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Abstract
Objective

The reported prevalence of coeliac disease (CD) in patients with rheumatoid arthritis (RA) and juvenile idiopathic 
arthritis (JIA) varies in previous studies. We aimed to examine the prevalence of CD in patients with RA and JIA.  

Methods
We searched Medline, Embase, Cochrane and Web of Science Core Collection between 1 January 1990 and 31 October 

2022. In our primary analysis, the prevalence of biopsy-confirmed CD in RA and JIA patients was investigated. 
In secondary analyses, the prevalence of serological markers for CD was examined. Pooled weighted prevalences of 
CD and serological markers with 95% confidence intervals (95%CI) were calculated and quality of included studies 

was assessed. Meta-regression analysis was performed on publication year, sample size, CD prevalence in the general 
population, proportion of females, and quality assessment score.

Results
In this systematic review, 14 publications were deemed relevant for RA and 22 for JIA, with nine and 18 included in 
the primary analyses of CD prevalence, respectively. Among a total of 754 RA patients and 2077 patients with JIA, 

the weighted pooled prevalence estimates of biopsy-confirmed CD were 0.4% (95%CI=0.0–1.2) and 1.4% (95%CI=
0.7–2.2), respectively. The pooled prevalence estimates of positive CD serology were 0.9% (95%CI=0.3–1.9) in RA 

and 5.4% (95%CI=2.5–9.2) in JIA.

Conclusion
In this meta-analysis, we found a pooled prevalence of biopsy-confirmed CD in patients with RA and JIA comparable 

to that in the general population. Routine screening for CD is not warranted in RA but could be considered in JIA 
patients with additional risk factors for CD.
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Introduction
Rheumatoid arthritis (RA) is a chron-
ic autoimmune inflammatory disease 
characterised by symmetrical polyar-
thritis (1). RA affects about 0.5% of the 
global population (2). The autoimmune 
aetiology of RA has been associated 
with genetic susceptibility, and known 
risk factors are smoking, female sex, 
diet, and altered gut microbiota (3, 4). 
Arthritis with disease onset typically 
before the age of 16 years is classified 
as juvenile idiopathic arthritis (JIA) 
and includes all categories of idiopathic 
childhood long-lasting arthritis (5). The 
global prevalence of JIA is estimated to 
about 0.02% (6). RA and JIA have been 
associated with other autoimmune con-
ditions, including coeliac disease (CD) 
(7, 8).
CD is an immune-mediated disease 
caused by an inflammatory response in 
the intestinal tract due to gluten intoler-
ance (9). CD causes chronic diarrhoea, 
malabsorption, involuntary weight loss, 
and in children sometimes impaired 
growth (9). However, extraintestinal 
symptoms may also occur. CD is more 
common than RA and JIA with an esti-
mated global prevalence of 0.5–2% (9). 
Some studies have found an increased 
prevalence of CD in patients with RA 
(10-12) and JIA (13-15) compared 
with the general population, while 
other studies (16-21) do not support 
such findings. RA and JIA patients also 
appear to have a higher prevalence of 
CD serological markers (16, 19, 22). 
At present, no major international gas-
troenterology or rheumatology society 
advocates screening for CD in RA and 
JIA patients. It is debated whether such 
may not be warranted, at least in JIA.
To our knowledge, no previous study 
has examined the prevalence of biop-
sy-confirmed CD in patients with RA 
and JIA through systematic review and 
meta-analysis. Hence, there is a need 
to investigate the pooled prevalence of 
CD in RA and JIA.

Material and methods
This review was planned and performed 
in accordance with the Preferred 
Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guide-
lines (23).

A prespecified protocol was used and 
registered in the PROSPERO database 
(Protocol ID: CRD42021289656).

Search
A search was conducted of Medline, 
Embase, Cochrane and Web of Science 
Core Collection from 1 January 1990 
up to 28 October 2021 including the 
terms: “arthritis, rheumatoid” and 
“arthritis, juvenile”, “rheumatoid fac-
tor” combined with “celiac disease”, 
“non-tropical sprue”, “glutens”, “trans-
glutaminases”, “endomysium”, and 
“villous atrophy”. Complete search 
strategies for each database are pre-
sented in Supplementary Figure S1. We 
performed an updated search for the 
period 29 October 2021 to 31 October 
2022. Search strategies were elabo-
rated together with an experienced 
librarian at the library of Karolinska 
Institute (Stockholm, Sweden). We 
limited the search to English language 
publications. Review of search results 
was conducted independently by AF 
and AS. Disagreement between them 
about inclusion of publications in the 
study were resolved by discussion, and 
in unresolved cases by JFL. A total of 
78 publications were screened in full 
text after initial review of titles and ab-
stracts. The reference lists of these were 
searched for additional publications, 
but no additional publications eligible 
for full text screening were found. In 
all, 34 publications (10-22, 24-44) were 
included in the final analyses (Table I 
and Suppl. Fig. S1). Of these, the up-
dated search yielded four publications.

