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Rapid carbohydrate digestion rate produced lesser
short-term satiety in obese preschool children
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Objective: To examine whether high carbohydrate meals with different carbohydrate digestion rates have an effect on the
short-term satiety in normal and obese preschool children.
Subjects and setting: In total, 48 children of both gender, 24 normal and 24 obese, according to body mass index, aged
between 3 and 6 y, were selected from children who were attending to a day-care center where they consumed three meals in
the day.
Interventions: Rapid (potato-based meal) and lente (spaghetti-based meal) carbohydrate digestion rate meal were given at
lunch, matching energy intake, carbohydrate, protein and fat levels, and then the preschool children’s energy intake at the
subsequent mealtime was observed. In this last mealtime, the children received varied types of high-acceptability foods in higher
quantities than the normal serving.
Results: At lunch, a significant higher energy intake, lesser satiation, was observed in both groups, normal-weight and obese
children, when they consumed the potato-based meal. In the subsequent mealtime, a significant effect of carbohydrate
digestion rate was demonstrated, but only in obese preschool children, being higher in the meal with rapid digestion rate
carbohydrates.
Conclusions: Rapid carbohydrate digestion rate meal produced a significative lesser satiation in normal-weight and obese
children. However, only in obese children a significant lesser satiety was observed after consumption of the rapid carbohydrate
digestion rate meal, indicating a decreased capacity of energy regulation in obese children. The finding of the present work
could provide dietary strategies required for decreasing prevalence in overweight and obesity in preschool children.
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Introduction
Obesity is one of the very important nutritional problems of

the population of developed as well as developing countries

(Albala & Vio, 1995, Odgen et al, 2002), beginning at early

ages as demonstrated by the obesity prevalence observed in

preschool children (Onis & Blössner, 2000). The etiology of

this illness is complex, but the interaction of genetic and

environmental factors is considered of the key situation, in

explaining the development of obesity. As the genetic dot is

considered constant in a population, the environmental

factors are those that may be changed and are considered in

interventions directed to lower the obesity risk. Food intake

is one of the variables that defines better the relationship

between life-style and human obesity, influencing the

energy balance of the individuals. It is conditioned by

cultural, social, economic and dietary factors in complex

interactions that occur during the life cycle.

Short-term satiety has been proposed as an appropriate

variable to study the effect of dietary factors on energy

regulation (Hill et al, 1995), and it is defined as the energy

intake in a subsequent meal after the consumption of a test

meal (Van Itallie & Vander Weele, 1981). Human short-term

satiety is modulated by several dietary factors such as energy

intake, macronutrient composition, energy density, physi-

cochemical food properties and the physical state of theReceived 4 March 2003; revised 7 July 2003; accepted 4 August 2003
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meals (Björck et al, 1994; Blundell et al, 1994; Rolls, 1995;

Bell et al, 1998; Santangelo et al, 1998).

The traditional meals of Chilean population have a high

carbohydrate content, with a high proportion of starch and a

moderately low fat content (Araya et al, 1989; Vera et al,

1991). These types of meals are consumed frequently by

preschool children attending day-care center where they

receive foods given by governmental food programs. In this

age group, the prevalence of obesity and overweight is close

to 35% (Atalah et al, 2000) and, consequently, the programs

have to adapt its daily menus to this situation, per example,

incrementing the consumption of meals which induce

greater satiety in preschool children.

Preschool children is the age group in which food intake is

more sensible to food manipulation in the previous meal.

However, few studies have investigated the effect of dietary

variables on satiety in preschool children, essentially those

from Birch (Birch et al, 1991, 1993a, b; Birch & Fisher, 1997)

and those from our laboratory (Araya et al, 1989, 1999, 2000;

Alviña et al, 1990, 2000; Vera et al, 1991) have related the

effect of dietary variables on energy regulation in one

mealtime. However, Birch et al (1991) had demonstrated

that preschool children’s food consumption is highly

variable from meal time to mealtime but their daily energy

intakes were relatively constant.

A dietary factor that may be influencing energy intake is

the type of carbohydrate consumed. Several authors have

shown that food carbohydrates differ in their in vitro

digestion rates (Björck & Siljestrom, 1987, Englyst & Hudson,

1996; Englyst et al, 1996). Furthermore, some biological

biomarkers such as glycemic and insulinemic levels are

dependent on the sensibility of food carbohydrates to

enzymatic digestion in the intestinal tract (Bornet et al,

1989; Englyst et al, 1999; Araya et al 2002) and a relationship

between the in vitro and biological essays has been reported.

