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Table 4 Multiple logistic Age-adjusied OR  95% CI Mulivariate OR*  95% Cl
regression analysis for fatty
liver in the longitudinal study Men
Non-drinkers 1.00 References 1.00 References
Occasional drinkers 097 0.78-1.19 0.95 0.77-1.17
Daily moderate drinkers 073 0.59-0.90 0.72 0.58-0.89
Daily heavy drinkers 0.67 0.52-0.87 0.65 0.50-0.85
Women
Non-drinkers 1.00 References 1.00 References
Occasional drinkers 0.83 0.65-1.05 0.81 0.63-1.04
Daily moderate drinkers 067 0.42-1.07 0.71 0.44~1.16
* Adjusted by age, BMI, and Daily heavy drinkers 0.08 0.29-2.26 0.74 0.25-2.17

smoking status

Discussion

The present study demonstrated that alcohol drinking may
not be a major risk factor for fatty liver as assessed by
ultrasonography in Japanese undergoing a health checkup.
Thus, the prevalence of fatty liver in both sexes was sig-
nificantly lower in daily drinkers than in non-drinkers.
Occasional, daily moderate, and daily heavy drinking in
men and occasional and daily moderate drinking in women
fully adjusted for other factors were inversely associated
with fatty liver in the cross-sectional study. Daily moderate
and heavy drinking exerted protective effects against the
development of fatty liver in roen in the longitudinal study.
The low to moderate amounts of alcohol found to reduce
type 2 diabetes, metabolic syndrome, and cardiovascular
diseases have ranged widely {14-23]. However, low to
moderate amounts of alcohol were usually defined as less
than 30 g alcohol/day [34, 35, 38]. Further, the risk for
cardiovascular diseases is lower when alcohol consumption
is low to moderate, and the risk is higher when alcohol
consumption is high, resulting in a dose-tesponse curve
that is J- or U-shaped {38]. It was also demonstrated that
the threshold for non-cirrhotic and cirrhotic liver damage
was reported to be less than 30 g alcohol/day. and risk
increased with increasing daily intake [35, 39]. We esti-
mated that alcohol consumption of daily heavy drinkers
ranged from 46 g alcohol/day to 69 g or more than 69 g
alcohol/day in the present study. We also demonstrated that
even daily heavy drinking was inversely associated with
fatty liver and that exclusion of daily heavy drinkers did
not essentially alter the trend in both cross-sectional and
longitudinal studies. However, we do not encourage heavy
alcohol drinking since we focused the effect on fatty liver,
but not on liver injury, and more than 30 g alcohol/day has
been reported to be injurious to the liver [33, 39].
Ethanol is known to impair fat oxidation and stimulate
lipogenesis in the liver [2, 3]. Although there is conflicting
evidence, alcohol intake is reported to be associated with
fatty liver in apparently healthy adult men in Spain, with
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alcohol abuse and obesity being equally strong risk factors

_for fatty liver in the Guangzhou area of China [12, 13].

Alcohol drinking was found to be a weaker risk factor for
fatty liver than obesity in another study {25].

Although our results appear paradoxical on the surface,
we speculate that the discrepancy may be related to the
different proportion of heavy alcohol drinkers. Our results
are in line with other reports that low alcohol drinking did
not increase the risk for fatty liver in health checkup par-
ticipants in Japan and that low to moderate alcohol
drinking reduced liver steatosis and non-alcoholic steato-
hepatitis found in the severely obese in the USA [26, 27].
Further, it was recently demonstrated that modest wine
consumption was associated with a reduced prevalence of
non-alcoholic fatty liver disease [28].

Adding FBG or elevated blood pressure and hyperten-
sion did not alter the ORs in both cross-sectional and
longitudinal studies, suggesting that the relationship
between alcohol drinking and fatty liver was not con-
founded by these factors and the effect of alcohol drinking
on fatty liver may be independent of improved glucose
metabolism and endothelial function. The mechanism by
which low to moderate alcohol drinking reduces type 2
diabetes, cardiac ischemic diseases, and the metabolic
syndrome may be, in part, related to increased insulin
sensitivity [20-23]. Insulin resistance causes accumulation
of fat in the hepatocytes through lipolysis and hyperinsu-
linemia [4, 40]. Although we did not measure insulin
sensitivity in the present study, we speculate that this may
be increased in our population by alcohol drinking, thereby
attenuating fatty liver.

