He et al. Nutr Metab (Lond) (2021) 18:31

https://doi.org/10.1186/512986-020-00504-5 NUtrItlon & Meta b0||5m

RESEARCH Open Access
)]

An optimal glycemic load range is better Sk
for reducing obesity and diabetes risk

among middle-aged and elderly adults
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Abstract

Background: Due to the lack of evidence, advice pertaining to glycemic load (GL) can be misleading. Does the
excessive restriction of GL, mostly through an extreme reduction in carbohydrate intake, result in a relatively high
intake of fat and protein and result in overweight and obesity? This study was performed to initially explore the opti-
mal GL range.

Methods: A cross-sectional study involving 2029 participants aged 40 years or older in Guangzhou, China was con-
ducted. Participants were divided into four groups according to cluster analysis. Dietary data were assessed using a
previously validated 3-day food record.

Results: Instead of participants with the highest [cluster 1, median (interquartile ranges) GL was 112(107-

119)/1000 kcal] and the lowest GL intake [cluster 4, 90(82-96)/1000 kcal], those with moderate GL intakes [clusters 2
and 3, 93(85-102) and 93(85-99)/1000 kcal, respectively] had a lower prevalence of overweight, obesity and diabetes.
In addition, clusters 2 and 3 were more consistent with the macronutrient intake reference with adequate micronutri-
ent intake. Therefore, the optimal GL range was determined to be (85-100)/1000 kcal, rather than “lower is better”.

Conclusions: Reducing the GL intake to prevent diabetes deserves more attention in the context of a balanced diet.
An appropriate GL may be better than excessive restriction.
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Introduction

The steady increase in the prevalence of diabetes over the
past three decades in virtually all regions worldwide has
received considerable interest; the number of people with
diabetes in 2017 was 425 million, and this figure is pre-
dicted to increase to 629 million by 2045 [1]. In general,
the prevalence of diabetes in China has sharply increased;
the prevalence has been reported to be less than 1% in
1980 [2], 5.5% in 2001 [3], 9.7% in 2008 [4], 11.6% in 2010
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[5], and 10.9% in 2013 [6]. Most diabetic patients suf-
fer from type 2 diabetes, which is mostly avoidable. The
most important modifiable risk factors for type 2 diabe-
tes are overweight and obesity, an improper diet, a seden-
tary lifestyle and tobacco smoking [7].

Numerous observational studies and clinical trials
have investigated the role of nutrition in the preven-
tion of diabetes. With respect to macronutrients, it has
been shown that the quality rather than the quantity of
carbohydrates is associated with increased diabetes risk
[8]. Compared to the traditional view of carbohydrate
restriction alone, the glycemic index (GI) was created as
a tool to guide people with diabetes in selecting foods
[9]. Subsequently, the glycemic load (GL), which con-
siders the GI and the amount of available carbohydrates
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eaten [10], was introduced and considered the primary
measurement of carbohydrate quantity and quality.
Reducing the GL may provide a modest additional ben-
efit [11, 12]. Several prospective observational studies
[13, 14] and meta-analyses [15, 16] have shown that
the diabetes risk increases with a higher dietary GL.
In addition, a low-GL diet may have favorable effects
in individuals with prediabetes who constitute a broad
group with a high risk of developing diabetes [17].

However, traditional association analyses in the field
of nutritional epidemiology typically examine disease
in relation to a single GL, regardless of the rationality
of the energy ratio of macronutrients and food intakes.
Although these analyses have been quite valuable, the
results of the association between GL, health and dis-
ease may be affected. Whether the unsatisfactory effect
of a low-GL diet should be attributed to its innate rea-
sons or irrationality of the energy ratio of macronutri-
ents and food intake is uncertain.

Previous studies were interested in indicating the
benefit of reducing carbohydrate intake [18]. How-
ever, energy intake is derived from carbohydrates, fat
and protein. The following question emerged: Can the
excessive restriction of GL, mostly through an extreme
reduction in the intake of carbohydrates, result in a
relatively high intake of fat and protein and result in
overweight and obesity [19]? Indeed, China is facing an
emerging obesity epidemic, and the prevalence of over-
weight and obesity has doubled over the past decade
[20]. However, few previous studies examining the rela-
tionship between dietary GL and diabetes risk consid-
ered physiological endpoints, such as obesity.

In addition, definitive data warranting the establish-
ment of evidence-based dietary GL recommendations
are currently lacking. Several studies conducted outside
of Asia have defined a low-GL diet as the maintenance
of a GL less than 80 per day [21], the consumption of
no more than 45 per 1000 kcal [22], or the consump-
tion of no more than one serving of high-GL foods per
day [23-25]. Such targets are difficult to achieve based
on the Chinese Dietary Guidelines. Grains such as rice
and noodles form the base of nearly every meal in the
Chinese diet. According to the Chinese dietary guide-
lines, an adult should intake 250-400 g/day of grains,
of which 50-150 g should be whole grains or mixed
beans and 50-100 g should be tubers. The GL of the
recommended diet would be more than 130 per day or
80 per 1000 kcal. Due to the existence of limited or no
supporting evidence, advice pertaining to the GL can
be misleading. This study, which involved 2029 mid-
dle-aged and elderly Chinese adults, was performed to
examine the associations among GL, diabetes and obe-
sity while considering the rationality of nutrient intake;
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in addition, this study initially aimed to determine the
optimal GL range.

Methods

Study population

This study is an ongoing multiethnic, epidemiological
study investigating lifestyle and the glucose metabo-
lism state in China [26-28]. The data used in this cross-
sectional analysis were obtained from a baseline survey
conducted between July 2011 and December 2011 and
focused on a subsample in Guangzhou, China. The details
of the study methodology have been previously published
[29]. Briefly, all eligible adults who were (a) aged 40 years
or older and (b) lived in Guangzhou for at least 3 years
were recruited. The participants were excluded if they (a)
had a previous diagnosis of diabetes and/or were using
oral diabetes medication or insulin injection and/or (b)
had a severe impairment in their cardiac, hepatic or renal
function.

