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ABSTRACT
Objective: The role of dietary glycemic index (GI) and glycemic load (GL) in the development of obesity has
been debated globally. The relationship with body shape and fat distribution was examined in this cross-
sectional association study among apparently healthy Iranian adults.
Methods and materials: A study population of 265 (126 males and 139 females) aged 18–55 years
participated in this cross-sectional study from the communities of Tehran based on cluster sampling. GI
and GL were assessed by the 147-item food frequency questionnaire (FFQ) completed by a trained
dietitian. Weight, height, waist circumference (WC), and hip circumference of the participants were
measured, and body mass index (BMI), waist-to-hip ratio (WHR), and A Body Shape Index (ABSI) were
further calculated. Fat mass and fat-free mass were also measured using a body composition analyzer, and
fat mass index (FMI) and fat-free mass index (FFMI) were then calculated. Multivariate regression models
were fitted to assess the association between GI/GL and fat distribution measures such as FMI, FFMI, WC,
BMI, WHR, and ABSI, considering potential confounding factors such as sex, age, BMI, and physical activity.
Results: There was a statistically significant inverse association between GL and WC, BMI, and ABSI found in
the adjusted model. GL was inversely associated with WC for both the adjusted model (p-trend D 0.027)
and the crude model. Also, an inverse association was seen between GL and BMI (p-trend D 0.019) in the
adjusted model but a marginal association in the crude model. GL was also inversely associated with ABSI
(p-trend D 0.089) in the highest tertile.
Conclusion: Dietary GL but not GI is inversely associated with fat distribution measures such as WC, BMI,
and ABSI in the study population. This result may suggest a beneficial role of higher-GL diets in the
prevention of obesity.
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Introduction

According the World Health Organization (WHO), more than
1.9 billion adults (18 years and older) are overweight, with over
600 million obese (1). Obesity has been associated with increased
morbidity and mortality attributable to diabetes, hypertension, and
many other conditions (2,3). Obesity has gain global attention;
however, most researchers now focus on the pattern of body fat dis-
tribution, which seems more important than overall body mass. A
research conducted among Tehranian adults revealed that 67% of
women and 33% of men older than 20 years are suffering from
abdominal obesity (4). The epidemic obtrudes not only a decline in
the standard of living and high health care burden but also increase
inmortality rate. Studies have shown that risk factors such as genet-
ics and environment play a crucial role in the development of this
condition, with epidemiologic studies revealing habitual diet as one
of themost significant factors.

Studies have shown that obesity prevalence and morbidity and
mortality rates have increased significantly worldwide (5). The

prevalence of obesity, a significant risk factor for several chronic
diseases, in the United States has more than doubled during the
past 25 years (6). For instance, in 2008, more than 60% of adults in
the United States were categorized as either overweight or obese
(7). Popkin in his article stated that adult obesity levels, adult-onset
diabetes, and many other noncommunicable diseases are increas-
ing far more rapidly in developing countries than in the developed
countries and further stated that overweight and obesity levels of
some lower-income countriesmatch, or exceed, those of theUnited
States (8). Also, the trends of obesity are so rapid that many
researchers predict countries such as China will record a marked
increase in total adult mortality rates over the next several decades
(9), with same manifestation in Iran, since they all fall in the same
geographic location and seem to have similar dietary patterns.
Most of these studies have indicated that for obesity epidemics to
be tackled, a change in diet and food systems must be first
addressed, since it is one of the strategies that are simple and cost-
effective.
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Carbohydrates are primary nutrient, thus the glycemic index
(GI) and glycemic load (GL) represent different aspects of this
macronutrient. GI represents the increment of the area under
the glycemic curve after ingestion of 50 g of available carbohy-
drate from a test food compared with a standard food (10). GL
is the product of the GI and its actual carbohydrate content
(11). The GI/GL ranks foods according to their effect on the
glycemic response, that is, high glucose response (high GI/GL)
or low glucose response (low GI/GL). Low-GI/GL diets have
been demonstrated to reduce postprandial spikes of blood glu-
cose level in healthy individuals (12). A diet with high GI/GL
may lead to hyperinsulinemia and insulin resistance (13) as a
result of increase in the blood glucose concentration. Increase
insulin may further affect lipolysis, lipogenesis, or substrate oxi-
dation. This may affect hunger, satiety, food intake, or energy
expenditure and hence affect energy balance and body compo-
sition (14).

