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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: Agency for Healthcare Research and Quality, 5600 Fishers Lane,
Rockville, MD 20857, or by email to epc@ahrg.hhs.gov.

Richard G. Kronick, Ph.D. Arlene S. Bierman, M.D., M.S.
Director Director, Center for Evidence and Practice
Agency for Healthcare Research and Quality Improvement

Agency for Healthcare Research and Quality

Stephanie Chang, M.D., M.P.H. Karen C. Lee, M.D., M.P.H.

Director Medical Officer, U.S. Preventive Services
Evidence-based Practice Center Program Task Force Program

Center for Evidence and Practice Task Order Officer

Improvement Center for Evidence and Practice
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Nahed El-Kassar, M.D., Ph.D.

Former Task Order Officer
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Diagnosis of Celiac Disease

Structured Abstract

Objectives. To report the evidence on comparative accuracy and safety of methods used in
current clinical practice to diagnose celiac disease, including serological tests, human leukocyte
antigen (HLA) typing, and video capsule endoscopy. Diagnostic tests used singly and in
combination in various populations were compared against the reference standard of endoscopic
duodenal biopsy. In addition, factors affecting biopsy accuracy were reviewed.

Data sources. Electronic searches of PubMed®, Embase®, the Cochrane Library, and Web of
Science from 1990 through March 2015. Reference lists of included publications were searched
for additional relevant studies, and experts were asked to suggest studies.

Review methods. Studies of diagnostic accuracy were included if all participants underwent the
index test and endoscopy with duodenal biopsy as the reference standard. Systematic reviews on
accuracy and studies on adverse events associated with testing were included. Standard
assessment tools were used to evaluate study risk of bias. Where possible, results of accuracy
studies were pooled using meta-analysis. When pooling was not possible, findings were
described narratively and presented in tables and figures.

Results. A total of 7,254 titles were identified, from which 60 individual studies and 13 prior
systematic reviews were included. The majority of studies were conducted in participants with
symptoms. New meta-analyses found high-strength evidence to support excellent accuracy of
anti-tissue transglutaminase (tTG) immunoglobulin A (IgA) tests (sensitivity = 92.5%;
specificity = 97.9%) and excellent specificity of endomysial antibodies (EmA) IgA tests
(sensitivity = 79.0%; specificity = 99.0%), as reported in previous systematic reviews. Promising
results were reported for deamidated gliadin peptide antibodies (DGP) IgA tests (sensitivity =
87.8%; specificity = 94.1%) in a recent meta-analysis. Evidence for algorithms using multiple
tests was insufficient because of diverse results, low number of studies, and heterogeneity of
populations. Evidence was also insufficient for accuracy in asymptomatic general population
screening and special populations such as children and patients with type 1 diabetes, anemia, and
IgA deficiency.

Conclusions. New evidence on accuracy of tests used to diagnose celiac disease supports the
excellent sensitivity of tTG IgA tests and excellent specificity of both tTG IgA and EmA IgA
tests. Sensitivity of DGP IgA and immunoglobulin G tests is slightly less than for tTG IgA.
Additional studies are needed to confirm the accuracy of diagnostic tests in special populations
and to validate promising algorithms.

Vi
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Executive Summary
Background

Condition

Celiac disease (CD) is an immune-mediated disorder triggered in genetically susceptible
individuals by ingestion of foods containing gluten, a family of proteins found in wheat, rye,
barley, and related grains.' The prevalence of CD in the United States has been estimated at
approximately 1 percent? but appears to be increasing for reasons that are not clear.? Risk factors
for CD include family history, trisomy 21, Turner syndrome, and Williams syndrome, as well as
several autoimmune diseases.

Clinical signs of CD include weight loss, iron deficiency anemia, aphthous ulcers,
osteomalacia, dermatitis herpetiformis (a rash due to gluten sensitivity), and gastrointestinal (GI)
symptoms, including diarrhea and abdominal bloating. The diagnosis of CD can be challenging
because the clinical spectrum of the disease varies, and some individuals present with mild
symptoms.*

CD causes enteropathy of the small intestine, resulting in poor absorption of nutrients.
Malabsorption may result in several of the clinical signs, including iron deficiency anemia,
osteomalacia, and weight loss. Young children, in particular, are susceptible to failure to thrive,
stunted growth, and delayed puberty.> In women, folate deficiency secondary to CD may lead to
poor birth outcomes, including developmental disorders. In the long term, untreated CD
increases the risk for non-Hodgkin’s lymphoma, certain G cancers, and all-cause mortality.*

The only effective treatment for CD is avoidance of gluten in the diet. Timely diagnosis may
be the most important component in the management of CD.

Diagnostic Strategies

A number of diagnostic methods have been developed; the validity and acceptability of some
of these methods, particularly newer tests, which include combination tests and algorithms,
remain controversial. These methods include various serology tests—anti-gliadin antibodies
(AGA), anti-tissue transglutaminase (tTG), endomysial antibodies (EmA), and deamidated
gliadin peptide (DGP) antibodies—as well as human leukocyte antigen (HLA) typing, video
capsule endoscopy (VCE), and endoscopic duodenal biopsy (often considered the gold standard).
Providers may use these tests sequentially in order to increase specificity and prevent false
positives, or to increase sensitivity and prevent false negatives. All methods other than HLA
typing require the patient to maintain a gluten-containing diet during the diagnostic process.

AGA, immunoglobulin A (IgA) and immunoglobulin G (1gG). Gliadin is one of the two
groups of proteins that constitute gluten. AGA determination was used as a diagnostic tool in the
1990s, as it has high sensitivity for CD,° although the test has low specificity. As AGA tests are
no longer recommended,’® they are not addressed in this systematic review.

TTG, IgA. Tissue transglutaminase is an enzyme that causes the crosslinking of certain
proteins. Anti-tTG IgA is the single test preferred by the American College of Gastroenterology
(ACG) for the detection of CD in those 2 years of age and over® and is included in the algorithms
of all recent guidelines. However, as IgA deficiency is more prevalent in CD patients than in the
general population, other tests may be ordered as an alternative in those who are IgA deficient.
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EmA, IgA. When the intestinal lining is damaged, endomysial antibodies develop. Most
patients with active CD and many with dermatitis herpetiformis have the IgA class of anti-EmA
antibodies. This test is included in some algorithms of recent guidelines for diagnosis, although it
is not as widely used in the United States as in other countries. This test is less useful in IgA-
deficient individuals.

