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Abstract

Background—Previous studies found conflicting results about whether childhood atopic
dermatitis (AD) persists into adulthood.

Objective—We sought to determine persistence rates and clinical factors associated with
prolonged AD.

Methods—A systematic review was performed in MEDLINE, EMBASE, Scopus, GREAT,
LILACS, Web of Science, Academic Search Complete, and Cochrane Library. Meta-analysis was
performed using Kaplan-Meier plots and random-effects proportional hazards regression.

Results—In total, 45 studies including 110,651 subjects spanning 434,992 patient-years from 15
countries were included. In pooled analysis, 80% of childhood AD did not persist by 8 years and
less than 5% persisted by 20 years after diagnosis (mean + SE: 6.1 + 0.02 years). Children with
AD that persisted already for more than 10 years (8.3 + 0.08 years) had longer persistence than
those with 3 (3.2 £ 0.02 years) or 5 (6.8 £ 0.06 years) years of persistence. Children who
developed AD by age 2 years had less persistent disease (£ < .0001). Persistence was greater in
studies using patient-/caregiver-assessed versus physician-assessed outcomes, female versus male
patients (P< .0006), but not in those with sensitivity to allergens (£=.90). Three studies found
prolonged persistence with more severe AD.

Limitations—Some studies did not capture recurrences later in life.

Conclusions—Most childhood AD remitted by adulthood. However, children with already
persistent disease, later onset, and/or more severe disease have increased persistence.
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Atopic dermatitis (AD)/eczema is a chronic inflammatory skin disease with a clinical course
that varies widely between patients. Some children have disease activity that persists well
into adolescence and adulthood, although most children are thought to “grow out of it.”
Much of the data to support this notion originate from smaller studies and did not account
for a number of clinical factors that might modify disease persistence. Recent studies
suggest AD may persist more commonly than previously recognized.! We sought to
systematically analyze the extant literature of birth cohorts and observational studies to
determine the rates of disease persistence over time. Moreover, we examined which clinical
factors associated with AD persistence may be useful for prognostication in AD.

METHODS

Literature search

We searched the following databases through June 14, 2015: MEDLINE (1946-present),
EMBASE (1947-present), Scopus (1966-present), Web of Science (1900-present), Academic
Search Complete (1887-present), LILACS (1982-present), GREAT (2000-present), and the
Cochrane Library (1992-present). The search strategy was based on a previous Cochrane
review? with inclusion of “persisten*,” “recurren*,” “natural history,” “secular history,”
“disease course,” “longitudinal,” “remission,” and “cohort” as additional search terms
related to disease persistence (Table I).

Studies published online, published in print, and in press from all years were considered. All
search results with titles and abstracts written in any language were eligible for inclusion.
Studies were excluded based on the title, abstract, or both if there was no clear indication
they investigated persistence of AD. If data were duplicated in more than 1 study, the most
recent and complete study was included in the meta-analysis.

Data extraction

Two reviewers (J. P. K. and L. X. C.) independently performed data extraction from these
studies and any differences were resolved by discussion. The following data items were
collected: first author; year of publication; study design; how AD was diagnosed; country of
study; frequency of initial AD diagnosis; age and frequency of AD at follow-up; history of
hypersensitivity to 1 or more allergens; severity of AD; mean age of patients and percent of
males in the study. The persistence of AD was stratified by gender, allergen hypersensitivity,
and baseline AD severity where available.

Statistical analysis

Statistical analyses were performed using software (SAS, Version 9.4, SAS Institute Inc,
Cary, NC).
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Survival analyses using the Kaplan-Meier and Cox proportional hazards regression models
were used to determine the overall persistence of AD. The time-to-event variable in all
models was the time from AD diagnosis to either persistence of AD or censoring. The
models accounted for both left and right censoring, ie, AD diagnosis and follow-up could
happen at any age or period of observation. For studies that presented age of AD diagnosis
or persistence across a range of ages, the median of the age range was selected. Models
included a random effect for the study to address potential issues of heterogeneity. In
addition, models were stratified by age of AD onset, number of years of already persistent
disease, self-report versus physician assessment of AD, sex, and hypersensitivity to 1 or
more allergens where available. Median, mean, and SE of mean AD persistence time were
estimated. Hazard ratios (HR) (95% confidence intervals [CI]) were calculated for each
strata level. A 2-sided Pvalue of .05 was taken as statistically significant.

