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A dietary interview performed by expert personnel is considered to be the most appropriate tool to check whether patients with coeliac disease

follow a strict gluten-free diet. However, we currently have no straightforward and non-subjective method for performing such a dietary interview.

We therefore developed a fast questionnaire based on four simple questions with a five-level score (0–IV). To verify whether our questionnaire is

an efficient tool, we applied it to 168 coeliac patients (126 females and 42 males; mean age 42·4 (SD 12·9) years) on a gluten-free diet (median 82,

25th–75th percentile 50–108, range 15–389 months). The score we obtained was compared with the persistence of both villous atrophy and endo-

mysial antibodies while on a gluten-free diet. A comparison with survival of the patients was also performed. Patients were interviewed over the

phone by non-expert personnel. The questionnaire was completed in less than 1 min. The lowest results were significantly more frequent among the

patients with a persistence of both villous atrophy and positive endomysial antibodies. Death risk was also significantly correlated with the lowest

score results. We conclude that our questionnaire is a reliable and simple method of verifying compliance with a gluten-free diet.

Coeliac disease: Gluten-free diet: Endomysial antibodies: Dietary compliance

Although a gluten-free diet (GFD) is extremely important for
patients affected by coeliac disease(1,2), it is a known fact that
not all patients are able to follow it to a sufficient extent.
According to some series, as many as 30–40 % of coeliac
patients do not follow a strict GFD(3). While this may be
understandable for some categories of patients, such as adoles-
cents(4 – 7), it must be stressed that even the most careful adult
patients may experience some initial confusion in dealing with
a new type of diet, especially if they are not given sufficient
information(3). It must also be pointed out that keeping to a
strict GFD is difficult due not only to the lack of knowledge
of the problem on the part of chefs and other individuals work-
ing in the catering sector(8), but also to the fact that gluten may
be present in packaged foods considered to be gluten-free(9,10).
On the basis of these observations, Collin et al. believe that an
absolute and complete GFD is unrealistic(10).

The problem of gluten contamination in apparently gluten-
free foods has led to a series of studies aimed at understanding
the minimum quantity of gluten that can cause damage to the
intestinal mucosa(10 – 15). An Italian study recently demonstrated
that 50 mg/d for 90 d have a toxic effect on the intestinal mucosa
of patients affected by coeliac disease(14). Although this result
can be considered highly alarming, if it is translated into terms
of normally eaten quantities of food we can see that 50 mg

gluten are contained in food samples that cannot be eaten by
mistake by a sensible and diet-conscious individual (Fig. 1,
samples A, B, C and D). Vice versa, the amount of gluten con-
tained in a crumb of bread small enough to be eaten by mistake
(Fig. 1, sample E) is twenty times less than the 10 mg gluten that
did not show a toxic effect after 90 d consumption(14). In
addition, if we consider the limit of 20 parts per million (ppm)
indicated by numerous coeliac patient associations(16 – 20), i.e.
20 mg gluten per kg product, then for histological damage to
occur the coeliac patient would have to eat 2·5 kg of contami-
nated product per d for 90 d. It is clearly impossible to eat this
amount by mistake. Even if we take the limit of 100 ppm con-
sidered safe by Collin et al. (10), the coeliac patient would have
to eat 500 g of contaminated product per d for 90 d to reach the
toxic dose. It seems reasonable to think that such an involuntary
mistake would be improbable. A directive has also recently
been issued regulating the labelling of foodstuffs through the
European Union(16,21). This directive obliges manufacturers to
indicate the presence of gluten content, regardless of the
amount. Similar directives also exist in Australia and the
USA(17,19,22). The application of this directive could mean
another organisational difficulty for coeliac patients who may
prefer to avoid eating safe packaged products, in that they
contain gluten but the amount is below the 20 ppm threshold.
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Nevertheless, this directive does represent an additional and
undeniable safeguard for the health of coeliac patients.

On the basis of this evidence, we believe that the involun-
tary ingestion of gluten by a patient who is careful about the
GFD and his/her health is a limited occurrence and cannot
cause significant risks. The aim of the present study was,
therefore, to ascertain whether a questionnaire based not on
the assessment of how much gluten the patient eats but
on the strategies he/she implements to avoid any involuntary
ingestion is effective in controlling compliance with the GFD.

Experimental methods

The questionnaire

We wanted to devise a simple questionnaire, based on just a
few questions, that could be administered in just a few minutes

by non-expert personnel. This questionnaire gives a numerical
result, in order to monitor the strictness of GFD compliance
over time and to be able to compare it between different
groups of patients, regardless of nationality. Although the
questionnaire was drawn up in the form of an algorithm on
the basis of our clinical experience (Fig. 2), the importance
of the points we investigated has also been stressed by other
authors(23). The questionnaire provides a final score in five
levels (0–IV), which from a clinical point of view can be
grouped into three levels. Patients with scores of 0 or I are
in fact those who do not follow a strict GFD. Patients with
scores of II, on the other hand, follow a GFD but with import-
ant errors that require correction. Patients with scores of III
and IV follow a strict GFD.

