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Low-protein diet for the prevention of renal failure

By Shaw WATANABE*1,†

(Communicated by Kumao TOYOSHIMA, M.J.A.)

Abstract: The prevalence of chronic kidney disease (CKD) is estimated to be 8–16%
worldwide, and it is increasing. CKD is a risk factor for heart attack and stroke, and it can progress
to kidney failure requiring dialysis or transplantation. Recently, diabetic nephropathy has become
the most common cause of CKD. In Japan, the cumulative probability of requiring hemodialysis by
the age 80 years is 1/50 in males and 1/100 in females. The number of patients under hemodialysis
in Japan exceeded 320,000 in 2014, among which 38,000 were newcomers and 27,000 died.

The annual medical costs of hemodialysis are 1.25 trillion yen in Japan, representing 4% of the
total national medical expenditures in 2014. A low-protein diet (less than 0.5 g/kg b.wt.) is a very
effective intervention. Low-protein rice (1/10 to 1/25 of the normal protein contents) is helpful to
control the consumption of proteins, decreasing at the same time the intake of potassium and
phosphate.

Protein restriction is indicated as soon as the eGFR becomes lower than 60ml/min/1.73m2

body surface, in order, to slow disease progression. The newly developed low-protein Indica rice is
expected to help many CKD patients in China and Southeast Asia.
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The global burden of chronic kidney disease

Chronic kidney disease (CKD) is an important
public-health issue because of its progression to
adverse outcomes and high health-care costs.1)–3)

The prevalence is estimated to be 8–16% worldwide.
It is also linked to other major lifestyle-related
diseases, such as diabetes, cardiovascular diseases
and hypertension.4)

CKD is defined as a reduced glomerular filtra-
tion rate (GFR), an increased urinary albumin
excretion, or both.1) Complications include: an
increase in all-cause mortality and cardiovascular
mortality, kidney-disease progression, acute kidney
injury, cognitive decline, anemia, mineral and bone
disorders, and fractures.5)

Recently, diabetes mellitus has become the most
common cause of CKD worldwide.6) The increasing
prevalence of diabetes has led to CKD becoming the
leading cause of end-stage kidney disease (ESRD) in
many countries.4) Screening and adequate interven-
tions can prevent CKD to progress toward ESRD.7),8)

Diabetic kidney disease (DKD) occurs in 20% to 40%
of patients with diabetes mellitus and it is the leading
cause of CKD and end-stage renal failure in the United
States9) and in Japan. DKD causes a progressive
decline in renal function that is largely irreversible.

Renal replacement therapy, such as peritoneal
dialysis, hemodialysis or kidney transplantation are
often needed.10),11) The cumulative risk of hemodial-
ysis until age 80 years is 1/50 in males and 1/100 in
females.12)

The economic cost of DKD will grow to
enormous amounts, and strategies to prevent its
onset or progression are urgently awaited. There is
emerging evidence that changes in renal function
occurring early in the course of diabetes predict
future outcomes.13) In Japan, population-based
health checks include the screening of eGFR and
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urinary protein, allowing the detection of declines in
renal function at an early stage.15)

When are dialysis and/or transplantation in-
dicated? Typical criteria are: glomerular filtration
rate (GFR) <10%, uncontrolled symptoms, uremic
syndrome, vomiting, low appetite, edema, cardiac
failure, hyperkalemia, and significant acidosis.

We have been monitoring changes in eGFR in
a population-based cohort study in Saku munici-
pality.16) Usually the eGFR decreases at a rate
of 1ml/year, when appropriate amounts (male
60 g/day, female 50 g/day) of proteins are consumed.
In some people, however, the decrease in eGFR
accelerates up to 5ml per year (Fig. 1). Their dietary
habits feature a preference for broiled or baked beef
or other meat dishes.

Social burdens of chronic kidney disease

The number of patients under hemodialysis in
Japan exceeded 320,000 in 2014, among which 38,000
were newcomers and 27,000 died.17) Reasons for
initiating hemodialysis were: diabetic nephropathy
(43.3%), chronic glomerulonephritis (17.8%), neph-
rosclerosis (14.2%), and others. Chronic glomerulo-
nephritis decreased, while other complications of
diabetes increased. Chronic pyelonephritis and acute
progressive glomerulonephritis decreased, in parallel
with a lower incidence of polycystic kidney and
systemic lupus erythematosus (SLE).

