
ScholarWorks@GSU

Glycemic Load is Associated with HDL Cholesterol
but not with the Other Components and Prevalence
of Metabolic Syndrome in the Third National Health

and Nutrition Examination Survey, 1988–1994

Authors Culberson, Amy;Kafai, Mohammad R.;Ganji, Vijay

Citation Culberson <em>et al.</em>: Glycemic load is associated with HDL
cholesterol but not with the other components and prevalence of
metabolic syndrome in the third National Health and Nutrition
Examination Survey, 1988–1994. <em>International Archives of
Medicine</em> 2009, 2:3. doi: 10.1186/1755-7682-2-3

Download date 2026-02-12 21:44:55

Link to Item https://hdl.handle.net/20.500.14694/11657

https://hdl.handle.net/20.500.14694/11657


International Archives of
Medicine

Original research
Glycemic load is associated with HDL cholesterol but not with the
other components and prevalence of metabolic syndrome in the third
National Health and Nutrition Examination Survey, 1988–1994
Amy Culberson1, Mohammad R Kafai2 and Vijay Ganji*3

Address: 1School Nutrition, McDuffie County Schools, Thomson, GA 30824, USA, 2Department of Mathematics, San Francisco State University,
San Francisco, CA 94132, USA and 3Division of Nutrition, School of Health Professions, College of Health and Human Sciences, Georgia State
University, Atlanta, GA 30303, USA

E-mail: Amy Culberson - CulbersonA@mcduffie.k12.ga.us; Mohammad R Kafai - kafai@math.sfsu.edu; Vijay Ganji* - vganji@gsu.edu
*Corresponding author

Published: 13 January 2009 Received: 18 September 2008

International Archives of Medicine 2009, 2:3 doi: 10.1186/1755-7682-2-3 Accepted: 13 January 2009

This article is available from: http://www.intarchmed.com/content/2/1/3

© 2009 Culberson et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Carbohydrate quality and quantity may affect the risk for cardiovascular diseases
(CVD) and type-2 diabetes mellitus. Glycemic load (GL) is a mathematical concept based on
carbohydrate quality and quantity. GL is a product of glycemic index (GI) and the carbohydrate
content of a food item divided by 100.

Objective: In this study, the association between GL and components and prevalence of
metabolic syndrome was investigated in a representative sample survey of US residents utilizing the
data reported in the third National Health and Nutrition Examination Survey (n = 5011).

Methods: Metabolic syndrome was defined according to the criteria established by the Adult
Treatment Panel III. Multivariate-adjusted means for waist circumference, triacylglycerol, systolic
and diastolic blood pressures, blood glucose, and HDL cholesterol were determined according to
the energy-adjusted GL intake quartiles using regression models.

Results: In all subjects and in men, high GL was associated with low HDL-cholesterol
concentrations in multivariate-adjusted analysis (P for trend < 0.01). However, no association
was observed between GL and any of the individual components of metabolic syndrome in women.
Also, no association was observed between energy-adjusted GL and prevalence of metabolic
syndrome in both men (P for trend < 0.21) and women (P for trend < 0.09) in the multivariate-
adjusted logistic regression analysis.

Conclusion: It is likely that the diets low in GLmaymitigate the risk for CVD throughHDL cholesterol.

Background
Metabolic syndrome is characterized by central adipos-
ity, dyslipidemia, impaired glucose tolerance, insulin
resistance, and hypertension. Metabolic syndrome affects
approximately 27% of the U.S. population [1]. A low-fat

diet is currently recommended for the treatment of
metabolic syndrome in order to facilitate weight loss [2].
However, evidence from epidemiological studies does
not show a consistent relation between the intake of
dietary fat and adiposity [3]. Energy from fat is often
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replaced with energy from carbohydrates [4]. A high
carbohydrate diet, with poor regard for carbohydrate
quality, may produce the biochemical features of
metabolic syndrome [5]. High carbohydrate diets can
adversely affect the lipid profile and glucose tolerance,
worsening the metabolic abnormalities in those with or
predisposed to metabolic syndrome [6, 7].