Identification of patients
- Coeliac disease
For CD diagnosis, a small intestinal 
biopsy examination was required in-
dependent of serological CD markers 
(45). Only biopsy examinations that 
reported Marsh stages 2 or 3 were ac-
cepted as proof of CD diagnosis (46). 
When CD was reported as “biopsy-ver-
ified CD” or similarly, without explicit 
reference to Marsh stages, we assumed 
the biopsy represented Marsh stages 2 
or 3. It is well known from previous 
studies that the prevalence of CD will 
increase when serology or Marsh stage 
1 biopsies are accepted as proof of CD. 
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In a sub-analysis, the prevalence of CD 
was investigated based on the require-
ment of a Marsh stage 3 biopsy. We also 
investigated the prevalence of positive 
CD serology markers (available in the 
majority of studies) in RA and JIA pa-
tients. A positive CD serology was clas-
sified as a positive test for one of the 
two serological markers tissue trans-
glutaminase antibodies (TTG) IgA/
IgG and endomysial antibodies (EMA) 
IgA/IgG. In an additional analysis, we 
applied a wider definition and also in-
cluded a positive test for anti-gliadin 
antibodies (AGA) IgA/IgG.

- Rheumatoid arthritis and 
  juvenile idiopathic arthritis
For RA and JIA diagnoses we required 
a notation by the investigators that 
the international diagnostic guide-
lines for RA and JIA [i.e. American 
College of Rheumatology (ACR) (47), 
European Alliance of Associations 
for Rheumatology (EULAR) (48) or 
International League of Associations for 
Rheumatology (ILAR)] (49) were used 
in the study. We also included studies 
where patients were (i) diagnosed at spe-
cialised rheumatology clinics, (ii) treat-
ed with disease modifying anti-inflam-
matory drugs (DMARDs) or (iii) based 
on international classification of disease 
codes (ICD codes). Characteristics of in-
cluded studies are presented in Table I. 

Data items and risk of bias
We systematically extracted data on the 
following variables to a study specific 
form: (1) first author and year of publi-
cation, (2) country and region, (3) sam-
ple size (including proportion of males/
females), (4) number of CD cases, (5) 
Marsh stage/villous atrophy (46), (6) di-
agnostic criteria for RA and JIA, (7) se-
rological markers of CD, and (8) num-
ber of cases with positive CD serology 
(Table I).
The prevalence of CD in the general 
population differs between countries. 
For this reason, the prevalence of CD in 
RA and JIA was examined in relation to 
the underlying prevalence in each coun-
try (Table I) when data were available 
[Austria (we applied the European av-
erage) (50), Brazil (51, 52), Egypt (53), 
Finland (54), Germany (55), Iran (56. 

57), Italy (58, 59), Mexico (60), Saudi 
Arabia (61), Spain (62), The Netherlands 
(63), Turkey (64), United Kingdom (65), 
and the United States (66).
The Newcastle-Ottawa quality assess-
ment scale (67, 68) was used to grade 
the quality of included studies (Suppl. 
Table S1). Potential publication bias 
was examined through funnel plots and 
by applying the Egger’s test.

Statistics
We used the “metaprop” STATA 
(StataCorp, College Station, TX, USA) 
command (69) for performing meta-
analysis of binomial data. We choose 
metaprop because it implements spe-
cific procedures for binomial data and 
is appropriate for dealing with propor-
tions close to or at the margins (0% and 
100%). It also uses the Freeman-Tukey 
Double Arcsine Transformation to sta-
bilise the variances. The heterogeneity 
between studies was estimated as I2. We 
defined a I2 > 50% as a substantial het-
erogeneity. We expected a high degree 
of  heterogeneity among the studies of 
this meta-analysis and therefore used a 
random effects model to calculate the 
weighted pooled prevalence along with 
the 95% confidence intervals (CIs). The 
significance level was set to a p-value 
of <0.05.
We also performed subgroup analysis 
stratified by region, study size (≤100 
vs. >100) and Marsh stage 3 (yes/no). 
According to country of origin, studies 
were grouped in different regions (Asia: 
Egypt, Iran, Saudi Arabia; Europe: 
Austria, Italy, Netherlands, Spain, 
Turkey, UK; North America: Mexico 
and USA; South America: Brazil). 
Through meta-regression we also exam-
ined the association of CD prevalence 
in RA and JIA according to publication 
year, study sample size, CD prevalence 
in the general population, proportion of 
females, and quality assessment score. 
These study characteristics were chosen 
based on the assumption that they could 
explain potential variance of CD preva-
lence between studies. The meta-regres-
sion analysis was restricted to studies 
with biopsy-confirmed CD.
STATA version 17 (StatCorp, College 
Station, Texas) was used for all analy-
ses. Microsoft Excel (v. 16.54, 2021, 

