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Abstract

Background: Increasing proportions of smokers in Japan smoke <10 cigarettes per day

(CPD). Yet, the health risks of low-intensity smoking in Asia are poorly understood.
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Methods: We performed a pooled analysis of 410 294 adults from nine population-based

prospective cohort studies participating in the Japan Cohort Consortium. Cigarette-use

data were collected at each study baseline in 1983–1994. Study-specific hazard ratios

(HRs) and 95% confidence intervals (CIs) for all-cause and cause-specific mortality were

calculated using multivariable-adjusted Cox regression by CPD among current smokers

and by age at cessation among former smokers, with never smokers as the referent

group. Pooled HRs and CIs were computed using a random-effect model.

Results: The smoking prevalence was 54.5% in men and 7.4% in women. About 15.5% of

male and 50.4% of female current smokers smoked 1–10 CPD (low-intensity). Both male

and female low-intensity smokers had higher all-cause mortality risks than never smok-

ers. Risks were further higher with increasing CPD in a dose–response manner. HRs (95%

CIs) were 1.27 (0.97–1.66), 1.45 (1.33–1.59) and 1.49 (1.38–1.62) for 1–2, 3–5 and 6–10 CPD,

respectively, in men; 1.28 (1.01–1.62), 1.49 (1.34–1.66) and 1.68 (1.55–1.81) for 1–2, 3–5

and 6–10 CPD, respectively, in women. Similar associations were observed for smoking-

related causes of death. Among former low-intensity smokers, younger age at cessation

was associated with lower mortality risk.

Conclusions: Smoking very low amounts was associated with increased mortality risks

in Japan. All smokers should quit, even if they smoke very few CPD.

Key words: Low-intensity smoking, cigarette, smoking, mortality, smoking-related death, cessation, Japan

Introduction

Tobacco use is the leading cause of premature death world-

wide. Each year, more than 7 million people worldwide die

as a result of tobacco use.1 Japan is among the 10 largest

smoking populations in the world, along with other Asian

countries such as China, India and Indonesia.2

Tobacco smoking has historically been uncommon

among women in Asia. However, in more developed coun-

tries such as Japan, a substantial number of women smoke

cigarettes. Smoking prevalence in Japanese women has de-

clined slightly in the last two decades, from 10.9% in 1998

to 8.1% in 2018,3 but remains higher than in China

(2.2%), India (2.8%) and other Asian countries.2,4

Traditionally, Japanese female smokers do not smoke

heavily, yet the proportion of female smokers who smoke

�10 cigarettes per day (CPD) (low-intensity) increased

from 43.4% in 2003 to 53.4% in 2017.4

More men smoke cigarettes than women in Japan, but

the prevalence among men has declined for the last two

decades, from 50.8% in 1998 to 29.0% in 2018, as a result

of tobacco-control efforts.3 Over time, Japanese male

smokers are also smoking fewer CPD. The proportion of

male smokers who smoked 1–10 CPD increased from

15.5% in 2003 to 34.0% in 2017.4

There is a common perception that low-intensity smok-

ing poses little to no harm.5 Yet, a growing body of litera-

ture suggests that low-intensity smokers have an increased

risk of death.6–13 Nevertheless, little is known about the

Key Messages

• Increasing proportions of smokers in Japan smoke <10 cigarettes per day (CPD; low-intensity smoking), but the

health risks of low-intensity smoking in Asia are poorly understood.

• Low-intensity smokers, even at 1–2 CPD, had higher mortality risks for all causes and for a wide range of smoking-

related causes of death than never smokers, with risks further increasing with higher CPD both in men and women.

• Mortality risks were lower with younger age at cessation among male and female former smokers, including among

those who used to smoke �10 CPD.

• Even smoking very low amounts was associated with increased mortality risks in Japan. Thus, all smokers should

quit, even if they smoke very few CPD.
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health risks of low-intensity smoking in Asia. To date, no

studies have focused on the health impact of low-intensity

smoking in the Japanese population.

Herein, we pooled nine population-based prospective

cohort studies participating in the Japan Cohort

Consortium (JCC) to assess all-cause and cause-specific

mortality risks among low-intensity smokers. A large num-

ber of participants in the pooled analysis enabled us to as-

sess the mortality risks by detailed CPD among low-

intensity smokers.

