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Abstract
Among lifestyle habits, the effect of exercise on skin

moisturizing function has not been studied. Therefore, we aimed
to clarify the effect of regular exercise on skin moisturizing
function. The participants were 30-64 years old with no history of
skin diseases and no exercise habits at the start of the study. The
intervention group (n=9) continued to exercise at least 600
Mets/week for 8 weeks, while the control group (n=28) followed

conventional lifestyle habits for 8 weeks. Questionnaires regarding
lifestyle habits were administered at the beginning and after 8
weeks, and skin moisturizing function (stratum corneum hydration:
SC hydration, Trans-Epidermal Water Loss: TEWL) was measured.
Analysis of covariance was performed using sex, age, and
measurements at the start of the study as covariates. Analysis of
covariance showed that after 8 weeks of “moderate” or “higher”
exercise, there was a trend toward higher SC hydration in the
intervention group compared to that in the control group (p=0.083,
η2=0.10). There was no difference in TEWL after 8 weeks
(p=0.864, η2=0.00). These results suggest that regular exercise may
help maintain and improve skin moisturizing function.

Introduction
Skin dryness increases the risk of developing various skin

diseases such as dermatitis and eczema.1 It has been shown that
skin dryness is accompanied by a decrease in skin moisturizing
function,2,3 and that the skin moisturizing function decreases with
age.4,5 To prevent this age-related decline in skin moisturizing
function, it is considered important to maintain and promote skin
moisturizing function from the onset of skin aging rather than at an
older age.

It has been shown that skin aging begins in individuals in their
30s and 40s,6 and skin moisturizing function declines with aging.5

A study examining the percentage of skin dryness by age group
reported that skin was dry in approximately 20% of those in their
30s.1 These reports suggest that measures that maintain and
improve the skin moisturizing function from around the age of 30
are necessary to prevent skin dryness.

There are both internal and external factors associated with skin
moisturizing function.7 Known internal factors include aging,5

race,8 and hormonal balance changes associated with menopause,9,10

while external factors include the surrounding environment and
lifestyle habits.5,7 Lifestyle habits can be controlled, and skin
functions can be maintained and improved by adjusting our lifestyle
habits. Specific lifestyle habits that have been investigated
regarding skin moisturizing function include daily moisturizing
care,11 bathing habits,11 smoking,12,13 stress,14,15 and sleep quality.16

However, studies examining the relationship between exercise
habits and skin moisturizing function are scarce. While some
studies have focused on transient changes in the skin caused by
exercise, such as the increase in skin blood flow caused by
temporary exercise,17 there are no studies that have examined the
effects of regular exercise on skin moisturizing function. Since it
has been shown that regular exercise changes skin structure,18 it can
be inferred that regular exercise has some effect on skin
moisturizing function. This study aims to determine how regular
exercise affects skin moisturizing function.
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Materials and Methods

Study design
This study was a non-randomized controlled trial conducted from

November 2020 to May 2021 and November 2021 to May 2022.

Participants
The sample size was estimated using G Power 3.1, requiring

26 participants per group. In the intervention group, participants
were recruited from new members of three gyms. It was expected
that new gym members would be highly motivated to exercise. In
the control group, participants were recruited from two universities.
Study participants were recruited on the condition that they did not
currently have regular exercise habits.

Exclusion criteria were being pregnant, being 6 months
postpartum, having history of chronic skin disease, and smoking.

Data collection
We used a self-administered questionnaire to assess the basic

demographics, lifestyle habits, and activity levels of the
participants. Skin moisturizing function was assessed by measuring
stratum corneum hydration (SC hydration) and Trans-Epidermal
Water Loss (TEWL) on the right forearm.

