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ABSTRACT

Background: It is well known that adequate water intake and moisturizer application improves
skin barrier function.

Objective: This study was conducted to analyze the effects of daily water intake and moisturizer
application on skin barrier function and the degree of response to barrier recovery.

Methods: Participants with daily water intake more than 1 L were classified as high daily water
intake group (H) and those with less than 1 L as low daily water intake group (L). Each group was
subcategorized into four groups according to intervention method: additional water intake (H1,
L1), moisturizer (H2, L2), both (H3, L3), and control (H4, L4). Transepidermal water loss (TEWL)
and stratum corneum hydration (SCH) were measured at baseline during the 2nd and 4th week.
Results: A total of 43 participants completed the study (H: 22, L: 21). At baseline, there was
no significant difference in SCH and TEWL in any on the anatomical sites between the high
daily water intake and low daily water intake groups. However, SCHs of left forearm (group
H2, p=0.004; group H3, p=0.004), left hand dorsum (group H2, p=0.010; group H3, p=0.026),
and left shin (group H2, p=0.016; group H3, p=0.001) in group H2 and H3 were significantly
increased in the 4th week as compared to the baseline values.

Conclusion: The results suggest that the degree of water intake may be related to improved skin
barrier function. However, application of additional moisturizers had more favorable impact
on skin hydration as compared to additional water intake.

Keywords: Emollients; Public health; Water intake

dysfunctions®. According to Dietary Reference Intakes for Koreans
(Ministry of Health & Welfare and The Korean Nutrition Society,

Water comprises 45%-70% of the total body weight, making water
intake essential for maintaining human physiology*®. Even 4%-6%
of body fluid loss is considered dehydration, affecting physical
activity and mental function*®. Likewise, in the skin physiology,
cutaneous water content is known to play an important role in
various functions, and its deficiency is related to dermatological

https://anndermatol.org

2015), the mean daily water intake of Korean adults aged 19-49
years was 884.25 ml, which is insufficient compared to the recom-
mended water intake of 2 L by World Health Organization (WHO).
Two studies by Palma et al.” demonstrated that additional daily
intake of 2 L of water improved the skin hydration in those who
did not usually drink enough water®.
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In general, dermatologists recommend moisturizers. Moisturizers
provide moisture to the skin and prevent loss of moisture, and are
commonly used in skin care products and cosmetics®°. However,
as there is no study from Korea regarding the effect of oral water
intake on skin moisturization, we studied how water intake would
affect the improvement of skin barrier function in Koreans, and
also compared it with the effect of moisturizer application.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board (IRB)
of the Inje University Busan Paik Hospital (IRB No. 16-0022). This
study was performed in one center (Department of Dermatology,
Busan Paik Hospital, Inje University, Busan, Korea) from April to
June in 2017.

Participants

Healthy female volunteers in their 20s to 40s were allowed to par-
ticipate in this study. Those who had any dermatologic disorders
were excluded from the study. The participants were classified
into higher water intake (H) and lower water intake (L) groups
according to their daily water intake. As the average water intake
of Koreans is 884.25 ml and a bottle of drink used on a daily basis
is generally provided in 250-ml or 500-ml bottles, H and L groups
were separated on the basis of 1 L of water intake, for the ease of
measurement. Each group was randomly subcategorized accord-
ing to four different interventions: group 1 with additional water
intake of 2 L (H1, L1) a day, group 2 with additional moisturizer
application three times a day (H2, L2), group 3 with both addi-
tional 2 L water intake plus moisturizer application three times a
day (H3, L3), and group 4 with no intervention as control groups
(H4, L4). The participants were asked to maintain their usual
water intake and topical applications on their face and body during
the study and instructed to follow the additional designated inter-
ventions according to the groups.

