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Introduction

 Since population-based screening for cancer was 
introduced under the Health and Medical Service Act for 
the elderly in 1983, municipalities have been responsible 
for conducting cancer screenings in Japan. Screening 
programs for five kinds of cancers (gastric, lung, 
colorectal, cervical, and breast cancers) have become 
continuously conducted by all municipalities. However, 
cancer screening rates in Japan are much lower than those 
in Western countries and Korea, including examinations 
other than population-based screening that are conducted 
as part of a public policy to reduce mortality rates. While 
the screening rates for breast and cervical cancer in 2010 
were 80.4% and 85.0%, respectively, in the United States, 
70.9% and 67.9% in Korea, and 73.4% and 78.5%, in the 
United Kingdom, both screening rates were 24.3% in 
Japan (OECD, 2011; Suh et al., 2013).
 To improve cancer screening rates, effective strategies 
that motivate people to be screened need to be successfully 
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Abstract

 Background: Cancer screening rates in Japan are much lower than those in Western countries. This study 
evaluated the relationship between cancer screening rates and strategies used to improve screening rates, and 
determined which strategy is the most effective. Materials and Methods: All municipalities are responsible for 
conducting gastric, lung, colorectal, cervical, and breast cancer screenings in Japan. Of the 1,746 municipalities 
in total, 92-99% were included in the analyses for each cancer screening. Using national data in 2009, the 
correlations between cancer screening rates and strategies for improving screening rates of all municipalities, 
both large (populations of over 30,000) and small (populations of under 30,000), were determined. The strategies 
used were as follows: sending personal invitation letters, personal visits by community health workers, use of a 
clinical setting for screening, and free screening. Results: Of all four strategies used to improve cancer screening 
rates, sending personal invitation letters had the highest correlations with all screening rates, with the exception 
of breast cancer screening. The partial correlation coefficients linking this strategy with the screening rates 
in all municipalities were 0.28, 0.32, 0.30, and 0.26 for gastric, lung, colorectal, and cervical cancer screening, 
respectively. In large municipalities, the correlations between the number of examinees in a clinical setting and 
the screening rates were also relatively high, particularly for cervical cancer screening (r=0.41). Conclusions: 
Sending personal invitation letters appears to be particularly effective in improving cancer screening rates in 
all municipalities. All municipalities should implement a system that sends personal invitation letters for cancer 
screening. In large municipalities, increasing the availability of screening in a clinical setting is also effective in 
improving cancer screening rates. 
Keywords: Cancer screening - screening rate - strategy to increase participation- correlation - Japan
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implemented. The U.S. Center for Disease Control and 
Prevention (CDC) conducted systematic reviews on 
the effectiveness of various interventions in increasing 
the screening rates for breast, cervical, and colorectal 
cancers, and published guidelines based on their findings, 
which recommend certain interventions for improving 
the screening rates for these cancers (Baron et al., 2008a; 
Sabatino et al., 2012; Community Preventive Services 
Task Force (CPSTF), 2013). The guidelines also aid 
decision makers in choosing an appropriate intervention 
(Townsend et al., 2009; Blumenthal et al., 2010; Lobb et 
al., 2011; Hannon et al., 2012). 
 In Japan, there are no guidelines on the types of 
strategies that improve cancer screening rates. Some 
studies have previously evaluated the effectiveness of 
various strategies (Hisamichi et al., 1991; Watanabe, 
2003; Shimada et al., 2010a; Shimada et al., 2010b; 
Matsuda et al., 2011; Takaku, 2011; Kuroki, 2012; 
Yoshida et al., 2012), but it was difficult to compare the 
effectiveness of these strategies, as each study focused on 



Hiroshi Sano et al

Asian Pacific Journal of Cancer Prevention, Vol 15, 20142608

the effectiveness of an individual strategy using different 
subjects and methodologies. As the most effective strategy 
in improving cancer screening rates differs depending on 
the country and region (McAvoy and Raza, 1991; King 
et al., 1994; Saywell et al., 1999; Champion et al., 2003; 
Saywell et al., 2003; Saywell et al., 2004; Blumenthal at 
al., 2010; Lee et al., 2012; Frie et al., 2013), it remains 
unclear which strategy would be the most effective in 
Japan. Therefore, a study comparing the effectiveness 
of different strategies used to improve cancer screening 
rates in Japan is warranted and poised to be very useful 
for decision makers.
 The aim of the present study was to quantitatively 
evaluate the relationships between cancer screening rates 
and strategies used to improve screening rates, as well as 
to determine which strategy is the most effective in Japan.