Methods

Study population

In the current pooled analysis, we included population-

based prospective cohort studies participating in the JCC

that (i) assessed cigarette smoking at study baseline in the

mid-1980s to mid-1990s using a validated questionnaire;

(ii) assessed CPD at the very low level (1–2 CPD); and (iii)

had cause-of-death information during follow-up. Nine

studies that met the criteria included (i) Japan Public

Health Center-based Prospective Study, Cohort I (JPHC-

I); (ii) Japan Public Health Center-based Prospective

Study, Cohort II (JPHC-II); (iii) Japan Collaborative

Cohort Study (JACC); (iv) Miyagi Cohort Study

(MIYAGI); (v) Three-Prefecture Miyagi (3-Pref MIYAGI);

(vi) Three-Prefecture Aichi (3-Pref AICHI); (vii) Ohsaki

National Health Insurance Cohort Study (OHSAKI); (viii)

Life Span Study (LSS); and (ix) Three-Prefecture Osaka (3-

Pref OSAKA). Characteristics of the participating studies

are described in Table 1. We excluded participants who

(i) were >95 years old at baseline; (ii) did not have infor-

mation on sex, age or region (for JPHC-I, JPHC-II, JACC

and LSS); or (iii) did not report cigarette-smoking status

(never, former or current) and/or current CPD. After the

exclusions, the current pooled analysis included 410 294

adults.

Cigarette smoking

Cigarette smoking was assessed in the self-administered

questionnaire at the baseline of each study. Although there

were slight differences in wording, smoking was assessed

with generable consistency across included studies

(Supplementary Table S1, available as Supplementary data

at IJE online). The participants were grouped into never,

former and current smokers. We further categorized cur-

rent smokers at the study baseline by reported CPD: 1–2,

3–5, 6–10, 11–20, 21–30, 31–40, >40 CPD. Former smok-

ers were categorized by age at smoking cessation (<30,

30–39, 40–49, 50–59, �60 years) and years since cessationT
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at study baseline (�2, 3–10, 11–20, >20 years). For certain

causes of death for which the number of deaths in one cate-

gory was less than five, we collapsed categories to create a

wider range. Information on age at starting smoking regu-

larly was also collected.

Mortality ascertainment

Study participants were followed for deaths through the

end of follow-up and 93 485 deaths were identified. Death

and cause of death were confirmed by examination of resi-

dent registration and death certificates, which are manda-

tory by law, collected by local governments and cover the

entire Japanese population with nearly 100% complete-

ness. Study participants were matched by name, date of

birth, address and date of death, although the procedures

slightly differ by study.14–19 Smoking-related causes of

death were identified based on International Classification

of Diseases and Health Related problems, Ninth Revision

(ICD-9) and Tenth Revision (ICD-10) codes. Cause-

specific mortality outcomes included all cancer, smoking-

related cancer according to the International Agency for

Research on Cancer and US Surgeon General Report,20–22

lung cancer, circulatory disease, ischaemic heart disease,

cerebrovascular disease, subarachnoid haemorrhage and

chronic lower respiratory disease. ICD codes for mortality

outcomes are shown in Supplementary Table S2 (available

as Supplementary data at IJE online).

Statistical analysis

Follow-up time was computed as person-years from base-

line to date of death, migration from the study area or the

end of follow-up, whichever occurred first. Study-specific

hazard ratios (HRs) and 95% confidence intervals (CIs)

for all-cause and cause-specific mortality risks were esti-

mated using Cox proportional-hazards regression with

never smokers as the referent group. Covariates in the full

model were determined based on literature review, includ-

ing age at baseline, alcohol intake (men: never, former, <1

time/week, regularly <23, 23 to <46, �46 g/d; women:

never, former, <1 time/week, regularly <23, �23 g/d) and

region (for JPHC-I, JPHC-II, JACC and LSS). Additional

analyses included adjustment for second-hand smoking

(current at home: almost never, hardly ever; current at

work: yes, no; and childhood: yes, no, unknown) or age at

smoking initiation (never, <19, 19–20, �21 years for men

and <25, 25–29, 30–34, �35 years for women). The LSS

did not collect second-hand-smoking data. Adjusting for

physical activity or body weight did not change the results

considerably. Among former smokers, we examined all-

cause mortality by age at cessation and years since

cessation at study baseline in men and women combined

overall and in analyses restricted to former low-intensity

smokers (1–10 CPD). We conducted three sensitivity analy-

ses for all-cause mortality (i) excluding those who died

within 2 years of follow-up, (ii) limiting follow-up to

10 years after baseline and (iii) excluding deaths occurring

within 5 years after baseline among former smokers.

Pooled HRs and CIs were calculated using a random-

effects model. To assess heterogeneity, we used I2 statistics

and Cochran’s Q chi-square test. Pooled analyses were

conducted using STATA/SE 16.

Results

Table 1 describes nine cohort studies included in the

pooled analysis. Of 410 294 participants aged 40–95 years,

there were 187 928 (45.8%) men and 222 366 (54.2%)

women. About 29.0% (n¼ 118 989) of the participants

were current smokers, 15.4% (n¼ 63 353) were former

smokers and 55.6% (n¼ 227 952) were never smokers.