A major limitation of the present study was the cross-
sectional and retrospective longitudinal design. The sub-
jects were limited to the Japanese participants undergoing a
health checkup. Although it would have been preferable to
follow up all participants in 2000 to investigate the risk
factor for fatty liver in 2005 in a cohort manner, only
42.5% of the participants in 2000 received the medical
checkup in 2005. In addition, alcohol conmsumption was
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self-reported, and the drinkers were roughly divided into
four groups according to the frequency of drinking for
logistic regression analyses, which may result in inaccu-
racies. Finally, although histological diagnosis is more
accurate, we had to rely on ultrasonography for the pur-
poses of the present study. Ultrasonography cannot
distinguish steatosis and steatohepatitis, with the result that
it may be unclear if the participants drinking alcohol have
liver damage. However, it has been widely used to assess
fatty liver since it is a non-invasive procedure with rela-
tively high sensitivity and specificity for screening
purposes [1, 12, 13, 25, 26, 36, 37]. The prevalence of fatty
liver, 23.9% in men and 10.3% in women in the present
study, is consistent with values in a previous Japanese
report [41].

In conclusion, alcohol drinking may not be a major risk
factor for fatty liver on ultrasonography in Japanese
undergoing a health checkup. However, we should be
prudent, and the available data do not yet provide a ratio-
nale for encouragement of alcohol consumption. Future
cohort studies assessing the influence of differing amounts
of alcohol are necessary to confirm whether alcohol
drinking may indeed not be a risk for fatty liver.
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. Abstract Objective: An increasing number of studies in Western countries have shown that living in a socio-
economically disadvantaged neighborhood is associated with unfavorable dietary intake patterns and
health status. However, information on such neighborhood socioeconomic differences in diet and
health among different cultural settings, including Japan, is limited. This cross-sectional study exam-
ined the association of neighborhood socioeconomic status (SES) with dietary intake and a summary
score of the insulin resistance syndrome (IRS) in a group of young Japanese women.

Methods: Subjects were 1081 female Japanese dietetic students aged 18 to 22 y residing in 295
municipalities in Japan. Neighborhood SES index was defined by seven municipal-level variables,
namely unemployment, household overcrowding, poverty, education, income, home ownership,
and vulnerable group, with an increasing index signifying increasing neighborhood socioeconomic
disadvantage. Dietary intake was estimated using a validated, comprehensive self-administered
diet-history questionnaire. Measurements of body mass index, systolic blood pressure, fasting high-
density lipoprotein cholesterol, triacylglycerol, glucose, and insulin were combined into an IRS score,
with an increasing score signifying increasing levels of components of the IRS. -
Results: Neighborhood SES index was not associated with most of the dietary variables, body mass
index, high-density lipoprotein cholesterol, triacylglycerol, or glucose. However, neighborhood SES
index was significantly positively associated with systolic blood pressure, insulin, and IRS score, after
adjustment for potential confounding or mediating factors, including household SES, dietary, and
lifestyle factors. '
Conclusion: Neighborhood socioeconomic disadvantage was associated with unfavorable profiles
of the IRS score, but not dietary intake, in a group of young Japanese women. © 2010 Eisevier Inc.
All rights reserved. '

Keywords: Neighborhood socioeconomic status; Diet; Insulin resistance syndrome; Young women; Japan; Epidemiology

Introduction ’ individual. In fact, an increasing number of studies conducted

. in Western countries have shown that living in a socioeco-

Because living conditions are shaped by characteristics of nomically disadvantaged neighborhood is associated with

the residential environment, neighborhood characteristics .  unfavorable dietary intake patterns [1-4] and an unfavorable
may have some impact on lifestyle factors and, hence, on profile of the insulin resistance syndrome (IRS) [5-11].

health status, beyond any effect of the characteristics of the However, information on the relation of neighborhood

socioeconomic status (SES) with diet and health in other

countries is sparse, including Japan. Given the unclear or

*Corresponding author. Tel.: +81-3-5841-7872; fax: +81-3-5841-7873, even inverse association between individual SES and health

