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Blood pressure change in a free-living population-based
dietary modification study in Japan
Yoshiko Takahashi®®, Satoshi Sasaki®, Shunji Okubo®, Masato Hayashi® and

Shoichiro Tsugane®

Objective To assess whether dietary intervention in free-
living healthy subjects is effective in improving blood
pressure levels.

Design Open randomised, controlled trial.

Setting Free-living healthy subjects in two rural villages in
north-eastern Japan.

Participants Five hundred and fifty healthy volunteers aged
40-69 years.

Interventions Tailored dietary education to encourage a
decrease in sodium intake and an increase in the intake of
vitamin C and carotene, and of fruit and vegetables.

Main outcome measures Blood pressure, dietary intake
and urinary excretion of sodium, dietary carotene and
vitamin C, and fruit and vegetable intake data were collected
at 1 year after the start of the intervention.

Resuits During the first year, changes differed significantly
between the intervention and control groups for dietary
(P = 0.002) and urinary excretion (P < 0.001) of sodium and
dietary vitamin C and carotene (P = 0.003). Systolic blood
pressure decreased from 127.9 to 125.2 mmHg (2.7 mmHg
decrease; 95% confidence interval, —4.6 to —0.8) in the
intervention group, whereas it increased from 128.0 to

Introduction

Stroke is the most common cardiovascular disease in
Japan [1]. Hypertension is the major cause of stroke,
making the control of hypertension an important factor
in the prevention of stroke. Non-pharmacological treat-
ment is recommended as the first line of management for
elevated blood pressure (BP) [2], primarily composed of
lifestyle and diet modification. Evidence indicates that
lifestyle measures such as weight reduction [3], moder-
ation of alcohol consumption [4] and reduction in salt
intake [5,6] are both feasible and effective in lowering
BP. The importance of dietary factors was demonstrated
in the DASH (Dietary Approach to Stop Hypertension)
study, in which a diet rich in fruits and vegetables, and
utilizing low-fat dairy products and products low in
saturated and total fat, decreased systolic and diastolic

0263-6352 © 2006 Lippincott Williams & Wilkins

128.5 mmHg (0.5 increase; —1.3 to 2.3) in the control group.
This change was statistically significant (P = 0.007). In
contrast, the change in diastolic blood pressure did not
significantly differ between the groups. In hypertensive
subjects, a significant difference in systolic blood pressure
reduction was seen between the groups (P = 0.032).

Conclusion Moderate-intensity dietary counseling in free-
living healthy subjects achieved significant dietary changes,
which resulted in a significant decrease in systolic blood
pressure. J Hypertens 24:451-458 © 2006 Lippincott
Williams & Wilkins.
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BP compared with a diet representative of a typical diet
for Americans [7].

Most clinical intervention trials targeted at the preven-
tion and control of hypertension to date have been
performed in academic study centers by expert personnel
trained in the conduct of the trial. Because these studies
were primarily designed to test the efficacy of their
interventions, the intervention programs themselves
were intensive. Due to the limited resources of the public
health sector, however, broad implementation of such
intensive lifestyle modification programs is difficult. Only
a few lifestyle interventions have been performed in
primary health care settings, and although most involved
patients with hypertension, the interventions them-
selves were of low intensity and their effect was small.
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Moreover, these studies have frequently lacked evalu-
ations of dietary compliance using validated measures.

The Hiraka Dietary Intervention Study [8] was a mod-
erate-intensity, community-based randomized controlled
trial designed to develop an effective dietary modifi-
cation tool and system in an area with high mortality
for stomach cancer and stroke. The dietary intervention
was designed to decrease sodium (salt) and increase
vitamin C and carotene intakes, with an emphasis on a
decrease in salted foods and an increase in fruits and
vegetables. The effects of the intervention were assessed
not only using responses to a self-administered question-
naire but also the corresponding biomarkers. Here, we
examine the effects of this dietary intervention on BP.

Methods

Study subject and design

The Hiraka Dietary Intervention Study was a com-
munity-based, randomized, cross-over trial held in
1998-2000 in two rural villages in Akita Prefecture,

Japan.

Participants were recruited through public magazines and
posters, in which potential respondents were asked to
participate in a research project. Eligibility criteria for this
study were: (1) age 40—69 years; and (2) physician per-
mission to participate for those under medical treatment
or dietary control. We expected to detect a difference in
mean salt intake of 2.0 g/day (787 mg as sodium) or more
between the intervention and control groups after 1 year,
with a 5% alpha error (two-sided) and 20% beta error. A
previous study reported a mean dietary sodium intake in
a nearby area of 5940 mg/day (standard deviation 2594)
for men and 6013 mg/day (£2622) for women [9]. We
estimated that a minimum of 352 participants would be
needed for the trial, 176 allocated to each of the inter-
vention and control groups. To allow for non-completion
of the intervention study we aimed to recruit 470 partici-
pants. Five hundred and fifty volunteers (202 men and
348 women, aged 40-69 years) participated. All partici-
pants were informed of the study protocol, and written
informed consent was obtained. They were assigned
randomly into two groups and received tailored dietary
education in either the first year (intervention group,
n=274) or the second year (control group, # = 276)
by the same researcher. The random number of 0 (alloca-
ted to the first intervention group) or 1 (second interven-
tion group) was generated for each subject using a
function of Microsoft Excel. Subjects within one family
were assigned to the same group. This procedure was
repeated until the subject number in the two groups was
the same.

Dietary goals at the group level were to reduce salt
intake to less than 8 and 10 g/day in women and men,
respectively, to increase carotene intake to more than

5000 pg/day, and to increase vitamin C intake to more
than 200 mg/day. Our intervention consisted of individ-
ual 15-min dietary counseling sessions (two), a group
lecture, and newsletters (two). First, dietary counseling
was provided after the subject’s annual health check-up.
Individualized education schemes were prepared based
on the results of the dietary survey and health check-up.
About 5 months later, a second dietary assessment was
performed and the same individual dietary counseling
was provided to each subject. During the intervention
period, a total of two newsletters about recommended
diet were mailed to the participants to maintain motiv-
ation throughout the trial. The group lecture was per-
formed at the mid-point of the intervention period.

