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 Abstract 
  Background.  The natural history and the possible changes of celiac disease (CD) prevalence over time are still unclear.   
  Objectives.  1) To establish whether loss of tolerance to gluten may occur at any age; 2) to investigate possible changes of 
CD prevalence over time; and 3) to investigate CD-related co-morbidities.   
  Methods.  We analyzed 3,511 subjects with matched samples from 1974 (CLUE I) and 1989 (CLUE II). To avoid a selec-
tion bias regarding survival, we also screened 840 CLUE I participants who deceased after the 1974 survey.   
  Outcome measure.  CD autoimmunity (positivity to auto-antibodies) over time.   
  Results.  CD autoimmunity was detected in seven subjects in 1974 (prevalence 1:501) and in an additional nine subjects 
in 1989 (prevalence 1:219). Two cases of CD autoimmunity were found among the 840 subjects deceased after CLUE I. 
Compared to controls, untreated CD subjects showed increased incidence of osteoporosis and associated autoimmune 
disorders, but they did not reach statistical signifi cance.   
  Conclusions.  During a 15-year period CD prevalence increased 2-fold in the CLUE cohort and 5-fold overall in the US 
since 1974. The CLUE study demonstrated that this increase was due to an increasing number of subjects that lost the 
immunological tolerance to gluten in their adulthood.   

Key words:  Auto-antibodies  ,   celiac disease  ,   epidemiology  ,   natural history of disease  ,   prevalence   
Introduction 

 Celiac disease (CD) is an immune-mediated enterop-
athy triggered by the ingestion of gluten in geneti-
cally susceptible individuals. Gluten is the major 
protein component of wheat, a staple food widely 
consumed worldwide, and other cereals (rye and 
barley). The development of the celiac enteropathy is 
paralleled by the appearance of serum auto-antibodies, 
especially the IgA class anti-tissue transglutaminase 
(anti-tTG) and endomysial antibodies (EMA). These 
antibodies may be found in subjects who are either 
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symptomless or present with a wide spectrum of 
clinical problems ranging from classical gastrointes-
tinal symptoms to atypical manifestations. Due to 
these variable features, many CD cases currently 
escape diagnosis (1). 

 Once considered a rare food intolerance condi-
tion, CD is now generally classifi ed as a common 
autoimmune disease (2). Autoimmune diseases are 
the third most common category of diseases in the 
United States after cancer and heart disease. They 
affect approximately 5% – 8% of the population, or 
, 20 Penn St, Baltimore, MD 21201, USA. Fax:  � 1 (410) 706-5508. E-mail: 
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  Key messages  

 Celiac disease autoimmunity may develop   •
at any age, even in the elderly. 
 During the past three decades the preva-  •
lence of celiac disease increased 5-fold in 
the US. 
CLUE I
20,305

Matched
8,3

Randomly chosen
840

No follow-up
questionnaires

1,809

Deceased after
CLUE I
2,187
  Abbreviations  

 CD celiac disease 
 EMA endomysial antibody 
 HLA human leucocyte antigen 
 tTG tissue transglutaminase 
14 – 22 million persons (3). Given the indisputable 
role of gluten in causing infl ammation and autoim-
munity, CD represents a unique model of autoim-
mune disorder in which, in contrast to most other 
autoimmune diseases, the triggering environmental 
factor (gluten), a close genetic association with 
human leucocyte antigen (HLA) genes (DQ2 or 
DQ8), and a highly specifi c humoral autoimmune 
response (auto-antibodies to tissue transglutami-
nase) are known. Therefore, CD would be an ideal 
model to study the natural history of autoimmune 
diseases, provided that follow-up cohort studies 
are performed. During the past two decades, cross-
sectional studies on not-at-risk groups have shown 
that CD is one of the most common lifelong condi-
tions affecting around 1% of the population in West-
ern countries (4,5). Recent data also indicate a trend 
to increased prevalence over time both in Europe 
and the US (6,7). 

 In order to get more information about the natural 
history of CD and to investigate further the changes in 
CD prevalence over time, we tested sera for CD auto-
immunity from a cohort of 3,511 subjects that have 
been followed since 1974.   