The self-administered questionnaire included questions
regarding sex, age groups, medical history, and daily moisturizer
use. Lifestyle habit attributes were determined based on the
Diagnostic Inventory of Health and Life Habit (DIHAL.2).
DIHAL.2 consists of three subscales, including those on exercise,
diet, and rest.19 Exercise habits were measured using the
International physical activity questionnaire (IPAQ) short version
(Japanese). The intensity of exercise was divided into three activity
levels according to the responses to IPAQ. Activity levels
classification by IPAQ was classified according to the guidelines
(The IPAQ group).20 Skin moisturizing functions were evaluated
based on SC hydration and TEWL. SC hydration measurements
were taken from the center point of each participant’s right forearm
(8 cm point on the palm side from the elbow fossa center). SC
hydration was measured using Mobile Moisture HP10-N
(Courage+Khazaka electronic GmbH, Köln, Germany). TEWL
measurements were taken 2 cm elbow side from the SC hydration
measurement point. TEWL was measured using VAPO SCAN AS-
VT100RS (ASCH JAPAN Co., Ltd, Tokyo, Japan). To influence
the measurement index, we requested that participants adhere to
the following three rules: i) do not apply a body cream or similar
substances to the measurement site for at least 12 hours before the
study; ii) do not consume caffeinated beverages (e.g., coffee or tea)
or smoke for at least three hours before the study; iii) do not engage
in strenuous exercise for at least one hour before the study.

Intervention procedures
Definitions

In this study, regular exercise was set at “moderate” or higher
on the IPAQ activity level classification for 8 weeks. This amount
of exercise is equivalent to more than 600 Mets/week.

Detailed procedures
The study procedures in the intervention group were as follows.

i. A space in the gym was secured to avoid the influence of
airflow, and the room temperature and humidity were checked.

ii. At the beginning of the study, basic information, lifestyle, and
activity level of participants were obtained using a

questionnaire.
iii. SC hydration and TEWL were measured.
iv. Exercise to meet the criteria for regular exercise was discussed

with the participants.
v. Participants were asked to exercise according to the determined

exercise program and to record their daily exercise in an
exercise diary.

vi. Once every two weeks, we sent e-mails to participants to
confirm their exercise status.

vii. Eight weeks later, participants' lifestyle and activity levels were
ascertained through an interview, and SC hydration and TEWL
were measured.
The study procedures in the control group were as follows:

i. A space in the university was secured to avoid the influence of
airflow, and the room temperature and humidity were checked.

ii. At the beginning of the study, basic information, lifestyle, and
activity level of participants were obtained using a
questionnaire.

iii. SC hydration and TEWL were measured.
iv. Participants were asked to maintain their current lifestyle.
v. Eight weeks later, participants' lifestyle and activity levels were

ascertained through an interview, and SC hydration and TEWL
were measured.

Ethical consideration
This study was approved by the research ethics committee of

Osaka Prefecture University Graduate School of Nursing (Approval
No. 2020-29).

Data analysis method
We used analysis of covariance to determine if there was a

difference in SC hydration and TEWL after 8 weeks of regular
exercise. Covariance analysis was performed with a Full Analysis
Set (FAS) and Per Protocol Set (PPS).

Sex, age groups, moisturizing care habits, DIHAL.2 rest score,
data collection seasons, and measures of skin moisturizing function
at study entry were used as covariates. The data collection season
was divided into two study participation periods: November to
February and January to May. Before conducting covariance
analysis, the normality of the data obtained was checked to ensure
that the correlations between the covariates and the objective
variable at each measurement level were of equal quality.

In addition, participants were matched for sex, age groups,
moisturizing care habits, DIHAL.2 rest score, and data collection
seasons, as differences in the number of participants in the
intervention and control groups would affect the analysis. For the
matched participants, Mann-Whitney U-Test was used to analyze
changes in SC water content and TEWL from the start of the study
to 8 weeks later. Missing data were processed using multiple
assignment methods. All analyses were performed in R ver. 4.0.3.

Results
The first study period was from November 2020 to May 2021,

and the second period was from November 2021 to May 2022. In
the first period, the intervention group included 6 participants, and
22 participants were in the control group. In the second period, 3
participants were in the intervention group, and the control group
included 6 participants. In total, 37 participants (intervention
group=9, control group=28) participated in the study. No
participants dropped out of the study. However, 3 participants in
the intervention group failed to achieve 8 weeks of moderate
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exercise. The characteristics of the study participants and their skin
moisturizing functions at the beginning of the study are shown in
Table 1. In terms of sex, the proportion of women in the control
group was higher than that in the intervention group. SC hydration
was higher in the intervention group than in the control group.
Activity levels were low for all study participants in the
intervention group, and there were 3 participants in the control
group with moderate activity levels.