The distribution of smoking status differed considerably in

men and women. In men, 54.5% were current smokers,

24.9% were former smokers and 20.6% were never smok-

ers. In women, 7.4% were current smokers, 7.4% were

former smokers and 85.2% were never smokers. About

20.3% (15.5% for men and 50.4% for women) of current

smokers were low-intensity smokers (0.7% 1–2 CPD,

4.0% 3–5 CPD, 15.6% 6–10 CPD). Smoking patterns

among current smokers were similar across the studies. In

participating studies, the median age of starting smoking

regularly was 20 years in men and ranged from 25 to

30 years in women. The median CPD in each cohort was

20 in men and 10–20 in women. Low-intensity smokers

tended to start at older ages than heavier smokers

(Supplementary Table S3, available as Supplementary data

at IJE online). Among this group, the median age at start-

ing smoking regularly ranged from 20 to 21 years in men

and 28 to 35 years in women.

Higher all-cause-mortality risks were observed for both

male and female low-intensity smokers compared with

never smokers (Table 2 and Figures 1A and 2A). HRs

(95% CIs) from the full model were 1.27 (0.97–1.66) for

1–2 CPD, 1.45 (1.33–1.59) for 3–5 CPD and 1.49 (1.38–

1.62) for 6–10 CPD in men. Similarly, HRs and 95% CIs

in women were 1.28 (1.00–1.62) for 1–2 CPD, 1.49 (1.34–

1.66) for 3–5 CPD and 1.68 (1.55–1.81) for 6–10 CPD.

Even higher risks were observed among those smoking

>10 CPD. Additionally adjusting for second-hand smoking

or age at smoking initiation did not change associations

considerably. In sensitivity analyses, associations remained

similar after limiting follow-up to 10 years or excluding

deaths occurring within 2 years of the baseline.
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Table 2. All-cause mortality risk by number of cigarettes smoked per day in the pooled analysis of nine cohort studies in the Japan Cohort Consortium

Never Cigarettes smoked per day

1–2 3–5 6–10 11–20 21–30 31–40 >40

Men

Total n 38 616 485 2641 12 709 53 894 19 845 10 035 2871

Death, n 8879 116 909 4805 16 948 4945 2446 660

Full modela

HR (95% CI) 1.00 1.27 (0.97–1.66) 1.45 (1.33–1.59) 1.49 (1.38–1.62) 1.51 (1.42–1.61) 1.57 (1.45–1.68) 1.73 (1.59–1.89) 1.96 (1.77–2.18)

I2b 48.33 37.31 78.84 83.80 74.31 67.01 32.71

Pc 0.05 0.12 <0.001 <0.001 <0.001 0.002 0.16

Additional adjustment for second-hand smokingd

HR (95% CI) 1.00 1.30 (0.96–1.74) 1.42 (1.31–1.54) 1.49 (1.36–1.64) 1.50 (1.40–1.61) 1.56 (1.43–1.70) 1.72 (1.56–1.90) 1.96 (1.74–2.19)

I2 56.52 18.60 84.28 86.04 80.28 74.26 42.36

P 0.02 0.28 <0.001 <0.001 <0.001 <0.001 0.10

Additional adjustment for age at smoking initiatione

HR (95% CI) 1.00 1.30 (0.92–1.82) 1.46 (1.24–1.72) 1.44 (1.22–1.70) 1.45 (1.24–1.71) 1.48 (1.27–1.73) 1.61 (1.35–1.92) 1.78 (1.42–2.25)

I2 59.66 71.13 89.74 92.51 86.52 85.24 78.04

P 0.01 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Follow-up up to 10 yearsa

Death, n 3589 63 502 2365 6867 1682 856 226

HR (95% CI) 1.00 1.53 (1.19–1.96) 1.61 (1.47–1.77) 1.50 (1.36–1.65) 1.43 (1.35–1.51) 1.37 (1.30–1.46) 1.57 (1.42–1.74) 1.60 (1.27–2.01)

I2 3.08 0 68.96 48.33 3.56 41.19 62.38

P 0.41 0.68 0.001 0.04 0.41 0.08 0.004

Excluding deaths within 2 years of baselinea

Total n 38 032 480 2546 12 339 53 031 19 645 9938 2847

Death, n 8295 111 814 4435 16 085 4745 2349 636

HR (95% CI) 1.00 1.32 (1.00–1.74) 1.44 (1.30–1.60) 1.51 (1.40–1.62) 1.54 (1.45–1.63) 1.60 (1.49–1.71) 1.77 (1.63–1.92) 2.02 (1.82–2.24)

I2 49.93 49.32 74.58 80.05 71.27 62.98 28.74

P 0.04 0.046 <0.001 <0.001 0.001 0.006 0.19

Women

Total n 189 336 405 2116 5796 6825 886 384 97

Death, n 31 387 68 460 1319 1318 152 80 12

Full modela

HR (95% CI) 1.00 1.28 (1.01–1.62) 1.49 (1.34–1.66) 1.68 (1.55–1.81) 1.78 (1.62–1.96) 1.95 (1.53–2.50) 2.84 (2.27–3.56) 2.31 (1.31–4.08)

