
JMIR Preprints Ibrayeva et al

Eczema and Transepidermal Moisture Loss: A
Systematic Review and Meta-Analysis

 Torgyn Ibrayeva, Togzhan Algazina, Gulnar Batpenova, Dinara Azanbayeva,
Gulnaz Touir, Issa Ardakuly Emir, Assel Iskakova, Aizhan Shakhanova

Submitted to: JMIR Dermatology
on: August 02, 2025

Disclaimer: © The authors. All rights reserved. This is a privileged document currently under peer-review/community
review. Authors have provided JMIR Publications with an exclusive license to publish this preprint on it's website for
review purposes only. While the final peer-reviewed paper may be licensed under a CC BY license on publication, at this
stage authors and publisher expressively prohibit redistribution of this draft paper other than for review purposes.

https://preprints.jmir.org/preprint/81724 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Ibrayeva et al

Table of Contents

Original Manuscript ....................................................................................................................................................................... 4

https://preprints.jmir.org/preprint/81724 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Ibrayeva et al

Eczema and Transepidermal Moisture Loss:  A Systematic Review and
Meta-Analysis

Torgyn Ibrayeva1; Togzhan Algazina1; Gulnar Batpenova1; Dinara Azanbayeva1; Gulnaz Touir1; Issa Ardakuly Emir2,

2; Assel Iskakova3; Aizhan Shakhanova4

1Department of Dermatology and Cosmetology Astana Medical University Astana KZ
2 Shakarim University Semey KZ
3Department of Public Health Semey Medical University Semey KZ
4Department of Internal diseases and Rheumatology Semey Medical University Semey KZ

Abstract

Background: Eczema is a chronic, recurrent, inflammatory skin disease. Its main symptom is intermittent pruritus, as well as
xerosis of the skin and eczematous lesions caused by the interaction of genetic and environmental factors. Risk factors for
development are also associated with skin barrier defects that reduce skin hydration (capacity) and increase transepidermal water
loss (TEWL). There are many studies and, in our analysis, we aimed to determine how TEWL scores differed significantly
between patients with skin diseases, including eczema.

Objective: The specific aims of our systematic review and meta-analysis were:
•	To determine, by analyzing studies, the change in the level of the epidermal barrier in skin diseases, namely eczema;
•	To study the effect of changes in transepidermal moisture loss in patients with eczema, taking into account gender
characteristics.

Methods: By conducting a systematic review and meta-analysis, we synthesized data from various studies that evaluated the
association between TEWL scores and clinical severity of disease. Fifteen articles describing 1355 cases of eczema were
included in our study.

Results: About one third of patients with eczema had elevated TEWL levels. We found that the difference in TEWL levels
between men and women was statistically significant. In the studies included in this meta-analysis, TEWL elevation in eczema
patients ranged from 13.3% to 76.7%. Among the age group 19 to 44 years - 59.8% of eczema cases had TEWL elevation in
contrast to other age groups.

Conclusions: Disruption of epidermal barrier permeability in eczematous conditions may also occur in other skin diseases. We
have found that improvement in TEWL levels can prevent and alleviate the clinical severity of inflammatory dermatoses.
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Abstract
Background: Eczema  is  a  chronic,  recurrent,  inflammatory  skin  disease.  Its  main  symptom  is
intermittent pruritus, as well as xerosis of the skin and eczematous lesions caused by the interaction
of genetic and environmental factors.  Risk factors for development are also associated with skin
barrier defects that reduce skin hydration (capacity) and increase transepidermal water loss (TEWL).
There are many studies and, in our analysis, we aimed to determine how TEWL scores differed
significantly between patients with skin diseases, including eczema. 

In  the  course  of  our  study,  we  were  exposed  to  a  variety  of  data  that  supported  our
hypotheses.