Some works have demonstrated in adults and obese

adolescents an inverse relationship between glycemic index

and satiety (Ludwig et al, 1999; Ludwig 2000; Augustin et al,

2002), but in other’s investigations the results showed the

inverse tendency (Holt et al, 1996; Raben et al, 1996).

Furthermore, there are no published information relating

the effect of nutritional status and carbohydrate digestion

rate on short-term satiety in preschool children.

To assess whether different carbohydrate digestion rates in

meals have an effect on the short-term satiety in normal and

obese preschool children, we planned a study to examine the

effect of common meals differing in their carbohydrate

digestion rates that were consumed in one mealtime with

matched energy and carbohydrate levels on the energy

intake in preschool children at the subsequent mealtime. To

obtain these dietary conditions, normal foods were used in

order that the results can be interpreted in the real setting of

the children.

Methods
Subjects

In total, 48 children, 24 normal weight and 24 obese

according to body mass index (BMI), aged 3–6 y old, were

selected from children attending to a day-care center where

they consumed three meals per day. Gender, age and height

(Table 1) paired the subjects. The same observers took

anthropometric measurements according to standard condi-

tions. All children’s parents signed a letter of informed

consent. The protocol was approved by the ethics Commit-

tee of Faculty of Medicine, University of Chile.

Diets

Two meals based on foods considered as good carbohydrate

sources, but with different carbohydrate digestion rates

(Table 2), were tested at lunchtime. The carbohydrate

digestion rates were determined using the enzymatic method

proposed by Englyst et al (1992), modified by extending the

hydrolysis time to 180 min (very slowly digestible starch

fraction) (Araya et al, 2002). The meal ingredients and the

carbohydrate percentage of each of them are shown in

Table 3. The test meals were prepared in the laboratory,

following the common culinary procedure used by the

Chilean families. The spaghetti was cooked for 15 min in

boiling water, with a spaghetti:water ratio of 1:2.5 and then

was transferred to a strainer in order to drain of the water,

and was mixed with tomato sauce and ground meat. The

potatoes without peel were cooked for 25 min in boiling

water, with a potatoes:water ratio of 1:2, and then were

grounded and mixed with milk to obtain a puree. Finally, the

Table 1 Anthropometric characteristics of preschool children (mean values7standard deviations)

Boys Girls

Normal Obese t-test Normal Obese t-test
Measure (n 12) (n 12) (n 12) (n 12)

Age (m) 53.2579.18 53.1779.23 N.S 58.28710.71 58.7878.24 N.S
Weight (kg) 18.4372.08 22.7573.29 0.001 18.8472.16 21.0671.94 0.001
Height (cm) 105.674.3 106.375.3 N.S 106.975.5 106.374.7 N.S
BMI (kg/m2) 16.6970.48 19.7970.92 0.001 16.4270.45 18.6370.39 0.001
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tomato sauce and grounded meat were added. Meals were

put in thermos bottles at 401C, transported to the day-care

center and then immediately offered to the children.

Chemical composition, serving sizes and energy contents

of the test meals are shown in Table 4. The meals were

isoenergetic and had the same amount of carbohydrate, but

differed in the offered volumes.

Procedure

Lunch was served at 1200 h in amounts that met the

children’s energy requirements for this mealtime (approxi-

mately 30% of the daily energy intake according to FAO/

WHO/UNU (1985) for children aged 3–6 y. Meals were

essayed on nonconsecutive days at random order and all

children consumed both test meals, rapid and lente carbohy-

drate digestion rate meals.

The energy regulation was studied using the food and

energy intakes observed during teatime (afternoon snack),

served at 15:30 h. During this mealtime, a variety of highly

accepted foods were offered in quantities greater than the

normal serving, except milk, which was served in the usual

amount. The type and quantity of each food offered to

children are shown in Table 5. Children were encouraged but

not forced to eat the meal served. No foods were consumed

between lunch and teatime.

The amount of foods consumed by children during both

mealtimes were determined by weighing the amount of

foods served and left over during lunch and teatime by each

child. The chemical composition of the foods was deter-

mined by proximal analysis according to AOAC (1980). The

energy intake was calculated using the amount of meal

consumed by each child and multiplying the macronutrient

composition obtained from the chemical analyses by the

corresponding Atwater’s factors (4 kcal/g for protein, 4 kcal/g

for carbohydrate and 9 kcal/g for lipid).

