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Abstract: Since photoaging of skin is caused by chronic sun exposure, it is well-recognized 

that regular sunscreen use can help prevent photoaging of skin in fair-skinned people. 

Therefore, application of sunscreen is recommended for the prevention of photoaging in 

many countries. However, the relationship between UV exposure and photoaging has rarely 

been investigated in clinical studies in Japan. In addition, there have been almost no long-

term interventional studies in Japanese people. We have previously conducted a study where 

Japanese actinic keratosis patients were instructed to continuously apply sunscreen. The results 

indicated that long-term application of sunscreen is effective in suppressing actinic keratosis 

progression and generation. In the present study, we investigated the effects of sunscreen 

on photoaged skin in 14 elderly Japanese people. Skin conditions such as water content, 

transepidermal water loss, the number of spots, wrinkles, and skin color tone uniformity 

were measured and compared before and after the study. A statistically significant difference 

was observed only in skin surface hydration. There were large inter-individual differences 

in amount of sunscreen used throughout the study. The changes in the number of spots and 

skin color tone uniformity during the 18 months showed good correlation with amount of 

sunscreen being used. These results suggest an increase in the number of spots and deteriora-

tion in skin color tone uniformity in the 18-month non-sunscreen application period, and that 

such skin conditions improved with increasing use of sunscreen. In this study, we suggested an 

inhibitory effect on photoaging symptoms such as spots and skin color tone non-uniformity, 

by application of the appropriate amount of sunscreen over a long period of time in Japanese 

people, similar to Caucasians.
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Introduction
Photoaging is induced by cumulative sun exposure and is frequently seen in elderly 

people exposed to a large quantity of ultraviolet (UV) rays. It is well-recognized that 

regular sunscreen use can help prevent photoaging of skin in fair-skinned people.1–3 

Therefore, application of sunscreen is recommended for the prevention of photoaging 

as well as squamous cell carcinoma (SCC) or actinic keratosis (AK) in many countries.  

In the USA, sunscreen is available over-the-counter. For sunscreens with sun protection 

factor 15 or higher and broad spectrum UV protection, it is allowed to state on the 

package insert “not only protects against sunburn, but, if used as directed with other 

sun protection measures, can reduce the risk of skin cancer and early skin aging”.4  The 

European Union (EU) recommendation states that “sunscreen products can prevent 

the damage linked to photoaging”.5
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To elucidate the relationship between UV exposure and the 

development of photoaging in Japanese people, some clinical 

examinations were conducted. Hillebrand et al performed an 

epidemiological survey and revealed the relationship between 

the severity of photoaging skin conditions and latitude of 

residential area.6 Asakura et al evaluated the facial skin aging 

conditions in 802 Japanese elderly people and identified 

lifestyle factors associated with skin aging. They concluded 

that the custom of using sunscreen or cosmetic foundation 

containing sunscreen was effective in preventing photoaging.7 

There are also some studies that report the characteristics of 

photoaging in Japanese people. Comparison of age-related 

changes of photoaging in Japanese females and Caucasian 

or other Asian females revealed that Caucasians are more 

susceptible to wrinkles or skin sagging than Japanese,8,9 and 

there are some differences in characteristics of photoaging 

even among Asian people.10

However, the relationship between UV exposure and 

photoaging has rarely been demonstrated by interventional 

studies in Japan. Therefore, it is not approved to advocate the 

preventive effects of sunscreen cosmetics against photoaging in 

Japan under the Pharmaceutical Affairs Act, which outlines the 

use of drugs and cosmetics, and is operated by the Ministry of 

Health, Labour, and Welfare. In addition, there have also been 

almost no long-term interventional sunscreen studies which 

indicate the efficacy of sunscreen in reducing SCC incidence 

in Japanese. The clinical practice guidelines for malignant skin 

tumors published by the Japanese Dermatological Association 

states that the efficacy of UV protection in reducing SCC inci-

dence in most Japanese people remains unclear due to the lack 

of reliable data implicating UV in SCC development.11

Our previous article reported an interventional study where 

Japanese AK patients were instructed to continuously apply 

sunscreen for 18 months. No increase in the number of facial 

AK lesions or worsening of the lesions was observed in the 

subjects, and dermoscopic observation and immunohistochem-

ical analysis found improvements such as enhanced vasculari-

zation. These results indicate that continuous application of 

sunscreen is effective in suppressing AK progression and 

generation, and for the prevention of SCC development.12

In the present study, we investigated the effects of continuous 

application of sunscreen for 18 months on photoaging in 

elderly people.