Criteria of compliance
For the additional water intake groups, 112 bottles of natu-
ral mineral water, 500 ml each (masinda®; Donga-otsuka Co.,
Seoul, Korea), were provided. Two bottles were to be taken in
the morning and two bottles in the afternoon. For the additional
moisturizer application groups, two bottles of moisturizing cream
(atobarrier® cream; Aestura Co., Seoul, Korea), 100 ml each, were
provided and daily application thrice—in the morning, at noon,
and in the evening was instructed.

The criteria of compliance were as follows: 1. More than 80%
of additional water intake (should not miss drinking more than
22 bottles of 500 ml for 28 days). 2. More than 80% of moisturizer
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application (should not miss moisturizer application more than 16
times for 28 days). All participants were asked to record additional
daily water intake or moisturizer application on provided self-eval-
uation sheet, and those who did not accomplish each allotment
were excluded.

Environment control and measurements
During each visit, the participants were seated in a 10-m?, rectan-
gular, double door room with a thermos hygrostat facility installed
(PVR30M4P, specification: 76.03 m? Bumyang Air Conditioning
Company Ltd., Seoul, Korea), in Inje University Busan Paik Hos-
pital clinical trial center, where the temperature and the relative
humidity of the room were recorded for 24 hours. The participants
were at rest for 20 minutes for acclimatization. All measure-
ments were performed at 20.0°C—22.0°C and relative humidity of
50.0%-52.0%. Measurements were taken at five different sites of
the face or body: forehead, left cheek, left forearm, left hand dor-
sum, and left shin. The skin surface hydration was assessed with
a Corneometer® (CM 825; Courage & Khazaka Electronic GmbH,
Cologne, Germany) represented as stratum corneum hydration
(SCH). The probe was applied perpendicular to the skin surface
with a constant pressure. For each participant, three consecutive
measurements were taken, and the mean value was recorded.
Transepidermal water loss (TEWL) was measured with a Tewam-
eter® (TM300; Courage & Khazaka Electronic GmbH). The probe
was held in place, perpendicular and touching the skin surface
with the lowest pressure, until a stable TEWL value was established
(for approximately 90 seconds). TEWL was measured thrice, with
a10-seconds interval between each measurement.

On day 1, the baseline of the measurements was measured
and those of the 2nd and the 4th week were evaluated. One der-
matologist took the measurements to eliminate inter-rater errors.

Safety evaluation

For safety of the participants, signs of nausea, vomiting, or dizzi-
ness were noted during each visit, and body mass index and blood
pressure were checked. Body mass index was measured after an
8-hours fast, and blood pressure was measured using an automatic
blood pressure meter after 20 minutes of rest.

Statistical analysis

All data were expressed as mean + standard deviations. The statis-
tical analysis was performed using SPSS (ver. 23.0 for Windows;
IBM Corp., Armonk, NY, USA). Baseline SCH and TEWL were
compared between group H and group L by independent t-test.
Repeated measure analysis of variance test was used to analyze
serial change among the subgroups, followed by post hoc multiple
comparisons using the Bonferroni’s method. Independent t-test
was used to compare the difference of SCH and TEWL between
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each corresponding intervention groups (i.e., H1 vs. L1, H2 vs.
L2, H3 vs. L3, and H4 vs. L4 groups) at each visit. Statistical sig-
nificance was set as p-values<0.05.

RESULTS

Demographic information and group

A total of 50 healthy Korean females in their 20s to 40s, who vol-
untarily participated in this study and provided written informed
consent were enrolled (group H of 24, group L of 26). Their mean
age was 28.7 years (range, 21-39 years). Among them, seven par-
ticipants dropped out during the study and all the 43 participants
(group H of 22, group L of 21) (Table 1) who completed the study
met the criteria of compliance with the recommendations of addi-
tional water intake or moisturizer application.

