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Abstract: A cross-sectional study on 6,676 worker s consisting of 4,243 males and 2,433 females aged
20-58 yr in a metal product factory was conducted to elucidate the relationship between work
characteristics, e.g. job demand/control/support, sedentary job, overtime work and shift work, and
waist to hip ratio (WHR) as well as body massindex (BMI) taking alcohol consumption, smoking,
exerciseand other psychosocial factor ssuch aseducation and marital statusinto account. By a stepwise
multipleregression analysis, BM| was associated with shift work, marital status and sedentary job for
males, and with exercise but inver sely associated with education for females. WHR was also associated
with shift work, alcohol consumption, marital status and sedentary job but inver sely associated with
exercise for males, and with sedentary job, marital status and education but inver sely associated with
smoking for females. These results suggest that work characteristics such as sedentary job and shift
work should also be considered when trying to prevent increasesin BM| and WHR.
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I ntroduction

The percentage of people over 20 yr of age in Japan
showing a body mass index (BMI1) =25 kg/m? was 23.8 in
2000. Especially, in younger males the trend toward
overweight has markedly increased”. Hence, preventing
overweight has become animportant task from the viewpoint
of health promotion. The usefulness of anthropometric
measures, such as the ratio of waist to hip (WHR), waist
alone and ratio of waist to height, has been recognized in
evaluating central adiposity related to hypertension, non-
insulin-dependent diabetes and dydipidmiaas cardiovascular

*To whom correspondence should be addressed.

risk factors aswell as BMI293. Therefore, elucidating the
causes of increasing central adiposity isimportant to prevent
cardiovascular disease.

According to many investigations in several industrial
countries, disadvantageous psychosocial factors affect
increased WHR. Differencesin socioeconomic status (SES)
measured by income, education and social class, have been
noted to contribute to the differences in WHR. Namely,
WHR increased more in the low SES group than in high
SES group?. Besides, not only work characteristics, e.g.
shift work and problems at work, but also psychiatric
symptoms, as well as SES, were reported to be associated
with WHR>9,

The effects of work characteristics on cardiovascular risk
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factors have also been investigated in Japan. Overtime was
associated with increased ambulatory blood pressure™®. With
regard to job stress measured by the job demand-control
model ™, job demand was related to decreased fibrinolytic
activity'?. Job strain, combined with high demand and low
control, and low socia support were found to be associated
with increased glycosylated haemoglobin A1c®. Inacase-
control study, people with acute ischemic heart disease had
high job demand besides hypertension and marked Type A
behavior¥. A U-shaped relationship was found between
mean working time and myocardial infarction in another
case-control study?®.

Although WHR and ratio of waist to height were also
shown to be associated with cardiovascular risk factorsamong
Japanese, only few studies have been available so far on
the relationship between psychosocial work environment
and WHR in this population, and even on the relationship
between work characteristics and BMI, awidely used index
of obesity. Our previous study, in which the target subjects
in the same factory ranged from 35 to 59 yr of age,
demonstrated that sedentary job asawork characteristic was
associated with WHR®, The objective of this report isto
elucidate the relationship between work characteristics
including job stress, overtime work and sift work status,
and WHR aswell as BMI.

Subjectsand Methods

Sudy population

The subjects of the study were the employees aged 20—
58 yr in a metal products factory in a rural area, who
underwent a medical checkup during the period between
April 1996 and March 1997. The study excluded junior
employees who worked for less than a year, short-term
employees from recruitment agencies, afew directors, and
anyone who did not give informed consent to participate in
thisstudy, aswell as 256 employeeswho underwent amedical
checkup at another medical facility because their
anthropometric measurements were not available. Seventy
females who experienced delivery between May in 1996
and May in 1997 were also excluded. The participation
rate was 88.9% of the 7,509 employees, 90.1% in males
and 86.6% in females, based on registration on 1st May in
1996.

Anthropometric measurements

The subject’s weight, height, and waist and hip
circumferences were measured in the factory uniform made
of thin cloth. BMI was calculated by dividing weight by
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height squared. The waist circumference at the umbilicus
level and the hip circumference at the widest level were
measured by experienced nurses.

