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Table 3
Dietary characteristics according to quintile category of neighborhood socioeconomic status index (n = 3892)*
Variable Quintile 1 (#=778) Quintile 2 (n=779) Quintile 3 (#=777) Quintile 4 (=783) Quintile 5 (n =775) Pt
Energy intake (kcal/d) 1844 (1808-1879) 1785 (1752-1819) 1826 (1789-1863) 1822 (1785-1858) 1785 (1750-1820)  0.10
Food intake (g/1000 kcal)
Rice, bread, noodles, 239.7 (235.2-244.2)  240.7 (236.2-245.3) 241.4(236.9-245.9) 237.6 (233.1-242.0) 244.5(239.8-249.2) 0.28
and potatoes
Confectioneries 37.2 (36.1-38.3) 37.9 (36.7-39.1) 38.7 (37.5-39.9) 39.2 (38.0-40.4) 36.7 (35.5-38.0) 0.88
and sugars
Fats and oils 14.0 (13.5-14.5) 13.4 (13.0-13.8) 13.0 (12.6-13.4) 14.0 (13.5-14.5) 13.5(13.0-13.9) 0.52
Pulses and nuts 26.2 (24.9-21.5) 25.7 (24.4-27.0) 24.4 (23.2-25.5) 24.7 (23.4-26.0) 24.1 (22.9-25.3) 0.011
Fish and shellfish, meat, 82.7 (80.7-84.8) 80.9 (78.9-83.0) 80.0 (78.0-82.0) 82.5 (80.4-84.6) 84.6 (82.4-86.8) 0.08
and eggs
Dairy products 84.3 (79.4-89.3) 89.2 (83.8-94.6) 86.2 (81.4-91.1) 81.6 (76.7-86.5) 77.1 (72.2-82.0) 0.0055
Fruits and vegetables 176.9 (170.1-183.6)  179.0 (171.6-186.4) 182.9 (175.5-190.4) 1689 (162.3-1754) 180.0 (172.7-187.4) 0388
Nutrient intake
Protein (% energy) 13.4 (13.2-13.5) 13.3 (13.2-13.5) 13.3(13.1-13.4) 13.3 (13.1-13.4) 13.4 (13.2-13.5) 0.99
Total fat (%energy) 29.8 (29.3-30.2) 29.3 (28.9-29.7) 29.2 (28.8-29.7) 29.9 (29.5-30.4) 29.2 (28.8-29.6) 0.36
Saturated fatty acids 8.3 (8.1-8.4) 8.2 (8.1-8.3) 8.2 (8.1-84) 8.3 (8.2-8.5) 8.0 (7.9-8.2) 0.10
(% energy)
Carbohydrate (% energy) 55.6 (55.1-56.1) 56.0 (55.6-56.5) 56.2 (55.7-56.6) 55.3 (54.9-55.8) 55.8 (55.3-56.3) 0.81
Dietary fiber (g/1000 kcal) 6.6 (6.4-6.7) 6.5 (64-6.7) 6.6 (6.5-6.8) 6.4 (6.2-6.5) 6.6 (6.4-6.7) 0.69
Cholesterol (mg/1000 kcal) 165 (160-169) 161 (157-165) 161 (157-166) 166 (161-171) 167 (162-171) 0.20
Dietary glycemic load 81.9 (80.8-82.9) 82.7 (81.7-83.8) 82.5 (81.5-83.5) 81.6 (80.6-82.6) 82.4 (81.3-834) 0.93

(/1000 kcal)

* Values are means (95% confidence intervals).

1 A linear trend test was used with the median value in each quintile category as a continuous variable in linear regression. Adjustment for possible confounding
or mediating variables, including institution type (4-y private [private university], 2-y private [private college and technical school], 4-y public [public university],
and 2-y public [public college and technical school]), living status (living with family, living alone, and living with others), current smoking (yes or no), current
alcohol drinking (yes or no), physical activity (total metabolic equivalents-hours/day, continuous), region (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai;
Kinki; Chugoku and Shikoku; and Kyushu), and municipality level (ward; city; and town and village), did not change the results materially, with the exception of

a non-significant association for dairy products.

y of age (30.3% of energy, 54.5% of energy, and 21.1 kg/m?,
respectively; data not available for other dietary variables)
[46]. Thus, our results might not be extrapolated to the gen-
eral Japanese population.

Second, research on neighborhoods is limited by the need
to operationalize the complex conceptual construct repre-
sented by geographic space [4]. Because participants were
dispersed in all 47 prefectures in Japan, we relied on cen-
sus-based measurements at the municipality level as proxies
for neighborhoods, which may not correspond to socially de-
fined neighborhoods. In addition, municipality in Japan may
be a somewhat large unit for neighborhoods, given that the
median population of 1033 municipalities was 153 639 (inter-
quartile range 60 884-291 027). 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 [10].

Third, we used a self-administered semiquantitative die-
tary assessment questionnaire (i.e., DHQ) for dietary data
collection. Although this questionnaire has been validated
[25-28], actual dietary habits were not observed. Thus, al-
though energy-adjusted values of dietary intake were used
to minimize the influence of measurement errors derived
from self-reported dietary behavior [34], the results should
nevertheless be interpreted with caution.

Fourth, we used BMI values calculated from self-reported
body weight and height, which might be biased. However,
previous studies have shown that BMI calculated from

Table 4
Body mass index according to quintile category of neighborhood socioeconomic status index (n = 3892)*

Variable Quintile 1 (n="778) Quintile 2 (n=1779) Quintile 3 (n=777) Quintile 4 (n =783) Quintile 5 (n =775) Pl
Crude model 20.9 (20.7-21.1) 20.8 (20.6-21.0) 20.9 (20.7-21.1) 21.1 (20.9-21.3) 21.1 (20.9-21.3) 0.020
Multivariate model’ 20.8 (20.6-21.0) 20.8 (20.6-21.0) 21.0(20.8-21.2) 21.1(20.9-21.3) 21.1 (20.9-21.3) 0.037

# Values are means (95% confidence intervals).

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

¥ Adjusted for institution type (4-y private [private university], 2-y private [private college and technical school], 4-y public [public university], and 2-y public
[public college and technical school]), living status (living with family, living alone, and living with others), current smoking (yes or no), current alcohol drinking
(yes or no), physical activity (total metabolic equivalents-hours/day, continuous), energy intake (kilocalories per day, continuous), dietary fiber intake (grams per
1000 kcal, continuous), dietary glycemic load (per 1000 kcal, continuous), region (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku and
Shikoku; and Kyushu), and municipality level (ward; city; and town and village).
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self-reported values is highly correlated with BMI calculated
from measured values [47,48], and it is therefore suggested
that BMI calculated from self-reported weight and height is
areliable measurement for use in association analysis at least.
Fifth, although we attempted to adjust for a variety of po-
tential confounding (or mediating) variables, we cannot rule
out residual confounding due to poorly measured (e.g., phys-
ical activity, which was assessed relatively roughly from only
five activities) and unmeasured (e.g., household income,
which was unfortunately unavailable in the present study,
but may be at least partly reflected by institution type and liv-
ing status) variables. Finally, the cross-sectional nature of the
study hampers the drawing of conclusions on any causal
inferences between neighborhood SES and diet and BML

Conclusion

Although no material association was seen between
neighborhood SES and dietary intake, increasing neighbor-
hood socioeconomic disadvantage was independently associ-
ated with increasing BMI in a group of young Japanese
women. Efforts to reduce inequalities in neighborhood SES
may be an important strategy in improving the health status
of individuals.
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Abstract

Objectives: We evaluated the association of nutrient intake with Fe deficiency with
regard to lifestyle factors and health condition in young Japanese women.
Uniquely among developed countries, dietary habits render Japanese populations
vulnerable to Fe deficiency, owing to their relatively low intake of Fe and high
intake of Fe absorption inhibitors, such as green tea and soyabeans.

Design: A cross-sectional study.

Setting and subjects: The subjects were 1019 female Japanese dietetic students
aged 18-25 years. Dietary habits during the preceding month were assessed using a
previously validated, self-administered, diet history questionnaire. Blood analysis was
performed to assess body Fe status. Subjects were categorized with Fe deficiency
when their serum ferritin levels were <12 ng/ml. Twenty-nine dietary variables, i.e.
intakes of energy, sixteen nutrients including Fe and twelve food groups, were ana-
lysed using multivariate logistic regression models adjusted for possible confounders.
Results: Of the subjects, 24-5% were categorized with Fe deficiency. However,
no dietary factors assessed were significantly associated with Fe deficiency. The
risk of Fe deficiency was significantly lower in women with infrequent or no
menstrual cycles than in those with regular cycles (OR = 0-58; 95% CI 0-34, 1-00)
and significantly higher in women with heavy menstrual flow than in women with
average flow, albeit that these were self-reported (OR = 1:83; 95% CI 1-35, 2-48).
Conclusions: These results suggest that dietary habits, including Fe intake, do not
significantly correlate with Fe deficiency among young Japanese women.

