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Abstract

Background: Few studies have investigated the association between tobacco smoking and sick 
leave (SL) in Japan.
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Methods: We followed 70 896 workers aged 20–59 years (60 133 males, 10 763 females) between 
April 2012 and March 2017. A Cox proportional hazards model was used to investigate the associ-
ations between smoking (smoking status and intensity) and long-term SL (ie, SL lasting ≥30 con-
secutive days). Cause-specific analyses were also conducted.
Results: A total of 1777 people took long-term SL during a follow-up of 307 749 person years. 
Compared with never-smokers, current smokers were at a higher risk of long-term SL (hazard ratio 
[HR] = 1.32; 95% confidence interval [CI] = 1.19 to 1.48). Cause-specific analyses revealed that cur-
rent smoking was associated with a higher risk of SL due to all physical disorders (HR = 1.44, 95% 
CI = 1.22 to 1.69), cancer (HR = 1.49, 95% CI = 1.10 to 2.01), cardiovascular disease (CVD; HR = 2.16, 
95% CI  =  1.31 to 3.55), and injuries/external causes (HR  =  1.83, 95% CI  =  1.31 to 2.58). Former 
smokers were at a higher risk of SL due to cancer at a borderline significance level (HR = 1.38, 95% 
CI = 0.99 to 1.92). Low-intensity smoking (ie, 1–10 cigarettes smoked per day) was associated with 
all-cause SL, SL due to CVD, and SL due to injuries/external causes compared with never-smokers.
Conclusion: In a large cohort of working-age Japanese, smoking was associated with a greater 
risk of long-term SL. Greater effort is needed to mitigate disease burden associated with smoking 
at workplace in Japan.
Implications: Our study contributes to the literature on the association between smoking and SL 
in several ways. First, the study was conducted among a Japanese working population. While the 
association has been extensively studied in Western setting, few attempts have been made else-
where. Second, cause-specific analyses were undertaken in our study. Third, we paid attention 
to the effect of low-intensity smoking on SL given that there is growing evidence of an elevated 
health risk associated with low-intensity smoking.

Introduction

Tobacco smoking continues to be a leading risk factor for premature 
mortality and disability.1 Smoking killed an estimated 6.4 million 
people in 2015, or 11.5% of all deaths worldwide, and it caused a 
global loss of nearly 150 million disability-adjusted life years.1 While 
a growing number of countries have reached the highest level of 
achievement for at least one of the progress indicators for the World 
Health Organization Framework Convention on Tobacco Control 
(WHO FCTC),2 more effort is needed to mitigate the disease burden 
associated with tobacco smoking.

Sick leave (SL) is a negative health outcome that has been studied 
in relation to smoking. A meta-analysis of 29 longitudinal studies 
involving 70 000 workers showed that current and former smokers 
were at 33% and 14% higher risks of SL, respectively, compared 
with those who had never smoked.3 More recently, Virtanen et al.4 
used individual-level information on SL lasting for nine consecutive 
days or longer collected in four cohorts from the United Kingdom, 
France, and Finland and showed that smoking was associated with 
SL due to circulatory diseases, respiratory diseases, depressive dis-
orders, and external causes. As SL has imposed large costs on society 
both directly (eg, medical expenditures) and indirectly (eg, de-
creased work productivity and increased social insurance claims),5,6 
quantifying the negative effects of smoking on SL is of public health 
significance.

Nevertheless, several issues remain to be addressed. First, few 
studies have investigated the cause-specific association between to-
bacco smoking and SL.4,7,8 Second, there have been few extensive 
analyses of the association between smoking intensity and SL. This 
may be an important omission, as there is growing evidence of an 
elevated health risk associated with low-intensity smoking.9,10 Third, 
while the association has been studied extensively in Western set-
tings,3,4 few attempts have been made elsewhere, including Japan, 
which has fallen far behind other high-income countries in terms 
of most of the WHO FCTC progress indicators.11,12 To address 

these gaps, we conducted a cause-specific analysis of the associ-
ation between smoking and medically certified long-term SL using 
information collected in the Japan Epidemiology Collaboration on 
Occupational Health (J-ECOH) study.

