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RESEARCH DESIGN AND METHODS — In a population-based study of Japanese
Brazilians aged ⱖ30 years, 412 men and 465 women were studied. The diagnosis of metabolic
syndrome was based on the National Cholesterol Education Program criteria modified for
Asians. Food intake was assessed by a validated food frequency questionnaire.
RESULTS — Men and women showed similar mean ages (55.7 ⫾ 12.7 and 54.4 ⫾ 11.9 years)
and 49% (95% CI 44.8 –54.6) and 43% (38.4 – 47.6) had metabolic syndrome, respectively. As
expected, clinical parameters were less favorable in the subset of subjects with metabolic syndrome. Men with metabolic syndrome showed higher cholesterol (233.2 ⫾ 116.3 vs. 211.7 ⫾
5.8 g/day, P ⬍ 0.05) and lower carbohydrate (288.5 ⫾ 45.8 vs. 300.1 ⫾ 39.8 g/day, P ⬍ 0.001)
intakes than those without metabolic syndrome, but no difference was observed among the
women. After adjusting for sex, age, smoking, education level, generation, physical activity, total
energy, and dietary fiber intake, a positive association between metabolic syndrome and total fat
intake was detected. Comparing people in the highest quintile of total fat consumption with
those in the lowest quintile, odds ratio (OR) of metabolic syndrome was 5.0 ([95% CI 1.58 –
16.00]; P ⬍ 0.005). In contrast, linoleic acid intake was inversely associated with metabolic
syndrome (OR 0.50 [95% CI 0.26 – 0.98]; P ⬍ 0.05). Considering food groups, after adjustments
only fried food intake was shown to be associated with increased risk of metabolic syndrome.
CONCLUSIONS — Despite the limitation of such a study design in investigating causeeffect relationships, our findings favor the hypothesis that dietary total fat may increase whereas
linoleic acid intake may reduce the risk of metabolic syndrome in Japanese descendants living in
Brazil.
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T

he concept of metabolic syndrome
includes a number of metabolic disturbances linked by insulin resistance, which increase cardiovascular risk
(1). Weight gain (in particular, the abdominal depot of body fat) has a key role
for the development of the syndrome.

Lack of physical activity and certain dietary
patterns, including high saturated fatty acid
and low vegetable intake, contribute to
weight gain and increase the risk of metabolic disturbances (2,3), whereas such
potentially modifiable lifestyle factors
may reduce cardiovascular risk.
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OBJECTIVE — The aim of this study was to examine the association of nutrient intakes with
metabolic syndrome in a Japanese descendant population at high risk for metabolic abnormalities.

Metabolic syndrome is highly prevalent in the U.S. with an estimated 24% of
the adult population affected (4). The National Cholesterol Education Program (5)
defined metabolic syndrome based on
several parameters including anthropometric measurements. However, anthropometric cutoffs to identify high-risk
subjects may be influenced by ethnicity
(6,7). Based on the fact that in Asian populations morbidity and mortality are occurring in people with lower BMI values
and waist circumferences, the World
Health Organization recently proposed
different cutoff values to define increased
morbidity in Asians (7).
Migration studies indicate that adoption of the Western lifestyle is strongly
associated with type 2 diabetes. Our
group conducted a population-based
study in Japanese migrants and their descendants in Brazil who have one of the
highest prevalence of glucose metabolism
disturbances worldwide (8). High prevalence rates of type 2 diabetes and associated diseases in Japanese migrants living
in the Americas (8 –11) suggest that the
exposure to a different lifestyle exacerbated an inherent tendency to accumulate
fat and develop diabetes (12). Our group
and others reported that dietary changes,
such as an increase in animal fat intake
and reduction in complex carbohydrates,
were imposed by immigration (12–15).
Animal studies suggested that the type
of fat in diet may affect insulin sensitivity by
changing the fatty acid composition of
membrane lipids (16). In humans, a detrimental effect of saturated fat or a benefit of
polyunsaturated fat is controversial (3,17–
19). Few data are available regarding the
association of dietary factors with clusters of
diseases that have a common nutritional basis, such as the metabolic syndrome (20).
Considering the complexity of establishing
relationships between diet and disease, the
focus of this study was on a population in
which several diseases cluster together.
Therefore, we examined the association
of nutrient intakes with metabolic syndrome in a Japanese-Brazilian population at
high risk for metabolic abnormalities.

