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ABSTRACT

This dissertation addresses the prevalence, incidence and clinical picture of coeliac
disease (CD) and the benefit of gluten-free diet (GFD) in a population-based
sample of individuals aged 50 years or more in Péijat-Hame province in Finland.

The study comprised 2,815 randomly selected subjects 52—74 years of age. The
subjects participated a follow-up research project on ageing and well-being entitled
Good Ageing in Lahti Region (GOAL). Clinical cases of CD were recorded and all
subjects were screened with immunoglobulin A (IgA) class tissue transglutaminase
(tTGA) antibodies. Seropositive subjects underwent small bowel biopsy. A second
screening in the same population was carried out three years later, now comprising
2,216 individuals. tTGA seroconversion cases were confirmed with small bowel
biopsy. All new coeliac cases were placed on GFD, and a control biopsy was
carried out after one year. Their family and disease history, symptoms and dietary
compliance were elicited. CD patients adhering to GFD were followed up for three
years. The effect of GFD was evaluated by laboratory parameters and bone density
measurements, personal interview and questionnaires about gastrointestinal (Gl)
symptoms and quality of life (QoL).

In 2005 of the 2,815 GOAL -participants 26 reported clinically detected CD
and the screening of the population found an additional 35 CD patients. In 2008
five new cases were found among previously seronegative individuals, giving an
annual incidence of 75 /100 000 CD in this study population. The prevalence of
biopsy-proven CD increased within three years from 2.13% to 2.34%, and the
overall prevalence of biopsy-proven and seropositive cases from 2.45% to 2.70%.
Twenty-eight per cent of clinically detected and screen-detected CD patients had
classic and 35% subtle symptoms, 38% were symptom-free at the time of
diagnosis. Five (8%) had malignant disease, two of them small bowel T cell
lymphoma. Fourteen (20%) had an autoimmune condition known to be associated
with CD. Twenty-seven (39%) had low bone mineral density (BMD).

Dietary compliance was good; only three out of 66 patients did not adhere to
GFD. At the time of diagnosis of CD the mean serum ferritin values were in
general low, indicating subclinical or manifest iron deficiency, which was restored
on GFD. The diet also significantly increased vitamin B12, vitamin D and



erythrocyte folic acid levels and improved BMD. The alleviation of GI symptoms
was evident and QoL remained unchanged.

The study showed that positive serology and CD may appear later in life. The
prevalence of CD was higher in patients 50 years of age or more than that reported
in younger individuals. Like younger patients, many had only subtle symptoms or
were even asymptomatic. However, in retrospect the majority of screen-detected
patients had signs, symptoms or conditions associated with CD, which would
suggest an increased risk of CD. Regardless of age those at risk are first-degree
relatives of CD patients, patients with autoimmune diseases, osteoporosis or
osteopenia, low-energy fractures, anaemia or vitamin malabsorptions or subtle
abdominal symptoms. Abdominal complaints were alleviated on GFD, and signs
of malabsorption when present improved, but QoL did not deteriorate, so ageing
CD patients benefit from GFD. Active case-finding by serological screening in at-
risk groups is encouraged, since ageing does not protect against CD.



THVISTELMA

Tama tutkimus selvitti keliakian esiintyvyytta ja ilmaantuvuutta, Kliinisid oireita ja
gluteenittoman dieetin hyotyd yli 50 -vuotiailla. Tutkimusaineisto koostui Paijat-
Hdmeen maakunnassa asuvasta 2815 satunnaisesti valitusta 52-74 -vuotiaasta
henkil6std, jotka osallistuivat ikddntymistd, hyvinvointia, terveytta ja palvelutarpeita
koskevaan tutkimukseen (lkihyva Paijat-Hame). Aineistosta selvitettiin ensin
osallistujien oman ilmoituksen perusteella keliakiaa sairastavat henkil6t, joiden
keliakiaa oli diagnostisoitu ennen tutkimuksen aloittamista, ns. kliinisin oirein
|6ydetyt -keliaakikot. Kaikilta tutkimukseen osallistuneilta seulottiin veresté
immunoglobuliini  A-luokan  kudostransglutaminaasi  vasta-aineet  (tTGA).
HenkilGille, joilla oli vasta-aineita (tTGA positiiviset), tarjottiin mahdollisuus
ohutsuolen néytepalan ottoon keliakian toteamiseksi. Samanlainen seulonta tehtiin
uudelleen kolmen vuoden kuluttua. Henkil6itd, jotka osallistuvat molempiin
seulontoihin, oli 2216. Serokonvertoituneille henkil6ille tarjottiin mahdollisuus
ohutsuolen koepalan ottoon. Gluteenitonta dieetti&d suositeltiin kaikille uusille
keliaakikoille. Sek& aiemmin ettd seulonnalla todetuilta keliakiaa sairastavilta
potilailta selvitettiin sairaudet, suolistovaivat ja oireet ennen keliakian toteamista,
sukuhistoria, eldmdnlaatu sek& gluteenittoman dieetin  noudattaminen.
Ensimmadisestd seulonnasta |0ytyneitd keliakiaa sairastavia pyydettiin seurantaan.
Dieetin tehoa arvioitiin ottamalla uusi koepala ohutsuolesta noin vuoden kuluttua.
Gluteenittoman ruokavaliohoidon hyotya arvioitiin myos laboratoriotutkimuksilla
ja luuntiheysmittauksella ennen dieettid ja 2-3 vuoden kuluttua dieetin aloituksen
jalkeen sekd henkilokohtaisella haastattelulla. Potilaat tayttivat liséksi vatsaoireita ja
eldménlaatua selvittavat kyselylomakkeet.

Aineistosta 16ytyi 26 Kliinisin oirein 16ydettyd keliaakikkoa ja seulomalla
|0ydettiin 35. Kolmen vuoden kuluttua uusitussa seulonnassa tutkimusaineistosta
[6ytyi viisi serokonvertoitunutta keliakiaa sairastavaa henkil6d, joten keliakian
vuosittainen ilmaantuvuus (insidenssi) oli 75/100 000. Keliakian koepalalla
varmistettu esiintyvyys (prevalenssi) lisdéantyi kolmen vuoden seurantajakson aikana
2.13%:sta  2.34%:iin, ja keliakiaa sairastavien ja tTGA seropositiivisten
yhteenlaskettu esiintyvyys 2.45%:st& 2.70%:iin.



Aineiston keliaakikoista kolmasosalla (28%) oli toteamishetkelld keliakiaan
liitetyt klassiset oireet, 35%:lla v&hdisid oireita, ja tdysin oireettomia oli 38%.
Viidelld potilaalla (8%) oli pahanlaatuinen tauti, ja heistd kahdella
ohutsuolilymfooma. Neljéllatoista (20%) oli keliakiaan liitetty autoimmuunitauti,
27:114 (39%) alentunut luustontiheys.

Myontyvyys dieettihoitoon oli hyvd: vain kolme potilasta ei aloittanut
gluteiinitonta ruokavaliota. Heilld, jotka suostuivat seurantaryhméaan, oli ennen
ruokavaliohoitoa subkliininen raudanpuute, silld seerumin keskimé&arédinen
ferritiinitaso oli matala. Gluteeniton dieetti korjasi ferritiiniarvot normaalitasolle ja
nosti merkittavasti keskimaaréisid vitamiini B12, D25 ja foolihappoarvoja seké
paransi luuntiheyttd. Vatsaoireet helpottuivat, mutta eldmdnlaatu ei keskimaarin
muuttunut.

Tama tutkimus osoitti, ettd keliakia vasta-aineet ja keliakia voivat ilmeta vasta
myO6hemmalld idlld. Keliakian esiintyvyys tdssa aineistossa oli korkeampi yli 50 -
vuotiailla kuin on raportoitu nuoremmassa ikaryhméssa. Kuten nuoremmassa
ikdryhméssd monilla yli 50 -vuotiailla oli ennen keliakiadiagnoosia vain véhaisia
oireita tai he olivat jopa oireettomia. Kuitenkin retrospektiivisesti tarkastellen
valtaosalla seulomalla |8ydetyistd keliakiapotilaista voitiin todeta keliakiaan liitetty
sairaus, oire tai 16ydos, josta keliakiaa olisi voinut epéilld. Riskiryhmadssd sairastua
keliakiaan ovat, ikaadn katsomatta, keliakiaa sairastavien ensimmaisen asteen
sukulaiset, autoimmuunisairautta, osteopeniaa tai osteoporoosia sairastavat, vahéa-
energisen murtuman saaneet, anemiasta tai vitamiinin puutteista tai lievistd
vatsaoireista karsivat henkilot. Gluteeniton dieetti paransi lievéat oireet, korjasi
imeytymishdiriot ja paransi luuntiheyttd muttei huonontanut eldménlaatua, joten
myds vanhempi ikdryhmé hyotyy dieetistd. Yli 50 —vuotiaiden keliakian aktiivinen
seulonta riskirynmissé on suositeltavaa, koska ika ei suojaa keliakian puhkeamiselta.
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INTRODUCTION

In the first century AD a famous Greco-Roman physician Aretaeus the
Cappadocian, described “the Coeliac Affection” so giving the name to an
abdominal disease i.e. CD. In the early 19t century Dr. Mathew Baillie published
his observations of a chronic diarrhoeal disorder in adults and even proposed a
treatment; diet (Losowsky 2008). In 1888 an English authority on paediatrics,
Samuel Gee, presented the classic symptoms of CD, diarrhoea and wasting (Gee
1888). About 60 years later a Dutch paediatrician W.K. Dicke published that wheat
was the cause of CD and that GFD would relieve the symptoms (Dicke et al.
1953). A year later Paulley reported that villous atrophy of the small intestine
mucosa was present in CD (Paulley 1954). After the development of gastroscopy
apparatus by Crosby and Shiner in the mid-1950’s and the discovery of first anti-
gliadin antibodies (AGA) in blood by Berger in the 1960’s, the tools to identify,
diagnose and treat CD were available to modern physicians (Losowsky 2008).

CD is a life-long disease where the ingestion of dietary gluten results in small
bowel mucosal inflammation, crypt hyperplasia and villous atrophy (Maki et al.
1997). It was for a long time considered to be a childhood disease, and it was
assumed that the disease would manifest due to the symptoms, whereas clinically
silent or undiagnosed disease was uncommon. These assumptions turned out to be
incorrect. The prevalence of CD in children is about 1.0% and higher later in
adulthood, 1.5% (Collin et al. 2002b, Maki et al. 2003, Roginsky et al. 2010). It is
also known that most patients remain undiagnosed due to mild or no symptoms
(Maki et al. 1997, Rostami Nejad et al. 2009).

The prevalence of CD in the elderly is not known. One might hypothesize that
the disease would become symptomatic overtime and would therefore be more
easily detected in older than in younger individuals. On the other hand, if the
disease has remained symptomless for decades, while patients have ingested gluten-
containing cereals all their lives, it is uncertain whether dietary treatment would be
of any benefit. On the contrary, changing the dietary habits might even impair such
people’s QoL. It is moreover unknown whether older people may develop CD.
The GOAL project made it feasible to investigate these issues in a Finnish
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population aged 50 years or more. The aim was to ascertain the risk of CD, the
effect of GFD, and the incidence of new cases.
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REVIEW OF THE LITERATURE

1. DEFINITIONS AND DIAGNOSIS

1.1. Definitions

According the recent Oslo definitions CD is a chronic small intestinal immune-
mediated enteropathy precipitated by exposure to dietary gluten in genetically
predisposed individuals (Ludvigsson et al. 2013b). Gluten-related disorders is a
term to describe all conditions related to gluten such as gluten ataxia, dermatitis
herpetiformis (DH), non-coeliac gluten sensitivity and CD (Ludvigsson et al.
2013b).

Classic CD presents with signs and symptoms of malabsorption syndrome in
adults and children. These patients are usually clinically detected. Patients with
subtle symptoms - but no signs or symptoms of malabsorption have non-classic
CD. CD is considered to be subclinical when patients have clinical or laboratory
signs like iron deficiency anaemia, incidental endoscopic features or osteoporosis,
but no symptoms. CD with clinically evident GI or extraintestinal symptoms like
DH is symptomatic (Ludvigsson et al. 2013Db).

In refractory CD (RCD) despite strict GFD, villous atrophy with malabsorptive
symptoms and signs persist for over a year. It is divided into two categories: type |
has normal intraepithelial lymphocytes (IEL) and type Il has a clonal expansion of
an aberrant IEL population (Ludvigsson et al. 2013b, llus et al. 2014a). Both are
associated with high mortality, especially RCD I, for developing enteropathy-
associated T cell lymphoma (EATL). The prevalence of RCD in Finland is 0.31%
among CD patients (llus et al. 2014a).

The family members of CD patients who have CD-related human leukocyte
antigen (HLA) -DQ2 and/or -DQ8 are genetically at risk of CD. When tissue
transglutaminase (TG2) or endomysial antibodies (EMA) have been increased on at
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least two occasions and the intestinal biopsy is not known the patient has CD
autoimmunity. If tTGA or EMA has been tested only once, patients should to be
referred to as tTG+ or EMA+. CD is likely when small intestinal mucosa is
normal, but CD serology is positive. These individuals are at risk of developing
CD, but are not CD patients. The Oslo definition for CD related terms also
defines non-coeliac gluten sensitivity (NCGS) as one or more of a variety of
immunological, morphological, or symptomatic manifestations that are precipitated
by the ingestion of gluten in individuals in whom CD has been excluded
(Ludvigsson et al. 2013b).

1.2. Pathogenesis

Gluten is a complex of water insoluble proteins from wheat, rye and barley that are
harmful to CD patients (Ludvigsson et al. 2013b). Gluten consists of a broad
group of prolamins (gliadins and glutens) found in wheat. Other prolamins
(hordenin in barley and secalin in rye) have properties, which are
immunogenetically similar to those of gluten (Platt et al. 1971, Rostom et al. 2006).
Daily gluten consumption is normally 10 to 20 g.

Gastric enzymes cannot degrade gluten peptides, so they have to be transported
across the epithelium of the small bowel mucosa. It has been hypothesized that
viral infection or genetic changes could cause the increased permeability (Fasano et
al. 2000, Koskinen et al. 2008, Wolters et al. 2008). The peptides use both
paracellular and transepithelial passages to reach the lamina propria (Fasano et al.
2000, Koskinen et al. 2008, Wolters et al. 2008). The toxic gluten peptides promote
upregulation of interleukin 15 of epithelial and dendritic cells. Interleukin 15 in
turn induces proliferation of IELs, which play a part in enterocyte apoptosis and
villous atrophy (Nilsen et al. 1998, Maiuri et al. 2000). In the submucosal layer the
gluten peptides also react with TG2. They are deamidated by the enzyme and
autoantigen TG2 to glutamic acid residue and presented to T cells on the surface
of antigen presenting cells (APC) of people with HLA types DQ2 or DQ8, thereby
stimulating gluten-specific T cells (Lundin et al. 1993, Lundin et al. 1994). The
activated T cells in the lamina propria and within the epithelium are cytotoxic
(producing cytokine interferon), capable of apoptosis of enterocytes, to remodel
the mucosa (fibroblasts) towards atrophy and cause malabsorption (Deem et al.
1991, Bajaj-Elliott et al. 1998, Schuppan et al. 2013). Through the crosslinking
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activity of TG2 and gliadin and the formation of gliadin-TG2 immunogenic
complexes IgA class anti-TG2 antibodies are produced by plasma cells as well as
IgA and immunoglobulin G (IgG) class deamidated gliadin peptides (DGP). This is
believed to cause antibody mediated inhibition of TG2 functions, and lead to
mucosal damage (Di Sabatino et al. 2012).

1.3. Genetics

The genetics of CD is closely related to HLA class Il molecules HLA B8 and HLA
DR3, which are located on the short arm of chromosome 6 (Falchuk et al. 1972,
Keuning et al. 1976, Mearin et al. 1983). These genes encode DQ molecules on the
surface of the immune system cells. More than 99% of CD patients have HLA
DQ2 or DQ8 encoded alleles DGA1*0501 and DGB1*0201 or and DQA1*0301
and DQB1*0302 respectively (Sollid et al. 1989, Polvi et al. 1996, Polvi et al. 1998).
Less than 1% of CD patients are negative for both of these alleles (Polvi et al.
1998, Karell et al. 2002, Karell et al. 2003). These uncommon gene types are not
yet fully known. About 20 to 35% of Finnish general population have HLA DQ?2
or DQ8 types, so the HLA -type as such is not very specific to determining coeliac
disease (Sollid et al. 1989, Holm 1993, Polvi et al. 1996). However, if a person does
not have this HLA genotype, he is very unlikely to have CD (Karell et al. 2003).

1.4. Symptoms

In adults the typical symptoms of CD are GI symptoms like diarrhoea, statorrhoea,
bloating, nausea and stomach pain, and malabsorption signs like weight loss and
oedema (Cooke et al. 1984, Ludvigsson et al. 2013b). In further investigations more
signs of malabsorption - anaemia due to iron or folic acid deficiency, B-vitamin or
D-vitamin deficiencies, hypoalbumenia and osteoporosis can be detected. In
children failure to thrive and wasting and poor appetite are typical of CD in
addition to GI symptoms and malabsorption syndromes (Visakorpi et al. 1967,
Visakorpi et al. 1970). Recently the clinical picture has altered towards more subtle,
non-classic GI symptoms (abdominal distension, occasional diarrhoea, bloating,
vague stomach pain, constipation) and incidental malabsorption signs (low

19



haemoglobin values, iron, D-vitamin, Bl12-vitamin or folic acid deficiency,
abnormalities in liver function tests, osteopenia or osteoporosis, low-energy
fractures, enamel defects and secondary lactose intolerance) or even to be
symptomless (Reilly et al. 2012). The symptoms may be atypical and general and
easily be confused with many other GI diseases like irritable bowel syndrome, a
common condition in general population with a global prevalence of 11%
(Canavan et al. 2014).

DH is the classic extraintestinal manifestation of CD (Reunala 1998). About 5%
of CD patients present with DH during their lifetime (Kotze 2013). DH is a
blistering cutaneous disease. It has a typical presentation: pruritic papulovesicular
rash on extensor surfaces and buttock, but may also present in the mucous
membrane. The presence of granular deposits of IgA along the epidermal junction
in biopsy of uninvolved skin in the perilesional area is immunologically diagnostic
to DH (Zone et al. 1996, Kotze 2013). Villous damage in duodenal biopsy is often
less obvious than in CD and is present in about 70-80% of HD patients. A further
25% have normal villous architecture with increased IELs (Fry et al. 1974,
Gawkrodger et al. 1984, Reunala 1998). DH is a typical example of CD without
villous atrophy. Today it is well recognized that CD may indeed occur in the
absence of atrophy (Collin et al. 1994a, Salmi et al. 2010). DH and CD have
identical HLA DQ and both may occur separately in identical twins (Hervonen et
al. 2000). Autoimmune conditions in DH are similar to those in CD (Collin et al.
1994a).

1.5. Diagnosis

1.5.1. Serology

The serological diagnosis of CD is based on blood antibody testing. Elevated CD
antibodies in blood indicate a possibility of CD and often lead to small bowel
biopsy.

Taylor et al. discovered the first serological marker for CD AGA in 1961
(Taylor et al. 1961, Ludvigsson et al. 2013b). AGA s a direct antibody produced
against consumed gliadin, the prolamin of wheat. Its sensitivity for CD is 50-80%
and specificity 70-80 % (Volta et al. 1984, Maki et al. 1991b, Bode et al. 1994). It
was widely used in the diagnostics of CD before tTGA and EMA (Roginsky et al.
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2010). The problem with AGA is that it has been found, for example, in food
allergy or chronic inflammatory bowel disease patients or even in healthy
individuals without coeliac associated genetics (Lindberg et al. 1985, Maki et al.
1991b, Kull et al. 1999, Ruuskanen et al. 2011). The DGP are produced by TG2 of
the gliadin that has entered the lamina propria. B cells then produce antibodies
against DGP, and these antibodies are measurable in serum and are more sensitive
to CD than gliadin itself (Schwertz et al. 2004, Kaukinen et al. 2007, Volta et al.
2008). However, the sensitivity or the specificity is not as high as tTGA or EMA
(Niveloni et al. 2007, Sakly et al. 2012, Wang et al. 2014). In 1983 Chorzelski et al.
introduced EMA, an indirect antibody test against endomysium of small intestine.
It is highly specific and sensitive to CD (Chorzelski et al. 1983, Maki et al. 1991b,
Volta et al. 1995). Its downside is that the immunofluorescence is a rather
laborious and laboratory dependent method. The most widely used immunological
test of CD is tTGA, a direct IgA class antibody test (ELISA). It is a calcium
dependent enzyme produced by the mucosa of small intestine during consumption
of gluten. It has very good sensitivity and specificity for CD (Table 1) (Sulkanen et
al. 1998b). Another application of the TG2 antibody test is the promising whole-
blood self-TG2-based point-of-care test, which is available “over the counter” for
quick testing (Korponay-Szabo et al. 2005, Raivio et al. 2006).

IgA deficiency in CD patients is rather common; 2% of American and 3.6% of
Finnish CD patients have IgA deficiency (Collin et al. 1992b, Chow et al. 2012). In
general IgA deficiency in Finnish blood donors is 0.25% (Koistinen 1975). For IgA
deficient patients there are 1gG class tTGA, EMA and DPG tests with good
sensitivity and specificity for CD (Table 1) (Korponay-Szabo et al. 2003, Niveloni
et al. 2007, Wang et al. 2014). Both tTGA and EMA are nowadays standardized
and validated tests when screening for CD. In recent years and in various studies
tTGA has been used for screening for CD and EMA to verify the findings
(Kapuscinska et al. 1987, Sulkanen et al. 1998b, Stern 2000, Raivio et al. 2006). The
prevalence of seronegative CD varies a lot; it is 6-22% of all diagnosed cases
(Dickey et al. 2000, Collin et al. 2005, Hopper et al. 2007, Rashtak et al. 2008).
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1.5.2. Histology

The diagnosis of CD has traditionally been based on the histology. Small bowel
mucosal inflammation, villous atrophy and crypt hyperplasia are typical for the
condition (Maki et al. 1997). When cereals wheat, rye and barley are excluded from
the daily diet, the small bowel mucosa will be restored (Collin et al. 2004).

The British Society of Gastroenterology published the first guidelines on adult
CD in 1996 (Ludvigsson et al. 2014a). These criteria were established at the United
European Gastroenterology Week in Amsterdam in 2001 (United European 2001).
The diagnosis entailed the demonstration of small intestinal villous atrophy and
histological or clinical response to GFD. Just recently the British Society of
Gastroenterology updated the guidelines for adult CD (Ludvigsson et al. 2014a).
The diagnosis requires a small intestinal biopsy, taken when the patient is still on
gluten-containing diet, and a positive serology. Biopsy is essential for diagnosis, and
serological tests cannot replace it. Follow-up should aim at strict adherence to
GFD (Ludvigsson et al. 2014a). Because the serologic tests EMA and tTGA are
highly specific for CD, the renewed European Society for Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) criteria in 2012 allow
the diagnosis in selected cases to be based on serology only in symptomatic (i.e.
classic) CD patients. In asymptomatic children at risk the diagnosis is based on
positive serology and histology; in addition the HLA —DQ2 and —-DQ8 testing is
valuable for excluding CD (Husby et al. 2012). In adult patients who are unable or
unwilling to undergo endoscopy, the similar serological guidelines are followed;
tTGA 10 times higher the upper limit of normal, and a positive EMA or DGP
(Ludvigsson et al. 2014a). Capsule endoscopy combined with biopsies is an
alternative to endoscopy. It has specificity to CD similar to that of endoscopy and
is less invasive (Atlas et al. 2011, Tennyson et al. 2012).

For the histological definition the Marsh-Oberhuber classification is frequently
applied (Table 2). It demonstrates that the severity of mucosal atrophy is variable
in CD (Marsh 1992, Oberhuber et al. 1999). The biopsies must be properly
oriented as the correct orientation is necessary for the assessment of villous height
crypt depth ratio (Villanacci et al. 2011). Types 0 and 1 are normal non-coeliac
findings and types 2 and 3(a to c) typical for CD (Villanacci et al. 2011, Ludvigsson
et al. 2014a). There are numerous other non-coeliac causes of lymphocytic
duodenosis and villus atrophy, which must be kept in mind: immune disorders (e.g.

23



common variable immunodeficiency syndrome, glomerulonephritis), autoimmune
disease (these may co-occur with CD; like Grave’s disease, rheumatoid arthritis),
infectious causes (parasites, viral, mycobacterial, Whipple’s disease etc.), deficiency
syndromes (nutrient deficiencies like vitamin B12, folic acid and Kwashikor;
immunodeficiency syndromes like AIDS; intestinal lymphangiectasia), drugs (e.g.
chemotherapy), neoplasia (EATL), other diseases (like Crohn’s disease, collagenous
colitis) (Freeman 2009, Ludvigsson et al. 2014a). If the patient is seronegative for
CD, but has villus atrophy, he/she should be considered in an appropriate clinical
context to determine whether the patient has CD or some other disease
(Ludvigsson et al. 2014a).

Table 2. Marsh-Oberhuber classification

Classification  Morphology of duodenal mucosal biopsy

Type O Normal architecture and increased intraepithelial lymphocytes = 25/100
enterocytes
Type | Normal architecture and increased intraepithelial lymphocytes = 40/100

enterocytes (villous crypt ratio > 3:1)
Type 2 Normal architecture and increased intraepithelial lymphocytes = 40/100
enterocytes with crypt hyperplasia (villous crypt ratio < 3:1)

Type 3 a Partial villous atrophy; villi blunt and shortened with a villous crypt ratio 1:1

Type 3 b Subtotal villous atrophy; villi atrophic but still separate and recognizable

Type 3¢ Total villous atrophy; villi rudimentary or absent; mucosal resembles colonic
mucosa

Type 4 Atrophic hypoplastic lesion: flat mucosa, normal crypt height, no

inflammation with normal intraepitheal lymphocyte counts

1.5.3. Associated conditions

The association between CD and autoimmune conditions such as type | diabetes
mellitus, autoimmune thyroid disorders, Sjogren’s syndrome and other associated
conditions like infertility has been demonstrated in several studies (Table 3 and
Table 4) (Collin et al. 1989, Collin et al. 1994b, Iltanen et al. 1999, Picarelli et al.
2005). Children with diabetes mellitus type I, autoimmune liver disease, Down’s,
Turner’s and Willam’s syndrome carry an increased risk of CD — the prevalence of
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CD being from 5 up to 16% (George et al. 1996, Carlsson et al. 1999, Giannotti et
al. 2001, Bonamico et al. 2002, Caprai et al. 2008, Vajro et al. 2013, Atherton et al.
2014, Bybrant et al. 2014, Roizen et al. 2014). Similar genetic background and
predisposition to autoimmune conditions may explain the association (Collin et al.
2002a).

It has been shown that GFD is necessary to prevent complications such as
anaemia or osteoporosis (Collin et al. 2002a). The diet may have a protective effect
against developing autoimmune diseases but did not prevent progression of thyroid
disease in newly diagnosed CD patients (Cosnes et al. 2008, Metso et al. 2012,

Reilly et al. 2012).

