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ABSTRACT
Aims/Introduction: Our previous survey of two Japanese populations, with different
lifestyles but identical genetic dispositions, showed that Japanese Americans had different
dietary intakes and higher prevalences of obesity and diabetes mellitus, compared with
the native Japanese population. The present study examined whether Westernized dietary
habits could affect the development of obesity or diabetes.
Materials and methods: This study included 765 individuals with normal glucose
tolerance at baseline medical examinations (1986 or 1989 in Los Angeles and in 1988 or
1992 in Hawaii) who subsequently completed follow-up medical examinations several
years later. The participants were categorized at baseline as “lean” (576 individuals, body
mass index of <25 kg/m2) or “obese” (189 individuals, body mass index of ≥25 kg/m2).
Nutrient intakes were analyzed for associations with the development of obesity or
diabetes using Cox’s proportional hazard model.
Results: A total of 41 lean participants developed diabetes, which was not associated
with any nutrient intakes (mean follow up 10.8 – 6.6 years). A total of 36 obese partici-
pants developed diabetes, which was positively associated with intakes of animal protein,
animal fat and saturated fatty acid (mean follow up 10.7 – 6.3 years). A total of 85 lean
participants became obese, which was positively associated with intakes of simple carbo-
hydrates, sugar and fructose, as well as inversely associated with intakes of vegetable pro-
tein and complex carbohydrates (mean follow up 10.4 – 6.5 years).
Conclusions: In the Japanese Americans, different nutrient intakes affected the
development of obesity and diabetes. Furthermore, the associations of nutrient intakes
with diabetes development varied according to the presence or absence of obesity.

INTRODUCTION
The number of diabetes patients in the world is reported to
be >425 million, and the explosive increase has become a
global issue1. Similarly, the prevalence of obesity is increasing
in the world, and it is an important risk factor for cardiovas-
cular and kidney diseases, diabetes mellitus, some cancers and
musculoskeletal disorders2. Recently, in Japan, the percentage
of overweight individuals in the population is slightly increas-
ing in men, but not in women3. Diabetes mellitus and obesity
result from the interaction between a genetic predisposition
and behavioral and environmental risk factors4,5. Dietary

factors might influence the risk of diabetes and obesity6,7. A
Westernized diet is characterized by a high consumption of
red meat, processed meat, eggs, refined grains, sweets and
dessert, French fries, and high-fat dairy products8. A Western-
ized diet is associated with increased diabetes and obesity
incidence9–11.
We have been carrying out an epidemiological study of Japa-

nese Americans since 1970, which is titled the Hawaii-Los
Angeles-Hiroshima Study, and have carried out medical surveys
of Japanese individuals who are living in Hawaii, Los Angeles
and Hiroshima (Japan) every few years12. For our study, Japa-
nese Americans are defined as Japanese individuals who immi-
grated to the USA and their descendants. These individualsReceived 25 October 2018; revised 17 December 2018; accepted 8 January 2019
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have a Japanese genetic disposition, but live in an American
environment with corresponding eating and exercise habits.
Thus, we have been able to investigate the effects of lifestyle
Westernization (i.e., a sudden change from Japanese to Ameri-
can lifestyle) on the prevalences of metabolic diseases and
atherosclerosis by comparing the Japanese American and native
Japanese populations.
Between 1978 and 1988, the surveys showed that Japanese