The specific aims of our systematic review and meta-analysis were:
 To determine, by analyzing studies, the change in the level of the epidermal barrier in skin

diseases, namely eczema;
 To study the effect of changes in transepidermal moisture loss in patients with eczema, taking

into account gender characteristics.
Methodology:  By conducting  a  systematic  review and meta-analysis,  we synthesized  data  from
various studies that evaluated the association between TEWL scores and clinical severity of disease.
Fifteen articles describing 1355 cases of eczema were included in our study. 
Results: About one third of patients with eczema had elevated TEWL levels.  We found that the
difference in  TEWL levels  between men and women was statistically  significant.  In  the studies
included in this meta-analysis, TEWL elevation in eczema patients ranged from 13.3% to 76.7%.
Among the age group 19 to 44 years - 59.8% of eczema cases had TEWL elevation in contrast to
other age groups. 
Conclusions: Disruption of epidermal barrier permeability in eczematous conditions may also occur
in other skin diseases. We have found that improvement in TEWL levels can prevent and alleviate
the clinical severity of inflammatory dermatoses.
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INTRODUCTION
Eczema is an inflammatory skin disease caused by the interaction of both exogenous and

endogenous  risk  factors,  with  a  significant  burden  on the  patient  in  terms  of  psychosocial  and
economic consequences. The prevalence of eczema differs between developing and industrialized
countries [1]. Over the past three decades, prevalence rates in industrialized countries have increased
to 15-30% in children and 2-10% in adults [2]. For example, among the statistical studies conducted
in developing countries such as Mexico, Chile, Kenya and South-East Asia  [2  ]  , there has been an
increase in the prevalence of eczema in adults. However, rates are also increasing in children (6-7
years) with 84% of participating centers,  especially  in Western Europe,  Canada,  South America,
Australasia  and  the  Far  East  [  2  ]  ,  older  adults  (13-14  years)  with  58% of  participating  centers
reporting eczema prevalence  [  3  , 4  ]  . According to the sources studied, authors state that in 60% of
cases eczema manifests itself  in a child from birth in the first months of life [2  ]  .  Therefore,  the
development of eczema is divided into 3 periods (infancy, childhood and adolescence/adulthood) [  2  ]  .

Eczema has many causes,  ranging from psychological disorders to permanent mechanical
damage. Eczema is one of the most common skin diseases, but despite this, the exact etiology is not
known. Although treatment is available, it is not always successful, and well-being and activities are
limited  due  to  the  severe  pain  and  irritation  of  the  skin.  Considering  the  pathomechanism  of
inflammation  of  eczema  disease  it  is  known  that  having  a  history  of  atopic  dermatitis  is  an
endogenous risk factor, whereas working in a humid environment, exposure to irritants and contact
sensitization are exogenous risk factors.

Eczema does  not  have  precise  criteria  for  diagnosis,  hence  the  indicators  that  change in
eczema have been studied. The upper epidermal layer of the human skin functions as a physical and
chemical barrier consisting of a brick and mortar-like structure called the stratum corneum [2,    5  ]
There is abundant evidence in the literature supporting the role of skin barrier dysfunction in eczema
[2, 6].  TEWL assessment is one of the methods used to quantify the barrier function of the skin.
Changes in epidermal lipids caused by water loss allow cracks to form in the stratum corneum,
allowing the penetration of external antigens, irritants and microbial pathogens, which can provoke
further inflammation [2  ,   7,   8  ].

Non-invasive tools that assess the level  of hydration and the integrity of the skin barrier
function have been found to be most informative for determining the severity and monitoring disease
progression using various criteria, for diagnosis and follow-up of patients with eczema as medical
examinations  to  obtain  objective  and  reproducible  results  of  skin  barrier  measurements.  Thus,
increased  TEWL and  decreased  skin  elasticity  are  characteristic  features  of  epidermal  barrier
disruption in atopic eczema [9]. In the course of our study, we were exposed to a variety of data that
supported our hypotheses.

The specific aims of our systematic review and meta-analysis were:
 To determine, by analyzing studies, the change in the level of the epidermal barrier in skin

diseases, namely eczema;
 To study the effect of changes in transepidermal moisture loss in patients with eczema, taking

into account gender characteristics.
 Patients with eczema, taking into account gender characteristics.

MATERIAL AND METGODS
We conducted this systematic review and meta-analysis in accordance with the statement of

preferred reporting elements for systematic reviews and meta-analyses (PRISMA) (Figure 1). Before
proceeding with the quantitative and systematic synthesis,  we analyzed all  studies that  aimed to
assess the association between eczema and measures of transepidermal moisture loss.