Table 3. Prevalence of associated conditions in coeliac disease patients

Condition and reference

Study population (n)

Prevalence %

Diabetes mellitus type |

Collin 1994 335 adults 5
Autoimmune thyroid disease

Collin 1994 335 adults 5

Sategna-Guidetti et al. 1998 185 adults 21

Sategna-Guidetti et al. 2001 285 adults 16

Mukherjee et al. 2010 125 =65 year 14

149 18-30 years 7

IgA deficiency

Collin 1994 355 adults 3

Chow et al. 2012 317 children, 1498 adults 2
Sjogren’s syndrome

Collin 1994 355 adults 3
Addison’s disease

Collin 1994 355 adults 0.6
Sarcoidosis

Collin 1994 355 adults 1
Primary hyperparathyroidism

Maida et al. 2006 309 women, 1 man 2

Ludvigsson et al. 2012 17121 adults 0.4
Epilepsy

Chapman et al. 1978 165 adults 6
Peripheral neuropathy

Luostarinen et al. 2003 26 adults 23
Inflammatory bowel disease

Collin 1994 355 adults 0.3

Pascual et al. 2014 not specified 0.03-0.2
Psoriasis

Collin 1994 355 adults 1
Infertility

Fortunato et al. 2014 91 women 1
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Table 4. Prevalence of coeliac disease in subjects with associate conditions

Condition and reference

Study population (n)

Prevalence %

Diabetes mellitus type |
Collin et al. 1989
Page et al. 1994
Picarelli 2005
Gerco et al. 2013
Autoimmune thyroid disease
Collin et al. 1994b

Sategna-Guidetti et al. 1998

Hakanen et al. 2001

Spadaccino et al. 2008
IgA deficiency

Ludvigsson et al. 2014b
Sjogren’s syndrome

Collin et al. 1992a

litanen et al. 1999

Szoroday et al. 2004
Addison’s disease

Myhre et al. 2003

Betterle et al. 2006
Primary biliary cirrhosis

Gillett et al. 2000

Volta et al. 2002
Autoimmune hepatitis

Volta et al. 1998

Villalta et al. 2005
IgA nephropathy

Collin et al. 2002¢
Autoimmune myocarditis

Frustaci et al. 2002
Sarcoidosis

Rutherford et al. 2004
Epilepsy

Cronin et al.1998

Luostarinen et al. 2001a
Ataxia

Luostarinen et al. 2001b
Atopy

Zauli et al. 2000

Enroth et al. 2013
Psoriasis

Brickefeld et al. 2009

Lindgvist et al. 2002
Down’s syndrome

Cerqueira et al. 2010
Turner’s syndrome

Frost et al. 2009
Infertility

Meloni et al. 1999

Choi et al. 2011

195 adults
1798 adults
194 adults
492 adults
83 adults
152 adults
79 adults
276

2100 children and adults
63 adults
34 adults
111 adults

75 children and adults
5 children, 104 adults

378 adults
47 adults

181 children and adults
47 adults

223 adults

187 adults

102 adults

117 children and adults
199 adults

36 adults

401 children and adults
1068 children and adults

12502 adults
114 adults

98 children and adults

265 adults

99 women
188 women

O DN

ol

24

10
15

0.3

10
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1.6. Treatment

The only treatment for CD and DH so far is GFD. GFD entails avoiding wheat,
barley and rye in daily diet (Maki et al. 1991a). Originally oat was also included in
the avoidance list, but nowadays it is a generally accepted that oat does not cause
histological deterioration of the small intestine mucosa (Janatuinen et al. 1995,
Janatuinen et al. 2000, Janatuinen et al. 2002). It may cause some CD patients
symptoms or even mucosal atrophy due to cross-contamination with wheat or they
may be sensitive to oat (Lundin et al. 2003, Arentz-Hansen et al. 2004, Comino et
al. 2011). The European Commission legislated for the determination of gluten-
free foodstuffs: They should contain < 20 parts per million of gluten being safe for
coeliac disease patients (Official Journal of the European Union 20009).

Newly diagnosed patients should be referred to a dietician to learn and discuss
GFD. Such follow-up improves the adherence to GFD up to 97.5% compared to
CD patients no so followed-up (Hall et al. 2009). In follow-up studies histological
mucosal recovery varies widely, being 57-76% (Ciacci et al. 2002, Rubio-Tapia et al.
2010, Lebwohl et al. 2014). Most gastroenterologists favour a control intestinal
biopsy after one year on GFD. However the new guidelines do not deem this to be
necessary for patients with no risk of complications or symptoms while on GFD
(Ludvigsson et al. 2014a). Patients with non-responsive CD should always be
examined thoroughly and undergo follow-up biopsy to determine whether it is a
case of RCD.

There are some novel treatments for CD under development, such as
immunotherapy with subcutaneous injections of dominant immunotoxic gliadin
peptides or TG2 inhibitors, but none of these are so far available or recommended
for treatment (Ludvigsson et al. 2014a).
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2. PREVALENCE

The reported prevalence figures for CD vary widely depending on the population
and the study design. Most studies are based on serologic screening. Differences
are also to be found in serologic screening; in general, earlier studies were based on
EMA or AGA, and later on tTGA or nowadays, especially in IgA deficiency, on
IgG DGP. In some studies the first screening method has been tTGA, and positive
cases have been confirmed with EMA (Cellier et al. 2005, Katz et al. 2011). Either
the prevalence of biopsy-proven disease or seroprevalence has been reported. The
prevalence of CD worldwide has ranged from 0 to 1.87% when screening was
based on EMA, 0 to 1.87% on tTGA and 0.02 to 1.24% with histological
confirmation (Kang et al. 2013). A combined prevalence of 0.3-2.0% of screen-
detected and biopsy-proven CD has been reported in European countries
(Mustalahti et al. 2010). In children the worldwide clinically detected prevalence of
CD varied from 0.0047% to 0.55% (Kang et al. 2013). For comparison, the
screened biopsy-proven prevalence of CD in Finnish schoolchildren was 1.0%
(Maki et al. 2003). The screened prevalence of CD in different parts of the world in
general population is summarized in Table 5, and derived prevalence in the elderly
in Table 6.

There are fewer studies on the prevalence of clinically detected CD. Logan et al.
(1986) reported the prevalence of CD to be 0.061% in Scotland. In Sweden, Hallert
et al. (1981) and Midhagen et al. (1988) found prevalences of 0.058% and 0.096%
respectively. In the USA, Talley et al. (1994) estimated a prevalence of 0.022% of
documented CD. In Finland, the latest clinical biopsy-proven prevalence of CD
was extracted from the database of the National Social Insurance Institution, being
0.55% in the entire population, and 0.7% in the highest prevalence area (Virta et al.
2009).

The diagnostic delay of CD in adults is known to be long, for example in
Sweden 9.7 years, and in the UK 13 years from the first symptoms (Norstrom et al.
2011, Aziz et al. 2012). In a recent study by Ukkola et al. (2011) the mean delay in
Finland was only one to three years, but in individual cases could reach up to 50
years. The incidence of CD has risen since the 1970's (Hurley et al. 2012). This is
due in part to better recognition of the condition. In adults, there was a threefold
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increase in the number of newly detected CD cases from 1960 to 1979 in Scotland
(Logan et al. 1986). In Finland, the annual incidence of clinically detected cases
increased from 20 in 1997 to 31 per 100,000 in 2007 (Collin et al. 2007, Virta et al.
2009). In a recent study by Ludvigsson et al. (2013a) the incidence in the USA
increased from 11.1 in 2000-20011 to 17.3 per 100,000 person-years in 2008-2010.
However the incidence levelled off after 2004. The incidence of CD in different
parts of world in general population (children and adults) is summarized in Table 7.

Hallert et al. reported in two of their studies in 1981 and 1983 the clinical
biopsy-proven age-adjusted prevalence in patients aged 55-64 years to be 0.06-
0.07%, in those 65-74 years old 0.04% and in those over 75 years old 0.02%
(Hallert et al. 1981, Hallert et al. 1983). Midhagen et al. (1988) reported that the
highest clinical prevalence was in the age group 65 to 74 years old, namely 0.18. In
1994 Hankey and Holmes found that 19% of all CD patients were over 60 years of
age by the time when CD was diagnosed (Hankey et al. 1994). Gasbarrini et al.
(2001) reported that 4.4% (60 out of 1353) patients were over 65 years of age at the
time of diagnosis of CD. Again, a trend towards increasing occurrence by ageing
was detected in Finland (Lohi et al. 2007). In Spain Marine and co-workers (2011)
showed the opposite: the prevalence of CD was higher in children, and lower in
older age groups, but still found a slight increase in CD prevalence in individuals
older than 80 years.

DH manifests in about 12% of CD patients. The prevalence of DH in adults
and children has been between 0.011% in the USA and 0.075% in Finland. The
overall incidence of DH in Finland was high, but a significant decrease occurred in
the 1990s (Smith et al. 1992, Salmi et al. 2011). Only few reports have been
presented on DH in elderly CD patients. Hankey and Holmes (1994) described
that seven out of 42 (16%) CD patients over 60 years old had DH. In the study by
Godfrey et al. (2010) five (4%) of screened CD patients reported DH. The
retrospective study by Casella et al. (2012) reported that 11.9 % of all CD patients
over 65 years had DH.

Family history and occurrence of autoimmune conditions increase the
likelihood of CD. The prevalence of CD in first-degree relatives varies between 10
and 20% (Maki et al. 1991b, Greco et al. 2002). In monozygotic twins the
concordance of CD is 70-75% (Greco et al. 2002). The prevalence of CD (EMA
based) in second-degree relatives was 2.6% and in first cousins 5.5% (Korponay-
Szabo et al. 1998, Book et al. 2003).

In general, epidemiological studies on the prevalence of CD in elderly
population are sparse. Prevalence figures in elderly derived from clinical screening
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studies are summarized in Table 6 and incidence figures in Table 8, which suggest
that the figures are extremely variable.
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3. CLINICAL MANIFESTATIONS IN
THE ELDERLY

3.1. Symptoms

The symptoms are not evident and the diagnostic delay may be long
even in elderly people. Hankey and Holmes (1994) reported an average
diagnostic delay of 28 years when CD was diagnosed at the age of 60 or
over. In their series, 19 out of 42 subjects had classic symptoms and ten
had non-specific symptoms such as lassitude. Mukherjee et al. reported
that the duration of symptoms prior to diagnosis was similar in an
elderly cohort >65 years of age and in young adults (18 to 30 years)
(Mukherjee et al. 2010). The CD patients were diagnosed mostly
because they had symptoms, only 13% of younger and 7% of elderly
CD patients were screened; 3% of younger and 9% of elderly patients
had incidental finding of CD, or had symptomless subclinical CD. Table
9 shows that the symptom profile in untreated CD in older subjects is
by and large similar to that in younger subjects.

3.2. Autoimmune-associated conditions

There are no large studies on the occurrence of autoimmune conditions,
especially in the elderly. In one study with clinically detected classic CD
patients, the prevalence of autoimmune diseases was similar to that in
younger adults (Mukherjee et al. 2010). Hypothyroidism may occur
concomitantly with CD in the elderly, suggesting that the association
between CD and autoimmune conditions does not differ from that in
adults in general (Freeman 1995, Godfrey et al. 2010).
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3.3. Bone mineral density and fractures

Adult CD patients have more osteoporosis or osteopenia and altogether
lower BMD than reference population (Kemppainen et al. 1999,
Mustalahti et al. 1999, Cellier et al. 2000, Meyer et al. 2001). The
fracture risk was higher in CD patients (8.7%) than in control
population (6.1%) according the meta-analysis by Olmos et al. (2008).
West et al. (2003a) reported in their population based study that there
was no increased fracture risk in patients with CD in general. Casella et
al. (2012) noted that the BMD in the lumbosacral spine and femoral
neck of elderly CD patients was lower, and that they had considerably
more osteoporosis and osteopenia than did younger subjects (Table 9).
Among patients with osteoporosis, the prevalence of CD was up to
3.4% (Stenson et al. 2005). Mukherjee et al. (Mukherjee et al. 2010)
found no significant difference in the prevalence of bone disease
comparing younger (18-30 years) and elderly (over 65 years of age)
population with mostly classic or symptomatic CD.

3.4. Malabsorption

Gluten damages the mucous membrane of the small intestine in CD
patients and malabsorption may occur. Anaemia due to iron deficiency
is especially common in untreated CD patients (Harper et al. 2007). CD
is one of the causes of malabsorption in the elderly (Montgomery et al.
1986). Several studies in adult population have showed that folic acid,
vitamin B12 and D deficiency and low ferritin values are often seen at
the time of diagnosis of CD, and these are alleviated or cured on GFD
(Kemppainen et al. 1998, Dickey 2002, Katz et al. 2011). In a few
studies on elderly CD patients, similar findings have been reported
(Table 9) (Hankey et al. 1994, Meyer et al. 2001, Godfrey et al. 2010,
Casella et al. 2012).

In general about 20% of women and 10% of men of 65 years of age
are anaemic (Busti et al. 2014). Anaemia can cause several symptoms:
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tiredness, weakness, breathless, dizziness, or even cognitive problems.
The most common cause of anaemia is iron deficiency. Ferritin
deficiency causes subclinical iron deficiency anaemia. Vitamin B12
deficiency may cause anaemia, but also neurological complications like
polyneuropathy or even dementia (Hammond et al. 2013, Berrut et al.
2014). Folic acid deficiency can cause cognitive impairment in all ages,
and miscarriage in young women (Reynolds 2014). Vitamin D
deficiency is well known to cause osteoporosis or osteopenia, which in
turn increase the risk of low energy fractures (Hill et al. 2013).

3.5. Malignancy and mortality

According a recent meta-analysis CD patients, including those screen-
detected, were at an increased risk of non-Hodgkin’s lymphoma (NHL)
and all-cause mortality, but not of malignancy in general (Tio et al.
2012). The precise risk of malignancy or lymphoma in CD has been
difficult to determine. According to Freeman, in adult CD patients with
malignant biopsy findings in the proximal small intestine the overall
lymphoma risk was 8-10% (Freeman 2009). With clinically milder forms
the risk may be lower (Corrao et al. 2001, Catassi et al. 2005). The risk is
associated particularly with EATL, and with poor compliance with
GFD (Holmes et al. 1989, Howdle et al. 2003, Viljamaa et al. 2006).
However, Olen et al. (2012) reported the opposite; poor compliance
with GFD was not significantly associated with the risk of overall
lymphoma or its subtypes. In some studies the screen-detected CD
patients did not have an increased risk of malignancy or NHL (Corrao
et al. 2001, Mearin et al. 2006, Lohi et al. 2009, Elli et al. 2012).
Lymphoma in young patients was uncommon (Casella et al. 2012). In a
more recent study by Ludvigsson et al. (2013a) the overall survival of
CD patients with lymphoproliferative malignancy was the same as that
of controls. In general several studies have confirmed the association
between CD and B cell lymphoma and CD and small intestinal
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adenocarcinoma (Moertel et al. 1961, Green et al. 2003, Card et al. 2004,
West et al. 2004, Smedby et al. 2005, Olen et al. 2011)

In DH patients the risk of B and T cell lymphomas was increased,
likewise in CD patients with poor compliance with GFD, but the
general mortality was lower than the standardized expected mortality
rate in Finland (Collin et al. 1996, Hervonen et al. 2005, Viljamaa et al.
2006).

In 2009 Freeman stated in a review that if CD is diagnosed initially
in elderly subjects or late in the clinical course, the risk of developing
lymphoma and other malignancies is greater than if CD is detected
earlier (Freeman 2009). However, Godfrey et al. (2010) claimed that in
patients over 50 years old there is no significantly increased risk of
cancer or mortality in undiagnosed CD patients than in controls.
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4. DIETARY COMPLIANCE AND QUALITY
OF LIFE

4.1. Compliance with gluten-free diet

A strict lifelong GFD is the only treatment for coeliac disease. The symptoms
diminish on GFD in both clinically detected and screened patients. Compliance
varied across areas and countries (Table 10). It is good in Finland, even in
asymptomatic patients, whereas in some countries dietary transgressions are
common (Viljamaa et al. 2005a). In the recent study by Kurppa et al. (2012)
adherence to GFD in patients over 65 years of age was good (91%) and there was
no difference between children and adults; only teenagers were likely to be non-
adherent. In the systematic review by Hall et al. (2009) the rates of strict adherence
ranged from 42% to 91%. Adherence was associated with cognitive, emotional
and socio-cultural influences, likewise membership of an advocacy and regular
dietetic follow-up.

In a few patients GFD does not relieve symptoms and heal the small bowel
mucosa. These non-responsive patients have refractory sprue, which may have
several different causes, but the most common is incomplete GFD (Mooney et al.
2012). After carefully excluding all other causes, non-responsive CD patients are
considered to be RCD patients (Abdulkarim et al. 2002, Ludvigsson et al. 2014a).

42



Table 10. Compliance with gluten-free diet (GFD) among adults

Author, year Country n GFD Compliance to GFD
duration, %
years good fair poor

Hallert et al. 1998  Sweden 89 10 78 12 10
Lohiniemi etal. 2000 Finland 58 10 94 6
Kaukinen etal. 2002 Finland 87 1 87 13

Usai et al. 2002 Italy 68 >2 59 38 3
Ciacci et al. 2003 Italy 581 8 74 22

Fera et al. 2003 Italy 100 9 49 48 3
Hogberg et al. 2003  Sweden 29 20 59 41
Hervonen etal. 2005 Finland 1104 32 88-94

Viljamaa et al. 2005a Finland 97 14 93-96

Hopman et al. 2009 Netherlands 53 >10 62 15 23
Whitaker et al. 2009 UK 147 >1 67 32 5
Barratt et al. 2011 UK 255 >0.5 65 31 4
Norstrom etal. 2012  Sweden 1025 1 96 4
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4.2. Quality of life

QoL is an all-encompassing perception of health and well-being, influenced by and
impacting on all aspects of our lives. The domains of QoL include social, religious,
emotional, economic and physical well-being (Spilker 2009).

Several methods have been applied to measure QoL in CD; most of these are
general (Table 11). The Gastrointestinal Symptom Rating Scale (GSRS) has been
widely used. The Psychological General Well-Being (PGWB) evaluates QoL in
general and the Short Form Health Survey 36 (SF-36) a person’s functional status
and well-being.

Disease-specific self-administered questionnaires for CD are less common. In
Sweden Hallert et al. (2002) used the Burden of lliness (BI) protocol with more
emphasis on non-cost aspects of CD; social functioning, emotional distress,
attitudes and expectations. They noted that good compliance with GFD was
important for both men and women. Perceived burden of disease, after being on
GFD for a mean ten years, was similar to that in the control group. However
middle-aged women with CD expressed less satisfaction with the outcome of the
GFD treatment than men. In the USA Lee et al. (2012) used a self-administered
survey including the Short Form Health Survey 12 (SF-12), and noted that the
negative impact of GFD decreased over time, but CD patients had less positive
health perceptions than the control population. The disease-specific questions
revealed a negative impact on QoL in social settings (Lee et al. 2012).

In the Finnish adult CD population QoL on GFD did not differ from that in
the control group, as shown in several studies (Lohiniemi et al. 2000, Mustalahti et
al. 2002b, Viljamaa et al. 2005a, Kurppa et al. 2010). However, Ukkola et al. (2011)
observed that even though GFD improved self-perceived health and alleviated
anxiety in both symptom and screen-detected CD patients, in the asymptomatic
patients perception of health deteriorated and concerns about health increased on
GFD. The effect of GFD in QoL in adults is summarized in Table 12.

There are so far no QoL studies focusing specifically on elderly people with
CD. In the UK, however, Hankey and Holmes (1994) observed that 90% (38 out
of 42) of elderly people maintained a strict GFD and that the diet considerably
improved their well-being.
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THE PRESENT STUDY

1. AIMS OF THE STUDY

The aims of the present study were to evaluate the prevalence of CD in individuals
over 50 years of age, and to assess whether active serological screening and
subsequent placement on GFD would be justified.

The specific aims were to evaluate

1. The prevalence and incidence of CD

2. The clinical characteristics of CD

3. The effect of the introduction of GFD on health and well-being
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2. STUDY SUBJECTS AND DESIGN

2.1. Study subjects

The original study population consisted of 4,272 randomly selected individuals
born in the years 1946-1950, 1936-1940 and 1926-1930. Half of them were male
and half female; all were living in the catchment area of Paijat-Hadme hospital
district in Finland. The study series were randomly selected at The Finnish
National Institute for Health and Welfare, and were representative of general
population in the respective age groups. The data was collected for a 10-year
follow-up research project entitled GOAL and intended to improve health and
well-being in the ageing population.

The patient recruitment for the GOAL study took place in 2002, when 2,815
individuals agreed to participate in the study. The second call to attend the GOAL
study was in 2005, when 3,996 individuals were invited and 2,415 consented, 199
of who were new subjects. In total 2,216 individuals responded to both the 2002
and 2005 calls (GOAL 2012).

The first serum sampling took place in 2002. The serologic testing for CD and
the survey of confirmed CD from the GOAL population took place in 2004. The
patients with IgA class tTGA > 5 units (U) were further tested for IgA class EMA.
tTGA positive patients and those whose CD was clinically diagnosed before the
GOAL study attended a personal interview. The diagnoses of clinically detected
coeliac patients were verified from the histological biopsy information in their case
records. tTGA positive patients were invited to GI endoscopy including small
bowel biopsy, which took place in 2004-2005

All screen-detected patients were placed on GFD, and were subject to further
follow-up. In 2006, small bowel histology upon endoscopy was repeated after
maintaining GFD. Laboratory studies to detect malabsorption, BMD
measurements for detecting osteopenia or osteoporosis and QoL studies were
conducted before and after commencing GFD.

48



The second serum sampling of the GOAL study population took place in 2005,
in other words three years after the first one. There were individuals in the GOAL
study who did not participate in 2002, but who did in 2005 (new participants
presented in Figure 2). All the sera were again tested for tTGA. tTGA positive
patients were tested for EMA, and all tTGA positive subjects were invited to small
intestine endoscopy to confirm CD histologically. Clinical CD cases detected 2002-
2005 were scrutinized.

The study design is illustrated in Figures 1 and 2 on pages 57-58. All the study
tests and measurements are listed by subgroup and the year of implementation in
Table 13.

2.2. Control subjects

The control group of 110 subjects for the GI symptom rating and QoL tests
(GSRS and PGWB) was collected from Finnish general population. The controls
were neighbours of coeliac members of the Finnish Coeliac Society. Society
members were asked to select an individual living in their neighbourhood and not
suffering from CD. These neighbours formed the controls, who were matched for
age and gender with the study subjects. CD was not systematically excluded in the
controls, but they did not report such symptoms and had no relatives with CD.

The reference group for bone fractures and body mass index (BMI) consisted
of participants of the GOAL study who were not tTGA or EMA positive and had
no treated CD, and were on normal gluten-containing diet.
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3. METHODS

3.1. Definitions

In this study clinically detected CD refers to patients whose CD was diagnosed
before the start of the GOAL study in 2002 or between the years 2002 and 2004
and not by screening; most of them had classic or symptomatic CD, a few had
non-classic CD. Screen-detected CD patients were diagnosed after screening with
tTGA and EMA in 2004 or in 2006. Most of them had subclinical CD (Table 16).
Biopsy-proven CD patients were either clinically detected or screen-detected with
definite CD findings in their small intestine biopsies. These patients are included in
the documented biopsy-proven prevalence. The follow-up group consisted of the
screen-detected CD patients (n=35), who were followed up for three years after
the diagnosis of CD. Those who declined endoscopy, but were tTGA positive, are
called tTGA positive and were included in seroprevalence.

The GOAL study population is the participants of GOAL study (n=2,815 in
2002 and n=2,415 in 2005).

3.2. Serologic tests for coeliac disease

The analysis of IgA class tTGA was carried out by enzyme-linked immunosorbent
assay according to manufacturer’s instructions (Celikey, Phadia, Freiburg,
Germany) and values above the limit of five arbitrary units (U) were considered
elevated. The positive sera were further analysed for IgA class EMA; detected by
an indirect immunofluorescence using human umbilical cord as antigen; a dilution
of 1:.>5 was considered positive (Sulkanen et al. 1998a, Maki et al. 2003).
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3.3. Small bowel biopsy and diagnostic criteria for
coeliac disease

The small bowel mucosal biopsy was taken from the distal part of the duodenum
upon upper GI endoscopy. Three samples were paraffin embedded, processed,
stained with haematoxylin-eosin and studied under light microscopy for signs of
CD. The modified Marsh classification was used to evaluate the degree of villus
damage: Marsh 0 indicates normal small intestine mucosa, Marsh 1 indicates
normal villous architecture with increased (ILEs>25/100 enterocytes) intra-
epithelial lymphocytes (IELs), Marsh 2 includes increased IELs with findings of
crypt hypertrophy, Marsh 3a partial villous atrophy, Marsh 3b subtotal, and Marsh
3c total villous atrophy (Table 2) (Oberhuber et al. 1999). In this study March 0
and 1 were considered normal findings.

The villous height/crypt depth ratio (Vh/CrD) was calculated from well-
orientated specimens. A ratio < 2 was considered abnormal and indicative of active
CD. The density of IELs was counted from randomly selected surface epithelium
and expressed as IELs per 100 epithelial cells (Kuitunen et al. 1982).

The criteria for CD, established at the United European Gastroenterology
Week in Amsterdam in 2001 were applied (United European 2001) since this study
was conducted before the publication of the renewed guidelines from the British
Society of Gastroenterology. The diagnosis of DH was based on typical rash and a
finding of granular IgA deposits in the uninvolved skin (van der Meer 1969,
Reunala 1998, Reunala et al. 1998).

Small intestine biopsy on screened tTGA positive patients was performed in
2004-2005 in Pdijat-Ha&me Central Hospital. The control biopsy took place ether in
Pdijat-Hame Central Hospital (most of the patients) or at the other local hospital in
Pdijat-Hame in 2006. After the second screening the seroconversion patients were
invited to small intestine biopsy to Paijat-Hdme Central Hospital in 2007-2008
(Table 13).

3.4. Coeliac genetics

The tTGA positive patients were analysed for HLA according to manufacturer’s
instructions (Celikey; Phadia, Freiburg, Germany) (Ota et al. 1991). They were
genotyped for HLA-DQB1*02 and DQB1*0302 and DQAZ1*05 alleles using the
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DELFIA Coeliac Disease Hybridization Assay (Perin-Elmer Life and Analytic
Sciences, Wallac Oy, Turku, Finland) according to the manufacturer’s instructions.
HLA-DQB1*02 and DQA1*05 corresponded to associated alleles for HLA DQ2
and DQB1*0302 for HLA DQS8.

3.5. The interview

A personal interview with a self-administered questionnaire was conducted to
collect information on GI and other symptoms related to CD, family history of
CD, autoimmune and other diseases, malignant diseases, bone fractures, dietary
habits and medication. The symptoms were classified into three groups: classic
symptoms (diarrhoea, weight loss, anaemia, malabsorption, DH), subtle symptoms
(abdominal pain, distended abdomen, occasional diarrhoea or loose stools,
flatulence, fatigue, blisters in mouth) and no obvious symptoms (asymptomatic).

For subjects who consented to participate in the study, but did not want to be
interviewed, the information was collected from the patient history as accurately as
possible. At follow-up, adherence to GFD, symptoms and medication were elicited
(Table 13).

The number of low-energy fractures and BMI in the GOAL study population
was extracted from the GOAL study questionnaires (n= 2,815).

3.6. Gastrointestinal symptoms and quality of life

The Finnish translation of the GSRS was used to evaluate abdominal complaints.
The total score is derived from five Gl symptoms: diarrhoea, indigestion,
constipation, abdominal pain and gastro-oesophageal reflux; applying a Likert scale
where higher score indicates more severe symptoms (Svedlund et al. 1988,
Mustalahti et al. 2002a). One question on the Likert scale ranges integers from 0
(no symptoms) to 6 (most symptoms).