Keywords

fron intake

Iron deficiency
Menstrua! condition
Young Japanese women

Fe deficiency remains the most common nutritional
deficiency in both developed and developing countries,

particularly among adolescent and premenopausal
women. In developed countries, for example, the pre-
valence of Fe deficiency, including depleted Fe stores and
Fe deficiency anaemia, among young and middle-aged
women is 11% in the USA®” and 18% in the UK.
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Moreover, in Japan, Uchida et al reported in 1992 a
prevalence of depleted Fe stores of 41-4% and of Fe
deficiency anaemia of 8-3% among women aged 11-90
years'”. Fe deficiency has been related with impaired
neuropsychological function®, reduced worker pro-
ductivity®, lowered immunity and decreased metabolic
rate®. Further, Fe deficiency anaemia in pregnancy often
contributes to higher child and maternal mortality”
as well as increased risk of preterm delivery®. Given
that supplementation is considered the most effective

treatment, the most common response has been Fe

© The Authors 2008
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fortification of white flour and other foods, mainly in
Western countries.

Several studies in Western countries have reported the
important etfect of dietary habits on body Fe status®P,
These studies have shown that increasing total or haem
Fe intake correlates with better body Fe status; in other
words, higher intake of Fe is associated with a lower
prevalence of Fe deficiency. In apparent contradiction,
however, Pynaert et al. recently reported the lack of any
significant differences in Fe status parameters between
women with high and low Fe intake®, and called for
reconfirmation of the efficacy of increasing Fe intake to
improve Fe status.

In addition to Fe itself, several other dietary factors are
also known to be associated with Fe levels in man.
Absorption is improved by vitamin C and animal tissues
such as meat, poultry and fish, but inhibited by phytate,
polyphenols, vegetable proteins and Ca™®. Several life-
style factors also have considerable effects on body Fe
status. Intensive sports and excessive menstrual blood
loss are important risk factors for Fe deficiency™®'®, In
particular, menstrual blood loss is thought to be a major
cause of deficiency in women®'+'®,

To our knowledge, however, no study has examined
the correlation between Fe status and dietary intake
measured quantitatively with respect to lifestyle factors
and health condition in Asia. Foo et al. examined Fe
status and dietary Fe intake among Malaysian adolescents
aged 12-19 years?”’, but did not describe the association
between Fe status and Fe intake; while Thankachan et al,
showed that inadequate intake of Fe and micronutrients is
responsible for the high prevalence of Fe deficiency in
India"®, but did not refer to lifestyle factors. Thus, the
association of dietary habits with Fe deficiency in con-
sideration of lifestyle factors is not clearly known in Asia,
including Japan.

Because it combines Asian dietary habits with a level of
development comparable to that of Western countries,
Japan may be considered unique among Asian countries.
Major distinctions of Japanese dietary habits related to Fe
intake include lower meat consumption, which results in
lower total Fe intake, particularly lower haem Fe intake,
vis-a-vis the intake of higher amounts and a wider range
of inhibitors of Fe absorption, such as soyabeans and
green tea, which are traditional Japanese foods*?>, In
the present study, we examined the association of Fe
deficiency and quantitative dietary intake with regard to
lifestyle and health-related factors in Japan.

Methods

Subjects

The present study was based on a multi-centre nutritional
survey conducted from February to March 2006 and from
January to March 2007 among female dietetic students

K Asakura ef al.

from fifteen institutions in Japan. All measurements at
each institution were conducted according to the survey
protocol. Briefly, staff at each institution explained an
outline of the survey to potential subjects. Subjects who
responded positively were then provided detailed written
and oral explanations of the general purpose and pro-
cedure of the survey. A total of 1176 women (474 women
in 2006 and 702 women in 2007) took part in the survey.
The study protocol was approved by the Ethics Com-
mittee of the National Institute of Health and Nutrition,
and written informed consent was obtained from each
subject and also from a parent for subjects aged less
than 20 years.

Dietary assessment

Dietary habits during the preceding month were assessed
using a previously validated, comprehensive, self-admi-
nistered diet history questionnaire (DHQ)@”, All
answered DHQ, as well as a lifestyle questionnaire, were
checked at least twice for completeness and when
necessary reviewed with the subject to ensure the clarity
of answers.

The DHQ is a 16-page structured questionnaire that
consists of the following seven sections: (i) general
dietary behaviour; (D) major cooking methods; (iiD
consumption frequency and amount of six alcoholic
beverages; (iv) consumption frequency and semi-quanti-
tative portion size of 122 selected food and non-alcoholic
beverage items; (v) dietary supplements; (vi) consump-
tion frequency and semi-quantitative portion size of
nineteen cereals usually consumed as staple foods (rice,
bread and noodles) and miso (fermented soyabean paste)
soup; and (vii) open-ended items for foods consumed
regularly (at least once per week) but not appearing in
the DHQ. Items and portion sizes were derived primarily
from data in the National Nutrition Survey of Japan and
several recipe books for Japanese dishes”. Information
on dietary supplements, including Fe supplements, and
data from open-ended questionnaire items were not used
in the dietary intake calculation. Estimates of dietary
intake for a total of 150 food items, energy and selected
nutrients were calculated using an ad boc computer
algorithm for the DHQ, based on the Standard Tables of
Food Composition in Japan™®. Nutrient and food intakes
were energy-adjusted using the density method, i.e. per-
centage of energy for energy-providing nutrients and
amounts per 4184kJ (1000kcaD of energy for other
nutrients and foods.

A detailed description of the validity of the DHQ with
respect to commonly studied nutritional factors and the
methods used to calculate dietary intake have been pub-
lished elsewhere™ 2, For example, Pearson’s correlation
coefficients between the DHQ and 3d estimated dietary
records were (0-48 for energy, 0-48 for protein, 0-55
for fat, 0-48 for carbohydrate and 0-40 for Fe in forty-
seven women'?”, Further, Pearson’s correlation coefficients
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between the DHQ and 16 d weighed dietary records among
ninety-two women were 0-32 for energy, 0-47 for protein,
0-56 for fat, 0-60 for carbohydrate and 0-63 for Fe (S Sasaki,
unpublished results). These correlation coefficients are
acceptable, because they are similar to those of other self-
administered dietary assessment methods developed and
widely used in other countries.

Intakes of haem Fe, non-haem Fe, phytate and bio-
available Fe were estimated using DHQ data. Haem Fe
was assumed to constitute 40% of total Fe®, including
that in meat and fish. The remaining total Fe intake was
assumed to be non-haem Fe. Because we had insufficient
information on the phytate content in Japanese food, we
used dietary composition data from other countries®*3%,
Bioavailable Fe is the amount of Fe actually absorbed and
utilized in the body, and is determined by several factors,
including intake of phytate, Ca, vitamin C, meat, fish, tea
and coffee and the individual’s Fe status. Of several
algorithms developed to estimate bioavailable Fe®136749
we estimated its intake based on that by Bhargava et al®”
(Table 1). Briefly, total bicavailable Fe was obtained
by summing bioavailable haem Fe and bioavailable
non-haem Fe, with bioavailable haem Fe calculated by
multiplying haem Fe intake by a constant determined in
accordance with the individual’s Fe status. Three possible

Table 1 Algorithm for the estimation of bioavailabie iron intake*
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scenarios of body Fe reserve were considered: (i) 500 mg
(adequate reserve); (i) 250 mg (median reserve), at which
functional alterations due to Fe deficiency had likely not
occurred; and (iii) O0mg, at which functional alterations
might already have become apparent. Bioavailability of
non-haem Fe was calculated for each body Fe reserve by
multiplying bioavailability derived from adjustment for
an enhancement factor and bioavailability derived from
adjustment for phytate. The enhancement factor was
obtained by summing the intake of meat (g), fish (g) and
vitamin C (mg)(*w. Bioavailable non-haem Fe was
derived from the product of non-haem Fe intake and
bioavailability of non-haem Fe. In addition, we adjusted
for the effect of black tea and coffee, as well as for that of
Ca, using the algorithm of Zijp et al“". Bioavailability of
non-haem Fe was multiplied by 0-8 if intake of black tea
and coffee was 450 ml/d or more, and total bioavailable
Fe was multiplied by 0-5 if Ca intake was more than
300 mg/d.