Search Strategy

https://preprints.jmir.org/preprint/81724 [unpublished, non-peer-reviewed preprint]
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A comprehensive  search  was  conducted  using  Pubmed  and  Cochrane  Library  Pubmed,
Cochrane Library, MEDLINE, Embase, Up ToDate, Research Gate, Google Scholar, and eLibrary
databases. The following search criteria were applied: ["Eczema" (MeSH)] AND ["TEWL" (MeSH)
OR "Transepidermal moisture loss" (MeSH). This search was restricted to English language studies
published from inception to 15 April 2024. Subsequently, we analysed the abstracts of all identified
papers to determine whether they met the inclusion criteria. Finally, we reviewed the reference lists
of all eligible papers to find additional relevant articles

Inclusion Criteria
Our inclusion criteria were (i) studies that included patients with eczema, (ii) studies that

assessed transepidermal moisture loss, (iii) studies that assessed transepidermal moisture loss based
on standardised and validated instruments/questionnaires, and (iv) studies published in English.

Exclusion Criteria
Our exclusion criteria were (i) studies that did not report the rate of transepidermal moisture

loss among patients with eczema or provided insufficient data to calculate the rate of transepidermal
moisture loss, (ii) lack of full text for the full review, (iii) studies with poor methodological quality,
i.e. case reports, case series and commentaries, and (iv) studies published in languages other than
English.

Article selection
The initial search and selection of articles was conducted independently by the author (T.I.),

who checked titles and abstracts and excluded all articles that did not fulfil the inclusion criteria. As a
next step, we collected the full text of articles that were deemed suitable for publication and assessed
all studies based on their design. All disagreements about the eligibility of studies were resolved
through  discussions.  The  selection  process  according  to  PRISMA guidelines  is  summarized  in
Error: Reference source not foundError: Reference source not found.

Studies should have provided sufficient data, such as odds ratio (OR) and 95% confidence
interval (CI), so that the corresponding standard errors (SES) could be calculated. If such information
was not available, we looked for crude data with the number of cases.

Data Extraction and Study Evaluation
The reviewer (T.I.) extracted data from the screened articles. All selected data were presented

in a standardized form that included (i) first author's surname and year of publication, (ii) country of
study origin, (iii) sample size in groups with and without eczema, if any, (iv) prevalence of TEWL
scores in patients with eczema and controls, if any, (v) TEWL assessment tool, (vi) proportion of
female and male patients with eczema, if any, (vii) age category. The quality of included articles was
assessed using the Newcastle-Ottawa scale for non-randomized studies [10] .Studies scoring ≥7 on
the Newcastle-Ottawa scale were considered high quality, 4-6 met the criteria of medium quality
studies,  and  less  than  4  were  considered  low  quality  studies.  Each  article  was  evaluated
independently by a reviewer (T.I.). All differences in scores were confirmed in the AI discussion.

Statistical Analysis
We performed statistical  analyses  using Review Manager  (RevMan) software version 5.3

(Copenhagen:  Nordic  Cochrane  Centre,  Cochrane  Collaboration,  2014).  Then,  using  a  random-
effects model, we calculated the prevalence and frequency of changes in TEWL levels in eczema
patients and in the general population of study participants. An i2 value was processed to assess
study heterogeneity. We used a random-effects model when the heterogeneity of studies was large (i2
> 60%, p < 0.05) and a fixed-effects meta-analysis when heterogeneity was small (i2 < 60%, p <
0.05).

Statement of Ethics
As we did  not  perform any  patient  interventions  and all  information  was  recycled  from

previous scientific studies, ethical committee approval was not required.
Subgroup Analysis
Subgroup analysis was performed to examine the influence of sex, age, localization, severity
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of skin manifestations, continence and skin disease on the prevalence of changes in TEWL levels
among eczema patients. Data from the World Health Organization were used to classify all included
studies by age category [11]. The countries considered for incidence information by publication were
China, Germany, Malaysia, UK, Belgium, Denmark, USA, Sweden, South Korea, Brazil [11]. By
continentally,  European  and  American  countries  were  covered,  China  and  South  Korea  were
allocated  to  the  East  Asia  continent  subgroup,  and  Malaysia  was  allocated  to  South-east  Asia.
Controlled studies have compared the prevalence of TEWL changes in groups of patients with and
without eczema (or in remission). Regarding the type of skin disease, some studies contained data on
the prevalence of TEWL changes among patients with eczema and atopic dermatitis, while other
studies contained data on different skin diseases. The control group was most often comprised of
patients with eczema.

