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Abstract: Objective: Working long hours is a potential
health hazard. Although self-reporting of working hours
in various time frames has been used in epidemiologic
studies, its validity is unclear. The objective of this study
was to examine the validity and reproducibility of self-
reported working hours among Japanese male employ-
ees. Methods: The participants were 164 male employ-
ees of four large-scale companies in Japan. For validity,
the Spearman correlation between self-reported working
hours in the second survey and the working hours re-
corded by the company was calculated for the following
four time frames: daily working hours, monthly overtime
working hours in the last month, average overtime work-
ing hours in the last 3 months, and the frequency of long
working months (>45 h/month) within the last 12 months.
For reproducibility, the intraclass correlation between the
first (September 2013) and second surveys (December
2013) was calculated for each of the four time frames.
Results: The Spearman correlations between self-
reported working hours and those based on company re-
cords were 0.74, 0.81, 0.85, and 0.89 for daily, monthly,
3-monthly, and yearly time periods, respectively. The in-
traclass correlations for self-reported working hours be-
tween the two questionnaire surveys were 0.63, 0.66,
0.73, and 0.87 for the respective time frames. Conclu-
sions: The results of the present study among Japanese
male employees suggest that the validity of self-reported
working hours is high for all four time frames, whereas
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the reproducibility is moderate to high.
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Introduction

Working long hours has been given much attention for
its association with coronary heart disease and stroke'’
and their major risk factors, i.e., diabetes™ and hyperten-
sion™. The epidemiological evidence to date has been
consistent for the relationship between working hours and
the risk of coronary heart disease and stroke" but incon-
sistent for the risk of diabetes” and hypertension™. A ma-
jor limitation of these studies is that working hours were
elicited via self-report. Additionally, researchers meas-
ured working hours on a daily**” or weekly basis*'” and
monthly overtime**'¥ for various time frames, i.e., the
previous week'”, past month™', past 3 months™”, and
past year'”, using a single question®™""". All these factors
may influence the association between working hours and
disease risk. Understanding the validity and reproducibil-
ity of self-reporting is important to interpret the results of
previous studies and future studies using these measures
of working hours. However, to our knowledge, no study
has evaluated the validity and reproducibility of such self-
reported working hours.

Working hours are defined by the International Labour
Organization (ILO) as the hours when workers are avail-
able to receive orders from an employer or a person with
authority'. In Japan, for weekly working hours, the labor
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Self-reported working hours Self-reported working hours —
First survey Second survey

Survey period*:
October — December 2013
Target periodf:
1) September 2013 (daily and monthly)
2) July — September 2013 (three months)
3) October 2012 — September 2013 (yearly)

— 3 months

Survey period:
January — March 2014
Target Period:
1) December 2013 (daily and monthly)
2) October — December 2013 (three months)
3) January — December 2013 (yearly)

—  Validation study

Official Records of working hours )

Target Period:
1) December 2013 (daily and monthly)
2) October — December 2013 (three months)

3) January — December 2013 (yearly)

Fig. 1. Study design of the validation and reproducibility study

*The period in which each survey was conducted.

1The period of each survey and the targeted time frame for self-reported working hours

standard act sets a limit of 40 h'”, which is allowed to be
extended by submitting a labor-management agreement
for working hours to the labor standard inspection office.
Due to the lack of a standard procedure for measuring
working hours'”, the decision of whether to include ac-
tivities such as preparation, traveling, and waiting time in
working hours is left to the individual company. Given
such a situation, it is reasonable to use the official records
of working hours held by the company as the gold stan-
dard in a validity study of self-reported working hours.
Here, we examined the validity and reproducibility of
self-reported working hours and overtime work hours for
various time frames against company records of working
hours among Japanese male employees.

Study Population and Methods

Study design and population

This study was conducted as part of the Japan Epidemi-
ology Collaboration on Occupational Health (J-ECOH)
Study, an ongoing, large-scale, multi-company study in
Japan'". From October to December 2013 (first survey)
and from January to March 2014 (second survey), we per-
formed a validation and reproducibility study on working
hours among four of 12 companies participating in the J-
ECOH Study (Fig. 1). The four participating companies
covered the following industries; electrical machinery
(two companies), steel, and chemical. The study protocol

was approved by the Ethics Committee of the National
Center for Global Health and Medicine, Japan.