Dietary assessment

During the first face-to-face interview, all participants
were trained in the level of detail required to adequately
describe the foods and amounts consumed, including
the name of the food (brand name, if possible), prepa-
ration methods, recipes for food mixtures, and portion
sizes. Food models and measuring displays were used to
ensure accurate portion sizes. Subsequently, the partici-
pants were instructed to record the amount and type of
all foods and drinks they consumed during a continuous
3-day period, which ideally included 2 weekdays and 1
weekend day at home, highly suggesting that recording
to be done at the time of the eating occasion in order
to reliance on memory. The foods eaten daily, the brand
name, and the food preparation method were recorded in
detail. The amounts consumed may be measured using a
scale or household measures (e.g., cups or tablespoons)
or estimated using models or pictures. All records were
received in real time, clarified entries and probed for for-
gotten foods by a dietitian prior to collection.

The Food Composition Table of China and interna-
tional GI tables [30, 31] were used to establish a software
model to log, calculate and save the energy, nutrients,
GI and GL values of the study subjects. An appropriate
GI value was chosen based on the cooking method used
(e.g. uncooked, boiled or fried). The mean GI value was
calculated when multiple values were available. For foods
without a published GI value, the GI value was estimated
based on a standardized method [32]. The GL of each
food was calculated by multiplying the carbohydrate con-
tent in each serving by the GI of that food, and the total
GL was calculated as the sum of all GL values of each
food consumed over the course of 1 day [32]. In addition,
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for each participant, the energy and nutrient intake were
adjusted by the ideal body weight by converting the total
value into the value per 1 kg of ideal body weight [33].
The mean daily indices of dietary intake were calculated.

The nutrient adequacy ratios (NARs) were calculated
for 14 micronutrients (vitamin A, thiamine, riboflavin,
ascorbic acid, folic acid, calcium, potassium, magnesium,
iron, zinc, selenium and manganese) by dividing the par-
ticipants’ actual intakes of each micronutrient by the rec-
ommended nutrient intake (RNI) or adequate intake (AI).
An NAR equal to 0 indicates a diet devoid of that micro-
nutrient, whereas an NAR equal to 1 indicates a diet that
achieved or exceeded the recommended nutrient intake
of that micronutrient. To obtain an overall estimate of
nutritional adequacy, a mean micronutrient adequacy
ratio (MAR) was calculated based on the 14 NARs. Each
NAR was truncated at 1 to avoid the possibility that a
micronutrient with a high NAR compensates for a micro-
nutrient with a low NAR. Therefore, the maximum pos-
sible MAR value was 1, and the minimum possible MAR
value was 0.

Reproducibility and validity tests of the 3-day food
record were conducted using the answers obtained
from 58 participants [34]. These participants completed
the 3-day food record and food frequency question-
naire (FFQ) for the first time. Then, after approximately
2 weeks, they completed a second 3-day food record. The
Spearman correlation coefficients of the two food records
were 0.62 for the GI and 0.65 for the GL and ranged from
0.41 to 0.69 for the GLs of different food groups (P<0.05
for all). Similarly, the Spearman correlation coefficients of
the food records and FFQ were 0.54 for GI and 0.42 for
GL and ranged from 0.32 to 0.55 for the GLs of different
food groups (P<0.05 for all).

Nondietary exposure assessment
The data regarding the sociodemographic characteris-
tics and lifestyle information, including physical activity,
educational history, smoking and alcohol drinking status
were gathered by trained interviewers using a standard
questionnaire. In addition, the participants were invited
to complete an oral glucose tolerance test (OGTT).
Physical activity was expressed as the number of meta-
bolic equivalent hours per week (MET-h/week) [35]. The
MET-h of an activity was calculated by multiplying the
time spent performing the activity by the MET value cor-
responding to that activity. Then, the total MET-h/week
of moderate to vigorous activities was calculated by add-
ing the MET-h values of different moderate and vigor-
ous activities in a week. Regular exercise was defined as
performing at least 7.5 MET-h of moderate to vigorous
activities per week.
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The participant’s weight, height and waist circumfer-
ence were measured with the participants dressed in
light clothing without shoes in the fasting state. Their
body height and waist circumference were measured to
the nearest 0.1 cm, and their weight was measured to the
nearest 0.1 kg. High-quality and accurate techniques and
mean measurements were used. The body mass index
(BMI) was calculated as the weight in kilograms divided
by the square of the height in meters. Overweight was
defined as a BMI between 24.0 and 27.9 kg/m? and obe-
sity was defined as a BMI greater than or equal to 28.0 kg/
m?. Central obesity was defined as a waist circumference
greater than or equal to 85.0 cm for men and 80.0 cm for
women.

The plasma glucose level was measured by a glucose
oxidase assay (AU5821; Beckman Coulter, Miami, FL,
USA). The intra- and interassay coefficients of variation
were 2 and 3%, respectively. Peripheral blood samples
were collected in the morning after 8—12 h of fasting.
The fasting plasma glucose (FPG) and 2-h plasma glu-
cose (2-hPQ@) levels were measured at fasting and 2 h
after the participants had ingested a standard 75-g glu-
cose solution, respectively. Diabetes was defined as an
FPG level greater than or equal to 7.0 mmol/L, a 2-hPG
level greater than or equal to 11.1 mmol/L, and/or a
self-reported diagnosis of diabetes supported by reliable
medical reports.