Work characteristics

Individual work characteristics—job demand, job control
and worksite support— were determined by the Japanese
version of the Karasek’s job demand-control model*?.
Sedentary job, overtime work and shift work as other work
characteristics were assessed by a self-administered
questionnaire. Job demand, job control and worksite support
were classified as nearly as possible into tertiles. Sedentary
jobwas categorized into three groupsaccording to the average
sedentary hours per working day in the past year (‘< 1h’,
‘>land<4h and‘=5h"). Overtime work was also
categorized into four groups according to the sum of overtime
working hours during the past month (< 20 h’', ‘= 20 and <
40h’,'=40and<60h" and‘=60h’ for males). Categorization
of overtime for females was different from that for males,
because no females worked overtime excessively (‘< 20 b’
and ‘= 20 h’ for females). Basically the 3-shift workers
who worked in the night were categorized as a shift work
group (non-shift and shift). No femaleworker in the factory
was engaged in 3-shift work.

Life style and other social variables

Smoking habit was classified as ‘nhon-smokers’, ‘ex-
smokers', ‘smokers of < 21 cigarettesaday’ and ‘ smokers
of > 21 cigarettesaday’. Alcohol consumption was measured
in terms of grams of ethanol consumed per week, and was
categorized into three groups which were ‘less than 25 g/
week’, ‘25 gto 174 g/week’ and ‘ 175 g and more/week’ for
males. Classification of alcohol consumption in females
was not the same since they did not drink as much as males;
‘less than 25 g/week’ and ‘25 g and more/week’. Exercise
was classified as ‘amost no exercise’, ‘light exercise per
week’, ‘brisk and sweating exercise once or twice per week’
and ‘ brisk and sweating exercise more than three times per
week’. In addition to smoking habit, alcohol consumption
and exercise, education and marital status were important
measurements of social variables. The measure of education
was determined by the total years of education, and was
classifiedas‘<11yr’,‘11to12yr’, ‘13to 14 yr’' and ‘= 15
yr’ of education. Marital status was divided into ‘ married’
and ‘not married’.

A questionnaire covering the characteristics of work was
administered within a month before or after a person
underwent a medical checkup. Other measurements were
conducted at the time of the medical checkup.
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Table1l. Means[SD] of body massindex (BMI) & waist hip ratio (WHR) by age

BMI, WAIST TO HIPRATIO AND WORK CHARACTERISTICS

Age 20-29 30-39 40-49 50-58
<Males>
BMI n 864 1177 1424 778
mean [SD] 22.35[2.96] 23.22[2.90] 23.24[2.77) 23.44[2.70]
WHR n 862 1177 1418 772
mean [SD] 0.822[0.047] 0.855 [0.050] 0.869 [0.053] 0.881[0.055]
<Females>
BMI n 625 647 805 356
mean [SD] 20.89 [2.91] 21.82[3.25] 22.79[3.27] 22.98 [2.95]
WHR n 626 647 805 355
mean [SD] 0.765[0.058] 0.789 [0.069] 0.795[0.073] 0.815[0.083]
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Satistical methods

All statistical analyses were adjusted for age, and data
were analyzed separately for males and females using an
SAS program package.

Since BMI and WHR arerelated to smoking habit, alcohol
consumption, exercise, education and marital status, we
regarded them as covariates'®2,

Job demand, job control, worksite support, sedentary job,
overtime work, shift work, smoking habit, alcohol
consumption, exercise, education and marital status were
analyzed as categorical data, when BMI adjusted for age
and WHR adjusted for age and BM| were compared among
various factors using a general linear model method.

The differences in the relationship of various factorsto
BMI and WHR levelswere etistically evaluated by astepwise
multipleregression anadysis; job demand, job control, worksite
support, sedentary job, overtime work, smoking habit, alcohol
consumption, exercise and education were analyzed as order
scale. The significancelevel for the explanatory variablesto
enter and to stay in these models was p=0.15.