Materials and Methods

Subjects
 The subjects were selected from a total of 1,746 
municipalities that conducted gastric, lung, colorectal, 
cervical, and breast cancer screening in Japan. Cancer 
screening rates of municipalities were determined from 
data in the Report on Regional Public Health Services 
and Health Promotion Services between April 2009 
and March 2010, which was prepared by the Ministry 
of Health, Labour, and Welfare (MHLW, 2010). In this 
report, the number of participants and persons eligible for 
the cancer screenings was tallied by sex and age in 1,746 
municipalities. Persons eligible for the cancer screenings 

conducted by municipalities included women aged ≥20 
years for cervical cancer screening, women aged ≥40 years 
for breast cancer screening, and both men and women 
aged ≥40 years for other cancer screenings. Using this 
report, the following characteristics of municipalities were 
determined: the number of eligible persons, the ratio of 
males to females, and percentage of those aged ≥65 years.
 Data on strategies implemented by each municipality 
for cancer screening were obtained from a survey on the 
implementation of cancer screening among the different 
municipalities, which was conducted by the MHLW in 
January 2010. In this survey, the MHLW collected data 
on the content of examinations, strategies, and out-of-
pocket costs for cancer screening among the different 
municipalities. 1,740 of all municipalities (99.7%) 
had responded to this survey. The CDC recommends 
interventions that use client reminders and small media, 
and interventions that include one-on-one education by 
telephone or via face-to-face encounters for colorectal, 
cervical, and breast cancer screening (Sabatino et al., 
2012). It also recommends interventions that make 
screening accessible and easier for colorectal and breast 
cancer, and reduce out-of-pocket costs for breast cancer 
screening (Baron et al., 2008a; Sabatino et al., 2012; 
CPSTF, 2013). Based on these recommendations, similar 
strategies were assessed, in particular: sending personal 
invitation letters, personal visitations by community health 
workers, number of individuals screened in a clinical 
setting, and free screening. The use of newsletters in place 
of small media was not evaluated because about 90% of 
municipalities already implemented this strategy.

Table 1. Characteristics of Cancer Screening in Japan between April 2009 and March 2010
Variable Gastric Lung Colorectal Cervical Breast