Methods
study design
This is a single arm interventional study. It was conducted 

at the Department of Dermatology, Wakayama Medical 

University Hospital from November 2010 to November 2013. 

This trial was approved by the ethical committee at Wakayama 

Medical University Hospital and complied with the Declara-

tion of Helsinki guidelines. Written informed consents were 

obtained from the subjects.

Fourteen elderly Japanese subjects (seven men and seven 

women; mean age 79.6, range: 62–91 years) were provided 

with sunscreen products for 18 months. Regarding skin 

phototype of the subjects,13 three subjects were categorized 

as type II and the other eleven subjects were type III. Study 

subjects were provided with sunscreen samples during the 

study period.

Quantity of sunscreen used
At the beginning of the study, subjects were shown the exact 

method of application by the attending dermatologist and 

received an instruction leaflet regarding the appropriate 

amount (∼2 mg/cm2) of application with a sample photo-

graph. The subjects were directed to apply sunscreen on 

the face and other UV-exposed regions every morning after 

washing their face.

Six or more 100 mL bottles of sunscreen were provided 

free of charge at every 6-month visit for clinical examina-

tion. When the residual quantity of the sunscreen became 

small, additional samples were provided to the subjects. The 

amount of applied sunscreen was checked and appropriate 

use was directed at every 6-month visit. The quantity of 

sunscreen used was estimated by weighing the recovered 

used sunscreen vessels.

sunscreen sample
The sunscreen contains six chemical UV absorbers, 3.95% 

(by weight) ethylhexyl methoxycinnamate, 2% (by weight) 

bis-benzotriazolyl tetramethylbutylphenol, 1.05% (by 

weight) diethylamino hydroxybenzoyl hexyl benzoate, 

1% (by weight) bis-ethylhexyloxyphenol methoxyphenyl 

triazine, 1% (by weight) ethylhexyl triazone, and 1% (by 

weight) methylene phenylbenzimidazole sulfonic acid. The 

sunscreen exhibits broad spectrum protection against both 

UVA and UVB rays. The spectrum of the sunscreen is shown 

in Figure 1. Sun protection factor of the sunscreen is 30.4. 

UVA protection factor of the product value, a factor for UVA 

protection efficacy is 8.0.

clinical evaluations
Clinical evaluations of skin symptoms were performed at 0, 

6, 12, and 18 months by a dermatologist. Regarding skin sur-

face conditions, stratum corneum hydration, transepidermal 

water loss (TEWL), and skin color tone uniformity were 

measured non-invasively at 0 and 18 months. Stratum 
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corneum hydration and TEWL on the cheek were measured 

non-invasively (Corneometer® CM825 and Tewameter® 

TM 300; Courage+Khazaka electronic GmbH, Cologne, 

Germany). The subjects’ faces were photographed using a 

digital image analysis system (Visia® Complexion Analysis; 

Canfield Scientific, Inc., Fairfield, NJ, USA). The number of 

pigmentation spots and wrinkles on the face were counted 

using the pictures. The skin color tone uniformity was 

assessed by detecting uneven skin tone area of the face. The 

uneven skin tone area was defined as significantly different 

color compared to peripheral skin. The photographs were 

analyzed in a pixel unit and the pixels with significantly 

different color compared to peripheral skin were counted 

as uneven skin tone. The areas of the uneven skin tone were 

calculated using the image analysis system.

statistical analysis
The differences in skin parameters at the beginning and 

the end of the study were analyzed using a paired Student’s 

t-test. The strength of the association between the two 

variables was calculated using the Pearson correlation coef-

ficient. Simple linear regression equations were calculated 

using the method of least squares. Tests were two-sided 

and results were considered statistically significant when 

P,0.05. All statistical analyses were conducted using 

commercial software JMP version 9.0 (SAS Institute Inc., 

Cary, NC, USA).

Results
clinical appearance
Severe photoaging symptoms such as spots and wrinkles 

were observed in the subjects of this study, likely because 

of advanced age; all the subjects were 62 years or older with 

average age 79.6 years. Stratum corneum thickness and flaky 

conditions were observed in many subjects during clinical 

examination performed at the start of the study. Mild ery-

thema was observed in some subjects, likely due to chronic 

UV exposure.

