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Abstract
Background: The effectiveness of emollients for preventing atopic dermatitis/eczema 
is controversial. The Barrier Enhancement for Eczema Prevention trial evaluated the 
effects of daily emollients during the first year of life on atopic dermatitis and atopic 
conditions to age 5 years.
Methods: 1394 term infants with a family history of atopic disease were randomized 
(1:1) to daily emollient plus standard skin- care advice (693 emollient group) or stand-
ard skin- care advice alone (701 controls). Long- term follow- up at ages 3, 4 and 5 years 
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1  |  BACKGROUND

Atopic dermatitis (syn, atopic eczema, eczema) is a global problem 
affecting around 1 in 5 children1 and 1 in 20 adults.2,3 The preva-
lence of atopic dermatitis (AD) seems to be increasing especially in 
cities undergoing rapid demographic development.4 Genetic factors 
such as genes coding for skin barrier proteins and immunological re-
sponses appear to be important,5 but the increased prevalence over 
time, increased risk in smaller families, and migrant studies suggest 
that environmental factors also play a role.6

While many effective topical and systemic treatments are avail-
able for established AD,7 prevention of AD has remained elusive.8,9 
Most previous preventive strategies focused on allergen reduction 
during pregnancy and during infancy with little evidence of bene-
fit.10 Some evidence exists for a possible role of probiotics,11 but the 
exact combination of bacterial strains and timing is still unclear and 
issues such as selective reporting may have impacted the evidence 
base. Interest in the role of a defective skin barrier preceding AD 
development led to the hypothesis that enhancement of the skin 
barrier from birth might prevent a chain of events resulting in skin 

was via parental questionnaires. Main outcomes were parental report of a clinical 
diagnosis of atopic dermatitis and food allergy.
Results: Parents reported more frequent moisturizer application in the emollient 
group through to 5 years. A clinical diagnosis of atopic dermatitis between 12 and 
60 months was reported for 188/608 (31%) in the emollient group and 178/631 (28%) 
in the control group (adjusted relative risk 1.10, 95% confidence interval 0.93 to 1.30). 
Although more parents in the emollient group reported food reactions in the previ-
ous year at 3 and 4 years, cumulative incidence of doctor- diagnosed food allergy by 
5 years was similar between groups (92/609 [15%] emollients and 87/632 [14%] con-
trols, adjusted relative risk 1.11, 95% confidence interval 0.84 to 1.45). Findings were 
similar for cumulative incidence of asthma and hay fever.
Conclusions: Daily emollient application during the first year of life does not prevent 
atopic dermatitis, food allergy, asthma or hay fever.

K E Y W O R D S
asthma, atopic dermatitis, food allergy, prevention, rhinitis

G R A P H I C A L  A B S T R A C T
Graphical Abstract1394 newborns at high risk of atopic dermatitis randomized to either daily emollients (Doublebase Gel [Dermal 
Laboratories] or Diprobase Cream [Bayer]) for 12 months or standard skin care advice. Regular emollients did not prevent atopic dermatitis, 
food allergy, asthma or allergic rhinitis during the first 5 years of life. Severity of atopic dermatitis similar in the two groups at 5 years.

Funding information
Health Technology Assessment (HTA) 
12/67/12; National Institute for Health 
Research
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    |  3BRADSHAW et al.

inflammation and establishment of AD.12 The risk of atopic dermati-
tis is strongly associated with mutations in the gene encoding filag-
grin -  a protein that contributes to skin barrier integrity that suggests 
an impaired skin barrier as a critical defect in the development of 
AD.13 Dysfunction in the skin barrier starts soon after birth, making 
enhancement of the skin barrier a possible target for AD prevention 
by reducing inflammation from irritants and sensitization through 
the skin.14 The “outside- in” hypotheses suggests that there is a com-
plex interplay between epithelial barriers, environmental factors and 
the immune system in the development of systemic allergic diseases 
such as AD.15

