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glucose incorp in 3T3-11 adipocytes. (a) Glycerol release was

measured in the media of 3T3-L1 adipocytes after treatment with SO%THP1-CM, 50% M§-CM of 100 jg mi~" himan MMP-3, in the absence or presence of 60 s
NNGH for 6 h. The relative ratios of glycerol content with those treated with THP1-CM (control) were presented. Data are expressed as mean £ 5.d. (n=8). *P<0.05.

n.s, not significant. (b) 2-DG uptake was measured in 3T3-L1 adipocytes in the abence (open col ) or p

) of 100 nm insulin for 15min

(closed

after treatrment with either 50% THP1-CM, 50% Mé-CM ot'loongml“' human MMP.3, in the absence or presence of 60 s NINGH, for 6 h. Relative ratios of 2-DC
contents with those treated with THP1-CM in the absence of insulin are indicated. Data are expressed as mean 2 s.d. (n=6). *P<0.05, n.s., not significant.

3T3-L1 adipocytes incubated with M¢$-CM, in comparison to
those incubated with THP1-CM. The increase in glycerol
release observed in the cells incubated with M¢-CM was
inhibited by 38% in the presgnce of NNGH. The glycerol
release in the media of 3T3-L1" dipocytes Incubated with
MMP-3 was also significantly” hcreased, in cSmpu-lmn to
those incubated with THP1-CM. The increased release was
almost abolished by the NNGH treatment. Next, the effect of
MMP-3 on the insulin-induced glucose incorporation into
3T3-L1 adipocytes was analyzed (Figure 5b). The glucose
uptake was significantly decreased in the media of 3T3-L1

adipocytes incubated with M¢-CM, in comparison to those
I.ncubated with THP1-CM. The decrease in glycerol release by
ubation 3T3-L1 cells with M¢-CM was recovered by
69% n'the presence of NNGH. The glycerol release in the
a of 3T3.L1 adipocytes incubated with MMP-3 was
sign‘lﬁcanuy decreaséd, In comparison to those incubated
with THP1-CM, and that reduction thereafter almost
completely recovered due to the NNGH treatment. There-
fore, M¢-CM induces lipolysis, and reduces insulin-induced
glucose uptake in 3T3-L1 adipocytes, possibly in part
through the secretion of MMP-3.
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High-fat intake induced the expression of MMP-3 in mesenteric
fat tissues as well as the induction of F4/80 gene

To assess the expression of MMP-3 gene in adipose tissue Mé,
the levels of MMP-3 mRNA were examined in mesenteric fat
tissue from mice fed with high-fat diet in relation to the
expression of the F4/80 gene, an Mé¢-specific antigen'*=°
(Figure 6). High-fat intake for 2 weeks significantly induced
the expression level of F4/80 mRNA in mesenteric fat tissue
by 2.2-fold in comparison to the level In the control mice.
The levels of MMP-3 and TNF-a genes in ml_.-._'szi-u:r!c fat tissue
were also significantly induced by 2.8- and 2.5-fold in the
mice fed the high-fat diet compared in the control mice,

Mesenteric fat

F4/80/185 rANA (fold)

TNF-=/8S rRNA (fold)
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respectively. The expression of F4/80, MMP-3 or TNF-a gene
in subcutaneous fat tissues was not significantly different
between the mice fed with regular chow and high-fat diet.
The MMP.3 protein expression was analyzed in either
visceral or subcutaneous fat tissue specimens (Figure 7a).
The MMP-3 protein levels in visceral fat tissues, but not in

* subcutaneous fat, were significantly higher in the mice fed
~ with 2 high-far diet than those fed with regular chow. The

insulin-induced glucose uptake activity in the adipocytes
prepared from visceral fat tissues was significantly decreased
in the mice fed with high-fat diet In comparison to those
consuming regular chow (Figure 7b). These results indicate
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Figure 6 High fat induces F4/80, tumor necrosis factor-a (TNF-a) and matrix metalioproteinase (MMP)-3 mRNA expression in mesenteric far Mumwic_ or
subcutaneous fat tissues were prepared from C57BL/6 mice fed regular chow (Reg) or high-fat (HF) diet. F4/B0, TNF-z and MMP-3 mRNA levels were analyzed using

quantitative real-time RT-PCR. Relative ratios of mRNA levels in mice fed high-fat to those fed regular chow were |

