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Incidence of Skin Cancers and Precancerous Lesions in Japanese 

- Risk Factors and Prevention -

Keishi Araki, Toru Nagano, Masato Ueda, Fumio Washio, Shaw Watanabe 1, 

Naohito Yamaguchi 2, and Masamitsu Ichihashi

 An examination of the occurrence of skin cancers and precancerous lesions among residents 

of Kasai City (34 •K56' N) since 1992, and of le-island (25•K 10' N) since 1993, has been 

conducted to characterize the prevalence and incidence of skin cancers in Japanese people and 

to evaluate risk and preventive factors. 

 The mean prevalence of actinic keratosis (AK) in residents of Kasai City and le-island was 

203.33 and 756.26, respectively, indicating that twice the dose of UVB radiation causes a 3-4 

fold higher incidence of AK, although life styles, including types of occupations, differ in these 

two locations. 

 Working outdoors, having skin type I and/or a history of severe sunburns during childhood 

were found to be important risk factors, while the use of cosmetics after 20 years of age was a 

protective factor, for AK and possibly for skin cancers. Further, sunscreen use among males over 

60 years of age in Kasai City from 1994 through 1998 suggested that sunscreen use may reduce 

AK development in older people. 

 Four and 12 cases of skin cancers were found in residents of Kasai City (from 1992 to 1997) 

and on le-island (from 1993 to 1998), respectively. These numbers are too small to establish the 

prevalence of skin cancer in Japanese, but indicate that people living in areas of higher ambient 

solar radiation have a higher incidence of skin cancer. 

 This epidemiological study strongly indicates that sun protection is the major modality to 

reduce sun-induced cutaneous tumors in Japanese. J Epidemiol, 1999 ; 9 : S14-S21 . 
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 Non-melanoma skin cancer (NMSC) is the most common 

type of malignant tumor found among light-skinned people. 
Epidemiological studies indicate that basal cell carcinoma 

(BCC), the most common type of NMSC, usually occurs on 
the head and neck. Exposure to the sun is thought to be the 
most important risk factor for NMSC and melanoma, although 
exact patterns of exposure (such as the duration, intensity , fre-
quency and age at exposure) have not yet been clearly exam-
ined. Further, the relationship of solar radiation to BCC and 
melanoma is more complex 1, 2). Melanoma incidence generally 
increases near the equator and seems to be related with total 

accumulated exposure, but it also seems to be more related to 
intermittent exposures. Armstrong and Holman 3) reported that 
short-term intense exposures during weekends and vacations 
for light-skinned people are associated with an increased risk

of melanoma. Kricker et al 4) suggested that infrequent but 
intense sun exposure on vacation may be associated with 
increased risk of BCC development. 

 However, there is relatively little information in the United 
States, and even less information in Japan, about the incidence 
of NMSC. Population-based cancer registries, which are the 
main sources of cancer incidence statistics, generally do not 
include NMSC patients. Further, hospital cancer registries are 
of relatively little use in estimating NMSC incidence since 
these tumors are usually treated in out-patient private offices. 

 In Japan, Miyaji 5) performed a statistical survey of skin can-
cer rates between 1956 and 1960 in new patients attending der-
matology clinics at University Hospitals in Japan. Tada and 
Miki 6) analyzed the rates of skin cancers between 1971 and 
1975, and more recently, we 7) reported the rates of skin can-
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cers at 27 University Hospitals in Japan between 1976 and 

1980, and between 1986 and 1990. The statistics showed an 

upward trend in rates of skin cancers in our studies and sug-

gested an increase of skin cancer in Japan during the last 

decade. They showed that the BCC/SCC ratio was 2:1 from 

1986 to 1990, much higher than the 1.14:1 ratio reported by 

Tada and Miki for 1971 to 1975. 

 Those studies however, did not allow a true population 

based cancer incidence rate to be determined. Therefore, we 

have now attempted to determine the prevalence and incidence 

of skin cancers and precancerous lesions on sun-exposed body 

sites of Japanese. These data were collected from health exam-

inations in Kasai City8.9) (located in the middle of Japan with a 

population of about 50,000), and on le-island, Okinawa 

Prefecture 10) (located at the southern end of Japan with a popu-

lation of about 5,000). 

