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Summary
Background: Data on mortality in coeliac disease are contrasting.
Aims: To systematically review the literature on all-cause and cause-specific mortality 
in coeliac disease compared to the general population, and evaluate differences 
across clinical phenotypes, geographical regions, and over time.
Methods: We searched PubMed and Embase from 1 January 1970 to 31 December 
2022 for eligible studies reporting on all-cause and cause-specific mortality in 
coeliac disease compared to the general population or controls. The protocol was 
registered on Open Science Framework (https://​doi.​org/​10.​17605/​​OSF.​IO/​852DN​).
Results: We included 25 studies. All-cause mortality (HR 1.16, 95% CI 1.05–1.27, 
I2 = 89%), mortality due to malignancies (HR 1.21, 95% CI 1.08–1.36, I2 = 65%) and 
respiratory disease (HR 1.39, 95% CI 1.04–1.86, I2 = 76%) were increased. Mortality 
due to non-Hodgkin lymphoma (HR 10.14, 95% CI 2.19–46.88, I2 = 96%) was markedly 
increased. Mortality significantly decreased in recent decades: 1989–2004 (HR 1.61, 
95% CI 1.27–2.03, I2 = 91%), 2005–2014 (HR 1.16, 95% CI 0.99–1.36, I2 = 89%), 2015–
2022 (HR 1.19, 95% CI 1.05–1.35, I2 = 93%). All-cause mortality was not increased 
in dermatitis herpetiformis (HR 0.85, 95% CI 0.73–0.99, I2 = 40%) and undiagnosed 
coeliac disease (HR 1.09, 95% CI 0.95–1.25, I2 = 0%). Mortality was increased in 
the UK (HR 1.23, 95% CI 1.03–1.47, I2 = 91%) but not Scandinavia (HR 1.01, 95% CI 
0.91–1.13, I2 = 81%). Limitations include high heterogeneity and lack of data for many 
countries.
Conclusion: Mortality in coeliac disease is increased, predominantly due to 
malignancies—particularly non-Hodgkin lymphoma—although differing significantly 
across disease phenotypes. Mortality of patients with coeliac disease has significantly 
decreased in recent decades. These results may influence diagnosis and management.

www.wileyonlinelibrary.com/journal/apt
mailto:
https://orcid.org/0000-0002-8493-7698
https://orcid.org/0000-0002-2227-4622
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:annalisa.schiepatti01@universitadipavia.it
mailto:annalisa.schiepatti01@universitadipavia.it
https://doi.org/10.17605/OSF.IO/852DN
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fapt.17867&domain=pdf&date_stamp=2024-01-11


     |  593MAIMARIS ET AL.

1  | INTRODUC TION

Coeliac disease is a chronic immune-mediated enteropathy trig-
gered by dietary gluten in genetically predisposed individuals with 
an estimated prevalence of 1% in the general population and het-
erogeneous clinical manifestations.1 The clinical phenotype can 
vary from silent screen-detected forms to mild forms characterised 
by extra-intestinal manifestations such as dermatitis herpetiformis 
to severe malabsorption or even complicated forms of coeliac dis-
ease.1,2 Avoidance of dietary gluten was identified in the early 1950s 
as providing symptomatic benefit to coeliac patients and later rec-
ognised as the leading factor in preventing poor long-term outcomes 
in coeliac disease.1,3

Although the efficacy of a gluten-free diet (GFD) was already 
understood by the 70s and 80s, significantly improving prognosis,3 
the first studies on mortality in coeliac disease performed in the late 
20th century showed significantly increased mortality compared 
to the general population, largely due to the development of pre-
malignant/malignant complications.4,5 These complications include 
enteropathy-associated T-cell lymphoma, B-cell lymphomas, small 
bowel carcinoma, ulcerative jejuno-ileitis, and refractory coeliac dis-
ease (type I and type II). While these complications are rare, they 
have a very poor prognosis.1,6 However, it has been shown that the 
risk of developing these complications is not uniform among coeliac 
patients, with those diagnosed with classical symptoms and/or at 
an older age (>45 years) at greater risk, while those diagnosed with 
non-classical and silent forms at a younger age having a very low 
risk.6–8 A recent multicenter study also showed an increased risk of 
developing complications among patients with seronegative coeliac 
disease.9

