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ORIGINAL REPORT

SIGNIFICANCE
Atopic dermatitis is an itchy, inflammatory skin disease 
that affects 10–20% of children and 3% of adults. It often 
begins in infancy and significantly impairs the quality of 
life of affected patients and their families. The aim of this 
study was to determine whether daily use of emollients in 
neonates at increased risk of developing atopic dermatitis 
affects the likelihood of onset of the disease. 
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Several small studies have indicated that daily emol-
lient use from birth might delay, suppress or prevent 
atopic dermatitis (AD). Two larger trials did not con-
firm this; however, a recent smaller study indicated a 
protective effect if daily emollient use is used in the 
first 2 months of life. Further research is needed to 
evaluate the effect of emollient use on development of 
AD. The current study randomly assigned 50 newborns 
who were at high risk of developing AD (1:1) to receive 
general infant skin-care advice (control group), or 
skin-care advice plus emollient with advice to apply 
emollient at least once daily until 1 year of age (inter-
vention group). Repeated skin examinations, skin phy-
siology measurements and skin microbiome profiling 
were performed. Of the children in the intervention 
and control groups, 28% and 24%, respectively, deve-
loped AD (adjusted Relative Risk (RR) 1.19, p = 0.65, 
adjusted risk difference 0.05). Skin pH decreased 
and transepidermal water loss and stratum corneum 
hydration increased over time in both groups with no 
significant differences. In the intervention group skin 
microbiome alpha diversity increased earlier, and the 
abundance of Streptococcus and Staphylococcus spe-
cies were significantly reduced at month 1. Daily early 
emollient use in children with high risk of AD was safe, 
but it did not significantly reduce the risk of developing 
AD or impact skin physiology development.

Key words: atopic dermatitis; early emollient; skin barrier; skin 
physiology.
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Atopic dermatitis (AD) is a chronic inflammatory skin 
disease characterized by intense itch and recurrent 

eczematous lesions, which typically manifests in early 
infancy and, for most patients, is a lifelong disease (1). Its 
pathogenesis is based on the interplay of a complex skin 
barrier dysfunction, a dysbiosis of the skin microbiome 
with a reduced diversity and a greater abundance of S 
aureus, and a Th2-dominated local immune dysregulation, 

which together drive inflammation (2). Both inherited 
and acquired (e.g. through the cutaneous inflammatory 
milieu) changes in the protein and lipid composition of 
the stratum corneum can contribute to the skin barrier de-
ficiency, which is reflected by features such as a decreased 
hydration, increased water loss and skin pH, and which is 
postulated to lower inflammatory thresholds to irritants and 
haptens and to allow increased entry of antigens, allergens 
and pathogens (1). To date, there is no curative treatment 
for AD, and thus effective primary prevention strategies 
would be highly desirable. Currently there is no clear evi-
dence showing that any of the allergy-based interventions 
examined to date are effective (3, 4). The recognition of the 
key importance of epidermal dysfunction in AD, and the 
fact that emollients can improve skin hydration and barrier 
function (5), have stimulated approaches to using basic 
barrier-restoring emollients in a preventive fashion. Initial 
pilot studies indicated that daily application of sunflower 
seed oil (6) and basic emollients, such as liquid paraffin 
50% in white soft paraffin, DoubleBase Gel (Dermal 
Laboratories, Herts, UK) and Diprobase cream (Bayer, 
Berks, UK) (7), to ceramide-containing body lotions (4, 7) 
from birth is a safe and feasible approach and could delay, 
suppress, or prevent AD (8–10). However, these findings 
could not be confirmed in 2 larger randomized controlled 
trials (7, 11), and a recent meta-analysis indicated that early 
emollient use might delay rather than prevent AD (12). 
Recently, an approximately 30% reduced relative risk for 
AD with twice-daily use of an emollient formulation with 
added ceramides for the first 8 weeks of life was reported. 
This indicates that the timing and type of emollient may 
be important, and that additional studies evaluating how 
different emollients affect skin physiology and AD deve-
lopment are warranted (13). 

https://creativecommons.org/licenses/by-nc/4.0/
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The aim of this study was to investigate the effect of 
early use of an emollient containing a prebiotic Vitreos-
cilla filiformis lysate (14) (Lipikar Baume AP+ balsam 
(Lipikar), LA ROCHE-POSAY Laboratoire Pharma-
ceutique, France) on microbiome development and skin 
physiological parameters. Furthermore, the study investi-
gated the effects of emollient use on the development or 
delayed onsetand severity of AD.

