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Background: The aim of this study was to reveal the association between airflow limitation 

(AL) severity and reduction with work productivity as well as use of sick leave among Japanese 

workers.

Methods: This cross-sectional study included 1,378 workers who underwent a lung function 

test during a health checkup at the Japanese Red Cross Kumamoto Health Care Center. AL 

was defined as forced expiratory volume in 1 second/forced vital capacity of ,0.7. Workers 

completed a questionnaire on productivity loss at work and sick leave. The quality and quantity 

of productivity loss at work were measured on a ten-point scale indicating how much work 

was actually performed on the previous workday. Participants were asked how many days in 

the past 12 months they were unable to work because of health problems. Logistic regression 

analysis was used to assess the associations between AL severity and the quality and quantity 

of productivity loss at work as well as use of sick leave.

Results: Compared with workers without AL, workers with moderate-to-severe AL showed 

a significant productivity loss (quality: odds ratio [OR] =2.04, 95% confidence interval [CI]: 

1.12–3.71, P=0.02 and quantity: OR =2.19, 95% CI: 1.20–4.00, P=0.011) and use of sick leave 

(OR =2.69, 95% CI: 1.33–5.44, P=0.006) after adjusting for sex, age, body mass index, smoking 

status, hypertension, hyperglycemia, dyslipidemia, sleep duration, work hours per day, and 

workplace smoking environment.

Conclusion: AL severity was significantly associated with work productivity loss and use of 

sick leave. Our findings suggested that early intervention in the subjects with AL at the work-

force might be beneficial for promoting work ability.

Keywords: chronic obstructive pulmonary disease, airflow limitation, work productivity, sick 

leave, presenteeism, absenteeism

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity 

and mortality worldwide and results in an economic and social burden that is both 

substantial and increasing.1–3 COPD is one of the world’s most common noncom-

municable health problems.2 The World Health Organization reported that COPD is 

the third leading cause of death in the world and is presently the fifth leading cause 

of death among high-income countries, with a rate of 31 deaths per 100,000 people.4 

Furthermore, the burden of COPD is expected to continue increasing.4

COPD is considered to be a disease of later years; typical onset is in middle adult-

hood (.55 years). Estimates suggest that 50% of those with COPD are younger than 

65 years of age,5,6 and many of them are likely to be under paid employment.7
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COPD is a debilitating disease affecting the daily lives of 

patients. Physical activity levels are low even in patients in 

the early stages of COPD.8 Increasing severity of COPD is 

associated with decreasing physical activity.8,9 Although data 

exist on the physical activity levels of those with COPD, data 

on its impact on presenteeism and absenteeism among the 

working population are limited. Few studies have examined 

the association between COPD and work ability as well as 

use of sick leave.7,10–14 Employed adults with COPD reported 

significantly lower quality of life and work productivity 

and increased health care resource utilization than employed 

adults without COPD in the USA.12 Workers diagnosed with 

COPD had significantly higher levels of presenteeism and 

overall work impairment.12 Furthermore, there are no data 

regarding the association between airflow limitation (AL) 

severity and productivity at work or use of sick leave. We 

hypothesized that AL could be an important factor associated 

with loss of productivity at work and use of sick leave. This 

study aimed to reveal the associations between AL severity 

and productivity at work as well as use of sick leave among 

Japanese workers.

Materials and methods
Participants
Figure 1 demonstrates the flow chart for selection of the par-

ticipants with either AL or normal lung function. Participants 

were employees who underwent medical health checkups at 

the Japanese Red Cross Kumamoto Health Care Center and 

were selected between July 2012 and September 2013. The 

medical health checkups included interview questionnaires, 

a physical examination, blood sampling, and spirometry, as 

previously described.15–18

The interview questionnaires were conducted by a 

trained public health nurse to obtain data regarding medi-

cal history, smoking status, sleep duration, work hours per 

day, workplace smoking environment, productivity loss at 

work, and sickness absence. History of disease included 

past diagnosis and current treatment. All the participants 

were evaluated by a physician. The nonsmokers were of 

those who denied any past or current smoking. The for-

mer smokers were those who reported smoking cessation 

before the examination. The current smokers were those 

who reported smoking at least one cigarette a day. Pack-

years were calculated by multiplying the number of years 

of smoking by the average number of cigarettes smoked per 

day and dividing it by 20.

