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ABSTRACT

Background: Longitudinal assessment of the impact of tobacco price on smoking cessation is scarce. Our objective
was to investigate the effect of a price increase in October 2010 on cessation rates according to gender, age,
socioeconomic status, and level of tobacco dependence in Japan.
Methods: We used longitudinal data linkage of two nationally representative studies and followed 2702 smokers for
assessment of their cessation status. The odds ratios (ORs) for cessation were calculated using logistic regression. To
estimate the impact of the 2010 tobacco price increase on cessation, data from 2007 were used as a reference
category.
Results: Overall cessation rates significantly increased from 2007 to 2010, from 3.7% to 10.7% for men and from
9.9% to 16.3% for women. Cessation rates were 9.3% for men who smoked 1–10 cigarettes per day, 2.7% for men
who smoked 11–20 cigarettes per day, and 2.0% for men who smoked more than 20 cigarettes per day in 2007. These
rates increased to 15.5%, 10.0%, and 8.0%, respectively, in 2010. The impact was stronger among subjects who
smoked more than 11 cigarettes per day than those who smoked 1–10 cigarettes per day in both sexes: ORs for 2010
were 4.04 for those smoking 11–20 cigarettes per day, 4.26 for those smoking more than 20 cigarettes per day, and
1.80 for those smoking 1–10 cigarettes per day in the main model in men. There were no obvious differences in the
relationship between tobacco price increase and smoking cessation across age and household expenditure groups.
Conclusions: The tobacco price increase in Japan had a significant impact on smoking cessation in both sexes,
especially among heavy smokers, with no clear difference in effect by socio-demographic status.
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INTRODUCTION

Assessment of the impact of tobacco price increases on
changes in smoking behaviors in different social groups is
a priority in health policy research.1,2 Tobacco taxation
(generally accompanying a price increase for tobacco
products) has been considered the best practice for reducing
population tobacco use and inherent smoking inequality.3,4

From a population health perspective,5 a population-based
intervention, such as a countrywide tobacco price increase, is
expected to affect not the only the affluent population but also
high-risk and vulnerable populations. Previous studies have
shown that tobacco price increases reduce tobacco use and

smoking inequality because they have a stronger influence
on the poor and the young than the affluent and the old in
developed countries, such as the United States, Scotland, and
Australia.4 However, mixed results were also reported for
differences in age, gender, and education.2,6 Moreover, a high
rate of tobacco dependence has been shown to strongly predict
low rates of smoking behavior change, including smoking
cessation.7

Since the tobacco tax was established in Japan in 1998, the
tobacco tax/price has been increased three times (July 1, 2003;
July 1, 2006; and October 1, 2010). Therefore, the price of
a pack of 20 of the most popular brand of cigarette in Japan,
Mild Seven, increased from 250 yen to 270 yen (8% increase)
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in 2003, to 300 yen (11% increase) in 2006, and to 410 yen
(37% increase) in 2010.8 The tobacco industry has also
increased the price for its own benefit. Partly as a result of
these price increases, adult smoking prevalence in Japan has
declined: the proportion of current smokers has decreased
from 48% in 2001 to 33% in 2010 among men, and from 14%
in 2001 to 10% in 2010 among women.9 However, according
to the affordability index, the price of tobacco was considered
to be very low in Japan in 2009.10 Of all developed countries
surveyed, cigarettes were most affordable in Japan in 2009
(people only had to work for 11.5 minutes to earn the price of
a pack of 20 cigarettes).10 Even after the 2010 price increase,
this figure was expected to be around 16 minutes, whereas
in other developed countries, such as Australia, Canada, and
the Netherlands, it was 30 minutes in 2009.10 Because the
affordability of tobacco in Japan may create special conditions
for smokers, the impact of a tobacco price increase on
smoking behavior and smoking inequality should be specifi-
cally assessed. Very few longitudinal studies have examined
the effect of tobacco price on rates of smoking cessation,4,11,12

and the present paper is the first to use linkage data (ie, used as
longitudinal data) to explore this effect in Japan.

Our objective was to investigate the impact of tobacco
price increases on rates of smoking cessation according to
and adjusted for different variables, such as gender, age,

socioeconomic status and level of tobacco dependence, in
Japan, a developed country with affordable tobacco.10

METHODS

Data
We used linkage data from the 2007 and 2010 versions of
the Comprehensive Survey of Living Conditions of People
on Health and Welfare (CSLC) and the National Health and
Nutritional Survey (NHNS), which were conducted by the
Japanese Ministry of Health, Labour and Welfare (MHLW).
The CSLC collects information on health-related factors, such
as smoking behaviors, every 3 years in the first week of June,
while the NHNS collects information on smoking behaviors
annually in November (on a weekday). Out of 940 000
inhabited census tracts (the sampling unit for national census
in 2005), 5440 were randomly sampled across Japan in 2007
(5510 in 2010, independently from 2007) for the collection of
CSLC data from all household members within each census
tract. Of the tracts selected for CLSC, 300 were randomly
selected for the NHNS; therefore, some CLSC respondents
were interviewed again 5 months later in the NHNS (Figure).
Data were available for 229 821 (response rate: 79.9%)

households in 2007 and 228 864 (79.1%) households in 2010
for the CSLC9 and 3508 (66.5%) households in 2007 and