DGP antibodies. This is a newer test that may give a positive result in some individuals with
CD who are anti-tTG negative, including children under age 2.

HLA typing. Susceptibility to CD is linked to certain HLA class Il alleles, especially in the
HLA-DQ region. Approximately 95 percent of patients with CD have the HLA-DQ2
heterodimer, while the remaining 5 percent have the HLA-DQ8 heterodimer.® Lack of these
heterodimers all but rules out CD and genetic susceptibility for the disorder. These genetic tests
are part of the diagnostic algorithms recommended by the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN) and the ACG.*

VCE. For this test, the patient ingests a capsule containing a tiny camera, providing high-
quality visual evidence of the villous atrophy associated with CD. While not a traditional means
of detecting CD, VCE is used in adults who seek to avoid biopsy. During the topic refinement
phase of this project, Key Informants suggested that assessment of the evidence for this method
be included in this report.

Endoscopic duodenal biopsy. Villous atrophy present on a duodenal biopsy and clinical
remission when a gluten-free diet is followed represent the internationally accepted gold standard
for CD diagnosis. However, this procedure may be difficult to execute effectively, and some
patients and parents of small children are concerned about the possibility of adverse events,
including perforations, bleeding, pain, and discomfort.

Scope and Key Questions

Scope of the Review

The purpose of this review is to assess the evidence on the comparative accuracy and
possible harms of methods used for the diagnosis of CD, including serological tests, HLA typing,
VCE, and endoscopic duodenal biopsy. The review compares the effectiveness of these
diagnostic tests singly and in combination in various populations of special interest to the CD
community. A protocol for the review was posted online by the Agency for Healthcare Research
and Quality (AHRQ) Effective Health Care Program.

Key Questions

Figure A shows an analytic framework to illustrate the populations, interventions, outcomes,
and possible adverse effects that guided the literature search and synthesis for this project.

ES-2



Figure A. Analytic framework, diagnosis of celiac disease
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CD = celiac disease; FN = false negative; FP = false positive; IgA = immunoglobulin A; KQ = Key Question; LR+ = positive
likelihood ratio; LR- = negative likelihood ratio; SES = socioeconomic status; TN = true negative; TP = true positive.

The Key Questions addressed in this review are as follows:

Key Question 1. What is the comparative effectiveness of the different
diagnostic methods (various serological tests, human leukocyte antigen
[HLA] typing, video capsule endoscopy, used individually and in
combination) compared with endoscopy with biopsy as the reference
standard, to diagnose celiac disease (CD) in terms of—

a. Accuracy: sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, and
summary receiver-operating characteristics?

b. Intermediate outcomes, such as clinical decisionmaking and dietary compliance?

c. Clinical outcomes and complications related to CD?

d. Patient-centered outcomes, such as quality of life (QOL) and symptoms?

Key Question 2. Do accuracy/reliability of endoscopy with duodenal biopsy
vary by—

a. Pathologist characteristics (i.e., level of experience or specific training)?
b. Method (i.e., type or number of specimens)?
c. Length of time ingesting gluten before diagnostic testing?

Key Question 3. How do accuracy and outcomes differ among specific
populations, such as—

a. Symptomatic patients versus nonsymptomatic individuals at risk?

ES-3



Adults (age 18 and over) versus children and adolescents?

Children under age 24 months versus older children?

Demographics, including race, genetics, geography, and socioeconomic status?
Patients with IgA deficiency?

Patients previously testing negative for CD?

o o0 o

Key Question 4. What are the direct adverse effects (e.g., bleeding from
biopsy) or harms (related to false positives, false negatives, indeterminate
results) associated with testing for CD?

Methods

Topic Refinement and Review Protocol

Key Informants from professional associations, research centers, payers, and patient
organizations were engaged to assist in refining the Key Questions (KQs) and issues to cover in
this systematic review. The authors then refined and finalized the KQs after review of public
comments collected on the AHRQ Effective Health Care Web site in February 2014. The final
protocol was posted on the Web site in June 2014 after input from a Technical Expert Panel
representing various areas of expertise in CD.

Literature Search Strategy

An experienced reference librarian designed the search strategies in collaboration with an
expert on CD and project staff experienced in systematic review methods. The search strategy
included search terms for CD, combined with general terms for diagnosis or terms representing
each diagnostic method, plus terms representing all outcomes listed in the PICOTs (populations,
interventions, comparators, outcomes, timing, and setting). The full search strategy is presented
in Appendix A of the full report.

For KQ 1a, we searched for publications starting from January 1990 but did not abstract
studies that were already included in recent high-quality systematic reviews. For KQ 2, on
duodenal biopsy, and KQ 3, on specific populations, our search also started at January 1990. For
KQ 4, on direct and indirect harms of the diagnostic procedures, our search started at January
2003, as this KQ was covered by an AHRQ-funded systematic review published in 2004.™

PubMed®, Embase®, the Cochrane Library, and Web of Science were searched. The AHRQ-
funded Scientific Resource Center requested unpublished data from manufacturers of all
serological tests. Key Informants, project clinicians, and members of the Technical Expert Panel
also suggested studies. Reference lists of included articles were reviewed for identification of
additional relevant studies.

Inclusion and Exclusion Criteria
Eligible studies of diagnostic accuracy included controlled trials, prospective and
retrospective cohorts, case-control studies, and case series. Studies were included if they met the
following criteria:
e Diagnostic method must be currently used in clinical practice, as listed in the PICOTS.
Diagnostic methods no longer recommended or still in development were excluded.
e Study was about diagnosis of CD rather than management of existing CD.
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All participants underwent both the “index test” and the reference standard (biopsy).
The study reported sensitivity, specificity, or data that allowed calculation.

Study was published in English.

Study enrolled a consecutive or random sample.

For representativeness and generalizability, the sample size was 300 or more unless one
of the following populations of interest was the focus:

Low socioeconomic status

Previously negative for CD via serology or biopsy

IgA deficient

Type 1 diabetes

Turner syndrome

Trisomy 21/Down syndrome

Iron deficiency anemia

Family history

e Accuracy results were stratified by race/ethnicity.

