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We conducted a nationwide questionnaire survey of 500 randomly sampled municipalities to calculate the public-funded human papilloma virus (HPV) vaccination rates in fiscal years 2011-2013. The characteristics of different municipalities were
determined from the national statistical data, including those for all the municipalities in Japan. Based on the questionnaire
results, we divided the fiscal 2012 HPV vaccination rate into two groups using the median value as the threshold: objective
variable and municipality characteristics (29 items) as explanatory variables. Univariate and multivariate regression analyses
were performed using the Akaike Information Criterion (AIC) scoring system to examine the valid explanatory variables.
Univariate analysis of data from 150 municipalities indicated that the model was good because among 29 explanatory variables, AIC values were the lowest for “number of kindergartens” (AIC: -22.35), followed by “population” (AIC: -11.32), and
the two-dimensional cross tables suggested that these explanatory variables were negatively correlated with HPV vaccination
rates. Multivariate analysis showed that the combination of “number of kindergartens” and “number of households” (AIC:
-30.29) had the smallest AIC values and were the optimal model for explaining HPV vaccination rates in local municipalities.
The predictors for improved HPV vaccination rates suggested that these rates were high in municipalities characterized by a
small population, large proportion of the elderly, and increased financial stability.
Key Words: HPV vaccine, Japan, questionnaire

funding for adolescent girls in the Western countries, and

Introduction

the initiation of HPV vaccination in developing countries

The human papilloma virus (HPV) vaccine for the pre-

is following an upward trend.４ In Japan, however, the

vention of cervical cancer is used in more than 100 coun-

Ministry of Health, Labor, and Welfare has not actively

tries because it has been proven to be highly effective

recommended HPV vaccination from June 2013 to date

１-３

and safe in clinical studies worldwide, including Japan.

because of ongoing investigations for its adverse reac-

In addition, HPV vaccines are available under public

tions; hence, the HPV vaccination rate in Japan has dras-
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tically decreased.５ Meanwhile, various reports on HPV

visits) of 500 municipalities１０ (100 per population-based

vaccines have improved the perceptions of obstetricians

group), which were randomly sampled using a random

５

and gynecologists in Japan regarding HPV vaccination,

number table. Ten numbers are extracted from any point

and the Ministry of Health, Labor, and Welfare, Japan, is

of the table of random numbers by three columns to the

expected to resume active recommendation of the routine

right. And we repeated it ten times. When a number more

use of HPV vaccines soon. Based on these circumstances

than the same number and number of each groups upper

in Japan and worldwide, we elucidated the factors associ-

limit was extracted, we deleted the number and selected

ated with public-funded HPV vaccination rates.

the next number.
Responses were collected via mail, fax, or telephone.

Many studies have reported the factors associated with
６

HPV vaccination rates. The HPV vaccination rate has

The survey included questions on the school grade(s) of

been relatively low in developed countries; the following

girls eligible for public-funded vaccination, subsidy rates,

four goals have been proposed by the United States based

vaccination rates in fiscal years 2011-2013, number of

on a data analysis comparing states with low (12.1%) and

eligible girls in each school grade, and number of girls

７

high (57.7%) vaccination rates : to reduce missed clinical

who were administered the first vaccination dose. The

opportunities to recommend and administer vaccines; to

survey was conducted during the start of HPV vaccina-

increase the acceptance of parents, caregivers, and ado-

tion programs across Japan (2012-2013); therefore, the

lescents toward HPV vaccines; to maximize the access to

vaccination rates of different fiscal years considerably

HPV vaccination services; and to promote global HPV

varied, and some girls were vaccinated in multiple years.

vaccine uptake. Information―motivation-behavioral skills

Therefore, the vaccination rate was determined as the

(IMB) model analysis, in which information, motivation,

number of girls who were administered the first dose di-

and behavioral skills are considered essential personal

vided by the number of eligible girls in the seventh grade

factors affecting the spread of the use of HPV vaccines,

(first year of middle school in Japan).