Food sensitization may be initiated through an impaired skin 
barrier, especially in those with AD, so prevention of AD may 
also prevent the development of subsequent food allergy16,17 . 
Furthermore, if associated conditions such as asthma and aller-
gic rhino- conjunctivitis truly follow- on from AD in predisposed 
individuals in the so- called ‘allergic march’,18 then it might also 
be possible to prevent such co- morbidities by preventing early- 
onset AD with emollients.16 Two pilot studies had suggested an 
efficacy signal for preventing AD using such an approach.19,20 The 
rationale for the follow- on BEEP (Barrier Enhancement for Eczema 
Prevention) study was to conduct a definitive large randomized 
controlled trial to evaluate whether whole- body daily emollient 
application for the first year of life could prevent AD in high- risk 
children, compared with standard skin care.21 Results for the 2- 
year primary outcome of AD did not show any protective effect 
of daily emollient on AD development (adjusted relative risk 0.95 
[95% confidence interval (CI) 0.78 to 1.16], P = .61).22 Secondary 
outcomes for AD were consistent with the primary outcome. 
Parental reported skin infections were more common in the emol-
lient group during the first year (adjusted incidence rate ratio 1.55, 
95% CI 1.15 to 2.09). There was also no evidence that emollient 
reduced the risk of food allergy (adjusted relative risk 1.47, 95% CI 
0.93 to 2.33). Other studies have found similar results on risk of 
AD23 but findings are controversial, with some small studies and 
systematic reviews reporting positive effects.24

The purpose of the five- year follow- up of children in the BEEP 
trial was to evaluate the longer- term effects of daily emollient appli-
cation during infancy on AD and other atopic outcomes up to 5 years 
of age.21

2  |  METHODS

2.1  |  Study design and participants

BEEP was a multicentre, 2- arm, parallel- group randomized con-
trolled trial which recruited participants from 12 hospitals and 
four general practice sites in the UK. The trial was approved by the 
West Midlands Ethics Committee, UK (14/WM/0162). The pro-
tocol21 and results for the primary outcome at 2 years have been 
published.22 Briefly, between November 2014 and November 2016 
after informed consent from the parent/guardian, term newborns 

(≥37 weeks gestation) at high- risk of developing AD (at least one 
first- degree relative with parent- reported doctor- diagnosed AD, al-
lergic rhinitis or asthma) were randomized (1:1) to apply emollient all 
over the body daily for the first year plus standard skin- care advice 
(emollient) or standard skin- care advice only (control). Standard gen-
eral skin care advice was provided in booklet and video format at 
the time of randomization and included guidance to use mild cleans-
ers and shampoos specifically formulated for infants, and to avoid 
soap, bubble bath, and baby wipes.22 Randomization was stratified 
by recruiting centre and number of first- degree relatives with atopic 
disease (1, 2, or >2). Participating families were not blinded to group 
allocation. Parents whose children were allocated to the emollient 
group were initially sent both Doublebase Gel (Dermal Laboratories, 
Herts, UK) and Diprobase Cream (Bayer, Berks, UK) and specified 
which emollient they wanted when reordering. No emollients were 
supplied after the child reached 1 year of age. Adherence was as-
sessed by asking parents about emollient use at 3, 6, and 12 months 
and was deemed satisfactory if emollients were applied at least 3– 4 
times per week to most of the child's body. We used a similar defini-
tion for contamination in the control group.

The sample size for the trial was calculated for the primary out-
come of a diagnosis of AD in the last year as defined by the UK work-
ing party refinement of the Hanifin and Rajka diagnostic criteria for 
eczema at age 2 years25 assessed by research nurses blinded to treat-
ment allocation. The original target sample size of 1282 was based 
on a relative reduction of 30% in the primary AD outcome at the 5% 
significance level (two- sided) with 90% power assuming 30% of chil-
dren would have AD in the control group, and 20% dropout. Faster 
than expected recruitment prompted a review by the Trial Steering 
Committee (August 2016), who permitted all pregnant mothers who 
had already given consent by that point to be randomized upon the 
birth of the baby, resulting in 1394 infants being randomized (693 
emollient, 701 control).

