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A

BDOMINAL SYMPTOMS ARE

common in primary care,
with an annual incidence of
35 to 40 per 1000 individuals.1 Chronic abdominal symptoms
can adversely affect daily functioning
and quality of life. 2,3 For the primary care physician, the diagnostic
challenge is to discriminate between
patients with functional gastrointestinal problems only and those
with organic disease, such as celiac
disease.
Celiac disease is a gluten-sensitive
systemic disorder that primarily affects the small bowel.4,5 Estimates of the
prevalence of celiac disease in the population vary widely, but most largescale studies in Western Europe and the
United States report prevalence rates between 0.5% and 1.0%.6,7 However, many
patients have unrecognized celiac disease.8,9 This may partly be explained by
a lack of symptoms in those with latent or silent celiac disease, but the identification of symptomatic celiac disease is also complicated by the broad
spectrum of presenting symptoms,
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Context The symptoms and consequences of celiac disease usually resolve with a
lifelong gluten-free diet. However, clinical presentation is variable and most patients
presenting with abdominal symptoms in primary care will not have celiac disease and
unnecessary diagnostic testing should be avoided.
Objective To summarize evidence on the performance of diagnostic tests for identifying celiac disease in adults presenting with abdominal symptoms in primary care or
similar settings.
Data Sources A literature search via MEDLINE (beginning in January 1966) and
EMBASE (beginning in January 1947) through December 2009 and a manual search
of references for additional relevant studies.
Study Selection Diagnostic studies were selected if they had a cohort or nested
case-control design, enrolled adults presenting with nonacute abdominal symptoms,
the prevalence of celiac disease was 15% or less, and the tests used included gastrointestinal symptoms or serum antibody tests.
Data Extraction Quality assessment using the Quality Assessment of Diagnostic Accuracy Studies tool and data extraction were performed by 2 reviewers independently.
Sensitivities and specificities were calculated for each study and pooled estimates were
computed using bivariate analysis if there was clinical and statistical homogeneity.
Data Synthesis Sixteen studies were included in the review (N=6085 patients). The
performance of abdominal symptoms varied widely. The sensitivity of diarrhea, for
example, ranged from 0.27 to 0.86 and specificity from 0.21 to 0.86. Pooled estimates for IgA antiendomysial antibodies (8 studies) were 0.90 (95% confidence interval [CI], 0.80-0.95) for sensitivity and 0.99 (95% CI, 0.98-1.00) for specificity (positive likelihood ratio [LR] of 171 and negative LR of 0.11). Pooled estimates for IgA
antitissue transglutaminase antibodies (7 studies) were 0.89 (95% CI, 0.82-0.94) and
0.98 (95% CI, 0.95-0.99), respectively (positive LR of 37.7 and negative LR of 0.11).
The IgA and IgG antigliadin antibodies showed variable results, especially for sensitivity (range, 0.46-0.87 and range, 0.25-0.93, respectively). One recent study using
diamidated gliadin peptides showed good specificity (ⱖ0.94), but evidence is limited
in this target population.
Conclusion Among adult patients presenting with abdominal symptoms in primary
care or other unselected populations, IgA antitissue transglutaminase antibodies and
IgA antiendomysial antibodies have high sensitivity and specificity for diagnosing celiac disease.
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which often include diarrhea, weight
loss, abdominal distension, malaise, and
anemia.4,10
Celiac disease can have serious longterm consequences, including fertility
impairment, stillbirth and dysmaturity, osteoporosis, and malignancy.5,11,12
Diagnosing celiac disease is important
because a gluten-free diet typically resolves symptoms and can prevent longterm consequences.4,5 Confirmation of
the diagnosis requires histological assessment of small-bowel biopsy material. However, most patients presenting with abdominal symptoms will not
have celiac disease. Therefore, primary
care physicians also aim to avoid unnecessary diagnostic testing.
Numerous studies have investigated the diagnostic accuracy of serological tests for celiac disease, but most
have been performed in secondary care,
and results of diagnostic test performance vary greatly across different settings and populations.13 The objective
of this systematic review is to summarize evidence on the performance of diagnostic tests for the identification of
celiac disease in primary care and other
populations with a similar prevalence
or spectrum of disease. This review focuses on tests available in primary care
(ie, serum antibodies) and on specific
gastrointestinal symptoms in adults because uncertainty regarding celiac disease diagnosis is especially large in this
patient group.
METHODS
MEDLINE (beginning in January 1966)
and EMBASE (beginning in January
1947) through December 2009 were
searched using Medical Subject Headings, EMTREE terms, and free text
words, and included subsearches related
to the index test, target condition, study
population, design, and publication type
(full strategies in eSupplement 1 and
eSupplement 2 at http://www.jama
.com). Reference lists of all included
diagnostic studies, reviews, metaanalyses, and guidelines were checked
for eligible studies. All citations identified by the search were checked by one
author (D.A.W.M.vdW.), while an-