The subjects were asked to attend follow-up visits every 

6 months for clinical examination, and we found that the 

skin color gradually became brighter in many subjects.  

In some subjects, remarkable improvements in stratum 

corneum thickness and flaky conditions on their whole face 

were observed.

The medical interviews at the end of the study revealed 

that many subjects reported improvements in the smoothness 

of their skin surface.

Clinical photographs of one subject taken every 6 months 

from the beginning of the study are shown in Figure 2. She 

had experienced symptoms of erythema on her entire face. 

These photographs indicate that the erythema conditions on 

her face were gradually suppressed; the cheek, top of the 

nose, and forehead, all severely UV-irradiated parts, were 

remarkably improved.
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Figure 1 absorption spectra of the sunscreen.
Notes: absorption spectra of the sunscreen was measured using a spectrometer 
(UV-2000s; labsphere, inc., north sutton, nh, Usa). The absorbance was measured 
in ultraviolet light and a part of visible light wavelength region from 250 to 450 nm. 
The wavelength increment step was 1 nm.

0 months 6 months 12 months 18 months

Figure 2 clinical appearance of a subject at 6-month intervals.
Notes: clinical evaluations of skin symptoms were performed at 0, 6, 12, and 18 months. These photographs were taken by a digital image analysis system (Visia® complexion 
Analysis; Canfield, NJ, USA).
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Figure 3 skin conditions of the subjects at the beginning and the end of the clinical study.
Notes: conductance (A), TeWl (B), spot count (C), wrinkle count (D), and uneven skin tone area (E) before and after the study. The data at 0 and 18 months of the same 
subject were connected with a straight line. Center lines of bold black rhombuses indicate the average, top and bottom of the rhombuses indicate 95% confidence intervals. 
The differences in skin parameters between 0 and 18 months of the study were analyzed using a paired student’s t-test. A statistically significant difference was observed only 
in conductance (**P,0.01). No significant differences were shown in the other parameters. Each colored line represents a different subject.
Abbreviation: TeWl, transepidermal water loss.

No adverse events related to the test material occurred 

during the study.

The change in skin conditions
Skin conditions of the subjects were compared before and 

after the 18-month application of the study material. The 

changes in skin parameters are shown in Figure 3A–E. 

A statistically significant difference was observed in skin 

surface hydration. No statistically significant differences 

were demonstrated before and after sunscreen application in 

TEWL, the number of spots, the number of wrinkles, or the 

uneven skin tone area. These findings suggest that the water 

content of the stratum corneum increased after the study.  

In addition, spots, wrinkles, and skin color tone uniformity 

did not worsen, but retained their pre-study state.

Regarding the values of these skin parameters or the 

18-month change, a statistically significant difference 

between men and women or the groups by skin phototype 

was not observed (data not shown).

In this study, symptom progression could not be compared 

between sunscreen-applied and non-applied (control) groups 

because a control group could not be established due to ethi-

cal reasons. No statistically significant improvements were 

demonstrated in the sunscreen-applied group in photoaging 

parameters such as the number of spots and wrinkles and 

uneven skin tone area. Therefore, while the unchanging 
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conditions observed over the 18 months did not disprove the 

effect of treatment in inhibiting photoaging symptom pro-

gression, concrete evidence directly indicating that continu-

ous application of sunscreen clearly inhibits periodic progress 

of photoaging symptoms could not be obtained.

sunscreen use
Individual amounts of sunscreen used throughout the study 

is shown in Figure 4. There seemed to be a large difference 

in the amount of sunscreen used, and the largest amount  

(63.7 g/month) applied was approximately 9.8 times 

more than the smallest amount (6.47 g/month). Average 

amount used was 30.1±15.0 g/month in all the subjects,  

31.7±17.0 g/month for men, and 28.6±12.9 g/month for 

women. Differences between men and women were not 

seen. Estimated amount used was 35.3 g/month for men,  

34.4 g/month for women when applying our recommended 

amount of 2 mg/cm2 of the sample on the whole face every 

day.14 As the sunscreen was also applied to other parts of 

the body like the hands, substantial average application 

amount was thought to be less than our recommended 

amount.