The non-validated Finnish translation of the PGWB questionnaire was used to
evaluate QoL. This is a 22-item questionnaire measuring components of
psychological well-being; anxiety, positive wellbeing, self-control, depression, and
general health and vitality (Dupuy 1984, Mustalahti et al. 2002a). On this Likert
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scale a higher score indicates better QoL. One question on the Likert scale ranges
integers from 0 (most negative option) to 5 (most positive option).

The patients completed the GSRS and PGWB questionnaires for the first time
in 2005, at the time of the small bowel biopsy. The second time the questionnaires
were posted to them in 2007 and they returned them by mail (Table 13).

3.7. Assessment of nutritional condition

BMI was computed as weight/height2 (kg/m2). The baseline height and weight
were derived from the GOAL study-questionnaires in 2005, when the patients
were on gluten-containing diet. The second BMI was derived from the BMD
measurement form in 2007 when the study patients had been on GFD for about
two years.

BMI was categorized according to the WHO criteria: values below 18.5 kg/m?2
being underweight, from 18.5 to 24.9 kg/m2 normal weight, from 25.0 to 29.9
kg/m2 overweight, from 30.0 to 39.9 kg/m2 obese and over 40.0 kg/m2 morbidly
obese.

Blood haemoglobin (Hb, reference values: male 13.4-16.7 g/dl, female 11.7-15.5
g/dl; EDTA blood sample, automated cell-counting), erythrocyte folic acid levels
(folic acid, 180-845 nmol/I; to specific binding proteins based chemi-luminometric
method, fist determine B-folate, which is applied to calculate E-folate using the
haematocrit), serum iron (Fe, 10.34 umol/I; photometric method), serum ferritin
(male 20-275 ug/l, female 7-205 ug/l; immuno-chemi-luminometric method),
serum ionized calcium (Ca?*, 1.15-1.30 mmol/I; ion specific electrode, automated
measurement), plasma phosphorous (Pi, 0.71-1.53 mmol/I; photometric method)
and serum vitamin A (1.0-3.0 umol/I; liquid-chromatographic method, HPLC)),
B12 (150-740 pmol/Il; immuno-chemi-luminometric method, LOCI), D25 (22-103
nmol/l; immuno-chemi-luminometric method, measures both ergocalciferol and
cholecalciferol content) and E (12-48 umol/I; HPLC method) concentrations were
measured by routine laboratory methods in Péijat-Hame Central Hospital, Lahti,
Finland. The laboratory measurements were done twice; in 2004-2005 and in 2006-
2007, for the screen-detected follow-up group (Table 13).
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3.8. Bone mineral density

BMD was measured by dual-energy X-ray absorptiometry (GE Medical Systems,
LUNAR, UK) in spine (L1 to L4) and right femoral neck; values were expressed as
standard deviation (SD) scores. T-score compares individual values to the mean
BMD of sex-matched young adults and Z-score SD to age and sex-matched
population. T-score above -1.0 SD indicates normal BMD, score -1.0 SD to -2.4
SD osteopenia and score equal or below -2.5 SD osteoporosis.

3.9. Ethical considerations

The study was approved by the Ethics Committee of Péijat-Hame Central Hospital
and written consent was obtained from all patients. The research was in
compliance with the World Medical Association Declaration of Helsinki (WMA
2004).

3.10. Statistical analysis

The prevalence of CD was calculated by dividing the number of CD patients by
the number of study participants and multiplying the quotient by 100%. The
number of all new CD patients (the seroconverted patients) in the study between
2005 and 2008 was divided by the number of patients who participated in both the
2002 and 2005 surveys and the quotient further divided by the years between the
surveys gave the annual incidence. Then the quotient was multiplied by 100% or
given as x/100 000. The data were given as means with 95% confidence intervals
(CI) or medians with lower and upper quartiles and range when appropriate. Chi-
square or Fisher’s test were used in cross-tabulations and Wilcoxon signed or
paired rank tests to compare changes within the study group. A p value < 0.05 was
considered statistically significant. It was also estimated that differences of >0.5 in
the Vh/CrD and of 0.5 in GSRS were clinically significant (Svedlund et al. 1988,
Kaukinen et al. 2005, Kaukinen et al. 2008).
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Table 13. Study tests and measurements by subgroup and year of implementation

Clinically detected coeliac disease (CD) patients n= 26 year year
Serum sampling 2002 2005
tTGA measurement 2004 2006
Personal interview, patient history retrieval, clinical examination 2004
Screen-detected CD patients - The follow-up group n = 35

Serum sampling 2002 2005
tTGA measurement 2004 2006
EMA measurement 2004 2006
Small intestinal biopsy 2004-05 2006
Personal interview, patient history retrieval 2005 2007
Clinical examination 2005

GSRS 2005 2007
PGWB 2005 2007
Bone mass density (BMD) 2004-05 2007
Body mass index (BMI) 2002 2007
Human leukocyte antigen (HLA) 2004

Laboratory measurements 2004-05 2006-07
Hb, Fe, Ferritin, Pi, Ca*, folic acid, vitamin B12, D25, A and E

Screen-detected seroconversion CD patients n = 6

Serum sampling 2002 2005
tTGA measurement 2004 2006
EMA measurement 2006
Patient history retrieval 2007-08
Small intestinal biopsy 2007-08
HLA 2007-08

Screen-detected CD patients who participated GOAL only in 2005 — new patients n=5

Serum sampling

tTGA

EMA

Patient history retrieval
Small intestinal biopsy
HLA

2005
2006
2006
2007-08
2007-08
2007-08
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4. RESULTS

4.1. Prevalence and incidence of coeliac disease (l,ll)

Altogether 2,518 (66%) out of 4,272 individuals invited consented to participate in
the GOAL study in 2002, 52% of them female. CD was clinically detected in 25
before 2002 or between 2002 and 2004. One subject with clinically detected CD
did not consent to participate in this study in 2002, but did so in 2005, raising the
number to 26. All 26 fulfilled the criteria for CD (Figure 1). Three GOAL
participants had reported that they were on GFD because it had cured their
symptoms: one had blistering eczema, but the skin biopsy was negative for CD and
two had GI symptoms but the small intestinal biopsy was normal. Perhaps they
were gluten-intolerant or their biopsies were poorly done, however they no longer
wished to return to a gluten-containing diet.

Serological screening in 2004 found 49 tTGA positive subjects, who were
further analysed for EMA, which was positive in 44. Five out of these 49 had
earlier diagnosis of CD: one was unable to adhere to GFD even though her CD
diagnosis was made fifteen years earlier and four were diagnosed between 2002 and
2004. Five did not agree to endoscopy. Of the 39 who consented to endoscopy, 35
had biopsy-proven CD, four had normal small bowel mucosa: three with Marsh
classification 0 and one with 1. Of these four, two were positive for tTGA and
EMA, two for tTGA only, three had HLA DQ?2 and one did not have CD type
HLA. Of the five who declined endoscopy, three were positive for tTGA and
EMA, two for tTGA only.

In 2005, 3,996 individuals were invited to the first follow-up of the GOAL
study, and 2,415 consented. These included 2,216 individuals who participated in
both the 2002 and 2005 studies and were retested for coeliac serology; 199 were
tested for the first time (Figure 2). Of the 199 new participants five were positive
for tTGA and four also for EMA. Three agreed to biopsy and all had atrophy (two
Marsh 3a and one Marsh 3c) and HLA DQ?2 genotype. One patient declined due to
her severe heart condition and one had moved away from the hospital district.
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The seroconversion for tTGA had occurred in six out of the 2,216 initially
seronegative subjects (Figure 2); four were positive and two negative for EMA. All
six agreed to endoscopy and biopsy. One had Marsh 2, two Marsh 3a and two
Marsh 3c small bowel mucosal atrophy. Four had HLA DQ2. One did not have
DQ2 or DQ§, but he had typical crypt hyperplasia and villous atrophy (See Article
Il Figure 2 in appendix). The one whose small bowel biopsy was normal did not
have coeliac type HLA and was EMA negative (Table 15).

The prevalences of CD are shown in Table 14. At the first evaluation all coeliac
patients were alive in 2005 and thus included in the new prevalence data. The
detection of five new cases among the 2,216 originally seronegative subjects gave
an annual incidence of CD of 75:100 000 (Figure 2).

Table 14. Total prevalence of coeliac disease and seropositivity for IgA-class
tissue transglutaminase antibody (tTGA) in patients over 50 years

Biopsy-proven +
tTGA positive

Biopsy-proven

Number of patients 66° 76"
Overall prevalence 2.34% 2.70%
95% confidence intervals 1.78-2.90% 2.10-3.30%

all clinically detected CD (25+1) and screen-detected CD (35+5), see Figures 1 and 2 (no new participants)
® point ® and all tTGA seropositive (9+1), see Figure 1 and 2 (no new participants)

4.2. Characteristics of coeliac disease patients (I, Il, 1lI)

4.2.1. Clinically detected patients

The 26 patients whose CD had been clinically detected by classic or non-classic
symptoms were at the time of their diagnosis 53 years of age on average (range 36-
77 years, 50% women). Six of those 26 patients had DH and their diagnosis was
made on average at the age of 42 years (range 36-67). All DH patients had had a
skin biopsy taken according to the method at the time of diagnosis, and none of
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them had had endoscopy at that time. Nevertheless they all had abdominal
symptoms at the same time as papulovesicular rash.

Symptoms at the time of diagnosis were classic in 18 patients, seven had subtle
non-classic and one patient did not want to participate in the interview (Table 16).
Five had a relative with CD.

Adherence to GFD was good; 19 out of 26 kept strictly to GFD, four reported
occasional lapses. The information was not available on three: one had terminal
EATL and two did not want to participate.

At the time of the interview the mean BMI of the clinically detected CD
patients maintaining GFD for several years was 25; none were underweight, 12
patients had normal BMI and 11 were overweight; the data were missing for three.

Four CD patients had died 2006 — 2007, at the age of 70 - 80 years. Two died of
small bowel lymphoma (EATL) and the cause of death remained unknown in two.
Of the patients with lymphoma, one had been diagnosed with DH 30 years earlier,
and the other with CD two years ago (Table 17).

4.2.2. Screen-detected patients — baseline findings

All 35 CD patients detected at the first screening had CD type villous atrophy and
crypt hyperplasia: five had Marsh 3a, seven Marsh 3b and 23 Marsh 3c. Twenty-
seven had HLA DQ2, three HLA DQ8, and five had both. At the time of the
diagnosis 20 had no symptoms, 14 reported subtle symptoms like abdominal pain,
distension, flatulence, occasional diarrhoea, loose stools, fatigue or blisters in the
mouth; one had suffered from diarrhoea for more than 20 years (Table 16). Ten
(29%) out of the 35 had a family member with CD.

At the time of diagnosis, 20 (57%) patients were found to have signs of
malabsorption. None were underweight at the time of diagnosis, 12 patients had
normal weight, and 17 were overweight and six obese.

The total baseline scores of GSRS and PGWB did not differ from those of the
non-coeliac controls (Figure 3 and 4). In GSRS, none of the subscores differed
significantly from those of the non-coeliac controls (Figure 3); in PGWB general
heath was significantly poorer than in non-coeliac controls (Figure 4.).
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4.2.3. Seroconversion and new participants

Six subjects had undergone seroconversion in 2006, and five were subsequently
found to have CD. Two of them suffered from subtle abdominal symptoms and
three had no symptoms (Table 15). One had a family member with CD.

Of the 199 new participants in the GOAL study, five (2.5%) were seropositive.
One had only subtle symptoms, and had a family member with CD. The other two
were symptom-free and had no family history of CD. One had a CD-related
autoimmune condition, pernicious anaemia (Table 17). For two the data was not
available..

Table 15. Antibody levels, human leukocyte antigen (HLA), histological Marsh
classification and symptoms in seroconversion patients and one non-coeliac patient (No 6)

Gender, age Serum )
( ) ing | Serum sampling Il
ears samplin

.y ] P i in 2005
in 2005 in 2002

tTGA tTGA EMA HLA

) ) ) Marsh ~ Symptoms

Units Units Titre DQ2/DQ8
1. Male 67 0.1 54.6 500 DQ2 3c None
2. Female, 55 1.1 9.1 200 DQ2 3a None
3. Male, 65 0.8 9.5 100 DQ2 3a Subtle
4. Female, 75 2.7 6 5 DQ2 2 None
5. Male, 66 0 7.1 <5 3c Subtle
6. Male, 75 2.2 8.7 <5 no 0 None

* Endomysial antibodies (EMA) not indicated in sample |
tTGA, IgA-class tissue transglutaminase antibody

4.2.4. Associated conditions and bone disease

Concomitant diseases, osteoporosis or osteopenia and patient’s history of fractures
are summarized for all patients in Table 17. Screen-detected CD patients seemed to
have more autoimmune disorders than clinically detected patients but the number
of fractures did not differ between the groups.

In this CD study population 13 (19%) patients had had low-energy fractures,
whereas the GOAL study subjects reported 123 (4%) fractures.
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Table 16. Symptoms of patients with clinically and screen-detected biopsy-proven
coeliac disease at the time of diagnosis

Clinically All screen- All patients
detected detected”
n=26 n =43 n =69
Classic symptoms® 18 (69%) 1 (2%) 19 (28%)
Diarrhoea 15 1 16
Weight loss 10 1 11
Anaemia or malabsorption 10 1 11
Dermatitis herpetiformis 6 6
Subtle non-classic symptoms® 7 (27 %) 17 (39%) 24 (35%)
Abdominal pain, distension,
flatulence 7 17 25
Occasional diarrhoea or
loose stools 6 10 16
Fatigue 3 3 6
Blisters in mouth 2 2
No symptoms 25 (58%) 25 (36%)
Data missing 1 (4%) 1 (2%)

#One subject could have more than one symptom
® Includes the seroconversion patients
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Table 17. Associated conditions, malignant and bone diseases in patients with
clinically and screen-detected biopsy-proven coeliac disease at the time of
diagnosis

Clinically =~ Screen-  Screen- All patients
detected detected detected
in 2004  in 2006 n =69
n=26 n=235 n=238
Malignant disease® 3 2 5 (8%)
Lymphoma 2" 2
Stomach Carcinoma 1 1 2
Ovarian cancer 1 1
Autoimmune conditions® 3 10 1 14 (20%)
Autoimmune thyroid disease 1 7 8
Sjogren’s syndrome 1 1
Pernicious anaemia 1 1 3
Type | diabetes mellitus 1 1
Psoriasis 3 3
Bone diseases and conditions® 5 22 27 (39%)
Low-energy fractures 5 8 13
Osteoporosis 8 8
Osteopenia 14 14

# One subject could have more than one condition or disease
" Died of enteropathy- associated T cell ymphoma (EATL)
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4.3. Effect of gluten-free diet (I, Il1)

4.3.1. Follow-up of screen-detected patients on gluten-free diet

Thirty-two (91%) of the 35 screen-detected CD patients consented to GFD. In 27
the adherence to the diet was strict, and five had only occasional lapses. Three
patients did not start the diet during the follow-up time.

A follow-up small bowel biopsy was taken after 1.2 years on GFD on average.
In 26 out of 32 CD patients the villous height crypt depth ratio increased and the
densities of IELs decreased (l11 Figure 1). In one patient the control biopsy was
taken after 1.7 years on strict GFD, and there was still a total atrophy although
tTGA and EMA were normalized. He did not report any symptoms, but had
osteoporosis and folic acid deficiency; 2.6 years after the diagnosis the small bowel
mucosa had recovered, osteoporosis had alleviated to osteopenia level, and the
folic acid level was normal. Five patients out of the 32 did not consent to follow-
up endoscopy; in four the tTGA and EMA levels normalized and one did not
consent to follow-up tTGA. l.e. tTGA normalized in 29 and EMA in 25 of the 32
patients; EMA was not tested in four. In two neither tTGA nor EMA was followed
up, but in one the small bowel biopsy normalized even though he had occasional
lapses on his GFD; in the other one biopsy showed mid atrophy after one year
with strict GFD but biopsy was clearly better than at the time of diagnosis.

Gl and CD associated symptoms disappeared in 14 out of the 15 patients who
had reported some, mostly subtle symptoms, including the one who had suffered
from diarrhoea for more than 20 years. One with initially subtle abdominal
symptoms developed diarrhoea while on a strict diet, but her small bowel mucosa
was normal in control biopsy. The reason for diarrhoea remained obscure as
colonoscopy showed no abnormal findings or inflammation.

The alleviation of symptoms could also be verified by GSRS, where the total
score and subscores (except constipation) were statistically significantly lower when
the patients had been on GFD for about two years (Figure 3). QoL measured by
PGWB did not change during the two years, although the well-being score
improved significantly (Figure 4).

The mean serum ferritin increased significantly on GFD, and there was also
improvement in many laboratory values (Table 19). Vitamin and bisphosphonate

64



substitution were started when considered necessary. After analysing separately
patients not receiving any additional medical, iron or vitamin, substitution the
beneficial effect was still significant in serum iron (12 patients excluded from
analysis), serum ferritin (12 patients excluded), vitamin B12 (14 patients excluded)
and vitamin D (21 patients excluded).

The mean femoral Z-score increased significantly on GFD; the increase in the
lumbar spine Z-score did not reach statistical significance. In the patients with
osteoporosis or osteopenia T-score improved significantly both in femoral neck
and lumbar spine (Table 18). Three patients were treated with bisphosphonates;
the increase remained significant in lumbar spine T-score after they were excluded
from the analysis (p=0.021). The mean BMI before the diet was 26 kg/m2 and on
the diet 25 kg/m2. By comparison, the mean BMI in the GOAL study subjects, 28
kg/mz2, did not change in three years (2005 to 2008).

Table 18. Effect of gluten-free diet (GFD) on bone mineral density

At diagnosis After two years of GFD p-value
mean 95% ClI mean 95% CI
All (n= 32)
Lumbar spine Z-score 0.6 00-11 0.9 0.1-15 0.060
Femoral neck Z-score -0.1 -0.5-0.2 0.1 -0.2-0.6 0.009
Lumbar spine T-score -0.7 -1.2--0.1 -0.4 -1.2-0.1 0.241
Femoral neck T-score -1.1 -1.5--0.6 -11 -1.5--05 0.670
Patients with osteoporosis or
osteopenia (n=22)
Lumbar spine T-score -2.0 -2.3--1.7 -1.7 -2.1--1.3 0.030
Femoral neck T-score -2.2 -25--1.9 -2.1 -24--1.8 0.020

Cl, confidence interval
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4.3.2. Follow-up of screen-detected patients on regular diet

Three patients did not start GFD, but consented to small bowel endoscopy and
biopsy one year after the diagnosis of CD. Two had still Marsh 3a and 3c atrophy
and one had normal duodenal mucosa. The tTGA and EMA levels were elevated
in one, and normalized in two. All three had subtle symptoms at the time of the
control endoscopy, even though they initially reported no symptoms. Initially two
had had osteopenia and one normal bone density; after two years the osteopenia
had become worse in two, and the only one with previously normal density had
developed osteopenia.

Two of the three patients had malabsorptions in their laboratory tests at the
time of the CD diagnosis. One patient had an iron deficiency and anaemia as well
as folic acid deficiency. He had been medicated for several years with
hydroxycobalamin injections due to pernicious anaemia, but in the endoscopy the
mucosa of stomach was normal. It was probable that the vitamin B12 deficiency
was due to CD not atrophic gastritis. After the CD diagnosis he was medicated
with multivitamin and folic acid in addition to hydroxycobalamin; in follow-up the
iron deficiency anaemia resolved, however he still had subclinical ferritin deficiency
and the folic acid deficiency did not improve. The other patient also had vitamin
B12 and folic acid deficiencies for which he was put on medications;
hydroxycobalamin injections and folate substitution. He did not have atrophic
gastritis. In follow-up the medication resolved the vitamin B12 but not the folic
acid deficiency. After the control biopsy and laboratory tests, two of the three
patients on regular diet considered starting GFD because of the symptoms and
laboratory findings.
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5. DISCUSSION

5.1. Epidemiological aspects

First of all, the present study showed that CD is common in elderly patients and
the disorder often remains undetected, as is the case in younger patients with CD
(Maki et al. 1997). The clinical course of the disease was surprisingly similar to that
in younger adults. Severe malabsorption was not typical; on the contrary, many
subjects had subtle symptoms, if any. The study further showed that
seroconversion and the manifestation of CD may occur later in life. As a result, the
prevalence of documented CD and seroprevalence in ageing people was shown to
be higher than in younger people in Finland (Table 20). In the review of European
studies on CD, the adult prevalence in overall sample was 1.6% but the variation
was wide, ranging from 2.0% in Finland to 0.3% in Germany (Mustalahti et al.
2010). In the USA prevalence of CD in population over 50 years old was 0.8%
(Godfrey et al. 2010).

Table 20. Prevalence and seroprevalence of coeliac disease in Finland

(range, years) Reference, year Prevalence  Documented and
seroprevalence

Children (7-16) Méki et al. 2003 1.0% 1.5%
Adults  (18-65) Kolho et al. 1998 0.74% 1.0%
Elderly (52-79) Current study 2008 2.34% 2.7%

In this study the prevalence of CD in population over 50 years increased in
2002-2005 from 2.13% to 2.34%, giving a crude annual incidence of 0.08%. In
general the incidence of CD in adults has been increasing over time in Finland
(Collin et al. 1997, Lohi et al. 2007). Whether this also applies to the elderly
remains to be elucidated. Rashtak and Murray (2009) in their review stated that the
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incidence rate was indeed increasing in people of 60 years of age or older. In
another study by Murray and colleagues (2003) the incidence increased over 10 year
period in clinically diagnosed symptomatic elderly CD patients. Angeli et al. (2012)
reported that the incidence was lower in age group 60-64 years than in younger
people, but in general the incidence was increasing.

It remains obscure why the prevalence figures are different and why the
incidence is increasing, for instance in Finland. Environmental factors may
contribute to this. The hygiene hypothesis suggests that microbial exposure in
childhood gives protection against controlled autoimmune reactions. This theory
is supported in that the prevalence of CD in children is much lower in North
Karelia in Russia than across the border in Finland; the same phenomenon has
been observed in type | diabetes and thyroid autoimmunity (Kondrashova et al.
2008a, Kondrashova et al. 2008b). It is unknown if this applies to adults or the
elderly. However, it would explain the increasing prevalence over time, since in
Finland the living environment has become more and more hygienic in recent
decades. On the other hand, the triggering hypothesis suggests that specific
microbes may trigger or facilitate the emergence of autoimmune diseases. Riddle et
al. (2013) in a retrospective study on adults, showed that those adults with a
Campylobacteria associated medical encounter had a 3.5-fold higher rate of CD
compared to unexposed individuals or other pathogens. Given that older people
have had more time to encounter possible triggering pathogens, the prevalence of
CD would thus be proportionately higher.

Marine et al. (2011) suggested that CD cases appearing in childhood progress to
latent form or to gluten tolerance. These patients would be seronegative to CD
antibody-tests over time. In fact Simell et al. proved this in 2007 by monitoring
children aged 3 months to 9 years carrying a genetic risk of CD and measuring at
certain age intervals CD antibodies consecutively (Simell et al. 2007). There were
patients who were permanently, transiently and fluctuatingly positive to CD
antibodies on gluten-containing diet. The transient seropositivity together with few
or no-symptoms would explain why the CD was not detected earlier. Our study
has shown that seropositivity may emerge, and possibly re-emerge later in life. The
reason for these findings is a subject for further study.

This study showed that both documented and undetected CD was common in
ageing patients, and the diagnostic challenges were similar to those in younger
patients. The lack of obvious symptoms or malabsorption in spite of a long
challenging period for gluten-containing products was particularly conspicuous.
Serologic screening will detect many patients with CD, including older individuals..
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5.2. Associated diseases and mortality

Associated conditions in the elderly were by and large the same as among Finnish
coeliac patients in general (Viljamaa et al. 2005b). This suggests that the prevalence
of autoimmune conditions does not increase with age and along with long gluten
exposure, although the number of patients was too small to permit firm
conclusions. The number of patients was also too small to estimate the relative risk
of small intestinal lymphoma in elderly people with CD; the risk exists, but was not
especially high in these series. In a study by Godfrey et al. (2010) undiagnosed CD
in patients over 50 was not found to be associated with increased risk of cancer-
related mortality. Similarly, the meta-analysis by Tio et al. (2012) showed that
although CD patients had an increased risk of T cell non-Hodgkin’s lymphoma,
they had no increased risk of malignancy in general. In the latest and largest study
on the incidence of malignancies of Finnish CD patients the overall incidence of
malignancies was not increased compared to that of general population, but five
years after CD diagnosis it was. The risk for small intestinal cancer and NHL was
increased, but to a lesser extent than in rest of the world (llus et al. 2014b).

Several studies and a recent meta-analysis have shown clinically and screen-
detected CD patients to have increased mortality in most studies related to
malignancies of the GI tract, and thus smaller prevalence of CD in the elderly
(Metzger et al. 2006, Anderson et al. 2007, Rubio-Tapia et al. 2009, Tio et al. 2012).
Contrary to this, in Finnish population the overall mortality risk was not increased
in tTGA or EMA antibody positive subjects (Lohi et al. 2009). The study by
Godfrey et al. (2010) on elderly subjects did not support this assumption. The
extensive health care system in Finland may contribute to lower mortality risk by
detecting and treating CD patients early. The active patient organization also
contributes to good awareness of the disease and to the availability of gluten-free
foodstuffs. The number of patients in this study was too small to estimate the
relative risk of mortality.
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5.3. Malabsorption and osteoporosis

The present study showed that the alleviation of malabsorption and the
improvement in BMD can be achieved by dietary treatment. Screen-detected CD
patients had at the time of diagnosis signs of malabsorption, which were often
subclinical. Low mean serum ferritin and vitamin B12, D25 and E values were
observed. All these deficiencies improved when the subjects had been on GFD for
two years. Subclinical iron deficiency and its improvement through GFD has also
been reported in diabetic children with CD (Hansen et al. 2006). The alleviation of
absorption is beneficial even for patients with subclinical CD, because GFD can
prevent or alleviate malabsorption, subsequent diseases and conditions like
neuropathy, cognitive impairment or low-energy fractures.

The small decrease in serum ionized calcium and vitamin A on GFD may
possibly be explained by ongoing bone restoration. There is a risk of low BMD in
apparently asymptomatic CD patients (Mustalahti et al. 1999). In this study Z-
scores were within the reference values, but a significant improvement in BMD
was observed on GFD. There was no improvement in total T-scores, but the
absolute T-score values typically decrease with age. At individual level, in patients
with osteoporosis or osteopenia the T-scores improved significantly. Mautalen et
al. (1997) showed that strict GFD promoted a significant increase in BMD, but
calcium and vitamin D supplements did not provide additional benefit.
Nevertheless, the positive effect in this study was sustained when the patients
taking biphosphonates were excluded from the analysis.