Diagnostic criteria of depleted Fe stores and

Fe deficiency anaemia

Body Fe status was assessed using blood analysis for
serum Fe, ferritin and Hb concentrations. In accordance
with the survey protocol, blood samples were transported

1. Total bioavailable Fe (mg):
if Ca intake is =300mg/d

Total bioavailable Fe = bioavailable haem Fe (BHI) (mg) + bioavailable non-haem Fe (BNI) (mg)

if Ca intake is >300mg/d
Total bioavailable Fe = (BHI + BNI) X 0-5t¢

2. BHi=haem Fe intake (mg)x0-23 (body Fe reserve = 500 mg)
x 0-28 (body Fe reserve = 250 mg)

x 0:35 (body Fe reserve = 0mg)

2.1. Haem Fe intaket (mg) = Fe intake from meat, fish and poultry (mg) X 0-4

3. BNI = non-haem Fe intake (mg) X bioavailabitity of non-haem Fe (BANLI) (%)/100
3.1, Non-haem Fe intake (mg) = total Fe intake — haem Fe intake

3.2 BANI = bioavailability derived from adjustment for EF§

x bioavailability derived from adjustment for phytates
x bioavailability derived from adjustment for black tea & coffee

3.2.1. Bioavailability derived from adjustment for EF (BAEF) (%):
If EF > 75 units, BAEF = 8 (body Fe reserve = 500 mg)
= 12 (body Fe reserve = 250 mg)
= 20 (body Fe reserve = 0mg)
If EF = Ounits, BAEF = 3 (body Fe reserve = 500mg)
= 4 (body Fe reserve = 250 mg)
= 5 (body Fe reserve = 0mg)
if EF >0 and <75 units, BAEF = 3 + 8-93 log,[(EF + 100)/100] (body Fe reserve = 500 mg)
=4 + 14-296 log,[(EF + 100)/100] (body Fe reserve = 250 mg)
=5 + 26-804 log,[(EF + 100)/100] (body Fe reserve = 0 mg)
3.2.2. Bioavailability derived from adjustment for phytates (BAP) (%):
If phytates intake is =2-88mg, BAP = 100
If phytates intake is >2-88 mg, log,oBAP = —0-2869 logqo[phytates intake {(mg)] + 0-1295
3.2.3. Bioavailability derived from adjustment for black tea & coffee (BATC):
If the intake of black tea & coffee is =450 ml/d, BATC = 0-8t

*Mainly derived from the algorithm reported by Bhargava et al®”,
tFrom Zijp et al.®V,

$Eggs and dairy products are included in non-haem Fe.

§EF = vitamin C (mg) + meat (g); ‘meat’ includes meat, fish and pouitry.
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at —20°C by car or aeroplane to ensure delivery to a labo-
ratory in Tokyo, Japan (SRL Inc. in 2006 and Mitsubishi
Kagaku Bio-Clinical Laboratories Inc. in 2007) and assayed
within 1-2d of collection to avoid significant degradation.
The colorimetric method (Nitroso-PSAP method) was
used to measure serum Fe, and chemiluminescent
enzyme immunoassay (CLEIA method) to measure serum
ferritin.

Depleted Fe stores was diagnosed when serum ferritin
levels were <12ng/ml and HDb concentrations were
=12 g/dl; and Fe deficiency anaemia when serum ferritin
levels were <12ng/ml and Hb concentrations were
<12 g/dI%%*® Fe deficiency’ included both depleted Fe
stores and Fe deficiency anaemia.

Other variables

Residential areas were grouped into three categories: (i)
north (Hokkaido, Tohoku and Kanto); (i) central (Tokai,
Hokuriku, and Kinki); and (i) south (Kyushu and
Chugoku), based on the regional blocks used in the
National Nutrition Survey in Japan (hereafter referred to
as ‘residential block’). They were also grouped into three
categories according to population size: (i) city with
population =1 million; (i) city with population <1 mil-
lion; and (ii) town or village (hereafter referred to as ‘size
of residential area’). Current smoking status was self-
reported in the lifestyle questionnaire, while current
dietary supplement use and alcohol intake were assessed
in the DHQ. Alcohol drinking status was divided into
three categories: () non-drinker; (i) drinker 1 (>0% to
<1% of total energy intake); and (iii) drinker 2 (=1%
of total energy intake). BMI was calculated as body
weight (kilograms) divided by the square of body height
(metres). Menstrual cycle and the amount of menstrual
flow during the preceding 12 months were also self-
reported in the lifestyle questionnaire. With regard to
menstrual cycle, the ‘regular’ category included the
number of subjects who replied ‘always regular’ and
‘almost always regular’; ‘irregular’ included those replying
‘half-regular and half-irregular’; and ‘infrequently or none’
included ‘mostly irregular’, ‘almost none’ and ‘none’. For
amount of menstrual flow, the light’ category included
Jight flow’; ‘average’ included ‘average flow’ and ‘bleeding
with mucus; and ‘heavy’ included ‘heavy flow’ and
‘bleeding with clots’. Physical activity was computed as
average MET-h/d (where MET = metabolic equivalent)“’”
on the basis of the frequency and duration of five different
activities (sleeping, high- and moderate-intensity activities,
walking and sedentary activities) over the preceding
month, as reported in the lifestyle questionnaire™™,

Statistical analysis

Subjects for analysis were identified as described below.
In total, 466 women aged 18-25 years enrolling in 2000
and 677 enrolling in 2007 underwent peripheral blood
examination. Subjects were excluded from the study if

K Asakura et al.

they had missing covariate information (12 29); extremely
low or high daily energy intake (=4184 or =140644K]
(=1000 or =3500 kcal); 72 31); were using Fe supplements
(n 50; two subjects using Fe preparations as therapy for
anaemia were included as patients with Fe deficiency
anaemia); had asthma (allergic), thyroid disease, diabetes
mellitus, renal disease or gastrointestinal disease (n 34);
or showed both decreased values for Hb and normal or
increased values for ferritin (22 11). Of these last eleven
subjects, we assumed normal body Fe status in eight, mild
Fe deficiency anaemia in one, Fe deficiency anaemia
under Fe supplementation in one, and a haematological
disorder other than Fe deficiency anaemia in one. As
some subjects were in more than one exclusion category,
the final analysis sample comprised 1019 women.

The associations between Fe deficiency and a number
of dietary variables, lifestyle variables and health condition
were examined. These included twenty-nine dietary vari-
ables, i.e. intakes of energy (KJ/d), sixteen nutrients (pro-
tein, carbohydrate, fat, total dietary fibre, Ca, total Fe, haem
Fe, non-haem Fe, bioavailable Fe (three values for each
body Fe reserve), phytate, vitamin A, vitamin C, vitamin D,
a-tocopherol, vitamin By and folic acid), ten food groups
(meat, fish, cereals, dairy products, green vegetables, other
vegetables, pulses, potatoes, fruits and eggs), black tea and
coffee; three lifestyle variables (current smoking status
(yes; no), alcohol drinking status (non-drinker; drinker 1;
drinker 2) and physical activity (divided into tertiles)); and
BMI (<18-5kg/m% =185 and <25kg/m% =25kg/m"),
menstrual cycle (regular; irregular; infrequent or none) and
amount of menstrual flow (light; average; heavy). Dietary
rariables were classified by quintile and analysed. In
addition, survey year (2006 or 2007), residential block
and size of residential area were included as potential
confounding factors in the model.

We calculated both crude and multivariate-adjusted odds
ratios and 95% confidence intervals for Fe deficiency for
each category of included variables using three logistic
regression models. In model 1, OR were adjusted for survey
year, residential block, size of residential area, current
smoking status, alcohol drinking status, physical activity,
energy intake, BMI, menstrual cycle and Fe intake. In model
2, they were adjusted for the same factors as in model 1,
including amount of menstrual flow instead of menstrual
cycle. In model 3, they were adjusted for the same factors as
in model 1 and also amount of menstrual flow. Physical
activity, energy intake and BMI were used as continuous
variables when they were added as covariates in the mod-
els. As results for the crude and multivariate analyses
were similar for all variables analysed, we present here only
those derived from the multivariate models. Trends of
association were examined using a logistic regression model
which assigned scores to the level of the independent
variable.

All statistical analysis was performed using the SAS
statistical software package version 9-1 (SAS Institute Inc.,
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Cary, NC, USA). A two-sided P value of <0-05 was con-
sidered statistically significant.

