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Abstract

Problem: To determine the safety and efficacy of topical corticosteroid versus vehicle/
moisturizer in children under 2 years old (<2y).

Eligibility Criteria: A systematic review and meta-analysis searching PubMed MEDLINE,
Embase, Web of Science, Cochrane Database of Controlled Trials, Cochrane Database of
Systematic Reviews, DARE, NHS Economic Evaluation, CINAHL, GREAT, and
Clinicaltrials.gov. We selected randomized controlled trials(RCTs) comparing topical
corticosteroids to vehicle/moisturizer and included children <2y. Two authors extracted data.

Sample: Only one study limited analyses to children <2y, so our review included participants
older than 2 years. Twelve RCTs were included with 2224 participants. Ten studies were industry-
sponsored.
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Results: The proportion of responders to topical corticosteroid across studies was 0.65 (95% Cl,
0.54- 0.74), as compared to vehicle/moisturizer 0.32 (95% Confidence Interval (Cl), 0.20-0.48).
The proportion of adverse events were similar between groups (topical steroids 0.17 (95% Cl,
0.08-0.33) vs. vehicle/moisturizer 0.12 (Cl 0.02-0.42)). High heterogeneity in treatment response
occurred across studies that could not be explained by potential moderators. Mild adrenal
suppression occurred in 4 of 157 measured participants (3%) receiving topical corticosteroids.
Limitations include the few RCTSs on this topic, the inclusion of participants >2y and outcome
measures and reporting methods rarely met CONSORT guidelines.

Conclusions: Topical corticosteroids trended to being more effective and equally safe to
vehicle/moisturizers, but generalizability is limited given the dearth of well-designed studies
focused on children <2y. Adverse events from vehicle/moisturizer may be greater than topical
corticosteroid due to under treatment.

Implications: Further work is needed in this age group.
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Introduction

Atopic dermatitis (eczema, or AD) is one of the most common skin conditions in pediatrics,
affecting 109%-20% of US children (Silverberg, 2017). The prevalence of AD is greatest in
children under 2 years, as ~50% of AD is diagnosed in the first year of life
(Kanchongkittiphon, Gaffin, & Phipatanakul, 2015). Topical corticosteroids are the mainstay
of treatment and, after moisturizers, recommended as the first line treatment option in recent
guidelines (Eichenfield et al., 2017). Steroid-sparing agents, such as calcineurin inhibitors
and phosphodiesterase-4 (PDE4) inhibitors, are not FDA approved for children under 2
years. Adjunctive therapies such as wet wraps and bleach baths are also important options,
which have been the subject of systematic reviews (Bath-Hextall, Birnie, Ravenscroft, &
Williams, 2010; Gonzalez-Lopez, Ceballos-Rodriguez, Gonzalez-Lopez, Feito Rodriguez, &
Herranz-Pinto, 2017). However, despite topical corticosteroids being first line treatment,
they have not been systematically reviewed in children under 2 years old.

Under-treatment of AD in young children is common, in part because of the lack of
guidelines specific to this age group and concerns about potential side effects. Infants are at
the highest risk of having systemic absorption of topical corticosteroids, with potential risks
including reduced linear growth due to their high ratio of body surface area (BSA) to body
weight (Hengge, Ruzicka, Schwartz, & Cork, 2006). Although, “steroid phobia” does not
correlate with disease severity and is often based on inaccurate perceptions of side effects,
(Kojima et al., 2013) 80% of parents have concerns about the use of topical corticosteroids
in their child (Morley & Dinulos, 2012). This is a common issue which parents discuss with
their nursing providers, and it is important nurses are knowledgeable on this topic.