Microsoft Corporation, Washington, 
USA) was used for compiling and man-
aging extracted data.

Ethics
This was a study of the existing litera-
ture, therefore no ethical permission 
was needed.

Results
We screened titles and abstracts for 
2,965 publications published between 
1 January 1990 and 31 October 2022 
(Suppl. Fig. S1). A total of 78 publica-
tions were identified as potentially rel-
evant for inclusion and read in full text. 
Of these, 44 were excluded due to in-
sufficient definition of outcome or ex-
posure (n=33) (7, 70-101); overlapping 
study populations (n=2) (102 103); 
not in English language (n=2) (104, 
105) and duplicate (n=7) (106-111). 
The remaining 34 publications (10-22, 
24-44) were inluded in this systematic 
review and consisted of 2,402 RA pa-
tients (studies, n=14) (10, 12, 16-18, 
22, 24-26, 31, 34-36, 40) and 3,480 JIA 
patients (studies, n=22) (13-16, 19-22, 
27-30, 32, 33, 37-39, 41-44). The study 
characteristics of included studies are 
reported in Table I.

Prevalence of coeliac disease 
in rheumathoid arthritis
In the main analysis of CD in patients 
with RA, we only included studies 
(n=9) reporting biopsy-confirmed CD 
(10, 12, 16-18, 22, 24, 36, 40). The 
mean study population for these stud-
ies was n=84 (range 15–161), with four 
studies having a population of 100 or 
more (12, 18, 24, 40). Four studies re-
ported no CD cases (study population: 
n=15, n=55, n=85, n=100) (16, 17, 24, 
36), and the remaining five reported 
prevalance estimates between 0.6% and 
5.0%. Of a total of 754 patients with 
RA in the included studies, eight had 
CD, yielding an unweighted proportion 
of 1.1%. Two studies (12, 18) reported 
Marsh stage 3 biopsy-confirmed CD 
cases, yielding an unweighted preva-
lence proportion of 1.5% (total CD 
cases, n=4 in 261 patients).
The weighted pooled prevalence 
in the same nine studies was 0.4% 
(95%CI=0.0–1.2) (Fig. 1). The het-
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erogeneity between studies was low 
(I2=1.2%, p=0.42). Stratified by sam-
ple size ≤100 (n=7) (10, 12, 16, 17, 
22, 24, 36) vs. >100 (n=2) (18, 40), the 
weighted pooled prevalence was 0.3% 
(95%CI=0.0–1.7) compared to 0.9% 
(95%CI=0.1–2.4) (p=0.94). Comparing 
studies reporting Marsh stage 3 biopsy-
confirmed CD (n=2) (12, 18) and stud-
ies without explicit reference to Marsh 
stage 3 (n=7) (10, 16, 17, 22, 24, 36, 40) 
yielded weighted CD prevalence esti-
mates of 1.3% (95%CI=0.2–3.2) and 
0.1% (95%CI=0.0–1.0), respectively 
(p=0.44). In comparison by region, 
Asia (n=4) (12, 16, 22, 40) showed 
a higher weighted pooled estimate 
(1.3%:95%CI=0.3–3.0) than Europe 
(n=4; 0.0%:95%CI=0.0–1.1) (10, 17, 

18, 24) (p=0.30). South America was 
represented by one study (36) which re-
ported no CD cases.
In meta-regression analyses of the re-
lationship between the prevalence 
of CD in RA and publication year 
(p=0.56), study sample size (p=0.56), 
CD prevalence in the general popula-
tion (p=0.80), proportion of females 
(p=0.22), and quality assessment score 
(p=0.59), no significant associations 
were found. (Suppl. Fig. S2 A-E)

Prevalence of coeliac disease 
in juvenile idiopathic arthritis
Consistent with the definition of CD 
in RA, we restricted the main analy-
sis of CD in patients with JIA to stud-
ies (n=18) reporting biopsy-confirmed 