E-mail address: stssasak@m.u-tokyo.ac.jp (S. Sasaki). A outcomes observed in the Japanese [12-14] vis-a-vis the

0899-9007/10/$ — see front matter © 2010 Elsevier Inc. All rights reserved.
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consistent positive associations of individual and neighbor-
hood SES with diet and health in Western populations [1-
11,15-17], the association of neighborhood SES with dietary
intake and health outcomes may differ between Western
countries and Japan. In a study of young Japanese women,
_for example, neighborhood SES was not materially associ-
ated with dietary intake, but increasing neighborhood socio-
economic disadvantage was associated with increasing body
mass index (BMI) [18].

In the present study, we examined the association of
aneighborhood SES index, recently formulated for Japanese
conditions [19], with selected dietary variables, as assessed
using a previously validated, comprehensive self-adminis-
tered diet-history questionnaire (DHQ) [20-23], and a sum-
mary score of the IRS, developed by Diez Roux et al. [5],
in a group of young Japanese women. We hypothesized
that neighborhood socioeconomic disadvantage is associated
with unfavorable profiles of the IRS score, but not dietary
intake.

Materials and methods
Study sample ;

This observational cross-sectional study was conducted from
February to March 2006 and from January to March 2007 in female
Japanese dietetic students from 15 institutions in Japan (n = 1176).
A detailed description of the study design and survey procedure has
been published elsewhere [24,25]. Written informed consent was
obtained from each participant and from a parent for participants
younger than 20 y. The study protocol was approved by the ethics
committee of the National Institute of Health and Nutrition, Japan.

In Japan, the 2372 municipalities consisted of 164 wards, 736 cit-
ies, 1178 towns, and 294 villages (as of October 1, 2005) [26]. We
used municipalities as proxies for neighborhoods [18,27], which is
in accordance with previous Western studies where some adminis-
trative divisions are used as proxies for neighborhoods [1-11].
Study participants were linked to their municipalities using their
home addresses. .

For analysis, we selected women aged 18 to 22 y (n = 1154). We
then excluded women with previously diagnosed diabetes, hyper-
tension, or cardiovascular disease (n = 1) and those with missing

information on the variables used (n = 72). The final analysis

sample consisted of 1081 women who tesided in 295 municipalities
in Japan. : S

Neighborhood SES index

‘We constructed a neighborhood SES index at the municipality‘

level [18,27] using seven variables determined by a factor analysis
[19]. These variables were unemployment (percentage of unem-
ployed persons >15 y old), household overcrowding (average floor
space per residential dwelling), poverty (number of households
receiving public assistance per 1000 households), education
(percentage of persons 20~64 y old who had completed college or
university), income (total taxable income divided by total popula-
tion), home ownership (percentage of owned houses to total residen-
tial households), and vulnerable groups (percentage of households
of single persons >65 y old to total households) [19]. Data were

7
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derived from the 2005 census [26] and other govermnmental surveys
[26,28,29]. These seven variables were combined into a neighbor- .
hood summary score (i.e., neighborhood SES index) constructed
by summing Z-scores for each of the seven variables (for unemploy-
ment, poverty, income, and vulnerable groups, data were log-trans-
formed before calculating Z-scores; Z-scotes for houschold
overcrowding, education, income, and home ownership were multi-
plied by —1 before summing), with a higher neighborhood SES
index signifying increasing neighbothood socioeconomic disadvan-
tage [19]. A detailed description of the neighborhood SES index has
been published elsewhere [18].

Dietary intake

Dietary habits during the preceding month were assessed using

" a comprehensive self-administered DHQ. Details of the DHQ's

structure, calculation of dietary intake, and validity for commonly
studied nutritional factors have been published elsewhere [20-25].
Briefly, the DHQ is a structured 16-page questionnaire that asks
about the consumption frequency and portion size of selected foods
commonly consumed in Japan and the general dietary behavior and
usual cooking methods [20]. Estimates of daily intake for foods (150
items in total), energy, and selected nutrients were calculated using
an ad hoc computer algorithm for the DHQ [20,23] based on the
Standard Tables of Food Composition in Japan [30]. Dietary vari-
ables examined in this study were dictary energy density [24] and
potential renal acid load [25], variables significantly associated
with several metabolic risk factors in the present population, and
their main determinants (energy-providing nutrients, dietary fiber,
minerals, and selected food groups). To minimize the influence of
dietary misreporting, an ongoing controversy in studies that collect
dictary information using self-report instruments [31], dietary
variables were energy adjusted using the density method (except
for energy density). '