Results

Subject characteristics are shown in Table 2. Mean age,
total energy and total Fe intake were 19-6 years, 7364 kJ/d
(1760 kcal/d) and 3-7mg/4184Kk], respectively. Mean
estimated bioavailable Fe for each body Fe reserve was
0-067 mg/4184 k] (supposed body Fe reserve = 500 mg),
0-092 mg/4184 k] (250mg) and 0-140mg/4184kJ (0mg).
A total of 179 (17-6%) of 1019 women were classified as
having depleted Fe stores and seventy-one (7-0%) as
having Fe deficiency anaemia, giving 250 (24-5%)
women categorized with Fe deficiency.

Table 3 shows the multivariate-adjusted odds ratios and
95 % confidence intervals for Fe deficiency by quintiles of
dietary factors. Intakes of total Fe, haem Fe, non-haem Fe
and bioavailable Fe were not significantly associated with
Fe deficiency, nor was any association observed for any
other dietary factor. Since results for the three multivariate
models described in the statistical analysis section were
similar for all variables analysed, we present only those
derived from model 3 (full model), including both men-
strual cycle and amount of menstrual flow, in Table 3.

Table 4 shows the multivariate-adjusted odds ratios and
95 % confidence intervals for Fe deficiency in each category
of selected lifestyle factors and health condition. Infrequent
menstrual cycles was associated with a decreasing pre-
valence of Fe deficiency. In comparison with women
categorized as having regular menstrual cycles, the multi-
variate-adjusted OR (95% CD for women categorized with
infrequent or no menstrual cycles was 0-58 (0-34, 1-00)
using model 1. On the other hand, heavy menstrual flow
was associated with an increasing prevalence of Fe defi-
ciency. In comparison with women categorized with aver-
age flow, the multivariate-adjusted OR (95 % CD for women
in the heavy menstrual flow category was 1-83 (135, 2-48)
using model 2 and 1-85 (1-30, 2-51) using model 3. Corre-
spondingly, women with a lighter flow showed a sig-
nificantly lower prevalence of Fe deficiency in comparison
with those with an average flow. No other lifestyle factors or
health conditions were associated with the prevalence of Fe
deficiency. These results were not altered if any value for
bioavailable Fe intake was included in the model in place of
total Fe intake.

Discussion

In the present study, we found no association between Fe
deficiency and a wide range of dietary variables. In contrast,
Fe deficiency was associated with menstrual condition, with
infrequent menstrual cycles associated with a decreasing
prevalence of Fe deficiency while heavy menstrual flow was
associated with an increasing prevalence.

1377

Table 2 Characteristics of the subjects: female Japanese dietetic
students (n 1019) aged 18-25 years

Variable Meanorn spor%
Age (years) 196 141
Body height (cm) 158-3 5-5
Body weight (kg) 536 7-8
BMI (kg/m?) 21-4 2:8
Survey year
2006 417 40-9
2007 602 59-1
Residential block
North (Hokkaido, Kanto and Tohoku) 592 581
Central (Tokai, Hokuriku and Kinki) 232 22:8
South (Kyushu and Chugoku) 195 19-1
Size of residential area
City with population =1 million 163 16-0
City with population <1 million 791 776
Town or village 65 6-4
Current smoking status
No 995 97-6
Yes 24 2-4
Alcohol drinking status
No 596 585
Yes, <1% of energy 247 24.2
Yes, =1% of energy 176 17-3
Physical activity (MET-h/d) 339 3-0
Menstrual cycle
Regular 766 75-2
Irregular 148 14-5
Infrequent or none 105 10-3
Amount of menstrual flow
Light 68 67
Average 638 626
Heavy 313 307
Blood examination
Hg (g/dl) 13-4 1-0
Serum Fe (pg/dl) 96-7 41-0
Serum ferritin {(ng/ml) 28-2 22-8
Body Fe status
Normal 769 755
Fe deficiency 250 24-5
Depleted Fe stores 179 17-6
Fe deficiency anaemia 71 7-0
Dietary intake
Total energy (kJ/d) 7364 1715
Total energy (kcal/d) 1760 410
Nutrient intake
Total Fe (mg/4184 kJ) 37 0-8
Haem Fe (mg/4184 kJ) 0-24 012
Non-haem Fe (mg/4184 kJ) 34 08
Bioavailable Fe (mg/4184 kJ)
Body Fe reserve = 500mg 0-067 0-026
Body Fe reserve = 250 mg 0-092 0-035
Body Fe reserve=0mg 0-14 0-05
Phytate (mg/4184 kJ) 341-6 166-6
Vitamin C (mg/4184 kJ) 47-3 21-6
Ca (mg/4184 kJ) 283 95-4
Food group intake
Meat (g/4184 kJ) 336 16-2
Fish (g/4184 kJ) 28-4 15-2
Cereal {g/4184kJ) 222 575
Dairy products (g/4184 kJ) 830 717

MET, metabolic equivalent.

Overall prevalence of Fe deficiency in the study was
24-5% (depleted Fe stores, 17-6%; Fe deficiency anaemia,
7-0%). Given the prevalence ratios in a previous study in
Japanese women aged 11-90 years of 41-4 % for depleted
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Table 3 Multivariate-adjusted odds ratios and 95 % confidence intervals for iron deficiency by quintile of intake of energy, nutrients and food
groups among 1019 Japanese women aged 18-25 years

Intake
n with/without
Median Range Fe deficiency Adjusted OR* 95% Cl
Energy intake (kJ/d)
Q1 (Low) 5343 4201-5895 47/156 1-:00
Q2 6326 5899-6728 55/149 1-36 0-86, 2:17
Q3 7155 6728-7577 53/151 1-38 0-86, 2-21
Q4 8134 7581-8644 40/164 0-91 0-55, 1:50
Q5 (High) 9606 8648-1456 55/149 1-47 0-91, 2-37
P for trend 0-48
Nutrient intake
Total Fe (mg/4184 kJ)
Q1 2:8 1-8-3-1 54/149 1-00
Q2 33 3:-1-34 471157 0-80 0:50, 1-27
Q3 36 3-4-3-8 52/152 0-95 0-60, 1-51
Q4 4-0 3-8-4-3 49/155 0-86 0-54, 1-38
Q5 47 4-3-8-3 48/156 0-86 0-54, 1-38
P for trend 0-68
Haem Fe (mg/4184kJ)
Qi 012 0-03-0-15 48/155 1-00
Q2 0-18 0-15-0-20 53/151 1-20 075, 1-90
Q3 023 0-20-0-25 49/155 0-99 0-62, 1-58
Q4 0-28 0-25-0-32 50/154 110 0-69, 1-77
Q5 0-38 0-32-1-94 50/154 0-99 0-62, 1-60
P for trend 0-86
Non-haem Fe (mg/4184 kJ)
o 26 1.7-2-8 55/148 1-00
Q2 3-0 2-8-3-2 49/155 0-86 0-54, 1-36
Q3 34 3:2-3-6 47157 0-82 0-51, 1-30
Q4 3-8 3-6-4-0 55/149 1-04 0-66, 1-65
Q5 4.4 4.0-6-8 44/160 077 0-48, 1-23
P for trend 0-54
Bioavailable Fe (mg/4184 kJ) (BIR = 500 mg)
o 0-043 0-027-0-049 52/151 1-00
Q2 0-053 0-049-0-056 49/155 0-80 0-57, 1-44
Q3 0-060 0-056-0-065 57/157 0-87 055, 1-39
Q4 0-071 0-065-0-080 49/155 0-90 0-56, 1-43
Q5 0-101 0-080-0-276 53/151 0-97 0-60, 1-55
P for trend 0-88
Bioavailable Fe (mg/4184 kJ) {BIR = 250 mg)
a1 0-060 0-038-0-067 52/151 1:00
Q2 0-072 0-067-0-077 50/154 0-93 0-58, 1-47
Q3 0-082 0-078-0-088 46/158 0-86 0-54, 1-38
Q4 0-087 0-:088-0-109 51/153 0-96 0-60, 1-53
Q5 0-139 0:109-0-350 51/153 0-91 0-56, 1-47
P for trend 0-78
Bioavailable Fe (mg/4184 kJ) (BIR = 0mg)
Q1 0-092 0-058-0-102 52/151 1-00
Q2 0-109 0-102-0-115 50/154 0-92 0-58, 1-46
Q3 0122 0-116-0-130 42/162 0-78 0-49, 1-27
Q4 0141 0-130-0:160 53/151 1-00 063, 1-59
Q5 0-208 0-160-0-471 53/151 0-96 0-59, 1-56
P for trend 0-99
Phytate (mg/4184 kJ)
Q1 183-2 84-6-212-6 53/150 100
Q2 239-4 212-9-269-3 52/152 0-95 0-60, 1-50
Q3 301-8 269-3-332-5 46/158 0-86 0-53, 1-39
Q4 3727 332-8-438'5 51/153 0-93 0-57, 1-51
Q5 562:2 439-2-1368-8 48/156 0-86 0-51, 1-47
P for trend 0-62
Vitamin C (mg/4184 kJ)
Qt 25:4 6-9-30-8 53/150 1-00
Q2 35-3 30-8-39-0 49/155 0-84 0-53, 1-34
Q3 43-2 39-1-48-2 44/160 0-79 0-48, 1-28
Q4 53-0 48-2-60-8 67/137 1-39 0-85, 2-27
Q5 75-2 60-8-202-0 37/167 0-861 0-35, 1-05
P for trend 0-46
Ca (mg/4184 kJ)
Q1 175 104-202 54/149 1-00
Q2 224 202~-248 49/155 0-90 0-56, 1-46
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Table 3 Continued