Data cleaning

The participants were considered fully eligible if it was
verified that complete data were adequately recorded. In
addition, to prevent the variables with larger ranges from
having a greater contribution than the variables with
smaller ranges, z-scores were calculated to standardize
the data set before clustering. Univariate and multivariate
outliers (>3 SD) were removed.

Statistical methods

All statistical tests were performed using PASW SPSS
Statistics for Windows, Version 18.0 (IBM SPSS,
Armonk, NK, USA), and the significance level was set at
P<0.05. The continuous variables are expressed as the
mean =+ SD and were compared using one-way ANOVA
followed by Student—Newman—Keuls (SNK) test for post
hoc pairwise comparisons. The categorical variables are
expressed as absolute values (relative frequencies) and
were compared using the chi-squared test.

A dominant component analysis was performed to
identify the underlying dietary patterns. Bartlett’s test of
sphericity and the Kaiser—Meyer—Olkin (KMO, >0.60)
measure of sampling adequacy were used to verify the
appropriateness of the component analysis. The com-
ponents were also orthogonally rotated (the varimax
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option) to enhance the difference between loadings,
which allowed for easier interpretability. Components
were retained based on the eigenvalues>1.0. A k-means
cluster analysis was used to classify the participants
into clearly distinct groups based on the dominant
components.

The odds ratio (OR) and 95% confidence interval (CI)
of the prevalence of disease according to the clusters
were assessed by logistic regression. In the fully adjusted
model, advanced age (>65 years or no), sex (male or
female), regular exercise (yes or no), current smoking sta-
tus (yes or no), current drinking status (yes or no), and
diabetic family history (yes or no) were adjusted.

Results

Participant characteristics

After excluding outliers and participants with incomplete
data, 2029 participants (628 men and 1401 women) with
a mean age of 56 years were included in the analysis. Bar-
tlett’s test of sphericity and a KMO of 0.654 supported
the appropriateness of the component analysis. Five prin-
cipal components were extracted through a dominant
component analysis of 16 variables, explaining 73.8% of
the variance in the model (Fig. 1).

The general, anthropometric, and laboratory charac-
teristics of the participants classified in different clus-
ters are shown in Table 1. Cluster 1 included more male
subjects and tended to have an unhealthier lifestyle pat-
tern, such as smoking and less regular exercise. Clusters 2
and 3 included more female subjects and tended to have

Page 4 of 10

a healthier lifestyle pattern. Cluster 4 tended to include
more younger subjects.

Prevalence of obesity

Among the 2029 individuals, 783 were diagnosed with
overweight and obesity by BMI, and 992 were diagnosed
with central obesity by waist circumference, resulting in
a prevalence of 38.6% and 48.9%, respectively. The low-
est prevalence of overweight and obesity was observed
in cluster 3 (32.2%), with moderate GL intake of 93 (85—
102)/1000 kcal. Compared to cluster 3, the risk of over-
weight and obesity both increased in cluster 1 (with the
highest GL intake of 112 (107-119)/1000 kcal) and clus-
ter 4 (with the lowest GL intake of 90 (82-96)/1000 kcal),
with multivariable adjusted ORs (95% Cls) of 1.35 (1.01—
1.80) and 1.44 (1.10-1.90), respectively. A similar trend
of the prevalence of central obesity was observed across
the four clusters. Compared to cluster 3, the risk of cen-
tral obesity increased in cluster 4, with a multivariable
adjusted OR (95% CI) of 1.42 (1.09-1.85) (Fig. 2).

Prevalence of diabetes

Among the 2029 individuals, 901 were diagnosed with
abnormal glucose metabolism, and 134 were diagnosed
with diabetes by OGTT, resulting in a prevalence of
44.4% and 6.6%, respectively. The prevalence of both
abnormal glucose metabolism and diabetes was rela-
tively lower in clusters 2 and 3. Compared to cluster 1,
the multivariable adjusted ORs (95% CI) of abnormal
glucose metabolism and diabetes in cluster 2 were 0.70

—¢— Clusterl

=B Cluster2 2
Cluster3 15

=@~ Clusterd

the 5th component
strongly influenced by
GL from vegetable
(RCM=0.760)

the 4th component

and mixed beans (RCM=0.724), and
GL from dairy (RCM=0.711)

micronutrient adequacy ratio

the 1st component strongly influenced by

strongly influenced by GL from whole grains

Fig. 1 Four identified clusters on dominant component loadings after varimax rotation. RCM rotated component matrix, GL glycemic load, MAR

carbohydrate (RCM=0.965), and
GL (RCM=0.953)

the 2nd component
strongly influenced by
insoluble dietary fiber (RCM=0.844),
/ dietary fiber (RCM=0.841), and
GL from fruit (RCM=0.839)

the 3rd component

strongly influenced by energy (RCM=0.878), and
MAR (RCM=0.824)
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Table 1 General, anthropometric, and laboratory characteristics of the study subjects classified in different clusters

Cluster 1 (n=627) Cluster 2 (n=374) Cluster 3 (n=357) Cluster 4 (n=671) Y2/F P @/n
Advanced age (n (%)) 79(12.6) 40 (10.7) 50 (14.0) 58 (8.6) 8573 0.036 0.065
Male (n (%)) 330 (52.6) 58 (15.5) 62(17.4) 178 (26.5) 216,606 <0.001 0.327
Current smoker (n (%)) 123 (20.1) 25(6.9) 17 (4.9) 84 (12.9) 60.632 <0.001 0.175
Regular alcohol drinkers (n (%)) 25 (4.0) 7(1.9) 9(2.5) 25(3.7) 4426 0219 0.047
Regular exercise (n (%)) 93 (14.8) 88 (23.5) 84 (23.5) 121 (18.0) 17211 0.001 0.092
Diabetic family history (n (%)) 107 (17.1) 59(15.9) 60 (16.9) 109 (16.4) 0327 0955 0.013
BMI (kg/mz) 2334290 233430 230431 235432 1452 0226 0.046
Waist circumference (cm) 81.7+88> 80.0+8.8% 792489 8134955 7797 <0001 0.107
FPG (mmol/L) 5.54+0.96" 53740612 54940.90 543+£0.86 3.610 0.013 0073
2-hPG (mmol/L) 7854277 7.27+1.89° 744 +2.06° 7.60+2.33 5.269 0.001 0.088
AUCG 669+ 172" 6.3241.10° 647+1.30 6.5141.44° 5512 0.001  0.090