Follow- up after the 2- year primary outcome time point was 
via questionnaires sent to parents at 3, 4 and 5 years, either in an 
email with link or in the post. Reminders were sent after 2 and then 
3 weeks, respectively, if a questionnaire had not been completed. 
Results for the 2- year primary outcome of AD were published in 
February 2020, at which point parents were also sent a summary 
of the results.26

2.2  |  Outcomes

Long- term follow- up outcomes (defined as tertiary in the protocol) 
were:

• Presence of AD in the previous year at 3, 4 and 5 years based on 
parental report of a clinical diagnosis of AD.

• Any parental report that in their opinion their child had AD at 3, 6, 
12, 18 months, 2, 3, 4 and 5 years.

• Presence of AD at 3, 4 and 5 years based on parental completion 
of UK Working Party diagnostic criteria for AD25
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• Severity of AD at 3, 4 and 5 years as measured by the Patient- 
Oriented Eczema Measure (POEM)27

• Presence of other atopic diseases:

◦ Parental reported wheezing, allergic rhinitis and food allergy 
symptoms at 3, 4 and 5 years.

◦ Parental report of a clinical diagnosis of asthma or allergic rhi-
nitis by 5 years.

◦ Parental report of a clinical diagnosis of food allergy at 3, 4 
and 5 years

The questions used for these outcomes are presented in the 
Supporting Information. A summary of the parental reported out-
comes at 2 years are also presented in the Supporting Information.

Two additional long- term outcomes were specified in version 
2.0 of the Statistical Analysis Plan (SAP), prior to database lock and 
unblinding of 3- , 4-  and 5- year outcome data: parental report of a 
clinical diagnosis of AD from the age of 12 months to 60 months 
and parental report of a clinical diagnosis of food allergy by 5 years. 
These outcomes were added to capture the lifetime experience and 
fluctuating nature of AD and food allergy. The first 12 months were 
not included for AD as transient eczematous rashes are common in 
the first year of life and often reported by parents as “eczema” but 
are less likely to be true AD.28

Health- related quality of life and health economic long- term out-
comes will be reported separately. No additional long- term safety 
data was recorded between years 2 and 5 of follow- up.

2.3  |  Statistical analysis

Details of the analyses of the long- term outcomes were added to the 
SAP29 by the trial statistician after the analysis of the primary and 
secondary outcomes at which point, the investigators, trial manage-
ment, data management, statisticians and participants were aware 
of the results. Full details of definitions and derivations of the long- 
term tertiary outcomes are given in version 2.0 of the SAP, which 
was finalized prior to the database lock for the analysis of the long- 
term outcomes at 60 months. All analyses were carried out using 
Stata 17.0 (StataCorp LP, College Station, TX, USA).

Analysis was according to randomized group regardless of ad-
herence with the allocation in the first year. The main analyses 
made the assumption that missing outcomes were missing at ran-
dom, that is, did not depend on the unobserved outcomes given 
the observed data. All analyses adjusted for randomization strat-
ification variables using a fixed effect for number of immediate 
family members with atopic disease and a random effect for the 
recruiting centre.

Analysis of binary long- term outcomes at 3, 4 and 5 years used 
mixed effects logistic regression models including the outcome col-
lected at earlier time points (i.e. 12 and 24 months where applicable) 
with a random effect for participant. Models included an allocated 
treatment- by- time interaction to estimate the between- group 

difference at each follow- up time point. Adjusted risk differences 
and risk ratios along with corresponding 95% confidence intervals 
(CI) were obtained using Stata's Margins command with standard er-
rors computed using the delta method.30

Multiple imputation was used to impute missing outcomes 
collected at 5 years only and the cumulative incidence outcomes. 
Between- group effects in each imputed dataset were estimated 
using mixed effects logistic regression. Adjusted risk differences and 
risk ratios were obtained, as described above, and combined using 
Rubin rules for multiply imputed data. Further details of the multi-
ple imputation model and sensitivity analyses are in the Supporting 
Information and SAP. Exploratory subgroup analyses for FLG geno-
type was done by including an interaction term in the analysis model 
for the parental report of clinical diagnosis of AD from the age of 
12 months to 60 months.