Intake
n with/without
Median Range Fe deficiency Adjusted OR* 95% ClI
Q3 268 248-290 57/147 1-20 074, 1-94
Q4 318 290-352 45/159 0-88 0:53, 1-47
Q5 414 352-699 45/159 0-89 0-53, 148
P for trend 0-67
Food group intake
Meat (g/4184 kJ)
Qi 16-0 3-4-201 52/151 1-00
Q2 237 20-2-27-3 54/150 1-03 0-65, 1-62
Q3 309 27-3-35-2 48/156 0-77 0-48, 1-23
Q4 40-0 35-2-44-9 50/154 0-90 0-56, 143
Q5 54-0 45-0-135-0 46/158 0-73 0-45, 1-18
P for trend 017
Fish (g/4184 kJ)
Q1 11-6 0-0-15-8 50/153 1-00
Q2 19-8 15-8-22-9 55/149 1-20 0-76, 1-91
Q3 258 22.9-29-8 44/160 0-89 0-55, 1-44
Q4 337 29-8-38-7 51/153 112 0-70, 1-81
Q5 48-0 38-7-111-0 50/154 1-02 0-62, 1-67
P for trend 0-94
Cereals (g/4184 kJ)
o 152 41-174 49/154 1-00
Q2 189 174-205 45/159 0-89 0-55, 1-44
Q3 221 205-234 47/157 0-91 0-56, 1-48
Q4 250 234-268 57/147 116 0-71,1-89
Q5 298 268-425 52/152 0-90 0-53, 1-52
P for trend 0-92
Dairy products {g/4184 kJ)
Qi 12-6 0-21-6 56/147 1-00
Q2 36-4 21-7-49-5 49/155 0-83 0-53, 1-31
Q3 65-8 49.9-82-4 44/160 076 0-48, 1.22
Q4 102-0 82-5-125-0 51/153 097 0-61, 1-54
Q5 1820 125-0-367-0 50/154 0-92 0-58, 1-47
P for trend 0-98

Q, quintile. BIR, body Fe reserve.

*Adjusted OR: adjusted for survey year (2006 or 2007), residential block (north, Hokkaido, Kanto and Tohoku; central, Tokai, Hokuriku and Kinki; south,
Kyushu and Chugoku), size of residential area (city with population =1 million; city with population <1 milfion; town or village}, current smoklng status, alcohol
drinking status, physical activity (total MET-h/d, continuous; where MET = metabolic equivalent), energy intake (kJ/d, continuous), BMI (kg/m?, continuous),
menstrual cycle, amount of menstrual flow and Fe intake (mg/4184kJ, quintiles). Nutrients and food groups other than total Fe were substituted singly.
Nutrients and food groups that were analysed but found not to be related with Fe deficiency were total Fe, haem Fe, non-haem Fe, bioavailable Fe, phytate,
vitamin C, Ca, protein, carbohydrate, fat, total dietary fibre, vitamin A, vitamin D, a-tocopherol, vitamin B, folic acid, meat, fish, cereals, dairy products, green

vegetables, other vegetables, pulses, potatoes, nuts, fruits, eggs, black tea and coffee.

Fe stores and 8:5% for Fe deficiency anaemia'®, our

present ratios are relatively low. However, these results
should be interpreted carefully, as all subjects were
volunteer dietetic students who may have led a relatively
healthy lifestyle. On the other hand, mean Fe intake
among our subjects was a relatively low, 3-70mg/4184 kJ
with energy adjustment or 6-55 mg/d without. The lower
mean Fe intake in Japan than in other developed coun-
tries?*? is likely attributed to the different dietary habits
of most Japanese, with greater consumption of rice and
fish and lower consumption of meat®, This difference in
Japanese dietary habits also likely influenced bioavailable
Fe levels in our study.

Dietary factors known to enhance Fe absorption are
ascorbic acid (vitamin C), animal tissues (such as meat,
fish and poultry), organic acids (such as citric acid and
lactic acid), fermented soya products, cysteine-containing
peptides™® and vitamin AY® \When present in sufficient
quantity, ascorbic acid has been reported to enhance non-

haem Fe absorption in a dose-dependent manner, owing to
its ability to overcome the inhibitory effect of phytate™”,
Animal tissues, especially red meat such as beef, pork and
lamb, not only enhance Fe absorption, but are also excel-
lent sources of highly bioavailable haem Fe™®. In contrast,
phytate, polyphenols, Ca, dairy products, soya proteins and
dietary fibres are known to inhibit non-haem Fe absorp-
tion®”, We estimated phytate intake values in the present
study and found them to be compatible with those pre-
viously reported®?”, Nevertheless, a food composition
table describing phytate content in Japanese food is not
available, and further studies are needed to confirm
phytate intake in the Japanese population. Phytate intake
is also essential to the estimation of bioavailable Fe
intake, and measurement of phytate content in Japanese
food is therefore also necessary to clarify bioavailable
Fe intake in Japan.

To estimate bioavailable Fe intake, we used the algo-
rithms developed by Bhargava et al®” because these
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Table 4 Multivariate-adjusted odds ratios and 95 % confidence intervals for iron deficiency in relation to selected lifestyie factors and health
conditions among 1019 Japanese women aged 18-25 years

Value Model 1* Model 24 Model 3%
n with/without
Median Range Fe deficiency OR 95% ClI OR 95% Cl OR 95% Cl

Current smoking status

No 241/754 1-00 1-00 1-00

Yes 9/15 1-68 0-69, 4-07 1-47 0-60, 3-59 1-41 0-57, 3-44
P 0:25 0-40 0-46
Alcohol drinking status

No 149/447 1-00 1-00 1-00

Yes, <1% of energy 60/187 0-94 0-66, 1-33 0-95 0-67, 1-36 0-94 066, 1:34

Yes, =1% of energy 41/135 0-85 0-56, 1-29 0-84 0-55, 1-28 0-84 0-55, 1-29
P for trend§ 0-43 0-42 0-42
Physical activityll

Low 32:0 29-3-32-6 82/255 1-00 1-00 1-00

Middle 33-2 32-6-33-9 86/256 111 077, 1568 111 0-77,1-59 1-12 078, 1-61

High 35-3 33-9-68-6 82/258 105 0-73, 1-51 1-03 0-71, 1-50 1-05 0-72, 1-51
P for trend 0-79 0-86 0:82
Menstrual cycle

Regular 199/567 1-00 - 1-00

Irregular 33/115 0-84 055,128 - 0-88 0-58, 1-:36

Infrequent or none 18/87 0-58 0-34, 1-00 - 0-69 0-39, 1-22
P for trend 0-04 0-18
Amount of menstrual flow

Light 5/63 - 0-28 0-11, 0-71 0-32 0-12, 0-82

Average 139/499 - 1-00 1-00

Heavy 106/207 - 1-83 1-35, 2:48 1-85 1-36, 2-51
P for trend <0-0001 <0-0001
BM! (kg/m?)q

<18-5 22/89 071 043, 1-17 0-75 0-45, 1-25 0-76 0-45, 1-25

=18-5, <25 212/608 1-00 1-00 1-00

=25 16/72 0-59 0-33,1-04 0-57 0-32, 1-01 0-55 0-31, 0-99
P for trend 0-77 0-56 0:52

*Model 1: adjusted for survey year {2008 or 2007), residential block (north, Hokkaido, Kanto and Tohoku; central, Tokal, Hokuriku and Kinki; south, (Kyushu
and Chugoku), size of residential area {city with population =1 million; city with population <1 million; town or village), current smoking status, alcohol drinking
status, physical activity (total MET-h/d, continuous; where MET = metabolic equivalent), energy intake (kJ/d, continuous), BMI (kg/m?, continuous), menstrual

cycle and total Fe intake (mg/4184 kJ, quintiles).

tModel 2: adjusted for the same factors as model 1, including amount of menstrual flow instead of menstrual cycle.

tModel 3: adjusted for the same factors as model 1 and amount of menstrual flow.