Categorical variables are expressed as absolute values (relative frequencies) and were compared using the chi-squared test. Continuous variables are expressed as the
mean =+ SD and were compared using ANOVA and SNK. Advanced age was defined as an age > 65 years; regular exercise was defined as > 7.5 MET-h/w of moderate to
vigorous activities

BMI body mass index, FPG fasting plasma glucose, 2-hPG 2-hour plasma glucose, AUCG area under the curve of glucose
@ Compared to Cluster 1, P<0.05
b Compared to Cluster 2, P<0.05
¢ Compared to Cluster 3, P<0.05
4 Compared to Cluster 4, P<0.05

b
a Prevalence of overweight and obesity  OR (95%CI) for overweight and obestiy
x?=8.522 p=0.036 3 Crude 3 Multivariate
Cluster 1§ t——fp———t  Cluster 1 1.36 (1.03-1.79)
= p—L 1.35 (1.01-1.80)
Cluster 21 y——d———  Cluster 2 1.32 (0.97-1.79)
—— 1.29 (0.95-1.76)
Cluster 3 Cluster 3 1.00
1.00
Cluster 4 41.4% =1 Cluster 4 1.49 (1.14-1.95)
—_— 1.44 (1.10-1.90)
0 20 40 60 0.5 1.0 1.5 2.0
c
Prevalence of central obesity OR (95%CI) for central obestiy
x2=6.458 p=0.091 3 Crude =3 Multivariate
Cluster 1 b = Cluster 1 1.16 (0.90-1.51)
—— 1.25 (0.95-1.65)
Cluster 2+ bt Cluster 2 1.13 (0.85-1.51)
——— 1.14 (0.85-1.54)
Cluster 34 Cluster 3 1.00
1.00
Cluster 4 —_— Cluster 4 1.37 (1.06-1.78)
—_— 1.42 (1.09-1.85)
0 20 40 60 0.5 1.0 1.5 2.0
Fig. 2 Prevalence of obesity among the participants and adjusted ORs (95% Cls) by cluster based on a logistic regression analysis adjusted for
advanced age (> 65 years or no), sex (male or female), regular exercise (yes or no), current smoking status (yes or no), current drinking status (yes
or no), and diabetic family history (yes or no). Overweight and obesity were defined as a BMI > 24.0 kg/m? central obesity was defined as a waist
circumference > 85.0 cm for men or > 80.0 cm for women
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(0.53-0.92) and 0.48 (0.27-0.87), and those in cluster 3
were 0.72 (0.54-0.95) and 0.42 (0.23-0.78), respectively
(Fig. 3).

The optimal GL range

Participants in cluster 1 consumed a typical high-car-
bohydrate/high-GL diet, with approximately 60% of the
total energy derived from carbohydrates and 91% of
carbohydrate derived from refined grains. In contrast,
participants in cluster 4 consumed an improper low-car-
bohydrate/low-GL diet, with approximately 49% of the
total energy derived from carbohydrates and 87% of car-
bohydrate derived from refined grains. The GLs of clus-
ters 2 and 3 were slightly higher than those of cluster 4;
however, the contribution rates of the macronutrients to
the total energy were more consistent with the reference
and only approximately 75% was derived from refined
grains.

The total GL was similar between clusters 2 and 3;
however, the food composition differed. Cluster 2 con-
sumed the highest GL intake from fruit and nuts, while
cluster 3 consumed the highest GL intake from whole
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grains, mixed beans, dairy, beans and nuts. The MARs
were higher in clusters 2 and 3 (Fig. 4).

Given the associations among the clusters, nutrient
intakes, obesity and diabetes risk, the optimal GL range
was determined to be the interquartile of clusters 2 and 3,
which was (85-100)/1000 kcal with the reference intake
of carbohydrate, fat, and protein and proper food intake.

Discussion

Consistent with several previous cross-sectional stud-
ies [36, 37], our results suggest that a low GL is asso-
ciated with better glucose homeostasis. Nevertheless,
our results contributed to the debate regarding whether
excessive GL restriction may increase the risk of obe-
sity. In this study, participants with moderate GL intake
(clusters 2 and 3) had a lower prevalence of overweight
and obesity, while both those with the highest GL
intake (cluster 1) and the lowest GL intake (cluster 4)
showed an increased risk of overweight and obesity.
Only one previous study suggested a negative asso-
ciation between GL and BMI [38], while other studies
have indicated that GL is not associated with the BMI
[37, 39, 40]. However, in addition to BMI, associations

x’=12.719 p=0.005
Cluster 1 50.1%
Cluster 2 40.1%
Cluster 3-HMEM 41.5%
Cluster 4 43.1%
0 2l0 4I0 6I0
c Prevalence of diabetes d
2’=12.719 p=0.005
Cluster 1 9.7%
Cluster 21 5.1%
cruster 3{[[]TTTT]]] +5%
Cluster 4
0 % IIO 115
was defined as FPG > 7.0 mmol/L and/or 2-hPG > 11.1 mmol/L

Prevalence of abnormal glucose metabolism QR (95% CI) for abnormal glucose metabolism

3 Crude 233 Multivariate
Cluster 1 1.00
1.00

Cluster 2 0.67 (0.52-0.87)
0.70 (0.53-0.92)