Serial changes in mean values of SCH and TEWL in
each subgroup

Results from SCH and TEWL are summarized in Supplementary
Tables 1 and 2. There were no significant differences in the ini-
tial SCH and TEWL at any anatomical site between the high daily
water intake and low daily water intake groups (Fig. 1). Regarding
SCH (Supplementary Table 1), in group H1 and L1, with addi-
tional water intake, no significant changes were observed, except
for left shin in the 4th week in group H1 (Table 2). However, in
group H2 and H3, with additional moisturizer application, the
SCH of left shin significantly increased within 2 weeks (group H2,
p=0.0006; group H3, p=0.001). Moreover, SCHs of both groups fur-
ther increased in the 4th week (group H2, p=0.016; group H3,
p=0.001). Furthermore, SCHs of left forearm (group H2, p=0.004;
group H3, p=0.004) and left hand dorsum (group H2, p=0.010;
group H3, p=0.026) were significantly increased in the 4th week

A Baseline SCH
70 B HI-4
mL1-4
60 -
)
< 50 -
40
30 -
Forehead Lt.cheek Lt.forearm Lt. hand Lt. shin
dorsum

Table 1. Numbers of the enrolled participants

Groups No. of initial No. of No. of final
participants dropouts participants

H1 6 1 5

H2 6 1

H3 8 0 8

H4 4 o ad

L1 7 o] 7

L2 7 (0] 7

L3 6 3 3

L4 6 2 4

Total 50 7 43

H: high daily water intake group, L: low daily water intake group.

Table 2. The p-values for stratum corneum hydration changes in groups with
additional water intake (group H1and L1)

Groups p-value
DOvs. D14 D14 vs. D28 DOvs. D28
Group H1
Forehead 0.181 0.920 0.175
Lt. cheek 0.765 0.885 0.901
Lt. forearm 0.240 0.590 0.052
Lt. hand dorsum 0.433 0.419 0.129
Lt. shin 0.128 0.720 0.034"
Group L1
Forehead 0.823 0.050 0.025
Lt. cheek 0.248 0.242 0.929
Lt. forearm 0.263 0.923 0.284
Lt. hand dorsum 0.914 0.651 0.559
Lt. shin 0.255 0.740 0.093

Lt.: left, H: high daily water intake group, L: low daily water intake group.
“Statistically significant (p<0.05).

as compared to the baseline values. However, when comparing
group H2 with H3, there were no significant differences between
the two groups. Also, among group L, group L2 showed signifi-
cant change of SCH in left forearm (2nd week, p=0.043), left hand
dorsum (2nd week, p=0.004; 4th week, p=0.005) and left shin (2nd
week, p=0.001; 4th week, p<0.001), and group L3 showed signifi-
cant change in left shin (2nd week, p=0.029) (Fig. 2A). Regarding

B Baseline TEWL
201 H H1-4
mL1-4
<
‘e 10 -
=~
b
0 -
Forehead Lt.cheek Lt.forearm Lt. hand Lt. shin
dorsum

Fig. 1. Baseline SCH and TEWL. There was no significant difference in (A) baseline SCH and (B) baseline TEWL in any on the anatomical sites between H1-4 and

L1-4 groups.

SCH: stratum corneum hydration, TEWL: transepidermal water loss, Lt.: left, H: high daily water intake group, L: low daily water intake group.
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TEWL, however, there was no significant change in any of the
groups over the whole period (Supplementary Table 2, Fig. 2B).

The difference between each comparative subgroup
at each visit (group H vs. group L)

Group L1 showed higher SCH than group H1 at baseline in left
forearm (p=0.049). Group L2 showed higher SCH than group
H2 in left hand dorsum (p=0.027) and left shin (p=0.019), in 2nd
week. There was no other significantly different SCH at 4th week

DISCUSSION

One of the important functions of the skin is to protect the human
body by forming a barrier between the external environment and
the body. In particular, stratum corneum of the epidermis mainly
constitutes the physical barrier'®. The water content of the stratum
corneum is normally approximately 30% of its weight, and the
stratum corneum acts as a water-retaining barrier. The amount of
skin hydration is determined by supply of water from the dermis

or TEWL, over the whole period (Supplementary Table 3).

