
The Effect of Protein and Glycemic Index on Children’s
Body Composition: The DiOGenes Randomized Study

WHAT’S KNOWN ON THIS SUBJECT: The potential of HP and LGI
diets to promote weight loss in adults has resulted in research to
investigate the effect of these diets on weight control in children;
results have been promising but still conflicting.

WHAT THIS STUDY ADDS: In the DiOGenes study, a European
family-based, randomized, controlled, multicenter, 6-month
energy ad libitum dietary intervention study, the LP/HGI diet
increased body fat, whereas overweight/obesity decreased in
those on the HP/LGI diet.

abstract
OBJECTIVE: To investigate the effect of protein and glycemic index (GI)
on body composition among European children in the randomized,
6-month dietary intervention DiOGenes (diet, obesity, and genes)
family-based study.

PATIENTS AND METHODS: In the study, 827 children (381 boys and 446
girls), aged 5 to 18 years, completed baseline examinations. Families
with parents who lost �8% of their weight during an 8-week run-in
low-calorie diet period were randomly assigned to 1 of 5 ad libitum
diets: low protein (LP)/low glycemic index (LGI); LP/high GI (HGI); high
protein (HP)/LGI; HP/HGI; and control diet. The target difference was 15
GI U between the LGI/HGI groups and 13 protein percentage points
between the LP/HP groups. There were 658 children examined after 4
weeks. Advice on food-choice modification was provided at 6 visits
during this period. No advice on weight loss was provided because the
focus of the study was the ability of the diets to affect outcomes
through appetite regulation. Anthropometric measurements and body
composition were assessed at baseline, week 4, and week 26.

RESULTS: In the study, 465 children (58.1%) completed all assess-
ments. The achieved differences between the GI and protein groups
were 2.3 GI U and 4.9 protein percentage points, respectively. The LP/
HGI group increased body fat percentage significantly more than the
other groups (P � .040; partial �2 � 0.039), and the percentage of
overweight/obese children in the HP/LGI group decreased significantly
during the intervention (P� .031).

CONCLUSIONS: Neither GI nor protein had an isolated effect on body
composition. However, the LP/HGI combination increased body fat,
whereas the HP/LGI combination was protective against obesity in this
sample of children. Pediatrics 2010;126:e1143–e1152
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Adiposity in childhood is associated
with increased risk of mortality.1–5 Re-
cent increases in energy intake, pro-
duced by untoward changes in macro-
nutrient composition4,6 and factors
such as portion size, availability and
cost of food and soft drinks, and reduc-
tion in physical activity, have report-
edly played a major role in the rise of
obesity.4,7 With high-protein (HP) diets,
weight loss is promoted8 and weight
regain in adults is prevented,9 most
probably by increasing satiety.10 How-
ever, this has not been indicated in
obese children.11,12 Low-glycemic index
(LGI) diets are also suggested to pro-
mote weight loss in adults, mainly by
promoting satiety and reducing hun-
ger.13,14 However, the clinical useful-
ness of GI in weight regulation has
been questioned.15 In children, LGI
meals compared with HGI meals signif-
icantly reduced subsequent energy in-
take and hunger in some,13,16 but not
all,17 studies.

The effect of HP, LGI diets in children has
not been assessed in large-scale, ran-
domized controlled studies. We aimed to
investigate the effect of protein andGI on
body weight, anthropometric measure-
ments, and body composition among
free-living children after a 6-month,
family-based dietary intervention. It
should be noted that no advice onweight
loss was provided to children because
the intervention gave less emphasis on
energy intake (which was ad libitum),
but focused on the ability of the diets to
regulate appetite and thus body weight
andcomposition. This study is part of the
European integrated project DiOGenes
(Diet, Obesity, andGenes),which focused
on dietary means of preventing weight
gain9,18,19 and was performed in 8 Euro-
pean centers.