 The prevalence and incidence of NMSC could not be deter-

mined, since the numbers of BCC and SCC cases were too 

small for statistical analysis. The prevalence and incidence of 

actinic keratosis (AK), the precancerous lesion of SCC, how-

ever, was determined. Further, risk factors and preventive fac-

tors for AK, and possibly for NMSC, in Japanese were sug-

gested by these studies at two distinct geographic locations. 

       MATERIALS AND METHODS 

 Kasai City (in the Hyogo Prefecture) and Ie-island (in the 

Okinawa Prefecture) in Japan are located at 34•K56' North and 

25•K 10' North, respectively. Since Kasai City is located near 

Kobe City, which is situated in the central part of Japan, the 

annual cumulative dose of solar UVB in Kasai City is similar 

to that of Kobe where rates of annual solar ultraviolet radiation 

have been measured since 1992. 

 Screening of skin cancers and precancerous lesions in these 

two locations were conducted as part of a program to screen 

for cancers, such as stomach, lung and uterus, and other com-

mon diseases of the aged. Residents aged 20 years and over 

were registered under the Health Science's Law for the Aged. 

Every year, a total of about 5,000 in Kasai City, and 1,000 on 

[e-island, participated in the program. The study was carried 

out between May and December in Kasai City and between 

July and November on Ie-island. Trained dermatologists from 

Kasai Municipal Hospital and Kobe University, School of 

Medicine interviewed and examined the participants 8 9). The 

questionnaires requested information on the following topics : 

name, age, sex, address, telephone number, skin type, use of 

cosmetics and sunscreens, occupation, occupational sun expo-

sure (outdoor or indoor), acute sunburns received during child-

hood, smoking habits, location of any skin tumors, past history 

and treatment for cutaneous disorders. Skin types were catego-

ized on the basis of characteristics of sunburning and suntan-

ring depending on the criteria of Satoh and Kawada 11), as fol-

lows: Type I, always bum, rarely tan; type II, moderately burn, 
moderately tan; or type III, never bum, always tan. Japanese 
skin type I may correspond to skin type II of Fitzpatrick's clas-
sification, Japanese skin type II to Fitzpatrick's skin type III 
and Japanese skin type III to Fitzpatrick's skin type IV, respec-
tively. Participants were examined for skin cancers and precan-
cerous lesions on the face, neck, extensor surface of forearms, 
and backs of the hands. 

  Age- and sex-standardized prevalence and incidence rates 
for actinic keratosis (AK), the precancerous state of squamous 
cell carcinoma (SCC), were calculated by the direct method, 
using the Japanese population in 1990 as the standard 9). The 
incidence of AK was calculated for people who had participat-
ed in the screening consecutively for two years from 1992 
through 1997. Sex- and age-specific prevalences and inci-
dences were calculated with the SAS computer program (PC-
SAS, 1987). Differences in AK prevalence and incidence rates 
were comparatively analyzed among the three skin types, with 
respect to working outdoors or indoors, experiencing or avoid-
ing severe acute sunburn during childhood, and being a smoker 
or non-smoker. Numbers of seborrheic keratoses on the face 
and other sun-exposed sites were counted and participants 
were classified into two groups: subjects having 6 or more seb-
orrheic keratoses or subjects having 5 or less. The differences 
in AK prevalence and incidence among people having differ-
ent skin types, occupational exposure, cosmetic or sunscreen 
use, and severe acute sunburn at childhood, were estimated by 
the chi-square test. The statistical significance of multiple seb-
orrheic keratoses in the development AK was also analyzed by 
the chi-square-test. 

 Sunscreen of SPF 46 (Kao Company, Tokyo, Japan) was 
supplied to male participants over 60 years of age and regular 
use of the sunscreen while outdoors was advised after their 
screening in 1994. 

