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Abstract

Objective: The aim of this study was to compare the
effects of different glycemic load diets on biochemical
data and body composition, in overweight and obese sub-
jects, during a 6-month period.

Research design and methods: This study was an
experimental, randomized, parallel design. Anthropo-
metric measurements and biochemical data were mea-
sured at baseline at 3 and at 6 months. All subjects com-
pleted 3-day dietary intake diaries at the baseline period
and during the third and the sixth months. At the sixth
month, LGL group had a mean intake of 1,360 + 300
kcal/day and the high glycemic load group (HGL) had a
mean intake of 1,544 + 595 kcal/day.

Results: LGL group obtained a weight reduction of
4.5% (p = 0.006) and the HGL group of 3.0% (p = 0.18).
Significant reductions in waist circumference (5%, p =
0.001) of the LGL group were observed, 10% of body fat
percentage (p = 0.001), 4.3 kg (13%) of body fat (p =
0.001), 14% of total cholesterol (p=0.007), 35% of high-
density lipoproteins (HDL) (p = 0.001), and 10% of
HOMA (p = 0.009). In the HGL group, reductions of
4.5% of waist circumference (p = 0.02), 37% of HDL (p =
0.002), and an increase of 8 % of LDL (p = 0.04) were
observed.

Conclusions: These results suggest that long term LGL
diets are more effective for reducing body mass index,
body fat, waist circumference and HOMA and, therefore,
may contribute in the prevention of diabetes.
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EFECTO DE LA BAJA CARGA CLUCEMICA
EN LA COMPOSICION CORPORAL Y EL HOMA
EN SUJETOS CON SOBREPESO Y OBESIDAD

Resumen

Objetivo: Comparar el efecto de dietas con diferente
carga glucémica en la composicién corporal y los mar-
cadores bioquimicos, en sujetos con sobrepeso u obesi-
dad, durante un periodo de seis meses.

Metodologia: Estudio experimental, aleatorio, para-
lelo. Se realizaron mediciones antropométricas y bio-
quimicas al inicio, a los tres y a los seis meses. Todos los
sujetos realizaron un registro de alimentos de tres dias, al
inicio, a los tres y a los seis meses. A los seis meses, el
grupo de dieta de baja carga glucémica (DBCG) tuvo una
ingesta energética promedio de 1.360 + 300 kcal/dia, y el
grupo con alta carga glucémica (DACG) de 1.544 + 595
kcal/dia.

Resultados: El grupo con DBCG obtuvo una reduccion
de peso del 4,5% (p = 0,006) y el grupo con DACG del
3,0% (p =0,18). En el grupo con DBCG se observaron
reducciones significativas en la circunferencia de cintura
(CC) (5%, p =0,001), 10% en el porcentaje de grasa cor-
poral (p = 0,001), 4,3 kg (13%) de masa grasa (p = 0,001),
14% en el colesterol total (p = 0,007), 35% en las lipopro-
teinas de alta densidad (HDL) (p = 0,001), y un 10% en el
HOMA (p = 0,009). En el grupo con DACG se observaron
reducciones del 4,5% enla CC (p =0,02),37 % en las HDL
(p = 0,002), y un incremento en las lipoproteinas de alta
densidad (LDL) del 8% (p = 0,04).

Conclusiones: Estos resultados sugieren que a largo
plazo las DBCG son mas efectivas en la reduccion del
indice de masa corporal, la grasa corporal,la CCy la sen-
sibilidad a la insulina (HOMA), lo que puede contribuir
en la prevencion de la diabetes.

(Nutr Hosp. 2011;26:170-175)
DOI:10.3305/nh.2011.26.1.4620
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Abreviations

GI: Glycemic Index.

LGI: Low glycemic index.

LGL: Low glycemic load.

HGL: High glycemic load.

GL: Glycemic load.

CHD: Coronary heart disease.

TC: Total cholesterol.

HDL.: High-density lipoproteins.

TG: Triglycerides.

BMI: Body mass index.

HOMA: homeostasis model assessment.

LDL: Low-density lipoproteins.

INUBAC: Instituto de Nutricion de Baja California.
WC: Waist circumference.

IPAQ: International Physical Activity Questionnarie.
RCT: Randomized controlled trials.