3  |  RESULTS

3.1  |  Follow- up rates and baseline characteristics

Follow- up for the outcomes at 3, 4 and 5 years took place between 
November 2017 and November 2021. Overall completion was 
70% at each time point; however, completion was slightly higher 
in the control group at all time points, particularly at 4 and 5 years 
(Figure 1).

The baseline characteristics of infants in whom the 5- year ques-
tionnaire was completed were similar in the two groups (Table 1). 
Families of infants in both groups in whom the 5- year question-
naire was not completed were more likely to have joined the study 
after the birth of their baby rather than consenting antenatally, had 
slightly younger mothers on average, were more likely to be of non- 
white ethnicity, were more likely to be in a household with other 
children, lived in areas on average with lower deciles of the Index 
of Multiple Deprivation and were less likely to have a first degree 
relative with a history of AD at randomization (Table 1).

3.2  |  Moisturizer use during follow- up

At 3 years, parent- reported application of a moisturizer at least 3 
times per week over all or most of the child's body in the past year 
was still increased in the emollient group (139/449, 31%) compared 
with the control group (94/471, 20%), and differences remained at 
4 years (25% vs 18%) and 5 years (22% vs 16%). In both groups and at 
all time points, this frequent whole- body moisturizer use was more 
common in children with reported AD.

3.3  |  AD outcomes

Diagnosis of AD at 3, 4 and 5 years was consistently slightly higher 
in the emollient group when compared to the control group, but 
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    |  5BRADSHAW et al.

adjusted differences were small, and none were statistically signifi-
cant. The lack of difference between emollient and control groups 
for AD diagnosis was consistent for different methods of defining 
AD in the last year, including parental report of a clinical diagnosis, 
UK Working Party Diagnostic Criteria for AD (Table 2) and parental 
opinion of whether their child had developed AD (Table S2). AD of 
moderate severity or worse as measured by parent- reported symp-
toms on the POEM was also very similar between the groups at 3, 4 
and 5 years (Table 2).

3.4  |  Food allergy outcomes

A greater proportion of parents reported a reaction to any food 
within the previous year at 3 and 4 years in the emollient group 
than in the control group (3 years 81/430 (19%) emollient, 56/455 

(12%) control, adjusted relative risk (RR) 1.37, 95% CI 1.02 to 1.85, 
Table 3). Parental report of immediate reactions to foods con-
taining cow's milk, egg or nuts and of a clinical diagnosis of food 
allergy in the previous year were also slightly higher in the emol-
lient group than in the control group at 3 and 4 years (Table 3). At 
5 years, all outcomes relating to food allergy were similar between 
the two groups (Table 3).

3.5  |  Wheezing and allergic rhinitis outcomes

At 3 years, 96/449 (21%) parents in the emollient group and 134/472 
(28%) parents in the control group reported wheezing or whistling 
in their child's chest in the previous year (adjusted RR 0.79, 95% 
CI 0.64 to 0.98). The percentage of parents reporting wheezing or 
whistling in the previous year decreased in both groups at 4 and 

F I G U R E  1  Participant flow diagram
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5 years with no difference between groups observed at 5 years 
(Table 4). Parental report of symptoms of allergic rhinitis were simi-
lar between groups at 3, 4 and 5 years, with approximately a quarter 
of parents in each group reporting such symptoms in the previous 
year (Table 4).

