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ABSTRACT
Introduction: Celiac disease (CD) is increasingly diagnosed and weight changes are common after adoption of a glutenfree diet (GFD) and there is concern that patients might gain further weight on a GFD. Objectives: This study examined to
evaluate the impact of a GFD on the body mass index (BMI), whether favorable or unfavorable. Materials and methods: In
this retrospective study, we reviewed electronic records of 44 patients with serologic study and intestinal biopsy confirmed
CD who was visited in Nemazee hospital, Shiraz. All patients were put on GFD for 2 years and followed closely by pediatric
gastroenterologist. BMIs were categories to four group underweight, normal weight, overweight and obese. Initial BMI and
follow-up BMI was comparing together and also compared with general population. Result: At diagnosis, 27.27% of subjects
were underweight, 63.64% normal and 9.09% were obese. On a GFD, 66.66% of underweight patients gained weight and
became normal weight and 25% of normal weight and 75% of obese patients had increase weight; and the rest of the patients,
BMI remained stable. The follow-up BMIs were statistically higher than initial BMIs (mean 17.17 vs. 15.62, p <0.0001).
Conclusion: Individuals with celiac disease have lower BMI than the regional population at diagnosis. On the GFD, BMI is
increased significantly in all categories.
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RESUMEN
Introducción: La enfermedad celiaca está siendo cada vez más diagnosticada y los cambios en el peso corporal son comunes
después de ponerlos en una dieta libre de Gluten (DLG) y hay preocupación de que sigan ganando peso con esta dieta.
Objetivos: Este estudio evalúa el impacto de la DLG en el índice de masa corporal (IMC) ya sea este favorable o desfavorable.
Materiales y métodos: En este estudio retrospectivo se revisaron las historias de 44 pacientes con estudio serológico y biopsia
intestinal confirmatorios de enfermedad celiaca que llegaron al hospital en Nemazee en Shiraz. A todos los pacientes se les
puso en una DLG por 2 años y fueron seguidos por un gastroenterólogo pediatra. El IMC fue dividido en cuatro categorías,
peso bajo, normal, sobrepeso y obesos. El IMC inicial y su seguimiento fueron comparados también con la población general.
Resultados: Al momento del diagnóstico, el 27,27% estaban con bajo peso, el 63,64% con peso normal y el 9,09% eran
obesos. En una DLG, el 66,66% de los pacientes con bajo peso llegaron a su peso normal y el 25% de los de peso normal y
el 75% de los obesos también ganaron peso. Esta variación de IMC fue estadísticamente significativa (media 17,17 vs. 15,62,
p <0,0001). El resto de los pacientes permaneció con su IMC estable. Conclusión: Las personas con enfermedad celiaca
tienen el IMC más bajo que la población de la región al momento del diagnóstico. Puestas en la DLG, el IMC aumenta
significativamente en todas las categorías.
Palabras clave: Enfermedad celíaca; Dieta sin gluten; Índice de masa corporal (fuente: DeCS BIREME).

INTRODUCTION
Celiac disease (CD) is an immune-mediated
enteropathy caused by a chronic inflammatory response
in small intestine to consumption of gluten in genetically
susceptible patients (1). Gluten is a general term used
to describe a mixture of storage proteins, including
prolamins, hordeins and secalins found in wheat, barley
and rye, respectively (2). Clinical presentations of the
disease are widely various ranging from minor symptoms

