
Abstract

Aim : The purpose of this study was to estimate the caloric
intake and fat consumption in children with celiac disease (CD)
 following a gluten-free diet (GFD).

Patients and methods : This study enrolled 100 subjects, includ-
ing 50 children with CD on a gluten-free diet and a control group
of 50 healthy children. Statistical analysis to compare groups was
performed using one-way ANOVA. 

Results : A significant increase in fat consumption was observed
in children with CD as compared to healthy children. The daily fat
intake was 72.5 ± 37.2 g per 100 g of food in the CD group and
52.9 ± 35.4 g per 100 g of food in the control group (p < 0.008). A
significant difference in fat intake was found between celiac and
healthy females (10.21 ± 3.15 g/100 g in the celiac group vs 7.46 ±
2.91 g/100 g in the control group), p = 0.004.

Conclusions : This study describes a significantly higher fat
 consumption in patients with CD on GFD as compared to controls.
This increase was more pronounced in females and during the
puberal age. Based on these interesting preliminary results we
 estimate that further investigations are necessary, such as a
 randomized multicentre study on the long-term effects of GFD
with particular attention to the imbalance in daily fat intake. (Acta
gastro enterol. belg., 2009, 72, 296-300).
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Introduction

Celiac disease (CD) is one of the most frequent chron-
ic diseases in childhood with a prevalence of approxi-
mately 1% in Caucasian populations (1). CD is caused
by an inappropriate T-cell-mediated immune response to
the ingestion of cereal proteins in genetically susceptible
individuals. It is a multifactorial disease that may depend
on genetic, immunological, and environmental factors. 
In CD patients, gliadin (the principal wheat protein) is

presented to sensitised T cells in conjunction with the
HLA-DQ2 or HLA-DQ8 antigen, leading to the produc-
tion of cytokines. These cytokines cause tissue damage
within the mucosa and activate plasma cells to produce
antibodies to gliadin, tissue transglutaminase and
endomysium (2). 
Once the diagnosis of CD is confirmed, patients need

to be placed on a strict life-long gluten-free diet (GFD),
which represents the only treatment currently available
to prevent the recurrence of symptoms and other poten-
tial consequences.
Nowadays gluten-free foods are widely diffused

thanks to the increasing number of industries producing
a wide range of nutrients free of gluten and derivatives.
Analysis of ingredients and contents of available GFD

products revealed that they are often enriched with fats in
order to make them more palatable. As a result, while
this kind of diet allows celiac patients to avoid consump-
tion of immunoreactive antigens, on the other hand it
determines a significant increase in daily fat intake that,
in turn, could expose patients to further metabolic and
psychological complications. For this reason we decided
to retrospectively evaluate the actual caloric and fat
 content of a GFD in CD children, and to compare it to a
similar at libitum diet in healthy children.

Materials and methods

In this study we retrospectively evaluated a total of
100 children, 50 with CD (18 males and 32 females ; age
range 6 to 16 yrs ; mean age 10.68 years) in the study
group, and 50 healthy children (17 males and 33 females ;
age range 6 to 17 yrs ; mean age 10.74 years) in the
 control group.
In the study group inclusion criteria were : diagnosis

of CD formulated according to the European Society of
Paediatric Gastroenterology and Nutrition (ESPGAN)
criteria ; regular consumption of a GFD for at least one
year ; normal findings in mucosal biopsy and normal
serological and biochemical markers (3). The control
group consisted of healthy subjects under a free diet. 
Two interviewers, blind to the actual clinical condi-

tions of the subjects, administered an anonymous pre-
formed and validated questionnaire to both parents. The
questionnaire was structured in order to obtain precise
and unequivocal data concerning age, sex, habits of food
consumption during the day and characteristics of foods
assumed including type, name, manufacturer, quantity,
weekly rate of consumption and nutritional aspects
including caloric intake per 100 grams of products and
fats percentage (Fig. 1). In order to avoid bias, interviews
were conducted separately for parents and children, in
respect of privacy laws.
As the data analysis has been performed by a retro-

spective method there was no need for Institutional
Review Board (IRB) approval.
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(456.36 ± 78.8 Kcal and 434.33 ± 98.32 Kcal in CD vs
341.38 ± 71.08 and 373.12 ± 72.53 in the control group ;
p < 0.001). On the other hand, significantly higher
caloric intakes were observed in healthy subjects as com-
pared to celiacs at breakfast and after eight snacks
(p < 0.001 and p < 0.05, respectively). Data regarding fat
consumption per each single meal are shown in Figure
2b.
Distribution of fat and caloric intake between males

and females was also considered, with the evaluation of
mean caloric and fat intake per single meal. No differ-
ences were found within the two genders of each groups,
confirming homogeneity of data and property of sam-
pling technique. On the other hand, when the CD group
was compared to the control group a significant differ-
ence was observed between celiac females and healthy
females in both caloric (371.49 ± 97.51 Kcal/die vs
355.77 ± 68.82 Kcal/die, respectively ; p = 0.003) and
fat (10.21 ± 3.15 g per 100 g of food vs 7.46 ± 2.91 g per
100 g of food, respectively ; p = 0.004) intake (Table 1).
Moreover, although the caloric and fat intake in CD

children was significantly increased, the analysis of the
total amount of food per day showed lower values in the
CD group as compared to the control group.