is a known analytical method, and macro-level environ-

The objective variable was the HPV vaccination rate

mental factors, such as healthcare services, economic

of girls in the seventh grade who were administered the

８

first vaccination dose in fiscal year 2012; it was further

The Andersen’s Behavioral Model of Health Services

divided into two groups (high and low vaccination rate

Use has shown that important factors affecting the use of

groups) using the median (76.5%) as the threshold. For

services include not only personal factors but also local

the explanatory variables, 29 items excluding items with-

municipality characteristics, which represent an environ-

out data loss were evaluated from the characteristics of

mental factor. ９ However, municipality characteristics

the municipalities obtained from nationwide statistical

have not been studied in Japan as factors associated with

data obtained from local governments ( municipalities ;

public-funded HPV vaccination rates.

i.e., 2010 census,１０ 2012 basic resident registry,１１ munici-

status, and ethnicity, indirectly affect personal factors.

pality financial status survey, １２ basic school survey, １３

In this study, we conducted a nationwide questionnaire

etc.). (Figure 1).

survey on the actual status of vaccination in municipali-

This study was approved by the Ethics Committee of

ties that subsidized HPV vaccination to determine the

Tokyo Women’s Medical University ( approval no.

factors that improved the HPV vaccination rate.

2485).

Methods
Statistics

Municipalities in Japan at 2012 were divided into five
groups according to their population (<10,000; 10,000 to

We conducted univariate and multivariate regression

<30,000; 30,000 to <100,000; 100,000 to <200,000; and

analyses of the rates of administration of the first dose of

!200,000). The public-funded HPV vaccination rates in

HPV vaccine in fiscal year 2012 in girls in the seventh

fiscal years 2011-2013 were investigated through a ques-

grade in selected municipalities across Japan, which were

tionnaire survey (mailed, self-completed or telephone or

obtained through the questionnaire survey and munici―21―

Municipalities in Japan at 2012
devided by the population into 5 groups
䞉 < 10,000
n=482
䞉 10,000ӌ,>30,000
n=462
䞉 30,000ӌ,>100,000
n=554
䞉 100,000ӌ, >200,000
n=245
䞉 200,000ӌ
n=158

Ref 10

Extracted by 100 using a table of
random numbers

500 municipalities
(100 per population based group)
targeted of questionnaire survey
247 non respondents
103 municipalities excluded
䞉incomplete surveys
䞉incomplete data of the first dose of
HPV vaccine in 2012 in girls in the
seventh grade
䞉incomplete data of municipality
characteristics

Respondents: 253 municipalities

150 municipalities

Figure 1

Ref 11-13

Flow diagram of study selection procedure. HPV, human papilloma virus.

pality characteristics (city, town, and village units) to de-

ate the combinations. However, the residual sum of

termine and assess Akaike information criterion (AIC )

squares and R squared values are limited to approxi-

scores for effective explanatory variables and their com-

mately 5 or 6 for explanatory variables１６. Therefore, in

binations.

order to evaluate the combinations, the authors used

2

CATDAP-02, which can evaluate explanatory variables

AIC represents the volume of information to evaluate a

with AIC.

combination of explanatory variables with objective variables. A lower AIC score indicates that the volume of in-

We are aware that, by also adopting the stepwise

formation is large (better model) and that the explanatory

method in logistic analysis, it is possible to select combi-

variable is more effective.

nations of optimal explanatory variables from many ex-

To select reliable variables, the Categorical Data

planatory variable candidates, but the evaluation method

Analysis Program (CATDAP)-02 was developed by the

is based on information quantity criteria such as p value,

Institute of Statistical Mathematics in Japan, using

R value, or AIC of each explanatory variable. The p

AIC.１４-１６ This program selected reliable variables by auto-

value is “material” for probabilistic determined, and size

matically analyzing all the cases of categorization among

should not be compared. As mentioned above, because

the variables. Next, statistical association between vari-

the explanatory variables are limited to 5 and 6, the infor-

ables was determined using the χ test. Continuous vari-

mation quantity criterion was adopted in the present

ables were categorized into 4-5 intervals and then ana-

study. Therefore, we adopted CATDAP-02, which has

lyzed using CATDAP-02.

been published, but we believe that it is beyond the scope

2

2

In order to select a valid explanatory variable to be in-

of this research to discuss which of the proposed infor-

cluded in the regression model, it is necessary to evaluate

mation criteria is optimal.