mimicking IBS or dyspepsia to classic symptoms of
malabsorption; includes poor linear growth and poor
nutritional status, abdominal pain and distension,
diarrhea and iron deficiency anemia (3,4).
The availability of serological testing has seen a rise in
individuals being diagnosed with atypical, minimal or no
symptoms (5). Classical form of the disease is diagnosed
using serologic and histopathologic tests. Anti-tissue
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transglutaminase antibody (anti-tTG) as the most sensitive
and specific serologic study is used in suspected cases (6).
A positive serologic study must be followed by endoscopy
of small intestine that villous atrophy, crypt hyperplasia
and increased intraepithelial lymphocytes (the threshold
is >25 lymphocytes in 100 enterocytes) are the main
histopathologic findings for confirmation of CD (7,8).
The prevalence of CD may be approximately 0.5-1%
of the population, two thirds of whom remain undetected
and is increasingly first diagnosed in adulthood (9-11).
Diagnosis of CD can be delayed by low suspicion in
patients with a normal or high body mass index (BMI) on
initial presentation. Although, it is now well established
that many CD patients have a high or normal BMI at
diagnosis (11).
A lifelong strict gluten-free diet (GFD) is the only
available treatment for CD (12). Adherence to GFD
leads to regression of symptoms, normalization of
histological and laboratory findings and reduces the risk
of CD associated complications (8,13). Recently concern
has increased for treated CD patients gaining weight
on a GFD due to improved absorption of nutrients, as
BMI above the normal range may increase the risk of
morbidity i.e., metabolic syndrome, type II diabetes
mellitus and a higher risk of vascular diseases and some
forms of cancer (14,15). This concern over weight gain
applies specially to screen-detected CD patients, and it
would thus be essential to evaluate the consequences
of gluten-free dietary treatment on the BMI of celiac
patients today before any screening programs for the
disease are instituted (15,16).
We performed this study to assess the distribution of BMI
at diagnosis in CD patients aged 3-12 years old containing
positive serologic study and small intestine biopsy and
to evaluate the impact of two years on a GFD on the
BMI of the patients. In addition, the BMI distributions at
diagnosis and after treatment were compared with normal
population curve in the same aged.
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effects were more implications in CD than other glutensensitive enteropathies (8).
In the study by Kabbani et al. and colleagues to analyze
changes in BMI in individuals after diagnosis of CD with
attention to effects of GFD on weight change (15). A total
of 679 patients BMI was recorded at initial and after
39.5 month and compared to regional population data.
This study showed that CD patient has lower BMI than
regional population at diagnose. On the GFD, main BMI
increased and almost 38% of patient became overweight
therefore weight maintenance counseling should be an
integral part of celiac dietary education (15).
In a prospective study by Ukkola et al. and his group
in Finland investigated weight and disease-related issues
in 698 newly detected adults diagnosed due to classical
or extra intestinal symptoms or by screening (17). They
assessed the impact of a GFD on BMI at diagnosis and
after one year on a GFD and compared with that in the
general population. As a result, they found that BMI
improved similarly in screen- and symptom-detected
CD patients on a GFD and the celiac group had a more
favorable BMI pattern than the general population.
Favorable BMI changes were associated with subjects'
self-rated expertise on GFD and young age at diagnosis,
but not dietary counseling received (14).
Reilly et al described as the presentation of CD among
children with a normal and an elevated BMI for age, and
to study their BMI changes following a GFD in USA. One
hundred forty-two patients were followed up for 35.6
months that after treatment significantly decreased BMI
in overweight patients and increased BMI in normal and
underweight patients (13% became overweight) were
seen. Eventually they concluded both normal weight
and overweight frequently occur in children with celiac
disease and a GFD may have a beneficial effect upon
the BMI of overweight and obese children with celiac
disease (18).

A systematic review and meta-analysis study was done
in Iran to assess the prevalence of CD in March 2016.
This study was conducted on seven publications with
9,720 subjects. Finally, they concluded CD prevalence
among the Iranian population was approximately similar
to that of the American and European populations (9).

In the study by Cheng et al. the effects of GFD on BMI
were evaluated in 369 CD patients. Compared BMI at
diagnosis and after 2.8 years showed that 66% of those
who were underweight gained weight, whereas 54% of
overweight and 47% of obese patients lost weight. So this
dual effect of GFD adds to the impetus to diagnose celiac
disease as well as expert dietary counseling was essential (19).

Another study was done by Talaie to evaluate
symptomatic and histopathologic response to GFD in
patients with gluten-sensitive enteropathies in Iran in
spring 2015. Thirty-five patients were put on GFD for 6
month and subjective symptomatic response, serology,
endoscopy and histopathologic tests were repeated
and compared with baselines and among groups that
showed a significant increase in BMI as well as decrease
all symptoms and histopathologic finding although these

Another literature was done in October 2006 in
United Kingdom to review BMI measurements and other
clinical and pathological characteristics of 371 celiac
patients presented with "classic" symptoms and compare
BMI at diagnosis and after 2 years’ treatment in patients
with serological support for dietary compliance, to assess
response to gluten exclusion. They found a significant
association between low BMI and female gender,
history of diarrhea, reduced hemoglobin concentration,
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reduced bone mineral density (BMD), osteoporosis, and
higher grades (subtotal/total) of villous atrophy while a
greater percentage of patients had normal to obese BMI
(95%) so failed or delayed diagnosis of CD may reflect lack
of awareness of this large subgroup. Also this investigation
showed that about 81% patients had gained weight after
2 years that according to high percentage of overweight
patients this is a potential cause of morbidity, and the GFD
as conventionally prescribed needs to be modified (20).