Cluster 3 0.71 (0.54-0.92)
0.72 (0.54-0.95)

Cluster 4 0.75 (0.61-0.94)
0.80 (0.64-1.01)

00 05 1.0 15 20

OR (95%CI) for diabetes
3 Crude =3 Multivariate

Cluster 1 1.00

1.00
—— Cluster 2 0.50 (0.29-0.85)
—— 0.48 (0.27-0.87)
—— Cluster 3 0.44 (0.25-0.77)
—— 0.42 (0.23-0.78)
—f— Cluster 4 0.56 (0.37-0.85)
—— 0.64 (0.41-1.00)

00 05 1.0 15 20

Fig. 3 Prevalence of diabetes among the participants and adjusted ORs (95% Cls) by cluster based on a logistic regression analysis adjusted for
advanced age (> 65 years or no), sex (male or female), regular exercise (yes or no), current smoking status (yes or no), current drinking status (yes or
no), and diabetic family history (yes or no). Abnormal glucose metabolism was defined as FPG > 6.1 mmol/L and/or 2-hPG>7.8 mmol/L; diabetes
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with waist circumference have been examined, and
both a positive association [41] and no association
[39, 40] between GL and waist circumference have
been reported. Based on our results, we considered
both obesity and diabetes risk and nutrient intake and

showed that the optimal intake, which is preliminarily
set at (85—100)/1000 kcal, is better than the lowest GL.
In the present study, dietary GI and GL were assessed
using a previously validated 3-day food record instead of
an FFQ. This methodology was selected for three reasons.
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First, FFQ usually overestimates food intake compared
to other nutritional assessment methods, which leads to
an overestimation of the energy and nutritional values of
diets [42]. Second, possible errors include the omission
or addition of food, as well as an inadequate assessment
of the frequency and amount of consumed products
[43]. Third, with a 3-day food record, details about the
sources, preparation, and processing of foods and timing
and location of meals together with quantitative data on
all food sources of energy and nutrients can be captured.
Last, a 3-day food record can be designed to be cultur-
ally sensitive and cognitively easy, making it especially
suitable for respondents with limited education, such as
elderly adults [44]. In addition, in our study, the 3-day
food record is a prospective method that is independent
of the participant’s memory and covers three consecutive
days. Therefore, the food record provides relatively accu-
rate data concerning the intake of food and nutrients. In
our reproducibility and validity test, the intake of certain
foods was sometimes underestimated using 3-day food
records. However, the intake of cereal, which is the domi-
nant source of GL, rarely changed.

Dietary pattern analyses using component [45, 46] or
cluster analyses [47, 48] reflecting the complexity of die-
tary intake have recently received greater attention from
nutritional epidemiologists [49-51]. Component analyses
reduce the number of variables by identifying independ-
ent vectors that are combinations of original correlated
variables; cluster analyses create groups or clusters of
subjects with similar profiles and are very useful for
descriptive purposes. In this study, we preliminarily used
a cluster analysis to identify the GL intake patterns, and
nonoverlapping groups of individuals who exhibited
similar patterns of GL intake were created based on the
dominant pattern of GL intake. To the best of our knowl-
edge, there are no comparable studies investigating GL
clusters in terms of overweight and obesity or diabetes.

Traditionally, studies investigating dietary GL intake
and chronic metabolic disease have focused on the total
GL. However, food is typically consumed in combination,
not in isolation, and therefore, comprehensive investiga-
tions are needed to understand the dietary patterns asso-
ciated with a lower risk of diabetes. Dietary GL decreased
from cluster 1 to cluster 4. However, the lowest risks for
overweight and obesity, central obesity, abnormal glu-
cose metabolism, and diabetes were observed in the mid-
dle clusters (cluster 2 or 3) rather than either the highest
(cluster 1) or the lowest (cluster 4) cluster. Considering
the food sources of the GL, although cluster 4 consumed
the lowest total GL, approximately 87% of the GL was
derived from refined grains, which seemed to increase
the risk of type 2 diabetes [7]. In contrast, the total GLs
in clusters 2 and 3 were slightly higher than those that
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in cluster 4; however, approximately 75% of both were
derived from refined grains. Cluster 2 consumed the
highest intake of GL from fruit and nuts, and cluster 3
consumed the highest intake of GL from whole grains
and mixed beans, dairy and beans. Numerous previous
studies have suggested the favorable effects of such foods
on obesity and diabetes [7].

Dietary patterns (i.e., the macronutrient ratios and
sources) impact the inflammatory potential and obesity
or diabetes risk. Compared to the Chinese dietary refer-
ence intakes of macronutrients, participants with mod-
erate GL intake (clusters 2 and 3) were more consistent
with the macronutrient intake reference. In contrast, par-
ticipants with the lowest GL intake (cluster 4) consumed
relatively higher fat and protein. Generally, accepted that
consuming a high fat diet increases the likelihood of obe-
sity, which is one of the identified significant risk factors
for diabetes. However, the role of proteins in diabetes
prevention is conflicting. Dietary proteins have an insu-
linotropic effect and promote insulin secretion, which
leads to an increased rate of glucose clearance from the
blood [52]. However, the results from clinical trials and
observational studies have been mixed. A meta-analysis
showed beneficial effects of a high-protein diet on sev-
eral obesity and cardiometabolic parameters, including
weight loss and fasting insulin [53]. Conversely, several
large prospective cohort studies have shown detrimental
associations between protein intake and diabetes risk [54,
55]. A meta-analysis suggested that high total protein and
animal protein intake were associated with an increased
risk of diabetes while high plant protein intake was asso-
ciated with a decreased risk [56]. Therefore, the efficacy
and safety of high-protein, low-carbohydrate diets have
to be studied more extensively.

