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Children With Celiac Disease
Effect of Gluten-Free Diet on Growth
and Body Composition

Hong Lily, MPH, RD

Celiac disease is an autoimmune disorder characterized by immunologically mediated intolerance
to gluten, the only medical intervention is lifelong gluten withdrawal or avoidance. Celiac disease
is a common disorder among children. Early diagnosis and diet therapy are crucial, as children
experience high growth velocity in this phase of their life. This article reviews recent literature
on the impact of celiac disease on growth and body composition on children and describes the
outcome following a gluten-free diet. Key words: body composition, celiac disease, children,
gluten-free diet, growth

C ELIAC DISEASE is an autoimmune disor-
der characterized by chronic inflamma-

tion of the small intestinal mucosa. Individuals
with celiac disease have an immunologic re-
action to gluten-containing foods, which con-
tain specific sequences of amino acids found
in wheat, rye, and barley. Resulting inflamma-
tion and villous atrophy may lead to malab-
sorption of nutrients.1,2

In the past, celiac disease was thought to
be a rare childhood disease, but it is now rec-
ognized as a fairly common genetically based
disorder. The overall prevalence of celiac dis-
ease is similar in Europe and North Amer-
ica, affecting up to 1% of the population.3,4

In a large multicenter study in the United
States, the prevalence of celiac disease with
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no evident risk factors was 1:133, making
it one of the most common autoimmune
disorders.5 In children, reported prevalence
ranges from as few as 1:300 to as many
as 1:80.6 Celiac disease is most common in
whites and people of European ancestry.7 It
is rare in people of Japanese, Chinese, and
purely African-Caribbean descent.8 Women
are affected more often than men.7 Table 1
shows population groups with a high preva-
lence of celiac disease.2

The diagnosis of celiac disease is estab-
lished by positive results of serological testing
and evidence of characteristic histopathology
on intestinal biopsy.6 Traditionally, celiac dis-
ease was thought to present primarily with
gastrointestinal symptoms in children, with
malabsorption as a common cause of growth
delay. However, as serological testing and
the understanding of celiac disease have im-
proved, “atypical” presentations of celiac dis-
ease are being increasingly recognized and, in
fact, obesity is more common in children with
celiac disease than previously identified.9

Therefore, being overweight or without
evidence of malnutrition does not exclude
the diagnosis of celiac disease.10 Celiac dis-
ease can be diagnosed at any age and in gen-
eral, children younger than 3 years present
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Table 1. Individuals With a High
Prevalence of Celiac Disease

First- and second-degree relatives of
individuals with a history of celiac disease

Insulin-dependent diabetes mellitus
Autoimmune thyroiditis
Down syndrome
Turner syndrome
Williams syndrome
IgA deficiency
Dental enamel defects
Osteoporosis
Iron-deficiency anemia resistant to iron

therapy
Short stature
Delayed puberty

with symptoms of classical celiac disease
whereas children older than 3 years usu-
ally present with symptoms of atypical celiac
disease.2Tables 2 and 3 list the different symp-
toms in classical and atypical celiac diseases.2

The treatment of celiac disease is lifelong
adherence to a gluten-free diet. The recent lit-
erature examines the impact of celiac disease
on growth and body composition in children
and the clinical outcomes of adhering to a
gluten-free diet.

EFFECT OF A GLUTEN-FREE DIET ON
GROWTH OF CHILDREN WITH CELIAC
DISEASE

Because of gastrointestinal malnutrition,
failure to thrive, decreased weight or height

Table 2. Classical Symptoms of Celiac
Disease

Weight Loss Distention

Vomiting Abdominal pain
Diarrhea and/
or constipation

Failure to thrive

Gas Chronic fatigue/pain
Bloating

Table 3. Atypical Symptoms of Celiac
Disease

Iron-deficiency
anemia

Angular chelitis

Macrocytic
anemia

Recurrent aphtous ulcers

Migraines Delayed motor
development

Neurological
changes

Concentration
alterations

Seizures Hypothyroidism/
hyperthyroidism

Delayed puberty Dental enamel
hypoplasia

Short stature Hyposplenism
Kidney stones Primary biliary cirrhosis
Bone disease Isolated

hypertransaminasemia
Bone fractures Myasthenia gravis
Recurrent

miscarriages
Psoriasis

Infertility Alopecia universalis
Hepatic steatosis

for age, protuberant abdomen, and buttock
wasting are seen frequently in children with
untreated celiac disease.2,11 Short stature is
a common presenting sign of celiac disease,
especially in the pediatric population2 and,
therefore, celiac disease should be considered
if children are short in stature.12