Considering the high consumption of carbohydrates as sta-
ple food, few studies to the best of our knowledge have been
conducted in Tehran regarding the effects of GI and GL among
apparently healthy adults, and those few studies that have
explored these relationships globally so far are inconsistent. In
this regard, the current research is design to determine the
association between dietary GI and GL and a body shape and
fat distribution among apparently healthy Iranian adults.

Materials and methods

Subjects

A study population of 265 individuals (126 males and 139
females) aged 18–55 years participated in this cross-sectional
study. Study population was recruited from the communities of
central and west of Tehran based on cluster sampling. All par-
ticipants gave written informed consent. Subjects were chosen
according to some inclusion and exclusion criteria. Participants
were included if the following applied: ages of 18–55 years, do
not consume alcohol or abuse drug, absence of any acute or
chronic inflammatory disease, no history of hypertension, and
not being pregnant. Participants were excluded if the following
applied: drink alcohol or abuse drugs, had history of hyperten-
sion, being pregnant, currently smoking, having thyroid,
hepatic, renal, or cardiovascular diseases, heart failure, malig-
nancies, or diabetes mellitus, being in any acute or chronic
inflammatory state that affects inflammatory markers, and any
kind of infection. The study was approved by local ethics com-
mittee of the Endocrinology and Metabolism Research Center
of Tehran University of Medical Sciences (ethic number: 93-
04-161-27722-149580).

Anthropometric assessments

The weight and height of participants were measured in light
clothing and barefoot, respectively, and then used to compute
the body mass index (BMI) of the participants. Waist circum-
ference (WC) was measured in the slimmest area while subjects
were at the end of a normal exhalation by a nonelastic tape
with accuracy of 0.1 cm. Also, hip circumference (HC) was
measured in the largest part of the hip over light clothing.

Waist-to-hip ratio (WHR) and A Body Shape Index (ABSI)
were then calculated.

Complete body composition analysis

A body composition analyzer (model BC-418 MA; Tanita, xx,
UK) was used to assess the body composition of all the partici-
pants. This equipment is designed to send out a very weak elec-
tric current for measuring the impedance (electrical resistance)
of the body. Participants were barefoot when they were assessed
by this device. Taking measurements after vigorous exercise
should be avoided; therefore, we waited until the subject was
sufficiently rested, for preventing a possible discrepancy in
measured values. Also measurements were performed in the
morning in a fasting condition (e.g., always urinating before
taking measurement, etc.). The device calculates body fat per-
centage, fat mass, and fat-free mass and estimates muscle mass
on the basis of data using bioelectrical impedance analysis
(BIA). Therefore, important body composition components
reported for our current study are fat percent, fat mass, and
free-fat mass. Fat mass index (FMI) and fat-free mass Index
(FFMI) were calculated as well.

Dietary intake assessment

Participants consumed their usual diet. They were instructed to
fill the 147-item food frequency questionnaire (FFQ) that was
validated in a previous studies (15). Questionnaires were com-
pleted by a trained dietitian. Data were recorded in household
measures servings and then converted into grams and millili-
ters. The Nutritionist 4 (First DataBank, San Bruno, CA, USA)
food analyzer was used to analyze the dietary intake data.

