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Glycemic load is associated with diabetes and

prediabetes among middle-aged and elderly adults in

Guangzhou, China
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Background and Objectives: Previous studies have obtained conflicting findings regarding the possible associa-
tions between glycemic load (GL) indices and diabetes. In the present study, we examined cross-sectional associ-
ations between several GL indices, including the total dietary GL, the energy-adjusted GL, and the prevalence of
abnormal glucose metabolism, including prediabetes and diabetes. Methods and Study Design: This study was
conducted in Guangzhou, China from July 2011 to December 2011. It included 2,022 participants (602 men and
1,420 women), between 45 and 75 years of age. The prevalence of abnormal glucose metabolism was compared
across the quartiles of GL indices to discover any potential linear correlations. Stratified analysis was conducted
according to the body mass index (BMI) and waist circumference (WC) measurements. Results: Energy-adjusted
GL was positively associated with the prevalence of diabetes and the multivariable-adjusted estimate of the OR
comparing the highest versus the lowest quartile was 2.50 (95% CI, 1.49-4.19). For the stratified analysis by sex,
BMI or WC, similar associations were observed. For the overweight and obese (BMI >24.0 kg/m?) or centrally
obese (WC >85 cm for men or >80 cm for women) participants, compared to participants in the lowest quartile of
energy-adjusted GL, those in the highest quartile showed an increased risk of abnormal glucose metabolism. The
OR estimates were 2.25 (95% CI: 1.45-3.52) and 1.54 (95% CI: 1.06-2.25), respectively. Conclusions: High die-
tary energy-adjusted GL is associated with the prevalence of diabetes as well as abnormal glucose metabolism

among middle-aged and elderly adults.
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INTRODUCTION

According to the latest edition of the Diabetes Atlas pub-
lished by the International Diabetes Federation, China has
the largest population of diabetics in the world.! One re-
cent study showed that 11.6 percent of Chinese adults
have been diagnosed with diabetes, and 50.1 percent Chi-
nese adults are at the risk of developing the disease. This
suggests there are up to 113.9 million Chinese adults are
living with diabetes. An additional 493.4 million people
with prediabetes at a high risk for developing the disease.
The greater concern is that the prevalence of prediabetes
and diabetes are even higher in older age groups.”

The American Diabetes Association (ADA) provides
dietary recommendations to prevent the development of
the disease among people with diabetes including moni-
toring the quantity and quality of the carbohydrate in-
take.” The ADA has stated that the use of the glycemic
index (GI) and glycemic load (GL) as measurements of
carbohydrate quality may provide a modest additional
benefit compared to carbohydrate counting alone. The GI
is a relative ranking of the postprandial blood glucose
level for each carbohydrate-containing food when com-
pared to 50 g of glucose or a reference food, and the GL

is a measurement of the quantity of a carbohydrate in
addition to its quality. Though controversial, the GL val-
ue has been hypothesized to be a predictor of diabetes due
to its effects on the blood glucose response. The relation-
ship between GL and diabetes has attracted much atten-
tion in the field of nutrition and has been applied in die-
tary assessment tests worldwide.*”

Overall, evidence regarding the effects of dietary GL
on glycemic control remains uncertain and inconclusive.
Few investigations have collected GL data from a Chi-
nese population, and these previous studies mainly fo-
cused on the association between GL and diabetes instead
of prediabetes. The aims of this analysis were therefore to
characterize dietary GL indices, including the total GL
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and energy-adjusted GL, for different glucose metabolism
states in middle-aged and elderly adults in Guangzhou,
China, as well as to run a comprehensive analysis to in-
vestigate the association between the GL indices and the
prevalence of prediabetes and diabetes. Moreover, we
conducted a stratified analysis to determine if this associ-
ation is consistent in overweight and obese adults.

METHODS

Study population

This study was conducted in Guangzhou, China from July
2011 to December 2011. All eligible adults between the
ages of 45 and 75 who had lived in Guangzhou for at
least 3 years were recruited. Participants were excluded if
they (a) had a previous diagnosis of diabetes, and/or they
were using an oral diabetes medication or insulin injec-
tion, (b) had a severe impairment of their cardiac, hepatic
or renal functions, or (¢) had an implausible total energy
intake of <600 or >4800 kcal.