I2 0 18.63 42.89 62.19 48.69 0 0

P 0.50 0.28 0.08 0.007 0.049 0.84 0.64
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Table 2. Continued

Never Cigarettes smoked per day

1–2 3–5 6–10 11–20 21–30 31–40 >40

Additional adjustment for second-hand smokingc

HR (95% CI) 1.00 1.28 (0.97–1.68) 1.57 (1.39–1.78) 1.65 (1.52–1.80) 1.80 (1.61–2.01) 1.96 (1.50–2.57) 2.74 (2.17–3.47) 2.35 (1.33–4.16)

I2 15.06 18.96 46.22 68.41 54.24 0 0

P 0.31 0.29 0.07 0.002 0.03 0.71 0.60

Additional adjustment for age at smoking initiationd

HR (95% CI) 1.00 1.23 (0.91–1.65) 1.49 (1.23–1.80) 1.52 (1.21–1.91) 1.54 (1.16–2.02) 1.48 (1.02–2.16) 2.33 (1.75–3.10) 2.00 (1.07–3.73)

I2 0 37.41 69.65 78.67 56.73 0 0

P 0.70 0.12 0.001 <0.001 0.018 0.78 0.79

Follow-up up to 10 yearsa

Death, n 12 764 37 264 658 570 59 32 3

HR (95% CI) 1.00 1.41 (1.04–1.91) 1.71 (1.46–2.00) 1.66 (1.48–1.85) 1.60 (1.41–1.82) 1.71 (1.32–2.21) 2.57 (1.84–3.60) 1.65 (0.53–5.11)

I2 0 37.71 39.93 49.45 0 0 0

P 0.51 0.11 0.09 0.04 0.80 0.89 0.82

Excluding deaths within 2 years of baselinea

Total n 186 620 394 2072 5701 6758 881 380 97

Death, n 29 471 57 416 1224 1251 147 76 12

HR (95% CI) 1.00 1.20 (0.93–1.55) 1.49 (1.34–1.66) 1.69 (1.56–1.83) 1.84 (1.69–2.01) 2.01 (1.58–2.57) 2.89 (2.30–3.63) 2.45 (1.39–4.32)

I2 0 16.26 42.69 52.47 46.20 0 0

P 0.52 0.30 0.08 0.04 0.06 0.93 0.64

aFull model was adjusted for age, alcohol intake (men: never, former, <1 time/week, regularly <23, 23 to <46, �46 g/d; women: never, former, <1 time/week, regularly <23, �23 g/d) and region (for the Japan Public

Health Center-based Prospective Study, Cohort I, the Japan Public Health Center-based Prospective Study, Cohort II, the Japan Collaborative Cohort Study and the Life Span Study).
bI2 statistics describe the percentage of variation across studies due to heterogeneity rather than chance.
cCochrane’s Q statistics for a homogeneity test.
dAdjusted for covariates in full model and second-hand smoking: current at home (almost never, hardly ever), current at work (yes, no) and childhood (yes, no, unknown); the Life Span Study was not included because

second-hand smoking data were not available.
eAdjusted for covariates in full model and age at starting smoking regularly: never, <19, 19–20, �21 years for men; never, <25, 25–29, 30–34, �35 years for women.
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Higher risks relative to never smokers were observed

among low-intensity smokers for smoking-related causes

of death, although CIs were large for some outcomes

reflecting small numbers (Table 3, Figures 1B–F and 2B–

D, and Supplementary Table S4, available as

Supplementary data at IJE online). In men, mortality risks

for 1–2 CPD were higher than never smokers for smoking-

related cancer (HR¼ 1.50, 95% CI¼ 1.03–2.17), lung

cancer (HR¼ 4.05, 95% CI¼ 1.63–10.07), circulatory dis-

ease (HR¼ 1.42, 95% CI¼ 1.00–2.00) and subarachnoid

haemorrhage (HR¼ 4.12, 95% CI¼ 1.69–9.99). For 3–

5 CPD, increased risks were observed for all cancer

(HR¼ 1.30, 95% CI¼1.12–1.51), smoking-related cancer

(HR¼ 1.49, 95% CI¼ 1.20–1.84), lung cancer

(HR¼ 2.04, 95% CI¼1.47–2.82) and circulatory disease

(HR¼ 1.47, 95% CI¼ 1.17–1.84). Higher risks were ob-

served among men who reported smoking >5 CPD, but the

risk increased the most at the lowest level of CPD for cer-

tain causes of death, such as circulatory disease, ischaemic

heart disease and respiratory disease. Similar results were

found in women. Higher risks relative to never smokers

were observed in the combined 1–5 CPD category for lung

cancer (HR¼3.45, 95% CI¼2.19–5.45), ischaemic heart

disease (HR¼ 2.24, 95% CI¼ 1.63–3.08), cerebrovascular

disease (HR¼ 1.65, 95% CI¼ 1.31–2.10), subarachnoid

haemorrhage (HR¼ 3.11, 95% CI¼ 1.93–5.00) and respi-

ratory disease (HR¼ 5.29, 95% CI¼ 2.33–12.04) with

higher risks among women who reported smoking more.