(m=8). *P<0.05 in comparison to the value of the control,
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Figure 7 Hiﬂlhlkﬁmmmﬁmnlupmuhumam pression, and reduces insuli i glucose 7 of adipocytes in
fat (Mesent) or subs (Subcut) fat tissues were prepared from C57BL/6 mice fed regular chow (Reg) or high-fat (HF) diet. (a) The MMP-3 protein
wmﬂmm“nmmwmmmmmmmmuma Relative ratios of MMP-3 protein levels with those of
mesenteric fat tissues of mice fed regular chow ( I are of three exp are shown. Bars are expressed as mean 2 5.d, (n=6).
*P<0.05. n.s., not significant. (b) The 2-DG uptake was ‘Iluhu. i prepared from fat thisues in the absence (open column) or presence (closed

column) of 100 rw Insulin for 15 min. mmmdmmmmummﬁhmmwkhdmmwmmmw
Data are expressed as mean £5.d. (n=6), *P<0.05, ni., not significant.

that high-fat intake causes M¢ recruitment into visceral fat, adipocytes in visceral spaces of subcutaneously lipectomized
and possibly leads to the Induction of the MMP-3 and TNF-u mice.* Therefore, the adipocytes that accumulate in visceral
expression, as well as the inhibition of glucose incorporation space are potentially sensitive to induce the TNF-z gene
of adipocytes. ¢ expression in mice.
Recent studies have indicated that extracellular matrix
(ECM) degradation Is important for adipogenesis. MMPs are
Discussion essential for proper matrix remodeling, a process that takes
place during adipose tissue formation. Human mature
The current study demonstrated that M¢-CM influences the adipocytes secret MMP-2 and -9 and their proteolytic
expression of TNF-a from 3T3-L1 adipocytes. This induction activities are induced during differentiation of murine-
of TNF-a is attenuated by an MMP-3 inhibitor, NNGH. The cultured " adipocytes.”® mRNA levels for MMP-2, MMP-3,
active form of MMP-3 showed the capability for the MMP-12, MMP-14, MMP-19 and TIMP-1 are strongly in-
induction of lipolysis and the inhibitior of the insulin- duced in obese adipose tissues in a genetic or a diet-induced
induced glucose uptake, as well as for the enhanced secretion model of obesity.** The treatment of cultured preadipocytes
of TNF-o. These findings suggest that MMP-3 thus plays a with either synthetic MMP inhibitors or neutralizing
role in the modulation of the adipocyte function from M# in antibodies decreases differentiation.” These previous studies
adipose tissues. using cultured adipocytes suggest that MMP activity is
Recent observations suggested that inflammatory condi- required for adipocyte conversion. The body weight of
tions evoked in fat tissues recruit activated Mg, possibly MMP-3-deficient mice is increased in comparison to that of
enhancing and/or continuing the chronic process in fat wild-type mice, as Is the weight of the isolated subcutaneous
tissues.®® TNF-a is suspected to be one of the key players and gonadal fat deposits.”® MMP-11-deficient mice develop
among many cytokines in the interactive modification of adipocyte hypertrophy in comparison to wild-type mice.*®
function in M¢ and adipocytes.*” Based on the results Furthermore, the membrane-anchored metalloproteinase,
obtained herein using a culture system, Infiltrating M$ may MT1-MMP, acts as a 3D-specific adipogenic factor that directs
therefore modify the maturation process and secretion level the dynamic adipocyte-ECM interactions critical to WAT
of TNF-a in adipocytes in fat tissues. The expression of TNF-a development.*” These studies using knockout models
is observed in 3T3-L1 preadipocytes, and declines gradually revealed critical roles of MMPs In fat tissue development
after the beginning of maturation in the presence of and adipogenesis, and possibly also in fat accumulation
inducers.?) The mice with transplanted cultured 3T3-L1 cells accompanied with insulin resistance. A recent study reported
showed that the transplanted adipocytes in visceral space, that the MMP-3 expression levels are negatively correlated with
and not subcutaneous space, secret TNF-a and the secreted percent body fat, and the MMP-3 gene variants are associated
maolecules actually disturb the systemic insulin sensitivity, with both BMI and type 2 diabetes in Pima Indians.™
based on the decreased Insulin action in tissues.® The The mice with transplanted cultured 3T3-L1 cells showed
induced expression of TNWF-a is also observed in the that the transplanted adipocytes in the visceral space, and
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not subcutaneous space, increased TNF-a gene expression.® A
microarray analysis revealed that the MMP-3 gene expression
is drastically induced in addition to TNF-a.® Therefore, the
MMP-3 gene expression in visceral fat seems to be directly
linked to cytokine expression in adipocytes. The current
study showed that the active form of MMP-3 enhanced
glycerol release, as well as TNF-a'protein secretion, from
3T3-L1 adipocytes. The incubation of adipocytes with MMP-
3 inhibited insulin-induced glucose uptake in adipocytes.
Therefore, the induction of MMP-3 gene expression may
modulate lipid and glucose metabolism in visceral adipo-
cytes, leading to the induction of TNF-a secretion. The
treatment of 3T3-L1 preadipocytes with the MMP inhibitor
llomastat has been shown to prevent their differentiation
into adipocytes.*” The subcutaneous administration of MMP
inhibitor KB-R7785 reduced the plasma glucose and insulin
levels with a concomitant decrease in the TNF-a production
in KK-AY mice.*® These observations indicate that M¢-MMP
may thus play a functional role in the induction of TNF-u
gene expression impairing insulin sensitivity in adipocytes.

