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Abstract

Background: The spread of COVID-19 has made mask wear essential. Expecting that
long-term mask wear would change the characteristics of skin, this study investigated
changes in skin wrinkles and pores caused by long-term mask wear and whether or
not use of moisturizers has an effect on any changes.

Materials and methods: The study participants were 20 women who were instructed
to wear a mask for at least 6 hours a day for 4 weeks. Measurements of skin wrinkles
and pores were obtained before and after the 4 weeks of mask wear. The effects of
application of a moisturizer were assessed by applying moisturizer within the mask-
wearing area. They completed a questionnaire about skin changes at the end of the
study period.

Results: After wearing the mask for 4 weeks, there was a significant increase in the
skin wrinkles and pores; both variables decreased significantly in skin areas where
a moisturizer had been applied. The results of the questionnaire-based survey in-
dicated the study participants considered that long-term wearing of a mask had af-
fected their skin.

Conclusion: Wearing a mask for extended periods increases skin wrinkles and pores

and using a moisturizer when wearing the mask helps to reduce this problem.
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reported, including erythema, papules, pustules, acne mechanica

and contact dermatitis.* Many people, including healthcare workers,

Since the declaration of the COVID-19 pandemic by the World Health
Organization on 11 March 2020,! COVID-19 has continued to spread
worldwide. The causative pathogen is severe acute respiratory syn-
drome coronavirus 2, which spreads by airborne transmission and
causes severe respiratory disease.? Given the ability of masks to pre-
vent infection,3 mask wear is now recommended in many countries
and has become a necessity in daily life. However, various adverse
skin reactions to masks have been recognized during the ongoing

COVID-19 pandemic. Various mask-related skin disorders have been

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

who wear masks for long periods of time, experience skin reactions,
such as rash, itching, dry skin and acne.””

There is an increasing perception that masks affect the skin®” and
a growing interest in how mask-related skin damage can be avoided.
A recent study found that short-term mask wear affects the charac-
teristics of the skin,’® and it is likely that these effects become more
pronounced when a mask is worn for longer periods. To the best of our
knowledge, there has been no study of the effect of longer-term mask

wear on skin wrinkles and pores. Given the protracted nature of the
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present COVID-19 pandemic, this study investigated changes in skin
wrinkles and pores caused by long-term mask wear and whether or not

use of a moisturizer has an effect on any changes.

2 | MATERIALS AND METHODS
2.1 | Ethics approval

The study was approved by the OATC Institutional Review Board
on 9 September 2020 and was carried out in accordance with the
Declaration of Helsinki and Good Clinical Practice (approval number:
2018071702-2009-HR-075-010).

2.2 | Study participants and treatment

The study participants were 20 healthy Korean women of mean age
50.10 (range 20-60) years with no skin diseases or history of sensi-
tive skin. The women were eligible for inclusion in the study if they
were able to wear a mask for at least 6 hours a day for 4 weeks ex-
cept when asleep and during mealtimes. The mask worn was the Dr
Pepstory KF94 Fine Dust Protection Mask (EDL, Gyeonggi-do, Korea).
The study participants kept a written record of their daily mask wear
during the 4-week study period. All women signed an informed con-
sent form after being provided with an explanation of the study.

2.3 | Measurement of skin wrinkles

The skin wrinkles in the nasolabial folds on both sides of the face (part
of the skin area covered by a mask) were counted using a PRIMOS lite
device (LMI Technologies GmbH, Berlin, Germany). The severity of
wrinkles in the nasolabial fold area was assessed by measurement of

the skin roughness (Ra) value using the PRIMOS 5.7 software.

2.4 | Measurement of skin pores

Skin pores were measured using an Antera 3D®Cs system (Miravex,
Dublin, Ireland). Measurements were obtained for the cheeks, both
of which are covered when a mask is worn. The skin pore area(mr)
in the selected area was calculated after converting the images to
“Pores_small” mode using the Antera 3D® software.

2.5 | Assessment of effects of a moisturizer

The effect of application of a moisturizer on skin wrinkles and
pores was investigated as follows. The mask-wearing area was
divided into a left side, where no moisturizer was applied (group
A1), and a right side, to which a facial moisturizer was applied

(group A2). The participants then wore their masks as directed.

The moisturizer (Physiogel; Stiefel Laboratories, Sligo, Ireland) was
applied to the right side of the face twice daily (morning and even-
ing) for 4 weeks.

The study participants visited the Skin Clinical Trials Center be-
fore and after 4 weeks of mask wear. At each visit, the study mea-
surements were obtained after 30 min of stabilization in a room
with a controlled temperature of 22 + 2°C and a relative humidity of
50 + 10% and with avoidance of direct airflow and sunlight.

2.6 | Questionnaire

At the second visit, all study participants completed a questionnaire
about the effects of long-term mask wear on skin wrinkles and pores.
Each item was subjectively assessed on a 4-point scale (1, very bad; 2,
bad; 3, good; 4, very good). Participants answered to both of the ques-
tionnaires regarding the group A1 and A2. The questionnaire also asked
the study participants whether or not they believed that long-term mask
wear would affect their skin. The women answered this question using a
4-point scale (1, strongly disagree; 2, disagree; 3, agree; 4, strongly agree).

2.7 | Statistical analysis

After the normality of the data was confirmed, changes in skin wrin-
kles and pores after long-term mask wear were compared using the
paired t test (a parametric method). Groups A1 and A2 were com-
pared using the independent t test (also a parametric method). The
results for skin wrinkles and pores are summarized as the mean and
standard deviation. The results for each item on the questionnaire
are shown as the percentage. All statistical analyses were performed
using SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA). A

P-value < 0.05 was considered statistically significant.