    All municipalities
 Number of municipalities 1,718 1,610 1,726 1,717 1,693
 Screening rate(%); mean (S.D.) 15.8 (12.0) 27.4 (18.9)  21.4 (13.6) 16.9 (10.4) 13.2 (10.8)
Strategies     
 Sending personal invitation letters; n (%) 946 (55.1) 889 (55.2)  947 (54.9) 966 (56.3) 933 (55.1)
 Personal visitations by community health workers; n (%) 105 (6.1) 99 (6.2) 107 (6.2) 104 (6.1) 102 (6.0)
 Number of individuals screened in clinical settings; mean (S.D.) 613 (2,891) 1,369 (6,582)  1,947 (6,967) 1,691 (5,091) 759 (2,706)
 Free screening; n (%) 143 (8.3) 362 (22.5)  167 (9.7) 161 (9.4) 119 (7.0)
Characteristics of eligible persons     
 Number of eligible persons; mean (S.D.) 22,315 (47,190) 22,821 (43,855) 22,946 (49,320) 18,701 (41,438) 13,747 (29,503)
 Ratio of males to females; mean (S.D.) 0.73 (0.16) 0.72 (0.17) 0.73 (0.17) - -
 Percentage of those aged ≥65 years; mean (S.D.) 52.9 (12.1) 53.4 (12.3) 53.0 (12.1) 42.6 (13.0) 53.2 (11.9)
    Large municipalities (population ≥30,000)
 Number of municipalities 809 767 812 808 800
 Screening rate(%); mean (S.D.) 12.3 (9.0) 22.1 (15.7)  18.3 (10.9) 15.2 (8.1) 12.2 (8.6)
Strategies     
 Sending personal invitation letters; n (%) 407 (50.3) 396 (51.6)  416 (51.2) 422 (52.2) 406 (50.8)
 Personal visitations by community health workers; n (%) 24 (3.0) 21 (2.7) 24 (3.0) 22 (2.7) 22 (2.8)
 Number of individuals screened in clinical settings; mean (S.D.) 1,255 (4,116) 2,806 (9,326) 4,052 (9,736) 3,455 (7,011) 1,538 (3,786)
 Free screening; n (%) 70 (8.7) 162 (21.1) 79 (9.7) 75 (9.3) 45 (5.6)
Characteristics of eligible persons     
 Number of eligible persons; mean (S.D.) 42,401 (62,911) 43,018 (57,003) 43,709 (65,937) 36,094 (55,436) 26,134 (39,346)
 Ratio of males to females; mean (S.D.) 0.69 (0.17) 0.68 (0.17) 0.69 (0.17) - -
 Percentage of those aged ≥65 years; mean (S.D.) 52.0 (12.4) 52.3 (12.5) 52.0 (12.4) 39.8 (12.2) 51.5 (11.4)
    Small municipalities (population <30,000)
 Number of municipalities 909 843 914 909 893
 Screening rate(%); mean (S.D.) 18.9 (13.4) 32.2 (20.2)  24.1 (15.0) 18.4 (11.9) 14.2 (12.4)
Strategies     
 Sending personal invitation letters; n (%) 539 (59.3) 493 (58.5)  531 (58.1) 544 (59.9) 527 (59.0)
 Personal visitations by community health workers; n (%) 81 (8.9) 78 (9.3) 83 (9.1) 82 (9.0) 80 (9.0)
 Number of individuals screened in clinical settings; mean (S.D.) 41 (175) 62 (263) 78 (285) 122 (228) 62 (127)
 Free screening; n (%) 73 (8.0) 200 (23.7) 88 (9.6) 86 (9.5) 74 (8.3)
Characteristics of eligible persons     
 Number of eligible persons; mean (S.D.) 4,439 (3,126) 4,445 (3,084) 4,500 (3,124) 3,241 (2,321) 2,650 (1,864)
 Ratio of males to females; mean (S.D.) 0.77 (0.15) 0.76 (0.16) 0.77 (0.16) - -
 Percentage of those aged ≥65 years; mean (S.D.) 53.8 (11.8) 54.5 (12.1) 53.9 (11.8) 45.0 (13.1) 54.8 (12.1)
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 Municipalities were excluded from the study if there 
were missing values in these variables or <10 eligible 
persons. Furthermore, municipalities were also excluded 
if they did not perform the following examinations: 
gastric X-ray for gastric cancer, chest X-ray for lung 
cancer, fecal occult blood tests for colorectal cancer, 
Pap smear for cervical cancer, and mammography for 
breast cancer. These examinations are recommended for 
population-based screening as there is sufficient evidence 
to suggest that these tests reduce the cancer mortality rate 
in Japan (Hamashima et al., 2008; Hamashima et al., 2010; 
National cancer center, 2013). Of all municipalities, 1,718 
(98.4%), 1,610 (92.2%), 1,726 (98.9%), 1,717 (98.3%), 
and 1,693 (97.0%) municipalities were included in the 
analyses for gastric, lung, colorectal, cervical, and breast 
cancer screening, respectively.

Statistical analysis
 Partial correlation coefficients were calculated to 
quantitatively evaluate the relationships between cancer 
screening rates and the strategies used to improve 
screening rates in various municipalities. The coefficients 
indicate how closely each strategy is related to the cancer 
screening rate after excluding the effects of confounding 
factors, including the other three strategies, the number 

of eligible persons, the ratio of males to females, and the 
percentage of elderly.
 The relationships between cancer screening rates 
and the strategies may vary with the population size 
of the municipalities. Therefore, partial correlation 
coefficients were also separately calculated for large 
municipalities (with populations of over 30,000) and 
small municipalities (with populations of under 30,000). 
In 2009, a municipality was seen as a city if the population 
was over 30,000, but seen as a town or village if not. 
All analyses were performed using STATA version 12 
(StataCorp, College Station, TX, USA).

