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Abstract

Background: Dietary glycemic index or load is thought to play an important role in glucose metabolism. However,
few studies have investigated the relation between glycemic index (GI) or load (GL) and glycemia in Asian
populations. In this cross-sectional analysis of a randomized controlled trial, the Saku Control Obesity Program, we
examined the relation between the baseline GI or GL and glycemia (HbA1c and fasting plasma glucose [FPG]
levels), insulin resistance (HOMA-IR), β-cell function (HOMA-β), and other metabolic risk factors (lipid levels, diastolic
and systolic blood pressure, and adiposity measures).

Methods: The participants were 227 obese Japanese women and men. We used multiple linear regression models
and logistic regression models to adjust for potential confounding factors such as age, sex, visceral fat area, total
energy intake, and physical activity levels.

Results: After adjustments for potential confounding factors, GI was not associated with HbA1c, but GL was
positively associated with HbA1c. For increasing quartiles of GI, the adjusted mean HbA1c were 6.3%, 6.7%, 6.4%,
and 6.4% (P for trend = 0.991). For increasing quartiles of GL, the adjusted mean HbA1c were 6.2%, 6.2%, 6.6%, and
6.5% (P for trend = 0.044). In addition, among participants with HbA1c≥ 7.0%, 20 out of 28 (71%) had a high GL
(≥ median); the adjusted odds ratio for HbA1c≥ 7.0% among participants with higher GL was 3.1 (95% confidence
interval [CI] = 1.2 to 8.1) compared to the participants with a lower GL (<median). Further, among 16 participants
with FPG≥ 150 mg/dL, 13 participants (81.3%) had a higher GL; the adjusted odds ratio for FPG≥ 150 mg/dL
among participants with a higher GL was 8.5 (95% confidence interval = 1.7 to 43.4) compared to those with a
lower GL. In contrast, GI and GL were not associated with metabolic risk factors other than glycemia.

Conclusions: Our findings suggest that participants with poor glycemic control tend to have a higher GL in an
obese Japanese population.
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Background
The prevalence of abnormal glucose tolerance is increasing,
and is a growing public health concern [1]. Although uncer-
tainty exists regarding the intake of carbohydrates and gly-
cemia, the utility of glycemic index (GI) and glycemic load
(GL) has been proposed. GI measures the ability of a
carbohydrate-containing food to raise the blood glucose
level [2], and GL is the product of GI and the amount of
carbohydrate in the food [3]. Though a lower GI or GL has
been hypothesized to decrease the risk of type 2 diabetes,
evidence regarding the role of GI and GL in relation to the
risk of diabetes remains inconclusive. Several studies have
reported that higher GI and GL values were associated with
an increased risk of diabetes [4-7], but other studies have
not confirmed these results [8-10].
Table 1 Baseline characteristics according to quartiles of glyc

