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INTRODUCTION

Dietary therapy plays a central role in diabetes management by
preventing its onset, controlling blood glucose and preventing

ABSTRACT

Aims|/Introduction: The present study investigated the relationship between the
macronutrient energy ratio, dietary carbohydrate and glycated hemoglobin levels in Japa-
nese patients with type 2 diabetes, to generate a potential optimal dietary intake of
macronutrients for such patients.

Materials and Methods: In total, 3,032 patients participating in the Sleep and Food
Registry in Kanagawa study were evaluated. Their diets were assessed for macronutrient
content through a brief self-administered dietary history questionnaire. Relevant biochemi-
cal assays were carried out.

Results: The mean energy intake (tstandard deviation) was 1,711 £ 645 kcal/day. The
proportion of energy supplied by protein, fat and carbohydrate were 163, 26.8 and 52.3%,
respectively. Total fiber intake was 12.6 £ 5.7 g/day. The high glycated hemoglobin
(HbA1c) group (HbAlc >8%) had significantly lower protein and higher carbohydrate
intake than the low HbATc group (HbAlc <6.5%). Higher HbATc levels were positively
correlated with unfavorable metabolic factors, including elevated body mass index and
excess carbohydrate intake, and negatively correlated with age, protein intake and fiber
intake. Multiple regression analysis showed a significant association between HbATc and
carbohydrate intake after adjusting for sex, age and body mass index (0.104, P < 0.0001).
Additionally, patients within the uppermost tertile for the percentage of total energy
intake from carbohydrate (>60%) were most likely to have high HbA1c levels. HoATc was
significantly correlated with carbohydrate (%E) in all age groups and in patients taking
one or two antidiabetic drugs.

Conclusions: The dietary carbohydrate:energy ratio has a positive correlation with
HbATc, suggesting that avoiding excessive carbohydrate intake (>60%) might help foster
glycemic control.

or delaying the onset of complications. One of the goals of
nutrition therapy for patients with diabetes is to achieve and
maintain blood glucose levels that are normal or as close to
normal as possible’. Good glycemic control can help to amelio-
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myocardial infarction and hypertension®. While restriction of
energy intake is widely recommended when treating type 2 dia-
betes mellitus®, the optimal macronutrient composition remains
debatable, as even intensive calorie intake reduction might not
decrease the incidence of cardiovascular events in patients with
type 2 diabetes who are overweight or obese*. Although some
studies have shown that low-carbohydrate diets might influence
plasma glucose reduction, weight loss and the serum lipid pro-
file in comparison with diets that are high in carbohydrates
and low in fats,”” there have also been some mixed results®.
This could explain why some authors question the validity of
calorie restriction intervention”.

The recommendations of diabetologists, cardiologists and
nutritionists regarding the optimal diet for patients with type 2
diabetes differ slightly'® % It is recommended that fat intake
should be between <25 and 35%, and carbohydrate intake
between 45% and 60% of the total energy intake'’. The Ameri-
can Diabetes Association recently noted a lack of ideal calorie
intake from various macronutrients in patients with diabetes.
This emphasizes the lack of clarity of optimal carbohydrate and
protein intake to optimize glycemic control'*. Hence, it is sug-
gested that assessment of individual dietary choices, patterns
and metabolic objectives should determine macronutrient
intake'®. Glycated hemoglobin (HbAlc) is increasingly being
used as a biochemical indicator of the efficacy of this individu-
alized assessment'® %,

There are marked differences between dietary patterns in
Asian and Western countries as a result of variations in food-
stuffs, food composition and nutritional preferences. Many
studies show a lower cardiovascular morbidity in Japan than in
Western countries, and diet might be partly responsible for this.
A survey of Spanish dietary choices reported a low-carbohy-
drate and high-fat diet'®. This diet is fairly prevalent in other
Western countries, and affords the advantage of increased sati-
ety and spontaneous reduction in energy intake; this might
improve glycemic control and reduce hyperinsulinemia®. In
contrast, the Japan Diabetes Society (JDS) has recommended
that patients with diabetes should obtain approximately
50-60% of their calorie intake from carbohydrates, 1.0-1.2 g/kg
from protein and the remainder from fat*'. Few large-scale
studies have reported on the food patterns in patients with type
2 diabetes in Asia, including Japan®>*’. Hence, the present
study seeks to elucidate the diet of selected patients with type 2
diabetes in Japan, and their optimal energy distribution of
macronutrients for improved glycemic control.

