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Abstract

To keep good glycemic control and suppress the development of dia-
betic complication, diet therapy is a very crucial treatment for type 2
diabetes. Recently, the effectiveness of carbohydrate-restricted diet,
and the diet for sarcopenia and frailty have been suggested, induc-
ing the paradigm shift of diet for type 2 diabetes. There is insuf-
ficient evidence regarding the distribution of nutrients in the diet of
patients with type 2 diabetes. Here, we reviewed the current state of
evidences and guidelines regarding energy allocation of nutrients for
patients who have already developed diabetes. At present, any Japa-
nese and international guidelines did not clearly describe an appro-
priate energy intake proportion of three major nutrients for treatment
of type 2 diabetes. The tailor-made medicine should also be applied
to the diet for type 2 diabetes. When setting the nutritional balance
of diabetic patients, first, we should fully understand each patient’s
current situation and make appropriate adjustments, taking into the
account of changes in body weight, blood glucose and lipid levels,
patient preferences, and feasibility.
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Introduction

The incretin-related drugs and sodium-glucose cotransport-
er-2 (SGLT?2) inhibitors appeared in the treatment of type 2
diabetes, and pharmacological therapy for type 2 diabetes
has made remarkable progress. To keep good glycemic con-
trol and suppress the development of diabetic complication,
diet and exercise are very crucial treatment for type 2 dia-
betes. Recently, the effectiveness of carbohydrate-restricted
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diet, and the diet for sarcopenia and frailty have been sug-
gested, inducing the paradigm shift of diet for diabetes.

First, we will summarize the current state of evidences and
guidelines regarding energy allocation of nutrients. Second,
we like to consider how to determine the energy allocation in
diet therapy for diabetes. The diet to reduce the risk of diabetes
in people without diabetes and the diet for patients who have
already developed diabetes are sometimes confused. Here, we
will describe the latter.

Changes in Japanese Physique and Diet

According to the 2016 National Health and Nutrition Survey
by the Ministry of Health, Labor and Welfare, the number
of people with diabetes reached 10 million, and the increase
has not been stopped [1]. It has been considered that the
increase in diabetic patients is influenced by the increase in
obesity in addition to the progress of aging. According to
the 2018 National Health and Nutrition Survey, the propor-
tion of obese persons with a body mass index (BMI) of 25
kg/m? or more was 32.2% for men and 21.9% for women
[2]. Although there has been no significant change over the
last 10 years, the proportion of obese men has significantly
increased as compared with those in the 1980s. The increase
in obese people is linked to the increase in diabetic patients
via insulin resistance. Compared with Westerners, Asians
have insulin secretion insufficiency, and even mild obesity
causes insulin resistance, leading to metabolic disorders
such as hyperglycemia. Therefore, correcting obesity by
diet is very important to improve glucose, lipids, and blood
pressure and also to prevent diabetic complications. How is
the Japanese diet changing? According to the National and
Health Nutrition Survey, Japanese energy intake decreased
from 2,184 kcal in 1965 to 1,897 kcal in 2017 [2]. Among
the three major nutrients, the proportion of carbohydrate-
derived energy among total energy decreased from 72.1% to
57.5%, while the fat-derived energy increased from 14.8%
to 27.7%. There is no significant change in protein energy
proportion from 13.1% to 14.6%, however, the intake of
vegetable protein has been decreasing and the intake of
animal protein has been increasing [2]. It is speculated that
such changes in Japanese eating habits as well as physical
activity declines have a large effect on the increase in obese
people. However, it remains unclear what dietary changes
increase obesity.
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The Diet Therapy for Type 2 Diabetes in Japan

In Japan, first, we determine total dietary energy intake and
then allocating total energy into the three major nutrients. The
total energy intake is determined by multiplying the standard
weight by a coefficient based on the amount of physical ac-
tivity (light exertion: 25 - 30 kcal, normal exertion: 30 - 35
kcal, heavy exertion: > 35 kcal), and the carbohydrate-derived
energy is in the range of 50% or more and 60% or less, protein-
derived energy is 1.0 to 1.2 g/kg body weight/day, and the rest
is fat-derived energy. Saturated fatty acids (SFA)- and polyun-
saturated fatty acids (PUFA)-derived energy should be within
7% and 10% of total intake energy. Recently, it has been recon-
firmed that there is insufficient evidence regarding the energy
allocation of nutrients, and the need for flexible consideration
for each patient is being emphasized.