Patients

This was a longitudinal retrospective study in which patient
selection was very thorough (thus avoiding a selection bias)
and blind (thus avoiding an information bias)(24). The ques-
tionnaire was therefore proposed by means of a telephone
interview to all the coeliac patients attending our centre who
answered the following criteria: (1) diagnosis of coeliac dis-
ease based on evidence of villous atrophy at duodenal
biopsy and positive anti-endomysial antibodies (EMA) or
anti-transglutaminase antibodies; (2) duodenal biopsy and
search for EMA at our centre while on a GFD. The purpose
of the phone call was explained to the patients and they
gave their oral consent to participate in the survey. The pre-
sent study is part of a larger research programme on coeliac
disease carried out by our Institute and approved by the
local review board.

Since coeliac patients with minimal intestinal lesions could
not be taken into account, 228 patients were found to be
affected by coeliac disease on the basis of villous atrophy
and positive EMA or anti-transglutaminase antibodies. Forty

Fig. 1. Different types of commonly consumed gluten-containing food.

Samples A, B and C are three different type of pasta, D is a small piece of

bread and E is a crumb from D. Since gluten is 75 % of the wheat protein(39),

according to both the weight and quantity of proteins provided by the produ-

cers on the label, sample A contains 209 mg gluten, B 86 mg, C 32 mg,

D 28 mg and E 0·5 mg. The scale shown is in cm.

Fig. 2. The questionnaire administered to the coeliac patients. ‘Rarely’ means that the patient remembers when and how many times he/she has eaten gluten

voluntarily. ‘Often’ means that the patient cannot remember the exact number of times.

A gluten-free diet score 883
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out of the 228 patients had refused to undergo duodenal biopsy
and EMA testing while on a GFD. Twenty out of 188 were
lost to follow-up. The study was therefore carried out on
168 patients (126 females, aged 42·4 (SD 12·9) years), who
had already repeated both duodenal biopsy and EMA testing
after a median of 18 months on a GFD (25th–75th percentile
14–40, range 5–327 months). At the time of the interview,
they had been on a GFD for a median of 82 months (25th–
75th percentile 50–108, range 15–389 months).

Validation of the questionnaire

The questionnaire was validated by comparing the final score
across the categories of a series of parameters. First, the score
was assessed against the patient’s subjective evaluation. In
particular, the first question the patient was asked was whether
he/she believed they followed the GFD very well, well, badly
or very badly. We then assessed the score against the persist-
ence of positive EMA while on a GFD. IgA EMA were
detected on monkey oesophagus sections using an indirect
immunofluorescence kit (The Binding Site, Birmingham,
UK) as previously described(25). We should point out that
we normally look for EMA and not for tissue transglutaminase
antibodies. A few years ago we showed that in our experience
the sensitivity of both EMA and tissue transglutaminase anti-
bodies is higher than 95 %(25,26). We thus prefer to test for
EMA, which guarantees 100 % specificity(27). The patients
were so classified as either EMA positive or not.

The score was also assessed against the persistence of
villous atrophy at duodenal biopsy while on a GFD. Since
we were interested in the improvement of the duodenal
biopsy, distinguishing the biopsies on the basis of either
Marsh or any other morphological classification of coeliac
intestinal lesions would have been pointless. The patients
were thus classified on the basis of a persistent atrophy of
the duodenal mucosa.

Since it has been demonstrated that the strictness of a GFD
is one of the factors that establishes the risk of complications
and thus the prognosis of coeliac disease(2), we wanted to find
out whether the score correlated with the presence of compli-
cations and also if it made it possible to predict survival. We
therefore included three groups of patients. The first group of
nine patients (six females and three males, age 55·6 (SD 11·9)
years) had complicated coeliac disease and were still alive:
two patients with small-bowel lymphoma, five with ulcerative
jejunoileitis, and two with refractory coeliac disease. The
second group of nine patients (six females and three males,
age 52·9 (SD 11·2) years) had died because of complicated

coeliac disease; their scores (and the time of death since the
score assessment) were obtained on the basis of their medical
records or by interviewing their relatives: four patients with
small-bowel lymphoma, one with ulcerative jejunoileitis, and
four with refractory coeliac disease. The third group of
patients had non-complicated coeliac disease and had
responded well to a GFD. In order to prevent selection bias
through age at diagnosis(2), this last group was obtained by
randomly selecting forty patients diagnosed as adults (age at
diagnosis $ 30 years) and who had responded well at
histology to a GFD. Since one of these forty patients was
among the twenty lost to follow-up, this group actually con-
sisted of thirty-nine patients (twenty-seven females and
twelve males, age 48·3 (SD 10·9) years).