other author (P.J.) independently
checked eligibility of all abstracts assessed by the first author as possibly
relevant. Disagreements were resolved by discussion. Full publications were retrieved to decide on elgibility; and a manual search was
conducted of references for additional
relevant studies.
Studies were eligible for inclusion
when the study population consisted of
adults and the prevalence rate of gastrointestinal symptoms was 50% or
greater. Primary care was the setting of
interest, but in some countries primary care is not well-defined or specialist services are directly accessible
(not requiring physician referral).
Therefore, studies performed in openaccess outpatient clinics were also
included, as long as the prevalence of
celiac disease was less than 15%, suggesting a similar spectrum of disease as
in primary care.14,15 Studies of hospitalized patients or children were excluded.
Diagnostic studies using a cohort design were included, as well as nested
case-control designs in which consecutive cases of celiac disease were compared with controls with functional gastrointestinal problems (eg, chronic
diarrhea or irritable bowel syndrome)
sampled from the same baseline cohort. These control groups reflect primary care populations presenting with
abdominal symptoms. All other casecontrol designs (using healthy controls or controls with a specific disease), studies for which no diagnostic
2⫻2 table could be reconstructed, and
reports in languages other than English, Dutch, German, or French were
excluded.
Included studies had to confirm celiac disease using small-bowel biopsy
and histology. Studies had to assess gastrointestinal symptoms or serum antibody tests (alone or a combination) because these are accessible in primary
care.
Two reviewers (D.A.W.M.vd.W. and
P.J.) independently conducted data extraction and quality assessment. Quality was assessed using the Quality As-
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sessment of Diagnostic Accuracy
Studies tool,16 recommended by the
Cochrane Collaboration.17 The modified version consists of 11 items on
study characteristics with the potential to introduce bias (see eTable 1 at
http://www.jama.com). Items were
scored as positive (no bias), negative
(potential bias), or insufficient information. It was decided a priori to explore whether selection (spectrum) bias
and verification (workup) bias explained variation in diagnostic performance. These aspects are important in
diagnostic research on celiac disease
and have been shown to influence the
results of diagnostic performance.18,19
Diagnostic 2 ⫻ 2 tables and performance measures were calculated per
test, using MetaDiSc statistical software version 1.4 (Clinical Biostatistics Unit, Ramón y Cajal Hospital,
Madrid, Spain).20 Bivariate analysis was
used to calculate pooled estimates of
sensitivity, specificity, and likelihood
ratios (LRs) along with 95% confidence intervals (CIs) for the summary
estimates.21 The bivariate model preserves the 2-dimensional nature of diagnostic data by analyzing the logittransformed sensitivity and specificity
of each study in a single model, and
takes into account both within-study
and between-study variability, in contrast to the Littenberg and Moses
method22 that departs from a fixedeffects model. Pooled estimates of sensitivity, specificity, and LRs (LR for a
positive test result is indicated as a positive LR; and for a negative test result
as a negative LR) were computed when
4 or more studies on a specific index
test showed sufficient homogeneity (4
studies are needed to estimate parameters). Statistical homogeneity was defined as overlapping 95% CIs of both
sensitivity and specificity and differences in point estimates among the
studies of less than 20%.14,15 In cases of
statistical or clinical heterogeneity (in
terms of characteristics of populations
and test characteristics), ranges were
presented instead of pooled estimates.
When pooled estimates could be calculated, predictive probabilities were
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calculated based on the average prevalence of celiac disease in included cohort studies.
Subgroup analyses were conducted
to determine whether the following factors explained variation in performance: (1) prevalence of celiac disease (ⱕ5% vs ⬎5%); (2) design (cohort
or nested case-control); (3) whether or
not all patients or only a proportion
(50%-99%) had gastrointestinal symptoms; (4) whether or not IgA deficiency had been assessed because cases
may be missed when a limited serological screening is used; and (5) selection and verification bias. When subgroups showed distinct estimates, with
more homogeneous results for sensitivity and specificity within each category, analyses were stratified and
pooled estimates of diagnostic parameters were calculated for each category. Sensitivity analyses were performed to assess the effect of verification
bias by calculating pooled estimates of
diagnostic performance, excluding
studies with a high risk of verification
bias.
RESULTS
The searches identified a total of 1234
unique citations, of which 263 were potentially relevant and were screened by
a second reviewer (P.J.). After initial
evaluation, 133 full articles were retrieved, of which 17 articles23-39 (two31,32
reporting on the same study) were considered eligible for the review (N=6085
patients; see the eFigure at http://www
.jama.com).
TABLE 1 provides information on design, setting, population, reference standard, and index tests. The 16 studies
included 3 nested case-control studies31,32,36,38 and 13 cohort studies, 3 of
which used a retrospective design by
collecting information from medical
records. 27,28,39 Only 3 studies were
performed in primary care populations.25,27,39 The prevalence of celiac disease ranged between 2% and 13%.
Celiac disease was confirmed by
small-bowel biopsy in all studies; however, histological criteria varied across
studies and were not always clearly de1740

scribed. In 8 studies, patients were
started on a gluten-free diet following
positive histological testing; however,
in 4 studies,36-39 it was not clear if a positive response to change in diet was required to confirm the diagnosis. In 1
study,24 the reference standard additionally included a positive gluten challenge test in seronegative patients.
The results of quality assessment are
presented in eTable 1 (available at http:
//www.jama.com). On average, the reviewers disagreed on 3 of 11 items
(range, 0-6). All disagreements were resolved by consensus. Diagnostic review bias and period between index and
reference test were often poorly described. Four studies performed well,
receiving a positive assessment of at
least 8 of 11 items.24,29,30,36 A frequent
shortcoming concerned valid selection of the study population, leading to
potential spectrum bias in all but 3 studies.24,29,36 Four studies referred only patients with positive antibody test results for small-bowel biopsy, resulting
in partial verification bias.25,33,35,39 Two
additional studies showed a high risk
of verification bias because patients received different types of reference tests
depending on index test results,27 or
only a selection of patients received the
reference test.34
The diagnostic performance of individual abdominal symptoms was investigated in 6 studies (TABLE 2).25,26,28,29,33,35
The sensitivity and specificity of diarrhea for celiac disease varied widely,
ranging from 0.27 to 0.86 for sensitivity and from 0.21 to 0.86 for specificity. Results for other symptoms (constipation, weight loss, abdominal pain,
nausea, flatulence) also showed substantial heterogeneity. The LRs were
close to 1.00, indicating poor performance for abdominal symptoms. A primary care study reported the lowest sensitivity combined with the highest
specificity for diarrhea (0.27 and 0.86,
respectively) and constipation (0.18 and
0.74, respectively).25
Pooled estimates were not calculated because of wide variation in results. For diarrhea, the number of studies was large enough to conduct 3
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subgroup analyses (TABLE 3), showing that heterogeneity could not be explained by the diagnostic workup (verification bias) or differences in celiac
disease prevalence. Sensitivity of diarrhea tended to be higher (range, 0.450.86) in studies including solely patients with gastrointestinal symptoms
compared with studies in which a proportion of patients presented with such
symptoms (range, 0.27-0.50).
Two studies analyzed the performance of a combination of symptoms
in the identification of celiac disease.25,30 Catassi et al25 analyzed the
value of meeting irritable bowel syndrome criteria in the identification of
celiac disease in a primary care population, and reported a sensitivity of 0.32
and specificity of 0.73. In a large population of patients referred by general
practitioners for endoscopy, having
either diarrhea, weight loss, or anemia
was associated with a sensitivity of 0.92
and specificity of 0.65 for diagnosing
celiac disease (positive LR, 2.65 and
negative LR, 1.12).30
Nearly all studies (n=14) reported on
the diagnostic performance of serum
antibodies either alone or in combination: IgA antigliadin antibodies (IgAAGA, 6 studies), IgG-AGA (5 studies), IgA antiendomysial antibodies
(EmA, 8 studies), IgA antitissue transglutaminase antibodies (IgA-tTG, 7
studies), IgG-tTG (3 studies), and the
more recent test for diamidated gliadin peptides (DGP, 1 study). Ten studies identified patients with IgA deficiency, resulting in the identification of
0 to 6 IgA-deficient patients with celiac disease per study.
Most studies reporting on the diagnostic value of IgA-AGA 23,29,32,36-38
showed high specificity (0.70-0.98;
negative LR, 0.14-0.55), but variable
sensitivity (0.46-0.87; positive LR, 2.5941.9), which precluded the statistical
pooling of results (TABLE 4). None of
these 6 studies were conducted in a primary care population. Subgroup analyses were possible for 2 factors. Study design or testing for IgA deficiency could
not explain variation in diagnostic performance (Table 3).
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Table 1. Characteristics of Primary Diagnostic Studies on Diagnosing Celiac Disease (CD)
Source