This study was approved by Ruijin Hospital Ethics
Committee ([2011] No. 14). All participants received a
precise explanation of the study and provided written
informed consent.

Clinical characteristics and glucose tests

The following characteristics were assessed using a self-
administered questionnaire: date of birth, sex (male or
female), education (<9 y or >9 y), current smoking status
(yes or no), and current drinking status (yes or no). The
metabolic equivalent task (MET) value was calculated for
each moderate or heavy physical activity using a com-
pendium of physical activity values.® Body height and
waist circumference (WC) were measured to the nearest
0.1 cm, and the weight was measured to the nearest 0.1
kg. Standard techniques and mean measurements were
used. The body mass index (BMI) was calculated as the
weight in kilograms divided by the height in metres
squared. Blood samples were collected in all participants
after an overnight fast of at least 10 hours. Participants
were given a standard 75 g glucose solution, and their
plasma glucose was measured 0 and 2 h after administra-
tion during the oral glucose tolerance test (OGTT).

Dietary assessment

Dietary intake was assessed using a continuous 3-day diet
record. Subjects recorded the amount and types of food as
well as the drinks that they consumed during a continuous
3-day period, in which one holiday could be included.
The daily eating pattern was recorded in detail, especially
for carbohydrate-containing foods and drinks. The brand
name and preparation method for each food was de-
scribed specifically. 2 weeks after the glucose test, partic-
ipants returned to the hospital for collection of their die-
tary records. All the dietary records were checked by a
dietitian before collection. Food models and measuring
displays were used to determinate the typical serving siz-
es.

The Food Composition Table of China (2002)” and
2008 international tables® of GI were used to establish a
software model for logging, calculating, and saving the
GI and GL values for the foods consumed by our study
population. An appropriate GI value was chosen based on

the cooking method used (e.g. uncooked, boiled and
fried). The mean value of GI was performed when multi-
ple values were available. For foods without a published
GI value, we imputed the GI value in accordance with the
most similar foods based on the macronutrient and fiber
content as well as the preparation method. The GL for
each food was calculated by multiplying the carbohydrate
content in each serving by the GI of that food, and the
dietary total GL was the sum of all the GL values for each
food consumed over the course of one day. The overall
dietary GI was obtained by dividing the total GL by the
total amount of carbohydrate intake in grams per day. In
addition, the total GL was transformed into energy-
adjusted values (/1000 kcal) using the residual method.’

A dietary diversity score (DDS) was defined as the to-
tal count of different food groups irrespective of the
amount consumed by individuals over the continuous 3-
day period.'’ All the food items consumed by the subjects
were categorized into 10 food groups which were refined
grains, whole grains, tubers, vegetables, fruits, meat and
poultry, fish and seafood, eggs, milk and milk products,
bean and nuts. The choice of the 10 food groups was
based on the Food Guide Pagoda for Chinese Residents
(2016)."" 1 point was given for each food group con-
sumed and added up to a maximum of 10 if all food
groups were consumed.

Definition

Different glucose metabolism states were defined as fol-
lows. (a) Diabetes was defined as having a fasting plasma
glucose of (FPG) >7.0 mmol/L, and/or a 2-hour postpran-
dial plasma glucose of (2hPG) >11.1 mmol/L after OGTT.
(b) Prediabetes was defined as having an FPG between
6.1-6.9 mmol/L, and/or a 2hPG between 7.8-11.0 mmol/L
after OGTT. (c) Normal glucose tolerance was defined as
anyone not falling into the above two categories. Both
diabetes and prediabetes patients were defined as having
abnormal glucose metabolism.

Overweight patients had BMI values between 18.5-
23.9 kg/m’, and obese patients had values of BMI >28.0
kg/m®. Central obesity was defined as WC >85 c¢cm for
men and >80 cm for women.