In the first two decades of this century, interest on mortality in 
coeliac disease has been maintained and many further studies were 
performed. Interestingly, an increased mortality in coeliac patients 
has not been always confirmed. Some findings were in accordance 
with significantly increased mortality,10–13 while others reported 
either no increase or only a minor increase in mortality.14–16 These 
results are therefore difficult to interpret uniformly with the only 
unequivocal finding being that coeliac patients are at increased risk 
of lymphoproliferative diseases.10–17 Factors that may explain these 
differences include differences in study design, study time period, 
clinical form of coeliac disease being studied, age group under study, 
and country.

To date, the only systematic review and meta-analysis on all-
cause and cause-specific mortality in coeliac disease dates back to 
2012 and was based on only a small number of studies. This meta-
analysis showed a clearly increased risk of lymphoproliferative ma-
lignancies in coeliac disease and found a small increase in all-cause 
mortality.17 However, this study did not investigate whether mortal-
ity differed among the various clinical forms of coeliac disease. This 
is a relevant point as there is significant evidence suggesting that 
long-term outcomes may differ significantly among different forms 
of coeliac disease.6–10,18,19

Therefore, we aimed to perform a systematic review and meta-
analysis of the literature to investigate: (i) all-cause and cause-specific 
mortality in coeliac disease compared to the general population; (ii) 
how mortality risk varies among different clinical forms of coeliac 
disease; (iii) whether age at diagnosis influences mortality risk in coe-
liac disease; (iv) how mortality in coeliac disease has varied over time 
and (v) whether geographical differences in mortality exist. We also 
aimed to review factors possibly related to all-cause/cause-specific 
mortality.

2  | MATERIAL S AND METHODS

2.1 | Search strategy

We conducted a systematic review of the literature in accordance 
with the PRISMA guidelines.20 The study protocol was prospectively 
registered on Open Science Framework (https://​doi.​org/​10.​17605/​​
OSF.​IO/​852DN​). PubMed and Embase were searched for studies 
reporting on mortality in coeliac disease and/or dermatitis herpeti-
formis from January 1, 1970 to December 31, 2022. The following 
terms were used in the search: (coeliac disease OR coeliac disease 
OR dermatitis herpetiformis) AND (mortality OR survival OR death 
OR prognosis). Text words, MeSH/Emtree terms, as well as word 
variations, were considered for the search. The bibliographies of 
selected studies and reviews were also hand-searched to identify 
other relevant studies not detected by our database search. No lan-
guage restrictions were used during the search. Additional details on 
the search strategy for each database are provided in supplementary 
materials.

2.2 | Inclusion and exclusion criteria

The flowchart in Figure  1 summarises studies included and ex-
cluded. Studies meeting the following criteria were included: (i) full 
papers on journals in English language reporting outcomes on all-
cause mortality and/or cause-specific mortality in coeliac disease 
or dermatitis herpetiformis compared to general population data 
or control subjects drawn from the general population; (ii) well-
defined criteria for diagnosis of coeliac disease, for clinical stud-
ies, and/or case-finding methods/criteria for detection of coeliac 
individuals for other study types; (iii) reported outcomes as mor-
tality hazard ratios (HR) or standardised mortality ratios (SMR), 
with corresponding 95% confidence intervals (95% CI), or provided 
sufficient data for these to be calculated; (iv) matching/adjustment 
in analyses for at least patient age and sex; (v) primarily enrolled 
patients diagnosed after 1960 when knowledge of the GFD be-
came widespread.3 For the purpose of all analyses except the one 
comparing mortality across different forms of coeliac disease, data 
on patients with dermatitis herpetiformis were pooled with those 
affected by all other forms of coeliac disease. For cause-specific 
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mortality, we considered the following disease categories: all ma-
lignant neoplasms, lymphoproliferative neoplasms, non-Hodgkin 
lymphoma, cardiovascular diseases, respiratory diseases, and 
infectious diseases. Studies not meeting these criteria were ex-
cluded. If a specific population was studied by two or more papers, 
leading to overlapping samples, only the most updated study was 
included to avoid data duplication. An exception to this was made 
for the analysis comparing all-cause mortality in coeliac disease 
at different time periods, for which all relevant studies were in-
cluded, as they investigated mortality in coeliac disease at differ-
ent time periods.