Design and Setting

Inclusion Criteria

Age, y

CD
Prevalence,
No. (%)

Index Tests

Reference Test

Bodé and
GudmandHoyer,23
1994

Prospective cohort study Underwent SBB, 57% had
at laboratory in
GI symptoms
Denmark

Median, 51
(range, 17-81)

(n = 100)
13 (13)

IgA-AGA, IgG-AGA

SBB plus histology (crypt
hypertrophic villous atrophy
and lymphocytosis)

Carroccio et
al,24 2002

Prospective cohort study Symptomatic and underwent Median, 42
at outpatient clinic in
SBB, ⬎50% had GI
(range, 17-84)
Italy
symptoms

(n = 207)
24 (12)

IgA-tTG (guinea pig),
IgA-tTG (human),
EmA

SBB plus histology (partial or total
villous atrophy, Marsh grade
ⱖIIIA) plus response to diet
plus gluten challenge

Catassi et al,25
2007

Prospective cohort study CD-associated symptoms,
Mean, 54.3
at primary care
⬎50% had GI symptoms (SD, NA)
clinics in the United
States and Canada

(n = 976)
22 (2)

GI symptoms, IgA-tTG, Positive serology plus positive
EmA (only
HLA antigen typing plus SBB
performed when
plus histology (any Marsh
positive on IgA test)
grade)

Dickey et al,26
1997

Prospective cohort study Referred for suspected CD,
at outpatient clinics
69% had GI symptoms
in Ireland

Median, 42
(range, 11-88)

(n = 318)
31 (10)

GI symptoms, total IgA, SBB plus histology (villous
EmA
atrophy)

Dickey et al,27
1998

Retrospective cohort
study using medical
record review at
primary care clinics
in Ireland

GPs requested EmA,
separate data for those
with diarrhea

Almost half of
study
population
⬎30

(n = 79)
7 (9) a

EmA

SBB plus histology in those EmA
positive (subtotal or total
villous atrophy, Marsh grade
ⱖIIIB), clinical follow-up in
those EmA negative

Grisolano et al,28 Retrospective cohort
2004
study using medical
record review at an
outpatient clinic in
the United States

Evaluated for anemia, 71%
had GI symptoms

Median, 56.1
(range, 20-86)

(n = 103)
9 (9)

GI symptoms

SBB plus histology (total or partial
villous atrophy, Marsh grade
ⱖIIIA, and lymphocytosis)

Hadithi et al,29
2007

Prospective cohort study Suspected of having CD,
Mean, 46.1
at an outpatient clinic
⬎50% had GI symptoms (SD, 16.0)
in the Netherlands

(n = 463)
16 (3)

GI symptoms,
SBB plus histology (Marsh grade
IgA-AGA, IgG-AGA,
ⱖIIIA) plus response to diet,
IgA-tTG, EmA
50% had partial villous
atrophy

Hopper et al,30
2007

Prospective cohort study Referred by GPs for
at an outpatient clinic
gastroscopy, high-risk
in the UK
patients have diarrhea,
weight loss, or anemia

(n = 2000)
77 (4)

Symptoms of diarrhea, SBB plus histology (villous
weight loss, or
atrophy, Marsh grade ⱖIIIA)
anemia, IgA-tTG

(n = 92 CD);
(n = 124
controls)

Family history,
SBB plus histology (villous
IgA-AGA, IgG-AGA,
atrophy, Marsh grade ⱖIIIA),
IgA-tTG, IgG-tTG,
54% had partial villous
IgA-DGP, IgG-DGP
atrophy

Sanders et al,33 Prospective cohort study Met Rome criteria for IBS, no Median, 56
2001
at an outpatient clinic
previous investigation,
(range, 18-87)
in the UK
100% had GI symptoms

(n = 300)
14 (5) b

Diarrhea- or
Positive serology plus SBB plus
constipationhistology (crypt hyperplasia,
dominant IBS,
villous atrophy, and
IgA-AGA, IgG-AGA,
lymphocytosis)
EmA

Scott et al,34
1990

NA

(n = 431)
44 (10)