METHODS

The Sleep and Food Registry in Kanagawa (SOREKA), Japan,
forms part of a multicenter prospective study (UMIN Clinical
Trial Registry 000014318) aimed at evaluating the effects of
modern treatments on the prognoses of patients with diabetes
attending teaching hospitals certified by the JDS, or certified
diabetes clinics within the Kanagawa Prefecture. To include a
diverse array of participants, we randomly selected and

http://onlinelibrary.wiley.com/journal/jdi

registered 4,241 patients with diabetes aged >20 years, between
July 2014 and March 2016, from 24 urban and rural hospitals
and clinics around the city of Kanagawa (listed in the acknowl-
edgements). Exclusion criteria were as follows: (i) drug-induced
diabetes or current steroid therapy; (ii) a history of diabetic
coma or ketoacidosis six before the study; (iii) ongoing renal
replacement therapy; (iv) ongoing or postsurgical care; (v)
ongoing pregnancy or breast-feeding; (vi) comorbid diseases
including malignancies and liver cirrhosis; and (vii) at the dis-
cretion of attending physicians. In all, 3,511 patients with type
2 diabetes were eligible.

In addition to the brief-type self-administered diet history
questionnaire (BDHQ; Gender Medical Research Inc., Tokyo,
Japan) completed by 3,116 (89%) patients, laboratory data were
gathered for a month. Patients with energy intake <500 or
>4,000 kcal/day (considered extremely low and high, respec-
tively) and those without complete laboratory data were
excluded. Thus, data of 3,032 patients (1,851 men and 1,181
women) were analyzed.

Ethical consideration

All patients provided informed consent. The study adhered to
the 2013 Declaration of Helsinki (institutional ethics committee
approval number: 000014318).

Dietary assessment

The BDHQ, evaluating the consumption frequency of 58 food
items, was used to carry out the dietary survey. The BDHQ is
a version of the diet history questionnaire used to assess dietary
intake for a month®. The diet history questionnaire comprises a
22-page semiquantitative questionnaire (estimated completion
time: 3040 min), and uses self-reported consumption fre-
quency and portion proportions of 150 food-related items®**
to evaluate dietary intake. The BDHQ is a four-page fixed-por-
tion questionnaire (estimated completion time 10-15 min) that
evaluates dietary intake using self-reported consumption fre-
quency of 58 food-related items. Dietary intake can be esti-
mated using a purpose-built computer algorithm based on the
Standard Tables of Food Composition in Japan®. The value
of each item was energy-adjusted by density methods
(g/1,000 kcal) in each patient. Previous studies have reported
on the validity of ranking the energy-adjusted intake of differ-
ent nutrients in an adult Japanese population®’.

Blood sampling and biochemical analysis

The plasma glucose level was measured by the glucose oxidase
method; total serum cholesterol, triglycerides and high-density
lipoprotein cholesterol, by enzymatic methods; and HbAlc, by
high-performance liquid chromatography with low-density
lipoprotein cholesterol measurement using a Choletest® DL kit
(Sekisui Medical Co., Osaka, Japan), all at SRL Inc. The simpli-
fied Modification of Diet in Renal Disease equation was used
for the estimated glomerular filtration rate. Urine albumin con-
centration was measured using an immunoturbidimetric
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method (N-assay TIA MicroAlb; Nittobo Medical, Tokyo,
Japan), while the urine albumin : creatinine ratio was measured
on a spot urine specimen collected between the morning and
afternoon.