Quartile of glycemic index Q1 Q2

Male / Female (n) 24 / 33 25 /

Age (y) 55.3 ± 6.2 54.5 ±

BMI (kg/m2) 30.8 ± 3.7 30.5 ±

Waist circumference (cm) 103 ± 9 102±

Visceral fat area (cm2) 143 ± 58 141±

Subcutaneous fat area (cm2) 308 ± 122 285±

HbA1c (%) 6.2 ± 0.7 6.5 ±

Fasting plasma glucose (mg/dL) 111 ± 23 115±

Insulin (μIU/mL) 10.9 ± 5.5 13.7 ±

HOMA-IR 3.0 ± 1.7 4.0 ±

HOMA-β 90.2 ± 48.1 108.2 ±

Daily nutritional intake

Energy (kcal/day) 2309 ± 976 2276±

Glycemic index 60 ± 3 65±

Glycemic load (/1000 kcal) 67 ± 17 78 ±

Quartile of glycemic load Q1 Q2

Male / Female (n) 33 / 24 24 /

Age (y) 53.4 ± 6.6 54.3 ±

BMI (kg/m2) 30.7 ± 3.6 30.1 ±

Waist circumference (cm) 103 ± 9 101±

Visceral fat area (cm2) 143 ± 57 137±

Subcutaneous fat area (cm2) 294 ± 119 290±

HbA1c (%) 6.1 ± 0.6 6.1 ±

Fasting plasma glucose (mg/dL) 110 ± 16 106±

Insulin (μIU/mL) 11.2 ± 5.9 11.0 ±

HOMA-IR 3.1 ± 1.8 3.0 ±

HOMA-β 92.6 ± 53.4 94.3 ±

Daily nutritional intake

Energy (kcal/day) 2542 ± 893 2304±

Glycemic index 63 ± 5 66±

Glycemic load (/1000 kcal) 58 ± 11 75 ±

Data are (n) or means ± SD. Differences in baseline characteristics between quartiles
chi-squared tests for continuous variables.
Furthermore, because the main sources of GL differ
across ethnicities, the associations between GI, GL, and
diabetes may differ in Asian populations, in which rice is
the major staple food [11]. The high intake of rice, has
been reportedly associated with an increased risk of type
2 diabetes mellitus in Asian population [5,12,13], and
also, in a study of Japanese female farmers, GI and GL
independently correlated with glucose, HbA1c, body
mass index (BMI), and fasting triglyceride (TG) [14].
Studies among Japanese Brazilians have also associated
higher intakes of fruit, fruit juice, white bread, and rice
with glucose intolerance [15,16]. However, comprehen-
sive investigations of the relations of GI and GL with
metabolic risk factors in Asian are few, and most of the
preceding studies in Asian populations have been limited
emic index and glycemic load

Q3 Q4 P

31 26 / 31 38 / 18 0.02

6.4 52.8 ± 6.8 53.9 ± 6.0 0.20

2.9 30.8 ± 3.0 30.2 ± 2.6 0.74

8 103± 9 101± 6 0.43

46 138± 47 150± 45 0.58

93 312± 99 263± 81 0.04

1.4 6.2 ± 1.1 6.2 ± 1.1 0.38

26 111± 23 111± 31 0.80

9.8 11.4 ± 10.7 9.9 ± 5.0 0.09

3.2 3.2 ± 3.1 2.8 ± 1.6 0.06

80.7 95.8 ± 95.7 85.3 ± 43.5 0.35

718 2177± 633 2376± 845 0.61

1 68 ± 1 71± 2 <0.001

13 85 ± 12 89 ± 16 <0.001

Q3 Q4 P

32 27 / 30 29 / 27 0.43

6.4 54.5 ± 6.1 54.3 ± 6.5 0.79

2.9 30.5 ± 2.7 30.9 ± 3.0 0.55

8 102± 7 103± 8 0.64

44 144± 49 148± 47 0.73

101 293± 88 291± 96 >0.99

1.0 6.5 ± 1.3 6.4 ± 1.3 0.05

16 119± 34 112± 31 0.06

8.5 12.1 ±10.9 11.6 ± 6.9 0.89

2.7 3.5 ± 3.0 3.4 ± 2.5 0.66

61.6 94.2 ± 92.0 98.5 ± 71.0 0.98

773 2245± 664 2040± 798 0.01

4 67 ± 3 69± 3 <0.001

3 86 ± 3 100± 9 <0.001

were tested using analysis of variance (ANOVA) for categorical variables and



Table 2 HbA1c, fasting plasma glucose, HOMA-IR, and HOMA-β according to dietary glycemic index and energy-
adjusted dietary glycemic load1

Dietary
variables

n HbA1c
%

P for trend* Fasting plasma
glucose mg/dL

P for trend* HOMA-IR P for trend* HOMA-β P for trend*

Quartile of glycemic index 2

Q1 [60] 57 6.3 (5.7, 6.9) 0.991 116 (101, 131) 0.900 3.0 (1.7, 4.3) 0.379 77 (37, 116) 0.392

Q2 [65] 57 6.7 (6.0, 7.3) 120 (105, 136) 3.7 (2.4, 5.0) 90 (49, 132)

Q3 [68] 57 6.4 (5.8, 7.0) 117 (102, 132) 3.1 (1.8, 4.4) 78 (38, 118)

Q4 [71] 56 6.4 (5.8, 6.9) 117 (103, 131) 2.6 (1.4, 3.8) 66 (28, 103)