MATERIALS AND METHODS

Study design and participants

A pragmatic parallel group, assessor-blind, randomized open-label 
prospective study of emollient use in neonates at the Depart-
ment of Dermatology, University Hospital Schleswig-Holstein 
(UKSH) Kiel, Germany, and at the WECARE Study Center of 
the Hospital St Hedwig, Regensburg, Germany was performed. 
Term newborns at high risk of developing AD, defined as having 
≥1 first-degree relative with physician-diagnosed asthma, AD or 
allergic rhinitis, were included between days 1 and 21 after birth 
and assigned randomly (1:1) to an intervention (n = 25) or control 
(n = 25) group. The study was approved by the ethics committees 
of the Medical Faculty at the Christian-Albrechts-University in 
Kiel and the University of Regensburg. The trial was registered 
at ClinicalTrials.gov (NCT03376243).

Procedures and interventions

During the 2-year study period, data such as skin health and care 
were collected during 5 face-to-face visits (V1/baseline, V2/month 
1, V4/month 6, V5/month 12, and V7/month 24) and 2 telephone 
interviews (V3/month 3 and V6/month 18). In addition, skin 
examinations were performed by trained physicians, skin physio-
logical parameters were measured, and biosamples were taken. 
Follow-up questionnaires will be sent annually to the participating 
families up to the age of 6 years. If a child developed atopic eczema 
during the study period, they were excluded from the study and, if 
requested by the parents, followed up in the outpatients’ care unit.

At baseline, all parents of the participants received a structured 
information that included best-practice advice on infant skin 
care in accordance to the German Arbeitsgemeinschaft der Wis-
senschaftlichen Medizinischen Fachgesellschaften (AWMF) S3 
guidelines for prevention (15) and the German Federal Centre of 
Health Education, Cologne. The parents of children randomized 
to the intervention group were additionally provided an emollient 
(Lipikar) and instructed to apply it at least once daily to the child’s 
entire body surface for the first year of life. An overview of the 
trial design is shown in Fig. 1.

Outcomes

The primary feasibility outcome was the percentage of families 
willing to be randomized. The primary clinical outcome was the 
cumulative incidence of AD as defined by standard diagnostic 

criteria (16–18) at month 12 and month 24. Secondary outcomes 
comprised adherence with the intervention, incidence of emollient-
related adverse events (AEs), amount of contamination as a result 
of increased awareness in the control group, development of skin 
physiology and microbiome diversity over time, and age and 
severity of AD at onset.

Measurement of skin physiological parameters

All skin physiology measurements were performed with the Multi 
Display Device MDD 4 (Courage and Khazaka Electronic GmbH, 
Köln, Germany) on the cheek, the volar forearm and the antecubital 
fossa (under controlled ambient conditions at room temperature). 
Transepidermal water loss (TEWL) (g/h/m2) was measured with 
the Tewameter TM300, stratum corneum (SC) hydration with 
the Corneometer CM 825 and skin pH with the pH-Meter PH 
905 (Courage and Khazaka Electronic GmbH, Köln, Germany) 
following the manufacturers’ instructions. For the analysis of the 
SC-hydration the mean of 3 separate measurements was used for 
analysis.

Sampling of skin microbiota

Skin microbiota were collected from the cheek, the volar forearm 
and the antecubital fossa by swabbing a 4 cm2 skin area for at least 
30 s using sterile Isohelix SK-3S Buccal Swabs (Isohelix, Cell 
Projects Ltd, Harrietsham Kent, UK) soaked in sterile SCF-1 solu-
tion (50 mM Tris buffer, 1 mM EDTA, 0.5% Tween-20 [pH8.0]). 
Bacterial DNA was extracted using the QIAamp UCP Pathogen 
mini kit automated on the QIAcube (QIAGEN, Hilden, Germany) 
following the manufacturer’s instructions.