Discussion

CD can be considered as a gastrointestinal disorder
characterized by chronic inflammation, leading to injury
of the mucosal lining of the small intestine. The mucos-
al damage and subsequent malabsorption of nutrients
results in a variety of sequelae and complications. 
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Statistical analysis

Data were processed using SPSS (Statistical Package
for Social Sciences) release 13.0 for Windows (SPSS,
Chicago, IL). Data are presented as mean ± SD. One-
way ANOVA was performed to compare groups with
 different treatments, followed by multiple pair wise
 comparison procedure (Tukey test). Consumptions of
normality were checked and met. Holm-Sidak method
was used to increase the power of the analysis. Pearson’s
product-moment r coefficient was calculated to evaluate
correlations. Significance was considered at the 0.05
level.

Results

Total amount of food, type of food and temporal dis-
tribution of meals during the day were compared
between the two groups. 
We found a statistically significant increase in the

total daily fat intake in the CD group as compared to the
control group, with 72.5 ± 37.2 g per 100 g of food vs
52.9 ± 35.4 g per 100 g of food, respectively (p < 0.008).
No statistical difference was observed in the mean
caloric intake of CD and control group, 2303.4 ±
464.5 Kcal/die vs 2181.5 ± 338.6 Kcal/die, respectively
(Table 1). 
Figure 2a shows data concerning caloric intake from

each single meal and comparison of values between CD
and control group. Caloric intakes of lunch and dinner
were not statistically different in the 2 groups, whereas
they were significantly higher in the morning and after-
noon snacks of CD children as compared to controls
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Fig. 1. — Questionnaire form administered to children for the food intake at breakfast, snack 1, lunch, snack 2, dinner and after 8
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The cornerstone of treatment in CD is the strict obser-
vance of a GFD (4).
The elimination of gluten from the childrens’ diet

 usually leads to a dramatic and rapid response, but it
may sometimes be delayed. Weight gain and relief of

 emotional symptoms in the parents and children usually
occur before cessation of diarrhoea and other signs of
improvement.
As a secondary deficiency in the disaccharidases of

the small intestine occurs in approximately 65% of celi-
ac patients with villous atrophy, together with a specific
lactase deficiency, it is recommended that dairy products
be avoided only initially, since many patients with CD
find intolerance to these agents disappear when the con-
dition comes under control with a GFD (5,6).
This GFD represents so far the only efficient therapy

allowing both reduction in bowel inflammation and pre-
vention of celiac clinical sequelae, such as abnormal
intestinal permeability and mucosal damage (7), hepatic
disease -which is strictly connected to malabsorption and
intestinal permeability (8), poor bone mineralisation (9),
growth retardation (10), and cutaneous manifesta-
tions (11).
Thanks to the increasing number of industries produc-

ing gluten-free food, nowadays the availability of almost
all kinds of food can significantly reduce the limitations
in lifestyle, which are uneasily accepted by children.
Given both the pivotal role of GFD in the therapeuti-

cal management of CD and the importance of an ade-
quate variety of foods in childrens’ diet together (mainly
due to the social aspects related to meals), we proposed
an accurate evaluation of GFD characteristics and their
potential impact on both clinical status and lifestyle.
Analysis of ingredients and contents of GFD revealed
that gluten-free foods are enriched with fats in order to
make them more palatable. As a result, while this kind
of diet allows celiac patients to avoid consumption of
immunoreactive antigens, it also determines a signifi-
cantly greater fat intake. As a result, in the CD group
 retrospectively evaluated in this study, we observed a
 statistically significant increase in the total daily fat
intake as compared to controls, despite a comparable
caloric intake in the two groups.
Therefore, we also decided to evaluate separately the

caloric intake provided by each single meal. This
allowed us to overtake potential biases concerning
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Table 1. — Caloric and fat intake

Children with CD Healthy children p value

Mean caloric intake/die
(Kcal/die)

2303.4 2181.5 > 0.05

Fat intake/die
(g per 100 g of food)