2.3 | Study selection and data extraction

Two reviewers (S.M., A.S.) independently screened titles and ab-
stracts to identify potentially relevant studies which then underwent 
full-text screening by at least two reviewers. Disagreements were 
resolved by discussion and/or assistance from a third reviewer (F.B.). 
For each eligible study, the following data were extracted: study 
characteristics (authors, study design, publication year, enrollment 
period, duration of follow-up, geographical location), study popula-
tion (age at diagnosis of coeliac disease, age at study enrolment, sex 
ratio, coeliac disease/dermatitis herpetiformis diagnostic criteria or 
case-finding criteria, sample size), outcome measures (all-cause and/
or cause-specific mortality risk estimates and corresponding 95% CI, 
matching/adjustment criteria, and observed and expected number 
of deaths). For studies with multiple analyses conducted with differ-
ent variables adjusted for, the most adjusted analysis was preferred. 

For studies reporting outcomes separately for different groups of 
patients, these were also extracted separately.

2.4 | Risk of bias and quality assessment

The Newcastle-Ottawa scale was used to evaluate study quality. 
This scale evaluates studies using an 8-item rating scale covering 
three main aspects: selection of study groups (0–4 stars), compara-
bility (0–2 stars), and ascertainment of the outcome of interest (0–3 
stars), for a maximum score of nine stars. For the comparability as-
sessment, one star was given for matching/adjusting for age and sex, 
and one further star was given if additional relevant factors were 
adjusted for. We considered follow-up adequate if <10% of subjects 
were lost to follow-up.

2.5 | Study outcomes and statistical analysis

We evaluated the following outcomes: (i) all-cause mortality; (ii) 
cause-specific mortality from cardiovascular diseases, all malignant 
neoplasms, lymphoproliferative neoplasms, non-Hodgkin lymphoma, 
respiratory diseases, and infectious diseases; (iii) all-cause mortality 
across different clinical forms of coeliac disease (any diagnosed 
form of coeliac disease, classical, non-classical, and silent forms of 
coeliac disease, dermatitis herpetiformis, and undiagnosed coeliac 
disease)1,2; (iv) all-cause mortality according to age at diagnosis of 
coeliac disease; (v) all-cause mortality in coeliac disease according 
to time period (<2005; 2005–2014; 2015–2022); (vi) all-cause 

F I G U R E  1   Study selection flowchart.
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mortality in different geographical regions. All-cause mortality was 
considered the primary outcome.

Statistical analysis was performed using R version 4.1.2 (R Core 
Team, 2022). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria; https://​
www.​R-​proje​ct.​org/​. From each eligible study all-cause and/or 
cause-specific mortality risk estimates and 95% CI were extracted. 
HRs and SMRs with corresponding 95% CI were log-transformed 
and pooled for random-effects meta-analysis with inverse variance 
weighting and then back-transformed for data interpretation. For the 
purpose of our analysis, we considered HRs and SMRs as approxi-
mately equivalent, as has been done previously.21 For the analysis 
concerning age at diagnosis, as studies did not use homogeneous age 
categories, we grouped and pooled data according to which of the 
following categories was the closest match: children (age ≤18 years), 
young adults (age 19–44 years), older adults (age ≥45 years).6–8 
A  post-hoc analysis was performed to investigate cause-specific 

mortality in patients with dermatitis herpetiformis. Between-study 
heterogeneity was evaluated by visual inspection of forest plots and 
the I2 statistic, and classified as low (I2 < 30%), moderate (I2 = 30%–
49%), substantial (I2 = 50%–74%), and high (I2 ≥ 75%). Pre-planned 
and post-hoc subgroup analyses were conducted (χ2, p < 0.1 for sig-
nificance) and where post-hoc pairwise comparisons between sub-
groups were made, p-values were adjusted for multiplicity using the 
Benjamini–Hochberg method. Publication bias was investigated by 
funnel plot visual inspection and Egger's test. We conducted the fol-
lowing sensitivity analyses: (i) The overall all-cause mortality analysis 
was repeated after individual exclusion of outliers (the studies with 
the most extreme results on the forest plot) to evaluate for undue 
influence on our results by a single outlier study; (ii) we also repeated 
all analyses using fixed-effects models to further investigate for 
possible small-study effects on our pooled mortality risk estimates 
and evaluate the robustness of our results22; (iii) a post hoc analy-
sis comparing the all-cause mortality outcomes reported by studies 

TA B L E  2   Pooled estimates of cause-specific mortality in coeliac disease.