Introduction

Insulin resistance is one of the main effects on
human health, resulting from weight gain, and plays a
principal role in the development of the metabolic syn-
drome.' It is also an important risk factor in the devel-
opment of type 2 diabetes mellitus and cardiovascular
diseases.? Additionally, in a study by Oster et al.,’ it was
estimated that 85% of all cases of type 2 diabetes were
attributable to overweight and obesity. Regular con-
sumption of high glycemic index (GI) foods can also
increase the risk for obesity, type 2 diabetes, cardiovas-
cular diseases and some types of cancer.* Some studies
have demonstrated the beneficial effect of low
glycemic index (LGI) and low glycemic load (LGL)
diets in subjects with diabetes™!* and hyperlipidemias."!
The glycemic load (GL) concept encompasses the idea
that the overall glycemic effect of a diet may be related
to disease risks."> Glycemic load is calculated by multi-
plying the GI by the amount of carbohydrates con-
sumed.” Van Dam et al.* carried out a study in elderly
healthy men and did not observe an association
between high GI diets and the incidence of coronary
heart disease (CHD), total cholesterol (TC), high-den-
sity lipoproteins (HDL), triglycerides (TG), insulin or
glucose. On the other hand, Ebbeling et al.' observed a
decrease in body mass index (BMI), fat mass and a
lesser increase in insulin resistance with LGL diets dur-
ing a 3-month interventional period and 6 months fol-
low-up. Furthermore, LGL diets have shown a
decrease in fat mass and significant improvement in
insulin sensitivity (HOMA) in obese subjects during a
36-week period.'®

It has also been observed that, in the Mexican cul-
ture, after a 3-week intervention with appropriate diets
in hyperlipidemic subjects, LGI diets decrease TC and
low-density lipoproteins (LDL)." However, we have
not found long-term studies analyzing the effect of
LGL hypocaloric diets on body composition and

insulin sensitivity. The aim of this study was to com-
pare the effects of diets with different GL on body com-
position and biochemical markers in overweight and
obese subjects during a 6-month period.

Research design and methods
Study procedure

The study is a randomized, experimental, parallel
design conducted in a group of Mexican subjects dur-
ing a 6-month period. Anthropometric and biochemical
data were determined at 0, 3 and 6 months. The Ethical
Committee of the Instituto de Nutricién de Baja Cali-
fornia (INUBAC) and the Health Science Research
Evaluation Committee at UABC approved the study.

Subjects

Fifty-four adults with overweight or obesity were
assigned in two groups: 27 subjects with LGL diet and
27 with high glycemic load (HGL) diet. Subjects who
were pregnant or had diabetes, cancer, psychiatric dis-
orders or physical disabilities were excluded.

Diets and dietary assessment

Two diets were designed including LGL and HGL
diets. GI values of each food were estimated from the
tables by Foster-Powell et al.'” Daily GL was deter-
mined by the product of total dietary carbohydrate
(grams) and GI of each food and adjusted to energetic
intake using the following formulas: GI = (GI of each
food X proportion of total carbohydrate contributed
from each food); GL= (GI of each food x grams of
total carbohydrate from each food)/1,000 kcal.

Diets were designed according to the food habits of
Mexicans living in the Tijuana area. On the first day,
subjects received different menus of either LGL or
HGL diets, according to the randomization. A research
assistant was available by mail or by phone for ques-
tions during the 6-month period. E-mail, as a reminder
and reinforcement to maintain the diet, was sent every
2 weeks to all participants. Subjects who completed the
3-day dietary record (two weekdays and one weekend
day) were included in the analysis.

Anthropometric measurements

Height was measured to the nearest millimeter using
a portable stadiometer (model 214 Road Rod, Seca
Corp., Hanover, MD). Weight was measured to the
nearest 0.1 kg using an electronic scale (Bod Pod, Life
Measurement Inc., Concord, CA). Subjects were
dressed in light clothing and were without shoes. BMI
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was calculated with the following formula: weight
(kg)/height (m?). Waist circumference (WC) was mea-
sured at the minimum circumference between the iliac
crest and the rib cage. Fat mass (in kg) and total body
fat percentage were measured by plethysmography
with the Bod Pod. The subjects entered the Bod Pod
with bodysuit and Lycra hat.