Data analysis

Statistical analysis was performed using the SAS software
system. Two-sided p values <0.05 were considered to be
statistically significant. The general characteristics of the
study population were expressed as the “mean” for con-
tinuous variables, which were compared using ANOVA,
or as a “percentage” for categorical variables, which were
compared using the chi-square test. We conducted anal-
yses according to the quartiles of dietary GL indices and
stratified analyses by BMI and WC categories. Logistic
regression was used to assess the association between the
GL indices and the prevalence of prediabetes and diabetes.

RESULTS

A total of 2,022 participants were selected as the study
sample, including 602 (30%) men and 1,420 (70%) wom-
en with a mean age of 56 years. In the study population,
770 and 178 participants were categorized as falling into
the prediabetes and diabetes groups, respectively. Predia-
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betes patients accounted for 38% of the participants,
while diabetes patients accounted for 9% of the partici-
pants. The mean dietary total GL of the study population
was 181, and the mean energy-adjusted GL was 96. Cere-
als were the dominant source of dietary total GL across
all glucose metabolism status groups, accounting for ap-
proximately 90% of the dietary total GL. Participants
with diabetes and prediabetes showed higher dietary GL
values than those with normal glucose tolerance levels,
including total GL (185, 185 and 178, respectively,
p=0.02) and energy-adjusted GL (101, 96 and 95, respec-
tively, p<0.01).

The results showed that men tended to have a higher
dietary GL, including total GL and energy-adjusted GL.
Participants in the higher quartile of total GL were older,
have less education, and were more likely to be current
smoking and drinking compared to those in the lowest
quartile; however, no significant trend was observed with
energy-adjusted GL increased. Dietary carbohydrate in-
take and GI were positively associated with both GL indi-
ces while the intake of fat, protein and insoluble dietary
fiber were positively associated with total GL but nega-
tively associated with energy-adjusted GL. Participants
with higher energy-adjusted GL scored lower diet diversi-
ty (Table 1).

No significant association was observed between the
total GL and the prevalence of diabetes or abnormal glu-
cose metabolism. However, the replacement of total GL
with energy-adjusted GL was significantly associated
with the prevalence of both diabetes and abnormal glu-
cose metabolism. The multivariable-adjusted ORs across
quartiles of energy-adjusted GL were 1.00, 1.55, 2.02
(95% CI, 1.21-3.37), and 2.50 (95% CI, 1.49-4.19) for
diabetes, and 1.00, 1.12, 1.06, and 1.39 (95% CI, 1.05-
1.83) for abnormal glucose metabolism. Similar results
were observed in stratified analysis according to patient
sex (Table 2).

In our population, having a higher BMI (>24.0 kg/m?)
or a larger WC (>85 c¢m for men or >80 cm for women)
was associated with higher risk of developing diabetes
(OR [95% CI], 2.10 [1.54-2.86] and 2.16 [1.55-3.00],
respectively). Therefore, we conducted stratified analyses
based on the categories of BMI and WC, respectively.
Association between diabetes and the total GL was ob-
served only in the participants who were not overweight
or obese. However, high energy-adjusted GL was associ-
ated with a significantly higher prevalence of diabetes in
the participants with or without an overweight or obese
status. Moreover, in the subgroup with a BMI above 24.0
kg/m’, an elevated prevalence of both diabetes and ab-
normal glucose metabolism were observed as the energy-
adjusted GL increased (Table 3). Similarly, significant
associations were observed in the analysis stratified by
WC (Table 4).