Glycemic index calculation

Dietary GI and GL calculated were adjusted for total caloric
intake by using the residuals method (16). The subjects partici-
pating in the present study were tested during 3–5 discrete
occasions in the morning after they had fasted overnight. On 2
occasions, the subjects ate test meals comprising one of the test
foods—the portion size of each test food contained 50 g avail-
able carbohydrate. The test meal, on the other occasions,
included the reference food, which could be 50 g anhydrous
glucose, 55 g dextrose (glucose monohydrate), or 50 g available
carbohydrate from white bread. After a fasting blood sample
was drawn on every occasion, the subjects consumed the test
meal. Further blood samples were taken at 15, 30, 45, 60, 90,
and 120 minutes after they began to eat. For each test food, the
area under the curve (AUC) for each subject was shown as a
percentage of the mean AUC obtained with the reference food
in the same subject. The mean of these values for all the sub-
jects was the food GI. If white bread was applied as the refer-
ence food, the GI values were multiplied by 0.71 to transform
them to the glucose scale (i.e., the GI of glucose D 100). GL val-
ues were further calculated by multiplying the available carbo-
hydrate content of each food by its GI value and then
multiplying the resultant value with the amount of consump-
tion (divided by 100) and then summing the values from all
food items (17).
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Statistical analysis

All statistical analysis was performed using Statistical Package
for Social Sciences (version 20; IBM, Armonk, NY, USA).
Results are presented as mean § SE, and estimates of effects as
means and 95% confidence intervals. Statistical significance
was set at p < 0.05. Participants were categorized on the basis
of energy-adjusted GI and GL tertiles. Tertiles were chosen to
illustrate low, medium, and high GI and GL groups. Variables
were compared across tertile categories of GI and GL by 1-way
analysis of variance (ANOVA) with Tukey’s post hoc compari-
sons for quantitative variables and chi-square test for categori-
cal variables.

Logistic regression models were used to estimate odds
ratios (ORs) and 95% confidence intervals (CIs) for the vari-
ous categories of FMI, FFMI, WC, WHR, BMI, and ABSI
across tertiles of GI/GL in crude and multivariable-adjusted
models of each category, while controlling for potential con-
founding variables such as age, sex, physical activity, and
BMI.

Results

The study sample consisted of 126 (47.5%) men and 139
(52.5%) women. The mean values § SE of dietary GI and die-
tary GL adjusted for total energy intake were 61.5 § 0.2 and
197.8 § 3.4, respectively. Forty percent (40.0%) of men and
38.2% of women were overweight (30 kg/m2 > BMI � 25 kg/
m2). Also, 16.8% of the participants were obese (BMI � 30 kg/
m2) and 59% had abdominal obesity (WC � 94 cm for men or
� 80 cm for women). There was also a significant difference in
BMI between the 1st and 3rd tertiles of GL (24.7 vs 27.0) intake.
For ABSI, no statistically significant differences were seen

between the lowest tertiles of both GI and GL comparing with
the highest tertiles. Further, also no statistically differences
were observed between the highest tertiles of GI when compar-
ing with the lowest tertiles for both WC and BMI. However,
there was a decrease in mean values from the lowest tertiles to
the highest tertiles for both WC and BMI. Our study also
revealed that ABSI values were smaller than those in Krakaur’s
study ([mean § SE?] 0.0784 § 0.0047 vs 0.0816 § 0.0053),
although the difference seems insignificant (Table 1).

Multivariate logistic regression was used to quantify the
strength of association between energy-adjusted GI/GL and fat
distribution parameters. After adjustment for age, sex, BMI,
and physical activity, GL was inversely associated with ABSI
(OR D 0.496, 95% CI D 0.25–0.99; p-trend D 0.089) in the
highest tertile but with a reduced odds ratio. Also, a borderline
significant association was seen between GL and ABSI (OR D
0.537, 95% CI D 0.26–1.09) in the second tertile. Although GI
was not significantly associated with ABSI, higher GI levels
were associated with increased odds of ABSI (OR D 1.033, 95%
CI D 0.53–2.02 and OR D 1.086, 95% CI D 0.56–2.11)
(Table 2).