Methods

J-ECOH Study
The J-ECOH study is an ongoing multicenter epidemiological study 
of workers from 12 companies in various industries. We collected 
information via annual health examinations that employers are ob-
liged to provide to their employees under the Industrial Safety and 
Health Act. A  study-specific SL registry was established in April 
2012 to collect information on long-term SL (ie, SL that lasts ≥30 
consecutive days). The details of the J-ECOH Study have been de-
scribed previously.13,14

Participants
Of the 97 226 individuals from the 12 participating companies who 
underwent health checkups in fiscal 2011 (ie, the period between 
April 1, 2011 and March 31, 2012), we excluded those who worked 
for two companies that did not provide information on former 
smoking (n = 4814; Figure 1). We also excluded (1) those who were 
aged less than 20 years or 60 or more years in 2011 given that the 
minimum smoking age is 20  years in Japan and that people tend 
to retire instead of taking long-term SL when they are aged 60 or 
more years (n = 8029), (2) those with missing data on smoking status 
(n = 6216), (3) those who reported a history of cancer, cardiovascular 
disease (CVD), or psychiatric disorders (n = 3255) to avoid reverse 
causation (ie, those with these disorders stopped smoking following 
the diagnoses), and (4) those who did not attend any subsequent 
health checkups, for whom we had no information on mortality or 
long-term SL since April 2012 (n = 4016). Ultimately, the analyses 
included 70 896 individuals: 60 133 men and 10 763 women.
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Smoking Status
We used self-reported information to define smoking status (ie, never, 
former, or current smokers). To determine whether there is a dose–
response relationship between the number of cigarettes smoked and 
the incidence of SL, we also categorized the current smokers into 
three groups based on the number of cigarettes per day: that is, 1–10, 
11–20, and 21 or more cigarettes. Information on the number of cig-
arettes per day was available only for six companies.

Definition of Outcome
Information on the causes of SL was obtained from the medical cer-
tificates written by attending physicians (not by occupational phys-
icians); the employees submit these medical certificates to apply 
for paid SL. We used the International Classification of Diseases 
10th revision (ICD-10) to classify the diagnoses; more specific-
ally, we retrieved an appropriate ICD-10 code from the Japanese 
standard disease-code master and when we had unmatched certifi-
cates, multiple occupational physicians of the J-ECOH study group 
independently coded the certificate and checked if there were dis-
crepancies. All conflicts were resolved through discussion among 
the members.

The study outcome is the incidence of SL that lasted 30 con-
secutive days or longer between April 2012 and March 2017. We 
further classified SL into SL due to (1) mental disorders (ICD-10: 
F00–F99), (2) injuries/external causes (injury, poisoning, and other 
consequences of external causes: S00–T98), and (3) physical dis-
orders (SL other than specified above). For physical disorders, we 
further investigated whether smoking status was linked with SL 
due to cancer (C00–D48), CVD (I00–I99), and musculoskeletal 
disease (M00–M99), which were reported to be three major phys-
ical disorders that caused long-term SL in this population.14 We 
focused on the incidence of the first SL episode; those who took 
long-term SL multiple times were censored on the date of the first 

episode and were not included in the analysis even if the subse-
quent SL was caused by other disorders.

Covariates
Information on the following covariates was collected at baseline (ie, 
FY 2011). Body height and weight were measured to compute body 
mass index (BMI; kg/m2). Blood pressure was measured in a sitting 
position by an automated sphygmomanometer. Hypertension was 
defined as systolic blood pressure ≥140 mm Hg, diastolic blood pres-
sure ≥90 mm Hg, or the use of antihypertensive medication. Diabetes 
was defined as a fasting plasma glucose ≥126 mg/dL (7.0 mmol/L), 
HbA1c ≥6.5% (48  mmol/mol), or the current use of antidiabetic 
medication. Plasma glucose was measured using an enzymatic 
method or the glucose oxidase peroxidative electrode method and 
HbA1c was measured using a latex agglutination immunoassay, 
high-performance liquid chromatography, or an enzymatic method. 
Dyslipidemia was defined as triglyceride ≥150 mg/dL, low-density 
lipoprotein-cholesterol ≥140  mg/dL, or high-density lipoprotein-
cholesterol <40 mg/dL measured with enzymatic methods or under 
treatment for dyslipidemia.