It is very important to delay the conditions that
make hemodialysis a necessity, both to decrease
medical costs and to improve the quality of life of the
patients. The annual medical costs for hemodialysis
are 1.25 trillion yen in Japan, representing 4% of the
total national medical expenditure (31.5 trillion yen)
in 2014.18)

Peritoneal dialysis, hemodialysis and trans-
plantation are the classical treatments for advanced
renal failure. In Japan, 96% of dialysed patients
receive hemodialysis, and only 3–4% undergo peri-
toneal dialysis.17) The one-year survival rate after
induction of hemodialysis exceeds 90% in Japan,
but it is 80% in the USA and 85% in Europe.
Technical difference and/or lead time bias could
account for such differences. The 10-years CKD
survival in Japan is nearly 80%, and the 20-years
survival is 60%. The longest recorded surviving
period is 46.5 years now.

Supportive care during hemodialysis is impor-
tant.19) Water-soluble vitamins and some minerals
are easily lost by hemodialysis, so the monitoring
and the prescription of supplementary or therapeutic
doses are often necessary. Dietary control is also
important. The recommended protein intake during
hemodialysis is 1.2–1.5 g/kgb.wt. usually, but 0.8–
1.0 g/kgb.wt. is often enough and it can reduce the
frequency of dialysis.

median
75 percentile

90 percentile

25 percentile

10 percentile

5040  50 60 70 80 60 70 80 age

Males Fameles

90 

60 

30 

Decrease of eGFR by age. Population cohort in Saku.

Fig. 1. Annual change in eGFR in a population-based cohort study. Usually 1ml/year decrease is observed, when the proper amount of
protein is consumed. If the protein intake increases, the decreasing rate accelerates up to 5ml/year. When we examine the dietary
habits of participants, all of them claimed to prefer eating meat.
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Low-protein diet for the prevention
and treatment of CKD

Diet is one of the oldest treatments of CKD, and
it has been classically considered to be the mainstay
of its management.20) Over the past 50 years, protein-
restricted diets have been successfully used to treat
chronic renal failure in Japan.21) Even if associated
with comprehensive management, prescribing a
dietary therapy is often insufficient because of the
need for adjustments in eating habits. The empathic
educational approach may support a successful
personalized dietary intervention.22)

Accumulating evidence from recent randomized
controlled trials (RCTs) and cohort studies with long
observation periods call for revolutionary changes in
dietary therapy. With the increase of lifestyle-related
diseases, the improvement of dietary habits and the
practice of physical exercise have become more
important than drug therapy.23)

Despite the protecting effects of a low-protein
diet, patients with severe renal failure ultimately will
need dialysis or transplantation. A diet adjusted to
hemodialysis also has therapeutic effects. The sub-
stitution of animal proteins with vegetable proteins
improves the prognosis.24) The replacement of half

of the animal proteins (70%) by soy proteins showed
an improvement of many biomarkers in follow-up
studies of type-2 diabetic patients with nephropathy
(Table 1). Blood urea nitrogen (BUN) is a good index
of the effect of dietary therapy, and it should remain
less than 15mg/dl.

Low-protein diets are very effective, but many
physicians fail to control renal dysfunction because
they believe that 0.8 g/kg b.wt. protein intake is
already a low-protein diet. How is the recommended
dose of protein intake determined in the dietary
reference intake (DRI)? In Japan, the recommended
range of protein intake has been determined as ’2
SD around the average intake of 0.65 g/kg b.wt. It
means that if we take 0.83 g/kg proteins, deficiency
would not occur in 97–98% people. The nitrogen
equilibrium being 0.3 g/kg, the appropriate range of
low-protein diets should vary between 0.3 to 0.5 or
0.6 g/kgb.wt. Actually this low-protein diet induces
a good clinical response, as described later.

