Received: 15 December 2017

Revised: 20 March 2018

Accepted: 6 April 2018

DOI: 10.1002/hsr2.49

RESEARCH ARTICLE

WILEY Health Science Reports

OpenAccess

Occupational class and risk of renal cell cancer

Masayoshi Zaitsul?

Yasuki Kobayashi? |

1 Department of Social and Behavioral
Sciences, Harvard T.H. Chan School of Public
Health, Boston, Massachusetts, USA

2Department of Public Health, Graduate
School of Medicine, The University of Tokyo,
Tokyo, Japan

3Department of Community Health, Tufts
University, Medford, Massachusetts, USA

“Department of Urology, Kanto Rosai
Hospital, Kawasaki, Kanagawa, Japan

Correspondence

Masayoshi Zaitsu, MD, PhD, Department of
Social Behavioral Sciences, Harvard T.H. Chan
School of Public Health, 677 Huntington
Avenue, Kresge Building, 7th Floor, Boston,
MA 02215, USA; or Department of Public
Health, Graduate School of Medicine, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-0033, Japan.

Email: mzaitsu@hsph.harvard.edu; m-
zaitsu@m.u-tokyo.ac.jp

Funding information

National Institutes of Health (NIH), Grant/
Award Number: 3R25CA057711; Fonds de
Recherche du Quebec—Sante; Industrial Dis-
ease Clinical Research Grants from Ministry of
Health, Labour, and Welfare, Grant/Award
Number: 170201-01

1 | INTRODUCTION

Renal cell cancer accounts for 2% of all malignancies in Japan, and
the incidence has been increasing in recent years.)® In 2013,
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Abstract

Objectives: We sought to examine the association between occupational class
linked to job stress and the risk of renal cell cancer. To identify potential mediators,
we additionally examined whether any observed associations persisted even after
controlling for the contribution of stress-related factors (eg, smoking, hypertension,
and obesity).
Methods:

tal group in Japan, we identified 3316 cases of renal cell cancer (excluding upper tract

Using nationwide inpatient records (1984 to 2016) from the Rosai Hospi-

urothelial cancer) and 168 418 controls. We classified patients' occupational class
(blue-collar workers, service workers, professionals, and managers) and cross-classi-
fied it by industry type (blue-collar, service, and white-collar) based on a standardized
national classification. Unconditional logistic regression with multiple imputation was
used for the analyses.

Results: A significantly elevated risk of renal cell cancer was found among men in
higher occupational class (eg, professionals and managers). The elevated odds in male
managers across all industries persisted even after controlling for smoking and alcohol
consumption, with the association being more pronounced in blue-collar industries
(OR, 1.61; 95% Cl, 1.34-1.93). The association appeared to be mainly mediated by
hypertension.
Conclusion: Occupational class is associated with the risk of renal cell cancer in

men, particularly through modifiable risk factors.

KEYWORDS

hypertension, job stress, occupational class, renal cell cancer, smoking

Cancer Information Service, National Cancer Center, Japan, esti-
mated that the total incidence of kidney cancer (including upper
tract urothelial cancer) was 24 865 (16 610 male and 8 255
female).* Growing evidence suggests that stress-related risk fac-
tors—eg, smoking, obesity, and hypertension®”—contribute to the
risk of renal cell cancer.8* However, very little is known of the

role that stress plays in the risk of renal cell cancer, and the
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association between hypertension and the risk of renal cell cancer
has been previously undocumented in Japan.

Stress has long been hypothesized as a possible contributor to can-
cer risk via stress coping responses (ie, an increase in coping behaviors
such as smoking or excess drinking), and/or direct physiological
responses (eg, elevated blood pressure) that is partially mediated by
activation of the sympathetic nervous system, inflammatory pathways,
and the hypothalamic-pituitary-adrenal axis.*>'¢ However, the empiri-
cal evidence linking various dimensions of stress to cancer incidence
has remained inconsistent.>”"*® Regarding work-related stress, in the
Nurses' Health Study, there was no association between multiple
aspects of job stress, such as high demands and low control as well as
low social support at work, and breast cancer or ovarian cancer.}??°
Similarly, meta-analyses have not found an association between work
stress and lung, colorectal, breast, or prostate cancer.?! Yet no study
to date has specifically investigated the relationship between stress
because of work characteristics and renal cell cancer risk.

In Japanese society, higher occupational classes (managers and

professionals) tend to report more job stress,?223

particularly follow-
ing the collapse of the “economic bubble” in 1990. For example,
Suzuki et al found that the occupational gradient in suicide in Japan
reversed during the last 30 years.?? Specifically, prior to the economic
collapse of the asset bubble in 1991, suicide rates were higher among
service, sales, and production workers. In the decades following the
collapse, however, suicide rates have been higher among professional
and managerial workers.