The model also revealed an inverse association between GL
and WC for both the crude and adjusted models. In the
adjusted model, GL was inversely associated with WC in
both the highest tertile (OR D 0.345, 95% CI D 0.13–0.92) and
the lowest tertile (OR D 0.307, 95% CI D 0.11–0.90), with
p-trend D 0.027 (Table 3).

Also, in the crude model, there was an inverse association
between tertiles of GL and FFMI (OR D 0.434, 95% CI D 0.23–
0.82 and OR D 0.457, 95% CI D 0.24–0.86; p-trend D 0.012).
However, after adjusting for possible confounding factors, no
association was observed between GL and FFMI (OR D 0.362,
CI D 0.11–1.18) in the highest tertile (Table 4). Further, an

Table 1. Energy-adjusted characteristics by tertiles of GI/GL.

Energy-adjusted GI Energy-adjusted GL

Variable T1 T2 T3 p valuey T1 T2 T3 p valuey

Characteristics
GI 57.53 § 0.28 62.00 § 0.09 65.01 § 0.11 <0.001 199.96 § 4.70 191.04 § 5.57 212.87 § 3.35 0.010
GL 61.71 § 0.25 60.91 § 0.38 61.87 § 0.47 0.157 141.95 § 3.11 192.53 § 1.30 258.94 § 3.65 <0.001
n (%) 86(33.6) 85(33.2) 85(33.2) 0.503 86(33.5) 85(33.1) 86(33.5) 0.115
Age (years) 35.8 § 8.7# 34.3 § 9.1 34.7§ 8.7 36.6§ 8.3 34.3§ 8.7 34.0 § 9.2

Sex
Male, n (%) 28(32.6) 44(51.8) 51(60.0) 0.001 35(40.7) 38(44.7) 50(58.1) 0.056
Female, n (%) 58 (67.4) 41(48.2) 34(40.0) 51(59.3) 47(55.3) 36(41.9)

PA
Low, n (%) 38(46.3) 29(35.4) 35(42.2) 0.554 36(43.9) 34(42.0) 32(37.6) 0.553
Medium, n (%) 39(47.6) 47(57.3) 45(54.2) 40(48.8) 45(55.6) 47(55.3)
High, n (%) 5(6.1) 6(7.3) 3(3.6) 6(7.3) 2(2.5) 6(7.1)

Fat distribution indices
WC (cm) 89.2 § 13.8 88.6 § 13.4 87.9 § 10.0 0.802 85.3 § 13.1a 87.8§ 11.3b 92.5 § 12.1a,b 0.001
WHR 0.86 § 0.07 0.87 § 0.08 0.86§ 0.07 0.406 0.85 § 0.08a 0.86§ 0.07 0.88 § 0.07b 0.022
FM (kg) 21.0 § 9.2a 18.7 § 8.8 17.2§ 7.3a 0.020 17.4§ 8.6 19.0§ 8.0 20.5 § 8.9 0.077
FMI (kg/m2) 7.6 § 3.5a 6.7 § 3.3 6.2§ 2.9a 0.015 6.4 § 3.3 6.9§ 3.2 7.2 § 3.4 0.357
FFM (kg) 53.0 § 12.9 54.4 § 12.8 55.4 § 10.8 0.454 51.1 § 11.0a 53.5§ 11.4b 58.6 § 12.9a,b <0.001
FFMI (kg/m2) 18.8 § 3.1 19.0 § 3.0 19.2§ 2.6 0.720 18.3 § 2.6a 18.8§ 2.6 19.9 § 3.2a 0.002
ABSI 0.08 § 0.005 0.08 § 0.005 0.08§ 0.004 0.779 0.08 § 0.005 0.08§ 0.005 0.08 § 0.004 0.244
BMI (kg/m2) 26.5 § 5.4 25.7 § 5.1 25.4§ 3.9 0.134 24.7 § 4.8a 25.9§ 4.7 27.0 § 5.0a 0.010

Note. GI D glycemic index; GLD glycemic load; T D tertile; PA D physical activity; WC D waist circumference; WHR D waist-to-hip ratio; FM D fat mass; FMI D fat mass
index; FFM D fat-free mass; FFMI D fat-free mass index; ABSI D A Body Shape Index; BMI D body mass index. N D 254 (men and women).