Dietary fat and metabolic syndrome

Dietary data
Dietary data were obtained by a quantitative food frequency questionnaire, developed and validated for the JapaneseBrazilian population (21). Subjects were
asked about their usual consumption of
foods and food groups (122 items) during
the last year. Participants reported their
habitual frequency of consumption of
each item, the respective unit of time (if
daily, weekly, monthly, or annually), and
size of the usual individual portion (if
small, average, large, or extra-large in relation to the reference portion for each
item of the food frequency questionnaire). Questions concerning use of
sauce, frequency of intake of visible fat,
and type of fat used in cooking procedures were also included. Complete rechecking of the coding as well as double
keying were performed on every questionnaire. In addition to standard range
edits, internal consistency edits and nutrient calculations for the diets were performed using Dietsys 4.01 software (22).
The nutrient database used was based primarily on U.S. Department of Agriculture
publications supplied by Dietsys, supplemented by the most recent edition of
Standard Food Composition Tables of
Brazil (23) and Japan (24). The variables
selected for this study were total calories,
carbohydrate, protein, total fat, saturated
fatty acid, oleic acid, linoleic acid, choles1780

terol, total fiber, and alcohol. Macronutrients were also considered as percentages
of total calories.
Physical activity was assessed by a
questionnaire including items regarding
the types of physical activities performed
during work and leisure periods. A score
was attributed to each subject, and three
categories were created: light, moderate,
or heavy. Smoking habit was classified
into two categories: current smoker or
not. Education level was classified into
three categories (⬍1, 1– 8, and ⬎8 years)
and generation as Japan-born or Brazilborn subjects. Body weight and height
were measured while subjects wore light
clothing and no shoes using calibrated
electronic scales and a fixed stadiometer.
Waist circumference was measured at the
umbilicus. BMI was calculated as weight
(kilograms) divided by height (meters)
squared. Blood pressure was taken three
times by automatic device (Omron model
HEM-712C; Omron Health Care) and the
mean value of the two last measurements
was used to express systolic and diastolic
blood pressure.
Laboratory methods
Total cholesterol, its fractions, triglyceride, and uric acid were measured enzymatically by automatic analyzer. Samples
for insulin determination were stored at
⫺80°C until assay; this was determined
by monoclonal antibody-based immunofluorimetric assay (AutoDelfia; Perkin
Elmer Life Sciences, Norton, OH). Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated
according to Matthews et al. (25).
Diagnosis of metabolic syndrome was
based on the Third Report of the National
Cholesterol Education Program—Adult
Treatment Panel III (5), replacing the anthropometric cutoffs by those previously
proposed by the World Health Organization for Asians (7). The presence of three
or more of the following components defined metabolic syndrome: fasting plasma
glucose ⱖ110 mg/dl (6.1 mmol/l); systolic or diastolic blood pressure ⱖ130 or
ⱖ85 mmHg; HDL cholesterol ⬍50 mg/dl
(1.29 mmol/l) for women or ⬍40 mg/dl
(1.04 mmol/l) for men; triglyceride ⱖ150
mg/dl (1.79 mmol/l); and waist circumference ⱖ80 for women or ⱖ90 cm for
men.

Statistical methods
Statistical analysis was performed using
SPSS version 10.0 (SPSS, Chicago, IL).
Rates of metabolic syndrome were calculated by point and interval. Nutrient intake was expressed in grams and as
percentages of total energy adjusted for
total energy through the residual method.
Energy-adjusted nutrient intakes were
calculated as the residuals from the regression model, with absolute nutrient intake as the dependent variable and total
energy intake as the independent variable
(26). Nutritional, clinical, and laboratory
data of the participants with and without
metabolic syndrome were compared by
Student’s t test; for categorical variables,
the Mantel-Haenszel 2 test for trend was
applied. Logistic regression was used to
calculate the odds ratios (ORs) and their
95% CIs for metabolic syndrome, with individuals in the lowest quintile category
of macronutrients as the reference category. ORs were adjusted for sex, age,
smoking, generation, leisure physical activity, level of education, total energy, dietary fiber, and alcohol intake and for a
number of possible sex interactions. To
assess trends across quintile categories,
we assigned the median intake of each
quintile category to individuals with intakes in the category and then included
this quintile median variable as a continuous factor in logistic regression models.
The P for trend was the resulting P value
for the associated logistic regression coefficient (27). Statistical significance was
defined as a two-tailed P value ⬍0.05.
RESULTS — Similar proportions of
men (47%, n ⫽ 412) and women (53%,
n ⫽ 465) were included, and their mean
ages were 55.7 ⫾ 12.7 and 54.4 ⫾ 11.9
years, respectively. Slightly higher prevalence of metabolic syndrome was found in
men (49.8% [95% CI 44.8 –54.6]) than in
women (43.0% [38.4 – 47.6]). As expected, clinical and biochemical parameters were less favorable, and HOMA-IR
values were higher in the subsets of Japanese-Brazilian men and women with metabolic syndrome (Table 1). Proportions of
generations, current smokers, and physical activity levels did not differ between
subjects with or without metabolic syndrome.
Nutrient intakes according to sex and
the presence of metabolic syndrome are
shown in Table 2. Men with metabolic
syndrome had significantly higher total
DIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005
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RESEARCH DESIGN AND
METHODS — A survey was designed
to estimate the prevalence and incidence
of diabetes and associated diseases in a
Japanese-Brazilian population living in
Bauru, São Paulo, Brazil (8). This was approved by the Institutional Ethics Committee and written informed consent was
obtained from all participants. The entire
Japanese-Brazilian population ⱖ30 years
of age (n ⫽ 1,651) was invited, and 1,330
first-generation (Japan-born) and secondgeneration (Brazil-born) subjects participated in all phases of the survey.
Self-reported diabetes, hypertension,
dyslipidemia, and other diseases whose
treatment could interfere in the dietary
plan were excluded. Thus, results refer
to 877 eligible subjects. They were interviewed at home by trained interviewers using standardized questionnaires
and scheduled for physical examination
and laboratory procedures after overnight fasting. The protocol has been described in detail elsewhere (8).