The glycemic index (GI) is based on the glycemic
response to a fixed amount of carbohydrate [8]. GI is
an indicator of the quality of dietary carbohydrate [9].
Diets high in GI are associated with greater fluctuations
in blood glucose and insulin concentrations compared
to those diets low in GI [10]. The glycemic load (GL) is a
mathematical model and is defined as the product of the
available total carbohydrate content of a food item in
grams and the corresponding GI of that food, divided by
100 [9]. Thus, GL represents both quality and quantity of
dietary carbohydrate. Foods with a high GL elicit greater
glycemic and insulinemic responses [10].

Individuals with metabolic syndrome are at increased risk
of developing cardiovascular disease (CVD) and type-2
diabetes [11, 12]. Epidemiological evidence suggests that
the diets high in GI and GL are associated with increased
risk for CVD [13] and type-2 diabetes [9]. Little research
has been conducted on the association between GL and
indices and prevalence of metabolic syndrome. One study
examined the relation of GL with the prevalence of
metabolic syndrome using data from the Framingham
Study Cohort [14]. However, the population used in that
study was predominantly white. The risk of developing
related outcomes of metabolic syndrome increases with
multiple risk factors [15]. It is therefore important to
study GL and all the risk factors of metabolic syndrome
together. The aim of this study was to investigate the
association between dietary GL and indices and preva-
lence of metabolic syndrome using the data from a
representative survey of the US population.

Methods
Survey design and study sample
The third National Health and Nutrition Examination
Survey, 1988–1994 (NHANES III) was conducted by the
National Center for Health Statistics of the Centers for
Disease Control and Prevention and was designed to
collect data on the health and nutritional status of US
residents [16]. Data used for the analysis were derived
from public use data files released by the National
Technical Information Services, Springfield, VA [17].
NHANES III was a complex, stratified, probability sample
survey of non-institutionalized individuals over the age of
two months. Data were collected on demographics,
socioeconomic status, physical and health conditions,

biochemical constituents in blood and urine, anthropo-
metric measurements, and dietary intake. Individuals
with diabetes, pregnant and lactating women, individuals
with missing data for food frequency, indices of meta-
bolic syndrome and the covariates used for analysis,
individuals who fasted <9 hours, and individuals whose
dietary records were coded as unreliable were excluded
from the data analysis. After applying the aforementioned
exclusion criteria, the final study sample consisted of
5011 individuals (men, 3047; women, 1964).

Measurements
Blood was collected by venipuncture and processed
according to standard protocol [16]. Serum total
cholesterol was measured enzymatically (Hitachi 704
Analyzer; Boehringer Mannheim Diagnostics, Indiana-
polis, IN) and serum triacylglycerol was measured
following hydrolyzation to glycerol. Serum HDL choles-
terol was measured following the precipitation of other
lipoproteins with a manganese chloride-heparin solu-
tion. All lipoproteins were analyzed at the John Hopkins
University Lipoprotein Analytical Laboratory, Baltimore,
MD. Blood glucose was determined through an enzy-
matic reaction (Cobas Mira assay: Roche, Basel, Switzer-
land) at the University of Missouri-Columbia School of
Medicine, Columbia, MO. Detailed analytical methodol-
ogy has been described elsewhere [16].

Blood pressure was measured using a mercury sphygmo-
manometer (W A Baum Co, Inc, Copiague, NY) according
to the standard protocol recommended by the American
Heart Association [18]. The mean of 3–6 measurements
was used. Waist circumference was measured to the
nearest 0.1 cm. Body mass index (BMI) was computed
from weight and height measurements. Poverty income
ratio was used to define the socioeconomic status. A
poverty income ratio < 1.0 is considered below the
poverty level. Participants who answered 'yes' to the
present smoking status question were treated as current
smokers. Participants who answered 'yes' to the questions
"have you taken vitamins/minerals and prescription
medicine in the past month?" were treated as supplement
users and medicine users, respectively. Alcohol intake
data were collected for participants >17 y. Subjects were
asked to report their consumption of beer, wine, and hard
liquor over the past month prior to the survey. One drink
of alcohol was described as 360 mL of beer, 120 mL of
wine, or 30 mL of hard liquor. Total alcohol intake
(drinks/month) was calculated by summing the drinks of
beer, wine, and hard liquor.

