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Abstract

Objectives: No formal comparative effectiveness studies have been conducted to evaluate the
effect of eosinophilic esophagitis (EOE) treatment choice on long-term growth in pediatric
patients. However, long-term studies of inhaled corticoid steroids in asthma suggest possible
effects on linear growth. The aim of this study was to compare longitudinal, anthropometric
growth in children with EoE according to treatment approach.

Methods: We conducted a retrospective, multicenter cohort study of anthropometric growth
(height and BMI z-scores) in pediatric (<18 years of age) patients newly diagnosed with EoE
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across 5 clinical sites between 2005-2014. We compared differences in growth according to
treatment approach over a 12 month period. Modification by sex and age was examined and
sensitivity analyses were conducted to assess robustness of results given study assumptions.

Results: In the 409 patients identified, the mean age and proportion male differed by treatment
(p=<0.01 and p=0.04, respectively). Baseline growth measures were associated with slight
impairment of height at diagnosis (median baseline height z-score of —0.1 [IQR -0.9, 0.8]). In
general, treatment approach was not associated with any significant increase or decrease in
expected growth over a 12 month period. Subtle decrease in linear growth was observed with
treatment using a combined elemental and topical steroid (A height z-score (adjusted): —0.04; 95%
Cl: -0.08, —0.01). Differences in linear growth differed by sex (p for interaction <0.01). For
elemental formula in combination with topical steroids, only females exhibited a significant
decline in linear growth (A height z-score (adjusted): —0.24; 95% CI: -0.32, —0.17). A slight
reduction in BMI was observed for patients treated with a combination of elemental diet and
dietary elimination (A BMI z-score (adjusted): —0.07; 95% CI: -0.13, —-0.01).

Conclusions: Treatment of EOE, in general, is not associated with major anthropometric growth
changes in most pediatric patients. Slight linear growth impairment was observed for topical
steroid treatment, and sex differences in growth by treatment approach were observed. Future,
prospective studies should evaluate the effect of treatment on optimal growth and development and
over a longer period of follow-up.

Keywords
anthropometric growth; topical steroids; dietary elimination; elemental diet

INTRODUCTION

Eosinophilic esophagitis (EOE) is an increasingly common, chronic immune and antigen-
mediated disorder that contributes to significant morbidity for many patients.l 2 In children,
symptoms may include heartburn, regurgitation, vomiting, food intolerance, poor growth,
and failure to thrive.3 4 Over time and with chronic inflammation, the disease assumes a
more fibrostenotic presentation in certain patients,> 6 such that adolescents and adults with
long-standing disease typically present with dysphagia and food impaction.”- 8 Concomitant
atopic conditions, including food allergies, are common with EoE, %14 and food elimination
diets are a first line treatment approach for EOE.1>-17 Another common treatment approach
is use of swallowed or topical corticosteroids (fluticasone inhaler; budesonide respules).18-21
In very young children, for children with impaired growth at diagnosis, or for children and
adults refractory to treatment, amino-acid-based, hypoallergenic elemental diets may also be
prescribed, either as an exclusive diet, or supplemental to another treatment approach, with
nearly universal histologic improvement.22-25

As we have previously shown, 28 the first line treatment approach is less informed by patient
characteristics than by provider preference, and to date there have been no formal
comparative effectiveness trials.2” Moreover, nearly all studies of EOE treatments report
short-term outcomes, and little is known about the potential long term consequences of
choice of first line treatment. Restrictive elimination diets have the potential to alter food
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choices that may influence anthropometric growth. Regular use of inhaled corticosteroids for
asthma has been demonstrated to reduce linear growth,28 though this has not been seen in
children or adolescents with EoE.2?: 30 Elemental diets, if adhered to, have the potential to
mitigate impaired growth, but with poor adherence may compromise growth if caloric intake
is inadequate. Inducing disease remission, irrespective of first line treatment choice, has the
potential to increase appetite and food intake, which could increase growth.