Freire and Associates

Table 1—Main characteristics of the study participants
Men

Women

Without metabolic
syndrome

Without metabolic
syndrome

With metabolic
syndrome

207
55.2 ⫾ 13.7

205
56.3 ⫾ 11.7

265
52.4 ⫾ 12.2

200
57.2 ⫾ 10.8†

51 (24.6)
156 (75.4)

37 (18.0)
168 (82.0)

29 (10.9)
236 (89.1)

28 (14.0)
172 (86.0)

25 (12.1)
76 (36.7)
106 (51.2)

16 (7.8)
84 (41.0)
105 (51.2)

23 (8.7)
103 (39.0)
138 (52.3)

27 (13.5)†
112 (56.0)
61 (30.5)

44 (21.3)
163 (78.7)

34 (16.7)
170 (83.3)

24 (9.1)
241 (90.9)

20 (10.0)
180 (90.0)

162 (78.3)
39 (18.8)
6 (2.9)
23.1 ⫾ 2.8
82.1 ⫾ 7.2
122.4 ⫾ 18.3
73.6 ⫾ 10.0
6.24 ⫾ 0.75
36.6 ⫾ 24.0
1.7 ⫾ 1.8
5.32 ⫾ 0.96
3.29 ⫾ 0.94
1.29 ⫾ 0.27
2.26 ⫾ 1.84
0.38 ⫾ 0.09

161 (78.5)
40 (19.5)
4 (2.0)
26.3 ⫾ 3.4†
91.1 ⫾ 8.1†
139.5 ⫾ 20.1†
84.4 ⫾ 11.7†
7.17 ⫾ 1.48†
63.0 ⫾ 45.6†
3.3 ⫾ 2.4†
5.53 ⫾ 1.02*
3.33 ⫾ 0.95
1.23 ⫾ 0.30*
3.72 ⫾ 2.92†
0.43 ⫾ 0.10†

223 (84.5)
36 (13.6)
5 (1.9)
22.4 ⫾ 2.8
74.0 ⫾ 6.8
115.5 ⫾ 17.1
70.2 ⫾ 9.3
5.96 ⫾ 0.62
40.8 ⫾ 31.2
1.8 ⫾ 1.5
5.35 ⫾ 1.06
3.28 ⫾ 0.9
1.38 ⫾ 0.27
1.68 ⫾ 1.33
0.27 ⫾ 0.06

172 (86.0)
25 (12.5)
3 (1.5)
25.8 ⫾ 3.3†
83.1 ⫾ 7.9†
135.3 ⫾ 22.8†
79.0 ⫾ 12.1†
6.88 ⫾ 1.76†
57.0 ⫾ 34.8†
2.9 ⫾ 2.0†
5.74 ⫾ 1.05†
3.52 ⫾ 0.97*
1.29 ⫾ 0.26*
3.04 ⫾ 2.25†
0.32 ⫾ 0.07†

Data are means ⫾ SD. *P ⬍ 0.01, †P ⬍ 0.001 vs. without metabolic syndrome.

fat (in grams and percentage of total energy), oleic acid, and cholesterol intakes
than those without metabolic syndrome
(P ⬍ 0.05). In women, significantly lower
protein intake adjusted for total energy
was observed when comparing subsets
with and without the syndrome.
ORs of metabolic syndrome across
quintiles of dietary nutrients showed that
the highest quintile of total fat was associated with a fivefold increase in risk of
having the syndrome, after adjustment for
sex, age, smoking, education level, generation, physical activity, total energy intake, dietary fiber, alcohol, and sex times
years of education interaction (Table 3).
Conversely, the highest consumption of
linoleic acid was associated with a protection against metabolic syndrome (OR
0.50 [95% CI 0.26 – 0.98]).
Nutrients were also considered in
food groups such as quintiles of fruits,
bread/cereals/rice, red meat, fish, eggs,
and oils/fried food. After adjustment for
DIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005