Many physicians became reluctant to employ
low-protein dietary therapy, especially after the
Evaluation of Modification of Diet in Renal Disease
Study (MDRD), in which very low protein diets
resulted in a worse prognosis.25) Yet, a critical reading
of the MDRD study is necessary, because the results

Table 1. Longitudinal effect of soy protein substitution to animal protein. This longitudinal randomized clinical trial was conducted
among 41 type-2 diabetic patients with nephropathy (18 men and 23 women). Twenty patients in the soy protein group consumed a
diet containing 0.8 g protein/kgb.wt. (35% animal proteins, 35% textured soy protein, and 30% vegetable proteins) and 21 patients in
the control group consumed a similar diet containing 70% animal proteins and 30% vegetable proteins for 4 years. The addition of soy
protein improved their prognosis

70% animal D 30% vegetable P 35% animal D 35% soy P D 30% vegetable P

4th yr 3rd yr 2nd yr 1st yr baseline 4th yr 3rd yr 2nd yr 1st yr baseline

Weight (kg) 73 69 73 71 72 71 73 72 70 71

SBP (mmHg) 148 147 150 155 153 147 149 158 148 150

DBP (mmHg) 93 94 96 95 91 93 94 90 92 96

FPG (mg/dl) 147* 146 145 142 137 121* 129 13 130 141

TC (mg/dl) 228* 227 225 221 218 201* 207 209 216 225

LDL-C (mg/dl) 158* 156 148 153 151 128 132 138 141 149

HDL-C (mg/dl) 45* 43 40 46 43 53* 50 52 47 49

UUN (mg/dl) 19.5* 18.9 18.5 17.8 18.1 12.8* 14.3 15.7 16.0 17.2

Proteinuria 725* 719 717 684 691 513* 543 603 621 667

Serum Cr (mg/dl) 1.61* 1.54 1.51 1.45 1.49 1.41* 1.49 1.44 1.53 1.56

Urine Cr (mg/dl) 5.2* 5.4 4.8 4.6 4.5 3.1* 3.5 3.8 4.0 4.8

BUN (mg/dl) 22 21 20 20 19 18* 18 19 19 20

CRP (mg/dl) 3.9 3.8 3.6 3.7 3.5 2.4 2.5 3.1 3.2 3.8

GFR (ml/min) 81 75 86 80 78 88 82 79 89 84

Plasma phytoE 1.08 1.11 1.06 1.10 1.07 1.29* 1.27 1.19 1.33 1.02

*p < 0.05.
Modified from Azadbakht and Atabak,24) Diabetes Care. 2008
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were included in the Japanese Guideline for
CKD.26),27) In the MDRD study, 585 participants in
group A (GFR 22–55ml/min/1.73m2) were divided
between ordinary protein intake (1.3 g/kg/day) and
low-protein diet (LPD: 0.6 g/kg/day), while 255
group B participants (GFR F 13–24ml/min/1.73m2)
were divided between LPD (0.6 g/kg/day) and very
low protein diet (VLPD: 0.28 g/kg/day). VLPD par-
ticipants also received 0.28 g/kg/day of amino acid/
keto-acid supplements, and multivitamin tablets.
Their energy intake was set at 30 kcal/kg b.wt.

The follow-up period was 2.2 years on average,
with an additional 9 months of follow-up revealing a
poor prognosis in the VLPD group. Early deaths and
deaths after hemodialysis were 33 in the LPD group
and 20 in the VLPD group. The numbers of patients
remaining free from hemodialysis or kidney trans-
plantation were only 5 and 6, respectively. However,
the actual protein intake was above the programed
level, while the actual energy intake was only 22–
20 kcal/kg, which was about 70 percent of our
calculated necessary energy intake (calculated from
the participants’ body weight).25) Consequently,
many patients could be considered to have died from
malnutrition. Arguably, the MDRD study failed to
show any effects of LPD and VLPD, because of
failing to achieve enough energy intake.

The clinically effective dose for CKD is less than
0.5 g/kgb.wt.22) We observed the case of a man
diagnosed with renal failure at age 52 years. When
he was advised to undergo hemodialysis, his serum

creatinine had reached 3mg/dl, and he changed
hospital to receive a low-protein dietary therapy. As
soon as his protein intake was limited to 0.75 g/kg,
his BUN and creatinine levels markedly decreased.
He was able to stabilize his renal function for more
than 10 years with a low-protein diet (0.55 to 0.35
g/kg bodyweight). Since the start of low-protein diet,
the body weight remained stable. Serum proteins and
albumin concentrations were well kept within normal
range. He could live without hemodialysis for more
than 10 years, and he saved about 50 million yen
(500,000 US $) of medical expenses.

