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Abstract
Background-Gluten sensitivity is thought
to be significantly under-diagnosed in the
population.
Aims-The aims of this study were to
investigate the prevalence of antibodies
associated with coeliac disease in a large
representative sample ofthe adult popula-
tion and to determine factors that are
associated with their presence.
Patients-Serum samples from 5420 sub-
jects with approximately equal numbers
in each five year group from ages 15 to 65
years were obtained from the Belfast
MONICA project and Change of Heart
surveys, set up to monitor and assess risk
factors associated with coronary heart
disease in the population.
Methods-Using immunofluorescence and
enzyme linked immunosorbent assay
(ELISA) techniques autoantibodies, in-
cluding those to reticulin, endomysium,
and gliadin were determined.
Results-The results establish that IgA
antigliadin antibody prevalence is high
at 5.7°/0. Antiendomysial. antibody was
present in 12% ofsamples and gliadin and
endomysial antibodies in 0.4%/0. No signifi-
cant differences were found between men
and women, area ofresidence in Northern
Ireland or the year of sampling over the
eight year period. However, there was a
significant increase in the prevalence of
IgA gliadin antibody, and to a lesser
extent IgA endomysial antibody, with
increasing age.
Conclusion-The high prevalence ofthese
positive antibodies suggests that coeliac
disease may be relatively common in
Northern Ireland.
(Gut 1996; 39: 43-47)
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Coeliac disease (CD) has been traditionally
considered to be a disease of childhood and
early adult life characterised by malabsorption,
diarrhoea, weight loss, and failure to thrive.
The disease can, however, be found at any age
and in many cases is devoid of any of these
'typical' features, but is detected as a result of
investigation of haematological abnormalities
such as anaemia, macrocytosis, and folate
deficiency. 1 2 It is also recognised that there are
a significant number of subjects with villous
atrophy who are completely asymptomatic.

These include 10-15% of first degree relatives
of known CD patients.3 4 It is therefore
possible that a large number ofpeople, perhaps
the majority, remain undiagnosed and only the
'tip of the iceberg' of cases are recognised.5
Some of these will have non-specific but
significant symptoms, which would benefit
from treatment with a gluten free diet.6 Even in
those who are asymptomatic there is evidence
that they have significant bone problems7
and are at increased risk of developing malig-
nancies, particularly of the gastrointestinal
tract.8 Treatment with a gluten free diet
reduces the risk of lymphoma in CD9 and
seems to produce improvement in bone
mineralisation.10 It is consequently important
to assess the full extent of gluten sensitivity in
the population so that those at risk may benefit
from treatment.
At present, a small bowel biopsy is the only

definitive test for CD. A reliable, less invasive
test would facilitate screening of much larger
numbers of people. A number of serological
tests have been used as a pointer to diagnosis
and include antireticulin antibody (ARA),
antiendomysial antibodies (EMA), and anti-
gliadin antibody (AGA), but their sensitivities
and specificities have varied with assay
methodology, the antibody isotype detected,
and the patient group studied." IgA class
AGA and EMA seem to give the best diagnos-
tic performance'2 and this combination has
been suggested to be useful for population
screening, by first testing for AGA and then
confirmation with a positive IgA EMA.13
The aims of this study were to investigate

the prevalence of antibodies associated with
CD (ARA, EMA, and AGA) in a large repre-
sentative sample of the adult population, and
to determine factors that influence their
presence. This is part of a larger study to
investigate the relation between these anti-
bodies and gluten sensitivity in the population.

