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Abstract

Background: Atopic dermatitis (AD) is a chronic pruritic inflammatory disorder characterized by skin barrier dysfunction. 
This dysfunction manifests as increased transepidermal water loss (TEWL) and increased penetration of allergens and 
infectious agents, leading to inflammation and itching. Atopic dermatitis most commonly occurs in children, but can also be 
found in adults. Dryness and barrier dysfunction in atopic dermatitis are considered to be caused by a decrease in ceramide 
levels in the stratum corneum. Topical moisturizers, such as ceramide, are considered to be able to solve this problem by 
acting as a barrier repair agent.
Objective: To prove the effectiveness of topical ceramide moisturizer compared to other topical moisturizers against atopic 
dermatitis.
Methods: The result of an electronic database search of Medline, Pubmed, Scopus, EBSCOhost, ProQuest, Google Scholar, 
Cochrane library, ClinicalTrials.gov, and others found 6 articles included in the qualitative review (n = 270 subjects) and 3 
articles (n = 32 subjects) were included in the meta-analysis.
Results: Meta-analysis showed that the group of patients with atopic dermatitis who used topical ceramide moisturizer 
showed a difference in TEWL score before and after treatment, and the mean difference showed a negative value. This suggests 
that there was a decrease in TEWL scores after using topical ceramides Moisturizer. The control group also had similar mean 
TEWL score decrease. This suggests that other moisturizers can also reduce TEWL scores in the control group. The largest 
decrease in TEWL scores was found in Tabri, et al's 2018 study, which showed mean ±SD -24.46+5.53 reduction after using 
topical ceramides. The lowest decrease in TEWL scores was found in Kircik et al.'s 2014 study using topical petrolatum, which 
showed mean±SD -2.175±7.43. The result of the heterogeneity test showed the value of p = 0.478, I2 = 0.000. This shows the 
data is homogeneous, and thus the analysis was carried out using a fixed- effect model. Statistical data obtained showed that 
topical ceramide moisturizer given to atopic dermatitis (p=0.168) produced no significant results.
Conclusions: The results of the meta-analysis were not statistically significant. However, in the ceramide moisturizer group, 
the overall trend of TEWL score decrease was greater than in the control group. The findings of the qualitative analysis revealed 
that using a topical ceramide moisturizer may lower the TEWL score and enhance skin barrier function in atopic dermatitis 
patients and that it had the same effect as other topical moisturizers.
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Abbreviations: AD: Atopic Dermatitis; TEWL: 
Transepidermal Water Loss; EEMCO: European Group of 
Efficacy Measurement of Cosmetics and other.

Introduction

Atopic dermatitis (AD) is a chronic pruritic inflammatory 
disorder characterized by a breakdown of the skin barrier. 
Changes in the barrier allow allergens and infectious 
organisms to penetrate deeper into the skin, resulting in 
chronic inflammation. Atopic dermatitis is an example of an 
inflammatory skin condition with skin barrier dysfunction 
characterized by increased transepidermal water loss 
(TEWL), decreased stratum corneum hydration, increased 
pH, and decreased sebum levels/changes in lipid composition 
[1-3].

Skin barrier dysfunction in atopic dermatitis is mainly 
related to decreased levels of ceramides in the stratum 
corneum with manifestations of increased TEWL. Ceramides 
act as a water modulator and permeability barrier by forming 
a layered lamellar structure with other lipids between cells in 
the stratum corneum [4]. Matsumoto, et al. reported that the 
ceramide I, long-chain ceramide, decreased by 52% in atopic 
dermatitis [5]. In addition, ceramide V level in non-lesioned 
parts of the skin was raised, and ceramide I and ceramide III 
were reduced in lesioned parts of the skin [6,7]. Moreover, 
the metabolism pathways such as ceramidase are overactive 
in the epidermis with atopic dermatitis [8]. In another study, 
Chermprapai, et al. postulated that in atopic dermatitis, free 
fatty acid concentration was decreased along with ceramide 
level [9].

