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Background: The coexistence of cystic fibrosis (CF) and celiac
disease (CD) has been reported. To our knowledge there is no
study directly comparing the incidence of CD in CF patients to
that in the general population at the same time. There is no
published data on genetic predisposition to CD in CF patients
either. Therefore, in the present study we aimed to assess the
genetic predisposition to CD and its incidence in CF patients
comparing it to data from the general population. Patients and
methods: Two hundred eighty-two CF patients were enrolled
in the study. In 230 CF patients the genetic predisposition to
CD (the presence of HLA-DQ2/ DQ8) was assessed. In all CF pa-
tients, serological screening for CD was conducted. In patients
with positive antiendomysial antibodies (EMA) gastroduenosco-
py was offered. Intestinal histology was classified according to
modified Marsh criteria. The results of serological CD screening
in 3235 Polish schoolchildren and HLA-DQ typing in 200 healthy
subjects (HS) were used for comparison. Results: Positive EMA
was found in 2.84% of the studied CF patients. The incidence
of proven CD was 2.13%. The incidence of CD as well as posi-
tive serological screening were significantly more frequent in
the CF group than in the general population. The frequency of
CD-related HLA-DQ alleles in CF and HS did not differ. Conclu-
sions: Genetic predisposition to celiac disease in cystic fibrosis
patients is similar to that of the general population. However,
our results suggest that cystic fibrosis is a risk factor for celiac
disease development.
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INTRODUCTION

Celiac disease (CD) is a chronic autoimmune dis-
case that can appear in genetically predisposed subjects
throughout life (Di Sabatino & Corazza, 2009). How-
ever, only a minority of the predisposed children and
adults develop CD. Results from genetic linkage studies
show that the disease is strongly associated with HLA-
DQ genes. Most patients carry the DQ2 variant, in the
remaining subjects the DQS allele has been documented
(Sollid e# al., 1989). The development of CD is depend-
ent on environmental factors (the ingestion of wheat,
batley or rye) with possible participation of other cofac-

tors (infant-feeding practices, intestinal infections, drugs,
etc.) The epidemiology, pathophysiology and clinical as-
pects of CD have been recently extensively reviewed (Di
Sabatino & Corazza, 2009).

Cystic fibrosis (CF) and CD were for many years rec-
ognized as one clinical entity. Their separation took place
in the thirties of the 20th century. In 1999 Venuta and
coworkers described a patient suffering from CF and CD
and reviewed the available literature summarizing 16 doc-
umented cases of CF coexisting with CD (Venuta ef 4,
1999). Two Veronian reports suggested a higher incidence
of CD in the CF population than in healthy subjects (Val-
letta & Mastella 1989, Pardo 1991). However, the occur-
rence of CD in the general population at that time was
not well known. Based on those results CF was believed
to be a risk factor for CD development (Borowitz ef al.,
2005). Subsequent studies revealed that the CD frequency
in the general population was underestimated (Maki ez al,
2003; Fasano et al, 2003; West et al, 2003; Tommasini e/
al., 2004). Therefore, the Veronian incidence of CD in CF
patients (Valletta & Mastella, 1989; Pardo, 1991) could sim-
ply represent the general incidence of CD. Recently, Fluge
et al. (2009) reported co-morbidity of CF and CD in six
Scandinavian CF centers. They documented a 1.2% preva-
lence of CD among the studied CF subjects. However, they
did not have a reliable control or reference group, which
caused a high level of uncertainty. To our knowledge there
is no published study directly comparing the incidence of
CD among CF patients to that in the general population at
the same time. Moreover, there is no published data on the
genetic predisposition to CD in CF.

Therefore, in the present study we aimed to assess the
genetic predisposition to CD and its incidence in CF pa-
tients comparing it to data from the general population.