PATIENTS AND METHODS

Participants

Volunteer families from 8 countries
(Netherlands, Denmark, United King-

dom, Greece, Germany, Spain, Bulgaria,
and Czech Republic) were invited to par-
ticipate during the period from Novem-
ber 2005 to April 2007. Families attended
ascreeningexamination todetermineel-
igibility. Eligible families were generally
healthy, with at least 1 parent over-
weight (BMI � 27 kg/m2) and younger
than 65 years, and at least 1 child be-
tween the ageof 5 and18 years.9 Recruit-
ment strategies and exclusion criteria
for parents are provided in detail else-
where.9 Exclusion criteria for children
were special diets, food intolerances,
systemic infections/chronic diseases,
use of medication that might influence
study outcomes, and drug or alcohol
abuse. Informed consent was obtained
from parents and assent was obtained
from the children, according to local leg-
islation. The study was approved by the
local medical ethical committees in the
respective countries.

Study Design and Procedures

A description of the design and study
procedures are provided in an earlier
report.9 In short, eligible adults under-
went an 8-week low-calorie diet (LCD)
period after their screening, during
which the enrolled children received
no intervention. During the seventh
week of the LCD, children attended a
clinical examination (representing
baseline),9 when anthropometric pa-

rameters and body composition were
assessed and a 3-day weighed dietary
record was provided. Families with at
least 1 parent who lost�8% of weight
during the LCD were randomly as-
signed to 1 of 5 ad libitum diets: low
protein (LP)/LGI; LP/HGI; HP/LGI; HP/HGI;
and control diet (national dietary
guidelines, with medium protein con-
tent and no specific instructions on
GI).19 Eligible families were allocated to
a dietary intervention group by using a
simple block randomization proce-
dure with stratification.9

Randomization was followed by (1)
in Maastricht and Copenhagen, a
6-month supermarket period (free
food provided to families by laboratory
shops, in addition to dietary instruc-
tions),20,21 and (2) in remaining cen-
ters, a 6-month dietary instruction-
only period. Families followed their
randomized diet for 6 months. Chil-
dren attended a second clinical exam-
ination 4 weeks into their randomized
diet (samemeasurements as baseline,
apart from body composition) and a
final examination at the end of the
6-month intervention (week 26, same
measurements as baseline) (Fig 1).

Dietary Instruction Period

On the day families were randomly as-
signed, trained dietitians gave detailed

FIGURE 1
Design of the dietary intervention for children at the supermarket and the instruction centers.
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instructions on the ad libitum diets. All
diets were low in fat (25%–30% of en-
ergy). The target was for protein con-
tent to comprise 10% to 15% of energy
intake in the LP and 23% to 28% in the
HP groups, complying with the accept-
able range (10%–30%) for children
aged 4 to 18 years.22 Children in the
LGI groups were advised to consume
the LGI foods, and those in the HGI
groups to consume the HGI foods
within a food group.19 The aim was to
achieve a 15-point GI difference be-
tween the HGI and LGI groups. The
assignment of GI values to foods is
reported separately.23

Children were encouraged to be
present during the randomization vis-
it; otherwise, parents were instructed
to aid their childrenwith their random-
ized diets. During the intervention, chil-
dren were requested to attend 6 coun-
seling sessions, accompanied by their
parents, during which intensive guid-
ance was provided. Dietitians advised
on weight control and reinforced the
diet composition messages19 through
food-choice and behavior-modification
advice. A detailed description of the di-
ets is provided elsewhere.19

Anthropometric Measurements

Standard operating procedures were
produced for all investigations under-
taken to ensure standardization
across the centers. Moreover, the
same measurement devices were
used in each center on every occasion
a measurement was provided.9 Sub-
jects had been fasting for 4 hours be-
fore the clinical examinations, and
they were measured in their under-
wear and with an empty bladder.

Weight was measured on calibrated
digital scales (Seca 861, Hamburg, Ger-
many) to the nearest 0.1 kg, and height
was measured to the nearest millime-
ter with a wall-mounted stadiometer
(Seca 225, Hamburg, Germany), with-
out shoes, on all examinations and di-

etary counseling sessions. BMI was
calculated as weight divided by height,
squared (kg/m2), and weight status
was determined according to the age-
and gender-specific International
Obesity Task Force iso-BMI � 25 lim-
its.24 Waist circumference (mea-
sured midway between the lower rib
and iliac crest) and hip circumfer-
ence (measured at the widest point
between the hips and buttocks) cir-
cumference were measured twice, to
the nearest 0.5 cm, with a tape in a
vertical plane and with the subject
standing and gently breathing out.
The mean of the 2 measurements
was recorded. Waist-to-hip ratio was
then calculated.9