Dietary assessment and calculation of GL
In NHANES III, food intake data were collected using an
80-item qualitative food frequency questionnaire (FFQ)
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and one 24-hour food recall. FFQ was designed to
provide qualitative information about the usual intake
of individuals >17 y. Participants were asked how often
they consumed a particular food or beverage over the
past month prior to the survey. Food intake data were
standardized to number of times consumed/month.
Food recall data were collected by using an automated,
microcomputer-based dietary interview and coding
system. Participants reported all food and beverages
consumed for the previous 24-hour time period.
Nutrient composition of foods recalled was based on
the United States Department of Agriculture Survey
Nutrient Database [19].

Dietary intake data from the FFQ were used to calculate
dietary GL. Previously, Ford and Liu [20] calculated GL
and GI from the dietary intakes collected utilizing the
FFQ in the NHANES III. If the frequency of consumption
was reported as two, it was assumed that the participant
consumed two portions. The carbohydrate content of
foods consumed was determined using standard portion
sizes from the USDA food composition tables [21]. GL
value was calculated for each participant by multiplying
the carbohydrate content in grams in one serving of a
food item by the corresponding GI of that food divided
by 100. This value was multiplied by the food frequency
data of that food item to derive the GL. The individual
GL values for each food item are summed to derive the
total daily GL consumed. Dietary GL intake was
determined according the formula given below.

GL GI  X CHO F=
=
∑( ) /i i i

i

n

100
1

In the above formula, GIi is the GI value of foodi from
the GI tables [10]. CHOi is the total amount of
carbohydrate in one serving of foodi. F is the frequency
of intake of the foodi. A unit of GL is equivalent to 1 g of
carbohydrate from white bread.

Determination of metabolic syndrome
Participants meeting three or more of the Adult Treat-
ment Panel III defining criteria for metabolic syndrome
were regarded as having metabolic syndrome [2]. These
criteria were: waist circumference >40 inches for men
and >35 inches for women, triacylglycerol >150 mg/dL
(>1.69 mmol/L) for both sexes, HDL-cholesterol <40
mg/dL (1.04 mmol/L) for men and <50 mg/dL (1.29
mmol/L) for women, blood pressure ≥ 130/85 mm Hg
for both sexes, and fasting blood glucose ≥ 100 mg/dL
(5.6 mmol/L) for both sexes. In addition, individuals
that reported taking medications for blood pressure were
counted as having blood pressure ≥ 130/85.

Statistical analyses
SUDAAN statistical software (Windows, version 8.0.2;
Research Triangle Institute, Research Triangle Park, NC)
was used for statistical analysis in order to account for
the complex survey design and in order to apply
sampling weights. Use of sample weights in the data
analysis takes differential probabilities of selection and
non-coverage and non-response bias into consideration.
The final examination weights were used in accordance
with NHANES guidelines (least common denominator
method). SAS (SAS for Windows, version 9.0, SAS
Institute Inc, Cary, NC) and SPSS (SPSS for Windows,
Chicago, IL, version 13.0) were also used for data
management in conjunction with SUDAAN.

Participants' GL intake was adjusted for energy using the
residual method [22]. Baseline characteristics of the
participants were compared across quartiles of GL intake
using analysis of variance for continuous variables and
c2 test for categorical variables. Multivariate analysis of
covariance (ANCOVA) was performed to determine the
association between energy-adjusted GL and indices of
metabolic syndrome for all subjects and separately for
men and women. Multivariate-adjusted means were
calculated for each component of metabolic syndrome
for each quartile of GL intake. Standard errors were
determined with Taylor Linearization method. In the
regression models, GL was entered as the independent
variable and each indicator of metabolic syndrome was
entered as dependent variables. In the multivariate-
adjusted ANCOVA, adjustments were made for sex, race-
ethnicity, age, alcohol consumption, smoking status,
BMI, prescription medication and supplement use,
poverty income ratio, and intakes of protein, fat, and
dietary fiber intake variables. Multiple comparisons were
performed to determine difference between the means of
GL quartiles for each indicator of metabolic syndrome
with Bonferroni adjustment after testing the hypothesis
with unpaired, two-tailed t-test.

Logistic regression was used to determine the multi-
variate-adjusted odds ratios (OR) and 95% confidence
intervals (CI) for the presence of metabolic syndrome for
each dietary GL quartile after adjusting the analysis for
sex, age, race-ethnicity, BMI, smoking status, alcohol
intake, prescription medicine and vitamin/mineral sup-
plement use, poverty income ratio, and the intakes of
dietary protein, fat and fiber. All values were considered
statistically significant at P < 0.05.