The management of atopic dermatitis is mainly aimed 
at reducing signs and symptoms of the disease, preventing/
reducing recurrence, and changing the course of the disease 
[10]. The best therapeutic approach is to improve skin barrier 
function with regular use of moisturizers and avoidance of 
irritants [11]. According to a recent study, it was shown that a 
topical agent containing a mixture of the three main stratum 
corneum lipids consisting of ceramides, cholesterol, and free 
fatty acids in optimal proportions (3:1:1) can accelerate the 
restoration of the stratum corneum barrier [12-14]. Other 
studies have shown that adding ceramides to moisturizers or 
making moisturizers similar to natural lipids has beneficial 
effects; which acts as a barrier repair formulated to mimic 
natural ceramide composition found in healthy skin [4,15].

TEWL measurement is a standard method to assess the 
function of the stratum corneum barrier by measuring water 
evaporation through the skin [16]. The purpose of this study 
was to evaluate the effect of ceramide topical moisturizers on 
improving the skin barrier of atopic dermatitis patients using 

the key parameter TEWL. Ceramide topical moisturizers are 
expected to be effective and clinicians may consider their 
topical application as an alternative for skin barrier repair, 
especially in atopic dermatitis. 

Methods

Literature Search

This study was a systematic review and meta-
analysis, and it followed the Cochrane handbook [17] and 
PRISMA statement [18] as guidelines. Literature search 
was performed on Pubmed-MEDLINE, Scopus, EBSCO, 
Cambridge Core, ProQuest, Cochrane Library, ClinicalTrials.
gov, and Google Scholar database. Furthermore, reference 
lists of relevant publications and relevant literature reviews 
were searched to identify other eligible studies. Three 
reviewers independently conducted the literature search. 
The following terms were used for searching in PubMed-
MEDLINE and Cochrane: ((“ceramides”[MeSH Terms]) AND 
“atopic dermatitis”[MeSH Terms] AND “transepidermal 
water loss”[MeSH Terms]. Other databases were also 
searched using similar.

Study Selection and Data Extraction

Studies were selected based on the 2009 PRISMA 
flowchart [18]. The abstracts of the citations obtained from 
the initial broad search were screened independently by 
three reviewers to identify potentially eligible studies. They 
used the predefined eligibility criteria to independently 
assess full-text articles of these studies for eligibility. Multiple 
publications from the same studies were included only if any 
additional information was available; otherwise, they were 
considered duplicates, and the information was used only 
once.

Eligibility criteria mentioned are as such: clinical trials 
with atopic dermatitis, and used topical ceramides as an 
interventional arm. The primary outcome of this study was 
TEWL. Data extraction was performed independently by 
the three reviewers using The Cochrane Collaboration data 
collection form for RCTs [17]. Any disagreements in the paper 
selection and data extraction were resolved by consensus.

Statistical Analysis

Meta-analysis was performed using weighted mean of 
mean differences between the treatment and control groups. 
Review Manager Version 5.4.1, was used in the analysis. The 
I2 was used to calculate the heterogeneity of each outcome. 
If no heterogeneity was found, data were analyzed using 
fixed-effects meta-analysis. However, if heterogeneity was 
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found (I2 > 50%), random effect analyses would be used. 
When data from the article couldn’t be included in the meta-
analysis, descriptive research was performed.

Assessment of Risk of Bias

The quality of evidence for each study was assessed using 
the Cochrane Risk of Bias Tool for Randomized Controlled 
Trials [19].

GRADE Evidence
The key information concerning the quality of evidence 

was assessed as per GRADE guidelines [20]. All authors 
discussed and agreed with GRADE allocation.

Result

Initial searching of databases yielded 126 studies. 
Removal of duplicates and record screening reduced the 
number down to 18 relevant article titles. Their abstracts 

were then again screened to exclude 12 articles as follows: 
two review articles, eight research articles that were not 
relevant to the meta- analysis, and two abstracts. Finally, 
six complete articles were reviewed for eligibility, and none 
were found to be ineligible. Six research articles were used in 
qualitative studies and three articles in quantitative studies 
to assess the effectiveness of topical ceramides on the skin 
barrier conditions of atopic dermatitis [3,15,21-24]. The 
selection process is presented in Figure 1.

Research Characteristics

The majority of the studies were carried out in Indonesia 
(n=3), followed by the United States (n=1), Australia (n=1), 
and the Netherlands (n=1). All of those studies were 
conducted between 2014-2021. The total sample from those 
6 studies was 270 people, consisting of 214 adult patients, 16 
pediatric patients, and 32 mixed pediatric-adult patients. The 
characteristics of included studies are presented in Table 1.