Americans had relatively high intakes of animal protein, ani-
mal fat, saturated fatty acid (SFA), cholesterol and simple car-
bohydrates (e.g., sugar and fructose), with relatively low
complex carbohydrate intake, compared with the native Japa-
nese population13. Between 1992 and 1995, we divided Japa-
nese Americans into two subgroups (first-generation and
second- or later-generation) for comparison of the percentage
of nutrient intake14. As a result, the percentage of animal
protein, animal fat and simple carbohydrate intake was high-
est in the second- or later-generation Japanese Americans, fol-
lowed by the first-generation Japanese Americans and the
native Japanese population; the percentage of complex carbo-
hydrate intake was highest in the native Japanese population,
followed by the first-generation Japanese Americans and the
second- or later-generation Japanese Americans. Furthermore,
we reported that the Westernized eating habits among Japa-
nese Americans are associated with a trend towards insulin
resistance as an atherosclerotic risk factor15, as well as higher
prevalences of obesity, diabetes mellitus and metabolic syn-
drome16–18, compared with the native Japanese population.
However, we did not consider whether differences in nutrient
intakes were causally associated with the development of these
lifestyle diseases among Japanese Americans. Therefore, the
present study was carried out to examine longitudinal medical
survey data from Japanese Americans who lived in Hawaii or
Los Angeles during 1986–2010, in order to examine the asso-
ciations between nutrient intakes and the development of
obesity or diabetes mellitus.

MATERIALS AND METHODS
Study participants
The Japanese American participants underwent medical exami-
nations in Los Angeles (during 1986 and 1989) and/or in
Hawaii (during 1988 and 1992). If an individual completed
examinations in both locations, the earlier examination was
defined as the baseline examination. The same participants sub-
sequently underwent medical examinations that were carried
out in Los Angeles (during 1993, 1996, 2000, 2004 and 2010)
or in Hawaii (during 1995, 1998, 2002 and 2007) one or more
times. The initial examination involved a nutrient intake survey
and a 75-g oral glucose tolerance test (OGTT), and follow up
was subsequently initiated. The present study examined data
from 765 individuals (325 men and 440 women) who had nor-
mal glucose tolerance at the baseline examination. The study
was carried out with the approval of the ethics committee of
Hiroshima University.

Research methods
After an overnight fast, each participant was interviewed, pro-
vided written informed consent, and underwent a physical
examination and venous blood collection. Body mass index
(BMI) was calculated by dividing weight (kg) by height squared
(m2). The development of obesity was defined as an increase in
BMI from <25 kg/m2 to ≥25 kg/m2. The presence or develop-
ment of diabetes mellitus was based on self-reported diabetes
mellitus, a fasting serum glucose (FSG) level of ≥126 mg/dL or
a 2-h serum glucose after OGTT level of ≥200 mg/dL.
In order to examine the associations between nutrient intakes

and the development of obesity, the participants were classified
into two groups using their baseline BMI: the “lean” group
(576 individuals, including 222 men and 354 women, with a
BMI of <25 kg/m2), which was assessed for the development of
obesity and diabetes mellitus, and the “obese” group (189 indi-
viduals, including 103 men and 86 women, with a BMI of
≥25 kg/m2), which was assessed for the development of dia-
betes mellitus.
Dietary information at baseline was collected with the food

frequency method. During the nutrient intake survey, the fre-
quency of intake, amount of intake per meal and the cooking
method for each food group were ascertained using food mod-
els and personal interviews that were carried out by a dietitian.
Food models were used for portion sizes. All food items were
itemized into 80 groups, which were derived from the nutrient
survey. The mean daily intake of each food group was calcu-
lated as (mean amount of intake per meal) 9 (frequency of
intake per day), and the nutrition intake from each food group
was calculated as (nutritional value per g of each food) 9 (the
mean daily intake of each food group). The nutritional value of
each food group was determined according to the Nutritive
Value of American Foods in Common Units19. Values for daily
total energy and intake amount were calculated for individual
nutritional elements (i.e., total protein, animal protein, vegetable
protein, total fat, animal fat, vegetable fat, total carbohydrates,
simple carbohydrates, complex carbohydrates, sugar, fructose,
polyunsaturated fatty acid and SFA). Simple carbohydrate
intake was defined as the sum of the sugar and fructose
intakes.