To increase carotene and vitamin C intake, subjects were
advised to increase their intake of fruit and vegetables.
To decrease sodium intake, they were primarily
instructed to decrease their intake of salted foods, such
as miso (fermented and salted soybean paste), salted
vegetable pickles, salted fish, and seasonings.

Data collection

A validated, self-administered diet history questionnaire
(DHQ) was completed by all subjects three times, just
before the annual health check-up conducted between
April and August in 1998, 1999 and 2000. The DHQ
surveyed dietary habits for the previous 1 month. The
structure and validity of the DHQ have been described in
detail elsewhere [10-12].

Forty-eight-hour urine samples were collected just after
the annual health check-up. The subjects were requested
to record the times at which they started and finished the
urine collection. Urinary volume was measured, and a
part of each sample was stored at —20°C until measure-
ment. Whenever urine collection was missed, the esti-
mated volume was reported by the subject and added to
that of the collected urine to estimate the total urinary
volume. The urinary concentrations of sodium and pot-
assium were analyzed by flame photometry and creati-
nine by Jaffe’s procedure using an autoanalyzer (Hitachi
Clinical Analyzer 7070; Tokyo, Japan). The expected
intakes were computed using observed urinary excretion,
as reported in a carefully designed balance study, namely
0.86 for sodium and 0.77 for potassium [13].

BP was measured at the annual health check-up by
trained nurses, using a sphygmomanometer OKOSE-
300 model (Matsuyoshi & Co., Tokyo, Japan) according
to a common protocol. A single measurement was per-
formed in this trial. All measurements at each point were
conducted by one nurse who was engaged in the health
check-ups, and not by study staff. The nurse was blinded
to the intervention assignment and was requested by the
study staff not to inquire about the subject’s allocation at
BP measurement.

-64-
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Subjects were asked to sit calmly and without talking for
at least 2 min before measurement, with their legs
uncrossed and their arms crossed at heart level.

Medical history, smoking status and anthropometric data
were also collected at the annual health check-up. Classi-
fication as hypertensive or normotensive was based on the
results of the health check-up. Body mass index (BMI)
was calculated as weight (kg) divided by height
{m) squared.

Outcomes and statistical analysis

The effects of dietary intervention were examined using
data from the first half of the study; that is, the group
receiving dietary intervention in the first year as the
intervention group. Because follow-up study after
termination of the intervention suggested that the effects
of intervention on diet were maintained well over 4 years,
the decision was made to simplify assessment by exclud-
ing the data from the second half of the study. Subjects
were excluded from the analysis of dietary data if they
met either of the following criteria: (1) the DHQ was
incomplete for either the pre- (baseline) or post-
intervention (year 1); and (2) estimated energy intake
was less than 50% of the energy requirement for a
sedentary lifestyle or greater than 150% of that for a
vigorous lifestyle.

Primary study outcome was the effect of intervention
during the first year, namely the difference in changes
between the intervention and control groups. Mean daily
intakes of energy, targeted nutrients and mean urinary
sodium at baseline and year 1 were calculated, with

Flg. 1
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values at each point for fruits and vegetables, as well
as alcohol, carotene, and vitamin C, transformed by the
natural logarithm before calculation, to account for the
skewing of distribution to the right. Mean values of
variables for the groups at baseline were compared by
the #-test. Proportions at baseline were tested by the x*
test. Differences from baseline to year 1 within groups are
presented with 95% confidence intervals (95% CI).
Analyses of covariance (ANCOVA) were conducted to
investigate differences in outcome measure at year 1
between the randomized groups. Baseline values of each
variable were included as covariates. For BP analysis,
baseline BP and change in alcohol intake and body
weight were included as covariates. All analyses were
done with SAS statistical software (SAS Institute Inc,
Cary, North Carolina, USA, version 8.0).

Results

Baseline characteristics

A total of 292 urine samples were obtained from 550
respondents who completed the DHQ at baseline
(Fig. 1), and 240 samples from 534 subjects who com-
pleted the DHQ at year 1. Analysis included 235 and 448
subjects with and without urinary data, respectively.

Table 1 shows baseline variables for the intervention and
control groups. Mean age of participants was 56.4 years.
Mean systolic BP (SBP) and diastolic BP (DBP) did not
statistically differ between the groups. Among partici-
pants, 11% (26 and 23 subjects in the intervention and
control group, respectively) were receiving antihyperten-
sive drug treatment at the beginning of the trial.
Antihypertensive medication status of these subjects

Enroilment ]

550 respondents; randomized |

l

| Intervention group (n = 274)

I Control group (n = 276) |

!

Baseline survey
in 1998

DHQ (n =274)
Blood pressure (n = 244)
Urine sample (n = 149)

DHQ (n = 276)
Blood pressure (n = 251)
Urine sample (n = 143)

—[ Dropped out of study (n = 7)

-I Dropped out of study (n = 9)

Y

A

Year 1 survey DHQ (n = 267) DHQ (n = 267)
in 1999 Blood pressure (n = 227) Blood pressure (n = 228)
Urine sample (n = 124) Urine sample (n = 116)
Analysis Analyzable data Analyzable data

Analysis of DHQ and blood pressure (n = 224)
Analysis of DHQ, blood pressure, and urine (n = 119)

Analysis of DHQ and blood pressure (n = 224)
Analysis of DHQ, blood pressure, and urine (n = 116)

Number of study subjects. DHQ, diet history questionnaire.
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Table 1 Subject characteristics at baseline

Intervention group {(n = 224) Control group {n = 224) P
Age {years)® 56.3 (41.2, 71.4) 56.4 (40.5, 72.4) 0.863
Sex (9% ferale) 68.3 67.0 0.762

Body height (cm)® 154.9 (140.6, 169.2)
Body weight {kg)® 66.7 (39.5, 73.8)
Body mass index (kg/m?)® 23.6 (17.9, 29.3)
Blood pressure {mmHg)®
Systolic blood pressure
Diastolic blood pressure

127.9 (93.2, 162.5)
76.9 (63.9, 97.8)

Alcohol drinker (%) 38.8
Hypertension (%) 23.7

On antihypertensives (%) 11.6
Diabetes (%) 3.6
Hyperlipidemia (%) 5.8

1565.2 (139.1, 171.4) 0.978
56.0 (39.1, 72.9) 0.996
23.2 (17.6, 28.8) 0.949

128.0 (97.4, 158.5) 0.955
76.3 (65.9, 96.6) 0.720
40.2 0.772
241 0.912
10.3 0.650

3.1 0,793
103 0.082

2P value for comparison between groups. "Values are mean and 95% confidence intervals,

did not change throughout the trial (data not shown).
There were no statistically significant differences
between the groups in age and sex distribution or other
baseline variables.