Literature search

The literature search yielded 9960 nonduplicate articles. After review of the titles and
abstracts, 9326 were excluded; an additional 634 articles were excluded after full-text
review. In total, 46 studies®8 were included in the review, of which 44 had valid frequency
data that could be pooled, 7 had valid data to assess the effects of gender,8:23.28.:31,44,45.48 g
for allergen sensitization,8:17:23:36:40.45 and 3 for baseline AD severityl7:28:40 on disease
persistence. The Preferred Reporting Items for Systematic Reviews and Meta- Analyses
(PRISMA) flow diagram is presented in Fig 1.

Study characteristics

The studies were all longitudinal with respect to persistence of AD, either retrospective (n =
3) or prospective (n = 42) data collection, included both males and females, and
encompassed subjects of all ages. Published years of studies ranged from 1955 to 2015. The
45 studies included 110,651 subjects spanning 434,992 patient-years from 15 countries
(Supplemental Tables I to 1V; available at http://www.jaad.org). The age of entry into the
cohort, ie, the age of confirmed AD, ranged from 0.04 to 17.5 years, with a mean (SD) of
1.6 £ 1.3 years. AD was diagnosed in 87.7% of subjects by age 5 years. Duration of follow-
up ranged from 0.25 to 23.0 years, with a mean (SD) of 3.9 (2.8) years. Duration of follow-
up was 5 years or longer in 55.7% of studies and 10 years or longer in 20.8% of studies. All
subjects had AD at baseline, of which 80,477 (72.7%) had persistent AD upon follow-up at
various time points.

Overall persistence of AD

In the pooled analysis, there was a precipitous decline in the overall rates of AD persistence
after 3 years of follow-up (Fig 2, A). The median duration of AD persistence was 3.0 years
(mean £ SE: 6.1 + 0.02 years). In addition, persistence rates slowly continued to decrease,
such that 80% of AD did not persist by 8 years and less than 5% of AD persisted by 20 years
of follow-up.
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Persistence of AD significantly varied by whether patients already had persistent disease.
After 3 years of persistent AD, the mean (SE) additional duration of AD persistence was
only 3.2 (0.02) years (median not estimable) (Fig 2, B). In patients with 5 or 10 years of

persistent AD, the additional duration of persistence increased (median: 4.0 vs 8.5 years,
respectively; mean + SE: 6.8 £ 0.06 vs 8.3 £ 0.08 years, respectively).

AD persistence by age of disease onset

Persistence of AD significantly varied by age of entry into the cohort, ie, age of first
confirmed AD. The median duration of AD persistence was 3.0 years (mean + SE: 5.8

+ 0.03 years) for subjects who were given a diagnosis of AD at age 0 to 1 year (Fig 2, O).
However, the duration of persistent AD increased for subjects with AD onset by ages 2 to 5
years (median: 8.0 years; mean+SE: 10.5+0.09 years), 6 to 11 years (median: 12.5 years;
mean + SE: 14.8 + 0.2 years), and 12 to 17 years (median not estimable; mean + SE: 7.5

+ 0.03 years). In proportional hazards regression models, the risk for overall disease
persistence was significantly higher in children with AD onset at age 2 to 5 years (HR 2.65;
95% CI 2.54-2.75) and 12 to 17 years (HR 2.04; 95% CI 1.66-2.49) compared with age of
onset at 0 to 1 years, and peaked in those with onset at age 6 to 11 years (HR 4.22; 95% ClI
3.86—-4.61; P<.0001 for all).

AD persistence by self-report

There were significant differences between studies that used self-reported versus physician-
assessed measures of AD at follow-up. The duration of AD persistence was significantly
higher in studies that used self-reported AD (median: 6.2 years; meanSE: 9.6 + 0.06 years)
compared with physician-assessed AD (median: 3.0 years; mean + SE: 5.8 + 0.03 years)
(HR 1.65; 95% CI 1.61-1.69) (Fig 2, D).

AD persistence by gender

There were 7 studies that stratified AD persistence by subjects’ gender.6:23.28,31,44,4548 The
duration of AD persistence was significantly higher in females (median: 9.0 years; mean *
SE: 12.7 + 0.2 years) compared with males (median: 7.0 years; mean+SE: 11.7 + 0.2 years)
(HR 1.15; 95% Cl 1.04-1.27; P=.006) (Fig 2, £).