CD (11, 13-16, 19-22, 27, 28, 32, 33, 
37, 38, 41, 42, 44). For these studies, 
the mean study population was 115 
(range 42–417), with six studies hav-
ing a population of 100 or more (13, 27, 
33, 37, 42, 44). Five studies reported 
no CD cases (study population n=45, 
n=53, n=53, n=70, and n=96) (16, 19-
21, 32), and the remaining 13 studies 
reported prevalance estimates between 
0.7% and 6.6%. Of 2,077 patients 
with JIA in the included studies, 38 
had biopsy-confirmed CD, yielding an 
unweighted prevalence proportion of 
1.8%. For studies (n=6) (14, 28, 33, 38, 
41, 42) reporting positive Marsh stage 3 
biopsy-confirmed CD, the unweighted 
proportion of CD was 2.2% (total CD 
cases, n=16 in 736 JIA patients). One 

Table I. Publications included in the meta-analysis on coeliac disease in rheumatoid arthritis and juvenile idiopathic arthritis.

Study Country Prevalence Patients Female Age Mean Biopsy Biopsied¥ Villous Antibodies Seropositive Diagnostic
  of CD in the  n. (%) mean disease verified n. atrophy·  n. (%) criteria
  general   (range) duration CD
  population*    years n. (%)
  (%) 
 
RA (n=14)            
AlEnzi, 2020 Saudi Arabia 1.3 62 93.5 48.8 (NA) NA 1 (1.6) 1 Yes AGA/EMA/TTG 6 (9.7) ACR
Atzeni, 2008 Italy 0.6 20 85.0 58.5 (28-80) 8.6 1 (5.0) 1 Yes TTG 1 (5.0) ACR
Bizzaro, 2003 Italy 0.6 100 NA NA (NA) NA 0 (0.0) 0 0 EMA/TTG 1 (1.0) ACR
Caio, 2018 Italy 0.6 67 80.6 NA (18-84) NA - - - AGA/EMA/TTG 2 (3.0) ACR
Castillo-Ortiz, 2011 Mexico 2.7 85 87.1 49.1 (16-76) 11.2 - - - AGA/TTG 29 (34.1) ACR
Coaccioli, 2010 Italy 0.6 15 60.0 55.4 (32-76) 1.8 0 (0.0) 0 0 EMA/TTG 0 (0.0) Clinical
Elhami, 2018 Iran 0.4 100 90.0 38.8 (32-47) NA 3 (3.0) 3 Yes (Marsh 3) TTG 3 (3.0) ACR
Francis, 2002 UK 0.6 161 66.5 61 (20-84) 12 1 (0.6) 1 Yes (Marsh 3) EMA 1 (0.6) ACR
Goeldner, 2011 Brazil 0.3 156 88.5 51.3 (NA) 8.9 - - - EMA 0 (0.0) ACR
Liao, 2013 USA 0.7 1290 70.4 60.7 (NA) NA - - - TTG 14 (1.1) ACR
Luft, 2003 USA 0.7 50 NA NA (NA) NA - - - EMA/TTG 1 (2.0) ACR
Moghtaderi, 2016 Iran 0.4 55 72.7 46.4 (20-75) 15.2 0 (0.0) 5 0 TTG 6 (10.9) Clinical
Nisihara, 2007 Brazil 0.4 85 87.1 47.0 (23-71) NA 0 (0.0) 0 0 EMA 0 (0.0) ACR
Zayeni, 2014 Iran 0.4 156 87.8 NA (NA) NA 2 (1.3) 2 Unspecified TTG 2 (1.3) ACR
            