Statistical analysis
Data were expressed as number, mean – standard deviation or
median (interquartile range). Skewed data distributions were
detected for triglycerides (TG), fasting immunoreactive insulin
(FIRI), homeostasis model assessment of insulin resistance and
homeostasis model assessment of b-cell function. Thus, those
parameters were logarithmically transformed before being ana-
lyzed. Continuous variables were compared using Student’s
unpaired t-test. We analyzed each nutrient as a percentage of
total energy (energy from each nutrient / total energy 9 100).
The corresponding risks of developing obesity or diabetes melli-
tus for each nutrient were evaluated using its intake level rela-
tive to total energy, based on Cox’s proportional hazard model,
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which was adjusted for age, sex, BMI, systolic blood pressure,
total cholesterol (T-cho), TG, FSG and FIRI. P-values of <0.05
were considered statistically significant. All analyses were car-
ried out using IBM SPSS Statistics for Windows (IBM Corp.,
Armonk, New York, USA).

RESULTS
During the follow-up period, 41 lean participants developed
diabetes mellitus (mean follow up 10.8 – 6.6 years) and 36
obese participants developed diabetes mellitus (mean follow up
10.7 – 6.3 years; Figure 1).
Table 1 shows the comparisons of the lean and obese partici-

pants according to whether they did or did not develop dia-
betes mellitus. In the lean group, participants who developed
diabetes mellitus had significantly higher FSG and 2-h serum
glucose after OGTT levels, compared with participants who did
not develop diabetes mellitus. In the obese group, participants
who developed diabetes mellitus had significantly higher T-cho
and TG levels, compared with participants who did not develop
diabetes mellitus. Compared with lean participants who devel-
oped diabetes mellitus, obese participants who developed dia-
betes mellitus had significantly higher values for BMI, TG, FIRI
and homeostasis model assessment of insulin resistance.
The baseline intakes of each nutrient were similar for partici-

pants who did and did not develop diabetes mellitus in the lean
and obese groups (Table 2).
In the lean group, the nutrient intakes were not associated

with the development of diabetes mellitus (Table 3). In the
obese group, the development of diabetes mellitus was signifi-
cantly positively associated with the intakes of total protein
(hazard ratio [HR] 1.22, 95% confidence interval [CI] 1.03–
1.45, P = 0.025), animal protein (HR 1.20, 95% CI 1.04–1.38,
P = 0.011), animal fat (HR 1.09, 95% CI 1.02–1.17, P = 0.010)
and SFA (HR 1.14, 95% CI 1.00–1.30, P = 0.047). These

associations were independent of the baseline values for age,
sex, BMI, systolic blood pressure, T-cho, TG, FSG and FIRI
(Table 4).
In the lean group, 85 participants developed obesity (mean

follow up 10.4 – 6.5 years; Figure 1). After adjusting for base-
line age, sex, BMI, systolic blood pressure, T-cho, TG, FSG and
FIRI, the development of obesity was significantly positively
associated with the intakes of total carbohydrates (HR 1.04,
95% CI 1.01–1.07, P = 0.018), simple carbohydrates (HR 1.07,
95% CI 1.04–1.10, P < 0.001), sugar (HR 1.09, 95% CI 1.04–
1.14, P < 0.001) and fructose (HR 1.05, 95% CI 1.01–1.08,
P = 0.011). The development of obesity was significantly inver-
sely associated with the intakes of total protein (HR 0.89, 95%
CI 0.81–0.98, P = 0.017), vegetable protein (HR 0.82, 95% CI
0.68–0.99, P = 0.049) and complex carbohydrates (HR 0.97,
95% CI 0.93–0.99, P = 0.047; Table 5).

DISCUSSION
The present longitudinal analysis (1986–2010) showed that the
development of obesity among Japanese Americans was signifi-
cantly associated with a higher intake of simple carbohydrates,
and a lower intake of vegetable protein and complex carbohy-
drates. In addition, the development of diabetes mellitus was
not significantly associated with nutrition in the lean group
(BMI of <25 kg/m2 at baseline), although it was associated with
higher intakes of animal protein, animal fat and SFA in the
obese group (BMI of ≥25 kg/m2 at baseline).
The results show that simple carbohydrate intake can lead to
the development of obesity, whereas intakes of vegetable pro-
tein and complex carbohydrates can help prevent the develop-
ment of obesity. Many reports have shown that simple
carbohydrate intake leads to weight gain and obesity, and
meta-analyses have shown that the sugar in sweetened bever-
ages and soft drinks is associated with weight gain20–22. Several
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1993, 1996, 2000, 2004, 2010 Los Angeles
1995, 1998, 2002, 2007 Hawaii
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–