Results 

 The characteristics of cancer screening in Japan 
are presented in Table 1. The average screening rates 
for gastric, lung, colorectal, cervical, and breast cancer 
were 15.8%, 27.4%, 21.4%, 16.9%, and 13.2%, 
respectively. The strategy of sending invitation letters 
was implemented at about 55% of the municipalities, 
whereas personal visitations by community health workers 
were implemented at only 6% of all municipalities. Free 
screening was implemented at 23% of all municipalities for 
lung cancer screening and at 7-10% of all municipalities 
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Table 2. Partial Correlations between Cancer Screening Rates and Strategies Used to Improve Screening Rates 
in Japan
Variable Gastric Lung Colorectal Cervical Breast

    All municipalities
Number of municipalities 1,718 1,610 1,726 1,717 1,693
Strategies     
 Sending personal invitation letters d 0.28a  0.32a 0.30a 0.26a 0.13a

 Personal visitations by community health workers d 0.23a 0.15a 0.22a 0.18a 0.12a

 Number of individuals screened in clinical settings 0.17a 0.19a 0.21a 0.25a 0.18a

 Free screening d 0.03 0.13a 0.06b 0.08a 0.01
Characteristics of eligible persons     
 Number of eligible persons -0.24a -0.26a -0.23a -0.28a  -0.21a

 Ratio of males to females 0.07a 0.09a 0.03 - -
 Percentage of those aged ≥65 years 0.07a  0.20a  0.12a -0.01  -0.13a

    Large municipalities (population ≥30,000)
Number of municipalities 809 767 812 808 800
Strategies     
 Sending personal invitation letters d 0.39a 0.39a 0.36a 0.30a 0.17a

 Personal visitations by community health workers d 0.15a 0.11a 0.15a 0.06c  0.07b

 Number of individuals screened in clinical settings 0.28a 0.31a 0.35a 0.41a  0.28a

 Free screening d 0.05 0.14a 0.08b 0.04 0.03
Characteristics of eligible persons     
 Number of eligible persons -0.32a -0.32a -0.33a  -0.43a  -0.31a

 Ratio of males to females -0.02 0.02 -0.07b - -
 Percentage of those aged ≥65 years 0.05 0.17a 0.03 0.01  -0.06c

    Small municipalities (population <30,000)
Number of municipalities 909 843 914 909 893
Strategies     
 Sending personal invitation letters d 0.25a  0.30a 0.29a 0.24a 0.11a

 Personal visitations by community health workers d 0.22a 0.13a 0.22a 0.20a 0.12a

 Number of individuals screened in clinical settings 0.15a 0.09a 0.11a 0.20a 0.19a

 Free screening d 0.02 0.13a 0.02 0.09a 0.00
Characteristics of eligible persons     
 Number of eligible persons -0.36a -0.29a -0.34a -0.36a -0.28a

 Ratio of males to females -0.01 0.02 -0.02 - -
 Percentage of those aged ≥65 years 0.01 0.16a 0.10a -0.05 -0.15a