JIA (n=22)            
Al-Mayouf, 2003 Saudi Arabia 1.3 42 57.1 NA (5-15) NA 1 (2.4) 16 Yes AGA/EMA 18 (42.9) ACR
AlEnzi, 2020 Saudi Arabia 1.3 73 61.6 10.0 (NA) NA 1 (1.4) 1 Yes AGA/EMA/TTG 8 (11.0) ILAR
Chang, 2018 UK 0.6 127 NA NA (NA) NA 1 (0.8) 3 Unspecified EMA 3 (2.4) Clinical
George, 1996 Netherlands 0.5 62 58.1 9.8 (3-16) NA 1 (1.6) 5 Yes (Marsh 3) AGA/EMA 6 (9.7) EULAR
Gheita, 2012 Egypt 1.0 30 73.3 11.9 (NA) 6.5 - - - TTG 16 (53.3) Clinical
Gheith, 2017 Egypt 1.0 44 77.3 12.5 (NA) 5.0 - - - TTG 19 (43.2) ILAR
Lepore, 1993 Italy 1.1 53 66.0 11.4 (2-16) NA 0 (0.0) 8 0 AGA 18 (34.0) Clinical
Lepore, 1996 Italy 1.1 119 73.1 11.5 (2-16) NA 3 (2.5) 4 Yes (Marsh 3) EMA 4 (3.4) EULAR
Moghtaderi, 2016 Iran 0.6 53 49.1 15.6 (1-16) 3.5 0 (0.0) 1 0 TTG 1 (1.9) Clinical
Naddei, 2022 Italy 1.1 329 74.8 NA (NA) NA 6 (1.8) 6 Yes (Marsh 3) EMA/TTG 8 (2.4) ILAR
Nisihara, 2017 Brazil 0.4 45 64.4 NA (3-16) NA 0 (0.0) 0 0 EMA/TTG 4 (8.9) Clinical
Pellegrini, 1991 Italy 1.1 70 62.9 8.3 (1-17) NA 0 (0.0) 3 0 AGA 5 (7.1) EULAR
Pohjankoski, 2010 Finland 1.0 417 67.9 NA (NA) NA 3 (0.7) 3 Yes (Marsh 2-3) - - ILAR
Robazzi, 2013 Brazil 0.4 53 47.2 10.4 (2-17) 3.4 1 (1.9) 1 Yes (Marsh 3) TTG 1 (1.9) ILAR
Sadeghi, 2021 Iran 0.6 78 66.7 7.9 (1-16) 2.8 1 (1.3) 1 Yes (Marsh 3) TTG 3 (3.8) ILAR
Sahin, 2019 Turkey 0.9 96 58.3 11.6 (NA) NA 0 (0.0) 0 0 EMA/TTG 0 (0.0) ILAR
Schulz, 2022 Germany 0.7 499 66.7 NA (NA) NA - - - TTG 4 (0.4) ILAR
Skrabl- Austria 0.8 95 69.5 12.3 (2-17) NA 4 (4.2) 4 Yes (Marsh 2-3) EMA/TTG 4 (4.2) ILAR
  Baumgartner, 2017
Stagi, 2005 Italy 1.1 151 79.5 NA (2-16) NA 10 (6.6) 10 Unspecified AGA/EMA/TTG 10 (6.6) ILAR
Taneja, 2017 USA 0.7 830 NA NA (3-21) NA - - - TTG 7 (0.8) ILAR
Torres-Fernandez,  Spain 0.5 135 NA NA (NA) NA 3 (2.2) 3 Unspecified EMA/TTG 4 (3.0) ILAR
  2022 
Tronconi, 2017 Italy 1.1 79 64.6 NA (2-21) NA 3 (3.8) 3 Unspecified TTG NA ILAR

ACR: American College of Rheumatology; AGA: anti-gliadin antibodies; CD: coeliac disease; EMA: endomysial antibodies; EULAR: European Alliance of Associations for 
Rheumatology; ILAR: International League of Associations for Rheumatology; JIA: juvenile idiopathic artrhritis; NA: data not available; RA: rheumatoid arthritis; TTG: tissue 
transglutaminase antibodies. *General population prevalence, for sources see main text.
¥  “-” = studies only including antibodies;  “0” = no cases of biopsy-confirmed CD; “Yes” = when stated in the study that biopsy-confirmed cases showed villous atrophy (and in 
some cases Marsh stage 3).
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study (42) reported CD according to 
the updated diagnostic guidelines of 
the European Society of Paediatric 
Gastroenterology, Hepatology and 
Nutrition (ESPGHAN), that do not re-
quire an intestinal biopsy for CD diag-
nosis (112). To be consistent with our 
definition of biopsy-confirmed CD, we 
recategorised two positive CD cases to 
non-CD (n=6, instead of n=8).
The weighted pooled prevalence in the 
18 studies reporting biopsy-confirmed 
CD in JIA was 1.4% (95%CI=0.7–
2.2) (Fig. 2). The heterogeneity was 
comparably low (I2=37%, p=0.08). 
Stratified by sample size ≤100 (n=12) 
(11, 14-16, 19-22, 28, 32, 38, 41) vs. 
>100 (n=6) (13, 27, 33, 37, 42, 44) the 
weighted pooled prevalence was 1.0% 
(95%CI=0.3–2.0) compared with 2.0% 
(95%CI=0.8–3.8) (p=0.47). For studies 
reporting Marsh stage 3 biopsy-con-
firmed CD (n=6) (14, 28, 33, 38, 41, 42) 
the weighted pooled CD prevalence was 
2.0% (95%CI=1.0–3.2), and for studies 
without an explicit reference to Marsh 
3 (n=12) (11, 13, 15, 16, 19-22, 27, 32, 
37, 44), it was 1.0% (95%CI=0.2–2.2) 
(p=0.27). The weighted pooled esti-
mates of CD by region were: Asia (n=4) 
1.0% (95%CI=0.0–3.0) (11, 16, 22, 41), 
Europe (n=12) 1.6% (95%CI=0.7–2.8) 
(13-15, 20, 21, 27, 28, 32, 33, 37, 42, 
44), and South America (n=2) 0.7% 
(95%CI=0.0–4.0) (19, 3)8 (p=0.91).
In meta-regression analyses, publica-
tion year (p=0.92), study sample size 
(p=0.79) and CD prevalence in the gen-
eral population (p=0.33), and quality 
assessment scores (p=0.06), were not 
associated with a higher CD prevalence 
in JIA. However, we found a positive 
association between a high proportion 
of females in included studies and a 
higher prevalence of CD (p=0.046) 
(Suppl. Fig. S3 A-E). Two studies that 
lacked sufficient data on the propor-
tion of females were not inluded in this 
analysis (27, 44). 