The distribution of job stress is markedly different in the Japanese
workplace compared with the United States. For example, a recent
study in Japan indicated that higher psychological distress in administra-
tive and professional occupations is associated with increased cancer
mortality at several sites.?* Another study showed that the age-stan-

dardized suicide mortality rate increased among Japanese male

administrative/managerial workers??> between 1975 and 2005. In the
same study, the lowest odds for suicide was observed among blue-collar
production workers.2? More recently, Tanaka et al®® reported that the
age-adjusted mortality rate for male managers increased across 12 types
of occupation during the period of 1995 to 2010, which straddles the
global economic crisis of 2008. While the magnitude of job stress across
occupational classes is debated,?®?” higher occupational class does
indeed appear to be related to greater job stress in Japanese society,
as indicated by the higher rates of suicide rates among managers and
professionals in Japan.??2?% Hence, in contrast to US/European studies,
which typically show that job stress is higher among low-status occupa-
tions compared with high-status ones, the opposite pattern is found in
Japan. Additionally, the prevalence of both hypertension and unipolar
depression appeared to be higher in white-collar occupations compared

with blue-collar occupations in Japan,282?

and hypertension appeared to
be linked to job stress.?®

In the present study, we sought to examine the association
between occupational class and renal cell cancer, assuming that occu-
pational class is a proxy for work-related stress.33! In addition, we
assumed that occupational class is associated with stress-related fac-
tors (smoking, hypertension, and obesity), and that these may increase
the risk for renal cell cancer. Therefore, we also tested whether any
observed renal cell cancer risk associated with occupational class
persisted even after controlling for the potential mediation by stress-

related factors.

2 | MATERIALS AND METHODS

We conducted a hospital-based case-control study using inpatient
electronic medical records of the Rosai Hospital group run by the

Japan Organization of Occupational Health and Safety, an

Blue-collar industry

Service & sales industry

White-collar industry

[ Blue-collar worker l [ Blue-collar worker ] [ Blue-collar worker ]

[Service & clercial workerl [Service & clercial worker] [Service & clercial worker]

[ Professional I [ Professional ] [ Professional ]

[ Manager I [ Manager ] [ Manager ]
Occupational class Japan Standard Occupational Classification Code

Blue-collar worker

and related workers

Security, agriculture, forestry, fishery, manufacturing, transport
and machine operation (stationary and construction machinery
operators), construction, mining, carrying, cleaning, packaging,

43—-59, 64-73

Service & clercial worker Clerical, sales, service, and transport and machine operation
(railway drivers, motor vehicle drivers, ship and aircraft
operators, and other transport related workers)

25—42, 60-63

Professional Professional and engineering workers 05—-24
Manager Administrative and managerial workers 01-04
Industrial cluster Japan Standard Industrial Classification Code
Blue-collar industryt Agriculture, forestry, fisheries, mining, quarrying of stone, A—F, H
construction, manufacturing, electricity, gas, heat supply, water,
transport, and postal service
Service industry Wholesale, retail trade, accommodations, eating, drinking, I,M, N, Q R

living-related, personal, amusement, and compound services,
services not elsewhere categorized

White-collar industryt

Information, communications, finance, insurance, real estate,
goods rental, leasing, education, learning support, medical,
healthcare, welfare, and government except elsewhere

4 i

G,J,KLOPS

T Waste disposal business (Code R88) included. # Political, business and cultural organizations (Code R93), railway transport (Code H42),
road passenger transport (Code H43), and air transport (Code H46) included.

FIGURE 1 Occupational class cross-classified with industrial cluster
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independent administrative agency. Details of the study database
have been previously described.>?® Briefly, the Rosai Hospital group
consists of 34 general hospitals in the main urban areas of Japan. Since
1984, the hospitals have recorded information on the clinical and
occupational history of all inpatients. The database includes basic
sociodemographic characteristics of patients, clinical diagnoses, and
occupational history, as well as patients' smoking and alcohol habits,
derived from questionnaires completed at the time of admission. Since
2002, pathological diagnoses have been recorded for cancer cases,
while information on other risk factors (eg, hypertension, diabetes,
and obesity) has been recorded since 2005. Trained registrars or
nurses are responsible for registering the data. Occupational history
is coded according to the standardized national classification (viz, the
Japan Standard Occupational Classification and Japan Standard Indus-
trial Classification) corresponding, respectively, to the International
Standard Industrial Classification and International Standard Occupa-
tional Classification.®>3® Written informed consent was obtained
before patients completed the questionnaires.