The relationship between individual micronutrients
and a low-GL diet is still uncertain. Low-GI foods are by
definition moderate to high sources of carbohydrates, yet
some are also particularly rich in micronutrients, such
as fruits, whole grains and dairy products. Several stud-
ies have reported that a low-GL diet is associated with
higher intakes of micronutrients [57], whereas a diet with
low or no gluten may lead to micronutrient deficiencies
[58]. Combined with our results, a low GL with a proper
food intake diet, which ideally contains many whole
grains, mixed beans, vegetables, fruits, dairy, nuts and
beans, should be fundamental for the adequate intake of
micronutrients. A reasonable collocation dietary pattern
could be better than a dietary pattern that excessively
restricts the GL.

Our study has the following limitations. First, a cross-
sectional design and convenience sampling were used
such that the majority of the study subjects were women
(69%). Therefore, sex (male or female) was adjusted when
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analyzing the association between dietary GL and the
prevalence of abnormal glucose metabolism. In addition,
the data analyzed in this cross-sectional analysis were
derived from a baseline survey of an ongoing multieth-
nic, epidemiological study. Therefore, the results could
be further studied based on the following prospective
observations. Second, all participants were Chinese with
traditional high-GL dietary habits. The generalization of
the results to other ethnic groups should be performed
with caution. Third, measurements of dietary intake
were secured by self-reported dietary records, as known
recovery biomarkers of GL are limited. To secure a secur-
ing more accurate measurement of diet, all participants
were trained on how to record the diet intake and were
suggested to record at the time of the eating occasion.
Despite these limitations, this study was the first to eval-
uate the associations among the GL, macro- and micro-
nutrient intake and the risk of obesity and diabetes. In
addition, the optimal range of the GL for lowering both
obesity and diabetes risk was preliminarily explored.

Conclusion

Our results demonstrate that reducing GL to prevent dia-
betes deserves more attention based on dietary patterns.
An appropriate GL is better for reducing the risk of obe-
sity and diabetes than excessive GL restriction. This study
underscores that required educational interventions
should not only promote a specific GL limitation but also
promote a more general healthy eating pattern.

Abbreviations

2-hPG: 2-Hour plasma glucose; BMI: Body mass index; Cl: Confidence interval;
DF: Dietary fiber; FPG: Fasting plasma glucose; GL: Glycemic load; GI: Glycemic
index; IBW: Ideal body weight; KMO: Kaiser-Meyer-Olkin; MET: Metabolic
equivalent; OGTT: Oral glucose tolerance test; OR: Odds ratio; RCM: Rotated
component matrix.

Acknowledgments
Not applicable.

Authors’ contributions

FHe, CC and LY equally contributed to the conception and design of this
research; FLi, YQ, XL, PL and MR contributed to the interpretation of the data;
and FHe contributed to the analysis of the data, drafted and revised the
manuscript. All authors critically revised the manuscript, agree to be fully
accountable for ensuring the integrity and accuracy of the work, and read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used in the present study are available from the corresponding
author upon reasonable request.

Ethics approval and consent to participate
The present study was approved by the Sun Yat-Sen Memorial Hospital ethics
committee. Written informed consent was obtained from all subjects.

Page 9 of 10

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Clinical Nutrition, Sun Yat-Sen Memorial Hospital of Sun
Yat-Sen University, Guangzhou 510120, China. > Department of Endocrinology,
Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University, Guangzhou 510120,
China.

Received: 28 November 2019 Accepted: 16 September 2020
Published online: 22 March 2021

References

1. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD,
Ohlrogge AW, et al. IDF Diabetes Atlas: Global estimates of diabetes
prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract.
2018;138:271-81.

2. National Diabetes Research Cooperative group. A mass survey of diabe-
tes mellitus in a population of 300,000 in 14 provinces and municipalities
in China (author’s transl). Zhonghua Nei Ke Za Zhi. 1981;20:678-83.

3. Chan JCN, MalikV, Jia W, Kadowaki T, Yajnik CS, Yoon K-H, et al. Diabetes in
Asia. JAMA. 2009;301:2129.

4. Yang W, Lu J,Weng J, Jia W, Ji L, Xiao J, et al. Prevalence of diabetes
among men and women in China. N Engl J Med. 2010;362:1090-101.

5. XuY.Prevalence and control of diabetes in Chinese adults. JAMA.
2013;310:948.

6. Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, et al. Prevalence
and ethnic pattern of diabetes and prediabetes in China in 2013. JAMA.
2017;317:2515.

7. Basiak-Rasata A, Rézanska D, Zatoriska K. Food groups in dietary preven-
tion of type 2 diabetes. Rocz Panstwowego Zaktadu Hig. 2019;70:347-57.

8. Ley SH,Hamdy O, Mohan V, Hu FB. Prevention and management of
type 2 diabetes: dietary components and nutritional strategies. Lancet.
2014;383:1999-2007.

9. Jenkins DJA, Wolever TMS, Taylor RH, Barker H, Fielden H, Baldwin JM,
et al. Glycemic index of foods: a physiological basis for carbohydrate
exchange. Am J Clin Nutr. 1981,34:362-6.

10. Salmerdn J, Manson JE, Stampfer MJ, Colditz GA, Wing AL, Willett WC.
Dietary fiber, glycemic load, and risk of non-insulin-dependent diabetes
mellitus in women. JAMA. 1997,277:472-7.

11. Johnson EL, Feldman H, Butts A, Billy CDR, Dugan J, Leal S, et al. Standards
of medical care in diabetes—2019 abridged for primary care providers.
Clin Diabetes. 2019,37:11-34.