the explanatory variable candidate in some way. When

P-value <0.05 were considered evidence of statistical

the number of explanatory variables (independent vari-

significance. The JMP 13.0.0 software program ( 2016

ables) for the objective variable is set as k, the combina-

SAS Institute Inc. Japan) was used to perform the statisti-

tions are calculated as approximately 2 to the power of k,

cal analysis.

but there are information quantity criteria such as resid2

ual sum of squares, R squared value, AIC, etc., to evalu―22―

Table 1

Characteristics of subject: background information of 150 municipalities.
Characters of Subject

Average±SD

Range

HPV vaccination rate 2012 (%)
HPV vaccinated people 2012
Population
Household
Male to female ratio
Percentage of elderly population (%)
Percentage of young population (%)
Percentage of productive population (%)
Birth rate (%)
Basic medical examination rate (%)
Uterine cancer examination rate (%)
Total number of health examinee of the municipality
Total number of participant of group health education
Total number of receiver of Health consultation
Total number of receiver of visit instruction
Local allocation tax
Local tax
Financial index
National treasury disbursements
Prefectural endorsement
Property income (thousand yen)
Local bond
Total expenditure
Council members
Municipality staff
Municipal inhabitants tax
Fixed property tax
Kindergartens
Elementary schools
Junior high schools
Nursery school

71.8±19.3
513.4±750.8
164,437.1±237,905.3
69,080.4±107,350.3
1.05±0.05
24.8±5.03
13.2±1.80
61.9±3.66
7.74±1.91
9.13±13.6
26.9±11.2
10,337.3±14,875.0
3,550.5±4,921.9
1,545.5±2,300.0
256.0±389.2
9,135,139±9,400,809
24,876,851±42,843,832
0.62±0.27
10,185,486±18,832,144
3,529,295±4,065,534
309,713.8±627,612.2
682,632±13,003,524
65,349,135.9±106,269,874
29.2±63.5
1,107.4±1,530.0
10,807,672±18,870,098
10,926,035±17,609,286
16.7±21.2
24.6±27.2
12.3±14.6
26.6±33.7

9-100
1-4,979
2,404-1,409,297
932-676,022
0.91-1.19
14.7-36.2
19.5-8.7
53.5-70.1
2.8-15.2
0.2-100
7.7-68.8
13-99,163
76-31,961
10-14,182
1-2,263
39,474-46,408,303
117,309-287,127,225
0.09-1.25
73,009-126,172,073
160,600-25,262,412
3,324-4,364,998
0.01-81,102,900
2,185,826-771,171,614
6-789
52-10,185
43,937-129,663,031
56,131-115,588,131
1-128
1-150
1- 83
1-206

HPV, human papilloma virus.

HPV vaccination rates. The percentage of municipalities

Results

with HPV vaccination rate higher than the median in

We conducted the questionnaire survey via post, tele-

each group (in the ascending order of population) was

phone and visits. Of approximately 1,700 municipalities

63.2%, 58.8%, 57.1%, 36.1%, and 36.5%, respectively,

in Japan, we randomly selected 500 to administer the

suggesting that the vaccination rate tended to be higher in

questionnaire, of which 233 municipalities provided

municipalities with a smaller population (Figure 3).

questionnaire responses in writing or via mail or fax. Af-

We performed both univariate and multivariate regres-

ter excluding the municipalities with incomplete data re-

sion analyses using the AIC scoring system, with the

garding municipality characteristics, we enrolled 150

HPV vaccination rates in fiscal year 2012 divided into

municipalities in this study (Table 1).

two groups based on the median rate as the objective

Figure 2 shows the distribution of HPV vaccination

variables and municipality characteristics as the explana-

rates in these municipalities. We divided the municipali-

tory variables to examine effective explanatory variables.

ties into high and low HPV vaccination rate groups based

Table 2 shows 15 of 29 explanatory variables with

on the median rate of 76.5% and used them as objective

low AIC values in the univariate regression analysis. Ta-

variables.

ble 3 shows a two-dimensional cross table for the six ex-

We divided 233 responding municipalities into five

planatory variables included in the multivariate analysis.

groups depending on their population to compare the

We found that the AIC scores were the lowest for “num―23―

median
76.5 %
Municipalities (n)

70

66
60

60
50

high
vaccination
rate group

low vaccination rate group

40
30

26

24
20

17

20
10

5

6

10

20

8

1
0
0

30

40

50

60

70

80

90 ˍ

HPV vaccination rates (%)
Figure 2 A histogram of the number of municipalities according to the HPV vaccination rates. HPV,
human papilloma virus.