Under-treatment is a significant concern and puts patients at risk for repeated disease
exacerbation. Given that scratching and rubbing when AD is not in control exacerbates the
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inflammation and barrier defect, early under-treatment can ultimately result in more overall
topical corticosteroid usage, as higher potency corticosteroids might be needed.
Additionally, continual flares from under-treatment has lead to an increased number of times
that topical corticosteroids (even lower potency) have had to be used. Secondary signs
(infection and other comorbidities associated with scratching and sleep disturbance) are also
more common in undertreated AD (Fishbein et al., 2018; Fishbein et al., 2015; Furue, Chiba,
& Takeuchi, 2011). It has also been suggested that early aggressive AD treatment might curb
the development of food allergy (Leung & Guttman-Yassky, 2014). These factors highlight
the importance of accurately triaging patients to moisturizer versus topical corticosteroid,
and aggressively encouraging topical corticosteroid use when warranted. Furthermore,
appropriate counseling on the relative efficacy and safety of topical corticosteroids in this
age group is crucial.

Several randomized controlled trials (RCTs) have compared topical corticosteroid versus
vehicle/moisturizer, but these have not been systematically reviewed with a focus on
children <2 years old. The purpose of this study was to answer the primary question: What is
the clinical response to topical corticosteroids vs. vehicle/moisturizer in children <2 years?
Secondary questions included: 1) Is the adverse events profile different in the two treatment
arms in this age group? And, 2) Do clinical characteristics moderate treatment effect (e.g.
disease severity), demographic (e.g. age, race), or treatment (e.g. frequency, potency)?

The systematic review followed the guidelines and statement criteria established by
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) (Liberati et
al., 2009). We searched PubMed MEDLINE, Embase, Web of Science, Cochrane Database
of Controlled Trials, Cochrane Database of Systematic Reviews, DARE, NHS Economic
Evaluation, CINAHL, GREAT, and Clinicaltrials.gov databases from inception to 2/15/17.
Database searches took place the week of 2/15/17. Search terms included “atopic dermatitis”
and “eczema.” We used controlled vocabulary and RCT search filters when available. Titles
and abstracts were searched with key words of either: atopic dermatitis OR eczema.

Search strategy developed by our study team (including reference librarian Ms. Patricia
Smith) was published in PROSPERO and can be accessed at http://www.crd.york.ac.uk/
prospero/display_record.asp?src=trip&ID=CRD42017056060. Ms. Patricia Smith conducted
the database searches and de-duplicated articles. The abstracts were then reviewed by two
authors independently for the following criteria. Briefly, inclusion criteria consisted of the
following: RCT’s, sample with at least some children < 2 years, and AD defined using
Hanifin and Rajka criteria or other established criteria (\Vakharia, Chopra, & Silverberg,
2018). Eight articles defined AD using Hanifin and Rajka or modified Hanifin and Rajka
criteria, three articles used clinician-based diagnosis, and one article used the UK Working
Party’s diagnostic criteria. Abstracts and studies which provided no data on response of
topical corticosteroids vs. vehicle/moisturizer were excluded. Although there was no
exclusion by year of publication, many older articles did not have placebo comparators and
were therefore not included.
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The process of quality appraisal, data extraction and analysis was guided by National
Institute for Health and Care Excellence (NICE, 2014). Two authors independently reviewed
all eligible articles in order to select only those fulfilling the inclusion criteria. Any
disagreement during this process was resolved by consultation with a third reviewer. Any
article written in a language other than English was translated by an additional reviewer
fluent in that language. With the final set of articles, two authors extracted the relevant data
into a pre-formed extraction data document. If the article was unclear or necessary
information for our primary outcome was not included, contact with the author was
attempted. Biases within the studies were assessed with the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) system (Guyatt et al., 2008).

To answer the primary research question, co-primary outcomes for this study were treatment
response to topical corticosteroid vs. vehicle/moisturizer. Three potential indicators were
used to index treatment response: 1. Study-designated “good response”; 2. The number of
participants with at least a 50% reduction in AD severity; 3. Eczema rated as cleared or
controlled. These indicators were chosen based off National Institute for Health and Care
Excellence published standards for atopic dermatitis. Outcomes were assessed at the final
time point in the study. Most studies did not report all three of the potential indicators of
treatment response. As such, we used the maximum response reported within a study, if
multiple indices of response were described. Details on the class of topical corticosteroid,
type of vehicle/moisturizer and duration of treatment were recorded.