In the present study, we sought to evaluate the association between first line treatment
approach and longitudinal growth in a pediatric cohort comprised of newly diagnosed
eosinophilic esophagitis patients. We hypothesized that we would observe differences in
longitudinal growth, with topical steroids demonstrating increased body mass index (BMI)
and possibly impaired height, and with dietary elimination approaches eliciting reduced
BMI and no impact on height. We hypothesized that elemental diets would result in
increased height and possibly reduced BMI, as result of catch up growth in height.

METHODS

Study design and population

We conducted a multicenter retrospective cohort study of first line treatment and
longitudinal growth measured by height and BMI over a 12 month follow-up period. Data
were abstracted from electronic medical records through the Carolinas EoE Collaborative
(CEOEC), a multi-site referral and research network of academic and community practices in
North and South Carolina with expertise in managing EoE. Five CEOEC sites contributed to
the study, including the University of North Carolina Hospitals (Chapel Hill, NC), Asthma
and Allergy Specialists (Charlotte, NC), the Division of Pediatric Gastroenterology,
Greenville Health System (Greenville, SC), Wake Forest Baptist Medical Center (Winston-
Salem, NC), and the Medical University of South Carolina Children’s Hospital (Charleston,
SC). Cases of EoE were defined clinically and per consensus guidelines, 4 including
clinical symptoms of esophageal dysphagia, esophageal tissue biopsies showing =15
eosinophils per high power field (eos/hpf), and exclusion of other competing causes of
esophageal eosinophilia. We included patients aged 0-18 years who were newly diagnosed
with EoE between 2005-2014, and who had records indicating active management with
pharmacologic or dietary interventions. As proton pump inhibitor (PPI) treatment before
diagnosis was not included in the diagnostic guidelines until 2007, 23 percent of cases had
no documentation of having been treated with a PPI prior to diagnosis. However, we planned
sensitivity analyses related to this (see below), and the most recent guidelines have removed
the PP trial requirement for diagnosis of EoE.1 31 32 For inclusion in the study, the date of
diagnosis had to have occurred within 90 days of the date of the diagnostic endoscopy. This
study was approved by the IRB from each of the participating sites.

Data abstraction

Each CEOEC site was provided with a standardized, web-based data abstraction tool from
which data could be downloaded and aggregated for assessment at a central location. All
sites were provided with a data dictionary and researchers at the five sites all had expertise in
EOE. All abstractors received training in abstracting patient data from the electronic medical
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record. Patient demographic factors abstracted included sex, race, ethnicity, and insurance
status. Other baseline patient information abstracted included date of diagnosis, maximum
tissue eosinophil count per high power field (eos/hpf) at initial diagnosis, and history of
other atopic diseases such as asthma or allergic rhinitis. All data regarding initial treatment
approach were collected. First line treatment approach was categorized into one of six
categories: 1) topical steroid only, 2) dietary elimination only (both six-food and targeted),
3) elemental diet only, 4) topical steroids provided with supplemental elemental formula, 5)
dietary elimination conducted with supplemental elemental formula, and 6) concomitant
topical steroid and dietary elimination combined. From initial and follow-up clinic, dietitian,
or endoscopic procedure visits, age, height and weight were abstracted. Up to 12 months of
follow-up visit data were abstracted. Where follow-up upper endoscopy procedures were
performed, we collected data on tissue eosinophil counts to evaluate treatment response as
measured by histologic findings. Body mass index (kg/m?) was calculated from height and
weight and sex and age-standardized z-scores for height and BMI were determined using the
external reference data provided through the Centers for Disease Control.32 The height and
BMI z-score represents an age and sex-standardized measure of height or BMI relative to an
external reference for growth. A flat slope across the follow-up period indicates a lack of
change in z-score over time and roughly corresponds to consistency in height or BMI
percentile across time. Z-scores, unlike percentiles, offer better statistical properties as they
are not truncated at the low and upper ends of the distribution.34 If a given child is following
their centile growth curve, they will maintain roughly the same z-score. When a child
crosses centiles, as a result of impaired growth or accelerated growth, their z-score will
decline or increase accordingly.