We obtained a dataset under the research agreement between
the authors and the Japan Organization of Occupational Health and

Safety. The Research Ethics Committees of Graduate School of

Open Access

Medicine, The University of Tokyo, Tokyo (Protocol No. 3890-3) and
Kanto Rosai Hospital, Kanagawa, Japan (Protocol No. 2014-38)
approved the study.

2.1 | Cases and controls

The study subjects comprised 171 734 patients (3316 cases of renal
cell cancer [excluding upper tract urothelial cancer] and 168 418 hospi-
tal controls) aged 20 years or older, admitted to hospitals between April
1984 and March 2016. According to available national statistics esti-
mated with several high-quality local cancer registries in Japan, the total
number of renal cell cancer cases in our data set represents 0.8% of the
total incidence of kidney cancer (including upper tract urothelial cancer)
in Japan for the years 1984 to 2013 (3033 of 357 993).4

We excluded patients with the diagnosis of upper tract
urothelial cancer or patients with preexisting cancer history from
the cases. Controls were patients diagnosed with musculoskeletal
diseases (ICD-9, 410-739 and ICD-10, M00-M99; 89%) and skin dis-
eases (ICD-9, 680-709 and ICD-10, LOO-L99; 11%). We assumed
that these diagnoses selected for the control groups were not linked

to work stress.3*

(A) Men, crude (B) adjusted

FIGURE 2 Odds ratios for renal cell cancer
across different occupational classes stratified
by sex. The odds ratio (dot) and 95%
confidence interval (bar) were estimated by
unconditional logistic regression with 5
imputed data. Male and female odds ratios
were (A, C) adjusted for age and year of
admission and (B, D) additionally adjusted for
smoking and drinking. The numbers of cases
and controls were, respectively, 2703 and
111 925 for men and 613 and 56 493 for
women

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager

(C) Women, crude
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TABLE 1 Odds ratios in each occupational class associated with risk for renal cell cancer

Characteristics

Men
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Manager
Service industry
Blue-collar worker
Service worker
Professional
Manager
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y
Year of admission, mean (SD)
Smoking
Never
<20 pack-year
>20-40 pack-year
>40 pack-year
Daily alcohol intakes
Never
<15¢g
>15-30 g
>30 g
Women
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Manager
Service industry
Blue-collar worker
Service worker
Professional
Manager
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y

Year of admission, mean (SD)

Control, %*

111 925

39.0
135
4.3
3.2

4.7
134
11
1.6

3.6
8.1
6.5
1.0
50 (17)
2000 (8)

27.0
30.3
25.7
16.9

24.7

6.7
29.3
39.3

56 493

28.9
8.8
0.5
0.5

4.5
28.2
0.8
0.6

0.9
120
14.5

NA
54 (17)
2001 (9)
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Case Odds Ratio (95% Confidence Interval)®

% Model 1° Model 2¢ Model 3¢

2703

34.2 1.00 1.00 1.00

14.2 1.26 (1.11-1.44) 1.26 (1.10-1.43) 1.26 (1.10-1.43)
5.0 1.52 (1.24-1.86) 1.53 (1.25-1.88) 1.53 (1.25-1.87)
5.8 1.62 (1.35-1.95) 1.61 (1.34-1.94) 1.61 (1.34-1.93)
4.0 1.17 (0.94-1.47) 1.18 (0.94-1.47) 1.18 (0.94-1.48)

13.2 1.29 (1.12-1.49) 1.29 (1.12-1.49) 1.29 (1.12-1.49)
1.2 1.34 (0.94-1.92) 1.36 (0.95-1.95) 1.36 (0.95-1.95)
2.7 1.50 (1.15-1.97) 1.51 (1.15-1.97) 1.51 (1.15-1.97)
2.0 0.78 (0.58-1.05) 0.79 (0.59-1.06) 0.79 (0.59-1.06)
9.6 1.48 (1.25-1.75) 1.48 (1.25-1.76) 1.48 (1.25-1.76)
6.5 1.29 (1.09-1.53) 1.32 (1.11-1.56) 1.32 (1.11-1.57)
1.7 1.47 (1.07-2.03) 1.48 (1.07-2.04) 1.48 (1.07-2.04)

62 (12) 1.05 (1.04-1.05) 1.04 (1.04-1.05) 1.05 (1.04-1.05)

2003 (8) 1.02 (1.01-1.03) 1.02 (1.01-1.03) 1.02 (1.01-1.03)