Lower mortality risks were generally observed among

former smokers who had quit at younger ages (Table 4).

Relative to never smokers, the HR (95% CI) for all-cause

mortality for participants who quit at <30, 30–39, 40–49,

50–59 and �60 years old was 1.04 (0.91–1.20), 0.96

(0.89–1.05), 1.08 (1.01–1.15), 1.29 (1.19–1.40) and 1.37

(1.32–1.42), respectively, and 1.62 (95% CI¼ 1.56–1.69)

for current smokers. A comparable association was ob-

served among former low-intensity smokers. HRs were

also generally lower with more years of cessation at study

baseline, including among low-intensity smokers

(Supplementary Table S5, available as Supplementary data

at IJE online) and when we excluded deaths occurring

within 5 years of study baseline (Supplementary Table S6,

available as Supplementary data at IJE online).

Discussion

In this pooled analysis of >410 000 adults from nine large

prospective cohort studies in Japan, smokers who smoked

Figure 1. All-cause mortality risk by number of cigarettes smoked per day among low-intensity smokers (�10 cigarettes per day) in the pooled analy-

sis in the Japan Cohort Consortiuma

aThe Cox proportional-hazards regression models were adjusted for age, alcohol intake (men: never, former, <1 time/week, regularly <23, 23 to <46,

�46 g/d; women: never, former, <1 time/week, regularly <23, �23 g/d) and region (for the Japan Public Health Center-based Prospective Study

Cohort I, the Japan Public Health Center-based Prospective Study Cohort II, the Japan Collaborative Cohort Study and the Life Span Study).
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Figure 2. All-cause and cause-specific mortality risk by number of cigarettes smoked per day among current smokersa

(A) All-cause mortality, (B) Smoking-related cancer mortality, and (C) Circulatory disease mortality
aHazard ratios and 95% confidence intervals were adjusted for age, alcohol intake (men: never, former, <1 time/week, regularly <23, 23 to <46,

�46 g/d; women: never, former, <1 time/week, regularly <23, �23 g/d) and region (for the Japan Public Health Center-based Prospective Study,

Cohort I, the Japan Public Health Center-based Prospective Study, Cohort II, the Japan Collaborative Cohort Study and the Life Span Study).

International Journal of Epidemiology, 2022, Vol. 51, No. 4 1283



Table 3. Cause-specific mortality risks by number of cigarettes smoked per day in the pooled analysis of nine cohort studies in the Japan Cohort Consortium

Never Cigarettes smoked per day

1–2 3–5 6–10 11–20 21–30 31–40 >40

Men

Total n 38 616 485 2641 12 709 53 894 19 845 10 035 2871

All cancer

Death, n 2630 35 237 1584 6559 2206 1097 300

HR (95% CI)a 1.00 1.29 (0.92–1.80) 1.30 (1.12–1.51) 1.65 (1.53–1.78) 1.84 (1.69–1.99) 2.09 (1.90–2.30) 2.31 (2.08–2.58) 2.65 (2.30–3.06)

I2b 0 18.16 31.42 69.31 61.28 49.51 20.57

Pc 0.63 0.28 0.17 0.001 0.008 0.045 0.26

Smoking-related cancer

Death, n 1846 29 185 1199 4912 1625 845 218

HR (95% CI) 1.00 1.50 (1.03–2.17) 1.49 (1.20–1.84) 1.81 (1.58–2.07) 1.94 (1.66–2.26) 2.14 (1.72–2.65) 2.35 (1.86–2.95) 2.59 (2.03–3.29)

I2 0 44.38 67.54 87.81 89.17 84.72 57.33

P 0.82 0.07 0.002 <0.001 <0.001 <0.001 0.02

Lung cancer

Death, n 277 5 41 359 1877 784 409 109

HR (95% CI) 1.00 4.05 (1.63–10.07) 2.04 (1.47–2.82) 3.16 (2.44–4.09) 4.54 (3.44–6.00) 6.87 (5.21–9.05) 8.21 (6.19–10.90) 10.31 (7.70–13.81)

