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The natural history of untreated coeliac disease,
and why it matters

Abstract

Coeliac Disease (CD) is a common, chronic inflammatory disorder 
of the small bowel triggered by exposure to dietary gluten. Much is 
known about the pathogenesis of CD, with strong evidence implicat-
ing immune reactivity to both gliadin-related peptides and autoanti-
gens.

The natural history of CD is not well understood however-and so 
there remains uncertainty about whether it is an acquired condition, 
and if so, whether this acquisition is for life. This paper proposes the 
linked hypotheses that (1) CD is an acquired disorder, and (2) in those 
who do acquire it, there is a dynamic equilibrium between gluten-
tolerant and gluten-reactive states. It goes on to outline and evaluate 
the available evidence addressing these important issues. 

Strong circumstantial evidence favours the hypothesis that glu-
ten immune reactivity is indeed acquired, requiring not only genetic 
predisposition and gluten exposure, but also the influence of one or 
more environmental factors on development of the CD phenotype. 
Similarly, there is strengthening evidence that immune reactivity to 
gluten can be lost, possibly leading to a dynamic equilibrium between 
immune reactive and immune tolerant states. 

The conclusions that CD is acquired and isn’t necessarily life-long 
have major implications for the diagnosis and management of CD. 
The important caveat remains however that until the relationship be-
tween states of tolerance and reactivity are better understood, and 
we have reliable non-invasive methods of determining current gluten 
immune reactivity regardless of gluten intake, the safest option re-
mains for established coeliacs to stay on a gluten-free diet indefinitely.

Keywords: Coeliac disease; Genetics; Autoimmunity; 
Gluten.

Abbreviations: CD: Coeliac Disease.

Introduction

Coeliac Disease (CD) is a common, chronic inflammatory dis-
order of the small bowel triggered by exposure to dietary glu-
ten, in the context of an immunological reaction against both 
exogenous and auto-antigens. It has a series of important con-
sequences including malabsorption leading to diarrhoea and 
weight loss, nutrient deficiencies resulting in anaemia and ac-
celerated osteoporosis, and (on occasion) small bowel malig-
nancy [1-3].

Much is known about the pathogenesis of CD. Overwhelm-
ing evidence implicates the immune response in this process, 
including the strong link with HLA alleles DQ2 and DQ8, the as-
sociation with other autoimmune disorders, anintense mucosal 

lymphocytic infiltrate on histological examination of the small 
bowel mucosa, and the frequent finding of circulating anti-glia-
din and anti-endomysial antibodies in untreated CD [1-3].

The natural history of the condition is however far less well 
understood, and there are several reasons for this. Firstly, the 
correlation between symptoms and disease activity is poor, 
meaning that the former are not a reliable marker of the latter. 
Secondly, the small bowel mucosa is relatively inaccessible, and 
so it generally isn’t feasible to take serial biopsies for histology - 
the gold standard test for CD [1-3]. Finally, standard medical ad-
vice following the diagnosis of CD is to adopt a long-term gluten 
free diet to minimise the risk of disease complications-with the 
express intention of modifying the disease course. 
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As a consequence there remains uncertainty about two key 
issues concerning the natural history of the condition. The first is 
whether CD is an acquired disorder, and the second is if acquired, 
whether it is for life. This paper evaluates the available evidence 
addressing these important questions. For the purposes of the 
article, CD is defined as a tendency to gluten reactivity, so that 
a previously diagnosed individual with normal mucosa on a glu-
ten free diet would still be considered to have the condition.  

Discussion

Is coeliac disease an acquired condition?

It was established back in the last century that the trigger 
for the immune activation which characterises CD is mucosal 
exposure to dietary gluten in genetically predisposed individu-
als. Since gluten exposure is almost universal after weaning in 
wheat-consuming populations, this simple two-factor model of 
disease - gluten plus genes -implies that CD is in effect constitu-
tional. It fits with the classical picture of a young, malnourished 
child with the disorder as originally described by Samuel Gee 
[4], and with evidence confirming the clinical impression that 
those diagnosed with CD in later life sometimes have a history 
of indicative symptoms and / or laboratory abnormalities for 
many years prior[5].

There are however multiple lines of evidence which do not 
fit with this model. Most fundamental, many people at high ge-
netic risk do not develop CD despite gluten exposure. Estimates 
from sero-prevalence studies are that in most gluten-exposed 
populations 1-2% have CD, whether formally diagnosed or not - 
whilst up to40% of individuals in these populations carry one or 
more of the high-risk HLA DQ genes [1-3]. 