IRS score

A summary score of IRS developed by Diez Roux et al. [5] was
calculated based on measurements of BMI, systolic blood pressure,
fasting ‘high-density lipoprotein cholesterol, triacylglycerol, glu-
cose, and insulin, Detailed descriptions of the measurement of
each component have been published elsewhere [24,25]. These
six variables were combined into a summary IRS score constructed
by summing Z-scores for each of the six variables (for triacylgly-
cerol and insulin, data were log-transformed before calculating Z-
scores; Z-scores for high-density lipoprotein cholesterol were multi-
plied by —1 before summing), with an increasing score signifying
increasing levels of components of the IRS. A detailed description
of the IRS score has been provided by Diez Roux et al. [5].

_ v Other variables

Based on the reported home address, each participant was grouped
into one of six regions (Hokkaido and Tohoku; Kanto; Hokuriku and
Tokai; Kinki; Chugoku and Shikoku; or Kyushu) and into one of three
municipality levels (ward; city; or town and village). The participant
was also grouped into one of four institution types (4-y private, 2y

- private, 4-y public, or 2-y public) based on the institution she attended

and into one of three living statuses (living with family, living alone,
or living with others), as self-reported in a lifestyle questionnaire,
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Table 1

Dietary, metabolic, and lifestyle characteristics of 1081 Japanese women
aged 18 to 22 y*

Variable

Food intake (g/1000 kcal)
Cereals and potatoes 241.3 (237.9-244.7)
Confectioneries and sugars 40.2 (39.1-41.3)
Fats and oils

11.8 (11.4-12.1)
179.5 (173.9-185.1)
81.7 (80.1-83.3)

Fruits and vegetables
Fish, meat, and eggs

Dairy products 91.0 (86.7-95.3)
Nutrient intake
Protein (percent energy) 13.5 (13.4-13.6)
Fat (petrcent energy) 29.2 (28.9-29.5)
Carbohydrate (percent energy) 55.7 (55.4-56.1)
Dietary fiber (g/1000 kcal) 6.9 (6.7-7.0)
Phosphorus (mg/1000 kcal) 517 (511-522)
Potassium (mg/1000 kcal) 1111 (1096-1127)
Calcium (mg/1000 kcal) 283 (277-289)
Magnesium (mg/1000 kcal) 121 (119-123)
Dietary energy density (kcal/g) 1.41 (1.40-1.43)

Potential renal acid load (mEq/1000 kcal;
. measurement of diet-induced acid—base load)

5.90 (5.66-6.16)

Body mass index (kg/m?) 21.4 (21.2-21.5)
Systolic blood pressure (mmHg) 106.3 (105.6-106.9)
High-density lipoprotein cholesterol (mg/dL) 70.8 (70.0-71.5)
Triacylglycerol (mg/dL) 56.2 (54.8-57.5)
Glucose (mg/dL) 84.0 (83.7-84.4)
Insulin (ng/mL)! 74(12-1.7)
Current smokers ) ' 23

Current alcohol drinkers 419

Physical activity (total metabolic equivalent-hours/d) 33.9 (33.8-34.0)

* Values are means (95% confidence intervals) or percentages of
participants.
t Calculated using back-transformation of natural-log transformed values.

Current smoking (yes or no) and current alcohol drinking (yes or no)
were self-reported in the lifestyle questionnaire and DHQ, respec-
tively. Physical activity was computed as the average metabolic
equivalent-hours score per day on the basis of the frequency and du-
ration of five activities (sleeping, high- and moderate-intensity activ-
ities, walking, and sedentary activities) over the preceding month, as
reported in the lifestyle questionnaire [24].