 Patients and methods 

 The study used blood samples stored as serum and 
plasma from participants of both CLUE I and CLUE 
II cohort studies, conducted in Washington County, 
Maryland in 1974 and 1989, respectively. The name 
is based on the campaign slogan  ‘ Give us a clue to 
cancer and heart disease ’  that was used in the recruit-
ment of participants. Beginning in 1996 and every 2 – 3 
years thereafter, participants were sent a follow-up 
self-administered questionnaire to collect more in-
depth health-related information, including health 
behaviors and medical histories updated to 2007. The 
CLUE cohorts have been described in detail elsewhere 
(8). Briefl y, CLUE I collected blood samples from 
August through November in 1974. Trailers were sta-
tioned throughout the county, and about one-third of 
the adult county population participated ( n   �  20,305). 
CLUE II was conducted in the summer of 1989 with 
similar methods to CLUE I. Again, about one-third of 
the adult population participated ( n   �  25,380). Par-
ticipation was best in the age group 35 – 65 years and 
better among females than males. Blood was processed 
centrally, usually within 6 hours of blood collection. 
Serum was stored in CLUE I and plasma (from hep-
arinized blood) in CLUE II at �70 ° C. 

 Altogether 37% ( n   �  8,394) of the Washington 
County residents who participated in CLUE II also 
participated in CLUE I and form the base population 
for this study. Of the 8,394 subjects with CLUE I – II 
matched samples, 2,227 had either insuffi cient serum 
sample left or no follow-up questionnaire 
and, therefore, were not screened. Of the remaining 
6,167, we randomly selected 3,511 paired sera 
samples (Figure 1) by using the software Research 
 samples
94

Randomly chosen
3,511

CLUE II
25,080

Insufficient
sample amount sample available

418 6,167

  
Figure 1.     The fl ow chart shows how participants in the CLUE I and CLUE II surveys were selected for inclusion in this study.  
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Randomizer for generation of random numbers. A 
total of 2,021 of them were still alive in the year 2007. 
Our CLUE I – II cohort included 2,235 females 
(63.7%) and 1,276 males (36.3%), with the following 
age distribution (in 1974): 195 were 13 – 19; 548 were 
20 – 29; 903 were 30 – 39; 1,028 were 40 – 49; 696 were 
50 – 59; 131 were 60 – 69; 9 were 70 – 79; and 1 was 80 
years or older. The ethnicity was Caucasian (99.3%), 
African-American (0.6%), and other (0.1%). 

 To determine if the estimate of CD prevalence in 
the CLUE I sample could be infl uenced by survival 
bias, we also assayed a group of CLUE I sera from 
participants deceased after CLUE I ( n   �  840), cor-
responding to the fraction of deaths observed in the 
initial cohort (19% between 1974 and 2007).  

 Study protocol 

 Sera were fi rst tested for IgA anti-tTG antibodies, 
and those with borderline or elevated anti-tTG anti-
bodies were subsequently tested for serum IgA class 
EMA to improve the specifi city of the diagnostic pro-
cess. Samples showing IgA anti-tTG of  �  0.5 arbi-
trary units (AU) were tested for IgG anti-tTG and, 
if positive, for total serum IgA to rule out selective 
IgA defi ciency, a condition associated with CD (9). 

 The protocol of this study was approved by the 
Ethical Committee of the University of Maryland 
School of Medicine.   

 Methods 

 Anti-tTG antibodies were measured using an 
enzyme-linked immunosorbent assay (ELISA) 
method based on human recombinant antigen. Val-
ues between 5 and 8 AU (IgA antibodies) or 20 and 
30 AU (IgG antibodies) were considered borderline, 
while higher than 8.0 AU (IgA antibodies) or 30 AU 
(IgG antibodies) were considered positive. IgA EMA 
was detected by indirect immunofl uorescence, using 
monkey esophagus as the substrate, and values equal 
to or above a 1:10 dilution were considered as pos-
itive. All tests were performed at the Center for 
Celiac Research, University of Maryland, using 
commercial assays (IgA anti-tTG: Phadia GmbH, 
Freiburg, Germany; EMA: Scimedx Corporation, 
New Jersey, USA; IgG anti-tTG: INOVA  Diagnostics 
Inc., CA, USA).   

 Case defi nition 

 For the purpose of this study, a diagnosis of CD was 
made in: 1) patients with a positive test for IgA class 
EMA antibodies and a positive/borderline test for 
IgA class anti-tTG antibodies; and 2) patients with 
IgA defi ciency (defi ned as total serum IgA lower 
than 5 mg/dL) and positivity of IgG anti-tTG anti-
bodies (no such cases were detected; see below).   