Cause of death Data sources (study references)
Total coeliac 
patients, N Pooled HR (95% CI)

Heterogeneity 
(I2, %)

All causes 10, 14–16, 18, 19, 27–38 87,738 1.16 (95% CI 1.05–1.27) 89

All malignancies 10, 14, 16, 18, 19, 27–33, 35, 36, 38 75,965 1.21 (95% CI 1.08–1.36) 65

Lymphoproliferative malignancies 14, 18, 27–29, 33, 36 22,765 3.14 (95% CI 2.38–4.14) 39

Non-Hodgkin Lymphoma 10, 14, 27, 35 15,757 10.14 (95% CI 2.19–46.88) 96

Respiratory disease 10, 14, 16, 18, 27, 28, 31, 33, 38 69,758 1.39 (95% CI 1.04–1.86) 76

Cardiovascular disease 10, 14, 16, 18, 27–33, 35, 38 71,106 1.04 (95% CI 0.93–1.15) 52

Infectious diseases 14, 27, 38 14,347 2.14 (95% CI 0.53–8.66) 71

Abbreviations: HR, hazard ratio; N, number of patients.

F I G U R E  2   Forest plot showing 
meta-analysis of all-cause mortality in 
coeliac disease compared to the general 
population.
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reporting outcomes as SMRs vs those reporting as HRs was per-
formed, to evaluate the robustness of our approach of pooling SMRs 
and HRs. p-values <0.05 were considered statistically significant.

3  | RESULTS

3.1 | Characteristics of included studies

As shown in Figure  1, a literature search identified 5898 records, 
from which 25 eligible studies were identified.10–16,18,19,23–38 Of 
these, seven were older reports11–13,23–26 for which updated or 
more comprehensive reports on the same population of patients 
were available.10,16,27,30,31 The remaining 18 eligible studies (shown 
above in Table 1) were considered for all analyses whereas the seven 
older studies (shown below in Table  1) were considered only for 
the analysis comparing mortality in different time periods and ex-
cluded from all other analyses to avoid inclusion of duplicate data. 
Table S1 lists studies excluded after full-text review and reasons for 
exclusion. Study quality was high overall with Newcastle-Ottawa 
scale scores ranging from 7 to 9 stars, and a median score of 8 stars 
(see Table S2). Funnel plot examination (Figure S1) and Egger's test 
(p = 0.74) revealed no evidence of publication bias. One study33 re-
ported outcomes only separately for the two subgroups included 
(Table 1), so they were also included separately for meta-analysis.

3.2 | All-cause and cause-specific mortality

Data on all-cause mortality from 18 studies (87,738 coeliac patients) 
was pooled. All-cause mortality in coeliac disease was overall slightly 
but significantly increased compared to the general population 
(pooled HR 1.15, 95% CI 1.05–1.27; I2 = 89%), as shown in Figure 2. 
Table 2 shows pooled estimates of cause-specific mortality. Notably, 
mortality due to malignancies overall was increased (pooled HR 1.21, 
95% CI 1.08–1.36; I2 = 65%), while mortality due to lymphoprolif-
erative malignancies (pooled HR 3.14, 95% CI 2.38–4.14; I2 = 39%), 
and especially non-Hodgkin lymphoma (pooled HR 10.14, 95% CI 
2.19–46.88; I2 = 96%) were markedly increased. Mortality due to res-
piratory diseases (pooled HR 1.39, 95% CI 1.04–1.86; I2 = 76%) also 
showed a significant increase. On the contrary, mortality due to car-
diovascular disease (pooled HR 1.04, 95% CI 0.93–1.15; I2 = 52%) was 
not significantly increased. Data on mortality due to infectious dis-
eases was inconclusive (pooled HR 2.14, 95% CI 0.53–8.66; I2 = 71%).