Recently, MMP-3 has been shown to be a signaling
molecule via the ERK pathway, followed by proinflammatory
cytokine induction, and Induce superoxide generation in
microglia.’ Moreover, activated MMP.3 is present in the
nuclear compartment of malignant and nontransformed
hepatocytes, and is associated with the onset of apoptasis.*
These studies suggested a novel function of MMP-3 as a
signaling molecule active for intracellular functions. The
current results showed that high-fat intake induced a
decrease in insulin-induced glucose incorporation in adipo-
cytes, as well as an increase in Mé¢-infiltration and TNF-a
expression in visceral fat tissue. Therefore, MMP-3 may affect
the lipid metabolism of adipocytes through the ECM
degradation and the activation of other extracellular and
intracellular molecules leading to the lipolysis and glucose
incorporation. Therefore, M¢-derived MMP-3 may modulate
the secretion of TNF-z in adipocytes by modulating the lipid
metabolism, which is tightly linked to visceral fat accumula-
tion and systemic insulin resistance.

In conclusion, this study suggests that MMP-3 is important
for the function of pathological link between Mé and
adipocytes, which leads to insulin resistance in metabolic
syndrome through the regulation of cytokine expression
such as TNF-a. The further elucidation of the role of MMP-3
and its secretion from activated M¢ and adipocytes is
therefore expected to contribute to the elucidation of the
unexpected relationship between chronic inflammation and
disturbed insulin sensitivity in humans.
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Abstract: Evaluation of the Effects of Shift Work
on Nutrient Intake: A Cross-sectional Study: Yuko
Monrikawa, et al. Department of Epidemiology and
Public Health, Kanazawa Medical University—The
aim of this study was to Investigate the effects of shift
work on nutrient intakes, including macronutrient intake
and micronutrient intake, in a large sample size. The
study population included 2,254 male manual workers,
20-59 yr of age, employed In a factory. A self-
administered diet history questionnalre was used. The
subjects were classified into 3 groups according to their
work schedule: () fixed day workers; (il) shift workers
without midnight shifts; and (iii) shift workers with
midnight shifts. The nutrient intakes of the groups were
compared by age group. There was a significant
difference in nutrient intakes between subjects aged
20-29 yr and those aged 30 yr and over. Among
subjects aged 20-29 yr, the energy density value for
saturated fat and the energy adjusted intakes of
calcium, potassium, vitamin A, and vitamin B1 were
the lowest among shift workers with midnight shifts.
Among subjects aged 30 yr and over, the total energy
intake was the highest among shift workers with
midnight shifts; the difference was significant compared
to fixed day workers. Shift workers with midnight shifts
had the highest intake of cereals among subjects 30
yr of age and older. In conclusion, there were no
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significant differences in nutrient intakes between fixed
day workers and shift workers without midnight shift.
Shift work, particularly midnight shift work, affected
nutrient intake. The impact of shift work on nutrient
intakes differed by age and the type of shift work.

(J Occup Health 2008; 50: 270-278)

Key words: Shift work, Nutrition, Food intake,
Macronutrients, Micronutrients, Cross-sectional study

Shift work has been associated with an increased risk
of cardiovascular disease™”, Changes in biomarkers and
lifestyle are considered to be related to the increased risk
of cardiovascular disease. Previously, the results of