Traditionally CD patients are thought to be underweight at the time of
diagnosis, and underweight is associated with undetected CD (Olen et al. 2009).
However, recent studies suggest that CD patients are more likely to be overweight
than underweight (Dickey et al. 2006, Tucker et al. 2012). By commencing GFD it
is suspected that patients increase their consumption of fat and sugar containing
foods and therefore gain weight and become even more overweight (Dickey et al.
2006). In this study the BMI of screen-detected elderly CD patients did not differ
from that of the GOAL study population. It is thus noteworthy that GFD together
with the alleviation of malabsorption did not lead to weight increase. Another
Finnish study also showed that the increase in BMI is not a problem when patients
with newly-detected CD are placed on GFD (Ukkola et al. 2011). However, the
BMI change in this study was not was statistically significant and was affected by
regular dietary counselling on the GOAL study.
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5.4. Gluten-free diet

Compliance with GFD is in general good in Finnish patients with CD, which may
be due to the easy access to gluten-free food products, and to the awareness of the
foodstuffs industry and restaurants of CD and its management. Serologic and
histologic remission is possible in the majority of cases on GFD (Collin et al.
2004). This study showed that similar good compliance can be achieved in older
patients with CD. Adherence to GFD was excellent, and resulted in alleviation of
Gl symptoms. This improvement was evident in both GSRS total score and
subscores (with the exception of constipation). There are no earlier studies on
dietary compliance or QoL in elderly population. Here, QoL did not differ in
patients with newly detected CD from that in non-coeliac controls. QoL did not
change on GFD, although a slight increase in the well-being score was seen. The
same result has been achieved in other Finnish studies on adults (Mustalahti et al.
2002a). Altogether, GFD did not impair QoL in ageing CD patients, and the diet
was well-tolerated and easily acceptable. As this study had no CD-specific
questionnaire, it was not possible to evaluate elderly patients’ social difficulties with
GFD in more detail. The cost of the diet to CD patients was not measured, but it
is known that GFD is more expensive than regular diet. This may cause difficulties
in maintaining GFD.

5.5. Strengths and limitations of the present study

The strength of this study was the study design; it was a prospective follow-up
survey in older population and based on randomly selected series. It is noteworthy
that the aim of the GOAL study was not to investigate Gl symptoms,
malabsorptions or CD, but instead to improve the health and well-being of the
ageing population. The study subjects were systematically interviewed and clinically
studied before and after the commencement of GFD.

The limitations of this study were the relatively small number of cases, and
there was no control group of matching age for the BMD and laboratory values.
The costs of the screening could not be reliably assessed. Seronegative CD may be
common in older patients with advanced disease (Salmi et al. 2006). Such cases
would remain undetected with this study design. On the other hand, the study
showed that CD may remain undetected for a long time, and a clinical suspicion of
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and increased alertness to the condition are warranted. Serological tests are not
100% sensitive in detecting CD. In this study tTGA positive patients had normal
bowel mucosa biopsy. These patients had either false positive tTGA test, or they
might have early patchy or minor changes in the small intestine that cannot be
detected by duodenal biopsy. There was no available follow-up on these potential
CD patients, so it is not possible to know if they subsequently developed CD. CD
patients with selective IgA deficiency went undetected in this study, where
screening was done first only with tTGA, and then all tTGA positives were
screened with EMA. It is possible that, if the screening had also been performed
with EMA on all GOAL participants, the prevalence and incidence would have
been higher. Thus the figures in this study on the elderly indicate minimum
prevalence and incidence.

This study describes the prevalence and incidence of CD in the Paijat-Hame
district with a total population of 200,000. The population is ageing as it is in
general in Finland (Verkkotietokeskus 2013). The prevalence and incidence of
diagnosed CD in different parts of Finland was described in the study by Virta et
al. (Virta et al. 2009). Prevalence varied from 0.409 to 0.723% and incidence from
32.4 to 48.5/100 000. In Pirkanmaa Hospital District, to which Paijat-Hame
province belongs, the prevalence was 0.661% and the annual incidence
43.6/100,000 (Virta et al. 2009). Virta claims that it is not likely that the prevalence
or incidence differs in different regions of Finland; Finns are considered to be a
fairly homogenous population. In this study the annual incidence in the elderly was
75/100,000 and the prevalence of clinically detected CD was 0.92%. Incidence and
prevalence were higher than reported by Virta et al.. However, in that study the
highest prevalence was in the elderly population aged 65-74 vyears, thereby
supporting the finding of the present study.
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5.6. Future aspects and how to detect coeliac disease
in the elderly

Screening elderly patients in other countries, especially those where the CD
diagnostic rate and compliance with GFD in general are low, would be of interest.
A long-term prospective follow-up study of elderly CD patients would determine
better the risk of fractures, improvement of malabsorptions and adherence to
GFD. A study on the QoL in the long run and with a disease-specific QoL
questionnaire would also be necessary.

There is a need to study malignancy and mortality in CD patients diagnosed at
an advanced age. Another important aspect is to evaluate the risk of low-energy
fractures in larger series. Provided that detecting and treating CD earlier can reduce
the risk of fractures in elderly people, it would be economically sound and also
improve the health and well-being of ageing patients.

It has been stated that symptoms do not predict who has coeliac disease and
therefore case-finding is ineffective (Katz et al. 2011). The prevalence of CD in
non-constipated irritable bowel syndrome was similar in adult and ageing
population to that of controls, but the CD-associated antibodies were more
common than in the control group (Godfrey et al. 2010, Cash et al. 2011). This
may indicate the direction of non-coeliac gluten sensitivity, which is already under
vigorous research.

In this study it was intriguing to see that there were many clinical clues to find
CD among ageing patients (Table 21). Those at risk of CD were relatives of CD
patients, patients with autoimmune diseases, osteoporosis or osteopenia, low-
energy fractures, anaemia or vitamin malabsorptions or subtle abdominal
symptoms. Serological tests for CD are not expensive and are easily available to
general practitioners, even in primary health care. Testing the effect of screening
for CD in elderly people in these at-risk groups might result in a high diagnostic
rate with lower costs than in screening the population in general.
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Table 21. Clinical features of screen-detected elderly patients —
Diagnostic clues for coeliac disease (CD) in the present series

Number of cases %
n =40%

Subtle symptoms 16 40
Family history 11 28
Malabsorption 22 55
Autoimmune disease 11 28
Osteoporosis (+osteopenia) 8 (22) 20 (55)
Fractures 8 20
No diagnostic clues for CD 2 5

? | screening n=35 + Il screening n=5

6. SUMMARY AND CONCLUSIONS

This study showed that CD is common in ageing people; it may appear later in life,
and as in younger patients, most go undetected. Older CD patients often only
suffer from subtle non-classic or symptomless subclinical symptoms, if any. They
often have low BMD, osteopenia or osteoporosis, and an increased risk of
fractures. Associated diseases are similar to those in younger CD population. In
general, GFD is well tolerated and results in clinical improvement of
malabsorption without impairing well-being.

CD in the elderly is not only common, but it is also detectable, treatable and
dietary treatment is well-tolerated. Serologic screening should be targeted at the
same group of at-risk people regardless of the patient’s age. Ageing does not
protect against CD.

7



ACKNOWLEDGEMENTS

This dissertation was carried out at the Péijat-Hame Social and Health Care Group, Pdijat-
Hame Central Hospital, Departments of Neurology, Surgery and Medicine (the
Gastroenterology Outpatients’ Clinic); and the Medical School of the University of
Tampere (the Coeliac Disease Study Group) in co-operation with the National Institute for
Health and Welfare and the University of Helsinki (Palmenia Centre for Continuing
Education and the Department of Social Policy in Lahti).

First of all I owe my sincere gratitude to all the patients participating in this study.
Without their co-operation and readiness to participate this work would not have been
accomplished.

Liisa Luostarinen, M.D., Ph.D. and the Chief of Neurology in Paijat-Hame Central
Hospital, was the person who suggested | embark on this endeavour. The original research
idea was hers - the idea to use GOAL study population for this coeliac disease study. I am
deeply grateful to her for all the help and advice and contacts to the University of
Tampere.

My sincere gratitude and admiration are due to my supervisor Docent Pekka Collin,
M.D., for his patience, guidance and example throughout all these years. He was
understanding, but demanding in a good way, and helped me in all aspects of the research
and writing of this dissertation. I am also grateful to my other supervisor and mentor
Professor Katri Kaukinen, M.D., who showed me an example of determination and
perseverance in doing science and guided me in the right direction when | was not “on
track”. The expertise and authority of these scholars in coeliac disease is indeed admirable.

I wish to warmly thank Professor Markku Méki, M.D., for his knowledge of coeliac
disease, enthusiastic comments, advice and positive attitude towards me. He and Hannele
Karinen, M.D., Ph.D., were the follow-up group of my dissertation, special thanks to you
both for that. | also want to thank the Coeliac Disease Study Group participants for their
valuable comments and peer support in monthly seminars. My many thanks go to my co-
author Kaija Laurila, MSc, biochemist, for her expertise and help in the immunological
studies. | want to thank my co-author Raisa Valve, M.H.Sc., Ph.D. and Kirsti Kasila,
M.Phil., of the National Institute for Health and Welfare and the University of Helsinki,
Palmenia Centre in Lahti for providing me with the necessary information from the GOAL
material for my study exactly as | requested.

I am most thankful to my co-authors and colleagues from Pdijat-Hame Central
Hospital llkka Krekeld, M.D., Heikki Patrikainen, M.D., and Docent Markku Luostarinen,
M.D., for performing the gastrointestinal endoscopies and counselling me whenever |
needed it. | also wish to thank Professor Martti Talja, M.D., Director of Pé&ijat-Hame

78



Central Hospital, for his positive attitude to doing science in a central hospital and for his
support for my study. 1 owe my heartfelt thanks to Seija Takala, my study nurse at the
Gastroenteroloy Outpatients’ Clinic, who helped me in so many practical ways. I also want
to acknowledge the secretaries of Paijat-H&me Central Hospital for finding me the patient
histories and the nurses of the Neurology Outpatients’ Clinic for their help.

The external reviewers Professor Matti Viitanen, M.D., and Docent Taina Sipponen,
M.D., pointed out important matters, gave me constructive comments and helped me to
make this dissertation better - my sincerest gratitude for this.

To Ms Virgina Mattila, M.A., my kindest and warmest thanks for revising the language
of this dissertation.

Special thanks to my “bosses” at work, in Clinical Neurophysiology at Helsinki
University Hospital and Péaijat-Hame Central Hospital; Professor Juhani Partanen, M.D.,
Juha Lehtinen, M.D., Ph.D., Docent Tapani Salmi M.D., Docent Erika Kirveskari M.D.,
Docent Leena Lauronen, M.D. and Timo Nyrke, M.D., Ph.D., who readily gave me time
off whenever | asked for it to write the articles and this dissertation, and to my colleagues
in clinical neurophysiology and other fields of medicine for their support. | also
appreciated Jakke Mattila’s and Tarja Jernval’s practical help with my first poster and slide
presentation about my study results.

| want to express my deepest gratitude to my parents Pentti and Anna-Liisa Veijo who
encouraged me all my life to study and learn all kinds of interesting things, and showed me
an example of perseverance and diligence. Their example gave me the persistence to
complete this dissertation.

Finally, I want to express my deepest thanks to my husband Jari, who was patient and
gave me all support you can get in matters great and small; who cooked, cleaned, looked
after our children and gave me freedom to write as long as it took. | also thank my beloved
and lively sons, Joona and Lauri, for being so thoughtful when I was working with this
study and dissertation; “Shh, Mom is writing”.

This work was supported by the Competitive Research Funding of Péijat-Hame
Hospital District and the Pirkanmaa Hospital District, the Academy of Finland Research
Council for Health, the Foundation for Paediatric Research, the Research Fund of the
Finnish Coeliac Society, the Research Scholarship of Péijat-Hame Doctors’ Association,
the Marie Curie mobility grant (MRTNCT-2006-036032;TRACKS) and the Competitive
State Research Financing of the Expert Responsibility Area of Tampere University
Hospital (Grant numbers 9P060, 9P008 and 9R018).

The copyright owners of the original articles are thanked for permissions to reprint the
publications.

Asikkala, September 2014

Anitta Vilppula

79



REFERENCES

Abdulkarim AS, Burgart LJ, See J and Murray JA (2002). Etiology of nonresponsive celiac
disease: results of a systematic approach. Am J Gastroenterol 97: 2016-21.

Alencar ML, Ortiz-Agostinho CL, Nishitokukado L, Damiao AO, Abrantes-Lemos CP, Leite
AZ, Brito T, Chamone Dde A, Silva ME, Giannella-Neto D and Sipahi AM (2012). Prevalence
of celiac disease among blood donors in Sao Paulo: the most populated city in Brazil. Clinics
(Sao Paulo) 67: 1013-8.

Almeida LM, Castro LC, Uenishi RH, de Almeida FC, Fritsch PM, Gandolfi L, Pratesi R and
Nobrega YK (2013). Decreased prevalence of celiac disease among Brazilian elderly. World J
Gastroenterol 19: 1930-5.

Anderson LA, McMillan SA, Watson RG, Monaghan P, Gavin AT, Fox C and Murray LJ
(2007). Malignancy and mortality in a population-based cohort of patients with coeliac disease
or "gluten sensitivity". World J Gastroenterol 13: 146-51.

Angeli G, Pasquini R, Panella V and Pelli MA (2012). An epidemiologic survey of celiac disease
in the Terni area (Umbria, Italy) in 2002-2010. J Prev Med Hyg 53: 20-3.

Arentz-Hansen H, Fleckenstein B, Molberg O, Scott H, Koning F, Jung G, Roepstorff P,
Lundin KE and Sollid LM (2004). The molecular basis for oat intolerance in patients with celiac
disease. PLoS Med 1: el.

Atherton R, Ross A, Jessop F, Williams R, Heuschkel R and Zilbauer M (2014). Coeliac Disease
in Children with Type 1 Diabetes - Are Current Guidelines Proving Difficult to Implement in
Practice? J Pediatr Gastroenterol Nutr.

Atlas DS, Rubio-Tapia A, Van Dyke CT, Lahr BD and Murray JA (2011). Capsule endoscopy in
nonresponsive celiac disease. Gastrointest Endosc 74: 1315-22.

Aziz 1 and Sanders D (2012). Are we dignosting too many people with coeliac disease?
Proceeding of the Nutrition Socity538-544.

Bajaj-Elliott M, Poulsom R, Pender SL, Wathen NC and MacDonald TT (1998). Interactions

between stromal cell--derived keratinocyte growth factor and epithelial transforming growth
factor in immune-mediated crypt cell hyperplasia. J Clin Invest 102: 1473-80.

80



Barratt SM, Leeds JS and Sanders DS (2011). Quality of life in Coeliac Disease is determined by
perceived degree of difficulty adhering to a gluten-free diet, not the level of dietary adherence
ultimately achieved. J Gastrointestin Liver Dis 20: 241-5.

Berrut G, Dibon C, Hanon O, Gavazzi G, Chassagne P and de Decker L (2014). Care of elderly
subject with iron deficiency anaemia: evaluation of geriatric practice. Geriatr Psychol
Neuropsychiatr Vieil 12: 17-24.

Betterle C, Lazzarotto F, Spadaccino AC, Basso D, Plebani M, Pedini B, Chiarelli S and
Albergoni M (2006). Celiac disease in North Italian patients with autoimmune Addison's
disease. Eur J Endocrinol 154: 275-9.

Birkenfeld S, Dreiher J, Weitzman D and Cohen AD (2009). Coeliac disease associated with
psoriasis. Br J Dermatol 161; 1331-4.

Bode S and Gudmand-Hoyer E (1994). Evaluation of the gliadin antibody test for diagnosing
coeliac disease. Scand J Gastroenterol 29: 148-52.

Bode S and Gudmand-Hoyer E (1996). Incidence and prevalence of adult coeliac disease within
a defined geographic area in Denmark. Scand J Gastroenterol 31: 694-9.

Bonamico M, Pasquino AM, Mariani P, Danesi HM, Culasso F, Mazzanti L, Petri A, Bona G,
Italian Society Of Pediatric Gastroenterology H and Italian Study Group for Turner S (2002).
Prevalence and clinical picture of celiac disease in Turner syndrome. J Clin Endocrinol Metab
87: 5495-8.

Book L, Zone JJ and Neuhausen SL (2003). Prevalence of celiac disease among relatives of sib
pairs with celiac disease in U.S. families. Am J Gastroenterol 98: 377-81.

Busti F, Campostrini N, Martinelli N and Girelli D (2014). Iron deficiency in the elderly
population, revisited in the hepcidin era. Front Pharmacol 5: 83.

Bybrant MC, Ortqvist E, Lantz S and Grahnquist L (2014). High prevalence of celiac disease in
Swedish children and adolescents with type 1 diabetes and the relation to the Swedish epidemic
of celiac disease: a cohort study. Scand J Gastroenterol 49: 52-8.

Canavan C, West J and Card T (2014). The epidemiology of irritable bowel syndrome. Clin
Epidemiol 6: 71-80.

Caprai S, Vajro P, Ventura A, Sciveres M, Maggiore G and Disease SSGfALDIC (2008).
Autoimmune liver disease associated with celiac disease in childhood: a multicenter study. Clin
Gastroenterol Hepatol 6: 803-6.

Card TR, West J and Holmes GK (2004). Risk of malignancy in diagnosed coeliac disease: a 24-
year prospective, population-based, cohort study. Aliment Pharmacol Ther 20: 769-75.

Carlsson AK, Axelsson IEM, Borulf SK, Bredberg ACA, Lindberg BA, Sjoberg KG and
Ivarson SA (1999). Prevalence of IgA-antiedomysium and IgA-antigliadin autoantibodies at

81



diagnosis of insulin-dependent diabetes mellitus in Swedish children and adolescents. Pediatrics
103: 1248-52.

Casella S, Zanini B, Lanzarotto F, Villanacci V, Ricci C and Lanzini A (2012). Celiac disease in
elderly adults: clinical, serological, and histological characteristics and the effect of a gluten-free
diet. J Am Geriatr Soc 60: 1064-9.

Cash BD, Rubenstein JH, Young PE, Gentry A, Nojkov B, Lee D, Andrews AH, Dobhan R
and Chey WD (2011). The prevalence of celiac disease among patients with nonconstipated
irritable bowel syndrome is similar to controls. Gastroenterology 141: 1187-93.

Catassi C, Bearzi | and Holmes GK (2005). Association of celiac disease and intestinal
lymphomas and other cancers. Gastroenterology 128: S79-86.

Catassi C, Kryszak D, Louis-Jacques O, Duerksen DR, Hill I, Crowe SE, Brown AR, Procaccini
NJ, Wonderly BA, Hartley P, Moreci J, Bennett N, Horvath K, Burk M and Fasano A (2007).
Detection of celiac disease in primary care: a multicenter case-finding study in North America.
Am J Gastroenterol. 102: 1454-60.

Cellier C, Flobert C, Cormier C, Roux C and Schmitz J (2000). Severe osteopenia in symptom-
free adults with a childhood diagnosis of coeliac disease. Lancet 355: 806.

Cellier C, Green PH, Collin P and Murray J (2005). ICCE consensus for celiac disease.
Endoscopy 37: 1055-9.

Cerqueira RM, Rocha CM, Fernandes CD and Correia MR (2010). Celiac disease in Portuguese
children and adults with Down syndrome. Eur J Gastroenterol Hepatol 22: 868-71.

Chapman RW, Laidlow JM, Colin-Jones D, Eade OE and Smith CL (1978). Increased
prevalence of epilepsy in coeliac disease. Br Med J 2: 250-1.

Chin MW, Mallon DF, Cullen DJ, Olynyk JK, Mollison LC and Pearce CB (2009). Screening
for coeliac disease using anti-tissue transglutaminase antibody assays, and prevalence of the
disease in an Australian community. Med J Aust 190: 429-32.

Choi JM, Lebwohl B, Wang J, Lee SK, Murray JA, Sauer MV and Green PH (2011). Increased
prevalence of celiac disease in patients with unexplained infertility in the United States. J
Reprod Med 56: 199-203.

Chorzelski TP, Sulej J, Tchorzewska H, Jablonska S, Beutner EH and Kumar V (1983). IgA
class endomysium antibodies in dermatitis herpetiformis and coeliac disease. Ann N Y Acad Sci
420: 325-34.

Chow MA, Lebwohl B, Reilly NR and Green PH (2012). Immunoglobulin A deficiency in
celiac disease. J Clin Gastroenterol 46: 850-4.

Ciacci C, Cirillo M, Cavallaro R and Mazzacca G (2002). Long-term follow-up of celiac adults
on gluten-free diet: prevalence and correlates of intestinal damage. Digestion 66: 178-85.

82



Ciacci C, D'Agate C, De Rosa A, Franzese C, Errichiello S, Gasperi V, Pardi A, Quagliata D,
Visentini S and Greco L (2003). Self-rated quality of life in celiac disease. Dig Dis Sci 48: 2216-
20.

Collin P, Salmi J, Hallstrom O, Oksa H, Oksala H, Maki M and Reunala T (1989). High
frequency of coeliac disease in adult patients with type-I diabetes. Scand J Gastroenterol 24 81-
4,

Collin P, Korpela M, Hallstrom O, Viander M, Keyrilainen O and Maki M (1992a). Rheumatic
complaints as a presenting symptom in patients with coeliac disease. Scand J Rheumatol 21: 20-
3.

Collin P, Maki M, Keyrilainen O, Hallstrom O, Reunala T and Pasternack A (1992b). Selective
IgA deficiency and coeliac disease. Scand J Gastroenterol 27: 367-71.

Collin P (1994). Associated diseases and survival in coeliac disease. (Thesis). Acta Univ
Tamperensis 405 (serA): 1-144.

Collin P, Reunala T, Pukkala E, Laippala P, Keyrilainen O and Pasternack A (1994a). Coeliac
disease--associated disorders and survival. Gut 35: 1215-8.

Collin P, Salmi J, Hallstrom O, Reunala T and Pasternack A (1994b). Autoimmune thyroid
disorders and coeliac disease. Eur J Endocrinol 130: 137-40.

Collin P, Pukkala E and Reunala T (1996). Malignancy and survival in dermatitis herpetiformis:
a comparison with coeliac disease. Gut 38: 528-30.

Collin P, Reunala T, Rasmussen M, Kyronpalo S, Pehkonen E, Laippala P and Maki M (1997).
High incidence and prevalence of adult coeliac disease. Augmented diagnostic approach. Scand
J Gastroenterol 32: 1129-33.

Collin P, Kaukinen K, Valimaki M and Salmi J (2002a). Endocrinological disorders and celiac
disease. Endocr Rev 23: 464-83.

Collin P, Rasmussen M, Kyronpalo S, Laippala P and Kaukinen K (2002b). The hunt for
coeliac disease in primary care. QJM 95: 75-7.

Collin P, Syrjanen J, Partanen J, Pasternack A, Kaukinen K and Mustonen J (2002c). Celiac
disease and HLA DQ in patients with IgA nephropathy. Am J Gastroenterol 97: 2572-6.

Collin P, Maki M and Kaukinen K (2004). Complete small intestine mucosal recovery is
obtainable in the treatment of celiac disease. Gastrointest Endosc 59: 158-9; author reply 159-
60.

Collin P, Kaukinen K, Vogelsang H, Korponay-Szabo I, Sommer R, Schreier E, Volta U,
Granito A, Veronesi L, Mascart F, Ocmant A, lvarsson A, Lagergvist C, Burgin-Wolff A,
Hadziselimovic F, Furlano RI, Sidler MA, Mulder CJ, Goerres MS, Mearin ML, Ninaber MK,
Gudmand-Hoyer E, Fabiani E, Catassi C, Tidlund H, Alainentalo L and Maki M (2005).
Antiendomysial and antihuman recombinant tissue transglutaminase antibodies in the diagnosis

83



of coeliac disease: a biopsy-proven European multicentre study. Eur J Gastroenterol Hepatol
17: 85-91.

Collin P, Huhtala H, Virta L, Kekkonen L and Reunala T (2007). Diagnosis of celiac disease in
clinical practice: physician's alertness to the condition essential. J Clin Gastroenterol 41: 152-6.

Comino I, Real A, de Lorenzo L, Cornell H, Lopez-Casado MA, Barro F, Lorite P, Torres Ml,
Cebolla A and Sousa C (2011). Diversity in oat potential immunogenicity: basis for the selection
of oat varieties with no toxicity in coeliac disease. Gut 60: 915-22.

Cook B, Oxner R, Chapman B, Whitehead M and Burt M (2004). A thirty-year (1970-1999)
study of coeliac disease in the Canterbury region of New Zealand. N Z Med J. 117: 1189.

Cook HB, Burt MJ, Collett JA, Whitehead MR, Frampton CM and Chapman BA (2000). Adult
coeliac disease: prevalence and clinical significance. J Gastroenterol Hepatol 15: 1032-6.

Cooke WT and Holmes GKT (1984). Coeliac disease. Edinburgh, Churchill Livingstone.

Corazza GR, Andreani ML, Biagi F, Corrao G, Pretolani S and Giulianelli G (1997). The
smaller size of the 'coeliac iceberg' in adults. Scand J Gastroenterol 32: 917-9.

Corrao G, Corazza GR, Bagnardi V, Brusco G, Ciacci C, Cottone M, Sategna Guidetti C, Usali
P, Cesari P, Pelli MA, Loperfido S, Volta U, Calabro A, Certo M and Group CdTS (2001).
Mortality in patients with coeliac disease and their relatives: a cohort study. Lancet 358: 356-61.

Cosnes J, Cellier C, Viola S, Colombel JF, Michaud L, Sarles J, Hugot JP, Ginies JL, Dabadie A,
Mouterde O, Allez M, Nion-Larmurier | and Groupe D'Etude et de Recherche Sur la Maladie
C (2008). Incidence of autoimmune diseases in celiac disease: protective effect of the gluten-
free diet. Clin Gastroenterol Hepatol 6: 753-8.

Cronin CC, Jackson LM, Feighery C, Shanahan F, Abuzakouk M, Ryder DQ, Whelton M and
Callaghan N (1998). Coeliac disease and epilepsy. QJM 91: 303-8.

Deem RL, Shanahan F and Targan SR (1991). Triggered human mucosal T cells release tumour
necrosis factor-alpha and interferon-gamma which kill human colonic epithelial cells. Clin Exp
Immunol 83: 79-84.

Di Sabatino A, Vanoli A, Giuffrida P, Luinetti O, Solcia E and Corazza GR (2012). The
function of tissue transglutaminase in celiac disease. Autoimmun Rev 11: 746-53.

Dicke W, Weijers H and Van der Kamer J (1953). Coeliac disease. The presence in wheat of a
factor having a deleterious effect in causes of coeliac disease. Acta Paediatr 42; 34-42.

Dickey W, Hughes DF and McMillan SA (2000). Reliance on serum endomysial antibody
testing underestimates the true prevalence of coeliac disease by one fifth. Scand J Gastroenterol
35: 181-3.

Dickey W (2002). Low serum vitamin B12 is common in coeliac disease and is not due to
autoimmune gastritis. Eur J Gastroenterol Hepatol 14: 425-7.

84



Dickey W and Kearney N (2006). Overweight in celiac disease: prevalence, clinical
characteristics, and effect of a gluten-free diet. Am J Gastroenterol 101: 2356-9.

Dupuy HJ (1984). Psychological general well-being (PGWB) index. Measurement of quality of
life in clinical trials of cardiovascular therapy. Wenger N, Furberg C, Elinora J and Matton M.
New York.

Elli L, Contiero P, Tagliabue G, Tomba C and Bardella MT (2012). Risk of intestinal lymphoma
in undiagnosed coeliac disease: results from a registered population with different coeliac
disease prevalence. Dig Liver Dis 44: 743-7.

Enroth S, Dahlbom I, Hansson T, Johansson A and Gyllensten U (2013). Prevalence and
sensitization of atopic allergy and coeliac disease in the Northern Sweden Population Health
Study. Int J Circumpolar Health 72.

Falchuk ZM, Rogentine FN and Strober W (1972). Predominance of histocompatibility antigen
HLA-AS8 in patients with gluten-sensitive enteropathy. J Clin Invest 51. 1602-6.

Fasano A, Not T, Wang W, Uzzau S, Berti I, Tommasini A and Glodblum SE (2000). Zonulin,
a newly discovered modulator of intestinal permeability, and its expression in coeliac disease.
Lancet 355: 1518-9.

Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S, Elitsur Y, Green PH, Guandalini
S, Hill 1D, Pietzak M, Ventura A, Thorpe M, Kryszak D, Fornaroli F, Wasserman SS, Murray
JA and Horvath K (2003). Prevalence of celiac disease in at-risk and not-at-risk groups in the
United States: a large multicenter study. Arch Intern Med 163: 286-92.

Fera T, Cascio B, Angelini G, Martini S and Guidetti CS (2003). Affective disorders and quality
of life in adult coeliac disease patients on a gluten-free diet. Eur J Gastroenterol Hepatol 15:
1287-92.

Fortunato F, Martinelli D, Prato R and Pedalino B (2014). Results from ad hoc and routinely
collected data among celiac women with infertility or pregnancy related disorders: Italy, 2001-
2011. ScientificWorldJournal 2014: 614269.

Fowell A, Thomas P, Surgenor S and Snook J (2006). The epidemiology of coeliac disease in
East Dorset 1993-2002: an assessment of the 'coeliac iceberg’, and preliminary evidence of case
clustering. 453-460.

Freeman HJ (1995). Clinical spectrum of biopsy-defined celiac disease in the elderly. Can J
Gastroenterol 9: 42-46.

Freeman HJ (2009). Adult celiac disease and its malignant complications. Gut Liver 3: 237-46.

Frost AR, Band MM and Conway GS (2009). Serological screening for coeliac disease in adults
with Turner's syndrome: prevalence and clinical significance of endomysium antibody positivity.
Eur J Endocrinol 160: 675-9.

85



Frustaci A, Cuoco L, Chimenti C, Pieroni M, Fioravanti G, Gentiloni N, Maseri A and
Gasbarrini G (2002). Celiac disease associated with autoimmune myocarditis. Circulation 105:
2611-8.

Fry L, Seah PP, Harper PG, Hoffbrand AV and McMinn RM (1974). The small intestine in
dermatitis herpetiformis. J Clin Pathol 27: 817-24.

Gasbarrini G, Ciccocioppo R, De Vitis | and Corazza GR (2001). Coeliac disease in the elderly.
A multicentre Italian study. Gerontology 47: 306-310.

Gawkrodger DJ, Blackwell JN, Gilmour HM, Rifkind EA, Heading RC and Barnetson RS
(1984). Dermatitis herpetiformis: diagnosis, diet and demography. Gut 25: 151-7.

Gee S (1888). On the coeliac disease. St Bart Hosp Rep 24: 17-20.

George EK, Mearin ML, Bouquet J, von Blomberg BM, Stapel SO, van Elburg RM and de
Graaf EA (1996). High frequency of celiac disease in Down syndrome. J Pediatr 128: 555-7.

Giannotti A, Tiberio G, Castro M, Virgilii F, Colistro F, Ferretti F, Digilio MC, Gambarara M
and Dallapiccola B (2001). Coeliac disease in Williams syndrome. J Med Genet 38: 767-8.

Gillett HR, Cauch-Dudek K, Jenny E, Heathcote EJ and Freeman HJ (2000). Prevalence of IgA
antibodies to endomysium and tissue transglutaminase in primary biliary cirrhosis. Can J
Gastroenterol 14: 672-5.

Gillett PM, Gillett HR, Israel DM, Metzger DL, Stewart L, Chanoine JP and Freeman HJ
(2001). High prevalence of celiac disease in patients with type | diabetes detected by antibodies
to endomysium and tissue transglutaminase. Can J Gastroenterol 15: 297-301.

GOAL. (2012). (Good Ageing in Lahti region; Ikihyvd) Finnish research project on ageing and
wellbeing. Retrieved 27.9., 2014, from
http://www.palmenia.helsinki.fi/ikihyva/InEnglish.html

Godfrey JD, Brantner TL, Brinjikji W, Christensen KN, Brogan DL, Van Dyke CT, Lahr BD,
Larson JJ, Rubio-Tapia A, Melton LJ, 3rd, Zinsmeister AR, Kyle RA and Murray JA (2010).
Morbidity and mortality among older individuals with undiagnosed celiac disease.
Gastroenterology 139: 763-9.

Greco D, Pisciotta M, Gambina F and Maggio F (2013). Celiac disease in subjects with type 1
diabetes mellitus: a prevalence study in western Sicily (Italy). Endocrine 43: 108-11.

Greco L, Romino R, Coto I, Di Cosmo N, Percopo S, Maglio M, Paparo F, Gasperi V,
Limongelli MG, Cotichini R, D'Agate C, Tinto N, Sacchetti L, Tosi R and Stazi MA (2002). The
first large population based twin study of coeliac disease. Gut 50: 624-8.

Green PH, Fleischauer AT, Bhagat G, Goyal R, Jabri B and Neugut Al (2003). Risk of
malignancy in patients with celiac disease. Am J Med 115: 191-5.

86



Hakanen M, Luotola K, Salmi J, Laippala P, Kaukinen K and Collin P (2001). Clinical and
subclinical autoimmune thyroid disease in adult celiac disease. Dig Dis Sci 46: 2631-5.

Hall NJ, Rubin G and Charnock A (2009). Systematic review: adherence to a gluten-free diet in
adult patients with coeliac disease. Aliment Pharmacol Ther 30: 315-30.

Hallert C, Gotthard R, Norrby K and Walan A (1981). On the prevalence of adult coeliac
disease in Sweden. Scand J Gastroenterol 16: 257-261.

Hallert C, Gotthard R, Jansson G, Norrby K and Walan A (1983). Similar prevalence of coeliac
disease in children and middle-aged adults in a district of Sweden. Gut 24: 389-91.

Hallert C, Gréannd C, Grant C, Hulten S, Midhagen G and Strom M (1998). Quality of life of
adult coeliac patients treated for 10 years. Scand J Gastroenterol 33: 993-8.

Hallert C, Granno C, Hulten S, Midhagen G, Strom M, Svensson H and Valdimarsson T
(2002). Living with coeliac disease: controlled study of the burden of illness. Scand J
Gastroenterol 37: 39-42.

Hammond N, Wang Y, Dimachkie MM and Barohn RJ (2013). Nutritional neuropathies.
Neurol Clin 31: 477-89.

Hankey GL and Holmes GKT (1994). Coeliac disease in the elderly. Gut 35: 65-7.

Hansen D, Brock-Jacobsen B, Lund E, Bjorn C, Hansen LP, Nielsen C, Fenger C, Lillevang ST
and Husby S (2006). Clinical benefit of a gluten-free diet in type 1 diabetic children with
screening-detected celiac disease: a population-based screening study with 2 years' follow-up.
Diabetes Care 29: 2452-6.

Harper JW, Holleran SF, Ramakrishnan R, Bhagat G and Green PH (2007). Anemia in celiac
disease is multifactorial in etiology. Am J Hematol 82: 996-1000.

Hawkes N, Swift G, Smith P and Jenkins H (2000). Incidence and presentation of coeliac
disease in South Glamorgan. Eur J Gastroenterol Hepatol 12: 345-9.

Hed J, Lieden G, Ottosson E, Strom M, Walan A, Groth O, Sjogren F and Franzen L (1986).
IgA anti-gliadin antibodies and jejunal mucosal lesions in healthy blood donors. Lancet 2: 215.

Hervonen K, Karell K, Holopainen P, Collin P, Partanen J and Reunala T (2000). Concordance
of dermatitis herpetiformis and celiac disease in monozygous twins. J Invest Dermatol 115:
990-3.

Hervonen K, Vornanen M, Kautiainen H, Collin P and Reunala T (2005). Lymphoma in
patients with dermatitis herpetiformis and their first-degree relatives. Br J Dermatol 152: 82-6.

Hill TR, Aspray TJ and Francis RM (2013). Vitamin D and bone health outcomes in older age.
Proc Nutr Soc 72: 372-80.

87



Holm KH (1993). Correlation of HLA-DR alleles to jejunal mucosal morphology in healthy
first-degree relatives of coeliac disease patients. Eur J Gastroenterol Hepatol 5: 35-39.

Holmes GKT, Prior P, Lane MR, Pope D and Allan RN (1989). Malignancy in coeliac disease -
effect of a gluten free diet. Gut 30: 333-8.

Hopman EG, Koopman HM, Wit JM and Mearin ML (2009). Dietary compliance and health-
related quality of life in patients with coeliac disease. Eur J Gastroenterol Hepatol 21: 1056-61.

Hopper AD, Cross SS, Hurlstone DP, McAlindon ME, Lobo AJ, Hadjivassiliou M, Sloan ME,
Dixon S and Sanders DS (2007). Pre-endoscopy serological testing for coeliac disease:
evaluation of a clinical decision tool. BMJ 334: 729.

Hopper AD, Hadjivassiliou M, Hurlstone DP, Lobo AJ, McAlindon ME, Egner W, Wild G and
Sanders DS (2008). What is the role of serologic testing in celiac disease? A prospective, biopsy-
confirmed study with economic analysis. Clin Gastroenterol Hepatol. 6: 314-20.

Howdle PD, Jalal PK, Holmes GKT and Houlston RS (2003). Primary small-bowel malignancy
in the UK and its association with coeliac disease. Qjm 96: 345-53.

Hurley JJ, Lee B, Turner JK, Beale A, Jenkins HR and Swift GL (2012). Incidence and
presentation of reported coeliac disease in Cardiff and the Vale of Glamorgan: the next 10
years. Eur J Gastroenterol Hepatol 24: 482-6.

Husby S, Koletzko S, Korponay-Szabd IR, Mearin ML, Phillips A, Shamir R, Troncone R,
Giersiepen K, Branski D, Catassi C, Lelgeman M, Maki M, Ribes-Koninckx C, Ventura A,
Zimmer KP and for the ESPGHAN Working Group on Coeliac Disease Diagnosis obotEGC
(2012). European Society for Pediatric Gastroenterology, Hepatology, and Nutrition Guidelines
for the Diagnosis of Coeliac Disease. J Pediatr Gastroenterol Nutr 54: 136-160.

Hogberg L, Grodzinsky E and Stenhammar L (2003). Better dietary compliance in patients with
coeliac disease diagnosed in early childhood. Scand J Gastroenterol 38: 751-4.

lltanen S, Collin P, Korpela M, Holm K, Partanen J, Polvi A and Maki M (1999). Celiac disease
and markers of celiac disease latency in patients with primary Sjogren's syndrome. Am J
Gastroenterol 94: 1042-6.

llus T, Kaukinen K, Virta LJ, Huhtala H, Maki M, Kurppa K, Heikkinen M, Heikura M, Hirsi
E, Jantunen K, Moilanen V, Nielsen C, Puhto M, Polkki H, Vihriala I and Collin P (2014a).
Refractory coeliac disease in a country with a high prevalence of clinically-diagnosed coeliac
disease. Aliment Pharmacol Ther 39: 418-25.

llus T, Kaukinen K, Virta LJ, Pukkala E and Collin P (2014b). Incidence of Malignancies in
Diagnosed Celiac Patients: A Population-based Estimate. Am J Gastroenterol.

Ivarsson A, Persson LA, Juto P, Peltonen M, Suhr O and Hernell O (1999). High prevalence of

undiagnosed coeliac disease in adults: a Swedish population-based study. J Intern Med 245: 63-
8.

88



Janatuinen EK, Pikkarainen PH, Kemppainen TA, Kosma V-M, Jarvinen RMK, Uusitupa MI1J
and Julkunen RJK (1995). A comparison of diets with and without oats in adults with celiac
disease. N Engl J Med 333: 1033-7.

Janatuinen EK, Kemppainen TA, Pikkarainen PH, Holm KH, Kosma V-M, Uusitupa MIJ,
Méki M and Julkunen RJK (2000). Lack of cellular and humoral immunological responses to
oats in adults with coeliac disease. Gut 46: 327-31.

Janatuinen EK, Kemppainen TA, Julkunen RIJK, Kosma V-M, Mdaki M, Heikkinen M and
Uusitupa MIJ (2002). No harm from five year ingestion of oats in coeliac disease. Gut 50: 332-
5.

Kang JY, Kang AH, Green A, Gwee KA and Ho KY (2013). Systematic review: worldwide
variation in the frequency of coeliac disease and changes over time. Aliment Pharmacol Ther
38: 226-45.

Kapuscinska A, Zalewski T, Chorzelski TP, Sulej J, Beutner EH, Kumar V and Rossi T (1987).
Disease specificity and dynamics of changes in IgA class anti-endomysial antibodies in celiac
disease. J Pediatr Gastroenterol Nutr 6: 529-34.

Karell K, Holopainen P, Mustalahti K, Collin P, Maki M and Partanen J (2002). Not all HLA
DR3 DQ?2 haplotypes confer equal susceptibility to coeliac disease: transmission analysis in
families. Scand J Gastroenterol 37: 56-61.

Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, Greco L, Ciclitira PJ, Sollid LM and
Partanen J (2003). HLA types in celiac disease patients not carrying the DQA1*05-DQB1*02
(DQ2) heterodimer: results from the European genetics cluster on celiac disease. Hum
Immunol 64: 469-77.

Katz KD, Rashtak S, Lahr BD, Melton LJ, 3rd, Krause PK, Maggi K, Talley NJ and Murray JA
(2011). Screening for celiac disease in a North American population: sequential serology and
gastrointestinal symptoms. Am J Gastroenterol 106: 1333-9.

Kaukinen K, Sulkanen S, Maki M and Collin P (2002). IgA-class transglutaminase antibodies in
evaluating the efficacy of gluten-free diet in coeliac disease. Eur J Gastroenterol Hepatol 14:
311-5.

Kaukinen K, Peraaho M, Collin P, Partanen J, Woolley N, Kaartinen T, Nuutinen T, Halttunen
T, Maki M and Korponay-Szabo I (2005). Small-bowel mucosal transglutaminase 2-specific 1gA
deposits in coeliac disease without villous atrophy: a prospective and randomized clinical study.
Scand J Gastroenterol 40: 564-72.

Kaukinen K, Collin P, Laurila K, Kaartinen T, Partanen J and Maki M (2007). Resurrection of
gliadin antibodies in coeliac disease. Deamidated gliadin peptide antibody test provides
additional diagnostic benefit. Scand J Gastroenterol 42: 1428-33.

Kaukinen K, Salmi T, Collin P, Huhtala H, Karja-Lahdensuu T and Maki M (2008). Clinical
trial: gluten microchallenge with wheat-based starch hydrolysates in coeliac disease patients - a

89



randomized, double-blind, placebo-controlled study to evaluate safety. Aliment Pharmacol Ther
28: 1240-8.

Kemppainen T, Kosma VM, Janatuinen EK, Julkunen RJ, Pikkarainen PH and Uusitupa Ml
(1998). Nutritional status of newly diagnosed celiac disease patients after the institution of a
celiac disease diet - association with the grade of mucosal villous atrophy. Am J Clin Nutr 67:
482-7.

Kemppainen T, Kroger H, Janatuinen E, Arnala I, Kosma VM, Pikkarainen P, Julkunen R,
Jurvelin J, Alhava E and Uusitupa M (1999). Osteoporosis in adult patients with celiac disease.
Bone 24: 249-55.

Keuning JJ, Pena AS, van Leeuwen A, van Hooff JP and va Rood JJ (1976). HLA-DW3
associated with coeliac disease. Lancet 1. 506-8.

Koistinen J (1975). Selective IgA deficiency in blood donors. Vox Sang 29: 192-202.

Kolho K-L, Férkkilda MA and Savilahti E (1998). Undiagnosed coeliac disease is common in
Finnish adults. Scand J Gastroenterol 33: 1280-3.

Kondrashova A, Mustalahti K, Kaukinen K, Viskari H, Volodicheva V, Haapala AM, llonen J,
Knip M, Maki M, Hyoty H and Epivir Study G (2008a). Lower economic status and inferior
hygienic environment may protect against celiac disease. Ann Med 40: 223-31.

Kondrashova A, Viskari H, Haapala AM, Seiskari T, Kulmala P, llonen J, Knip M and Hyoty H
(2008Db). Serological evidence of thyroid autoimmunity among schoolchildren in two different
socioeconomic environments. J Clin Endocrinol Metab 93: 729-34.

Korponay-Szabo I, Kovacs J, Lorincz M, Torok E and Goracz G (1998). Families with multiple
cases of gluten-sensitive enteropathy. Z Gastroenterol 36: 553-8.

Korponay-Szabo I, Raivio T, Laurila K, Opre J, Kiraly R, Kovacs J-B, Kaukinen K, Fesus L
and Mdki M (2005). Coeliac disease case finding and diet monitoring by point-of-care testing.
Aliment Pharmacol Ther 22: 729-37.

Korponay-Szabo IR, Dahlbom I, Laurila K, Koskinen S, Woolley N, Partanen J, Kovacs JB,
Méki M and Hansson T (2003). Elevation of 1gG antibodies against tissue transglutaminase as a
diagnostic tool for coeliac disease in selective 1gA deficiency. Gut 52: 1567-71.

Koskinen LL, Korponay-Szabo IR, Viiri K, Juuti-Uusitalo K, Kaukinen K, Lindfors K,
Mustalahti K, Kurppa K, Adany R, Pocsai Z, Szeles G, Einarsdottir E, Wijmenga C, Maki M,
Partanen J, Kere J and Saavalainen P (2008). Myosin IXB gene region and gluten intolerance:
linkage to coeliac disease and a putative dermatitis herpetiformis association. J Med Genet 45:
222-1.

Kotze LM (2013). Dermatitis herpetiformis, the celiac disease of the skin! Arq Gastroenterol
50: 231-5.

90



Kuitunen P, Kosnai | and Savilahti E (1982). Morphometric study of the jejunal mucosa in
various childhood enteropathies with special reference to intraepithelial lymphocytes. J Pediatr
Gastroenterol Nutr 1: 525-31.

Kull K, Uibo O, Salupere R, Metskula K and Uibo R (1999). High frequency of antigliadin
antibodies and absence of antireticulin and antiendomysium antibodies in patients with
ulcerative colitis. J Gastroenterol 34: 61-5.

Kurppa K, Collin P, Sievanen H, Huhtala H, Maki M and Kaukinen K (2010). Gastrointestinal
symptoms, quality of life and bone mineral density in mild enteropathic coeliac disease: a
prospective clinical trial. Scand J Gastroenterol 45: 305-14.

Kurppa K, Lauronen O, Collin P, Ukkola A, Laurila K, Huhtala H, Maki M and Kaukinen K
(2012). Factors associated with dietary adherence in celiac disease: a nationwide study.
Digestion 86: 309-14.

Lebwohl B, Michaelsson K, Green PH and Ludvigsson JF (2014). Persistent mucosal damage
and risk of fracture in celiac disease. J Clin Endocrinol Metab 99: 609-16.

Lee AR, Ng DL, Diamond B, Ciaccio EJ and Green PH (2012). Living with coeliac disease:
survey results from the U.S.A. J Hum Nutr Diet 25: 233-8.

Lindberg T, Nilsson LA, Borulf S, Cavell B, Fallstrom SP, Jansson U, Stenhammar L and
Stintzing G (1985). Serum IgA and IgG gliadin antibodies and small intestinal mucosal damage
in children. J Pediatr Gastroenterol Nutr 4: 917-22.

Lindqvist U, Rudsander A, Bostrom A, Nilsson B and Michaelsson G (2002). 1gA antibodies to
gliadin and coeliac disease in psoriatic arthritis. Rheumatology (Oxford) 41: 31-7.

Logan RFA, Rifkind EA, Busuttil A, Gilmour HM and Ferguson A (1986). Prevalence and
"incidence™ of celiac disease in Edinburgh and the Lothian region of Scotland.
Gastroenterology 90: 334-42.

Lohi S, Mustalahti K, Kaukinen K, Laurila K, Collin P, Rissanen H, Lohi O, Bravi E, Gasparin
M, Reunanen A and Maki M (2007). Increasing prevalence of coeliac disease over time. Aliment
Pharmacol Ther 26: 1217-25.

Lohi S, Maki M, Montonen J, Knekt P, Pukkala E, Reunanen A and Kaukinen K (2009).
Malignancies in cases with screening-identified evidence of coeliac disease: a long-term
population-based cohort study. Gut 58: 643-7.

Lohiniemi S, Maki M, Kaukinen K, Laippala P and Collin P (2000). Gastrointestinal symptoms
rating scale in coeliac disease patients on wheat starch-based gluten-free diets. Scand J
Gastroenterol 35: 947-9.

Losowsky MS (2008). A history of coeliac disease. Dig Dis 26: 112-20.

91



Ludvigsson J, Rubio-Tapia A, Dyke Cv, Melton Lr, Zinsmeister A, Lahr B and Murray J
(2013a). Increasing incidence of celiac disease in a North American population. Am ]
Gastroenterol 5: 818-24.

Ludvigsson JF, Kampe O, Lebwohl B, Green PH, Silverberg SJ and Ekbom A (2012). Primary
hyperparathyroidism and celiac disease: a population-based cohort study. J Clin Endocrinol
Metab 97: 897-904.

Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PH, Hadjivassiliou M, Kaukinen
K, Kelly CP, Leonard JN, Lundin KE, Murray JA, Sanders DS, Walker MM, Zingone F and
Ciacci C (2013b). The Oslo definitions for coeliac disease and related terms. Gut 62: 43-52.

Ludvigsson JF, Bai JC, Biagi F, Card TR, Ciacci C, Ciclitira PJ, Green PH, Hadjivassiliou M,
Holdoway A, van Heel DA, Kaukinen K, Leffler DA, Leonard JN, Lundin KE, McGough N,
Davidson M, Murray JA, Swift GL, Walker MM, Zingone F, Sanders DS and Authors of the
BSGCDGDG (2014a). Diagnosis and management of adult coeliac disease: guidelines from the
British Society of Gastroenterology. Gut 63: 1210-28.

Ludvigsson JF, Neovius M and Hammarstrom L (2014b). Association between IgA deficiency
& other autoimmune conditions: a population-based matched cohort study. J Clin Immunol 34:
444-51.

Lundin KE, Scott H, Fausa O, Thorsby E and Sollid LM (1994). T cells from the small
intestinal mucosa of a DR4, DQ7/DR4, DQ8 celiac disease patient preferentially recognize
gliadin when presented by DQ8. Hum Immunol 41: 285-91.

Lundin KE, Nilsen EM, Scott HG, Loberg EM, Gjoen A, Bratlie J, Skar V, Mendez E, Lovik A
and Kett K (2003). Oats induced villous atrophy in coeliac disease. Gut 52: 1649-52.

Lundin KEA, Scott H, Hansen T, Paulsen G, Halstensen TS, Fausa O, Thorsby E and Sollid

LM (1993). Gliadin-specific, HLA-DQ(a1*0501, $1*0201) restricted T cells isolated from the
small intestinal mucosa of celiac disease patients. J Exp Med 178: 87-96.

Luostarinen L, Dastidar P, Collin P, Peraaho M, Maki M, Erila T and Pirttila T (2001a).
Association between coeliac disease, epilepsy and brain atrophy. Eur Neurol 46: 187-91.

Luostarinen L, Himanen SL, Luostarinen M, Collin P and Pirttila T (2003). Neuromuscular and
sensory disturbances in patients with well treated coeliac disease. J Neurol Neurosurg Psychiatry
74: 490-4.

Luostarinen LK, Collin PO, Peraaho MJ, Maki MJ and Pirttila TA (2001b). Coeliac disease in
patients with cerebellar ataxia of unknown origin. Ann Med 33: 445-9.

Lurie Y, Landau DA, Pfeffer J and Oren.R. (2008). Celiac disease diagnosed in the elderly. J
Clin Gastroenterol 42: 59-61.

Maida MJ, Praveen E, Crimmins SR and Swift GL (2006). Coeliac disease and primary
hyperparathyroidism: an association? Postgrad Med J 82: 833-5.

92



Maiuri L, Ciacci C, Auricchio S, Brown V, Quaratino S and Londei M (2000). Interleukin 15
mediates epithelial changes in celiac disease. Gastroenterology 119: 996-1006.

Maki M, Holm K, Collin P and Savilahti E (1991a). Increase in gamma/delta T cell receptor
bearing lymphocytes in normal small bowel mucosa in latent coeliac disease. Gut 32: 1412-4.

Maki M, Holm K, Lipsanen V, Hallstrom O, Viander M, Collin P, Savilahti E and Koskimies S
(1991b). Serological markers and HLA genes among healthy first-degree relatives of patients
with coeliac disease. Lancet 338: 1350-3.

Maki M and Collin P (1997). Coeliac disease. Lancet 349: 1755-9.

Maki M, Mustalahti K, Kokkonen J, Kulmala P, Haapalahti M, Karttunen T, llonen J, Laurila
K, Dahlbom I, Hansson T, Hopfl P and Knip M (2003). Prevalence of Celiac disease among
children in Finland. N Engl J Med 348: 2517-24.

Marine M, Fernandez-Banares F, Alsina M, Farre C, Cortijo M, Santaolalla R, Salas A, Tomas
M, Abugattas E, Loras C, Ordas I, Viver JM and Esteve M (2009). Impact of mass screening
for gluten-sensitive enteropathy in working population. World J Gastroenterol 15; 1331-8.

Marine M, Farre C, Alsina M, Vilar P, Cortijo M, Salas A, Fernandez-Banares F, Rosinach M,
Santaolalla R, Loras C, Marques T, Cusi V, Hernandez MI, Carrasco A, Ribes J, Viver JM and
Esteve M (2011). The prevalence of coeliac disease is significantly higher in children compared
with adults. Aliment Pharmacol Ther 33: 477-86.

Marsh MN (1992). Gluten, major histocompatibility complex, and the small intestine. A
molecular and immunobiologic approach to the spectrum of gluten sensitivity (‘celiac sprue’).
Gastroenterology 102: 330-54.

Mautalen C, D. G, R. M, Vazquez H, Lorenzetti MP, Maurino E, Niveloni S, Pedreira S,
Smecuol E, Boerr LA and Bai JC (1997). Effect of treatment on bone mass, mineral
metabolism, and body composition in untreated celiac disease patients. Am J Gastroenterol 92:
313-318.

McHorney CA, Ware JEJ, Lu JF and Sherbourne CD (1994). The MOS 36-item Short-Form
Health Survey (SF-36): Ill. Tests of data quality, scaling assumptions, and reliability across
diverse patient groups. Med Care 32: 40-66.

Mearin ML, Biemond I, Pena AS, Polanco I, Vazquez C, Schreuder GT, de Vries RR and van
Rood JJ (1983). HLA-DR phenotypes in Spanish coeliac children: their contribution to the
understanding of the genetics of the disease. Gut 24: 532-7.

Mearin ML, Catassi C, Brousse N, Brand R, Collin P, Fabiani E, Schweizer JJ, Abuzakouk M,
Szajewska H, Hallert C, Farre Masip C and Holmes GK (2006). European multi-centre study
on coeliac disease and non-Hodgkin lymphoma. Eur J Gastroenterol Hepatol 18: 187-94.

Meloni GF, Dessole S, Vargiu N, Tomasi PA and Musumeci S (1999). The prevalence of
coeliac disease in infertility. Hum Reprod 14: 2759-61.

93



Menardo G, Brizzolara R, Bonassi S, Marchett A, Dante G, Pistone C, Marenco D, Rabellino
V, Buscaglia S, Scarso R, Murialdo M, Venturino E, Marino C, Descalzi D, Minetti F, Bagnasco
M and Pesce G (2006). Population screening for coeliac disease in a low prevalence area in
Italy. Scand J Gastroenterol. 41: 1414-20.

Metso S, Hyytia-llmonen H, Kaukinen K, Huhtala H, Jaatinen P, Salmi J, Taurio J and Collin P
(2012). Gluten-free diet and autoimmune thyroiditis in patients with celiac disease. A
prospective controlled study. Scand J Gastroenterol 47: 43-8.