Figure 1: Flow diagram of study selection process following the PRISMA statement [17].
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No Authors, Year Country Sample 
Size Population

Study Arms
Frequency Duration1st Interventional 

Arm
2nd Interventional 

Arm

1 Mustifah et al, 
2017 Indonesia 14 Adult (23-35 

years) ceramides cream aloe vera cream twice a day two weeks

2 Tabri et al, 
2018 Indonesia 16 Child (2-4 

years) ceramides cream petrolatum cream twice a day two weeks

3 Kircik et al, 
2014 USA 10

Child-Adult 
(above 7 years 

old)
epicream (ceramides) eucerin lotion 

(petrolatum)
not 

mentioned four weeks

4 Spada et al, 
2021 USA 100 Adult (18-73 

years)
ceramides cream and 

ceramides cleanser no twice a day four weeks

5 Umborowati 
et al, 2020 Indonesia 30 Child-Adult (8-

18 years)

ceramide cream as 
the main ingredient 
added with menthol 

and polidocanol

placebo cream and 
placebo cleanser twice a day four weeks

6 Koppes et al, 
2016 Netherland 100 Adult (18-70 

years)
Ceramide-Magnesium 

combination cream

unguentum 
leniens (em, also 

called cold cream, 
consists of Arachis 

oil (peanut oil), 
purified water, 
white beeswax, 

and glyceryl 
monooleate)

twice a day six weeks

Table 1: Characteristics of included studies.

Qualitative Data Analysis (Systematic Review)

Six literatures were analyzed qualitatively. Their results were 
as follows:

Mustifah, et al. conducted a study on 14 atopic dermatitis 
patients and found that topical ceramide application twice 
a day for two weeks tended to decrease TEWL. Comparable 
results were found in the aloe vera group. Overall, it was found 
that TEWL scores were lower with ceramide cream than 
with aloe vera cream, but the difference was not significant: 
F value was 0.433, and p-value was 0.512. Since there was no 
significant difference in TEWL score, both products’ efficacy 
was assumed to be equal.

Tabri, et al. included 16 atopic dermatitis patients in 
their study. Topical ceramide was applied twice a day for 
two weeks. Compared to the initial TEWL measurement, all 
subjects significantly decreased the TEWL value. Compared 
to other moisturizers, ceramide cream had the greatest 
decrease in TEWL value, followed by lanolin, urea, and 
vaseline album. The decrease in TEWL value was more 
significant after 7 days of application than after 14 days, 
although the difference was not statistically significant.

Kircik, et al. conducted a study on 14 atopic dermatitis 
patients. Ceramide cream and petrolatum lotion were 
applied twice a day for four weeks. Although there was no 
statistically significant difference between the two groups 
in terms of overall median hydration improvement, it was 
higher in the topical ceramide group. Compared to baseline, 
ceramide cream enhanced overall median percentage 
hydration by 55 percent at week 4, while petrolatum lotion 
improved by 37 percent.

Spada, et al. conducted a study on atopic dermatitis 
patients. Ceramide cream and cleanser were applied twice 
a day for four weeks. Compared to the placebo, the ceramide 
cream and cleanser significantly improved barrier function, 
as indicated by a lower TEWL value.

Umborowati, et al. conducted a study on 30 atopic 
dermatitis patients. A ceramide-dominant cream with 
menthol and polidocanol was used twice a day for four 
weeks, and TEWL was significantly improved after cream 
application. The average TEWL level at the end of the study 
was decreased from baseline, and this significant decrease 
appeared as soon as 5 minutes after drug application. 
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However, there was no significant difference in TEWL 
decrease between 5 minutes and 1-week evaluation.

Koppes, et al. conducted a study on 100 atopic dermatitis 
patients. Patients were instructed to apply one fingertip 
unit (approximately 1g) of Cer-Mg cream twice daily for 6 
weeks. The Cer-Mg treatment did not significantly change 
the TEWL from the baseline, while the EM treatment 
showed a significant increase in TEWL at 3 weeks. At both 
time intervals, the change in TEWL from baseline was 
substantially more significant following EM than Cer-Mg. 
The present study shows that, after 6 weeks of treatment, 
Cer-Mg cream offers benefits over high lipid-EM.
 