3.3 | Mortality in different clinical forms of 
coeliac disease

Data on all-cause mortality shown in Figure 2 was further catego-
rised according to the form of coeliac disease being studied, that 
is, diagnosed coeliac disease (classical coeliac disease, non-classical 

F I G U R E  3   Forest plot showing 
subgroup analysis of all-cause mortality 
according to the clinical form of coeliac 
disease.
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coeliac disease, dermatitis herpetiformis, silent coeliac disease) and 
undiagnosed coeliac disease. Figure 3 shows the results of this sub-
group analysis, revealing significant differences among subgroups 
(p < 0.001). Pairwise comparisons between subgroups confirmed sig-
nificant differences for any diagnosed coeliac disease vs dermatitis 
herpetiformis (adjusted p < 0.001) and dermatitis herpetiformis ver-
sus undiagnosed coeliac disease (adjusted p = 0.02), and also for any 
diagnosed coeliac disease vs undiagnosed coeliac disease (adjusted 
p = 0.07). An increase in all-cause mortality was confirmed among 
patients with any diagnosed form of coeliac disease (pooled HR 1.29, 
95% CI 1.14–1.45; I2 = 93%). On the contrary, all-cause mortality was 
not significantly increased in undiagnosed coeliac disease (pooled 
HR 1.09, 95% CI 0.95–1.25; I2 = 0%) and in dermatitis herpetiformis, 
where all-cause mortality was slightly reduced (pooled HR 0.85, 95% 
CI 0.73–0.99; I2 = 40%). Only one study compared mortality among 
patients with classical, non-classical and silent coeliac disease and 
found an increase in mortality only in classical coeliac disease.10

Data on cause-specific mortality in patients with dermatitis her-
petiformis was reported by only two studies,18,38 with neither finding 
an increased mortality from any specific cause of death,18,38 with the 

exception of one reporting increased mortality from lymphoprolifer-
ative neoplasms.18 A post-hoc analysis of cause-specific mortality in 
dermatitis herpetiformis showed reduced mortality from cardiovas-
cular diseases (pooled HR 0.70, 95% CI 0.53–0.92) and no increase 
in mortality from malignancies overall (pooled HR 0.87, 95% CI 0.62–
1.23). Four studies reported outcomes on cause-specific mortality in 
undiagnosed coeliac disease.19,28,32,33 However, as the sample size of 
studies on undiagnosed coeliac disease was generally small, no further 
analysis on cause-specific mortality in these patients was possible.

3.4 | Role of age at diagnosis on mortality

Figure S2 shows meta-analysis results when all-cause mortality es-
timates were categorised according to age at diagnosis. In relative 
terms, mortality was most increased in coeliac patients diagnosed 
in childhood (pooled HR 1.63, 95% CI 1.17–2.27; I2 = 57%). Mortality 
in older adults showed a small increase (pooled HR 1.11, 95% CI 
1.01–1.22; I2 = 76%), while data on young adults was inconclusive 
(pooled HR 1.34, 95% CI 0.81–2.20; I2 = 86%), but was suggestive of 

F I G U R E  4   Forest plot showing 
comparison of all-cause mortality in 
coeliac disease according to study 
publication date.
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an intermediate risk level between that of children and older adults. 
Despite substantial/high heterogeneity remaining within subgroups 
(see Figure  S2), subgroup analysis revealed significant differences 
between these groups (p = 0.08). Pairwise comparisons showed 
a significant difference when comparing those diagnosed in child-
hood to those diagnosed in older adulthood (adjusted p = 0.09), but 
not between other subgroups (adjusted p > 0.5). Our analysis cannot 
provide comprehensive data regarding excess mortality in these sub-
groups, but a large Swedish registry-based study also analysed excess 
mortality rates according to age at diagnosis.24 This study found the 
greatest excess in mortality among those diagnosed in older adult-
hood but very low excess mortality in patients diagnosed in child-
hood. Specifically, excess mortality rates were 0.2, 1.1, 2.6, and 8.2 
deaths per 1000 person-years for patients diagnosed at <20, 20–39, 
40–59, and ≥60 years, respectively.24 This suggests that the relatively 
large increase in mortality found in those diagnosed in childhood by 
our analysis was likely due to a small number of excess deaths.