Finally, to evaluate the reproducibility of our questionnaire
over time, we selected thirty patients with different cultural
levels and repeated the questionnaire after an interval of
1 month.

Statistical analysis

Data were described as medians and interquartile ranges or
mean values and standard deviations if continuous and as
counts and percentages if categorical. The association of the
score with patient characteristics was assessed by means of
the Fisher exact test and the test for trend. The role of score
on survival was evaluated with the log rank test and a test
for trend in survival. Hazard ratios and 95 % CI were com-
puted by means of Cox regression. Death rates and 95 % CI
per 100 person years were computed.

Stata 10 (StataCorp, College Station, TX, USA) was used
for computation. All tests were two-sided. A P value ,0·05
was considered statistically significant.

Results

The questionnaire was administered to all the patients by the
same non-expert member of the staff (A. A.) in less than
1 min by telephone.

A score of IV was obtained in eighty-three of the
168 patients; a score of III was obtained in fifty-one; II in
fifteen, I in six and 0 in thirteen.

As regards the subjective evaluation of the GFD by the
patient, by comparing this with the score we observed that
12·8 % of the patients who claimed that they followed the
GFD ‘very well’ or ‘well’ actually had a score of II, which
we consider unsatisfactory.

Table 1. Association of gluten-free score with patient characteristics

Score

Characteristic All 0 or I II III or IV Fisher exact test: P Test for trend: P

EMA-positive while on a GFD (%) 30 67 36 24 0·001 ,0·001
n 48/162 12/18 5/14 31/130

Villous atrophy while on a GFD (%) 9 45 6 4 ,0·001 ,0·001
n 15/168 9/20 1/16 5/132

Complications (%) 32 100 29 24 0·003 0·012
n 18/57 5/5 2/7 11/45

EMA, endomysial antibodies; GFD, gluten-free diet.
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The association of score with patient characteristics is
reported in Table 1. Persistence of EMA positivity, of villous
atrophy and a presence of complications correlated with our
score (Fisher exact tests all P,0·01); moreover the lower
the scores, the higher the rate of adverse findings (tests for
trend all P,0·05). EMA were retested in our laboratory in
162 out of 168 coeliac disease patients. Forty-eight patients
still had positive EMA at the time of the duodenal biopsy
while on a GFD. The lowest scores were more frequently
found in patients with the persistence of EMA positivity.
Fifteen patients out of 168 presented persistence of villous
atrophy at the time of the duodenal biopsy while on a GFD.
The lowest scores were more frequently found in patients
with the persistence of atrophy. Although our aim was to vali-
date the score, we should point out that despite strict GFD, vil-
lous atrophy was still present in five patients. Two patients had
a score of III, and the others a score of IV. In three of them
(score III, III, IV) further follow-up biopsies showed that the
mucosa had healed. We therefore think that they were ‘slow
responders’(28). The last two patients (score IV, IV) refused
to repeat a duodenal biopsy because of very good clinical con-
ditions. Finally, eighteen patients out of fifty-seven in the
survival cohort had complications; the lowest scores were
observed more frequently in these patients.

Table 2 reports the results of the survival analysis. The
score was also associated with survival, with higher death
rates in patients with lower scores (log rank test P¼0·005,
test for trend P¼0·008), although when stratifying the analysis
for the presence of complications, it was no longer possible to
elicit any significant prognostic effect of the score (log rank
test P¼0·19, test for trend P¼0·15).

Given that complications were highly predictive of death
(log rank test P,0·001), in an exploratory subgroup analysis
we tested whether, in the eighteen patients with complications,
the score could be of use in further stratifying these highly
compromised subjects. In fact, a score of 1 or lower was
associated with a 3-fold increase in risk of dying (hazard
ratio 3·3; 95 % CI 0·72, 16·7), although, given the low
power available, statistical significance was not reached (log
rank test, P¼0·08).

Patients from different social groups and with different cul-
tural levels who answered the questionnaire all stated that they
had no difficulty in understanding the questions. In the thirty
patients who repeated the test after 1 month, we found an
almost perfect agreement, with a k statistic of 0·91.