RESULTS
3.1. Identification, Screening, Eligibility

A  search  using  Pubmed,  Cochrane  Library,  Research  Gate,  Google  Scholar,  eLibrary
identified  348  studies  (Error:  Reference  source  not  found).  There  were  no  studies  that  met  the
inclusion criteria in the Cochrane Library. One hundred and eighty-three studies were removed as
duplicate studies. The titles and abstracts of the remaining 165 articles were selected. The full texts
of 165 studies were analyzed and 90 of them were excluded for the following reasons: irrelevant
results; review articles; not in English/non-Russian language. Finally, 15 articles describing 1355
cases of eczema were included in our study.
3.2. Demographic Data of the Studies

All articles presented data on TEWL levels in patients with eczema. When analyzing the
reviewed  publications,  the  authors  assessed  the  prevalence  of  changes  in  TEWL levels,  where
scientific studies using modern non-invasive ways of studying skin structures were examined. Thus,
our  meta-analysis  included  15  studies  involving  1355  patients  with  eczema,  with  sample  sizes
ranging from 18 to 650 participants. The vast majority of studies included participants whose age
was >18 years, some articles were older than 60 years, and one study did not include the age of the
participants. Participants aged 0 to 70 years, whose mean age was available in the articles, were
included. We categorized by age group: 0-18 "Children"; 19-44 "Adults"; 45-59 "Middle age"; 60-74
"Older age". The number of patients with eczema ranged from 13 to 103, in one study the sex ratio
was not specified.

Almost all studies were designed as cohort studies. Assessing the quality of included studies
using the Newcastle-Ottawa scale, we found that eight studies met the criteria for acceptable quality,
the same numbers of studies were considered of good quality, and two studies were of poor quality.
Study countries, geographical regions, sample size, TEWL rates among eczema patients, screening
tools, study design and quality of included publications are summarized in Error: Reference source
not found.
3.3 Analysis of random effects models 

Error: Reference source not found summarizes the incidence of elevation in the total sample
and  in  patients  with  eczema.  The  sample  size  in  the  fifteen  studies  ranged  from  18  to  650
participants.  The number of patients with eczema in the included studies ranged from 18 to 60.
TEWL elevation in patients with eczema ranged from 9.8 % to 67.0 %, thus the minimum and
maximum case rate values were 0.09 and 0.67 respectively.

Analysis of TEWL levels among eczema patients using random effects models showed that
the prevalence was 77 %. The pooled OR for change in TEWL levels among eczema patients was
22.89 [19.62,  26.16]  (Figure  2).  There  was high  heterogeneity  between studies  (I²  =  99% (P <
0.00001). The increase in TEWL was 39.54 % in patients with eczema versus 31.74 % in patients
with atopic dermatitis and this result was statistically significant (P=0.04). The increase in TEWL in
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patients  with  atopic  dermatitis  was  24.37  % compared  to  29.27  % in  patients  with  eczema.  A
statistically significant detail  was also observed: The age group "adults" (19-44 years) had more
cases of eczema with TEWL elevation and the percentage was 59.8% in favor of this category out of
15 articles as compared to other age groups.

We demonstrated that patients with eczema had higher levels of TEWL scores. About one
third of patients with eczema had elevated TEWL levels. We found that the difference in TEWL
scores between men and women was statistically significant. In the studies included in this meta-
analysis, TEWL elevation in eczema patients ranged from 13.3% to 76.7%. 

DISCUSSION
This meta-analysis aimed to assess changes in TEWL levels among eczema patients from

different countries and to elucidate associated risk factors. In addition, we searched for publications
on the incidence from early infancy and childhood, where a chronic recurrent skin disease like atopic
dermatitis was most commonly encountered. There was no single distinguishing sign or diagnostic
laboratory test; therefore, the diagnosis was based on the totality of clinical findings. As a result of
the different clinical features, the term "atopic eczema/dermatitis syndrome" was used, which was
consistent with the study of our problem.