studies dealing with the effects of shift work on
biomarkers were inconsistent. However, recently, the
majority of cross-sectional studies have shown that shift
workers have a higher prevalence of cardiovascular
disease and higher levels of cardiovascular disease
biomarkers*?, Intervention studies indicate that the
introduction of a better shift schedule improves
biomarkers', while introducing a worse shift schedule
causes the workers to gain weight'"'. Increased risks of
obesity and weight gain among shift workers have been
reporied by a few studies'>'*. We previously reported
an ing d risk of hypertension, diabetes mellitus, and
weight gain among shift workers'*'7\.

Studies of the effects of shift work on eating habits
and nutrient intake have previously been conducted. Most
studies did not find a difference between shift workers
and daytime workers with respect to their total calorie
intake and their dominant macronutrient intake?'-**3%,
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Instead, many reports found that there were changes in
eating habits and food selection among shift workers'*#',
However, most previous studies dealing with this issue
had small sample sizes. Furthermore, compared to the
number of studies that evaluated intra-individual
differences in nutrient intakes by shift, there have been
few studies that have examined the differences in nutrient
intakes between shift workers and daytime workers.
Furthermore, most studies have not considered the
lifestyle effects of shift work by age and shift work
history.

This study investigated the effects of shift work on
nutrient intakes, including both macronutrient intake and
micronutrient intake, in a large sample size. We also
examined the effects of workers® age and the number of
years that the workers had worked shifts on the
relationship berween shift work and nutrient intakes. A
self-administered diet history questionnaire that was
developed for use in epidemiological studies was used to
assess nutrient intake.

Subjects and Methods

Study population

The study population consisted of male manual
workers, aged 20-59 yr, working in a factory producing
light metal products. A self-administered questionnaire
survey was done in 2003 that included questions on
nutritional intake and work conditions. There were a
total of 4,736 male employees aged 20-59 yr; of these,
3,715 provided valid responses, for a valid response rate
of 78.4%. The 2,254 employees who indicated that they
were engaged in manual work were chosen as the subjects
for this analysis. The number of years that the employees
had worked shifts and behavioral factors were obtained
from the self-administered questionnaire; the subjects’
height and body weight were obtained from annual health
examination data,

In the target company, the shift schedule included a
rotating 3-shift schedule and a 2-shift schedule. The 3-
shift workers rotated counterclockwise: two thirds of them
had a non-continuous shift system (5 day shifts, 5 night
shifts, and 5 evening shifts with weekend holidays), and
one third of them had a continuous shift system (3 or 4
day shifts, 3 or 4 night shifis, and 3 or 4 evening shifts,
with | rest day between successive shifts). Both rotating
shift schedules changed shifts at 08h00, 16h30, and
00h15, or 06h30, 13h00, and 21h30. Whether worker
are allocated to shift work or not depends on the job in
the section. Certain jobs, such as those involving the
operation of machines that melt, heat, mix, or cast, are
routinely done by 3-shift workers, while jobs involving
the processing or construction of aluminum products are
done by fixed day workers or 2-shift workers.