Statistical analysis

All statistical analyses were performed using SAS 9.1 (2003,
SAS Institute Inc, Cary, NC, USA). Using the PROC GLM pro-
cedure, linear regression models were constructed to examine the
association of neighborhood SES index with dietary variables
and the summary IRS score and its components. For analyses,
participants were categorized into quartiles according to neigh-
borhood SES index. Multivariate-adjusted mean values (with
95% confidence intervals) of dietary variables and the summary
IRS score and its components were calculated by quartile of
neighborhood SES index. Potential confounding or mediating
factors included in the multivariate models were survey year
[24,25,27], household SES variables, ie., institution type
[18,27,32] and living status [18,27,33], and non-dietary lifestyle
factors, i.e., current smoking status, current alcohol drinking sta-
tus, and physical activity [18]. In the analysis of the summary
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IRS score and its components, dictary factors, i.e., dietary energy
density [24] and potential renal acid load [25), were also in-
cluded. In addition, geographical variables, i.c., region [18,27]
and municipality level [18,27], were included, considering re-'
gional or urban—rural differences in neighborhood SES in Japan
[19,34,35], although this may be an over-adjustment. We tested

- for linear trends with increasing levels of neighborhood SES in-

dex by assigning each participant the median value for the cate-
gory and modeling this value as a continuous variable. All
reported P values are two-tailed, and P < 0.05 was considered
statistically significant. Because the great majority of municipal-
ities had only a few study participants (median 1, interquartile
range 1-3), no special methods were needed to account for
within-neighborhood correlations in outcomes [4,5,18,27].

Results

Dietary, metabolic, and lifestyle characteristics are listed
in Table 1. Mean dietary intakes of macronutrients were
13.5% of energy for protein, 29.2% of energy for fat, and
55.7% of energy for carbohydrate. Mean BMI was 21.4 kg/
m?. Geographic, household SES, and lifestyle characteristics
according to quartile of neighborhood SES index are listed in
Table 2. Neighborhood SES index was associated with
region, municipality level, and institution type. The higher
quattiles of neighborhood SES index (increasing neighbor-
hood socioeconomic disadvantage) included more partici-
pants living in Hokkaido and Tohoku, Chugoku and
Shikoku, and Kyushu and fewer participants living in Kanto,
Hokuriku and Tokai, and Kinki; more participants living in
wards and fewer living in towns and villages; and more
participants attending 4-y private, 2-y private, and 4-y public
institutions and fewer attending 2-y public institutions.

Dietary characteristics according to quartile of neighbor-
hood SES index are presented in Table 3. Neighborhood
SES index was not associated with any dietary variables ex-
amined after adjustment for possible confounding or mediat-
ing factors including household SES and non-dietary lifestyle
variables, with the exception of a positive association with
cereals and potatoes and a negative association with dairy
products, phosphorus, potassium, calcium, and magnesium.
Further adjustment for geographic variables did not change
the results materially, with the exception of the loss of the
above-mentioned associations (data not shown).

Components of IRS and summary IRS score according to
quartile of neighborhood SES index are presented in Table 4.
Neighborhood SES index was not associated with BMI,
high-density lipoprotein cholesterol, triacylglycerol, or glu-
cose. Conversely, higher neighborhood SES index (increas-
ing neighborhood socioeconomic disadvantage) was
significantly associated with higher systolic blood pressure,
insulin, and IRS score, after adjusunent for potential con-
founding or mediating factors, including household SES,
non-dietary lifestyle, and dietary factors. However, these
associations disappeared after further adjustment for
geographic variables (data not shown).
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Table 2

Geographic, household socioeconomic status, and lifestyle characteristics of 1081 Japanese women aged 18 t0 22 y according to quartile category of