Typically, classical celiac disease is diag-
nosed during the first 3 years of life. Infants
may experience normal growth in the first
few months of life until the introduction of
weaning foods containing gluten. If a child
is gluten-sensitive, a progressive decrease in
weight gain occurs with a decline in the per-
centile for weight for age and weight for
height (parabolic curve of weight growth).13

This poor growth is attributed to reduced
food intake and nutrient malabsorption.13 Bo-
sio et al14 indicated that with the initiation of
a gluten-free diet, children with celiac disease
would undergo significant growth accelera-
tion (P < .05), and this catch-up growth ap-
pears to be most evident during the first year
on a gluten-free diet (n = 24, age >4 years).
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However, the catch-up growth may not al-
ways be achieved and those with celiac dis-
ease may remain slightly below average in
height for age and skeletal age into adoles-
cence, probably due to the marked acceler-
ation in bone maturation that parallels the
rapid increase in growth velocity.13 In con-
trast, when there is a delay in the diagno-
sis and treatment resulting in a gluten-free
diet being initiated after the onset of puberty,
there may be unsatisfactory final height at-
tained in adulthood.14 When catch-up growth
on a gluten-free diet is not observed, further
evaluation and possible growth hormone re-
placement may need to be considered.2

Severe growth delay is less common to-
day, especially in developed countries due
to an increased awareness of celiac disease
among pediatricians.13 This awareness can re-
sult in a shorter delay from the onset of symp-
toms to diagnosis and eventually may decrease
the number of children with celiac disease
who experience suboptimal growth.13 Other
environmental factors delaying the onset of
celiac disease include longer periods of breast-
feeding and continuation of breast-feeding af-
ter gluten introduction.13,15

Although celiac disease has been regarded
as a malabsorption disorder with diarrhea and
weight loss, these presentations are now seen
less frequently, with many patients present-
ing with atypical symptoms of celiac disease.
Adults with celiac disease may be overweight
or obese, and there is concern that these
patients gain more weight after adopting a
gluten-free diet.10,16 Reilly et al17 conducted
a retrospective review (from years 2000 to
2008), using the Center for Disease Control
and Prevention growth charts. Among 318
patients (57% females, aged 13 months to
19 years), 19% of the patients had a high
body mass index at diagnosis (12.6% over-
weight, 6% obese) and only 6.5% of the pa-
tients were underweight at the time of diagno-
sis. After treatment with a gluten-free diet, the
body mass index of overweight children with
diet compliance was significantly decreased
in the study (P = .01). However, conflicting
results were shown in the study conducted by

Valletta et al,18 who studied 149 children (57
males, 92 females, aged 0.7-17 years) with
celiac disease between 1997 and 2007. In this
study, 11% were overweight and 3% were
obese, whereas only 5% were severely mal-
nourished at diagnosis.18 These observations
were similar to the observations of Reilly et
al, where starting on a gluten-free diet indi-
cated a significant (P = .008) increase in the
body mass index z score and the percent-
age of overweight subjects almost doubled
(P = 0.03). The percentage of obese patients
remained similar (3% vs 4%).