DISCUSSION
To our knowledge, no existing cross-sectional or cohort
community-based study has investigated dietary GL in
Guangzhou or China. In the present study, refined grain
and vegetable consumption was 100%, which differ sig-
nificantly from their counterparts in the US and Europe.
The present study therefore assessed an Asian population
and demonstrated that the mean energy-adjusted GL val-
ue was 96 in Guangzhou, China, which was higher than
the values (range, 79-88) reported in Japan.'*"* Moreover,
while several previous studies used information collected
from self-administered questionnaires, our study was
based on more reliable information obtained from medi-
cal examinations and FPG and 2hPG after OGTT.
Dietary GL is a reflection of the categories and
amounts of carbohydrates in daily foods, making up for
the shortfall of GI that only reflects the carbohydrates
present in a single food. However, given that the fat, pro-

Table 1. General characteristics of the middle-aged and elderly adults from Guangzhou by quartiles of GL indices

(n=2,022)
- Total GL Energy-adjusted GL
Characteristic Qi Q@ Q3 Q4 > Ql Q2 Q3 Q4 >
Dietary data
Energy, kcal/d 1496 1730 1967 2363 <0.01 1902 1822 1892 1940 <0.01
Carbohydrate, g/d 179 222 266 342 <0.01 220 235 262 291 <0.01
Fat, g/d 58 61 65 69 <0.01 75 64 61 54 <0.01
Protein, g/d 65 73 79 92 <0.01 86 77 75 72 <0.01
Insoluble dietary fiber, g/d 10 12 13 14 <0.01 13 12 12 11 <0.01
GI 70 71 72 75 <0.01 68 71 73 76 <0.01
DDS 6.7 7.2 7.3 7.0  0.02 7.4 7.3 6.9 6.3  <0.01
Other data
Male, % 10.3 15.5 27.3 66.1 <0.01 16.3 22.1 34.4 46.1 <0.01
Age,y 55.5 55.4 55.7 57.0 <0.01 55.5 55.9 55.9 56.4 0.14
Moderate/heavy physical 31.9 27.8 353 25.8 0.01 32.3 31.6 29.6 273 0.37
activity, METs/w
Education, >9y, % 67.2 63.1 68.4 57.3  <0.01 69.3 64.0 65.2 57.5  <0.01
Overweight or obesity, % 39.5 452 383 39.5 0.11 40.2 40.3 42.3 39.8 0.85
Central obesity, % 50.2 57.5 52.2 474  0.01 49.4 53.8 51.0 53.2 0.49
Current smoking, % 7.1 8.7 13.8 28.5 <0.01 10.0 10.0 19.8 185  <0.01
Current drinking, % 24 5.6 6.3 9.5 <0.01 5.6 5.5 7.1 5.5 0.64

Q: quartile; GL: glycemic load; GI: glycemic index; DDS: dietary diversity score; MET: metabolic equivalents.

Data are presented as the means or percentages.
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Table 2. Association between dietary GL indices and abnormal glucose metabolism prevalence in middle-aged and elderly adults from Guangzhou

Participants (n=2,022)
Diabetes
Age, sex adjusted
Multivariate®
Abnormal glucose metabolism
Age, sex adjusted
Multivariate®
Men (n=602)
Diabetes
Age adjusted
Multivariate®
Abnormal glucose metabolism
Age adjusted
Multivariate®
Women (n=1420)
Diabetes
Age adjusted
Multivariate®
Abnormal glucose metabolism
Age adjusted
Multivariate’