             RESULTS 

1. Prevalence and Incidence of AK in Kasai City 
 The numbers of participants were between 4867 (1609 

males, 3258 females) in 1993 and 4225 (1461 males, 2764 
females) in 1997 throughout the study period. Ages of the par-
ticipants ranged between 20 and 97 years. A total of 110 cases 
of AK (71 males, 39 females), 3 BCC (all male) and one SCC 

(a male) were identified histopathologically during the 6 year 
period from 1992 through 1997 (Table 1). No melanomas were 
detected during the study. The total number of AK for each 

year is also listed in Table I. The prevalence of AK in 1992w 
was found to be 413.4 per 100,000 population, the highest 
value obtained during the study so far, and decreased to 86.8 
(the lowest value) in 1995. The prevalence of AK in men was 
significantly higher than in women each year throughout the 
study period. The mean prevalence of AK per 100,000 popula-
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tion, calculated from the total number of AK from 1992 to between 223.6 in 1993 and 99.9 in 1997, and the mean value 
1997, was 203.33 (281.55 for males, 120.5 for females) (Table was 148.2, as listed in Table 3. 

2). The incidences of AK per 100,000 Japanese residents were

Table 1. Number of AK and skin cancer in Kasai City and le-island.

# AK; actinic keratosis, BCC; basal cell carcinoma, SCC; squamous cell carcinoma 
a Data of 1992; from reference 8

, data of 1993-1995; from reference 9. 
b Data of 1993 -1996; from reference 10 .

Table 2. Comparative study on prevalence of actinic keratosis among people in Kasai City 

      and le-island (per 100,000 population).

a. b. c. d The prevalence between two places was statisticall
y significant. (P<0.05)

Table 3. Incidence of actinic keratosis in Kasai City and le-island .

a Data of 1993 and 1994; from reference 9
. 

b Data of 1994 -1996; from reference 10 . 
cAfter standardization to the Japanese population in 1990 .
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2. Prevalence and Incidence of AK in le-island 
 The numbers of people who participated in the study were 

approximately 1000 every year from 1993 through 1998. A 
total of 150 cases of AK (61 males, 89 females), 10 BCC and 2 
SCC were diagnosed histopathologically during those 6 years 

(Table 1). No melanomas were detected. The number of AK 
patients each year are listed in Table 1. The prevalence of AK 
was between 1159.4 (the maximum value in 1993) and 572.8 

(the lowest value in 1994). The mean AK prevalence on Ie-
island was 841.7, about 4 times higher than that of Kasai City 

(Table 2). There was no significant difference between the 
prevalence of AK in men and in women. The incidences of 
AK per 100,000 Japanese in 1994 was 734.4, the highest value 
found during the study period (Table 3). The mean incidence 
of AK on Ie-island was approximately 4 times higher than in 
Kasai City. The standardized prevalence rate of NMSC per 
100,000 Japanese was 50.0 for men and women, however, that 
value may not be reliable since the number of patients was 
low. 

3. Skin Type and AK in Kasai City and le-island 
 The mean incidence of AK per 100,000 Japanese with skin 

type I, II or III was 444.6, 209.8, and 117.8, respectively in 
Kasai City (from 1993 to 97) and 1181.2, 409.1 and 388.4 on 
le-island (from 1994 to 1998) (Table 4). Patients with skin type 
I in Kasai City had a significantly higher incidence of AK 
compared with skin type III, but there was no statistical differ-
ence in AK incidence between skin type I and III on le-island. 

4. Seborrheic Keratosis and AK 
 The number of seborrheic keratoses on sun-exposed areas 

and the prevalence of AK was examined in Kasai City and on 
le-island. Subjects were divided into two groups, one group 
with 5 or less seborrheic keratoses, and the other group with 6

or more. People having 6 or more seborrheic keratoses showed 
a statistically higher prevalence of AK than those who had 5 or 
less, both in Kasai City and on le-island (Table 5). 

5. Severe Acute Sunburn with Blisters during Childhood and 
 AK 

 Of 105 cases of AK detected in Kasai City between 1992 
and 1995, 36 AK patients had severe sunburns in their child-
hood, and 69 did not. Of 3,013 participants who had experi-
enced severe sunburns with blister formation during their 
childhood, 36 subjects were found to have AK. 69 AK patients 
were found among 15,537 participants who did not experience 
a severe sunburn during childhood. The prevalence of AK per 
100,000 Japanese with severe sunburn was 256.2, significantly 
higher than that (78.0) of participants who had had no severe 
sunburn. 