Statistical analysis

Statistical analyses were carried out using SPSS for Windows
(version 24.0; IBM Corporation, Armonk, New York, USA).
The results are expressed as mean * standard deviation and as
numbers with percentages. Either axova or the y’-test was used
to determine differences in mean values and proportions of the
participants’ characteristics. One-way anova and the Tukey
multiple comparison method or Bonferroni correction were
used for comparisons amongst three or more categories. The
dietary intake of the relevant macronutrients was divided into
arbitrary groups to show the cut-off points based on different
nutritional recommendations; that is, total carbohydrate intake
of <45, 45-50, 50-55, 55-60 or >60%. To identify factors that
were independently correlated with HbAlc, univariate and mul-
tivariate linear regression analyses were carried out. HbAlc

Table 1 | Characteristics of patients and dietary composition
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was the dependent variable, and age, sex, body mass index
(BMI), energy kcal/day, energy intake, animal % energy, plant
% energy, fat % energy, animal % energy, plant % energy,
carbohydrate % energy, fiber % energy, the use of insulin
and use of antidiabetic drugs were independent variables.
Univariate analysis was carried out first, and all the variables
that satisfied P < 0.05 were entered en bloc in the multivari-
able analyses, with age, sex, BMI and energy (kcal/day) as
background variables. All independent variables in the multi-
ple linear regression analysis were tested for multicollinearity.
If the variance inflation factor exceeded 2.5, the variable was
considered collinear. Statistical significance was based on a
two-sided P-value <0.05.

RESULTS

General characteristics

Table 1 presents the baseline characteristics of the 3,032
patients, stratified by sex. The mean age was 63.2 = 11.9 years
for women and 62.9 + 11.7 years for men. Mean BMI of the
participants was 25.3 + 4.7 and mean HbAlc was 7.5 + 1.6%,

Total Male Female P-value
n 3,032 1,851 1,181
Age (years) 632+ 118 629+ 119 637+ 119 0.06
Bodyweight (kg) 669 * 254 710 £ 148 606 £ 14.1 0.00
BMI (kg/mz) 253+ 47 251 + 44 255+ 52 0.06
HbA1c (%) 75116 75+ 17 75+ 15 092
Total cholesterol (mmol/L) 48+ 10 47 +£10 50+ 10 <0.001
TG (mmol/L) 18+ 14 18+ 14 1714 002
HDL-C (mmol/L) 14+ 04 13+ 04 15+ 04 0.001
OHA use (%) 80.1 800 800
Insulin use (%) 259 269 246
Hypertension (%) 62 62 61 057
Dyslipidemia (%) 74 71 78 <0.001
eGFR (mL/min/1.73 m?) Composition of diet 713 £ 225 707 £ 221 722 £ 231 0032
Energy (kcal) 17118 £ 6497 1,844.1 £ 6580 1,5079 £ 5790 <0.001
Protein (g/day) 692 + 302 723 £ 310 646 + 282 <0.001
Protein (%E) 163 £ 36 15.7 + 34 172+ 37 <0.001
Fat (g/day) 510 £ 231 540 £ 242 465 + 20.7 <0.001
Fat (%E) 268 £ 64 263 *+ 64 277 £ 6.1 <0001
Carbohydrate (g/day) 2220 £ 879 2367 £ 905 1994 £+ 787 <0.001
Carbohydrate (%E) 523 +92 518 £ 97 523 £ 83 <0.001
Animal protein (g/day) 408 £ 232 426 + 243 382+ 214 <0.001
Plant protein (g/day) 284 £ 106 297 £ 108 264 £ 100 <0.001
Animal fat (g/day) 243 £ 135 257 £ 142 223+ 120 <0.001
Plant fat (g/day) 267 £ 121 283 £ 125 242 £ 110 <0.001
Total fiber (g/day) 126 £ 5.7 125+ 57 127 £56 055
Total fiber (%F) 0.76 £ 0.29 0.70 £ 0.26 086 + 030 <0.001
SDF (g/day) 31+15 31+15 3215 037
IDF (g/day) 90+ 39 90+ 40 90+ 39 090

Data are presented as the mean =+ standard deviation or number (%). The x*test and t-test were carried out to evaluate sex-stratified significant dif-
ferences. BMI, body mass index; E, energy; eGFR, estimated glomerular filtration rate; HbATc, glycated hemoglobin; HDL-C, high-density lipoprotein
cholesterol; IDF, insoluble dietary fiber; OHA, oral hypoglycemic agent; SDF, soluble dietary fiber; TG, triglycerides.
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which was slightly higher than the target of <7.0% recom-
mended by the JDS.