Figure. Time frame around the study.
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3684 (68.8%) in 2010 for the NHNS.13,14 Linkage data within
each year from subjects who responded to both surveys with
smoking information and who were aged 20–79 years at
baseline were analyzed. Of 11 088 non-institutionalized
eligible subjects (2639 men and 2995 women in 2007; 2598
men and 2856 women in 2010), 2702 were current smokers at
baseline in the present study (1080 men and 355 women in
2007 and 961 men and 306 women in 2010). Data were used
with permission from MHLW. Analyses of national survey
data are exempt from ethical review according to the
Epidemiological Research Guidelines.

Smoking
First, individuals from the 2007 and 2010 CSLC were
categorized as current smokers or non-current smokers at
baseline. In the CSLC, smoking habits were assessed based
on the following four categories: (a) “I don’t smoke”; (b) “I
smoke every day”; (c) “I smoke occasionally but not every
day”; and (d) “I have stopped smoking for more than 1
month”. We categorized (b) and (c) as current smokers (as of
June). The NHNS divided subjects into “ever smokers” and
“never smokers” and asked, “Do you now smoke cigarettes
every day, some days, or not at all (stopped smoking more
than 1 month)?” We categorized ever smokers who reported
smoking “every day” or “some days” as current smokers (as
of November).

Current smoker prevalence was defined as the rate of
current smokers among study subjects (considering June or
November timing of outcome assessment as subgroups).
Smoking cessation was identified by smokers in June (CSLC)
who were no longer smokers in November (NHNS). The
smoking cessation rate was calculated as the percentage of
current smokers (as of June) who did not smoke at the time
of the NHNS (as of November): that is, the percentage of
“non-current smokers” in the NHNS among current smokers
in the CSLC.

Variables
Variables related to smoking behaviors (identified from the
CSLC) were used to identify the characteristics of the baseline
study subjects and to control for their possible confounding
effects (if they met the requirements for confounding). In
line with previous studies,15,16 we used age, household
expenditure, housing tenure (home-owner or not), employ-
ment status (working or not), marital status (married, never
married, or widowed/divorced), self-rated health (poor or not),
number of cigarettes smoked per day (1–10, 11–20, or >20),
and number of other household smokers (0 or ≥1) (see
supplementary methods in eMaterial). The number of
cigarettes smoked per day was regarded as a proxy indicator
for tobacco dependence.17,18 The cutoffs of 10 and 20
cigarettes were used because the CSLC questionnaire had
categories of 1–10, 11–20, 21–30, and ≥31 cigarettes, and
we modified the category on the basis of its distribution.

Statistical analysis
As the tobacco price increase occurred during the period
between the CSLC (June) and the NHNS (November) in 2010,
we had a unique opportunity to analyze the effect of the
increase. Statistical analyses were conducted separately for
men and women, because there are large gender differences
in smoking behaviors in most Asian countries, including
Japan.19 Basic characteristics and smoking cessation rates were
tabulated according to the above-mentioned variables. Fisher’s
exact test was used to compare the differences in subject
characteristics and cessation rates between 2007 and 2010.
Univariate logistic regression among a pooled sample of

participants in 2007 and 2010 (separately for men and
women) was applied to calculate crude odds ratios (ORs)
with 95% confidence intervals (CIs) for smoking cessation.
Multivariate logistic regression was used to calculate adjusted
ORs. To estimate the impact of the October 2010 tobacco
price increase on smoking cessation, cessation status in 2007
was used as a reference category (ie, 2007 versus 2010),
because there was no price increase during the 5 months of
follow-up from June to November in 2007.
In addition to sex separation, stratified analyses were

implemented to estimate whether the association between
tobacco price increase and smoking cessation rates varied
according to age, socioeconomic status, or tobacco
dependence. We used household expenditure as a socioeco-
nomic variable in the stratified analysis, because expenditure
is an analog of income (ie, a representative socioeconomic
factor) in Japan.20 Subjects with a missing value for cigarettes
smoked per day were excluded from the regression analyses,
while a missing value category on expenditure was used as a
dummy variable because of the high frequency of missing
expenditure values. In addition, to confirm the interaction
effect between tobacco price and personal factors, such as age,
we also conducted multivariate analyses using interaction
terms. We modified the interaction term according to the
results of the stratified analyses, generating a new
dichotomized category; for example, cigarettes smoked per
day of 11 or more (ie, both “11–20” and “>20”) were scored
as 1 for the “2010/Cigarettes per day of 11 or more” category
and as 0 for the remaining three combination categories (eg,
“2007/Cigarettes per day of 1–10”).
Probability values for statistical tests were two tailed, and

P < 0.05 was regarded as statistically significant. All statistical
analyses were performed using SAS version 9.2 (SAS
Institute, Cary, NC, USA).