Quartile of glycemic load 2

Q1 [58] 57 6.2 (5.5, 6.8) 0.044 116 (101, 131) 0.322 2.7 (1.3, 4.0) 0.250 65 (24, 105) 0.428

Q2 [75] 57 6.2 (5.5, 6.8) 111 (97, 126) 2.4 (1.1, 3.7) 68 (28, 109)

Q3 [86] 57 6.6 (6.0, 7.2) 124 (110, 139) 3.1 (1.8, 4.5) 70 (30, 110)

Q4 [100] 56 6.5 (5.9, 7.1) 117 (103, 130) 3.0 (1.8, 4.2) 76 (38, 113)

Abbreviations: HOMA-IR, homeostatic model assessment for insulin resistance; HOMA-β, homeostasis model assessment for β-cell function.
1 Adjusted mean levels and 95% CI in parentheses. Glycemic load was defined as an indicator of blood glucose induced by an individual’s total available
carbohydrate.
2 Median value for each quartile in brackets. *A multiple linear regression model was used to adjust for potential confounding factors including age, sex, visceral
fat area, total energy intake, and physical activity level.
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to women. For these reasons, in the present study, we
aimed to investigate whether low dietary GI and GL
values are associated with reduced glucose measures
(HbA1c and FPG levels) and other metabolic risk fac-
tors, including adiposity measures (BMI, waist circum-
ference, visceral fat area, and subcutaneous fat area),
lipid levels (LDL, HDL, and TG), and blood pressures
(systolic blood pressure [SBP] and diastolic blood pres-
sure [DBP]), in a Japanese population.

Methods
Study population
This study is a cross-sectional analysis of a randomized
controlled trial, the Saku Control Obesity Program
(SCOP), examining the effect of behavioral treatment and
exercise at the Saku Central Hospital Human Dock Cen-
ter. The details and design of the study have been previ-
ously described elsewhere [17-19]. Briefly, the program
consisted of a randomized intervention trial using
cognitive-behavioral treatment at the Saku Health Dock
Center. Among 976 members who visited health check-
ups, members with a BMI in the upper five percentile and
without history of type 1 diabetes, stroke, cardiovascular
disease, advanced cancer, or significant renal or hepatic
dysfunction were invited. In total, 237 women and men
participated. We used the baseline data for the analysis. Of
the 237 people participated in the study, 10 participants
did not complete the study, and 227 participants were
included in the analysis. For the multiple linear regression
analysis, we further excluded one participant with missing
data. Also, for the analysis of the FPG and lipid levels, we
excluded 3 participants who did not provide fasting blood
samples. The research plan was reviewed and approved by
the Ethical Committee of the National Institute of Health
and Nutrition and Saku Central Hospital. Participants
received a precise explanation of the study and provided
their written informed consent.

Anthropometric measurements
The height (cm) and weight (kg) of the subjects were
measured with an automatic scale (Tanita, BF-220,
Tokyo, Japan), in light clothing. The BMI was calculated
as the weight (kg) divided by the squared height (m2).
Waist circumference was measured twice at the umbil-
icus level while the subject was in a standing position
using a fiber glass measuring tape; the average measure-
ment was used for the analysis. Blood pressure was mea-
sured while the subject was in a sitting position using a
validated automated blood pressure monitor (HEM-907;
Omron, Kyoto, Japan) [20].
Visceral fat and subcutaneous fat areas were assessed

using a computed tomography scan at the level of the um-
bilicus in a supine position (Fat scan; N2 system Corp.,
Japan). The coefficients of variation (CV) between two
observers for the visceral fat area and subcutaneous fat
area measurements were reported to range from 0.6% to
14.2% and from 0.1% to 7.3%, respectively [21,22]. The
physical activity levels were obtained by asking the partici-
pants about their average physical activity levels for the
past month. The physical activity levels were divided into
four levels: light activity (sedentary labor most of the day,
including 1 hour walking, or standing for approximately
3 hours), light to moderate activity (between sedentary
and manual labor, including walking for about 2 hours or
standing for 6 to 7 hours), moderate activity (manual labor
for approximately 1 hour, including walking or standing
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Figure 1 (See legend on next page.)
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(See figure on previous page.)
Figure 1 Scatter plots with regression lines of glycemic index, glycemic load, and carbohydrate intake against HbA1c. Pearson
correlation coefficients (r) and corresponding P-values are shown. X-axis: glycemic index (Figure 1a), glycemic load (/1000 kcal) (Figure 1b), and
carbohydrate intake (g/1000 kcal) (Figure 1c). Y-axis: HbA1c.
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for approximately 9 hours, with hard activity for 1 hour),
and vigorous activity (manual labor, walking or standing
for approximately 9 hours, with hard activity for more
than 2 hours).
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Laboratory procedures
Following an overnight fast, blood samples were col-
lected at the time of each health checkup at the Saku
Health Dock Center. Blood samples were collected in
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cemic load against fasting plasma glucose. Pearson correlation
x (Figure 2a) and glycemic load (/1000 kcal) (Figure 2b). Y-axis: Fating