OO0OO0O0O0OO0O0O0

The following were excluded from this systematic review:
Animal studies

Individual case reports

Studies not published in English

Documents with no original data (commentary, editorial)
Studies that reported only prevalence

The PICOTS considered in this review are as follows.

Population(s):
For KQs 1, 2, and 4—
All populations tested for CD
For KQ 3—
e Patients with signs and symptoms of CD; for example—
o Diarrhea
o Constipation
o Dermatitis
o0 Malabsorption (anemia, folate deficiency)
e Asymptomatic individuals at risk of CD because of—
Family history
Type 1 diabetes
Autoimmune disease
Turner syndrome
o Trisomy 21
Children under age 24 months versus older children and adolescents
Adults (aged 18 and over)
Ethnic and geographic populations
Patients with low socioeconomic status
Patients with IgA deficiency

o
(0}
o
(0}
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e Patients previously testing negative for CD
Interventions:
For KQs 1, 3, 4—
e Test for EmA IgA
Test for tTG IgA
Test for DGP IgA antibodies
EmA IgG, tTG IgG, and DGP 1gG tests for IgA-deficient individuals
HLA typing
VCE
Combinations of the above
For KQ 2—
e Endoscopy with biopsy
Comparators:
For KQs 1 and 3—
e Endoscopy with duodenal biopsy
For KQ 2—
e Repeat biopsy
Outcomes:
For KQ 1a, KQ 2, and KQs 3a—f, for accuracy—
e Sensitivity
e Specificity
e Positive predictive value, negative predictive value, false positive, false negative
e Positive and negative likelihood ratios
For KQ 1b, for clinical decisionmaking—
e Additional testing for CD
¢ Nutritionist advice on gluten-free diet
e Followup and monitoring by physician
For KQ 1c, for clinical outcomes and complications—
e Nutritional deficits
e Persistence of villous atrophy on biopsy
e Lymphomas
For KQ 1d, for patient-centered outcomes—
QOL
Discomfort
Bloating
Abdominal pain
Depression
For KQ 4, for harms—
e Immediate adverse events from biopsy
e Psychological stress related to false positive results
e Sequelae of false negatives or indeterminate results
Timing:
For KQ 2—
e Length of time ingesting gluten before biopsy

ES-6



Setting:
For all KQs—
e OQutpatient: academic
e Outpatient: community

Study Selection

Each title and abstract identified by the searches was screened independently by two
researchers, and the combination of their selections was retrieved for full-text review. Two
researchers independently screened each full-text article for inclusion in the project, with a senior
researcher resolving discrepancies. A list of excluded studies with reasons for exclusion is
presented as Appendix B of the full report.

Data Extraction

The DistillerSR software package was used to manage the search output, screening, and data
abstraction. Data collection forms were designed by the project team in DistillerSR, piloted by
the reviewers, and further modified; then the final forms were piloted with a random selection of
included studies to ensure agreement of interpretation. Articles accepted for inclusion were
abstracted in DistillerSR; a statistical analyst abstracted accuracy data in Excel. The project
leader reviewed data for all included studies for accuracy and made revisions accordingly. Forms
are displayed in Appendix D of the full report.

Quality (Risk-of-Bias) Assessment of Individual Studies

The QUADAS-2"2 instrument (revised Quality Assessment of Diagnostic Accuracy Studies
instrument) was used to assess the risk of bias of accuracy studies; the McHarm instrument™® was
used to assess the quality of studies on adverse events; and the AMSTAR instrument (a
measurement tool for the assessment of multiple systematic reviews) was used to assess the
quality of prior systematic reviews. These instruments are described in detail in the Methods
chapter of the full report. Each study was scored individually by two Evidence-based Practice
Center researchers, who met to reconcile any differences; the project leader resolved
discrepancies.

Diagnostic Accuracy—Statistical Analyses

Studies that reported sensitivity, specificity, or ROCs, or provided the data to calculate these
values, were abstracted for potential inclusion in a synthesis. Sensitivity is also known as the
“true positive rate,” the ability of a test to correctly classify an individual as having a condition—
in this case, having CD as confirmed by biopsy. Sensitivity ranges from 0 to 100, with values
closer to 100 indicating a greater probability of a test being positive when the disease is
present.’ Specificity, also known as the “true negative rate,” is the ability of a test to correctly
classify an individual as not having a condition—in this case, when the individual is determined
by biopsy not to have CD. Specificity ranges from 0 to 100, with values closer to 100 indicating
a greater probability of a test being negative when the disease is not present.”® A perfect
diagnostic test would have both sensitivity and specificity of 100 percent. In general, sensitivity
and specificity are considered good if at least 70.0 percent, very good from 80.0 percent to 89.9
percent, and excellent if 90.0 percent or greater.™
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Some studies of the accuracy of diagnostic tests report likelihood ratios (LRs), the probability
of a positive finding in patients with a disease divided by the probability of the same finding in
patients without the disease. Likelihood ratios can range from 0 to infinity. An LR of 1 indicates
no change in the likelihood of disease.’® As the LR increases from 1, the likelihood of disease
increases. LR+ (positive likelihood ratio) is a measure of how the probability of the disease
increases in the presence of a positive test finding, while LR- (negative likelihood ratio) is a
measure of how the probability of the disease decreases if the test is negative. An LR+ of greater
than 10 is considered good, as is an LR- of less than 0.1.*’

Finally, positive predictive value (PPV) is the probability that an individual who tests
positive actually has the disease. Similarly, negative predictive value (NPV) is the probability of
not having a disease when an individual tests negative. Unlike sensitivity and specificity,
predictive values (PPV, NPV) are largely dependent on the prevalence of a disease in a study
population. With increased prevalence in a population, PPV increases while NPV decreases.

If three or more studies of the same diagnostic method and comparator reported the number
of true positives, false positives, true negatives, and false negatives by arm, their results were
pooled in order to estimate overall sensitivity, specificity, LRs, and predictive values. Additional
analyses were conducted by stratifying by test type, threshold (titer), and population
characteristics of interest. When pooling was not possible, study results were described
narratively according to comparisons of interest and presented in tables and figures in the full
report.

Strength of the Body of Evidence

The overall strength of evidence for accuracy outcomes was assessed using guidance
developed by experts in systematic reviews for the AHRQ Effective Health Care Program.*® This
method classifies the strength of evidence based on the following domains: study limitations
(risk of bias), consistency, directness, and precision. The domains are described in the Methods
chapter of the full report. In this Executive Summary, we report the strength of evidence for each
KQ and subquestion. Appendix F in the full report displays the results for each domain for the
evidence on accuracy of serological tests in each population.