Values not sharing common superscripts (a, b) are significantly different in a row using post hoc (Tukey) procedure.
yValues were determined by analysis of variance for quantitative variables.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 3



inverse association was observed between GL and BMI (OR D
0.437, 95% CI D 0.22–0.87 and OR D 0.518, 95% CI D 0.54–
1.02; p-trend D 0.019) in the adjusted model but a marginal
association in the crude model (Table 5). No significant associ-
ation was seen between GL and FMI and WHR. There was no
significant association observed between GI and FMI, FFMI,
WC, ABSI, BMI, and WHR in the adjusted model, but a signifi-
cant association was observed in the crude model between GI
and FMI (data not shown).

Discussion

The results obtained in our current study revealed that both the
quality and quantity of the carbohydrate rather than the quality
alone may be associated with reducing fat accumulation among
Iranian adults.

Some studies have indicated that a potential connection
between GI and obesity is a result of lipogenic effects of hyperin-
sulinemia (18) where high GI/GL is noted to suppress lipolysis.
Hence, a low-GI/GL diet has been hypothesized to elicit a low
insulin response and may be beneficial for weight loss manage-
ment. A possible mechanism suggested by researchers is that the
higher postprandial insulin response following a high-GI/GL diet
consumption may lead to a quicker hunger response and over-
eating by depleting the metabolic fuels in the body (19). Also,
another possible mechanism of action may be through increased
satiety and decreased voluntary food intake (20). In this study,

high consumption of GL comprising fruits, vegetables, and
legumes seems to reduce hyperinsulinemia and increase satiety to
reduce food intake. This will further increase lipolysis activity to
reduce postprandial insulin response, since high levels of insulin
inhibits lipolysis activity. Even though the molecular details of the
lipolytic reaction are not fully understood, it has been stated that
lipolysis is involved in the oxidation of the released fatty acids in
order to decrease the stored fat. This property makes it a drug tar-
get for the treatment of obesity and metabolic syndrome through
the proteins involved in this process. Therefore, a high-GL diet
may contain nutritional characteristics that will encourage lipoly-
sis or have a fat-burning effect. Hence, a lipolytic diet plan con-
taining high amount of vegetables, fruits, whole-grain cereals, and
legumes may be beneficial for a healthy body composition.

The inverse association seen between GL and the fat distribu-
tion parameters may be a result of the nature of GL, which
reflects both the quantity and quality of carbohydrate in the diet
of the participants. This result could mean that a higher-GL diet
made up of whole-grain cereals, fruits, vegetables, as well as
legumes is healthier than a low-GI diet. According to the interna-
tional dietary guidelines, people who fellow a high-GL diet may
be more health conscious than those who do not follow such rec-
ommendation (21). This suggests that a high-GL diet may protect
against abdominal obesity and could be of clinical relevance.

The study revealed an inverse association between GL and
ABSI, WC, and BMI in a multivariate logistic regression model.
An inverse association between dietary GL and BMI was seen

Table 2. Correlations of GI/GL and ABSI in logistic regression models.a

Crude model Adjusted modelb

Variable OR 95% CI p value p-trendc OR 95% CI p value p-trendc

GI tertiles
Tertile 2 1.080 0.59–1.99 0.806 0.964 1.508 0.76–3.01 0.243 0.245
Tertile 3 1.165 0.62–2.18 0.634 1.454 0.73–2.90 0.287