To confirm the effect of a low-protein diet,
we performed a cross sectional study comparing 10
individuals in each of the following categories: very
low protein diet, hemodialysis patients, family mem-
bers of the patients, and dietitians.28) CKD patients
had diverse causes of renal impairment, but they had
received 6.7 years of low protein diet on average.
Daily protein intake was 0.39 g/kg, 0.55 g/kg for CKD
group, and 1.17 g/kg and 1.25 g/kg for family and
dietician group, respectively, but energy source is
ideal around 0.4 unit/kg b.wt. Vitamin B1, folic acid,
carotene, calcium. and phosphate intakes were less
than half of the DRI, but none of the patients had
signs of deficiency (Table 2). Serum biochemical data
showed no difference compared to controls, except for
BUN and creatinine in CKD patients. Bone mineral
density, and non-fatty tissue weight, measured by a
dual-energy X-ray absorptiometry (DEXA) did not
show any significant difference among study groups.

Table 2. Cross-sectional study comparing CKD patients with very low protein diet and controls. All patients carried out very low
protein diet, averagely 6.7 years. Daily protein intake was 0.39, 0.55, 1.17 and 1.25 g/kgb.wt., respectively. The serum biochemistry data
showed no difference with controls, except for the BUN and Cr of CKD group

VLPD Hemodialysis Family Dietitian

mean sd mean sd mean sd mean sd

Nutrient

intake

Body weight (kg) 54.3 4.0 52.1 6.1 48.8 3.8 50.1 3.4

Energy (kcal/kg) 31.7 5.0 33.5 2.8 33.1 4.5 32.8 6.9

Protein (g/kg) 0.39 0.08 0.55 0.10 1.17 0.26 1.25 0.28

Salt (g/day) 2.1 0.5 2.1 0.3 2.9 0.8 4.3 1.5

Vit. B1 (ug/day) 0.21 0.09 0.19 0.05 0.45 0.14 0.55 0.21

Follic acid (ug/day) 77 20 94 12 213 73 231 120

Carotene (ug/day) 1072 551 1451 293 2923 1530 2558 1477

Ca (mg/day) 96 50 105 38 302 121 370 199

P (mg/day) 227 39 265 14 570 126 595 209

Biochem

data

TP (g/dl) 7.1 0.3 7.5 0.3 7.3 0.2 7.4 0.3

Alb (g/dl) 4.3 0.2 4.4 0.0 4.3 0.3 4.3 0.3

BUN (mg/dl) 17.7 8.7 24.7 1.1 12.3 1.7 13.7 3.6

Creatinin (mg/dl) 3.0 3.0 8.7 0.7 0.6 0.2 0.6 0.1
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The CKD subjects were found not to suffer from
sarcopenia, osteoporosis, hyperkalemia, hypo-phos-
phatemia, hyperuricemia or high levels of uric acid,
although a slight anemia was observed.

A retrospective observational analysis was con-
ducted on 241 CKD patients (151 males and 90
females; average age 51.5 ’ 13.8; average 3.0 ’ 2.8
years of treatment, ranging from 0.3 to 16.0 years)
participating in the Low Protein Diet Practice for
Progressive CKD programme.29) With serum crea-
tinine levels less than 5mg/dL, a decrease in
proteinuria was seen within a relatively short period,
and estimated at 1.1 g/day protein in the urine
according to the protein intake reduction to 0.5
g/kg b.wt. (p < 0.01). These results suggest that
LPD protocols should be developed and applied for
progressive CKD patients, starting from an early
stages of the disease (eGFR <60ml/1.73m2).30)–32)

A low-protein diet is essential for patients with
CKD progressing to renal failure. The appearance of
proteinuria or an eGFR less than 60ml/min/1.73m2

are recognized threshold indicating when to start a
low-protein diet (below 0.5 g/kg b.wt.).

The benefits of a low-protein diet could be
summarized as follows: preservation of kidney
function, improvement of hyperphosphatemia and
hyperkalemia, decrease in urinary protein excretion,
improvement of subjective symptoms, reduction of
complications, and prolongation of hemodialysis-free
interval. Control of patients after the induction of
hemodialysis is also better by protein restriction.