72.5 52.9 < 0.008

Mean daily caloric consumption per single meal in females 
(Kcal/die)

371.49 355.77 < 0.003

Mean daily fat consumption per single meal in females
(g per 100 g of food)

10.21 7.46 < 0.004

Mean daily caloric consumption per single meal in males
(Kcal/die)

363.33 348.18 > 0.05

Mean daily fat consumption per single meal in males
(g per 100 g of food)

8.85 7.26 > 0.05

Fig. 2a, b. — Kcalories (2a) and fat, expressed as g of fat in
100 g of food (2b), consumption per single meal in celiac and
control group.



metabolisms, obesity and the related psychological prob-
lems should be carefully considered. 
The study is been conducted on Italian children with

their food habits so our results might not be applied to
other children in Europe, in particular where the food
habits are different, but considering our results the advice
is to put more attention to the fat intake in all children on
GFD.
In conclusion in this retrospective study we demon-

strate a significantly higher fat consumption in 50 celiac
patient under GFD as compared to 50 age-matched
healthy subjects. This increase was more pronounced in
females than in males. We estimate that this difference in
the results between males and females can be explained
by the variety of manufactory products and the dietary
habits of the children in fact with this study we want to
highlight the possibility to improve nutrient composition
of gluten free food in particular in the gluten free snacks
and the importance to evaluate not only the compliance
with the GFD but also the dietary habits to identify an
eventual nutritional imbalance of the diet itself. We also
observed an higher caloric intake at the morning and
afternoon snacks for celiacs. This study has revealed the
importance of snacks in determining the actual fat intake
for celiacs, which hopefully result in introducing better
dietary guidelines for celiac patients. Despite the univer-
sally recognised importance of GFD as unique therapeu-
tic tool in CD, the potential long term effects of this ther-
apy after both the local and systemic inflammatory dam-
age has been reversed, should be considered carefully
especially in terms of potential metabolism abnormali-
ties. Based on these interesting preliminary results we
estimate that further investigations, such as a randomized
multicentre study on the long-term effects of GFD with
particular attention to the imbalance in daily fat intake,
are to be conducted.
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 differences in the actual intake and eating habits within
patients, and to obtain a clear understanding of the
fat/caloric intake associated to the different daily meals.
As a result, potential speculations on the possibility to
modify nutrient components of some of the gluten free
food commercially available could be proposed. In fact
the greatest fat and caloric consumption for celiac
 children lies behind snack time (Fig. 2). Therefore, we
suggest that this findings could represent a valid clue to
improve nutrient composition of gluten free snacks. We
believe that the increase of fat consumption is related to
both more fat in daily foods and in manufactory prod-
ucts. The first observation is been reported in previous
studies, where was described in CD patients a higher
amount of fats intake related to the wrong choice of
 natural foods. CD patients in fact ate less foods contain-
ing carbohydrates such as bread, pizza or pasta without
an increase of alimentary items of the same group (rice,
corn and potatoes) but with an augment of intake of
foods such as meat, eggs and legumes (12,13). Mariani et
al. highlighted also the major intake vs the control sub-
jects of the snacks with a high content of lipids like in
our study (12).
The data presented in this study trigger concerns

regarding the safety of a long term gluten free diet and its
potential impact on clinical conditions, especially in chil-
dren. A prolonged increase in dietary fats provides an
additional source of cholesterol and saturated fatty acids
that could deeply affect lipid metabolism and endocrine
system functioning. In CD most clinical manifestations
caused by chronic bowel inflammation can be reversed
by a GFD and cease in adult age. However, changes in
the lipid profile caused by an higher fat intake could
result in a wide spectrum of clinical manifestations that
could result in other long-term consequences in the adult
age. 
CD has been associated with the development of

insulin-resistance, diabetes mellitus, hypogonadism and
growth hormone deficiency (14). The latter has a rele-
vant importance in determining growth retardation and
alterations in body composition (15-21). GFD has been
shown to improve both growth and distribution of body
composition. Interestingly, two studies evaluating the
effects of 4 years GFD on body composition, revealed a
significant increase in body weight, bone mass, body
mass index, and fat mass, not accompanied by a parallel
increase in lean-tissue mass or muscle mass (22,23). In
our study we show a significant increase in fat consump-
tion in celiac patients treated with GFD, which was more
pronounced in females than in males. The mean fat
intake was signifi cantly higher in the celiac females as
compared to healthy females, while a non statistically
significant difference was observed between celiac and
healthy males. Given the profound changes occurring in
females at the moment of puberal growth in terms of fat
distribution and lipid profile, our results suggest that
an accurate evaluation of the possible long term risks
of hyperlipidemia, abnormalities of insulin-dependent
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