* ap values ≤0.01; bp values ≤0.05; cp values ≤0.1; dDummy variables



Hiroshi Sano et al

Asian Pacific Journal of Cancer Prevention, Vol 15, 20142610

for other types of cancer screening. The average number 
of individuals that had been screened in the clinical setting 
was the largest for colorectal cancer screening, and the 
smallest for gastric cancer screening.
 The average cancer screening rates were higher 
in small municipalities than large municipalities for 
all cancer screening. Personal visitations by health 
workers were implemented in about 9% of all small 
municipalities, which was about 6% higher than that 
of large municipalities for all screenings. The average 
number of individuals screened in the clinical setting 
of large municipalities was more than 20-fold greater 
than that of small municipalities for all cancer screening. 
This may be because many small municipalities did not 
implement cancer screening in the clinical setting (i.e., 
about 80% for gastric, lung, and colorectal cancers, 27% 
for cervical cancers, and 43% for breast cancers).
 The partial correlation coefficients for the relationships 
between cancer screening rates and the strategies used in 
Japan are presented in Table 2. In all municipalities, there 
were positive correlations between the screening rates for 
all cancers and the strategies used, with the exception of 
free screening (p<0.01). Of the four strategies, sending 
personal invitation letters had the highest correlation 
coefficients with cancer screening rates. They were as 
follows: 0.28 for gastric cancer screening, 0.32 for lung 
cancer screening, 0.30 for colorectal cancer screening, 
and 0.26 for cervical cancer screening. For cervical 
cancer screening, the correlation between the number 
of individuals screened in the clinical setting and the 
screening rates was similar to that of sending invitation 
letters. For breast cancer screening, all strategies had 
a low or no correlation with the screening rates in all 
municipalities.
 In large municipalities, the correlation coefficients 
between sending invitation letters and the screening rates 
were relatively high. Specifically, they were as follows: 
0.39 for gastric cancer screening, 0.39 for lung cancer 
screening, 0.36 for colorectal cancer screening, and 0.30 
for cervical cancer screening. In large municipalities, the 
correlation coefficients between the number of individuals 
screened in the clinical setting and the screening rates 
were also relatively high, particularly for cervical cancer 
screening (r=0.41). For breast cancer screening, the 
correlation coefficient rose to 0.28 in large municipalities. 
In small municipalities, the correlation coefficients 
between cancer screening rates and the strategies used 
were similar to those of all municipalities, with the 
exception of the number of individuals screened in the 
clinical setting.

Discussion

In Japan, the National Cancer Control Plan was 
published in 2007 with the aim of increasing cancer 
screening rates above 50% within 5 years (MHLW, 2012a). 
To achieve this goal, municipalities had to implement 
effective strategies that would increase screening for 
various types of cancer. Previous studies have shown 
that sending personal invitation letters (Watanabe, 2003; 
Shimada et al., 2010a; Shimada et al., 2010b; Matsuda et 

al., 2011), distributing leaflets and pamphlets (Hisamichi 
et al., 1991; Yoshida et al., 2012), and increasing the 
availability of cancer screening in clinical settings 
(Takaku, 2011) were effective in improving cancer 
screening rates in Japan. However, it was unclear which 
strategy was the most effective. In the present study, after 
excluding the effects of confounding factors, correlations 
between four different strategies and cancer screening 
rates were evaluated.

Of all strategies, sending personal invitation letters 
had the highest positive correlations with screening rates 
for gastric, lung, colorectal, and cervical cancers. This 
strategy appears to be particularly effective in improving 
cancer screening rates in large municipalities. In most 
Western countries, the importance of a national call-recall 
system, which gives call and recall notifications by mail 
or telephone, is well recognized by the government for 
the purposes of increasing cancer screening (Quinn et 
al., 1998; Baron et al., 2008b). In Japan, municipalities 
are responsible for implementing strategies to improve 
cancer screening rates. However, nearly half of the 
municipalities did not implement this strategy. To improve 
cancer screening rates, all municipalities need to prioritize 
establishing a system that sends personal invitation letters 
for cancer screening.

The number of individuals that had been screened in 
the clinical setting also demonstrated positive correlations 
with all cancer screening in large municipalities. The 
correlation was particularly high for cervical cancer 
screening. Previous studies reported on the effectiveness 
of making access to screening easier by reducing the time 
or distance between the service delivery settings and the 
examinees in increasing colorectal and breast cancer 
screening in Western countries (Dolan et al., 1999; Baron 
et al., 2008c). Thus, increasing the availability of screening 
in the clinical setting should be effective in improving the 
screening rates for not only colorectal and breast cancer, 
but also for cervical cancer, in Japan. However, the quality 
assurance of cancer screening in the clinical settings was 
insufficient compared to that of mass screening in Japan 
(Arisue et al., 2007; Osaka City, 2010). Additionally, many 
small municipalities did not implement cancer screening 
in the clinical setting (i.e., about 80% for gastric, lung, 
and colorectal cancers, 27% for cervical cancers, and 43% 
for breast cancers). This may be due to several reasons. 
For example, small municipalities have been under 
more severe fiscal constraints than large municipalities 
(Ministry of Internal Affairs and Communications, 
2011), and consequently are more likely not to have any 
incentives for increasing cancer screening in the clinical 
settings (Takaku, 2011). Thus, to increase cancer screening 
in the clinical setting, particularly in small municipalities, 
these problems need to be resolved.