RESULTS

The prevalence of current smoking in June 2007 and 2010
among all subjects (including smokers and non-smokers) is
shown in eTable 1. The overall prevalence of current smoking
in June significantly decreased from 2007 to 2010 for men
(40.9% to 37.0%) but not for women, although prevalence
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decreased by approximately 10% in both sexes from 2007
to 2010.

Basic characteristics of current smokers in June, comparing
2007 with 2010, are shown in Table 1. A statistically
significant difference in the distribution between 2007 and
2010 was observed only in “cigarettes smoked per day” in
men. All other variables were not significantly different
between 2007 and 2010. Based on these results, we treated
“cigarettes smoked per day” as a confounding factor for men
in subsequent multivariate analyses.

Rates of smoking cessation among smokers after 5 months
of follow-up, according to basic characteristics, are shown in
Table 2. Overall cessation rates significantly differed between
2007 and 2010 (3.7% to 10.7% for men and 9.9% to 16.3%
for women). Smoking cessation rates were 9.3% for men who
smoked 1–10 cigarettes per day, 2.7% for men who smoked
11–20 cigarettes per day, and 2.0% for men who smoked more
than 20 cigarettes per day in 2007; these rates increased to
15.5%, 10.0%, and 8.0%, respectively, in 2010. A statistically
significant difference in cessation rates between 2007 and
2010 was observed in the following groups: those who

smoked 11–20 cigarettes per day, the highest household
expenditure tertile, non-home-owners, and married par-
ticipants of both sexes; and men who smoked more than 20
cigarettes per day, did not live with other household smokers,
who lived with one or more household smokers, all age
groups, home-owners, who were working, and who did not
have poor self-rated health.
Table 3 shows logistic regression results for 2010 compared

with 2007 for smoking cessation rates according to baseline
stratification. The cigarettes smoked per day-adjusted model
(ie, the crude model in the cigarettes smoked per day
stratification) was considered an appropriate model (main
model) to account for confounding in men, while the
unadjusted crude model was used in women. For men,
significant ORs for cessation for the period of June to
November 2010 were observed in all stratifications except for
1–10 cigarettes smoked per day and did not change materially
after additional adjustment for age group (adjustments for
other variables also did not significantly change the results;
data not shown). The ORs for cessation were stronger among
men than among women (ORs of 3.01 [95% CI, 2.06–4.39]

Table 1. Basic characteristics of current smokers in June, comparison between 2007 and 2010 (baseline)

Characteristics

Men Women

2007
n = 1080

2010
n = 961

P for
differencea

2007
n = 355

2010
n = 306

P for
differencea

Cigarettes per day 0.009 0.257
1–10 205 (19.0) 219 (22.8) 121 (34.1) 125 (40.9)
11–20 523 (48.4) 490 (51.0) 186 (52.4) 150 (49.0)
>20 348 (32.2) 249 (25.9) 45 (12.7) 29 (9.5)
Missing 4 (0.4) 3 (0.3) 3 (0.9) 2 (0.7)

Other household smoker(s) 0.509 0.813
None 733 (67.9) 639 (66.5) 147 (41.4) 130 (42.5)
One or more 347 (32.1) 322 (33.5) 208 (58.6) 176 (57.5)

Household expenditure 0.369 0.434
1st (lowest) tertile 335 (31.0) 293 (30.5) 115 (32.4) 98 (32.0)
2nd tertile 338 (31.3) 316 (32.9) 104 (29.3) 99 (32.4)
3rd (highest) tertile 338 (31.3) 307 (32.0) 108 (30.4) 94 (30.7)
Missing 69 (6.4) 45 (4.7) 28 (7.9) 15 (4.9)

Age group, years 0.230 0.727
20–39 378 (35.0) 317 (33.0) 149 (42.0) 122 (39.9)
40–59 459 (42.5) 397 (41.3) 151 (42.5) 130 (42.5)
60–79 243 (22.5) 247 (25.7) 55 (15.5) 54 (17.7)

Home owner 0.165 0.678
No 226 (20.9) 226 (23.5) 118 (33.2) 97 (31.7)
Yes 854 (79.1) 735 (76.5) 237 (66.8) 209 (68.3)

Employment status 0.621 0.662
Working 926 (85.7) 811 (84.4) 239 (67.3) 197 (64.4)
Not working 142 (13.2) 136 (14.2) 113 (31.8) 107 (35.0)
Missing 12 (1.1) 14 (1.5) 3 (0.9) 2 (0.7)