Table 3 Lipids and blood pressure according to dietary glycemic index and energy-adjusted dietary glycemic load1

Dietary variables n LDL
mg/dL

P for
trend*

HDL
mg/dL

P for
trend*

TG
mg/dL

P for
trend*

SBP
mmHg

P for
trend*

DBP
mmHg

P for
trend*

Quartile of glycemic index 2

Q1 [60] 57 116 (97, 134) 0.457 45 (39, 52) 0.195 156 (98, 214) 0.987 125 (115, 136) 0.686 78 (70, 85) 0.677

Q2 [65] 57 109 (89, 128) 44 (38, 51) 150 (90, 211) 129 (118, 140) 79 (71, 87)

Q3 [68] 57 108 (89, 126) 48 (42, 54) 158 (99, 217) 128 (117, 138) 81 (73, 88)

Q4 [71] 56 112 (95, 130) 47 (42, 53) 154 (100, 209) 124 (113, 134) 75 (68, 83)

Quartile of glycemic load2

Q1 [58] 57 111 (92, 130) 0.579 47 (40, 53) 0.831 179 (120, 238) 0.171 127 (116, 138) 0.387 78 (70, 86) 0.509

Q2 [75] 57 105 (86, 124) 48 (42, 54) 148 (90, 206) 125 (114, 136) 78 (71, 86)

Q3 [86] 57 109 (90, 127) 46 (39, 52) 155 (96, 214) 120 (109, 130) 75 (67, 83)

Q4 [100] 56 115 (98, 133) 47 (41, 53) 151 (96, 205) 126 (116, 136) 78 (70, 85)
1 Adjusted mean levels and 95% CI in parentheses. Glycemic load was defined as an indicator of blood glucose induced by an individual’s total available
carbohydrate.
2 Median value for each quartile in brackets. *A multiple linear regression model was used to adjust for potential confounding factors including age, sex, visceral
fat area, total energy intake, and physical activity level.
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tubes containing EDTA and heparin for the measure-
ment of the fasting plasma glucose, insulin, and HbA1c
levels, and serum gel separator tubes were used for the
measurement of the total cholesterol, HDL cholesterol,
and TG levels. Routine laboratory blood analyses were
performed at the Saku Central Hospital. HbA1c levels
were measured using a high-performance liquid chroma-
tography method (TOSOH HLC-723 G8; Tosoh Corpor-
ation, Tokyo, Japan), with intra- and inter-assay
coefficients of variation (CVs) of 0.5%-1.4% and 0.6%-
1.3%, respectively. The plasma glucose levels were ana-
lyzed using an enzymatic method (ECO glucose buffer;
A&T Corporation, Kanagawa, Japan), with intra- and
inter-assay CVs of 0.3%-0.5% and 0.6%-0.8%, respect-
ively. The plasma insulin levels were analyzed using an
electrochemiluminescence immunoassay (Modular E170;
Table 4 BMI, waist, and fat area according to dietary glycemi

Dietary
variables

n BMI
kg/m2

P for
trend*

Waist circumference
cm

Quartile of glycemic index2

Q1 [60] 57 30.0 (28.3, 31.7) 0.378 101 (97, 106)

Q2 [65] 57 29.6 (27.9, 31.4) 100 (95, 105)

Q3 [68] 57 29.7 (28.0, 31.4) 101 (96, 105)

