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ORIGINAL ARTICLE

Relationship between number of metabolic syndrome
components and dietary factors in middle-aged and

elderly Japanese subjects

Rei Otsuka!, Tomoko Imai'2, Yuki Kato’, Fujiko Ando'? and Hiroshi Shimokata!

Metabolic syndrome (MetS) represents a cluster of risk factors for atherosclerosis and is considered a risk factor for
cardiovascular disease. The role of diet in the etiology of MetS is poorly understood, especially among Aslan subjects.

This cross-sectional study assessed the relationship between diet and the number of MetS components among Japanese men
(n=609) and women {n=631). Mean (s.d.) age and body mass index were 57.1 (12.1) years and 22.8 (2.8) kgm~2 for men
and 55.5 (12.0) years and 22.0 (3.0) kg m~2 for women, respectively. Diet was assessed by a 3-day dietary record that included
photographs: 16 nutrients, 11 food groups, and energy % of protein and dietary fat were selecled as a dietary index. The
definition of MetS was based on modified National Cholesterol Education Program, Adult Treatment Panel 1)l criteria, and the
number of clustering MetS components was calculated by adding the presence of each five MetS components. A total of 61 men
{10.0%) and 46 women (7.3%) were determined to have MetS. After adjusting for age, energy intake, alcohol intake, smoking
status and physical activity, a lower intake of vitamin B6 and dietary fiber in men, and lower intake of calcium, milk and dairy
products and higher intake of cereal in women were related to the number of MetS components. These results suggest that
some dietary factors were related to the number of MetS components among community-dwelling Japanese men and women.
Hypertension Research (2010) 33, 548-554; doi:10.1038/hr.2010.29; published online 12 March 2010

Keywords: cross-sectional study; dietary record; Japanese; metabolic syndrome

INTRODUCTION
Metabolic syndrome (MetS) represents a cluster of risk factors for
atherosclerosis, including visceral obesity, hypertension, dyslipidemia
and hyperglycemia; MetS is considered a risk factor for cardiovascular
disease.! The National Nutrition Survey in Japan, a population-based
study among 40- to 74-year-olds, revealed that 24% of men and 12%
of women were strongly suspected of having MetS, and 27% of men
and 8% of women were suspected of having MetS.2

MetS has become a major public health challenge in Japan.? The
pathophysiology of MetS appears to be largely attributable to insulin
resistance with an excessive flux of fatty acids,! although this disorder
presumably exists as a function of a complex interaction between
environmental factors, including diet or physical activity and genetic
factors. 3

Although dietary aspects have been linked to individual features of
MetS,5 the role of diet in the etiology of this syndrome is poorly
understood. Astans have different lifestyle and genetic factors com-
pared with Caucasians,®!® but only a few epidemiologic studies
examining diet and MetS among Asians have been conducted.!!-13
The aim of this study was to examine the relations between diet and

the number of MetS factors among community-dwelling Japanese
men and women.

METHODS
Study subjects
Data for this survey were collected as part of the National Institute for
Longevity Sciences Longitudinal Study of Aging (NILS-LSA). In this project,
the normal aging process has been assessed over time using detailed ques-
tionngires and medical checkups, anthropometrical measuremems, physical
fitness tests and nutritional examinations. Participants in the NILS-LSA
included randomly selected age- and sex-stratified individuals from the pool
of residents in the NILS neighborhood areas, Obu City and Higashiura Town of
Aichi Prefecture, Details of the NILS-LSA study are reported elsewhere ¢
Subjects in this study included 1189 men and 1194 women aged 40-86 years
who participated in the fourth wave of the NILS-LSA from June 2004 to July
2006. Subjects under non-pharmacological and/or pharmacological treatment
for hypertension, hypertriglyceridemia or diabetes were excluded, as were
subjects who indicated that they were aware of having these disorders but
were not undergoing treatment. There were 334 men and 327 women with
hypertension, 241 men and 174 women with hypertriglyceridemia and 104 men
and 69 women with diabetes. As some subjects had multiple disorders, a total
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of 489 men and 492 women were excluded from the study. Additionally,
subjects who did not fast overnight for venipuncture (11 men and 12 women),
those who did not participate or complete the nutrition survey (54 men and
47 women) and those whose energy intake was <1200kcal per day (2 men
and 11 women) or more than 3000 keal per day (24 men and 1 woman) were
also excluded. After these exclusions, 609 men and 631 women remained in
the study.