Processing of bacterial 16S rRNA sequenced data

The V1 and V2 variable regions of the 16S rRNA gene were 
amplified by PCR with the universal primer pair 27F and 338R. 
Sequencing was performed with MiSeq Reagent Kit v3 on the 
Illumina MiSeq (Illumina Inc., San Diego, CA, USA). The 
ampliseq (Version 2.1.0) pipeline (19) was used with default 
parameters integrated in the nf-core framework (20). Briefly, the 
pipeline uses cutadapt for primer trimming, FastQC for quality 
evaluation, DADA2 to dereplicate, remove bimeras and infer 
amplicon sequence variants (ASVs) using the SILVA reference 
(Version 132) (21).

Statistical analysis

Infants were randomized in a 1:1 ratio using random block sizes to 
either the intervention or control group, with a central, Web-based, 
computer-generated, randomization service.

This was a pilot study and therefore not powered to establish 
efficacy of early emollient use vs regular care. The sample size 
of 50 was chosen pragmatically with reference to expected birth 
numbers, time and resources available. With an estimated propor-
tion of 40–60% of participating families willing to be randomized, 
the precision was calculated to provide an estimate within 10% 
for a 95% confidence interval (95% CI) of the proportion willing 

Fig. 1. Overview of trial design. Study participants were randomized 
to either intervention or control groups and invited to 5 visits at the 
hospital and 2 telephone interviews.

http://medicaljournalssweden.se/actadv
http://ClinicalTrials.gov
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to be randomized. With an expected incidence of AD within the
first 2 years of life between 14% and 24% and 50 newborns 

randomized, 25 in each group, the 95% CI was calculated to have 
a rangeof 18–24%. In the primary analysis, the current study 
analysed participants as randomized regardless of adherence 
with allocation and using observed data. In a post hoc sensitivity 
analysis, actual emollient use was considered and all individuals 
who reported having used any emollient over the entire body for 
at least 5 days per week for a period of at least 2 months until visit 
3 were assigned to the “emollient” group.

For both scenarios, boxplots of the physiological measurements 
were created for the healthy children. In each case, different time-
points were considered and differences between the emollient and 
the control group were calculated using the Wilcoxon rank sum 
test. In addition, linear regression was performed to show the 
trend of each of the measured values over time. Same analyses 
were also performed for the comparison of healthy vs diseased 
children regarding AD. Furthermore, boxplots and the Wilcoxon 
rank sum test were used to compare Eczema Area and Severity 
Index (EASI), Objective Severity Scoring of Atopic Dermatitis 
(oSCORAD), and the time of onset of AD between the different 
intervention and control groups.

All statistical analyses were performed using R Statistical 
Software (22) (version 4.0.2 (2020-06-22)). Furthermore, the fol-
lowing packages were used: dplyr (23), tidyverse (24), reshape2 
(25), ggplot2 (26) and ggpubr (27).

For microbiome analysis Shannon Index was used as a measu-
rement of alpha diversity, Bray Curtis dissimilarity and Principal 
Coordinate Analysis (PcoA) for beta diversity, as well as diffe-
rential abundance analysis using linear models including mode of 
delivery and sex of the infants as con-founders. For these analyses 
the R packages MicrobiomeStat (version 1.1) (28) phyloseq (ver-
sion 1.4) (29) and vegan (version 2.6) (30) were used. 

RESULTS

Baseline characteristics
A total of 50 term-born infants were randomized either 
to the intervention or control group. There were no sig-
nificant differences in clinical characteristics between 
the 2 groups (Table SI).

Feasibility
The primary feasibility outcome was the percentage 
of families willing to participate in the current study 
with the approach for prevention of AD. A total of 402 
families were screened for the study (Fig. SI). Of these, 
265 (65.9%) did not fulfil the inclusion criteria. Of the 
remaining 137 families, 68 (49.6%) agreed to participate 
the study. Screening was discontinued after inclusion of 
50 participants.