In the studies included in this systematic review, a comparison of TEWL levels in eczema
patients according to age category showed that people in the "adult" category had higher TEWL
levels.  We hypothesize  that  this  finding may be  explained by the  greater  work  capacity  of  this
category. TEWL scores were positively correlated with disease severity regardless of age category,
both adult and infant [12,13,14  ]  . In addition, infants with higher TEWL scores during the first week
of life predicted a higher risk of atopic dermatitis later in life [15]. Similarly, TEWL scores predicted
psoriasis recurrence, i.e., psoriasis may recur earlier in subjects with higher TEWL scores [12,  16  ].
We also  surmise  from most  of  the  publications  studied  that  the  role  of  epidermal  permeability
dysfunction could serve as  an indirect  indicator  in  predicting the risk of developing eczema,  as
TEWL scores  were  higher  in  measurements  performed  on  affected  or  adjacent  areas  and  on
unaffected skin areas in subjects with eczema. Studies demonstrating a significant increase in TEWL
on intact  skin  of  eczema patients  have  been  attributed  to  impaired  maturation  of  lamellar  cells
associated with a genetic predisposition to high protease production, leading to early destruction of
stratum corneum desmosomes and subsequent disruption of the epidermal barrier [17]. Disruption of
barrier function promotes exposure to antigens and other environmental stimuli, so that interleukins
and cytokines are activated, leading to increased. In addition, studies have identified the importance
of measuring the barrier function of epidermal permeability in the effectiveness of therapeutic action
not only for eczema but also for some skin diseases such as atopic dermatitis, psoriasis [20,   21  ,22  ]  .

In atopic dermatitis (AD), TEWL was elevated in both normal-looking skin and in affected or
dry skin. In dermatitis in the active phase, TEWL values increased and gradually decreased during
clinical improvement [23  ].   Assessing skin barrier function in longitudinal dimension during therapy,
measuring  TEWL  and  percutaneous  absorption  of  hydrocortisone,  found  that  there  was  rapid
improvement  during treatment.  The water  content  of  the  stratum corneum is  also important  for
maintaining skin barrier function. The minimum water content of the stratum corneum to maintain
intact skin is about 10%. The water content of normal skin is 15-40% [24,  25]. Dry skin in AD
showed reduced water content in the stratum corneum, in contrast to normal skin or normal looking
skin in  AD [26].  Barrier  restoration strategies delay relapses  or improve eczema and other  skin
diseases, such as atopic dermatitis, with defective permeability barrier being risk factors for eczema
[12, 27]. The difference in eczema prevalence between male and female patients was statistically
significant as females had higher TEWL [12].

Analyses of the studies included in our meta-analysis showed that changes in TEWL levels
are most often work-related. In some observational studies on gender differences in TEWL rates,
differences in eczema prevalence between men and women are likely because they tend to have
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different occupations that may influence the development of eczema [12]. Neither prior personal nor
family history of allergy was associated with the prevalence of eczema, but certain occupations and
frequent  contact  with  disinfectants  were  independently  associated  with  the  incidence  of  hand
eczema.  Both  skin  surface  pH and  TEWL scores  differed  significantly  between  normal  control
groups and subjects with active hand eczema or a prior history of hand eczema [12]. In addition,
when comparing the prevalence of eczema in both sexes, female patients had a statistically higher
risk of developing eczema. We hypothesize that the higher TEWL observed in patients with eczema
may be explained by hormonal imbalances and the fact that eczema affects adolescents and young
adults at a time when they are more likely to be concerned about their health and body and more
susceptible to public opinion.

When comparing patients between male and female sexes, TEWL levels and pH showed a
small correlation of eczema prevalence per level higher in females than in males [28,  29,  30]. The
higher prevalence of elevated TEWL levels in patients with eczema may be explained by the fact that
most of the studies included in this meta-analysis were conducted in Asian and European countries.
Comparison of the incidence in patients according to their continent of residence showed that hand
eczema is a common dermatosis in the United States and Europe, information on the prevalence of
hand eczema in China is limited. The lifetime prevalence of hand eczema was 9.7%, while the point
prevalence was 5.4% [12  , 31  ].