Methods

Study population
In Northern Ireland the Belfast MONICA
Project and Change of Heart Surveys were set
up to determine risk factors associated with
coronary heart disease in the population
(MONICA: multinational MONItoring of
trends and determinants in CArdiovascular
disease). The Belfast MONICA Project com-
prised three population sampling studies each
extending over approximately a one year
period during 1983/4, 1987/8, and 1991/2.
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The study population was selected from
Belfast, Castlereagh (an urban area adjacent to
Belfast), North Down and Ards District
Councils. These last two areas contained both
urban and rural communities. The Change of
Heart Survey14 was a similar project under-
taken in 1988 with the sampling area outside
that of the Belfast MONICA Project and
included the remainder of Northern Ireland.
These populations were selected as single
random samples stratified by sex and 10 year
age groups from 12-65 years by computer pro-
gram from patients contained on the Northern
Ireland Central Service Agency's General
Practitioners list and totalled 15 992 subjects.
From these subjects 7617 agreed to take part
in the surveys. Serum samples were available to
use from 5420 subjects, aged 15 to 65 years, of
this screened population, 2665 men and 2755
women. Our study group contained approxi-
mately equal numbers of men and women in
each five year age interval (X2 15-3, p=008).
Information on age, sex, year of sampling, and
area of residence was also available.

Detection of autoantibodies
Serum samples stored at -70°C were obtained
as described above and tested for specific
autoantibodies over a four month period. Using
indirect immunofluorescence serum samples
were initially screened at a dilution of 1/20 for
the presence of antireticulin of the Rl type
(ARA), antinuclear (ANA), antimitochondrial
(AMA), antismooth muscle (SMA), and anti-
gastric parietal cell antibodies (GPCA) using
composite sections of rat liver, kidney, and
mouse stomach (BioDiagnostics, Worcester-
shire, UK) and fluorescein conjugated anti-
human globulin (Dako, Buckinghamshire,
UK). Any serum containing positive autoanti-
bodies were further titrated. Sera containing
ARA were titrated for both IgG and IgA anti-
bodies. Endomysial antibody (EMA) in the
IgA class was detected by indirect immuno-
fluorescence using monkey oesophagus (Bio-
Diagnostics, Worcestershire, UK) as antigen.1'
Sera were initially tested at a dilution of 1:2 and
any positives tested at dilutions 1:5, 1:10, and
1:20. Positivity was taken as a titre of 1:5 or
greater. IgA antigliadin antibody (AGA) was

TABLE I Prevalence of coeliac antibodies and combinations
of these antibodies in the study population, n=5420

Antibody Number (%o) positive

IgA ARA 43 (0-8)
IgA EMA 65 (1-2)
IgA AGA 307 (5-7)
IgA ARA+IgA EMA 12 (0-2)
IgA AGA+IgA EMA 20 (0-4)
IgA ARA+IgA AGA 4 (0-1)
IgA ARA+IgA EMA+IgA AGA 12 (0-2)

TABLE II Coeliac antibodies and sex of subjects

Number (%lo) positive in

Males Females
Antibody (n=2665) (n=2755) x2 Test

IgA ARA 20 (0-8) 23 (0-8) 0.3, p=0.61
IgA EMA 32 (1-2) 34 (1-2) 0-1, p=0-81
IgAAGA 161 (6-0) 146 (5-3) 1-4, p=0-24

measured by enzyme linked immunosorbent
assay (ELISA; Labmaster, Turku, Finland).
Results were expressed in ELISA units (EU)
with a normal range of 0-99 (97.5th centile).

Data storage and statistical analysis
A database was established (SPSS/PC+, SPSS
Inc 1988) to store information for each sub-
ject, this included survey identification num-
ber, age, date of birth, sex, area of residence in
Northern Ireland, and the results of the various
autoantibodies tested. All statistical analyses
were performed using a SPSS/PC+ statistical
package. x2 Analysis was used to compare the
proportion with and without the antibody
between subgroups. The Mantel-Haenszel test
for linear trends was also used. A p value
<0 05 was considered statistically significant.