254 1.00 1.00

19.9 0.93 (0.82-1.06) 0.92 (0.81-1.05)

29.6 1.15 (1.03-1.28) 1.13 (1.01-1.26)

25.1 1.13 (1.01-1.26) 1.10 (0.98-1.24)

23.8 1.00
6.0 0.98 (0.79-1.20)

31.7 1.07 (0.96-1.19)

38.4 1.10 (0.96-1.25)

613

28.1 1.00 1.00 1.00

10.0 1.48 (1.10-2.00) 1.49 (1.10-2.01) 1.49 (1.11-2.02)
0.3 0.92 (0.23-3.75) 0.92 (0.23-3.76) 0.93 (0.23-3.79)
0.8 1.69 (0.69-4.15) 1.70 (0.69-4.18) 1.73 (0.70-4.25)
6.4 1.50 (1.06-2.14) 1.52 (1.07-2.16) 1.52 (1.07-2.17)

28.1 1.18 (0.95-1.47) 1.20 (0.97-1.50) 1.21 (0.97-1.50)
1.0 1.81 (0.79-4.12) 1.82 (0.80-4.14) 1.83 (0.80-4.18)
1.1 1.91 (0.89-4.11) 1.97 (0.91-4.23) 1.99 (0.92-4.27)
1.0 1.35 (0.59-3.07) 1.35 (0.59-3.08) 1.36 (0.60-3.09)

12.9 1.37 (1.04-1.81) 1.38 (1.05-1.82) 1.39 (1.05-1.84)

10.4 0.98 (0.73-1.32) 0.98 (0.73-1.32) 0.99 (0.73-1.33)

NA NA NA NA

61 (13) 1.03 (1.02-1.03) 1.02 (1.02-1.03) 1.02 (1.02-1.03)

20083 (8) 1.04 (1.02-1.06) 1.04 (1.02-1.06) 1.04 (1.02-1.06)

(Continues)
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TABLE 1 (Continued)
Case, Odds Ratio (95% Confidence Interval)®
Characteristics Control, %° % Model 1° Model 2¢ Model 3¢
Smoking
Never 78.6 85.0 1.00 1.00
<20 pack-year 16.0 8.7 0.64 (0.47-0.85) 0.65 (0.48-0.88)
>20-40 pack-year 44 52 1.04 (0.72-1.49) 1.06 (0.73-1.54)
>40 pack-year 1.0 11 0.86 (0.41-1.83) 0.88 (0.41-1.89)
Daily alcohol intakes
Never 68.5 74.5 1.00
<15¢g 10.2 7.2 0.81 (0.55-1.19)
>15-30 g 16.1 14.3 0.98 (0.76-1.26)
>30 g 52 3.9 0.89 (0.57-1.40)

Abbreviation: NA, not available.

?Data were estimated with 5 imputed datasets. The percentage may not total 100 because of rounding and multiple imputation. The study period from April

1984 to March 2016 was divided into 2-year financial years.

bUnconditional logistic regression with multiple imputation, adjusted for age and year of admission (confounders, model 1).

“Additional adjustment for smoking (mediators, model 2); smoking and alcohol consumption (mediators, model 3).

2.2 | Occupational class defined by occupational and
industrial category

The questionnaire included questions about the patients' current job
and their 3 most recent ones (including age at starting and ending).
The occupations were coded with 3-digit codes in Japan Standard
Occupational Classification for occupation category and 3-digit codes
in Japan Standard Industrial Classification for industry category. We
selected the longest held job from the history for each patient.
Owing to the enormous variety of “longest held” jobs, we aggre-
gated the occupations into 4 occupational classes, based on previous

»n o«

studies?427:3>36. “plue-collar workers,” “service and clerical workers,”
“professionals,” and “managers.” We also categorized the longest held
occupations into 3 industrial clusters based on the methodology used

» o

in a previous study®”: “blue-collar industry,” “service and sales indus-
try,” and “white-collar industry” (Figure 1). We excluded those who
were not actively engaged in paid employment (eg, homemakers, stu-
dents, and unemployed) in the present study. In addition, we excluded
female managers in the white-collar industry because we did not

observe any renal cell cancer cases in that category.

2.3 | Covariates

Age and year of hospital admission were adjusted as confounding fac-
tors. To control potential changes in diagnosis and treatments over
time, we adjusted for year of hospital admission. In mediation models,
we included smoking and alcohol consumption, as well as potential
stress-related factors such as hypertension, obesity, and diabetes, as
mediators. We assumed that occupational class is associated with
stress-related risk factors (smoking, hypertension, and obesity), and
that these may increase the risk for renal cell cancer.