Q4 [71] 56 29.4 (27.8, 31.1) 99 (95, 104)

Quartile of glycemic load 2

Q1 [58] 57 29.8 (28.0, 31.5) 0.924 101 (96, 105)

Q2 [75] 57 29.1 (27.4, 30.8) 99 (94, 103)

Q3 [86] 57 29.4 (27.7, 31.2) 99 (95, 104)

Q4 [100] 56 29.8 (28.2, 31.4) 100 (96, 105)
1 Adjusted mean levels and 95% CI in parentheses. Glycemic load was defined as a
carbohydrate.
2 Median value for each quartile in brackets. *A multiple linear regression model wa
energy intake, and physical activity level.
Roche Diagnostics, Mannheim, Germany), with intra-
and inter-assay CVs of 0.5%-2.0% and 3.2%-3.6%, re-
spectively. The serum total cholesterol, HDL cholesterol,
and TG concentrations were determined using enzym-
atic methods (serum total cholesterol: Detaminar L TC
II, Kyowa Medex, Tokyo, Japan; HDL cholesterol: Cho-
lestest N HDL,Sekisui Medical Co. Ltd., Tokyo, Japan;
and TG concentrations: Mizuho TG-FR Type II, Mizuho
Medi, Saga, Japan) and an autoanalyzer BM-2250 (Nihon
Denshi, Tokyo, Japan), with intra- and inter-assay CVs of
≤1.7% and ≤2.3%, respectively.
The value for HbA1c (%) was estimated as an NGSP

equivalent value (%) calculated by the formula HbA1c
(%) =HbA1c (JDS) (%) + 0.4%, considering the relational
expression of HbA1c (JDS) (%) measured by the previous
Japanese standard substance and measurement methods
c index and energy-adjusted dietary glycemic load1

P for
trend*

Visceral fat
area cm2

P for trend* Subcutaneous
fat area cm2

P for
trend*

0.281 176 (149, 203) 0.966 219 (168, 270) 0.257

174 (146, 202) 195 (143, 248)

172 (145, 200) 220 (169, 272)

177 (151, 202) 191 (143, 239)

0.754 173 (145, 200) 0.477 213 (161, 266) 0.590

169 (142, 197) 197 (145, 248)

176 (149, 203) 204 (152, 256)

179 (153, 204) 203 (155, 251)

n indicator of blood glucose induced by an individual’s total available

s used to adjust for potential confounding factors including age, sex, total
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and HbA1c (NGSP) [23]. The homeostasis model assess-
ment for insulin resistance (HOMA-IR) and homeostasis
model assessment for β cell function (HOMA-β) were cal-
culated as follows: HOMA-IR= fasting insulin (μIU/ml) ×
fasting glucose (mmol/ml) / 22.5, and HOMA-β=20×
fasting insulin (μIU/ml) / [fasting glucose (mmol/ml) –
3.5] [24,25].

Assessment of dietary intake
Dietary habits were assessed using a previously validated,
self-administered diet history questionnaire (DHQ). The
methods used to calculate dietary intake and the validity
of the DHQ have been published elsewhere [26-29]. In
brief, the DHQ consists of a 16-page questionnaire for
assessing dietary habits during the previous month. The
Pearson correlation coefficient between the DHQ and 3-
day dietary records was 0.48 for energy, 0.55 for fat, and
0.48 for carbohydrates among 48 normal-weight women
[27]. The DHQ was completed at the baseline, checked
by dietitians, and missing or illogical answers were
obtained or corrected by interview. To calculate the GI,
we estimated the GI according to a strategy used in a
previous study with Japanese participants [14]. Briefly, to
determine the GI value of each food for use in the calcu-
lations, each food item included in the DHQ was dir-
ectly matched to foods in the international table of GI
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or in several publications on the GI of Japanese foods
[3,30,31]. The dietary GI was calculated by multiplying
the contribution of each individual food to the daily
available carbohydrate intake using the food’s GI value
and then summing the products. The GI values based
on 50 grams of available carbohydrates in common
Japanese foods and beverages, with glucose used as the
reference (GI for glucose = 100), were as follows: GI of
white rice = 77, white rice with barley = 67, white rice
with germ= 66, brown rice = 55, soba and udon
(Japanese noodles) = 47, instant noodles = 47, spaghetti =
46, white bread = 74, oranges = 39, bananas = 51, apples =
37, and soft drinks = 61. Dietary GL was calculated by
multiplying the dietary GI by the total amount of daily
available carbohydrate intake (divided by 100). For these
calculations, a strategy used in previous studies was used
and the Pearson correlations between DHQ and dietary
records for dietary GI and GL were 0.72 and 0.66 among
women and 0.65 and 0.71 among men, respectively [32].