Statistical analysis

Results are presented as means7s.d. The statistical analysis

was performed with the SPSS statistical package. For anthro-

Table 2 In vitro carbohydrate digestion rate (%) of the tested meals

Meals RDS SDS VSDS RS

Spaghetti with tomato sauce and
orange

35.3 38.2 21.9 4.6

Mashed potatoes with meat and
orange and nectar juice

60.6 39.5 0 0

RDS¼Rapidly digestible starch (20 min).

SDS¼Slowly digestible starch (120 min).

VSDS¼Very slowly digestible starch (150–180 min).

RS¼Resistant starch.

Table 3 Recipes of the offered meals in the lunchtime

Meals Foods Carbohydrates (%)

Spaghetti with tomato sauce and
orange

Spaghetti 80.3

Tomato sauce 5.4
Onion 3.1
Carrot 1.0
Grounded meat 1.9
Vegetable oil 0
Orange 8.3

Mashed potatoes with meat and
orange and nectar juice

Potato 56.1

Milk 2.6
Tomato sauce 2.1
Onion 1.8
Carrot 1.4
Grounded meat 2.8
Vegetable oil 0
Orange 8.1
Nectar juice 25.1

Table 4 Nutrient composition and energy value of the essayed meals

Meals
Serving
sizes (g)

Proteins
(g)

Lipids
(g)

Carbohydrates
(g)

Energy
(kcal)

Spaghetti with tomato
sauce and orange

373 18.5 10.5 69.0 445

Mashed potatoes
with meat and orange
and nectar juice

592 17.9 11.1 70.1 452

Table 5 Nutrient composition and energy value of the food offered in teatime

Foods Amount (g) Proteins (g) Lipids (g) Carbohydrates (g) Energy (kcal)

Milk with sugar 200 6.4 5.2 26.0 176
Bread with marmalade 20 1.2 0.1 11.7 54
Cheese 30 7.5 7.6 1.5 104
Ham 30 7.6 5.7 0.1 82
Cookies 20 1.0 2.8 14.4 87

Total 300 23.7 21.4 53.7 503
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pometric results, t-test was used. The statistical significance

for the subsequent energy intake means across the two

treatment groups (rapid vs lente carbohydrate digestion rate

meal) and differences between the groups (obese vs normal-

weight children) were tested with two-factor repeated

measures ANOVA and Bonferroni’s test of significance was

performed to evaluate differences between conditions. The

effect of the order of dietary treatments (rapid and lente

carbohydrate digestion rate meals) was tested with two-

factor repeated measures ANOVA.

Results
Energy intakes during lunch, teatime and in both mealtimes

are illustrated in Figures 1 and 2 and Table 6, respectively.

Effects of type carbohydrate meal and nutritional status of

the children were observed at lunch (Figure 1). The potato-

based meal showed a significantly higher energy intake in

both children groups. Furthermore, the obese children

consumed a higher energy intake than the normal children

in both essayed meals.

During teatime, a significant effect of the type of carbohy-

drate was demonstrated, but only in obese preschool

children, energy being intake higher when the meal with

rapid digestion rate carbohydrates was essayed (Figure 2).

When both mealtimes were considered (lunch and teatime),

an effect of types of carbohydrate as well as the nutritional

status of children was observed (Table 6). The energy

increment was 50 kcal for normal children and 140 kcal for

obese children when potato meal was compared with the

spaghetti meal.

The statistical analysis demonstrated that the order of

dietary treatments had no effect on the children’s energy

intakes.

Discussion
The results of the present study demonstrate that satiation at

lunch was influenced by carbohydrate digestion rates of

meals and the nutritional status of children. Children

showed a greater satiation when meal with lente digestion

rate carbohydrates was consumed, although this meal was

offered in a lower volume than the meal with rapid digestion

rate carbohydrates. Therefore, since preschool children have

a lesser gastric capacity, the finding that dietary volume has

no direct influence on satiation was unexpected. Other

dietary factor that may be contributing to the greater

satiation observed in the low digestion rate carbohydrate

meal is the solid physical state of this meal (Santangelo et al,

1998). On the contrary, potato-based meal was in semiliquid

Figure 1 Energy intake at lunchtime. Two-way repeated measures
ANOVA: effect of carbohydrate deigestion rate Po0.002, F¼11.21;
effect of nutritional status Po0.02, F¼5.80; effect of interaction NS;
Different letters indicate significant differences between conditions
(Po0.05 Bonferroni’s Test).

