
Dietary recommendations for type 2 diabetes
patients: Lessons from recent clinical and basic
research in Asia

Medical nutrition therapy (MNT) can
play a significant role in the treatment of
type 2 diabetes. In clinical settings, when
glycemic control or bodyweight worsens,
patients and healthcare professionals
should consider the cause and an appro-
priate strategy for remediation. Further-
more, the beneficial effects of the now
widely used glucose-lowering agents,
dipeptidyl peptidase-4 (DPP-4) inhibitors
and sodium–glucose cotransporter 2
inhibitors, are considerably influenced by
body mass index (BMI) and dietary
habits.
Inappropriate eating behaviors, together

with inadequate exercise, psychological
stress and insufficient sleep duration all
contribute to poor glycemic control and
bodyweight gain. Bad eating habits can
be due to overwork, waking up late, con-
suming greater amounts of food as a late
evening meal, and skipping breakfast
because of lack of appetite and/or time.
Skipping breakfast and eating late eve-
ning meals has been shown to be associ-
ated with poor glycemic control in young
male Japanese type 2 diabetes patients1.
In addition, obese type 2 diabetes
patients (BMI ≥30 kg/m2) show higher
hedonic hunger analyzed by the power
of food scale compared with non-obese
type 2 diabetes patients; there is a posi-
tive linear association between hedonic
hunger and poor glycemic control in
obese type 2 diabetes patients, but not in
non-obese type 2 diabetes patients2. Fur-
thermore, self-reported energy intake
does not differ between healthy

individuals and type 2 diabetes patients
(BMI <30 kg/m2) with relatively good
glycemic control (average glucose levels
117 – 16 and glycated hemoglobin
6.4 – 0.5%)3. These results show that eat-
ing breakfast and reducing the energy
content of evening meals is important
for restraining bodyweight gain and
hedonic hunger, and maintenance of
good glycemic control in type 2 diabetes
patients.
Mice fed a high-starch diet, the final

product of which is glucose, show obe-
sity4; mice fed a high-sucrose diet, the
final product of which is glucose and
fructose, show glucose intolerance due to
reduced glucokinase activity in the liver
and impaired glucagon-like peptide-1
secretion5, showing that a high-carbohy-
drate diet contributes to bodyweight gain
and worsens glycemic control. Indeed,
glycated hemoglobin levels were found to
be positively correlated with carbohydrate
intake and BMI in Japanese type 2 dia-
betes patients6. In addition, glycated
hemoglobin levels have been shown to
be negatively correlated with fiber intake
in Japanese type 2 diabetes patients6.
Medical nutrition therapy involving

low-carbohydrate diets, low glycemic
index diets and fiber-rich diets can ame-
liorate postprandial glucose excursion in
type 2 diabetes patients. A low-carbohy-
drate diet derived from changing only
the staple food consisting mainly of car-
bohydrate from normal-carbohydrate
bread to low-carbohydrate bread, which
changes the carbohydrate content from
48.8 to 35.5% of total calories in the
meal, was shown to decrease postpran-
dial plasma glucose levels in type 2 dia-
betes patients despite their taking
diabetic medications7. Reducing carbohy-
drate content in diets from 55% energy

to 40% energy or replacing high glyce-
mic index food with low glycemic index
food (e.g., replacing white rice with
brown rice) has also been shown to
ameliorate postprandial glucose eleva-
tion8. Interestingly, c-oryzanol contained
in brown rice not only improves glu-
cose-induced insulin secretion, but also
provides an anti-obesity effect by
decreasing the desire for an animal fat-
rich diet9. It is widely accepted that diet-
ary fiber intake ameliorates postprandial
glucose elevation by reducing glucose
absorption from the intestine. The recent
study also showed that vegetable intake
is higher among type 2 diabetes patients
with good glycemic control compared
with that among type 2 diabetes patients
not having good glycemic control. The
same study revealed that vegetable intake
among type 2 diabetes patients is inver-
sely associated with nocturia, which
might disturb a patient’s quality of sleep
and thereby contribute to hypertension
and hyperglycemia10.
Preloading of a protein-rich diet and

fiber-rich diet before carbohydrate intake
has been gaining attention as a novel
MNT that can prevent postprandial glu-
cose elevation in type 2 diabetes patients,
as well as in healthy individuals11–13.
Preloading of a protein-rich diet before
carbohydrate intake attenuates postpran-
dial glucose excursion, especially in
type 2 diabetes patients11,12. Slowing gas-
tric emptying and enhancing early-phase
insulin secretion by increasing secretions
of glucagon-like peptide-1, glucagon and
glucose-dependent insulinotropic
polypeptide (GIP) might contribute to
the decreased postprandial glucose
levels11,12. Vegetables abundant in fiber
are thought to delay glucose absorption,
and preloading of vegetables before
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carbohydrate intake decreases postpran-
dial glucose levels both in non-diabetic
individuals and type 2 diabetes patients
without enhancing early-phase insulin
secretion13 or delaying gastric emptying
(Yabe, data not shown). Thus, combining
preloading of a protein-rich diet with
fiber-rich diet might maximize their
effects on postprandial glucose elevation.
The effects of MNT on the efficacy

and safety of glucose-lowering agents,
such as DPP-4 inhibitors and sodium–
glucose cotransporter 2 inhibitors, are an
intriguing area of investigation8,14.
Recently, it has been reported that in
some type 2 diabetes patients who con-
sume more fats, but not more carbohy-
drates, DPP-4 inhibitor treatment
increases bodyweight, probably through
enhancement of GIP secretion and
action, and its glucose-lowering effects
are impaired for several months after ini-
tiation of DPP-4 inhibitor treatment14. In
animal experiments, both wild-type mice
fed a high-fat diet and high-starch diet
show obesity and enhanced glucose-in-
duced insulin secretion. Importantly,
bodyweight gain and enhanced glucose-

induced insulin secretion are not
observed in GIP receptor-deficient mice
fed a high-fat diet, but occur in GIP
receptor-deficient mice fed a high-starch
diet15. These results suggest that GIP
contributes to fat-rich diet-induced body-
weight gain, but not to carbohydrate-rich
diet-induced bodyweight gain.
Considering these recent findings on

MNT, which dietary plans can be recom-
mended clinically to better maintain
good glycemic control and bodyweight in
type 2 diabetes patients? First, type 2 dia-
betes patients should start the day with
breakfast and not consume food in the
late evening. Second, they should use
brown rice rather than white rice and a
low-carbohydrate bread rather than nor-
mal bread with vegetables. Alternatively,
they should be urged to eat vegetables
with abundant fiber and meat or fish
containing a large amount of protein
first, and then, after a short interval, to
eat the carbohydrates of the meal, includ-
ing the staple food. This meal sequence
mimics that of the traditional Japanese
“Kaiseki” cuisine, the individual dishes of
which are shown together in Figure 1.
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Fish soup:
Protein, Fat*

Sashimi (raw fish):
Protein, Fat*

Grilled or Boiled fish:
Protein, Fat*

Seasonal appetizer:
Dietary fibers

Steamed rice:
Carbohydrate

* Fish oil such as EPA(eicosapentaenoic acid) and
   DHA(docosahexaenoic acid)

Fruits:
Carbohydrate

Figure 1 | In practice, “Kaiseki” is carefully sequenced in its service. Dishes containing dietary fibers are eaten first, and the protein and fat courses
are then followed by the carbohydrate dishes. Such a sequenced meal markedly improves postprandial glucose excursion, gastric emptying and
incretin secretion in individuals with and without diabetes.
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