Data analysis
The characteristics of the study population are presented
as the mean or median for continuous variables and as a
percentage for categorical variables. We used crude
values for dietary GI and energy-adjusted values for diet-
ary GL (/1000 kcal) because, by definition, dietary GI is
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a measure of carbohydrate quality, not quantity, whereas
dietary GL is a measure of the combination of carbohy-
drate quality and quantity [14]. The LDL levels were cal-
culated using the Friedewald equation: LDL= total
cholesterol - (HDL+ [TG/5]). Differences in the baseline
characteristics among the quartiles were tested using an
analysis of variance (ANOVA) for continuous variables
and chi-squared tests for categorical variables. We trea-
ted each major dietary variable as either continuous or
categorical (quartiles) variables.
To investigate the associations of GI and GL with

metabolic risk factors, we used a multiple linear regres-
sion model to adjust for potential confounding factors
including age, sex, visceral fat area, total energy intake,
and physical activity levels. We used visceral fat area as
a marker of adiposity because prior data suggested that
visceral fat plays an important role in the pathogenesis
of metabolic disease [33]. Using the BMI or waist cir-
cumference instead of the visceral fat area did not result
in material differences in the results. We calculated the
adjusted-mean HbA1c and FPG; LDL, HDL, and TG
concentrations; SBP and DBP; and BMI, waist circumfer-
ence, visceral fat area, and subcutaneous fat area accord-
ing to the quartiles of GI and GL. Tests for trends were
conducted by assigning the median value to each quar-
tile and modeling this value as a continuous variable.
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We also examined whether the associations of GI or GL
with HbA1c and FPG were modified by sex. The P-
values for the interaction were calculated by further in-
cluding the product terms in the regression models
using t-tests. GL, but not GI, was positively associated
with HbA1c in the present study, suggesting that the
quantity of carbohydrate may also be associated with
HbA1c. Thus, to further examine the associations of
carbohydrate intake as well as GI and GL with metabolic
risk factors, we generated scatter plots and regression
lines and computed Pearson correlation coefficients for
all outcome variables. In addition, because there was a
suggestive association between GL and poor glycemic
control (HbA1c ≥ 7.0% or FPG 150 mg/dL), we con-
ducted a logistic regression analysis to estimate odds
ratios and 95% confidence intervals [CIs] for poor gly-
cemic control with adjustment for potential confounding
factors including age, sex, visceral fat area, total energy
intake, and physical activity levels. Two-sided P values
<0.05 were considered to be statistically significant. Ana-
lyses were carried out using Stata software (version 11;
Stata Corp, College Station, TX).

Results
In total of 227 participants, the participants ranged in
age from 40 to 64 years, with a mean age of 54 years.
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Male participants tended to have a higher GI. Their
reported mean total energy intake per day was
2284.0 ± 801.4 kcal. The average dietary GI was 66 ± 5,
and the average dietary GL was 79 ± 17 (/1000 kcal). The
mean BMI was 30.6 ± 3.1 kg/m2, HbA1c was 6.3 ± 1.1%,
and FPG was 112 ± 26 mg/dL (6.2 ± 1.4 mmol/L). The
baseline characteristics of 227 participants in this study
according to the quartiles of GI and GL are shown in
Table 1. Participants with high GI tended to have higher
GL. Also, participants with high GL tended to have
higher GI and higher HbA1c.
Table 2 shows associations of GI and GL with FPG,