2.4 | Statistical analysis

Among study subjects, 11% did not provide information on occupa-

tional history, smoking, and alcohol consumption and 20% did not

complete all data. The background characteristics differed between
those with complete and incomplete data (Table S1), and excluding
incomplete data may lead to biased inference.®8%? To deal with missing
data, we performed multiple imputation for missing data among the
171 734 study subjects using all data, including occupational class,
smoking, and alcohol consumption.®®#° Five imputed datasets were
generated with multiple imputation by chained equations method%;
; the following missing data were multiply imputed: occupational class
(20 359, 12%), smoking (23 692, 14%), and alcohol consumption
(48 608, 28%).

Using unconditional logistic regression with multiple imputation,
we estimated the odds ratios (ORs) and 95% confidence intervals
(Cls) for renal cell cancer in each occupational class, with blue-collar
workers in the blue-collar industry as the reference group. We pooled
the 5 ORs and 95% Cls obtained from each imputed dataset into one
combined OR and 95% CI.2%° We stratified all the regression models
by sex. First, we estimated the OR and 95% Cl adjusted for age and
year of hospital admission (model 1). Next, we adjusted for age, year
of admission, and smoking (model 2). Finally, we additionally adjusted
for drinking (model 3).

Owing to the data limitation that the other stress-related factors (ie,
hypertension, diabetes, and obesity) were only available after 2005, we
evaluated the contribution of hypertension, diabetes, and obesity among
63 704 patients admitted to hospitals after 2005 (1544 cases and 62 160
controls). The following missing data were multiply imputed: occupa-
tional class (6943, 11%), smoking (6968, 11%), alcohol consumption
(19 198, 30%), hypertension (8507, 13%), diabetes (8508, 13%), and obe-
sity (8508, 13%). In subgroup analysis, we checked for a mediation by
hypertension diagnosis (model 4). Finally, in model 5, we controlled for
all covariates for hypertension, diabetes, and obesity, as well as age, year
of hospital admission, smoking, and drinking.

Owing to the selection of hospital controls that might intro-
duce selection bias in either direction (ie, toward or away from
the null), we performed sensitivity analysis with 2 different alterna-

tive control groups: (1) all available controls diagnosed with all
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benign diseases (3316 cases and 1 298 207 controls) and (2) con-
trols diagnosed with musculoskeletal disease (3316 cases and
150 210 controls). Additionally, we performed unconditional logistic
regression among patients with complete data without performing
multiple imputation (2496 cases and 116 139 controls diagnosed
with musculoskeletal and skin diseases).

Alpha was set at 0.05, and all P values were 2-sided. Data were
analyzed using STATA/MP13.1 (Stata-Corp LP, College Station, Texas).

3 | RESULTS

Among men, those in higher occupational class (professionals and
managers) had a significantly increased risk of renal cell cancer
compared with blue-collar workers across all industry types
(Figure 2). In all 3 industries, men in the highest occupational
groups, ie, managers, had significantly increased risk for renal cell
cancer, with minimally adjusted OR ranging from 1.47 (for managers
in the white-collar industry) to 1.62 (for managers in the blue-collar
industry; Table 1). The observed increased OR for managers in all
industries were not attenuated on adjustment for covariates and

(A) Men, adjusted for HT

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service s
Professional He-
Manager ™
Service industry
Blue-collar HH
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager 4 han

(C) Women, adjusted for HT

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service i

remained significantly associated with the risk for renal cell cancer
on adjustment for covariates (adjusted OR ranged from 1.48 for
managers in the white-collar industry to 1.61 for managers in the
blue-collar industry, model 3; Table 1).

Among women, we observed marginal increases in the risks for
managers (Figure 2). The results in the minimal-adjusted and full-
adjusted models were similar (Table 1). The full-adjusted risk of man-
agers and professionals in the service and sales industry were
marginally elevated (model 3; Table 1).

In the subgroup analysis, the gradient of the ORs across occupa-
tional classes showed the same trend (Figure 3). Among men, life-
style-related diseases (hypertension, diabetes, and obesity) were
independently associated with the risk for renal cell cancer (eg, hyper-
tension, OR 1.36; 95% Cl, 1.20-1.54; model 5; Table 2); the elevated
risk for higher occupational class was attenuated largely by adjustment
for hypertension (model 4). After fully adjusting for all potential medi-
ating factors, the risk for higher occupational class was not significant
(except for professionals in blue-collar and white-collar industries;
model 5). Among women, the fully adjusted risk among higher occupa-
tional class workers was not significantly elevated (Figure 3); however,

the odds in the service and sales industries showed a trend suggesting

(B) fully adjusted

.
]
P

I
I

(D) fully adjusted

Professional

Manager
Service industry
Blue-collar ==

Service hed
Professional H——
Manager L

White-collar industry

FIGURE 3 Odds ratios adjusted for
hypertension and other stress-related factors
in a subset data after 2005. The odds ratio
(dot) and 95% confidence interval (bar) were
estimated by unconditional logistic regression
with 5 imputed data. Male and female odds
ratios were (A, C) adjusted for age, year of