According to the interview questionnaires, sleep duration 

was categorized into ,6 hours, 6–8 hours, and .8 hours. 

Work hours per day were categorized into #8  hours, 

8–10 hours, and .10 hours.

Workplace smoking environment was categorized into 

smoke-free policies, restrictive policies (prohibitive policies 

using designated smoking rooms), and nonrestrictive 

(nonprohibitive) policies.

A total of 2,600 examinees were approached initially; 

169 declined to participate. Those without jobs (n=288) were 

excluded, as were those without lung function data (n=210) 

and those for whom there was insufficient information regard-

ing loss of work productivity (n=67). Complete data on lung 

function tests, productivity loss at work, and sickness absence 

were obtained from 1,866 workers. Additionally, participants 

with forced expiratory volume in 1 second (FEV
1
)/forced vital 

capacity (FVC) .70% and FEV
1
 predicted ,80% (n=126) 

were excluded from this study. We excluded data obtained 

from participants younger than 30 years (n=8) and older than 

75 years of age (n=2). We further excluded participants with 

a history or clinical evidence of mental disorder, allergic dis-

ease, respiratory disease except for COPD and asthma, cancer, 

cerebrovascular disease, brain tumor, cardiac disease, and col-

lagen disease. Those with Ménière’s disease, vertigo, chronic 

headache, and chronic headache with vertigo were also 

excluded. Further details are given in Figure 1. None of the 

subjects were diagnosed with COPD with acute exacerbation. 

Data from a total of 1,378  participants (921  males and 

457 females) aged 30–74 years were included in the final 

analysis. The main occupation of the participants consisted 

of managers (n=105), professionals and technicians (n=375), 

clerks (n=545), sales (n=110), service (n=57), agriculture and 

fishery (n=79), manufacturing (n=57), construction (n=13), 

and others (n=37). None of the subjects had a history of expo-

sure to workplace dust. Subjects were divided according to 

lung function (1,280 had normal lung function, 48 had mild 

AL, and 50 had moderate-to-severe AL) (Table 1).

All study participants gave their written informed consent 

regarding all aspects of the study and to undergo this exami-

nation. Our research protocol was approved by the Human 

Ethics Committee of Kumamoto University (Numbers 436, 

816, and 870) and the Japanese Red Cross Kumamoto Health 

Care Center.

Lung function tests
Spirometry was performed with an electronic spirometer 

(DISCOM-21 FX: CHEST M.I., Inc., Tokyo, Japan), as 

previously described,15–18 using equipment and quality cri-

teria that complied with international recommendations.19 

Reversibility tests were not performed for this study, 
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and the classifications were based on prebronchodilator 

levels. According to guidelines from the Global Initiative 

for Chronic Obstructive Pulmonary Disease (GOLD), we 

defined AL as an FEV
1
/FVC ratio ,70%.1 The predicted val-

ues were determined from the prediction equations published 

by the Japanese Respiratory Society:20 males, 0.036× height 

(cm) − 0.028× age − 1.178; females, 0.022× height (cm) − 

0.022× age − 0.005. The criteria used for the AL staging 

were also developed according to the GOLD guidelines 

and were as follows: Stage I (mild AL): FEV
1
/FVC ,70% 

and FEV
1
  $80% of predicted value; Stage  II (moderate 

AL): FEV
1
/FVC ,70% and 50%#FEV

1
,80% of pre-

dicted value; Stage III (severe AL): FEV
1
/FVC ,70% and 

30%#FEV
1
,50% of predicted value; and Stage IV (very 

severe AL): FEV
1
/FVC ,70% and FEV

1
 ,30% of predicted 

value. The subjects were divided into three groups: a control 

Figure 1 Flowchart of selecting the subjects with airflow limitation or normal lung function.
Abbreviations: FEV1/FVC, forced expiratory volume in 1  second to forced vital capacity; FEV1% predicted, forced expiratory volume in 1  second as percentage of 
predicted.
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group (normal lung function), GOLD Stage I (mild AL), 

and GOLD Stages II–IV (moderate-to-very severe AL). 

The participants with normal lung function were defined 

as having a FEV
1
/FVC .70% and FEV

1
 .80% of the 

predicted values.