neighborhood sociocconomic status index*

Variable

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Pt
(n = 263) (n=277) (n=262) (n=279)
Neighborhood sociosconomic —-3.19 -0.94 : 0.22 . 407 : —
status index (median)
Survey year : 0.61
2006 » 414 36.8 477 40.1 .
Rezqo‘z k 58.6 63.2 523 59.9
gion
Hokkaido and Tohoku - 0 07 04 90 <000t
Kanto 71.9 66.8 58.8 23.7
Hokuriku and Tokai 8.8 227 19.5 25
Kinki 16.0 72 15 15.8
Chugoku and Shikoku 0.4 0.7 0 133
Kyushu ) 3.0 1.8 19.9 ' 35.8
Municipality level ) <0.0001
Ward : : 8.8 9.8 7.3 36.9
City . 783 89.2 86.6 . 59.9
Town and village 129 1.1 6.1 32
Institution type ~ ' ’ <0.0001
4-y private 70.0 59.9 75.6 73.5
2-y private 2.7 1.1 16.0 25
4-y public 179 76 6.9 ' 21.5
2-y public 95 314 15 2.5
Living status ) 0.06
Living with family 677 653 35.9 68.5
Living alone 293 29.6 60.7 26.5
Living with others 3.0 5.1 34 5.0
Current smokers 23 14 3.1 2.5 0.57
Current alcohol drinkers 37.6 46.9 332 49.1 0.12
Physical activity (total metabolic equivalent-hours/d) 33.7 (33.4-34.1) 340 (33.7-343) 337 (33.4-34.1)

34.1 (33.7-34.6) 0.21

* Values are percentages of participants or means (95% confidence intervals) unless otherwise indicated. :
t For categorical variables, a Mantel-Haenszel chi-square test was used; for continuous variables, a linear trend test was used, with the median value in each

quintile category as a continuous variable in linear regression.

Discussion

As hypothesized, we found in this cross-sectional study of
a group of young Japanese women that neighborhood SES
was not materially associated with dietary intake, but increas-
ing neighborhood socioeconomic disadvantage was associ-
ated with unfavorable profiles of the IRS score. To our
-knowledge, this is the first study to investigate the association
of neighborhood SES with dietary intake and the IRS score in
a Japanese population. -
Inconsistent with several Westemn studies [1-4], but con-
sistent with a previous Japanese study [18], we saw no mate-
rial association between neighborhood SES and dietary
variables. The reason for the present finding is unknown.
Considering that Japan has long been shown to have lower
inequality in individual SES than other developed countries
[36], inequalities in neighborhood SES in Japan may be too
low to have a measurable influence on dietary habits. Alter-

natively, the homogenous characteristics of participants in

terms of individual SES (i.e., Japanese female dietetic. stu-
dents aged 18-22 y) may have hampered the identification
of any meaningful association between neighborhood SES
and dietary intake.

Consistent with previous Western studies [5-11], how-
.ever, we did identify an association between neighborhood
socioeconomic disadvantage and an adverse IRS score pro-
file. There are several proximate mechanisms through which
neighborhood characteristics could be hypothesized to influ-
ence the development of components of IRS [5). Neighbor-
hood SES may be related to components of IRS by an
influence on behaviors linked to diet and physical activity,
both of which may be related to insulin resistance
[5,10,37]. This is unlikely in the present study, however, be-
cause the association between neighborhood SES and the
IRS score remained after adjustment for physical activity
and dietary factors. ,

Neighborhood SES may also be related to components of
IRS through chronic stress, on the basis that, although
sources of chronic stress (such as noise, violence, poverty,
vigilance, threat, and alarm) are likely to vary across neigh-
borhoods, chronic stress may be related to the development
of components of IRS through endocrine pathways involving

. the hypothalamo—pituitary—adrenal axis or activation of the

sympathetic nervous system [5,9,10,38,39]. Our results are
consistent with this environmental stress theory for the role
of the social environment in components of IRS, although
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Table 3

Dietary characteristics of 1081 Japanese women aged 18 to 22 y according to quartile category of neighborhood socioeconomic status index*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 pt

(n=1263) n=277) (n = 262) (n=279)

Food intake (g/1000 kcal) ‘
Cereals and potatoes 236.9 (230.1-243.8) 236.5 (229.5-243.5) 2447 (237.2-252.2) 247.0 (240.2-253.8) 0.02
Confectioneries and sugars 40.6 (38.442.7) 41.0 (38.843.3) 399 (37.542.3) 39.3 (37.241.5) 0.33
Fats and oils 11.8 (11.1-12.4) 11.9 (11.3-12.6) 11.3 (10.6-12.0) 12.0(11.3-12.6) 0.69
Fruits and vegetables 180.5 (165.2-191.7) 190.0 (178.4-201.6) 172.2 (159.8-184.5) 175.1 (164-186.3) 031
Fish, meat, and eggs 83.2 (80.1-86.3) 82.7 (79.5-85.9) 76.2 (72.8-79.6) 84.3 (81.3-874) 0.63
Dairy products 94.3 (85.6-103.0) 91.6 (82.6-100.5) 102.4 (52.8-111.9) 76.5 (67.9-85.1) 0.003 . ‘