Results
The demographic characteristics of the study population
are presented in Table 1. The study sample consisted of
3047 (58%) men and 1964 (42%) women. Individuals

International Archives of Medicine 2009, 2:3 http://www.intarchmed.com/content/2/1/3

Page 3 of 8
(page number not for citation purposes)



in the highest GL quartile were younger than those in
the other GL quartiles (P < 0.001). More persons in
the 1st quartile GL group consumed vitamin/mineral
supplements compared to those present in other groups.
BMI differed within the GL categories (P = 0.013). There
was a significant difference in BMI between the 1st and
4th quartiles of GL intake (26.6 vs. 25.9 kg/m2).
Percentage of energy from fat was significantly higher
in the 1st GL quartile category (≅35%) compared to
the 4th quartile GL category (32.7%). Persons in the
4th GL quartile consumed a largest percentage of
energy from carbohydrate (P < 0.001). Total energy
intake was also highest in those persons who consumed
highest GL. The intake of dietary fiber was not associated
with GL.

The association between energy-adjusted GL and the
indicators of metabolic syndrome for all subjects and
separately for men and women is shown in Table 2. In

the multivariate-adjusted analysis, the GL was signifi-
cantly associated with HDL-cholesterol in the combined
sample (P = 0.007) and in men (P = 0.001) but not in
women (P = 0.39). In men there was a significant
difference in HDL-cholesterol concentrations between
the 1st and 3rd GL quartiles groups (1.27 vs 1.16 mmol/
L; P < 0.0001) and 1st and 4th GL quartiles groups (1.27
vs 1.15 mmol/L; P < 0.0001). GL was not associated with
waist circumference, triacylglycerol, diastolic and systolic
blood pressures, and fasting blood glucose in both men
and women.

The association between energy-adjusted GL and pre-
valence of metabolic syndrome is presented in Table 3.
We found no association between energy-adjusted GL
and prevalence of metabolic syndrome in the sex-race-
ethnicity-age-adjusted (P for trend < 0.21) or in the
multivariate-adjusted logistic regression analysis (P for
trend < 0.09).

Table 1: Demographics, lifestyles, and health characteristics and dietary intakes of study population by intakes of glycemic load in the
third National Health and Nutrition Examination Survey, 1988–19941

Energy-adjusted glycemic load2

Quartile 1
(< 119)

Quartile 2
(119 – 157)

Quartile 3
(157 – 204)

Quartile 4
(≥ 204)

P value3

Glycemic load intake4

Men 95 138 177 244
Women 96 139 177 245

Sex [n (%)] <0.001
Men 659 (14.6) 688 (14.6) 714 (13.6) 986 (15.3)
Women 443 (10.4) 458 (10.5) 506 (11.3) 557 (9.8)

Race/ethnicity [n (%)] <0.001
Non-Hispanic white 621 (49.6) 634 (50.6) 597 (47.6) 481 (38.4)
Non-Hispanic black 411 (32.8) 312 (24.9) 288 (23) 288 (23)
Mexican American 179 (14.3) 264 (21.1) 331 (26.4) 442 (35.3)
Other 42 (3.4) 43 (3.4) 37 (3.0) 41 (3.3)

Smokers [n (%)] 725 (57.9) 672 (53.6) 663 (52.9) 741 (59.2) <0.001
Prescription medication users
[n (%)]

429 (34.2) 436 (34.8) 435 (34.7) 398 (31.8) <0.001

Vitamin/mineral supplement
users [n (%)]

449 (35.8) 426 (34.0) 462 (36.9) 402 (32.1) <0.001

Age5 (y) 45.8 ± 0.5a 46.4 ± 0.5a 46.3 ± 0.5a 43.3 ± 0.5b <0.001
Body mass index5 (kg/m2) 26.6 ± 0.2a 26.4 ± 0.1a,b 26.4 ± 0.2a,b 25.9 ± 0.1b 0.013
Alcohol intake5 (drinks/mo) 13 ± 0.8a 12 ± 0.6a,b 10 ± 0.5b 12 ± 0.7a,b 0.007
Dietary intakes6