Dietary characteristics

The mean daily energy intake of all participants was
1,711.8 & 649.7 kcal/day, comprising 1,844.1 £ 658.0 kcal/day
in men, and 1,507.9 + 579.0 kcal/day in women. This was
lower than the daily intake of the general population®®. The
mean proportions of total energy intake accounted for by
protein, fat and carbohydrates were 16.3, 26.8 and 52.3%,
respectively.

Intake of all macronutrients was higher in women than in
men, suggesting that intake of other nutrients was higher in
men. The percentage of energy obtained from animal and plant
protein, as well as from animal and plant fat, was higher in
men compared with women. Total fiber intake was 12.6 g/day,
which was lower than the recommended value'”.

Associations between diet and HbA1c

Using the glycemic levels as indicated by HbAlc, the partici-
pants were divided into five groups (Table 2). Compared with
the low HbAlc group (HbAlc <6.5%), total energy intake was
significantly greater in the high HbAlc group (HbAlc >8%),
but not significantly different from that in the moderate HbAlc
group (HbAlc 6.5-8%). In the high HbAlc group, a signifi-
cantly lower percentage of total energy intake (%E) was derived
from protein compared with that of the low HbAlc group
(HbAlc < 7.5%), while intake of carbohydrate was higher.
Intake of fiber was also significantly lower in the high HbAlc

http://onlinelibrary.wiley.com/journal/jdi

group. There was a significant positive correlation between
HbA1lc and unfavorable metabolic factors by the univariate lin-
ear regression analysis, whereas HbAlc was negatively corre-
lated with age, protein (%E) and fiber intake. Fat intake (%E),
including animal and plant fat, was not associated with HbAlc.
We carried out investigations regarding the presence of thera-
peutic agents. Although the presence of oral hypoglycemic
drugs did not show a correlation, insulin use was observed to
be correlated with HbAlc. As shown in Table 3, the correlation
of HbAlc with carbohydrate (%E) was significant after adjust-
ing for sex, age, energy intake and BMI (B = 0.104,
P < 0.0001).

To investigate the effect of age and use of antidiabetic drugs
on the association between carbohydrate (%E) and HbAlc, par-
ticipants were stratified by age and use of antidiabetic drugs.
Univariate and multivariate regression analyses were carried
out. As shown in Table 4, HbAlc was significantly correlated
with carbohydrate (%E) in all age groups (<55, 55-65,
>65 years) and in participants taking one or two antidiabetic
drugs. This correlation was absent in participants taking more
than three antidiabetic drugs.

Carbohydrate intake and HbA1c

Based on the percentage of the participants’ total energy intake
(%E) from carbohydrates, five groups were defined, namely
(C1: <45%, C2: 45% to <50%, C3: 50% to<55%, C4: 55% to
<60% and C5: >60%). The relationship between carbohydrate
(%E) and HbAlc suggested that increasing carbohydrate intake
from 45% to 60% might significantly elevate HbAlc (Figure 1).