12. Yuzbashian E, Asghari G, Aghayan M, Hedayati M, Zarkesh M, Mirmiran P,
et al. Dietary glycemic index and dietary glycemic load is associated with
apelin gene expression in visceral and subcutaneous adipose tissues of
adults. Nutr Metab (Lond). 2019;16:68.

13. Oba S, Nanri A, Kurotani K, Goto A, Kato M, Mizoue T, et al. Dietary glyce-
mic index, glycemic load and incidence of type 2 diabetes in Japanese
men and women: the Japan public health center-based prospective
study. Nutr J. 2013;12:165.

14. Mekary RA, Rimm EB, Giovannucci E, Stampfer MJ, Willett WC, Ludwig DS,
et al. Joint association of glycemic load and alcohol intake with type 2
diabetes incidence in women. Am J Clin Nutr. 2011;94:1525-32.

15. Greenwood DC, Threapleton DE, Evans CEL, Cleghorn CL, Nykjaer C,
Woodhead C, et al. Glycemic index, glycemic load, carbohydrates, and
type 2 diabetes: systematic review and dose-response meta-analysis of
prospective studies. Diabetes Care. 2013;36:4166-71.

16. Rossi M, Turati F, Lagiou P, Trichopoulos D, Augustin LS, La Vecchia C,
et al. Mediterranean diet and glycaemic load in relation to incidence of
type 2 diabetes: results from the Greek cohort of the population-based
European Prospective Investigation into Cancer and Nutrition (EPIC).
Diabetologia. 2013;56:2405-13.



He et al. Nutr Metab (Lond) (2021) 18:31

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

He F. Diets with a low glycaemic load have favourable effects on predia-
betes progression and regression: a prospective cohort study. J Hum Nutr
Diet. 2018;31:292-300.

Mckenzie A, Hallberg S, Bhanpuri NH, Athinarayanan SJ, Mccue J,
Mccarter JP, et al. Continuous remote care model utilizing nutritional
ketosis improves type 2 diabetes risk factors in patients with prediabetes.
Diabetes. 2018;67:293-OR.

Lv L, Yao Y, Wang L. Dietary glycaemic load and intakes of carbohydrates,
fats and proteins in 1040 hospitalised adult Chinese subjects. Br J Nutr.
2011;106:1052-7.

Ding EL, Malik VS. Convergence of obesity and high glycemic diet on
compounding diabetes and cardiovascular risks in modernizing China: an
emerging public health dilemma. Glob Health. 2008;4:4.

Becker GF, Passos EP, Moulin CC. Short-term effects of a hypocaloric

diet with low glycemic index and low glycemic load on body adiposity,
metabolic variables, ghrelin, leptin, and pregnancy rate in overweight
and obese infertile women: a randomized controlled trial. Am J Clin Nutr.
2015;102:1365-72.

Meydani M, Das S, Band M, Epstein S, Roberts S. The effect of caloric
restriction and glycemic load on measures of oxidative stress and antioxi-
dants in humans: results from the calerie trial of human caloric restriction.
J Nutr Health Aging. 2011;15:456-60.

Ramon-Krauel M, Salsberg SL, Ebbeling CB, Voss SD, Mulkern RV, Apura
MM, et al. A low-glycemic-load versus low-fat diet in the treatment of
fatty liver in obese children. Child Obes. 2013;9:252-60.

Fabricatore AN, Wadden TA, Ebbeling CB, Thomas JG, Stallings VA,
Schwartz S, et al. Targeting dietary fat or glycemic load in the treatment
of obesity and type 2 diabetes: a randomized controlled trial. Diabetes
Res Clin Pract. 2011,92:37-45.

Jenkins DJA, Kendall CWC, Vuksan V, Faulkner D, Augustin LSA, Mitchell
S, et al. Effect of lowering the glycemic load with canola oil on glycemic
control and cardiovascular risk factors: a randomized controlled trial.
Diabetes Care. 2014,37:1806-14.

Ning G. Risk Evaluation of cAncers in Chinese diabeTic Individuals: A
IONgitudinal (REACTION) study. J Diabetes. 2012;4:172-3.

Lin D, Sun K, Li F, Qi Y, Ren M, Huang C, et al. Association between
habitual daytime napping and metabolic syndrome: a population-based
study. Metabolism. 2014;63:1520-7.

Ning G, Bloomgarden Z. Diabetes and cancer: findings from the REAC-
TION study. J Diabetes. 2015;7:143-4.

He F-Y, Chen C-G, Lin D-Z, Li F, Lin X-H, Yuan Z-M, et al. Glycemic load

is associated with diabetes and prediabetes among middle-aged and
elderly adults in Guangzhou. China Asia Pac J Clin Nutr. 2018;27:655-61.
Atkinson FS, Foster-Powell K, Brand-Miller JC. International tables

of glycemic index and glycemic load values: 2008. Diabetes Care.
2008;31:2281-3.

Foster-Powell K, Holt SHA, Brand-Miller JC. International table of glycemic
index and glycemic load values: 2002. Am J Clin Nutr. 2002;76:5-56.
Louie JCY, Flood V, Turner N, Everingham C, Gwynn J. Methodology for
adding glycemic index values to 24-hour recalls. Nutrition. 2011,27:59-64.
Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in
epidemiologic studies. Am J Clin Nutr. 12285;65:12205-8S.

He F, Chen C, Lin D, Lin X, QiY, Yan L. A greater glycemic load reduction
was associated with a lower diabetes risk in pre-diabetic patients who
consume a high glycemic load diet. Nutr Res. 2018;53:77-84.

Aadahl M, Jergensen T. Validation of a new self-report instrument for
measuring physical activity. Med Sci Sport Exerc. 2003;35:1196-202.
Murakami K, Sasaki S, Takahashi Y, Okubo H, Hosoi Y, Horiguchi H, et al.
Dietary glycemic index and load in relation to metabolic risk factors in
Japanese female farmers with traditional dietary habits. Am J Clin Nutr.
2006;83:1161-9.