To answer the research question regarding frequency and nature of adverse events, adverse
events were coded when possible for number of patients with the adverse event and total
number of subjects in which the adverse event was recorded. We also captured details
regarding severity of events, likelihood it was related to topical corticosteroid, and nature of
the adverse event. Coded adverse events included general (adrenal suppression,
gastrointestinal, fever, headache, respiratory, generalized infection, psychiatric, other) or
skin specific (striae, atrophy, telangiectasia, ulcer, acne, skin irritation, skin infection, skin
itch, urticaria, folliculitis). Baseline clinical characteristics were also recorded in detail
related to disease severity (change in disease severity, disease severity scale used) and
demographics (age, race and sex). Secondary outcomes also considered included changes in
pruritus, quality of life and sleep disturbance.

To aggregate results across studies, a binomial-normal model for the meta-analysis of
proportions was used. This was fit using a random effects logistic regression model, with a
study-specific random intercept (Stijnen, Hamza, & Ozdemir, 2010). Analyses were
conducted using the metafor package in the R statistical environment (Viechtbauer, 2010).
The initial model included only the main effect for the study, consistent with the primary
research question. In the event that significant cross-study heterogeneity of treatment effect
was observed, potential confounders and modifiers were added, including topical
corticosteroid potency (above or below class 1V); mean age (in months); and trial length (in
days), consistent with the secondary research questions. Topical corticosteroid potency of
class IV was chosen based off studied reviewed, also to differentiate efficacy expected with
much higher potency topical corticosteroids. Analyses were conducted separately for
treatment effect and for number of individuals reporting adverse events.
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After the initial systematic search, 636 studies were identified (see Figure | for PRISMA
flow diagram). After de-duplication, 416 unique articles were identified and screened. Of
these, 12 studies met all inclusion criteria; all were in English. Table | provides details of the
12 RCT’s analyzed. The sample sizes (Intention to treat analysis (ITT)) ranged from 8 to
582 participants. The years of publication ranged from 1981 to 2013. Although patients
under 2 years(y) were included in all 12 studies, only 1 study limited age of recruitment to
2y (Wu, Chen, Liu, Wu, & Dong, 2013). Table | includes participants of mixed ages, as
studies did not separate results of children <2y. There was an overall mixed range of disease
severity, as well as overall mixed race/ethnic/gender background. Most studies reported a
duration of treatment ranging from 7-29 days. One study lasted up to 140 days (Hanifin,
Gupta, & Rajagopalan, 2002). Five of the 12 studies involved daily dosing (one of those re-
assigned subjects to more intermittent dosing as the study continued if subjects were
controlled), whereas the seven others involved more frequent dosing. The potency of topical
corticosteroids used ranged from class VI to class Il. Only two studies appeared to be non-
industry sponsored. Sponsorship occurred from manufacturers of moisturizer (h=2) and
topical corticosteroid (n=8). A true moisturizer (as opposed to vehicle) was only clearly used
in the 2 moisturizer manufacturer-sponsored studies (Sugarman & Parish, 2009;
Udompataikul & Limpa-o-vart, 2012).

Adverse events were recorded in 10 of the studies, 2 did not provide details about adverse
events. Secondary outcomes of itch, quality of life or sleep could not be analyzed in
aggregate, as only 5 of the 12 studies reported on itch, 3 on quality of life and 1 on sleep.

Efficacy from Topical Corticosteroids

Topical corticosteroid response trended towards superiority over vehicle/moisturizer across
the 12 studies, with the proportion of “responders” as 0.65 with a confidence interval from
0.54 to 0.74, as indicated in the forest plot (Figure 2a). Heterogeneity of response was not
explained in subanalyses by potency of topical corticosteroid, average age of study
participants, or length of the trial (QM(1) = 0.28 p = 0.60; residual heterogeneity Wald(11) =
104.58, p< 0.01; QM(1) = 0.51 p = 0.48; residual heterogeneity Wald(11) = 101.17, p<
0.01, and QM(1) < 0.01 p=0.99; residual heterogeneity Wald(11) = 111.20, p< 0.01,
respectively).