Medical rice for kidney disease

In Japan, low-protein rice is available in
packaged units containing five different amounts
of protein rice. The rice content is 150 g to 180 g,
corresponding to 160 kcal (3 serving units of the
Diabetic Society). The lowest protein concentration
is 0.1 g, which is 1/25 of normal rice. The expiration
period is usually 7 months, but some formulas with a
3.5 year ‘best-before’ period can be stored for disaster
preparedness.33)

Food claim of Low-protein rice was approved
by the Ministry of Health, Labour and Welfare for
advanced (level 3 or more) CKD patients,34) but the
admitted protein reduction is only 50%. Substituting
white rice by low-protein rice is beneficial for
maintaining renal function. It is easy to reduce the
protein intake among rice-eating Asian people, by
using low-protein rice. The recommended protein
intake of Japanese is 60 g for males and 50 g for
females, and almost 20–30 g protein comes from rice.

Low protein rice is made by the enzymatic
digestion of polished raw rice. After wash out
aminoacids and short peptide, the rice is dried and
boiled under the pressure steam in a plastic tray. The
market price is 190 yen/pack, and it is much cheaper
compared to the price of hemodialysis.

The nutritional aspects of low-protein rice are
shown in Table 3 (Table 3). The energy intake is
preserved and the protein concentration is well
controlled. Low potassium and phosphate concen-
trations in low-protein rice are additional benefits for
CKD patients.

We propose a simple chart to decide on the
degree of protein restriction according to the eGFR
and age. When the eGFR is above 60ml/min/1.73m2

body surface, protein restriction is not necessary,
although the recommended dose is 0.8 g/kg b.wt.
When the eGFR becomes lower than 60ml/min,
protein restriction should start, aiming at a daily
intake of 0.5 g/kg b.wt. When the eGFR becomes
less than 30ml/min, further protein restriction is
necessary (0.4 g/kg b.wt.). If the eGFR decreases
under 10ml/min, the patient needs hemodialysis or
kidney transplantation.

The eGFR is easily estimated from a chart
checking age and serum creatinine. For example, if
the patient is 40 years-old and the serum creatinine
is 2.0mg/dL, the color of the crossing area is orange,
so the corresponding protein restriction should be
0.4 g/kgb.wt. (Fig. 2).

Obesity and hypertension should be controlled
for preventing CKD progression.35),36) We propose a
new energy unit (E-unit) of 80 kcal, such that healthy
adults’ caloric needs (in energy units) can be
calculated with a simple equation.37) The necessary
amount of energy units for daily intake is given by
the product of the body weight (kg)*0.4. This
remains constant throughout most of the adult life
for both sexes, for the elderly and even for pregnant
women. This formula, in conjunction with the
comprehensive food icon (FI), which is a colored

Table 3. Nutrients of low protein rice per pack

Energy Protein Potassium Phosphate

Whole rice 168kcal 2.5 g 29mg 34mg

1/3 low protein rice 158 0.81 1.3 15

1/6 low protein rice 161 0.5 0.6 15

1/10 low protein rice 167 0.25 2.2 13

1/20 low protein rice 167 0.12 0.3 14

1/25 low protein rice 167 0.1 0.0 13
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guide for balanced nutrition used in Shokuiku (food
and nutrition education) in Japan, will allow
individuals to adjust their energy intake to achieve
an adequate energy balance. The comprehensive food
icon includes information about (i) energy units, (ii)
the balance of major nutrients, and (iii) antioxidant
units (AOU) as a surrogate marker of vegetables and
fruits. The widespread adoption and utilization of
this food icon by food producers, suppliers, and
consumers will help people who want to control their
body weight. Life behavior modification is important
in case of CKD prevention.38)

The food industry can play a significant role in
promoting healthy diets by reducing the fat, sugar
and salt contents of processed foods.37) They can also
provide useful and comprehensive information to
consumers, using the proposed FI. Food labels with
detailed contents of nutrients are often too compli-
cated and difficult to understand by ordinary
consumers. Consumers primarily want to eat cheap
and tasty foods, and are generally not concerned with
the exact nutrient contents of foods.