Incidence, severity and age of onset of 
atopic dermatitis
Eleven (44%) participants in the interven-
tion group and 8 (32%) participants in the 
control group discontinued the study before 
the 7th visit (month 24); 7 and 6 of them, 
respectively, because they had developed 
AD, 1 participant in the intervention group 

discontinued the study, 3 children in the intervention 
group and 2 in the control group were lost to follow-up 
(Fig. SI). Children in the control group who developed 
AD were younger at onset than children in the interven-
tion group (mean age 6 vs 13 months). There was no 
significant difference in mean severity at onset between 
the 2 groups (Table I).

Compliance and contamination rates
To examine adherence to the study protocol, compliance 
and contamination rates were investigated. Families of 
the intervention group were advised to apply an emollient 
(Lipikar) at least once daily to the entire body surface area 
of the child for the first 12 months. The results showed 
that 95%, 89.4%, 88.2% and 88.2% of families in the 
intervention group reported daily use of the emollient 
since the last visit at month 1, month 3, month 6 and 
month 12, respectively (mean reported adherence over 
12 months in the intervention group: 90.2%). After the 
intervention phase of 12 months, parents were free to 
decide whether to continue using the study product. At 
month 24, 14 (28.6%) of the remaining parents of the 
intervention group reported that they had continued to 
apply the emollient daily (Table SII).

The families of the control group were not recommen-
ded to use emollients; use of emollients from 5–7 days 
a week by these families were evaluated as “contamina-
tion”. Throughout the study period, we had a “contamina-
tion” of 16%, 13%, 23.8% and 10.6% at month 1, month 
3, month 6 and month 12 (mean “contamination” in the 
control group: 15.85%) (Table SIII).

Differences and changes in trans-epidermal water loss, 
pH and electrical capacitance over time
No significant differences were observed for the TEWL 
development over time at any of the examined body areas 
(cheek and volar forearm) between the intervention and 
the control group (Fig. 2A/B). Linear regression analysis 
showed an increase in TEWL over time for the volar 
forearm in both groups (intervention ß1Volar forearm = 0.218 
and control ß1Volar forearm = 0.980) (Fig. S2B). On the cheek, 
TEWL decreased slightly in the intervention group over 
time (ß1cheek = –0.073) and increased in the control group 
(ß1cheek = 0.283) (Fig. S2A). Linear regression analysis 
showed an increase in SC hydration over time for the vo-

Table I. Secondary outcomes of incidence, time to onset, and severity at onset of 
atopic dermatitis (AD) (intention-to-treat analysis)

Intervention 
group 

Control 
group 

Adjusted relative 
risk (95% Cl)

Cumulative incidence of AD at 1 year, n/N (%) 4/25 (16) 6/25 (24) 0.67 (0.21–2.08)
Cumulative incidence of AD at 2 years, n/N (%) 7/25 (28) 6/25 (24) 1.17 (0.46–2.98)
Age (months) at onset of AD, mean ± SD 13 ± 10.5 6 ± 4.6
Age (days) at onset of AD, mean ± SD 392 ± 319 178 ± 140 Wilcoxon: p = 0.23
EASI at onset of AD, mean ± SD 3.4 ± 2.8 1.7 ± 1.1 Wilcoxon: p = 0.37

95% CI: 95% confidence interval; EASI: Eczema Area and Severity Index.
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lar forearm in both groups (control ß1Volar forearm = 0.840 and 
intervention ß1Volar forearm = 0.781; Fig. S3B). Children in 
the intervention group had slightly, but not significantly, 
higher values at all visits (Fig. 3A/B).

Likewise, no significant differences were observed in the 
skin pH between groups (Fig. 4A/B). In both groups, skin pH 
decreased slightly over time on the volar forearm (control 
ß1Volar forearm = –0.016 and intervention ß1Volar forearm = –0.030) 
(Fig. S4B). The same trend was observed for the cheek of 
the intervention group (ß1Cheek = –0.018), whereas there was 
a slight, but not significant, increase over time in the control 
group (ß1Volar forearm = 0.007) (Fig. S4A).