Blood analysis

Venous blood samples were taken at 8 a.m. from an
antecubital vein after a 12-h overnight fast, again at base-
line and at 3 months after beginning the study. Blood
samples were centrifuged at 3,500 x g for 3 min, and
plasma was removed and analyzed immediately after
collection. For quantitative determination of glucose in
serum, the glucose oxidase procedure based on a modi-
fied Trindler method was used (SERA-PAK Plus, Bayer,
Sées, France). Serum insulin levels were determined by
chemiluminescent immunoassay by the IMMULITE
2000 analyzer (Diagnostic Products Corporation, Los
Angeles, CA). Homeostasis model assessment (HOMA)
was used to estimate insulin resistance and was computed
as follows: (fasting serum insulin [wU/ml] x fasting
plasma glucose [mmol/L]/22.5)." Total cholesterol,
HDL-cholesterol and triglycerides were measured by
enzymatic methods (SERA-PAK Plus, Tarrytown, New
York); LDL-cholesterol was calculated using the Friede-
wald formula: LDL (mmol/L) = total cholesterol —
(TG/2.2)-HDL.

Physical activity assessment

A questionnaire containing seven questions from the
International Physical Activity Questionnaire (IPAQ)*
was used to evaluate physical activity at baseline and at
1, 3 and 6 months after study initiation.

Statistical analysis

Sample size was calculated as N = 30 per group
assuming 5 cm of WC at the end of the study with 80%
of power and 5% of significance level. Mean + standard
deviations were calculated using descriptive statistics in
all variables. Anthropometric measurements were eval-
uated, and it was determined that they did not meet the
normality test (Kolmogorov-Smirnov and Shapiro-
Wilk). To test differences between groups on biochemi-
cal and anthropometric measurements, Mann-Whitney
non-parametric test for independent samples was per-
formed. For comparison of differences before, at 3 and 6
months after intervention in the same treatment group,
we used Friedman non-parametric test for repeated mea-
surements. To test differences between groups on diet
intake at baseline and at the end of the study, Mann-
Whitney non-parametric test for independent samples

was performed. All analyses were performed using
SPSS software (version 11.5, Chicago, Illinois)
Results
Subject characteristics

At the beginning of the study, 54 subjects were
recruited (36 females and 18 males). Baseline character-

istics of the subjects are shown in table I. There were no

Table I
Baseline characteristics by treatment group

LGL group (n=27) HGL group (n=27)

Mean + SD (range) Mean + SD (range)
Female 66.6% 67.8%
Age (years) 36.9+9.0 33.8+8.2
gely (22:57) (21-53)
. 83.1+12.6 86.0x16.1
Weight (ke) (61-107) 61-120)
. R 1-64£0.1 1.63£0.1
Height (m') (15-1.8) (15-1.9)
X 30.7£4.0 325+59
BMI (kg/m’) (24-42) (26-46)
98.9+8.5 102+13
WC(cm) (82-116) (82-135)
39.6+7.9 40.5+9.3
EM, plethysmography (%) (23-54) (22-59)
FM, bioelectric 358+79 36.9+9.7
impedance (%) (19-49) (19-53)
50.1£10.2 50.6+9.1
FEM, plethysmography (kg) (37-69) (37-67)
FFM, bioelectric 53511 53.9+10.9
impedance (kg) (40-74) (39-74)
Abdominal, fat, bioelectric 347+64 354+78
impedance (%) (21-48) (20-52)
49+0.8 49+0.6
Glucose (mmol/L) (23-68) (3.7-66)
55+12 6.1+3.0
TC (mmolL) (37-8.6) (3.7-20)
1.6+£04 1704
HDL (mmol/L) (1.0-2.3) (1.1-2.3)
38+0.8 4427
LDL (mmol/L) (2-6) (3-18)
Insulin (uU/ml) ?44 11-6? (14?11913
2114 19+1.2
TG (mmol/L) (0.7-54) (0863)
2.0+0.6 2107
HOMA (123.5) (103.7)

Values are expressed as mean + SD (range).