Farvid MS, Homayouni F, Shokoohi M, Fallah A, Farvid MS. Glycemic
index, glycemic load and their association with glycemic control among
patients with type 2 diabetes. Eur J Clin Nutr. 2014,68:459-63.

Mendez MA, Covas MI, Marrugat J, Vila J, Schroder H. Glycemic load,
glycemic index, and body mass index in Spanish adults. Am J Clin Nutr.
2009;89:316-22.

Page 10 of 10

39. Hosseinpour-Niazi S, Sohrab G, Asghari G, Mirmiran P, Moslehi N, Azizi F.
Dietary glycemic index, glycemic load, and cardiovascular disease risk
factors: Tehran Lipid and Glucose Study. Arch Iran Med. 2013;16:401-7.

40. Castro-Quezada |, Artacho R, Molina-Montes E, Serrano FA, Ruiz-Lépez
MD. Dietary glycaemic index and glycaemic load in a rural elderly popu-
lation (60-74 years of age) and their relationship with cardiovascular risk
factors. Eur J Nutr. 2015;54:523-34.

41. Wang ML, Gellar L, Nathanson BH, Pbert L, Ma Y, Ockene |, et al. Decrease
in glycemic index associated with improved glycemic control among
latinos with type 2 diabetes. J Acad Nutr Diet. 2015;115:898-906.

42. Fialkowski MK, McCrory MA, Roberts SM, Tracy JK, Grattan LM, Boushey
CJ. Evaluation of dietary assessment tools used to assess the diet of
adults participating in the communities advancing the studies of tribal
nations across the lifespan cohort. J Am Diet Assoc. 2010;110:65-73.

43. Kowalkowska J, Slowinska M, Slowinski D, Dlugosz A, Niedzwiedzka E,
Wadolowska L. Comparison of a full food-frequency questionnaire with
the three-day unweighted food records in young Polish adult women:
implications for dietary assessment. Nutrients. 2013;5:2747-76.

44. Gibson RS, Charrondiere UR, Bell W. Measurement errors in dietary assess-
ment using self-reported 24-hour recalls in low-income countries and
strategies for their prevention. Adv Nutr Int Rev J. 2017,8:980-91.

45. Hu FB, Rimm E, Smith-Warner SA, Feskanich D, Stampfer MJ, Ascherio A,
et al. Reproducibility and validity of dietary patterns assessed with a food-
frequency questionnaire. Am J Clin Nutr. 1999;69:243-9.

46. Slattery ML, Boucher KM, Caan BJ, Potter JD, Ma K-N. Eating patterns and
risk of colon cancer. Am J Epidemiol. 1998;148:4-16.

47. Akin JS, Guilkey DK, Popkin BM, Fanelli MT. Cluster analysis of food con-
sumption patterns of older Americans. J Am Diet Assoc. 1986,86:616-24.

48. Schroll K, Carbajal A, Decarli B, Martins |, Grunenberger F, Blauw YH, et al.
Food patterns of elderly Europeans. SENECA Investig Eur J Clin Nutr.
1996;50(Suppl 2):586-100.

49. Newby PK, Tucker KL. Empirically derived eating patterns using factor or
cluster analysis: a review. Nutr Rev. 2004;62:177-203.

50. Park S-Y, Murphy SP, Wilkens LR, Yamamoto JF, Sharma S, Hankin JH, et al.
Dietary patterns using the food guide pyramid groups are associated
with sociodemographic and lifestyle factors: the Multiethnic Cohort
Study. J Nutr. 2005;135:843-9.

51. Kant AK. Dietary patterns and health outcomes. J Am Diet Assoc.
2004;104:615-35.

52. Rietman A, Schwarz J, Tomé D, Kok FJ, Mensink M. High dietary
protein intake, reducing or eliciting insulin resistance? Eur J Clin Nutr.
2014;68:973-9.

53. Santesso N, Akl EA, Bianchi M, Mente A, Mustafa R, Heels-Ansdell D,
et al. Effects of higher- versus lower-protein diets on health outcomes: a
systematic review and meta-analysis. Eur J Clin Nutr. 2012,66:780-8.

54. Malik VS, Li Y, Tobias DK, Pan A, Hu FB. Dietary protein intake and
risk of type 2 diabetes in US men and women. Am J Epidemiol.
2016;183:715-28.

55. Van Nielen M, Feskens EJM, Mensink M, Sluijs |, Molina E, Amiano P, et al.
Dietary protein intake and incidence of type 2 diabetes in Europe: the
EPIC-InterAct case-cohort study. Diabetes Care. 2014;37(7):1854-62.

56. Zhao -G, Zhang Q-L, Liu X-L, Wu H, Zheng J-L, Xiang Y-B. Dietary protein
intake and risk of type 2 diabetes: a dose-response meta-analysis of
prospective studies. Eur J Nutr. 2019,58:1351-67.

57. Louie JCY, Markovic TP, Ross GP, Foote D, Brand-Miller JC. Higher glycemic
load diet is associated with poorer nutrient intake in women with gesta-
tional diabetes mellitus. Nutr Res. 2013;33:259-65.

58. Vici G, Belli L, Biondi M, Polzonetti V. Gluten free diet and nutrient defi-
ciencies: a review. Clin Nutr. 2016;35:1236-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	An optimal glycemic load range is better for reducing obesity and diabetes risk among middle-aged and elderly adults
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study population
	Dietary assessment
	Nondietary exposure assessment
	Data cleaning
	Statistical methods

	Results
	Participant characteristics
	Prevalence of obesity
	Prevalence of diabetes
	The optimal GL range

	Discussion
	Conclusion
	Acknowledgments
	References