Applicability
Applicability assessment was based on the similarity of the populations in terms of
characteristics listed in the PICOTSs.

Peer Review and Public Commentary

A draft version of this report was reviewed by several CD experts; names and affiliations are
listed in the front matter of the report. All Peer Reviewers completed conflict-of-interest
disclosure forms; none reported ties to any test manufacturers. A draft version of this report was
posted on the AHRQ Effective Health Care Web site in February 2015 for public comment. The
authors reviewed the comments and incorporated the feedback into the final version.
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Results

Overview

Figure B is a literature flow diagram that displays the number of studies identified through
electronic searches and contact with experts. It shows the number of studies accepted at each
stage of screening and reasons for excluding the others. Table A presents the key findings from
prior systematic reviews, results reported in newly identified studies, summary conclusions by
KQ and subquestion, and strength of evidence. The applicability and limitations of the evidence
are discussed, followed by overall conclusions.

Results of Literature Searches

As displayed in Figure B, of a total of 7,254 titles from the literature search, 60 individual
studies and 13 prior systematic reviews (SRs) were included for evidence synthesis. References
for the excluded articles, along with reasons for exclusion, can be found in Appendix B of the
full report. Thirty-one articles reporting original data and 11 SRs addressed KQ 1 and KQ 3, 25
articles and 1 SR addressed KQ 2, and 4 articles and 1 SR addressed KQ 4.
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Figure B. Literature flow

Identified from EPC Hand searching Expert recommended
electronic searches N=8 N=68
(12/24/15)
N=7178

~ 1 7

Total number of titles/abstracts identified for dual review
N=17.254

Abstracts rejected
N=3,649

Titles rejected Mot human: N = 183
N=1905 Not about CD: N = 837
Not about diagnostic tests: N = 1,443
Mo original data (letter, commentary, editorial, ete.): N = 92
p| Individual case report: N =271
Prevalence only: N =103
Diagnostic methods outside the scope of study: N =202
Test processing issue: N = 34
Serology only: N =38
Duplicate data: N =6
Included ina prior SR on topic: N = 95
No abstract; N =345

h 4

Total articles identified for full-text review
N=1,700

Background articles: N = 470

* Full text articles rejected

N=1157

Nat in English: N =1
| Not human: N =1
Not about CI; N =12
SR:N=13 4 Naot about diagnostic tests: N = 150
No original data (letter, commentary, editorial, ete.): N =20
Individual case report: N = 19
Prevalence only; N =41
Diagnostic methods outside the scope of study: W =155
Test processing issue: N =20
Included in a prior SR on topic: N=7
Does not assess accuracy or effectiveness: N = 133
Index test not compared with biopsy; N =62
Nat all subjects underwent both index test and reference
standard: N =410
Not consecutive or random sample: N = 43
Sample size less than 300 and not a special population: N = 83

Total articles included for evidence synthesis
(some articles may have contributed to more than one KQ)

N=60
KQsland3 KQ 2 (accuracy of biopsy) KQ4
N=31 N=25 (adverse events):
-Sample size ==300: N =15 Pathologist characteristics: N =5 N=4
-Special pop with a sample size <300: N =12 Techmeal method: N =19
-Sequelae by diagnostic method: N = 4 Length of gluten challenge: N =1 SR:N=1
SR:iN=1
SR:N=11

CD = celiac disease; EPC = Evidence-based Practice Center; KQ = Key Question; SR = systematic review.
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Key Findings and Strength of Evidence

The key findings and strength of evidence are summarized in Table A. Additional details on strength-of-evidence ratings are

provided as Appendix F of the full report.

Table A. Summary of findings and strength of evidence

Topic

EPC Conclusions and
Strength of Evidence

Prior Systematic Reviews

Additional Findings From EPC

Key Question 1:
Accuracy of IgA
tTG

High:
IgA tTG tests have excellent
sensitivity and specificity.

A 2010 meta-analysis that pooled 12 studies found a
sensitivity of 93.0% (95% CI, 91.2% to 94.5%) and
specificity of 96.5% (95% CI, 95.2% to 97.5%). A
2012 meta-analysis restricted to 5 studies of point-of-
care tests in children reported sensitivity and
specificity of 96.4% (95% CI, 94.3% to 97.9%) and
97.7% (95% ClI, 95.8% to 99.0%), respectively.

Sixteen studies were published after the SRs were
pooled. Excluding data for threshold levels higher
than used in clinical practice, sensitivity was 92.5%
(95% CI, 89.7% to 94.6%) and specificity was 97.9%
(95% CI, 96.5% to 98.7%). LR+ was 40.19 and LR-
was 0.08. PPV was 89.4%, while NPV was 99.0%.

Key Question 1:
Accuracy of IgA
EmA

High:

IgA EmA tests have lower
sensitivity but equal
specificity to IgA tTG tests.

A 2009 SR including 23 studies found sensitivity
ranging from 68% to 100%, while specificity ranged
from 77% to 100%; pooling was not performed. A
2012 SR included 11 studies in children; sensitivity
ranged from 82.6% to 100% and pooled specificity
was 98.2% (95% Cl, 96.7% to 99.1%).

Seven studies were published after the SRs were
pooled. Sensitivity was 79.0% (95% ClI, 71.0% to
86.0%) and specificity was 99.0% (95% CI, 98.4% to
99.4%) after excluding data points where Marsh
Grade | and Il villous atrophy was classified as CD
(not standard practice). LR+ was 65.98 and LR- was
0.21. PPV was 78.9%; NPV was 99.1%.

Key Question 1:
Accuracy of IgA
DGP

High:
IgA DGP tests are not as
accurate as IgA tTG tests.

A 2010 SR pooled 11 studies on accuracy in all
ages; sensitivity was 87.8% (95% CI, 85.6% to
89.9%), while specificity was 94.1% (95% CI, 95.2%
to 97.5%). LR+ was 13.33, while LR- was 0.12. A
2012 SR reviewed 3 of those studies that included
only children: sensitivities ranged from 80.7% to
95.1% (not pooled) and pooled specificity was
estimated at 90.7% (95% ClI, 87.8% to 93.1%).