Figure 1 | Study participants. BMI, body mass index; NGT, normal glucose tolerance.
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reports have described a mechanism through which fructose
causes obesity. First, unlike glucose, fructose acts as an unregu-
lated de novo substrate for fatty acid synthesis in the liver23.
Next, fructose does not stimulate insulin or leptin, and does
not suppress ghrelin, which can impair satiety signaling24. Fur-
thermore, compared with glucose, fructose differentially stimu-
lates the hypothalamic centers that are associated with food
intake and reward regulation25.

A study of overweight individuals with metabolic syndrome
showed that a diet that was high in complex carbohydrates
provided significant weight loss, compared with the normal
diet or a diet that was high in simple carbohydrates26. In
addition, the intake of dietary fiber, particularly cereal fiber,
in complex carbohydrates is inversely correlated with body-
weight, waist circumference and BMI, which can protect
against obesity27,28.

Table 1 | Baseline clinical characteristics

Lean (BMI of <25 kg/m2) Obese (BMI of ≥25 kg/m2)

Did not develop DM Developed DM Did not develop DM Developed DM

n 535 41 153 36
Men/women 202/333 20/21 84/69 19/17
Age (years) 58.2 – 14.0 61.2 – 11.0 58.4 – 13.4 57.0 – 11.1
BMI (kg/m2) 21.6 – 2.1 22.1 – 2.0 27.3 – 2.2 27.6 – 2.0§

SBP (mmHg) 128.0 – 18.3 129.0 – 16.6 136.0 – 18.9 133.0 – 14.4
DBP (mmHg) 75.9 – 10.0 76.9 – 9.5 79.3 – 10.7 78.1 – 10.6
T-cho (mg/dL) 220.0 – 39.6 222.0 – 31.5 223.0 – 36.6 237.0 – 44.4‡

TG (mg/dL) 104.0 (75.0–148.0) 106.0 (81.0–185.0) 123.0 (92.5–161.0) 169.0 (110.0–242.0)‡§

FSG (mg/dL) 86.6 – 8.3 92.9 – 9.3† 89.6 – 8.6 92.8 – 9.1
2-h SG (mg/dL) 97.5 – 21.6 113.0 – 22.3† 105.0 – 19.8 112.0 – 17.0
FIRI (lU/mL) 12.0 (9.0–14.0) 13.0 (9.5–14.5) 15.0 (11.0–19.0) 16.0 (11.3–19.8)§

HOMA-IR 2.46 (1.80–3.18) 3.02 (2.07–3.42) 3.16 (2.42–3.99) 3.67 (2.41–4.57)§

HOMA-b 180.0 (128.0–246.0) 144.0 (110.0–180.0) 203.0 (137.0–272.0) 175.0 (129.0–284.0)

Data are expressed as number, mean – standard deviation or median (interquartile range). P-values were calculated using unpaired t-test. Parame-
ters were transformed logarithmically before the analysis. †P < 0.05 between lean individuals who did and did not develop diabetes mellitus (DM).
‡P < 0.05 between obese individuals who did and did not develop DM. §P < 0.05 between obese and lean individuals who developed DM. 2-h
SG, 2-h serum glucose after the oral glucose tolerance test; BMI, body mass index; DBP, diastolic blood pressure; FIRI, fasting immunoreactive insulin;
FSG, fasting serum glucose; HOMA-b, homeostasis model assessment of b-cell function; HOMA-IR, homeostasis model assessment-insulin resistance;
SBP, systolic blood pressure; T-cho, total cholesterol; TG, triglycerides.