IgA, IgG

SBB plus histology (villous
atrophy), and/or response
to diet

Shahbazkhani Prospective cohort study Diagnosed with IBS by GP
at an outpatient clinic
(Rome criteria), 100%
et al,35 2003
in Iran
had GI symptoms

Mean, 37.9
(SD, 11.7)

(n = 105)
12 (11)

Diarrhea- or
constipationdominant IBS,
IgA-AGA, EmA

Positive serology plus SBB plus
histology (Marsh grade ⱖII),
and no or partial villous
atrophy in 100%

Tesei et al,36
2003

Median (range)
CD: 39 (13-79);
Control:
40 (17-83)

(n = 170 CD); IgA-AGA, IgA-tTG,
(n = 78
EmA
diarrhea)

SBB plus histology (Marsh grade
ⱖII) plus response to diet, no
or partial villous atrophy in 7%

Median, 46
Valdimarsson et Prospective cohort study Underwent SBB for
at an outpatient clinic
suspected CD or had GI (range, 17-84)
al,37 1996
in Sweden
symptoms not explained
by gastric endoscopy,
⬎50% had GI symptoms

(n = 149)
19 (13) c

SBB plus histology (Marsh grade
ⱖIII) plus response to diet

Wahnschaffe et Nested case-control
study at an
al,38 2007
outpatient clinic in
Germany

CD: Marsh grade III plus
response to diet
Diarrhea-IBS: Rome II criteria
plus ⬎3 mo of diarrhea,
⬎50% had GI symptoms

Median (range)
CD: 50 (25-65);
Diarrhea-IBS:
46 (17-89)

(n = 30 CD); IgA-AGA, IgG-AGA,
(n = 145 IBS)
IgA-tTG, IgG-tTG

SBB plus histology (Marsh grade
ⱖIIIA) plus response to diet

Yagil et al,39
2005

Military personnel
serologically tested for
CD with multiple
symptoms, ⬎50% had
GI symptoms

Median, 33
(range, ⬎18)

(n = 215)
8 (4)

Positive serology plus histology
(villous atrophy) plus response
to diet

Nested case-control
Rashtak et
study at an
al,31,32 2008
outpatient clinic in
the United States

Underwent SBB biopsy, 78% Mean (SD)
had GI symptoms
CD: 46.7 (18.7);
Control:
43.7 (20.0)

Prospective cohort study Had GI symptoms and/or
in Norway
suspected food
intolerance

Nested case-control
study at an
outpatient clinic in
Argentina

Retrospective cohort
study using medical
records at primary
care clinics in Israel

Median, 55.8
(range, 16-94)

Underwent SBB for
suspected intestinal
disorders, symptomatic
CD used for analysis

IgA-AGA, EmA

EmA, IgG-AGA,
IgG-tTG

Abbreviations: EmA, IgA antiendomysial antibodies; GI, gastrointestinal; GP, general practioner; IBS, irritable bowel syndrome; IgA-AGA, IgA antigliadin antibodies; IgA-DGP, IgA diamidated gliadin peptides; IgA-tTG, IgA antitissue transglutaminase antibodies; IgG-AGA, IgG antigliadin antibodies; IgG-DGP, IgG diamidated gliadin peptides; IgG-tTG, IgG antitissue
transglutaminase antibodies; NA, data not available or unclear; SBB, small-bowel biopsy.
a Seven received reference test and 72 were clinically followed up.
b Fifty-seven received reference test.
c Only 144 patients were analyzed because 5 patients had IgA deficiency.
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Specificity of IgG-AGA was high in
most studies (range, 0.80-0.99; negative LR, 0.08-0.76), but sensitivity
showed wide variation (range, 0.250.93; positive LR, 4.38-18.6). One
study, conducted in a primary care
population of military personnel, reported sensitivity of 0.88 and specificity of 0.84. 3 9 Subgroup analyses
(Table 3) indicated little influence of
study design on sensitivity and specificity, although positive LRs tended to
be higher for cohort studies (range,
5.49-18.63) compared with nested casecontrol studies (range, 4.38-4.67). Sensitivity was lower in studies that tested
for IgA deficiency (range, 0.25-0.42)
compared with studies in which IgA
testing was not performed (range, 0.620.93).
Eight studies, including 3 primary
care studies, examined the performance of EmA and showed fairly
homogenous results.24,26,27,29,35-37,39 However, 1 study37 reported a high proportion of false-negatives (Table 4). Pooled
estimates were 0.90 (95% CI, 0.80-

0.95) for sensitivity and 0.99 (95% CI,
0.98-1.00) for specificity (positive LR,
171 and negative LR, 0.11). Sensitivity was less than 100% in 4 studies with
false-negative rates ranging between
11% and 26%. 26,29,36,37 Three studies27,35,39 used diagnostic workup and
showed verification bias (patients with
negative serological findings were assumed to have no celiac disease), although sensitivity analysis showed similar pooled estimates when these studies
were excluded (sensitivity, 0.87; specificity, 0.99). Given a mean prevalence
of 9% in 7 cohort studies, these results
yield predictive values of 0.90 for a positive EmA test result and 0.99 for a negative EmA test result.
Results of 7 studies, including 1 in
primary care, showed fairly homogenous results for the diagnostic performance of IgA-tTG (Table 4).24,25,29-31,36,38
Pooled estimates using bivariate analysis were 0.89 (95% CI, 0.82-0.94) for
sensitivity and 0.98 (95% CI, 0.950.99) for specificity (positive LR, 37.7
and negative LR, 0.11). Sensitivity

analysis excluding studies with a high
risk of verification bias showed similar estimates, although the positive LR
was lower (29.7). Given a mean prevalence of 5.5% in 4 cohort studies, these
yield predictive values of 0.72 for a positive IgA-tTG test result and 0.99 for a
negative IgA-tTG test result.
Only 3 studies analyzed diagnostic
performance of IgG-tTG antibodies.31,38,39 Rashtak et al31 reported poor
sensitivity (0.27) of IgG-tTG testing. In
contrast, the study by Yagil et al39 in a
primary care population reported very
good results, but showed verification
bias because patients with negative serological results did not undergo further testing and were assumed not to
have celiac disease.
The search identified only 1 study in
which the performance of IgA-DGP,
IgG-DGP, or the combined test
(IgA⫹IgG-DGP) was investigated
(Table 4).31,32 Rashtak et al31 reported
specificities of 0.94 or higher for each
test (negative LR, 0.26-0.35), but these
were associated with lower sensitivi-

Table 2. Diagnostic Performance of Individual Symptoms and Symptom-Based Classification Systems

Index Test
Threshold
GI symptoms
Diarrhea
Diarrhea

Test Result
Study
FalseFalseTrueReference TruePositive Positive Negative Negative
No.