One new study reported sensitivity of 97.0% and
specificity of 90.7% in symptomatic adults and
children at 1 clinic, while another reported both
sensitivity and specificity of 96% in a similar
population.

Key Question 1:
Accuracy of IgG
DGP

Moderate:

IgG DGP tests are not as
sensitive as IgA tTG tests in
non-IgA-deficient patients.

A 2013 SR of 7 studies of non-IgA-deficient adults
reported sensitivity of 75.4% to 96.7% and specificity
of 98.5% to 100%. A 2012 SR of 3 studies in non—
IgA-deficient children reported sensitivities of 80.1%
to 98.6% and specificities of 86.0% to 96.9%.
Authors did not pool data.

One study reported sensitivity of 95.0% and specificity
of 99.0% in 200 non—IgA-deficient subjects of all
ages.

Key Question 1:
Accuracy of HLA-
DQ2 or DQS8

High:

HLA tests can be used to
rule out CD with close to
100% sensitivity.

No SRs of the accuracy of testing for HLA-DQ2 or
DQ8 were identified. Based on studies from which
sensitivity (but not specificity) could be calculated,
the American College of Gastroenterology estimated

Two studies were identified on the accuracy of HLA
testing. A large 2013 prospective cohort found that
HLA testing had a sensitivity of 100% and specificity
of 18.2%.
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the NPV of the HLA-DQ2/DQ8 combination test at
over 99%.

A 1999 cohort also reported sensitivity of 100%, while
specificity was 33.3%.

Key Question 1:
Accuracy of
algorithms

Insufficient:

Strength of evidence is
insufficient to determine
comparative accuracy of
different algorithms in
specific populations.

No SRs of the accuracy of algorithms were identified.

Nine studies of algorithms were identified; all used
tTG tests. Adding an EmA test to a tTG test resulted
in increased specificity, with either no change or a
slight decrease in sensitivity. Adding a DGP test to a
tTG test resulted in increased sensitivity but
decreased specificity. However, the increase in
accuracy compared with individual tests was rarely
clinically significant. The sensitivity and specificity
results varied widely, populations were diverse, and
the evidence base had high heterogeneity.

Key Question 1:
Accuracy of VCE

Moderate:

VCE has very good
sensitivity and excellent
specificity.

A previous SR of moderate quality on the accuracy of
VCE pooled 6 studies, and estimated sensitivity at
89.0% (95% Cl, 82.0% to 94.0%) and specificity at
95.0% (95% ClI, 89.0% to 99.0%). LR+ was 12.90
and LR- was 0.16.

No additional studies met our inclusion criteria.

Key Question 1:
Intermediate
outcomes

Insufficient:

Strength of evidence is
insufficient regarding how
method of diagnosis affects
adherence.

A previous SR of low quality (3 studies) reported no
statistical difference in adherence levels between
patients diagnosed via screening and those
diagnosed because they were symptomatic.
Association between diagnostic test type and
adherence was not addressed.

In 1 study on blood donors in Israel who tested
positive for IgA tTG (or IgG tTG if IgA deficient), only 4
of 10 patients with asymptomatic biopsy-proven CD
adhered to a gluten-free diet; the other 6 patients did
not believe they had CD, and 4 of those were told by
physicians that asymptomatic patients did not need to
modify their diets.

Key Question 1:
Clinical outcomes
and
complications

Insufficient:

Strength of evidence is
insufficient regarding how
method of diagnosis affects
clinical outcomes and
complications.

No prior SRs on this topic were identified.

No studies on this topic were identified.

Key Question 1:
Patient- centered
outcomes such
as quality of life

Insufficient:

Strength of evidence is
insufficient regarding how
method of diagnosis affects
patient-centered outcomes
such as quality of life.

No prior SRs on this topic were identified.

No studies on this topic were identified.
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Key Question 2:
Biopsy and
provider
characteristics

Moderate:

Physician adherence to
biopsy protocol decreases
with volume performed per
endoscopy suite and
increases with number of
gastroenterologists per
endoscopy suite.

No SRs on this topic were identified.

One very large high-quality national retrospective
study found reduced physician adherence to the
American Gastroenterological Association’s duodenal
biopsy protocol (4+ specimens) with higher procedure
volume per endoscopy clinic. The OR for each 100
additional procedures was 0.92 (95% CI, 0.88 to
0.97). Adherence increase for each additional
gastroenterologist per endoscopy suite was OR 1.08
(95% CI, 1.04 to 1.13).

Key Question 2:
Biopsy and
pathologist
characteristics

Moderate:

CD-related histological
findings are underdiagnosed
in community settings when
compared with academic
settings.

No SRs on this topic were identified.

Three retrospective studies reported low interobserver
agreement between pathologists in community vs.
academic settings, with significantly lower accuracy in
community settings. Kappa statistics range from 0.16
to 0.53.

Key Question 2:

High:

No SRs addressed how the number and location of

Nineteen studies reported that increasing the number

Biopsy Increasing the number and biopsy specimens influence diagnostic findings of and location of biopsy specimens increased the
specimens— location of biopsy specimens | biopsy. likelihood of diagnosis and diagnostic yield by 25% to
number and increases diagnostic 50% in both pediatric and adult populations.

location accuracy.

Key Question 2: Moderate: A previous SR of high quality on clinical response to One small study reported that 3 grams of gluten per
Biopsy and A minimum 2-week gluten gluten challenge indicates that 2 weeks of a day for 2 weeks induces intestinal atrophy sufficient to

length of time
ingesting gluten

intake is necessary to
induce intestinal changes
necessary for diagnosing
adults via duodenal biopsy.
Low:

A 2-3 month diet containing
gluten may be necessary to
diagnose CD in children via
biopsy; strength is lower due
to fewer available studies
and inconsistent findings.

moderate to high dose (e.g., 15g daily) is sufficient to
cause enough intestinal changes to diagnose adults
via duodenal biopsy. This same SR reports that for
children, 2 to 3 months may be needed.

diagnose CD in 89.5% of adults.

Key Question 3:
Symptomatic
patients vs.
nonsymptomatic
individuals at risk

High:

EmA and tTG tests have
excellent sensitivity and
specificity in patients with Gl
symptoms.