Figure 2 Subsequent energy intake at teatime. Two-way repeated
measures ANOVA: effect of carbohydrate deigestion rate Po0.001,
F¼18.91; effect of nutritional status NS; effect of interaction Po0.07,
F¼7.97. Different letters indicate significant difference between
conditions (Po0.05 Bonferroni’s Test).

Table 6 Energy intake in both meals (lunch plus teatime)

Energy intake (kcal)

Meals at lunch Obese Normal

Spaghetti with tomato sauce and
orange

691.77149.2a 671.47116.8a

Mashed potatoes with meat and
orange and nectar juice

835.1784.1b 728.7780.6a

Two-way repeated measures ANOVA; effect of carbohydrate digestion rate

Po0.001, F¼28.15; effect of nutritional status Po0.02, F¼5.96; effect of

interaction Po0.03, F¼5.18. Different letters indicate significant differences

between conditions (Po0.05 Bonferroni’s test).
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state, which may induce a higher consumption in children.

The obese children were able to consume in this mealtime

significantly higher energy intakes than normal children,

independent of carbohydrate digestion rates of meals,

suggesting that these children have a lower capacity to

regulate their energy intakes.

In the present study, short-term satiety was studied at the

subsequent meal, offering a variety of foods, including

different textures, flavors, and macronutrient contents since

it was demonstrated that the availability of a variety of foods

offered during a mealtime enhances the food intake (Rolls

et al, 1981). In this design condition, a lesser short-term

satiety was observed when the obese preschool children

consumed the potato meal during lunch. Several authors

have indicated that short-term satiety may be influenced

directly by the weight of foods previously consumed (Hunt &

Stubbs, 1975; Porrini et al, 1997). In the present study, the

potato-based meal was given in the highest volume to the

children, explained by its semiliquid physical state and the

apricot juice offered. However, this meal produced a lower

satiety, compared with the spaghetti-based meal. Some

studies had demonstrated that obese subjects have a higher

gastric emptying rate than normal subjects do, and, conse-

quently, they are able to have a higher energy intake in the

next meal (Read et al, 1994). Moreover, the solid physical

state of the spaghetti meal may delay gastric emptying and

thus contribute to its higher satiety.

Although both tested meals had the same carbohydrate

content, the potato meal had higher amount of rapid

digestion rate starch and a greater amount of simple

carbohydrate. A physiological mechanism that has been

proposed to explain the relationship between the type of

food carbohydrate and the short-term satiety is based on the

glycemic responses. High glycemic index meals induced a

lesser satiety (Holt & Miller, 1994; Liljeberg et al, 1999),

because rapid digestion carbohydrates give rise to a marked

increase of glycemia and insulinemia and is followed by a

rapid fall to the basal levels (Wolever & Bolognesi, 1996a, b).

Furthermore, a large increase in the insulinemic response has

been observed when potatoes were consumed (Hermansen

et al, 1986; Soh & Miller, 1999). These metabolic responses

have been raised by several authors as causal factors of higher

energy intake observed at the subsequent meal when high

glycemic foods were consumed in the test meal (Holt &

Miller, 1995; Ludwig, 2000). In the present work, these

metabolic effects on short-term satiety may be overexpressed

in obese children and cause lesser satiety observed when

these children consumed meal with greater amounts of rapid

digestion rate carbohydrates. These results support the

finding of Ludwig et al (1999) who demonstrated that low

glycemic index breakfast meals produced a lower energy

intake (81%) during the following 5 h in obese teenage boys.

Furthermore, some authors (Odeleye et al, 1997; Sigal et al,

1997) have demonstrated that children who had higher basal

insulin levels were able to gain more weight than children

with normal basal insulin levels. These findings suggest that

meals with high glycemic index are inducing higher energy

intakes and higher fat depots.

In conclusion, we demonstrated that obese children

consume a higher energy intake when they were consuming

the high carbohydrate meal with the rapid carbohydrate

digestion rate. The finding of the present work could provide

dietary strategies required for decreasing overweight and

obesity prevalence in preschool children. However, addi-

tional research is needed to examine whether manipulating

the carbohydrate digestion rate during a longer period of

time produces similar effects on energy intake of preschool

children of different nutritional status.
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