Results

Prevalence of coeliac antibodies
Table I shows the prevalence of the CD associ-
ated antibodies (ARA, EMA, AGA) in the
study population. IgA AGA showed the high-
est prevalence at 5.7% (307 of 5420). IgA
EMA occurred in 1.2% and a combination of
IgA AGA and IgA EMA was found in 0.4% of
the samples. Of the 65 sera with a positive IgA
EMA, 18 had a titre of 1:5 and 47 (0.9%) had
titres of 1:20 or greater. IgG ARA was found in
25 (0.5%) of the sera and IgA ARA in 24
(0.4/o), both isotypes were present in a further
19 (0.4%) sera. ARA, EMA, and AGA were
also detected on their own in the serum
samples; 30% (13 of 43) of the positive IgA
ARA samples had no other CD associated anti-
bodies present. Similarly 25% (16 of 65)
positive IgA EMA and 89% (272 of 307)
positive IgA AGA were also detected on their
own.
The prevalence of other autoantibodies

were: ANA (1.9%), SMA (0.8%), AMA
(0.4%), and GPCA (4.5%). The prevalence of
both ANA and GPCA increased with age.
No association was found between the presence
of these autoantibodies and any of the CD
associated antibodies. Serum IgA concentra-
tions were determined in 2000 subjects and the
incidence of IgA deficiency was 1:500. None of
these IgA deficient patients had IgG ARA.
There was no association between positive
serology and serum concentrations of immuno-
globulins.

Prevalence of coeliac antibodies and sex of subjects
There was no difference between the preva-
lence of these antibodies in men and women
(Table II).

Prevalence of coeliac antibodies andyear of
sampling
There was no significant difference between
the prevalence of the CD associated antibodies
obtained at the three time periods, although
the prevalence of IgA ARA, EMA, and
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TABLE III Coeliac antibodies andyear ofsampling

Number (%) positive in different years ofsampling

Antibody 1983/4 (n= 1206) 1987/8 (n=2390) 1991/2 (n= 1824) x2 Test

IgA ARA 12 (1.0) 17 (0-7) 14 (0.8) 3.4, p=0-18
IgAEMA 19 (1-6) 24 (1-0) 23 (1-3) 2-6,p=0-27
IgA AGA 80 (6.6) 130 (5.4) 97 (5.3) 5.5, p=0-06

TABLE IV Coeliac antibodies and area of residence within Northern Ireland

Number (%lo) positive in different areas of residence

Area 1 Area 2 Area 3 Area 4
Antibody (n=455) (n=2596) (n= 676) (n= 1693) y, Test

IgA ARA 4 (0-9) 23 (0.9) 8 (1.2) 8 (0.5) 4-8, p=0-18
IgAEMA 8(1-8) 35(1.3) 11 (1-6) 12(0-7) 7-1,p=0-07
IgA AGA 20 (4.4) 157 (6.0) 49 (7.2) 81 (4.8) 8-1, p=0-09

Area 1: Ards District. Area 2: Belfast and Castlereagh. Area 3: North Down Distict. Area 4:
Outside Greater Belfast Area.

TABLE V Coeliac antibodies and age of subjects

Number (%) positive in different age groups (years)

15-25 26-35 36-45 46-55 56-65
AntAbodv n=72) .n=994) .n= 1224) n= 1??2) An= 11271 v2 Test

IgA ARA
IgA EMA
IgA AGA

10

CO,
0

a)
0)
cn

a)
C)
a)

(2)
a)

0L

Increase in,
from 15-20

within Northern Ireland were taken into
account (Table IV).

Prevalence of coeliac antibodies and age of
subjects
The prevalence of IgA ARA was not signifi-
cantly different between the age groups.
However, the prevalence ofIgAAGA showed a
statistically significant increase with age
(p<0.0001) with 2.5% positivity in the 15-25
years age group rising to 8.0% in the 55-65
years age group (Table V, Figure). The
Mantel-Haenszel test indicated that this
increase was linear. The prevalence of IgA
EMA seemed to rise with age but this was not
shown to be statistically significant, however,
when the subjects were divided into below and
above 35 years there was a significantly greater
number of subjects with IgA EMA in the
older group than in the younger group (1.4%
v 0.8%; X2=3.8, p=0.04).