Results

The overall mean age was 39.2 (SD 10.2) in males and
38.2 (SD 10.5) infemales. The mean BMI and WHR were
23.1 (SD 2.9, n=4243) and 0.858 (SD 0.055, n=4229) in
males, and 22.1 (SD 3.2, n=2433) and 0.788 (SD 0.072,
n=2433) in females. Table 1 showsthe mean levelsof BMI
and WHR by four age groups. With advancing age, BMI
and WHR increased in both sexes.

The associations of BMI and WHR after adjustment of
BMI with several work and other life style characteristic
factorsare shown in Table 2 and Table 3. Asshownin Table
2, in males, more sedentary job, shift work, no smoking or

previous smoking and matrimony were significantly
associated with increased BMI. Shift work status, excessive
alcohol consumption, smoking habit, less exercise and
matrimony were significantly associated with increased
WHR. In Table 3 for females, less sedentary job, more
exercise and |ess education were significantly associated
with increased BMI. Highjob control, more sedentary job,
less smoking, high education and matrimony were
significantly associated with increased WHR.

On the other hand, no significant interactions of job
demand and job control with BMI or WHR were found in
either sex (results not shown here).

Table 4 shows the results of the final stage analyses of
stepwise multiple linear regression in males; the dependent
variable was BMI or WHR. Explanatory variables were
job control, job demand, worksite support, sedentary job,
overtime work and shift work status aswork characteristics,
tobacco and alcohol consumption and physical activity at
non-working time as life style factors, and marital status
and education as other psychosocial factors. Increased BMI
was shown to be significantly related to older age, shift work,
matrimony, more sedentary job and more exercise, and less
significantly related to smoking habit. With regard to WHR,
BMI, age, less exercise, shift work, excessive alcohol
consumption, matrimony and more sedentary job were
significant predictors of increased WHR.

Table 5 also shows the results of the same statistical
analysisin females. Shift work was excluded from the
explanatory variables because no female was working on
the night shift. BMI was significantly associated with age,
education and exercise: older women with low education
and more physical activity showed increased BMI. BMI,
age, more sedentary job, matrimony, high education and no
smoking status significantly predicted increased WHR.
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Table2. Meansof BMI adjusted for age and of WHR adjusted for both age and BM| in males according to various factors

[BMI] [WHR]
total n mean p total n mean p

Job control low 4030 1174  23.03 0.05 4015 1169  0.858 0.93

middle 1353  23.00 1348  0.858

high 1503 23.24 1498  0.857
Job demand low 4036 1175 2315 0.42 4022 1171 0.860 0.19

middle 1231 23.01 1227  0.857

high 1630 23.12 1624  0.857
Worksite support low 4020 1018  22.25 0.13 4005 1016  0.857 0.46

middle 1596  23.03 1592  0.859

high 1406  23.06 1397  0.857
Sedentary jobs <1 (h) 4033 2147 22.95 > 4018 2145  0.857 0.28
(per day in the past year) 14 834 23.23 827 0.856

=5 1052  23.28 1046  0.859
Overtime <20(h) 3983 2357  23.03 0.37 3969 2353  0.858 0.13
(sum during the past month) 20-39 1071 2311 1068 0.855

40-59 398 2321 394 0.859

260 157 23.37 154 0.864
Shift work No 4243 3658  23.05 0.02 4228 3645  0.856 i

Yes 585 23.34 583 0.866
Alcohol consumption <25 (9) 4227 1469  23.08 0.91 4214 1465  0.855 i
(per week) 25-174 1755  23.07 1748  0.855

2175 1003 2311 1001  0.865
Smoking habit Non 4243 1353  23.23 > 4228 1350 0.856 o

Ex 458 23.35 456 0.857

<21 (d) 1834 2291 1825  0.858

221 (d) 598 23.11 597 0.863
Exercise Non 4234 2686  23.03 0.28 4220 2677  0.861 i
(per week) Light 800 23.16 796 0.857

Brisk (<3 times) 521 23.25 521 0.848

Brisk (=3 times) 227 23.22 226 0.846
Education —10 (yr) 4242 669 22.83 0.05 4227 667 0.857 0.77