6. Tobacco Smoking and AK 
 Participants in the skin cancer study in Kasai City (from 

1996 to 1997), and on le-island (from 1996 to 1998), were 
asked whether they smoked or not. Of 1802 participants in 
Kasai City who smoked, 5 had AK, and among 6621 partici-

pants who did not smoke, 18 AK cases were found. In 612 par-
ticipants on le-Island who smoked, 14 cases of AK were 
found, whereas of 2378 participants who did not smoke, 57 
cases of AK were diagnosed. There was no significant differ-
ence between the prevalence of AK in smokers and non-smok-
ers who live in Kasai City or on le-island (Table 6). 

7. Effect of Sunscreen Use on AK in Men over 60 Years of Age 
 in Kasai City 

 The number of male participants over 60 years of age who 
used sunscreen from 1995 to 1998 are shown in Table 7. One 
AK patient among 285 participants who used sunscreens, and

Table 4. Comparative study on incidence of actinic keratosis and skin type in Kasai City and 

       le-island.

Incidence was age-and sex-standardized to the Japanese population in 1990. 

Skin types; I , always burn, never tan; If , moderately burn, moderately tan; U1, never burn, 
always tan.
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Table 5. Relationship between prevalence of actinic keratosis and number of seborrheic keratoses.

a vs b; c vs d; The prevalence between two groups in both places was statistically significant. (P<0.005) #; from reference 9

Table 6. Relationship between prevalence of AK and smoking habit.

a There was no statistically significance between two groups in both places
.

29 AK patients among 613 participants who did not use the 
sunscreen were found. The prevalence of AK in patients who 
use sunscreens was significantly lower than participants who 
did not use sunscreens (789.6). Our results strongly suggest 

that sunscreen use with age decreases new cases of AK among 
Japanese. 

           DISCUSSION 

 Sun exposure is virtually unavoidable over a lifetime and

dramatically differs in populations depending upon climate , 
geography, occupation, recreational and other daily activities. 
Consequent photoaging of the skin, including skin cancer, due 
to sun exposure may be greatly influenced by intrinsic factors 
such as DNA repair capacity and the degree of melanin pig-
mentation. 

 There is extensive epidemiological evidence that supports an 
important role for sunlight in human skin carcinogenesis " . 
Most epidemiologic studies on skin cancer were performed on 

Caucasians, and show that BCC is the most common skin can-
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Table 7. Relationship between prevalence of AK and sunscreen use by male over 60 years of 
       aga in Kasai City (1995-1998).

# AK; actinic keratosis, BCC; basal cell carcinoma, SCC; squamous cell carcinoma 
a The difference of prevalence between two groups was statistically significant . (P<0.05)

cer in light-skinned people. There is also strong evidence for 
the role of sunlight in SCC genesis. In experimental animal 
studies, UVB (290-320 nm) has been shown to be the 
causative wavelength of light for skin cancer, SCC in mice, 
and SCC and BCC in rats. 

 Japanese, who generally have darker skin than Caucasians, 
were believed about 40 years ago not to develop skin can-
cers on sun-exposed areas, but rather to develop skin can-
cers on legs and other covered areas due to burns and X-

ray radiations. 
 The incidence of skin cancer however, is expected to 

increase among Japanese, since the mean life span in Japan 
is now nearly 76 years for males and 84 years for females, 

20 years longer than 40 years ago. Further, ozone depletion 
by chlorofluorocarbons may be causing an increase in 
harmful UVB radiation at the earth's surface 12). Recent 

changes in Japanese life-styles, such as exposing the skin 
more to sunlight to get tanned, may also contribute to an

increase of skin cancer. 
 To determine whether skin cancers and precancerous 

lesions in Japanese have increased, we conducted a study 
to analyze trends in the disease rate of skin cancers from 
1976 to 1980 and from 1986 to 1990 at 27 University 
Hospitals in Japan 70)That study showed that rates of BCC 
and AK were higher in 1986-1990 than in 1976-1980, and also 
that rates of BCC, SCC and AK in southern parts of Japan 
were about five times higher than in northern Japan. Similar 
studies by Miyaji 5) from 1956 to 1960, and by Tada and Miki 6) 
from 1971 to 1975 provided additional information about skin 
cancer characteristics in Japan, but those studies did not report 
the prevalence or incidence of skin cancers in Japanese. IARC 
reports gave an estimated skin cancer incidence of 1.5-5.0 per 
100,000 Japanese in Saga, Hiroshima, Osaka and Miyagai, but 
there is no report showing a reliable registry for skin cancer in 
those areas. 