Statistical analyses

Descriptive statistics were used to summarize the data and examine distributions. Subgroup
comparisons were evaluated using the Chi-square test for categorical and the Kruskal-Wallis
test for continuous measures. Fisher’s exact test was used where categorical data were too
sparse for Chi-square estimation. Observed height and BMI z-scores over time, smoothed by
treatment type, were examined to establish the general linear form of the data
(Supplementary Figures 1-2). Adjusted linear mixed models with random effects for by-
subject intercept and slope across follow-up time and with an unstructured covariance matrix
were used to evaluate whether there were differences in the rate of height and BMI z-score
rate of change according to first line treatment approach. Models included adjustment for
factors that could act as confounders. These included factors that were antecedents of both
treatment approach and growth, including baseline esophageal tissue eosinophil count (as a
proxy for disease severity), age at diagnosis, insurance status, and CEoEC site. We used a
complete case analysis approach where cases with missing data on study covariates were
dropped from the analyses. We plotted the predicted z-score change (growth) across follow-
up for each treatment group and 1) estimated the rate of change for each treatment, 2)
whether the rate of change differed overall by treatment approach, and 3) whether the rate of
change for each treatment approach was significantly different from a dietary elimination
approach only (referent).
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Sensitivity and secondary analyses

As a sensitivity analysis, we evaluated whether there were differences in growth by those
patients with and without PPI treatment prior to diagnosis, to evaluate the robustness of our
results with application of this additional diagnostic criterion.3 3% Additionally, we
conducted analysis whereby we restricted our sample to those that demonstrated histologic
improvement (<15 eos/hpf) with treatment, as a means of isolating treatment effect from
disease effect on growth. As a secondary analysis, we evaluated differences in the
association between treatment type and height and BMI z-score change by age at diagnosis
and by sex. We also evaluated whether there were differences in treatment response for those
patients with a baseline height or BMI z-score at <25! percentile among the patients
examined.

Study sites abstracted data on 684 children diagnosed with EoE. After applying criteria for
study inclusion (n=183 excluded) and dropping observations with incomplete data (n=72),
we identified 409 children for study inclusion across the five CEOEC sites (Supplementary
Figure 3). The median age at diagnosis was 8.3 years (IQR 4.0, 12.2), 73% were male, and
61% had a coexisting atopic condition documented. The median baseline height z-score for
children newly diagnosed with EoE was —0.1 (IQR —0.9, 0.8), while the baseline BMI z-
score was 0.3 (IQR -0.6. 1.0). Of the 409 children included, 48.4% were treated with a
topical corticosteroid only, 31.8% with a dietary elimination approach only, 2.4% with an
elemental diet only, 3.2% with elemental diet and topical steroid, 3.2% with elemental diet
and dietary elimination approach, and 11.0% with a topical steroid and dietary elimination
approach.

Examination of baseline patient characteristics across treatment type identified differences in
sex and age distribution (p=0.03 and p<0.01, respectively). Children treated with topical
steroids were generally older (median age of 9.1 for topical steroids only treatment) and
children treated with elemental diet were generally younger (median age of 1.7 years) (Table
1). More males were treated with topical steroids (80.5% versus <68% for all other
treatment approaches). Baseline tissue eosinophil count was somewhat higher for patients
treated with topical steroids or elemental diet (median count of 50 eos/hpf for topical
steroids and elemental diet versus median of <40 eos/hpf for other treatment approaches;
p<0.01 across treatment groups).