Efficacy from Vehicle/Moisturizer

The overall proportion of responders to vehicle/moisturizer across the 12 studies was 0.32
with a 95% confidence interval (CI) from 0.20 to 0.48 (Figure 3a). As indicated in the forest
plot, there was a large heterogeneity of response to vehicle/moisturizer. To determine
heterogeneity, multiple factors were examined. Age and duration of treatment did not
explain the heterogeneity (QM(1) = 0.01 p= 0.92; residual heterogeneity Wald(11) = 94.77,
p<0.01; and QM(1) = 0.34 p= 0.56; residual heterogeneity Wald(11) = 95.49, p< 0.01,
respectively).

J Pedliatr Nurs. Author manuscript; available in PMC 2020 August 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fishbein et al. Page 6

Adverse Events from Topical Corticosteroids

The overall proportion of adverse events was 0.12, with a confidence interval from 0.02 to
0.42 (Figure 2b). Adverse event heterogeneity was not explained by age of participants or
duration of therapy. However, steroid class significantly moderated the occurrence of
adverse events (QM(1) = 7.2, p=0.01). Though, even after accounting for this moderation,
significant heterogeneity of adverse event reporting occurred (Wald(8) = 25.0, p= 0.002).
Low-potency topical corticosteroids (class =V) actually had a slightly higher rate of adverse
events (0.28) than the high-potency (classes I1-1V) corticosteroid (0.01) (see statistical
details in Supplemental table ). The frequency of side effects commonly associated with
topical corticosteroids and vehicle/moisturizer in these studies is summarized in Table I1.

Five studies assessed the possibility of adrenal suppression secondary to topical
corticosteroids in a total of 157 patients (Hanifin et al., 2002; Sugarman & Parish, 2009;
Udompataikul & Limpa-o-vart, 2012; Wolkerstorfer, Visser, De Waard van der Spek,
Mulder, & Oranje, 2000; Wu et al., 2013). Four patients (3%) had evidence of mild adrenal
suppression, but the age of these participants was not provided. In the study by Woldersorfer
et al., participants received dilute (50% on body and 10% on face) fluticasone propionate
0.05% cream under wet wraps (class V), with two patients having a 9am serum cortisol <
0.2 umol/L (0.09 and 0.03) after treatment for 7 days (Wolkerstorfer et al., 2000). Those
participants used 957 ug/m2 and 1125 ug/m2 of steroid cream respectively. In a recent study
reported by Hanifin et al., two patients did not have an adequate response to cortisol
stimulation testing at the end of the study (Hanifin et al., 2002). Participants received
intermittent fluticasone propionate cream (steroid class V), exact quantity used not reported.
One participant received 345 days of treatment and had a cortisol stimulation level after
treatment of 17 ug/dL (normal was >=18 ug/dL). The other participant was treated for 280
days and had a cortisol stimulation level of 9 ug/dL. Follow up testing to demonstrate
resolution of the adrenal suppression in both of these studies was not available for these
participants.

Adverse Events from Vehicle/Moisturizer

The overall proportion of adverse events across the remaining 10 studies was relatively low.
The overall proportion was 0.17, with a 95% CI ranging from 0.08 to 0.33 (Figure 3b). As
indicated by the wide confidence interval, significant heterogeneity in adverse events is
exhibited. Mean age or treatment duration did not explain the heterogeneity in adverse
events to vehicle (see statistical details in Supplemental table I).