I2 0 0 63.09 82.46 75.06 67.66 32.06

P 0.40 0.61 0.006 <0.001 <0.001 0.002 0.16

Circulatory disease

Death, n 2493 33 268 1261 4167 1087 514 136

HR (95% CI) 1.00 1.42 (1.00–2.00) 1.47 (1.17–1.84) 1.45 (1.36–1.56) 1.42 (1.33–1.51) 1.39 (1.29–1.49) 1.54 (1.40–1.69) 1.72 (1.40–2.10)

I2 0 63.99 0 32.32 0 0 16.67

P 0.70 0.005 0.77 0.16 0.64 0.91 0.29

Ischaemic heart disease

Death, n 522 6 55 304 1102 336 172 53

HR (95% CI) 1.00 1.95 (0.87–4.38) 1.52 (0.92–2.51) 1.61 (1.40–1.85) 1.70 (1.54–1.87) 1.87 (1.63–2.14) 2.14 (1.80–2.55) 2.78 (2.09–3.69)

I2 0 59.90 0 0 0 0 0

P 0.10 0.01 0.85 0.64 0.68 0.90 0.90

Cerebrovascular disease

Death, n 1200 145 588 1741 426 183 49

HR (95% CI) 1.00 1.50 (1.26–1.78) 1.33 (1.21–1.47) 1.22 (1.13–1.30) 1.12 (1.00–1.25) 1.15 (0.94–1.41) 1.44 (1.07–1.92)

I2 0 0 0 0 30.72 0

P 0.84 0.71 0.95 0.55 0.17 0.44

Subarachnoid haemorrhage

Death, n 177 5 13 96 423 126 58 13

HR (95% CI) 1.00 4.12 (1.69–9.99) 1.54 (0.87–2.72) 1.60 (1.26–2.02) 1.89 (1.39–2.56) 1.67 (1.09–2.57) 1.97 (1.19–3.26) 2.31 (0.83–6.47)

I2 0 0 0 43.34 44.86 41.10 57.32
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Table 3. Continued

Never Cigarettes smoked per day

1–2 3–5 6–10 11–20 21–30 31–40 >40

P 0.89 0.48 0.61 0.08 0.07 0.12 0.07

Respiratory disease

Death, n 101 20 114 410 104 47 13

HR (95% CI) 1.00 2.69 (1.66–4.37) 2.41 (1.56–3.72) 2.66 (1.87–3.79) 3.69 (2.78–4.90) 4.06 (2.50–6.61) 7.15 (3.90–13.12)

I2 0 59.56 64.74 3.69 35.91 0

P 0.72 0.01 0.004 0.40 0.14 0.50

Women

Total n 189 336 405 2116 5796 6825 886 481

All cancer

Death, n 9081 17 111 410 422 52 34

HR (95% CI) 1.00 1.38 (0.86–2.23) 1.33 (1.07–1.67) 1.76 (1.57–1.98) 1.74 (1.57–1.93) 1.87 (1.26–2.78) 3.38 (2.40–4.77)

I2 0 23.51 18.99 0 41.56 0

P 0.59 0.23 0.27 0.54 0.09 0.72

Smoking-related cancer

Death, n 5717 6 75 273 300 33 22

HR (95% CI) 1.00 0.98 (0.44–2.19) 1.43 (1.06–1.93) 1.89 (1.56–2.28) 1.90 (1.50–2.42) 2.19 (1.53–3.12) 3.66 (2.37–5.64)

I2 0 30.97 53.77 62.09 0 0

P 0.98 0.17 0.03 0.01 0.75 0.72

Lung cancer

Death, n 1023 33 99 119 18 17

HR (95% CI) 1.00 3.45 (2.19–5.45) 4.04 (2.84–5.75) 4.79 (3.91–5.86) 9.35 (5.80–15.08) 19.59 (11.75–32.66)

I2 22.35 58.34 0 0 1.14

P 0.24 0.01 0.78 0.59 0.42

Circulatory disease

Death, n 9533 15 157 393 402 50 26

HR (95% CI) 1.00 1.03 (0.62–1.71) 1.74 (1.45–2.09) 1.69 (1.45–1.96) 2.04 (1.78–2.33) 3.11 (2.30–4.19) 3.81 (2.57–5.66)

I2 0 22.92 48.48 35.60 4.62 0

P 0.81 0.24 0.05 0.13 0.39 0.57

Ischaemic heart disease

Death, n 1801 42 109 110 17 7

HR (95% CI) 1.00 2.24 (1.63–3.08) 2.40 (1.97–2.93) 2.77 (2.22–3.46) 6.42 (3.70–11.13) 10.64 (5.00–22.66)

I2 0 0 13.65 13.30 0

P 0.73 0.61 0.32 0.33 0.57

Cerebrovascular disease

Death, n 4343 76 164 184 18 11

HR (95% CI) 1.00 1.65 (1.31–2.10) 1.49 (1.22–1.83) 1.98 (1.67–2.35) 2.60 (1.61–4.20) 3.63 (1.95–6.78)

I2 4.37 33.73 17.79 0 0

P 0.40 0.15 0.28 0.87 0.80
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�10 CPD had higher mortality risks for all causes and

smoking-related causes of death than never smokers. Risks

were higher at 1–2 CPD and increased with additional

CPD. Former smokers, especially those who quit at youn-

ger ages, had lower mortality risks than current smokers,

including those who had smoked �10 CPD.