Total GL Energy-adjusted GL

p for p for
Ql Q2 Q3 Q4 trend Ql Q2 Q3 Q4 trend
1.00  0.67(0.41-1.09) 1.47 (0.96-2.25)  0.84(0.49-1.45) 0.29 1.00 1.46 (0.88-2.43) 1.89(1.16-3.09)  2.26(1.39-3.69) <0.01
1.00  0.59(0.35-0.97) 1.55(1.00-2.41)  0.86(0.49-1.53) 0.18 1.00 1.55(0.92-2.60)  2.02(1.21-3.37)  2.50(1.49-4.19) <0.01
1.00  1.19(0.93-1.53) 1.41 (1.09-1.82) 1.17 (0.86-1.58) 0.08 1.00 1.08 (0.84-1.39) 1.06 (0.82-1.37) 1.31(1.01-1.70) 0.04
1.00  1.15(0.89-1.49) 1.38 (1.05-1.80) 1.14 (0.83-1.57) 0.05 1.00 1.12 (0.86-1.45) 1.06 (0.82-1.38) 1.39 (1.05-1.83) 0.02
1.00  1.19(0.51-2.79) 1.16 (0.52-2.61) 1.59 (0.74-3.44) 0.23 1.00 1.96 (0.79-4.87) 1.27(0.49-3.34)  3.44(1.49-7.94) <0.01
1.00  1.37(0.53-3.55) 1.62 (0.63-4.21) 1.24 (0.52-2.97) 0.37 1.00 1.81(0.67-4.87) 1.51(0.54-4.20)  3.99(1.52-10.48)  0.03
1.00  0.90(0.57-1.42)  0.60(0.38-0.95) 1.40 (0.88-2.21) 0.45 1.00 1.16 (0.74-1.84)  0.67(0.43-1.06) 1.24 (0.79-1.95) 0.85
1.00  1.01(0.62-1.64)  0.62(0.38-1.01) 1.48 (0.92-2.40) 0.33 1.00 1.30(0.80-2.10)  0.75(0.46-1.20) 1.50 (0.91-2.46) 0.83
1.00  0.51(0.28-0.93)  0.99(0.58-1.69) 1.20 (0.73-1.95) 0.21 1.00 2.23(1.15-4.30)  2.80(1.47-533)  3.17(1.70-5.94) <0.01
1.00  0.49(0.26-0.92) 1.03 (0.59-1.81) 1.15(0.69-1.91) 0.21 1.00 2.04(1.03-4.04)  3.14(1.59-6.20)  3.36(1.74-6.47) <0.01
1.00  0.97(0.72-1.31) 1.19 (0.88-1.61) 1.62 (1.20-2.19) <0.01 1.00 1.35(1.00-1.82) 1.25(0.93-1.69) 1.50(1.11-2.02) 0.02
1.00  0.97(0.71-1.33) 1.19 (0.87-1.62) 1.59 (1.16-2.18)  <0.01 1.00 1.28 (0.94-1.74) 1.19 (0.87-1.62) 1.48 (1.08-2.02) 0.02

Q: quartile; GL: glycemic load.
Data are presented as OR (95% CI).

TAdditionally adjusted for BMI (continuous), WC (continuous), moderate/heavy physical activity (continuous), education (<9 y or >9 y), current smoking status (yes or no) and current drinking status (yes or no).



Normal (n=1,200)
Diabetes

Age, sex adjusted
Multivariate®

Abnormal glucose metabolism

Age, sex adjusted
Multivariate®

Overweight or obesity* (n=822)
Diabetes

Age, sex adjusted
Multivariate®

Abnormal glucose metabolism

Age, sex adjusted
Multivariate’

Q: quartile; GL: glycemic load; BMI: body mass index. Data are presented as OR (95% CI).

Normal (n=974)
Diabetes

Age, sex adjusted

Multivariate’

Abnormal glucose metabolism
Age, sex adjusted

Multivariate’

Central obesity* (n=1,048)

Diabetes

Age, sex adjusted

Multivariate’