Longitudinal growth by treatment type

Over the 12 month follow-up period, there was a significant decrease in height z-score
among patients treated with a combination of elemental formula and topical steroids (A
height z-score (adjusted): —0.04; 95% CI: —0.08, —0.01). A slight, although not significant,
decrease of height score was also observed for those treated with topical steroids only (A
height z-score (adjusted): —0.003; 95% CI: —0.02, 0.01). Patients treated with dietary
elimination supplemented with elemental formula were, on average, shorter at baseline than
children treated with steroids or diet alone. These patients trended toward an increase in
height z-score with treatment (A height z-score (adjusted): 0.03; 95% CI: -0.01, 0.07)
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(Figure 1, Supplementary Table 1). No other significant decreases or increases in height z-
score were observed for any of the other treatment approaches (Figure 1, Supplementary
Table 1). Overall, the difference in height z-score between treatment approaches was non-
significant (p=0.10). However, relative to dietary treatment only, there was a significant
difference (p=0.03) in the change in height z-score for patients treated with the combined
approach of an elemental diet with topical steroids (height z-score difference: —0.04).
Relative to dietary treatment alone, no other significant differences were observed for height
z-score.

For longitudinal BMI z-score change there were no significant differences in z-score for any
of the treatments, with the exception of the combined elemental formula with dietary
elimination approach, where there was a significant decrease in BMI z-score observed across
the 12 month period (A BMI z-score (adjusted): —0.07; 95% CI: —-0.13, —-0.01) (Figure 2,
Supplementary Table 1). Treatment with topical steroids combined with elemental formula
trended toward an increase in BMI z-score, with a predicted z-score reaching the estimated
z-score of diet and steroids alone at the end of the 12 month follow-up period (A BMI z-
score (adjusted): 0.05; 95% CI: —0.01, 0.11) (Figure 2, Supplementary Table 1). There was
no significant difference in BMI z-score change between treatment types overall (p=0.14)
and no significant differences in BMI z-score relative to dietary elimination treatment alone.

Secondary and sensitivity analyses

There was no significant difference in height or BMI z-score change between those patients
treated with or not treated with a PPI prior to diagnosis (p=0.54 and 0.92, respectively).
Restricting analysis to those patients with a treatment response (<15 eos/hpf on follow-up
endoscopy) indicated no substantively different observations from the full sample
(Supplementary Table 2). Secondary analyses evaluating interaction by age at diagnosis and
by patient sex identified significant differences in height z-score by sex only (p for
interaction <0.01 for sex and p for interaction=0.43 for age at diagnosis). Use of an
exclusive elemental formula diet resulted in a non-significant decrease in height z-score for
males (A height z-score (adjusted): —0.047; 95% CI: —0.114, 0.021), but the sample size was
too small to estimate height z-score change in females treated with an elemental diet only
(Supplementary Figure 4A-B). Use of an elemental formula diet in combination with
steroids resulted in a decrease in height z-score for females (A height z-score (adjusted):
-0.24; 95% ClI: -0.32, —0.17) (Supplementary Figure 4A-B). There was no significant
interaction between BMI z-score change and age at diagnosis (p=0.45) or sex (p= 0.52).

When examining patients at <25t percentile for height (-0.91) or BMI z-score (-0.67) at
baseline, we observed no significant difference between use of a topical steroid as compared
to dietary treatment only (p=0.45 for height and p=0.37 for BMI for difference in slope).

DISCUSSION

While multiple studies have examined short term outcomes of either dietary or topical
steroid treatment for EoE,30: 36. 37 very few have examined long-term outcomes and even
fewer have focused specifically on growth outcomes in a pediatric population. One
observational study comparing =6 months use of budesonide versus fluticasone propionate
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in relation to adrenal insufficiency identified that adrenal insufficiency was associated with a
reduced BMI z-score, however no formal assessment of longitudinal growth was conducted.
38 A 24 month, single center study of long-term fluticasone propionate effectiveness
identified a non-significant increase in weight and height z-scores with treatment when
comparing baseline to follow-up growth, but differences by age or sex were not assessed.3°
Because of this gap in knowledge, and because there are reasons that treatment could either
improve or worsen growth, we performed a multicenter study to address this question. This
was the largest study conducted to date of the influence of treatment on growth in EoE, and
one of the largest EoE cohorts assembled to date, thus allowing for examination of possible
effect modification by sex and age. The results suggested that while there are baseline
differences in height and BMI z-score, children who are diagnosed with EoE are, by and
large, not malnourished on average. While there were also some differences by treatment
approach, children with EoE generally tended to maintain their expected growth regardless
of treatment modality. Subtle changes were noted for those patients treated with elemental
diets in combination with other treatment modalities and significant differences in
longitudinal change in height were observed by sex.