 We therefore initiated this study on the incidence of skin
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cancers and precancerous lesions in Japanese in Kasai Citl 

(populated about 50,000 residents) since 1992, and on Ie-island 
(located in the far south of Japan) since 1993. The prevaleng 
of AK per 100,000 Japanese in Kasai City has decreased every 

year, from 414.3 in 1992 to 86.8 in 1995. The incidence of AK 
in Kasai City also decreased from 1990 to 1997, suggesting 
that our educational campaign for residents informing them of: 
the adverse effects of sunlight and the efficacy of sunscreens in

protection against skin cancers, has contributed to the reduc- 
tion of AK in Kasai City. We were unable to determine the 

prevalence or incidence of skin cancers, since the number of 
skin cancer patients was so limited. Occupational exposure tc 
the sun is suggested to be a causative factor of AK, accordin€ 
to the prevalence and incidence of AK in Kasai City, whicl 
shows a higher ratio in people working outdoors, compared tc 

people working indoors. However, there was no significant 
difference in the prevalence of AK in people working outdoors 
in Kasai City from 1995 to 1997 and on le-island throughout 
the study period. 

 Skin type I subjects of Kasai City had a significantly higher 

prevalence of AK in 1992, 1994, 1996 and 1997, but not in 
1993 or in 1995, compared with skin type III subjects. 
However, no difference in AK prevalence among various skin 
types on le-island was observed, possibly because we had few 
skin type I patients on le-island for statistical analysis. 

 Xeroderma pigmentosum (XP) patients 13), who have defec-
tive DNA repair and who have an early onset of skin cancers 
on skin exposed to the sun in childhood, exhibit multiple com-
mon benign skin tumors (termed seborrheic keratoses) as early 
as one year of age on sun-exposed sites, such as the face, the 
backs of the hands and the extensor surfaces of the forearms. 
That observation, on XP patients prompted us to examine the 
relationship between seborrheic keratosis and AK. People with 
6 or more seborrheic keratoses may belong to a high risk group 
for AK, and possibly for skin cancer, since the prevalence of 
AK on patients with 5 or less seborrheic keratoses was signifi-
cantly lower than patients having 6 or more. Taken together, 

patients who have 6 or more seborrheic keratoses may have 
less efficient DNA repair than patients with 5 or less seborrheic 
keratoses, and defective repair of DNA damage may play a 
pivotal role in AK genesis. 

 The risk of BCC decreased significantly in Australians who 
migrated after they were 10 years of age compared with people 
who were born there or who migrated before they were 10 

years old. The relative risk of SCC is also statistically smaller 
in Australians who immigrated after they were 20 years old 
compared with people born in Australia or who moved there 
after 10 years of age. 

 In our questionnaires, we asked whether the number of AK 
in Japanese correlated with severe acute sunburns during child-
hood. A higher prevalence of AK was observed among people 
who had severe acute sunburns during childhood compared

with those without such severe sunburns. In our XP (type A) 
siblings, first diagnosed at 4 and 2 years of age, the older sister 

had her first skin cancer (BCC) at 13 years of age, whereas the 

younger sister had her first skin cancer (BCC) at 23 years of 
age. This suggests an important role for sun-exposure during 

childhood in UV carcinogenesis 14), possibly by shortening the 
incubation time of skin cancer development in Caucasians and 
in Japanese. 

  Reduction of AK by regular sunscreen use has been demon-
strated by two research groups 15.16). Further, we have found 
that the prevalence of AK in females using cosmetics since 

their early 20s was significantly lower than female residents of 
Kasai City who did not use cosmetics. To further evaluate the 
effect of sunscreens with an SPF of 46 on the occurrence of 
AK, men over 60 years of age in Kasai City were asked to use 

sunscreens after their skin cancer examinations in 1994. The 

prevalence of AK in men who used sunscreens since 1995, 
was significantly lower than in men who did not use sun-

screens, suggesting that sunscreen use is an efficient way to 
reduce AK in Japanese. 

 Our results thus indicate that people who work outdoors, 
have skin type I and have 6 or more seborrheic keratosis on 

sun-exposed areas, are at high risk for AK and possibly for 
NMSC. Further, protection of the skin from solar UV radiation 
since childhood may significantly reduce the risk of seborrheic 

keratoses, AK, BCC and SCC. 
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