§Trend of association was examined by a logistic regression model assigning scores to the levels of the independent variable.

lIPhysical activity was divided into three groups by tettiles, and odds ratios were calculated by using groups of physical activity as a categorical variable in the models.
“BM| was divided intc three groups at values of 18-5 and 25 kg/m?, and odds ratios were calculated by using groups by BMI as a categorical variable in the models.

algorithms were established for Bangladeshi subjects who
mainly consume rice and do not eat so much animal
products. Also, the algorithms were thought to be suitable
for our available data because we did not have enough
information about polyphenols and tea except black tea,
which is needed to use the Hallberg or Tseng algorithms.

We examined all of the dietary factors known to affect Fe
metabolism except organic acids, fermented soya products
and cysteine-containing peptides. However, results showed
no significant association between body Fe status and any
dietary factor including total Fe, haem Fe, non-haem Fe and
bioavailable Fe. Although our sample size was relatively
small and subject characteristics were relatively uniform,
the range of Fe intake of 2:50 to 20:01 mg/d suggested a
sufficient dispersion of Fe intake.

With regard to the influence of menstruation, results
suggested the presence of a dose-response relationship
between the amount of menstrual flow and the pre-
valence of Fe deficiency, albeit that assessment of men-
struation was based strictly on unguided self-reporting.
These results are consistent with those of previous

studies**” and clearly are plausible. Menstrual loss of

Fe is the main source of variation in the Fe requirements
of non-pregnant, menstruating women and higher men-
strual blood loss is associated with a higher prevalence
of Fe deficiency'**'>. Furthermore, several studies have
reported a significant inverse correlation between Fe
stores and the duration of menstruation®>?. In addition,
a number of studies in European women have shown a
skewed distribution in menstrual blood losses'>%>%;
while median menstrual loss was about 30 ml, equivalent
to a daily Fe loss of 0-45mg, 25% had a loss exceeding
0-85mg/d and 5% had a loss exceeding 1-75mg/d. It is
suggested that a fraction of women have Fe requirements
substantially above mean values.

It might be interesting to explore the relationship
between hormonal contraceptive use and Fe deficiency,
because usage of hormonal contraceptives clearly affects
menstruation. However, it was reported that only 1-1% of
Japanese women of reproductive age (1549 years) are
using them®>. Therefore we did not include the contra-
ceptive method in our model.
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Other lifestyle factors, including current smoking status,
alcohol drinking status and physical activity level, as well
as BMI, were not associated with the prevalence of Fe
deficiency. However, several important factors not con-
sidered in the study are likely relevant. For example, body
Fe status may be affected by several genetic variations.
Although no genetic syndrome in man causing isolated Fe
deficiency has been described, differences in response to
Fe-deficient diets in genetically distinct mice have been
observed®®, Several case reports have described familial
Fe deficiency anaemia that is unresponsive to oral Fe
therapy and incompletely responsive to parenteral Fe
therapy® . Further, mutation of the hereditary haemo-
chromatosis (HEF) gene is well-known as the most
common cause of hereditary haemochromatosis“®°?.

Several limitations of the present study warrant men-
tion. First, although Fe deficiency has been widely
studied, definitions of Fe deficiency, depleted Fe stores
and Fe deficiency anaemia have not been properly
established. We based our diagnosis of Fe deficiency on
previously reported values for Hb concentration and
serum ferritin level 2% Nevertheless, concerns about
the use of serum ferritin level as an index of body Fe
status have been expressed; among them, serum ferritin
escalation can coincide with minor infection that is not
related to levels of Fe stores® and day-to-day variability
may be subject to measurement imprecision®**?,

Given these concerns, several studies have used trans-
ferrin saturation (the value of serum Fe/total Fe binding
capacity X 100 (%)) in combination with Hb concentra-
tion and serum ferritin level as an index of Fe defi-
ciency243%% Generally, Fe deficiency is diagnosed when
transferrin saturation is below 16%. However, transferrin
saturation similarly decreases with mild or transient infec-
tion and shows wide diurnal variation in normal indivi-
duals“?. Given that our present subjects were young and
assumed to be generally healthy, we considered that the
presence of infection would be less likely. To simplify
diagnostic criteria, we therefore restricted the indices to
serum ferritin level and Hb concentration.

Second, although the DHQ used has been validated
with respect to commonly studied nutritional factors,
including Fe, as described above, the validity of several
factors used in the present study, including bioavailable
Fe and phytate, is unknown. The results should thus
be interpreted with caution. Additionally, it is true that
misreporting is one of the major limitations of any
self-reported dietary assessment method. However, the
reporting accuracy of the subjects was thought to be
acceptable according to a previous study®®  which
included the same subjects as the present study. In the
present study, reporting accuracy was calculated as
the ratio of reported dietary intake obtained from the
DHQ to estimated dietary intake obtained from respective
biological markers, and most of the calculated values
were in the range of 0-9~1-2. For the analysis of our study,
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nutrient and food intakes were energy-adjusted to avoid
the effect of misreporting.

Finally, the present study was a cross-sectional study
and thus susceptible to the possibility of reverse causality.
Namely, subjects who were conscious of their own Fe
deficiency might have increased their consumption of
Fe-rich foods. We therefore excluded from analysis those
subjects taking Fe supplements, but included two subjects
using Fe preparations as therapy for anaemia as patients
with Fe deficiency anaemia without regard to Hb or
serum ferritin values.

In conclusion, we found no association between any
dietary habit, including Fe intake, and Fe deficiency. In
contrast, the only variables showing a statistically sig-
nificant association with the prevalence of Fe deficiency
were related with menstrual condition, i.e. menstrual
cycle regularity and amount of menstrual flow.
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Associated with Higher Ratio of 24-Hour Urinary
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ABSTRACT

Information on the relationship of neighborhood charac-
teristics to objective indicators of dietary intake is ex-
tremely limited. The aim of this observational cross-sec-
tional study was to examine the association between
neighborhood socioeconomic status (SES) and 24-hour
urinary excretion of sodium and potassium in a popula-
tion with a high ratio of urinary sodium to potassium.
Subjects were 1,032 female Japanese dietetics students
aged 18 to 22 years, residing in 293 municipalities in
Japan. Neighborhood SES index was defined by seven
municipal-level variables, namely unemployment, house-
hold overcrowding, poverty, education, income, home
ownership, and vulnerable groups, with an increasing
index signifying increasing neighborhood socioeconomic
disadvantage. Urinary excretion of sodium and potas-
sium was estimated from a single 24-hour urine sample.
Neighborhood SES index was not significantly associated
with 24-hour urinary excretion of sodium (mean value for
each quartile of neighborhood SES: 133.5, 135.2, 126.5,
and 141.7 mmol/day, respectively; P for trend 0.10) or
potassium (mean value for each quartile: 43.5, 42.2, 38.4,
and 42.5 mmol/day, respectively; P for trend 0.44). How-
ever, neighborhood SES index was significantly positively
associated with the ratio of 24-hour urinary sodium to
potassium (mean value for each quartile: 3.14, 3.28, 3.37,
and 3.41, respectively; P for trend 0.03). This significant
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association remained after adjustment for household SES
variables (mean value for each quartile: 3.15, 3.35, 3.29,
and 3.41, respectively; P for trend 0.04). Neighborhood
socioeconomic disadvantage was associated with higher
ratio of 24-hour urinary sodium to potassium in young
Japanese women.

J Am Diet Assoc. 2009;109:1606-1611.

iving conditions are shaped by characteristics of the
residential environment; therefore, neighborhood char-
cteristics may have some influence on lifestyle fac-
tors such as dietary habits, beyond any effects of the
characteristics of an individual. In fact, a limited number
of studies have shown that living in a socioeconomically
disadvantaged neighborhood is associated with unfavor-
able dietary intake patterns (1-4). To our knowledge, all
previous studies on this topic have used self-reported
information on diet (1-3,5), with the exception of one
article that used objective biomarkers (serum levels of
carotenoids) (4). Evaluating dietary intake by use of bi-
omarkers may serve as a way to bypass biases that are
associated with self-reported dietary information.