Productivity loss at work and sick leave
Productivity loss at work was measured according to the 

quality and quantity scale of the quantity and quality (QQ) 

method,21 as described by Robroek et al.22,23 Participants were 

requested to indicate how much work they actually performed 

during regular hours on their most recent regular workday 

compared to that on a normal workday. The amount of the 

quality and quantity of productivity was measured on a scale 

from 0 (nothing) to 10 (regular amount). The outcome pro-

ductivity loss at work was classified into two categories: no 

productivity loss (score =10) and productivity loss at work 

(score of 9 or lower).

Table 1 The characteristics of the study subjects

Characteristics Normal lung 
function, n=1,280

Mild AL, n=48 Moderate-to-severe  
AL, n=50

P-value

Sex
Male, n (%) 836 (65.3) 38 (79.2) 47 (94.0) ,0.001
Female, n (%) 444 (34.7) 10 (20.8) 3 (6.0)
Age, years 49.3 (8.8) 53.0 (9.5)* 55.9 (9.7)** ,0.001
Height, cm 165.7 (8.2) 168.0 (8.4) 167.9 (7.7) 0.027
Weight, kg 64.1 (11.3) 64.4 (11.1) 68.2 (12.4)* 0.112
BMI, kg/m2 23.3 (3.2) 22.7 (3.0) 24.1 (3.2) 0.048

Smoking status
Never, n (%) 657 (51.3) 16 (33.3) 12 (24.0)
Former, n (%) 363 (28.4) 12 (25.0) 20 (40.0)
Current, n (%) 260 (20.3) 20 (41.7) 18 (36.0) ,0.001
Pack-years 10.0 (15.3) 18.0 (24.0)* 22.2 (26.6)** ,0.001

Lung function
FEV1, mL 3,081.3 (631.1) 2,885.0 (596.6) 2,281.4 (517.0)**,## ,0.001
FVC, mL 3,861.1 (799.2) 4,368.5 (896.8)** 3,715.8 (829.5)## ,0.001
FEV1/FVC, % 80.1 (5.3) 66.1 (2.4)** 61.8 (6.9)**,## ,0.001
FEV1%, predicted, % 98.6 (11.1) 89.1 (7.4)** 69.4 (9.7)**,## ,0.001

Clinical information
Hypertension, n (%) 410 (32.0) 14 (29.2) 23 (46.0) 0.104
Dyslipidemia, n (%) 566 (44.2) 21 (43.8) 30 (60.0) 0.088
Hyperglycemia, n (%) 167 (13.0) 8 (16.7) 12 (24.0) 0.070

Sleep duration
6–8 h, n (%) 1,088 (85.0) 39 (81.2) 42 (84.0)
,6 h, n (%) 182 (14.2) 8 (16.7) 5 (10.0)
.8 h, n (%) 10 (0.8) 1 (2.1) 3 (6.0) 0.006

Work hours per day
#8 h, n (%) 674 (52.6) 23 (47.9) 26 (52.0)
.8#10 h, n (%) 440 (34.4) 16 (33.3) 19 (38.0)
.10 h, n (%) 166 (13.0) 9 (18.8) 5 (10.0) 0.743

Smoking environment  
at workplace, n=1,307a

n=1,216a n=43a n=48a

Smoke-free, n (%) 403 (33.2)a 10 (23.3)a 13 (27.1)a

Restrictive, n (%) 707 (58.1)a 28 (65.1)a 23 (47.9)a

Nonrestrictive, n (%) 106 (8.7)a 5 (11.6)a 12 (25.0)a 0.010
Productivity loss at workb

Quality, n (%) 518 (40.5) 22 (45.8) 26 (52.0) 0.211
Quantity, n (%) 515 (40.2) 20 (41.7) 27 (54.0) 0.150