Statistical Analyses
The descriptive characteristics of the study participants were com-
pared by smoking status using analysis of variance for continuous 
variables and Pearson’s chi-square test for categorical variables. 
Person time was calculated from March 31, 2012 (ie, one day before 
the starting date of data collection) to the first day of long-term SL 
or the date of the last participation in a health examination, which-
ever occurred first. Those who died during the study period were 
censored on the dates that they died.

A Cox proportional hazards model was used to investigate the 
association between the baseline smoking status (ie, never, former, or 
current smoker) and the incidence of long-term SL. Model 1 adjusted 

Figure 1. Participants in the Japan Epidemiology Collaboration on Occupational Health Study (2012–2017).
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for age (years, continuous) and sex (men and women), while ac-
counting for the hierarchical structure of the dataset (ie, employees 
nested in each work-site). Model 2 further adjusted for baseline BMI 
categories (<18.5; 18.5–24.9; 25.0–29.9; and ≥30 kg/m2), hyperten-
sion, diabetes, and dyslipidemia. Cause-specific analyses were then 
performed; that is, SL due to mental disorders, physical disorders, or 
injuries/external causes. Among physical disorders, cancer, CVD, and 
musculoskeletal disorders were investigated separately in relation to 
smoking status.

To see if a dose–response relationship existed between tobacco 
consumption and SL, we ran additional analyses with a different 
exposure definition (ie, never-smoker, those who smoked 1–10 cig-
arettes/day, those who smoked 11–20 cigarettes/day, or those who 
smoked 21 or more cigarettes/day). Cause-specific analyses were also 
performed with this exposure definition.

All statistical tests were two sided. The results are shown in terms 
of hazard ratios (HRs) and their corresponding 95% confidence 
intervals (CIs). We also calculated p-values for linear trends in the 
analyses of smoking intensity. The analyses were performed using 
Stata ver. 15.0 (Stata Corp, College Station, TX).

Results

Table 1 shows the basic characteristics of the study participants. 
At baseline, current, former, and never-smokers comprised 33.9%, 
19.7%, and 46.5% of the cohort, respectively. Former smokers were 
older and more likely to have hypertension and dyslipidemia com-
pared with never-smokers and current smokers.

During a follow-up of 307 749 person years (median follow-up 
5 years), 1777 participants took long-term SL (ie, 2.5% of the study 
participants). Of the SL episodes, 40.1% were due to mental dis-
orders (F00–F99), 10.5% for injuries/external causes (S00–T98), 
and the remaining 49.5% were attributable to physical disorders, 
which included cancer (C00–D48; 15.4%), musculoskeletal disease 
(M00–M99; 9.1%), and CVD (I00–I99; 5.0%).

Table 2 shows the results of a Cox hazards regression analysis 
investigating the association between baseline smoking status and 

long-term SL. Compared with never-smokers, current smokers had 
a significantly higher risk of all-cause long-term SL (HR  =  1.32, 
95% CI = 1.19 to 1.48); this association remained significant after 
adjusting for baseline hypertension, diabetes, and dyslipidemia. We 
did not find evidence of a significant association among former 
smokers. When cause-specific analyses were undertaken, current 
smokers were at higher risk of long-term SL due to physical dis-
orders (HR = 1.44, 95% CI = 1.22 to 1.69), cancer (HR = 1.49, 95% 
CI = 1.10 to 2.01), CVD (HR = 2.16, 95% CI = 1.31 to 3.55), and in-
juries/external causes (HR = 1.83, 95% CI = 1.31 to 2.58). These as-
sociations remained significant in the fully adjusted models. Former 
smokers were at higher risk of long-term SL due to cancer only at 
a marginally significant level (HR = 1.38, 95% CI = 0.99 to 1.92).