sex, age, smoking, education, generation,
physical activity, total energy, total fat,
and linoleic acid, only fried food intake
was shown to be associated with increased risk of metabolic syndrome (OR
1.27 [95% CI 0.82–1.96], 1.42 [0.92–
2.19], 1.31 [0.85–2.04], and 1.69 [1.10 –
2.61] for the second, third, fourth, and
fifth quintiles, respectively; P ⫽ 0.02).
CONCLUSIONS — A l t h o u g h a s pects of diet have been linked to individual metabolic features of the metabolic
syndrome (2,3,17,18), the role of dietary
factors in the etiopathogenesis of this syndrome has been poorly investigated (20).
As far as type 2 diabetes is concerned,
conflicting relationships with carbohydrates and fat intake have been reported
(28,29). Grouping diseases that share a
common etiopathogenetic basis was an
attempt to clarify the relationships of the
insulin resistance syndrome with dietary
factors. We had an opportunity to study a

population of Japanese ancestry that was
shown to be highly susceptible to metabolic syndrome when exposed to the
Western world (30). Since 1993, our
group has followed a cohort of Japanese
Brazilians with high prevalence of central
obesity, diabetes, dyslipidemia, and hypertension (8,9,12).
The definition of metabolic syndrome
used in the present study introduced a
modification to the National Cholesterol
Education Program criteria with respect
to the waist circumference cutoffs (5), in
accordance with recent World Health Organization recommendations for Asian
populations (7). The same diagnostic approach was previously used in other Asian
populations, namely the Omani from
Saudi Arabia (31). A slightly higher proportion of Japanese-Brazilian men with
metabolic syndrome are compatible with
greater cardiovascular risk attributed to
sex. Consistently higher HOMA-IR values
in the subsets of Japanese-Brazilian men
1781
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n
Age (years)
Generation (%)
Japan born
Brazil born
Education level (%)
⬍1 year
1–8 years
⬎8 years
Current cigarette smoking (%)
Yes
No
Physical activity (%)
Light
Moderate
Heavy
BMI (kg/m2)
Waist (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Plasma glucose (mmol/l)
Insulin (pmol/l)
HOMA-IR
Total cholesterol (mmol/l)
LDL cholesterol (mmol/l)
HDL cholesterol (mmol/l)
Triglycerides (mmol/l)
Uric acid (mmol/l)

With metabolic
syndrome

Dietary fat and metabolic syndrome

Table 2—Daily intake of energy and selected nutrients of the study participants
Men
Without metabolic
syndrome