These results indicate that there were subjects who were 

almost adequately, and inadequately protected from UV 

exposure. However, they cannot be compared because total 

UV exposure time and exposed skin areas varied among the 

subjects.

correlations between changes in skin 
parameters and sunscreen use
In this study, symptom progression could not be compared 

between sunscreen-applied and non-applied groups because 

a non-applied control group was not established. However, 

since the amount of sunscreen used varied widely between 

individuals, we hypothesized that the effect of long-term 

application of sunscreen may vary depending on amount 

being used.

Therefore, the correlation between changes in each 

skin parameter and sunscreen use during the 18 months 

was investigated (Figure 5A–E). All approximate expres-

sions for the relationship between sunscreen use and the 

parameters indicated that skin condition improved as more 

sunscreen was used. Statistical correlations (R) were 0.51, 

-0.24, -0.68, -0.20, and -0.80 as shown in Figure 5A–E, 

respectively. Specifically, improvements in uneven skin 

tone area and spots showed good correlation with amount 

of sunscreen used.

Y-intercept and X-intercept values were calculated from 

approximate expressions of uneven skin tone area, number of 

spots, and water content of the skin. The Y-intercept showed 

changes in the parameters in the cases where sunscreen was 

not applied for 18 months, while the X-intercept indicated the 

theoretically calculated amount of sunscreen required to keep 

the relevant skin parameters unchanged for 18 months.

Y-intercept and X-intercept values for uneven skin tone 

area were 0.036% and 26.7 g/month, respectively. This 

indicates that no sunscreen application for 18 months would 

likely result in the increasing of uneven skin tone area, and 

that the degree of worsening would be detectable by the 

measurement method used in this study. Condition of skin 

color tone uniformity could theoretically be maintained by 

application of 26.7 g/month of sunscreen.

Y-intercept and X-intercept values for the number of spots 

were 52.4 and 21.6 g/month, respectively. This means that the 

number of spots would increase by 52.4 during 18 months 

without sunscreen and that 21.6 g/month of sunscreen would 

be needed to maintain the baseline number of spots.

Water content of the skin, which showed a statistically 

significant increase, also correlated with the amount of sun-

screen applied, although the correlation was not statistically 

significant (P=0.06). Y-intercept and X-intercept values for 

water content were -0.51 µS and 1.14 g/month, respectively. 

The Y-intercept value of -0.51 µS implies that the degree of 

decrease in water content, even after 18 months of no sun-

screen application, would be limited to within the margin 

of error. Also, this result indicated that water content could 

be maintained by application of very small amounts (1.14 

g/month) of sunscreen. Essentially, it means that the water 

content would increase even if the amount of sunscreen 

applied is small, and that the more sunscreen is applied, the 

more the water content would increase.
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Figure 4 amount of sunscreen used by each subject.
Notes: light blue columns and light red columns indicate male and female subjects 
respectively. Dark blue and dark red columns with error bars indicate the average 
(ave) amount ± standard deviation of male and female subjects respectively (n=7).
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Discussion
symptomatic improvements in clinical 
appearance
Clinical examination at the end of the study revealed bright-

ening in skin color as a result of decreased melanin produc-

tion in the epidermis, suggesting that UV exposure had been 

reduced during the study period.

Stratum corneum thickness and flaky skin conditions 

were found in some subjects at the start of the study. These 

are symptoms frequently seen in dry skin conditions.15–17 

Elderly people often present with dry skin conditions such as 

senile xerosis. A decrease in the water content of the stratum 

corneum is a skin characteristic of elderly people and is one 

of the features of aging.18–21 Because of this, it is considered 

that many of the subjects had a dry skin condition at the start 

A B 
R=0.51 

1.14

−0.51
−25

−20

−15

−10

−5

0

5

10

15

0 10 20 30 40 50 60

Sunscreen usage (g/month)

R=−0.24 

C D 

E

R=−0.68** 
52.4

21.6

−30

−0.02

−0.04

−0.06

−0.08

−20

−10

0

0.04

0

0.02

10

20

30

0 10 20 30 40 50 60

0 10 20 30 40 50 60

Sunscreen usage (g/month)

Sunscreen usage (g/month)

R=−0.20 

T
E

W
L

(g
/m

2 /
h

)

C
o

n
d

u
ct

an
ce

 (
µs

)
D

ec
re

as
ed

 n
u

m
b

er
 

o
f 

sp
o

ts

U
n

ev
en

 s
ki

n
 t

o
n

e 
ar

ea
 

(%
)