PATIENTS AND METHODS

The survey was carried out in the years 2006-2009.
Two hundred eighty-two CF patients (142 females and
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140 males) aged from 3 to 42 years (median age 12
years) enrolled in the study. The exclusion criteria were
age below three years (limited sensitivity of serological
methods in this age group). Diagnosis of CF was based
on history, clinical manifestation and increased sweat
chloride concentrations and confirmed by the CFTR
gene analysis.

In 230 CF patients the genetic predisposition to CD
was assessed (Biotest, Dreieich, Germany). HLA-DQ
typing was performed by DNA amplification by the
polymerase chain reaction (PCR) and hybridization with
sequence specific oligonucleotide probes (SSOP) (Bi-
gnon, 1997).

In all the CF subjects, serological screening for CD
was conducted. Tissue transglutaminase in the IgA sub-
class (tTG IgA; Immundiagnostik, Germany) was meas-
ured (Bossuyt & Blanckaert, 1999). In five patients with
low IgA concentrations (below the lower limit of the
age range), tTG IgG was additionally determined (Di-
etrich ez al, 1997). In subjects with abnormal (high)
tI'G concentrations, antiendomysial antibodies in IgA
subclass (EMA IgA) were searched for (Chorzelski ef
al., 1984). In the EMA-positive patients the gastrodue-
noscopy (with duodenal biopsy) was offered. At least
three samples from different regions of the duodenum
were taken. Intestinal histology was classified according
to modified Marsh criteria (Marsh, 1992; Oberhuber ez
al., 1999).

The results of serological CD screening performed
in the group of 3235 Polish schoolchildren aged 11
years served as a reference value of CD occurrence in
the general Polish population. In all subjects IgA and
IgG EMA were measured. Small bowel endoscopic bi-
opsy was proposed in cases of positive EMA IgA or
IgG (Szaflarska-Poplawska ef al, 2009). Two hundred
healthy subjects (HS) aged 18 to 25 years created the
control group in which HLA-DQ typing was per-
formed.

The differences in the prevalence of the HLA-DQ2/
DQ8 alleles and the CD occurrence in the CF and gen-
eral populations were assessed with the use of chi? test.
The level of significance was set at P<0.05. The pro-
tocol of the investigation was approved by the Ethical
Committee of the Poznan University of Medical Sciences

(Poland).
RESULTS

In two (0.7%) CF patients introduced into the study
CD diagnosis was established earlier (positive antibod-
ies and total villous atrophy). Positive IgA tTG was
documented in 11 (3.9%) subjects. HLA-DQ study
confirmed genetic predisposition to CD in this sub-
group. In five patients with low IgA concentrations
IgG tTG was not detected. Positive titres of EMA IgA

Table 2. Frequency of celiac disease and positive serological screening in CF patients and

general population

Table 1. Basic data of children with positive serological tests

Marsh

Patient  tTG IgA (RU/ml) EMA IgA classification HLA-DQ
P1 97 - N.a. 2
P2 158 - 0 2
P3 262 + 3c 2
P4 76 - 0 2
P5 54 + 0 N.a.
P6 235 + 3c 2,8
P7 70 - 0 8
P8 97 - 0 8
P9 256 + N.a. 2
P10 >270 + 3c 8
P11 >270 + 3b 2

N.a., not available (lack of consent at the moment of study)

were found in 6 out of 11 preselected patients (tTG
positive). The consent for small intestine biopsy was
obtained from five patients with both positive anti-
bodies and from four with positive tT'G and negative
EMA. Four out of these nine patients were found to
have CD (Table 1).

Summing up the data, the presence of positive tTG
was found in 13 (4.61%) and EMA in cight (2.84 %)
of the studied CF patients. The incidence of proven
CD was 2.13%. The adjusted values resulting from
the extrapolation of positive results of biopsies in the
endoscoped patients into those who did not consent
(calculating patients with both positive antibodies)
would be higher. Eleven out of 25 positive non-CF
schoolchildren underwent small bowel biopsy. Seven
of them had abnormal mucosal architecture. In one
girl CD had been diagnosed earlier. The proven CD
incidence was 0.25%. The parents of the remaining
14 children ecither did not come for subsequent visit
or refused the gastroduodenoscopy to be performed
in their children (Szaflarska-Poplawska ez al, 2009).
The incidence of CD as well as positive results of se-
rological screening were significantly more frequent in
the studied CF population than in the general popula-
tion (Table 2). However, the frequency of CD-related
HLA-DQ alleles in CF and HS did not differ (Ta-
ble 3).