Table 2 | Baseline nutrient intakes

Lean (BMI of <25 kg/m2) Obese (BMI of ≥25 kg/m2)

Did not develop DM Developed DM Did not develop DM Developed DM

Total energy (kcal) 1,960 – 603 2,050 – 593 2,190 – 750 2,120 – 685
Total protein (g) 69.4 – 21.1 73.6 – 20.8 79.4 – 27.8 78.7 – 22.6
Animal protein (g) 39.4 – 15.7 41.5 – 15.0 45.9 – 21.2 47.1 – 16.2
Vegetable protein (g) 30.1 – 9.1 32.2 – 9.0 33.5 – 11.1 31.6 – 12.6
Total fat (g) 65.1 – 25.7 69.3 – 28.1 77.8 – 34.2 76.8 – 25.9
Animal fat (g) 31.2 – 15.5 32.9 – 15.2 35.8 – 20.2 38.0 – 16.7
Vegetable fat (g) 33.9 – 14.3 36.4 – 16.9 42.0 – 18.9 38.8 – 15.6
Total carbohydrates (g) 259.0 – 76.8 271.0 – 72.8 274.0 – 82.9 267.0 – 101.0
Simple carbohydrates (g) 82.7 – 40.5 83.1 – 40.2 87.5 – 43.4 87.6 – 50.0
Sugar (g) 37.3 – 25.7 39.7 – 25.4 38.4 – 25.8 44.0 – 35.0
Fructose (g) 45.4 – 29.7 43.4 – 28.9 49.1 – 31.2 43.6 – 33.6
Complex carbohydrates (g) 176.0 – 59.8 188.0 – 54.7 186.0 – 65.1 180.0 – 68.8
PUFA (g) 19.1 – 6.9 20.7 – 8.2 23.3 – 9.2 22.1 – 8.3
SFA (g) 20.9 – 9.2 22.1 – 9.3 24.6 – 12.2 25.1 – 10.1

Data are expressed as mean – standard deviation. Unpaired t-tests were used to compare the groups that did and did not develop diabetes melli-
tus (DM). PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.
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Large amounts of vegetable proteins are found in soybeans,
nuts and cereals. A study of individuals in the USA and
Canada showed an inverse correlation between the intake of
nuts and the prevalence of obesity29. In addition, a study of
Chinese women showed that soy protein intake was associated

with reduced bodyweight and body fat percentage30. Wistar rats
that were fed with soy protein showed a reduction in adipose
cell size, and elevated expression of adiponectin messenger
ribonucleic acid and protein31,32. Furthermore, b-conglycinin in
soybean has been reported to increase FGF21 levels and sup-
press weight gain33.
Meta-analyses have shown that the risk of developing diabetes
mellitus is associated with the consumption of red meat and
processed meat, which is rich in animal protein, animal fat and
SFA34,35. The present study also confirmed that higher intakes
of total protein, animal protein, animal fat and SFA were only
significantly associated with the development of diabetes melli-
tus in the obese group. Similarly, total protein and animal pro-
tein intake are risk factors for the development of diabetes
mellitus, based on the findings of European and American
studies36–39, as well as a meta-analysis40. It is possible that
amino acids reduce the endocrine function of the pancreas, act
as gluconeogenic precursors in the liver and increase insulin
resistance through the hexosamine biosynthetic pathway41,42.
European and American studies have also confirmed that

intakes of total fat, animal fat and SFA are risk factors for the
development of diabetes mellitus 43–45. In addition, a high-fat
diet or high proportion of SFA in the diet can lead to accumu-
lation of fat in the adipose tissue, muscle and liver, which can
cause insulin resistance46,47. Our study of mice that received a
high-fat diet also confirmed that it impaired the insulin–protein
kinase B signaling pathway, and reduced the phosphorylation/
activation of adenosine monophosphate-activated protein
kinase, which led to insulin resistance48.