LGL: low glycemic load; HGL: high glycemic load; BMI: body mass index;
WC: waist circumference; FM: fat mass; FFM: fat-free mass; TC: total cholesterol;
HDL high-density lipoprotein; LDL: low-density lipoprotein; TG: triglyceride;
HOMA: homeostasis model assessment.
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Table IT

Kilocalories, macronutrients (mean £ SEM), GI and GL, consumption at baseline, and after 3 and 6 months

Baseline

3m

6m

LoL n=16 n=16 n=16 p*
Energy (keal) 1860670 12954351 1,360 300 0.04
CHO (g) 22478 156+38 173441 0.03
Protein (g) 90+32 66+ 19 67+18 0.04
Fat (g) 6832 4421 48422 0.4
Fiber (g) 26 2047 B:12 0.76
Gl 5776 4947 5170 0.007
GL 121468 58260 76+220 0.004
HGL n=8 n=8 n=8

Energy 20122667 1,405+ 382 1,544 £595 0.02
CHO (¢) 270+92 194267 197482 0.09
Protein (g) 80+19 6617 82+31 0.07
Fat (g) 65+28 43416 49+39 0.10
Fiber (g) 19413 1747 147 020
Gl 59+6 5447 5950 0.15
GL 12051 97550 1034450 034

*Friedman. CHO = carbohydrates; GI = glycemic index; GL = glycemic load.
Differences between diets (LGL vs. HGL): “p =0.044; @p =0.008; ®p=0.032.

significant differences between groups in body composi-
tion, biochemical markers and nutrient intake variables.

Participation rate

Fifty-four subjects were analyzed at the beginning of
the study. At 3 months, 33 (61%) subjects returned for
anthropometric and biochemical measurements (18
with LGL diet and 15 with HGL diet), and at 6 months
24 subjects (44%) completed the dietary intake diaries
(16 with LGL diet and 8 with HGL diet) and returned
for anthropometric and biochemical measurements.

Diet composition

No significant differences were observed at baseline
between groups in the consumption of kilocalories,
macronutrients, GI and GL. After 3 and 6 months of
intervention, both groups had a significant decrease in
caloric consumption (table II). Significant reductions
of energy, carbohydrate, protein, GI and GL intake
were observed in the LGL group after the intervention,
and reduction of energy in the HGL group (table II).

Body composition and biochemical data

At 6 months LGL group obtained a weight reduction
of 4.5% (P = 0.008) and the HGL group of 3.0% (P =
0.68). Significant reductions in waist circumference
(5%, P =0.001) of the LGL group were observed, 10%

of body fat percentage (P = 0.002), 4.3 kg (13%) of
body fat (P = 0.002), 14% of total cholesterol
(P=0.007), 35% of high-density lipoproteins (HDL) (P
=0.0001), and 10% of HOMA (P =0.009). In the HGL
group, reductions of 4.5% of waist circumference (P =
0.07), 37% of HDL (0.002), and an increase of 8 % of
LDL (P =0.04) were observed (Table 3).

Physical activity

There were no significant changes in physical activ-
ity at baseline or at any time point during the interven-
tion.

Side effects

No side effects were observed with the diets.

Discussion

This study, conducted in overweight and obese men
and women, showed higher beneficial effects of LGL
hypocaloric diet controlled by macronutrient con-
sumption and fiber on most body composition and bio-
markers data when compared to the HGL diet. HDL
was significantly reduced in both groups. A few ran-
domized controlled trials (RCT), parallel or crossover,
had been reported on the effect of GI on overweight or
obese adolescents,”” young adults,??? and adults,?
which assessed the diet on a duration ranging from 9
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Table I1T
Body composition and biochemical data (mean £ SEM) before and after intervention

Low glycemic load diet High glycemic load diet
n=16 n=8
0 3m 6m p* 0 3Im 6m p*
Weight (kg) 80.5+12 784+13 76.9+13 0.008 89.2+15 85.8+14 86.8£14 0.68
WC (cm) 974+6.7 93.4+8.6 92.2+9.7 0.001 10138 98.4+6.9 97.8+75 0.07
BMI (kg/m?) 30.1+4 293+44 28.8+4.6 0.008 329+52 31.8+£5.2 31.9+49 0.68
FM (%) 39.3+£73 37.1£82 353+82 0.002 385+79 36.7+11 36.6+8.8 0.41
FM (kg) 31.6+8.1 29.2+9.1 273+9.2 0.002 349+12 32.1+14 32112 0.41
FFM (kg) 489+10 49.1+9.9 49.6+10.3 0.21 543+8.6 534+93 544+94 0.19
Glucose (mmol/L) 5.0+0.9 49+0.8 5.1+0.6 0.79 52+0.7 53+0.5 53+0.5 0.78
TC (mmol/L) 57+13 52+0.8 49+0.7 0.007 57+1.0 56+1.1 53+0.6 0.38
HDL (mmol/L) 1.7+04 1.0£0.1 1.1£0.1 0.0001 1.9+04 1.0£0.1 12+0.1 0.002
LDL (mmol/L) 3.8+0.9 4.1£09 38+0.6 0.01 3.6+0.9 45+12 39+0.6 0.04
TG (mmol/L) 21+1.6 1.6+1.0 1.6+0.9 0.15 27+18 24+12 22+1.1 0.19
Insulin (WU/mL) 9.6+3.3 95+32 09.0+2.8 0.13 84+4.6 84+4.6 89+3.7 0.75
HOMA 20+0.5 1.81£0.4 1.81£0.5 0.009 1.9+1.0 1.8+0.6 1.8+0.8 0.88