Low-intensity smoking has sometimes been considered to

be harmless, yet accumulating evidence shows increased dis-

ease and mortality risks.6–13,23–26 In the large US NIH-

AARP cohort, lifetime smokers who consistently smoked

<1 CPD had 1.64 (95% CI¼1.07–2.51) times and consis-

tent smokers of 1–10 CPD had 1.87 (95% CI¼ 1.64–2.13)

times the mortality risk of never smokers.10 In the US

National Health Interview Survey, daily smokers who

smoked �2 CPD had 1.42 (95% CI¼ 0.95,2.10) times and

those who smoked 3–10 CPD had 2.07 (95%

CI¼ 1.86,2.30) times the mortality risks of never smokers.12

The doubled mortality risk relative to never smokers was

also observed for daily smokers who smoked �10 CPD in

the US National Longitudinal Mortality Study.13

In Asia, to the best of our knowledge, there has been

only one study assessing the mortality risks of low-

intensity smoking. A recent pooled analysis of 16 prospec-

tive cohort studies in the Asia Cohort Consortium, includ-

ing 6 studies in Japan, showed that the all-cause mortality

risk was 1.27 (95% CI¼1.17–1.37) times and 1.40 (95%

CI¼ 1.30–1.51) times the risk for <5 and 5–9 CPD, respec-

tively, of never smoking. Increased mortality risks were ob-

served for smoking-related causes of death.27 This previous

analysis included studies from multiple countries in Asia,

including India, Bangladesh, China, Taiwan and

Singapore, where cigarette-smoking patterns (e.g. co-use of

smokeless tobacco) are considerably different from those

in Japan. Moreover, this previous study did not examine

associations in men and women separately, despite differ-

ent smoking prevalence and smoking patterns by sex in

Asia.

The smoking prevalence in Japanese women has been

historically low, as typically observed in many Asian coun-

tries, and it has decreased slightly for the past two decades

(10.9% in 1998 and 8.1% in 2018).3 A majority of female

smokers traditionally smoke �20 CPD and the proportion

of female smokers who smoke �10 CPD has increased

(43.4% in 2003 to 53.4% in 2017). In the current study,

the smoking prevalence in women was 7.4% and about a

half of current smokers reported smoking �10 CPD.

Moreover, these female low-intensity smokers started

smoking regularly at relatively older ages (median range:

28–35 years). Nevertheless, we found that female low-

intensity smokers had higher mortality risks than never

smokers. Although remaining higher than in the US and

other developed countries, the prevalence of cigaretteT
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Table 4. All-cause mortality by age at cessation among all former smokers and former low-intensity smokers [�10 cigarettes per day (CPD)] in the pooled analysis of nine cohort

studies in the Japan Cohort Consortium

Never smokers Former smokers: age at cessation (years) Current smokersa

<30 30–39 40–49 50–59 �60

All former

smokers

Total, n 227 952 3947 10 112 14 352 12 525 8656 119 500

Death, n 40 266 503 1367 2952 4616 4964 34 429

HR (95%

CI)b
1.00 (ref.) 1.04 (0.91–1.20) 0.96 (0.89–1.05) 1.08 (1.01–1.15) 1.29 (1.19–1.40) 1.37 (1.32–1.42) 1.62 (1.56–1.69)

I2c 41.30 33.82 41.17 77.87 0 69.94

Pd 0.02 0.08 0.04 <0.001 0.46 < 0.001

Former low-intensity smokers of �10 CPD

Total, n 227 952 1804 2564 3134 2702 2238 24 209

Death, n 40 266 215 409 629 938 1275 7701

HR (95%

CI)

1.00 (ref) 0.93 (0.77–1.13) 1.05 (0.90–1.22) 1.04 (0.93–1.16) 1.22 (1.14–1.31) 1.37 (1.28–1.47) 1.58 (1.52–1.63)

I2 31.75 46.04 37.84 0 18.95 26.77

P 0.08 0.02 0.05 0.56 0.4 0.14

aCurrent low-intensity smokers who smoked �10 CPD for the analysis of former low-intensity smokers.
bAdjusted for age, alcohol intake (men: never, former, <1 time/week, regularly <23, 23 to <46, �46 g/d; women: never, former, <1 time/week, regularly <23, �23 g/d) and region (for the Japan Public Health Center-based