Sick leave, n=1,111c n=1,038c n=36c n=37c

Sick leave, n (%) 410 (39.5)c 15 (41.7)c 20 (54.1)c 0.203

Notes: Total number of study subjects =1,378. Data presented are mean (standard deviation) unless otherwise stated. *P,0.05, **P,0.001 compared with normal lung 
function; ##P,0.001 compared with mild airflow limitation. Airflow limitation was defined as FEV1/FVC ,0.7. Pack-years: (number of cigarettes smoked per day × number 
of years smoked)/20. aSmoking environment at workplace was only recorded for 1,307 of the 1,378 total subjects, 1,216 of the 1,280 normal lung function, 43 of the 48 mild 
AL, and 48 of the 50 moderate-to-severe. bTotal number of study subjects for productivity loss at work was 1,378. cSick leave was only recorded for 1,111 of 1,378 total 
subjects, 1,038 of the 1,280 normal lung function, 36 of the 48 mild AL, and 37 of the 50 moderate-to-severe.
Abbreviations: AL, airflow limitation; BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FEV1/FVC, forced expiratory volume 
in 1 second to forced vital capacity; FEV1% predicted, forced expiratory volume in 1 second as percentage of predicted; h, hours.
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Participants were asked how many days in the past 

12  months they were not able to work due to health 

problems.22,23 Those reporting sick leave were categorized 

into two categories: no sick leave (0 day) and use of sick 

leave (1 day or more).

Clinical information
Systolic and diastolic blood pressure were measured by 

trained nurses using an automated digital sphygmomano

meter (HEM-904; Omron, Kyoto, Japan) placed on the upper 

arm at heart height while the participant was seated, following 

5 minutes of rest. Hypertension was defined as antihyperten-

sive medication use, systolic blood pressure of 130 mmHg 

or more, or diastolic blood pressure of 85 mmHg or more. 

Dyslipidemia was defined as medication use, triglyceride 

level of 150 mg/dL or more, low-density lipoprotein choles-

terol level of 140 mg/dL or more, or high-density lipoprotein 

cholesterol level of ,40 mg/dL. Hyperglycemia was defined 

as blood glucose-lowering medication use or fasting glucose 

level of 110 mg/dL or more, as previously described.15

Statistical analyses
The results are given as mean (standard deviation). 

Differences among normal lung function, mild AL, and 

moderate-to-severe AL were compared using an analysis of 

variance, the Kruskal–Wallis test for continuous variables, 

or the chi-square test for categorical variables. The post hoc 

Scheffe’s test was used to assess the difference in charac-

teristics according to lung function status. A multivariate 

logistic regression model adjusted for sex, age, body mass 

index (BMI), smoking status, hypertension, hyperglycemia, 

dyslipidemia, sleep duration, work hours per day, and work-

place smoking environment was used to assess the relation-

ship between severity of AL and productivity loss at work 

as well as use of sick leave, with “normal lung function” 

as the reference. The odds ratios (ORs) were estimated as 

measures of association with corresponding 95% confidence 

intervals (95% CIs).

Adjustments were made according to sex, age, and BMI 

(model 1). In order to study the influence of lifestyle-related 

factors (such as models 2 [model 1 + smoking status], 

3  [model 2 + hypertension, hyperglycemia, and dyslipi-

demia], and 4 [model 3 + sleep duration]) and work-related 

factors (such as models 5 [model 4 + work hours per day] 

and 6 [model 5 + workplace smoking environment]), these 

factors were added separately to the basic statistical model 

(model 1) describing the association between AL severity 

and productivity loss at work or the presence of sick leave. 

All  statistical analyses were performed using IBM SPSS 

Statistics 22.0 software (IBM Corporation, Armonk, NY, 

USA). Whether the data showed normal distribution was 

assessed by Shapiro–Wilk test. Values of P,0.05 were 

considered to be statistically significant.

Results
Participant characteristics
Table 1 shows the study participants’ characteristics based 

on lung function status. Of the 1,378 participants, 98 (7.1%) 

had AL, similar to the percentage reported by the NICE 

study.24 The prevalence of AL in this study population for the 

“mild” and “moderate-to-severe” GOLD stages of AL was 

3.5% (n=48) and 3.6% (n=50), respectively. In this study, 

none of the participants demonstrated very severe AL. The 

prevalence of self-reported obstructive lung disease such as 

asthma and COPD among participants with AL was 23.5% 

(n=23) and 1.0% (n=1), respectively.

Significant differences were seen between the normal 

lung function and mild AL groups in terms of age and pack-

years. Significant differences were also seen between those 

with normal lung function and moderate-to-severe AL in 

terms of age, weight, and pack-years. No significant differ-

ence was seen in relation to BMI.