(95% CI) a
Sensitivity

Specificity

LR (95% CI) a
Positive

Negative

26
28

14
3

149
35

17
6

138
59

0.45 (0.27-0.64) 0.48 (0.42-0.54) 0.87 (0.58-1.30) 1.14 (0.81-1.60)
0.33 (0.08-0.70) 0.63 (0.52-0.73) 0.90 (0.34-2.34) 1.06 (0.65-1.73)

Diarrhea
Chronic diarrhea b

29
25

8
6

121
131

8
16

334
823

0.50 (0.25-0.75) 0.73 (0.69-0.77) 1.88 (1.13-3.14) 0.68 (0.42-1.12)
0.27 (0.11-0.50) 0.86 (0.84-0.88) 1.99 (0.99-4.00) 0.84 (0.65-1.09)

Diarrhea b
Diarrhea b
Constipation b

33
35
33

12
8
10

226
61
206

2
4
4

60
32
80

0.86 (0.57-0.98) 0.21 (0.16-0.26) 1.09 (0.87-1.35) 0.68 (0.19-2.50)
0.67 (0.35-0.90) 0.34 (0.25-0.45) 1.02 (0.66-1.56) 0.97 (0.42-2.26)
0.71 (0.42-0.92) 0.28 (0.23-0.34) 0.99 (0.71-1.39) 1.02 (0.44-2.39)

Constipation b
Constipation b
Weight loss (⬎4.5 kg)
Weight loss
Abdominal problems
Abdominal pain
Any GI symptom
Nausea or vomiting
Family history

35
25
28
29
28
29
28
29
31

9
4
2
1
2
3
6
0
16

72
250
30
46
53
164
66
26
20

3
18
7
15
7
13
3
9
76

21
704
64
401
41
283
28
68
104

25
30

7
71

257
668

15
6

697
1255

Symptom-based classifications
IBS (criteria unclear) b
High risk c

0.75 (0.43-0.95)
0.18 (0.05-0.40)
0.22 (0.03-0.60)
0.06 (0-0.30)
0.22 (0.03-0.60)
0.19 (0.04-0.46)
0.67 (0.30-0.93)
0 (0-0.34)
0.17 (0.10-0.27)

0.23 (0.15-0.32)
0.74 (0.71-0.77)
0.68 (0.58-0.77)
0.90 (0.87-0.92)
0.44 (0.33-0.54)
0.63 (0.59-0.68)
0.30 (0.21-0.40)
0.72 (0.62-0.81)
0.84 (0.76-0.90)

0.97 (0.69-1.37)
0.69 (0.28-1.69)
0.70 (0.20-2.45)
0.61 (0.09-4.13)
0.39 (0.11-1.36)
0.51 (0.18-1.43)
0.95 (0.59-1.54)
0.18 (0.01-2.72)
1.08 (0.59-1.96)

1.11 (0.39-3.16)
1.11 (0.91-1.36)
1.14 (0.79-1.66)
1.05 (0.92-1.19)
1.78 (1.17-2.71)
1.28 (1.00-1.64)
1.12 (0.42-2.97)
1.32 (1.09-1.59)
0.99 (0.87-1.11)

0.32 (0.14-0.55) 0.73 (0.70-0.76) 1.18 (0.64-2.20) 0.93 (0.70-1.25)
0.92 (0.84-0.97) 0.65 (0.63-0.67) 2.65 (2.43-2.90) 1.12 (0.06-0.26)

Abbreviations: CI, confidence interval; GI, gastrointestinal; IBS, irritable bowel syndrome; LR, likelihood ratio.
a For the analyses, 0.5 is added to all cells of 2⫻2 tables containing 0 or greater.
b Indicates that if serology is negative, no biopsy is performed, and the diagnosis is no celiac disease (verification bias).
c Defined as 1 or more of the following: diarrhea more than 3 times per day, weight loss, or anemia (women ⬍120 g/L; men ⬍130 g/L).
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ties (range, 0.65 to 0.75; positive LR,
13.3-40.4).
Diagnostic performance of test
combinations are presented in eTable 2
(available at http://www.jama.com). As
expected, sensitivity decreased and
specificity increased when combinations of positive serum antibody test results were required to diagnose celiac
disease. Optimal results were achieved
by combining a positive IgA-tTG and
a positive EmA test result, with a sensitivity of 0.81, specificity of 0.99, positive LR of 121, and negative LR of
0.19.29 Hopper et al30 investigated combinations of a risk score based on symptoms and anemia with results of IgAtTG testing. A strategy based on either
a high-risk score or a positive IgA-tTG
test result in those at low risk was considered by the authors to be the optimal strategy to identify likely cases of
celiac disease with a 100% sensitivity
and 61% specificity (positive LR, 2.5
and negative LR, 0.01).
COMMENT
Our review demonstrates widely varying results of diagnostic performance
of presenting gastrointestinal symptoms in the identification of celiac disease. Evaluation of serological tests
showed good performance of IgA-tTG
and EmA, but there was wide variation in sensitivity and specificity of IgAAGA, IgG-tTG, and IgG-AGA.
Serological tests have been extensively studied, and our results confirm
those of previous reviews.13,40,41 However, the evidence base is small for
patients presenting with abdominal
symptoms in primary care, even
though primary care is the setting in
which diagnostic uncertainty is large
and early identification of celiac disease should be facilitated. The drawback of primary care research is that
not all participants can receive an
invasive reference test, and the 3 primary care studies in this review25,27,39
showed verification bias with only
patients having positive test results
going on to receive small-bowel
biopsy. Sensitivity analyses, however,
did not show large effects of verifica-

tion bias on pooled estimates of diagnostic parameters.
The spectrum of disease and population characteristics are important
determinants of diagnostic performance, and the prevalence of disease

is a good indicator of this effect.42 This
review only included studies with a low
prevalence of celiac disease to increase the clinical homogeneity of studies and present evidence relevant to primary care. Rostom et al13 showed that

