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Skin problems can develop regardless
of age, and skin problems can range from
acne in young people to dryness in the
elderly. These conditions may cause mental
anxiety and physical issues such as itchiness, thereby negatively affecting one’s
quality of life (QoL).1,2 Keeping the skin in
good condition is important for both physical and mental health. It is, therefore,
important to maintain proper skin conditioning.
Important functions of the skin include
moisture retention, which regulates the
release of water from the inside of the body
to the atmosphere, and the barrier function,
preventing chemicals and microbes from
the environment from entering the body.3
The stratum corneum is important to both
the moisturising and barrier functions.4 Skin
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Factors associated with skin moisture
retention include age and lifestyle, such as
diet and sleep efficiency. However, the
impact of exercise habits on skin moisturising function is unclear. We surveyed 86 participants from a Japanese university about
their activity levels using the International
Physical Activity Questionnaire. We also
examined their skin moisturising function,
measuring stratum corneum (SC) hydration
levels and transepidermal water loss
(TEWL). Comparisons of participants’
activity levels, SC hydration, and TEWL,
accounting for their gender and age differences, revealed activity levels significantly
related to differences in SC hydration levels. Results of multiple comparisons
showed increased activity relates to significantly higher SC hydration − the higher the
activity levels, the higher the hydration. No
difference was found in TEWL. The results
suggest exercise habits can prevent dry
skin. The findings may be useful for the
prevention and treatment of dry skin and
promoting the benefits of exercise.
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problems are caused by disruption of the
skin barrier function3 moisturising and barrier function are strongly related.4 TransEpidermal Water Loss (TEWL) and stratum
corneum (SC) hydration are useful for measuring the skins’ moisturising and barrier
functions.3,5 In previous studies, researchers
have examined these indicators and have
identified several factors that affect these
functions (e.g. daily skincare habits, bathing
habits, smoking, rest, diet, etc.).6-13
However, the association between skin
moisturising and barrier function and exercise is not well understood. Known effects
of exercise on the skin are blood flow
motion increases14 and changes in skin temperature.15 It is also known that SC hydration increases temporarily immediately following a single high-intensity exercise session but significantly decreases after 120
minutes to a level lower than before the
bout of exercise.16 On the other hand, compared to occasional, single sessions of exercise, a long-term endurance exercise habit
yields improvements to the exerciser’s skin
structure, such as to the stratum corneum
thickness.17,18 The decrease in SC hydration
after exercise is caused by sweating, which
causes the stratum corneum to swell,
increasing the outflow of hydro-soluble natural moisturising factors.16 This effect of SC
expansion on SC hydration is transient.16
The short-term and long-term effects of
exercise on the skin moisturising function
need to be interpreted separately. It is not
clear whether the impacts on the skin differ
according to the term of endurance exercise
or the intensity of endurance exercise.
Therefore, it is necessary to examine
the effects of medium- to long-term exercise habits on the skin moisturising and barrier functions. This study examined the relationship between exercise habits and skin
moisture retention and barrier function in
the last month. If the relationship between
the moisturising function of the skin and the
level of exercise is clarified, a new option
for exercise instruction will emerge as a
method for preventing skin trouble in clinical practice.
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The association between activity levels and skin moisturising
function in adults

Materials and Methods
Study design

This cross-sectional, observational
study was conducted in Japan from July to
October 2019.

Ethics approval and consent to participate:
This study was conducted after gaining permission from the research ethics committee of
University Graduate School of Nursing
(Approval No. 2019-29). Consent was
obtained before submission.
Please cite this article as: Ryosuke O, Yoshie
S, Hiromi A. The association between activity
levels and skin moisturising function in adults.
Dermatol Rep 2021;13:8811.
Received for publication: 25 July 2020.
Accepted for publication: 11 December 2020.

This work is licensed under a Creative
Commons Attribution-NonCommercial 4.0
International License (CC BY-NC 4.0).
©Copyright: the Author(s), 2021
Licensee PAGEPress, Italy
Dermatology Reports 2021; 13:8811
doi:10.4081/dr.2021.8811

those with chronic skin diseases such as
atopic dermatitis were excluded. Thus, a
total of 86 participants without skin disorders were thus recruited. This study was
conducted as part of a health check-up program to modify lifestyle habits. All participation was voluntarily.