Skin microbiome
Across all time-points alpha and beta diversity did not 
differ significantly between intervention and control 
groups (Fig. 5A/B). However, at month 1, a significantly 
higher alpha diversity (Shannon Index) (Fig. 5C), and 
significantly decreased abundance of Staphylococcus epi-
dermidis and Streptococcus mitis species and increased 
Enhydrobacter (unc.) in the intervention group (Fig. 
5D) were observed. Until month 24 the proportion of 
Staphylococcus aureus ASVs was negligible in the both 
groups (<1%). Considering only those children who were 
carriers of S. aureus in both groups (control group n = 11, 

Fig. 3. Box plots for stratum corneum 
hydration measurements at (A) the 
cheek and (B) the volar forearm. 
The median is plotted for each visit of the 
control group (red) and the intervention 
group (blue). Study time-points are 
shown in months on the x-axis. CM: 
Corneometer units.

Fig. 2. Box plots for transepidermal 
water loss (TEWL) measurements 
(A) at the cheek and (B) the volar 
forearm. The median is plotted for 
each visit of the control group (red) and 
the intervention group (blue). Study 
time-points are shown in months on 
the x-axis.

http://medicaljournalssweden.se/actadv
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intervention group n = 9) and including the occurrence of 
AD during the study, no significant difference was found 
in the group distribution (Fisher exact: p = 0.62). Also, 
the relative abundance of S. aureus was not significantly 
different between AD and healthy subjects, either in the 
intervention or the control group (Wilcoxon: p = 0.26 and 
p = 0.33, respectively). A full overview of significantly 
differential ASVs is shown in Table SIV.

Adverse events
No AEs were reported during the duration of the trial.

Sensitivity analysis
For sensitivity analysis, participants who reported an 
emollient use of at least 5 times per week on the whole 
body for at least 2 months until visit 3 (month 3) were 
classified as the intervention group. Based on these de-
finitions, 26 children were assigned to the control group, 
of whom 6 (23%) developed AD until month 12, and 19 
children (42.2%) were assigned to the intervention group, 
of whom 2 (10.5%) developed AD until month 12. Until 
month 24, 3 additional children in the intervention group 
developed AD, resulting in a total of 5 (26%) children 
developing AD up to month 24. The mean age at onset of 
AD was higher in children in the intervention group, but 
not significantly compared with the control group (Table 
II). Disease severity at onset did not show significant 
differences between the 2 groups (Fig. S5A/B).

There were no significant differences in TEWL values 
or SC hydration measurements between the intervention 
and control groups in the sensitivity analysis at any of 
the time-points (Fig. S6A/B and Fig. S7A/B). Likewise, 
there were no significant differences with regard to skin 
pH, except for the volar forearm at month 6 (p = 0.02), 

where values were slightly higher in children in the 
control group (Fig. 6).

In the sensitivity analysis, alpha and beta diversity 
were also not significantly different between the in-
tervention and control groups across all time-points 
(Fig. S8A/S8B). Comparing diversity over time bet-
ween the 2 groups, significantly higher alpha diversity 
(Shannon index) was observed in the intervention group 
after 1 month (Fig. S8C) where, in addition, the study 
found significantly different frequencies of ASVs with 
a lower frequency of ASVs attributable to the species 
Staphylococcus epidermidis (ASV2 and ASV21) and 
Streptococcus mitis (ASV14) in the intervention group, 
whereas another ASV of the species Streptococcus mitis 
(ASV56) was increased (Fig. S8D). A complete list of 
all ASVs that were differentially prevalent in the groups 
is shown in Table SV.

DISCUSSION

Regular use of emollients in order to enhance skin bar-
rier function is an essential part of any AD management 
strategy (31). While several smaller studies indicated 
that daily application of basic emollients from birth 
might prevent or delay AD (6, 9, 13), larger trials did 
not confirm this (7, 11). However, it cannot be excluded 
that the effectiveness of such an intervention depends on 
the type of emollient and specific subgroups of patients. 
Likewise, the effects of early emollient use beyond AD, 
e.g. on the skin physiology and microbiome, have not 
yet been examined (31).