Table 3 | Risks of developing diabetes mellitus according to nutrient
intakes/total energy (body mass index of <25 kg/m2)

Hazard ratio (95% CI) P

Total energy/IBW (kcal/kg) 1.00 (0.97–1.03) 0.974
Total protein/TE (%) 1.08 (0.93–1.24) 0.308
Animal protein/TE (%) 1.04 (0.90–1.21) 0.590
Vegetable protein/TE (%) 1.11 (0.87–1.43) 0.396
Total fat/TE (%) 1.02 (0.96–1.07) 0.574
Animal fat/TE (%) 1.01 (0.94–1.09) 0.736
Vegetable fat/TE (%) 1.02 (0.95–1.09) 0.671
Total carbohydrates/TE (%) 1.03 (0.98–1.07) 0.276
Simple carbohydrates/TE (%) 0.99 (0.94–1.04) 0.694
Sugar/TE (%) 1.02 (0.94–1.10) 0.725
Fructose/TE (%) 0.98 (0.93–1.04) 0.509
Complex carbohydrates/TE (%) 1.04 (0.99–1.08) 0.136
PUFA/TE (%) 1.06 (0.91–1.23) 0.469
SFA/TE (%) 1.04 (0.91–1.19) 0.587

The hazard ratios were calculated after adjusting for age, sex, body
mass index, systolic blood pressure, total cholesterol, triglycerides, fast-
ing serum glucose and fasting immunoreactive insulin. The mean dura-
tion of the follow-up period was 10.8 – 6.6 years (mean – standard
deviation). CI, confidence interval; IBW, ideal bodyweight; PUFA, polyun-
saturated fatty acids; SFA, saturated fatty acids; TE, total energy.

Table 4 | Risks of developing diabetes mellitus according to nutrient
intakes/total energy (body mass index of ≥25 kg/m2)

Hazard ratio (95% CI) P

Total energy/IBW (kcal/kg) 0.96 (0.93–1.00) 0.059
Total protein/TE (%) 1.22 (1.03–1.45) 0.025
Animal protein/TE (%) 1.20 (1.04–1.38) 0.011
Vegetable protein/TE (%) 0.82 (0.62–1.09) 0.173
Total fat/TE (%) 1.04 (0.99–1.10) 0.138
Animal fat/TE (%) 1.09 (1.02–1.17) 0.010
Vegetable fat/TE (%) 0.98 (0.91–1.05) 0.527
Total carbohydrates/TE (%) 0.98 (0.94–1.03) 0.523
Simple carbohydrates/TE (%) 0.99 (0.93–1.05) 0.696
Sugar/TE (%) 1.06 (0.98–1.14) 0.133
Fructose/TE (%) 0.94 (0.88–1.01) 0.089
Complex carbohydrates/TE (%) 0.99 (0.94–1.05) 0.726
PUFA/TE (%) 0.99 (0.84–1.15) 0.848
SFA/TE (%) 1.14 (1.00–1.30) 0.047

The hazard ratios were calculated after adjusting for age, sex, body
mass index, systolic blood pressure, total cholesterol, triglycerides, fast-
ing serum glucose and fasting immunoreactive insulin. The mean dura-
tion of the follow-up period was 10.7 – 6.3 years (mean – standard
deviation). CI, confidence interval; IBW, ideal body weight; PUFA,
polyunsaturated fatty acids; SFA, saturated fatty acids; TE, total energy.

Table 5 | Risks of developing obesity according to nutrient intakes/
total energy

Hazard ratio (95% CI) P

Total energy/IBW (kcal/kg) 0.99 (0.97–1.01) 0.461
Total protein/TE (%) 0.89 (0.81–0.98) 0.017
Animal protein/TE (%) 0.94 (0.85–1.03) 0.182
Vegetable protein/TE (%) 0.82 (0.68–0.99) 0.049
Total fat/TE (%) 0.98 (0.95–1.02) 0.347
Animal fat/TE (%) 0.98 (0.93–1.03) 0.375
Vegetable fat/TE (%) 0.99 (0.94–1.04) 0.661
Total carbohydrates/TE (%) 1.04 (1.01–1.07) 0.018
Simple carbohydrates/TE (%) 1.07 (1.04–1.10) <0.001
Sugar/TE (%) 1.09 (1.04–1.14) <0.001
Fructose/TE (%) 1.05 (1.01–1.08) 0.011
Complex carbohydrates/TE (%) 0.97 (0.93–0.99) 0.047
PUFA/TE (%) 0.96 (0.87–1.07) 0.488
SFA/TE (%) 0.96 (0.88–1.06) 0.436