Marital status 0.174 0.967
Married 834 (77.2) 710 (73.9) 226 (63.7) 198 (64.7)
Never married 191 (17.7) 201 (20.9) 69 (19.4) 57 (18.6)
Widowed/Divorced 55 (5.1) 50 (5.2) 60 (16.9) 51 (16.7)

Poor self-rated health 0.354 0.466
No 914 (84.6) 826 (86.0) 281 (79.2) 254 (83.0)
Yes 129 (11.9) 97 (10.1) 62 (17.5) 44 (14.4)
Missing 37 (3.4) 38 (4.0) 12 (3.4) 8 (2.6)

aP for difference was calculated by Fisher’s exact test.
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for men and 1.80 [95% CI, 1.13–2.87] for women in the main
model). The ORs for cessation were higher among subjects of
both sexes who smoked 11–20 or more than 20 cigarettes per
day than among those smoked 1–10 cigarettes per day (eg,
ORs of 4.04 [95% CI, 2.20–7.42] for 11–20 cigarettes smoked
per day, 4.26 [95% CI, 1.77–10.23] for more than 20
cigarettes smoked per day, and 1.80 [95% CI, 0.99–3.27]
for 1–10 cigarettes smoked per day in the main model in
men). There were no obvious differences in the relationships
between the stratified gradation of household expenditure
tertiles or age groups and the impact of the tobacco price
increase on smoking cessation for either sex (eg, the OR for
cessation was highest in the lowest expenditure tertile than in
the highest expenditure tertile in men, while the inverse was
true in women). In additional models using an interaction
term, the interaction term “2010/Cigarettes smoked per day of
11 or more” category showed a significant OR of 2.32 (95%
CI, 1.06–5.05) in men. No other interaction terms were
significant in either sex (data not shown).

DISCUSSION

The tobacco price increase in Japan, which was implemented
in October 2010, was found to be associated with significantly
increased cessation rates in 2010 compared with rates in 2007.
Our findings support the notion that tobacco price increase is
one of the best practices for advancing tobacco control.2 The
tobacco price increase was estimated to increase absolute
smoking cessation rates by 7.0% for men and 6.5% for women
during 5 months in 2010 compared with the same time period
in 2007. Since there are no local-level price variations and
the regulated elevated tobacco price was applied concurrently
at the time of tobacco taxation and industrial price increase
within Japan under the Tobacco Business Law21 (ie, with no
time-delay of the market price increase overall Japan), all
subjects were assumed to be affected by the price increase in
2010. Although the tax was increase on October 1, 2010,
at least 1 month before the survey in November 2010,
the intervention may have had an impact prior to its

Table 2. Smoking cessation rates (during 5 months of follow-up) and increase (absolute value) in 2010 compared with 2007
among smokers according to baseline characteristics

Characteristics

Smoking cessation rates (%) among smokers

Men Women

2007
%

2010
%

Increase
% point

P for
differencea

2007
%

2010
%

Increase
% point

P for
differencea

Overall population 3.7 10.7 7.0 <0.001 9.9 16.3 6.5 0.014
Cigarettes per day
1–10 9.3 15.5 6.3 0.057 18.2 22.4 4.2 0.432
11–20 2.7 10.0 7.3 <0.001 5.9 13.3 7.4 0.023

>20 2.0 8.0 6.0 0.001 2.2 3.5 1.2
Not

applicable
Other household smoker(s)
None 4.1 11.3 7.2 <0.001 12.2 18.5 6.2 0.180
One or more 2.9 9.6 6.8 0.000 8.2 14.8 6.6 0.051

Household expenditure
1st (lowest) tertile 3.0 12.0 9.0 <0.001 11.3 12.2 0.9 0.835
2nd tertile 3.0 8.5 5.6 0.002 5.8 13.1 7.4 0.092
3rd (highest) tertile 4.7 12.4 7.7 0.001 10.2 24.5 14.3 0.008

Age group, years
20–39 3.7 10.1 6.4 0.001 9.4 16.4 7.0 0.098
40–59 2.8 9.8 7.0 <0.001 8.6 13.9 5.2 0.184
60–79 5.4 13.0 7.6 0.005 14.6 22.2 7.7 0.332

Home owner
No 2.7 9.7 7.1 0.003 5.9 14.4 8.5 0.041
Yes 4.0 11.0 7.0 <0.001 11.8 17.2 5.4 0.107

Employment status
Working 3.1 10.7 7.6 <0.001 8.4 13.2 4.8 0.118
Not working 7.0 11.0 4.0 0.297 13.3 22.4 9.2 0.081

Marital status
Married 3.1 11.6 8.4 <0.001 11.1 19.7 8.6 0.015
Never married 5.8 8.5 2.7 0.332 8.7 14.0 5.3 0.401