With metabolic
syndrome

Without metabolic
syndrome

With metabolic
syndrome

207
2177 ⫾ 615

205
2293 ⫾ 670

265
1868 ⫾ 518

200
1823 ⫾ 542

293.0 ⫾ 84.4
300.1 ⫾ 39.8
54.2 ⫾ 7.5

295.6 ⫾ 95.4
288.5 ⫾ 45.8*
51.7 ⫾ 7.8†

248.2 ⫾ 75.4
245.6 ⫾ 32.4
53.1 ⫾ 7.1

246.2 ⫾ 83.2
249.7 ⫾ 32.2
53.8 ⫾ 7.1

72.0 ⫾ 24.5
73.9 ⫾ 13.4
13.2 ⫾ 2.4

76.5 ⫾ 25.3
74.6 ⫾ 14.5
13.3 ⫾ 2.5

65.3 ⫾ 23.5
64.7 ⫾ 13.7
13.9 ⫾ 2.7

61.4 ⫾ 20.5
62.3 ⫾ 11.5†
13.5 ⫾ 2.4

76.5 ⫾ 29.9
78.7 ⫾ 15.6
31.3 ⫾ 6.2

83.7 ⫾ 29.5†
81.4 ⫾ 16.6
32.7 ⫾ 6.1†

69.9 ⫾ 22.6
69.2 ⫾ 12.0
33.7 ⫾ 6.1

67.7 ⫾ 22.7
68.6 ⫾ 12.7
33.5 ⫾ 6.4

28.5 ⫾ 12.0
29.3 ⫾ 7.4
11.7 ⫾ 2.8

31.4 ⫾ 11.3†
30.6 ⫾ 7.2
12.3 ⫾ 2.8†

26.5 ⫾ 8.7
26.3 ⫾ 5.6
12.9 ⫾ 2.8

25.4 ⫾ 8.7
25.8 ⫾ 5.8
12.6 ⫾ 2.9

12.0 ⫾ 5.6
12.4 ⫾ 3.6
4.9 ⫾ 1.4

12.8 ⫾ 5.0
12.4 ⫾ 3.2
5.0 ⫾ 1.2

11.4 ⫾ 4.0
11.3 ⫾ 2.9
5.5 ⫾ 1.4

11.0 ⫾ 4.3
11.2 ⫾ 3.2
5.5 ⫾ 1.5

18.5 ⫾ 7.8
19.1 ⫾ 4.6
7.5 ⫾ 1.8

20.4 ⫾ 8.3†
19.8 ⫾ 5.2
7.9 ⫾ 2.0

16.8 ⫾ 6.5
16.6 ⫾ 4.1
8.0 ⫾ 2.0

16.3 ⫾ 6.6
16.6 ⫾ 4.3
8.0 ⫾ 2.1

205.0 ⫾ 95.6
211.1 ⫾ 78.8

239.4 ⫾ 139.8†
233.2 ⫾ 116.3†

175.1 ⫾ 87.5
173.2 ⫾ 70.4

167.3 ⫾ 81.0
169.8 ⫾ 63.1

16.0 ⫾ 6.5
15.9 ⫾ 4.9

16.3 ⫾ 7.0
16.5 ⫾ 5.4

18.2 ⫾ 7.7
18.7 ⫾ 5.8

18.9 ⫾ 9.0
18.4 ⫾ 6.7

138.2 ⫾ 266.3
143.4 ⫾ 264.7

193.6 ⫾ 341.1
188.5 ⫾ 333.4

9.6 ⫾ 31.2
9.6 ⫾ 31.2

12.3 ⫾ 53.4
12.3 ⫾ 53.3

Data are means ⫾ SD. *P ⬍ 0.001, †P ⬍ 0.05 vs. without metabolic syndrome. ‡Log-transformed values for statistical purposes.

and women classified with metabolic syndrome assured a reasonable identification
of subjects with metabolic syndrome in
whom associations with nutrient intake
were investigated.
Although food frequency techniques
have been largely used in cross-sectional
surveys, they could be considered limited
by their lack of quantitative accuracy. Underreporting of energy intake may be a
problem when obese subjects are under
investigation. The term “underreporting”
applies to dietary assessment methods
used to estimate total energy intake,
such as the food frequency questionnaire.
The small number of Japanese Brazilians
with elevated BMI should minimize the
1782

possibility of systematic bias caused by
underreporting in the present study.
Additionally, as pointed out by Margetts
and Nelson (32), differences in mean intake levels of macronutrients between
underreporters and those who give valid
records are reduced by energy adjustment.
In crude analysis, men with metabolic
syndrome were shown to have higher total fat and cholesterol intake to the detriment of carbohydrate than those without
the syndrome. However, no impact on
the risk of metabolic syndrome was shown
across quintiles of carbohydrate intake
adjusted for a number of variables. The
relationship between dietary carbohydrates and insulin sensitivity is a matter of

controversy (28,33). Simple sugars may
have a detrimental effect (33), whereas
starches and polysacharides may have
benefits for glucose metabolism (20,34,
35). In a large sample of adult Swedish
men and women, food patterns dominated by fiber bread provided favorable
effects, whereas those high in refined
bread or in cheese, cake, and alcoholic
beverages increased the risk for several
components of metabolic syndrome (36).
Concordantly, recent data from the Framingham Offspring Study supported the
fact that whole-grain intake is inversely
associated with HOMA-IR and lower
prevalence of metabolic syndrome (20).
Our study and others provided conflictDIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005
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n
Energy (kcal)
Carbohydrate
Crude intake (g)
Total energy adjusted (g)
Total energy (%)
Protein
Crude intake (g)
Total energy adjusted (g)
Total energy
Total fat
Crude intake (g)
Total energy adjusted (g)
Total energy (%)
Oleic acid (g)
Crude intake (g)
Total energy adjusted (g)
Total energy (%)
Linoleic acid (g)
Crude intake (g)
Total energy adjusted (g)
Total energy (%)
Saturated fatty acid (g)
Crude intake (g)
Total energy adjusted (g)
Total energy (%)
Cholesterol (mg)
Crude intake (g)
Total energy adjusted (g)
Fiber (g)
Crude intake (g)
Total energy adjusted (g)
Alcohol‡ (g)
Crude intake (g)
Total energy adjusted (g)

Women

Freire and Associates

Table 3—ORs of metabolic syndrome across quintiles of energy-adjusted nutrient intake
Quintiles of intake
1 (lowest)

2

3

4

5 (highest)

P value

51.9
17.4–150.3
1.00

56.2
22.2–107.6
0.57 (0.34–0.94)

60.9
30.4–119.3
0.72 (0.42–1.22)

70.2
28.4–133.5
0.62 (0.35–1.09)

91.3
44.0–185.6
0.69 (0.38–1.27)

0.448

52.9
16.2–175.8
1.00

61.4
17.5–129.1
0.63 (0.32–1.22)