D
ec

re
as

ed
 n

u
m

b
er

 
o

f 
w

ri
n

kl
es

0

−150

−100

−50

0

0 10 20 30 40 50 60

0 10

Sunscreen usage (g/month)

Sunscreen usage (g/month)

20 30 40 50 60

50

100

10

20

30

40

R=−0.80** 0.036 (%)

26.7

Figure 5 correlation between sunscreen use and changes in skin parameters during 18 months.
Notes: relation between amount of sunscreen used during 18 months with conductance (A), TeWl (B), number of spots (C), number of wrinkles, (D) and uneven skin color 
tone area (E). red lines indicate simple linear regression equations calculated by the method of least squares. Dotted lines indicate Y=0. The Pearson correlation coefficient (R) 
was 0.51 (A), -0.24 (B), -0.68 (P,0.01) (C), -0.20 (D), and -0.80 (P,0.01) (E) respectively. Y-intercept and X-intercept values of approximate expressions are -0.51 µs and 
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Abbreviation: TeWl, transepidermal water loss.
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of the study. Their dry skin conditions were alleviated as the 

water content of the stratum corneum increased after applica-

tion of sunscreen, which resulted in improvement in stratum 

corneum thickness and flaky skin conditions by the end of the 

study. The improvement in skin texture experienced by many 

subjects after the study likely resulted from these changes.

The subject shown in Figure 2 exhibited severe inflamma-

tory conditions especially in the UV-exposed areas at the start of 

the study, but this improved during the study period. Therefore, 

it was considered that the UV-induced chronic inflammatory 

conditions found in the subject at the start of the study were 

mitigated by UV protection. Chronic inflammatory conditions 

are indicated to accelerate skin aging and increase risk of cancer 

development.22–24 Thus, application of sunscreen may result in 

inhibition of photoaging or photocarcinogenesis in subjects 

who show mitigation of inflammatory conditions. In fact, after 

18 months of sunscreen application, the subject clearly showed 

improvements in her symptoms: an increase of 83.1 µS in the 

water content, a 23.1 g/m2/h decrease in TEWL, a decrease of 

51 in the number of spots, a decrease of 28 in the number of 

wrinkles, and a 0.043% decrease in uneven skin tone area.

The effect of skin surface hydration on 
photoaging
Several skin parameters were measured before and after the 

study; only the water content in the stratum corneum showed 

a statistically significant increase.

The sunscreen used in this study contained approximately 

10% polyalcohol, such as glycerin and butylene glycol,  

and water-retentive water-soluble polymers. Cosmetics 

containing polyalcohol such as glycerin are known to have 

a restorative effect on water content in the stratum cor-

neum.15,16,25,26 Many of the commercially available sunscreens, 

like the sunscreen preparation used in this study, contain 

ingredients for moisturization in their formulations, which 

are expected to exert a moisturizing effect. Because the sun-

screen used in this study has moisturizing activity as well 

as UV protection, the study subjects were considered both 

moisturized and UV-protected during the study period. Some 

studies and the UK Guidelines for AK report the effectiveness 

of moisturization for prevention of AK.27–29 It is highly likely 

that an increase in the water content of the stratum corneum 

due to application of sunscreen is a contributing factor in 

inhibiting photoaging as well as skin cancer.

change in skin barrier function
It is reported that TEWL is increased by one minimal ery-

thema dose of UV irradiation.30 We supposed that increased 

TEWL by UV exposure would be lower after UV protection 

using sunscreen in the study. However, TEWL values of the 

subjects were constant throughout the study period.

Initial TEWL values of the subjects were not as high 

as expected. Many subjects had normal TEWL values 

between 10 to 20 g/m2/h31 and a few subjects had lower or 

higher TEWL values than at the beginning. The subjects 

with higher TEWL values had decreased barrier function 

caused by dry or inflammatory conditions. On the other 

hand, it is considered that the transpiration of the skin 

water content was hampered by stratum corneum thickness 

caused by chronic UV exposure in the subjects with lower 

TEWL values.

Correlation between initial TEWL values and changes 

in TEWL values during the 18 months is shown in Figure 6. 