3.5 | Changes in mortality over time

Figure 4 shows a subgroup analysis of all-cause mortality in coeliac 
disease according to date of study publication including also older 
reports (total number of reports = 25), revealing significant dif-
ferences in mortality over time (p = 0.05). While studies published 
prior to 2005 showed a significant increase in all-cause mortality 
(pooled HR 1.61, 95% CI 1.27–2.03; I2 = 91%), only a very small in-
crease in mortality was shown by studies published in the periods 
from 2005 to 2014 (pooled HR 1.16, 95% CI 0.99–1.36; I2 = 89%) and 
2015–2022 (pooled HR 1.19, 95% CI 1.05–1.35; I2 = 93%). Pairwise 
comparisons between subgroups confirmed a significant difference 
between the 1989 and 2004 time period versus the 2005–2014 and 
2015–2022 periods (both adjusted p = 0.04), but not for 2005–2014 
versus 2015–2022 (adjusted p = 0.78).

3.6 | Differences in mortality according to 
geographical location

Data on mortality in coeliac disease compared to the general popu-
lation was available for only a few countries. Specifically, multiple 
studies were conducted in the UK15,28,30–32,34–38 and Scandinavian 
countries (Finland, Sweden, Denmark),14,16,18,27,29,33 two were con-
ducted in Italy, one of which was a multicentre study10 also including 
the patients described in the other paper12 and one was conducted 
in the USA on undiagnosed coeliac disease.19 Overall, studies con-
ducted in Scandinavian countries showed no increase in mortality 
(pooled HR 1.01, 95% CI 0.91–1.13; I2 = 81%) while in the UK there 
was overall a slight increase in mortality (pooled HR 1.23, 95% CI 
1.03–1.47; I2 = 91%). The USA study included only patients with un-
diagnosed coeliac disease and found no increase in mortality (HR 
0.80, 95% CI 0.45–1.41).19 On the contrary, the Italian multicenter 
study performed by Corrao et  al. more than 20 years ago found a 

markedly increased mortality risk among coeliac patients (SMR 2.00, 
95% CI 1.48–2.70).10

3.7 | Sensitivity analyses

To explore whether any outlier studies significantly influenced our 
results we repeated the overall all-cause mortality analysis after 
individually excluding these studies. This did not significantly alter 
the pooled all-cause mortality risk estimate. Repeating analyses 
using fixed-effects models did not substantially alter mortality risk 
estimates, further excluding a role of small-study effects on our re-
sults. The only noteworthy difference which emerged regarded the 
analysis of cause-specific mortality due to infectious diseases which, 
when analysed using a fixed-effects model, showed a significant 
increase in mortality. However, the point estimate remained very 
similar and the main difference was narrowing of the 95% CI when 
a fixed-effect model was used. When comparing studies reporting 
outcomes as SMRs versus HRs, all-cause mortality estimates did not 
differ significantly between these two groups (p = 0.32).

3.8 | Other factors related to mortality

Several studies found that significantly higher mortality was ob-
served in the first years after coeliac disease diagnosis, with a 
subsequent diminishing of risk over time.10,12–14,24,25,30,36 One 
study reported on the role of diagnostic delay on mortality, find-
ing a greater risk in those with a diagnostic delay of more than 
12 months.10 Although all studies on diagnosed coeliac disease were 
conducted on patients on a GFD, only one study systematically eval-
uated the impact of poor GFD adherence had on all-cause mortality, 
finding significantly increased mortality only in patients with poor 
dietary adherence but not in those with good dietary adherence.10

One large registry-based study considered the role of mucosal 
healing on all-cause mortality, and while an inverse relationship was 
found between mucosal healing and mortality, this was not con-
firmed at multivariate analysis.16 Finally, one study investigated the 
relationship between the number of HLA-DQ2/DQ8 alleles (0–1 
vs 2) and mortality, both in celiac patients and controls, and found 
no significant relationship with all-cause mortality in either group. 
However, an increased risk of death from lymphoproliferative disor-
ders was found only in celiac patients with 2 HLA-DQ2/DQ8 alleles 
(HR 7.6, 95% CI, 1.01–57.25) but not in coeliac patients with 0–1 
alleles, or controls irrespective of number of alleles.28 Among the 
included studies, none evaluated the role of seronegative coeliac 
disease or complicated coeliac disease on mortality.