We limited the study subjects to full-time male em-
ployees because few females worked long hours, e.g.,
among employees in a sub-group of the J-ECOH Study
who worked 80 h/month or more of overtime, only 2%
were female”. Based on the company records of monthly
working hours in September 2013, we recruited 174 male
employees who had no work limitations and were not ab-
sent for more than 4 days during the 1-month period us-
ing mainly convenient sampling methods, e.g., two re-
searchers targeted employees who visited their office, one
researcher visited several work places and recruited all
the employees, and one researcher selected employees
randomly. Equal numbers of subjects were selected from
each category of overtime work hours (<10, 10 to <45, 45
to <60, 60 to <80, and >80 h/month). Of the 174 employ-
ees who participated in the first survey, we excluded 10
participants; these individuals were those who did not
participate in the second survey (four subjects), those who
had transferred from another office during the past 12
months (two subjects), and those who lacked information
on self-reported working hours (four subjects). Therefore,
we analyzed data from 164 participants.

Self-reported working hours
The questionnaire included self-reported working hours
for the following four time frames: 1) average daily work-
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ing hours in the last month (September 2013 and Decem-
ber 2013; <8, 8 to <9, 9 to <10, 10 to <11, 11 to <12, 12
to <13, and 213 h/day), 2) monthly overtime work hours
in the last month (September 2013 and December 2013;
<10, 10 to <30, 30 to <45, 45 to <60, 60 to <80, 80 to
<100 and 2100 h/month), 3) average monthly overtime
work hours in the last 3 months (July to September 2013
and October to December 2013; <10, 10 to <30, 30 to
<45, 45 to <60, 60 to <80, 80 to <100, and 2100 h/
month), and 4) the frequency of long working months
(245 h/month of overtime work hours) within the last 12
months (times/year) (October 2012 to September 2013
and January 2013 to December 2013). With reference to
the Japanese compensation criteria for Karoshi*”, sudden
death from over work™, we defined long overtime work
hours as 45 h/month or more. As for daily working hours,
we calculated the monthly overtime working hours using
the following formula: (daily working hours - 8 h) x 20
days, and we defined long working hours as 10 h/day
(about 45 h/month) or more. Regarding the frequency of
long working months in a year, we divided the maximum
number of overtime work hours in 1 year (360 h/year)
that have been legislated in Japan® by 45 h/month, and
we defined high frequency as 8§ months/year or more.

Company records of working hours

We collected participants’ records of monthly overtime
working hours from four companies over a period of 15
months, from October 2012 to December 2013. We also
collected participants’ records of absent days over the
same period from three companies to control for their ef-
fect on monthly working hours; the remaining company
disagreed with providing the records of absent days. All
four companies required employees to register their work-
ing hours through a system on a daily basis. The regis-
tered working hours were approved as official company
records after being checked monthly by the employees’
managers; we used these official records in the present
study. Each company uses another system to monitor em-
ployees’ arrival and departure times, the data for which
we did not obtain in the present study. In cases of large
discrepancies between registered working hours and those
estimated from the arrival and departure times, employees
are instructed to register their correct working hours.

Other variables

The questionnaire included information regarding job
position, type of department, marital status, and resident
status. Job position was categorized as high (department
chief, department director, or higher position) or low
(others). The type of department was categorized as office
(desk work, planning, research, and development, sales,
and production technology) or nonoffice work (field-
work). Marital status was categorized as married or un-
married (unmarried, divorced, or bereaved). Resident
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status was categorized as living alone or living with fam-
ily.