Metzger MH, Heier M, Maki M, Bravi E, Schneider A, Lowel H, lllig T, Schuppan D and
Wichmann HE (2006). Mortality excess in individuals with elevated IgA anti-transglutaminase
antibodies: the KORA/MONICA Augsburg cohort study 1989-1998. Eur J Epidemiol 21: 359-
65.

Meyer D, Stavropolous S, Diamond B, Shane E and Green PH (2001). Osteoporosis in a North
American adult population with celiac disease. Am J Gastroenterol 96: 112-9.

Midhagen G, Jarnerot G and Kraaz W (1988). Adult coeliac disease within a defined geographic
area in Sweden. A study of prevalence and associated diseases. Scand J Gastroenterol 23: 1000-
4,

Midhagen G and Hallert C (2003). High rate of gastrointestinal symptoms in celiac patients
living on a gluten-free diet: controlled study. Am J Gastroenterol 98: 2023-6.

Moertel CG and Hargraves MM (1961). Coexistence of adenocarcinoma of the jejunum and
nontropical sprue. JAMA 176: 612-4.

Montgomery RD, Haboubi NY, Mike NH, Chesner IM and Asquith P (1986). Causes of
malabsorption in the elderly. Age Ageing 15: 235-40.

Mooney PD, Evans KE, Singh S and Sanders DS (2012). Treatment failure in coeliac disease: a
practical guide to investigation and treatment of non-responsive and refractory coeliac disease. J
Gastrointestin Liver Dis 21: 197-203.

Mukherjee R, Egbuna I, Brar P, Hernandez L, McMahon DJ, Shane EJ, Bhagat G and Green
PH (2010). Celiac disease: similar presentations in the elderly and young adults. Dig Dis Sci 55:
3147-53.

Murray JA, Van Dyke C, Plevak MF, Dierkhising RA, Zinsmeister AR and Melton LJ, 3rd
(2003). Trends in the identification and clinical features of celiac disease in a North American
community, 1950-2001. Clin Gastroenterol Hepatol. 1: 19-27.

Mustalahti K, Collin P, Sievdnen H, Salmi J and Mdki M (1999). Osteopenia in patients with
clinically silent coeliac disease warrants screening. Lancet 354: 744-745.

Mustalahti K, Lohiniemi S, Collin P, Vuolteenaho N, Laippala P and Maki M (2002a). Gluten-

free diet and quality of life in patients with screen-detected celiac disease. Eff Clin Pract 5: 105-
13.

94



Mustalahti K, Sulkanen S, Holopainen P, Laurila K, Collin P, Partanen J and Méki M (2002b).
Coeliac disease among healthy members of multiple case coeliac disease families. Scand J
Gastroenterol 37: 161-165.

Mustalahti K, Catassi C, Reunanen A, Fabiani E, Heier M, McMillan S, Murray L, Metzger MH,
Gasparin M, Bravi E and Maki M (2010). The prevalence of celiac disease in Europe: results of
a centralized, international mass screening project. Ann Med 42: 587-95.

Myhre AG, Aarsetoy H, Undlien DE, Hovdenak N, Aksnes L and Husebye ES (2003). High
frequency of coeliac disease among patients with autoimmune adrenocortical failure. Scand J
Gastroenterol 38: 511-5.

Nilsen EM, Jahnsen FL, Lundin KE, Johansen FE, Fausa O, Sollid LM, Jahnsen J, Scott H and
Brandtzaeg P (1998). Gluten induces an intestinal cytokine response strongly dominated by
interferon gamma in patients with celiac disease. Gastroenterology 115: 551-63.

Niveloni S, Sugai E, Cabanne A, Vazquez H, Argonz J, Smecuol E, Moreno ML, Nachman F,
Mazure R, Kogan Z, Gomez JC, Maurino E and Bai JC (2007). Antibodies against synthetic
deamidated gliadin peptides as predictors of celiac disease: prospective assessment in an adult
population with a high pretest probability of disease. Clin Chem 53: 2186-92.

Norstrom F, Lindholm L, Sandstrom O, Nordyke K and Ivarsson A (2011). Delay to celiac
disease diagnosis and its implications for health-related quality of life. BMC Gastroenterol 11:
118.

Norstrom F, Sandstrom O, Lindholm L and lIvarsson A (2012). A gluten-free diet effectively
reduces symptoms and health care consumption in a Swedish celiac disease population. BMC
Gastroenterol 12: 125.

Oberhuber G, Granditsch G and Vogelsang H (1999). The histopathology of coeliac disease:
time for a standardized report scheme for pathologists. Eur J Gastroenterol Hepatol 11: 1185-
94.

Official Journal of the European Union. (2009). COMMISSION REGULATION (EC) No
41/2009 of 20 January 2009 concerning the composition and labelling of foodstuffs suitable for
people intolerant to  gluten. Retrieved  27.9.,, 2014, from  http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:016:0003:0005:EN:PDF

Olen O, Montgomery SM, Marcus C, Ekbom A and Ludvigsson JF (2009). Coeliac disease and
body mass index: a study of two Swedish general population-based registers. Scand J
Gastroenterol 44: 1198-206.

Olen O, Askling J, Ludvigsson JF, Hildebrand H, Ekbom A and Smedby KE (2011). Coeliac
disease characteristics, compliance to a gluten free diet and risk of lymphoma by subtype. Dig
Liver Dis 43: 862-8.

Olen O, Bihagen E, Rasmussen F and Ludvigsson JF (2012). Socioeconomic position and
education in patients with coeliac disease. Dig Liver Dis 44: 471-6.

95



Olmos M, Antelo M, Vazquez H, Smecuol E, Maurino E and Bai JC (2008). Systematic review
and meta-analysis of observational studies on the prevalence of fractures in coeliac disease. Dig
Liver Dis 40: 46-53.

Ota M, Seki T, Nomura N, Sugimura K, Mizuki N, Fukushima H, Tsuji K and Inoko H (1991).
Modified PCR-RFLP method for HLA-DPB1 and DQA1 genotyping. Tissue Antigens 38: 60-
71.

Page SR, Lloyd CA, Hill PG, Peacock | and Holmes GK (1994). The prevalence of coeliac
disease in adult diabetes mellitus. QJM 87: 631-7.

Pascual V, Dieli-Crimi R, Lopez-Palacios N, Bodas A, Medrano LM and Nunez C (2014).
Inflammatory bowel disease and celiac disease: overlaps and differences. World J Gastroenterol
20: 4846-56.

Paulley JW (1954). Observations on the aetiology of idiopathic steatorrhoea, jejunal and lymph
node biopsies. BMJ 2: 1318-21.

Picarelli A, Sabbatella L, Di Tola M, Vetrano S, Casale C, Anania MC, Porowska B, Vergari M,
Schiaffini R and Gargiulo P (2005). Anti-endomysial antibody of 1gG1 isotype detection
strongly increases the prevalence of coeliac disease in patients affected by type | diabetes
mellitus. Clin Exp Immunol 142: 111-5.

Platt SG and Kasarda DD (1971). Separation and characterization of -gliadin fractions. Biochim
Biophys Acta 243: 407-15.

Polvi A, Eland C, Koskimies S, Maki M and Partanen J (1996). HLA DQ and DP in Finnish
families with coeliac disease. Eur J Immunogen 23: 221-34.

Polvi A, Arranz E, Fernandez-Arquero M, Collin P, Maki M, Sanz A, Calvo C, Maluenda C,
Westman P, de la Concha EG and Partanen J (1998). HLA-DQ2-negative celiac disease in
Finland and Spain. Hum Immunol 59: 169-75.

Raivio T, Kaukinen K, Nemes E, Laurila K, Collin P, Kovacs JB, Maki M, Korponay-Szabo IR,
Viljamaa M, Pukkala E, Hervonen K and Reunala T (2006). Self transglutaminase-based rapid
coeliac disease antibody detection by a lateral flow method. Aliment Pharmacol Ther 24: 147-
54.

Raivio T, Korponay-Szabo IR, Paajanen T, Ashorn M, lltanen S, Collin P, Laurila K, Nemes E,
Kovacs JB, Carrard G, Saramaki M, Maki M and Kaukinen K (2008). Comparison of a novel
whole blood transglutaminase-based ELISA with a whole blood rapid antibody test and
established conventional serological celiac disease assays. J Pediatr Gastroenterol Nutr 47: 562-
7.

Rashtak S, Ettore MW, Homburger HA and Murray JA (2008). Comparative usefulness of

deamidated gliadin antibodies in the diagnosis of celiac disease. Clin Gastroenterol Hepatol 6:
426-32; quiz 370.

96



Rashtak S and Murray JA (2009). Celiac disease in the elderly. Gastroenterol Clin North Am 38:
433-46.

Reilly NR and Green PH (2012). Epidemiology and clinical presentations of celiac disease.
Semin Immunopathol 34: 473-8.

Reunala T (1998). Dermatitis herpetiformis: coeliac disease of the skin. Ann Med 30: 416-8.

Reunala T, Collin P, Holm K, Pikkarainen P, Miettinen A, Vuolteenaho N and Maki M (1998).
Tolerance to oats in dermatitis herpetiformis. Gut 43: 490-3.

Reynolds EH (2014). The neurology of folic acid deficiency. Handb Clin Neurol 120: 927-43.

Riddle DL, Lee KT and Stratford PW (2001). Use of SF-36 and SF-12 health status measures:
quantive comparison for groups versus individual patients. Med Care 39: 867-78.

Riddle MS, Murray JA and Porter CK (2012). The incidence and risk of celiac disease in a
healthy US adult population. Am J Gastroenterol 107: 1248-55.

Riddle MS, Murray JA, Cash BD, Pimentel M and Porter CK (2013). Pathogen-specific risk of
celiac disease following bacterial causes of foodborne illness: a retrospective cohort study. Dig
Dis Sci 58: 3242-5.

Riestra S, Fernandez E, Rodrigo L, Garcia S and Ocio G (2000). Prevalence of Coeliac disease
in the general population of northern Spain. Strategies of serologic screening. Scand J
Gastroenterol 35: 398-402.

Roginsky AB, Ding XZ, Woodward C, Ujiki MB, Singh B, Bell RH, Jr., Collin P and Adrian TE
(2010). Anti-Pancreatic Cancer Effects of a Polar Extract From the Edible Sea Cucumber,
Cucumaria frondosa. Pancreas.

Roizen NJ, Magyar Cl, Kuschner ES, Sulkes SB, Druschel C, van Wijngaarden E, Rodgers L,
Diehl A, Lowry R and Hyman SL (2014). A community cross-sectional survey of medical
problems in 440 children with Down syndrome in New York State. J Pediatr 164: 871-5.

Roka V, Potamianos SP, Kapsoritakis AN, Yiannaki EE, Koukoulis GN, Stefanidis I,
Koukoulis GK and Germenis AE (2007). Prevalence of coeliac disease in the adult population
of central Greece. Eur J Gastroenterol Hepatol 19: 982-7.

Rostami Nejad M, Rostami K, Pourhoseingholi MA, Nazemalhosseini Mojarad E, Habibi M,
Dabiri H and Zali MR (2009). Atypical presentation is dominant and typical for coeliac disease.
J Gastrointestin Liver Dis. 18: 285-91.

Rostom A, Murray JA and Kagnoff MF (2006). American Gastroenterological Association

(AGA) Institute technical review on the diagnosis and management of celiac disease.
Gastroenterology 131: 1981-2002.

97



Rubio-Tapia A, Kyle RA, Kaplan EL, Johnson DR, Page W, Erdtmann F, Brantner TL, Kim
WR, Phelps TK, Lahr BD, Zinsmeister AR, Melton LJ, 3rd and Murray JA (2009). Increased
prevalence and mortality in undiagnosed celiac disease. Gastroenterology 137: 88-93.

Rubio-Tapia A, Rahim MW, See JA, Lahr BD, Wu TT and Murray JA (2010). Mucosal recovery
and mortality in adults with celiac disease after treatment with a gluten-free diet. Am J
Gastroenterol 105: 1412-20.

Rubio-Tapia A, Ludvigsson JF, Brantner TL, Murray JA and Everhart JE (2012). The
prevalence of celiac disease in the United States. Am J Gastroenterol 107: 1538-44.

Rutherford RM, Brutsche MH, Kearns M, Bourke M, Stevens F and Gilmartin JJ (2004).
Prevalence of coeliac disease in patients with sarcoidosis. Eur J Gastroenterol Hepatol 16: 911-
5.

Ruuskanen A, Luostarinen L, Collin P, Krekela I, Patrikainen H, Tillonen J, Laurila K, Haimila
K, Partanen J, Maki M, Valve R and Kaukinen K (2011). Persistently positive gliadin antibodies
without transglutaminase antibodies in the elderly: gluten intolerance beyond coeliac disease.
Dig Liver Dis 43: 772-8.

Sakly W, Mankai A, Ghdess A, Achour A, Thabet Y and Ghedira | (2012). Performance of anti-
deamidated gliadin peptides antibodies in celiac disease diagnosis. Clin Res Hepatol
Gastroenterol 36: 598-603.

Salmi TT, Collin P, Korponay-Szabo IR, Laurila K, Partanen J, Huhtala H, Kiraly R, Lorand L,
Reunala T, Maki M and Kaukinen K (2006). Endomysial antibody-negative coeliac disease:
clinical characteristics and intestinal autoantibody deposits. Gut 55: 1746-53.

Salmi TT, Collin P, Reunala T, Maki M and Kaukinen K (2010). Diagnostic methods beyond
conventional histology in coeliac disease diagnosis. Dig Liver Dis 42: 28-32.

Salmi TT, Hervonen K, Kautiainen H, Collin P and Reunala T (2011). Prevalence and incidence
of dermatitis herpetiformis: a 40-year prospective study from Finland. Br J Dermatol 165: 354-
9.

Sategna-Guidetti C, Bruno M, Mazza E, Carlino A, Predebon S, Tagliabue M and Brossa C
(1998). Autoimmune thyroid diseases and coeliac disease. Eur J Gastroenterol Hepatol 10: 927-
31

Sategna-Guidetti C, Volta U, Ciacci C, Usai P, Carlino A, De Francesci L, Camera A, Pelli A
and Brossa C (2001). Prevalence of thyroid disorders in untreated adult celiac disease patients
and effect of gluten withdrawal: an Italian multicenter study. Am J Gastroenterol 96: 751-757.

Schuppan D and Zimmer KP (2013). The diagnosis and treatment of celiac disease. Dtsch
Arztebl Int 110: 835-46.

Schwertz E, Kahlenberg F, Sack U, Richter T, Stern M, Conrad K, Zimmer KP and Mothes T
(2004). Serologic assay based on gliadin-related nonapeptides as a highly sensitive and specific
diagnostic aid in celiac disease. Clin Chem 50: 2370-5.

98



Simell S, Hoppu S, Hekkala A, Simell T, Stahlberg MR, Viander M, Yrjanainen H, Gronlund J,
Markula P, Simell V, Knip M, llonen J, Hyoty H and Simell O (2007). Fate of five celiac
disease-associated antibodies during normal diet in genetically at-risk children observed from
birth in a natural history study. Am J Gastroenterol 102: 2026-35.

Smedby KE, Akerman M, Hildebrand H, Glimelius B, Ekbom A and Askling J (2005).
Malignant lymphomas in coeliac disease: evidence of increased risks for lymphoma types other
than enteropathy-type T cell lymphoma. Gut 54: 54-9.

Smith J, Tulloch J, Meyer L and Zone J (1992). The incidence and prevalence of dermatitis
herpetiformis in Utah. Arch Dermatol. 12: 1608-10.

Sollid LM, Markussen G, Ek J, Gjerde H, Vartdal F and Thorsby E (1989). Evidence for a

primary association of celiac disease to a particular HLA-DQ o/ heterodimer. J Exp Med 169:
345-50.

Spadaccino AC, Basso D, Chiarelli S, Albergoni MP, D'Odorico A, Plebani M, Pedini B,
Lazzarotto F and Betterle C (2008). Celiac disease in North Italian patients with autoimmune
thyroid diseases. Autoimmunity 41: 116-21.

Spilker B (2009). Quality of Life and Pharmacoeconomics in Clinical Trials. Philadelphia,
Lippincott-Raven Publishers.

Stenson WF, Newberry R, Lorenz R, Baldus C and Civitelli R (2005). Increased prevalence of
celiac disease and need for routine screening among patients with osteoporosis. Arch Intern
Med 165: 393-9.

Stern M (2000). Comparative evaluation of serologic tests for celiac disease: a European
initiative toward standardization. Working Group on Serologic Screening for Celiac Disease. J
Pediatr Gastroenterol Nutr 31: 513-9.

Sulkanen S, Collin P, Laurila K and Maki M (1998a). 1gA- and l1gG-class antihuman umbilical
cord antibody tests in adult coeliac disease. Scand J Gastroenterol 33: 251-4.

Sulkanen S, Halttunen T, Laurila K, Kolho K-L, Korponay-Szabo 1, Sarnesto A, Savilahti E,
Collin P and Maé&ki M (1998b). Tissue transglutaminase autoantibody enzyme-linked
immunosorbent assay in detecting celiac disease. Gastroenterology 115: 1322-8.

Svedlund J, Sjodin I and Dotevall G (1988). GSRS - a clinical rating scale for gastrointestinal
symptoms in patients with irritable bowel syndrome and peptic ulcer disease. Dig Dis Sci 33:
129-34.

Szodoray P, Barta Z, Lakos G, Szakall S and Zeher M (2004). Coeliac disease in Sjogren's
syndrome--a study of 111 Hungarian patients. Rheumatol Int 24. 278-82.

Talley NJ, Valdovinos M, Petterson TM, Carpenter HA and Melton LJ, 3rd (1994).
Epidemiology of celiac sprue: a community-based study. Am J Gastroenterol 89: 843-6.

99



Taylor KB, Truelove SC, Thomson DL and Wright R (1961). An immunological study of
coeliac disease and idiopathic steatorrhoea. Serological reactions to gluten and milk proteins. Br
Med J 2: 1727-31.

Tennyson CA, Ciaccio EJ and Lewis SK (2012). Video capsule endoscopy in celiac disease.
Gastrointest Endosc Clin N Am 22: 747-58.

Tesei N, Sugai E, Vazquez H, Smecuol E, Niveloni S, Mazure R, Moreno ML, Gomez JC,
Maurino E and Bai JC (2003). Antibodies to human recombinant tissue transglutaminase may
detect coeliac disease patients undiagnosed by endomysial antibodies. Aliment Pharmacol
Therapy 17: 1415-1423.

Tio M, Cox MR and Eslick GD (2012). Meta-analysis: coeliac disease and the risk of all-cause
mortality, any malignancy and lymphoid malignancy. Aliment Pharmacol Ther 35: 540-51.

Tucker E, Rostami K, Prabhakaran S and Al Dulaimi D (2012). Patients with coeliac disease are
increasingly overweight or obese on presentation. J Gastrointestin Liver Dis 21: 11-5.

Ukkola A, Maki M, Kurppa K, Collin P, Huhtala H, Kekkonen L and Kaukinen K (2011). Diet
improves perception of health and well-being in symptomatic, but not asymptomatic, patients
with celiac disease. Clin Gastroenterol Hepatol 9: 118-23.

United European G (2001). When is a coeliac a coeliac? Report of a working group of the
United European Gastroenterology Week in Amsterdam, 2001. Eur J Gastroenterol Hepatol
13:1123-8.

Usai P, Minerba L, Marini B, Cossu R, Spada S, Carpiniello B, Cuomo R and Boy MF (2002).
Case control study on health-related quality of life in adult coeliac disease. Dig Liver Dis 34:
547-52.

Ussher R, Yeong ML and Stace N (1994). Coeliac disease: incidence and prevalence in
Wellington 1985-92. N Z Med J 107: 195-7.

Vajro P, Paolella G, Maggiore G and Giordano G (2013). Pediatric celiac disease, cryptogenic
hypertransaminasemia, and autoimmune hepatitis. J Pediatr Gastroenterol Nutr 56: 663-70.

van der Meer JB (1969). Granular deposits of immunoglobulins in the skin of patients with
dermatitis herpetformis. An immunofluorescent study. Br J Dermatol 81: 493-503.

Verkkotietokeskus. (2013). Demography of population in Péijat-Hdme. Retrieved 27.9., 2014,
from http://www.verkkotietokeskus.fi/index.php/vaesto/82-vaeestoen-maeaerae/291-
paeijaet-haeme

Viljamaa M, Collin P, Huhtala H, Sievanen H, Maki M and Kaukinen K (2005a). Is coeliac

disease screening in risk groups justified? A fourteen-year follow-up with special focus on
compliance and quality of life. Aliment Pharmacol Ther 22: 317-24.

Viljamaa M, Kaukinen K, Huhtala H, Kyronpalo S, Rasmussen M and Collin P (2005b). Coeliac
disease, autoimmune diseases and gluten exposure. Scand J Gastroenterol 40: 437-43.

100



Viljamaa M, Kaukinen K, Pukkala E, Hervonen K, Reunala T and Collin P (2006). Malignancies
and mortality in patients with coeliac disease and dermatitis herpetiformis: 30-year population-
based study. Dig Liver Dis 38: 374-80.

Villalta D, Girolami D, Bidoli E, Bizzaro N, Tampoia M, Liguori M, Pradella M, Tonutti E and
Tozzoli R (2005). High prevalence of celiac disease in autoimmune hepatitis detected by anti-
tissue tranglutaminase autoantibodies. J Clin Lab Anal 19: 6-10.

Villanacci V, Ceppa P, Tavani E, Vindigni C, Volta U, Gruppo Italiano Patologi Apparato D
and Societa Italiana di Anatomia Patologica e Citopatologia Diagnostica/International Academy
of Pathology Id (2011). Coeliac disease: the histology report. Dig Liver Dis 43 Suppl 4: S385-95.

Virta LJ, Kaukinen K and Collin P (2009). Incidence and prevalence of diagnosed coeliac
disease in Finland: results of effective case finding in adults. Scand J Gastroenterol 44: 933-8.

Visakorpi JK, Immonen P and Kuitunen P (1967). Malabsorption syndrome in childhood. Acta
Paediatr Scand 56: 1-9.

Visakorpi JK, Kuitunen P and Pelkonen P (1970). Intestinal malabsorption: a clinical study of
22 children over 2 years of age. Acta Paediatr Scand 59: 273-80.

Volta U, Cassani F, De F-R, Lenzi M, Primignani M, Agape D, Vecchi M, Bianchi FB and Pisi
E (1984). Antibodies to gliadin in adult coeliac disease and dermatitis herpetiformis. Digestion
30: 263-70.

Volta U, Molinaro N, De Franceschi L, Fratangelo D and Bianchi FB (1995). IgA anti-
endomysial antibodies on human umbilical cord tissue for celiac disease screening. Save both
money and monkeys. Dig Dis Sci 40: 1902-5.

Volta U, De Franceschi L, Molinaro N, Cassani F, Muratori L, Lenzi M, Bianchi FB and Czaja
AJ (1998). Frequency and significance of anti-gliadin and anti-endomycial antibodies in
autoimmune hepatitis. Dig Dis Sci 43: 2190-5.

Volta U, Bellentani S, Bianchi F, Brandi G, De Franceschi L, Miglioli L, Granito A, Balli F and
Tiribelli C (2001). High prevalence of celiac disease in Italian general population. Dig Dis Sci.
47: 1500-5.

Volta U, Rodrigo L, Granito A, Petrolini N, Muratori P, Muratori L, Linares A, Veronesi L,
Fuentes D, Zauli D and Bianchi FB (2002). Celiac disease in autoimmune cholestatic liver
disorders. Am J Gastroenterol 97: 2609-13.

Volta U, Granito A, Fiorini E, Parisi C, Piscaglia M, Pappas G, Muratori P and Bianchi FB
(2008). Usefulness of antibodies to deamidated gliadin peptides in celiac disease diagnosis and
follow-up. Dig Dis Sci 53: 1582-8.

Volta U, Granito A, Parisi C, Fabbri A, Fiorini E, Piscaglia M, Tovoli F, Grasso V, Muratori P,

Pappas G and De Giorgio R (2010). Deamidated gliadin peptide antibodies as a routine test for
celiac disease: a prospective analysis. J Clin Gastroenterol 44: 186-90.

101



Wang N, Truedsson L, Elvin K, Andersson BA, Ronnelid J, Mincheva-Nilsson L, Lindkvist A,
Ludvigsson JF, Hammarstrom L and Dahle C (2014). Serological assessment for celiac disease
in 1gA deficient adults. PLoS One 9: €93180.

West J, Logan RF, Card TR, Smith C and Hubbard R (2003a). Fracture risk in people with
celiac disease: a population-based cohort study. Gastroenterology 125: 429-36.

West J, Logan RF, Hill PG, Lloyd A, Lewis S, Hubbard R, Reader R, Holmes GKT and Khaw
KT (2003b). Seroprevalence, correlates, and characteristics of undetected coeliac disease in
England. Gut 52: 960-5.

West J, Logan RF, Smith CJ, Hubbard RB and Card TR (2004). Malignancy and mortality in
people with coeliac disease: population based cohort study. BMJ 329: 716-9.

Whitaker JK, West J, Holmes GK and Logan RF (2009). Patient perceptions of the burden of
coeliac disease and its treatment in the UK. Aliment Pharmacol Ther 29: 1131-6.

WMA. (2004). World Medical Association Declaration Of Helsinki Ethical Principles for
Medical Research Involving Human Subjects (1964 and amended in 1975, 1983, 1989, 1996,
2000, 2002, 2004 and 2008). Retrieved 27.9., 2014, from
http://www.wma.net/en/30publications/10policies/b3/

Wolters VM and Wijmenga C (2008). Genetic background of celiac disease and its clinical
implications. Am J Gastroenterol 103: 190-5.

Zauli D, Grassi A, Granito A, Foderaro S, De Franceschi L, Ballardini G, Bianchi FB and Volta
U (2000). Prevalence of silent coeliac disease in atopics. Dig Liver Dis 32: 775-9.

Zone JJ, Meyer LJ and Petersen MJ (1996). Deposition of granular IgA relative to clinical
lesions in dermatitis herpetiformis. Arch Dermatol 132: 912-8.

102



ORIGINAL PUBLICATIONS

103



Available online at www.sciencedirect.com

ScienceDirect

Digestive and Liver Disease 40 (2008) 809-813

Digestive and
Liver Disease

www.elsevier.com/locate/dld

Alimentary Tract

Undetected coeliac disease in the elderly
A biopsy-proven population-based study

A. Vilppula?, P. Collin b.c.x M, Miki®d, R. Valve®, M. Luostarinen?, I. Krekeld,
H. Patrikainen &, K. Kaukinen ¢, L. Luostarinen?®

2 Department of Neurology, Pdiijit-Hime Central Hospital, Lahti, Finland
Y Medical School, University of Tampere, Tampere, Finland
¢ Department of Gastroenterology and Alimentary Tract Surgery, Tampere University Hospital, Tampere, Finland
4 Department of Paediatrics, Tampere University Hospital, Tampere, Finland
¢ University of Helsinki, Department of Education and Development, Lahti, Finland
f Department of Surgery, Piiijit-Hime Central Hospital, Lahti, Finland
& Internal Medicine, Pdiijit-Hime Central Hospital, Lahti, Finland

Received 7 January 2008; accepted 5 March 2008
Available online 7 May 2008

Abstract

Background. Up to 1% of the population suffer from coeliac disease. Data on the prevalence in elderly people is scant. We hypothesized
that they would over time have developed obvious symptoms. Clinically silent or undiagnosed disease would thus be relatively uncommon.