Table 2 | Distribution of nutritional intake according to glycated hemoglobin

HbA1c <6.5% HbA1c 6.5-7.0% HbAlc 70-75%  HbAlc 7.5-80% HbATc >80% Total

n 616 729 597 339 751 3,032

Age (years) 635 £ 11.1 644 £ 112 655+ 106 646 £ 114 589 + 1321487 6314119

BMI (kg/m?) 246 + 47 245 + 44 251 + 43 257 + 46 267 + 521481 253+ 47

Nutritional intake
Energy (kcal/day) 1636 + 599 1,719 + 611 1732 + 644 1,706 + 630 1,767 + 717 1715 + 647
Protein (g/day) 672 + 279 707 + 310 712+ 313 690 + 273 686 + 307 694 + 300
%Energy 166 + 38 165 + 35 164 + 35 164 + 35 158 + 37" 163 + 36
Fat (g/day) 484 + 208 521 + 226 521 + 238 503 £ 216 519 + 247 511 + 230
%Energy 267 + 63 273+ 62 270+ 65 265 + 60 265+ 66 268 + 64
Carbohydrate (g/day) 2093 + 798 2198 + 804 2227 + 844 2249 + 872 2345 + 1017 2224 + 879
9%Energy 517 + 96 516+ 91 521 £ 92 530 + 83 534 + 92 523+ 92
Animal Protein (g/day) 398 + 216 421 + 248 424 £ 242 399 + 205 400 + 232 409 + 232
Plant Protein (g/day) 275 £ 10.1 286 + 100 288 £ 105 291 £ 105 285+ 115 285+ 106
Animal fat (g/day) 228+ 119 249 + 139 250 + 139 238+ 125 249 £ 140 244 + 134
Plant fat (g/day) 255+ 114 272+ 115 271 £ 121 264+ 114 270 + 133 267 + 120
Fiber (g/day) 126 + 59 130 + 54 128+ 57 127 57 12155 126 + 56
Fiber (%E) 079 £ 032 078 £ 028 076 + 027 077 £ 028 072 + 028 076 + 029
SDF (g/day) 32+16 33+ 15 32415 32415 30+ 15™ 31415

IDF (g/day) 90 + 41 93+ 38 92 + 40 91+ 40 86 + 38" 90 + 39

P < 001 versus glycated hemoglobin (HoATC) <6.5%, *versus 6.5-7.0%, Sversus 7.0-7.5%, fversus 7.5-8%, Tukey honest significant difference and
Bonferroni correction. BMI, body mass index; E, energy; IDF, insoluble dietary fiber; SDF, Soluble dietary fiber.
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Table 3 | Univariate and multivariate linear regression analyses

Univariate Multivariate VIF

p P p P
Age (years) —0.188 <0001 -0.164 <0001 1.164
Sex 0020 024 1078
BMI (kg/m?) 0121 <0001 0048 0009 1255
Energy (kcal/day) 0089 <0001 0122 <00001 1.141
Protein %Energy -0.102 <0001 0023 491 1516
Animal %Energy -0038 0035 0018 058 1.89
Plant % Energy 0038 0035 -0042 08 189
Fat %Energy -0035 0056
Animal %Energy 0035 0051
Plant % Energy —0035 0051
Carbohydrate %Energy 0093 <0001 0092 <00001 1.023
Fiber %Energy -0113 <0001 -0037 0051 1234
Use of antidiabetic drug -0032 0065
Use of insulin 026 <0001 0254 <00001 1010

Adjusted for age, sex and body mass index (BMI). VIF, variance inflation
factor.

Table 4 | Effect of age and antidiabetic drug use on carbohydrate (%E)
and Glycated hemoglobin association

Univariate Multivariate VIF
p P p P
Age (years)
<55 0117 0.001 0114 0.002 0992
55-65 0.138 <0.001 0.134 <0.001 101
>65 054 0039 0053 0045 1.006
Use of antidiabetic drug
Oor1 0077 003 0074 0.004 1.007
2 0.137 <0001 0.137 <0.001 1.002
>3 0.066 0072

Adjusted for sex and body mass index. VIF, variance inflation factor.

DISCUSSION
The influence of meals, with varying portions of fat and carbo-
hydrates, on glycemic control in Japanese patients with type 2
diabetes has not been elucidated. The present study examined
the relationships amongst macronutrients and calorie intake
and HbA1lc in these patients. The present data showed that the
mean proportions of total energy intake supplied by protein, fat
and carbohydrates were 16.3, 26.8 and 52.3%, respectively. The
carbohydrate : energy ratio positively correlated with HbAlc
levels. Higher HbAlc in patients with >60% carbohydrate
intake suggested that in average Japanese patients with type 2
diabetes, the %E supplied by carbohydrates should be <60%.
Some dietary surveys show that patients with type 2 diabetes
obtain approximately 45% of their calories from carbohydrates,
36-40% from fat and the remaining 16-18% from protein® ",
However, most (if not all) of these studies have been carried
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Figure 1 | The relationship between carbohydrate (%E) and glycated
hemoglobin (HbATc).