So how is this disparity explained? The influence of other 
genes needs to be considered, and there is evidence for a non-
HLA related genetic contribution to risk from genome-wide as-
sociation studies [6]. Even genetic studies have concluded how-
ever that environmental factors in addition to gluten exposure 
make a significant contribution to the risk of CD [1-3,6], and a 
series of other lines of evidence support that conclusion. 

Firstly, early descriptions of monozygotic twin pairs discor-
dant for CD on the basis of histology [7,8] have subsequently 
been confirmed by formal twin studies [9,10], with serologi-
cal and/or histological exclusion of concordance in 29-51% of 
monozygotic pairs. Consistent with this are case-series describ-
ing individuals at high genetic risk who had normal small bowel 
histology on initial assessment, only to develop biopsy-proven 
CD at a later date [11,12]. 

Secondly, rather more cases of CD are diagnosed in adults 
than children. A recent study of 802 incident cases in a defined 
population including children revealed a median age at diagno-
sis of 50, with 36% being over the age of 60 [13]. Delayed diag-
nosis of CD is of course a well-recognised phenomenon [5] and 
so the submerged element of the “coeliac iceberg” represent-
ing atypical and silent forms of CD [14] may have contributed 
to this observation. If this was a major factor however, the ex-
pectation would be a substantial fallin the age at diagnosis with 
the development of widespread (and increasingly untargeted) 
serological screening for CD in many populations over the last 
three decades [1-3]. In fact, there has been little change [13]. 

Thirdly, whilst anaemia is a common manifestation of un-
treated CD [13], the interval between onset of anaemia and 
diagnosis of CD appears to be relatively short. A data linkage 
study of 1.1 million Swedish blood donors identified 1567 in-
dividuals diagnosed with incident CD during the follow-up pe-
riod. Compared with matched controls, the average duration of 
anaemia pre-diagnosis was just 1.4 years (95% CI: 1.1-2.1 years) 
[15].

Fourthly, a series of independent studies and a subsequent 
meta-analysis [16,17] have identified an association with ciga-
rette smoking, showing an apparent protective effect of smok-
ing compared to never-smoking, with some evidence of a dose-
effect relationship [16]. Association does not of course prove 
causation, and as there will obviously never be a randomised 
controlled trial, a range of explanations for this observation 
need to be considered. It is conceivable that undiagnosed CD 
could in some undefined way dissuade individuals from taking 
up smoking, or that some unidentified confounder predispos-
es to both CD and non-smoking. Alternatively, smoking might 
somehow reduce the probability of an individual being diag-
nosed with CD, though the under-representation of smokers in 
seropositive populations with undiagnosed CD makes this ex-
planation unlikely [18].

The remaining interpretation is that smoking modulates the 
risk of developing CD. This has some plausibility, given the well-
established influence of cigarette smoking on other inflamma-
tory enteropathies, Crohn’s disease and ulcerative colitis [19] 
(albeit with a different relationship pattern), and a range of 
other autoimmune disorders [20]. The mechanism is unknown, 
but effects on intestinal permeability, the immune system and / 
or the micro biome may be operative.

Finally, clustering of cases of CD in space and time has been 
reported. A population study in Sweden reported a fourfold in-
crease in the incidence of CD in children under 2 between 1985 
and 1987, with a subsequent sharp reversion to previous rates 
after 1995 [21]. A subsequent study identified two waves in the 
incidence of CD across all age-groups in the same country, with 
peaks in the early 1990s and early 2000s, and subsequent falls 
[22]. Meanwhile, case clustering was reported in a town in the 
south of England in a time window between 1998 and 2002, 
with an incidence almost three-fold greater than expected [23].  
This temporo-spatial case clustering clearly cannot be account-
ed for by changes in the gene pool or gluten exposure, and al-
though variable case ascertainment is a potential confounder in 
observational studies of this type, it is difficult to accept this as 
the explanation for such marked variation.

This series of observations collectively point strongly to the 
presence of a third pre-requisite for the development of CD, in 
addition to genes and gluten. This third element is likely to be 
an environmental factor, accounting for the observations on 
age at diagnosis and temporo-spatial clustering, and the appar-
ent link with smoking. Enteric viral infections are an attractive 
explanation, and evidence has been published implicating a 
range of potential candidates including rotavirus [24], reovirus 
[25]and enterovirus [26] without conclusive proof. Consider-
ing the question of a viral trigger it will be interesting to assess 
the influence of lockdowns resulting from the SARS-CoV-2 pan-
demic since 2020 on the subsequent incidence of CD, given the 
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profound effect on gastro-intestinal infection rates [27].