Effect of intervention on lifestyle factors and

dietary variables

Mean body weight and lifestyle factors and their changes
from baseline to year 1 are presented in Table 2. No
statistically significant change was observed between the
groups. Daily intake of energy and nutrients and their
changes are also presented in Table 2. At year 1, intake of
fruit and vegetables and of dietary carotene and vitamin
C increased significantly more in the intervention group
(P < 0.05). Sodium intake in the intervention group
decreased by 15 mmol/day (95% ClI: —26, —4), but
increased by 11 mmol/day (-0, +22) in the control group.
This difference in change between the two groups was
statistically ~ significant (P =0.002). Mean urinary
excretion of sodium and potassium and the corresponding
daily intake are shown in Table 3. Excretion and intake of
sodium in the intervention group decreased by 49 (95%
Cl: —62, —36) and 11 mmol/day (25, +4), respectively.
This difference in change between the two groups was
statistically significant (P < 0.001).

Effects of intervention on BP

Table 4 shows that SBP in the intervention group
decreased from 127.9 to 125.2 mmHg (—2.7 mmHg
change; 95% CI. —4.6, —0.8), but in the control group
increased from 1280 to 128.5mmHg (+0.5 mmHg
change; —1.3, +2.3), with this difference in change
between the groups being statistically significant
(P <0.01). DBP changed from 75.9 to 74.8 mmHg
(—1.0 mmHg change; 95% CI: —2.4, 4+-0.3) in the inter-
vention and from 76.3 to 75.9 mmHg (—0.3 mmHg
change; —1.7, +1.1) in the control group. This difference
in change between the groups was not statistically
significant.

Data for the subgroup of subjects from whom urine was
collected were analyzed separately. Results showed no

difference in baseline SBP and DBP between those with
and without urine collection (data not shown). SBP
changed for urine collectors by —3.0 mmHg (95% CI:
—5.7, —0.2) in the intervention group, whereas it changed
by +0.3 mmHg (2.5, +3.1) in the control group. This
difference in change between the groups being statisti-
cally significant (P < 0.05).

BP data were also analyzed by hypertensive status. In the
hypertensive subjects, SBP changed by —5.6 mmHg
(95% CI: —9.3, —2.0) in the intervention group, whereas
it changed by +1.4 mmHg (95% CI: —3.6, 6.3) in the
control group. This difference in change between the
groups was statistically significant (P < 0.05). In normo-
tensive subjects, the decrease in SBP was also greater in
the intervention group compared to the control group,
but this difference in change did not reach the level of
statistical significance (P = 0.075). Further, no statisti-
cally significant changes in DBP were observed between
the two groups in either subgroup analysis.

Discussion

This 1-year dietary, moderate-intensity, community-
based intervention trial demonstrated a significant
decrease in SBP level. A greater decrease in average
dietary intake and urinary excretion of sodium was seen
in the intervention group than in the control group. An
increase in fruit and vegetable intake was accompanied
by an increase in carotene and vitamin C intake.

Several community-based, large-scale, randomized trials
on the effects of dietary intervention on BP have been
reported to date. However, the variability of lifestyle
intervention topics and their intensity makes it difficult
to compare the BP changes achieved. Further, most
of these previous studies targeted only hypertensive
subjects.

Changes in BP and urinary sodium

Brunner e @/. [14] performed a meta-analysis of random-
ized controlled trials designed to investigate the primary
prevention of chronic diseases, and evaluated the effects
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DASH diet was enhanced by its combination with a
reduced sodium diet (100 and 50 mmol/day). The results
of the present study support those of the DASH trials by
showing similar, albeit somewhat weaker, results in a
free-living, general population.

Further, Nowson ¢# 2/. [28] conducted a cross-over dietary
intervention study using a community-living subject.
They reported a significant decrease in BP by a low-
sodium, high-potassium diet and a DASH-type diet
(DASH diet with moderate sodium reduction). The
tendency of the results was similar to those of the present
study, but the size of the effect was greater. However, the
study population in their study was smaller (# = 94), the
study period shorter (4 weeks), and the intervention more
intensive (bi-weekly contact) than in the present study.
Salt-free bread, salt-free margarine or both were provided
to the intervention subjects. In contrast, no food was
provided in the present study. The method used in the
present study appears to be more practicable for use in
community settings than that in the study of Nowson
et al. [28].

Study limitations

Because this study was an open trial, the possibility of
interaction between the intervention and control groups,
such as information exchange, cannot be ruled out. In the
control group, however, no statistically significant change
in targeted nutrients and foods between the baseline and
year 1 points was observed, suggesting that any inter-
action between the groups may have been negligible.
Nevertheless, the possibility of some general information
exchange remains, and the results should therefore be
interpreted with caution.

To examine a practical model for population-based life-
style improvement intervention, our present intervention
study was performed in a primary health care setting
rather than an academic center setting. Measurement of
BP was conducted at the annual health check-up as a
routine component of that check-up, and thus only a
single measurement was done instead of multiple
measurement. Nevertheless, conditions between the
two groups were the same.