DISCUSSION

A significantly higher prevalence of celiac disease
among Polish CI patients than in healthy subjects is
reported in the present study.
To our knowledge this is the
first study directly comparing

Population percentage

Statistical significance

the incidence of celiac disease
in the CF and general popula-

CF HS** tions in a reliable way.
Positive serological screening (%)*  2.84 0.80 0.0001 The majority of CD SY“?P‘
toms may appear as a gastroin-
CD (%) detected 213 0.25 0.0001 testinal manifestation of CF. It
corrected values 251 0.53 0.0007 was undoubtedly the reason of

*EMA positive; **According to the data from Szaflarska-Poptawska et al. (2009)

the difficulties in separation of
both clinical entities in the past.
At present, clinical manifesta-
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Table 3. Frequency of HLA-DQ haplotypes predisposing to celiac disease in CF

patients and general population

nal follow-up as they might have latent
CD being potentially at risk of develop-
ing overt CD later.

In contrast to Fluge ef al’s study
(2009), we compared the results ob-
tained in the present study with re-

Number (%)
HLA-DQ allele Statistical significance
General population
DQ2 114 (24.8) 113 (28.5) N.s.
D@8 44 (9.6) 40 (10.0) N.s.

cent epidemiological data (Szaflarska-
Poptawska ez al, 2009). In addition, we

tion of CD may be incorrectly related to CF. Mucosal
changes in the small intestine and malabsorption related
to them may significantly deteriorate the nutritional sta-
tus and influence potential survival. Therefore, the detec-
tion of coexisting diseases may have a significant impact
on the effectiveness of treatment in CF patients.

Valletta and Mastella (1989) described five CD cases
among 1100 CF patients being treated in a Veronian
CF Centre. Therefore, the incidence of CD co-mor-
bidity was calculated to be at least 1:220 (0.45%). In
subsequent years (Pardo, 1991), two new cases were
detected, suggesting an even higher incidence (approx.
0.6%). However, the risk of CD in the general Italian
population was not addressed. A significantly increased
gut permeability, probably due to changed mucus char-
acteristics along with increased antigenic load caused by
pancreatic insufficiency, was suggested to play a role in
favoring gluten-related enteropathy (Cox ef al, 1982;
Leclecq-Foucart ez al, 1987, Murphy et al., 1989). As-
sessing the frequency of CD in CF patients, Valletta
and Mastella (1989) related their data to the incidence
of 1:266 (0.38%) in a large group of donors tested for
the presence of serum antigliadin antibodies (Hed ef
al., 1986). Recent data on CD epidemiology points to
its quite high incidence in the general population, e.g.,
1:99 (1.01%) and 1:106 (0.94%) in Finnish and Ital-
ian schoolchildren (Maki ¢/ al, 2003; Tommasini et al.,
2004), and 1:87 (1.15%) and 1:105 (0.95%) in UK and
US adults (Fasano e al., 2003; West ¢ al., 2003). A high
prevalence of CD (1.2%) among Scandinavian CF pa-
tients was reported (Fluge ef al, 2009). The authors re-
ferred their data to older publications (at least ten years
of difference) showing CD incidence of 1:373 (0.27 %),
1:340 (0.29%) and 1:189 (0.53%) in Denmark, Nor-
way and Sweden, respectively (Weile e a/, 1996; Hov-
denak ez al., 1999; Ivarsson et al., 1999). As documented
in more recent publications (Maki ez al, 2003; West ef
al., 2003; Lohi et al., 2007), the CD incidence in Nordic
countries could be expected to be significantly higher.
Therefore, according to the authors’ statement, one
could argue that the presented co-morbidity just reflect
the high prevalence of CD reported lately.