Abnormal glucose metabolism
Age, sex adjusted
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Table 3. Stratified analysis of the GL indices by BMI with abnormal glucose metabolism prevalence in middle-aged and elderly adults from Guangzhou
Total GL Energy-adjusted GL
p for p for
Ql Q2 Q3 Q4 trend Ql Q2 Q3 Q4 trend
1.00  0.74(0.29-1.84)  3.58(1.78-7.21)  2.03(0.85-4.83)  <0.01 1.00  1.87(0.84-4.14) 1.94(0.87-431) 3.11(1.43-6.77)  0.01
1.00  0.65(0.24-1.79)  3.90(1.86-8.19)  2.77(1.06-7.22)  <0.01 1.00  2.03(0.88-4.67) 1.98(0.86-4.60) 4.01(1.74-9.25)  <0.01
1.00 1.18 (0.84-1.66) 1.43(1.01-2.02)  0.91 (0.60-1.40) 0.50 1.00  0.86(0.62-1.20)  1.01(0.72-1.42)  0.99 (0.70-1.40) 0.83
1.00 1.20 (0.85-1.69) 1.34(0.95-1.91)  0.83(0.54-1.29) 0.55 1.00  0.86(0.61-1.21)  1.03(0.73-1.45) 0.98 (0.69-1.39) 0.70
1.00  0.56(0.31-1.02)  0.65(0.36-1.18)  0.51(0.25-1.04)  0.24 1.00  1.27(0.65-247) 1.74(0.93-329) 1.86(0.98-3.54)  0.01
1.00  0.58(0.32-1.07)  0.68(0.67-123)  0.53(0.26-1.07)  0.21 1.00  1.24(0.63-2.45) 1.71(0.90-3.25) 1.85(0.95-3.61)  0.02
1.00  1.01(0.68-1.49)  1.52(1.02-2.27)  1.40(0.87-2.24)  0.05 1.00  1.48(1.00-2.19) 1.26(0.85-1.87) 1.95(1.28-2.98)  <0.01
1.00 1.03 (0.69-1.52) 1.55(1.03-2.34) 1.45 (0.89-2.34) 0.04 1.00  1.68(1.12-2.53) 1.32(0.88-1.96) 2.25(1.45-3.52) <0.01
TAdditionally adjusted for moderate/heavy physical activity (continuous), education (<9 y or >9 y), current smoking status (yes or no) and current drinking status (yes or no). Defined as BMI >24.0 kg/m’,
Table 4. Stratified analysis of the GL indices by WC with abnormal glucose metabolism prevalence in middle-aged and elderly adults from Guangzhou
Total GL Energy-adjusted GL
p for p for
Ql Q2 Q3 Q4 trend Ql Q2 Q3 Q4 trend
1.00  0.88(0.34-2.27) 2.72(1.24-598)  1.30(0.44-3.86)  0.03 1.00  2.39(0.88-643)  1.71(0.59-4.94)  5.32(2.07-13.69)  <0.01
1.00  1.22(043341)  2.72(1.23-6.04)  1.78(0.55-5.74)  0.02 1.00  2.28(0.81-640)  1.92(0.65-5.67)  6.48(2.41-17.39)  <0.01
1.00 1.24 (0.85-1.81) 1.44(0.98-2.12) 1.00 (0.61-1.65) 0.58 1.00  1.13(0.77-1.66) 1.06 (0.71-1.57) 1.31(0.88-1.95) 0.35
1.00  1.29(0.88-1.90)  1.41(0.95-2.08)  0.94(0.56-1.57)  0.60 .00 1.16(0.79-1.71)  1.08(0.72-1.60)  1.31(0.87-1.97) 0.27
1.00 0.56 (0.32-1.00) 1.00 (0.60-1.68) 0.67 (0.37-1.24) 0.56 1.00  1.16(0.62-2.14) 1.84 (1.05-3.21) 1.83(1.03-3.27) <0.01
1.00  0.57(0.32-1.01)  0.99(0.59-1.66)  0.66(0.35-125)  0.50 1.00  1.16(0.62-2.16)  1.85(1.05-3.24)  1.90 (1.05-3.45) 0.01
1.00 1.05(0.74-1.48) 1.43(1.01-2.03) 1.22(0.82-1.82) 0.09 1.00  1.10(0.78-1.55) 1.26 (0.89-1.78) 1.31(0.92-1.88) 0.06
1.00  1.04(0.74-147) 1.34(0.94-192)  1.22(0.81-1.83)  0.09 1.00  1.17(0.81-1.67)  1.31(0.92-1.87)  1.54(1.06-2.25) 0.02

Multivariate’

Q: quartile; GL: glycemic load; WC: waist circumference. Data are presented as OR (95% CI). )
TAdditionally adjusted for moderate/heavy physical activity (continuous), education (<9 y or >9 y), current smoking status (yes or no) and current drinking status (yes or no). 'Defined as WC >85 cm for men and