(%)

Number of local governments

60

50

50
40
40
30
30
20
20
10

10

0

Rate of high vaccination rate group

70

60

0
<10,000

10,000,
<30,000

30,000,
<100,000

100,000,
<200,000

200,000

Population group
Figure 3 Percentages of high and low HPV vaccination rate groups in five population-based groups
of municipalities. HPV, human papilloma virus.
Low vaccination rate group (n)
High vaccination rate group (n)
Rate of high vaccination rate group (%)

ber of kindergartens” (AIC: -22.35), followed by “popu-

effective for predicting a high HPV vaccination rate.

lation” (AIC: -11.32) and “household”(AIC: -8.66). Fur-

Table 4 presents the top five combinations of variables

thermore, lower values of these explanatory variables

in the multivariate analysis. In the multivariate analysis,

could effectively predict a high HPV vaccination rate.

we found that the combination of “ number of kinder-

Higher values for explanatory variables, such as “ na-

gartens” and “number of households” (AIC: -30.29) ex-

tional treasury disbursements” (AIC: -6.71), “percentage

hibited the lowest AIC score and was the optimal model

of the elderly population” (AIC: -5.78) were found to be

for HPV vaccination rates in local municipalities. And
―24―

Table 2 Univariate analysis of HPV vaccination rate for
characteristics of local governments.
Rank

Explanatory Variables

AIC

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Kindergarten
Population
Number of council members
Household
Number of elementary schools
National treasury disbursements
Property income
Fixed property tax
Percentage of elderly population
Prefectural endorsement
Municipal inhabitant tax
Local tax
Municipal medical examinee
Number of staff of the local government
Local bond

-22.35
-11.32
-8.94
-8.66
-7.4
-6.71
-5.95
-5.94
-5.78
-5.02
-4.2
-3.12
-2.67
-1.76
-1.76

these were considered statistically significant ( p =
0.0388).
AIC is a combination of variables when analyzing using CATDAP-02, and the p value is a combination of
those predictor variables. There is no correlation between
the AIC and p values, but from the results of multivariate
analysis, these can be said to demonstrate significance.

Discussion
Using CATDAP-02, we analyzed a program designed to
assess the optimal explanatory variables for a categorical
objective variable. The use of HPV vaccination rates
categorized into two groups based on the median as objective variables implied that factors, such as population,

HPV, human papilloma virus.

number of kindergartens, and financial condition, were

Table 3

Cross table of univariate analysis of HPV vaccination rate for characteristics of local governments.
HPV Vaccination Rate

Explanatory Variables
(median ±SD)

n (range)

Total
Low vaccination rate groupa

High vaccination rate groupb

1-6
7-128

16 (25.4%)
57 (65.5%)

47 (74.6%)
30 (34.5%)

63
87

Population
(79,576.5±237,905.3)

2,404-365,673
366,255-1409,297

58 (43.6%)
15 (88.2%)

75 (56.4%)
2 (11.8%)

133
17

Household
(932±767,600)

932-138,010
138,010-767,600

57 (44.2%)
16 (76.2%)

72 (55.8%)
5 (23.8%)

129
21

1-37
37-150

51 (42.5%)
22 (73.3%)

69 (57.5%)
8 (26.7%)

120
30

73,009-9,738,973
9,748,059-126,172,073

61 (56.0%)
12 (29.3%)

48 (44.0%)
29 (70.7%)

109
41

45 (60.0%)
28 (37.3%)

30 (40.0%)
47 (62.7%)

75
75

Kindergarten
(9±21.2)

Elementary school
(15.5±27.2)
National treasury disbursements
(4,200,464.5±18,832,144.2)
Percentage of the elderly population
(24.8±5.0)

14.7-24.2
24.2-62.0

aLow

vaccination rate group: HPV vaccination rate <76.5%.
vaccination rate group: HPV vaccination rate ≥76.5%.
HPV, human papilloma virus.
bHigh

Table 4 Multivariate analysis of HPV vaccination rate for characteristics of local governments.
Rank