 Associated co-morbidities 

 Information on participants ’  health history included 
the question  ‘ Have you ever been told by a doctor 
or other health professional that you are affected by ’  
followed by a list of medical conditions (answer yes/
no). To establish whether undiagnosed CD was asso-
ciated with increased co-morbidities, the distribution 
of selected self-reported conditions that are known 
to be associated with CD was analyzed. These condi-
tions were osteoporosis and autoimmune disorders 
(including type 1 diabetes, autoimmune thyroid 
diseases, and connective tissue disorders). This infor-
mation was extracted from the health history 
questionnaires collected between 1996 and 2007. 
Other medical conditions included in the clinical 
report (e.g. gout or hypertension) were not 
considered. For each CD case, fi ve randomly selected 
not-CD controls matched for gender, age, and num-
ber of questionnaires fi lled were included in the 
analysis.   

 Statistical analysis 

 The data on the prevalence of CD were expressed 
as proportions and 95% confi dence intervals. The 
association between self-reported conditions in pati-
ents with CD and controls was analyzed by Fisher ’ s 
exact test.    

 Results  

 Serology on the 3,511 subjects with CLUE I – CLUE II 
paired samples 

 In 1974 (CLUE I) there were 13 IgA anti-tTG 
positive subjects, of which 3 had borderline results 
(Figure 2). Seven of the 13 IgA anti-tTG-positive/
borderline subjects were also positive at the IgA  
EMA testing (Figure 2 and Table IA, cases 1 – 7). Six 
of these seven subjects remained positive for both 
IgA anti-tTG and IgA EMA in 1989 (CLUE II), 
while one subject (Table IA, case 6) became negative 
because he was diagnosed with CD between CLUE 
I and CLUE II and, therefore, went on a gluten-free 
diet (Figure 3A, solid line). In CLUE II another nine 
cases who were negative at CLUE I became both 
anti-tTG and EMA-positive (Figure 3A and Table 
IA, cases 8 – 16). Therefore, while 16 subjects fulfi lled 
the criteria of CD autoimmunity defi nition, only 15 
tested positive at CLUE II. 

 Of the six IgA anti-tTG-positive/borderline and 
EMA-negative subjects at CLUE I, fi ve became 
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8,394 subjects

with paired samples

3,511 randomly

selected samples 

CLUE I

3,511

CLUE II

3,511

IgA tTG +
13

IgA tTG neg
2473

IgA tTG low
1025

IgA tTG +
22

IgA tTG neg
3330

IgA tTG low
159

EMA +

7

EMA neg
6

IgG tTG neg
1019

IgG tTG +
6

EMA +

15*

EMA neg
7

IgA Deficient
0

Normal 
Total IgA

6

IgG tTG neg
158

IgG tTG +
1

IgA deficient
0

Normal 
Total IgA

1

1974 1989
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 anti-tTG-IgA-negative/borderline and remained 
EMA-negative at CLUE II, while one seroconverted 
to positive EMA (Table IA, case 8). Finally, fi ve 
subjects (constantly EMA-negative) that tested 
IgA anti-tTG-negative at CLUE I became IgA anti-
tTG borderline at CLUE II. Figure 3 shows the dynamic 
changes of IgA anti-tTG antibodies in subjects with at 
least one positive/borderline determination eventually 
  Table IA. Demographic and clinical data of subjects receiving a diagnosis of CD in the CLUE 1 and/or CLUE 2 studies.  

Age at 
CLUE I

CLUE I 1974 CLUE II 1989 CD-positive Vital status as of 2007

Case Ethnicity Gender tTG-IgA  EMA-IgA tTG-IgA  EMA-IgA CLUE I  CLUE II Alive/dead      Year; cause of death

1 C F 52 19.6  � 1:50 11.3  � 1:50 yes yes Deceased after 
CLUE II

1999; Heart failure

2 C F 50 24.0  � 1:50 127.9  � 1:50 yes yes Deceased after 
CLUE II

2006; Pneumonia

3 C F 32 88.1  � 1:50 124.0  � 1:50 yes yes Alive in 2007 a 
4 C M 60 102.9  � 1:50 119.8  � 1:50 yes yes Alive in 2007
5 C F 50 67.3  � 1:50 41.2  � 1:50 yes yes Alive in 2000 No questionnaire 

returned after 2000
6 C M 25 171.5  � 1:50 0.6 neg b yes yes Alive in 2007
7 C F 34 6.4  � 1:20 6.9  � 1:20 yes yes Alive in 2007
8 C M 26 9.5 neg 17.1  � 1:50 no yes Alive at 