Table 3. Results of Subgroup Analyses and Pooled Estimates of Diagnostic Performance a
Range
Subgroup
Diarrhea (n = 6)
All
Prevalence ⱕ5%
Prevalence
5%-15%
All GI symptoms
Not all have GI
symptoms
Diagnostic
workup
No diagnostic
workup
IgA-AGA (n = 6)
All
Cohort
Nested
case-control
IgA deficiency
assessed
IgA deficiency not
assessed
IgG-AGA (n = 5)
All
Cohort
Nested
case-control
IgA deficiency
assessed
IgA deficiency not
assessed

Study
Reference
No.

Sensitivity

Specificity

Positive
LR

Negative
LR

25, 29, 33
26, 28, 35

0.27-0.86
0.27-0.86
0.33-0.67

0.21-0.86
0.21-0.73
0.34-0.63

0.87-1.99
1.09-1.99
0.87-1.02

0.68-1.14
0.68-0.84
0.97-1.14

26, 33, 35
25, 28, 29

0.45-0.86
0.27-0.50

0.21-0.48
0.63-0.86

0.87-1.09
0.90-1.99

0.68-1.14
0.68-1.06

25, 33, 35

0.27-0.86

0.21-0.86

1.02-1.99

0.68-0.97

26, 28, 29

0.33-0.50

0.48-0.73

0.87-1.88

0.68-1.14

23, 29, 37
32, 36, 38

0.46-0.87
0.46-0.79
0.63-0.87

0.70-0.98
0.70-0.98
0.90-0.98

2.59-41.89
2.59-27.94
6.51-41.89

0.14-0.55
0.30-0.55
0.14-0.41

0.50-0.79

0.70-0.98

8.41-27.94

0.30-0.51

0.46-0.87

0.98-0.98

20.08-41.89

0.14-0.55

23, 29, 39
32, 38

0.25-0.93
0.25-0.88
0.42-0.93

0.80-0.99
0.84-0.99
0.80-0.90

4.38-18.63
5.49-18.63
4.38-4.67

0.08-0.76
0.15-0.76
0.08-0.64

29, 32

0.25-0.42

0.90-0.99

4.38-18.63

0.64-0.76

23, 38, 39

0.62-0.93

0.80-0.97

4.67-17.85

0.08-0.40

29, 32, 36,
37
23, 38

EmA (n = 8)
Pooled estimate
(n = 8)
Pooled estimate
excluding
studies with
verification
bias (n = 5)
IgA-tTG (n = 7)
Pooled estimate
(n = 7)
Pooled estimate
excluding
studies with
verification
bias (n = 6)

(95% CI)
24, 26, 27,
29, 35, 36,
37, 39
24, 26, 29,
36, 37

0.90
(0.80-0.95)

0.99
(0.98-1.00)

171
(56-522)

0.11
(0.05-0.20)

0.87
(0.82-0.92)

0.99
(0.95-1.00)

850
(16-45 385)

0.13
(0.09-0.19)

24, 25, 29,
30, 31, 36,
38
24, 29, 30,
31, 36, 38

0.89
(0.82-0.94)

0.98
(0.95-0.99)

37.7
(18.7-76.0)

0.11
(0.06-0.19)

0.87
(0.82-0.91)

0.97
(0.94-0.99)

29.7
(14.8-59.7)

0.12
(0.09-0.19)

Abbreviations: CI, confidence interval; EmA, IgA antiendomysial antibodies; GI, gastrointestinal; IgA-AGA, IgA antigliadin antibodies; IgA-tTG, IgA antitissue transglutaminase antibodies; IgG-AGA, IgG antigliadin antibodies; LR, likelihood ratio.
a For the analyses, 0.5 was added to all cells of 2⫻2 tables containing 0 or greater.
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positive predictive values of serological tests decreased in populations with
prevalence rates below 20%, and conversely, predictive values of negative test
results increased in these populations.

Lower positive predictive values imply more false-positive test results, and
thus, possibly more unnecessary testing, which is an important concern in
primary care.

Characteristics of index and reference tests may also influence diagnostic performance. Several test characteristics varied across studies, such as the
definition of symptoms (eg, for abdomi-

Table 4. Diagnostic Performance of Serological Tests a
(95% CI)

Test Result
Index Test
Threshold
IgA-AGA
⬎10.5 mm
Cutoff not given
⬎30 AU/mL
⬎20 AU/mL
⬎30 U
⬎36 AU
IgG-AGA
⬎14 mm
Cutoff not given
⬎30 AU/mL
⬎50 AU
⬎20 AU/mL b
EmA
Cutoff not given (monkey)
Cutoff not given (monkey)
Cutoff not given (human)
Cutoff not given (monkey)
Titer 1:5 (monkey)
⬎2.5 AU/mL b
Cutoff not given (monkey) b
Titer ⬎1:5 c
Titer ⬎1:5 c
IgA-tTG
⬎15 AU/mL
Cutoff not given
(human/growth
protein)
⬎20 AU/mL d
⬎95th percentile normals
(guinea pig)
⬎2 SDs above normal
(human)
⬎7 AU/mL (human)
⬎36 AU
⬎7 AU/mL (human) f
IgG-tTG
⬎20 AU/mL
⬎50 AU
⬎20 AU/mL b