Statistical analysis

Continuous and categorical variables are presented as
the mean ( = standard deviation) and percentages, respec-
tively. As for the company records, we calculated the me-
dian (interquartile range) of the daily overtime working
hours, monthly overtime working hours, average monthly
overtime working hours in the past 3 months, and average
monthly overtime working hours in the past 12 months,
respectively. For validity, we calculated Spearman corre-
lations between self-reported working hours and
company-recorded working hours for each time frame;
we assigned ordinal numbers to increasing levels of self-
reported working hours in each time frame, whereas we
treated the overtime working hours based on company re-
cords as a continuous variable for the analysis of daily
working hours and the past month and past 3 months of
overtime work. Using company records, we also created a
variable indicating the number of months with at least 45
h of overtime during the past 12 months. We were in-
formed that some participants used their company records
to report working hours in the first survey, and we re-
quested that participants not use their records for the sec-
ond survey, which was used for the validation analysis.
With regards to reproducibility, the intraclass correlation
between the first and second surveys was calculated for
the four time frames using two-way random effects
model. We assigned median values for each category of
working hours for analysis of daily working hours and of
overtime hours in the past month and the past 3 months.
To control for the effect of absent days working hours, we
repeated the above analyses by absent days (<0.5 or >0.5
days/month, corresponding the median absent days) in
three companies. To minimize the effect of a greater sam-
pling weight for participants with longer working hours,
we repeated the analyses among employees who worked
fewer than 80 h of overtime in September 2013 according
to company records. Two-sided P values of less than 0.05
were considered to be statistically significant. All analy-
ses were performed using Stata version 13.1 (Stata Corp,
College Station, Texas, USA).

Results

Table 1 presents subjects’ demographic characteristics.
Most subjects tended to work in office-related depart-
ments in a low job position and to be married and living
with family.

Table 2 shows the proportion of employees with long
overtime hours, the median overtime working hours of of-
ficial records, and the Spearman correlation between self-
reported overtime work hours and the record of working
hours from each company calculated for the four time
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frames in the second survey. The proportions of subjects
in each category for the four time frames were shown in
Supplement Table 1. As for the self-reported working
hours, the proportion of employees who worked long
overtime hours in the second survey was 39.0%, 29.3%,
37.2%, and 16.5% for the time frames of daily, monthly,
3-monthly, and yearly basis, respectively. Regarding the
records of working hours, the proportion of employees
who worked long overtime hours was 34.2%, 31.7%,
39.6%, and 18.3%, respectively. The median overtime
working hours in the official records were 1.7 h/day, 32.3
h/month, 38.5 h/month, and 38.2 h/month, respectively.
The Spearman correlations between self-reported working
hours and records of working hours were 0.74, 0.81, 0.85,
and 0.89 for the four time frames (daily, daily, monthly,
3-monthly, and yearly) respectively. In analysis stratified
by average monthly absent days (from three companies),
the corresponding figures were 0.72, 0.82, 0.84, and 0.87,
respectively (daily, monthly, 3-monthly, and yearly) for
<0.5 days/month, and were 0.78, 0.93, 0.92, and 0.89, re-
spectively, for 0.5 days/month.

Table 2 also presents the intraclass correlations be-
tween the first and second surveys for the four time
frames. As for the self-reported working hours, the pro-
portions of employees who worked long overtime hours
in the first survey were 45.1%, 45.1%, 41.5%, and 17.7%
for the time frames consisting of a daily, monthly, 3-
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monthly, and yearly basis, respectively, and in the second
survey, they were lower than those of the first survey, es-
pecially for monthly overtime work hours in the last
month. The intraclass correlations between the first and
the second surveys were 0.63, 0.66, 0.73, and 0.87 for the
four time frames, respectively. In the stratified analysis by
average monthly absent days (three companies), the cor-
responding figures were 0.64, 0.59, 0.62, and 0.84 for <
0.5 days/month for the four time frames respectively, and
were 0.67, 0.62, 0.81, and 0.92 for 20.5 days/month, re-
spectively. Subgroup analysis of 136 individuals who
worked fewer than 80 overtime-work hours per month
showed similar results for both validity and reproducibil-
ity (Supplement Table 2).

Table 1. Demographic characteristics of the participants*®

No. of subjects 164
Age (years) 43.0(10.2) §
Non-office work department, % 36.6
High job position, % 28.1
Married, % 72.0
Living with family, % 72.6

*Data are based on the second survey.
T Mean (SD).