Widowed/Divorced 5.5 8.0 2.6 0.706 6.7 5.9 −0.8
Not

applicable
Poor self-rated health
No 3.7 10.4 6.7 <0.001 11.0 16.9 5.9 0.080
Yes 3.1 9.3 6.2 0.060 4.8 13.6 8.8 0.158

aP for difference was calculated by Fisher’s exact test.
Note: Some increases do not match the results using these figures due to rounding up.
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implementation in practice (eg, via anticipation effects).22 In
fact, according to a survey of cessation intention among
smokers in August–September 2010 (ie, immediately before
the tax increase),23 53% of smokers intended to quit because
of the tax increase (1 or 2 months after the survey), and 72%
of cessation-intending smokers reported that they intended to
quit by the day of the tax increase. Therefore, cessation during
June to November in 2010 was evaluated as a total effect of
the tobacco price increase compared with 2007. Because there
were no major smoking restrictions or other tobacco control
measures between 2007 and 2010 (except medication for
nicotine dependence using varenicline and nicotine patches,
which started to be sold in 2008) in Japan,21 we considered
2007 to be a reasonable reference category.

The ORs for smoking cessation after implementation of the
price increase were higher among men than among women.
Although women showed higher absolute cessation rates than
men in both 2007 and 2010, tobacco price increase may have
a more powerful effect on smoking cessation in men than in

women. This is possibly because men have relatively less
disposable money than women,24 women are more health
conscious than men,25 and women may have more occasions
to stop smoking, such as during a pregnancy, than men.26

Because no other major tobacco control policies were
implemented between 2007 and 2010 in Japan,21 the price
increase appears likely to have been the cause of the increased
cessation rates.
Generally, tobacco dependence inhibits smoking cessation.7

However, the effect of tobacco dependence on the association
between tobacco price increase and smoking cessation was
previously unknown.4 In the current study, the price increase
showed higher ORs for smoking cessation among those who
smoked more heavily, although we did not focus on women
who smoke more than 20 cigarettes per day, because they
showed wide variance due to the small number of outcomes
(n = 2) in the category. The additional analyses using
interaction terms confirmed our interpretation of the results
using stratification analyses, although the non-significance of
the interaction terms in women did not mean that there was no
interaction; this lack of an interaction effect might be due in
part to the small sample size. When the number of cigarettes
smoked per day was interpreted as a proxy of tobacco
dependence, the analysis yielded a surprising tendency
toward cessation among heavier smokers, in contrast to the
expectation that tobacco dependence inhibits smoking
cessation.7,12 This result may be because the increase in
tobacco price has a greater impact on those who smoke more
heavily. Further, smokers who were likely to be sensitive to
tobacco price increases and who were likely to have stopped
smoking might have continued to smoke, as tobacco remains
affordable in Japan despite the price increases.10

Policy implication
The Health Japan 21 (second version), a health promotion
strategy in Japan, prioritized the reduction of smoking
prevalence and health inequality, including smoking
inequality.27 The strategy’s primary target for smoking
prevalence was 12% among adults by 2022. In 2010, NHNS
showed a large reduction in smoking prevalence in Japan due
to the 2010 tobacco price increase, but the 2011 NHNS (which
enrolled an independent sample from the 2010 survey)
reported an increased smoking prevalence compared with
2010 (from 19.5% to 20.1% for adults of both sexes).14

Among smokers who quit, only a small proportion succeed
long-term28; this relapse might be due in part to the low
tobacco price in Japan, even after the price increase in 2010. A
previous study in California revealed that the impact of a price
increase only lasted for 4 months after the tobacco price was
raised by 95 cents in 1998.29 Further intensive tobacco price
increases will be required in Japan to promote continued
smoking cessation.
Previous studies found that tobacco price increases

promoted smoking cessation more among the poor and the

Table 3. Crude and adjusted odds ratios for year 2010
(versus 2007) for smoking cessation among
smokers

Stratification variable

OR (95% CI)

Men Women

2010 (ref = 2007) 2010 (ref = 2007)

Total n = 2034 n = 656
Crude 3.12 (2.14, 4.55) 1.80 (1.13, 2.87)a

Cigarettes per day-adjusted 3.01 (2.06, 4.39)a 1.68 (1.04, 2.70)
Age and cigarettes per day-adjusted 3.09 (2.12, 4.50) 1.78 (1.12, 2.85)

1–10 cigarettes per day n = 424 n = 246
Crude 1.80 (0.99, 3.27)a 1.30 (0.70, 2.43)a

Age-adjusted 1.84 (1.01, 3.35) 1.29 (0.69, 2.41)
11–20 cigarettes per day n = 1013 n = 336
Crude 4.04 (2.20, 7.42)a 2.45 (1.13, 5.29)a

Age-adjusted 3.93 (2.14, 7.23) 2.40 (1.11, 5.19)
>20 cigarettes per day n = 597 n = 74
Crude 4.26 (1.77, 10.23)a 1.57 (0.09, 26.15)a