Body Composition

Body composition was determined by
dual-energy radiograph absorption
(Lunar Radiation, Madison, WI) or bio-
electric impedance analysis (Quad-
Scan 4000; Bodystat, Douglas, Isle of
Man, United Kingdom). Children who
participated in the determination of
body composition were fasting (no in-
take of foods or liquids for at least 4
hours before the investigations except
for a water intake of 350–500 mL).9

Dietary Records

All families were provided with weigh-
ing scales (Soehnle 1208 Actuell Back-
nang, Germany) and were instructed
to record their food and liquid intake
for 3 consecutive days (2 weekdays
and 1 weekend day). Participants were
required to weigh all foods and bever-
ages consumed, as well as leftovers,
and to provide cooking methods and
recipes for composite meals. When
weighing was not possible, partici-
pants were instructed to record their
intake in household measures. Par-
ents were instructed to aid their chil-
dren with the recording process when
appropriate. Dietary records were
checked for completeness on return to
clarify any uncertainties. The method

of analysis of dietary records is re-
ported elsewhere.9,23

Statistical Analysis

Primary outcome measures were
changes in anthropometric measure-
ments, BMI z score, and body composi-
tion during the intervention. Second-
ary outcomes were changes in the
proportion of overweight and obese
children and changes in waist-to-hip
circumference ratio. Baseline charac-
teristics of participants were com-
pared between the different countries
by using the Kruskal Wallis rank test
and Pearson’s �2 test. Changes in di-
etary intakes during the intervention
were calculated for those participants
who provided food diaries at baseline,
week 4, and week 26, and comparisons
between dietary groups were per-
formed by using the Kruskal Wallis
test. Comparisons of overall changes
in anthropometricmeasurements dur-
ing the dietary intervention between
dietary groups were performed by us-
ing analysis of covariance, with age,
gender, family structure (single par-
ent, couple with 1 randomized, and
couple with both randomized), and
country as covariates. These analyses
were performed for “completers only”
(all randomized subjects with data
from all clinical examinations), as well
as on an “intention-to-treat” basis, by
using the multiple imputation tech-
nique for all randomly assigned sub-
jects.25,26 For the completers’ analysis,
the observed power effect size was
72%. In addition, the differences in ef-
fect between the protein groups and
the GI groups and potential interaction
between GI and protein content were
analyzed by analysis of covariance
(same covariates as above). A McNe-
mar test was used to examine changes
in weight status (overweight and
obese children) within the dietary
groups. All analyses were performed
by using SPSS 17.0 (SPSS Inc, Chicago,
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IL), and significance was defined as
P� .05.

RESULTS

A total of 1140 children were regis-
tered to attend screening, and 827 at-
tended the baseline examination. Eight
hundred children were randomly as-
signed, and 465 (201 boys, 264 girls)
attended all clinical examinations
(baseline, week 4, and week 26) and
were included in present analyses. In
total, 335 children (41.9% of those ran-
domly assigned) dropped out or were
excluded during the dietary interven-
tion because of their parents’ with-
drawal, noncompliance with study re-
quirements, or because they did not
attend at least 1 of the above men-
tioned clinical examinations (compl-
eters only) (Fig 2). Baseline charac-
teristics did not differ between
completers and children who did not
provide information at all visits or
dropped out (data not shown).

Baseline characteristics of children
who completed the intervention at the
8 different centers are shown in Table
1. Children differed in various vari-
ables between the different centers.
There were no baseline differences in
anthropometric measurements be-
tween the 5 dietary groups (compl-
eters’ analysis).

Only 113 children (24.3% of those who
attended all clinical examinations) re-
corded their dietary intake at all 3 time
points. At all time points, self-reported
dietary protein content had increased
significantly in the HP groups, result-
ing in a 4.9-percentage point differ-
ence between the HP and LP groups at
week 26 (P� .001) (Table 2). Between
baseline and 26 weeks, the proportion
of energy from carbohydrates was re-
ducedmore in the HP group than in the
LP group (�2.6 vs 4.8%; P � .001). GI
was reduced in the 2 LGI groups at
week 26, resulting in a 2-point differ-
ence between the LGI and HGI groups

(P � .013). Glycemic load was, as ex-
pected, reduced more in the HP group
than in the LP group during the inter-
vention (�37.9 vs �12.8 g/day; P �
.006). The proportion of energy from
fat did not differ among groups and
was within the recommended levels of
25% to 30% at 4 and 26 weeks.