In the present study, two CF subjects were diag-
nosed as having CD earlier. In six more patients se-
rological screening revealed the presence of EMA. In
five of them small bowel biopsy was performed docu-
menting mucosal atrophy in four cases The confirmed
(2.13%) and corrected (2.51%) CD incidence in the
studied CF population was significantly higher than
in the general Polish population, more than eight and
almost five-fold, respectively (Table 2). Without any
doubt, CF patients with both antibodies positive (tTG
and EMA) are at a very high risk of having CD. The
only such patient not diagnosed as CD in the present
study had a lower tTG titre (54 RU/ml). Four patients
with positive tTG and negative EMA were document-
ed to have normal intestinal morphology (Marsh type
0). However, these five CF subjects demand longitudi-

excluded CF patients younger than three
years since serological screening of CD
in this age subgroup lacks sensitivity.
Although the age of the CF population
was diverse, the median value was comparable to the
age of the screened schoolchildren. In addition, we
assessed the genetic predisposition to CD in the CF
population. HLA-DQ2/DQ8 prevalence in the stud-
ied and the reference groups was similar (Table 3).
The association between the HLA genes (CELIACI
locus on chromosome 6p21) and CD is very strong
as compared to other HLLA-linked diseases. However,
other factors must be involved (Sollid ez 4/, 2005). It
seems that CF is a good example of a strong co-fac-
tor promoting CD.

Various explanations of CD co-morbidity with CF
could be considered. Intestinal inflammation poten-
tially influencing intestinal permeability (Hendriks ef
al., 2001) and pancreatic exocrine insufficiency leading
to a higher antigen load due to a lack of full diges-
tion (Borowitz et al, 2005) could play a crucial role.
Smyth ez al. (2000) documented increased production
of proinflammatory proteins in the gastrointestinal
tract of CF patients. Raia ez a/. (2000) found the pres-
ence of mononuclear infiltration in lamina propria of
duodenal mucosa without any significant changes of
its morphology. Increased fecal calprotectin concen-
trations and rectal NO production were also detected
(Bruzzesse et al., 2004). Small intestine bacterial ovet-
growth (Lisowska ez al, 2009) and changes in mucus
(Norkina ez al, 2004) characteristics may also influ-
ence intestinal permeability. Changes in infant-feeding
practices have revealed that dietary introduction of
gluten while infants are still breast-fed is a protec-
tive factor against CD. According to our experience,
breast-feeding in CF is rather shorter than in the gen-
eral population, potentially increasing the risk of CD.
Exocrine pancreatic insufficiency involves the contact
with higher amounts of non-digested or incompletelly
digested dietary products possibly being dietary anti-
gens. In the majority of CF patients exocrine pancre-
atic insufficiency appears in early infancy (Walkowiak
et al., 2005a). Before neonatal CF screening program
implementation, the age of diagnosis — at least in a
significant fraction of CF patients — was higher than
the age of gluten introduction. After implementation
of enzyme supplementation its effectiveness is not full
(Walkowiak e# al, 2005b). Even residual malabsorp-
tion in conjunction with high-energy diet still results
in a higher antigenic load. Under such circumstances,
gluten peptides could more easily cross the epitheli-
um, and after deamidation by tissue transglutaminase
be presented by DQ2+ or DQ8+ antigen presenting
cells to pathogenic CD4+ cells. T-helper-cell type 1
response may lead to the development of celiac dis-
ease (Di Sabatino & Corazza, 2009).

In conclusion, with the obtained data it is tempting
to view cystic fibrosis as a risk factor for celiac disease.
Our results suggest that cystic fibrosis predisposes to the
occurrence of celiac disease with a genetic background
similar to that of general population.
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CONCLUSIONS

Our results suggest that cystic fibrosis is a risk factor
for the occurrence of celiac disease with a genetic pre-
disposition similar to that of general population.
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