The subjects were classified into 3 groups according
to their work schedule: (i) fixed day workers; (ii) shift

71

workers without midnight shifts; and (iii) shift workers
with midnight shifts. The number of subjects, the lengt
of time that they had done shift work, and anthropometric
data are shown by age group in Table 1. In the 30-39-
years-olds, there was a significant difference in BMI
among the three groups by work schedule, Other
characteristics were not significantly different among the
three groups.

Data collection

Dietary habits during the preceding month were
assessed using a self-administered diet history
questionnaire (DHQ)*. The DHQ was developed to
estimate the dietary intakes of macronutrients and
micronutrients in epidemiological studies in Japan. The
detailed description of the methods used for calculating
dietary intakes and the validity of the DHQ have been
previously published®. Briefly, the DHQ consists of the
following seven sections: general dietary behaviors; major
cooking methods; consumption frequency and semi-
quantitative portion size of 122 selected food and non-
alcoholic beverage items; dietary supplements;
consumption frequency and semi-quantitative portion
sizes of cereals usually consumed as staple foods (rice,
bread and noodles) and miso (fermented soybean paste)
soup; and open-ended items for foods consumed regularly
but not appearing in the DHQ. Items and portion sizes
were derived primarily from data in the National
Nutritional Survey of Japan and several recipe books for
Japanese dishes.

Estimates of dietary intake for 148 food and beverage
items, energy and nutrients were calculated using an ad
hoc computer algorithm developed for the DHQ that was
based on the Standard Tables of Food Composition in
Japan. In this study, the energy adjusted values of dietary
intakes were calculated using the percentage of energy
for energy providing nutrients and the amount per 1,000
keal for non energy-providing nutrients and foods. The
food groups examined for comparison were as follows:
“rice, bread and noodles,” potatoes, confectionaries, “fat
and oil,” pulses, fruits, vegetables, “fish and shellfish,”
meat and dairy products.

The body mass index (BMI) was calculated as the
weight (kg) divided by the height squared (m®). Health-
related behaviors were also obtained by questionnaire.

Statistics

The nutrient intakes and individual characteristics were
compared among the groups with 3 different work
schedules using one-way ANOVA. The prevalence of
smoking was compared among the groups using the -
test. Each analysis was carried out on age-stratified data.
The software package used for the analysis was SPSS
11.0 (SPSS Inc, Chicago, IL, USA).
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Results

Comparison of nutrient intakes

Table 2 shows the comparisons of total energy and the
energy density value for nutrient intakes (% of energy
for energy-providing nutrients and weight per 1,000 kcal
for non energy-providing nutrients) among the three
groups of 20-29-yr-old workers. The total energy intake
was the highest in shift workers without midnight shifts,
but there were no significant differences among the
groups in total energy intake. The energy density values
for macronutrient were not significantly different among
the three groups. However, shift workers with midnight
shifts had the lowest percent of energy from saturated fat
with statistical significance. The energy density values
for calcium, potassium, vitamin A, and vitamin B were
the lowest in shift workers with midnight shifts; the
energy density value of potassium, vitamin A and vitamin
B1 in shift workers with midnight shifts were significantly
lower than those in fixed day workers, and those of
calcium and vitamin A were significantly lower than those
in shift workers without midnight shifts. On the other
hand, the daily alcohol intake was the highest in shift
workers with midnight shifts, though there were no
significant differences among the groups. There were
no significant differences in micronutrient intakes
between fixed day workers and shift workers without
midnight shifts.