Personal visitations by community health workers 
had low, but positive, correlations with cancer screening 
rates compared to sending invitation letters and the 
number of individuals that were screened in the clinical 
setting. However, these correlations were higher in small 
municipalities versus large municipalities. This may be 
because this strategy was implemented better in small 
municipalities than large municipalities. This strategy 
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is unlikely to be implemented in large municipalities 
because it is difficult to employ many community health 
workers for the number of eligible persons. It was 
previously reported that the cost effectiveness of one-
on-one education per additional mammogram increased 
substantially if the cost of labor increased (Stockdale et 
al., 2000). Thus, each municipality needs to pay sufficient 
attention to fiscal constraints and decide whether to 
implement this strategy.

Free screening had a weak correlation with cancer 
screening rates. To improve screening rates, the MHLW 
had initiated a strategy that distributed free coupons to 
some individuals for breast and cervical cancer screening 
beginning in 2009 and for colorectal cancer screening 
beginning in 2011. The distribution of free coupons 
improved the screening rates for women who had not 
been screened for cervical cancer in Fukuoka Prefecture 
(Kuroki, 2012). However, changes in price for cancer 
screenings had little influence on demand for screenings 
in Hokkaido Prefecture (Takemura et al., 2001). The CDC 
recommends interventions that reduce out-of-pocket costs 
for breast cancer screening, but does not recommend such 
interventions for cervical and colorectal cancer screening 
due to insufficient evidence (Baron et al., 2008a; Sabatino 
et al., 2012; CPSTF, 2013). Therefore, reducing the out-of-
pocket costs alone appears to be insufficient for improving 
the cancer screening rates.

However, it should be mentioned that none of the 
strategies had strong (or very high) correlations with 
cancer screening rates. For breast cancer screening, even 
sending personal invitations had a very low correlation 
with the screening rates. Therefore, just sending personal 
invitation letters and increasing the availability of 
screening in the clinical settings does not appear to greatly 
improve the cancer screening rates. The CDC recommends 
provider-oriented interventions, which evaluate the 
providers’ performance and present the providers with the 
results, to increase cancer screening (Sabatino et al, 2008). 
The MHLW reported that implementing cancer screening 
and specific health checkups simultaneously improved 
cancer screening rates in some municipalities (MHLW, 
2012b). In addition to these strategies, future studies that 
determine other effective strategies for improving cancer 
screening rates are warranted, including where screening 
occurs and the medical personnel involved (Tsunematsu 
et al., 2013).

This study has several limitations that need to be 
discussed. First, while using partial correlation analysis 
to determine the relationships between cancer screening 
rates and the strategies has provided some foundational 
knowledge on the topic, the causality of these relationships 
is still unclear. It is also necessary to consider that these 
findings may be a result of reverse causality, meaning that 
the implementation of strategies is influenced by cancer 
screening rates. Second, data on costs of the strategies 
implemented by each municipality could not be used 
in the analyses (Saywell et al., 1999; Stockdale et al., 
2000; Saywell et al., 2003; Saywell et al., 2004). The 
cost-effectiveness of these strategies should be evaluated. 
Third, some municipalities might have conducted cancer 
screening not for all eligible persons but for very limited 

persons, such as those who sought to receive screening or 
had received a year before. Such municipalities should be 
excluded in the analyses. Fourth, it is necessary to further 
evaluate which strategies are more effective than those 
studied herein.

In conclusion, of the strategies used to improve cancer 
screening rates, sending personal invitation letters had 
the greatest positive correlations with screening rates for 
gastric, lung, colorectal, and cervical cancers. This strategy 
appears to be particularly effective in improving cancer 
screening rates in large municipalities. All municipalities 
should predominantly focus on establishing a system that 
sends personal invitation letters for cancer screening. 
In large municipalities, increasing the availability of 
screening in the clinical setting may also be effective in 
improving cancer screening rates.
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