Between baseline and 26 weeks, there
was a significant increase among the
overall sample (completers) in body
weight (53.2 vs 54.4 kg; P � .001),
height (1.53 vs 1.55 m; P � .001), hip
circumference (85.5 vs 85.9 cm; P �

.041), and fat-free mass (37.7 vs 39.0
kg; P� .001), whereas waist-to-hip ra-
tio (0.855 vs 0.846; P� .001) and waist-
to-height ratio (0.477 vs 0.467; P �
.001) were significantly reduced. No
statistically significant differences in
changes in outcome measures among
the dietary groups were observed dur-
ing the intervention, apart from a sta-
tistically significant increase in body
fat percentage in the LP/HGI group (P
� .040; partial �2 � 0.039) and a sta-
tistically significant reduction in the
percentage of overweight/obese chil-

FIGURE 2
Flow diagram in which the progress of the participants from screening to the end of intervention is
shown.
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dren in the HP/LGI group (Table 3; Figs
3 and 4). When the main effect of pro-
tein and GI and the interaction be-
tween protein and GI were assessed,
no significant changes in outcome
measures were observed between the
groups. Multiple imputation confirmed
that the LP/HGI group had the highest
increase in body fat percentage: impu-
tation number 4 (P � .034) and impu-
tation number 5 (P� .013).

DISCUSSION

Excess adiposity is said to be the most
serious health problem that affects
children in developed countries.4 The
potential of HP8 and LGI14 diets to pro-
mote weight loss in adults has re-
sulted in research that investigates
the effect of these diets on weight con-
trol in children, with promising but still
conflicting results. The DiOGenes study
has several strengths compared with
earlier studies because it involved a
prospective large-scale, randomized
controlled design. With the interven-
tion we examined the effectiveness of
the diet (application in a real-life set-
ting), and the family-based plan en-
couraged support between family
members that could positively affect
treatment in children.4,9

Our most significant finding, that the
combination of LP and HGI increased
body fat percentage, may suggest that
this dietary combination does not af-
fect body composition favorably. LP di-
ets hinder satiety and energy expendi-
ture and inhibit fat oxidation by
increasing insulin response.10 In addi-
tion, carbohydrates with HGI are rap-
idly digested, thereby increasing insu-
lin levels, stimulating hunger, and
promoting food intake and the accu-
mulation of body fat.14,27–29 Thesemech-
anisms may explain the increase in
body fat observed in the LP/HGI group.
In contrast, the percentage of over-
weight/obese children in the HP/LGI
group decreased significantly duringTA
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the intervention, which is in line with
the purported beneficial impact of HP
and LGI diets on satiety, weight loss,
and fat oxidation.8,10,13,14 Considering
the lack of isolated effect of protein
and GI in the present study, it might be
that the combination of protein and GI
is a more important factor that affects
insulin response and thus also hunger
and fat accumulation.

Bioelectric impedance analysis has
been suggested to generally underes-
timate body fat in comparison with
dual-energy x-ray absorption.30 How-
ever, the 2 methods were not used in-
terchangeably in this study. Thus, each

child was measured by using the same
method each time body composition
was determined. In addition, although
there are some differences in outcome
between the 2methods, themain inter-
est of our study was the �-change in
body composition. Although body fat
percentage measurements were only
available for 262 participants, there
were no differences in age, gender,
baseline BMI, or dietary group be-
tween those who provided this mea-
surement and those who did not.