Significant differences were seen in relation to sleep 

duration and workplace smoking environment. On the other 

hand, no significant difference was seen in relation to work 

hours per day.

Productivity loss at work
Tables 2 and 3 show the ORs for the quality and quantity 

of productivity loss at work with normal lung function 

as the reference. In logistic regression models adjusting 

for sex, age, and BMI (model 1), the presence of the 

quality of productivity loss was higher in participants with 

moderate-to-severe AL compared to those with normal 

lung function (OR =1.97, 95% CI: 1.10–3.52, P=0.022). 

In logistic regression models 2 (model 1 + smoking status), 

3  (model 2 + hypertension, hyperglycemia, and dyslipi-

demia), 4 (model 3 + sleep duration), 5 (model 4 + work hours 

per day), and 6 (model 5 + workplace smoking environment), 

ORs, 95% CI, and P-values were 2.01, 1.12–3.60, and 0.019; 

1.99, 1.11–3.58, and 0.021; 1.95, 1.08–3.51, and 0.027; 

1.94, 1.07–3.50, and 0.028; and 2.04, 1.12–3.71, and 0.02, 

respectively. There were no significant differences between 

normal lung function and mild AL (Table 2).

In logistic regression models adjusting for sex, age, and 

BMI (model 1), the quantity of productivity loss was higher in 
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participants with moderate-to-severe AL compared to those 

with normal lung function (OR =2.16, 95% CI: 1.21–3.87, 

P=0.01). In logistic regression models 2 (model 1 + smoking 

status), 3 (model 2 + hypertension, hyperglycemia, and dys-

lipidemia), 4 (model 3 + sleep duration), 5 (model 4 + work 

hours per day), and 6 (model 5 + workplace smoking environ-

ment), ORs, 95% CI, and P-values were 2.17, 1.21–3.90, and 

0.01; 2.16, 1.20–3.89, and 0.011; 2.11, 1.17–3.81, and 0.013; 

2.10, 1.16–3.80, and 0.014; and 2.19, 1.20–4.00, and 0.011, 

respectively. There were no significant differences between 

normal lung function and mild AL (Table 3).

Sick leave
Table 4 shows the ORs for the use of sick leave with normal 

lung function as the reference. In logistic regression models 

adjusting for sex, age, and BMI (model 1), use of sick leave 

was higher in participants with moderate-to-severe AL 

compared to those with normal lung function (OR =2.45, 

95% CI: 1.24–4.86, P=0.01). In logistic regression models 2 

(model 1 + smoking status), 3 (model 2 + hypertension, hyper-

glycemia, and dyslipidemia), 4 (model 3 + sleep duration), 

5 (model 4 + work hours per day), and 6 (model 5 + workplace 

smoking environment), ORs, 95% CI, and P-values were 

2.40, 1.21–4.76, and 0.012; 2.43, 1.22–4.85, and 0.012; 

2.50, 1.25–5.00, and 0.01; 2.51, 1.25–5.02, and 0.01; and 

2.69, 1.33–5.44, and 0.006, respectively. There were no 

significant differences between normal lung function and 

mild AL (Table 4).

Discussion
The main findings of this study are that productivity loss and 

use of sick leaves were significantly higher in participants 

with moderate-to-severe AL. This study focused on the 

possible relationship of AL severity with work productivity 

loss and sick leave and revealed that productivity loss at 

work and use of sick leave increased with AL severity in 

Japanese workers.

In this study, we demonstrated that workers with 

moderate-to-severe AL were more likely to report quality 

and quantity of productivity loss at work (OR =2.04, 95% 

CI: 1.12–3.71, P=0.02 and OR =2.19, 95% CI: 1.20–4.00, 

P=0.011, respectively) and use of sick leave (OR =2.69, 

95% CI: 1.33–5.44, P=0.006) after adjusting for sex, 

age, BMI, smoking status, hypertension, hyperglycemia, 

dyslipidemia, sleep duration, work hours per day, and 

workplace smoking environment. No significant differences 

Table 2 Multivariable adjusted OR (95% CI) for quality of work productivity at work and airflow limitation severity