MATERIALS AND METHODS
The gastroenterology clinic of Nemazee Hospital of
Shiraz University of medical sciences maintains a secure
database of all patients with known or suspected CD,
including demographic information, age and symptoms
at diagnosis that was archived in Motahari and Imam
Reza clinic. For shipping information, we referred to
these places and after getting permission from staff
studied the patient’s electronic records.
This study was carried out on 60 patients who
referred to this center for evaluation of chronic
significant complaints of low weight, greasy stool,
diarrhea and excessive bloating from 2006 to 2014.
The inclusion criteria included: age of 3 to 12 years old,
GFD adherence, and available BMI measurements on
at least two separate hospital visits. The sixteen patients
were excluded from the study due to inaccessibility to
patient records, being non-compliance and having only
one record BMI.
Electronic records of 44 patients with serologic study
and intestinal biopsy confirmed CD was reviewed
retrospectively. All patients were followed closely by
gastroenterologist, seen after diagnosis, at 3 and 6
months. Data regarding age of diagnosis, sex, height,
weight, and BMI prior to the diagnosis of CD and after
initiation of GFD in follow up was collected and patients
was checked for GFD adherence.
BMI defined as body weight (kg)/height (m2) was
recorded before and after gluten exclusion. BMI values
were categorized according to the World Health
Organization BMI for age percentile. BMIs for each
percentile from 3 to 12 years old were excluded and
mean BMIs were measured for the same percentile and
were categorized as follows: <14 kg/m2 (<percentile
5th) as underweight, 14-18.2 kg/m2 (percentile 5th-85th)
as normal weight, 18.2-20.14 kg/m2 (percentile 85th95th) as overweight and ≥20.4 kg/m2 (>percentile 95th)
as obese. Changes in BMI were classified as favorable if
underweight patients gained weight, those with normal
weight remained normal and overweight and obese
patients lost weight. Weight gain was rated unfavorable
if overweight or obese patients gained weight and those
with normal weight became overweight or obese.

Baseline BMIs were compared with followed up BMIs
and also both were compared with general population in
our retrospective study. On the other hand, we assessed
the correlation between sex and BMIs and BMI changes.
Ethical consideration: This study was approved by
ethical committee of the Shiraz University of Medical
Sciences (EC-P-92-6229).

Statistical analysis:
Statistical analysis was performed using SPSS version
18. Study outcomes (height, weight, and BMI prior to
the diagnosis of CD and after two years from initiation
of GFD) were assessed using paired t-test. p <0.05 was
considered significant.

Study population:
Of the 60 patients with serology and biopsy proven
CD, 44 (73.3%) had documentation of BMI and GFD
adherence from at least two separate visits. Ten (16.66%)
patients had only one recorded BMI and 6 (10%) patients
either had no records of BMI or had no assessment of
their adherence with a GFD and were not included in
analysis (Figure 1). Consistent with all the studies, females
predominated (68.5%). The mean±SD BMI before GFD
was 15.62±3.47; median 15.07 and range: 8.01 to
29.52. The mean duration of follow up was 2 years. The
majority (63.6%) were normal weight, whereas 27.3%
was underweight and 9.1% had obesity.
Among the CD patients, females were predominant.
The correlation test was done for comparison the male
and female BMI and BMI changes that showed that
females had greater weight than males (Figure 2).

Comparison to general population
In comparing the CD patients BMI to general
population, we saw mean our patients BMI was less than
normal percentile (15.6 vs. 16.1).
The mean time between first and last BMI was 24
months. First normality test was done for data that showed
our data was normal (p-value <0.0001). Individual
patients’ follow-up BMIs were statistically higher than
initial BMIs (mean 17.17 vs. 15.62, p <0.0001) (Figure 3).
Changes at follow-up for the subjects by BMI category
are shown in Table 1. This table shows the frequency of
CD patients in each category. The most changes were
seen in underweight category with 8 patients became
normal weight whereas all obese patients stayed in the
same category.
In patients who were underweight at diagnosis, the
majority (66.66%) attained a normal weight at followRev Gastroenterol Peru. 2017;37(4):323-8
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60 CD patients with serology and
biopsy proven

44 patients with documented
BMI and GFD adherence

27.3%
underweight

16 patients excluded

63.6%
normal weight

9.1%
obese

37.5% patient
non-adherence

62.5%
patient one record

Figure 1. Study population.
up, whereas 33.33% remained underweight. None
of patients became overweight or obese. Drop in the
total percent of underweight patients from baseline to
follow-up was 18.2%.
In the normal weight category, 75% remained in the
same weight class. However, 17.8% became overweight
and 7.14% also became obese. Overall 2.3% increasing
was seen in this category.
Of those patients starting in the obese category, very
few managed to leave this category, as 100% remained
obese at follow-up. In this group, 75% of patients had
increasing in BMI and only 25% lost their weight.
Overall all patients in each category trend were to increase
weight that some patients have changed their categories
although the majority stayed in the same categories.
We show the percentage of BMIs categories after
initiation of GFD and at follow-up in Figure 4.