The finding that children maintain growth, irrespective of treatment approach, is generally
consistent with short-term pediatric outcomes studies of topical steroids30: 36: 37 and long-
term pediatric outcomes of swallowed fluticasone for treatment of EoOE.3% We did observe
some indications of decreased height with topical steroid treatments (non-significant
decrease for topical steroids alone, and significant decrease for topical steroids in
combination with elemental diet). Concomitantly, we observed an increase in BMI with
topical steroids (non-significant decrease for topical steroids alone, and non-significant
decrease for topical steroids in combination with elemental diet). The slight, suggestive
increase in BMI may reflect the observed change in stature. While some studies suggest that
dietary elimination strategies may impair growth,*? we did not see strong evidence of
impaired growth in this study sample. It may be that restrictive eating is tempered by
increased food volume as a result of an improvement in symptoms, and one prior study
reported weight gain in growth-impaired children treated with an elemental diet.4! It may
also be that these observations would change with a longer period of follow-up. Our study
suggested there may be sex differences in the effect of treatment on growth. To our
knowledge, this is the first study to examine sex differences.

Limitations of the current study are the retrospective design which necessitated use of
medical records for abstraction, with an associated lack of standardization across sites in
obtaining height and weight. However, the heights and weights recorded are from medical
clinic intake, not from patient self-report, and were the values used for clinical management.
Additionally, while our statistical modeling approach allows for incomplete data follow-up
on subjects, this assumes that loss to follow-up is uninformative. This may not be a
reasonable assumption if healthier patients are less likely to follow-up. However, the
sensitivity analysis whereby we restricted to those patients that were not refractory to
treatment (healthier patients) identified no substantive differences from the observations
reported in the full sample. Despite the relatively large sample size, there were very few
patients treated with elemental formulas, either exclusively or in combination with other
treatments. Elemental diet treatments may have been less commonly used in this sample
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given costs of treatment (insurance providers often do not offer coverage for elemental diet
treatments) and the mean age of diagnosis (elemental diets may be less appealing to older
children). Furthermore, in this sample, patients were generally not malnourished and thus,
elemental diets may not have been considered. This limits the precision and interpretability
of the estimates observed for elemental diet treatment approaches. As this study was
retrospective, we did not have complete data on adherence to treatment. There was also
likely selection bias related to the initial clinical decision regarding treatment modality.

Strengths of the study include the multi-center design spanning both academic and private
centers and the resultant large patient cohort. We also employed a comprehensive and
standardized data extraction protocol, with exhaustive accounting of clinical follow-up and
rigorous data management. The analysis approach focused on height and BMI z-scores to
eliminate variability based on age and sex, and included multiple sensitivity and sub-
analyses to address potential limitations and identify possible modification of effects by age
and sex.

In conclusion, while the current study generally suggests no significant decrease (or
increase) in rate of growth by treatment approach, baseline height z-scores were lower than
expected and suggest that some EOE patients may, at diagnosis, already be demonstrating
impaired growth. For these patients, an increase in growth velocity may be indicated.
Additionally, there was some indication that topical steroids may effect linear growth and
that treatment effects on growth may be sex-specific. Additional prospective longitudinal
studies are needed to evaluate baseline anthropometric factors and growth in newly
diagnosed EOE patients to definitely determine the optimal treatment approach in the context
of growth and nutrition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known:

Comparative studies in assessing treatment impact on growth parameters in EoE are
lacking. Inhaled steroids have been demonstrated to impair growth in treatment for
asthma; it is unknown whether topical steroids confer similar effects.
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What is new:

Across 12 months of follow-up, treatment approach was associated with minor
differences in anthropometric growth, with combined elemental and topical steroids
decreasing linear growth. The effect of treatment on growth parameters may differ by
Sex.
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Figure 1.
Predicted change in z-score for height by treatment
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Predicted change in z-score for BMI by treatment
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