Prospective Study, Cohort I, the Japan Public Health Center-based Prospective Study, Cohort II, the Japan Collaborative Cohort Study and the Life Span Study).
cI2 statistics describe the percentage of variation across studies due to heterogeneity rather than chance.
dCochrane’s Q statistics for a homogeneity test.
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smoking among Japanese men has declined (50.8% in

1998, 36.8% in 2008 and 29.0% in 2018).3 Furthermore,

an increasing proportion of male smokers smoke �10 CPD

(15.5% in 2003 to 34.0% in 2017).4

The associations for low-intensity smoking found in the

current study were somewhat weaker than those reported

in US studies, as observed previously for lung-cancer risk

in Japanese men.28 It might be because smokers in Japan

generally start smoking at older ages.28 In the current

study, male smokers typically started smoking at 20 years

old, whereas US adults generally start smoking at 17 years

old.13 Female smokers started smoking even later, espe-

cially among low-intensity smokers (28–35 years old).

Observing the increasing proportion of low-intensity

smokers and decreasing age at initiation of smoking in

both sexes in Japan,4,28 future studies will be informative.

Decreases in smoking prevalence and in CPD have oc-

curred concurrently in the past decades in Japan.3,4

Cessation has been shown to decrease mortality and dis-

ease risks in previous studies among heavier smokers.29 A

few studies in the USA have shown that low-intensity

smokers may also receive benefits from cessation.10,12,13 In

the NIH-AARP cohort study, former smokers who had

smoked �10 CPD but quit at �50 years old had similar

mortality risks to those of current smokers, but the risk

among those who quit in their 20s was similar to those of

never smokers.10 A previous pooled analysis of cessation

and incident cancer risks in the JCC showed that years

since cessation were inversely associated with the risk of all

cancer and smoking-related cancer.30 In the current study,

mortality risks were lower with longer time since cessation

at study baseline among former smokers who used to

smoke �10 CPD, with the risk no longer increased 20 years

after cessation relative to never smoking.

Our study had a number of strengths. Our study was

large and included nine large prospective cohorts. Detailed

assessment of cigarette smoking in each cohort enabled us

to assess mortality risks in detailed CPD categories. By in-

cluding the major large-scale population-based cohorts

from multiple regions in Japan with overlapping birth

cohorts, our findings are likely reflective of the general

Japanese population. All Japanese citizens are registered in

the residential and death registrations, which enabled

nearly complete follow-up.

There are several limitations as well. Despite a large

sample size, we lacked the statistical power for rare causes

of death due to the small number of deaths. For those anal-

yses, we collapsed the categories to create a wider range.

Also, we were unable to examine non-daily smoking sepa-

rately from daily smoking, as eight of nine included

cohorts lacked this information on all of their participants.

Cigarette smoking was assessed a single time at study

baseline and thus it is possible that the participants’ smoking

status and/or patterns changed during the follow-up. The

JPHC-I and the JPHC-II, the two largest cohorts in this

pooled analysis, reassessed smoking 5 years after the base-

line. Among current smokers at both assessments, reported

CPD were strongly correlated (Spearman’s correlation coef-

ficient: 0.93). We also conducted multiple sensitivity analy-

ses, limiting follow-up to 10 years or excluding deaths

occurring within 2 years after baseline among current smok-

ers, and excluding deaths occurring within 5 years of study

baseline for former smokers. Such analyses had only a mod-

est impact on our results. Nevertheless, there have been

large declines in smoking in Japan over the past few deca-

des. Although some recent quitters may have restarted

smoking during follow-up, it also seems likely that a larger

number of current smokers at baseline reduced their CPD or

quit smoking during follow-up. Thus, our risk estimates for

current smoking are likely underestimated.

In addition to studying cigarettes, future studies should

also examine the health effects of heated tobacco products

(HTPs). In Japan, the prevalence of HTPs has been increas-

ing since the introduction of the most popular HTP in

Japan, iQOS, in 2014. Although the health effects of HTPs

remain unclear, surveys indicate that a majority of HTP

users in Japan also use cigarettes.31 As HTPs appeared on

the market many years after the enrolment of our studies,

we were unable to assess mortality risks of users of HTPs

who continued to smoke cigarettes at a low intensity.

However, it seems plausible that such dual users are likely

to have mortality risks that are at least as high as those ob-

served among exclusive low-intensity cigarette smokers in

the current study.

In summary, in this pooled analysis of nine cohort stud-

ies in Japan, low-intensity cigarette smokers had higher all-

cause mortality risks relative to never smokers, even at the

level of 1–2 CPD. Higher mortality risks were also ob-

served for a wide range of smoking-related causes of death.

Former smokers who quit at younger ages had lower mor-

tality risks than those who quit at older ages. Our study

provides evidence that both male and female cigarette

smokers have higher mortality risks than never smokers,

even if they only smoke a few CPD in Japan. All smokers

should quit smoking, even if they smoke just a few CPD.
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