DISCUSSION
Our retrospective research surveyed better comparison
between celiac patients and general population BMI
and characterize the effect of CD on body weight in
the celiac population, also showed the effect of GFD on
celiac patients BMI over 2 years.
While it is well known that children with CD can
have weights ranging from underweight to obese, less
is known about the effect treatment has on weight
status. An increase in the diagnosis of celiac disease in
children with normal weight, overweight, and obesity
may be reflective of both the shift in disease presentation
and the effect of serological screening (18,19). The
majority of patients in our study had a normal BMI at
diagnosis and recent studies have shown that children
with celiac disease commonly present with a normal
body weight. The relative paucity of those with a low
BMI (underweight category) emphasizes the fact that
celiac disease should not be considered primarily as a

BM1
BM2
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17,178

17.64
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Figure 2. The correlation between sex and BMI at
initiation and follow-up of CD patients.
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Table 1. Initial and follow-up BMI categories frequency.
Underweight

Normal

4
0
0
4

8
21
0
29

Initial BMI
Underweight
Normal
Obesity
Total

Follow-up BMI
Overweight

malabsorption disorder in which patients may present
underweight or malnourished although we know the
CD as disease with decreased intestinal absorption and
decreased food intake due to gastrointestinal symptoms
including bloating, nausea and abdominal pain (15,21).

Obesity

0
5
0
5

0
2
4
6

Total
12
28
28
44

are probably multi-factorial. Improved absorption likely
plays a significant role also lifestyle factors, particularly
dietary choices, have been shown to play a role (15,24).
Although our investigation showed that CD patients
BMIs improve after starting GFD but we also consider that
this weight gain can be cause of becoming overweight
or obese as we saw 15.91% increasing in these groups.
Therefore, a better dietary counseling is needed for
control and management of CD patients. Prospective
studies to identify the factors responsible for these BMI
alterations are warranted, with particular attention paid
to macronutrient intake and activity (25).

Although a GFD improves the weight and body
composition of children with CD who are underweight
at diagnosis (19,22), there are few data regarding growth
outcomes of children with CD with a normal or
elevated BMI (18,21). Recent studies of patients in the
United States with CD have shown a beneficial effect
of the GFD regardless of BMI at diagnosis: obese
patients lost weight, whereas underweight patients
gained weight (23). Overall, by comparing to general
population, celiac population BMIs were lower than
normal population. As might be expected, we found
that the mean BMI of the celiac patients significantly
increased after initiating GFD. The largest improvement
in BMI (weight gain) was for the underweight group.
Among the underweight patients in our study, 66.66%
increased BMI that became normal weight and 33.33%
stayed in the same category (91.66% had increase BMI)
therefore we have demonstrated that most patients’
weight gain was common and increases with duration
of follow-up and the BMI category was changed (20).

Dietary management is the only therapy for CD (26).
Expert dietary counseling is important, because not only
do patients need to be aware of what they have to avoid
but they need to be able to make wise food choices among
the gluten-free foods (27). It is our practice to advise patients
about a high quality GFD in which naturally gluten-free
foods (e.g., fruit and vegetables) and use of alternate, nongluten containing grains (e.g., quinoa and buckwheat)
(28)
. There is unfortunately a paucity of dietitians available
for the management of CD. The importance of expert
dietary guidance is demonstrated in this study due to BMI
changed reflecting to gluten avoidance (29,30).

While weight gain on the GFD may be welcome for
those who are underweight at diagnosis similar weight
gain may be very unwelcome in those who begin at
a normal weight or who are overweight or obese at
diagnosis that our CD patients in each category had trend
to increase body weight and BMI. BMI increases, whether
desired or undesired, after treatment of childhood CD

To our knowledge, our study is retrospective to
evaluate the effect of the GFD on BMI in patients with
CD with statistical validation. Also we assessed the
influence of GFD, as recorded by gastroenterology, on
weight class and weight change, we had some limitations.
First, adherence data from an expert celiac dietitian,
currently regarded as the gold standard for adherence

The percentage of each category at initiation

The percentage of each category at follow-up

9%

14 %

9%

27 %
underweight
normal
obese
64 %

11 %

66 %

underweight
normal
overweight
obese

Figure 4. The percentage of BMIs categories after initiation of GFD and at follow-up.
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measurement, were not always available. Second,
GFD adherence could only be assessed at the time of
clinic visits, and variation in adherence overtime, which
may be significant, was not evaluated. This highlights a
general need, in patient management and in research,
to develop more comprehensive and standardized
methods to measure adherence with the GFD over time.
Finally, regional differences in BMI are common and our
results may not be fully applicable to other populations,
owing to differences in dietary profiles, exercise, means
of transportation and other variables.
Limitation: Single center study and low sample size
are the main limitation. Retrospective method is another
limitation of the current study.
In conclusion, normal and low BMI are frequent
presenting growth profiles among our patients with
CD. The GFD has a beneficial effect upon the BMI of
underweight children with CD (66.66% became normal
weight). It is unclear whether the diet is responsible for
unwanted BMI increases among children with a normal
and elevated BMI. Prospective controlled studies of the
effects of the GFD upon the growth patterns and dietary
choices of children with CD are warranted.
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