Our analysis of the association in relation to smoking inten-
sity Table 3 revealed that compared with those who had never 
smoked, those who smoked 1–10, 11–20, and 21+ cigarettes/day 
were at 1.30 (95% CI = 1.10 to 1.53), 1.29 (95% CI = 1.14 to 
1.47), and 1.45 (95% CI = 1.17 to 1.80) times higher risk of all-
cause long-term SL, respectively (p for trend <.001). Cause-specific 
analyses showed that there was a dose–response relationship for SL 
due to physical disorders (those who smoked 11–20 cigarettes/day: 
HR = 1.45 [95% CI = 1.20 to 1.74]; those who smoked 21+ cigar-
ettes/day: HR = 1.52 [95% CI = 1.13 to 2.05; p for trend <.001]). 
When considering SL due to CVD and injuries/external causes, 
we found that the risk of long-term SL associated with smoking 
was elevated, even in the lowest intensity group (SL due to CVD: 
HR = 2.50 [95% CI = 1.19 to 5.27]; SL due to injuries/external 
causes: HR = 2.04 [95% CI = 1.24 to 3.33]).

Discussion

In this large-scale prospective cohort study of working-age Japanese, 
current smoking was associated with a significantly higher risk of 
long-term SL due to all causes (HR = 1.32), all physical disorders 
(HR = 1.44), and injuries/external causes (HR = 1.83). Of the phys-
ical disorders, cancer and CVD had higher risks of long-term SL 
among current smokers (cancer, HR  =  1.49; CVD, HR  =  2.16). 

Table 1. Basic characteristics of the study participants in the Japan Epidemiology Collaboration on Occupational Health Study shown by 
baseline smoking status (2011)

Whole participants

Smoking status

 Never-smoker Former smoker Current smoker

Number of subjects 70 896 32 947 13 939 24 010
Age, mean [SD] 41.6 [10.4] 40.1 [10.5] 45.2 [9.1] 41.5 [10.3]
Male, n (%) 60 133 (84.8) 23 999 (72.8) 13 308 (95.5) 22 826 (95.1)
Body mass index categories, n (%)     
 <18.5 3728 (5.3) 2291 (7.0) 335 (2.4) 1102 (4.6)
 18.5–24.9 48 380 (68.2) 23 148 (70.3) 9358 (67.1) 15 874 (66.1)
 25.0–29.9 15 578 (22.0) 6164 (18.7) 3682 (26.4) 5732 (23.9)
 30+ 3210 (4.5) 1344 (4.1) 564 (4.0) 1302 (5.4)
Hypertension, n (%) 11 980 (16.9) 4769 (14.5) 3227 (23.2) 3984 (16.6)
Diabetes, n (%) 9647 (13.6) 4563 (13.8) 1557 (11.2) 3527 (14.7)
Dyslipidemia, n (%) 28 333 (40.0) 10 714 (32.5) 6580 (47.2) 11 039 (46.0)
Smoking intensity, n (%)†     
 1–10    5958 (25.7)
 11–20    14 116 (60.9)
 20+    3095 (13.4)

†n = 23 169.
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Former smokers were at higher risk of SL due to cancer at a mar-
ginally significant level (HR = 1.38). In analyzing the association be-
tween the intensity of smoking and SL, dose–response relationships 
were observed for all-cause SL and SL due to physical disorders. 
Note that the risks of long-term SL due to CVD and injuries/external 
causes were even elevated among those in the lowest intensity cat-
egory (ie, those who smoked 1–10 cigarettes/day).

Our findings of an elevated risk of long-term SL among current 
smokers accord with the literature. For example, Quist et al.15 showed 
that current smokers were at a higher risk of long-term SL among fe-
male health care workers in Denmark. In a study of Swedish women 
from the public sector, Vingard et al.16 showed that daily smoking 
was associated with long-term SL. Christensen et al.17 showed that, 
in Denmark, heavy smoking, but not moderate smoking, was linked 
to long-term sickness in both sexes. Our study extends these studies 
by reporting the smoking-related adverse effects on the incidence of 
SL in a non-Western setting.