CLUE II
Did not return any 

questionnaire
9 C F 25 0.8 neg 17.4  � 1:50 no yes Alive in 2007
10 C F 53 1.4 neg 11.4  � 1:10 no yes Alive in 2007
11 C F 29 0.7 neg 7.1  � 1:10 no yes Alive in 2003 Did not return 

questionnaires 
after 2003

12 C F 14 3.5 neg 8.1  � 1:10 no yes Alive in 2007
13 C F 54 3.3 neg 7.2  � 1:20 no yes Alive in 2007
14 C F 37 0.2 neg 8.4  � 1:20 no yes Alive in 2007
15 C F 28 0.2 neg 68.4  � 1:50 no yes Alive in 2007
16 C M 27 0.1 neg 8.0  � 1:50 no yes Alive in 2007

    a Diagnosed with CD and placed on a gluten-free diet after CLUE II.   
  b Diagnosed with CD and placed on a gluten-free diet between CLUE I and CLUE II.   
Figure 2.     Results of the celiac screening of the 3,511 matched participating subjects.  ∗ Only 15 of the 16 CD autoimmunity subjects tested 
EMA-positive at CLUE II as 1 subject was on a gluten-free diet (Table IA, case 6).  
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considered as either CD-affected (3A) or not affected 
(Figure 3B). A total of 1,125 subjects with very low 
levels of IgA anti-tTG were screened for IgG anti-tTG 
antibodies. Six subjects had positive IgG anti-tTG but 
normal total IgA levels and, therefore, did not meet 
the CD diagnostic criteria (Figure 2).   

 Serology on the 840 subjects that deceased after 
CLUE I 

 Among the 840 subjects that deceased after CLUE 
I, 2 tested positive for both IgA anti-tTG antibodies 
and EMA (Figure 4 and Table IB), suggesting that 
both were affected by CD. Interestingly, one of these 
two subjects (case 1b) died of jejunal cancer, a 
neoplasm that is strongly associated with CD.   

 CD cases identifi ed in the CLUE cohort 

 At the time of the CLUE I study there was no case 
of diagnosed CD in our study group. Our data showed 
that a total of 18 subjects fulfi lled the criteria of CD 
diagnosis. Of these 18 CD cases, 16 were among the 
3,511 subjects with CLUE I – CLUE II paired samples 
(12 female and 4 males, average age at CLUE I, 37.2 
years, range 14 – 60). Seven out of 16 cases had a pos-
itive serology already on CLUE I evaluation (Table IA, 
cases 1 – 7). The other nine cases apparently developed 
CD between CLUE I and CLUE II (Table IA, cases 
8 – 16), their fi rst CD serology result being normal 
(except case 8, showing a low level of isolated anti-
tTG-IgA positivity at CLUE I). Remarkably, two of 
these nine cases with  ‘ late-onset ’  CD were already in 
their sixth decade (cases 10 and 13) when fi rst exam-
ined at CLUE I. The remaining two CD cases (both 
female, average age at CLUE I, 46.5 years) tested 
positive at CLUE I but deceased before the CLUE II 
follow-up (Table IB). Only 2 of the 18 CD cases were 
clinically diagnosed with CD: case 3 after CLUE II 
and case 6 between CLUE I and CLUE II (Table IA). 
Therefore, in this cohort CD was clinically diagnosed 
only in 11% of the affected cases.   

 Prevalence of CD 

 The prevalence of CD in the study group, as determined 
by our serological screening, was 0.21% (95% CI 0.072 –
 0.34) in 1974 and 0.45% (95% CI 0.24 – 0.66) in 1989. 
The trend of an increasing prevalence of CD in the USA 
during these last decades is clearly shown in Figure 5, 
which, by comparison, also shows the prevalence of CD 
in a different cohort of 2,845 not-at-risk American sub-
jects that we studied in 2001 (12 years after CLUE II) 
(4). The gender, age, and ethnical distribution of these 
2,845 subjects was not statistically different from that of 
CLUE I participants.   
 Incidence of CD 

 During the 15-year-period between CLUE I and 
CLUE II only 1 case of CD was clinically detected 
(Table IA, case 6) in this sample of 3,511 American 
adults. The incidence (number of diagnosed cases/
thousand/year) of CD in this cohort was therefore 
very low (0.02).   