Explanatory variables

AIC

p-value

1
2
3
4
5

Kindergarten, household
Kindergarten, population
Kindergarten, household, percentage of the elderly population
Kindergarten, elementary school
Kindergarten, household, elementary school

-30.29
-27.52
-26.78
-26.6
-24.29

0.0388
0.0469
0.0084
0.0528
0.0312

HPV, human papilloma virus.
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programs using the internet, are particularly important.１９，２０

associated with HPV vaccination rates.
Thus, we used CATDAP-02 to investigate the optimal

In the case of measles and voluntary vaccination, con-

explanatory variables and their combinations using a

trary to the results of the present study, it was reported

two-dimensional cross table analysis. The advantage of

that few infants, a high percentage of elderly persons,

this method was that the number of explanatory variables

low income and low educational background of parents,

and the sample size could be applied irrespective of col-

young age of mothers, etc., were correlated with a low

linearity, and explanatory variables and their combina-

vaccination rate.２１-２４

tions could be compared and evaluated using the AIC

Furthermore, the fact that the number of households is

scoring system. Hence, we considered this method suit-

smaller than that of Table 3 and 4 appears to be a factor

able for this study.

that increases the vaccination rate, and on the basis of

Cost-benefit analyses of HPV vaccination in Japanese

such findings, there is a possibility that the vaccination

females have demonstrated the relevance of public-

rate is higher in municipalities with more households,

funded vaccination.

２，
１７

Using this economic evaluation

such as those with three generations living together,

simulation model, the present study estimated an ap-

rather than nuclear families. This suggests the possibility

proximately 73% decrease in the future incidence and

of increasing the vaccination rate by increasing the infor-

mortality of cervical cancer by HPV vaccination of the

mation from parents and legal guardians such as grand-

entire population of 12-year-old girls and a 19-43 billion

parents.

yen reduction in the social disease burden by public-

However, regarding the correlation between the pro-

funded HPV vaccination of 10-45-year-old females. As

portion of elderly population and influenza vaccination

the relevance of public-funded HPV vaccination has al-

coverage rate, concerning the influenza vaccination rate

ready been established in developed countries, such sys-

of the elderly, a positive correlation with proportion of

tems have been established in many countries, and HPV

the elderly population and the cancer screening examina-

vaccination is available entirely or nearly without out-of-

tion rate showed a negative correlation with population

pocket expense through health insurance, particularly for

density２５.

adolescent girls, the primary target population for vacci-

The fact that the vaccination cost is free has been men-

４

nation.

tioned as an important factor affecting vaccination be-

While almost no reports exist for examining munici-

haviors for all vaccinations.２６ Thus, it could be inferred

pality characteristics associated with HPV vaccination

that the public expenditure burden ratio and other vacci-

rates in regions in Europe and the United States, a recent

nation recommendation methods may be influenced by

study conducted in England found that local authorities

the financial situation of the municipality.

with more number of high-income families had lower

Municipalities with high vaccination rates accounted

vaccination rate than that of local authorities with more

for 57%-63% of municipalities with a population of <

low-income families.

100,000, with vaccination rates being 1.5-1.8-fold greater

Local authorities with a higher percentage of whites

than those in municipalities with larger populations.

had higher HPV vaccination rates than those with a

These data suggested that more detailed government

higher percentage of nonwhites. Furthermore, local

services, such as personalized services, are possible and

authorities with more education deprivation had higher

could thus affect the vaccination rate in low-population

vaccination rates. Local authorities with higher propor-

municipalities.

tions of high-status occupations had worse vaccination

And it is also suggested that in municipalities with a

coverage.１８

large population, there tends to be a low rate of known

In Japan also, there are few studies comparing charac-

inoculation history. In addition, it is difficult to respond

teristics of municipalities as factors related to improving

to/notify persons who have not been vaccinated, which

the rate of cervical cancer vaccination, but it has been in-

may have an influence on the vaccination rate.