Evidences on Carbohydrate Intake for Type 2
Diabetes Management

In the randomized controlled trial (RCT) where 24 Japanese
type 2 diabetic patients divided into two groups, an energy-re-
stricted diet group and a 70 - 130 g/day carbohydrate-restricted
diet group for 6 months, hemoglobin Alc (HbAlc) and triglyc-
eride was lower in the carbohydrate-restricted diet group [3].
In the RCT using 33 Japanese type 2 diabetic patients, a mild
carbohydrate-restricted diet of 130 g/day was performed for
6 months, BMI and HbAlc were significantly improved in a
mild carbohydrate-restricted diet group [4]. However, in this
study, energy intake was also reduced in the carbohydrate-re-
stricted group, and the difference in BMI and HbA 1c between
the two groups disappeared in the follow-up 1 year later [5].
Carbohydrate restriction for type 2 diabetic patients may have
a certain effect in the short term, but its long-term efficacy and
safety are not fully elucidated.

The Dietary Intervention Randomized Control Trial (DI-
RECT) study was conducted for 2 years by dividing 332 obese
patients including patients with type 2 diabetes, into low-car-
bohydrate diet, low-fat diet, and Mediterranean diet [6]. Low-
carbohydrate diet and Mediterranean diet group showed sig-
nificantly greater reduction in body weight and improvement
of insulin resistance and lipid profile. However, total energy
intake was also reduced in low-carbohydrate diet group, and
weight loss was also observed in low-fat diet group. A follow-
up study showed significant weight rebound in low-carbo-
hydrate diet group [7]. From these results, the effect seen in
low-carbohydrate diet group may be related to the decrease in
energy intake, and it cannot be concluded that the effect is due
to carbohydrate restriction, and it may be difficult to carry out
carbohydrate restriction in the long term.

The meta-analysis of 10 RCTs showed that HbAlc was
significantly lower for the first year in the low-carbohydrate
diet group with carbohydrate content of less than 45% of to-
tal energy [8]. After 1 year, the difference in HbAlc disap-
peared, and no difference in BMI or low-density lipoprotein
cholesterol (LDL-C) was observed. In a cohort study of 15,428
general population, there was a J-shaped correlation between
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carbohydrate-derived energy intake proportion and the overall
mortality rate, and the lowest overall mortality was observed
in population whose carbohydrate-derived energy intake pro-
portion were 50-55% [9]. In a cohort study of 1,516 Japanese
type 2 diabetic patients, no significant correlation was found
between baseline carbohydrate intake and the risk of develop-
ing nephropathy, retinopathy, or cardiovascular disease [10].

The long-term effects of carbohydrate intake in people
with type 2 diabetes remain unclear. Furthermore, it is neces-
sary to pay attention to the quality of carbohydrates. Japanese
and international guidelines recommend reducing intake of re-
fined carbohydrates and added sugars and increasing intake of
dietary fiber.

Evidences on Protein Intake for Type 2 Diabe-
tes Management

It has been reported that increased intake of protein, especially
animal protein, is a risk of developing diabetes and increases
insulin resistance. However, the association of protein intake
with glycemic control and development of complications in
patients with type 2 diabetes remains unknown. A cohort study
of 8,461 general populations without renal disease followed
for 6.4 years showed compared with intermediate protein in-
take, individuals with either higher or lower protein intake had
higher cardiovascular event rates [11]. All-cause mortality and
non-cardiovascular mortality also were significantly associ-
ated with protein intake; individuals with low protein intake
had the highest event rates. No association between baseline
protein intake and rate of renal function decline during follow-
up was observed [11]. A meta-analysis of eight RCTs using
patients with diabetic nephropathy showed that protein intake
of 0.6 - 0.8 g/kg/day reduced proteinuria, but no change in es-
timated glomerular filtration rate (¢GFR) [12]. However, an-
other meta-analysis of 13 RCTs, protein intake of 0.6 to 0.8 g/
kg/day was associated with improved eGFR in patients with
diabetic nephropathy [13].

There is insufficient evidence regarding the optimal pro-
tein intake in type 2 diabetes, and there is controversy regard-
ing the effect of protein restriction on the prevention of diabet-
ic nephropathy. Recently, the importance of protein intake has
been emphasized in elderly diabetic patients from the view-
point of preventing sarcopenia and flail. In a 3-year follow-up
study of elderly female diabetic patients, physical function was
maintained in the group receiving protein intake of 1.0 g/kg/
day or more compared to the group receiving less than 1.0 g/
kg/day [14]. It was also reported that Japanese chronic kidney
disease (CKD) patients over the age of 65 had a lower risk of
death in the highest protein intake group [15].

Evidences on Fat Intake for Type 2 Diabetes
Management

There is no definitive view on the effect of total intake of
fat in diabetic patients. Recently, the type of fat has become
more important than the total intake of fat. The DIRECT study
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Table 1. Descriptions on Energy Intake Proportion of Three Major Nutrients for Treatment of Type 2 Diabetes in Japanese and

International Guidelines

Society Issued year References Description

The Japan Diabetes Society (JDS) 2020 18 There is no clear evidence to determine the energy-producing nutrient ratio.
As a certain guide, 50-60% carbohydrate, 20% protein, the rest is fat.