Changes in stratum corneum hydration due to
regular exercise

The changes in SC hydration of study participants in the
intervention and control groups are shown in Figure 1. SC
hydration after 8 weeks (mean±SD) in the intervention group was
42.4±11.23 and 40.4±9.72 in the control group. FAS analysis of
covariance was performed on SC hydration 8 weeks after study
participation. The results showed that SC hydration after 8 weeks
in the intervention group that exercised regularly tended to be
higher than that in the control group, indicating a moderate effect
size (p=0.083, η2=0.10). The mean of SC hydration (95% CI) after
8 weeks adjusted for covariates was 44.6 (39.3, 49.9) in the
intervention group and 39.4 (36.0, 42.8) in the control group. Next,
we conducted an analysis of covariance in the PPS, excluding the
3 participants in the intervention group who did not achieve 8
weeks of exercise and the 3 participants in the control group who
had a moderate exercise habit from the beginning. The results
showed that the intervention group that exercised regularly had
significantly higher SC hydration after 8 weeks than the control
group, with a larger effect size (p=0.023, η2=0.26). The intervention
and control groups were matched, resulting in 5 matched
participants in each group. Mann-Whitney U-Test for change in SC
hydration [median (min, max)] from the beginning of the study to
8 weeks later (intervention: 1.7 (-2.7, 16.7); control: -9 (-12.7, -4)]
showed a significant difference (p=0.009, r=0.82).

Changes in trans-epidermal water loss due to 
regular exercise

The changes in TEWL of study participants in the intervention
and control groups are shown in Figure 2. TEWL after 8 weeks
(mean±SD) in the intervention group was 6.0±2.76 and 6.8±2.68

Article

Figure 1. Change in average stratum corneum hydration in each
group. 

Figure 2. Change in average trans-epidermal water loss in each
group.

Table 1. Study participant characteristics.

                                                                                         Intervention [n=9]                                                   Control [n=28]

Sex, n (%)                                                                                                                                                                                                 
     Male                                                                                                   4 (44)                                                                                 7 (15)
     Female                                                                                                5 (56)                                                                                21 (75)
Age groups, n (%)                                                                                                                                                                                    
       30s                                                                                                      3 (33)                                                                                11 (39)
       40s                                                                                                      1 (11)                                                                                 8 (29)
       50s                                                                                                      5 (56)                                                                                 8 (29)
       60s                                                                                                       0 (0)                                                                                   1 (3)
Daily moisturizer, n (%)                                                                                                                                                                           
     Use                                                                                                     3 (33)                                                                                 9 (32)
     Do not use                                                                                          6 (67)                                                                                19 (68)
DIHAL2 rest score, mean±SD                                                               49.6±9.5                                                                            45.8±8.1
SC hydration, mean±SD                                                                         39.2±8.1                                                                            43.1±8.5
TEWL (g/h/m2), mean±SD                                                                      5.2±1.5                                                                              5.8±1.9
Activity levels, n (%)                                                                                                                                                                               
     Low                                                                                                   9 (100)                                                                              25 (89)
     Moderate                                                                                             0 (0)                                                                                  3 (11)
     High                                                                                                     0 (0)                                                                                   0 (0)
DIHAL2, Diagnostic Inventory of Health and Life Habit 2; SC, stratum corneum; TEWL, trans-epidermal water loss.
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in the control group. FAS analysis of covariance was performed on
TEWL 8 weeks after study participation. The results showed no
difference in TEWL values after 8 weeks between regular exercise
and no effect size (p=0.864, η2=0.00). The mean of TEWL (95%
CI) after 8 weeks adjusted for covariates was 6.62 (4.81, 8.44) in
the intervention group and 6.80 (5.57, 8.03) in the control group.

Next, we conducted an analysis of covariance in the PPS. The
results showed no difference in TEWL values after 8 weeks in the
intervention group with regular exercise and almost no effect size
(p=0.515, η2=0.02).

Mann-Whitney U-test for change in TEWL [median (min,
max)] from the beginning of the study to 8 weeks later
[intervention:- 0.1 (-2.3, 6.8); control: 0.2 (-4.4, 5)] showed a no
significant difference (p=0.917, r=0.03).