AD persistence by sensitivity to allergens

There were 6 studies that stratified AD persistence by subjects’ reactivity to skin-prick
testing and/or antigen-specific serum IgE.6:17.23.36.40.45 There was no significant difference
of AD persistence between those with hypersensitivity to 1 or more allergens (median: 8.1
years; mean + SE: 8.0 £ 0.1 years) compared with none (median: 7.0 years; mean + SE: 7.7
+ 0.1 years) (HR 1.11; 95% CI 0.92-1.33; P=.90) (Fig 2, FA).

Similar results were found in sensitivity analyses for age of onset, self-reported disease
activity, gender, and allergen sensitivity that excluded any retrospective studies.

AD persistence by baseline AD severity

There were 3 studies that stratified AD persistence by subjects’ baseline AD severity,17:28:40
although the inconsistent measures preclude pooling of results for meta-analysis. One study
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found that children with AD onset at 0 to 2 years of age who had frequent parental-reported
scratching were more likely to have persistent AD by age 7 years (81.3% vs 44.5%).17 One
study found that children with AD at age 9 to 16 months who had moderate to severe
compared with mild disease as judged by Scoring Atopic Dermatitis (SCORAD) were more
likely to have persistent AD 6 to 12 years later (SCORAD 25-50: 51.8% and SCORADI50:
53.8% vs SCORAD < 25: 32.5%).40 Finally, a study found that children with AD onset
within the first 3 years of life who had less than or equal to 1 or more than 1 night compared
with 0 nights per week of being kept awake by their rash had higher rates of persistent AD 5
years later (52.9% and 66.7% vs 42.0%).28

DISCUSSION

The results of this meta-analysis suggest that, overall, 80% of childhood AD did not persist
by 8 years and less than 5% persisted by 20 years after diagnosis. Individuals with more
severe disease at the time of diagnosis had increased risk for persistent disease in 3 studies.
The longer the AD already persisted, the more likely it was to continue to persist. Moreover,
children who developed AD in the first 2 years of life had significantly lower risk of
persistent disease than those who developed AD later in childhood or adolescence. Later
onset disease might be related to exposure to irritants and contact allergens in personal care
products; environmental allergens; or both. However, there were no differences of AD
persistence by baseline sensitivity to 1 or more allergens. It is interesting that studies using
patient-reported assessment of AD found higher risk of persistent AD compared with
physician assessment. This is likely a result of the waxing and waning nature of AD, where
disease activity might not be present at clinical or research visits but is present during
interval periods. There was a small but significantly increased risk of persistence in females
compared with males. There appeared to be more persistent disease in children with more
severe AD at baseline; however, the few studies found used different severity scales that did
not allow for pooled meta-analysis. Overall, the results suggest that early onset AD does
tend to “burn out” and improve by adulthood. However, children with later onset, more
persistent AD, and severe AD are much more likely to have prolonged persistence into
adolescence and adulthood.

It is important to distinguish between AD persistence and severity. For example, even mild
disease can be persistent and severe disease can spontaneously remit. The current study
demonstrates that there are distinct predictors of AD persistence. We identified disease
severity, older age of onset, and female gender as risk factors for persistence. Moreover, we
found that cases of already persistent disease continued to persist. This suggests that the
duration of AD persistence may be in a sense programmed from the disease onset.
Alternatively, some environmental or behavioral risk factors for persistence may be ongoing
and facilitate AD persistence. These factors may be useful for clinicians to predict which
patients will have persistent AD. Long-term persistence of AD is an important consideration
for therapeutic management of AD. Patients with persistent disease often require a treatment
approach that is both effective and well-tolerated over an extended period of time. Future
studies are needed to develop validated tools for clinical prediction of AD persistence.
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Recent studies have challenged the long-standing dogma that most childhood AD resolved
by adulthood. Margolis et al® assessed 7157 children from the Pediatric Eczema Elective
Registry, a phase 1V registry of pimecrolimus users, and found that more than 80% of
children had persistent disease at all ages and that only by age 20 years did 50% of patients
achieve a 6-month disease-free period. The considerably higher rates of AD persistence
observed in that study compared with most cohort studies were likely because of inclusion
of children with more severe disease at baseline and those who already had persistent
disease at enrollment. However, the results of our meta-analysis suggest that overall AD
does not persist in most, when including unselected patients from birth cohorts and
observational studies.