American Diabetes 2020 19 There is no specific ideal nutrient ratio.

Association (ADA)

American Association of Clinical 2019 20 No description

Endocrinologists (AACE)

European Association for the 2019 21 Nutrient distribution should be individualized based on current

Study of Diabetes (EASD) dietary patterns, preferences and treatment goals.

International Diabetes 2017 22 No description

Federation (IDF)

has shown that the Mediterranean diet group, which contains
a large amount of PUFA and mono-unsaturated fatty acids
(MUFA), showed more beneficial effect on weight loss and
serum lipid profile as compared with the low-fat diet group
[6]. In the meta-analysis of nine RCTs using patients with ab-
normal glucose metabolism, although there was no change in
insulin resistance, HbAlc was lower in the group with high
intake of PUFA [16].

There are disagreements about the relationship between
the intake of fish-derived n-3 fatty acids and glycemic control.
RCTs using eicosapentaenoic acid (EPA) or docosahexaeno-
ic acid (DHA) have not shown prevention of cardiovascular
events [17]. At present, the effects of n-3 fatty acids on type 2
diabetic patients have not been confirmed.

Evidences and Guidelines for Energy Intake
Proportion of Three Major Nutrients for Type 2
Diabetes

There is little evidence on the proper balance of the three ma-
jor nutrients. The nutrient balance varies greatly depending on
the region. Compared to Europe and the USA, Japanese intake
larger energy from carbohydrates, but smaller energy from
fats. Furthermore, it is very difficult to clarify the proper nutri-
ent balance because the intakes of the three major nutrients are
closely related to each other.

Table 1 shows the current status of the description of nutri-
ent balances in Japanese and international guidelines [18-22].
According to the guidelines of the American Diabetes Society
(ADA), there are no specific ratios of the three major nutrients
in diabetic patients, and it is necessary to individually set spe-
cific dietary contents while considering total energy intake and
treatment goals, and specific nutrient balance is not described
[19]. In the Dietary Reference Intake for Japanese (2020 edi-
tion), the standards for nutrient balance in adults are 50-65%
carbohydrates, 13-20% proteins, and 20-30% fats (SFA 7% or
less) [23]. In the current situation where there is insufficient
evidence regarding the proper nutrient balance in diabetic pa-
tients, it is necessary to consider the intake status of healthy
people as a reference. In the “Proposal for Diet of the Japan
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Diabetic Society” issued in 2013, carbohydrates 50-60%, pro-
tein 20%, and the rest are fats in the total energy intake, and
if the fats exceed 25%, PUFA should be increased [24]. In the
guideline of the Japan Diabetes Society in 2020 [18], it was a
step back expression that “There is no clear evidence to set the
desirable energy-producing nutrient ratio for the prevention
and management of diabetes”. It is said that the energy ratio
indicated in the proposal is “a certain guide”. Furthermore, a
statement that “We should respond flexibly according to the
amount of physical activity of the patient, the state of com-
plications, age, preference, etc.” was added, emphasizing the
need to set individually for each patient.

How to Set Nutrient Distribution for Patients
With Type 2 Diabetes

Eating habits are influenced not only by the area in which they
were born and raised, but also by various factors such as fam-
ily environment, economic conditions, tastes, and age. It has
been argued that Japanese food is an ideal diet for Japanese
diabetic patients, but in reality, the Japanese diet is diversi-
fied and there are large individual differences. In addition, the
Diabetes Treatment Guide added that the treatment goal for
diabetes is “to allow diabetic patients to live the same life as
healthy people without suffering from stigma and social dis-
advantages caused by diabetes”. Given that, despite lack of
sufficient evidence, the fact that patients are forced to have a
uniform diet because of diabetes and that they are not allowed
to enjoy a variety of dietary cultures may be far from the ideal
treatment for diabetes.

In the 2020 edition of Diectary Reference Intake for Jap-
anese, while protein has a required amount among the three
major nutrients, it is unlikely that carbohydrates will fall be-
low the required amount except under special conditions. It is
appropriate to first determine the amount of protein, then the
amount of fat, and the remainder as carbohydrate [23]. When
setting the nutrient balance in dietary guidance for diabetic pa-
tients, it may be useful to refer to this way of thinking rather
than simply allocating the amount of energy intake among the
three major nutrients. In addition, the nutrient balance shown
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in the “Recommendations for Diet of the Japan Diabetes Soci-
ety” can be helpful in the cases with extremely unbalanced diet
[24]. The tailor-made medicine is not limited to drug therapy.
When setting the nutritional balance of diabetic patients, first
fully understand each patient’s current situation and make ap-
propriate adjustments, taking into the account of changes in
body weight, blood glucose and lipid, patient preferences, and
feasibility.
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