Because they had been previously exposed to various
public health campaigns in the study area on the import-
ance of decreasing salt intake, the present study subjects
were relatively well-motivated to reduce their salt intake
[29]. Moreover, they were provided further information
about the unfavorable effect of dietary sodium on health
prior to the start of the study. We therefore presume that
they were more receptive to the message to decrease
sodium given in this study. The decrease in sodium and
consequent decrease in BP observed in this trial indi-
cates the effectiveness of this intervention method for
motivated persons. Further studies are necessary to deter-
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mine whether this intervention method is equally effective
on dietary and BP modification in other populations.

In conclusion, these findings indicate that the effects
of dietary interventions undertaken to reduce the
intake of sodium and increase that of fruitand vegetables
may be expected to decrease BP level in free-living
populations. The present randomized, controlled trial
involved a relatively large number of free-living
subjects and examined the change in dietary habits
and BP over 1 year. The intervention method used here
may represent an efficient and practicable model for
population-based BP improvement in common primary
care settings.
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Histidine Intake May Negatively Correlate with Energy Intake in
Human: A Cross-Sectional Study in Japanese Female
Students Aged 18 Years

Hitomi OKuUBO and Satoshi Sasaxi*
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Shinjuku-ku, Tokyo 162~8636, Japan

(Received May 28, 2004)

Sununary L-Histidine (histidine), a precursor of neuronal histamine, has recently been
hypothesized to suppress food intake, The association between dietary histidine and energy
intake was examined among 1,689 Japanese female students ol dietetic courses aged 18 y.
Nutrient intakes were assessed over a 1-mo period with a validated, sell-administered, diet
history questionnaire. Both intake of histidine and the ratio of histidine to protein (histidine/
protein) statistically and positively correlated with energy intake. After adjustment for
potential non-dietary confounding factors, including body height, body weight, physical
activity level, and rate of eating, both the histidine intake and histidine/protein ratio statis-
tically and positively correlated with energy intake (Pearson's correlation coelficient,
r=0.62 and 0.12, respectively, p<<0.001). Moreover, when protein or protein excluding his-
tidine was additionally included into the covariates in order to minimize the elfect of dietary
factors and other amino acids, both histidine intake and histidine/protein ratio turned out
to show a statistically negative correlation with energy intake (r=—0.22 and —~0.23,
respectively, p<<0.001). Considering the influence of unavoidable various covariates, we
found an inverse association between histidine/protein ratio and energy intake among the

young female Japanese students.

Key Words  dictary histidine, energy intake, young Japanese women, epidemiology

Hypothalamus neuronal histamine has been shown
to regulate food intake through the histamine H)-recep-
tor in the ventromedial hypothalamic nucleus and the
paraventricular nucleus (I-3). Recently, it has been
hypothesized that L-histidine (histidine), an essential
amino acid, might also control food intake through its
conversion into histamine {4-6). Histidine preloads
delivered by intraperitoneal injection (IP) into rats
reduced food intake (7, 8) and increased water intake
{8, 9). Although histidine given by the intragastric
route showed a low sensitivity to food intake suppres-
sion compared to IP, dietary histidine might also play a
role in regwlating food intake in the short-term, at least
partially through the histaminergic pathway (8). How-
ever, its physiological importance has not been estab-
lished.

On the other hand, in human studies, the elfect of
histidine on [ood intake was examined in respect to the
alterations in zinc metabolism accompanied by an-
orexia in the 1970s (10-13). Administration of a large
dose of histidine induced zinc deficiency. which led to
functional losses of taste, smell, appetite. and food
intake. Therefore, according to the previous points of
view [rom human studies, feeding suppression has
seemed to be caused by alteration of zine metabolism

*To whom correspondence should be addressed.
E-mail: stssasak@ih.go.jp
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rather than direct effects of histidine. However, pretreat-
ment with alpha-fluoromethyl histidine (RMH), a spe-
cific suicide inhibitor of histamine-synthesizing histi-
dine decarboxylase (HDC), attenuated histidine-induced
feeding suppression in animal studies (5,6). These
resulfs support the view that histidine-induced hista-
mine rather than the histidine-induced zinc deficiency
affects food intake. Although the available evidence in
animal studies strongly suggests the effect of histidine
on food intake, in human. only two small observational
studies conducted in Japan examined this issue (14,
15).

To examine the association in more detail, we con-
ducted a cross-sectional study using a large and
homogenous sample consisting of 1.689 Japanese
female dietetic students aged 18 y.

SUBJECTS AND METHODS

Subjects. The subjects were freshmen who entered
dietetic courses at 22 colleges and technical schools in
Japan in April 1997 (n1=2,069). All the questionnaires
were distributed between April 7 and 21, 1997. A
total o 2,063 students (2,017 women and 46 men)
returned the completed questionnaires within 1 wk
(respouse rate. 99.7%). Faculty members of each school
checked the submitted questionnaires. When missing
replies and/or errors were found, the subjects were
requested to answer the questions again. All question-
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naires were checked at least once by the local staff and
once by the staff of the study center. The entire survey
was completed before the end of May.

Assessment of dietary habits.  We used a self-adminis-
tered diet history questionnaire (DHQ). The DHQ is a
validated 16-page guestionnaire assessing dietary hab-
its in the previous 1 mo. Intakes of 147 [ood items, 16
nutrients, and total energy intake were calculated using
an ad-hoc computer algorithm developed to analyze the
questionnaire. The 147 foods from the DHQ were
grouped into 17 food groups, mainly according to the
foed composition tables of Japanese foods, Sth revised
edition {16). The DHQ has been validated by compari-
son to 3-d dietary records. The Pearson’s correlation
coelficients were 0.48-0.55 for the macronutrients
used in the study and 0.48 for energy. Moreover, the
mean reported intakes of energy and three macronutri-
ents assessed by the DHQ were close to the reported
intakes assessed by dietary records, i.e., within a +3%
dilference. A more detailed description of the question-
naire, the methods of calculating nutrients, and the
validity are given elsewhere (17, 18). We estimated his-
tidine intake using the DHQ attached with the amino
acid food composition table (19) and supplemental {ood
composition table of amino acid proposed by Todoriki et
al. (20). We examined the validity of histidine intake
from the DHQ by comparison with 16-d dietary records
{16-d DRs) among Japanese men (n=92) and women
{(n=92}) aged 3078 y. The mean intake assessed by the
DHQ was 2,192+774 mg/d for men and 2,144+628
mg/d for women. The mean intake assessed by 16-d
DRs was 2,084%+492mg/d and 1,744*326 mg/d,
respectively. Moreover, the Pearson's correlation coeffi-
cients were 0.37 and (.32 for men and women, respec-
tively.