Table 3 shows the results for 30-39-yr-old workers.
The total energy intake was the highest in shift workers
with midnight shifts, followed by shift workers without
midnight shifts and fixed day workers; there was a
significant difference between shift workers with
midnight shifts and fixed day workers. There were no
significant differences among the three groups in energy
density values for micronutrients except for vitamin B1.

Table 4 shows the results of the 40-49-yr-old workers.
The total energy intake was the highest in shift workers
with midnight shifts, followed by shift workers without
midnight shifts and fixed day workers; the differences
among the groups were not statistically significant, There
were no significant differences among the three groups
in the energy density values for nutrients, except for
polyunsaturated fatty acids; the percent of energy for
polyunsaturated faity acids was the lowest in shift workers
with midnight shifts, and the difference between shift
workers with midnight shifts and fixed day workers was
statistically significant.

Table 5 shows the results for 50-59-yr-old workers.
The total energy intake was the highest in shift workers
with midnight shifts, followed by shift workers without
midnight shifts and fixed day workers; there was a
significant difference between shift workers with
midnight shifts and fixed day workers. The energy
density value for dietary fiber was significamly lower in

7

shift workers with/without midnight shifts than mn fixed
day workers.

Comparison of food intake

The energy adjusted food intakes were compared
among the three groups of workers. The food groups
with p-values less than 0.10 tested by one-way ANOVA
are listed in Table 6. Among the 20-29-yr-olds, energy
adjusted intakes of dairy products were significantly lower
in shift workers with midnight shifts than in fixed day
workers and shift workers without midnight shifts.
Intakes of meat and vegetables were the lowest in shift
workers with midnight shifts. Among the 30-39-yr-olds,
intakes of all food groups were not different among groups
of work schedule. Among the 40—49-yr-olds, energy
adjusted intakes of meat and “fat and oil” were the lowest
in shift workers with midnight shifts with statistical
significance. Among the 50-59-yr-olds, shift workers
with midnight shifts tended 1o show lower intake of
vegetables.

Discussion

To evaluate the effects of shift work on nutrient intake,
manual workers employed in a Japanese factory were
surveyed. The shift system in the target company
consisted primarily of a rotational shift system that was
either continuous or non-conti While changing
shifts weekly with weekend holidays is a common
schedule, other shift change systems involving shorer
time spans are also in use. Two thirds of the shift workers
had midnight shifts, while the remaining shift workers
did not have midnight shifts. For the purposes of the
analysis, the workers were classified into three groups:
shift workers with midnight shifts; shift workers without
midnight shifts; and fixed day workers. Given the
hypothesis that the quantity and quality of the effects of
irregular work on nutrient intake would differ by the
workers' age and the number of years they had worked
shifts, the workers were stratified by age group for the
analyses. In the target company, the particular shift
schedule varied depending on the needs of the process
performed in each section. Changing sections was not
common for the manual workers, Therefore, among the
shift workers, their age was well correlated with the
number of years that they had worked shifts. Also, mantal
status would have some effects on nutritional intake, but
we don't have such data. Analysis by age strata might
diminish the influence of marital status.

The survey of nutrient intake was carmied out using the
self-administered dietary questionnaire (DHQ) developed
by Sasaki®, The validity of the DHQ for epidemiological
use has been verified. Since this questionnaire asks
frequencies and quantities of items during the previous
one month, it would be more useful for a survey targeting
shift workers who eat irregularly according to their shift
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Table 6. Food intakes of the groups of work schedule by age groups (listed items found 1o be statistically different among the three

groups)
Age  Food Fined day Shift workers Shift workers p-value  Multiple comparison
workers *  without midnight shift * with midnight shift © (1] e ble
20-29
Meat 2/1,000 kcal 257 (1.8) 258 (@1 216 (21 0.054
Diary products g/1,000 kcal 272 (3.2) 310 (32 185 (3.6) 0,003 0025 0012
Vegetables /1,000 keal 319 (2.2) 217 @an 250 (25) 0.056
4049
Meat g/1,000 keal 158 (2.1) 189 (1.8} 137 (22) 0.007 0.008
Fat and oil g/1.000keal B (L7) 77 (1.6) 70 (LD 0.021 0.021
50-59
Vegetables @/1,000keal 352 (2.1) g (1.9 00 (1.9 0.056
Food items compared among groups were “rice, bread and noodles,” | fectionaries, “fat and oil,” pulses, fruits,

vegeables, “fish and shellfish,” meat and dairy products.