Discussion

Few RCTs have included children 0-2 years to assess the efficacy and safety of topical
corticosteroids versus vehicle/moisturizer. Despite the common topical corticosteroid usage
in this age group, our systematic review identified only 12 articles that had sufficient detail
to determine treatment response. Only 1 of these studies had analyses which were limited to
children <2 years, so our meta-analysis included subjects = 2 years old. Our meta-analysis
demonstrated topical corticosteroids resulted in 2 out of 3 subjects having a response. We
were not able to determine characteristics of topical corticosteroid responders versus non
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responders based off the studies available. Only 2 studies compared topical corticosteroid to
a true moisturizer, while the rest used vehicle. Interestingly, many vehicle studies showed a
high proportion of responders. Our findings are consistent with the NHS-sponsored
systematic review of RCTs comparing topical corticosteroids versus placebo to treat AD
across age groups, which reported a large treatment effect of topical corticosteroids,
“without evidence of harm” (Hoare, Li Wan Po, & Williams, 2000; Nankervis et al., 2016).

With regards to adverse events, we found that the vehicle/moisturizer group had a slightly
higher, but not significant, rate of adverse events versus the topical corticosteroid group
(0.17 versus 0.12). Lower potency topical corticosteroids also showed a slightly higher rate
of adverse events as compared to higher potency corticosteroids. This could be partly
explained by the bias of the studies included in our review. Eight of the studies were funded
by topical corticosteroid companies, and in industry funded moisturizer studies, lower
potency corticosteroids were used as the comparator. However, inadequate treatment of AD
appears to result in significant skin infections and side effects more often than topical
corticosteroids. This is despite the fact that side effects of topical corticosteroids are more
commonly feared. Local skin irritation was the most common side effect from both
moisturizer and topical corticosteroids. Similar to previously published studies, less than
0.2% of subjects developed cutaneous side effects linked to topical corticosteroids (skin
atrophy, striae, acne, telangiectasia) (Green, Colquitt, Kirby, & Davidson, 2005). In a cross-
sectional observational study by Hong et al, use of topical corticosteroids appropriate for
disease severity and body location minimized side effects. All seventy children, with 93%
regularly using potent topical corticosteroids for ~10 months, had no evidence of skin
atrophy (Hong, Smith, & Fischer, 2011). It is important to remember that almost all
cutaneous side effects from topical steroids (except striae) are reversible, so high potency
topical corticosteroids are appropriate to use as long as patients are closely monitored.

Adrenal suppression is an important concern for providers and patients, in this systematic
review we identified a rate of 3% for HPA suppression (adrenal suppression) from topical
corticosteroid (although it is not known if the children were <2y). The long-term use of
topical corticosteroid and HPA suppression was not addressed in any articles included in our
review. In the studies which noted adrenal suppression, one used a wet wrap method of
occluding topical corticosteroid on the skin (unknown funding source) and the other used
class V steroid for prolonged use (steroid-company sponsored). Similarly, in a post
marketing survey, the FDA did not find any cases of adrenal insufficiency in children using
class VI-VII topical corticosteroids (Hengge et al., 2006). Another review found no HPA
axis suppression in studies using Class VVII steroids, (Levin, Gupta, Butler, Chiang, & Koo,
2014) and that the mild early adrenal suppression from use of higher potency corticosteroids
spontaneously normalized despite continued corticosteroid use. This is presumably because
reduction in AD severity and barrier improvement reduced overall corticosteroid absorption
after topical application. Although the reviewed articles had limited information regarding
adrenal suppression, it appears that adrenal suppression is a very rare complication and close
clinical monitoring of children on topical corticosteroids is adequate to monitor for this side
effect. Wet wraps can enhance steroid absorption, and in a small number of patients
temporarily cause adrenal suppression, but in larger reviews on this topic, this side effect has
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been found to generally be reversible (Andersen, Thyssen, & Maibach, 2015). More long-
term studies on this topic are needed.