Normal lung  
function, n=1,280

Mild AL, n=48 P-value Moderate-to- 
severe AL, n=50

P-value

Crude Reference 1.25 (0.70–2.22) 0.46 1.59 (0.91–2.81) 0.11
Model 1: sex, age, BMI Reference 1.40 (0.78–2.51) 0.27 1.97 (1.10–3.52) 0.02
Model 2: model 1 + smoking status Reference 1.40 (0.78–2.52) 0.27 2.01 (1.12–3.60) 0.02
Model 3: model 2 + hypertension,  
hyperglycemia, dyslipidemia

Reference 1.40 (0.78–2.53) 0.26 1.99 (1.11–3.58) 0.02

Model 4: model 3 + sleep duration Reference 1.38 (0.76–2.49) 0.29 1.95 (1.08–3.51) 0.03
Model 5: model 4 + work hours per day Reference 1.35 (0.76–2.45) 0.32 1.94 (1.07–3.50) 0.03
Model 6: model 5 + smoking  
environment at workplace

Reference 1.51 (0.81–2.82) 0.20 2.04 (1.12–3.71) 0.02

Note: Total number of study subjects =1,378.
Abbreviations: AL, airflow limitation; OR, odds ratio; CI, confidence interval; BMI, body mass index.

Table 3 Multivariable adjusted OR (95% CI) for quantity of work productivity at work and airflow limitation severity

Normal lung  
function, n=1,280

Mild AL, n=48 P-value Moderate-to- 
severe AL, n=50

P-value

Crude Reference 1.06 (0.59–1.90) 0.84 1.74 (0.99–3.08) 0.06
Model 1: sex, age, BMI Reference 1.20 (0.66–2.17) 0.55 2.16 (1.21–3.87) 0.01
Model 2: model 1 + smoking status Reference 1.17 (0.64–2.12) 0.61 2.17 (1.21–3.90) 0.01
Model 3: model 2 + hypertension,  
hyperglycemia, dyslipidemia

Reference 1.17 (0.64–2.12) 0.61 2.16 (1.20–3.89) 0.01

Model 4: model 3 + sleep duration Reference 1.15 (0.63–2.09) 0.65 2.11 (1.17–3.81) 0.01
Model 5: model 4 + work hours per day Reference 1.12 (0.61–2.04) 0.72 2.10 (1.16–3.80) 0.01
Model 6: model 5 + smoking environment  
at workplace

Reference 1.31 (0.70–2.46) 0.40 2.19 (1.20–4.00) 0.01

Note: Total number of study subjects =1,378.
Abbreviations: AL, airflow limitation; OR, odds ratio; CI, confidence interval; BMI, body mass index.
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were found between normal lung function and mild AL. 

Thus, these results suggested that increasing severity of 

AL was associated with productivity loss at work and use 

of sick leave.

Previous research by Robroek et al22 found that lifestyle-

related factors, especially smoking and obesity, were asso-

ciated with productivity loss at work and use of sick leave. 

Our results are in line with this study in terms of smoking 

status.

Comorbidities are major determinants of health status 

and health expenditure in patients with COPD.1,25,26 Patients 

with COPD with comorbidities have poorer health outcomes 

than those without comorbidities.1,25,26 Both insomnia and 

short sleep duration were independently associated with 

poor work ability.27 In this study, none of the participants 

demonstrated insomnia.

Health problems, as shown in the following paragraphs, 

might relate to work productivity. Therefore, in this study, 

participants with respiratory diseases except for COPD and 

asthma, mental disorders,28,29 allergic diseases, all kinds of 

cancer, cerebrovascular disease, brain tumor, ischemic heart 

disease, other cardiac diseases, collagen disease, Ménière’s 

disease, vertigo, and chronic headache were excluded from 

this study. Mental disorders were independently associated 

with absenteeism and presenteeism.28,29

Moreover, workplace smoking environment is related to 

absenteeism and productivity costs.30 Therefore, these factors 

were added separately to the basic statistical model describing 

the association between AL severity and productivity loss at 

work or use of sick leave.

Labor input includes two aspects: quality and quantity. 