Age-adjusted 4.15 (1.72, 10.00) NC

Household expenditure, lowest n = 628 n = 212
Crude 4.41 (2.14, 9.07) 1.00 (0.43, 2.35)a

Cigarettes per day-adjusted 4.52 (2.19, 9.35)a NC
Age and cigarettes per day-adjusted 4.50 (2.18, 9.31) NC

Household expenditure, middle n = 650 n = 201
Crude 3.07 (1.46, 6.45) 2.47 (0.90, 6.79)a

Cigarettes per day-adjusted 2.92 (1.38, 6.17)a 2.82 (1.00, 7.94)
Age and cigarettes per day-adjusted 2.94 (1.39, 6.22) 2.84 (1.01, 8.03)

Household expenditure, highest n = 642 n = 201
Crude 2.84 (1.55, 5.20) 2.83 (1.29, 6.18)a

Cigarettes per day-adjusted 2.69 (1.45, 4.99)a NC
Age and cigarettes per day-adjusted 2.67 (1.43, 4.97) NC

Age group, 20–39 years n = 691 n = 267
Crude 2.94 (1.54, 5.62) 1.94 (0.92, 4.11)a

Cigarettes per day-adjusted 2.64 (1.37, 5.08)a NC
Age group, 40–59 years n = 856 n = 280
Crude 3.74 (1.97, 7.11) 1.69 (0.80, 3.61)a

Cigarettes per day-adjusted 3.55 (1.86, 6.76)a NC
Age group, 60–79 years n = 487 n = 109
Crude 2.60 (1.33, 5.08) 1.68 (0.63, 4.50)a

Cigarettes per day-adjusted 2.77 (1.41, 5.47)a 1.65 (0.60, 4.51)

CI, confidence interval; NC, not converged; OR, odds ratio; ref,
reference category.
aModels that were considered as main models accounting for
confounding.
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young than among the affluent and the old.1,2,4 However,
our findings in the present study did not support these
associations, with increased cessation rates observed in all
groups. The early years of public health interventions, such as
health information campaigns, are often damaging in terms of
health equity.5 According to the inverse equity hypothesis,30

affluent sections of society preferentially benefit from, or
exploit, such interventions, leading to an initial increase in
inequalities (the “early stage”). Deprived sections of society
only begin to catch up once affluent sections of society have
extracted the maximum possible benefit (the “late stage”).
Having the cheapest tobacco price of all developed countries
may keep Japan in the “early stage” of the tobacco price
control intervention, delaying progression to the “late stage”
phase of reducing health inequality. From a health inequality
perspective, further tobacco price increases are necessary in
Japan.

Limitations
There are several limitations to the study. First, smoking
variables were self-reported, without biomarker validation;
however, the reliability of self-reported smoking behavior was
generally high.31 Second, we could not separate the effect of
other tobacco control measures from those of the tobacco price
increase. However, the weight of this effect may be small,
because the only other major tobacco control measures in
Japan between 2007 and 2010 were the use of varenicline
and the introduction of nicotine patches in 2008.21 Third, the
estimated association may be biased by unmeasured factors,
which may contribute to the heterogeneity in findings of the
present study and other tobacco price research, including
industry activity to reduce price for consumers, opportunities
for tax avoidance, smuggling, economic inflation, and product
substitution due to wide price ranges.3,4 However, the
influence of the former four factors might be low in Japan,
because the tobacco industry did not reduce the tobacco price;
it is difficult to avoid tax across national borders because Japan
is an island country; smuggling into Japan is rare, although
smuggling from Japan is a problem32; and, although it is
important to account for the effects of inflation when multiple
years of data are employed,4 changes in the rate of the inflation
in Japan were very small between 2007 and 2010.33 An
increased share of low-price tobacco products was observed in
Japan after 2010 according to tobacco industry reports34: For
example, a popular cheap brand, “Echo”, increased its share of
the market by 0.5% in 2011 compared with 2010. Therefore,
the impact of product substitution is expected, although the
magnitude may not be large. Fourth, the longitudinal approach
is ideally suited to the study of change in smoking behaviors
over time. However, longitudinal studies generally include
fewer subjects than other methods, so a high percentage of
the subjects will be lost to follow up.13 If those lost to follow-
up differ in important respects from those who continue to be
studied, the results may be compromised.35

Conclusion
We found that the 2010 tobacco price increase had a
significant impact on smoking cessation among both sexes
in Japan, especially those who smoked a large number of
cigarettes. There were no obvious differences in the
relationship between tobacco price increase and smoking
cessation according to socio-demographic status, such as age
or household expenditure. These findings suggest that there is
an urgent need for additional tobacco price increases to reduce
tobacco use and smoking inequality in Japan.