out in Western countries. It is known that various characteris-
tics of diabetes, especially insulin secretion and resistance, differ
between Western and Asian countries”>**. Thus, dietary investi-
gation of Japanese patients with type 2 diabetes is relevant,
especially considering the paucity of data in the literature. Japa-
nese-specific studies have previously shown the national dietary
profile of patients with type 2 diabetes, identifying considerable
differences between Japanese and Western patients*>*>. How-
ever, these studies®™”” are 15-20 years old. As dietary trends
tend to change over time, the present study might help clarify
the contemporary dietary patterns of Japanese patients with
type 2 diabetes. It might also show differences between the
current and earlier trends.

The National Health and Nutrition Survey®® reported that
energy intake in men and women (aged 6069 years) were
2,213 and 1,719 kcal/day, respectively.'

Patients in the SOREKA study had energy-restricted diets,
with a reduction of 400 kcal/day for men and 200 kcal/day
women, when compared with the general Japanese population.
The present study showed that the mean proportions of total
energy intake by protein, fat and carbohydrates were 16.3, 26.8
and 52.3%, respectively. This indicates that Japanese patients
might be consuming diets that are low in fat and high in car-
bohydrate, compared with their Western counterparts'>*,
However, carbohydrate consumption was lower and fat con-
sumption was higher in these patients compared with other
Asian patients™. Additionally, the total energy intake accounted
for by carbohydrates and proteins were 53.6 and 15.7%, respec-
tively, in the Japan Diabetes Complications Study (JDCS), and
59 and 15.2%, respectively, in the Japanese Elderly Diabetes
Intervention Trial (J-EDIT)****. This shows a decreased carbo-
hydrate and increased protein intake compared with previous
Japanese studies. The JDS recommends that patients with dia-
betes should derive approximately 50-60% of their calories

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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from carbohydrates, 20% from protein and the remaining
20-30% from fat. However, the reason for the decline in carbo-
hydrate intake despite most patients being on standard nutri-
tion therapy based on the JDS recommendation is unclear.
This might be partly due to the progressive Westernization of
diet and lifestyle in Asia. It might also relate to recommenda-
tions for a low-carbohydrate diet in patients with diabetes by
several diabetes associations. For example, the American Dia-
betes Association has reported on the effectiveness of such a
diet for regulating blood glucose'. Finally, low-carbohydrate
diets have recently become popular in Japan, and patients
might have spontaneously reduced their carbohydrate intake.

The current study investigated the parameters that could
shape poor control of HbAlc, and to our knowledge, might be
the first to evaluate the dietary pattern in a large cohort of
patients with type 2 diabetes in Japan, and to explore the asso-
ciation of variations in dietary fat and carbohydrate intake with
glycemic control in real-world clinical practice. As expected, the
results of the present study showed a significant positive associ-
ation between higher calorie intake and increased HbAlc, even
after adjustment for total energy intake. A previous cross-sec-
tional Korean study’® and two prospective studies®® obtained
similar results, though the sample sizes were small. In contrast,
both JDCS and J-EDIT found no correlation between the car-
bohydrate energy ratio and HbA1c¢*>*. This discrepancy might
be due to the use of different methods for dietary intake assess-
ment. For instance, the food frequency questionnaire of Hori-
kawa et al®> was used in the JDCS and J-EDIT studies;
however, BDHQ was used in the present study. The food fre-
quency questionnaire assesses average weekly intake, whereas
the BDHQ determines monthly intake and thus might reflect
long-term  dietary  patterns.  Furthermore, carbohydrates
accounted for 55-65% of total energy intake in most patients
in the J-EDIT study, and this narrow distribution of %E pro-
vides some insight into the lack of correlation between carbohy-
drate consumption and HbAlc. However, Mayer et al.'®
reported that lowering dietary carbohydrate intake might foster
glycemic control beyond its weight loss effects.