Study
Reference TrueNo.
Positive

FalsePositive

FalseTrueNegative Negative

LR (95% CI)

Sensitivity

Specificity

Positive

Negative

23
29
32
36
37
38

6
8
58
110
15
26

2
8
12
6
38
3

7
8
34
60
4
4

85
439
112
72
87
142

0.46 (0.19-0.75)
0.50 (0.25-0.75)
0.63 (0.53-0.73)
0.65 (0.57-0.72)
0.79 (0.54-0.94)
0.87 (0.69-0.96)

0.98 (0.92-1.00)
0.98 (0.97-0.99)
0.90 (0.84-0.95)
0.92 (0.84-0.97)
0.70 (0.61-0.78)
0.98 (0.94-1.00)

20.1 (4.5-89.1)
27.9 (12.0-64.9)
6.51 (3.72-11.40)
8.41 (3.87-18.30)
2.59 (1.83-3.69)
41.9 (13.6-129.5)

0.55 (0.33-0.91)
0.51 (0.31-0.83)
0.41 (0.31-0.54)
0.38 (0.31-0.47)
0.30 (0.13-0.73)
0.14 (0.06-0.34)

23
29
32
38
39

8
4
39
28
7

3
6
12
29
33

5
12
53
2
1

84
441
112
116
174

0.62 (0.32-0.86)
0.25 (0.07-0.52)
0.42 (0.32-0.53)
0.93 (0.78-0.99)
0.88 (0.47-1.00)

0.97 (0.90-0.99)
0.99 (0.97-1.00)
0.90 (0.84-0.95)
0.80 (0.73-0.86)
0.84 (0.78-0.89)

17.8 (5.42-58.9)
18.6 (5.82-59.6)
4.38 (2.43-7.89)
4.67 (3.32-6.55)
5.49 (3.65-8.25)

0.40 (0.20-0.79)
0.76 (0.57-1.01)
0.64 (0.53-0.77)
0.08 (0.02-0.32)
0.15 (0.02-0.93)

26
29
24
37
36
39
35
27 e
27

27
13
24
14
150
8
9
6
7

0
4
0
0
0
2
3
1
0

4
3
0
5
20
0
0
0
0

287
443
183
125
78
205
93
72
72

0.87 (0.70-0.96)
0.81 (0.54-0.96)
1.00 (0.86-1.00)
0.74 (0.49-0.91)
0.89 (0.82-0.93)
1.00 (0.63-1.00)
1.00 (0.66-1.00)
1.00 (0.54-1.00)
1.00 (0.59-1.00)

1.00 (0.99-1.00)
0.99 (0.98-1.00)
1.00 (0.98-1.00)
1.00 (0.97-1.00)
1.00 (0.95-1.00)
0.99 (0.97-1.00)
0.97 (0.91-0.99)
0.99 (0.93-1.00)
1.00 (0.95-1.00)

495 (31-7922)
91 (33-248)
361 (23-5747)
183 (11-2943)
139 (9-2205)
79 (23-272)
26.3 (9.3-74.4)
45.8 (9.3-226.3)
136 (9-2180)

0.14 (0.06-0.33)
0.19 (0.07-0.53)
0.02 (0.01-0.31)
0.28 (0.14-0.56)
0.12 (0.08-0.18)
0.06 (0.01-0.83)
0.05 (0.01-0.77)
0.07 (0.01-1.05)
0.06 (0.01-0.92)

30
29

70
13

175
4

7
3

1748
443

0.91 (0.82-0.96) 0.91 (0.90-0.92)
0.81 (0.54-0.96) 0.99 (0.98-1.00)

9.99 (8.53-11.70) 0.10 (0.05-0.20)
90.8 (33.2-247.8) 0.19 (0.07-0.53)

31
24

70
24

2
15

18
0

122
168

0.80 (0.70-0.87) 0.98 (0.94-1.00)
1.00 (0.86-1.00) 0.92 (0.87-0.95)

49.3 (12.4-195.8) 0.21 (0.14-0.31)
11.6 (7.2-18.8)
0.02 (0.01-0.34)

24 e

24

6

0

177

1.00 (0.86-1.00) 0.97 (0.93-0.99)

27.7 (13.0-59.1)

36
38
25

151
27
22

4
4
8

19
3
0

74
141
946

0.89 (0.83-0.93) 0.95 (0.87-0.99) 17.30 (6.66-45.10) 0.12 (0.08-0.18)
0.90 (0.74-0.98) 0.97 (0.93-0.99) 32.6 (12.3-86.4) 0.10 (0.04-0.30)
1.00 (0.85-1.00) 0.99 (0.98-1.00) 109.9 (56.1-215.2) 0.02 (0.01-0.34)

31
38
39

26
27
8

4
33
15

66
3
0

120
112
192

0.27 (0.18-0.37) 0.95 (0.90-0.98)
0.90 (0.74-0.98) 0.77 (0.70-0.84)
1.00 (0.63-1.00) 0.93 (0.88-0.96)

8.8 (3.2-24.2)
3.95 (2.86-5.46)
12.7 (7.7-20.9)

0.74 (0.65-0.85)
0.13 (0.04-0.38)
0.06 (0.01-0.89)

IgA-DGP
⬎20 AU/mL d

31

66

6

22

118

0.75 (0.65-0.84) 0.95 (0.90-0.98)

15.5 (7.0-34.1)

0.26 (0.18-0.38)

IgG-DGP
⬎20 AU/mL

31

60

2

32

122

0.65 (0.55-0.75) 0.98 (0.94-1.00)

40.4 (10.1-161.2) 0.35 (0.27-0.47)

IgA⫹IgG-DGP
⬎20 AU/mL

31

69

7

23

117

0.75 (0.65-0.83) 0.94 (0.89-0.98)