HbA1c, HOMA-IR, and HOMA-β. GL, but not GI, was
positively associated with HbA1c (Table 2 and Figure 1).
For increasing quartiles of GI, the corresponding
adjusted mean HbA1c levels were 6.3%, 6.7%, 6.4%, and
6.4% (P for trend = 0.991). The scatter plot of GL
(/1000 kcal) against HbA1c indicated a positive linear re-
lation between GL and HbA1c (r= 0.15, P= 0.026)
(Figure 1b). Among participants with HbA1c ≥ 7.0%, 20
out of 28 (71%) had a high GL (≥ median) and the
adjusted odds ratio for HbA1c ≥ 7.0% among participants
with a higher GL was 3.1 (95% confidence interval [CI] =
1.2 to 8.1) compared to the participants with a lower
GL (<median). In addition, a multiple linear regression
analysis suggested a positive association between GL and
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HbA1c. For increasing quartiles of GL, the correspond-
ing adjusted mean HbA1c were 6.2%, 6.2%, 6.6%, and
6.5% (P for trend = 0.044) (Table 2). Also, the associa-
tions of GI or GL with HbA1c and FPG were not modi-
fied by sex (P for interaction >0.10). We further
examined the association of carbohydrate intake with
HbA1c. The scatter plots of carbohydrate intake (g/
1000 kcal) against HbA1c indicated a positive linear rela-
tion between carbohydrate intake and HbA1c (r= 0.16,
P= 0.014) (Figure 1c). After adjustments for potential
confounders, carbohydrate intake was also positively
associated with HbA1c. For increasing quartiles of
carbohydrate intake, the corresponding adjusted mean
HbA1c levels were 6.1%, 6.3%, 6.3%, and 6.6% (P for
trend = 0.026) (data not shown). Although GL was not
linearly related to FPG, individuals with high FPG
(≥ 150 mg/dL) tended to have a high GL (Figure 2b).
Among 16 participants with FPG ≥ 150 mg/dL, 13 parti-
cipants (81.3%) had a higher GL (Figure 2b) and the
adjusted odds ratio for FPG ≥ 150 mg/dL among partici-
pants with higher GL values was 8.5 (95% confidence
interval = 1.7 to 43.4) compared to the lower GL group.
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After adjustments for potential confounding factors, the
dietary GI or GL was not associated with FPG, HOMA-IR,
or HOMA-β (Table 2). Also, after adjustments for potential
confounding factors, the GI or GL was not associated with
the lipid levels (LDL, HDL, or TG), SBP, or DBP (Table 3).
In the analysis of the adiposity measures (BMI, waist, vis-
ceral fat area, or subcutaneous fat area), GI or GL was not
associated with the adiposity measures after adjustments for
potential confounding factors (Table 4). The scatter plots of
GI and GL (/1000 kcal) against HOMA-IR, HOMA-β, lipid
levels (LDL, HDL, or TG), SBP, or DBP did not indicate any
apparent associations between these measures (Figures 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13).
Discussion
In this study of 227 obese Japanese participants, partici-
pants with poor glycemic control tended to have a
higher GL, whereas GI was not associated with glycemia.
No association between GI or GL and the BMI, waist
circumference, visceral fat area, subcutaneous fat area,
LDL, HDL, TG, SBP, or DBP was observed.
In preceding studies, an increased diabetes risk was re-