In summary, the evidence strongly favours the hypothesis 
that coeliac disease is an acquired disorder requiring not only 
predisposing genes and gluten exposure, but also a third factor 
with an environmental basis, as yet unidentified. 

Is coeliac disease really for life? 

Many authorities refer to CD as a state of permanent gluten 
intolerance, and standard practice is to recommend a life-long 
gluten free diet once an individual is diagnosed. The aim of this 
is to establish and maintain histological remission, and to mini-
mise the risk of long-term complications [1-3]. 

But is the blanket dogma “once a coeliac, always a coeliac” 
evidence-based? Whilst in some cases CD undoubtedly reac-
tivates on re-exposure to gluten, is this invariably the case? If 
not, does this mean that some people remain on a gluten-free 
diet unnecessarily? And if so, can we identify these individuals? 
These questions have been raised before [28], but recent addi-
tions to the literature have strengthened the evidence base, as 
outlined below.

A major difficulty in trying to answer these questions is that 
we generally don’t get an opportunity to follow the natural his-
tory of CD after diagnosis, primarily because most people adopt 

Reference
Age (years) at:

Duration of gluten re-exposure (years) Normal histology
Diagnosis Re-investigation

Matysiak-Budnik et al (2007) [30] 0 - 16 17 - 53 2 - 44 13/61 (21%)

Hopman et al (2008) [31] 0 - 32 22 - 66 1 - 34 8/12 (67%)

Norsa et al (2018) [32] 0 - 25 31 - 65 Not specified 20/34 (59%)

a life-long gluten-free diet following standard advice from their 
physician. There are however two situations where individuals 
with confirmed CD are re-exposed to gluten – the first by elect-
ing not to comply with dietary restriction in the longer term, 
and the second by volunteering to undergo gluten challenge in 
an experimental setting.

Whilst non-compliant coeliacs tend to be a challenging 
group to follow up [29], there are now three published case-
series describing the findings on re-investigation of individuals 
with a confident diagnosis of CD earlier in life, who have sub-
sequently opted to revert to a gluten-containing diet [30-32]. 
Interestingly, the prevalence of normal small bowel histology 
in these series ranged from 21% to 67% (Table 1). Most cases 
reported were originally diagnosed in childhood, and it remains 
to be established whether the same applies to CD diagnosed in 
adulthood.

A series of gluten challenge studies have been reported over 
the years, looking at a variety of parameters to assess immune 
reactivity in individuals with a confident diagnosis of CD in es-
tablished remission on a gluten-free diet [33-41]. Regardless 
of the magnitude or duration of the gluten challenge, and the 
number and nature of the parameters assessed, 7-27% of cases 
proved to be gluten non-reactive (Table 2).

Table 1: The prevalence of normal small bowel histology in previously diagnosed coeliacs who elected to revert 
to a gluten-containing diet.

Table 2: Summary of gluten challenge studies in established coeliacs.

Reference Gluten challenge g/day (days) Parameters assessed Non-responders by all parameters n (%)

Maki et al (1989)[33] Not specified (up to 730) Histology and serology 4/29 (14%)

Burgin-Wolff et al (1991)[34] Not specified (> 730) Histology 24/134 (18%)

Anderson et al (2005)[35] 8 (3) Immunoreactive PBTLs 9/59 (15%)

Lähdeahoet al(2011) [36] 1 – 5 (84) Histology and serology 4/21 (19%)

Leffler et al(2013) [37] 3.0 / 7.6 (28) Histology and serology 2/19 (11%)

Sarna et al (2018)[38] 5.7 (14) Histology, serology, HLA-tetramer and cytokines 3/15 (20%)

Goel et al (2019)[39] 10 (1) Serum IL-2 3/25 (12%)

Schuppan et al (2021) [40] 3 (42) Histology – villous-crypt ratio 8/30 (27%)

Leonard et al(2021) [41] 3 or 10 (14) Histology, serology, HLA-tetramer and IL-2 1/14 (7%)

The findings of both sets of studies do of course raise some 
challenging questions about the accuracy of the original diag-
nosis of CD, and the rigour with which “normality” on follow-up 
testing was defined. Furthermore, self-selection might bias the 
findings of the case series of non-complaint coeliacs, as those 
who either lost or never truly had a predisposition to gluten im-
mune reactivity are perhaps more likely to tolerate a gluten-con-
taining diet. Nevertheless, the collective data from observation-
al studies of non-compliant coeliacs and experimental gluten 
challenge in compliant ones would suggest that a significant mi-
nority have spontaneously restored gluten tolerance, and there-
fore that in some cases at least, CD is not a lifelong condition.