The study protocol was approved by the Committee of Ethics of Human
Research of the National Center for Geriatrics and Gerontology. Written
informed consent was obtained from all subjects.

Nutritional assessments

Nutritional intakes were assessed by a 3-dey dietary record, The dietary record
was completed over 3 continuous days (both weekend days and one weck-
day).$ Food was weighed separately on a scale (1kg kitchen scale, Sekisui Jushi,
Tokyo, Japan) before being cooked or portion sizes were estimated. Subjects
used a disposable camera (27 shots, Fuji Film, Tokyo, Japan) to take photos of
meals before and after eating, Dietitians used the photos to complete missing
date, and telephoned subjects to resolve any discrepancies or obtain further
information when necessary. The averages of the 3-dsy food and nutrient
intakes were calculated according 1o the fifth edition of the Standard Tables of
Foods Composition in Japan and other soutces.!S Alcohol intake in the
previous year was assessed by a food frequency questionnaire; trained dieticians
interviewed subjects using this questionnaire, According to previous large
epidemiological studies,™! we selected 16 nutrients and 11 food groups as a
distary index, along with energy % of protein and dietary fat.

Other measurements

Anthropometric measurements included waist circumference, height and body
weight. Waist circumference was measured 2t the umbilicus'®!? and body mass
index was calculated as weight/height® (kgm—2). Blood pressure was measured
by an automated sphygmomanometer (BP-203RVIi, Ommon Colin, Tokyo,
Japan) afier participants had been comfortably sested for at least 5min. Al
venous blood samples were obtained after an overnight fast. The serum was
separated promptly, and all lipid analyses were conducted at the clinicel
taboratory in the health examination center, Serum glucose and triglycerides
were measured using enzymatic methods. HIDL-cholesterol was measured after
dextran sulfate-magnesium precipitation,

Medical history (past and curremt) and smoking status (yes/no) were
collected using questionnaires. Physical activity was assessed by trained inter-
viewers using the Met Score (a multiple of the resting metabolic rate).
Participants were interviewed using a semi-quantitative assessment to deter-
mine their level of habitual physical activity during leisure time, on the job and
sdeeping hours,’® and we calculated the total MetS*minutes score per day
(Met5*1000 min per day). For example, walking for plessure was assigned a
25 Met§ intensity, and thus the leisure-time physical activity score was
50 MetS*min per day in the case of a 20min walk every day."

Definition of MetS and components

The definition of MetS was based on modified National Cholesterol Education
Program, Adult Treatment Panel IIl (NCEP-ATP III) criteria.’® Only the criteria
of abdominal obesity was different from that of NCEP-ATP I criteria.?® For
sbdominal obesity, we used the International Obesity task Force central obesity
criteria for Asia, which defined abdominal obesity as a waist circumference of at
least 90cm for men and at least 80 cm for women 2!