Prevalence of coeliac disease 
antibodies in patients with RA and JIA 
We also performed a meta-analysis of 
the prevalence of serological CD mark-
ers (EMA and TTG antibodies). Of in-
cluded studies, all but two (15, 37) re-
ported frequency of serological markers 

(Table I). The crude prevalence of any 
of the serological CD markers EMA or 
TTG in RA patients was 1.3% (32 serol-
ogy positives in 2402 RA patients from 
14 studies), and the weighted pooled 
prevalence was 0.9% (95%CI=0.3–
1.9; I2=43%; p=0.04) (Suppl. Fig. S4).  
Corresponding percentages for JIA 
were 3.3% (87 serology positive in 

2,637 JIA patients from 16 studies 
[seropositivity for EMA or TTG was 
not possible to distinguish from AGA 
in two studies (10, 13)] and 5.4% 
(95%CI=2.5-9.2; I2=91%; p<0.001) for 
the crude and weighted pooled preva-
lence, respectively (Suppl. Fig. S5). 
Three studies reported prevalences 
>15% (11, 29, 30). When excluding 

Fig. 1. Prevalence of biopsy-confirmed coeliac disease in rheumatoid arthritis. 
CI: confidence interval.

Fig. 2. Prevalence of biopsy-confirmed coeliac disease in juvenile idiopathic arthritis. 
CI: confidence interval.
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these studies the weighted pooled prev-
alence in JIA was 2.1% (95%CI=1.0–
3.4; I2=67%; p<0.001).
With a wider definition of a CD positive 
serology, including a positive test for 
any of EMA, TTG or AGA, the pooled 
prevalence was 3.0% (95%CI=0.7–6.3; 
I2=89%; p<0.001) for RA and 7.8% 
(95%CI=4.2–12.3; I2=93%; p<0.001) 
for JIA (Suppl. Fig. S6-S7). 

Discussion
In this systematic review and meta-
analysis of 754 patients with RA and 
2077 patients with JIA, the pooled 
weighted prevalence estimates of biop-
sy-confirmed CD in RA and JIA were 
0.4% and 1.4%, respectively. This is 
approximately equivalent to one in 250 
RA patients, and one in 71 JIA patients. 
Our prevalence estimates for RA and 
JIA are comparable to that in the gener-
al population (50). To our knowledge, 
this meta-analysis is the first to report 
the pooled weighted prevalence of CD 
in patients with RA and JIA. 
The pooled prevalence of 0.4% for bi-
opsy-confirmed CD (Marsh stages 2 or 
3) in patients with RA in our study do 
not differ significantly from the global 
CD prevalence of 1% in the general 
adult population (50). The CD preva-
lence ranged from 0% to 5% in the 
studies included in our meta-analysis. 
For two of these studies (12, 18) where 
CD diagnosis was confirmed with a 
Marsh stage 3 biopsy, the prevalence 
was 0.6% and 3.0%.
The global prevalence of paediatric 
CD is estimated to around 0.5-2.0% 
(9), which is similar to the the 1.4% 
found in our study. Restricted to stud-
ies reporting Marsh stage 3 biopsy-
confirmed CD (n=6) (14, 28, 33, 38, 41, 
42) the weighted pooled CD prevalence 
(2.0%, 95%CI=1.0–3.2) is also similar 
to the global estimate. Among included 
studies, a recent Italian study reported 
a CD prevalence of 2.4% in 329 JIA 
patients (42). However, CD was diag-
nosed either by histological findings or 
according to the updated ESPGHAN 
diagnostic criteria that do not require a 
confirmatory duodenal/jejunal biopsy 
(112). Restricting their result to biopsy-
confirmed CD yielded a prevalence of 
1.8%, which is similar to our result.