Geometrical mean (geometrical standard deviation), p tested by one way ANOVA, past hoc multiple comparison was tested by the
Scheffe test. a/b: p-value b day workers and shift workers without midnight shift, a/c: p-value between day workers and shift
workers with midnight shift, bjc: p-value between shift workers without/with midnight shift

schedule. To determine our subjects’ characteristics, the who were accustomed to midnighr shifts, and tended to
nutrient intakes of our study population were compared £at more.

with the data collected by the National Nutrition Survey Most previous studies dealing with this issue had a
conducted in Japan in 2004*". For the National Nutrition small sample size and usually did not consider the
Survey, the samples were selected by stratified random differences in the effects of shift work on lifestyle by age
sampling, and the nuiritional intakes were evaluated based and shift work history. Most studies agree that shift work
on dietary records, Despite the difference in the method affects the distribution of food intake over 24 h and the

used 1o evaluate nutrient intake, our subjects’ energy selection of food items'™* In summary, shift workers
intakes were similar to the national mean for each age preferred 1o eat cold food and fast food; fewer of them
group. However, our subjects tended to eat more eat hot food: they tend to nibble rather than have a meal*",
carbohydrate, less protein, and less fat. and have fewer meals'™*. These eating habit changes

The results of the nutrient intake comparisons among may increase or decrease intakes of nutrients. However,
the 3 groups differed between the 20-29-yr-olds and those most studies did not find any differences in total energy
30 yr of age or older. The total energy intake was not and macronutrient intakes® *"** though one Japanese
different among the three groups in the 20-29-yr-old age study reported that shift workers had a decreased energy
group, but in the older age groups, the total energy intake intake®. The fact that most studies found no differences
of shift workers with midnight shifts was higher than in total energy and macronutrient intakes may be the result
that of fixed day workers. Among 20-29-yr-olds, intakes of failing to take into account age and number of years
of some micronutrients, such as calcium, potassium, of shift work. It has also been reported that workers who
vitamin A, and vitamin B, were the lowest in shift work irregular hours develop a loss of appetite and
workers with midnight shifts; these findings were not seen become reluctant to prepare meals due to difficulties in
in the older age groups, In 20-29-yr-old age groups, adjusting to social life and internal circadian rhythm®.
intakes of meat, dairy products and vegetables were the It has also been reported that the total energy and nutrient
lowest in shift workers with midnight shift. results which intakes increase when individuals eat with others®;
were coincident with the results of comparison of however, shift workers have fewer opportunities to take
nuirients intakes. We did not find significant effects of meals with their families and friends. These effects
shift work without midnight shift on nutritional intakes appeared to be most prominent among younger workers
in the comparison with fixed daytime workers. An with midnight shifts, who decreased their micronutrient
irregular work schedule, particularly one that includes intakes. On the other hand, the higher total energy intake
midnight shifts, tended to affect nutrient intakes of older (230 yr) shift workers with midnight shifts may
differently, depending on age and shift work history. be due to the fact that these individuals had become used
Younger shift workers, who were not accustomed to 10 shift work: as they got older, they adjusted their social/
midnight shifts, tended to eat less than older shift workers, family life, though they continued to snack.
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Previously, we reported an increased risk of
hypertension, diabetes mellitus, and weight gain among
shift workers based on cohort studies of the same target
population'*'", The increased risk of hypertension was
only found in younger workers'. Workers who
transferred from fixed day work to shift work and workers
who had continued shift work had a greater weight gain
during the follow-up period than other workers'”, The
present study showed that younger shift workers with
midnight shifts had lower intakes of some micronutrients,
while older shift workers had higher total intakes; these
findings may be related 1o those of our previous cohort
studies'*"", but our conclusions are limited by the cross-
sectional design of the present study.