Our cause-specific analyses revealed that current smoking was 
linked with SL due to physical disorders and suggests that SL due to 
cancer and CVD contributed to this association. While we are not 
aware of any studies that specifically investigated the association be-
tween smoking and physical disorders as a group, our findings are in 
line with the broader literature, which reported the adverse effects of 
tobacco smoking on all-cause mortality, CVD, and cancer.18 Virtanen 
et al.4 also reported an association between smoking and SL due to 

circulatory disease, although their definition of SL differed (ie, SL 
lasting more than 9 days).

In our study, current smoking was also associated with the risk 
of SL due to injuries/external causes. Several studies have shown 
that accidents/injuries are more likely to occur among smokers at 
the workplace19–22 or in general.23 One possible mechanism is nico-
tine withdrawal symptoms, which include irritation, restlessness, 
and increased difficulty concentrating experienced a few hours after 
nicotine abstinence; these symptoms in smokers might underlie 
the increased risk of long-term SL due to accidents/injuries. The 
observed association might be partly explained by confounders 
that affect both cigarette smoking and injuries/accidents (eg, low 
socioeconomic status24,25 and neuropsychiatric conditions that are 
associated with risk-taking behavior26–28).

We did not find evidence of a significant association between 
former smoking and all-cause SL, while the risk of SL due to cancer 
was elevated among former smokers. Studies have reported a signifi-
cant association between former smoking and all-cause SL; for ex-
ample, Ferrie et al.29 showed that former smokers were at an elevated 
risk of short- and long-term leave in men (rate ratios = 1.10 [95% 
CI = 1.04 to 1.17] and 1.16 [95% CI = 1.06 to 1.27], respectively). 
Christensen et  al.17 reported an elevated risk of SL among female 
former smokers, while they did not find evidence of a significant 
association among male former smokers. While more studies are 
needed, our null-finding might have resulted from a difference in the 

Table 2. Adjusted hazard ratios (95% confidence intervals) for long-term sick leave among the participants in the Japan Epidemiology 
Collaboration on Occupational Health Study (2012–2017) shown by baseline smoking status

　 Never-smoker Former smoker Current smoker

Number of subjects 32 947 13 939 24 010
Person years 142 576 60 546 104 627
1. All-cause sick leave
 No. of events 777 294 706
 Model 1 1.00 (ref.) 0.93 (0.80, 1.07) 1.32 (1.19, 1.48)
 Model 2 1.00 (ref.) 0.92 (0.79, 1.06) 1.31 (1.17, 1.46)
2. Sick leave due to mental disorders
 No. of events 333 101 278
 Model 1 1.00 (ref.) 0.83 (0.66, 1.04) 1.13 (0.95, 1.33)
 Model 2 1.00 (ref.) 0.82 (0.65, 1.03) 1.10 (0.93, 1.30)
3. Sick leave due to all physical disorders
 No. of events 371 165 342
 Model 1 1.00 (ref.) 1.04 (0.85, 1.26) 1.44 (1.22, 1.69)
 Model 2 1.00 (ref.) 1.02 (0.84, 1.24) 1.42 (1.21, 1.67)
3a. Sick leave due to cancer
 No. of events 109 66 98
 Model 1 1.00 (ref.) 1.38 (0.99, 1.92) 1.49 (1.10, 2.01)
 Model 2 1.00 (ref.) 1.37 (0.98, 1.91) 1.49 (1.10, 2.00)
3b. Sick leave due to cardiovascular disease 
 No. of events 24 13 52
 Model 1 1.00 (ref.) 0.70 (0.35, 1.39) 2.16 (1.31, 3.55)
 Model 2 1.00 (ref.) 0.67 (0.34, 1.34) 2.09 (1.26, 3.45)
3c. Sick leave due to musculoskeletal disorders
 No. of events 74 28 59
 Model 1 1.00 (ref.) 0.84 (0.53, 1.34) 1.19 (0.83, 1.73)
 Model 2 1.00 (ref.) 0.84 (0.53, 1.33) 1.19 (0.82, 1.73)
4. Sick leave due to injuries/external causes
 No. of events 72 28 86
 Model 1 1.00 (ref.) 0.95 (0.60, 1.50) 1.83 (1.31, 2.58)
 Model 2 1.00 (ref.) 0.94 (0.59, 1.49) 1.84 (1.31, 2.59)