67.5
25.5–139.3
1.39 (0.62–3.08)

76.9
40.3–145.1
2.15 (0.81–5.69)

95.6
47.1–249.8
5.03 (1.58–16.0)

0.005

20.0
6.6–52.6
1.00

22.5
6.0–42.2
0.85 (0.44–1.64)

24.5
9.4–51.7
0.89 (0.41–1.91)

29.7
14.7–74.3
0.71 (0.29–1.70)

36.7
20.0–113.7
0.72 (0.25–2.06)

0.426

7.9
2.43–17.8
1.00

9.4
3.1–19.4
0.92 (0.52–1.62)

10.1
3.8–20.8
1.08 (0.65–1.81)

11.9
3.7–23.1
0.65 (0.34–1.21)

15.4
7.5–45.7
0.50 (0.26–0.98)

0.026

12.2
3.7–45.6
1.00

13.8
5.4–39.8
0.87 (0.52–1.46)

15.3
4.3–31.7
1.18 (0.67–2.06)

17.6
8.8–35.5
1.01 (0.55–1.85)

24.3
11.9–62.7
0.77 (0.39–1.50)

0.480

109.6
16.9–298.0
1.00

136.6
45.2–509.1
1.40 (0.86–2.29)

163.1
35.4–300.3
1.40 (0.79–2.48)

206.4
84.94–353.2
1.13 (0.61–2.07)

297.2
140.3–931.3
1.36 (0.72–2.55)

0.900

Data are OR (95% CI) unless indicated and are adjusted for sex, age (ⱕ45, 46 – 60, and ⬎60 years), smoking, years of education (⬍1, 1– 8, and ⬎8 years), generation,
physical activity, total energy intake, dietary fiber, alcohol, and interaction (sex times years of education).

ing results which could be attributed to
the heterogeneity of study designs and/or
source of dietary carbohydrates.
The lack of association of carbohydrate intake seen in the present study is
somewhat in agreement with the study by
Brunner et al. (37). However, these investigators did not detect considerable differences between types of dietary fat, which
was the case in our study. Despite this, OR
was seen as a measurement of risk for
metabolic syndrome in the present study.
Because OR may overestimate the risk of a
common outcome such as metabolic syndrome, it is possible that an increase in
risk attributed to fat intake by the OR is,
in fact, less pronounced than a fivefold
increase. Our findings of an adverse impact of total fat intake and protection of
polyunsaturated fat concerning the association with metabolic syndrome are supported by several investigations (2,38,
39). Some human studies have specifically investigated the relationship of linoleic acid intake and metabolic syndrome–
related disorders and reinforced a
protection role for such polyunsaturated
acid (40 – 44). In both muscle and adipose tissue, a high-fat diet resulted in deDIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005

creased insulin receptor numbers, but no
change in receptor affinity. The same diet
has been shown to decrease insulinstimulated glucose transport and intracellular glucose metabolism (45). The type
of fat and degree of saturation were also
shown to play an important role for glucose metabolism. Classically, saturated
fatty acids and cholesterol have been positively associated with fasting and postprandial glucose levels (46). Several
studies indicated the fatty acid composition of membranes is dependent on the
fatty acid composition of diet (47). Diets
high in polyunsaturated fatty acid result
in increased insulin receptor numbers but
decreased receptor affinity. On the other
hand, saturated fat could exert adverse effects on the glucose/insulin system by
mechanisms involving oxidative stress.
Among the environmental changes
imposed on the Japanese immigrants in
Brazil, changes in dietary habits were
probably one of the most important.
Their current dietary pattern contrasts
with the traditional Japanese diet, particularly concerning the proportion of fat,
which, in association with sedentary lifestyle, may be contributing to increased

visceral adiposity and a predisposition to
metabolic syndrome.
In conclusion, our data suggest that
total fat intake may be a risk factor for
metabolic syndrome in a JapaneseBrazilian population. Our findings also
corroborate a beneficial effect of polyunsaturated fatty acid such as linoleic acid to
reduce risk for this clustering of diseases
linked by insulin resistance. Prospective
studies will help test the hypothesis in this
population.
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APPENDIX
Members of Japanese-Brazilian
Diabetes Study Group
Alcides Hirai, Amélia T. Hirai, Helena Harima, Magid Iunes (in memoriam), Mário
Kikuchi, Katsumi Osiro, Sandra R. G. Ferreira, and Suely G. A. Gimeno (Department of Preventive Medicine, Federal
University of São Paulo, Brazil); Laércio J.
Franco (Department of Social Medicine,
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Protein
Median intake (g/day)
Range of intake (g/day)
OR
Total fat
Median intake (g/day)
Range of intake (g/day)
OR
Oleic acid
Median intake (g/day)
Range of intake (g/day)
OR
Linoleic acid
Median intake (g/day)
Range of intake (g/day)
OR
Saturated fatty acid
Median intake (g/day)
Range of intake (g/day)
OR
Cholesterol (mg)
Median intake (mg/day)
Range of intake (mg/day)
OR