Carbohydrate intake is known to induce postprandial hyper-
glycemia. Most studies have confirmed that the total carbohy-
drate intake from snacks and meals is a consistent predictor of
postprandial glucose, in both single-meal and mixed-meal stud-
ies”. However, a consideration of both the quality and the
quantity of dietary carbohydrate offers further insight. Carbohy-
drates comprise starch, sugar and fiber. Intake of fiber improves
glycemic control by slowing the release and absorption of
macronutrients due to increased intraluminal viscosity>*'.
Consistent with this pattern, Perfect et al** reported that
increased consumption of dietary fiber enhanced fasting plasma
glucose and HbAlc in a randomized cross-over study of
patients with type 2 diabetes. The current study showed a
slightly lower fiber consumption than that in the JDCS (14.7
g/day), Western patients (11.4-20.5 g/day)'®***> and general
population of Japan (14.3 g/day)*. Fiber consumption was also

http://onlinelibrary.wiley.com/journal/jdi

lower in the group with high HbAlc (HbAlc >8%) compared
with the group with good glycemic control (HbAlc <7.5%),
suggesting that the high HbAlc group had an increased intake
of non-fiber carbohydrates.

Fat and protein intake were not associated with glycemic
control (Table 3), as previously reported*”. This might result
from the fact that although high-fat and high-protein diets
induce late sustained hyperglycemia,** the intake of fat in the
present study was lower than in Western countries. The influ-
ence of protein intake on glycemic control is complex. Some
studies have reported deleterious metabolic sequela as a result
of high protein intake, because acute intravenous infusion of
amino acids and acute protein intake reportedly reduce insulin
sensitivity*>*, whereas a diet that is high in protein might
cause insulin resistance and an increased risk of diabetes**,
However, the high HbAlc group had a relatively low protein
intake, and there was no clear association between protein
intake and HbAlc in the present study. Although the data gen-
erated in the present study show no significant relationship
between fat intake and protein intake and glycemic control,
additional studies should shed more biological insights on the
relationship between these biological variables.

A review of the nutritional management of diabetes** found
that HbAlc decreased with a low-carbohydrate diet in six of
the 10 studies in which it was measured. In contrast, three ran-
domized control trials found no significant changes of HbAlc
with a very low-carbohydrate diet*>'. Another randomized
control trial reported no difference with a moderately low-car-
bohydrate diet>>. Considered together, these pieces of informa-
tion suggest that the role of diets that are low in carbohydrates
on HbAlc remains inconclusive. In the present study, obtaining
>60% of the total energy intake from carbohydrates tended to
have a negative effect on glycemic control. However, the lower
limit of carbohydrate intake could not be determined. To deter-
mine the optimal percentage of total energy intake as carbohy-
drates for patients with type 2 diabetes in Asia, a prospective
observational study investigating the relationship between car-
bohydrate intake and glycemic control is required.

The present study had some merits. First, the participants
were average Japanese patients with type 2 diabetes, which
allows some measure of generalization for clinical management.
Second, the study used a relatively large patient population size,
further enhancing the generalizability. However, the study had
some attendant limitations. First, quantitative and qualitative
examination of carbohydrate intake based on measures such as
the glycemic index or glycemic load or the types of grains
ingested were not investigated. Second, some inaccuracy could
have been introduced into the data based on the use of a self-
reported questionnaire. Third, information about adherence to
medications for diabetes, hypertension and dyslipidemia was
not obtained. Fourth, by including patients who were taking
medication during the study, the effects of diet could not be
completely separated from those of medication. In order to
eliminate these interferences by confounders, we carried out
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multivariate linear regression analyses and subsequently showed
a positive association thereto. We also stratified participants by
age and use of antidiabetic drugs, and established a positive
association between carbohydrate (%E) and HbAlc level. How-
ever, it is difficult to remove interference completely. Being a
cross-sectional study, establishing a causal relationship between
carbohydrate intake and glycemic control was not also possible.

In conclusion, the present study shows that the carbohy-
drate : energy ratio has a positive correlation with HbAlc
levels, and that the percentage of total energy intake from car-
bohydrates should probably be <60% in patients with type 2
diabetes in Japan, though its lower limit could not be deter-
mined. Nevertheless, these data reiterate the need for patients
with diabetes to avoid excessive carbohydrate consumption to
maintain suitable glycemic control.
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