To generalize the results from the present study, one
needs to consider the characteristics of the subjects of
this study, since the effects of shift work on nutrient intake
and eating habits are modified by local circumstances,
socioeconomic factors, and the shift schedule, The
subjects of this study were manual workers who had
permanent contracts in the main factory of a large
company. Therefore, their socioeconomic status was
considered to be relatively good. The shift schedule used
in this factory is the usual system that is used in Japanese
factories. The factory is located in a rural area where it
is not convenient to eat out, but proper meals are served
at lunch in the factory’s cafeterin. Therefore, our results
suggest that shift work, particularly when it includes
midnight shifts, affects nutrient intake, even with better
socioeconomic conditions.

To conclude, shift work, particularly when it includes
midnight shift work, affects nutrient intakes. The type
and extent of the effect of shift work on nutrient intakes
depends on age and shift work history.
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Influence of job strain on changes in body mass index and waist
circumference—®6-year longitudinal study
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Ishizakl M, Nakagawa H, Morikawa Y, Honda R, Yamada Y, Kawakami N, The Japan Work Stress and Health Cohort
Stugy Group, Influence of job sirein on changes in body mazs index and wais! circumisrance—8-year longitudinal
study. Scand J Work Environ Health 2008:34(4):288-296.

Objectives Thix sudy examined the affect of changes in psychosocial workplace characteristics on weight
n and abdominal obesity.

Twice, i an interval of 6 years, the suthors conducted examinations of job demand-control-support
and measurements of body mass index and walst circumference nmong 2200 men and 1371 women aged 30-53
years and working in u factory. The scores of the prychosocial work characteristics in each cxamination were
dichotomized at the median values for the men and women separately and then categorized imio three groups as
follows: group I: low score in both the first and second examinations, group 11: low score in (be firt examination
and high score in the second (or high i the first and low ai the second), and group 111: high in both the first and
second examinations.
Resulls  Although there was no statistically significant sssociation between pyychosocial work churscteristics
and the chinge in body mass index, for both genders, the change in waist circumference increased maore in group
111 than in group 1. Similarly, the odds ratios for the change in waist circumference above the 75th percentile for
groups 1 and 11 increased more than in group L, being 1.13 [95% confidence interval (95% C1) 0.87-1.46 and
1.39 (95% C1 1.07-1.79) for the men in groups 11 and 111, respectively, and 1.27 (95% C1 0.90-1.78) and 1.78
(95% C1 1.26-2.52) for the women in groups [1 and I11, respectively.
Conclusions The results suggest that high job strain is u risk factor for increased abdominal obesity.

Key terms job control; job demand; waist circumference change,

Several studies have sb that psych 1al work
nmmdulluwjubmuutmdjobmm
with high job demand and low job control, which are
considered to be work stressors in the job demand—con-

On the other hand, although obesity is an important
CHD risk factor, it is still unclear whether work stress
kmﬂmwmmmm
which is a state in which a cluster of

trol model proposed by Karasek, are related 1o the
development of coronary hean disease (CHD) (1, 2).
‘I'ne pathophysiological mechanism underiying the re-
lationship between work stress and CHD has been sug-
geated o be increased ambulatory blood pressure (3, 4)
and abnormalities of blood coagulation and fibrinolytic
function (5).

E = N

factors such as abdominal obesity, atherogenic dyslip-
idemia, raised blood pressure, and glucose intolerance
are believed to promote CHD, is attracting increasing
attentiop (6). A eross-sectional analysis in the Whitehall
11 study suggested a biological sxplanation that socio-
economic inequality in CHD was partly attributable to
the metabolic syndrome, because people with a lower
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