It indicates the tendency that subjects with greater TEWL 

values and low skin barrier function at the start of the study 

showed decreased TEWL, and conversely, subjects with low 

values at the start showed increased TEWL values. These 

results suggest that long-term application of sunscreen 

restores TEWL values outside the normal range back to the 

normal range. Therefore, some abnormal degrees of skin 

barrier function were improved to more normal conditions 

by long-term application of sunscreen.

Maintenance or improvement in skin 
color tone uniformity
A statistically significant correlation was demonstrated 

between amount of sunscreen used and improvement in 

uneven skin color tone area. Uneven skin color tone area cor-

responds to the region where melanin is disproportionately 
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Figure 6 The correlation between initial TeWl values and the variation of TeWl 
values.
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produced and distributed, and also the deteriorated skin 

texture region where stratum corneum thickness or flaky 

skin conditions occur. Since skin color non-uniformity or 

deterioration of skin texture is one of the characteristics 

of photoaging,32,33 the result of maintaining or decreasing 

uneven skin tone area means suppression or improvement 

of photoaging. Decreased water content in the stratum 

corneum causes skin thickness and flaky conditions.15–17 

UV exposure causes not only uneven melanin distribution, 

but also increased thickness of the stratum corneum.34 

Therefore, UV protection and skin moisturization suppress 

dryness and are able to maintain or improve skin color tone 

uniformity. Sunscreens with UV protection and moistur-

izing activity are quite effective in maintaining skin color 

tone uniformity.

Unchanging number of wrinkles
Fine wrinkles usually develop after 20 or 30 years because 

of the deepening of the sulci cutis in dry skin, but they may 

disappear in the early stage of development by recover-

ing the water content of the stratum corneum.35–37 Since 

a statistically significant increase in the water content in 

the stratum corneum was demonstrated in the study, we 

expected the disappearance of fine wrinkles and a decrease 

in the total number of wrinkles. However, the total number 

of wrinkles did not statistically significantly decrease or 

increase 18 months after application, and no association 

was demonstrated between individual changes in the number 

of wrinkles and any other factors, including the amount of 

sunscreen used. This may be explained by the fact that most 

of the subjects involved in the present study were elderly 

and showed severe symptom progression in terms of pho-

toaging with deep and large wrinkles. It is difficult to clear 

up these wrinkles by improving the water content of the 

stratum corneum, because such wrinkles affect the structure 

of collagen and elastin in the dermal layer.32 Effectiveness 

of sunscreen on wrinkles of elderly people may be assessed 

by qualitative characteristics such as depth or length, but not 

number of wrinkles.

Only younger participants under 55 years old were used 

for photoaging analysis in a huge clinical trial in Nambour.2,3 

The authors explained that the reason for this restriction 

is because skin aging under the age of 55 years is caused 

predominantly by photoaging, rather than by photoaging 

and aging. All the subjects in the study were over 60 years. 

It is thought that a long-term clinical study in approximately  

40- to 50-year-old Japanese subjects would be able to prove 

the effects of sunscreens on wrinkles in the Japanese.

amount of sunscreen used for 
prevention of photoaging
Amount of sunscreen used showed a statistically significant 

correlation with changes in the number of spots and uneven 

skin color tone area during the 18 months. These results sug-

gest that sunscreen is effective in a dose-dependent manner, 

in prevention of photoaging in terms of spots and skin color 

tone non-uniformity. Approximate expressions show that 

sunscreen application of  21.6 or 26.7 g/month is theoretically 

needed to maintain the number of spots or skin color tone 

uniformity. The average amount used in this study was more 

than these values. It indicates that continuous application of 

average amounts of this sunscreen is adequate to maintain 

the number of spots and skin color tone uniformity. And it 

means that the disappearance of spots and improvement in 

skin color tone uniformity can be expected with increased 

amounts of sunscreen application.

adherence to the amount of sunscreen 
applied
There appeared to be a big difference in the amount of sun-

screen applied among the subjects. There appeared to be a 

bigger difference in the amounts of sunscreen used by men 

than women. However, the amount being used was almost 

the same between them. In Japan, sunscreen is considered a 

cosmetic product and not an over-the-counter product, and 

many people, especially aged individuals, regard sunscreen 

application as applying makeup. Many Japanese women, 

when compared to men, prefer fair skin and use more sun-

screen on a routine basis. Since many aged individuals were 

involved in this study, it was predicted before the study that 

less sunscreen would be applied in men compared to women. 