Dietary fat and metabolic syndrome

References
1. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E, Tuomilehto J,
Salonen JT: The metabolic syndrome and
total and cardiovascular disease mortality
in middle-aged men. JAMA 288:2709 –
2716, 2002
2. van Dam RM, Willett WC, Rimm EB,
Stampfer MJ, Hu FB: Dietary fat and meat
intake in relation to risk of type 2 diabetes
in men. Diabetes Care 25:417– 424, 2002
3. Feskens EJ, Virtanen SM, Rasanen L,
Tuomilehto J, Stengard J, Pekkanen J,
Nissinen A, Kromhout D: Dietary factors
determining diabetes and impaired glucose tolerance: a 20-year follow-up of the
Finnish and Dutch cohorts of the Seven
Countries Study. Diabetes Care 18:1104 –
1112, 1995
4. Ford ES, Giles WH, Dietz WH: Prevalence
of the metabolic syndrome among US
adults. JAMA 287:356 –359, 2002
5. Executive Summary of the Third Report
of the National Cholesterol Education
Program (NCEP). Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 285:2486 –2497,
2001
6. Kasim-Karakas SE: Ethnic differences in
the insulin resistance syndrome. Am J Clin
Nutr 71:670 – 671, 2000
7. Inoue S, Zimmet P, Bassett J: The AsiaPacific Perspective: Redefining Obesity and
its Treatment. Melbourne, Australia, World
Health Organization Health, 2000
8. Gimeno SGA, Ferreira SRG, Cardoso MA,
Franco LJ, Hirai AT, Matsumura L, Moisés
RS for the Japanese-Brazilians Diabetes
Study Group. Prevalence and 7-year incidence of type 2 diabetes mellitus in a Japanese-Brazilian population: an alarming
public health problem. Diabetologia 45:
1635–1638, 2002

1784

9. Ferreira SRG, Iunes M, Franco LJ, Iochida
LC, Hirai A, Vivolo MA for the JapaneseBrazilians Diabetes Study Group. Disturbances of glucose and lipid metabolism in
first and second generation of JapaneseBrazilians. Diabetes Res Clin Pract 34:S59 –
S63, 1996
10. Fujimoto WY, Leonetti DL, Kinyoun JL,
Newell-Morris L, Shuman WP, Storov
WC, Wahl PW: Prevalence of diabetes
mellitus and impaired glucose tolerance
among second generation Japanese-American men. Diabetes 36:721–729, 1987
11. Hara H, Egusa G, Yamakido M, Kawate R:
The high prevalence of diabetes mellitus
and hyperinsulinemia among the Japanese-Americans living in Hawaii and Los
Angeles. Diabetes Res Clin Pract 24:S37–
S42, 1994
12. Ferreira SRG, Lerario DDG, Gimeno SGA,
Sanudo A, Franco LJ: Obesity and central
adiposity in Japanese immigrants: role of
the Western dietary pattern. J Epidemiol
12:431– 438, 2002
13. Costa MB, Ferreira SRS, Franco LJ, Gimeno SGA, Iunes M: Dietary patterns in a
high-risk population for glucose intolerance. J Epidemiol 10:111–117, 2000
14. Freire RD, Cardoso MA, Shinzato AR,
Ferreira SRG: Nutritional status of Japanese-Brazilian subjects: comparison across
gender and generation. Br J Nutr 89:705–
712, 2003
15. Tsunehara CH, Leonetti DL, Fujimoto
WY: Diet of second-generation JapaneseAmerican men with and without non-insulin-dependent diabetes. Am J Clin Nutr
52:731–738, 1990
16. Storlien LH, Baur LA, Kriketos AD, Pan
Clooney GJ, Jenkins AB, Calvert GD,
Campbell LV: Dietary fats and insulin action. Diabetologia 39:621– 631, 1996
17. Marshall JA, Bessesen DH, Hamman RF:
High saturated fat and low starch and fibre are associated with hyperinsulinaemia
in a non-diabetic population: the San Luis
Valley Diabetes Study. Diabetologia 40:
430 – 438, 1997
18. Trevisan M, Krogh V, Freudenheim J,
Blake A, Muti P, Panico S, Farinaro E,
Mancini M, Menotti A, Ricci G: Consumption of olive oil, butter, and vegetable oils and coronary heart disease risk
factors: the Research Group ATS-RF2 of
the Italian National Research Council.
JAMA 263:688 – 692, 1990
19. Mayer-Davis EJ, Monaco JH, Hoen HM,
Carmichael S, Vitolins MZ, Rewers MJ,
Haffner SM, Ayad MF, Bergman RN,
Karter AJ: Dietary fat and insulin sensitivity in a triethnic population: the role of
obesity: the Insulin Resistance Atherosclerosis Study (IRAS). Am J Clin Nutr 65:
79 – 87, 1997
20. McKeon NM, Meigs JB, Liu S, Saltzman E,
Wilson PWF, Jacques PF: Carbohydrate

21.