Nutrient intake ) i '
Protein (percent energy) 13.6 (13.4-13.8) 13.6 (13.4-13.8) 13.4 (13.1-13.6) 13.4 (13.2-13.6) 0.15
Fat (percent energy) 29.4 (28.8-30.0) 29.5 (28.8-30.1) 28.7 (28.0-29.9) 29.1 (28.5-29.7) 0.34

Carbohydrate (percent energy) 55.5 (54.8-56.2) 55.4 (54.6-56.1) 56.3 (55.5-57.1) 55.8 (55.0-56.5) 0.55
Dietary fiber (g/1000 kcal) 6.9 (6.6-7.1) 7.0(6.8-7.3) 6.9 (6.6-7.2) 6.6 (6.4-6.9) 0.09
Phosphorus (mg/1000 kcal) 525 (514-536) 522 (511-534) 521 (508~533) 499 (488-510) 0.0005
Potassium (mg/1000 kcal) 1121 (1089-1152) . 1131 (1099-1163) 1116 (1082-1150) 1079 (1048-1110) 0.03
Calcium (mg/1000 kcal) 290 (279-302) 287 (275-299) 296 (283-309) 261 (249-272) -0.0002
Magnesium (mg/1000 kcal) 122 (119-126) 122 (118-125) 123 (120~-127) 117 (114-120) 0.02

Dietary energy density (kcal/g) 141 (1.38-1.44) 1.40 (1.37-1.42) 1.42 (1.39-1.45) 1.42 (1.40-1.45) 0.34

Potential renal acid load (mEq/1000 kcal; 6.06 (5.55-6.57) 5.76 (5.24-6.29) 5.59 (5.03-6.15) 6.21 (5.71-6.72) 0.55

measurement of diet-induced acid—base load)

* Values are means (95% confidence intervals). Adjusted for survey year (2006 and 2007), institution type (4-y private, 2-y private, 4-y public, and 2-y public),
living status (living with family, living alone, and living with others), cutrent smoking (yes or no), current alcohol drinking (yes or no), and physical activity (total
metabolic equivalents-hours/day, continuous). No significant association was observed after further adjustment for region (Hokkaido and Tohoku; Kanto;

Hokuriku and Tokai; Kinki; Chugoku and Shikoku; and Kyushu) and municipality level (ward; city; and town and village).
t A linear trend test was used with the median value in each quintile category as a continuons variable in linear regression.

the association remains speculative because no variables
associated with chronic stress were included in the present
study.

In addition, the association between neighborhood SES
and the IRS score may merely reflect geographic differences
in the IRS score, because, although neighborhood SES was
associated with region and municipality level, the association
between neighborhood SES and IRS score disappeared after
adjustment for these geographic variables. Altérnatively, it is
also possible that neighborhood SES contributes to regional
and urban—rural differences in IRS score, and that geographic
variables are a proxy for unmeasured neighborhood-level
factors that covary with those we are investigating.

In this study, neighborhood SES index was not associated
with BMI: However, we found in a recent report [18]
studying a similar population that increasing neighborhocod
socioeconomic disadvantage was independently associated
with increasing BMIL. The reason for these apparently diver-
gent results is unknown. Although the present study was con-
ducted in students studying in a dietetic course for 1to 4 y
(and thus with more nutritional knowledge), the previous
study [18] was conducted in freshmen students just entering
a dietetic course (and thus with less nutritional knowledge),
although, at least for intake of main food groups and macro-
nutrients and BMI, mean values were similar between sub-
jects in the present and previous [18] studies. Freshmen

Table 4

Components of insulin resistance syndrome and insulin resistance syndrome score of 1081 Japanese women aged 18 to 22 y according to quartile category of
neighborhood socioeconomic status index*

Quartile 2 (n = 277)