AL might impact both work quality and quantity. The under-

lying mechanisms of productivity loss at work in participants 

with AL remain poorly understood at present. A previous 

report suggested a possible explanation of effects of health 

Table 4 Multivariable adjusted OR (95% CI) for the presence of sick leave and airflow limitation severity

Normal lung  
function, n=1,038

Mild AL, n=36 P-value Moderate-to- 
severe AL, n=37

P-value

Crude Reference 1.09 (0.56–2.15) 0.79 1.80 (0.93–3.48) 0.08
Model 1: sex, age, BMI Reference 1.23 (0.62–2.44) 0.56 2.45 (1.24–4.86) 0.01
Model 2: model 1 + smoking status Reference 1.19 (0.59–2.36) 0.63 2.40 (1.21–4.76) 0.01

Model 3: model 2 + hypertension,  
hyperglycemia, dyslipidemia

Reference 1.22 (0.61–2.43) 0.58 2.43 (1.22–4.85) 0.01

Model 4: model 3 + sleep duration Reference 1.21 (0.61–2.43) 0.59 2.50 (1.25–5.00) 0.01

Model 5: model 4 + work hours per day Reference 1.24 (0.62–2.49) 0.55 2.51 (1.25–5.02) 0.01

Model 6: model 5 + smoking  
environment at workplace

Reference 1.36 (0.67–2.76) 0.40 2.69 (1.33–5.44) 0.006

Notes: Total number of study subjects was 1,111 including 1,038 normal lung function, 36 mild AL, and 37 moderate-to-severe AL.
Abbreviations: AL, airflow limitation; OR, odds ratio; CI, confidence interval; BMI, body mass index.

problems in terms of AL on work productivity;8,9 participants 

with AL might slow the pace at which they work and/or take 

more breaks (quantity). In addition, they may be less careful 

and have to repeat work due to mistakes (quality). Watz et al9 

also reported that significant limitations of physical activ-

ity are present in patients with COPD from GOLD Stage II 

(moderate AL).8 Thus, limitations of physical activity in 

participants with moderate-to-severe AL might reflect work 

productivity. More information is needed on how AL impacts 

work performance.

The authors are aware of possible limitations of this 

study. First, we did not employ reversibility testing since 

our Institutional Review Board considered it unacceptable 

in the absence of a high suspicion of disease. For this rea-

son, participants with AL may have included some with a 

postbronchodilator FEV
1
/FVC ratio .70%. In this study, 

the prevalence of self-reported obstructive lung disease 

such as asthma and COPD among participants with AL was 

23.5% (n=23) and 1.0% (n=1), respectively. Undiagnosed 

individuals may have had COPD, and they may even have 

had asthma; thus, we expressed it as “AL” rather than COPD. 

This limitation has also been reported in previous studies by 

Oda et al.15

Second, we used subjective single measures of pro-

ductivity loss at work and use of sick leave according 

to the QQ questionnaire.21–23 Variability of work ability, 

which is closely linked to measurement reliability, is an 

important issue in presenteeism studies. The quantity 

question of the QQ method was associated with objective 

work output among floor layers (r=0.48). A disadvantage 

of this method is that productivity loss is assessed during 

the previous regular workday, and it does not take into 

account the expected fluctuations in productivity loss 

within workers across workdays. This limitation has also 

been reported in previous studies by Robroek et al.22,23 
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Other useful instruments have been developed to evaluate 

presenteeism, such as the Work Productivity and Activ-

ity Impairment Questionnaire.31 However, it has not been 

concluded which instrument provides a better presenteeism 

estimate.32 Third, this was a cross-sectional study, and the 

relatively small sample size for the group of AL meant that 

comparisons against normal lung function had less statisti-

cal power. Further studies are needed in a larger sample 

that includes subjects with a wider severity range of AL. 

Large-scale prospective studies are needed to further con-

firm these findings. Finally, this study was a single-center 

study performed with participants who were interested in 

this research project. This may limit applicability across 

different centers and clinical settings.

Despite these limitations, we consider this study to be 

worthwhile because it is the first to reveal the relationship 

of AL severity with productivity loss at work and use of sick 

leave in Japanese workers, as far as the authors know.

Conclusion
AL severity was associated with productivity loss at work 

and use of sick leave. This relationship remained significant 

even after adjusting for a range of potential confounders. 

Even if the cause–effect relationships are still unknown, early 

intervention in the participants with AL at the workplace 

might be beneficial for promoting work ability. Additional 

research is needed to clarify this aspect of presenteeism and 

absenteeism due to AL.
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