Blue-collar ! 1 !
Service e

Professional e
Manager

i admission, and hypertension and (B, D) fully
e adjusted for hypertension, diabetes, obesity,
D-T age, year of admission, smoking, and drinking.

The numbers of cases and controls were,

respectively, 1265 and 41 097 for men and

1 10 279 and 21 063 for women
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TABLE 2 Subgroup analysis for mediation with hypertension and other stress-related factors after 2005

Characteristics

Men
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Managers
Service industry
Blue-collar worker
Service worker
Professional
Managers
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y
Year of admission, mean (SD)
Hypertension
Diabetes
Obesity
Smoking
Never
<20 pack-year
>20-40 pack-year
>40 pack-year
Daily alcohol intakes
Never
<15g
>15-30 g
>30 g
Women
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Managers
Service industry
Blue-collar worker
Service worker
Professional
Managers
White-collar industry
Blue-collar worker
Service worker

Professional

Control, %*

41 097

353
14.1
5.0
3.0

4.9
14.0
1.2
1.5

3.8

8.6

7.5

11
55 (17)
2010 (3)
27.2
11.3
17.9

213
33.2
26.6
18.9

18.3

9.1
315
41.1

21 063

218
8.4
0.5
0.4

51
30.3
0.8
0.4

0.9
14.5
16.8

Case,
%a

1265

323
15.7
59
4.4

4.2
13.0
1.3
2.6

1.7

9.9

7.7

1.5
63 (12)
2010 (3)
42.3
18.2
219

194
26.8
29.2
24.6

17.9

8.5
33.8
39.8

279

20.8
8.2
0.4
0.4

10.4
31.2
1.4
11

0.4
14.7
111
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Odds Ratio and 95% Confidence Interval®

Model 4°

1.00

1.22 (1.01-1.47)
1.39 (1.08-1.81)
1.28 (0.95-1.73)

1.07 (0.78-1.47)
1.11 (0.91-1.35)
1.17 (0.70-1.95)
1.49 (0.94-2.34)

0.57 (0.34-0.96)
1.32 (1.06-1.65)
1.27 (1.01-1.60)
1.28 (0.79-2.08)
1.03 (1.03-1.04)
1.05 (1.01-1.09)
1.45 (1.28-1.64)

1.00

1.20 (0.73-1.96)
1.06 (0.14-7.78)
0.83 (0.11-6.03)

2.29 (1.45-3.60)
1.24 (0.88-1.74)
2.25 (0.80-6.31)
2.51(0.77-8.16)

0.49 (0.07-3.57)
1.32 (0.87-1.99)
0.90 (0.57-1.41)

Model 5¢

1.00

1.19 (0.98-1.44)
1.37 (1.06-1.78)
1.23 (0.91-1.66)

1.07 (0.77-1.46)
1.10 (0.90-1.33)
1.16 (0.69-1.94)
1.45 (0.93-2.28)

0.56 (0.33-0.93)
1.30 (1.04-1.62)
1.26 (1.00-1.59)
1.24 (0.76-2.01)
1.03 (1.03-1.04)
1.05 (1.01-1.09)
1.36 (1.20-1.54)
1.27 (1.09-1.48)
1.31 (1.12-1.52)

1.00

1.04 (0.87-1.24)
1.12 (0.95-1.33)
1.09 (0.91-1.31)

1.00

0.98 (0.76-1.27)
1.05 (0.87-1.26)
1.03 (0.85-1.25)

1.00

1.21 (0.74-1.99)
1.10 (0.15-8.04)
0.83 (0.11-6.04)

2.32 (1.48-3.66)
1.29 (0.91-1.81)
2.31 (0.82-6.48)
2.73(0.84-8.91)

0.49 (0.07-3.55)
1.33 (0.88-2.02)
0.90 (0.58-1.42)

(Continues)
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TABLE 2 (Continued)
G Odds Ratio and 95% Confidence Interval®
Characteristics Control, %° %> Model 4° Model 5¢
Manager NA NA