How does this conclusion marry with the observation that 
the seroprevalence of undiagnosed CD in population studies 
is remarkably constant across successive age-band cohorts? 
[18,42]. The reconciling explanation appears to have been pro-
vided by a study of healthy 15551 adults in Olmsted County, 
Minnesota, who each provided two blood samples taken a me-
dian of 8.8 years apart. These were analysed retrospectively 
[43]. Excluding those who adopted a gluten-free diet in the 
interim, 41 of 127 who were seropositive on the first sample 
became seronegative on the second, almost exactly matched 
by 49 original seronegatives who became seropositive-so that 
the overall seroprevalence in the cohort changed little over the 
duration of the study. 
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The implication from this collection of observations is that 
in those with a genetic predisposition to CD, there may be a 
dynamic equilibrium between gluten tolerant and gluten reac-
tive states (Figure 1). This is perhaps not be surprising, given 
that CD meets the criteria for an autoimmune disorder, and 
that many other autoimmune conditions such as autoimmune 
thyroid disease, primary sclerosing cholangitis, systemic lupus 
erythematosus and inflammatory bowel disease typically fol-
low a relapsing/remitting course, with periods of spontaneous 
and sometimes sustained remission. Whilst coeliac serology is 
not a perfect marker of histological activity in CD, this concept 
is also consistent with the striking fluctuations seen in coeliac 
antibody levels in children at high genetic risk of CD, with the 
spontaneous loss of seropositivity in up to 50% of cases despite 
ongoing gluten exposure [44-46]. 

There are two pre-requisites for accepting that CD is not al-
ways for life. The first is that the disorder not constitutional, as 
addressed in the previous section. The second is that it is fully 
reversible, and we know that this is the case from observations 
of coeliacs who continue to ingest gluten following treatment 
with immune suppression [47] and perhaps vaccination [48]. 
Evidence from the Minnesota study suggests that reversal of the 
disease process may also happen as a spontaneous event [43]. 

The nature of other factor(s) influencing the dynamic equilib-
rium between gluten reactive and gluten tolerant states in those 
with a genetic predisposition are not well understood. They may 
include tobacco exposure [16,17], inter current viral infections 
[24-26], and exposure to other medications including therapy 
with immune modulators such as interferon [49] and immune 
checkpoint inhibitors [50] (Figure 1). There is some evidence 
to suggest that the microbiome might also be involved [51].

Figure 1: Proposed dynamic equilibrium between gluten tolerance 
and gluten reactivity in a genetically-predisposed individual.

Future research

Further work is clearly needed to confirm or indeed refute 
the hypotheses presented here, with a focus on defining the 
natural history of untreated CD. This raises a potential conflict 
with the conventional dogma of placing everyone diagnosed 
with CD on a lifelong gluten-free diet. Adherence to a gluten-
free diet does however have significant practical, financial and 
psychological implications for the individual concerned, and it is 
well established that compliance in the longer term is therefore 
limited [52]. Furthermore, whilst the laudable aim of a universal 
gluten-free approach is to reduce the risk of complications, the 
objective evidence that it actually does so is poor.

Conclusion

In conclusion, the natural history of CD is less well under-
stood than the pathogenesis of the condition. However, the 
evidence would suggest that like many autoimmune conditions, 
CD is not constitutional but in fact an acquired disorder with 
genetic predisposition. This has two important practical impli-
cations. Firstly, it means that a negative test for CD cannot rule 
out the diagnosis for life. Secondly, it makes intervention to re-
verse gluten reactivity by blocking the action of the triggering 
environmental factor a realistic aim.

The evidence would further suggest that in genetically pre-
disposed individuals, there may be a dynamic equilibrium be-
tween gluten tolerance and gluten reactivity. Remission due to 
spontaneous loss of gluten reactivity may in fact be a relatively 
common event, meaning that at any given time, a proportion 
of previously diagnosed coeliacs may be following a gluten free 
diet despite no longer being gluten reactive. 

Further investigation is clearly needed to characterise the 
balance between gluten tolerance and reactivity, and to define 
the factors that influence it. Until this process is understood, 
and we have reliable non-invasive methods of determining cur-
rent gluten immune reactivity regardless of gluten exposure, 
the safest option of course remains for established coeliacs to 
remain on a gluten-free diet indefinitely.
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