Aims. To evaluate the prevalence of coeliac disease in elderly people.

Methods. The study comprised 2815 individuals aged 52—74 years. Clinical cases of coeliac disease were recorded. Sera from all subjects
were screened by IgA class tissue transglutaminase antibodies, and seropositive underwent small bowel biopsy.

Results. Coeliac disease was detected in altogether 60 individuals, in 25 (0.89%) on clinical grounds, and screening found in 35 (1.24%)
new biopsy-proven cases. Thus, a total prevalence of 2.13% (95% confidence intervals 1.60-2.67%) was reached. Of the screen-detected cases,
15 had symptoms, albeit mostly mild. Two out of the 60 had small bowel T-cell lymphoma and two had gastric cancer. The total frequency
of biopsy-proven coeliac disease and seropositive cases without histological confirmation was 2.45% (1.88-3.02%).

Conclusion. The prevalence of coeliac disease in elderly people was higher than what has been reported in the population in general.
Active case finding by serologic screening is encouraged, since undetected cases may be prone to increased morbidity and mortality.
© 2008 Editrice Gastroenterologica Italiana S.r.I. Published by Elsevier Ltd. All rights reserved.

Keywords: Ageing; Coeliac disease; Dermatitis herpetiformis; EATL; Gluten; Lymphoma; Tissue transglutaminase

1. Introduction

The classical symptoms of coeliac disease comprise
diarrhoea, steatorrhoea, weight loss and malabsorption syn-
drome. Because of better recognition of the disease, the
clinical pattern has changed. Patients may have mild abdom-
inal discomfort, occasional diarrhoea, or isolated, subclinical
malabsorption [ 1]. Many, if not most, patients do not have sig-

* Corresponding author at: Department of Gastroenterology and Alimen-
tary Tract Surgery, Tampere University Hospital, P.O. Box 2000, FIN-33521
Tampere, Finland. Tel.: +358 3 31167869; fax: +358 3 35518402.

E-mail address: pekka.collin@uta.fi (P. Collin).

nificant gastrointestinal symptoms or any at all. Symptoms
may also occur outside the gastrointestinal tract, dermatitis
herpetiformis being the best-known condition. Without obvi-
ous symptoms coeliac disease often remains unrecognized.
Serologic screening studies have shown that the prevalence of
the disease in the population is 0.3—1% [2—4], but the number
of detected cases is much lower.

The delay in diagnosis of coeliac disease in elderly patients
is evidently long, and elderly people may often suffer from
classical symptoms [5]. Consequently, the clinical diagnosis
should be easier and undetected cases less common than in
young people. However, data on the frequency of detected
and undiagnosed coeliac disease in the elderly are sparse.

1590-8658/$30 © 2008 Editrice Gastroenterologica Italiana S.r.1. Published by Elsevier Ltd. All rights reserved.
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This was investigated in a population-based cohort aged 52
years or more, as a part of a research and development project
among ageing people in a well-defined area.

2. Methods
2.1. Subjects and methods

The study population comprised 4272 randomly selected
individuals born in the years 1946-1950, 1936-1940 and
1926-1930 and living in the Piijit-Hime Hospital district;
the study sample was representative of the general popula-
tion in the respective age groups. The data were collected
for a research project on Ageing and well-being (Good Age-
ing in the Lahti region = GOAL). Its primary target was to
improve health and well-being in the ageing population.
Patient recruitment and serum sampling took place in 2002,
and the survey of established coeliac disease and serologic
screening for undetected cases in 2004. The subjects attended
apersonal interview including past disease history and dietary
habits. In coeliac disease, the criteria established at the United
European Gastroenterology Week in 2001 were applied,
including the demonstration of small intestinal villous atro-
phy and clinical or histological response to a gluten-free diet
[6]; the diagnosis of dermatitis herpetiformis had to be based
on typical rash and a finding of granular IgA deposits in the
uninvolved skin [7]. Apart from the clinical history, it was also
verified from patient files that the diagnostic criteria were met.

The sera were tested for IgA class tissue transglutaminase
antibodies (tTGA); positive samples were further tested for
IgA class endomysium antibodies (EMA). All tTGA-positive
patients were offered upper gastrointestinal endoscopy (irre-
spective of the EMA titre); small intestinal biopsies were
taken form the distal part of the duodenum and stained by
haematoxylin—eosin. The diagnosis of coeliac disease was
based on small intestinal villous atrophy and crypt hyper-
plasia. All participants underwent serologic screening, but
since known coeliac disease patients usually adhered to a
gluten-free diet, they remained seronegative. Thus, the total
prevalence was the sum of previously diagnosed and new
screen-detected cases.

IgA class tTGA were detected by enzyme-linked
immunosorbent assay (Celikey, Phadia, Freiburg, Germany)
and the limit of positivity was five arbitrary units; EMA

Table 1

Number of subjects and the occurrence of coeliac disease in different age groups

were detected by an indirect immunofluorescence method
using human umbilical cord as antigen; a dilution of 1:>5
was considered positive [2]. To further strengthen the speci-
ficity of positive serology, blood samples for coeliac-type
genetic involvement, that is HLA DQ2 and DQ8, were anal-
ysed by the polymerase chain reaction/restriction fragment
length polymorphism method [8].

Patients with newly detected coeliac disease or dermatitis
herpetiformis were referred for clinical examination. Symp-
toms were classified into three groups: classic symptoms
(diarrhoea, weight loss, anaemia, malabsorption, dermatitis
herpetiformis), subtle symptoms (abdominal pain, distended
abdomen, occasional diarrhoea or loose stools, flatulence,
fatigue), and no obvious symptoms (asymptomatic). The
patients were placed on a gluten-free diet, and the control
biopsy and serologic assay took place after one year.

The study was accepted by the Ethical committee of Piijat-
Hime Central Hospital, and written informed consent was
obtained from all participants.

2.2. Statistical analysis

Frequency data are expressed as mean and 95% confidence
intervals.

3. Results
3.1. The prevalence of coeliac disease

Altogether 2815 (66%) out of 4242 individuals consented
to participate in the original GOAL study (Table 1). Coeliac
disease had previously been established on clinical grounds in
25 (0.89%) out of the 2815 subjects, six of them also having
dermatitis herpetiformis. Four of the 25 had been detected
due to symptoms between sampling (in 2002) and analysis
(in 2004) of sera, and had thus been on a normal diet when the
sera were drawn. All fulfilled the current diagnostic criteria.
It was possible to evaluate the extended Marsh classification
[6] in 19 cases: two had Marsh I1la, 11 IIIb and six IIlc.

Forty-nine out of 2815 serum samples were positive for
IgA class tTGA, and 44 of these also for EMA. These 49
included the four patients detected clinically in 2002-2004,
and one patient with previously diagnosed disease. Of the
remaining 44, 39 underwent endoscopy and small intestinal

Year of birth No. of subjects invited to  No. of subjects participating
the original study project (female, %)

Clinically detected coeliac  Screen-detected coeliac Total prevalence of coeliac
disease (female, n)

disease (female, n) disease, (95% confidence

(female, %) intervals)
1946-1950 1424 (50) 910 (55) 17 (10) 2.53% (1.55-3.55)
1936-1940 1424 (50) 1024 (51) 11 (8) 2.34% (1.34-3.16)
1926-1930 1424 (50) 881 (51) 7(2) 1.48% (0.68-2.27)
Total 4272 (50) 2815 (52) 25 (12) 35 (20) 2.13% (1.60-2.67)
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Table 2
Symptoms of patients with clinically detected and screen-detected coeliac
disease at time of diagnosis

Clinically detected Screen detected

(n=25)* (n=35)
Classic symptoms® 17 1
Diarrhoea® 14 1
Weight loss® 9 1
Anaemia or malabsorption® 10 4
Dermatitis herpetiformis® 6
Subtle symptoms® 5 14
Abdominal pain, 5 14
distention, flatulence®
Occasional diarrhoea or 4 9
loose stools®
Fatigue® 2 3
Blisters in mouth® 2
No symptoms® 0 20

# Data missing in three.
b Number of subjects.
¢ Number of diseases or symptoms.

biopsy. Thirty-five had small bowel mucosal villous atrophy
and crypt hyperplasia consistent with coeliac disease: five
with Marsh IIla, seven IIIb and 23 Illc. The total frequency
of coeliac disease in the elderly population was thus 60/2815
(2.13%, 95% confidence intervals 1.60-2.67%). Mucosal vil-
lous architecture was normal in four (three had Marsh 0 and
one Marsh I); two were positive for tTGA and EMA and two
for tTGA only. Of the five seropositives who did not consent
to endoscopy, three were positive for tTGA and EMA, and
two for tTGA only. The pooled frequency of biopsy-proven
and seropositive cases was 69/2815 (2.45%, 95% confidence
intervals 1.88-3.02%). All 38 seropositives tested had either
HLA DQ2 or DQS.

3.2. Clinical characteristics and follow-up

The presenting symptoms of patients with coeliac disease
are depicted in Table 2. Most of those clinically detected had
had classic symptoms at the time of diagnosis. Of the screen-
detected subjects, most had at most subtle symptoms, but one
female had suffered from diarrhoea for over 20 years. In the
clinically detected patients, anaemia was normocytic in five,
and the type was unknown in five; of the screen-detected, two
had iron deficiency and two normocytic anaemia.

Two out of 60 coeliac disease patients had small bowel
lymphoma of T-cell origin (enteropathy associated T-cell
lymphoma, EATL), and both appeared without preceding
refractory sprue. In one, lymphoma and coeliac disease were
found simultaneously in 2003 when the patient underwent
endoscopy due to abdominal pain; he died in 2006. The
other had had coeliac disease for 27 years, lymphoma was
detected in 2006 and he died in 2007. Two coeliac patients
had carcinoma of the stomach. One had suffered from coeliac
symptoms, failure to thrive, diarrhoea and abdominal pain,
since early childhood; cancer and coeliac disease were found

Table 3
Associated conditions in patients with coeliac diseases

Clinically detected ~ Screen detected
(n=25) (n=35)

Malignant diseases® 3 2
Lymphoma? 2
Carcinoma of stomach?® 1
Ovarian cancer®

—_
—_—

W= — O 3O

Autoimmune conditions®
Autoimmune thyroid disease
Sjogren’s syndrome
Pernicious anaemiaP®

Type I diabetes mellitus®

Psoriasis?

b

—_ = = W

2 Number of subjects.
b Number of diseases.

in endoscopy carried out on clinical grounds in 2004. The
other had no symptoms, but she turned out to be seroposi-
tive and gastric cancer was detected, together with coeliac
disease, upon subsequent endoscopy. In the whole series of
2815 individuals, there were in addition three lymphomas
and one adenocancer of the stomach; 14 had colorectal can-
cer. Thirteen (22%) out of 60 coeliac disease patients had
one or more autoimmune conditions (Table 3), autoimmune
hypothyroidism being the most common.

All 25 clinically detected coeliac disease patients were fol-
lowing a gluten-free diet but, as stated above, only one was
antibody-positive in screening indicating dietary lapses. Of
the 35 new screen-detected patients, 32 were willing to adhere
to a gluten-free diet and three declined. The control biopsy
was carried out in 30 patients adhering to the diet. Twenty-six
patients had no signs of villous atrophy: 12 of them Marsh
0, seven Marsh I, and seven Marsh II. Villous atrophy was
seen in four, comprising two Marsh IIla and two Marsh IIIb;
nobody had Marsh Illc. Serologic tests became negative in 29
out of 31 tested individuals. Twenty-eight patients reported
subjective amelioration of their symptoms; six of them
told spontaneously an incredible improvement in quality of
life.

4. Discussion

The frequency of biopsy-proven coeliac disease in patients
over 50 years of age was 2.1%, the corresponding percent-
ages in Finnish and Estonia children being 1.0% and 0.34%,
respectively [2,9]. The prevalence of clinically detected cases
in our series was 0.89%. This is almost two times higher than
that (0.45%) in our adult population [10], and comparable to
the percentages achieved in serologic screening studies [2—4].

Earlier coeliac disease was regarded as a condition affect-
ing mainly children and young adults. Our results support
active serologic screening for the disease also in elderly
people. Most undetected cases here in fact suffered from
mild or no symptoms (Table 2), but it is nonetheless
important to recognize the condition in the elderly, since
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they may be especially prone to malignant conditions, as
was seen in the present study: two small intestinal lym-
phomas and two gastric cancers were recently detected. The
association between coeliac disease and small bowel lym-
phoma, and the protective effect of a gluten-free diet, are
well recognized [11-13]. The risk of small bowel adeno-
cancer is increased in coeliac disease [14], but there was
no such a case in these series. The prevalence of small
bowel cancer in Finland is approximately 1 per 10000
(http://www.cancerregistry. iy WWW _sr_1207.pdf), and that
of EATL even smaller, its annual incidence in Finland being
approximately 0.0046 per 1000. The occurrence of carcinoma
of the stomach is probably coincidental, but in a separate
study, one of our 13 histologically non-responsive coeliac
disease cases also developed gastric malignancy [15]. The
frequency of autoimmune conditions (in 21%) was not dif-
ferent from that observed among Finnish coeliac patients in
general (22%) [16]. Thyroid disease was the most common
autoimmune condition, which association is well recognized
[17].

The occurrence of coeliac disease seemed to be lower in
the eldest as against the youngest cohort (Table 1). This may
well be coincidental. Other alternatives are that mortality due
to coeliac disease in the former group had been higher, or
that the prevalence of coeliac disease is increasing over time;
it was not possible to evaluate these issues in the present
study. It is also possible that elderly coeliac patients more
often remain seronegative than younger [15], and the actual
prevalence may thus be even higher.

By comparison, in a study by Hankey and Holmes [18]
42 (19%) out of 228 patients with adult coeliac disease
were diagnosed at the age of 60 years or over. Of these
42, 15 had attended family doctors and hospital outpatient
departments for an average of 28 years suffering from symp-
toms or signs of coeliac disease, but the diagnosis had
been overlooked. In a recent study by Gasbarrini and co-
workers [5], severe symptoms were more frequent in elderly
than in young untreated coeliac disease patients. However,
their study comprised only patients detected on clinical
grounds.

The combined frequency of biopsy-proven coeliac disease
patients and seropositive cases was 2.5%. This percentage
helps us to understand the occurrence of potential coeliac
disease in the elderly, since the serologic tests, IgA tTG and
EMA, are highly specific. False positive findings are uncom-
mon, and the individuals in question often develop manifest
coeliac disease later [19,20]. Seropositive individuals had
HLA DQ2 or DQS8, which further supports the concep-
tion of genetic gluten intolerance. Again, the frequency of
seropositivity in children (1.5%) [2] and in adults [21] liv-
ing in the same country was lower than in this study (2.5%),
whilst the screening study designs were similar. This sug-
gests that seropositivity and coeliac disease may appear later
in life.

Sixty-six per cent of the randomly selected subjects con-
sented to participate in the original GOAL study. It may be

argued that there would thus be a selection bias: those suf-
fering from symptoms might be more willing to participate.
However, the project was not originally planned for coeliac
disease case finding, or even for evaluation of any gastroin-
testinal disorder; its primary target was to improve health and
well-being in the ageing population and to find innovations
for more effective health care. There is thus no reason to sup-
pose that coeliac disease patients would be over-represented
in the participation rate.

Coeliac disease is not a condition affecting only children,
adolescents or middle-aged people. Clinicians should main-
tain increased alertness to coeliac disease also in the elderly,
where the prevalence of the condition seems to be even
higher than in younger people. Because of the subtle symp-
toms and an increased risk of complications, serology should
be widely applied for case-finding of coeliac disease in the
elderly.

Practice points

e Up to 2.1% of the elderly people suffered
from coeliac disease. Most of the patients had
remained undiagnosed due to subtle symp-
toms.

e Inelderly people, the frequency of coeliac dis-
ease was higher than what has been reported
in the population in general.

e Active case finding by serologic screening is
encouraged, since undetected cases may be
prone to increased morbidity and mortality.

e IgA tissue transglutaminase antibody test is
the recommended screening method.

Research agenda

e To estimate the cancer risk in elderly people
with undetected coeliac disease.

e To study whether screen-detected elderly
coeliac disease patients have an increased
risk of osteoporosis and bone fractures.

e To investigate whether new seropositive
cases will appear in the future among those
who remained seronegative.

e To investigate quality of life in screen-
detected elderly coeliac disease patients.
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Abstract

Background: Celiac disease may emerge at any age, but little is known of its appearance in elderly
people. We evaluated the prevalence of the condition in individuals over 55 years of age, and
determined the incidence of biopsy-proven celiac disease (CDb) and celiac disease including
seropositive subjects for anti-tissue transglutaminase antibodies (CDb+s).

Methods: The study based on prevalence figures in 2815 randomly selected subjects who had
undergone a clinical examination and serologic screening for celiac disease in 2002. A second
screening in the same population was carried out in 2005, comprising now 2216 individuals. Positive
tissue transglutaminase antibodies were confirmed with small bowel biopsy.

Results: Within three years the prevalence of CDb increased from 2.13 to 2.34%, and that of
CDb+s from 2.45 to 2.70%. Five new cases were found among patients previously seronegative;
two had minor abdominal symptoms and three were asymptomatic. The incidence of celiac disease
in 2002-2005 was 0.23%, giving an annual incidence of 0.08% in this population.

Conclusion: The prevalence of celiac disease was high in elderly people, but the symptoms were
subtle. Repeated screening detected five biopsy-proven cases in three years, indicating that the
disorder may develop even in the elderly. Increased alertness to the disorder is therefore
warranted.

Background

Celiac disease is a common disorder affecting more than
one percent of the population in the Western world [1].
Serologic screening enables detection of individuals with
atypical or subtle symptoms, or even symptomless cases
[2]. The condition is often assumed to involve children

and young adults. On the contrary, we recently revealed a
high number of both diagnosed and undetected celiac dis-
ease among elderly people [3]. It remains obscure whether
the number of undetected cases in the elderly is due to
diagnostic delay, or to the development of celiac disease
at an advanced age, or both. The question is important in
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contemplating whether celiac disease should be actively
sought in elderly people, and whether seronegativity
could exclude celiac disease once and for all. The aim of
this study was to show the current prevalence and inci-
dence of biopsy-proven celiac disease in individuals over
55 years of age. Given the high specificity of serum
endomysial (EmA) and tissue transglutaminase antibod-
ies (tTGA) for overt or forthcoming celiac disease, the fre-
quency of seropositivity was likewise investigated.

Methods

The original study population comprised 4272 randomly
selected individuals born in the years 1946-50, 1936-40
and 1926-30; the study sample was representative of the
general population in the respective age groups. Alto-
gether 2815 (66%) consented to participate in the original
study. Their data were collected for a 10-year research
project on Ageing and well-being (Good Ageing in the
Lahti region = GOAL) [4]. Sera were collected in 2002,
and tested for celiac disease antibodies in 2004. At that
time, the number of clinically detected celiac disease cases
was evaluated, and new seropositive cases underwent
small intestinal biopsy for confirmation of celiac disease.
The Amsterdam criteria were applied in the diagnosis of
the condition [5]. In the first population screening in
2002 the frequency of diagnosed celiac disease cases was
0.89%, that of screen-detected 1.24% and that of biopsy-
proven cases together with cases seropositive without his-
tological confirmation of the disorder 2.45%; these data
have been published elsewhere [3].

In 2005, all eligible patients were asked to undergo a new
serologic testing. Of the previously tested 2815 patients,
2216 consented. Again, clinically detected celiac disease
cases were scrutinized. All sera were tested for IgA class
tTGA; positive samples were further tested for IgA class
EmA. IgA class tTGA were detected by enzyme-linked
immunosorbent assay (Celikey, Phadia, Freiburg, Ger-
many) and the limit of positivity was 5 arbitrary units; IgA
class EmA were detected by an indirect immunofluores-
cence method using human umbilical cord as antigen; a
dilution of 1:>5 was considered positive [6].

All tTGA-positive patients without previous diagnosis of
celiac disease were offered upper gastrointestinal endos-
copy (irrespective of the EmA titre); four small intestinal
biopsies were taken form the distal part of the duodenum
and stained with hematoxylin-eosin. The diagnosis of
celiac disease was based on typical lesion in small intesti-
nal mucosa.

In the prevalence estimations, subjects with previously
detected celiac disease and new biopsy-proven cases
found by clinically or screening were included; they are
defined in this report as biopsy-proven celiac disease
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(CDb). The combined prevalence of biopsy-proven and
seropositive cases included in addition individuals with
positive tTGA but no histological verification of celiac dis-
ease (CDb+s).

The incidence of biopsy-proven celiac disease (CDb) was
calculated in the 2216 subjects who were tested both in
2002 and 2005, and those seropositive without histologi-
cal confirmation were added in the combined incidence
figures (CDb+s), as defined in the prevalence figures.

Screening of New Cases

In the original on Ageing and well-being project, there
were 199 individuals whose sera were not available in
2002, but consented to screening in 2005. The prevalence
of CDb and CDb+s in this group was estimated separately.

The study was accepted by the Ethical committee of Paijat-
Hame Central Hospital, and written informed consent
was obtained from all participants.

Statistical Analysis
Prevalence figures were calculated with 95% confidence
intervals.

Results

In the first evaluation, 61 had had been diagnosed with
celiac disease (one additional case was found upon re-
examination of the case records after the first publication)
[3]. All 61 were alive in 2005, and were thus included in
the new prevalence data.

Of the 2216 individuals proving seronegative in the first
examination, six had undergone positive seroconversion
and five had biopsy-proven celiac disease (Marsh III); of
these five new cases two reported minor abdominal com-
plaints and three were asymptomatic. Thus, within three
years, 0.23% developed celiac disease (CDb) and 0.24%
underwent seroconversion (CDb+s). The values of IgA
tTGA antibodies and EmA in the five patients with newly
detected celiac disease are depicted in Table 1. The small
bowel biopsy findings in patients with the lowest positive
tTGA antibodies are shown in Figures 1 and 2. One of the
five subjects (patient 4, Table 1) had immunosuppressive
treatment (corticosteroids) upon the first and second
screening. In 2005 the prevalence of celiac disease (CDb)
was 2.34% in subjects aged 55 or more, and the frequency
of biopsy-proven and seropositive individuals (CDb+s)
2.70% (Table 2).

Of the 199 who underwent serologic screening for the first
time in 2005, five had positive IgA tTGA antibodies and
four positive EmA; three had villous atrophy compatible
with celiac disease; biopsy was not possible in one who
had moved away, and another subject declined due to
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Table I: Serum Tissue Transglutaminase (tTGA) and Endomysial Antibody (EmA) Levels in the Five New Cases Who Underwent
Positive Seroconversion and Were Found to Have Biopsy-Proven Celiac disease.

Gender, age (years), (by the time of diagnosis)

Screening in 2002

Screening in 2005

tTGA (Units) EmA (titre) tTGA (Units) EmA (titre)
I: Male, 67 0.1 Not done 54.6 1:500
2: Female, 55 1.1 Not done 9.1 1:200
3: Male, 65 0.8 Not done 9.5 1:100
4: Female, 75 2.7 Not done 6.0 |:52
5: Male, 66 0 Not done 7.1 ob

Reference Values for tTGA > 5 Units and for EmA |:>5.
2 Small bowel mucosal villous morphology is shown in Figures | and b2

serious heart disease. Thus the frequency of celiac disease
was 1.5% (3/199), and when seropositives were included,
2.5% (5/199).

Discussion

We have previously shown that the prevalence of celiac
disease was higher in the elderly than what has been
reported in the Finnish population among adolescents
(1.5%)[7] or adults (2.0%) [8]. This difference might be
due to diagnostic delay, which would increase the preva-
lence of the disease by time; the mortality of patients is
low and comparable to that in the general population in
Finland [9]. Nevertheless, from 2002 to 2005, the preva-
lence of biopsy-proven celiac disease (CDDb) in this age
group increased from 2.13% to 2.34%, and the combined
prevalence of disease and seropositivity (CDb+s) from
2.45% to 2.70%. Such a combination makes sense: serop-
ositivity for these specific antibodies in the absence of vil-

lous atrophy often indicates early developing celiac
disease [10], and seropositive without villous atrophy
may even benefit of dietary treatment [11].

There was a significant increase in the tTGA values in the
five subjects who underwent seroconversion and were
subsequently found to have biopsy proven coeliac disease
(Table 1). This implies that there occurred a true serocon-
version, though we did not have the opportunity to test
again the original sera. It was also notable that the biopsy
showed unequivocal villous atrophy and crypt hyperpla-
sia even in the two patients with the lowest positive tTGA
levels, shown in Figure 1 and 2.

It is not excluded that some of the five patients had had
seronegative celiac disease and became seropositive later.
On the other hand, there is some evidence that elderly
people with newly detected celiac disease rather become

Table 2: Prevalence and Incidence of Celiac Disease (CD) and Seropositivity for IgA Class Tissue Transglutaminase (tTGA) and

Endomysial (EmA) Antibodies in Patients Aged Over 55 Years.

Year, total Procedure Number tTGA positive EmA positive in  Biopsy-proven ~ Overall Patients with
population clinically in screening screening cases in frequency of CD and tTGA
detected screening biopsy proven seropositive
CD individuals

2002, 2815 Serum sampling
2004, 2815 Recording of 25 48 43 35 60 692

detected CD.

First serologic

analysis
2005, 2216 Recording of | 6 4 5b 6 7

detected CD.

Second

serologic

screening
Overall 0.92% (26/2815) 1.92% 1.70% (47/2815) 1.42% 2.34% 2.70%
prevalence, N = (54/2815) (40/2815) (66/2815) (76/2815)
2815
95% confidence 0.57-1.27% 1.41-2.43% 1.22-2.18% 0.98-1.86% 1.78-2.90% 2.10-3.30%
intervals
a Four seropositive were found to have celiac disease between 2002-2004
bThe incidence of celiac disease 2002—-2005 was 0.23% (5/2216)
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Figure |
Small-bowel biopsy sample of the patient who under-
went positive seroconversion (Patient 4 in Table I).

seronegative by time [12]. This also means that the true
frequency of celiac disease may be even higher than
reported here.

Murray et al. [13] found that the incidence rates of celiac
disease increased with age. A low index of suspicion by a
physician may lead to diagnostic delay in recognition or
to a distraction to other disorders. Apart from better diag-
nostics, a true increase in incidence may also occur [14].
We showed for the first time that the frequency of celiac
disease was indeed increasing in elderly people, where
clinically detected cases were recorded, and serologic
screening has been carried out twice. The increase was

Figure 2
Small-bowel biopsy sample of the patient who under-
went positive seroconversion (Patient 5 in Table I).
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thus not due to better diagnostics. Finland is considered
genetically homogeneous, and there is no reason to
believe that the frequency of celiac disease would be
higher in Lahti region than in Finland in general.

The incidence of 0.23% during the study period implies
that celiac disease may develop even at an advanced age.
This again would imply that serologic testing should be
repeated. Admittedly, the number of new cases was to low
for any far-reaching conclusions. On the other hand, the
annual incidence of about 0.1% indicates that the number
of new cases may be 1% in 10 years. This percentage has
in fact been achieved in many population screening stud-
ies. We would further emphasize that this incidence figure
has been found in the general population with no suspi-
cion of celiac disease, and with originally a high number
of detected cases. The frequency of detected celiac disease
in our general population is as high as 0.45% [15]. It is
subject for further studies to establish whether the preva-
lence and incidence figures for celiac disease are even
higher in elderly people belonging to the risk groups for
the disease. For comparison, in relatives with celiac dis-
ease the incidence of new cases has been 1.7-4.5% within
7-12 years [16-18].