Assessment of lifestyle variables, Lifestyle variables
were obtained from the 4-page questionnaire designed
for this survey. It included the frequency of sports club
activity and smoking habits, The physical activity level
was assessed by the monthly [requency of sports club
activity without inquiring into the types of sports, their
intensity or duration. The subjects who engaged in
sports club activity at least once per week in the previ-
ous month were defined as ‘physically active' and the
others as ‘sedentary.’ Smoking habits were divided into
three categories: never-, past-, and current smokers.
Current smokers were defined as subjects who reported
smoking cigarettes on a regular basis, whereas past-
smokers were defined as subjects who quit smoking.
Data on birthday, self-reported body weight, height, and
rate of eating were obtained from the DHQ. Rate of eat-
ing was self-reported according to one ol five qualitative
categories: ‘very slow,' ‘velatively slow,” ‘medium,’ ‘rela-
tively fast,” and 'very fast.’ The validity of this rating was
described in the previous paper (21). BMI was calcu-
lated as body weight (kg) divided by the square of body
height {m?).

Statistical analysis. We included 1.689 subjects
{83.3%) who satisfied the following two criteria in the
analysis:

1) Women aged 18y on the surveyed day (n=
1,744),

2) Those with reported energy intake ol more than
or equal to half of the energy requirement of the lowest
physical activity category and less than 1.5 times the
energy requirement of the highest physical activity cat-
egory (22), i.e., the subjects with reported energy intake
of 3.0-14.4 MJ/d (n=1,980).

Macronuirient intakes were energy-adjusted wusing
an energy density model, i.e., the percentage of energy
intake (%E). Histidine was divided by the protein intake,
L.e., histidine/protein (ing/g).

Differences in the means of energy intake between
categories were tested by the Student’s t test or ANGVA.
Multiple regression analysis was performed to examine
the effect of daily histidine intake on energy intake. Sev-
eral confounding factors have been reported for energy
intake, such as body height, body weight, physical
activity level, and rate of eating (21, 23-25). In this
analysis, these non-dietary variables were included in
the models as covariates {Model 2). Furthermore, we
additionally adjusted for dietary variables such as
dietary fiber and protein as dietary confounding factors
{Model 3), When histidine intake was used as an inde-
pendent variable, protein exchuding histidine (protein—
histidine} was included as a dietary covariate {o adjust
for possible effects of other types of amino acids. We also
computed the partial correlation coefficients between
each independent variable and energy intake adjusting
for other independent variables.

All statistical analyses were performed using version
8.2 of the SAS software package (SAS Institute, Inc.,
Cary, North Carolina, USA). A p-value of <0.05 was
considered significant.

RESULTS

Table 1 shows the characteristics of the subjects and
Pearson’s correlation coefficients for each variable with
energy intake. The mean BMI£SD for the subjects was
20.8%+2.6 kg/m, and 95% of the subjects were classi-
fied into the non-obese group (25 kg/m?> < BMI). In
Pearson’s correlation coefficient, a significant correla-
tion with energy intake was observed for body height
{(p<<0.001). sports club activity (p=0.04), and all nutri-
ents described in Table 1, such as macronutrients, total
dietary fiber, histidine, protein extracting histidine, and
histidine/protein ratio {(p<<0.001 in all nutrients). As for
categorical variables, the mean energy intake was sig-
nificantly different between the two physical activity
levels (p<<0.001} and among the five categories of rate
of eating (p<<0.001).

Table 2 shows the results of multiple regression anal-
ysis with energy intake as a dependent variable. Histi-
dine positively correlated with energy intake regardless
ol the adjustment of non-dietary factors (partial regres-
sion coefficient, $=0.002 in Model 1: 8=0.002 in
Medel 2). However, after additional adjustment for
dietary factors, such as total dietary fiber and protein
excluding histidine, histidine Intake turned out to show
a negative correlation with energy intake (B=
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Table 1. Physiological characteristics, lifestyle variables, and nutrient jutakes of the subjects®, and Pearson’s corvelation

coelficients with energy intake.?

Pearson’s correlation

MeanxSD . .
(1=1.689) coefficient with p-value t-value® p-value
energy intake
Body height (cm) 158.0x5.2 (.13 <0.001 ~ —_
Body weight (kg) 51.8+7.3 0.03 0.22 —_ —
Body mass index (kg/m?) 20.8+2.6 -0.03 0.17 — —
Sports club activity (d/mo) 1.7x4.2 0.05° 0.04 — —
Nutrient intake
Energy intake (M]/d) 7.2%£2.0 — — —_— —
Carbohydrate (g/d} 234.1%58.8 0.86 <0.001 — —
Pat (g/d) 58.0+24.1 0.88 <0.001 — —
Total protein (g/d) 63.3+21.0 0.86 <0.001 — —
Total dietary fiber (g/d) 12.0%4.7 0.66 <0.001 — —
Histidine (mg/d) 2081+785 0.79 <0.001 — —
Protein excluding histidine (g/d) 61.2+20.3 0.86 <0.001 — —
Histidine/protein ratio {mg/g) 32.6%3.2 012 <0.001 —_ —
Percentage of subjects (%)
Physical activity level
Sedentary 88 ~3,74 <0.001
Physically active® 12 - -
Rate of eating 6.65f <0.001
Very slow 5
Relatively slow 23
Medium 36
Relatively fast 32 - -
Very [ast 4
Experience ol dieting? —(.85 0.40
No 40
Yes 60 - -
Smoking hablts 2,750 0.06
Current 3
Past 3 —_ —
Never 94
Alcohol intale” 0.60 0.55
Non-drinker 81
Drinker 19 _ -

# Unless otherwise specified, values are expressed as mean=SD.

b pearson's correlation coefficient for numerical variable.