GL tertiles 0.156 0.089
Tertile 2 0.635 0.34–1.19d 0.155 0.537 0.26–1.09 0.086
Tertile 3 0.508 0.27–0.95 0.034 0.496 0.25–0.99 0.046

Note. OR D odds ratio; CI D confidence interval; GI D glycemic index; GL D glycemic load.
ABSI entered in the model as low or high (based on median).
aOdds ratios and 95% CIs were calculated with the use of logistic regression model for a body shape index categorization in 2 groups of GI tertiles, with tertile 1 as the ref-
erence point.
bAdjusted for age, sex, BMI, and PA.
cTest for trend based on variable containing median value for each tertile.
d95% confidence interval.

Table 3. Correlations of GI/GL and WC in logistic regression models.a

Crude model Adjusted modelb

Variable OR 95% CI p value p-trendc OR 95% CI p value p-trendc

GI tertiles
Tertile 2 1.175 0.64–2.17d 0.607 0.610 0.587 0.22–1.58 0.292 0.300
Tertile 3 1.288 0.69–2.42 0.432 1.760 0.64–4.86 0.275

GL tertiles
Tertile 2 0.461 0.24–0.88d 0.018 0.019 0.307 0.11–0.90 0.031 0.027
Tertile 3 0.508 0.27–0.96 0.038 0.345 0.13–0.92 0.034

Note. OR D odds ratio; CI D confidence interval; GI D glycemic index; GL D glycemic load.
WC entered in the model based on cutoffs for men and women (men: <94 cm for normal, �94 cm at risk; women:<80 cm for normal, �80 at risk).
aOdds ratios and 95% CIs were calculated with the use of logistic regression model for waist circumference categorization in 2 groups of GI tertiles, with tertile 1 as the
reference point.
bAdjusted for age, sex, BMI, and PA.
cTest for trend based on variable containing cutoff values for each tertile.
d95% confidence interval.
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and is consistent with the results of Mendez and Colleagues
(22) in a Mediterranean population study and in a univariate
analysis (23) of a total-population study to find the association
between dietary fiber, GI, GL, and BMI as well as in one other
Italian study (24). It may be a result of high intake of foods
high in fiber, such as fruits, vegetables, legumes, and whole-
grain cereals, and also diets low in calories, as stated by 2 stud-
ies (25,26). The main characteristics of the Iranian diet is con-
suming large amount of carbohydrate (27), mainly from cereals
and potatoes as well as some mono- and disaccharides from
milk and fruits. This may imply a beneficial role of higher-GL
diets in the prevention of general obesity due to the combined
effect of the Iranian eating habits. Also, the study did not reveal
any association between dietary GI and BMI, which is consis-
tent with 2 studies that found no association between dietary
GI and BMI in both men and women (28,29). One of the rea-
sons could be that high-carbohydrate diets may override any
effects of GI (30). A number of studies that looked at carbohy-
drate intakes also found no significant relationship between GI
and BMI, and most epidemiologic studies also showed an
inverse relationship between carbohydrate intake and BMI and
hence concluded that a low-fat, fiber-rich carbohydrate may be
beneficial for health and weight control (31). In a pooled analy-
sis of 3 cross-sectional population-based studies to assess die-
tary carbohydrate quantity and quality in relation to obesity, an
inverse association was found between total carbohydrate and

GL and obesity; hence, the likelihood of being obese appeared
lower in the highest quartiles of total carbohydrates and dietary
GL (32). In a review article (33) of 11 cohort studies, the GL of
the diet was either not significantly related to BMI or there was
a trend for the two to be inversely related. This suggests that
BMI decreases as GL increases. The studies went further to
indicate how different the food patterns of diets with high GI
were from those of high GL, taking into consideration a diet
rich in vegetables, fruits, and legumes was related positively to
high GL but negatively to high GI.