The hazard ratios were calculated after adjusting for age, sex, body
mass index, systolic blood pressure, total cholesterol, triglycerides, fast-
ing serum glucose and fasting immunoreactive insulin. The mean dura-
tion of the follow-up period was 10.4 – 6.5 years (mean – standard
deviation). CI, confidence interval; IBW, ideal body weight; PUFA,
polyunsaturated fatty acids; SFA, saturated fatty acids; TE, total energy.
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Several previous Japanese cohort studies have shown the
association of carbohydrate intake with the development of dia-
betes mellitus. One study showed that rice intake was associated
with an increased risk of diabetes mellitus in women49, another
study showed that higher carbohydrate intake was associated
with a higher risk of diabetes mellitus in obese men50, the other
study showed that a low-carbohydrate diet was associated with
a decreased risk of diabetes mellitus in women, and the associa-
tion might be partly attributable to high intake of white rice51.
In contrast, a study of approximately 36,000 American women
showed that intakes of total dietary and cereal fiber helped pre-
vent the development of diabetes mellitus, and that total carbo-
hydrate intake was not correlated with the development of
diabetes mellitus52. In the present study, the association
between nutrient intakes and the development of diabetes mel-
litus in the obese group of Japanese Americans was similar to
that in previous Western studies, but different from that in pre-
vious Japanese studies.
These results showed that, even among a Japanese popula-

tion with a relatively low prevalence of obesity (vs Western
populations), an obese group of Japanese Americans are likely
to develop obesity-related diabetes mellitus, which is caused by
insulin resistance in response to an American diet, which is
high in animal protein, animal fat and SFA. However, the lean
group did not show an association between nutrient intakes
and the development of diabetes mellitus. In the lean group,
the subpopulation that developed diabetes mellitus had signifi-
cantly higher baseline FSG and 2-h serum glucose after OGTT
levels, with insignificantly lower baseline homeostasis model
assessment of b-cell function values, compared with the sub-
population that did not develop diabetes mellitus (Table 1). In
this context, Japanese Americans are considered genetically
Japanese, and are included in an Asian population that has a
relatively low ability to secrete insulin. Thus, among non-obese
Japanese Americans, the development of non-obese diabetes
seems to be more strongly related to the presence of mild glu-
cose intolerance caused by impaired insulin secretion, rather
than the intake of insulin resistance-inducing nutrients, such as
animal protein, fat and SFA.
The present study had several limitations. First, we did not
evaluate various factors that are related to the development of
diabetes mellitus, such as family history of diabetes mellitus,
exercise, physical activity and socioeconomic status. In the par-
ticipants who had information regarding family history of dia-
betes mellitus (317 individuals), we carried out the analysis
after adjusting for family history of diabetes mellitus, but the
results were almost same (data not shown). Second, we evalu-
ated total energy, three major nutrients, fructose, polyunsatu-
rated fatty acid and SFA, but not other nutrients (e.g., vitamins,
magnesium etc.). Furthermore, diet information was collected
through interviews during 1986–1992. However, the nutrient
intake profile of Japanese Americans might have changed over
time, and this possibility was not considered in the analysis.
Third, there is a minor environmental difference between

Hawaii and Los Angeles, despite these locations being in the
same country15,16, although these regions were not separated in
the analysis.
In conclusion, the present study examined longitudinal obser-

vational data from 765 Japanese Americans over a >10-year per-
iod, and showed that the development of obesity was associated
with American dietary habits, such as a high intake of simple car-
bohydrates, and low intakes of vegetable protein and complex
carbohydrates. Furthermore, among obese Japanese Americans,
the development of diabetes mellitus was associated with higher
intakes of animal protein, animal fat and SFA. However, nutrient
intakes were not associated with the development of diabetes
mellitus among non-obese Japanese Americans, which indicates
that obesity can modulate the association between nutrient
intakes and the development of diabetes mellitus.
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