¢ Spearman's correlation coelficient for numerical variable because of the very skewed distribution.

4 The subjects who took part in sports club activity at least once per week were defined as physically active.

¢ t-value for difference in energy intake between categories (t-test).

! F-value for difference in energy intake between categories {ANQVA).

# Dieting by Intenttonal reduction of body weight within 1 mo by more than 2 kg.

" The subjects who did not drink alcohol during the previous 1 mo were defineds as non-drinkers and the others as drink-

ers.

=(0.0011 in Model 3). The results were similar for histi-
dine/protein (8=-0.079 in Model 3).

DISCUSSION

In this cross-sectional study of young Japanese
women aged 18y, both crude histidine intake and the
ratio of histidine to protein (histidine/protein} nega-
tively and significantly correlated with energy intake,
independent of the other dietary [actors and the cur-
rently known covariates {Pearson’s correlation coeffi-
cient, r=-0.22, p<0.001 for histidine crude value:
=—(3,23. p<0.001 for histidine/protein). One small-

scale cross-sectional study with 26 male and 38 female
students has also Jound a negative association between
histidine/protein and energy intake. but it was statisti-
cally significant only in women (r=-0.18 in men and
=—0.34, p<0.05 in women) {14). Therefore. our find-
ings on the basis of data from a large and homogenous
sample suggested that dietary histidine might have a
suppressive effect on energy intake in human.

Among previous animal studies, a number of
approaches have been tried to clarify the roles of the
histamine signaling pathway in the regulation of food
intake (5, 6. 26-28). However, the routes of histidine
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Table 2. Multiple regression analysis on association
between dietary histidine intake, histidine/protein and
energy intake (M]/d).*

. Pearson's
Partial artial
regression R® p-value partia
regres - .

€8 correlation

coefficient coelficient

Histidine intake (mg/d)

Model 1t 0.0020 0.62 <0.001 0.79

Model 2¢ 0.0020 0.63 <0.001 0.62

Model 3¢ ~0.0011 0.75 <0001 -0.22
Histidine/protein (mg/g)

Model 1% 0.076 0.01 <0.001 0.12

Mode] 2¢ 0.072 0.05 <0.001 0.12

Model 3¢ —0.079 0.75 <(0.001 —-0.23

a Partial regression coelficient. adjusted R*, and p values
are for independent variables in multiple regression.

b Model 1: simple regression and correlation analyses.

© Model 2: adjusted [or body height, body weight. sports
club activity level (two categories), and rate of eating.

4 Model 3: additionally adjusted for total dietary fiber
and protein excluding histidine for histidine intake.
When histidine/protein ratio was used as an indepen-
dent variable, total dietary fiber and protein intake were
included as a covariate.

administration were almost all intracerebroventricular
infusion or intraperitoneal (IP) injectlon (6-9, 28). On
the other hand, the intragastric route had been exam-
ined in rats by Vaziri et al. (8). Although the sensitivity
to the suppression of food intake was low compared to
that for IP, the resulis suggested that dietary histidine
might play a role in regulating food and water intake.
The suppressive effect of dietary histidine on energy
intake observed in our human study was in agreement
with the result reported by Vaziri et al.

To our knowledge, studies of the effects ol histidine
on feeding regulation in human were conducted
mostly in the 1970s (10-12), except for one study (14).
Most studies suggested that feeding suppression seemed
to be caused by alteration of zinc metabolism rather
than the dirvect effects of histidine. But a large dose of
histidine such as more than 4 g/d was reported to pro-
duce anovexia even without alteration of the zinc
metabolism (11. 12). Considering the above-mentioned
reports, the possibility that histidine-induced zinc defi-
ciency affects energy intake seemed to be quite low in
our study because the mean intake of histidine was
about 2.1 g/d (Table 1).

Several dietary and non-dietary variables have been
reported to show an association with energy intake
(23-25). However, the previous epidemiologic studies
have not taken into consideration the confounding fac-
tors that are unavoidable in epidemiologic studies.
Therefore, it was nearly impossible to accept the
observed negative correlation between histidine and
energy intake. On the other hand, we considered the
conlounding factors in this study (Models 2 and 3 in

..7 4_

Table 2). After adjustment for non-dietary factors, both
histidine and histidine/protein ratio positively corre-
lated with energy intake (r=0.62 and 0.12, respec-
tively, p<<0.001). Since physical activity is known to be
associated with energy intake, we also conducted the
same analyses dividing the subjects into two groups by
physical activity level, i.e., sedentary or physically
active. However, the results did not materially change
{data not shown). As for dietary factors, because both
histidine and protein highly correlated with energy
intake (r=0.79 and 0.86, respectively), we entered pro-
tein intake as a covariate into the multiple regression
analyses in order to avoid multicolinearity as much as
possible. Moreover, we adjusted for protein excluding
dietary histidine in order to minimize a possible effect of
other amino acids. Dietary histidine negatively corre-
lated with energy intake after adjustment for dietary
and non-dietary confounding factors in our study.
These findings provide a new insight into a role of
dietary histidine in energy intake in human, although
it is not enough. However, we do not know whether this
model was fully appropriate lor examining the associa-
tion between dietary histidine and energy intake.

It is most important to understand that self-reported
dietary intakes are not entirely free from reporting
errors such as underreporting ol energy and food
intakes (29, 30). In this population, when we examined
the validity of energy intake to basal metabolic rate (El/
BMR) (31, 32). 37% of subjects tended to underreport
energy intake because their EI/BMR level was below the
minimum survival value of 1.27 (33). Few studies have
examined the bias in reporting nutrients and types of
foods consumed (34, 35). Inconsistent with our results
{data not shown), Livingstone and Black revealed that
energy from protein tended to be significantly higher in
low energy reporters {29), Moreover, the low energy
reporters tended to report a higher consumption of
“socially desirable” foods such as meat, fish, and vegeta-
bles (29). Therefore, the results should be cautiously
interpreted in respect to underreporting of energy
intake.