Total energy (kcal/d) 2290 ± 35a,b 2224 ± 3a 2229 ± 30a 2378 ± 33b 0.002
Fat (g/d) 92 ± 1.8a 86 ± 1.5 a, b 85 ± 1.4 b, c 89 ± 1.6c <0.001
Protein (g/d) 88 ± 1.5a 83 ± 1.3a,b 84 ± 1.3a,b 88 ± 1.4b <0.005
Carbohydrate (g/d) 254 ± 4.0a 258 ± 3.5a 269 ± 3.6a 295 ± 4.2b <0.001
Fiber (g/1000 kca/) 7.7 ± 0.1 7.8 ± 0.1 8.1 ± 0.1 7.7 ± 0.1 0.077

1 n = 5011 (men, 3047; women, 1964).
2 Glycemic load is the product of the glycemic index of a food item and carbohydrate intake from that food in g divided by 100. Values not sharing
common superscripts (a, b, c) are significantly different in a row using Bonferroni adjustment for multiple comparisons after testing the hypothesis
with t-test.
3 Significance for c2-statistic for categorical variables or for F-statistic for continuous variables.
4 Values are medians.
5 Values are mean ± SEs.
6 Data were derived from the 24-hour dietary recalls.

International Archives of Medicine 2009, 2:3 http://www.intarchmed.com/content/2/1/3

Page 4 of 8
(page number not for citation purposes)



Table 2: Multivariate-adjusted components of metabolic syndrome according to the intakes of glycemic load in the third National
Health and Nutrition Examination Survey, 1988–19941

Energy-adjusted glycemic load2

Quartile 1
(< 119)

Quartile 2
(119 – 157)

Quartile 3
(157 – 204)

Quartile 4
(≥ 204)

P value3

Waist circumference (cm)
All subjects 91 ± 0.2 91 ± 0.2 91 ± 0.2 91 ± 0.2 0.63
Men 94 ± 0.3 94 ± 0.3 95 ± 0.3 95 ± 0.2 0.19
Women 87 ± 0.4 87 ± 0.4 87 ± 0.3 87 ± 0.4 0.82

Triacylglycerol (mmol/L)
All subjects 1.5 ± 0.04 1.6 ± 0.1 1.6 ± 0.04 1.6 ± 0.1 0.70
Men 1.7 ± 0.1 1.8 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 0.60
Women 1.3 ± 0.1 1.3 ± 0.03 1.3 ± 0.04 1.4 ± 0.1 0.24

Systolic blood pressure (mmHg)
All subjects 120 ± 0.6 120 ± 0.5 120 ± 0.5 120 ± 0.5 0.99
Men 124 ± 0.8 123 ± 0.6 123 ± 0.6 123 ± 0.7 0.69
Women 115 ± 0.8 117 ± 0.7 116 ± 1.0 117 ± 0.7 0.46

Diastolic blood pressure (mmHg)
All subjects 74 ± 0.4 74 ± 0.4 74 ± 0.4 74 ± 0.4 0.73
Men 77 ± 0.6 76 ± 0.5 76 ± 0.5 76 ± 0.5 0.54
Women 71 ± 0.5 72 ± 0.5 71 ± 0.6 71 ± 0.4 0.77

Fasting plasma glucose (mmol/L)
All subjects 5.2 ± 0.04 5.2 ± 0.03 5.2 ± 0.02 5.2 ± 0.02 0.46
Men 5.4 ± 0.04 5.3 ± 0.04 5.3 ± 0.03 5.4 ± 0.03 0.28
Women 5.1 ± 0.04 5.1 ± 0.04 5.1 ± 0.1 5.0 ± 0.3 0.65

HDL cholesterol (mmol/L)
All subjects 1.32 ± 0.02a 1.30 ± 0.01a,b 1.28 ± 0.01a,b 1.25 ± 0.02b 0.007
Men 1.27 ± 0.02a 1.20 ± 0.02a,b 1.16 ± 0.02b 1.15 ± 0.02b 0.0001
Women 1.40 ± 0.2 1.43 ± 0.02 1.43 ± 0.02 1.39 ± 0.03 0.39