Advice on dietary protein (LP versus HP)
did not influence body weight and other
anthropometric measurements in this

sample of European children. However,
the HP group’s protein intake comprised
�20% of energy, which was lower than
the 23% to 28% recommended in this
group. The LP group’s protein intake
comprised�16% of energy at week 26,
slightly above the recommended 10% to
15%. Consistent with 2 earlier reports in
which the effect of HP compared with
normal-protein diets, on body weight,
and body composition in obese children
and adolescents were examined, the
lack of protein effect in our study might
havebeen the result of theHPgroupsnot
reaching their recommended protein in-
take levels and the subsequent smaller-

TABLE 2 Mean Changes in Self-reported Total Energy and Macronutrient Intake, GI, and Glycemic Load in the 5 Dietary Groups, for Children Who
Provided Dietary Records at Baseline, Week 4 and Week 26

Measurement N Diet First
Examination
(Baseline)

Week 4,
Mean (SE)

� Change (Week 4
From Baseline)

Week 26
(After

Intervention), Mean
(SE)

� Change (Week 26
From Baseline)

� Change (Week 26
From Week 4)

� Mean (SE)

Total Energy intake, kJ/d 113 LP/LGI 20 8361 (515) 6213 (440) �2148 7081 (490) �1280 868
LP/HGI 19 6893 (528) 5758 (452) �1135 5785 (502) �1108 27
HP/LGI 24 7307 (470) 5478 (402) �1830 6253 (447) �1054 775
HP/HGI 29 8479 (427) 6151 (366) �2328 6878 (407) �1601 727
Control diet 21 8676 (502) 6482 (430) �2194 6879 (478) �1797 397

P .446 .845 .851
Carbohydrates, %
energy

113 LP/LGI 20 52.5 (1.5) 61.3 (1.5) 8.8 60.2 (1.7) 7.7 �1.1
LP/HGI 19 52.6 (1.5) 58.1 (1.5) 5.5 58.0 (1.8) 5.3 �0.2
HP/LGI 24 52.5 (1.3) 52.5 (1.4) 0.0 50.6 (1.6) �2.0 �2.0
HP/HGI 29 54.1 (1.2) 51.7 (1.2) �2.4 49.9 (1.4) �4.2 �1.9
Control diet 21 51.9 (1.4) 54.3 (1.5) 2.4 54.6 (1.7) 2.7 0.3

P �.001 �.001 .826
Total fat, % energy 113 LP/LGI 20 31.9 (1.3) 22.3 (1.3) �9.6 24.0 (1.7) �7.9 1.7

LP/HGI 19 32.1 (1.3) 25.9 (1.4) �6.2 25.9 (1.7) �6.3 0.0
HP/LGI 24 33.5 (1.2) 25.7 (1.2) �7.8 28.1 (1.5) �5.5 2.3
HP/HGI 29 31.0 (1.1) 26.9 (1.1) �4.2 27.6 (1.4) �3.5 0.7
Control diet 21 33.2 (1.3) 28.2 (1.3) �5.0 28.5 (1.6) �4.7 0.3

P .173 .527 .938
Protein, % energy 113 LP/LGI 20 15.2 (0.7) 16.0 (0.9) 0.8 15.9 (0.9) 0.6 �0.1

LP/HGI 19 15.2 (0.7) 16.0 (0.9) 0.8 16.2 (1.0) 1.0 0.2
HP/LGI 24 13.9 (0.6) 21.6 (0.8) 7.7 21.4 (0.9) 7.5 �0.2
HP/HGI 29 14.5 (0.6) 21.4 (0.7) 6.9 22.6 (0.8) 8.1 1.2
Control diet 21 14.9 (0.7) 17.5 (0.9) 2.6 16.9 (0.9) 1.9 �0.7

P �.001 �.001 .759
GI, % 113 LP/LGI 20 62.7 (0.9) 58.9 (1.1) �3.8 60.8 (1.2) �1.9 2.0

LP/HGI 19 62.5 (1.0) 62.6 (1.1) 0.1 62.9 (1.3) 0.4 0.3
HP/LGI 24 61.9 (0.9) 57.0 (1.0) �4.9 56.9 (1.1) �5.0 �0.1
HP/HGI 29 63.7 (0.8) 64.2 (0.9) 0.6 63.9 (1.0) 0.2 �0.4
Control diet 21 60.6 (0.9) 61.4 (1.0) 0.8 61.8 (1.2) 1.2 0.5

P �.001 .001 .607
Glycemic load, g/d 113 LP/LGI 20 161.9 (10.2) 133.6 (9.2) �28.3 153.4 (11.3) �8.6 19.8