*Friedman. BMI = body mass index; WC = waist circumference; FM = fat mass; FFM = fat free mass; HOMA = homeostasis model assessment; FBG = fasting blood glu-
cose; TC = total cholesterol; LDL = low density lipoprotein cholesterol; HDL = high density lipoprotein cholesterol; TG = triglycerides.

months® to 29 months.?' The four studies compare LGI
or LGL meals with low-fat meals or conventional diet.
Pereira et al.,”! Ebbeling et al.” included a restricted
conventional diet vs. ad libitum LGL, and Maki et al.?
included 15 intensive clinic visits and a low-fat por-
tion-controlled diet.

In our study the energy intake was lower for both the
LGI and HGI diets than the previously reported RCTs.
There were no differences in the consumption of fiber
and fat content of the diet as in the study conducted by
Ebbeling et al. in obese adolescents. However, in our
study, the LGL had more fiber than the adolescents in
the study by Ebbeling et al.'>. The groups in the study
conducted by Pereira et al.?' had different carbohy-
drate, fiber, fat and protein consumption. In the study
by Ebbeling et al. conducted in young adults,* there
were differences in carbohydrate and fat consumption,
and in the study conducted by Maki et al.” there were
differences in the carbohydrate and fat content of the
diets.

In our study, significant differences were observed
in both groups in most anthropometric measurements.
The LGL group obtained a weight reduction of 4.5 %
(» =0.008) and the HGL group 3.0% (p =0.68).

These results are consistent with those observed by
Raatz et al.'* in overweight and obese subjects. In this
study, after six months with LGL and LGI diets, a grea-
ter reduction in fat mass was observed with mainte-
nance of fat-free mass and a significant improvement
in HOMA, compared with HGI diets.'° The reduced
effects observed on body weight, fat mass and HOMA
in the LGL group are consistent with those reported by
others.? In addition, Pereira et al.>! and Ebbeling et al.®

also reported between-group differences on those para-
meters. However, the study by Pereira et al.? excluded
those with weight loss < 10%. In the study by Ebbeling
et al.,'” a lower consumption of carbohydrate and fiber
and higher consumption of fat showed a reduction in
triglycerides between groups. The study by Pereira et
al.> also showed a reduction between groups on trigly-
cerides, and the study by Maki et al.» showed a benefi-
cial effect on HDL cholesterol. Similarly, in our study a
reduction of triglycerides (18%) was shown but did not
reach statistical significance (table III); however, a
decrease in HDL cholesterol was also shown in both
groups without changes in physical activity. In this
study, in the LGL diets showed a significant reduction
in dietary GI and GL, calories, carbohydrate and pro-
tein intake, while in the HGL diets showed a significant
reduction in calories. Dietary fiber consumption in
both diets was maintained constant. This could imply
that the changes obtained by the LGL might be attribu-
ted to the GL of the diet. These results also suggest that
hypocaloric diets with LGL may be more efficient
measures for the reduction of BMI, body fat, and
HOMA and may contribute to the prevention of diabe-
tes in a highly susceptible population. The limitations
of this study were the low participation at the beginning
of the study, low participation rate at three (61%) and
six months (40%) of the intervention.

These results suggest that long term LGL diets are
more effective for reducing body mass index, total
body fat, waist circumference, HOMA, total choles-
terol, and LDL-cholesterol; therefore, may contribute
in the prevention of diabetes among subjects with Mex-
ican dietary habits.
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