It is important to note that in some stud-
ies included in our meta-analysis not 
all patients with elevated levels of CD 
serological markers underwent biopsy. 
This may lead to underestimation of 
the true prevalence of CD. A temporal 
relationship with RA and JIA diagnosis 
before CD diagnosis was found in the 
majority of studies and imply that pa-
tients with CD may have been asymp-
tomatic at the time of RA and JIA diag-
nosis, thus more likely to have a normal 
intestinal biopsy. Notably, this could 
indicate a need for increased awareness 
of signs and symptoms of CD in this 
group of patients, especially since rheu-
matologic diseases can manifest with 
gastrointestinal symptoms. Additional 
to that, some studies excluded patients 
with known CD diagnosis (41). We ex-
cluded studies that included and count-
ed patients already diagnosed with CD 
as cases in their results (70, 98). Few 
studies reported testing the study par-
ticipants for IgA deficiency. Presence of 
IgA deficiency is known to lead to low-
er diagnostic sensitivity of CD serologi-
cal screening tests (112, 113). This is of 
particular importance in JIA since it has 
been suggested that IgA deficiency is 
more common in JIA than the general 
paediatric population (44, 114, 115). In 
the case of RA, the distinction between 
rheumatoid factor or anti-citrullinated 
protein antibodies (ACPA) seroposi-
tive and seronegative RA could not be 
made in our study due to lack of data in 
included studies. Such distinction could 
be important for the interpretation of 
our results. Seropositive RA seems to 
be a rather well-defined pathophysi-
ological entity of RA, with evidence 
of a strong genetic association, and the 
hypothesis that autoimmunity is gen-
erated at the mucosal surfaces where 
inflammation leads to citrullination 
that induces pathogenic autoantibodies 
in genetically susceptible hosts (116). 
While for seronegative RA patients, a 
common opinion is that this is not the 
case. It is suggested that these patients 
instead represent different subsets of 
RA where different pathophysiolocigal 
mechanisms are in play (116). The se-
ronegative group consists of around one 
third of all RA patients. We cannot ex-
clude that a stronger link between CD 