ONLINE ONLY MATERIALS

eTable 1. Number (prevalence) of current smokers at June
according to basic characteristics of total subjects.
eMaterial 1. Supplemental methods, results, reference.
eMaterial 2. Abstract and main text in Japanese.

ACKNOWLEDGEMENTS

This work was supported by the Ministry of Health, Labour
and Welfare (Grant; Comprehensive Research on Life-Style
Related Diseases including Cardiovascular Diseases and
Diabetes Mellitus (H25-010)). We thank Dr. A. Oshima for
valuable comments. We also thank Dr. J. Mortimer for her
English language editing.
Conflicts of interest: Dr. Nakamura received a Medical

Education grant from Pfizer Japan, Inc., for the smoking
cessation training program development and dissemination
project (J-STOP) as a member of Japan Medical-Dental
Association for Tobacco Control.

REFERENCES

1. Hill S, Amos A, Clifford D, Platt S. Impact of tobacco control
interventions on socioeconomic inequalities in smoking: review
of the evidence. Tob Control. 2014;23(e2):e89–97.

2. Thomas S, Fayter D, Misso K, Ogilvie D, Petticrew M, Sowden
A, et al. Population tobacco control interventions and their
effects on social inequalities in smoking: systematic review.
Tob Control. 2008;17:230–7.

3. Wilson LM, Avila Tang E, Chander G, Hutton HE, Odelola OA,
Elf JL, et al. Impact of tobacco control interventions on smoking
initiation, cessation, and prevalence: a systematic review.
J Environ Public Health. 2012;2012:961724.

4. International Agency for Research on Cancer. IARC Handbooks
of Cancer Prevention Tobacco Control Volume 14: Effectiveness
of Tax and Price Policies for Tobacco Control. Lyon, France;
2011.

5. Frohlich KL, Potvin L. Transcending the known in public health
practice: the inequality paradox: the population approach and
vulnerable populations. Am J Public Health. 2008;98:216–21.

6. Amos A, Greaves L, Nichter M, Bloch M. Women and tobacco:
a call for including gender in tobacco control research, policy
and practice. Tob Control. 2012;21:236–43.

7. Vangeli E, Stapleton J, Smit ES, Borland R, West R. Predictors

Tobacco Price Increase and Smoking Cessation in Japan20

J Epidemiol 2016;26(1):14-21

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24046211&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18426867&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22719777&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18172133&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22166266&dopt=Abstract


of attempts to stop smoking and their success in adult general
population samples: a systematic review. Addiction. 2011;106:
2110–21.

8. Ito Y, Nakamura M. The effect of increasing tobacco tax on
tobacco sales in Japan. Nihon Koshu Eisei Zasshi. 2013;60:
613–8 (in Japanese).

9. Ministry of Health, Labour and Welfare. Comprehensive survey
of living condition of people on health and welfare. Tokyo; 2014
[cited 2014 May 9]. Available from: http://www.mhlw.go.jp/
toukei/list/20-21.html.

10. Eriksen M, Mackay J, Ross H. The Tobacco Atlas, Fourth
Edition. Atlanta, USA: American Cancer Society; 2012.

11. Ross H, Blecher E, Yan L, Hyland A. Do cigarette prices
motivate smokers to quit? New evidence from the ITC survey.
Addiction. 2011;106:609–19.

12. Dunlop SM, Perez D, Cotter T. Australian smokers’ and recent
quitters’ responses to the increasing price of cigarettes in the
context of a tobacco tax increase. Addiction. 2011;106:1687–95.

13. Nishi N, Nakade M, Sarukura N, Nozue M, Tsubota M, Miyoshi
M, et al. Response rate and the related factors of National Health
and Nutritional Survey. Kosei no Shihyo. 2012;59:10–5 (in
Japanese).

14. Ministry of Health, Labour and Welfare. National Health
and Nutritional Survey Tokyo 2014 [cited 2014 May 9].
Available from: http://www.mhlw.go.jp/bunya/kenkou/kenkou_
eiyou_chousa.html.

15. Fukuda Y, Nakamura K, Takano T. Socioeconomic pattern of
smoking in Japan: income inequality and gender and age
differences. Ann Epidemiol. 2005;15:365–72.

16. Fukuda Y, Nakao H, Imai H. Different income information
as an indicator for health inequality among Japanese adults.
J Epidemiol. 2007;17:93–9.

17. Durkin SJ, Biener L, Wakefield MA. Effects of different types of
antismoking ads on reducing disparities in smoking cessation
among socioeconomic subgroups. Am J Public Health. 2009;
99:2217–23.

18. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The
Fagerstrom Test for Nicotine Dependence: a revision of the
Fagerstrom Tolerance Questionnaire. Br J Addict. 1991;86:
1119–27.

19. International Agency for Research on Cancer. A review of
human carcinogens. Part E: Personal habits and indoor
combustions. Lyon, France; 2012.