Variable Quartile 1 (n = 263) Quartile 3 (n = 262)  Quartile 4 (7 = 279) P
Body mass index (kg/m®) 21.0 (20.7-21.4) 21.3 (20.9-21.6) 21.7 (21.4-22.1) 21.4 (21.1-21.7) 0.11
Systolic blood pressure (mmHg) 105.2 (104.0-106.5) 105.2 (103.9-106.5) 106.0 (104.6-107.3) 108.5 (107.3-109.7)  <0.0001
High-density lipoprotein cholesterol (mg/dL) 71.0 (69.5-72.6) 71.6 (70.0-73.2) 70.3 (68.6-72.0) 70.1 (68.5-71.6) 0.28
Triacylglycerol (mg/dLy* 54.4 (52.4-56.4) 54.9 (52.9-56.9) 59.6 (57.6-61.7) 56.0 (54.0-58.0) 0.36
Glucose (mg/dL) 84.2 (83.4-84.9) 84.0 (83.2-84.8) 83.9 (83.1-84.8) 84.0 (83.2-84.8) - 0.80
Insulin (ng/mL)} 7.1 (7.1-1.2) 7.4 (1.3-74) 7.3 (1.3-1.4) 7.9 (7.8-1.9) 0.03
Insulin resistance syndrome score —0.11 (-023 t0 0.01) —0.08 (—0.20t0 0.04)  0.08 (-0.05t00.21)  0.11 (0.00 to0 0.23) 0.004

* Values are means (95% confidence intervals). Adjusted for survey year (2006 and 2007), institution type (4-y private, 2-y ptivate, 4-y public, and 2-y public),
living status (living with family, living alone, and living with others), cirrent smoking (yes or no), current alcohol drinking (ves or no), physical activity (total
metabolic equivalents-hours/day, continuous), dietary energy density (kcal/g, continuous), and potential renal acid load (mEq/1000 kcal, continuous). No signif-
icant association was observed after further adjustment for region (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku and Shikokw; and
Kyushu) and municipality level (ward; city; and town and village).

1 A linear trend test was used with the median value in each quintile category as a continuous variable in linear regression.

1 Calculated using back-transformation of natural-log transformed values. ] :

=200-



K. Murakami et al. | Nutrition 26 (2010) 508-514 : ) 513

students with less nutritional knowledge may have different

results regarding the association of neighborhood SES with
dietary intakes and health when compared with those ob-
served in dietetic students with more nutritional knowledge.

Several limitations of the present study deserve mention.

First, the participants were selected female dietetic students
and may have healthier dietary habits and IRS profiles than

the general population, although with regard to the intake
of fat and carbohydrate, BMI, and systolic blood pressure
at Jeast, mean values in the present study were reasonably
comparable to those of a representative sample of Japanese
women aged 20 to 29 y (28.6% of energy, 56.2% of energy,
20.5 kg/m?, and 106.9 mmHg, respectively; data not avail-
able for other variables) [40). Thus, our results might not
be extrapolated to the general Japanese population. Second,
we relied on census-based measurements at the municipality
level as proxies for neighborhoods, but these might not
correspond to socially defined neighborhoods. In addition,
municipality in Japan may be a somewhat large unit of neigh-
borhoods, given that the median population of 295 munici-
palities was 121 779 (interquartile range 91 437-274 481).
Our study is also limited by the use of the neighborhood

SES score as an indirect proxy for the specific features of

neighborhoods that may be more relevant [5]. Third, we

used a self-administered semiquantitative dietary assessment

* questionnaire for dietary data collection. Although this ques-
tionnaire has been well validated [20-25], actual dietary
habits were not observed, so the results should be interpreted
cautiously. Fourth, we cannot rule out residual confounding.
In particular, parents” SES variables were not available, al-
though these may be at least partly reflected by household
SES variables. Fifth, the cross-sectional nature of the study

- hampers the drawing of any conclusions on causal inferences
between neighborhood SES and diet and the IRS.

Conclusion

Although no material association was seen between
neighborhood SES and dietary intake, increasing neighbor-
hood sociceconomic disadvantage was associated with unfa-
vorable IRS score profiles in a group of young Japanese
women. Efforts to reduce inequalities in neighborhood SES
may represent an important strategy in improving the health
status of individuals.
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