A SCH
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and transcutaneous water loss to the external environment'>12,
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Fig. 2. SCH and TEWL changes in different anatomical areas of the participants who were divided into group H and group L. Changes of (A) SCH and (B) TEWL in
different anatomical areas of the participants who were divided into group H and group L.
SCH: stratum corneum hydration, TEWL: transepidermal water loss, H: high daily water intake group, L: low daily water intake group.

*p<0.05.
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The application of moisturizer on the skin is thought to form
a membrane on the skin, preventing the evaporation of moisture
and directly supplying moisture to the epidermis and dermis.
Many studies emphasize the positive effects of applying moistur-
izer for patients with abnormal barrier function, such as atopic
dermatitis or xerotic eczema®>™. Additionally, some literature has
found that applying moisturizer is beneficial even for people with
normal barrier function'. Oral water intake is also assumed to
be beneficial for skin hydration and its function, as adequate water
intake has been shown to be beneficial for various aspects of gen-
eral health conditions®®. However, little is known about the in vivo
effect of various factors on skin physiology"”, and a few recent stud-
ies demonstrate favorable effects of skin hydration through oral
water intake”$18.

With the favorable effects observed in previous studies, our
study aimed to identify changes in SCH and TEWL with additional
water intake or the application of moisturizer. According to the
results, there was no significant serial change of SCH in the con-
trol group and in the group H1 and L1, where participants were
instructed to consume additional 2 L of water. However, after an
additional 4 weeks of moisturizer application, group H2 showed
significant increase of SCH in left shin, left forearm, and left hand
dorsum, and group L2 showed significant increase of SCH in left
shin and left hand dorsum. In other words, in a short period of
time, the application of additional moisturizers had a more positive
impact on the increase in skin hydration compared to additional
water intake. Additionally, SCH in the group H3 and L3 showed a
tendency to increase, but no significant changes occurred when
both additional water intake and moisturizer application were exe-
cuted. Moreover, when comparing group H2 with H3, there was no
significant differences in SCH. This result underscores the signif-
icance of moisturizer use. As for TEWL, our study didn’t find any
meaningful differences. This result suggests that measuring the dif-
ference of TEWL in the normal skin of healthy people is challenging.

We also compared the degree of skin hydration between those
who usually drink more than 1 L of water and those who do not.
We expected a decrease in the degree of skin hydration in those
who drink less than 1 L of water as compared to those who drink
more than 1 L. However, there was no statistically significant dif-
ference of SCH and TEWL between the two groups. Meanwhile,
what is notable is that SCH showed a tendency to be higher on
the forehead, left cheek, and left forearm of the group H, which is
thought to be contributed by 1 L of daily water intake to a certain
extent. Additionally, the hands and shins, which are frequently
in contact or exposed to external surroundings, and areas where
women wear skirts or shorts, are thought to have shown different
tendency compared to other anatomical areas such as forehead,
cheek, and forearm. However, dividing into two groups based
on 1L of water intake was less than the WHO’s 2 L water intake
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suggestion. Because of this, there may not have been any signifi-
cant differences between the two groups.

It was difficult to present statistical significance because each
subgroup was allocated a relatively small numbers of participants.
Further, short duration of the study i.e., 1 month, was insufficient
to judge the effect of water intake. However, this study is useful
as it provides the direction for further research by measuring and
comparing the changes in the serial SCH and TEWL, following
additional water intake and application of moisturizers. Similar
to previous studies, this study also showed a tendency to increase
skin moisture content with increased water intake”*5,

In the short duration of time, the application of additional
moisturizers had more favorable impact on skin hydration as
compared to additional water intake. This result suggests that
for patients who need immediate improvement in skin moisture
content, applying a moisturizer rather than increasing water intake
will be helpful. Also, this effect is remarkable on arms or legs
exposed to the external environment. However, further studies
are needed to understand the effects of long-term water intake
on skin barrier function and skin moisture content.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Stratum corneum hydration changes in different anatomical areas
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Supplementary Table 2
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The p-values of each comparative subgroup (group Hvs. group L)
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