Insufficient:

How accuracy of serological
tests differs between
patients with risk factors
such as iron deficiency or
type 1 diabetes and the

A 2010 SR including only studies of patients with Gl
symptoms reported pooled sensitivity of 90% (95%
Cl, 80.0% to 95.0%) and specificity of 99% (95% ClI,
98.0% to 100.0%) for IgA EmA tests (8 studies), and
pooled sensitivity of 89% (95% ClI, 82.0% to 94.0%)
and specificity of 98% (95% ClI, 95.0% to 99.0%) for
IgA tTG tests.

No SRs were identified that compared test accuracy
in patients with specific symptoms and asymptomatic
individuals at risk.

One high-quality study compared the accuracy of the
ESPGHAN algorithm (combining tTG IgA and EmA
IgA) among subjects with family history, type 1
diabetes, and CD symptoms. Specificity was much
higher in those with symptoms.

Two small studies provided data that allowed
calculation of accuracy in patients with iron deficiency,
and 2 provided accuracy data for patients with type 1
diabetes. However, the studies were conducted in the
Middle East and Eastern Europe; applicability to the
United States is uncertain.
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general symptomatic
population could not be
determined.

Key Question 3:
Children vs.
adults

Low:

tTG and DGP tests are less
sensitive in adults than
children. DGP is more
accurate than tTG in
children under age 24
months.

No SRs assessing how test accuracy differs by age
were identified. Regarding IgG DGP, one SR
reported only on studies of adults, while another
reported only on studies of children. A 2013 SR of 7
studies of non-IgA-deficient adults reported
sensitivity of 75.4% to 96.7% and specificity of 98.5%
to 100%. A 2012 SR of 3 studies in non—IgA-deficient
children reported sensitivities of 80.1% to 98.6% and
specificities of 86.0% to 96.9%.

Two large moderate-quality studies reported that both
tTG and DGP tests were less sensitive in adults
(range, 29% to 85%) than children (range, 57% to
96%).

One study reported sensitivity of 96% and 100% for
IgA tTG and IgA DGP, respectively, for children under
age 24 months, while specificity was 98% and 31%,
respectively. Accuracy was significantly lower for both
tests in older children and adolescents.

Key Question 3:
Demographics,
including race

Insufficient:

There was insufficient
evidence to estimate the
accuracy of diagnostic
methods by demographic
characteristics.

No SRs on this topic were identified.

No studies reported accuracy by race, ethnicity, or
socioeconomic status.

Key Question 3:
Patients with IgA
deficiency

Insufficient:

There was insufficient
evidence to estimate the
accuracy of diagnostic
methods in IgA-deficient
patients.

No SRs on this topic were identified.

Two small studies of the accuracy of new combination
tests (IgA DGP + IgG DGP combo, IgA tTG + IgG
DGP combo) in IgA-deficient patients were published
in 2014; results were inconsistent.

Key Question 3:
Patients who
previously tested
negative for CD

Insufficient:

There was insufficient
evidence to estimate the
accuracy of diagnostic
methods in patients who
previously tested negative
for CD.

No SRs on this topic were identified.

A very small study (N = 17) found that patients with
biopsy-verified CD who tested negative on IgA tested
positive using IgA DGP or IgG DGP.

Key Question 4:
Direct adverse
events—VCE

High:
The rate of capsule retention
is less than 5%.

No SRs contained safety data on VCE used
specifically for CD diagnosis. An SR of VCE not
specific to CD found a capsule retention rate of 1.4%
in 150 studies.

In 3 studies specific to CD, the capsule retention rate
ranged from 0.9% to 4.6%.

Key Question 4:
Direct adverse
events—
endoscopy with
duodenal biopsy

Moderate:
Adverse events during upper
Gl endoscopy are rare.

No SR contained safety data on upper Gl endoscopy
or duodenal biopsy when used specifically to
diagnose CD. A review on upper endoscopy in
general found infection very rare and bleeding very
rare (1.6 per 1,000) unless a polyp is removed.

No studies specific to diagnosis of CD were identified.

Key Question 4:
Indirect adverse
events—false
negatives or

Insufficient:

Strength of evidence is
insufficient regarding the
impact of misdiagnosis.

No SRs on the impact of misdiagnosis of CD were
identified.

In 2 small studies reporting sequelae in children with
positive EmA serology but normal biopsy results, 30%
to 50% of patients were diagnosed with CD after
gluten challenge. These studies were conducted prior
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positives to the availability of other serological tests, so
applicability is limited.

A study of 34 children with intestinal villous atrophy
and simultaneous negative EmA IgA tests found that
2 infants were confirmed as having CD after 6-10
years of iterative cycles of gluten challenges and
gluten-free diet. All 3 studies report high loss to
followup.

CD = celiac disease; Cl = confidence interval; DGP = deamidated gliadin peptide; EmA = endomysial antibodies; EPC = Evidence-based Practice Center; Gl = gastrointestinal;
ESPGHAN = European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; HLA = human leukocyte antigen; IgA = immunoglobulin A; 1gG = immunoglobulin G;
LR- = negative likelihood ratio; LR+ = positive likelihood ratio; NPV = negative predictive value; OR = odds ratio; PPV = positive predictive value; SR = systematic review; tTG
= anti-tissue transglutaminase; VCE= video capsule endoscopy.
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Applicability

Several factors affect the applicability of this review.

To increase generalizability, this report limited inclusion of accuracy studies to those that
enrolled consecutive patients or a random sample. Several studies were excluded because
enrollment could not be determined given the information available.

Only one study of accuracy in the asymptomatic general population met the criterion that all
subjects, regardless of serology results, undergo biopsy. The cost of performing biopsies in all
subjects and the low rate of acceptance of biopsy in seronegative asymptomatic individuals make
the conduct of such studies challenging. Thus, the evidence on accuracy of diagnosis in the
general asymptomatic population with no risk factors for CD is categorized as low strength.

Although this report is limited to diagnostic methods currently used in the United States,
study location was not a basis for study exclusion. Many studies were conducted in Europe, the
Middle East, and South Asia. Due to differences in genetics and disease prevalence, the
applicability of these studies to the U.S. population is uncertain.

No studies stratified accuracy results by racial or ethnic group. Few studies focused on
populations of special interest.