4  | DISCUSSION

This systematic review and meta-analysis on mortality in coeliac dis-
ease were based on high-quality studies published over more than 
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30 years, finding that coeliac disease overall has an increased mortal-
ity compared to the general population, mainly due to malignancies, 
particularly lymphoproliferative disorders, but also due to respira-
tory disease. Novel findings include a reduction in coeliac disease 
mortality in recent decades and significant differences in mortality 
among different forms of coeliac disease.

One major factor contributing to the reduction in mortality in the 
period after 2005 could be the widespread availability of serological 
assays for tissue transglutaminase antibodies for coeliac disease,39 
leading to many milder cases of coeliac disease also being diagnosed, 
while also reducing diagnostic delay. This is supported by the ex-
ponential increase in new cases of coeliac disease in this period of 
time.40 Legislative and social changes facilitating access to gluten-
free foodstuffs in many countries may also have played a role.41 This 
also coincided with a reduction in the prevalence of complications 
among coeliac patients.42

Clinically, certain forms of coeliac disease are more severe than 
others, with complicated forms of coeliac disease having such high 
mortality rates that they cannot be compared to the general pop-
ulation.6,8 Our results show that some forms of coeliac disease are 
not characterised by an increased mortality, specifically dermati-
tis herpetiformis and undiagnosed coeliac disease. Interestingly, 
a large epidemiological study previously found that subjects with 
undiagnosed coeliac disease showed a reduction in several major 
cardiovascular risk factors compared to controls and better self-
reported health status, despite higher rates of osteoporosis and 
lower haemoglobin values.43 It may be that these patients are 
mainly affected by mild forms of coeliac disease, and due to their 
favourable cardiovascular risk profile do not show an increased 
mortality. Further studies on this group of patients are warranted 
as there may be significant implications regarding screening 
strategies for coeliac disease, both for family members of coe-
liac patients and the general population. This is relevant as large 
studies on first-degree relatives of coeliac patients or offspring 
of coeliac patients have failed to find any significant increase in 
mortality.10,44,45

Mortality in dermatitis herpetiformis may even be reduced com-
pared to the general population, possibly due to a reduced risk of 
death from cardiovascular disease. One possible contributing factor 
may be that dermatitis herpetiformis is usually characterised by a 
mild enteropathy46 and a low risk of developing complicated forms 
of coeliac disease.6,7 Reports suggesting a reduction in cardiovas-
cular risk factors such as tobacco smoking among coeliac patients 
in general,43,47 and specifically among patients with dermatitis her-
petiformis,18,48,49 may partly explain the lower risk of cardiovascular 
death observed among these patients.

Although we aimed to also investigate whether mortality differs 
according to the clinical pattern of coeliac disease at diagnosis,2 this 
was limited by a lack of studies reporting mortality outcomes sepa-
rately for classical, non-classical and silent coeliac disease. Only one 
Italian multicentre study reported outcomes separately for these 
subgroups of patients, finding an increase in mortality only in classi-
cal coeliac disease, but not in non-classical or silent coeliac disease.10 

This is corroborated by data in the literature suggesting that the 
clinical pattern of coeliac disease is a major risk factor for the de-
velopment of complications of coeliac disease, with classical coeliac 
disease being at greatest risk of complications.6,7 Therefore, while 
it is reasonable to think that mortality differs among these forms of 
coeliac disease, further studies are needed to clarify this.