Model 1 adjusted for age, sex; model 2 further adjusted for baseline and body mass index categories (<18.5; 18.5–24.9; 25.0–29.9; 30+ kg/m2), hypertension, dia-
betes, and dyslipidemia. The analysis was stratified by work sites. One participant did not provide information on the cause of sick leave. ref = reference category.
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composition of the causes of SL from the previous studies, given that 
harmful effects of smoking after cessation may persist differently by 
health outcomes (eg, a longer effect on cancer than on CVD).30,31 
Notwithstanding the above, our study provides supporting evidence 
that the harmful effect of smoking on cancer persists after quitting 
smoking when we used SL as the study outcome.

Low-intensity smoking was also shown to be associated with 
all-cause SL and SL due to CVD and injuries/external causes in 
this study. There is accumulating evidence suggesting the negative 
health effects of low-intensity smoking. For example, Inoue-Choi 
et  al.9,10 have linked low-intensity smoking to all-cause mortality 
and mortality due to cancer, CVD, and respiratory diseases using in-
formation collected from a middle-aged to elderly population (aged 
59–82 years at baseline) in the United States. In their meta-analysis 
of 141 cohort studies, Hackshaw et al.32 found that no safe level of 
smoking existed for CVD. While we did not find evidence of an ele-
vated risk among the lowest intensity group in relation to SL due to 
cancer, the public should be made aware of the elevated risk of SL 
associated with low-intensity smoking.

We did not find any evidence of a significant association be-
tween smoking and SL due to mental disorders, which contributed 
the most to long-term SL in our study. Previous findings regarding 
the association between smoking and mental disorders are con-
flicting. A  recent meta-analysis showed that baseline smoking 

was associated with an increased risk of depression,33,34 although 
a causal relationship between smoking and mental disorders (ie, 
depression and anxiety) was not supported in a Mendelian ran-
domization analysis.35 Furthermore, we did not find a significant 
association between smoking and SL due to musculoskeletal 
disease, while previous studies have linked smoking to SL due to 
unspecific back or neck pain.7,8 One possible explanation for this 
discrepancy may be the different definitions of the duration of SL. 
For example, Tsai et al.8 reported that three quarters of those who 
took SL because of musculoskeletal disorders returned to work 
within 2 weeks, which was not captured with the definition used 
in our study.

Several limitations should be borne in mind when interpreting 
our findings. First, we did not collect information on SL that lasted 
more than 30 days. While our aim was to investigate the effect of 
smoking on severer forms of SL, results may have been different 
when we had included SL that lasted for a shorter period of time. 
Second, measurement errors might have biased the study findings; 
for example, information on smoking status was self-reported, 
which might have been influenced by social desirability bias. It was 
also assessed only at baseline and we did not collect information 
on the cumulative effect of past smoking. Some participants might 
have reduced the number of cigarettes due to their current health 
conditions; this can lead to underestimation of the effect among 

Table 3. Adjusted hazard ratio (95% confidence intervals) for long-term sick leave among the participants in the Japan Epidemiology 
Collaboration on Occupational Health Study (2012–2017) shown by baseline smoking intensity