Quantitative Data Result (Meta-Analysis)

Meta-analysis was carried out using the studies by 
Mustifah, et al., Tabri et al. and Kircik, et al. The result of the 
meta-analysis showed that the overall mean difference in 
TEWL between the ceramide group and the control group 
was -0.434 ± 0.3146 (95% confidence interval = -1.052 to 
0.183) with a p-value of 0.168. This shows that the overall 
trend of TEWL values’ decrease in the group receiving 
ceramides is more significant than that in the control 
group. However, due to the range of confidence intervals 
that include zero, the p-value is not significant (p = 0.168). 
Sensitivity analysis by excluding one of the studies included 
in the meta-analysis did not change the overall significance 
of the analysis.

Figure 2: Meta-analysis of TEWL in newborns following ceramide moisturizer application compared to other moisturizers.

Risk of Bias from the Included Studies

Mustifah, et al., Tabri, et al. and Kircik, et al. did not 
explicitly state how the randomization, random allocation, 
and blinding process were conducted. In the three studies, no 
source of bias from selective reporting, incomplete outcomes, 
or other bias was found. The research by Umborowati, et 
al. did not perform randomization methods and allocation 
concealment, thus putting it the too low quality of evidence. 
The study by Spada, et al. had a high risk of bias from 
incomplete outcome data. The research by Koppes, et al. had 
a high risk of bias by not blinding participants and personnel. 

Research by Koppes, et al. and Spada, et al. had a low risk 
of bias from other assessment categories, and so they were 
categorized as the fair quality of evidence. Table 2 shows the 
risk of bias in the included studies.

GRADE Evidence
The quality of evidence in the meta-analysis was 

assessed using GRADE. The certainty of the evidence for 
TEWL outcome between ceramide to other moisturizers was 
downgraded due to the imprecision factor caused by wide 
CIs in one of the studies. The GRADE assessment of the meta-
analysis is presented in Table 3.
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Random 
Sequence 

Generation

Allocation 
Concealment

Selective 
Reporting

Other 
Bias

Blinding of 
Participants 

and 
Personnel

Blinding of 
Outcome 

Assessment

Incomplete 
Outcome 

Data

Standard 
AHRQ

Mustifah et 
al. 2017 fair

Tabri et al. 
2018 fair

Kircik et al. 
2014 fair

Spada et al. 
2021 fair

Umborowati 
et al. 2020 poor

Koppes et al. 
2016 fair

Table 2: Risk of bias of included studies

Certainty assessment No of patients Effect Certa
inty

Import
ance

No of 
studies

Study 
design

Risk of 
bias

Inconsi
stency

Indirect
ness

Impreci
sion

Other 
considera

tions
Ceramide Control Relative 

(95% CI)
Absolute 
(95% CI)

Transepidermal Water Loss

3 randomiz
ed trials

not 
serious

not 
serious

not 
serious serious None 21 21 -

SMD 
0.434 SD 

lower 
(1.052 
lower 

to 0.183 
higher)

Mode
rate

IMPORT
ANT

Table 3: GRADE Assessment of meta-analysis.

Discussion

There is a change in typical skin characteristics in atopic 
dermatitis, resulting in skin barrier dysfunction. Abnormal 
protein (filaggrin and related proteins) and lipid metabolism, 
especially ceramides, are responsible for the complex 
pathophysiology of atopic dermatitis. Ceramides act as water-
binding molecules in the extracellular space of the stratum 
corneum [25]. Decrease in ceramides level might be due to 
increased sphingomyelin deacylase activity and decreased 
ceramide synthesis by keratinocytes, resulting in increased 
TEWL, dry skin, and susceptibility to environmental irritants 
and allergens [26].

New formulations, such as therapeutic moisturizers 
(e.g., ceramide moisturizers), have been created in recent 
years to replace deficient substances involved in the dry 

skin mechanism and restore the natural balance of the 
epidermal barrier. The use of ceramide moisturizers has 
advantages over other types of moisturizers due to their 
ability to penetrate the skin, affect the structure and function 
of the barrier, promote epidermal differentiation, and 
correct ceramide deficiency among corneocytes, which are 
among the etiologies of atopic dermatitis [27,28]. Research 
reports show that adding ceramides to moisturizers or 
making natural (synthetic) lipid-like moisturizers has a 
beneficial effect on the skin with atopic dermatitis. This 
synthetic ceramide moisturizer acts as a barrier repair and 
is formulated to mimic the natural ceramide composition 
found in healthy skin [4,15].