3.6  |  Cumulative incidence outcomes

There were no differences between the two groups in the cumula-
tive incidence of a parental report of a clinical diagnosis of AD, food 
allergy, asthma or allergic rhinitis by 5 years (Table 5). By 5 years, 
188/608 (31%) parents in the emollient group and 178/631 (28%) 

parents in the control group had reported a clinical diagnosis of AD 
since their child was 12 months old (adjusted RR 1.10, 95% CI 0.93 to 
1.30). Parental report of clinical diagnosis of food allergy by 5 years 
was reported in 92/609 (15%) parents in the emollient group com-
pared with 87/632 (14%) parents in the control group (adjusted RR 
1.11, 95% CI 0.84 to 1.45). Results from sensitivity analyses explor-
ing the impact of a worse outcome in those with missing data were 
consistent with the main analyses (see Table S3). Subgroup analyses 
according to FLG genotype found no evidence of an interaction (see 
Table S4). Although safety data was not specifically recorded in the 
3-  to 5- year follow- up period, no safety concerns such as serious 
infections or slippages were spontaneously reported during that 
period.

TA B L E  2  Parental reported presence of AD and severity of AD at 3, 4 and 5 years

Emollient Control Adjusted relative risk (95% CI) Adjusted difference in risk (95% CI)

Presence of AD in the previous year based on parental report of a clinical diagnosis of AD

3 years 81/469 (17%) 61/493 (12%) 1.31 (0.97 to 1.76) 4.1% (−0.4% to 8.6%)

4 years 50/462 (11%) 46/509 (9%) 1.20 (0.83 to 1.73) 1.9% (−1.9% to 5.7%)

5 years 49/462 (11%) 34/492 (7%) 1.41 (0.94 to 2.12) 3.1% (−0.5% to 6.6%)

Presence of AD based on completion by parents of UK Working Party Diagnostic Criteria for AD

3 years 119/474 (25%) 109/495 (22%) 1.07 (0.87 to 1.33) 1.7% (−3.4% to 6.8%)

4 years 122/458 (27%) 134/511 (26%) 1.01 (0.82 to 1.24) 0.2% (−5.2% to 5.5%)

5 years 137/461 (30%) 132/495 (27%) 1.07 (0.88 to 1.30) 1.9% (−3.7% to 7.5%)

Moderate, severe, or very severe AD according to POEM

3 years 30/464 (6%) 37/482 (8%) 0.85 (0.55 to 1.31) −1.2% (−4.4% to 2.0%)

4 years 32/453 (7%) 45/505 (9%) 0.82 (0.54 to 1.23) −1.6% (−4.9% to 1.7%)

5 years 42/458 (9%) 39/496 (8%) 1.12 (0.76 to 1.66) 1.0% (−2.4% to 4.5%)

Abbreviation: POEM, Patient- Oriented Eczema Measure.
Note: Adjusted relative risk/difference in risk estimated using a mixed effects logistic regression model using all available outcome data (including 
time points prior to 3 years) adjusting for randomization stratification variables and including a random effect for participants. The number of 
participants and observations included in each analysis model are shown in Table S1.

TA B L E  3  Parental report of reactions to foods and clinical diagnosis of food allergy at 3, 4 and 5 years

Emollient Control Adjusted relative risk (95% CI) Adjusted difference in risk (95% CI)

Parental report of reaction to any food within the previous year

3 years 81/430 (19%) 56/455 (12%) 1.37 (1.02 to 1.85) 5.0% (0.3% to 9.7%)

4 years 59/419 (14%) 43/472 (9%) 1.54 (1.08 to 2.20) 5.0% (0.9% to 9.2%)

5 years 52/432 (12%) 49/459 (11%) 1.07 (0.75 to 1.51) 0.8% (−3.4% to 4.9%)

Parental report of immediate reaction to milk, egg or nuts within the previous yeara

3 years 40/437 (9%) 26/468 (6%) 1.44 (0.92 to 2.27) 2.7% (−0.6% to 5.9%)

4 years 29/432 (7%) 21/485 (4%) 1.64 (0.97 to 2.76) 2.8% (−0.2% to 5.7%)

5 years 21/429 (5%) 21/453 (5%) 1.05 (0.60 to 1.84) 0.3% (−2.5% to 3.0%)

Parental report of a clinical diagnosis of food allergy within the previous year

3 years 37/407 (9%) 20/422 (5%) 1.55 (0.96 to 2.49) 3.0% (−0.3% to 6.2%)