1 n = 5011 (men, 3047; women, 1964). Glycemic load is the product of the glycemic index of a food item and carbohydrate intake from that food in g
divided by 100. Metabolic syndrome was defined according to the Adult Treatment Panel III Guidelines (waist circumference >40 inches for men and
>35 inches for women, triacylglycerol <150 mg/dL (1.69 mmol/L) for both sexes, HDL-cholesterol <40 mg/dL (1.04 mmol/L) for men and <50 mg/dL
(1.29 mmol/L)for women, blood pressure ≥ 130/85 mm Hg for both sexes, and fasting blood glucose ≥ 100 mg/dL (5.6 mmol/L) for both sexes.
2 Values are mean ± SEs. Analysis of covariance (ANCOVA) with energy-adjusted glycemic load as the independent variable and indicators of
metabolic syndrome as dependent variables. Values not sharing common superscript (a, b) are significantly different from each other within the
indicator of metabolic syndrome (across row) using Bonferonni adjustment for multiple comparisons after testing the hypothesis with unpaired, two-
tailed t-test. Analysis was adjusted for age, race-ethnicity, smoking status, poverty income ratio, prescription medication use, vitamin/mineral
supplement use, and intakes of alcohol, protein, fat, and dietary fiber.
3 Significance of metabolic syndrome indicator variable in the analysis of covariance (P for Wald F).

Table 3: Multivariate-adjusted odds ratio (OR) and 95% confidence intervals (CI) for metabolic syndrome according to intakes of
glycemic load in the third National Health and Nutrition Examination Survey, 1988–19941

Energy-adjusted glycemic load2

Quartile 13

(< 119)
Quartile 2
(119 – 157)

Quartile 3
(157 – 204)

Quartile 4
(≥ 204)

P value4

Positive for metabolic syndrome, n (%) 212 (4.2) 218 (4.4) 239 (4.8) 274 (5.5)
Age, sex, and race-ethnicity adjusted 1.00 0.99 (0.75, 1.29) 1.22 (0.91, 1.63) 0.83 (0.62, 1.10) 0.21
Multivariate-adjusted5 1.00 0.96 (0.61, 1.50) 1.37 (0.88, 2.12) 0.81 (0.53, 1.23) 0.09

1 n = 5011 (men, 3047, women, 1964). Metabolic syndrome was defined according to the Adult Treatment Panel III Guidelines (waist circumference
>40 inches for men and >35 inches for women, triacylglycerol <150 mg/dL (1.69 mmol/L) for both sexes, HDL-cholesterol <40 mg/dL (1.04 mmol/L)
for men and <50 mg/dL (1.29 mmol/L) for women, blood pressure ≥ 130/85 mm Hg for both sexes, and fasting blood glucose ≥ 100 mg/dL (5.6 mmol/
L) for both sexes.
2 Glycemic load is the product of the glycemic index of a food item and carbohydrate intake from that food in g divided by 100.
3 Referent category.
4 Significance of metabolic syndrome indicator variable in the multivariate logistic regression analysis (P for Wald F).
5 Logistic regression was adjusted for sex, age, race-ethnicity, smoking status, poverty income ratio, prescription medication use, vitamin/mineral
supplement use, and intakes of alcohol, protein, fat, and dietary fiber.
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Discussion
To our knowledge this is the first study that reports the
association between GL and all components of meta-
bolic syndrome using the data from a nationally
representative sample survey of US residents. We found
that in all subjects and in men but not in women, high
GL was associated with low HDL-concentrations in the
multivariate-adjusted analysis after taking several con-
founding variables into consideration. Also, no associa-
tion was observed between energy-adjusted GL and
prevalence of metabolic syndrome in either sex. Previous
studies on the association between GL and some
indicators of metabolic syndrome yielded equivocal
observations. The present observation of inverse relation
between GL and HDL-cholesterol is in agreement with
the observation made by Ford and Liu [20]. They
reported a decrease in HDL with increasing GL (P <
0.001). However, they [20] did not report the association
between GL and other indicators of metabolic syndrome.
Later, Liu et al [23] reported that GL was inversely
associated with HDL-cholesterol in 280 postmenopausal
women (P = 0.03). In a Dutch population, Du et al [24]
found no association between GL and several metabolic
components of metabolic syndrome (fasting glucose,
HDL-cholesterol, and triacylglycerol). Recently, Kim et al
[25] reported a positive relation between low HDL-
cholesterol and high GL and an increased risk of
developing the metabolic syndrome in those with the
highest quintile of GL intake compared with those with
the lowest quintile of GL intake in Korean women with a
BMI ≥ 25 kg/m2.