A gluten-free diet is the only treatment of
celiac disease, and it also seems to increase
the risk of becoming overweight or obese. It is
noted that for patients adopting a gluten-free
diet, they tend to decrease fiber intake and
increase the consumption of fats and proteins
to replace the intake of gluten-containing car-
bohydrates. Poor dietary choices could be in-
duced by unpalatability and the expense of
commercial gluten-free products or by the
availability of commercial high-fat gluten-free
snacks. As a result, adolescents are likely to be
at a higher risk of poor eating habits and nu-
trient deficiencies.18 Therefore, besides help
with adapting a gluten-free diet, nutritional
monitoring and follow-up by registered dieti-
tians are important to maximize compliance
to diet as well as nutritional adequacy of the
diet with an effort to improve growth patterns
in children. Nutritional advice is important for
those who are already overweight or obese at
the diagnosis of celiac disease. More studies
are warranted on the effects of gluten-free di-
ets upon growth patterns.

EFFECT OF A GLUTEN-FREE DIET ON
BODY COMPOSITION OF CHILDREN
WITH CELIAC DISEASE

In addition to growth, body composition
is significantly affected by celiac disease in
children. In a study conducted by Barera et
al,11 children and adolescents (14 boys and
15 girls, mean age of 9.54 ± 3.42 years)
with newly diagnosed celiac disease had
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significantly decreased weight (P = .04), fat
mass (P < .01), and muscle mass (P < .01)
compared with control subjects. The study
concluded that after being on a gluten-free
diet for a year, affected children were found
to have complete restoration of body com-
position with no significant differences in
weight, fat mass, or lean mass of the limbs
compared with healthy controls. The restora-
tion of body composition appears to occur
more rapidly and more completely when the
gluten-free diet is initiated during childhood
or adolescence than during adulthood. The
effect also appears to be long lasting because
body composition in young adults who ini-
tiated a gluten-free diet during childhood or
adolescence was within normal limits.11

Similar results were attained in a longitu-
dinal prospective study conducted by Rea
et al19 (n = 23, aged 1-12 years), who con-
cluded that no significant difference was
found between patients and controls for tri-
ceps skinfolds, subscapular skinfolds, fat area
index, and bone mineral content after fol-
lowing a gluten-free diet for 1 year. For pa-
tients with atypical celiac disease, decreased
fat mass has also been described in children
(n = 8) in a study by Mazure et al.20 In a study
by Carbone et al21 (n = 78), the researchers
concluded that body composition would be
improved if adolescent patients were on a
long-term gluten-free diet; the results showed
positive improvement even when compliance
was not strict. On the contrary, Blazina et
al22 (n = 107) indicated that children and
adolescents with celiac disease should adhere
strictly to a gluten-free diet to allow normal
bone mineralization. Bone mineral density in
patients on a strict gluten-free diet was sig-
nificantly higher than in patients who were
noncompliant (lumbar: P = .01; total body:
P = .005).22 Since the pediatric literature has
been limited on prospective controlled stud-
ies of the effects of a gluten-free diet upon the
body composition changes in children with
celiac disease, more study is recommended.

Children with celiac disease are at risk for
reduced bone mineral density including os-
teoporosis, rickets, and osteomalacia.23 Vari-

ous studies have shown that in children and
adolescents with celiac disease, bone mineral
density is decreased (prevalence rate between
3% and 39%) at the time of diagnosis.24 The
specific mechanism of reduced bone mineral
density is unclear but may be related to mal-
absorption of calcium and vitamin D and the
effect of increased interleukins (ILs) and other
inflammatory mediators.24

Reduced calcium intake and impaired cal-
cium absorption in the proximal small in-
testine due to celiac disease may trigger a
sequence of events that leads to reduced
bone mass. These events include hypersecre-
tion of parathyroid hormone (PTH), enhanced
1,25(OH)2-vitamin D, and diminished 25-OH-
vitamin D. The level of 1-α-hydroxylase en-
zyme is enhanced because the defective ente-
rocytes cannot respond to 1,25(OH)2-vitamin
D and eventually result in increased levels
of PTH. Calcium malabsorption and impaired
activity of 1,25(OH)2-vitamin D may result
due to the relative resistance of the vita-
min D receptor to vitamin D. The vitamin
D–dependent transporter protein (calbindin-
D9K) may be undetectable in patients with
celiac disease, which may further reduce the
level and biological activity of vitamin D.24