3 | RESULTS

All 20 women (mean age, 50.10 + 5.78 years) completed the study.
The mask was worn for an average of 7.05 + 0.73 hours per day dur-
ing the 4-week study period.

The Ra value for skin wrinkles increased by 3.21% in the A1l
group after 4 weeks of wearing the mask (before, 23.24 + 2.92;
after, 23.97 + 3.00) but decreased by 4.68% in the A2 group (before,
21.34 + 2.99; after, 20.34 + 3.01; Figure 1). The skin pore area in-
creased by 11.21% in group A1 after 4 weeks of mask wear (before,
64.38 + 37.77 mm?; after, 70.05 + 38.15 mm?) and decreased by
3.10% in group A2 (before, 65.00 + 37.34 mm2; after, 62.20 + 34.45
mm?; Figure 2). The between-group differences in skin roughness
and skin pore area were statistically significant (Figure 3).

According to the questionnaire results, 55.00% of women in
group Al and 5.00% of those in group A2 noted that their skin
wrinkles had worsened during the study period while 30.00% and
10.00%, respectively, rated their skin pores to be larger. Eighty per
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FIGURE 1 Skin wrinkles were measured before and after 4 wk
of mask wear. **P < .01, ***P < .001, after vs before 4 wk of mask
wear. Al, facial skin area covered by the mask where no moisturizer
was applied. A2, facial skin area covered by the mask where
moisturizer was applied
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FIGURE 2 Skin pores were measured after 4 wk of wearing

the mask. *P < .05, **P < .01, after vs before 4 wk of mask wear.
A1, facial skin area covered by the mask where no moisturizer was
applied. A2, facial skin area covered by the mask where moisturizer
was applied

cent of the study participants agreed with the statement that long-
term mask wear affected their skin (Figure 4).

4 | DISCUSSION

Currently, in the absence of a cure for COVID-19, the most effec-
tive preventative measures are wearing a mask, meticulous personal
hygiene and social distancing. Moreover, with the increase in air pol-
lutants, including fine, ultrafine and yellow dust,'? long-term mask
wear, accompanied by changes in the characteristics of the skin, is
likely to become more common in the future.

In this study, there was an increase in objective measurements of
skin wrinkles and pores in areas of facial skin where no moisturizer
was applied. Likely reasons for the increase in skin wrinkles are that
the skin becomes rough in response to the friction created by long-
term mask wear and drying of the skin as a result of an increase in

k.2 Another factor

skin temperature in the area covered by the mas
contributing to skin wrinkling could be the inability of the muscles
around the mouth area to move freely.’® The increase in skin pore
area could be the result of an increase in the amount of sebum in

10,14

the mask area, which decreases the elasticity of the skin, and

dryness of the skin resulting in the pores appearing to be more

Skin wrinkles Skin pores

FIGURE 3 Changes in skin wrinkles and pores after 4 wk of
mask wear. ***P < .001, A1 vs A2. A1, facial skin area covered by
the mask where no moisturizer was applied. A2, facial skin area
covered by the mask where moisturizer was applied
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FIGURE 4 Results of a subjective questionnaire evaluation

of changes in skin wrinkles and pores after 4 wk of mask wear.

(A) Responses to questions about skin changes due to long-term
mask wear. (B) Responses to questioning about whether or not the
study participants believed that long-term mask wear would affect
their skin (B). A1, facial skin area covered by the mask where no
moisturizer was applied. A2, facial skin area covered by the mask
where moisturizer was applied

prominent.15 In contrast, the measurements for skin wrinkles and
pores decreased in areas where a moisturizer was applied, probably
because the moisturizer prevented loss of skin elasticity by reducing
the dryness of the skin caused by mask wear. There appears to be
a relationship between skin moisture and elasticity in that both de-
crease with advancing age!® and the fact that skin elasticity is known

to influence skin wrinkles and pores.i‘f"17 However, in this study, as
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in others, it was difficult to confirm that the skin becomes dry and
less elastic due to wearing a mask. One recent study found that skin
moisture in the cheek area around the mouth decreased after mask
wear but did not find a change in skin moisture in the chin area'®:
however, the duration of mask wear was shorter in that study than in
our study. Therefore, additional studies of the effects of long-term
mask wear on skin moisture and elasticity are required.

The subjective responses to our questionnaire were consistent
with the findings of our objective assessment of skin wrinkling during
mask wear in that wrinkling was worse in group A1l than in group A2.
However, there was no significant between-group difference in sub-
jective assessment of skin pores status. Many women in both groups
actually felt that their skin pores improved during mask wear. Changes
in skin pores are difficult to detect with the naked eye, and there may
be differences according to skin type. Therefore, future studies should
include larger sample sizes and subjects with different skin types. Both
the objective and subjective findings of our study indicate that wear-
ing a mask has mixed effects on skin characteristics. More than half of
the study participants considered that wearing a mask affects the skin.
Therefore, more research is needed to determine both the positive

and negative changes in the facial skin caused by mask wear.

5 | CONCLUSION

In this study, we objectively assessed mask wear-related skin
wrinkles and pores and compared our findings with those of a
subjective self-reported questionnaire completed by the study
participants. We identified objective increases in skin wrinkles and
pores after long-term wearing of a mask and that these effects
are ameliorated by application of a moisturizer to the facial areas
covered by the mask. More than half of the study participants
considered that long-term mask wear had affected their skin. In
view of the ongoing COVID-19 pandemic and increasing levels of
air pollution, it is becoming increasingly important to understand
the changes in skin characteristics associated with mask wear. The
findings of this study may help cosmetics industry responding to
these changes.
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