Also, aqueous capacitance is a widely used method that assesses stratum corneum and skin
barrier function, and skin pH is a useful method for assessing skin barrier function [32, 33]. Skin has
an acidic pH, which is important for maintaining skin barrier homeostasis, and an alkaline pH causes
or exacerbates disease. Recovery of skin barrier function after disruption is normal at acidic pH, but
recovery is difficult at neutral or alkaline pH. Skin pH is known to be elevated in AD, eczema,
although no statistical correlation with clinical severity has been described, but skin pH is above
normal, and alkaline pH may be an exacerbating factor [34]. Since skin pH can be influenced by
many endogenous factors such as skin moisture, age and genetic predisposition, as well as exogenous
factors such as detergents and cosmetics, the pH value can be both a cause and a result of epidermal
abnormalities [35, 36]. Given the important role of pH in the regulation of skin barrier function [36  ,  
37] and the likely involvement of skin barrier dysfunction in the pathogenesis of CE, we hypothesize
that elevated skin pH contributes to skin barrier dysfunction in patients with CE.

This meta-analysis included 15 publications involving 1441 patients, and the authors found
that  approximately  one  in  three  people  with  eczema  had  elevated  TEWL  levels.  In  the
pathophysiology of this disease, a defect in the skin barrier is associated with decreased ceramide
levels  and  profilaggrin  production,  leading  to  greater  TEWL  and  increased  susceptibility  to
aggression, causing inflammation.

Among the publications studied, biophysical properties of non-eczematous skin in atopic and
non-atopic people were characterized by localization in specific areas using non-invasive physical
methods with different instruments [38, 39].
The areas studied included the widespread localization of the back of the hand, the palm surface of
the forearm and the lower back, TEWL was significantly increased in all areas in atopic patients.
Higher TEWL was found in the hands than in the other areas studied. This could be due to frequent
exposure to water and detergents, which may have disrupted the skin barrier. In addition, in some
areas of normal skin, TEWL tended to increase with increasing capacitance. A possible reason for
this  could  be  that  an  increase  in  skin  moisture  caused,  for  example,  by  occlusion  reduced  the
diffusion resistance of the stratum corneum [40, 41].

In the reviewed studies, the authors repeatedly emphasized the heterogeneity of the study
groups and instruments used and reported that the overall prevalence of TEWL ranged from 23% to
56%. There are several differences between these studies and our work, which are mainly related to
the main objective. While we focused exclusively on the level of TEWL, Second, we included more
studies in our meta-analysis due to the two-year interval between the two studies, during which a
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number of additional publications appeared.
Our study has several strengths and limitations. First, we tried to minimize publication bias

by strictly  adhering to  the rules  for  selecting  studies  for  systematic  reviews.  Second,  our  meta-
analysis includes studies using different non-invasive physical methods instruments from different
countries and regions of the world. Third, our study focuses on assessing the prevalence of TEWL
levels  among  eczema  patients.  However,  there  are  limitations  and  the  main  one  is  moderate
heterogeneity as a result of broad inclusion criteria. Therefore, the results of our study should be
generalized with caution. Secondly, the wide range of measuring instruments may have affected the
results of the study. Finally, we took into account age and sex characteristics, localization of the skin
process,  course  or  severity  of  the  disease,  occupational  gender  differences  and  sociocultural
characteristics, which may also have contributed to the heterogeneity of our meta-analysis.

CONCLUSIONS
Defects in the epidermal permeable barrier can cause cutaneous inflammation. Conversely,

improvement  of  the  epidermal  permeable  barrier  may  prevent  and  alleviate  some inflammatory
dermatoses. We found that the prevalence of TEWL elevation among eczema patients was 67.7%.
The lack of statistical significance may be due to the wide range of screening tools, suggesting the
need for  their  validation in the field of dermatology.  In addition,  more qualitative observational
studies would be desirable to establish clearer associations between different aspects of TEWL levels
in patients with eczema. In addition, dermatologists working with eczema patients should be aware
of their TEWL changes and be able to envisage corrective interventions to alleviate the burden of
their disease.
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Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.
First autor, 
year

Country Continent
Instrument Used Study 

Design

1. Xiaohua 
Wang, 2020

China East Asia
1. GPskin Barrier® (GPower Inc., Seoul, 
South Korea), portable skin pH meter

cross-
sectional

2. Ben Wang, 
2018

China East Asia

2. pH value, decreased water content, 
elevated TEWL, and impaired integrity of 
the stratum corneum

cohort

3. R. Voegeli, 
2009

Germany Europe
3. CR 300,  PH 905, CM825,  Standard D-
Squame,  SquameScanTM 850A cohort