We examined the association of a neighborhood socio-
economic status (SES) index, recently formulated for Jap-
anese conditions (6), with 24-hour urinary excretion of
sodium and potassium, an established biomarker of so-
dium and potassium intake (7-9), in a group of young
Japanese women. High sodium and low potassium in-
takes are established determinants of several chronic
illnesses such as hypertension and cardiovascular disease
(10,11). According to the INTERSALT Study (12), Japa-
nese are characterized by high urinary excretion of so-
dium and low urinary excretion of potassium, and hence
a high ratio of urinary sodium to potassium. According to
the National Health and Nutrition Survey in Japan, the
major contributor of dietary sodium was seasonings
(67%), whereas the top contributor of dietary potassium
was vegetables (28%), followed by fish (10%) and fruit
(9%) (13). A clear understanding of the relationship of
neighborhood SES with urinary sodium and potassium in
Japanese is thus of public health importance. In this
study, we hypothesized that neighborhood socioeconomic
disadvantage is associated with unfavorable profiles of
urinary excretion of sodium and potassium.

METHODS

This observational cross-sectional study was conducted
from February to March 2006 and from January to March

© 2009 by the American Dietetic Association
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2007 among female Japanese dietetic students from 15
institutions in Japan (N=1,176). A detailed description of
the study design and survey procedure has been pub-
lished elsewhere (14-18). Written informed consent was
obtained from each participant, and also from a parent
for participants aged <20 years. The study protocol was
approved by the Ethics Committee of the National Insti-
tute of Health and Nutrition, Japan.

In Japan, the total of 2,372 municipalities consisted of
the 164 wards, 736 cities, 1,178 towns, and 294 villages
(as of October 1, 2005) (19). We used municipalities as
proxies for neighborhoods (5), which is in accordance with
previous Western studies where some administrative di-
visions are used as proxies for neighborhoods (1-4). Study
participants were linked to their municipalities using
their home address.

In total, 1,105 women undertook 24-hour urine collec-
tion. For analysis, we selected women aged 18 to 22 years
(n=1,083). We then excluded women with missing infor-
mation on the variables used (n=18). We further ex-
cluded those whose 24-hour urine collection was consid-
ered incomplete (n=35), as assessed using information on
urinary creatinine excretion and body weight based on a
strategy proposed by Knuiman and colleagues (20); this
creatinine-based strategy has been validated against the
para-aminobenzoic acid check method in a subsample of
the present participants (18,21). The final analysis sam-
ple comprised 1,032 women, who resided in 293 different
municipalities in Japan.

We constructed a neighborhood SES index at the mu-
nicipality level (5) using seven variables determined by a
factor analysis (6). These variables were unemployment
(percentage of unemployed persons aged =15 years),
household overcrowding (average floor space per residen-
tial dwelling), poverty (number of households receiving
public assistance per 1,000 households), education (per-
centage of persons aged 20 to 64 years who had completed
college or university), income (total taxable income di-
vided by total population), home ownership (percentage
of owned houses to total residential households), and
vulnerable groups (percentage of households of single
persons aged =65 years to total households) (6). Data
were derived from the 2005 census (19) and other govern-
ment surveys (19,22,23). These seven variables were com-
bined into a neighborhood summary score (ie, neighbor-
hood SES index) constructed by summing z scores for
each of the seven variables (for unemployment, poverty,
income, and vulnerable groups, data were log trans-
formed before calculating z scores; z scores for household
overcrowding, education, income, and home ownership
were multiplied by —1 before summing), with a higher
neighborhood SES index signifying increasing neighbor-
hood sociceconomic disadvantage (6). A detailed descrip-
tion of the neighborhood SES index has been published
elsewhere (5).

A single 24-hour urine sample was collected from each
participant. A detailed description of the procedure of
24-hour urine collection and the biochemical measure-
ments has been published elsewhere (17,18). Briefly, sub-
jects were asked to collect all urine specimens during a
24-hour period, and to record the time of the start and end
of the collection period and the estimated volume of all
missing urine specimens. We adjusted 24-hour urine vol-

ume by self-reported collection time (calculated from the
self-reported time of the start and end of the collection
period) and missing urine volume; this adjustment strat-
egy has been validated using the para-aminobenzoic acid
check method in a subsample of the present participants
(18,21).

All urine samples taken during the 24-hour period were
carefully mixed, and several aliquots were taken and
transported at —20°C to a laboratory (SRL Inc, Tokyo,
Japan, in 2006 and Mitsubishi Kagaku Bio-Clinical Lab-
oratories Inc, Tokyo, Japan, in 2007). According to the
standard procedure at each laboratory, sodium and po-
tassium concentrations were measured using the ion-
selective electrode method (24), and creatinine using the
enzymatic assay method (25). Total 24-hour excretion
was calculated by multiplying the measured concentra-
tion by the volume of 24-hour urine. Estimates of urinary
sodium and potassium and the ratio of urinary sodium to
potassium were log-transformed.

All statistical analyses were performed using SAS sta-
tistical software (version 9.1, 2003, SAS Institute Inc,
Cary, NC). Using the PROC GLM procedure, linear re-
gression models were constructed to examine the associ-
ation of neighborhood SES index with urinary excretion
of sodium and potassium and the ratio of urinary sodium
to potassium. For analyses, participants were categorized
into quartiles according to neighborhood SES index. Mul-
tivariate-adjusted mean values (with 95% confidence in-
tervals) of urinary markers were calculated by quartile of
neighborhood SES index. First, the association was ex-
amined with adjustment for survey year (14-16,21). Then,
household SES variables such as institution type (5,26)
and living status (5,27) were further included. Finally,
geographical variables such as region (5) and municipal-
ity level (5) were further included, considering regional or
urban-rural differences in neighborhood SES in Japan
(6,28,29), although this may be an overadjustment. We
tested for linear trends with increasing levels of neigh-
borhood SES index by assigning each participant the
median value for the category and modeling this value as
a continuous variable. All reported P values are two-
tailed, and P<0.05 was considered statistically significant.
As the great majority of municipalities had only a few study
participants (median=1; interquartile range=1, 3), no spe-
cial methods were needed to account for within-neighbor-
hood correlations in outcomes (30).

RESULTS AND DISGUSSION

Mean*standard deviation of physical characteristics was
as follows: 19.6+1.0 years for age, 158.4+54 cm for
height, 53.3+7.3 kg for weight, and 21.2+2.5 for body
mass index. Median (interquartile range) of urinary ex-
cretion of sodium and potassium was 138.6 (106.0, 176.4)
and 41.9 (33.2, 52.4) mmol/day, respectively. Median (in-
terquartile range) of the ratio of urinary sodium to potas-
sium was 3.24 (2.46, 4.24).

As shown in Table 1, neighborhood SES index was
associated with each of the seven neighborhood SES vari-
ables in the expected direction. Neighborhood SES index
was also associated with region, municipality level, and
institution type. In the higher quartiles of neighborhood
SES index (increasing neighborhood socioeconomic disad-
vantage), there were more participants living in Hok-

September 2009 e Journal of the AMERICAN DIETETIC ASSOCIATION 1607

— 142 —



‘sanfea pauuojsuey Boj-Rinjeu O LoIRWIOSURY ¥oeq Bisn payginojes,
"pasn Sem 158} X |aZSUSBH-3JUBY B 'Sajqelien [eauofales oy uoissaibal Jeaul| i ajqeLEA SNOnUGUOD € se AioBiajed a[puInb YIes Uf BnjeA UBIPAUL SU) YUM Pasn SBM }Sa) PUAJ) Jeaul| & ‘Sa(GRLEA SNONURUOD J04,

[BAJSIU} BOUBPYUOD =),

[a4 Le 4 L'e a4 sIaL0 yum Buary
A1 £65 608 9'82 268 auofe Bury
20L 0¢ 6¢9 89 £09 Ainuey yum Buiar]
120 (o) smegs Buiary
92 12 1'€¢ 2ol £zl ofand Jesk-z
802 a9 8 (048 Sl oqnd Jeak-y
61 gL {3 27 6 ajeaud Jeaf-z
N2 g9 9§ 0'69 £'69 opeaud Jeak-y
1000°0> (o5} adfy uonnynsy|
0e 6 3 FAN 9G abejiin pue umoy
009 248 968 ¥'8L L8L A0
08 9 €6 2 LGl prem
1000°0> (%) 1ana) Apjedounpy
Lve A 61 g¢ Yl nysnAy
gL 0 L0 80 ge MO}YS pue myabnyy
0Ll JAN L oyAS 0L pjuy
6L L1 74 06 el 1201 pue nyuNoH
[ 74 0¢9 L9 ¥'69 1es oy
6 ¥0 20 0 L2 NY04oL pue OPIBXYOH
1000°0> (%) uoifioy
809 1% 6'99 809 119 2002
660 £6e 6y 1'ee 6e 06e 9002
(%) 1eak faning