20. Fukuda Y, Hiyoshi A. Associations of household expenditure
and marital status with cardiovascular risk factors in Japanese
adults: analysis of nationally representative surveys. J
Epidemiol. 2013;23:21–7.

21. Katanoda K, Jiang Y, Park S, Lim MK, Qiao YL, Inoue M.
Tobacco control challenges in East Asia: proposals for change

in the world’s largest epidemic region. Tob Control. 2014;23:
359–68.

22. Abadie A, Diamond A, Hainmueller J. Synthetic control
methods for comparative case studies: estimating the effect of
California’s tobacco control program. J Am Stat Assoc. 2010;
105:493–505.

23. Pfizer Japan Inc. Internet survey for Japanese smokers before
tobacco tax increase in 2010. 2010 [cited 2014 16 September].
Available from: http://www.pfizer.co.jp/pfizer/company/press/
2010/2010_09_16.html.

24. Softbrain field co. ltd. Spending money in husband and wife
Tokyo 2012 [cited 2013 10 December]. Available from: http://
www.sbfield.co.jp/news/2012/06/29_130000.html.

25. Eguchi E, Iso H, Tanabe N, Wada Y, Yatsuya H, Kikuchi S, et al.
Healthy lifestyle behaviours and cardiovascular mortality among
Japanese men and women: the Japan collaborative cohort study.
Eur Heart J. 2012;33:467–77.

26. Kaneko A, Kaneita Y, Yokoyama E, Miyake T, Harano S,
Suzuki K, et al. Smoking trends before, during, and after
pregnancy among women and their spouses. Pediatr Int. 2008;
50:367–75.

27. Ministry of Health, Labour and Welfare. Health Japan 21
(Second) 2012 [cited 2012 6 Aug]. Available from: http://www.
mhlw.go.jp/bunya/kenkou/kenkounippon21.html.

28. Stapleton J. Cigarette smoking prevalence, cessation and relapse.
Stat Methods Med Res. 1998;7:187–203.

29. Reed MB, Anderson CM, Vaughn JW, Burns DM. The effect of
cigarette price increases on smoking cessation in California. Prev
Sci. 2008;9:47–54.

30. Victora CG, Vaughan JP, Barros FC, Silva AC, Tomasi E.
Explaining trends in inequities: evidence from Brazilian child
health studies. Lancet. 2000;356:1093–8.

31. Caraballo RS, Giovino GA, Pechacek TF, Mowery PD. Factors
associated with discrepancies between self-reports on cigarette
smoking and measured serum cotinine levels among persons
aged 17 years or older: Third National Health and Nutrition
Examination Survey, 1988–1994. Am J Epidemiol. 2001;153:
807–14.

32. Wen CP, Peterson RA, Cheng TY, Tsai SP, Eriksen MP, Chen T.
Paradoxical increase in cigarette smuggling after the market
opening in Taiwan. Tob Control. 2006;15:160–5.

33. OECD. OECD Data Lab Paris 2013 [cited 2013 15 Nov].
Available from: http://www.oecd.org/statistics/datalab/.

34. Tobacco Institute of Japan. Cigarette statistics in Japan Tokyo
2013 [cited 2013 15 Nov]. Available from: http://www.tioj.or.jp/
data/index.html.

35. International Agency for Research on Cancer. IARC Handbooks
of Cancer Prevention Tobacco Control Volume 13: Evaluating
the Effectiveness of Smoke-free Policies. Lyon, France; 2009.

Tabuchi T, et al. 21

J Epidemiol 2016;26(1):14-21

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21752135&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21752135&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24125821&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24125821&dopt=Abstract
http://www.mhlw.go.jp/toukei/list/20-21.html
http://www.mhlw.go.jp/toukei/list/20-21.html
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21059183&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21561498&dopt=Abstract
http://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.html
http://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.html
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15840550&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17545696&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19833980&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19833980&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1932883&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1932883&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23208515&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23208515&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23596197&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23596197&dopt=Abstract
http://dx.doi.org/10.1198/jasa.2009.ap08746
http://dx.doi.org/10.1198/jasa.2009.ap08746
http://www.pfizer.co.jp/pfizer/company/press/2010/2010_09_16.html
http://www.pfizer.co.jp/pfizer/company/press/2010/2010_09_16.html
http://www.sbfield.co.jp/news/2012/06/29_130000.html
http://www.sbfield.co.jp/news/2012/06/29_130000.html
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22334626&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18533954&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18533954&dopt=Abstract
http://www.mhlw.go.jp/bunya/kenkou/kenkounippon21.html
http://www.mhlw.go.jp/bunya/kenkou/kenkounippon21.html
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9654641&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18256936&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18256936&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11009159&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11296155&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11296155&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16728745&dopt=Abstract
http://www.oecd.org/statistics/datalab/
http://www.tioj.or.jp/data/index.html
http://www.tioj.or.jp/data/index.html