4. Kam-lun Ellis
Hon , 2008

China East Asia
4. CM 825, TM 210, NESS,SCORAD 
index, CDLQI cohort

5. Hazleen 
Zainal, 2019

Malaysia
SouthEast 
Asia

5. Hanna Instruments H199181 pH meter, 
TEWL was measured using Tewameter 
TM300, and hydration measured using 
DermaLab Combo

cross-
sectional

6. L. Ye, 2018 China East Asia
6. Corneometer® CM 825 and Tewameter®
TM300, VapoMeter SWL4001TJ

cross-
sectional

A. Bornkessel, 
2005

Germany Europe

Corneometer CM 825, skin-pH-meter PH 
900, e Tewameter TM 300, thermometer, D-
Squames

cohort

7. Paul V. 
Andrew, 2024

UK Europe

7. Corneometer CM825, AquaFlux AF200, 
Skin-pH-Meter 905, D-Squame scan 850A, 
Mexameter MK18

cohort

8. Teresa Jaeger,
2015

Belgium Europe

8. Corneometer (Courage and Khazaka 
electronic GmbH, Cologne, Germany),  
vapometer (Delfin Technologies, Kuopio, 
Finland), pH meter (Courage and Khazaka 
electronic GmbH, Cologne, Germany)

cohort

9. Frederik 
Plum,  2020

Denmark Europe
9. H-18049625, VD-2019-15, DermaLab 
Combo

cross-
sectional

10. Erin E. 
Grinich, 2021

USA America
10. Corneometer CM 825, F 200 
Evaporimeter

cohort

11. Marie 
Loden, 1992

Sweden Europe
11. Corneometer SM H20, Evaporlmeter 
EP1

cohort

12. Suk-Jin 
Choi, 2003

South 
Korea

East Asia
12. Tewameter TM210, CM 820 cohort

13. Do-Won South East Asia 13. SM810,CM825,pH900 cohort
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Kim, 2006
Korea

14. Flavia A.S, 
2012

Brazil
South 
America

14. Corneometer MPA 580, Tewameter 
TM300

cohort
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Table 2. Information about the studies included in the meta-analysis.

Study year Number of
patients

Female
patients

with eczema

Male
patients

with
eczema

Age
categories

Average age Average
TEWL
g/(m2h)

Average Ph

Xiaohua
Wang, 2020

650 462 188 Adult 36.7 ± 0.46 12.4±1.3 5.0±0.5

Ben Wang,
2018

30 19 11 Middle age 50 28.82±7.52 5.80±0.41

R.Voegeli,
2009

18 - - Adult 23-31.2 12.48 ± 3.74 5.32 ± 0.68

Kam-lun Ellis
Hon, 2008

44 21 23 Children 11.5 ± 4.6 7.4 ± 2.9 5.1 ± 2.4

Hazleen
Zainal, 2019

48 33 15 Adult 28.46 ± 12.07 16.34 5.33

L.Ye, 2018 200 126 74 Middle age 45.24 16.35 9.5
A.Bornkessel,

2005
30 19 11 Adult 29.13 8.11±1.2 4.82

Paul.V.Andre
w, 2024

23 14 9 Adult 38 ± 15 10.44 ± 3.18 4.49 ± 0.38

Teresa Jaeger,
2015

20 14 6 Adult 36.85 12.23 5.42

Frederik Plum,
2020

20 16 4 Adult 25.9 4.90 5.25

Erin E.Grinch,
2021

50 30 20 Adult 29.1 12 5.25

Marie Loden,
1992

26 9 2 Adult 29 ± 8 16.3±0.8 5.1±1.3

Suk-Jin Choi,
2003

51 22 29 Children 8.877 26.7 5.2

Do-Won Kim,
2006

25 8 17 Adult 20.5 25.14 5.568

Flavia A.S,
2012

120 66 54 Adult 22.1 10.2 7.0±0.6
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Figure 1. Flow diagram PRISMA.
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Figure 2. Analysis of TEWL levels.
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