Limitations to this review are significant. Primary limitations include the small number of
studies included, and varying classes of topical corticosteroid. There was large heterogeneity
in vehicle/moisturizers used, with varying moisturizing properties (van Zuuren, Fedorowicz,
& Arents, 2017). We were unable to limit our analyses only to children under 2y, and 50%
of studies had less than 100 total participants. Study design was really inconsistent, 25% of
studies used participants as their own control. Outcomes were not reported in a standardized
manner, i.e. different severity assessments and itch assessments were used across studies.
Some studies evaluated change in certain individual clinical scores (erythema, oozing,
lichenification, etc.), whereas others reported on a global score changes, such as the SCoring
of Atopic Dermatitis (SCORAD) assessment. Five studies reported on >=1 of our primary
outcomes. Nine studies reported on the number of participants with a “good response.”
Besides overall frequency of adverse events, we were not able to report on our secondary
outcomes. Specifically, outcomes of itch, quality of life and sleep disturbance were assessed
inonly 5, 3 and 1 article respectively. Inconsistent formatting was noted in reporting
secondary outcomes as some graphs had unclear numbers reported and data had to be
extrapolated.

With regards to application to nursing practice, these findings can be interpreted to mean
that more research is needed on this topic. However, nurses can reassure families that topical
steroids are generally safe and effective, and side effects are rare and almost always
reversible.

Conclusions

We suggest that AD trials going forward refer to Harmonizing Outcomes Measures for
Eczema to standardize outcome measures and thereby improve interpretability of findings
(Charman, Chambers, & Williams, 2003; Schmitt et al., 2014). Further studies in children
under 2 with AD are desperately needed to adequately characterize topical corticosteroid
responders versus those who only need moisturizer, and determine the risk of adverse events
by treatment group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Atopic Dermatitis is a common pediatric problem which is frequently cared
for by nurses.
. There are limited randomized control trials which assess the safety and

efficacy of topical corticosteroids in children <2 years old.

. Although further work is needed, topical corticosteroids trended to being
more effective and equally safe to vehicle/moisturizers.
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Records identified through
database searching
(n=636)

3

Records after duplicates removed

(n=416)
A
Records screened Records excluded
(n =416) (n =350)
A
Full-text articles assessed Full-text articles excluded, with reasons
for eligibility (n=54)
(n=66) Wrong population (no 0-2 year olds) 8
Wrong study design (not RCT) 1
Wrong publication type (abstract) 5
: Compared Steroid to Steroid, no
Studies included in vehicle/moisturizer 28
qualitative synthesis Atopic dermatitis not clearly diagnosed
(n=12) 6
No vehicle/moisturizer used (some
other therapy used as comparator) 4
: Unable to evaluate our pre-determined
Studies included in primary outcome 2
quantitative synthesis
(meta-analysis)
(n=12)

Figure 1.
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) Flow

Diagram This diagram details the search strategy and methodology for choosing appropriate
articles which were included in the final analyses.
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Figure 2.
Forest plot of proportions by study (solid square is the mean proportion), number on the

right. 95% confidence interval (ClI) represented by bars on graph, summarized in brackets on
the right. Larger squares represent more participants in the study. RE (Random-Effects
Model) summarizes data from all studies, with the dashed vertical line displaying the overall
proportion of responders/events from the aggregate data, and the horizontal dashed line
representing the 95% CI across studies.
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right. 95% confidence interval (ClI) represented by bars on graph, summarized in brackets on
the right. Larger squares represent more participants in the study. RE (Random-Effects
Model) summarizes data from all studies, with the dashed vertical line displaying the overall
proportion of responders/events from the aggregate data, and the horizontal dashed line
representing the 95% CI across studies.
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Frequency of side effects commonly associated with topical steroids or vehicle/moisturizer

Table Il.

topical steroid n(%6)

vehicle/moisturizer n(%o)

total subjects * 1337 954
skin infection 1(0.1) 5(0.5)
folliculitis 8 (0.6) 3(0.3)
skin irritation 26 (1.9) 33 (3.5)
telangiectasia 1(0.1) 2(0.2)
skin atrophy 1(0.1) 0
striae 1(0.1) 0
acne 2(0.1) 0

*
includes only those in which side effects were considered
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