using logistic regression using 

backwards elimination, adjusting for site and symptom duration. Candidate factors included 

all variables with a univariable 2-sided P value <0.2 along with pre-determined variables 

of interest. The cut-off probability for remaining in the model was <0.10. We used IVE 

ware software (University of Michigan) for imputation and SAS software, version 9.4 (SAS 

Institute), for all other analyses.

RESULTS

Of 3143 patients meeting inclusion criteria, 2172 were excluded (744 had 1 or more 

exclusion criteria; 262 were not approached; 1155 did not consent; and 11 were not 

randomized). Nine hundred seventy-one participants were enrolled in the study of which 

28 were lost to follow-up, 943 were included in this analysis, and 766 (81.2%) consumed 

all doses of the study product. Although the degree of missingness differed among variables, 

<1% of the total data used in the analyses were imputed (Supplemental Table, http://

links.lww.com/MPG/B929). In univariable analyses, participant demographics and baseline 

characteristics, including age, race, ethnicity, median income, seasonality, site, follow-up 

method, duration, and severity of vomiting were similar between the nonadherent and 

adherent groups except for higher dehydration scores (0.8 vs 0.6, P=0.005) and higher 

proportion admitted to hospital following ED discharge (4.3% vs 1.1% P=0.013) in the 

nonadherent group (Table 1). On multivariable analysis, older age (OR 1.19; 95% CI: 

1.00–1.43 per 1 year increase), increased vomiting durations at baseline (OR 1.23; 95% 

CI: 1.05–1.45 per 1 day of vomiting increase), higher dehydration score (OR 1.23, 95% 

CI: 1.07–1.42 per 1 point increase), and hospitalization following ED discharge (OR 4.16, 

95% CI: 1.21–14.30) were factors associated with nonadherence. Those with higher baseline 

AGE severity at presentation (ie, higher baseline Modified Vesikari Scale score; OR 0.87, 
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95% CI: 0.80–0.95) were less likely to be nonadherent to the treatment (Table 2). Overall 

side effects reported at follow-up were similar between the groups, although individually, 

the presence of rhinorrhea was more common in patients adherent with treatment (8.9% vs 

3.4%, P = 0.02)).

DISCUSSION

In this large randomized placebo-controlled trial of a probiotic in children with acute 

gastroenteritis, we found a low rate of self-reported nonadherence (18.8%). Factors 

associated with nonadherence in this trial included older age, increased duration of vomiting, 

higher dehydration scores at baseline and hospitalization following ED discharge. Although 

several of these parameters reflect individual elements of disease severity, we also found that 

patients with higher baseline overall disease severity scores were more likely to be adherent 

with the prescribed intervention.

These results, pertinent to the populations studied, are important as, to the best of our 

knowledge, factors associated with nonadherence in a pediatric ED-based trial for an acute 

illness have not been previously reported. Furthermore, the product was a probiotic, which is 

typically considered to have minimal or no side effects and is often provided by caregivers 

to their children during episodes of diarrheal illness (15). Although many of these factors are 

not easily modifiable, clinicians and researchers can use this knowledge to inform strategies 

to maximize adherence in future trials, such as focusing on managing toddler specific 

behavior (refusal to take medication by spitting or pursing lips), or foreseeing issues related 

to vomiting or better preparing for instances in which patients may be re-admitted to the 

hospital, among others.

Not surprisingly, participants with characteristics that may impair oral intake, such as 

vomiting and dehydration were less likely to adhere to the treatment, as well as older 

patients who may theoretically offer more resistance to taking oral medication. In this 

context, it may be counterintuitive that those with higher severity scores at baseline were 

more likely to adhere to the treatment. This may be explained by the fact that the severity 

score includes multiple individual elements not necessarily related to the ability to take oral 

medications, such as diarrhea duration and severity, fever among others (13).

It was interesting to note that patients who were initially sent home from the ED and 

subsequently returned and were admitted to the hospital were less likely to complete the 

treatment. This could relate to patients forgetting the medication at home or a lack of 

desire by the inpatient physician to continue the study intervention because of perceived 

lack of efficacy or side effects. Although there were few of these patients in our trial, and 

it is difficult to predict which patients will be readmitted after ED discharge, our findings 

highlight the importance of considering the potential impact of admission on adherence 

to medication administration of ED-initiated trials. Means to ensure study interventions 

continue when children are admitted to the hospital at the index visit or subsequently should 

be planned.
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Limitations of this analysis included that we relied on self-report of adherence, and we did 

not collect self-reported reasons for nonadherence. Also, the results do not necessarily apply 

to routine clinical care given the attention and incentives to participants as well as frequent 

follow-up contacts in RCTs. Our results, however, can inform future pediatric interventional 

trials in the ED setting.

CONCLUSIONS

Nonadherence occurred more frequently in older patients, in those with symptoms 

potentially diminishing the ability to consume oral medications and those hospitalized after 

ED discharge. Patients with higher disease severity scores at baseline were, however, more 

likely to adhere to treatment. These data may inform strategies and specific targets to 

maximize adherence in future pediatric ED-based trials. Future research may focus on more 

comprehensive understanding of self-reported causes of nonadherence and the development 

of joint strategies to maximize adherence in trials and in clinical care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What Is Known

• In clinical practice, nonadherence (defined as failure to take medications as 

prescribed) is linked to poor clinical outcomes.

• In research, nonadherence results in potentially biased results.

• Factors associated with nonadherence have not been described in pediatric 

acute care trials.

What Is New

• In a large randomized controlled trial of probiotics in children with acute 

gastroenteritis, nonadherence was independently associated with older age, 

with the presence of symptoms potentially diminishing the ability to consume 

oral medications and with return hospitalization after emergency department 

discharge.

• These data may inform strategies to minimize nonadherence in future 

pediatric trials and in clinical practice.
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