A Danish cohort study of adults found an inverse associa-
tion between carbohydrate intake from vegetables and fruits
(women only) and change in WC (34). Since dietary GL acts
as a surrogate for total carbohydrate intake (35), a stronger
correlation therefore exists between total carbohydrate and
GL and hence is consistent with the current study, which
also found an inverse association between GL and WC. The
study results indicate that a lower consumption of carbohy-
drates rich in fruits and vegetables may predict abdominal
fat accumulation. Another study that aimed to evaluate the
relationship between energy-generating nutrients and the
presence of central and overall obesity after correcting for
sociodemographic, lifestyle, and clinical characteristics
among healthy elders revealed that a 1% increase in dietary
CHO predicted a 12% lower likelihood of central adiposity,
but a low-GI diet was not as effective as increase in total

Table 5. Correlations of GI/GL and BMI in logistic regression models.a

Crude model Adjusted modelb

Variable OR 95% CI p value p-trendc OR 95% CI p value p-trendc

GI tertiles
Tertile 2 0.986 0.54–1.82d 0.964 0.961 1.033 0.53–2.02 0.923 0.925
Tertile 3 1.045 0.56–1.94 0.888 1.086 0.56–2.11 0.808

GL tertiles
Tertile 2 0.551 0.30–1.03d 0.062 0.066 0.437 0.22–0.87 0.018 0.019
Tertile 3 0.552 0.29–1.04 0.064 0.518 0.54–1.02 0.058

Note. OR D odds ratio; CI D confidence interval; GI D glycemic index; GL D glycemic load.
BMI entered in the model based on cutoffs (<24.9 kg/m2 and �25 kg/m2).
aOdds ratios and 95% CIs were calculated with the use of logistic regression model for body mass index categorization in 2 groups of GI tertiles, with tertile 1 as the refer-
ence point.
bAdjusted for age, sex, and PA.
cTest for trend based on variable containing cutoff values for each tertile.
d95% confidence interval.

Table 4. Correlations of GI/GL and FFMI in logistic regression models.a

Crude model Adjusted modelb

Variable OR 95% CI p value p-trendc OR 95% CI p value p-trendc

GI tertiles
Tertile 2 0.640 0.34–1.19d 0.158 0.158 0.789 0.24–2.64 0.701 0.686
Tertile 3 0.822 0.44–1.53 0.537 0.755 0.25–2.27 0.617

GL Tertiles
Tertile 2 0.434 0.23–0.82d 0.011 0.012 1.129 0.35–3.68 0.841 0.809
Tertile 3 0.457 0.24–0.86 0.016 0.362 0.11–1.18 0.092

Note. OR D odds ratio; CI D confidence interval; GI D glycemic index; GL D glycemic load.
FFMI entered in the model as low or high (based on median).
aOdds ratios and 95% CIs were calculated with the use of logistic regression model for fat-free mass index categorization in 2 groups of GI tertiles, with tertile 1 as the ref-
erence point.
bAdjusted for age, sex, BMI, and PA.
cTest for trend based on variable containing median value for each tertile.
d95% confidence interval.
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CHO for reducing the likelihood of central adiposity (36).
The authors concluded that a diet higher in carbohydrate is
associated with a lower likelihood of becoming obese as
compare with a low-GI diet. It is very obvious that this find-
ing has clinical relevance, since WC is often used as a proxy
for abdominal fat mass and is associated with cardiometa-
bolic disease risk (37). In contrary to the study findings, a
cross-sectional study of 979 adults with normal and impaired
glucose tolerance from the Insulin Resistance Atherosclerosis
study revealed no association for GL with WC (28). A possi-
ble heterogeneity in the content and the amount of carbohy-
drate intake as well as the sample size in various populations
may explain these differences. Considering the null associa-
tion between GI and WC, some studies that have seen an
association between GI and WC also suggest that a low-GI
diet may play a crucial role in the prevention of abdominal
obesity (38), in which our current study may accurately
reflect the situation. One reason could be the fact that low-
GI diets are able to induce satiety. For instance, a study of
22 overweight women revealed that low-GI meals compared
with high-GI meals reduced hunger as well as food intake
and caused greater satiety (39). One other reason for lack of
association between GI and the fat distribution parameters
may be the fact that the GI of the diet alone may not be
enough to predict whether the diet will be of good health
effects or not. For instance, a study has shown that a restric-
tion in consuming some foods in low-GI/GL diets might be
associated with lower intakes of some nutrients, which could
be a risk factor for chronic diseases (27). Fiber and GI/GL
share some common mechanisms by which they may affect
abdominal fat accumulation (40). A prospective study among
adolescence to examine carbohydrate nutrition and develop-
ment of adiposity revealed that increased dietary GL and
carbohydrate intake was associated with concurrent develop-
ment of adiposity in girls and explained further that the
inconsistency with other studies may be a result of differen-
ces in study characteristics, dietary assessment methods
used, and potential confounding factors considered (41).