LP/HGI 19 129.6 (10.5) 120.6 (9.4) �8.9 123.9 (11.6) �5.7 3.2
HP/LGI 24 139.0 (9.3) 94.4 (8.4) �44.6 105.0 (10.3) �34.0 10.6
HP/HGI 29 169.6 (8.5) 120.5 (7.6) �49.2 128.0 (9.4) �41.6 7.6
Control diet 21 161.7 (10.0) 126.4 (9.0) �35.3 139.0 (11.0) �22.7 12.6

P .041 .062 .587

Comparisons of overall changes between dietary groups were performed by using the Kruskal-Wallis rank test.
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TABLE 3 Mean Changes of Outcome Measures Over the 6-Month Dietary Intervention Period
Measurement N Diet � First

Examination
(Baseline),
Mean (SE)

Week 4, Mean
(SE)

� Change (Week 4
From Baseline)

Week 26 (After
Intervention),
Mean (SE)

� Change (Week 26
From baseline)

� Change (Week 26
From Week 4)

Weight, kg 465 LP/LGI 102 52.9 (1.3) 52.7 (1.3) �0.16 54.0 (1.2) 1.17 1.33
LP/HGI 87 52.3 (1.4) 52.4 (1.4) 0.05 53.6 (1.4) 1.25 1.21
HP/LGI 92 53.5 (1.4) 53.4 (1.3) �0.14 54.5 (1.3) 0.95 1.08
HP/HGI 96 53.7 (1.3) 53.5 (1.3) �0.28 54.5 (1.3) 0.76 1.04
Control diet 88 53.7 (1.4) 53.8 (1.4) 0.08 55.4 (1.3) 1.66 1.58

P .689 .621 .747
Height, m 464 LP/LGI 103 1.54 (0.008) 1.54 (0.008) 0.01 1.56 (0.008) 0.02 0.02

LP/HGI 85 1.52 (0.008) 1.53 (0.008) 0.01 1.54 (0.009) 0.02 0.02
HP/LGI 92 1.52 (0.008) 1.52 (0.008) 0.01 1.54 (0.008) 0.03 0.02
HP/HGI 96 1.54 (0.008) 1.55 (0.008) 0.01 1.57 (0.008) 0.03 0.02
Control diet 88 1.52 (0.008) 1.53 (0.008) 0.01 1.55 (0.009) 0.02 0.02

P .565 .938 .738
BMI 460 LP/LGI 101 21.14 (0.42) 20.95 (0.41) �0.18 21.12 (0.40) �0.01 0.17

LP/HGI 85 21.86 (0.46) 21.72 (0.44) �0.14 21.80 (0.44) �0.07 0.08
HP/LGI 91 22.14 (0.44) 21.92 (0.43) �0.21 21.81 (0.43) �0.33 �0.11
HP/HGI 95 21.89 (0.43) 21.68 (0.42) �0.21 21.70 (0.42) �0.19 0.02
Control diet 88 22.28 (0.43) 22.11 (0.44) �0.16 22.35 (0.43) 0.07 0.23

P .966 .445 .375
BMI z score 460 LP/LGI 101 �0.140 (0.083) �0.144 (0.083) �0.004 �0.130 (0.085) 0.009 0.013

LP/HGI 85 0.004 (0.091) 0.013 (0.091) 0.008 0.011 (0.093) 0.007 �0.001
HP/LGI 91 0.058 (0.088) 0.054 (0.088) �0.005 0.014 (0.089) �0.045 �0.040
HP/HGI 95 0.011 (0.086) 0.005 (0.086) �0.005 �0.009 (0.088) �0.020 �0.014
Healthy diet 88 0.087 (0.089) 0.094 (0.089) 0.007 0.128 (0.091) 0.041 �0.034

P .952 .439 .379
WC, cm 428 LP/LGI 96 71.2 (1.1) 70.5 (1.1) �0.68 70.9 (1.1) �0.26 0.43

LP/HGI 75 42.3 (1.3) 71.9 (1.2) �0.80 72.6 (1.2) �0.08 0.72
HP/LGI 87 72.7 (1.2) 72.5 (1.2) �0.24 72.3 (1.2) �0.45 �0.21
HP/HGI 88 74.0 (1.2) 73.2 (1.2) �0.88 72.9 (1.2) �1.11 �0.28
Control diet 82 73.5 (1.2) 73.4 (1.2) 0.02 73.4 (1.2) 0.05 0.03