Age, mean (SD), y 58 (16) 62 (12) 1.02 (1.01-1.03) 1.01 (1.00-1.02)
Year of admission, mean (SD) 2010 (3) 2010 (3) 1.01 (0.94-1.09) 1.02 (0.95-1.10)
Hypertension 26.4 34.9 1.22 (0.94-1.60) 1.16 (0.89-1.52)
Diabetes 7.2 11.0 1.31 (0.88-1.95)
Obesity 16.0 19.4 1.19 (0.87-1.64)
Smoking

Never 73.7 82.1 1.00

<20 pack-year 19.0 9.7 0.58 (0.38-0.89)

>20-40 pack-year 6.0 7.2 1.18 (0.73-1.91)

>40 pack-year 1.4 1.1 0.69 (0.22-2.20)
Daily alcohol intakes

Never 57.2 67.1 1.00

<15¢g 15.6 12.6 0.86 (0.56-1.34)

>15-30 g 19.9 15.1 0.81 (0.54-1.22)

>30 g 7.3 52 0.81 (0.44-1.47)

Abbreviation: NA, not available.

?Data were estimated with 5 imputed datasets with study subjects after 2005 owing to the data limitation for lifestyle-related disease (hypertension, dia-
betes, and obesity). The percentage may not total 100 because of rounding and multiple imputation.

bUnconditional logistic regression with multiple imputation, adjusted for age and year of admission (confounders) and hypertension (mediators, model 4).

“Additional adjustment for diabetes, obesity, smoking, and alcohol consumption (mediators, model 5).

a positive occupational gradient pattern (ie, higher risk with higher
occupational class; model 5; Table 2).

In sensitivity analyses, although the precise ORs and 95% Cls dif-
fered according to the analytic model and study population, the direc-
tions of the association (ie, higher risk with higher occupational class)
were identical (Figure 4 and Table S2). The result with complete data
also showed the same pattern (Figure S1). The correlation between
hypertension, diabetes, and obesity were all significant (pairwise cor-
relation; all P values < .001). The profile of patients treated in Rosai
hospitals appeared to be nationally representative (Table S3). The

average length of longest held jobs was over 20 years (Table S4).

4 | DISCUSSION

We found an elevated risk of renal cell cancer among high status occu-
pations (managers and professionals) in men across all industry cate-
gories, suggesting that high job stress may partially be associated
with the risk of renal cell cancer. We also found, for the first time, that
hypertension is a relevant independent risk factor for renal cell cancer
in Japan. Furthermore, the risk for renal cell cancer associated with
higher occupational class was potentially mediated through the risk
for renal cell cancer associated with stress-related risk factors—viz,
hypertension as well as diabetes and obesity. A similar tendency was
found for women working in the service and sales industry, although
the effects were marginal.

Job stress may be related to risk of renal cell cancer through both

direct and indirect causal pathways. The direct pathway posits that job

stress increases risk through direct biological or mechanical stimulus to
cancer stem cells (eg, oxidative stress).*>*? Although the association
between occupation and renal cell cancer was substantially explained
by hypertension and other potential mediators (diabetes and obesity),
some significant associations in blue-collar and white-collar industries
persisted among men in the present study. This residual association
suggests that the direct pathway may be partially pertinent for renal
cell cancer.

The indirect pathway posits that job stress may increase the risk
of renal cell cancer via risk factors potentially influenced by stressful
occupations, eg, cigarette smoking or the prevalence of hypertension.
In fact, previous studies have suggested that psychological factors (eg,
chronic or work environmental stress) can increase such lifestyle-
related diseases.***® In the present study, the prevalence of those
who smoked more than 40 pack-years was higher in the managers
than nonmanagers (25% versus 11%), and the prevalence of hyperten-
sion was greater in the managers (37% versus 27%).

In Japanese society, the concept of “hospitality” or omotenashi is
emphasized in the service industry. Because of these expectations,
those in managerial positions (or in the position of supervising other
workers) may be particularly vulnerable to stress stemming from striv-
ing to meet customer expectations. In some instances, this situation
has even led to death from overwork, referred to as karoshi. Such
stress has been found to affect work-life balance among high occupa-
tional class workers.*” By contrast, Whitehall studies showed that
poorer health (eg, cardiovascular disease) is associated with low con-

k,48

trol at wor which is usually the case for blue-collar workers in

western contexts. Low control at work was also associated with less
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FIGURE 4 Sensitivity analysis with Service ) _ ) ) e 3
alternative control groups. The odds ratio Professional ) - ' i '
(dot) and 95% confidence interval (bar) were Manager M -
estimated by unconditional logistic regression, Service industry
adjusted for age and year of admission with 5 Blue-collar e e
imputed data. Male and female control groups Service H re-
were, respectively, (A, C) patients diagnosed Professional ——— H——
with all benign diseases and (B, D) patients Manager H—— H——
diagnosed with musculoskeletal disease. The White-collar industry
numbers of cases and controls were, Blue-collar —T— 1
respectively, as follows: (A) 2703 and 852 997 Service —o— -
for men and (C) 613 and 445 210 for women Professional o e
(all benign disease controls); (B) 2703 and Manager