In this study, it is not known why there was a difference
between men and women with regard to the association
between GL and HDL-cholesterol. Estrogen has a
protective effect on lipid profile [26]. Kaim-Karakas et
al [27] reported that post-menopausal women
responded differently to low-fat diets. The mean age of
the women in our sample was 43 ± 0.4 y. This would
classify many as pre-menopausal [28]. Thus, the differ-
ence in association between GL and HDL-cholesterol
between sexes may be due to hormonal differences
between men and women. In women, lack of association
in this study and an inverse association in Liu et al's
study [23] between GL and HDL-cholesterol can be
attributed to the differences in characteristics of subjects.

High GL diets have been associated with increased
fasting triacylglycerol concentrations due to the potential
accumulation of atherogenic triacylglycerol-rich VLDL
remnants [23, 29, 30]. This has been attributed to an
increase in carbohydrate as a caloric compensation for
dietary fat [31]. Previous investigations on the effect of
carbohydrate on the lipid profile have been conducted in
individuals who consumed < 20% energy from total fat

[32]. Whereas, in this study the energy intake from fat
was 33–35%. However, not all reports have shown that
consumption of low-fat, high carbohydrate diets leads to
unfavorable metabolic profile [32]. Conflicting results
between studies can be attributed to the differences
between characteristics of subjects and procedures used
in the data analysis.

No association was observed between fasting blood
glucose and energy-adjusted GL in this study. Others
reported that diets high in GL increase the risk of
impaired glucose tolerance [33]. Individuals with dia-
betes were excluded from the current study. Thus, the
individuals with metabolic syndrome were those with
impaired fasting glucose. These individuals are at high
risk of developing type-2 diabetes [34]. Previously,
investigators noted a reduced risk of developing type-2
diabetes in those consuming a low GL, high cereal fiber
diet in the Nurses' Health and Health Professionals'
Follow-Up study [9]. In contrast, there was no associa-
tion between GL or GI and the risk of type-2 diabetes in
the Iowa Women's Health Study [35].

There is only one published study on the association
between GL and metabolic syndrome [14]. In the
Framingham Cohort, there was no association between
GL and the prevalence of metabolic syndrome. This is
consistent with our findings. McKeown et al [14]
observed a relation between GI and the prevalence of
metabolic syndrome among the predominantly white
sample. Among individuals in the highest quintile of GI
intake, there was a 41% increased risk of metabolic
syndrome. The authors noted that individuals in the
highest quintile of whole-grains, dietary fiber, cereal
fiber, and fruit fiber with a low GI had a decreased risk of
insulin resistance. There was a 38% reduction in the
prevalence of metabolic syndrome for the highest
quintile of cereal fiber and a 33% reduction in the
prevalence of metabolic syndrome for whole-grains [14].

Although the determination of GL based on food
frequency intake data has been reported earlier [20,
21], it is possible that the food frequency data may not
reflect the number of servings actually consumed.
Noethlings et al [36] reported that data on portion
sizes add little to the variance in food intake and the
major part of variance in food intake is explained by the
frequency of food consumption alone. Cereal fiber has
previously been shown to drive the relationship with GL
[9]; however, this variable was not measured in the
NHANES III. Alternatively, we have adjusted the analysis
for total dietary fiber intake. A shortcoming of the
current GI tables is the lack of available values for all
food items commonly consumed. When published
values for GI were not available, an appropriate
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substitution was made. It is possible that such a
substitution may have led to misclassification of the
participants' intake and overall average GL. Because of
cross-sectional nature of this study, cause and effect
measurement is not possible.

There are no specific dietary recommendations exist for
the treatment and prevention of metabolic syndrome. A
treatment goal is to manage the individual components
of metabolic syndrome in order to prevent or delay the
development of CVD or type-2 diabetes [2]. Strategies for
the management of metabolic syndrome are weight
management and physical activity. Weight control
improves all components of metabolic syndrome [13].
A dietary recommendation for metabolic syndrome is
incorporation of foods that minimize fluctuations in
blood glucose [37]. In general, diets low in GL might be
beneficial in maintaining healthy lipid profile. Until
more evidence is available on the role of GI and GL in
metabolic syndrome, it is prudent to follow the dietary
guidelines and prepare foods with little added sugar, and
consume a minimum of three servings of whole grains/
day [38].
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