 Self-reported medical conditions 

 The duration of follow-up (mean  �  SD) was 
31.1  �  3.5 years in patients with CD and 29.6  �  3.8 
years in controls. Eleven out of 14 CD patients 
returned all the questionnaires (the last in the year 
2007). The body mass index (BMI) (mean  �  SE) in 
1989 was 29.1  �  1.6 in CD patients and 29.7  �  0.9 
in controls. Untreated CD was associated with a 
2.6-fold increase in autoimmune co-morbidity and 
a 1.6-fold increase in osteoporosis; however, these 
differences did not reach statistical signifi cance 
( P   �  0.09 and  P   �  0.12, respectively).    
Figure 3.     A: IgA anti-tTG levels in CD cases participating in 
CLUE I (1974) and CLUE II (1989) studies. One subject with 
high IgA anti-tTG only at CLUE I (Table IA, case 6) was 
diagnosed with CD between CLUE I and CLUE II, and was on 
a gluten-free diet at CLUE II (solid line). B: Antibody levels 
in not-CD subjects with isolated IgA anti-tTG positivity at 
CLUE I (1974) and/or CLUE II (1989). Borderline and abnormal 
values are inside and above the dotted band, respectively. AU  �  
arbitrary units.  
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 Discussion 

 In our study, detection of CD was based on sero-
logical criteria only. Although the small intestinal 
biopsy has an indisputable diagnostic role in the 
clinical setting (10), this investigation is not an essen-
tial requirement for an epidemiological survey. The 
serum IgA anti-tTG test was used for fi rst-level 
screening of CD because it is an accurate, easy-to-
perform, and operator-independent test (11). To 
increase the specifi city of the diagnostic process we 
restricted the diagnosis of CD to those positive to 
both anti-tTG and EMA, because there is evidence 
in the literature suggesting a higher positive predic-
tive value of the EMA as compared with the anti-
tTG test (12). The possibility of a falsely positive 
result of both IgA anti-tTG and EMA is almost non-
existent (13,14), as it is well established that even 
the occasional subject with IgA anti-tTG and EMA 
positivity and a normal small bowel architecture 
tends to develop a fully expressed celiac enteropathy 
over time (so-called potential CD) (15,16). 

 During the period under investigation (1974 –
 1989) the incidence of clinically detected CD in 
our population sample was very low (0.02/thousand/
year) compared with recent fi gures (e.g. 0.8/thousand/
year in Finland during the years 2002 – 2005) (17), a 
fi nding that is easily explained by poor awareness of 
this condition in the US at the time the CLUE 
 studies were performed. On the other hand, our 
serological screening detected many undiagnosed 
CD cases in the CLUE I ( n   �  9) and many more in 
the CLUE II sera ( n   �  15). So far an age-related 
increase in the prevalence of celiac autoimmunity 
had mostly been observed in children (18), particu-
larly those at increased CD risk, e.g. subjects with a 
family history of CD or type 1 diabetes (19 – 22). By 
investigating the same group of individuals at two 
different time points 15 years apart, we here demon-
strate that loss of gluten tolerance may conversely 
occur at any time in life, for reasons that are cur-
rently unclear. This new fi nding has important clin-
ical and epidemiological implications for CD, since 
available epidemiological studies on children and 
young adults may underestimate the true overall 
prevalence of the disease. Indeed, cases 10 and 13 
that were negative to CD serology in their early 50s 
and positive in their late 60s (Table IA) would have 
been lost at a routine screening, even in adulthood. 
Interestingly, a Finnish study reported that the prev-
alence of CD in elderly people was higher (2.45%) 
than the general population (23). 

 Recent reports suggested that the prevalence of 
CD in Western countries has been increasing during 
the past few decades. Rubio-Tapia et al. found in 
adult American men a CD serology positive preva-
lence of 0.2% in a cohort enrolled between 1948 and 
  Table IB. Demographic and clinical data of subjects with a CD serology at CLUE I that deceased before CLUE II.  

Case Ethnicity Gender
Age at 

CLUE I

CLUE I 1974 CLUE II 1989 CD-positive

Year; cause of deathIgA tTG EMA-IgA IgA tTG EMA-IgA CLUE I CLUE II

1b C F 52 57.8  � 1:20 N.A. N.A. yes N.A. 1988; Jejunum cancer
2b C F 41 171.1  � 1:50 N.A. N.A. yes N.A. 1987; Aortic aneurysm
Figure 4.     Results of the celiac screening in 840 participants that deceased after the CLUE I study.  
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1954 and  ∼ 0.9% – 1% in a different cohort enrolled 
recently (7). The same trend has been noted in 
Finland, where the overall prevalence of CD in two 
different population-based samples increased from 
1.05% in 1978 – 1980 to 1.99% in 2000 – 2001 (6). 
Our study confi rmed these fi ndings, as CD autoim-
munity within an American population sample dou-
bled between 1974 (1 every 501 subjects) and 1989 
(1 every 219 subjects). This trend apparently contin-
ued in the following years, as we reported a CD 
prevalence of 1:105 in the year 2001 in a different 
sample of the adult American population (Figure 5). 
During the last 30 years the prevalence of CD among 
adults in the US increased 5-fold, doubling approx-
imately every 15 years. 