Discussion

Coeliac disease is a very common condition that requires an
expensive and lifelong dietary therapy. So, to avoid both
recurrence of intestinal lesions and wasting money, it is very
important to verify whether the patients are actually on a
strict diet. However, although numerous methods have been
proposed to assess compliance with a GFD (for a review,
see Pietzak(29)), we still do not know which of these is the
best method. Although the impossibility of knowing exactly
what and, above all, how much an individual eats has already
been pointed out(30), the current ‘gold standard’ for assessing
compliance with a GFD is data collection by the patient which
is then discussed during a diet interview. At the end, a doctor
or an expert dietitian expresses a subjective evaluation on the
patient’s compliance with the GFD(29). This data collection
can be in the form of a food record or a food questionnaire(30).
The food record consists of the patient’s record, over a set
period of time, of all the food and drink consumed during
the day. The food questionnaire, on the other hand, assesses
how many times a certain food or drink is consumed in the
set period of time, regardless of the quantity. However, in ana-
lysing thirteen articles in which these diet assessment systems
are applied in patients with coeliac disease, we observed that a
standardisation of the method is completely lack-
ing(4 – 8,10,30 – 36). The data were in fact collected in at least
eight different ways and only two of these articles report the
questions that the patients were asked(30,31). The food record
and food questionnaire have additional limitations. It is not
easy for a patient to keep a food record and he/she can only
do so for a few days, which is of little use in the context of
a disease which requires a lifelong diet; the patient tends to
be more careful with his/her diet on the days the diary is
kept; the diary is geared towards evaluating the frequency of
gluten intake without providing a quantitative assessment,
unless the food is weighed, an impractical task which in any
case would not reflect the usual diet. Finally, both the food
questionnaire and the food record then need to be analysed
by expert personnel with the same ‘culinary background’ as
the patient. Such personnel can certainly provide a reliable
assessment of the patient’s compliance with the GFD, but
this assessment will inevitably be subjective and not compar-
able with assessments made by others.

With the present study we succeeded in creating a system
that evaluates the compliance with a GFD of patients with
coeliac disease by means of an extremely rapid and simple
numerical score that can also be obtained by personnel without
specific experience in coeliac disease. The numerical result
thus makes it possible to monitor the patient’s compliance
with the GFD over time and to make comparisons between
different groups of patients. This possibility of comparing
different groups of patients is made even easier by the fact
that our score is not based on an assessment of what the
patient eats, which would make it very difficult to compare
patients from different countries or with different cultural
backgrounds, but on the strategies that the patient uses to
avoid eating gluten, regardless of the actual food eaten.

In order to validate the questionnaire, it was compared with
other methods. We first assessed it against the histological and
serological response to the GFD. Histological response is cer-
tainly the most valid method for evaluating compliance with a

Table 2. Association of gluten-free score with mortality

Score

Survival analysis 0 or I II III or IV

Number of deaths
n 5 0 4
% 100 0 9

Rate per 100 person years 187 0 15
95 % CI 78, 450 5, 39

Log rank test: P 0·005
Test for trend in survival: P 0·008
Log rank test (stratified by

complication): P
0·19

Test for trend in survival (stratified by
complication): P

0·15
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GFD(29). Although serology is not sensitive enough to detect
the occasional intake of gluten(37), it is certainly one of the
most commonly used methods(29). In addition, since it has
already been demonstrated that poor compliance with a GFD
is a negative prognostic factor(2), we related the score to the
presence of complications and with patient survival. The
score was associated with survival, but this association disap-
peared when accounting for complications. However, we per-
formed a subgroup exploratory analysis in patients with
complications; in these patients, we showed that the score
might have an additional prognostic role, increasing the risk
of dying by 3. The low power prevented us from eliciting
statistical significance.

In the present study, we demonstrated that our score corre-
lates to a statistically significant extent with all these
parameters, and that higher prevalences of adverse findings
are associated with lower scores.

In validating the score we were obviously unable to make a
comparison with a classic dietary interview, as this would
have included an obvious bias in the study. When we planned
the study, we wondered about whether to also compare the
score with the clinical response to a GFD. Of the patients
who took part in the study, 50 % presented a minor or silent
clinical form of coeliac disease(1). Moreover, we recently
described a case report in which eating a ‘low-gluten-contain-
ing diet’ was followed by a complete clinical and serological
response but a lack of histological response(38). We therefore
believe that this clinical parameter was very difficult to
measure and we therefore preferred not to take it into
consideration.

The present study obviously also has limitations. First of all,
the size of the study population is relatively small, above all as
regards the study of survival. Although we performed the
study blind and with great care, it is a longitudinal retrospec-
tive study, which means that the patients answered the ques-
tionnaire some time after the serological and histological
tests had been carried out (median 53; 25th–75th percentile
29–72 months). Moreover, the patients were not blinded as
they knew the results of the EMA and their biopsy before
the survey. This may have introduced an information bias,
as the patients who were found to be positive either by
assay or histology are likely to have recalled about the compli-
ance to the diet and are more likely to have recognised errors.
The score itself also has certain essential limitations, such as
the necessity that the patient has been appropriately instructed
by an expert dietitian as to what a GFD really means and the
fact, not always the case, that the patient is telling the truth.
A further limitation of the study was the need, in the deceased
patients, to collect information for calculating the score from
notes and relatives.

Despite these limits, we believe that these results are never-
theless very satisfactory and promising, and that they provide
the basis for a longitudinal prospective validation.
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