This current pragmatic, randomized controlled trial 
of high-risk infants did not find robust evidence that the 
regular use of a complex emollient formulation with a 
prebiotic lysate for the first year of life can prevent AD, 

Fig. 4. Box plots for pH measurements 
at (A) the cheek and (B) the volar 
forearm. The median is plotted for each 
visit of the control group (red) and the 
intervention group (blue). Study time-
points are shown in months on the x-axis.
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although there was a trend towards a higher age at onset 
of AD in children in the intervention group (12).

The current study found no evidence that regular use 
of emollients from birth affects TEWL or SC hydration. 
Only the skin pH was found to differ significantly, at 1 
time-point (6 months) after regrouping the participants. 
It is important to note, however, that the current findings 
relate only to prevention, and not to management, of AD, 

for which the regular and liberal use of emollients is well 
established and recommended (31).

In addition to clinical parameters, the current study 
also found notable early alterations in the skin micro-
biome with emollient use. An earlier increase in diversity 
accompanied by a decrease in disease-relevant species 
was observed within the intervention group for both 

classifications. The maturation and di-
versification of the early skin microbiome 
has previously been shown as a key de-
velopment during infancy, and an earlier 
diversification within the intervention 
group can therefore be regarded as being 
beneficial (32). Reduced abundances of 
Streptococcus and Staphylococcus ASVs, 
as well as increased abundances of rare 
bacteria, have been previously regarded 

Table II. Secondary outcomes of incidence, time to onset, and severity at onset of 
atopic dermatitis (AD) (sensitivity analysis)

Intervention 
group 

Control 
group 

Adjusted relative 
risk (95% Cl)

Cumulative incidence of AD at 1 year, n/N (%) 2/19 (10.5%) 6/26 (23%) 0.46 (0.10–2.02)
Cumulative incidence of AD at 2 years, n/N (%) 5/19 (26%) 6/26 (23%) 1.14 (0.41–3.19)
Age (month) at onset of AD, mean ± SD 16 ± 10.8 6 ± 4.6
Age (days) ) at onset of AD, mean ± SD 490 ± 330 178 ± 141 Wilcoxon: p = 0.13
EASI at onset of AD, mean ± SD 2.3 ± 2.0 1.7 ± 1.1 Wilcoxon: p = 0.93

95% CI: 95% confidence interval; EASI: Eczema Area and Severity Index.

Fig. 5. Microbiome differences between intervention and control groups. (A) Alpha diversity (Shannon index) summarized over all time-points. 
(B) Beta diversity (PcoA of Bray-Curtis dissimilarity) summarized over all time-points. (C) Alpha diversity (Shannon index) for each time-point, p-value 
indicates Wilcoxon rank sum test. (D) Volcano plot of linear model based differential abundant amplicon sequence variants (ASVs). Negative Log10 of the 
Benjamini Hochberg corrected p-value is plotted over the Log2FoldChange (LFC) per ASV, grey dots indicate non-significantly differential ASVs with a LFC 
of 1 or lower, green dots indicate non-significantly differential ASVs with a LFC >1 and blue dots indicate ASVs with a significantly differential abundance 
between the groups and a LFC > 1. ASV names are based on the best rank hit by DADA2 classification (using the SILVA database).
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as the main drivers of this diversification, which the cur-
rent study confirmed through sensitivity analysis (32).

No emollient-related AEs were reported. Adherence 
in the intervention group was high (90.2%). The major 
limitation of this study was the small number of parti-
cipants and a rather high rate of contamination in the 
control group, probably due to increased awareness, 
based on the study title and initial inclusion interview. 
Strengths of the current study include its randomized 
controlled trial design, blinded outcome assessment, 
and the high number of follow-up visits to the clinic, as 
well as analysis of skin physiology measurements and 
skin microbiome analysis, which, for the first time, were 
performed in the context of early emollient use from 
birth. Long-term follow-up of the study participants 
until the age of 6 years is ongoing, and, given that there 
was a trend towards later onset and lower activity of AD 
at onset in the intervention group, there is still the pos-
sibility of beneficial long-term effects of early emollient 
use, such as a milder course of AD.
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