Data collection

We recruited students and staff from X
University to ensure the participant group
represented a wide range of ages. However,

This study analysed two skin moisturising function parameters based on data from
self-administered questionnaires concerning participant exercise habits. We confirmed that no responses had been omitted
when collecting the questionnaires. All participants completed these in a room set to a
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Participants
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Ethical consideration

Results

Table 1 shows participants’ characteristics and skin function, and Kruskal-Wallis
test results. Data from all 86 participants
were included in the analyses. Many of the
participants were women (83.7%). The
median (Min, Max) age was 30.0 (20, 62)
years. There was no difference in age
between activity levels (p=0.92) and no difference in TEWL (p=0.22). However, there
was a statistically significant between activity level in SC (p<0.001).
To the difference of each group gender
ratio were large, confirmed that there was
no difference in the skin moisturising function between the genders (Table 2). Since
there was a significant difference in SC
between activity levels, a pairwise comparison was performed. Figure 1 shows the distribution of SC in each group. All pairwise
comparisons were statistically significant
(Table 3). The higher the activity level, the
higher the SC. The Effect size [95% CI] was
large between Low and High (r = 0.52[0.26,
0.70]).
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This study was conducted after gaining
permission from the research ethics committee of University Graduate School of
Nursing (Approval No. 2019-29).
Participants were informed that they had the
right to decline participation and could
withdraw from the study at any time.
Participation was completely voluntary, and
all participants received both oral and written information about the study purpose,
contents, and extent. They were assured that
all
responses
were
confidential.
Specifically, participant confidentiality was
protected by giving each participant a
unique code number prior to data collection
and analysis. Also, collected questionnaires
were kept in a locked cabinet. Consent
checkboxes were included on each questionnaire form; participant consent was
indicated by checking the respective boxes
before submitting the forms.

test and the Holm adjustment to control for
Type I errors across tests. We deemed p-values less than 0.05 to be significant.
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iii. Do not engage in strenuous exercise for
at least one hour prior to the study.
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Data analysis
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All data were calculated by a web application named langtest.jp at http://langtest.jp
(accessed July 1, 2020).22 Descriptive statistics were presented as means and standard
deviations (SD) for continuous variables,
while numbers (%) were used for categorical variables.
Differences between activity level
(Low, Moderate, or High) and skin moisturising function were examined using
Kruskal–Wallis test. Pairwise comparisons
were completed using the Mann-Whitney U

Discussion

We investigated the association
between activity level and skin-moisturising function using a self-administered ques-
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temperature of 20-22 , with humidity levels measuring between 40-60%. Skin moisturising function parameters were measured
after 20 minutes of rest in the room where
the questionnaire was answered.
The self-administered questionnaire
included questions regarding sex, age, and
exercise habits. Exercise habits were measured using the Japanese version of the
International
Physical
Activity
Questionnaire-short version (IPAQ-SF).19
Reliability and validity were previously
confirmed.20 The intensity of exercise was
divided into three activity levels according
to the responses to IPAQ. The questionnaire
was analysed according to the guidelines.21
Skin moisturising functions were evaluated based on TEWL and SC hydration.
TEWL measurements were taken from the
centre point of each participant’s right forearm (8 cm point on the palm side from the
elbow fossa centre). This method was used
due to the ease of obtaining stable values.8
All measurements were performed for 20
seconds; the average value from the last 10
seconds was used as data. The Tewameter
TM300 was used for this purpose (Courage
+ Khazaka electronic GmbH, Köln,
Germany).
To influence the measurement index,8
we requested that participants adhere to the
following three rules:
i. Do not apply body cream or similar
substances to the measurement site for
at least 12 hours prior to the measurement.
ii. Do not consume caffeinated beverages
(e.g., coffee or tea) or smoke for at least
three hours prior to the study.

N

Table 1. Characteristics and skin function of participant.
Characteristics and skin function
(n=86)
Age, median (min, max)
Gender, n (%)
Male
Female
SC, median (min, max)
TEWL (g/h/m2), median (min, max)

Total sample
(n=34)

Low level
(n=42)

Moderate level
(n=10)

High level

P-value

30.0 (20, 62)

33.0 (20, 57)

29.5 (20, 62)

28.0 (21, 56)

0.92

14 (16.3)
72 (83.7)
38.5 (22.7, 56.1)
4.96 (2.42, 8.95)

3 (8.8)
31 (91.2)
34.4 (24.3, 48.8)
4.86 (2.42, .95)

6 (14.3)
36 (85.7)
39.9 (22.7, 53.4)
4.80 (2.56, 7.13)

5 (50.0)
5 (50.0)
46.5 (35.1, 56.1)
6.06 (2.71, 8.43)

<0.001
0.22

Kruskal-Wallis test.