There are multiple strengths to this meta-analysis, including synthesis of a large number of
international studies, including more than 100,000 patients and more than 400,000 patient-
years. Kaplan-Meier and proportional hazards regression were used to account for the left
and right censoring of study data. Random-effect proportional hazards models were used to
address potential issues of heterogeneity. Finally, multiple sensitivity analyses were
performed, which revealed important predictors of AD persistence, including age of AD
onset, previous persistence of AD, baseline AD severity, and sex. We suggest that future
studies stratify AD persistence by these variables to achieve more reliable estimates of AD
persistence. However, this study has limitations that should be considered, including
inconsistent measures of disease activity among studies. Studies were predominantly
prospective with a minority being retrospective. However, there were no major differences in
sensitivity analyses that excluded retrospective studies. Longer, more consistent duration of
follow-up for all studies would have been preferable. There were only a few studies that
stratified AD persistence by gender, sensitization to allergens, and baseline AD severity.
Studies that relied on physician assessment of AD might have missed skin disease that had a
more sporadic course or was clear on the day of the assessment. This is supported by our
finding that AD persistence was higher in studies using self-/patient-reported assessments.
Finally, we were not able to assess whether patients had AD recurrence or flares after the
observed period of remittance in the study. Thus, it is possible that some of the patients
reported to have AD remittance had unobserved recurrences later in life.

In conclusion, only 1 in 5 children with AD had disease persistence beyond 8 years.
However, children with already persistent disease, later onset, and more severe disease were
more likely to have disease persistence into adolescence and adulthood. Future investigation
into risk factors for disease persistence is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

AD atopic dermatitis

Cl confidence interval

HR hazard ratio
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CAPSULE SUMMARY

. Previous studies have reported conflicting results regarding the
persistence of childhood atopic dermatitis into adulthood.

. Only 1 in 5 children with atopic dermatitis had disease persistence
beyond 8 years. Children with already persistent disease, later onset,
and more severe disease were more likely to have disease persist into
adolescence and adulthood.

. These risk factors may be useful to predict which children will have
persistent atopic dermatitis.
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Cochrane Library
(1992-Jun 2015):
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Web of Science
(1900-Jun 2015):
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Academic Search Complete
(1887-Jun 2015):
1553 citations
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1

13226 citations excluded
after screening for
duplicates

9960 non-duplicate
citations screened

1

9326 articles
excluded after
title/abstract screen

634 articles selected
for full-text review

]

589 articles excluded
after full-text review

46 articles
(44 with freq. data)

Fig 1.

PRISMA flow diagram of literature search and study selection for meta-analysis of atopic

dermatitis persistence.
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Predictors of persistence of atopic dermatitis (AD). Kaplan-Meier survival plots and 95%
log-log confidence intervals of AD persistence are presented overall (A) and stratified by age

of AD onset (0-1, 2-5, 6-11 years) (B), already persistent AD (3, 5, 10 years) (C),
assessment of AD (self-report, physician assessment) (D), sex (male, female) (E), and

sensitization to 1 or more allergens (no, yes) (F).

JAm Acad Dermatol. Author manuscript; available in PMC 2017 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kim et al.

Literature search scheme for OVID MEDLINE

© ® N o g ;M 0w N

=

0
11

12.
13.
14.
15.
16.
17.
18.
19.

explode DERMATITIS, ATOPIC/

atopic dermatitis.mp.

dermatitis atopic.mp.

explode ECZEMA/or eczema.mp

childhood eczema.mp.

infantile eczema.mp.

neurodermatitis.mp. or exp Neurodermatitis/
Besnier’s prurigo.mp

or/1-8
. persisten *

. recurren”
natural history
secular history
disease course
longitudinal
remission
cohort
or/10-17
9and 18

*
Indicate wildcard characters.

JAm Acad Dermatol. Author manuscript; available in PMC 2017 October 01.

Table |

Page 13



	Abstract
	METHODS
	Literature search
	Data extraction
	Statistical analysis

	RESULTS
	Literature search
	Study characteristics
	Overall persistence of AD
	AD persistence by age of disease onset
	AD persistence by self-report
	AD persistence by gender
	AD persistence by sensitivity to allergens
	AD persistence by baseline AD severity

	DISCUSSION
	References
	Fig 1
	Fig 2
	Table I