4 years 26/453 (6%) 17/498 (3%) 1.54 (0.89 to 2.66) 2.1% (−0.6% to 4.7%)

5 years 19/441 (4%) 15/474 (3%) 1.16 (0.64 to 2.11) 0.6% (−1.8% to 3.0%)

Note: Adjusted relative risk/difference in risk estimated using a mixed effects logistic regression model using all available outcome data (including 
time points prior to 3 years) adjusting for randomization stratification variables and including a random effect for participants. The number of 
participants and observations included in each analysis model are shown in Table S1.
aImmediate defined as reaction within 2 h of eating the food.
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4  |  DISCUSSION

4.1  |  Main findings

This study presents the first long- term follow- up data from an emol-
lient for AD prevention trial documenting AD and other atopic out-
comes to 5-  years. Consistent with earlier findings from the BEEP 
trial, we found no evidence for an effect of daily emollient applica-
tion during the first year of life on longer- term AD risk.

Our data also show no clear evidence for an effect of regular 
emollient application during infancy on risk of other atopic out-
comes during the first 5 years of life. Some food allergy outcomes 
were increased in the emollient group, consistent with findings at age 
2 years. Food allergy findings were however inconsistent and impre-
cise with no effect seen in cumulative incidence of parent- reported 
food allergy diagnosis by age 5 years. Similar to AD outcomes, we 
can be reasonably confident that daily emollient during infancy did 
not reduce food allergy risk. There was also no evidence of a protec-
tive effect of emollients for the development of parentally reported 
wheeze or doctor- diagnosed asthma or allergic rhinitis –  perhaps 
now best considered as co- morbidities rather than sequential devel-
opment of similar diseases.31– 33

At 2 years, there was no evidence of a difference in the effect 
of daily emollient on risk of developing AD according to presence of 
mutations on the gene encoding for FLG and findings were similar 
at 5 years. However, confidence intervals for the interaction effect 
show a large amount of uncertainty as the trial was not powered to 
detect interactions.

Although data at 2 years in the BEEP study showed an increase 
in parental reported physician- diagnosed minor skin infections in 
the emollient group in the first year,22 no new safety concerns were 
identified between 2 and 5 years.

4.2  |  Interpretation in context with other studies

Our findings are consistent with another large clinical trial34 
and with the recent individual patient data (IPD) meta- analysis 

of emollient prevention studies.35 The IPD included 10 trials of 
5154 participants and showed that skincare interventions did not 
change the risk of AD by the age 1– 3 years (RR 1.03, 95% CI 0.81 
to 1.31; I2 = 41%; moderate certainty; 3075 participants, 7 trials). 
One single- centre study36 has reported a 30% reduction in AD at 
12 months following early initiation of daily specialized emollient 
use until 2 months of age. Other studies using more sophisticated 
emollients containing ceramides have not shown any benefit for 
AD prevention.35 Not all emollients are the same in terms of their 
effects on the skin barrier.37 It is still possible that some emollients 
could reduce or delay AD development as the role of epithelial bar-
rier disruption in the development of allergic disorders is quite con-
vincing.38 Perhaps barrier enhancement would work in a low- risk 
rather than high- risk population or perhaps only when combined 
with enhanced skin care such as reduced bathing and soap avoid-
ance, but the evidence for benefit so far has been disappointing. 
The alternative conclusion is that emollient application in early life 
does not work in terms of preventing AD and that the strongest 
influences on AD development in high- risk children are genetic and 
in utero programming. Although data on food allergy from BEEP is 
inconclusive, data from the Enquiring About Tolerance (EAT) trial 
showed a significant dose– response relationship between parent- 
reported moisturization frequency at 3 months of age and the sub-
sequent development of food allergy raising the possibility that 
that regular application of moisturizers in early life could paradoxi-
cally promote food allergy development through transcutaneous 
sensitization.39