Export of low protein rice to Southeast Asia

Low protein rice for Shanghai study. We
performed a RCT in Huadong Hospital (Shanghai)
with Professor Sun,39) to examine the effect of 12-
weeks dietary therapy for CKD patients. PLC rice
(FORICA FOODS Co., LTD) provided 3 packs/day
containing 1.35 g proteins and 900 kcal energy.
Compared with baseline levels, the total dietary
energy intake increased from 1606 kcal/d (27.9 kcal/
kg b.wt.) to 1748 kcal (30.8 kcal/kg b.wt.). The total
serum protein concentration increased from 74 g/L
to 77 g/L (p > 0.05). Meanwhile, body weight, BMI,
and hemoglobin did not significantly change. After 12
weeks, urinary protein levels decreased from 0.40 g/d
to 0.10 g/d (p < 0.05). Urine albumin also decreased
from 130.8mg/24 h to 60.8mg/d (p < 0.05). Twenty-
four urinary protein excretion, 24 h urinary albumin
excretion, and urinary albumin/creatinine ratio
decreased by 63.7%, 55.0% and 52.0% respectively.39)

Low-protein rice was well accepted by Chinese
CKD patients as a staple food. It is an important tool

eGFR >60 ml  Normal diet
eGFR <60 ml  Start protein restriction
eGFR <30 ml  Low protein diet
eGFR <10 ml  Hemodialysis or kidney

transplantation

Fig. 2. Simple step model of eGFR by age and serum creatinine. When the eGFR is above 60ml/min/1.73m2 body surface, protein
restriction is not necessary, although the recommended dose is 0.8 g/kgb.wt. When the eGFR is lower than 60ml/min, protein
restriction should start, aiming at a daily intake of 0.5 g/kgb.wt. When the eGFR becomes less than 30ml/min/, further protein
restriction is necessary (0.4 g/kg). If the eGFR decreases under 10ml/min/, the patient needs hemodialysis or kidney transplantation.
The eGFR is easily estimated from a chart computing age and serum creatinine. For example, if the patient is 40-years old and the
serum creatinine is 2.0 g/dL, the color of the crossing area is orange, so the corresponding protein restriction should be 0.4 g/b.wt.
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for CKD dietary therapy as it increases the intake
of energy and micronutrients, and it improves the
nutritional status. Unfortunately, this RCT was
interrupted by the Fukushima Atomic Plant Ex-
plosion, because rice exports to China have been
prohibited since then.

Low-protein rice plant in Bangkok. The
increasing trend in CKD is the same in Thailand.
According to the National Health Security Office, the
number of CKD patients above stage 3 is estimated
to be 10 million (17.6%).40) Expenditures reached 160
million Bahts in 2008, but they steadily increased to
3,858 million Bahts in 2012.

So, we have planned to build a small plant in
Thailand, because the number of CKD patients is
increasing in Thailand in parallel to obesity, hyper-
tension and diabetes. JICA supported our plan to
build a small plant in the Kassart University with the
collaboration of Professor Patcharee Tungtrakul.
Researchers from FORICA Food Co., Ltd. succeeded
in making a 1/10 low-protein rice from Indica rice.
As soon as September 2016, we are ready to start a
RCT in the Air Base Hospital in Bangkok.

A long-term and large sample size study is
planned in Thailand, to confirm the protective effects
of low-protein rice on CKD progression. Medical
expenditures for CKD patients has reached record
amounts of 200,000 Baht per capita/year. In terms
of yearly number of hospitalizations in Thailand,
diabetes steadily increased from 33/100,000 in 1985
to 91/100,000 in 1994, and 737/100,000 in 2009. The
prevalence of hypertension was 982/100,000 in 2009.
The number of overweight persons (BMI > 25) is
estimated to be 8.8 million. Obesity (BMI > 30)
affects 1.7 million people, hypertension 4.3 million,
and diabetes 1.8 million. This forebodes the pro-
gression to CKD to become a serious problem.

Conclusion

CKD becomes more common with increasing
age. After the age of 40, kidney filtration begins to fall
by approximately 1% per year. On top of the natural
aging of the kidneys, many conditions which damage
the kidneys are more common in older people includ-
ing diabetes, high blood pressure and heart diseases.

This is important because CKD increases the
risk of heart attack and stroke, and in some cases can
progress to kidney failure requiring dialysis or trans-
plantation. The appearance of micro-albuminemia
and/or low eGFR is an opportunity to start low-
protein diet to prevent complications and improve
the quality of life.41)–43)

The recent popularity of low-carbon diets entails
the risk of high-protein and high-lipid regimens to
result in renal dysfunction and/or hyperlipidemia
with atherosclereosis.44),45) In addition, meat con-
sumption is a risk factor of diabetes.46)

More studies should be conducted on dietary
therapies, including low-carbohyrate ketogenic diet.47)
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