dicated that vaccination education and information provi-

Unlike municipal services, municipality characteristics

sion to target persons and parents, and public awareness

are not factors that can be readily changed to increase the
―26―

HPV vaccination rate. However, while the recommenda-

vaccination in Japanese women. Int J Gynecol Cancer 20
(3): 385―392, 2010
3．Phillips A, Patel C, Pillsbury A et al: Safety of human
papillomavirus vaccines: an updated review. Drug Saf 41
(4): 329―346, 2018
4．Donken R, Bogaards JA, van der Klis FR et al: An exploration of individual- and population-level impact of
the 2-dose HPV vaccination schedule in pre-adolescent
girls. Hum Vaccin Immunother 12 (6): 1381―1393, 2016
5．Sawada M, Ueda Y, Yagi A et al: HPV vaccination in
Japan: results of a 3-year follow-up survey of obstetricians and gynecologists regarding their opinions toward
the vaccine. Int J Clin Oncol 23 (1): 121―125, 2018
6．Bosch FX, Broker TR, Forman D et al: Comprehensive
control of human papillomavirus infections and related
diseases. Vaccine 31 (Suppl 7): H1―H31, 2013
7．McGhee E, Harper H, Ume A et al: Elimination of cancer health disparities through the acceleration of HPV
vaccines and vaccinations : a simplified version of the
president’s cancer panel report on HPV vaccinations. J
Vaccines Vaccin 8 (3): 361, 2017
8．Fisher WA: Understanding human papillomavirus vaccine uptake. Vaccine 30 (Suppl 5): F149―F156, 2012
9．Andersen RM, Davidson PL: Improving access to care in
America : Individual and contextual indicators. Part 1.
Access to health care. In Changing the U.S. Health Care
System: Key Issues in Health Services Policy and Management, 3rd ed. (Andersen RM, Rice TH, Kominski GF
eds), pp3―32, Jossey-Bass, San Francisco (2007)
10．Statistics of Japan: 2010 Census, https://www.e-stat.go.j
p/stat-search/files?page=1&layout=datalist&toukei=002
00521&tstat=000001049104&cycle=0&tclass1=000001
049105. (accessed on February 2019) (in Japanese)
11．Ministry of Internal Affairs and Communications: Basic
resident registry 2012, http://www.soumu.go.jp/menu_ne
ws/s-news/01gyosei02_02000042.html. ( accessed on
February 2019)
12．Ministry of Internal Affairs and Communications :
Municipality financial status survey 2012, http://www.so
umu.go.jp/iken/zaisei/h24_shichouson.html. ( accessed
on February 2019)
13．Statistics of Japan: Basic school survey 2012, Ministry
of Education Culture, Sports, Science and technology
Japan. https://www.e-stat.go.jp/stat-search/files?page=1
&layout=datalist&toukei=00400001&tstat=0000010115
28&cycle=0&tclass1=000001052980&tclass2=0000010
58986&tclass3=000001059048. ( accessed on February
2019)
14．Sakamoto Y: Categorical Data Analysis by AIC (Mathe
matics and its applications, Japanese series 7 ) . KTK
Scientific Publishers, Tokyo (1992)
15．Katsura K, Sakamoto Y: CATDAP, A Categorical Data
Analysis Program Package. In Computer Science
Monographs, vol.14. Institute of Statistical Mathematics,
Tokyo (1980)
16．Dowdy S, Wearden S: 14.5.Model fitting. In Statistics
for Research, Second Edition. pp 486 ― 487, WileyInterscience, Hoboken (1991)
17．Ueda N, Yokouchi R, Onoda T et al: Characteristics of
articles about human papillomavirus vaccination in
japanese newspapers: time-series analysis study. JMIR

tion for periodic vaccination continues to remain suspended in Japan, HPV vaccination measures and policies
by local governments are crucial. The results of this
study offers useful information to predict the characteristics of municipalities that determined the effectiveness of
measures and policies implemented to improve the HPV
vaccination rates.
The higher the number of residents, the more insufficient government consideration of individuals tends to
be. Conversely, it is easier for the government to communicate its intentions and to receive demands from residents in smaller populations. Therefore, it is not always
true that cities with a larger budget have improved vaccination rates.

Conclusions
In the present study, a small number of kindergartens and
a high ratio of national treasury disbursements and elderly persons were correlated as predictors in improving
the HPV vaccination rate, and a high population and
number of households were correlated as risk factors for
a low vaccination rate.
Based on these findings, it is predicted that the population aging rate is predicted to display an increasing trend
in the future, and information provision and awareness
programs aimed at the parents of targets of vaccination
and the local community appear to contribute to improving the vaccination rate.
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