Regarding cause-specific mortality, the increased mortality from 
malignancies, especially lymphoproliferative disorders confirms the 
results of a prior meta-analysis by Tio et al. in 2012.17 However, prior 
data on cardiovascular mortality in coeliac disease have been incon-
clusive. The meta-analysis by Tio et al. found a slightly increased risk 
of cardiovascular death17 whereas two subsequent meta-analyses 
specifically on cardiovascular disease in coeliac disease only found 
small, but not statistically significant, increases in risk of cardio-
vascular death.21,50 Possibly explaining these discrepancies, Tio 
et  al. could only include data from 3 studies in their analysis of 
cardiovascular death,17 while we included data from 13 studies in 
our analysis of cardiovascular death, many of them published after 
2012.10,14,16,18,27–33,35,38

Regarding differences in mortality among different countries, 
unfortunately, data were only available for a few countries with most 
studies being conducted in the UK and Scandinavian countries. It 
is therefore difficult to draw conclusions on whether geographical 
differences in coeliac disease mortality exist. Further studies are 
needed, particularly for most countries in Europe and America, as 
well as in India and other Asian countries, where coeliac disease is 
present.51

Another interesting point is the role of age at diagnosis. Our 
results suggest that the greatest increase in mortality risk occurs 
among those diagnosed in childhood. However, this result must 
be interpreted with caution. This is well illustrated by data from a 
large Swedish registry-based study.24 Although those diagnosed as 
children show the greatest increase in mortality in relative terms, 
this translates to only a relatively small increase in excess mortality, 
whereas the comparatively smaller increase in mortality among co-
eliac patients diagnosed in older adulthood translates into a much 
greater increase in excess mortality. Specifically, excess mortality 
rates for the age at diagnosis categories of <20, 20–39, 40–59, and 
≥60 years were respectively 0.2, 1.1, 2.6, and 8.2 deaths per 1000 
person-years.24

Although the inclusion of a large number of high-quality studies 
published over more than 30 years without any evidence of publica-
tion bias certainly represents a major strength of our study, we must 
acknowledge some intrinsic limitations. Firstly, although we tried 
to be as comprehensive as possible, several studies were excluded 
as they reported outcomes in ways that could not be quantitatively 
meta-analysed. The wide range of control and reference populations 
among eligible studies is another intrinsic limitation. Heterogeneity 
was overall high, and although some of the heterogeneity might be 
explained by the factors we investigated, including differences in 
mortality between different clinical forms of coeliac disease being 
studied, and study time period, significant unexplained heterogene-
ity remained.
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Finally, we could not completely address some important as-
pects, including the influence on mortality of dietary adherence and 
rare forms of coeliac disease such as seronegative coeliac disease. 
The role of GFD adherence on mortality was evaluated by only 
one study,10 finding that poor adherence significantly increased 
mortality. Among the included studies only one evaluated the rela-
tionship between mucosal healing and mortality, finding an inverse 
relationship, but this was not confirmed at multivariate analysis.16 
This  is partly in contrast with the results of a recent multicentre 
study showing significantly increased mortality in patients with 
persistent atrophy52 as well as prior evidence suggesting increased 
mortality in patients with persistent atrophy.53 Several studies re-
ported higher mortality in the first years after diagnosis, with a sub-
sequent reduction in risk.10,12–14,24,25,31,37 This could on one hand 
be due to the beneficial effect of a GFD reducing mortality over 
time, but the greater mortality observed in the short term may also 
be partly due to an ascertainment bias, for example, due to testing 
for coeliac disease more frequently among symptomatic subjects. 
None of the included studies evaluated the role of seronegative co-
eliac disease on mortality, although many of them could not due to 
their study designs. A recent multicentre study reported that pa-
tients with seronegative coeliac disease may be at increased risk 
of mortality compared to conventional seropositive coeliac disease, 
although a multivariate analysis suggested this may be partly due 
to late diagnosis in these patients.9 Further study of these aspects 
is warranted.

In conclusion, coeliac disease is overall characterised by a small 
increase in mortality, mainly due to malignancies, particularly non-
Hodgkin lymphoma. Novel findings include that mortality in coeliac 
disease has significantly decreased in recent decades and that mor-
tality is not uniform across different forms of coeliac disease, with 
dermatitis herpetiformis and undiagnosed coeliac disease not show-
ing an increased mortality. Further studies investigating how mor-
tality compares among other forms of coeliac disease are needed. 
Finally, data on mortality in coeliac disease is lacking in many coun-
tries and need of investigation.
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