99 317 for men and (D) 613 and 50 893 for
women (musculoskeletal disease controls)

leisure-time physical activity.*” Although our study is one of the larg-
est case-control studies of renal cell cancer reported in Japan (3316
cases) and the profile of patients treated in Rosai hospitals appeared
to be nationally representative® (Table S3), it represents less than
1% of the total incidence in the country as a whole. Hence, the gener-
alizability of our findings to the rest of the country may be limited.
The strengths of our study include the large sample size and the
detailed job information that enabled us to create occupational clas-
ses into meaningful categories by both industrial and occupational
standard classifications. Another strength is the low job turn over
in Japan, ie, the percentage of workers changing jobs is lower com-
pared with other countries. In fact, prior data show that an average
of 50% of men and 30% of women at their working age did not
change their first job, and 20% of men and 20% of women changed
only once during the age®! from 15 to 64. Our occupational infor-
mation consisted of current and up to 3 former jobs, and we chose
the longest career as a proxy of job stress (the average length of
longest held jobs was over 20 y; Table S4); therefore, in the sense
of lifelong stress, our captured stress would be more relevant than
stress measured at baseline only once in cohort studies.? In fact,

a case-control study from Canada also found a significant association

1 I

25 5

2 4 25 5 1 2 4

—

between job stress and cancer incidence at other sites.>? Further-
more, a stressful working environment of the high occupational clas-
ses in Japan also enabled us to detect the association between
higher occupational class, possibly linked to job stress, and the inci-
dence of renal cell cancer.??

There are some limitations in our study. First, in any hospital-
based case-control study, the selection of hospital controls may intro-
duce selection bias in either direction (ie, toward or away from the
null). However, sensitivity analysis, including controls diagnosed with
all benign diseases (except malignant neoplasms) or only controls diag-
nosed with musculoskeletal disease, resulted in the same direction
to increase the risk. Additionally, one-third of missing data may
have introduced selection bias in either direction—even though
the missing information were multiply imputed; however, the sensi-
tivity analysis with complete data showed the same pattern. There
might also be a potential recall bias in the self-reported information
at the time of admission (eg, occupational history). However, the
association of job stress and renal cell cancer was not widely
known at that time. In addition, the questionnaires did not ask
patients to report job stress, and the study subjects did not know

the aim of our study. Therefore, the recall bias for occupational
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history may not be at play between the cases and controls, and this
limitation might not affect our conclusion.

Second, occupational class is not a perfect proxy for job stress,
and we could not directly assess job stress because our hospital elec-
tronic medical record data did not include an assessment of stress.
Higher occupational class may also reflect anxiety, depression, and
other mental health conditions.?? Kawakami et al also speculated that
job commitment in these high positions might decrease the opportuni-
ties for investing in healthier behaviors such as leisure-time physical
activity.?® Physical activity has been found to be a protective factor
for the risk of renal cell cancer.>® A previous study found that the pat-
tern of leisure-time physical activity differs in Japan compared with
western contexts, viz, the highest levels of exercise were reported
by clerical workers, while the lowest levels were reported among man-
agerial workers and blue-collar workers.>* In the same study, the
highest levels of weekly physical activity, including occupational phys-
ical activity, were reported by blue-collar workers and the lowest
levels among professional and managerial workers.>* These findings
suggest that higher occupational class may be associated with seden-
tary lifestyle behaviors, and that sedentary lifestyle may increase the
risk of renal cell cancer. However, we could not assess potential medi-
ation by physical activity/sedentary behavior because of the limitation
of our dataset. Therefore, future studies should investigate the accu-
mulation of stress on renal cell cancer, incorporating other aspects
of job stress and the intervention on mental health, as well as possible
residual confounding factors including physical activity, genetic, and
nutrition factors, as well as dehydration.2é4->¢

In summary, higher occupational class, which might be linked to
job stress, was associated with increased odds for renal cell cancer,
particularly among men, via mediation by lifestyle-related factors such
as hypertension. Stress management interventions in the workplace
might be a possible approach to complement existing lifestyle inter-

ventions aimed at reducing the risk of renal cell cancer.
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