portedly associated with GI and GL [6,7,34,35], while
other studies reported no association [8-10]. Blood glu-
cose levels are effectively controlled, unless there is a
dysregulation of glucose metabolism [36], a condition
observed in individuals with diabetes, prediabetes, or
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metabolic syndrome. Therefore, the findings in preced-
ing studies may be inconclusive in part because in some
studies, there might have been few participants with ab-
normal glucose metabolism at baseline or during follow-
up periods. In our study, GL showed a positive relation
with HbA1c. In fact, among 28 participants with HbA1c
≥7.0%, 20 participants (71%) had a higher GL. Nonethe-
less, longer duration of observation is necessary to con-
firm the findings. Also, in a multiple linear regression
analysis, we observed no association between GI or GL
and FPG. Indices reflecting both fasting and postprandial
hyperglycemia such as HbA1c may have shown stronger
association for GL, because GL may play major roles in
postprandial hyperglycemia. Also, the within-subject
variability of HbA1c is smaller than FPG, and this may
account for the stronger association of GL with HbA1c
than FPG [37]. Thus, we possibly lacked statistical power
to detect a linear association between GL and FPG. In-
deed, when we dichotomized FPG and GL, individuals
with high FPG (≥ 150 mg/dL) tended to have a high GL;
among 16 participants with FPG ≥ 150 mg/dL, 13 partici-
pants (81.3%) had a high GL (≥ median). These findings
suggest that a high GL is associated with poor glycemic
control. GI has been reported to be positively associated
with insulin resistance and metabolic syndrome [38],
and in one study, it was shown that although a high GI
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predicted the risk of type 2 diabetes among non-
abdominally obese individuals, no association was
observed in abdominally obese individuals [9]. Since the
participants of our study were obese, with a mean vis-
ceral fat area of 143.0 cm2, this may have masked the re-
lationship between GI and HbA1c or FPG levels in our
study. Also, the dietary GI has been reported not to re-
flect the total carbohydrate intake, and may provide
minimal insight into the overall insulin demand induced
by the total carbohydrate intake [7,35]. Also, studies
reported that a high dietary GL was associated with
other health outcomes, such as dyslipidemia and coron-
ary heart disease [39]. In a preceding study, GI and GL
were reported to be positively related to the risk of
metabolic syndrome among women with a BMI ≥25 kg/
m2 [40]. GI and GL have also been reported to be in-
versely related to the HDL level and positively related to
the TG level [39]. However, in our study, no associations
between GI or GL and such metabolic risk factors were
observed.
In the current study, GL was positively related with

HbA1c, while there was no association between GI and
HbA1c, suggesting that the amount of the carbohy-
drate intake may also be associated with HbA1c. Thus,
we also investigated the relation between carbohydrate
intake and HbA1c. There was a significant relation
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between carbohydrate intake and HbA1c (r= 0.16), and
the correlation was similar to the relation between GL
and HbA1c (r= 0.15). This might suggest that the asso-
ciation of GL with HbA1c might have been mainly
driven by carbohydrate content. Of note, it has been
reported that carbohydrate restriction improves gly-
cemic control [41,42], suggesting the role of carbohy-
drate content in glycemic control. However, GL has
been found to be a more powerful predictor of post-
prandial glycemia and insulinemia than was the avail-
able carbohydrate content [43]. In addition, several
prospective cohort studies have associated GL, but not
carbohydrate, with risks of coronary heart disease and
type 2 diabetes [35,39]. Taken together, the superiority
of carbohydrate amount or GL in glycemic control still
remains an open research question.
Some limitations of the present study need to be

addressed. First, the DHQ was not specifically designed
to measure GI and GL, and the dietary records of
obese people have been reported to be inaccurate [44].
More specifically, obese people tend to underreport
their caloric intake [45]. Thus, the dietary GI and GL
estimated using the DHQ might have been more in-
accurate than that estimated by healthy individuals
with a normal BMI. However, the bias introduced by
underreporting and the measurement error tends to be
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non-differential with respect to the outcomes, which
tends to attenuate the association. Moreover, because
total energy adjustments have been reported to poten-
tially reduce the bias caused by underreporting [46-
48], we have adjusted for the total energy intake in all
the models. Also, a validation study showed a good
agreement between the DHQ and the dietary records
for GI and GL [32]. Second, the participants in this
study were obese adults who were recruited from
members who visited health checkups. Thus, selection
bias and generalizability may be a problem. Third,
dietary intakes were measured only once, and thus
may not have reflected the long-term intake. Fourth,
as is always the case in observational studies, there
may be residual confounding by unknown or unmeas-
ured confounding factors. However, our multiple sensi-
tivity analyses controlling for covariates including
visceral fat area, subcutaneous fat area, BMI, and waist
circumference showed a positive association between
the GL and HbA1c. Finally, it should be mentioned
that, using a cross-sectional analysis, we are unable to
establish a temporal relationship in the association be-
tween GI or GL and metabolic risk factors and given
the multiple testing and the limited power of the
study, the association between GL and HbA1c needs
to be interpreted cautiously.
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Conclusions
Although our results do not answer questions concern-
ing the differential roles of GL and total carbohydrate
intakes in the glucose metabolism, our findings suggest
that participants with poor glycemic control tend to
have a higher GL in an obese Japanese population.
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