Never-smoker

Current smoker

p trend　 1–10 11–20 ≥21

Number of subjects 32 947 5958 14 116 3095  
Person years 142 576 25 871 61 636 13 416  
1. All-cause sick leave
 No of events 777 174 412 108  
 Model 1 1.00 (ref.) 1.30 (1.10, 1.53) 1.29 (1.14, 1.47) 1.45 (1.17, 1.80) <.001
 Model 2 1.00 (ref.) 1.29 (1.09, 1.53) 1.27 (1.12, 1.45) 1.38 (1.12, 1.72) <.001
2. Sick leave due to mental disorders
 No of events 333 84 157 35  
 Model 1 1.00 (ref.) 1.21 (0.95, 1.54) 1.06 (0.87, 1.30) 1.31 (0.90, 1.89) .17
 Model 2 1.00 (ref.) 1.20 (0.94, 1.53) 1.04 (0.85, 1.27) 1.24 (0.86, 1.79) .30
3. Sick leave due to all physical disorders
 No of events 371 68 207 59  
 Model 1 1.00 (ref.) 1.23 (0.94, 1.59) 1.45 (1.20, 1.74) 1.52 (1.13, 2.05) <.001
 Model 2 1.00 (ref.) 1.22 (0.94, 1.59) 1.43 (1.18, 1.72) 1.45 (1.08, 1.96) <.001
3a. Sick leave due to cancer
 No of events 109 20 62 16  
 Model 1 1.00 (ref.) 1.39 (0.86, 2.26) 1.61 (1.14, 2.28) 1.37 (0.78, 2.42) .008
 Model 2 1.00 (ref.) 1.39 (0.85, 2.26) 1.60 (1.13, 2.27) 1.35 (0.76, 2.39) .01
3b. Sick leave due to cardiovascular disease 
 No. of events 24 10 30 11  
 Model 1 1.00 (ref.) 2.50 (1.19, 5.27) 2.00 (1.14, 3.48) 2.10 (0.98, 4.50) .004
 Model 2 1.00 (ref.) 2.47 (1.17, 5.20) 1.91 (1.09, 3.34) 1.97 (0.92, 4.20) .008
3c. Sick leave due to musculoskeletal disorders
 No. of events 74 11 39 7  
 Model 1 1.00 (ref.) 0.95 (0.50, 1.81) 1.30 (0.85, 1.99) 1.05 (0.46, 2.37) .38
 Model 2 1.00 (ref.) 0.95 (0.50, 1.80) 1.29 (0.84, 1.97) 1.01 (0.44, 2.28) .42
4. Sick leave due to injuries/external causes
 No. of events 72 22 48 14  
 Model 1 1.00 (ref.) 2.04 (1.24, 3.33) 1.80 (1.21, 2.70) 1.89 (1.01, 3.53) <.001
 Model 2 1.00 (ref.) 2.03 (1.24, 3.33) 1.80 (1.20, 2.69) 1.89 (1.01, 3.54) <.001

Model 1 adjusted for age and sex; model 2 further adjusted for baseline and body mass index categories (<18.5; 18.5–24.9; 25.0–29.9; 30+ kg/m2), hypertension, 
diabetes, and dyslipidemia. The analysis was stratified by work sites.



141Nicotine & Tobacco Research, 2021, Vol. 23, No. 1

current smokers and overestimation of the effect among former 
smokers. In addition, we used information on hypertension, dia-
betes, and dyslipidemia, which were collected only once at baseline. 
Third, our study participants were mostly men working in large 
companies. Our results might have differed if we had had infor-
mation from those working in small companies, those who were 
self-employed, or more females. Fourth, we lacked information on 
exposure to secondhand smoke, which suggests that the associ-
ation between smoking and SL might have been underestimated. 
Fifth, we had no information on alcohol consumption, which is a 
possible confounder in the association between smoking and SL. 
Lastly, given that some cause-specific analyses might have been 
underpowered, more studies are needed to draw conclusions, par-
ticularly those on pregnancy-related disorders or types of cancer 
specific to females.

Despite the limitations described above, this study has several 
strengths. Most importantly, we examined the health effects of 
smoking on SL, which is one of the indicators that can best capture 
disease burden in the working-age population. Identifying the ad-
verse health effects of smoking in this population may inform better 
effort to mitigate disease burden associated with smoking. Second, 
this study was conducted in Japan, where there is room for improve-
ment as regards the WHO FCTC progress indicators.11,12 Third, we 
conducted cause-specific analyses as well as the analyses focusing 
on the effects of low-intensity smoking, both of which facilitate our 
understanding of the health effects of smoking.

Conclusions
Our study of a Japanese working population showed that current 
smoking was associated with higher risks of all-cause SL and SL due 
to physical disorders, cancers, and CVDs and SL due to injuries/ex-
ternal causes. An elevated risk among former smokers was observed 
in the cause-specific analyses of SL due to cancer.
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