Our data are limited by the possibility ol error with
respect to the measurement ol diet and the calculation
of dietary histidine intake because of the lack of a com-
prehensive food composition table of amino acids (19).
Therefore. when histidine content of a particular food
was unavailable, we used the reported value for a simi-
lar food., as proposed by Todoriki et al. {20). This proce-
dure was used for the development of the food composi-
tion table of fatty acids, and the validity was examined
{36). However, this procedure was far below the quality
required for the study. Moreover, the validity of this pro-
cedure used for amino acids has not been reported. In
addition, the food composition table of amino acid sub-
stitution used in this procedure is not available to the
public. Nonetheless, we considered this method as the
best available at the present time in Japan. The results
should be interpreted very cautiously.

Some limitations of our study should be considered in
interpreting the results. First. the subjects were not a
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randomly sampled general Japanese population but
selected lemale dietetic students aged 18-20 y. Because
they were freshmen who entered the dietetic course, the
participants in this study might be highly health-con-
scious. In order to minimize the influence of nutritional
education, we finished the survey within almost 1 mo
after entrance into the course. Secondly, our findings
came from a cross-sectional study. Therefore, it was
impossible to evaluate causal association between histi-
dine and energy intake. Moreover, epidemiologic studies
can not clarify the mechanism of the effect of histidine
intake on energy intake. Thirdly, the lists of food items
in the DHQ, especially those of fishes, were made based
on the conventional nutrients such as fats rather than
histidine. The histidine intakes obtained by the DHQ in
this study might have been less accurate than a direct
observation by dietary record. Fourthly, the effective
time, duration, and quantity of dietary histidine for reg-
ulating energy intake were not strictly clear in this
study. In the case of animal studies, histidine was
shown to be a regulator of short-term food intake, and
the time interval for observation was designed within
24 h (6, 8). We might have misunderstood the relation-
ship between histidine and energy intake observed in
this study because habitual histidine intake lor the pre-
vious 1 mo was assessed in our study. Filthly, although
we adjusted for possible confounding variables, unmea-
sured or unknown confounding dietary [actors cannot
be excluded.

In conclusion, we found an inverse association
between histidine/protein ratio and energy intake
among young female Japanese students. Although the
central roles of mechanisms for regulation of energy
intake have already been established in animal and in
vitro studies, the contribution of daily histidine intake is
not yet fully understood in humans, Future epidemio-
logic studies with better study designs are warranted to
examine the role of dietary histidine in energy intake in
human.
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Summary We systematically reviewed cohort studies on the effect of nutrlent and food
intake (except for alcohol) on the incidence of type 2 diabetes, which had been published in
English as of May 2004. Using the MEDLINE (PubMed) database as well as reference lists of
searched papers, 15 individual cohort studies (a total of 31 papers} were identified. The
number of subjects (n=895-85,060), follow-up length (5.9-23 y), the number of diabetes
cases (n=74-4,085), dietary assessment method used (simple food guestionnaire, food fre-
quency questionnaire, food frequency interview, diet history interview, and 24-h recall),
and method of case ascertainment (questionnaire, oral glucose tolerance test, fasting glu-
cose level, death certificate, and nationwide registry) varied among studies. For nutrients,
intakes of vegetable fat, polyunsaturated fatty acid, dietary fiber (particularly cereal fiber),
magnesium, and caffeine were significantly inversely correlated and intakes of trans fatty
acid and heme-iron, glycemic index, and glycemic load were significantly positively corre-
lated with the incidence of type 2 diabetes in several papers. For foods and food groups,
several papers showed significantly decreased risk for type 2 diabetes with the higher con-
sumption of grain (particularly whole grain) and coffee, and significantly Increased risk
with processed meat consumption. Because all the studies were carried out in Western

countries, however, research in non-Western countries including Japan is needed.
Key Words nutrient, food, type 2 diabetes, cohort study, systematic review

It is estimated that in 2000 there were about 150
million people with type 2 diabetes all over the world
and that this figure will double by 2025 (1). While type
2 diabetes and its complications such as cardiovascular
disease, amputation, blindness, and renal failure ad-
versely affect the quality of life, there is no currently
available cure for diabetes, Thus, primary prevention of
the disease is of paramount importance to public
health. Although many lifestyle factors are associated
with the development of type 2 diabetes (2, 3), food and
nutrition may also play an important role in its cause
(4). In Japan, a cohort study suggests decreased ratio of
polyunsaturated to saturated fatty acids as a risk factor
for glacose intolerance (5), although there is no cohort
study where the endpoint is the incidence of diabetes.

In prevention and clinical settings, the findings in
human studies are much more important than extrapo-
lation of the results from animal studies. However, a
report which systematically reviews human studies on
the association between dietary factors and type 2 dia-
betes is not currently available. A systematic collection
of previous publications (scientific papers) and its effi-
cient application are essential for the evidence-based
primary care and treatment of type 2 diabetes. We,

*To whom correspondence should be addressed.
E-mall: stssasak@nih.go.jp

therefore, systematically reviewed published cohort
studies examining the effects of dietary factors on the
incidence of type 2 diabetes. Alcohol was excluded in
the present paper not only because assessment methods
were quite different between alcohol and other dietary
factors such as nutrient and food intake, but also
because a systematic review of the relation between
alcoho! consumption and the risk of type 2 diabetes has
been published very recently (6).