Discussion
4 (0.6) 8 (0.8) 11 (0 9) 9 (0.7) 11(1-0) 3.6, p=0.5 As part of a comprehensive assessment of the
8 (1.1) 9(09) 16(1-3) 14(1-1) 19(1-7) 58,p=009
18 (2.5) 44 (4-4) 72 (5.8) 82 (6.2) 91 (8.0) 38-4, p<0-0001 prevalence and clinical profile of adult CD in

the Northern Ireland population we have
studied the prevalence of IgA ARA, IgA EMA,
and IgA AGA in a large number of adult

AGA appeared slightly higher at the 1983/4 subjects, aged between 15 and 65 years and
sampling period (Table III). examined a number of potential factors

influencing their presence. Northern Ireland
consists of a comparatively stable ethnic com-

Prevalence of coeliac antibodies and area of munity of approximately 1-5 million making it
residence of subjects a good population to study disease incidence
The prevalence of the CD antibodies was and prevalence. The Belfast MONICA Project
not significantly different when the four geo- and Change of Heart surveys were established
graphical areas of residence of the subjects to assess risk factors for coronary heart disease

and provided us with a large sample of the
Northern Ireland population. This is the
largest study of its kind in the literature, and in
contrast with other similar studies, is represen-
tative of the entire adult population over a wide
age range and not limited to healthy volunteers
such as blood donors.

Although the presence of positive serology
does not exactly correlate with clinical CD,
certain antibodies do show good sensitivities
and specificities for the disease. We have found
in patients with a high suspicion of CD attend-
ing a gastroenterology clinic the sensitivity and
specificity of IgA AGA and IgA EMA to be
100%, 100% and 89% and 100% respectively,
for biopsy confirmed CD." Preselecting a
patient group increases the prevalence of the
disease in that group and it is known that a
pronounced increase in test predictive value
occurs when there is a rise in the prevalence of
the disease under study.15 Our experience
would indicate that sensitivity, specificity, and
predictive values for IgA EMA and especially
IgA AGA are lower in patients from sources
other than gastroenterology clinics than in
those from preselected high prevalence disease
groups. A combination of a positive IgA AGA

17-5 22.5 28.5 32.5 38.5 42.5 48.5 52.5 58-5 62.5 together with a positive IgA EMA is regarded
Mid point of 5 year age groups as being indicative of CD," this combination

percentage positivity ofIgA AGA with age. Subjects are in five year age groups was found in 0-4% of subjects, suggesting a
'years to 60-65 years. prevalence ofCD of 1 in 250. IgA EMA on its
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own has also been shown to have a high pre-
dictive value for CD" 1618; and in our study
1.2% (1 in 83) had this antibody. Most labora-
tories test for IgA EMA at a dilution of 1:5,
however, the titre of IgA EMA in patients with
CD is usually much higher. In our population
47 (0.90/o) had a titre of 1:20 or greater.
A clinical follow up of these patients will
determine the true sensitivity and specificity of
positive serology in the adult population.

In our study population IgA AGA was

detected in 5.70/O (1 in 18) subjects. The
relevance of a positive AGA has been the sub-
ject of a number of reports. In a study of blood
donors Grodzinsky et al 19 detected AGA in 49
of 1866 donors aged between 18 and 64. Seven
of these 49 showed small bowel enteropathy
characteristic of CD. The same group found
after a six year follow up that none of the 42
AGA positive subjects with normal histology
had detectable EMA or any major symptoms
compatible with CD. They also found that in
approximately one third, the high AGA values
had returned to normal.20 Our preliminary
results would indicate that a number of our

positive IgA AGA subjects have in time also
returned to normal values suggesting that a

limited IgA AGA response is not uncommon

in the healthy population and that the presence
of a prolonged IgA AGA response is a better
indicator of CD. In an Italian study comprising
3351 students from a secondary school popu-