4.3  |  Strengths and limitations of this study

Strengths include the long duration of follow- up (up to 5 years since 
birth) as well as the randomized study design. Follow- up rates of 
around 70% beyond 2 years are excellent for such a low- contact 
pragmatic trial, especially given that the lack of benefit for the pri-
mary outcome at 2 years had been shared with participants. It is 
possible that knowledge of the primary outcome results at 2 years 
could have influenced responses after that point, but it is unlikely 

TA B L E  4  Parental reported wheezing and allergic rhinitis symptoms at 3, 4 and 5 years

Emollient Control Adjusted relative risk (95% CI) Adjusted difference in risk (95% CI)

Parental report of wheezing or whistling in the chest in previous year

3 years 96/449 (21%) 134/472 (28%) 0.79 (0.64 to 0.98) −6.0% (−11.4% to −0.5%)

4 years 81/456 (18%) 115/501 (23%) 0.84 (0.66 to 1.07) −3.7% (−8.7% to 1.3%)

5 years 63/459 (14%) 72/490 (15%) 1.00 (0.74 to 1.35) 0.0% (−4.4% to 4.4%)

Parental report of allergic rhinitis symptoms in previous year

3 years 120/455 (26%) 123/477 (26%) 1.02 (0.83 to 1.25) 0.5% (−5.2% to 6.2%)

4 years 111/453 (25%) 136/498 (27%) 0.91 (0.74 to 1.12) −2.5% (−8.1% to 3.1%)

5 years 120/457 (26%) 116/485 (24%) 1.10 (0.89 to 1.35) 2.4% (−3.1% to 8.0%)

Note: Adjusted relative risk/difference in risk estimated using a mixed effects logistic regression model using all available outcome data (including 
time points prior to 3 years) adjusting for randomization stratification variables and including a random effect for participants. The number of 
participants and observations included in each analysis model are shown in Table S1.
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that a parent report of AD in their child after 2 years would vary ac-
cording to their allocation status. Questionnaire completion in the 
control group was very slightly higher and it is unclear whether this 
was due to chance or some other factor. Non- responders to long- 
term follow- up differed slightly from responders as listed above, but 
sensitivity analyses assuming non- responders were more likely to 
have had the outcomes of interest did not change any of the conclu-
sions. Unlike the 2- year primary outcome data for AD that included 
an objective assessment of the presence or absence of AD using 
the UK refinement of the Hanifin and Rajka criteria and the Eczema 
Area and Severity Index measure, follow- up data at 3, 4 and 5 years 
was based on parental report only, raising the possibility of response 
bias. Yet it is hard to comprehend why such a response bias should 
result in such a consistent null result. Furthermore, several alterna-
tive outcomes for AD were used including parental report of a clini-
cal diagnosis and completion of a questionnaire- version of the UK 
diagnostic criteria which has previously been shown to have good 
validity compared to the face- to- face version.40

4.4  |  Implications for research

Since application of simple emollients does not appear to prevent 
AD or associated atopic conditions in high- risk families, we suggest 
that the value of further emollient prevention studies needs to be 
carefully considered, with a priority given to novel approaches to in-
fant skincare. Around 15 emollient trials are in progress and ensuring 
that all are transparently published and contribute to the living IPD 
meta- analysis is important. Although replicating a systematic review 
can sometimes be useful, lots more systematic reviews using the 

same aggregate data and an incomplete list of existing studies are 
unlikely to be helpful.24,41 Longer- term data, such as the 5- year data 
presented in this paper, are useful as are more data on the possible 
increased risk of skin infections and food sensitization and allergy in 
other trials. Other approaches for protecting the skin barrier in early 
life such as softening domestic water and reducing soap exposure42 
are also needed.