Our recommended amount of sunscreen in this study was  

2 mg/cm2, which is much more than the amount of com-

monly used cosmetic cream or milk emulsion. It is thought 

that many female subjects applied the study material accord-

ing to their personal experiences with using cosmetics. In 

male subjects, on the other hand, it was thought that some 

subjects regarded the sunscreen as a cosmetic product and 

were therefore reluctant to use it, but others who did not  

regard the sunscreen as a cosmetic product complied with 

our instructions about the amount used.

The amount of sunscreen commonly used is reported 

to be 0.3 to 1.3 mg/cm2.38–42 The amount used would be 

approximately 5.6 to 24.5 g/month when the subjects used 

the sunscreen on the entire face every day at this density.14 

All of these reports conclude that decreased use is directly 

linked to a reduction in UV protection efficacy on one level 
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or another. Poor adherence to treatment frequently results in 

deterioration in many diseases.43-46

There are many sunscreen products in the market, some 

with better UV protection efficacy than the sunscreen we 

used in the study. An insufficient application amount prevents 

the product from demonstrating its full UV protection and 

photoaging prevention capabilities. To achieve the maximum 

effect of the sunscreens, guidance on sunscreen use regarding 

the appropriate amount, application area, and methods is nec-

essary. In addition to these instructions, it is necessary for a 

dermatologist or other specialist to educate ordinarily healthy 

people about the increased risk of photoaging and skin cancer 

due to UV exposure, and that application of sunscreen with 

the appropriate method and time course may decrease UV 

exposure and be effective in prevention or improvement of 

such conditions.

susceptibility to photoaging in Japanese 
population
In our previous study, AK was analyzed and statistically 

significant improvements were demonstrated in dermos-

copy analysis and the expression level of CD31, and slight 

improvements were revealed in the AK grade in some 

individuals. These results indicated the preventive effect 

of sunscreen against AK and SCC in Japanese people.12  

In Caucasians, many reports demonstrate the disappearance 

of AK after long-term application of sunscreen.47,48 However, 

in our previous study, no statistically significant difference 

was observed in the number of AK lesions before and after 

application of sunscreen, and the number of AK lesions 

decreased in only a small proportion of the subjects.12 It is 

reported that more marked wrinkle formation and skin sag-

ging are observed in Caucasian females compared to similar 

aged Japanese females.8 When compared to Caucasians, 

Japanese are thought to have a lower sensitivity to UV and 

less susceptibility to photocarcinogenesis and photoaging 

because they have a lower incidence of AK and SCC, and 

characteristics of lower risk factors for AK such as lower skin 

phototypes or darker eye colors.49 It means that the effect of 

sunscreens on prevention of photoaging in Japanese might 

be smaller than that in Caucasians.

However, some reports indicated that pigmentation spots 

are observed much more frequently and earlier in Japanese 

or Asians than in Caucasians.9 All photoaging symptoms are 

not necessarily more severe in Caucasians than in Japanese. 

There was a dose-dependent decrease in the number of 

spots although no changes in wrinkles were seen during the 

18-month study period. In addition, an increase in the number 

of spots and deterioration in skin color tone uniformity during 

the 18-month non-sunscreen application period was expected. 

These results indicated that pigmentation spots respond better 

to treatment with a more noticeable change in appearance than 

wrinkles. It is thought that the effect of sunscreen on the pre-

vention of pigmentation spots’ formation is more developed 

and easily detectable than wrinkle formation in Japanese.

limitations
This study was conducted with a small number of subjects 

with the lack of a control group in one center. This study 

design did not allow us to demonstrate high quality and 

clear evidence of the preventive effect of sunscreen on pho-

toaging. Accordingly, a larger scale, designed study such 

as a randomized controlled trial needs to be performed for 

more solid proof. All the subjects in the study were over 

60 years old and the average was ∼80 years. The study was 

performed with only aged Japanese people. Therefore, the 

results are unlikely to be fully generalizable to the whole of 

the Japanese people.

Conclusion
In this study, we suggested an inhibitory effect on photoaging 

symptoms such as spots and skin color tone uniformity by 

application of the appropriate amount of sunscreen for a long 

period of time in Japanese people, similar to Caucasians.

To our knowledge, this is the first interventional clinical 

study suggesting the preventive effect of sunscreen on pho-

toaging in Japanese people.
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