lation aged 1 1-15 years, 71 were found to have
positive AGA serology. Further investigation
of this group showed 11 to have CD, although
most had no serious symptoms.'3 It seems that
only a fraction of positive AGA patients have
clinical CD. However, in recent years it has
been proposed that gluten sensitivity encom-

passes a histological spectrum ranging from
inflammatory cell infiltrate to severe atrophy.2'
There is evidence that serological markers may
be associated with mild changes or predict the
future development of atrophy. O'Farrelly et al
22 showed that patients with positive a gliadin
antibody and apparently normal bowel archi-
tecture, had high intraepithelial lymphocyte
counts consistent with an immunological
response, and which may be equivalent to the
early type 1 infiltrative lesion of gluten sensi-
tivity described by Marsh.2' Collins et al23
showed that after a follow up period of
between one and seven years, seven of 25
patients who previously had positive ARA or

AGA but with normal small bowel mucosa,

had developed small bowel villous atrophy.
Many factors may be responsible for pre-

disposition to CD and its subsequent modifi-
cation. These include genetic, environmental,
dietary, geographical, and immunological re-

activity. We investigated a number of factors in
relation to the prevalence of CD associated
antibodies. There was no difference in the
prevalence of the antibodies between men and
women even at different ages. Although there
is evidence from several published series that
CD is more common in adult women than
men,1 2 it is not clear whether this is due to a

true difference in disease prevalence or if there
is a significant difference in case ascertainment

between men and women. Our results suggest
the second of these may be the case. In our
study the prevalence of IgA EMA and more
strikingly IgA AGA increased with age. A
similar increase in IgA AGA has been
described in blood donors aged between 18
and 65.24 It was suggested that this is a reflec-
tion of changed immunological reactivity in the
gut with age.'9 The age related prevalence of
AGA may reflect a similar pattern of gluten
sensitivity, and is supported by reports of the
prevalence of adult CD from two Swedish
studies. In one the highest prevalence was
found in the age group 65-74 years and the
lowest between ages 15-24 years,25 while in
the other study the peak prevalence was shown
to occur between ages 45-54.26 However,
this was not found in the prevalence study of
CD in the Lothian district of Scotland by
Logan et al where the age distribution of
patients was even throughout the age range up
to 64 years.27 The prevalence of the other
autoantibodies is similar to that previously
reported in healthy populations,28 however, no
correlation was seen between the CD anti-
bodies and these autoantibodies. As with the
IgA AGA and IgA EMA the prevalence of
ANA and GPCA also increased with age
maybe reflecting loss of immunological toler-
ance to these antigens.

Samples were obtained from four different
geographical locations within Northern Ireland
representing distinct urban and rural areas. No
differences were seen in the prevalence of anti-
bodies from the different areas, which suggests
that CD is similar throughout the country.
Previous geographical comparisons of CD
prevalence between countries have shown
considerable differences.27 Although ethnic
differences may account for some of the
variation it is probable that differences in case
ascertainment also contribute. This was
thought to be the principal reason for the
reported variation in CD prevalence between
different regions of England.' It was suggested
that CD was significantly underdiagnosed in
some areas. Our data, by analogy and extra-
polation, supports this notion.
Our results show that the prevalence of all

the CD associated antibodies tested in 1983/4,
1987/8, and 1991/2 has remained relatively
stable over this period. This suggests the
prevalence of CD may also be stable over this
period, and supports the contention that the
reported increase in the incidence of adult CD
in recent years is due to better recognition of
the condition rather than a real increase.2 29
The prevalence of CD in Europe based on

symptomatic cases has been estimated to be
between 1:330 and 1:1000.12 Data from our
study on the prevalence of positive antibodies
in the Northern Ireland population suggest a
higher prevalence. We now intend to follow up
subjects with positive serology to determine
the degree of correlation with gluten sensi-
tivity. If it shows large numbers of subjects who
would benefit from a gluten free diet it will
have important implications for the future
recognition of the condition and perhaps
routine population screening.
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