Table 2. Proportions of subjects with long overtime work hours, Spearman correlations between self-reported working hours and
company records of working hours, and intra-class correlations of self-reported working hours between the first and sec-

ond surveys for the four time frames

Proportions of subjects with long
overtime work hours*, %

Overtime

Self-reported working hours  (yfficial

First survey Second survey T€COTds  pecordg++  correlation

working Validity{ Reproducibility

hours of

official Spearman value Intra-clgss p-value
correlation

Daily working hours 45.1 39.0
Monthly overtime work hours in 45.1 29.3
the last month

Monthly overtime work hours in 41.5 37.2
the last 3 months

Frequency of long working 17.7 16.5

months§ within the last 12 months

34.2 1.7 h/day 0.74 <0.01 0.63 <0.01
(0.3-2.5)
31.7 32.3 h/month 0.81 <0.01 0.66 <0.01
(6.3-46.7)
39.6  38.5 h/month 0.85 <0.01 0.73 <0.01
(17.1-53.6)
18.3  38.2 h/month 0.89 <0.01 0.87 <0.01
(15.4-54.3)

*Defined as 10 or more working hours per day (daily working hours), 45 or more hours of overtime work in the last month (monthly
overtime work hours in the last month), 45 or more hours of overtime work on average in the past 3 months (monthly overtime work
hours in the past 3 months) and 8 months/year or more of long working months (frequency of long working months within the last 12
months). The proportions of subjects in each category for the four time frames were shown in Supplement Table 1.

** Data for continuous variables are expressed as median (IQR) for daily overtime working hours (daily working hours), monthly
overtime working hours (monthly overtime work hours in the last month), average monthly overtime working hours in the past 3
months (monthly overtime work hours in the past 3 months) and average monthly overtime working hours in the past 12 months

(frequency of long working months within the last 12 months).

TSpearman correlation and p-value for correlations between self-reported working hours and company records of working hours.
fIntra-class correlation and p-value for correlations of self-reported working hours between the first and second surveys.

§Defined as 45 h or more of overtime work in 1 month.
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Discussion

In this multi-company study among four manufacturing
companies in Japan, we found close correlations between
self-reported working hours and company records of
working hours over four time frames (daily, monthly, 3
months, and yearly), and we also found moderate to high
reproducibility of self-reported working hours over the
four time frames. This is the first study to show the valid-
ity and reproducibility of self-reported working hours.

In the present study, the official records of working
hours were based on the registered working hours of em-
ployees from four participating companies, i.e., the regis-
tered working hours were approved as official records af-
ter being checked by the employees’ managers. In Japan,
companies are required to monitor the accuracy of their
employees’ registered working hours using guidelines
published by the government™. Thus, each participating
company requires all employees to register their working
hours on a daily basis and checks and monitors their reg-
istered working hours using their arrival and departure
times each month. In these situations, employees may
routinely pay attention to the accuracy of their daily
working hours. Such a monitoring system for working
hours may have contributed to the high validity of the
self-reported working hours.

In the present study, the reproducibility of the self-
reported working hours was moderate to high and was
lower for shorter time frames (daily, monthly, and 3
months) than for long time frame (yearly). This finding is
reasonable given that the monthly working hours fluctu-
ate for several reasons, e.g., the number of monthly work-
ing days and the change in workload. It would thus be
preferable to collect information on long-term working
hours in epidemiologic studies that examine the chronic
effect of long working hours. With regard to monthly
working days, we divided the subjects into two groups
based on their average number of absent days per month
(<0.5 or 20.5 days/month) and repeated the reproducibil-
ity analyses in the three participating companies as a sen-
sitivity analysis; however, the results were similar in both
groups. Although other factors such as national holidays,
e.g., 2 days in September and 1 day in December, tradi-
tional holidays, e.g., 2 days in the end of December, and
changes in workload may have influenced the reproduci-
bility of self-reported working hours, we did not assess
these factors in this study.