 A steady rise in the incidence of autoimmune 
diseases has been observed in industrialized coun-
tries over the last few decades. According to the 
hygiene hypothesis, an early childhood infection or 
the establishment of mixed intestinal microbiota 
could down-regulate immunity and suppress differ-
ent autoimmune disorders (24). However, the rising 
prevalence of adulthood onset of CD that we 
observed in our study can hardly be explained 
by hygienic changes occurring in childhood. The 
amount and the quality of ingested gluten, type and 
duration of wheat dough fermentation, the spectrum 
of intestinal microbiota and its changes over time, 
enteric infections, and stressors in general are all 
possible switches of the tolerance/immune response 
balance (25 – 27). However, further studies are 
required to clarify the relevance of these factors in 
causing loss of gluten tolerance. 

 In our study there were 12 no-CD subjects with 
either a fl uctuating serology result, i.e. a low-level 
positivity of IgA anti-tTG at CLUE I reverting 
to normal value at CLUE II (5 cases) or vice versa (5 
cases), or a constantly borderline IgA anti-tTG posi-
tivity (2 cases). All of them were EMA antibody-neg-
ative at both CLUE I and CLUE II determinations. 
An isolated low-level positivity of IgA anti-tTG is not 
always a marker of active CD (28). Prospective stud-
ies reported that CD-associated antibodies, usually at 
low titer, may emerge, disappear, and re-emerge over 
time in the absence of a clear-cut CD enteropathy at 
the small intestinal biopsy (29). Factors other than 
exposure to gluten may contribute to the development 
of CD-associated auto-antibodies, e.g. an unspecifi c 
response to other environmental  factors (e.g. infection 
with Epstein-Barr (EB) virus) (30). 

 Even though a detailed analysis of morbidity 
associated with untreated CD was beyond the scope 
and possibility of this work, particularly due to the 
self-reported nature of clinical problems in the follow-
up questionnaires, some clinical fi ndings deserve a 
comment. One of the 9 patients that were already 
affected by CD at CLUE I (1974), but none among 
the not-CD-affected 3,495 participants, died of a 
primary small intestinal cancer, a rare tumor that is 
strongly associated with untreated CD (31). We sus-
pect a causal relationship between untreated CD and 
cancer in this case. As far as other co-morbidities, no 
signifi cant difference was detected between undiag-
nosed CD cases and controls, a fi nding that is in line 
with previous reports (32). However, our CD patients 
reported more autoimmune disorders and osteopo-
rosis than did age- and gender-matched controls. 
While the association between CD and other auto-
immune disorders is probably related to a common 
genetic background (2), bone density could well be 
negatively infl uenced by coexisting active CD in 
these patients. 

 We are aware of the possible weaknesses of this 
study: 1) Our volunteer sample was not fully repre-
sentative of the general population, particularly due 
to lack of children and over-representation of women 
(64%). As CD is more common in females (1), the 
estimation of disease prevalence may be slightly over-
estimated in our study. 2) Since patients were inves-
tigated retrospectively, the diagnosis of CD could not 
be confi rmed by the small intestinal biopsy, therefore 
no information is available on the degree of small 
intestinal damage in our subjects. 3) The risk of CD-
associated disorders could not be evaluated accu-
rately, given that diagnoses were self-reported and 
could not be checked on clinical records. 

 In conclusion, we provide evidence that CD 
autoimmunity may develop at any age, even in 
the elderly. The sharp increase of CD prevalence 
observed in the US between the time window inves-
tigated in this study (1974 – 1989) and current time 
was apparently related to an increasing number of 
subjects that, in their adulthood, lost the immuno-
logical tolerance to gluten. The reasons for these 
changes are not clear but should be investigated 
among the many environmental factors favoring CD 
Figure 5.     Prevalence (and 95% CI) of CD in the US during the last 
decades.  ∗ Data for the year 2001 are taken from Fasano et al. (4).  
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development. Understanding this  epidemiological 
trend would pave the way to rational forms of pri-
mary prevention for CD and, possibly, for other 
autoimmune diseases.   
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