In those 199 screened for the first time, the prevalence of
biopsy-proven celiac disease (CDb) was 1.5% (3/199),
and when tTGA seroposives are included (CDb+s), 2.5%.
These percentages are comparable to those detected in the
main prospective study, supporting its results.

Earlier studies indicate that undiagnosed celiac disease
may generate significant problems in the elderly. Freeman
observed in his series of 30 celiac disease patients diag-
nosed over age 60 that they had suffered from many
symptoms and had altogether 14 malignant conditions
[19]. Hankey and Holmes [20] showed the diagnostic
delay in the elderly to be considerable: 15 out the 35 aged
60 years or over had attended physicians for an average of
28 years with different complaints before the diagnosis.
Their patients evinced good compliance with a gluten-free
diet, and subsequently a significant improvement in their
symptoms and signs. Similarly, Lurie et al. [21] found a
significant lack in diagnosis, and a varied spectrum of
manifestations in celiac patients diagnosed after the age of
60.

Conclusion

In conclusion, the prevalence of celiac disease proved to
be high in elderly people. Increased alertness and the free
employment of serologic screening tests are warranted.
One seronegative test result does not exclude forthcoming
celiac disease. Our serial screening in the same population
indicated that seropositivity and the disease may also
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appear later in life. This should be taken into account
when considering celiac disease case finding and screen-
ing studies.
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Abstract

investigated.

Background: The utility of serologic screening for celiac disease is still debatable. Evidence suggests that the
disorder remains undetected even in the older population. It remains obscure whether screening makes good or
harm in subjects with long-standing gluten ingestion. We evaluated whether older subjects benefit from active
detection and subsequent gluten free dietary treatment of celiac disease.

Methods: Thirty-five biopsy-proven patients aged over 50 years had been detected by serologic mass screening.
We examined the disease history, dietary compliance, symptoms, quality of life and bone mineral density at
baseline and 1-2 years after the commencement of a gluten-free diet. Symptoms were evaluated by
gastrointestinal symptom rating scale and quality of life by psychological general well-being questionnaires. Small
bowel biopsy, serology, laboratory parameters assessing malabsorption, and bone mineral density were

Results: Dietary compliance was good. The patients had initially low mean serum ferritin values indicating
subclinical iron deficiency, which was restored by a gluten-free diet. Vitamin B12, vitamin D and erythrocyte folic
acid levels increased significantly on diet. Celiac patients had a history of low-energy fractures more often than the
background population, and the diet had a beneficial effect on bone mineral density. Alleviation in gastrointestinal
symptoms was observed, even though the patients reported no or only subtle symptoms at diagnosis. Quality of
life remained unchanged. Of all the cases, two thirds would have been diagnosed even without screening if the
family history, fractures or concomitant autoimmune diseases had been taken carefully into account.

Conclusions: Screen-detected patients benefited from a gluten-free diet. We encourage a high index of suspicion
and active case-finding in celiac disease as an alternative to mass screening in older patients.

Background

Evidence suggests that the incidence of celiac disease
increases with age [1,2]. Physicians’ lack of alertness in
the older people may result in a significant delay in
diagnosis, as celiac disease is widely deemed to be a
condition affecting younger subjects. Indeed, the major-
ity of older celiac disease patients have remained unde-
tected, often due to the absence of symptoms [3,4]. It is
reasonable to assume that, due to long gluten exposure,
older patients with untreated celiac disease may be dis-
posed to severe nutritional deficiencies, even when they
are seemingly asymptomatic. In particular, the rate of
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( BioMVed Central

bone loss is accelerated in women after the menopause,
likewise in men at the same age. We know that even
young and asymptomatic patients with celiac disease
may have reduced bone mineral density while untreated
[5], and the condition might be even more evident in
older [6].

On the other hand, a lifelong gluten-free diet is
restrictive and may also increase the burden of illness
and impairs quality of life [7,8]. Especially in the older
subjects the diet may not be well tolerated, as patients
will have adopted lifetime dietary habits which may be
hard to break. Moreover, if a gluten-free diet does not
necessarily produce any clinical improvement, screen-
detected cases may not be motivated to adhere strictly
to it. Therefore, to clarify the benefit of serologic screen-
ing for celiac disease in older population, a follow-up of

© 2011 Vilppula et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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the previously undiagnosed patients identified by screen-
ing is required [6].

In this prospective study we evaluated the benefits of
active serologic population-based mass screening for
celiac disease and subsequent dietary treatment in sub-
jects over 50 years of age. The aim was to establish
whether celiac disease should be rigorously searched for
in the older people.

Methods

Patients and study design

We identified screen-detected new celiac disease
patients enrolled from a cohort representing the older
Finnish population. The original study population com-
prised 4272 randomly selected individuals born in the
years 1946-50, 1936-40 and 1926-30, and was defined
for a 10-year research project on ageing and well-being
(Good Ageing in the Lahti region = GOAL) http://www.
palmenia.helsinki.fi/ikihyva/InEnglish.html. In 2002, alto-
gether 2815 subjects (66%) consented to participate and
serum samples were drawn and stored at -20°C until
used. Anti-tissue transglutaminase antibodies were
tested from the stored sera in 2004, and 48 new seropo-
sitive cases were identified; their diagnostic work-up has
been published elsewhere [2]. Four had started a gluten-
free diet before enrolment, 39 of the remainder con-
sented to a small bowel biopsy, and villous atrophy with
crypt hyperplasia compatible with celiac disease was
found in 35. These 35 comprised the current study
group; their median age was 61 years (range 52-76) and
57% were female.

At baseline the patients were interviewed for their
family history, associated disorders and symptoms of
celiac disease. Nutritional condition and quality of life
were evaluated. The patients were advised to start a glu-
ten-free diet, and dietary counseling was carried out by
a gastroenterologist and a dietician. To ensure dietary
response and adherence to a gluten-free diet, an inter-
view by the dietitian, small bowel biopsies and celiac
disease antibodies were investigated after a median of
one year; nutritional condition and quality of life were
assessed after a median of two years on a gluten-free
diet. The diet was considered strict when there were no
signs of dietary transgressions upon the interview. Occa-
sional gluten-free diet was defined as a gluten intake
occurring less often than once in the month.

Small bowel mucosal biopsy

Small bowel mucosal biopsy samples were taken by upper
gastrointestinal endoscopy from the distal part of the duo-
denum. Three samples were paraffin-embedded, pro-
cessed, stained with hematoxylin-eosin and studied under
light microscopy. The villous height/crypt depth ratio (Vh/
CrD) was calculated from well orientated biopsy
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specimens as previously described [9]; a ratio < 2 was con-
sidered abnormal and indicative of active celiac disease.
The densities of intraepithelial lymphocytes (IELs) were
counted from randomly selected surface epithelium and
expressed as IELs per 100 epithelial cells [9].

Celiac serology and HLA

IgA-class tissue transglutaminase antibodies (TGA) were
investigated by enzyme-linked immunosorbent assay
(Celikey; Phadia, Freiburg, Germany) according to man-
ufacturer’s instructions; values >5.0 arbitrary units (U)
were considered elevated. TGA-positive sera were
further analyzed for IgA-class endomysial antibodies
(EMA) by an indirect immunofluorescence method
using human umbilical cord as substrate; a dilution of
1:5 or more was considered positive [10].

The study patients were genotyped for HLA-DQB1*02,
DQB1*0302 and DQA1*05 alleles using the DELFIA
Coeliac Disease Hybridization Assay (Perkin-Elmer Life
and Analytic Sciences, Wallac Oy, Turku, Finland)
according to manufacturer’s instructions; DQB1*02 and
DQA1*05 corresponding to associated alleles for HLA
DQ2 and DQB1*0302 for HLA DQS8.

Clinical symptoms

The clinical symptoms were classified into three differ-
ent subgroups: (i) no symptoms, (ii) subtle symptoms
with occasionally one or more of the following: abdom-
inal pain, flatulence, belching, loose stools, tiredness,
joint pain or oral blisters, and (iii) classical symptoms
with constant abdominal complaints, diarrhea or exces-
sive weight loss. Abdominal complaints were addition-
ally evaluated by the Gastrointestinal Symptom Rating
Scale (GSRS), which denotes the total score derived
from five different gastrointestinal symptoms; diarrhea,
indigestion, constipation, abdominal pain and gastro-
esophageal reflux; a higher score indicates more severe
symptoms [11]. Quality of life was appraised by the Psy-
chological General Well Being (PGWB) questionnaire
[12]. This is a 22-item questionnaire including both
negative and positive affective states divided into six
parts: anxiety, depressed mood, positive well-being, self-
control, health and vitality; here a higher score denotes
better quality of life. Both questionnaires have been
widely employed in celiac disease. A total of 110 sub-
jects served as non-celiac controls for GSRS and PGWB.
The controls for GSRS and PGWB were collected form
the general population. We asked celiac members of the
Finnish celiac society to recruit an individual living in
their neighbourhood and not suffering from celiac dis-
ease. They had similar age and sex distribution as the
study subjects. Celiac disease was not systematically
excluded in controls, but the subjects reported no symp-
toms and had no relatives with celiac disease.
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Assessment of nutritional condition

Body mass index was computed as weight/height® (kg/
m?). Blood hemoglobin, erythrocyte folic acid levels,
serum iron, ferritin, ionized calcium, phosphate and
vitamin A, B-12, D-25 and E concentrations were mea-
sured using routine laboratory methods.

Bone mineral density and history of fractures

Bone mineral density was measured by dual-energy X-
ray absorptiometry (GE Medical Systems, LUNAR, UK)
in the spine (L1 to L4) and right femoral neck. Values
were expressed as standard deviation (SD) scores, which
compare individual values to the mean bone mineral
density of sex-matched young adults (T score) or of the
age- and sex-matched population (Z score). T scores
above -1.0 SD represented normal values, scores
between -1.0 and -2.4 osteopenia and scores < -2.5 SD
osteoporosis. When indicated, bisphosphonate medica-
tion together with supplementary calcium and vitamin
D were recommended, since it was considered unethical
to postpone medical treatment and wait for the effect of
a gluten-free diet.

The number of low-energy bone fractures was
extracted from the questionnaires of the original GOAL
study, equally in the total (n = 2815) series and in study
subjects.

Ethical considerations

The study was accepted by the Ethical Committee of
Paijat-Hame Central Hospital, and written informed
consent was obtained from all participants. Research is
in compliance with the Helsinki Declaration.

Statistics

Data were given as means with 95% confidence intervals
(CI) or medians with lower and upper quartiles and
range when appropriate. Chi-square or Fisher’s tests
were used in cross tabulations Wilcoxon signed or
paired rank test to compare changes within the study
group. A p value < 0.05 was considered statistically sig-
nificant. We calculated that, for the statistical power of
0.80 at a significance level of 0.05, 30 subjects would be
sufficient. We estimated that the difference of > 0.5 in
the Vh/CrD and that of 0.5 in GSRS were clinically sig-
nificant [13,14].

Results

Baseline findings

All 35 new celiac disease patients identified by mass
screening consented to participate (Table 1). Celiac dis-
ease-related genetic susceptibility markers were found in
all. Ten (29%) out of 35 had a family history of celiac
disease and 10 (29%) one or several autoimmune dis-
eases. Table 1 displays subjects in whom clinical features
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would make case-finding by active screening possible.
Fourteen were reported to suffer from subtle, one from
classical symptoms, and 20 had no symptoms prior to
the diagnosis of celiac disease. Blood hemoglobin levels
were below reference values in four (13%), serum iron
in two (6%), ferritin in nine (26%), vitamin B12 in six
(17%), erythrocyte folic acid in 13 (37%), serum phos-
phate in three (9%) and vitamin E levels in one (3%).
Iron or folic acid supplement were given when consid-
ered ethically justified. Osteopenia was found in 14 and
osteoporosis in eight (altogether in 62%). Eight (23%)
out of 35 had a history of low-energy fractures; for com-
parison, in the whole GOAL study, low-energy fractures
were reported in 123 (4%) out of 2815 o subjects, the
difference being statistically significant (p < 0.01). None
of the new celiac disease patients was under-weight. At
baseline, GSRS and PGWB scores did not differ from
those in the control series (Table 2), although the GSRS
scores were in general higher in celiac patients, indicat-
ing more gastrointestinal symptoms.

Gluten-free dietary treatment

Thirty-two (91%) of the 35 screen-detected older celiac
disease patients consented to start a gluten-free diet.
Twenty-seven maintained a strict diet, and five had
occasional transgressions less often than once in the
month; three patients did not commence gluten-free
diet.

After one year on the diet, small bowel mucosal vil-
lous morphology improved and densities of IELs
decreased statistically significantly in the 26 who agreed
to undergo the follow-up biopsy (Figure 1). In parallel,
serum TGA levels normalized.

Clinical symptoms resolved in 14 out of the 15 who
reported symptoms at the time of diagnosis. One with
initially subtle abdominal complaints developed diarrhea
despite small bowel mucosal normalization on a strict
gluten-free diet; colonoscopy showed no abnormal find-
ings or inflammation. In accordance with the clinical
history, alleviation in gastrointestinal symptoms was
observed both by GSRS total score and by subscores,
and was statistically significant, except in the case of
constipation (Table 2).

Mean serum ferritin and vitamin B;,, D and E values
improved significantly in those 32 who started the glu-
ten-free diet (Table 3). By contrast, mean serum vitamin
A and ionized calcium values decreased after com-
mencement of diet, albeit remaining within normal
reference range. There was also a small albeit statisti-
cally significant decrease in blood hemoglobin levels in
females. To verify that the beneficial effects were due to
gluten-free diet, we analyzed separately patients who did
not receive any additional medical iron or vitamin sub-
stitution. The beneficial effect remained significant in
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Table 1 Clinical features
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Case Gender  tTGA? EMAP Symptoms Mal-absorption Diagnostic clues for detecting celiac disease
Age (y)
1 M 52 > 100 1:2000 Subtle Vitamin B12 deficiency
2 M 52 292 1:2000 None - Fracture of hand
3 F 52 > 100 1:4000 None + Pernicious anemia, hypothyroidism
4 F 52 82 1:50 None + Blisters in mouth, family history
5 F 52 357 1:500 Subtle -
6 F 52 > 100 1:2000 Subtle +
7 M 53 29.7 1:200 Subtle - Sarcoidosis, family history
8 M 53 6.1 1:5 Subtle - Family history
9 F 53 6.2 0 Subtle + Fracture of vertebra, osteomalacia hypothyroidism
10 M 54 883 1:1000 None + Fracture of ankle, psoriasis
M M 54 93.0 1:500 None +
12 F 55 > 100 1:500 Subtle - Sjogren’s syndrome, psoriasis
13 F 55 434 1:500 None - Osteoporosis
14 M 55 24.5 1:200 Subtle + Psoriasis, osteoporosis
15 F 56 585 1:200 Classic Family history
16 F 56 183 1:50 None - Family history
17 F 56 46.6 1:1000 None - Type | diabetes mellitus, hypothyroidism
18 M 62 974 1:500 None + Depression, vitamin B12 deficiency
19 F 63 58 1:5 None +
20 M 63 389 1:1000 Subtle + Sarcoidosis, osteoporosis
21 F 63 941 1:200 None - Hypothyroidism
22 F 63 16.5 1:100 None + Hyperthyroidism, family history
23 F 64 712 1:500 None + Fracture of ribs and sternum, osteoporosis
24 M 64 58 15 None + Fracture of wrist
25 F 64 10.5 1:5 None -
26 F 65 > 100 1:500 Subtle + Osteoporosis
27 F 65 64.3 1:200 Subtle - Hypothyroidism, family history
28 F 66 79.8 1:500 Subtle + Hypothyroidism, family history
29 M 72 > 100 1:200 Subtle + Fracture of foot, family history
30 M 73 274 1:50 Subtle +
31 M 73 202 1:200 None + Fracture of ribs, osteoporosis blisters in mouth
32 M 75 6.0 1:5 None + Osteoporosis
33 F76 74 1:5 None - Osteoporosis
34 M 76 54 1:5 None + Fracture of ribs, family history
35 F76 48.3 1:500 None - Stomach cancer

Clinical features of screen-detected celiac disease patients having small bowel mucosal villous atrophy at the time of diagnosis.

A Serum IgA-class tissue transglutaminase antibodies, values > 5.0 U/l abnormal
B Serum IgA-class endomysial antibodies, titers 1:>5 abnormal
€ Sarcoidosis treated with immunosuppressive medication

serum iron (12 excluded, p = 0.042), serum ferritin (12,
p > 0.001), vitamin By, (14, p = 0.039), and vitamin D
(21, p = 0.006).

The mean femoral Z-score improved significantly
when patients had adhered to the gluten-free diet for
two years; in the lumbar spine the improvement did not
reach statistical significance (Table 4). There were no
significant changes in T-scores. In subjects with osteo-
penia or osteoporosis, the mean T-score increased in
lumbar spine from -2.0 (95%CI -2.3 to -1.7) to -1.7 (95%
CI -2.1 to-1.3), and in femoral neck from -2.2 (95%CI

-2.5 to -1.9) to -2.1 (95%CI -2.4 to -1.8) (p-values 0.03
and 0.20, respectively). Bisphosphonates were prescribed
for three patients with osteoporosis or osteopenia.
When these patients were excluded from the analysis,
the increase in lumbar spine T-score remained still sta-
tistically significant (p = 0.021). The diet had no obvious
effect on BMI. Quality of life measured by PGWB did
not change during the follow-up; apart from improve-
ment in the well-being score (Table 2). The three
patients who declined the diet initially reported no
symptoms, but developed minor abdominal complaints
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Table 2 Symptoms and quality of life

Screen-detected celiac patients

At the diagnosis After gluten-free diet p-value® Non-celiac controls p-value ®
GSRS ©
Diarrhea 2.1 (1.7-2.6) 1.5 (1.2-1.9) 0.009 1.6 (1.5-1.8) 0.091
Indigestion 28 (24-32) 2.0 (1.6-2.3) < 0.001 24 (20-27) 0.117
Constipation 2.1 (1.7-2.5) 1.8 (1.5-2.1) 0.343 20 (1.6-23) 0.813
Abdominal pain 2.1 (1.7-24) 1.7 (14-2.0) 0.020 1.8 (1.5-2.1) 0.203
Reflux 1.8 (14-2.2) 14 (1.2-1.7) 0.040 1.5(1.8-1.2) 0.161
Total score 22 (1.9-2.5) 1.7 (1.5-2.0) 0.001 19 (1.7-2.1) 0.133
PGWB?
Anxiety 23 (21-24) 24 (22-25) 0.256 25 (24-26) 0.063
Depression 16 (15-17) 16 (15-17) 0429 16 (16-17) 0.713
Well-being 16 (15-17) 17 (16-18) 0.011 17 (16-17) 0.364
Self-control 15 (14-16) 15 (14-16) 0.942 15 (15-16) 0.593
General health 13 (12-14) 12 (11-14) 0.243 14 (14-15) 0.030
Vitality 17 (16-18) 18 (16-19) 0.100 19 (18-19) 0.110
Total score 100 (93-106) 102 (95-109) 0.620 106 (104-108) 0.355

Gastrointestinal symptom score (GSRS) and psychological general well-being (PGWB) in older celiac disease patients before and after dietary treatment,
compared to non-celiac controls

@ Comparison between celiac patients at the diagnosis and after gluten-free diet

b Comparison between celiac patients at the diagnosis and non-celiac controls

€ Gastrointestinal symptom rating scale; higher scores indicate more gastro-intestinal symptoms

d Psychological general well-being; higher scores indicate better quality of life
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Figure 1 Small bowel mucosa before and after gluten-free diet. The villous height crypt depth ratio (A) and the densities of intraepithelial
lymphocytes/100 enterocytes (B) at the time of diagnosis and after one year on a gluten free diet (GFD) in older celiac disease patients
detected by mass-screening.
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Table 3 Malabsorption
Reference values At the diagnosis After gluten-free diet p-value
Mean Range Mean Range
Blood hemoglobin M: 134-16.7 g/dl 14.1 11.6-164 143 11.9-16.0 0.225
F: 11.7-15.5 g/dl 138 12.0-156 133 10.7-16.1 0.019
Serum iron 10-34 pmol/I 17 5-28 19 9-40 0.280
Serum ferritin M: 20-275 pg/l 46 5-177 120 7-351 0.004
F: 7-205 pg/l 33 5-78 83 7-351 0.001
Serum vitamin B12 150-740 pmol/I 275 110-542 355 142-739 0.018
Erythrocyte folic acid 180-845 nmol/! 290 88-662 403 108-1292 0.058
Serum vitamin D25 22-103 nmol/I 45 15-77 64 29-97 < 0.001
Plasma phosphorus 0.71-1.53 mmol/I 0.94 0.59-1.19 093 0.72-1.24 0.382
Serum vitamin A 1.0-3.0 umol/I 2.2 1.1-33 20 1.0-25 0.025
Serum vitamin E 12-48 pymol/I 30 10-42 35 25-65 0.005
Serum ionized calcium 1.15-1.30 mmol/I 1.23 1.15-1.33 1.22 1.15-1.32 0.049

Malabsorption parameters at the diagnosis and after gluten-free diet in 32 screen-detected older celiac disease patients. Some of the patients received also

vitamin or iron supplements, see the text.

after the follow-up; in two osteopenia and low folic acid
levels remained.

Discussion

An increasing number of patients with celiac disease will
be diagnosed among the older people [1-3]. The correct
diagnosis may have been missed even when the patients
had contacted their physicians for many years due to
unexplained symptoms or abnormalities in blood tests
[3]. Altogether, older patients may have more symptoms
than younger ones [15], and may have an increased risk
of malabsorption or enteropathy-associated T-cell lym-
phoma([16]. Anemia, iron, vitamin B12, folic acid, and
calcium deficiency have been the major malnutrition
findings in older celiac disease patients [3,16]. It would
thus, appear desirable to detect the disease as early as
possible.

On the other hand, it is of crucial importance to know
what the overall implications of the diagnosis are in
older people. Mortality has not increased among older
undiagnosed celiac disease patients [6] and the effect of
the diagnosis on well-being has not been investigated. In
this prospective follow-up study we evaluated the conse-
quences of dietary treatment in a definite celiac disease

Table 4 Bone density and body mass index

patient series obtained by population-based mass
screening in the older [17]. Since neither celiac disease
nor any abdominal disease was the target of the original
GOAL project, there was no selection bias towards indi-
viduals suffering from gastrointestinal symptoms. Of
note, the rate of detection of celiac disease in Finland is
relatively high, and in the present series, 0.9% of indivi-
duals already had the diagnosis of celiac disease estab-
lished before the screening program [17]. This
notwithstanding, even here the majority of older celiac
disease patients would have remained undiagnosed with-
out active screening or case finding.

In these screen-detected patients an improvement in
GSRS was evident under dietary treatment, both in total
score and in virtually in all subscores, displaying an alle-
viation in gastrointestinal symptoms. The effect of the
treatment on quality of life (PGWB) was not so evident,
but it is of note that the diet did not worsen it. A com-
parable finding was obtained in our recent study where
celiac patients detected by screening at risk groups were
investigated [18]. An improvement in laboratory values
was seen almost invariably. This was most evident in
serum mean ferritin indicating the presence of subclini-
cal iron deficiency, as the serum iron levels remained

At the diagnosis

Mean; 95% confidence intervals

After gluten-free diet
Mean; 95% confidence intervals

Lumbar spine Z-score (SD) 0.6 00-11

Femoral Z-score (SD) -0.1 -05-02
Lumbar spine T-score (SD) -0.7 -1.2--0.1
Femoral T-score (SD) -1.1 -15--06
Body mass index (kg/m?) 259 24.6-27.1

09 01-15 0.060
0.1 -02-06 0.009
-04 -1.2-0.1 0.241
-1 -1.5--05 0.670
253 24.1-26.5 0.139

Bone mass density (T and Z -score) and body mass index (mean with 95% confidence intervals (Cl)) at diagnosis and after gluten-free diet in 32 screen-detected

older celiac disease patients
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within normal range. A low ferritin level was similarly
observed in a series from Godfrey and colleagues [6].
Apart from gluten-free diet, iron or vitamin supplemen-
tation was given to some of our patients, but the benefi-
cial effect was evident also in those subjects, who did
not receive any substitution. There was a slight but sta-
tistically significant decrease in blood hemoglobin levels
in females (Table 3), but none of the patients suffered
from severe anemia. A regular follow-up of hemoglobin
values is in any case indicated in celiac patients.

A risk of low bone mineral density is possible in
screen-detected apparently asymptomatic celiac disease
patients [5]. In the present study, Z-scores, reflecting
the values in the age- and sex-matched population, were
within reference levels at baseline, but a significant
improvement was observed on a gluten-free diet. As Z-
score reference values usually decrease with age, we
concluded that this process was slowed down by dietary
treatment. Though no improvement was observed in T-
scores in the total series, such an effect was seen in sub-
jects with osteoporosis or osteopenia, even when sub-
jects treated with bisphosphonates were excluded. The
analysis would have been impossible if also subjects
receiving vitamin D or calcium substitution were
excluded. On the other hand, in the randomized study
carried out by Mautalen et al. [19], strict gluten-free
diet promoted a significant increase in bone mineral
density, but calcium and vitamin D supplementation did
not provide additional benefit. We will further point
out, that the medical management for bone disease of
malabsorption would not have been possible without
our active screening. There was a small but significant
decrease in serum calcium levels. This may be due to
ongoing bone restoration, which implies that calcium
substitution is indicated after the commencement of a
gluten-free diet. Our results further suggest that low-
energy fractures may be a risk in untreated celiac dis-
ease. Larger prospective studies are however needed to
confirm this finding.

Compliance with a gluten-free diet does not seem to
be a problem in older patients with celiac disease, as
compliance rates have been more than 90% [3]. Accord-
ingly, the histological or serological recovery in the 32
patients adhering to a gluten-free was virtually complete.
However, our results cannot directly be applied in every
country, as the availability of gluten-fee diet may not be
as good as in Finland. Another limitation of the study
was that we did not have laboratory or bone mineral
density values for the control group. Nevertheless, we
emphasize that a favorable outcome can be achieved by
screening older population for celiac disease.

None of our celiac disease patients suffered from
severe malabsorption syndrome, and they did not have
refractory sprue or any other severe complications.
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Ten (29%) of these 35 screen-detected celiac patients
had had relatives with celiac disease and 10 autoim-
mune diseases, which should both alert to celiac dis-
ease. Katz and associates [20] concluded that
symptoms do not predict who will have celiac disease,
making case-finding ineffective, and they therefore sug-
gested that general population screening may be
needed to find the disorder. To the contrary, we
believe that in this older population case finding will
be effective as long as symptoms and risk-groups are
taken into account. Altogether, 29 out of 35 of our
celiac patients would have been detected without sero-
logic mass-screening if family history, bone fractures
or concomitant diseases (Table 1) had alerted the phy-
sicians (in patient 35 routine duodenal biopsy would
have detected celiac disease). We therefore recommend
screening in groups, where the costs are lower than in
mass-screening, and as shown here, the patients bene-
fit from dietary treatment.

Conclusions

Screen-detected, apparently asymptomatic older celiac
disease patients may suffer from subclinical malabsorp-
tion, gastrointestinal symptoms or bone disease, which
are alleviated during gluten-free dietary treatment. No
deterioration in quality of life was seen in our series,
and dietary compliance was excellent. Despite this, we
consider that there is still insufficient evidence to advo-
cate mass screening, until the costs and benefits of the
approach have been thoroughly evaluated. Instead, as
the majority of patients had a family history or asso-
ciated conditions known to occur with celiac disease, we
recommend active case finding in older people belong-
ing to at-risk groups.
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