1000°0> 9828 '8 §9'29 ¥'9 919 £9 ve'Ls A 99'y'9 g9 SSpioyasnoy [ejo} o} A go=
pabe suossad ajfiuls jo sployasnoy jo abejuaniag

1000'0> 695 ‘6'€S 768 £€9 ‘CL9 €29 €19 229 (A%} 669 '9'99 189 6296’19 229 spioyasnoy
|EnuapISal |10} 0} SASNOLY Paumo J0 abieuasiagd

1000°0> 0S€'1 ‘2821 81g'L yrb'l ‘68e'L gLyl 155'1 006"} 8251 219'1 628’1 08'% eLY') 'LEY'L GGr'lL S(uak puesnoip)
uosejndod fej03 £g papinp awoou) ajqexe) jejoL

1000°0> 9'1E ‘008 80¢ €28 '6°0¢8 gie G'GE '9EE ge 99e 'vvE 6'Ge 9'ee '2ee L'ee £ 9 01 0z pabe fyssanun
10 afajjoo Bunsidwos suosiad jo abzyuaslay

1000°0> 662 ‘2€C *h 74 ZeLott 9Ll LgLerL £h4} 0628 98 yyL'SEL 6¢l s(spoyasnoy
000°1/) aoueysisse sygnd Buiaieaal spioyasnoy 0 “oN
1000'0> 9680’18 'es 906 ‘798 588 £'16'€8 £68 ¥'86 ‘2'€6 8'G6 706 ‘0'88 68 (,w) Buyjomp jenuapisas Jad aoeds Jooyy abelany
1000°0> 0L°L9 89 §9'e9 ¥9 96°¢'s 96 £6°1g 4] 09'6G 09 oA GL= pafie suosiad pakojdwaun jo abejussiad
—_ €620 62°L'90°0~ 00— '102— A A AR €22 €L~ afuey
— 8L'¢ 020 160— sLe— 00— UBIp3y
xapu §35 pooyioqybiaN
q3NeA d 10 %56 ueap 12 %56 uealy 12 %56 ueay 13 %56 ueapy eld %86 ueap onsuapeRyy

(59z=u} v sjsenp

(evz=u) € afenp

(69z=1) Z apenp

(5Gz=u) 1 ayenp

(ce01=N) iy

10 KioBayed syipenb 0} Buipioase sieak zg 0} gL pabe uswom asaueder Zgo'L JO SjgeLIBA SIS ployssnoy pue

xapul SIS poouloquBiau

‘leoydesbosb ‘(S3S) smels 2iwou0a01a0s pooyloqubisN ‘L 8jqel

September 2009 Volume 109 Number 9

1608

— 143 —




Table 2. Urinary excretion of sodium and potassium and the ratio of urinary sodium to potassium of 1,032 Japanese women aged 18 to 22
years according to quartile category of neighborhood sociceconomic status index

Quartile 1 (n=255) Quartile 2 (n=269) Quartile 3 (n=243) Quartile 4 (n=265)

Characteristic Mean 95% CI? Mean 95% Cl Mean 95% Cl Mean 95% Ci P value®
Urinary excretion of sodium (mmol/d)°
Model 1¢ 1335 127.1,140.1 135.2 128.9,141.8 126.5 120.3,133.0 141.7 135.1,148.6 0.10
Model 2° 132.2 125.8,138.8 1345 127.9,141.4 1305 123.6,137.8 139.7 133.0,146.8 0.12
Model 3f 130.9 124.1,138.0 133.8 126.9,141.1 130.8 123.6,138.3 1415 133.2,150.3 0.10
Urinary excretion of potassium

(mmol/d)°
Model 19 435 417,455 422 405,440 384 367,401 425 407,444 044
Model 2° 430 412,449 412 394,431 406 387,426 419 401,437 048
Mode! 3' 431 412,452 407 389,427 405 386,426 423 40.1,446 058
Ratio of urinary sodium to potassium

(mmol:mmol)®
Model 1¢ 3.14 2.98,3.30 3.28 3.12,3.45 3.37 3.20,3.55 341 3.24,358 0.03
Model 2° 3.15 2.98,3.31 3.35 3.17,3.53 3.29 3.10,3.48 3.41 3.24,359 0.04
Model 3' 311 2.94,3.29 3,37 3.19,3.56 3.30 3.11,3.50 3.41 3.20,3.63 0.06

aCl=confidence interval.

Calculated using back transformation of natural-log transformed values.
YAdjusted for survey year (2006 and 2007).

city, and town and village).

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

Adjusted for survey year, institution type (4-y private, 2-y private, 4-y public, and 2-y public), and living status {living with family, living alone, and others).
"Adjusted for survey year, institution type, living status, region (Hokkaido and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), and municipality level (ward,

kaido and Tohoku, Chugoku and Shikoku, and Kyushu,
and fewer 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-year private, 2-year private, and 4-year public institu-
tions and fewer attending 2-year public institutions.

As shown in Table 2, neighborhood SES index was not
significantly associated with estimates of 24-hour urinary
excretion of sodium or potassium. A similar relation was
observed when creatinine-adjusted values were used
(data not shown). In contrast, higher neighborhood SES
index (increasing neighborhood socioeconomic disadvan-
tage) was significantly associated with higher ratio of
24-hour urinary sodium to potassium. This significant
positive association remained after adjustment for house-
hold SES variables. However, the association disap-
peared after further adjustment for geographical vari-
ables.

Only one previous study has examined the associa-
tion of neighborhood with objective markers of dietary
intake (4). In that study of US adults, neighborhood
deprivation was associated with lower serum levels of
carotenoids (4). Our findings are consistent with the
US study in terms of the observation that disadvan-
taged neighborhoods are associated with unfavorable
aspects of dietary intake.

The reason for the association between neighborhood
SES and the ratio of urinary sodium to potassium is not
known. Neighborhoods may influence dietary intake (uri-
nary excretion) of sodium and potassium through char-
acteristics of the area itself (3), such as the availability of
health foods (31,32). Neighborhoods may also influence
dietary intake of sodium and potassium through the role
of psychosocial factors (3), given a suggestion that peo-

ple’s behavior is influenced by the norms and values of
those around them (83). In addition, the association be-
tween neighborhood SES and the ratio of urinary sodium
to potassium may merely reflect geographical difference
in the urinary sodium to potassium ratio, given that
whereas neighborhood SES was associated with region
and municipality level, the association between neighbor-
hood SES and the ratio of urinary sodium to potassium
disappeared after adjustment for these geographical vari-
ables. It is also possible that neighborhood SES contrib-
utes to regional and urban-rural differences in the ratio of
urinary sodium to potassium, and that geographical vari-
ables are a proxy for unmeasured neighborhood-level fac-
tors that covary with those we are investigating. The
reason for the lack of association between neighborhood
SES and urinary sodium and potassium, when assessed
individually, is also unknown; neighborhood SES might
have stronger influence on some aspects of dietary pat-
terns (eg, combination of nutrients) rather than on intake
of each individual nutrient.

Several limitations of the present study deserve men-
tion. First, our results of selected dietetics students are
not likely to extrapolate to the general population. The
participants likely had more nutrition knowledge than an
average person and were not necessarily socioeconomi-
cally disadvantaged (at least at the individual level).
Given the findings of an association in this population, in
which nutrition knowledge would affect what they con-
sume regardless of neighborhood, associations between
neighborhood SES and diet might be expected to be stron-
ger in the general population. Second, we relied on cen-
sus-based measures at the municipality level as proxies
for neighborhoods, but these might not correspond to
socially defined neighborhoods. In addition, municipality
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in Japan may be a somewhat large unit of neighborhoods,
given that the median population of 293 municipalities was
124,393 (interquartile range 92,210 to 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 (30). Third,
urinary excretion of sodium and potassium was esti-
mated based on a single 24-hour urine sample, which is
not optimal for characterizing individual habitual dietary
intake and introduces random errors (34). Fourth, we
cannot rule out residual confounding. In particular, par-
ents’ SES variables were not available, although these
may be at least partly reflected by household SES vari-
ables. Fifth, the short duration of the data collection
period may lead to an under-representation of the typical
potassium and sodium excretion of the study population.
Finally, the cross-sectional nature of the study hampers
the drawing of any conclusions on causal inferences be-
tween neighborhood SES and 24-hour urinary excretion
of sodium and potassium.

CONCLUSIONS

Neighborhood socioeconomic disadvantage was associ-
ated with a higher ratio of 24-hour urinary sodium to
potassium in a group of young Japanese women. This
finding suggests that the socioeconomic characteristics of
neighborhoods influence dietary intake and hence health
variables. Efforts to reduce inequalities in neighborhood
SES may represent an important strategy in improving
the health status of individuals.
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