The ABSI, which has been proposed as alternative to BMI
and WC, is a more effective predictor of mortality. A num-
ber of criticism has been leveled against the use of BMI, for
not being able to distinguish between fat mass and muscle
mass or reflect an individual’s fat distribution (42,43). Also,
most studies have shown a very high simple correlation
between BMI and WC (44-46), with the current study not
excepted (p D 0.016). On this note, using WC and BMI
alone for the assessment of fat distribution may still cast
doubt considering the outcome due to their correlation and
therefore the need to use the newly introduced measurement,
ABSI, in order to address some of these challenges. The ABSI
seems to be superior over the traditional methods, since it
can predict premature mortality (46), although some studies
found ABSI not to be a suitable measurement to identify car-
diovascular disease (CVD) risk compared with BMI and WC
(47), others found a similar ability with BMI as well as WC
for new onset of diabetes mellitus (48). However, some rea-
sons for these varied results could be the difference in the
study population as well as study designs used, hence creat-
ing a gap for further research. For ABSI, a marginal

association was seen in the second tertile but an inverse sig-
nificant association in the third tertile. This indicates that
consumption of high-GL diets may be associated with
reduced risk of fat accumulation and hence low risk of mor-
tality. Again, ABSI seems to more accurately depict the vari-
ability in circulating insulin. Therefore, a high-GL diet will
improve insulin sensitivity and further help insulin-produc-
ing cells in the pancreas to work effectively in reducing
hyperinsulinemia. To our knowledge, there are no published
epidemiologic data with which to compare our data on GL
and ABSI.

The strengths of this research are that studies that have been
conducted regarding GI/GL in this population were few, espe-
cially among healthy individuals, and therefore it will be a good
contribution to the literature. Also, the new measure of mortal-
ity risk, ABSI, to the best of our knowledge is the first to be
used as a fat distribution parameter in finding its association
with GI/GL and has provided evidence that it may be one of
the better predictors of fat accumulation.

Some of the possible limitations to this study are the follow-
ing: it was cross-sectional, hence limiting inference on the time
sequence of the associations. Also, the small sample size from
the population limited the statistical power, since a greater
power requires a larger sample size considering the overall pop-
ulation of Tehran. Further, besides the measurement errors, the
FFQ may introduce as a result of omission or isolation of part
of the meal eaten, it was not specifically designed to be used
also for the calculation of GI values; hence, no validation data
exist regarding its estimation. Another limitation was the use of
questionnaire to collect data on physical activity, which shows
a limited reliability and validity, since there may be some level
of misclassification of participants to low, moderate, and high
physical activity.

Conclusion

In conclusion, our findings indicated an inverse association
between GL and measures of central (WC) and general (BMI)
obesity as well as ABSI. This may imply a beneficial role of
higher-GL diets in the prevention of both general and central
obesity. It is also crucial to note that both the quality and quan-
tity of the carbohydrate rather than the quality alone may be
necessary as a recommendation for overweight individuals who
intend to lose weight.
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