11-12 2462  23.10 2457  0.857

13-14 241 23.02 240 0.860

15— 870 23.27 863 0.858
Matrimony No 4042 1117 22.85 > 4027 1114  0.854 o

Yes 2925 2318 2913 0.859

**:0.01>P>0.001, ***: P<0.001.

Discussion

The means and standard deviations of BMI levelsfor this
study were very similar to the results of the National Nutrition
Survey in Japan conducted in 1996™. According tothissurvey,
the means and standard deviations of BMI for males were
23.2 (SD 2.9) for thosein their thirtiesand 23.4 (SD 2.9) for
thosein their forties. The corresponding levels for females

were 21.4 (SD 3.2) and 22.8 (SD 3.2) respectively. The mean
WHR levelsin this study were lower than those in the other
Japanese investigations, probably because the participantsin
this study were younger than those in the others?-9),

Asfor work characteristics related to BMI or WHR, our
study showed by stepwise multiple regression analysis that
shift work and sedentary job predicted increased BMI and
WHR for males, and that sedentary job predicted increased

Industrial Health 2004, 42, 41-49
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Table3. Meansof BMI| adjusted for age and of WHR adjusted for both age and BM1 in females according to various factors

[BMI] [WHR]
total n mean p total n mean p

Job control low 2311 730 22.13 0.47 2310 730 0.782 >

middle 747 22.14 747 0.788

high 834 21.97 833 0.793
Job demand low 2332 771 21.97 0.46 2331 770 0.791 0.18

middle 745 22.16 745 0.785

high 816 22.12 816 0.787
Worksite support low 2308 743 22.08 0.39 2307 743 0.784 0.11

middle 487 22.23 486 0.789

high 1078 21.99 1078  0.790
Sedentary jobs <1(h) 2346 1365 22.24 0.02 2345 1364  0.780 ok
(per day in the past year) 14 230 21.88 230 0.792

=5 751 21.84 751 0.801
Overtime <20 (h) 2266 2106  22.06 0.69 2265 2105 0.788 0.90
(sum during the past month) =20 160 22.16 160 0.787
Alcohol consumption <25(g) 2433 2244 22.07 0.91 2431 2243  0.789 0.11
(per week) 225 189 22.09 188 0.781
Smoking habit Non 2433 2306  22.05 0.18 2431 2304  0.789 0.02

Ex 25 21.86 25 0.788

<21 (d) 102 22.63 102 0.770
Exercise Non 2433 1872 21.90 *okk 2431 1870  0.789 0.33
(per week) Light 311 22.66 311 0.787

Brisk (<3 times) 208 22.48 208 0.791

Brisk (=3 times) 42 23.21 42 0.771
Education —10 (yr) 2433 881 22.35 *kk 2431 880 0.780 ok

11-12 1234  22.09 1233  0.788

13-14 276 21.28 276 0.809

15~ 42 20.67 42 0.819
Matrimony No 2334 652 21.98 0.40 2333 652 0.783 0.03

Yes 1682 2212 1681  0.790

**:0.01>P>0.001, ***: P<0.001.

WHR for females. The same results were obtained when
we used wai st circumference, considered to be another good
indicator of abdominal fat accumulation, instead of WHR
(analysis not shown here).

It iswell known that various life style factors affect BMI
and WHR. Increasing physica activity isan important factor
in preventing obesity and improving fat distribution of the
upper body? 2, and this was more consistently true of males
than of females in our results. Exercise was positively
associated with BMI for both genders. We suggest the
following reasons for this; first, BMI for some people who
have the habit of regular exercise, for instance athletes and
people who perform resistance training, does not decrease
but rather increases because of the presence of increased muscle

mass. Besides, anthropometric improvement due to exercise
ismore often observed than reduced body weight?> . Indeed,
the mean WHR in the group of ‘ brisk and sweating exercise
more than twice per week’ was the lowest compared to that
of the other groups for both males and femalesin our result.
Second, obese people with hypertension, hyperlipidemiaand
hyperglycemiawere repeatedly recommended to implement
an exercise program by the health care center in the factory,
and so people with increased BMI were very likely to be
included in the group of people who do the most exercise.
Third, the effect of physical activity on body fat isnot aways
as clear for females asfor males™.