>80 c¢cm for women.
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tein and insoluble dietary fiber intake increased markedly
as the total GL increased, the associations between diabe-
tes and total GL were inconclusive in the present study;
indeed, a positive association was observed in the partici-
pants with normal weights, but disappeared in obese par-
ticipants. Several existing studies, which used the total
GL as a key variable, showed that the dietary GL was not
associated with a higher risk of diabetes.'*"”

The energy-adjusted GL was calculated in our study.
This is the GL with the same amount of energy intake
(1000 kcal), increased the predictive ability, and mini-
mized the influence of confounding factors.” Moreover,
numerous dietary guidelines emphasize the critical role of
the consumption of a diet that is varied and includes dif-
ferent foods from different food groups. Participants with
lower energy-adjusted GL were likely to consume more
groups of food, which could support individuals in
achieving a healthy balanced diet.

In our study, higher dietary energy-adjusted GL values
were associated with an increasing prevalence of diabetes,
which was consistent the results of several existing stud-
ies.'"™!” However, several studies conducted in patients of
different ages or with different glucose metabolism states
reported conflicted findings.”**' Moreover, our study also
showed that higher dietary energy-adjusted GL was also
associated with the prevalence of abnormal glucose me-
tabolism, including diabetes and prediabetes. Given that
prediabetic patients are at a high risk of developing diabe-
tes, the associations between prediabetes and the dietary
GL indices have also attracted attention. Taken together,
the superiority of the dietary GL indices in the prevalence
of abnormal glucose metabolism still remain an open re-
search question.

The evaluation of dietary GL is tightly related to its
specific food origin. Therefore, the application of dietary
GL in guiding food selection among patients must take
the specific disease and detailed food origin into consid-
eration. In the preceding study, subjects who had previ-
ously been diagnosed with diabetes were found to have
made some dietary modifications towards improved car-
bohydrate quality, as a KAP-changing (Knowledge, Atti-
tude, Practice) consequence of disease.” It led to several
health-related behavioural changes, such as a lower car-
bohydrate intake, a reduced consumption of cereal, espe-
cially middle and high GI cereals, and/or an increasing
consumption of vegetable and legumes. In our study, par-
ticipants with known diabetes or who were being treated
for diabetes were excluded in order to rule out the possi-
bility of dietary modification.

In our study, the dietary GL was assessed by a typical
continuous 3-day diet record instead of a food frequency
questionnaire (FFQ). This was done because the structure
of FFQ is not optimal for the assessment of GI and GL.
Although the 3-day diet record sometimes underestimates
the food intake, the cereal intake, which was the dominant
source of dietary GL, rarely changes unless diet control
treatment is initiated. Moreover, the promising results of
the 3-day diet record allowed us to improve the precision
of the estimation of dietary carbohydrates and to provide
data on meal patterns. Recording the dietary details in the
2 weeks following the first interview, instead of review-
ing past dietary details, reduced the chances of subjective

bias caused by poor memory. Since information on the
occurrence of diabetes or prediabetes was obtained, and
dietary exposure was independently classified, the risk of
information bias was greatly reduced.

This research had several limitations. The cross-
sectional design was based on a relatively small sample
size, and convenience sampling was used, such that adults
who were employed may have been excluded. Therefore,
the prevalence of abnormal glucose metabolism in our
sample may have been differed from that of the general
population. Another limitation was the lack of data on the
prevalence of other chronic metabolic disease, which may
also lead to changes in the dietary pattern. A further limi-
tation of the present study was that for some foods, the
exact GI value was not available; thus, GI assignments
were based on imputed values from similar foods or esti-
mated using mixed-meal calculations.

Conclusions

Our study supports the hypothesis that the type or quality
of carbohydrate eaten plays an important role in the aeti-
ology of diabetes among middle-aged and elderly Chinese
adults. These findings and those of similar studies suggest
that high dietary energy-adjusted GL, instead of total GL,
is associated with the risk of developing prediabetes and
diabetes. However, more robust longitudinal studies are
needed to elucidate the sustainability of a low-GL diet
and the relationship linking diabetes or prediabetes inci-
dence and GL intake over time.
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