As stated easfier, study subjects under treatment for hypertension, hyper-
triglyceridemia and diabetes were excluded before the analyses. Thus, MetS was
defined as the presence of three or more of the following five components: (1)
abdominal obesity, defined as a waist circumference of at least 90cm for men
and at least 80cm for women; (2) elevated blood pressure, defined as blood
pressure >130/85mmHg (3) hypentriglyceridemia, defined as triglycerides
>150mg per 100m) (1.70mmol1-!); (4) Jow HDL-cholesterol, defined as
HDL-cholesterol <40mg per 100m! (<1.0mmoll™") in men and <50mg
per 100m! (<1.3mmoll"!) in women; and (5) devated blood glucose levels,
defined as fasting blood glucose 3> 100 mg per 100 mL The number of clustering
MetS components was caleulated by adding the number of MetS components.
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Statistical analyses
All statigtical analyses were conducted with Statistical Analysis System, release
9.1.3 (SAS Institute, Cary, NC, USA). Subjects were categotized into four
groups according to the number of clustering MetS components (0, 1, 2, 3-5).
Values of 3-5 were combined becsuse only a few or no subjects had 4 or 5 MetS
components (4 components: 12 men and 5 women; 5 components: 0 men and
2 women). Associations between categorical variables were tested by 32 test and
95% confidence interval (C1) was estimated using the PROC FREQ procedure.
Comparisons between continuous variables were performed by analysis of
variance and trend test. Linear regression models were constructed using the
PROC GLM procedure to examine the association between the number of
MetS components and dietary indexes, that is, the 11 food groups, 16 nutrients
and energy % of protein and dietary fat. Mean nutritional intakes were
calculated by the number of MetS components (0, 1, 2, 3-5) after multivariate
adjustment for potential confounding factors, which included age, energy
intake, aloohol intake, smoking status and physical activity. Additionally,
demographic differences between subjects (609 men and 631 women) and
those excluded from the study {580 men and 563 women) were analyzed by
$-test.

All reported P-values were two-sided, and a P-value <0.05 was considered
significant.

RESULTS

Subject characteristics are presented Table 1. Mean (s.d.) age and BMI
were 57.1 (12.1) years and 22.8 (2.8) kgm~? for men and 55.5 (12.0)
years and 22.0 (3.0) kgm™2 for women, respectively. Age and BMI
gradually increased with the number of MetS components in both
men and in women, whereas mean age of subjects with 2 or 3-5 MetS
components was similar in men (59.5 years and 59.5 years, respec-
tively) and women (60.7 and 60.9 years, respectively).

Abdominal obesity, defined as waist circumference >90cm, was
noted in 20.0% of men (95% CI: 16.8-23.2), with a prevalence of 14.4,
419 and 70.5% among men with 1, 2 or 3~5 MetS components,
respectively, Abdominal obesity, defined as waist circumference
>80cm, was noted in 44.1% of women (95% Cl: 40.2-48.0), with
a prevalence of 69.7, 84.5 and 97.8% among those with 1, 2 or 3-5
MetS components, respectively. Elevated blood glucose levels were
seen in 38.1% of men and 17.9% of women according to the number
of MetS components (1, 2 or 3-5) was 49.8, 61.5 and 91.8% in men
and 17.1, 41.8 and 73.9% in women, respectively. Hypertriglyceride-
mia and hypertension were seen in 18.2 and 22.5% of men and 7.5 and
12.8% of women, respectively. Low HDL-C levels occurred in 5.9% of
men and 7.0% of women. A total of 61 men (10.0%) and 46 women
(7.3%) met the NCEP-ATP IIl madified criteria for MetS, that is, they
had 3-5 MetS components.

In sub-analyses, demographic differences between subjects included
in the study (609 men and 63} women) and those excluded from the
study (580 men and 563 women) were analyzed. Age, BMI and the
other anthropometric variables (for example, blood pressure, waist
circumference or fasting ghicose levels) were lower among subjects
than those excluded (mean (s.d.) age: 56.9 (12.1) vs. 64.8 (11.7) years,
mean BML 22.5 (2.9) vs. 23.6 (3.2) kgm™?, respectively).

Table 2 shows multivariate adjusted mean food and nutrient intake
according to the number of MetS components in men, Among the
dietary indexes, daily intakes of vitamin B6 decreased from 1.36 to
121mg, and dietary fiber decreased from 162 to 14.5mg as the
number of MetS components increased. Although analysis of covar-
jance did not reach statistical significance, intake of vegetables was
lower among men with higher number of MetS components, and
decreased from 301.1 to 271.9g as the number of MetS components
increased (ANCOVA P=0.07, trend test P=0.03). In addition,
although analysis of covariance or trend tests did not reach statistical
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