4.5  |  Implications for clinical practice

Evidence up to 5 years plus combined evidence from other emollient 
prevention studies do not support a preventative effect on AD or as-
sociated allergic diseases and cannot be recommended. Asking par-
ents to apply emollient all over a baby's body daily for the first year 
of life is a significant undertaking, so producing evidence to show 
that it is not beneficial is helpful in reducing burden on families. Daily 
emollients for a whole year can also represent a significant socio- 
economic burden for families and their use risks over- medicalizing 
otherwise healthy children. The potential signals of possible adverse 
effects can also not be ignored. An increase in parental report of skin 
infections in the emollient group at 2 years in the BEEP study, was 
also noted in other studies including the IPD meta- analysis (RR 1.34, 
95% CI 1.02 to 1.77; I2 = 0%; moderate certainty; 2728 participants, 
6 trials). Although the reported skin infections were very diverse and 
none of the infections were serious, they can lead to morbidity, un-
necessary antibiotic use and increased healthcare consultations. The 
food allergy data from BEEP at 2 years was inconclusive (adjusted 
RR 1.47, 95% CI 0.93 to 2.33) but data from observational studies 
suggest that frequency of emollient use in infancy is associated with 

TA B L E  5  Parental report of clinical diagnoses of AD, food allergy, asthma and allergic rhinitis by 5 years

Emollient Control
Adjusted relative risk 
(95% CI)

Adjusted difference 
in risk (95% CI)

Parental report of a clinical diagnosis of AD 
between 12 and 60 monthsa

188/608 (31%) 178/631 (28%) 1.10 (0.93 to 1.30) 2.8% (−2.3% to 7.8%)

Parental report of clinical diagnosis of food 
allergy by 5 yearsa

92/609 (15%) 87/632 (14%) 1.11 (0.84 to 1.45) 1.5% (−2.5% to 5.6%)

Parental report that child ever had clinical 
diagnosis of asthma or allergic rhinitis by 
5 yearsb

63/431 (15%) 60/454 (13%) 1.06 (0.77 to 1.47) 0.9% (−4.0% to 5.8%)

Parental report that child ever had clinical 
diagnosis of asthma

38/431 (9%) 36/456 (8%) 1.08 (0.71 to 1.64) 0.7% (−3.2% to 4.6%)

Parental report that child ever had clinical 
diagnosis of allergic rhinitis

36/459 (8%) 35/485 (7%) 1.04 (0.67 to 1.63) 0.3% (−3.4% to 4.1%)

Note: Analysis used multiple imputation for missing outcomes and included all randomized participants (693 emollient and 701 control). See 
Supporting Information for further details of the multiple imputation model. Adjusted relative risk/difference in risk estimated in each imputed 
dataset for food allergy, asthma and allergic rhinitis outcomes using a mixed effects logistic regression model adjusting for randomization 
stratification variables (using fixed effect for of number of immediate family members with atopic disease and a random effect for the recruiting 
centre) and for the AD outcome, due to convergence problems with the mixed effects logistics regression models in some of the imputed datasets, 
using generalized estimating equations with the Binomial family and log/identity link respectively, with an exchangeable correlation matrix to 
account for randomization being stratified by centre and number of immediate family members with atopic disease (1, 2, or more than 2) included as 
a covariate. Estimates were combined using Rubin's rules.
aOutcome derived from responses to questionnaires at 12 (food allergy only), 18 (AD only), 24, 36, 48 and 60 months.
bCollected on 5 year questionnaire.
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increased risk of food allergy.39 Concerns regarding increased skin 
infections and food allergy are therefore both additional reasons 
why emollient use for AD prevention should not be recommended.

5  |  CONCLUSION

This study presents follow- up of infants participating in the BEEP 
randomized controlled trial up to 5 years and, consistent with 
other previously published outcome data at 2 years, does not show 
any effect in preventing or delaying atopic dermatitis occurrence 
or its severity. There was also no benefit with regard to a potential 
prevention of other atopic diseases. Healthcare professionals in-
cluding dermatologists, paediatricians, allergologists and general 
practitioners should be aware that intense moisturization from 
birth cannot be recommended for AD prevention or other atopic 
diseases. Research efforts need to explore other ways of enhanc-
ing the skin barrier in early life as a means to prevent AD and as-
sociated conditions.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.
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