and RA exists within a subset of seron-
egative patients that was not captured in 
our meta-analysis.
The prevalence of CD varies in patients 
with different autoimmune and chronic 
inflammatory diseases. For example, a 
systematic review and meta-analysis 
of CD in autoimmune thyroid disease 
(117) showed a pooled prevalence of 
1.6% (95%CI=1.3–1.9), and a multi-
centre study (118) of patients with 
Sjögren’s syndrome (n=354) reported a 
prevalence of 6.8% (95%CI=4.6–9.9). 
These differences indicate that disease-
specific immunopathogenic factors are 
potentially associated with the variation 
in CD prevalence between different au-
toimmune diseases.
Notably, there were substantial differ-
ences between the studies included in 
our meta-analysis, such as differences 
in type and methods for detecting CD 
serological markers, frequency of auto-
immune comorbidity, genetics, region 
and ethnicity of the study population, 
and ongoing treatment for RA and JIA 
where only a few studies reported data 
on immunosuppressive therapies. 
We explored potential publication bias 
through funnel plots and Egger’s test. 
No major publication bias could be 
identified in funnel plots (Fig. 3-4) or in 
Egger’s test (RA, p=0.61; JIA, p=0.95). 
To explore the heterogeneity between 
studies, we also performed a series of 
meta-regression analyses. For RA, we 
found no associations with CD preva-
lence, while for JIA a higher proportion 
of females was associated with increas-
ing prevalence of CD. This finding may 
be explained by the female predomi-
nance in both CD and JIA (50).
We investigated the prevalence of CD 
serological markers in patients with 
RA and JIA. A previous meta-analysis 
found a prevalence of CD serological 
markers of 1.4% in the general popula-
tion (50). Previous studies have shown 
a higher occurrence of CD serological 
markers in patients with autoimmune 
diseases (13, 19, 22). Our pooled es-
timates of 0.9% for RA and 5.4% for 
JIA are higher than our prevalence es-
timates for biopsy-confirmed CD, and 
substantially higher than in the general 
population for JIA. However, the stud-
ies included in the meta-analysis of 
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positive CD serology in JIA show high 
heterogeneity (I2=91%). Additionally, 
some studies showed unexpectedly 
high prevalences (three JIA studies re-
ported prevalences of >15%). After ex-
clusion of these high prevalence stud-
ies, the prevalences were 0.5% in RA 
and 2.1% in JIA. Included studies also 
span over a long period of time (1991 
to 2022) when different methods for de-
tecting positive CD serology were ap-
plied. Furthermore, studies also differ 
substantially in sample size and study 
design. The results should therefore be 
interpreted with caution.
At present, no major international gas-
troenterology society recommends 
screening for CD in RA and JIA. 
Although, some authors have suggested 
screening for CD in JIA could be war-
ranted (42, 119). For JIA patients, our 
pooled estimate of 1.4% may not alone 
be convincing enough to strongly advo-
cate routine screening for CD. However, 
as already commented, there are several 
reasons to believe our pooled estimates 
could underestimate the true preva-
lence of CD in both RA and JIA. First, 
several of the included studies did not 
perfom duodenal/jejunal biopsies of 
all patients positive for serological CD 
markers. Second, IgA deficiency test-
ing was not performed in all included 
studies, thus yielding lower reliabil-
ity of CD serological screening tests. 
Third, the majority of patients included 
in the studies in our meta-analysis were 
asymptomatic and therefore less likely 
to present with a positive CD serologi-
cal screening test and villous atrophy in 
a subsequent biopsy. Fourth, the preva-
lence of serological CD markers in JIA 
was 5.4% (and 2.1% when excluding 
studies with reported prevalences of 
>15%) in our study, compared to 1.4% 
in the general population (50). This 
could indicate that JIA patients are at 
higher risk of developing CD and might 
be less symptomatic than CD patients 
in the general population. For RA, no 
such difference in the seroprevalence 
of CD markers was observed compared 
with the general population. 
In all, there is reason to believe that 
the true prevalence of CD in RA and 
JIA patients might be higher than the 
pooled prevalence of our meta-analy-

sis. Regardless of this, we believe our 
results do not support routine screening 
for CD in patients with RA. However, 
systematic serological screening and 
subsequent biopsy in JIA patients could 
be warranted in patients with known 
risk factors for CD, but also in the pres-
ence of clinical suspicion of CD. The 
exact diagnostic workup algorithm for 
such systematic screening remains to be 
elaborated.
This study has some strengths, such as 
a large pool of identified studies drawn 
from four major databases (Medline, 

Embase, Cochrane and Web of Science 
Core Collection). The comparably large 
number of studies included allowed us 
to restrict the analysis to histologically 
confirmed diagnosis of CD instead of 
diagnosis based solely on serological 
markers. The latter diagnostic approach 
is likely to overestimate the true preva-
lence of CD. Furthermore, we performed 
a meta-analysis of serological markers 
of CD in RA and JIA to contrast our 
findings based on histological findings.
We acknowledge some limitations. 
First, we lacked data on CD from large 

Fig. 4. Funnel plot of studies investigating biopsy-confirmed coeliac disease in patients with juvenile 
idiopathic arthritis.

Fig. 3. Funnel plot of studies investigating biopsy-confirmed coeliac disease in patients with rheuma-
toid arthritis.



615Clinical and Experimental Rheumatology 2024

Coeliac disease in rheumatoid and juvenile arthritis / A. Forss et al.

parts of the world, such as Sub-Saharan 
Africa and East Asia, and we also 
lacked data on the ethnicity of included 
study participants. Second, the included 
studies did not allow a meaningful anal-
ysis of biopsy-negative CD in RA and 
JIA. Third, since several studies did not 
confirm all CD cases with a positive se-
rology with a biopsy, our estimates are 
likely to underestimate the true preva-
lence of CD. Fourth, the lack of data 
on immunosuppressive therapies of pa-
tients is a limitation and should be con-
sidered when interpreting the results.
In conclusion, through systematic re-
view and meta-analysis we found a 
prevalence of biopsy-confirmed CD in 
patients with RA and JIA comparable 
to that in the general population. At 
present, no major gastroenterology or 
rheumatology society advocates rou-
tine screening for CD in RA and JIA. 
Our findings do not support routine 
screening of RA patients but screen-
ing could be considered in JIA patients 
with additional risk factors for CD.
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