Acute cardiovascular accidents due to overwork with long
working hours have been focused on when the health effects
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Table 4. Results of stepwise multiple regression analyses for
variablesrelated to BMI and WHR in males

BMI: dependent variable n=3829, R?=0.03

M ISHIZAKI et al.

Table 5. Results of stepwise multiple regression analyses for
variablesrelated to BMI and WHR in females

BMI: dependent variable n=2140, R?=0.01

Standardized estimate () F p Standardized estimate () F p
Age 0.027 251 ikl Age 0.058 515 el
Shift work 0.506 135 il Education -0.546 21.2 *xk
Matrimony 0.361 85 *x Exercise 0.412 19.0 i
Sedentary job 0.169 7.8 *x
Fxercise 0112 ar 00 WHR: dependent variable n=2140, R=0.21
Smoking habit -0.089 4.2 0.04 ! i
Worksite support -0.103 2.8 0.09 Standardized estimate () F p
Job control 0.101 25 0.11
BMI 0.009 404 ek
Age 0.001 25.2 i
WHR: dependent variable n=3817, R*=0.48 Sedentary job 0.008 19.4 ol
Standardized estimate () F D Matrimony 0.013 no
Education 0.007 7.7 *x
BMI 0.011 2370 *okk Smoking habit —0.009 7.7 >
Age 0.001 329.9 xokk Job control 0.003 2.7 0.10
Exercise —0.006 68.8 *k Job demand -0.002 22 0.14
Shift work 0.011 32.8 *kk
Alcohol consumption 0.005 29.1 *okk **: 0.01>P>0.001, ***: P<0.001.
Matrimony 0.005 8.5 *x
Sedentary job 0.002 6.9 *x
Job demand -0.001 34 0.07

**:0.01>P>0.001, ***: P<0.001.

of working conditionsin Japan are considered®. However,
few studies have been conducted yet on the relationship
between prolonged working and BMI or WHR affecting
cardiovascular risk factors, and the nature of the relationship
has been obscure. Our data showed that for malesBMI and
WHR of thelongest overtime group increased morethan those
of the other groups, but no statistically significant association
between overtimeand BMI or WHR wasfound after adjusting
for other factors. Maruyamaet a reported that working hours
was hot acontributor toincreased obesity in 6,536 intermediate
male managers in more than 100 firms®. Another 5-year
cohort study was conducted on 941 white-collar maleworkers,
of whom about 57% were managers and about 62% were
architects/researchers. Long working hours was negatively
associated with hypertension, and was not significantly
associated with linearly increased BMI13. On the other hand,
there were significantly positive relationships between total
overtime hours and changesin BMI or waist circumference
in 230 non-management white-collar male workers in the
period of three years®. Occupational differences such as
working position may contribute to the difference in these
results. Another study on laborersin Japan reported that clean-
room workers who had changed from working three 8-hour

shiftsto two 12-hour shifts showed a significant increasein
their BMI one year and a half later®®. But in analyzing these
data, two factors, longtime working and shift work, have to
be taken into account. Indeed, shift work as a working
condition seemed to increase BMI and WHR®¢39, Our result
also showed that the shift work condition was positively
associated with BM1 and WHR.

There were significant relationships between sedentary
job and BMI for males, and also between sedentary job and
WHR for both sexesin our study. Thisseemsto beareflection
of less physical activity®®.