Based on these results, a post-hoc analysis of the power of
covariance analysis of SC hydration was performed for each of FAS
and PPS: for FAS, the effect size f2=0.33, α=0.05, total sample
size=37, number of covariates=7 and a posterior analysis of the test
power was performed with power=0.49. For PPS, the effect size
f2=0.33, α=0.05, total sample size=37, number of covariates=7 and
a posterior analysis of the test power was performed with
Power=0.93. Similarly, a post-hoc analysis of power was conducted
for TEWL. In the FAS, the effect sizes were small, and post hoc
analysis was impossible. For PPS, with effect size f2=0.14, α=0.05,
number of samples=37, number of covariates=7, and post-hoc
analysis of power, Power=0.13.

Discussion and Conclusions
The purpose of this study was to clarify the effects of regular

exercise on skin moisturizing function. To clarify the effect of
exercise on skin moisturizing function, we compared the amount
of SC hydration and TEWL of the intervention group that exercised
regularly for 8 weeks and the control group that lived as before, 8
weeks after the start of the study. The results showed that SC
hydration after 8 weeks in the intervention group tended to be
higher than that in the control group in the FAS, indicating a
moderate effect. In PPS, the SC hydration of the intervention group
after 8 weeks was significantly higher than that of the control group,
and the effect size was also larger. Conversely, TEWL after 8 weeks
did not differ depending on whether participants were exercising
regularly or not in both FAS and PPS analyses.

The amount of SC hydration is an indicator of skin dryness.21

It has been shown that when SC hydration decreases, skin functions
other than skin moisturizing function, such as a decrease in barrier
function and changes in skin appearance, also decrease.2,22

Conversely, it has been reported that an increase in SC hydration
also improved indicators such as skin appearance and skin
elasticity.23,24 These findings suggest that the change in SC
hydration is an important index for evaluating the effect of regular
exercise on skin moisturizing function.

On the other hand, regarding TEWL, it has been shown that
TEWL, along with SC hydration, decreases with the decline of skin
moisturizing function due to aging.5 Therefore, it was hypothesized
that both indices would increase when regular physical activity
enhanced the retention of skin moisturizing function. However, the
results of the present study showed that only SC hydration
increased and TEWL did not change, possibly since the study
participants were healthy adults and none had extremely irregular
lifestyles. Changes in TEWL are caused by factors such as aging,
chronic skin diseases, and insomnia.5,16 The current study included
healthy adults aged 30-64 years without a history of skin diseases,

and none of them had extremely low scores on DIHAL2 rest, which
includes information on sleep. Therefore, changes in TEWL due to
factors such as aging, skin diseases, and insomnia were considered
nonexistent since the study began. Since no factors could change
TEWL from the beginning of the study, it is possible that no change
in TEWL occurred, even if regular exercise had enhanced the
maintenance of skin moisturizing function. In addition, since no
relationship between lifestyle and TEWL was found in the author’s
previous study,25 TEWL is considered to be an indicator that does
not change in healthy adults unless they have extremely irregular
lifestyle habits, such as insomnia. In light of these findings,
although TEWL did not change, a trend toward increased stratum
corneum water content was observed, suggesting that regular
exercise can be expected to improve the maintenance of skin
moisturizing function.

There were several limitations to this study. The first was that
the prevalence of coronavirus disease made it difficult to recruit as
many study participants as proposed in the study design. This
resulted in a smaller sample size and lower statistical power.
However, the results are considered reliable because the analysis
with matching still showed statistically significant differences and
the post hoc analysis showed high power for changes in SC
hydration in the PPS. Second, because the study design was not an
RCT, unadjusted and unknown bias between the intervention and
control groups cannot be ruled out. Third, we could not determine
how long the skin moisturizing function is maintained after
exercise. Fourth, it is unclear how much the amount of change in
SC hydration and the differences between groups have clinical
significance in skin moisturizing function.

Despite these limitations, we were able to show that regular
exercise has the potential to maintain and improve skin
moisturizing function. In the future, it will be necessary to examine
the effects of exercise on skin moisturizing function in more detail
by using an RCT design, evaluating the extent to which changes in
skin moisturizing function due to exercise are sustained, and
evaluating indicators other than skin moisturizing function.
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