P .517 .538 .454
HC, cm 426 LP/LGI 95 83.7 (1.1) 83.7 (1.0) �0.06 84.5 (1.0) 0.79 0.85

LP/HGI 75 83.9 (1.2) 84.0 (1.1) 0.21 84.9 (1.2) 0.99 0.78
HP/LGI 88 85.7 (1.1) 85.4 (1.1) �0.31 85.8 (1.2) 0.15 0.47
HP/HGI 87 87.5 (1.1) 86.4 (1.1) �1.04 87.3 (1.1) �0.21 0.83
Control diet 81 86.6 (1.1) 86.5 (1.1) �0.05 87.1 (1.1) 0.51 0.56

P .140 .402 .958
Waist/hip ratio 424 LP/LGI 95 0.855 (0.007) 0.848 (0.007) �0.007 0.844 (0.007) �0.012 �0.005

LP/HGI 75 0.870 (0.008) 0.858 (0.008) �0.012 0.859 (0.007) �0.011 0.001
HP/LGI 86 0.852 (0.007) 0.853 (0.007) 0.001 0.845 (0.007) �0.007 �0.008
HP/HGI 87 0.850 (0.007) 0.851 (0.007) 0.000 0.839 (0.007) �0.011 �0.011
Control diet 81 0.850 (0.007) 0.850 (0.007) 0.000 0.845 (0.007) �0.005 �0.005

P .277 .832 .532
Waist/height ratio 425 LP/LGI 95 0.463 (0.007) 0.457 (0.007) �0.006 0.454 (0.007) �0.009 �0.003

LP/HGI 75 0.478 (0.007) 0.471 (0.007) �0.007 0.471 (0.007) �0.008 0.000
HP/LGI 86 0.481 (0.007) 0.477 (0.007) �0.004 0.470 (0.007) �0.011 �0.007
HP/HGI 87 0.483 (0.007) 0.477 (0.007) �0.006 0.470 (0.007) �0.013 �0.007
Control diet 82 0.484 (0.007) 0.481 (0.007) �0.003 0.477 (0.007) �0.008 �0.007

P .761 .689 .489
FFM, kg 295 LP/LGI 57 39.7 (0.9) — — 41.5 (1.0) 1.80 —

LP/HGI 55 37.5 (1.0) — — 38.8 (1.0) 1.02 —
HP/LGI 68 37.2 (0.9) — — 38.4 (0.9) 1.39 —
HP/HGI 56 38.1 (1.0) — — 39.3 (1.0) 1.27 —
Control diet 59 36.1 (1.0) — — 37.1 (0.9) 0.99 —

P .233 —
FM, kg 295 LP/LGI 57 15.2 (1.1) — — 14.7 (1.1) �0.53 —

LP/HGI 55 14.9 (1.2) — — 15.2 (1.1) 0.12 —
HP/LGI 68 16.6 (1.1) — — 16.3 (0.9) 0.12 —
HP/HGI 56 17.1 (1.1) — — 16.3 (1.1) �0.44 —
Control diet 59 16.5 (1.1) — — 16.6 (1.0) �0.25 —

P .531 —
Fat, % 262 LP/LGI 60 25.2 (1.2) — — 24.4 (1.3) �0.84 —

LP/HGI 41 26.7 (1.5) — — 28.2 (1.5) 1.53 —
HP/LGI 57 28.2 (1.3) — — 28.9 (1.3) 0.73 —
HP/HGI 56 28.9 (1.3) — — 29.4 (1.3) 0.44 —
Control diet 48 28.4 (1.4) — — 27.8 (1.4) �0.63 —

P .040a —

Comparisons of overall changes between dietary groups were performed by using analysis of covariance, with age, gender, family structure, and country as covariates. Effect-size estimates
for analysis of covariance were determined with partial �2 (�2� 0.01 is a small effect size, 0.06 is a medium effect size, and 0.14 is large effect size). WC indicates waist circumference; HC,
hip circumference; FFM, fat free mass; FM, fat mass.
a Partial �2� 0.039.
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than-intended protein intake difference
between the HP and LP groups.11,12