13.3 (6.4-27.5)

0.02 (0.01-0.32)

0.27 (0.19-0.38)

Abbreviations: CI, confidence interval; EmA, IgA antiendomysial antibodies; IgA-AGA, IgA antigliadin antibodies; IgA-DGP, IgA diamidated gliadin peptides; IgA⫹IgG-DGP, combined test
of IgA and IgG diamidated gliadin peptides; IgA-tTG, IgA antitissue transglutaminase antibodies; IgG-AGA, IgG antigliadin antibodies; IgG-DGP, IgG diamidated gliadin peptides;
IgG-tTG, IgG antitissue transglutaminase antibodies; LR, likelihood ratio.
a For the analyses, 0.5 is added to all cells of 2⫻2 tables containing 0 or greater.
b Indicates that if serology is negative, no biopsy is performed, and the diagnosis is no celiac disease (verification bias).
c Indicates that if EmA is positive, but no biopsy is performed, and the diagnosis is celiac disease; but if clinical follow-up was missing, the diagnosis is no celiac disease (verification bias).
d Four patients with celiac disease were excluded.
e Used in pooled analysis.
f Indicates that if IgA is negative, no biopsy is performed, and the diagnosis is no celiac disease (verification bias).
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nal pain or diarrhea), criteria for a positive serological test, testing for IgA deficiency, tissues used for serological
tests (human, monkey, or guinea pig),
and diagnostic criteria of celiac disease. Cutoffs used for serological tests
varied, but there was no clear association with sensitivity or specificity
(Table 4). Characteristics of serological testing, including reliability and observer agreement, may vary across locations and laboratories, possibly
leading to differences in performance.
Most studies used similar histological criteria for diagnosing celiac disease (Marsh grade ⱖIII), but the level
of damage may vary across populations. Only 4 studies29,31,35,36 presented
the proportion of patients in whom only
partial villous atrophy was found
(Marsh grade of IIIA), which ranged
from 4% to 100%. The presence of positive serum antibodies has been shown
to correlate with the degree of villous
atrophy, and patients with celiac disease who have less severe histological
damage may have seronegative findings.43,44 This could be important, especially in primary care, in which levels of mucosal damage may be lower,
and consequently, more patients with
celiac disease may be missed.
The prevalence of celiac disease in
primary care patients presenting with
gastrointestinal symptoms is 2% to
4%. 8,25,45 However, gastrointestinal
symptoms in primary care are common and screening all patients for celiac disease is neither necessary nor efficient. In addition to patients with a
positive family history of celiac disease, patients with longstanding or refractory abdominal symptoms may be
more likely candidates for screening,
and several case-finding studies appear to confirm this.6,25,46
So which diagnostic strategy should
be recommended? Our review shows
that gastrointestinal symptoms alone are
not sufficiently accurate. Some serological tests (IgA-tTG and EmA)
showed good performance, but not one
single serological test seems to be sufficient to identify all cases of celiac disease. The EmA may have better test per-

formance, but sensitivity was poor in
some studies, and the test is more expensive, complex, and operatordependent, with larger interobserver
variation.36 Therefore, the simpler IgAtTG test, which is automated and reliable, is often recommended as the first
step in examination, followed by the
EmA to confirm a likely diagnosis of celiac disease and need for referral for biopsy.5,25,47 However, test performance
may change when the LRs for the EmA
and IgA-tTG tests are calculated after
being used in isolation and they may
not be valid when the tests are applied
sequentially. Given the strong dependence of diagnostic performance on
prevalence and spectrum of disease, the
effectiveness of a sequential strategy
should be investigated in a primary care
setting. Future research may also include a diagnostic randomized trial
comparing the costs of different diagnostic strategies and their effects on
treatment decisions and subsequent patient outcomes, including symptoms
and signs, quality of life, and the consequences of false-negative and falsepositive test results.
Strengths of this review include the
use of current methods for searching
evidence, quality assessment, and
meta-analysis. The review was limited
to cohort studies and nested casecontrol designs, discarding information from many case-control studies.
This increased the validity and clinical
relevance of our findings because
cohort studies provide more valid estimates of diagnostic accuracy in clinical settings.18,19 Nested case-control
designs may have an increased risk of
selection bias and clinical review bias.
Although subgroup analyses seemed
to indicate that study design did not
explain variation in diagnostic performance, the number of studies was
small, limiting the power of these subgroup analyses.
Pooled estimates were only calculated for studies showing sufficient
clinical and statistical homogeneity. I2
or Q tests (commonly used in metaanalysis) are not recommended for assessing statistical homogeneity in di-
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agnostic reviews48 because they do not
take into account the association between sensitivity and specificity. We defined statistical homogeneity as overlapping 95% CIs combined with less
than 20% variation between point estimates. However, the cutoff of 20% for
variation across point estimates was arbitrary. Using a 15% cutoff would have
resulted in a decision not to pool estimates of EmA and IgA-tTG. The sensitivity analyses for verification bias
showed consistent estimates, which
may indicate that the pooled estimates of sensitivity and specificity for
these 2 tests were robust. Further methodological development is needed to
provide clear guidelines for assessing
statistical homogeneity in diagnostic
meta-analysis.
The population of interest was adults
presenting with abdominal symptoms, but celiac disease may present
with a wide range of other atypical
symptoms. For optimal identification
of all patients with celiac disease, diagnostic testing should be considered
in patients presenting with other symptoms or health conditions in which the
prevalence of celiac disease may be
high, such as iron-deficiency anemia,
infertility, type 1 diabetes, Down
syndrome, and reduced bone density.5,47,49
In conclusion, in adult patients presenting with chronic abdominal symptoms, symptoms alone are insufficient
for diagnosing celiac disease. The IgAtTG and EmA tests show good performance, but the evidence in primary care
populations is limited. Further research should investigate the performance of a diagnostic algorithm, using
sequential serological testing in patients with chronic or refractory abdominal symptoms in primary care.
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