Most studies were conducted by gastroenterologists in academic settings. This report found a
significant difference in interpretation of biopsy results between academic and nonacademic
physicians. The majority of accuracy studies included in this report used Marsh classification to
categorize biopsy results. (Marsh Il or higher is classified as CD.) In contrast, many community
physicians use a simple qualitative assessment of villous atrophy or elevation of intraepithelial
lymphocytes to make a diagnosis.

Accuracy of serology assays may vary by both laboratory and manufacturer. For example, Li
and colleagues (2009)™ used 150 samples from subjects of known CD status to compare
accuracy of tTG tests at 20 laboratories in the United States and Europe. Sensitivity was less than
75 percent at four laboratories. Rozenberg and colleagues (2012) ?° found differences in
performance of tTG tests across various manufacturers by using a similar research design.

Finally, VCE is not a first-line diagnostic method: it is indicated for adults who refuse
biopsy. A 2012 systematic review of six studies reported very good sensitivity and excellent
specificity with VCE. However, there may be differences in patient characteristics between those
who refuse and those who accept a biopsy. For example, those with more severe symptoms are
hypothesized to be more likely to accept a biopsy.

Implications for Clinical and Policy Decisionmaking

The findings of this review support those of previous SRs on the accuracy of individual
diagnostic tests using IgA. All IgA tests for CD have excellent specificity; DGP IgA has slightly
lower specificity than tTG IgA and EmA IgA. Testing for tTG IgA has a high PPV for most
clinical populations with a modest prevalence of CD. EmA IgA has good sensitivity, DGP IgA
has very good sensitivity, and tTG IgA has excellent sensitivity. DGP 1gG tests have very good
sensitivity and excellent specificity, even in non-lIgA-deficient individuals.

Unfortunately, due to a dearth of studies meeting our inclusion criteria, we were unable to
determine which tests, if any, are more accurate in patients with specific symptoms or risk
factors. Patients with symptoms associated with CD would impact the pretest probability and, as
a result, the likelihood of disease based on a positive result. No studies of test accuracy in
patients with trisomy 21, Turner syndrome, or Williams syndrome were identified. The few
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studies of patients with type 1 diabetes included small samples and were conducted in non-
Western countries. Thus, no clinical implications for testing individuals with specific risks can
be stated at this time.

New research has found DGP tests to be more accurate than tTG tests in small children;
strength of evidence is low but could increase if findings are replicated. Compared with EmA
IgA, tTG IgA had greater sensitivity in the one study of the general asymptomatic population
identified that met our inclusion criteria that all participants undergo biopsy, regardless of
serology results. The quality of this general population study was high, the sample size was large
(over 1,000), and it was conducted in a Western country (Sweden) with estimated CD prevalence
similar to that in the United States.

This review found insufficient evidence to determine which populations would most benefit
from diagnostic algorithms that combine a tTG test with an EmA or DGP test. A combination of
positive serological testing with a threshold level at or several times above the upper limit of
normal for specific celiac tests may be accurate for diagnosing CD without requiring
histopathology specimens. However, the currently available evidence on comparative accuracy
of algorithms is inconclusive because of the wide range of results, heterogeneity of populations
studied, and lack of clinically significant increases in accuracy compared with individual tests.
Future studies aimed at the diagnostic accuracy of multiple-test strategies would strengthen the
evidence for this approach.

Finally, regarding biopsy, there is high-strength evidence that multiple specimens should be
taken from the duodenal bulb and the distal duodenum for optimal diagnostic yield in both the
adult and pediatric population. There is moderate-strength evidence that CD is underdiagnosed
by pathologists in community settings compared with academic settings; continued education on
diagnostic protocols may be warranted for community physicians.

Research Gaps

Although the accuracy of various serological tests for CD in symptomatic individuals has a
high strength of evidence, strength of evidence on the comparative accuracy of algorithms such
as those recommended by organizations such as ESPGHAN is insufficient because of the small
number of studies, heterogeneity of study populations, and inconsistent results. Further studies
should be conducted. Appendix F of the full report contains details on the test combinations,
populations, and strength—of-evidence domains for each algorithm studied.

Evidence is insufficient to recommend specific tests for particular at-risk populations.
Patient-level factors that have been hypothesized to affect test accuracy include race and
ethnicity, but no studies stratified results by these characteristics.

Because of the inherently invasive nature of biopsy, the vast majority of studies of
serological test accuracy using biopsy as the reference standard have been conducted in patients
presenting for testing due to symptoms. The most common symptoms are GI symptoms
(diarrhea, constipation, pain, etc.) as well as signs of malnutrition in children. High accuracy was
found in the only general population screening study; however, despite the high scientific quality
of this study, the strength of evidence for accuracy in the asymptomatic general population is low
because the study has never been replicated. This lack of evidence does not mean the tests are
inaccurate in asymptomatic individuals; lack of evidence does not equal evidence of inaccuracy.

No studies were identified that addressed the key issue, “What impact does the method of
initial diagnosis have on how a physician follows up with a patient?” Retrospective analyses of
existing databases may shed light on this question.
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Finally, studies may be needed to investigate the long-term impact of misdiagnosis. False
positives and false negatives may be important “harms” because of (a) huge lifestyle changes
involved for positive diagnosis and (b) potential harms to health (malabsorption, intestinal
damage) from undiagnosed CD.

Conclusions

New evidence on accuracy of tests used to diagnose CD supports the excellent sensitivity of
IgA tTG tests and excellent specificity of both IgA tTG and IgA EmA tests reported in prior SRs.
High strength of evidence of accuracy, particularly in children, was found for DGP tests in recent
SRs. Regarding comparative accuracy, IgA EmA tests have lower sensitivity but similar
specificity to IgA tTG tests. IgA DGP and 1gG DGP tests are not as sensitive as IgA tTG tests in
non—lgA-deficient adults. These conclusions are based primarily on indirect evidence—i.e.,
pooled results on accuracy of individual tests rather than head-to-head studies comparing
accuracy of different tests in the same samples. However, strength of evidence is high given the
large numbers of studies, the consistency of results, and the precision of the confidence intervals.

Algorithms combining tTG with either EmA or DGP tests appear to be accurate in both
children and adults; however, strength of evidence for comparative accuracy is insufficient given
the low number of studies relative to single tests, heterogeneity of populations, and wide range of
results. The increase in accuracy over individual tests is not consistently clinically significant.
Additional studies of algorithms are needed.