It has been suggested that LGI diets are
inversely associated with overweight
when compared with HGI di-
ets.13,14,16,29,31 The majority of earlier
studies have demonstrated this pro-
tective effect of LGI diets in children by
assessing the short-term effects of LGI
meals.13,16,32 Although our intervention
was not focused on weight loss, mak-
ing comparisons with earlier studies

problematic, the present study
showed that GI did not affect body
weight in children, thereby calling into
question the long-term potential of
such diets on weight control. However,
our intervention was not successful in
achieving the recommended 15-point
GI difference between the LGI and HGI
groups because the self-reported dif-
ference was 2.3GI U. LGI diets, when
compared with HGI diets, have also
been found to decrease fat mass and

increase lean body mass in adults.33

The present study did not show any
beneficial impact of the LGI diet com-
pared with the HGI diet on children’s
body composition. The outcome in the
LGI and HGI groups was within the nor-
mal range of variation, contradicting
an earlier study in which the impact of
LGI and HGI meals on body weight
among children was compared.34

Results from the current study are not
directly comparable toearlier reports. In
contrast with earlier studies,11,12,35 the
current intervention did not give empha-
sis onweight loss, but examined howap-
petite regulation would affect body
weight. In addition, the inclusion of
normal-weight children in our sample
did not allow for advice onweight loss to
be provided to children. Nevertheless, it
is promising that this intervention pro-
duced favorable changes in some an-
thropometric measurements in the
overall sample of children. The DiOGenes
study is also the first dietary study in
which the effect of both protein and GI
content in children from different coun-
tries is examined.9

Although children were not always
present at the randomization visit
when their prescribed diet would be
explained to them, research has indi-
cated that parents are able to lower
the GI of their child’s diet after a de-
scription of the LGI diet.36 However, the
high dropout rate limits the external
validity of our findings. This level of at-
trition approximates an earlier inter-
vention study35 but is higher compared
with studies in which diets with vary-
ing protein content in children were
examined.11,12 Because both of these
earlier studies were conducted in con-
trolled settings, the high dropout rate
in our sample may reflect the difficul-
ties participants confront when trying
to change their diet in real-life set-
tings. Perhaps the high dropout rate
also resulted in the lower-than-
expected observed effect size of 72%.

FIGURE 3
Mean changes in BMI z scores over the 6-month dietary intervention. Bars indicate SE. Levels of
significance were assessed by using analysis of covariance (age, gender, family structure, and coun-
try as covariates).

FIGURE 4
Changes in the proportion of overweight and obese children over the 6-month dietary intervention.
Levels of significance were assessed by using McNemar test.a P� .031 for the HP/LGI group.
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However, children’s participation was
completely dependent on their par-
ents; thus, a child would withdraw if
their parents withdrew their participa-
tion. Indeed, the fact that children ran-
domly assigned to the LP/HGI group
were more likely to withdraw from the
study or not attend all examinations is
consistent with what was reported in
the LP/HGI adult participants of the
DiOGenes study, who also gained the
highest amount of body weight and
had the lowest decrease of fat mass
during the intervention compared with
the other dietary groups.9 Also, chil-
dren might have enrolled at the insis-
tence of their parents, which may have
resulted in varying degrees of motiva-
tion to comply with study require-
ments. This might have led to the low
compliance with the dietary record
completion. Future intervention stud-
ies should address the need for active
involvement of children to increase
their effectiveness.

Finally, we used 3-day dietary records
to determine dietary changes, which
are considered valid instruments for
children.37 However, we cannot rule
out that parents might not have accu-
rately recorded what their child con-
sumed.36 In addition, underreporting
of energy intake might possibly have
occurred, although the estimation of
changes in intakes over time and the
fact that participants act as their
own controls when assessing dietary
intake repeatedly may partially con-
trol for this. Moreover, we did not
aim to detect differences in energy
intake between the groups but
rather used dietary assessment to
estimate the relative macronutrient
composition and GI of the diets be-
fore and after the intervention.

CONCLUSIONS

The results of this study show that
neither GI nor protein had an iso-
lated effect on body composition

among this sample of children after
an ad libitum diet, with emphasis on
appetite regulation rather than
weight loss. However, the LP/HGI
combination increased body fat,
whereas the HP/LGI combination was
protective against obesity. The limi-
tations of the study should be consid-
ered before effective dietary macro-
nutrient composition to reduce
childhood adiposity are established.
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