Materials and Methods

We searched the MEDLINE (PubMed) database for
cohort studies on the relations of dietary variables
including energy and nutrient intake, food consump-
tion, and dietary score with the risk of developing type
2 diabetes using the following search strategy: (“diet”
OR ‘“dietary” OR "nutrient” OR "consumption” OR
“intake") AND (“diabetes” OR "diabetic”) AND ("pro-
spective” OR “cohort” OR “follow-up”). The search was
limited to English-language reports of apparently
healthy persons 15y of age or older, which were pub-
lished by the end of May, 2004. We then identified
papers (including review papers) on cohort studies
assessing the effects of dietary factors on the incidence
of type 2 diabetes by reading the abstract of each
retrieved avticle. Of these articles and their reference
lists, only articles that met all the following criteria
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were identified: 1} the endpoint was the incidence of
diabetes; 2) follow-up procedure and length and the def-
inition of the incidence of diabetes were clearly docu-
mented; 3) quantitative (including consumiption fre-
quency) assessment of food and/or nuirient was
conducted; 4) results were shown using the relative risk
(RR) (and 95% confidence interval (CI)); and 5) factors
used when calculating multivariate RR were clearly
indicated. As a result, 15 individual cohort studies (31
articles) of dietary factors and the risk of type 2 diabetes
were examined in the present paper.

We retrieved from the 31 articles 1) the number of
subjects, their sex, and age; 2) follow-up length; 3) pro-
cedure for ascertainment of the incidence of diabetes
and the number of diabetes cases; 4) dietary assessment
instrument used; 5) dietary factors examined; 6) vari-
ables used for adjustment; and 7) multivariate RR (and
95% CI) and p for trend. Por dietary factors examined
using more than one statistical analysis, the results of
the analysts which included the largest number of fac-
tors for adjustment were retrieved. Although several
articles performed stratified analyses according to sev-
eral risk factors for diabetes, the analysis of all partici-
pants was retrieved whenever possible. When men, and
women or white and African-American were analyzed
separately, we retrieved these separate analyses. The
results were considered statistically significant when
either of the following conditions was met: 1) the risk in
the highest category was statistically significant
(p<<0.05) compared with that of the lowest category, or
2) p for trend between dietary factors and the risk of
diabetes was statistically significant (<0.035),

Results S

Table 1 shows all the results of the 15 cohort studies
(31 articles) investigating the effect of dietary factors on
the Incidence of type 2 diabetes, All 15 studies were car-
ried out in Westexn countries: 10 studies in the USA
{studies 1-7, 9, 12, and 13 (7-27, 29, 30, 34, 35)); 3
in Finland (studies 10, 11, and 15 (31-33, 37)); 1in
the Netherlands (study 8 (28)); and 1 in Sweden (study
14 (36)). One study (study.3) investigated only male
subjects, while five studies (studtes 2, 5, 9, 13, and 14)
examined only female subjects. Both sexes were investi-
gated in the other nine studies; men and women were
analyzed separately in three studies (studies 1, 6, and
15) while the remaining six studies (studies 4, 7, 8, 10,
11, and 12) analyzed the data of men and women com-
bined. The age of subjects ranged from 15 to 98 y. The
number of subjects examined (n=895-85,060), follow-
up length (5.9-23y), and number of cases (n=74-
4,085} also varied considerably among articles.

Various methods for ascertainment of the develop-
ment of diabetes were used (see footnotes to Table 1):
death certificate or nationwide registry (studies 1, 10,
11, 14, and 15); questionnaire to confirm whether the
definitions of diabetes were met (studies 2, 3, 9, and
13); 2-h 75 g oral glucose tolerance testing (studies 7
and 12); sell-report by subjects (studies 5 and 8); blood
glucose level and self-report (study 4); and documents
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such as hospital record and death certificate and self-
report (study 6). The criteria for diabetes were also
slightly different among studies: the National Diabetes
Data Group (NDDG) (38) and the World Health Organi-
zation (WHO) (39} in studies 2, 3, 7, 12, and 13 except
for the artlcle by Lopez-Ridaura et al, (14) and the
American Diabetes Association (ADA) (40) In studies 4
and 9 and the article by Lopez-Ridaura et al. (14).

Differerit dietary assessment methods were also ap-
plied: non-validated questionnaire (studies 1, 11, 12,
14, and 15); validated questionnaire (study 8); vali-
dated food frequency questionnaire (studies 2, 3, 5, 7,
9, and 13); validated food frequency interview (study
4); diet history interview (study 10); and a single 24-h
dietary recall (study 6). Repeated dietary assessments
were made in 11 articles (study 13 and most of studies
2 and 3 (10-15, 17-20, 35)).

A total of 99 dietary factors were examined in the 31
articles. Different factors were used for adjustment in
each article, although well-known factors associated
with the development of type 2 diabetes such as age,
body raass index (BMI: weight (kg)/height (m)?2), smok-
ing, alcohol consumption, physical activity, family his-
tory of diabetes, and energy intake were used in many
analyses.

A summary of the results of the association of energy
and nutrient intake with the risk of type 2 diabetes is
shown in Table 2. Although several studies investigated
the relationship of energy and macronutrients (protein,
fat, and carbohydrate) to the development of type 2 dia-
betes, no study has shown a significant relation to date.
However, several studies indicated that several types of
fat and sugar appeared to be more important. Vegetable
fat and polyunsaturated fatty acid were inversely associ-
ated with the incidence of type 2 diabetes in several
studies, while a positive association between trans fatty
acld and the risk of type 2 diabetes was observed in sev-
eral studies. One study showed an inverse association
between the ratio of polyunsaturated to saturated fatty
acid and the incidence of type 2 diabetes. For sugars, on
the other hand, a beneficial effect of sucrose and
adverse effects of glucose and fructose were observed in
one study. In addition, positive relations of glycemic
index (a qualitative indicator of carbohydrate's ability to
raise blood glucose levels) and glycemic load (an indica-
tor of a glucose response or insulin demand induced by
the total carbohydrate intake) to the risk of type 2 dia-
betes were found in several studies.

Several studies indicated an inverse assoclation
between dietary fiber and the incidence of type 2 diabe-
tes. Among various types of fiber, beneficial effects of
cereal fiber (in several studies), soluble fiber (in one
study), and insoluble noncellulose polysaccharides (in
one study) were observed. One study showed a positive
relationship between cholesterol and the risk of type 2
diabetes. For minerals, several studies indicated a bene-
ficial effect of magnesium (both diet only and diet and
supplement combined) and an adverse effect of heme
fron. A positive relation between heme iron from red
meat and the risk of type 2 diabetes was observed in one
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