The strength of the present study is that the validity and
reproducibility of self-reported working hours were as-
sessed for four time frames, ranging from daily to yearly,
and compared with company-owned data on working
hours. The limitations of the present study warrant men-
tion. First, we recruited equal numbers of participants
from each category of overtime-work hours (<10, 10 to
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<45, 45 to <60, 60 to <80, and >80 h/month), with a
greater sampling weight for those with longer working
hours. This may influence the estimates of our study.
However, subgroup analysis of employees who worked
fewer than 80 overtime-work hours per month showed
similar results for both validity and reproducibility (Sup-
plement Table 2). Second, the period of the second survey
was 3 months, from January to March 2014, and the tar-
get period was December 2013 for daily and monthly
working hours in the second survey. Subjects who an-
swered the questionnaire in a later period of survey may
recall their past working hours less reliably than those
who answered in an earlier period. However, most sub-
jects (n=160) completed the questionnaire in January
2014, and an analysis among such subjects only showed
similar validity (data not shown). Third, we conducted the
study among male employees in large-scale companies in
Japan. Thus, it remains unclear whether the present find-
ings can be applied to female employees, employees in
small- and medium-sized companies, or employees in
other countries.

In conclusion, the present validation study indicates
that among male Japanese employees, when assessed
against company records on working hours, self-reported
working hours for different time frames are highly valid
and moderately to highly reproducible. Given various
feedback systems that record working hours of employees
in different countries and companies, the validity of self-
reported working hours should be assessed in each study
setting.
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Supplement Table 1. Proportion of subjects in each category of self-reported working hours for the four time frames*

Categories of self-reported working hours

Daily working hours (h/day) <8 810 <9 9to<10 10to<ll 1lto<12 12to<I3 >13
Proportions of subjects , % 7.3 20.7 329 22.6 9.8 3.7 3.1
Monthly overtime work hours <10 10to<30 30to<45 45to<60 60to<80 80to<100 >100
in the last month (h/month)
Proportions of subjects , % 12.8 323 25.6 11.6 11.0 3.7 3.1
Monthly overtime work hours <10 10to<30 30to<45 45t0o<60 60to<80 80 to <100 >100
in the last 3 months (h/month)
Proportions of subjects, % 8.5 25 29.3 18.3 12.2 3.7 3.1
Frequency of long working monthsf 0 1to2 3t04 5to6 7t08 9to 10 11to 12
within the last 12 months (times/year)

Proportions of subjects, % 29.3 22.6 15.3 12.2 43 7.9 8.5

*Data are based on the second survey.
1tDefined as 45 h or more of overtime work in 1 month.

Supplement Table 2. Proportions of subjects with long overtime work hours, Spearman correlations between self-reported work-
ing hours and company records of working hours, and intra-class correlations of self-reported working
hours between the first and second surveys for the four time frames among employees who worked fewer
than 80 overtime-work hours per month

Proportions of subjects with long Overtime o -
overtime work hours*, % working Validity§ Reproducibility:
- hours of
Self-reported working hours  (fficia] official ~ Spearman Intra-class value

- . p-value .
First survey Second survey recordsll  po.ordg**  correlation correlation

Daily working hours 36.0 30.9 23.5 1.5 h/day 0.74 <0.01 0.68 <0.01
(0.3-2.3)
Monthly overtime work hours in 353 21.3 23.5 28.8 h/month 0.80 <0.01 0.69 <0.01
the last month (5.5-43.5)
Monthly overtime work hours in 31.6 28.7 31.6  33.2 h/month 0.81 <0.01 0.62 <0.01
the last 3 months (13.2-47.9)
Frequency of long working 10.3 10.3 12.5 34.0 h/month 0.85 <0.01 0.82 <0.01
months§ within the last 12 months (12.2-46.2)

*Defined as 10 or more working hours per day (daily working hours), 45 or more hours of overtime work in the last month (monthly
overtime work hours in the last month), 45 or more hours of overtime work on average in the past 3 months (monthly overtime work
hours in the past 3 months) and 8 months/year or more of long working months (frequency of long working months within the last
12 months).

**Data for continuous variables are expressed as median (IQR) for daily overtime working hours (daily working hours), monthly
overtime working hours (monthly overtime work hours in the last month), average monthly overtime working hours in the past 3
months (monthly overtime work hours in the past 3 months) and average monthly overtime working hours in the past 12 months
(frequency of long working months within the last 12 months).

tSpearman correlation and p-value for correlations between self-reported working hours and company records of working hours.
FIntra-class correlation and p-value for correlations of self-reported working hours between the first and second surveys.

§ Defined as 45 h or more of overtime work in 1 month.

Il Official records in the second survey were used.