The quantitative analysis from the studies conducted by 
Mustifah, et al., Tabri, et al. and Kircik, et al. showed similar 
results, in which the mean TEWL difference between the 
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ceramide group and the control group had a negative value. 
This indicates a decrease in TEWL scores after treatment 
with topical ceramides compared to the control group. The 
overall mean different value of TEWL between the ceramide 
group and the control group was mean±SD -0.434±0.3146 
(95% confidence interval = -1.052 to 0.183) with p-value 
= 0.168. This demonstrates that the overall trend of TEWL 
decrease in the ceramides group is more significant than in 
the control group, although the difference is not statistically 
significant.

A possible explanation for the statistically insignificant 
result may be the insufficient number of samples in the 
articles. Another potential cause for this is that environmental 
variables like humidity, temperature, and ventilation might 
alter the accuracy of the TEWL measurement; hence it is 
crucial to do it in controlled environments [29]. The studies 
conducted by Tabri, et al. and Kircik, et al. do not meet 
these criteria, so they may have measurement bias. The 
condition recommended by the European Group of Efficacy 
Measurement of Cosmetics and other Topical Products 
(EEMCO) is to set the examination room with limited 
circulation at a temperature of 20 – 22 ± 1°C with a relative 
humidity of less than 60% [30]. According to other research, 
moisture loss in the stratum corneum can occur when 
humidity levels are below 10% [31].

The qualitative analysis of studies by Mustifah, et al., 
Kircik, et al. and Koppes, et al., showed that there was 
a tendency for the value of TEWL to decrease, but the 
difference was not significant. Thus, it can be concluded that 
the ceramide group had equal effectiveness to other groups.
 The research by Tabri, et al. showed that using ceramide 
cream can significantly decrease TEWL compared to other 
moisturizers. The research by Spada, et al. showed that using 
ceramide creams and cleansers tended to decrease TEWL 
values compared to placebo significantly. Umborowati, et al. 
showed that the use of ceramide cream could maintain low 
TEWL levels with a regular application for 4 weeks.

Since there was no significant difference in TEWL 
between the two populations, this study did not discriminate 
between children and adults. This is consistent with the 
research, which claims that TEWL scores do not differ 
between children and adults [32].

The duration of therapy in this study ranged from two to 
six weeks. Johannesson and Hammar used dansyl chloride 
staining to examine the stratum corneum and found that the 
average rate of stratum corneum formation was 1.15+0.09 
(mean+SE) layers per 24 hours. Given that the stratum 
corneum contains an average of 16 layers, the turnover time 
is 13.91 days. The average duration for stratum corneum 
turnover was 14 days, with layer creation occurring every 21 

hours [33].

The frequency and duration of use of these moisturizers 
vary. The articles used in this study mentioned applying the 
Moisturizer two times a day, while other articles did not 
mention the frequency used. One article states that after a 
moisturizer is applied, its ingredients will stay on the skin’s 
surface, be absorbed into the skin, metabolized, or evaporate 
due to evaporation, regardless of whether the skin comes in 
contact with other ingredients or not. After 8 hours, only 50% 
of the moisture remains on the skin’s surface. Moisturizer 
should be applied between 1 to 3 times per day, depending 
on skin condition [34].

However, there were some limitations to this study. 
Research articles examining the effectiveness of ceramide 
for skin barrier repair were limited. The small number of 
subjects in the publications makes it difficult to generalize 
the findings, particularly for TEWL outcomes. Furthermore, 
there were discrepancies in the ambient circumstances of 
the included studies that did not fulfill the measurement 
standards, which could have affected the results.

Conclusion

Topical ceramide application may improve the skin 
barrier, characterized by a decrease in TEWL. However, 
compared to other examined moisturizers, the decrease 
in TEWL after ceramide application was not statistically 
significant. According to the GRADE evaluation, further study 
is needed to determine the efficacy of ceramide and other 
moisturizing treatments as barrier repair. Further research 
using TEWL measurement in a controlled environment with 
modified temperature and humidity might help to reduce 
the confounding effect. It would also be beneficial to have a 
control group with more participants.
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