A number of investigations have noted socioeconomic
inegualities in health in industrial countries® 49, Asone
part of the explanation it isimplied that peoplein low SES
tend to be more obese than those in high SES*, and likewise
an association between SESand WHR isimplied. The present
study demonstrated that education as a measure of
socioeconomic status was unrelated to increased BMI1 and
WHR for males after taking into account potential
confounders. Among females, aninverse association between
education and BMI was shown, but contrarily, higher
education was asignificant contributor to higher WHR. This
inconsistency is difficult to explain because of a shortage
of information on, for instance, reproductive and menopausal
status which seems likely to affect WHR*). In our previous
study on subjects aged between 35 and 59 yr we reported
that after adjusting for confounding factors there was no

Industrial Health 2004, 42, 41-49
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significant difference in the mean WHR among the different
levels of occupational categoriesfor males. The mean WHR
of female labourers, however, was higher than that of female
engineers and clerks. Although the labourer group was
expected to have had lower education in comparison with
the engineer and clerk groups, we could not accurately
determine the educational backgrounds of the employees
in the previous study'®. Regarding other Japanese studies,
WHR of the employeeswho worked for acomputer company
was larger for blue-collar than for white-collar workersin
both sexes. The author interpreted this result as suggesting
that disadvantaged life styles, such asless exercise and more
alcohol and smoking consumption, for blue-collar workers
might contribute to the differences in WHR*?. However,
othershave observed no such association. Among the middie-
aged males of the Self-Defense Forces it was demonstrated
that military rank as an indicator of socioeconomic status
wasonly weakly associated with BM 1, and was not associated
with WHR*®. Another Japanese study conducted on 4,545
workers of various companies demonstrated that BMI was
higher in white-collar than in blue-collar workersfor males,
and that contrarily higher BMI was shown in blue-collar
than in white-collar workersfor females*). Hence, the SES-
overweight relationship in Japanese may not be as clear as
that seen in other industrial countries.

Moreover, people in low SES generally work in more
stressful conditions compared with people in high SES.
Bjorntorp has suggested some stress associated with
psychosocial maladjustment elevates WHR because
psychosocial disadvantage pressures may cause visceral fat
accumulation viaaccel eration of activity of the hypothaamic-
pituitary-adrenal axis®. Therefore, his study demonstrated
working handicaps such as being out of work and having
problems at work were positively associated with WHRS 7,
Incidentally, the job demand-control model has been
commonly used to evaluate job stressrecently. It isnot clear,
however, whether the job stress promotes a tendency toward
overweight or upper body fat distribution®®®, A Japanese
study showed that BMI of the job strain group was lower
compared with that of the othersin males, with no significant
difference noted in females™. In the present study likewise,
job stress estimated by ajob demand-control model was not
significantly associated with BMI or WHR after adjusting
for confounding factorsin either sex. While ajob demand-
control model did not show any potent associationswith BMI
or WHRin our study, we may need to extend our investigation
toinclude other job stress measurements, for instance an effort-
reward imbalance model, to clarify the relationship between
job stress and obesity and upper body fat distribution.

In the meantime, we measured waist and hip
circumferences of the subjects wearing the same factory
uniform, and adopted many parameters from self-reported
information, so that some of our results might possibly lack
accuracy. However, aswe studied quite alarge population,
we may reasonably conclude that shift work and sedentary
job were strongly associated with increased BM1 and WHR.
Besides, the reason coefficients of determination (R?) for
BMI by multiple regression analyses were small isthat BMI
may be more related to other factors such as dietary and
genetic ones that we did not examine™. We also have to
consider that several work-related factorsfocused onin this
study are complicatedly linked to each other. Thereforethere
islikely to be some criticism for using the stepwise multiple
regression analysisto el ucidate the rel ationship between work
characteristics and WHR and BMI. In the next step, we
will need to unravel these complicated relationships to help
develop more effective health promotion activities.

In conclusion, by stepwise multiple regression analyses,
BMI was associated with shift work, marital status and
sedentary job for males, and with exercise but inversely
associated with education for females. WHR was also
associated with shift work, alcohol consumption, marital
status and sedentary job but inversely associated with exercise
for males, and with sedentary job, marital statusand education
but inversely associated with smoking for females. Because
overweight not only aggravates various risk factors of
cardiovascular disease but also promotes other health
problems such as gallbladder disease, osteoarthritis, back
pain and certain types of cancer®?, preventing overweight
is important for health. Hence, when we try to prevent
increases in BMI and WHR, we should consider work
characteristics such as shift work and sedentary job.
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