Fortunately, studies have reported that after
being on a gluten-free diet for 1 year, the bone
mineral density of children and adolescents
with celiac disease appears to be restored to
the level of healthy controls,23,25,26 thus cal-
cium and vitamin D absorption is restored af-
ter initiation of a gluten-free diet. Although
strict diet adherence is important in children
with celiac disease, early diagnosis and imple-
mentation of a gluten-free diet also play vital
roles by ensuring increased activity of bone
metabolism and obtaining peak bone mass.26

Currently, the association between sys-
temic inflammation in celiac disease and bone
mineral density has been explored minimally.
In a conducted study by Fornari et al,27 high
levels of IL-1β, IL-6, and IL-1 receptor antago-
nists were found in untreated patients with
celiac disease (n = 16, aged 18-75 years).
After a mean period of 37 months on a
gluten-free diet, serum levels of IL-6 were
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significantly decreased (P < .05) and serum
levels of IL-1 receptor antagonist were signifi-
cantly increased (P < .05). IL-6 recruits osteo-
clast precursors in blood and induces their
differentiation and functioning, whereas IL-
1 is an activator of bone resorption and in-
hibits the effect of IL-1; this may explain why
untreated patients with celiac disease have
low bone mineral density. However, because
of the small number of participants in this
study,27 more research is recommended to de-
termine the clinical significance of cytokine
production in the pathogenesis of bone dis-
ease in celiac disease, particularly in the pedi-
atric population.

The recent discovery of the recep-
tor activator of nuclear factor-κB ligand
(RANKL)/RANK/osteoprotegerin (OPG) cy-
tokine network has provided a better under-
standing of the regulation of osteoclast bi-
ology and bone turnover.28 This discovery
may explain why patients with celiac dis-
ease have low bone mass density. RANKL,
a member of the tumor necrosis factor su-
perfamily, expressed by osteoblasts and their
immature precursors, is necessary for os-
teoclastogenesis. RANKL activates its recep-
tor, RANK, in the presence of macrophage
colony-stimulating factor and therefore pro-
motes osteoclastogenesis and induces the
activation of osteoclasts. The activation of
RANK also prolongs the survival rate of os-
teoclasts by suppressing apoptosis. Osteo-
protegerin acts as a soluble decoy recep-
tor for RANKL and blocks the effects of
RANKL It is produced by different tissues
and cell types including osteoblasts. Imbal-
ance in the RANKL/OPG ratio is related to
altered bone turnover; this was confirmed by
recent studies in which the RANKL/OPG ra-
tio was altered in adult patients with celiac
disease.28

Insulin-like growth factor-1 (IGF-1) exerts
an anabolic effect on bone, whereas PTH in-
creases bone resorption. An increase in serum
IGF-1 is correlated with increased bone min-
eral density, but this was found only in sub-
jects with normal baseline serum PTH lev-
els. The levels of PTH are usually higher in
patients with celiac disease than in healthy
persons.24

Nutritional status also is positively corre-
lated with IGF-1 levels. The enterocyte defect
in celiac disease impairs the zinc absorption
in the body, resulting in zinc deficiency. Zinc
deficiency impairs IGF-1 production and fur-
ther decreases bone density. In addition, di-
ets high in calcium may reduce zinc absorp-
tion. As a result, administering calcium sup-
plementation without correcting the mucosal
lesions of celiac disease may exacerbate zinc
depletion and indirectly lead to impaired bone
metabolism.24

SUMMARY

Celiac disease is an autoimmune disorder,
and individuals with celiac disease have an
immunologic reaction to gluten-containing
foods. It is a common disorder in children
with the prevalence ranging from 1:300 to
1:80. Traditionally considered a malabsorp-
tion disease, its diagnosis has been altered
with patients having higher rates of “over-
weight” and “obesity” than being under-
weight. Thus celiac disease affects children’s
growth and body composition. In pediatric
age groups, early diagnosis and implementa-
tion of a gluten-free diet are crucial in prevent-
ing nutritional deficiencies and maintaining
normal health and growth. Nutrition educa-
tion and monitoring by registered dietitians
are important, especially to those who are
overweight or obese at the presentation of
the disease.
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