Table. 2. SC and TEWL between genders.

SC, median (min, max)
TEWL (g/h/m2),median (min, max)

Male (n=14)

Female (n=72)

z-value

P-value

40.5 (27.8, 53.4)
4.62 (2.42, 8.35)

38.25 (22.7, 56.1)
4.99 (2.56, 8.95)

-1.176
-1.234

.240
.217

Mann-Whitney’s U test.
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Table 3. Comparison of SC between each group.
z-value

P-value

Effect size (r) [95% CI]

-2.722
-3.417
-2.415

0.01
<0.01
0.02

0.31[0.09, 0.50]
0.52[0.26, 0.70]
0.34[0.07, 0.56]

Low-Moderate
Low-High
Moderate-High
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Figure 1. Distribution of SC in each group. *<0.05 and **<0.01.
limitations, this study results provide evidence of an association between activity
level and SC hydration. Further research
will help to raise awareness of the exercise
to dermatology patients and people living in
the community.
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may be that participants in this study were
not older, and not had skin diseases. TEWL
depends on physical structures such as the
lamellar bodies of the stratum corneum, 25
the structure of which is deteriorated by
chronic dermatitis and ageing.26,27
Therefore, the healthy adults who participated in this study had healthy stratum
corneum structure with no factors that could
worsen its structure. Exercise improves the
structure of the stratum corneum in older
adults,18 but this may only be effective for
those with originally deteriorated stratum
corneum structure. Future studies should be
conducted in the elderly and people with
skin diseases to clarify the relationship
between TEWL and activity levels.
The results of this study suggest that
exercise may increase SC hydration. SC
hydration has an association with skin barrier function.4 Therefore, as exercise raises
SC hydration, exercise may prevent skin
problems. Hence, studies should also be
conducted to determine if the increases SC
hydration resulting from exercise can prevent the development of skin problems.
There are several limitations to the present study. First, cross-sectional studies
cannot prove causality. Therefore, further
investigation by a prospective study is necessary. Second, our study participants were
limited to people belonging to one university, and the group was mostly comprised of
women. Thus, studies with diverse participant groups are necessary. Despite these
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tionnaire about exercise habits and by
examining two kinds of skin moisturising
and barrier function. The results suggest
that active people have moist skin.
In previous studies, long-term
endurance exercises habits have been
shown to improve skin structure,17,18 but,
after a single endurance exercise, SC hydration is reduced.16 However, these studies did
not clarify the association between exercise
habits and skin’s moisturising function. An
important finding of this study is that exercise habits may improve skin moisturising
function and that higher-intensity exercise
may promote the skin-moisturising function.
This study results showed the moderateand high-activity level habit groups have
high skin moister levels than the low-activity level habit group. This result suggests
that exercise habits may improve skin moisturising function. Declines in skin functions, such as skin moisturising and barrier
function, are thought to be driven by pronounced mitochondrial DNA deletions.23
Therefore, it is necessary to stimulate mitochondrial biosynthesis to improve skin
function. Endurance exercise induces IL-5,
and IL-5 promotes biosynthesis mitochondria; thus, skin construction improves.18
Skin construction is associated with SC
hydration.4 The moistened skin of active
individuals may be due to improved skin
structure due to mitochondrial biosynthesis.
Exercise habits can improve the structure of
the skin and improve the skin’s moisturising
function. However, it is not clear what type
of exercise is most effective for this purpose. The IPAQ used in this study does not
provide specific exercise details. Therefore,
it is not clear whether the participants’ exercise was endurance exercise or not. Possible
differences in the effects of different types
of exercise, such as endurance training
compared to strength training, on skin moisturising function should be investigated.
Additionally, results from previous studies
have suggested that diet and sleep efficiency also affect skin moisturising function.12,13
Thus, further studies with adjustments for
factors such as dietary habits and sleep are
needed, as exercise may also improve sleep
conditions.24
One of the factors in the lack of relationship between activity level and TEWL
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Mann-Whitney’s U test.

Conclusions

People with higher activity levels are
likely to have higher SC hydration than
those with lower activity levels—the higher
the activity level, the higher the SC hydration. Exercise improves the skin’s ability to
retain moisture and may prevent future skin
problem. Further studies into this relationship may help in the treatment of dry skin
and related skin problems.
These results, along with those from
future studies with diverse participants, may
assist dermatologists and primary care doctors in advising their patients about skin
problems and hydration. They may also be
used in public service announcements and
health-related promotional materials
describing the benefits of regular exercise.
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