22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.
33.

34.

nutrition, insulin resistance, and the prevalence of the metabolic syndrome in the
Framingham Offspring Cohort. Diabetes
Care 27:538 –546, 2004
Cardoso MA, Kida AA, Tomita LY, Stocco
PR: Reproducibility and validity of a food
frequency questionnaire among women
of Japanese ancestry living in Brazil. Nutr
Res 21:725–733, 2001
Block G, Coyle LM, Hartman AM, Scoppa
metabolic syndrome: Revision of dietary
analysis software for the health habits and
history questionnaire. Am J Epidemiol 139:
1190 –1196, 1994
Fundação IBGE. Tabela de composição
de alimentos. 4th ed. Rio de Janeiro, IBGE,
1996
Resources Council, Science and Technology Agency. Standard Tables of Food Composition in Japan. 4th ed. Tokyo, Women’s
University of Nutrition Press, 1993
Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC: Homeostasis model assessment: insulin resistance and ␤-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia 28:412– 419,
1985
Willett WC, Stampfer MJ: Total energy
intake: implications for epidemiological
analyses. Am J Epidemiol 124:17–27, 1986
Kleinbaum DG, Kupper LL, Muller KE:
Applied Regression Analysis and Other Multivariate Methods. Boston, PWS-Kent Publishing Company, 1988
Feskens EJM: Nutritional factors and the
etiology of non-insulin-dependent diabetes mellitus: an epidemiological overview.
World Rev Nutr Diet 96:1–39, 1992
Mooy JM, Grootenhuis PA, de Vries H,
Valkenburg HA, Bouter LM, Kostense PJ,
Heine RJ: Prevalence and determinants of
glucose intolerance in a Dutch Caucasian
population: the Hoorn Study. Diabetes
Care 18:1270 –1273, 1995
Rosenbaum P, Gimeno SGA, Sanudo A,
Franco LJ, Ferreira SRG: Analysis of criteria for metabolic syndrome in a population-based study of Japanese-Brazilians.
Diabetes Obes Metab. In press
Al-Lawati JA, Mohammed AJ, Al-Hinai
HQ, Jousilahti P: Prevalence of the metabolic syndrome among Omani adults. Diabetes Care 26:1781–1785, 2003
Margetts BM, Nelson M: Desing Concepts
in Nutritional Epidemiology. Oxford, Oxford University Press, 1998
Daly ME, Vale CV, Walker M, Alberti KG,
Mathers: Dietary carbohydrates and insulin sensitivity: a review of evidence and
clinical implications. Am J Clin Nutr 66:
1072–1085, 1997
Salmeron J, Manson JE, Stampfer MJ,
Colditz GA, Wing AL, Willett WC: Dietary fiber, glycemic load, and risk of noninsulin-dependent diabetes mellitus in

DIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005

Downloaded from http://diabetesjournals.org/care/article-pdf/28/7/1779/568770/zdc00705001779.pdf by guest on 14 August 2022

Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Brazil); Regina
C. S. Moisés and Luiza Matsumura (Department of Internal Medicine, Federal
University of São Paulo, Brazil); Newton
de Barros Jr. (Department of Surgery,
Federal University of São Paulo, Brazil);
Vania D’Almeida (Pediatrics Department,
Federal University of São Paulo, Brazil);
Nilce Tomita (Dental School of Bauru,
University of São Paulo, Brazil); Katsunori
Wakisaka (Japanese-Brazilians Study
Center, Brazil); Rita Chaim (Department
of Nutrition, University of Sagrado Coração de Jesus, Bauru, Brazil); and Marly
Augusto Cardoso (Department of Nutrition, School of Public Health, University
of São Paulo, Brazil).

Freire and Associates

35.

36.

37.

DIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005

tes Care 14:935–941, 1991
39. Salmeron J, Hu FB, Manson JE, Stampfer
MJ, Colditz GA, Rimm EB, Willett WC:
Dietary fat intake and risk of type 2 diabetes in women. Am J Clin Nutr 73:1019 –
1026, 2001
40. Laaksonen DE, Lakka TA, Lakka HM,
Nyyssönent K, Rissanen T, Niskanen LK,
Salonen JT: Serum fatty acid composition
predicts development of impaired fasting
glycaemia and diabetes in middle-aged
men. Diabet Med 19:456 – 464, 2002
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