Notably, current ESPGHAN guidelines state that a patient with a tTG result greater than 10
times the normal limit should undergo an EmA test and HLA typing. If the patient tests positive
and then responds to a gluten-exclusion diet, a diagnosis of CD can be made without use of
biopsy. These guidelines have not been adopted by societies in the United States. Evidence
seems to support the accuracy of a multiple-testing strategy without biopsy; however, additional
studies are needed to confirm the threshold levels that provide the highest accuracy and
population differences, if any.

VCE is a safe and fairly accurate means of diagnosing CD in adults who wish to avoid
biopsy; risk of retaining the capsule is approximately 4.6 percent. However, our pooled results
reveal that some serological tests have higher sensitivity and specificity. No data are available on
how VCE accuracy varies by population characteristics or setting. Endoscopy with biopsy has a
very low risk of adverse events; accuracy appears to be greater in academic than community
settings.

Importantly, few applicable studies on the sequelae of false positive or false negative
diagnoses were identified. Long-term followup of patients, regardless of diagnosis results,
should be encouraged.

ES-18



References

10.

Rashtak S, Murray JA. Review article:
coeliac disease, new approaches to therapy.
Aliment Pharmacol Ther. 2012
Apr;35(7):768-81. PMID: 22324389.

Rubio-Tapia A, Ludvigsson JF, Brantner
TL, et al. The prevalence of celiac disease in
the United States. Am J Gastroenterol. 2012
Oct;107(10):1538-44; quiz 7, 45.

PMID: 22850429.

Ludvigsson JF, Rubio-Tapia A, van Dyke
CT, et al. Increasing incidence of celiac
disease in a North American population. Am
J Gastroenterol. 2013 May;108(5):818-24.
PMID: 23511460.

See J, Murray JA. Gluten-free diet: the
medical and nutrition management of celiac
disease. Nutr Clin Pract. 2006 Feb;21(1):
1-15. PMID: 16439765.

Rubio-Tapia A, Hill ID, Kelly CP, et al.
ACG clinical guidelines: diagnosis and
management of celiac disease. Am J
Gastroenterol. 2013 May;108(5):656-76;
quiz 77. PMID: 23609613.

Bottaro G, Rotolo N, Spina M, et al.
[Evaluation of sensitivity and specificity of
antigliadin antibodies for the diagnosis of
celiac disease in childhood]. Minerva
Pediatr. 1995 Dec;47(12):505-10.

PMID: 8900559.

Bai J, Zeballos E, Fried M, et al. WGO-
OMGE Practice Guideline: Celiac Disease.
World Gastroenterology Organisation; 2007.

National Institute for Health and Clinical
Excellence. Coeliac Disease: Recognition
and Assessment of Coeliac Disease.
London; National Institute for Health and
Clinical Excellence; 2009 May.
www.org.uk/guidance.

Rostom A, Murray JA, Kagnoff MF.
American Gastroenterological Association
(AGA) Institute technical review on the
diagnosis and management of celiac disease.
Gastroenterology. 2006 Dec;131(6):1981-
2002. PMID: 17087937.

ES-19

11.

12.

13.

14.

15.

16.

17.

18.

Husby S, Koletzko S, Korponay-Szabo IR,
et al. European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition
guidelines for the diagnosis of coeliac
disease. J Pediatr Gastroenterol Nutr. 2012
Jan;54(1):136-60. PMID: 22197856.

Rostom A, Dube C, Cranney A, et al. Celiac
disease. Evid Rep Technol Assess (Summ).
2004 Jun;(104):1-6. PMID: 15346868.

Whiting PF, Rutjes AW, Westwood ME,
et al. QUADAS-2: a revised tool for the
quality assessment of diagnostic accuracy
studies. Ann Intern Med. 2011 Oct
18;155(8):529-36. PMID: 22007046.

Chou R, Aronson N, Atkins D, et al. Chapter 11.
Assessing harms when comparing medical
interventions. 2009. In: Methods Guide for
Effectiveness and Comparative Effectiveness
Reviews. AHRQ Publication No. 10(14)-
EHCO063-EF. Rockville, MD: Agency for
Healthcare Research and Quality. January 2014.
Chapters available at
www.effectivehealthcare.ahrg.gov.

Shea BJ, Grimshaw JM, Wells GA, et al.
Development of AMSTAR: a measurement
tool to assess the methodological quality of
systematic reviews. BMC Med Res
Methodol. 2007;7:10. PMID: 17302989.

Parikh R, Mathai A, Parikh S, et al.
Understanding and using sensitivity,
specificity and predictive values. Indian
J Ophthalmol. 2008;56(1):45.

PMID: 18158403.

McGee S. Simplifying likelihood ratios.
J Gen Intern Med. 2002 Aug;17(8):646-9.
PMID: 12213147.

Deeks JJ, Altman DG. Diagnostic tests 4:
likelihood ratios. BMJ. 2004 Jul
17;329(7458):168-9. PMID: 15258077.

Chang SM, Matchar DB, Smetana GW, et
al., eds. Methods Guide for Medical Test
Reviews. AHRQ Publication No. 12-EC017.
Rockville, MD: Agency for Healthcare
Research and Quality; 2012.
www.ncbi.nlm.nih.gov/pubmed/22834019.




19.

20.

Li M, Yu LP, Tiberti C, et al. A report on
the International Transglutaminase

Autoantibody Workshop for Celiac Disease.

Am J Gastroenterol. 2009 Jan;104(1):
154-63. PMID: 19098864.

Rozenberg O, Lerner A, Pacht A, etal. A
novel algorithm for the diagnosis of celiac
disease and a comprehensive review of
celiac disease diagnostics. Clin Rev Allergy
Immunol. 2012 Jun;42(3):331-41.

PMID: 21279475.

ES-20



Introduction
Background

Condition

Celiac disease (CD) is an immune-mediated disorder triggered in genetically-susceptible
individuals by ingestion of foods containing gluten, a family of proteins found in wheat, rye,
barley, and related grains.' The prevalence of CD in the United States has been estimated at
approximately one percent,? but appears to be increasing, for reasons that are not clear.® Risk
factors for CD include family history, trisomy 21, Turner syndrome, and Williams syndrome, as
well as several autoimmune diseases.

Clinical signs of CD include weight loss, iron deficiency anemia, aphthous ulcers,
osteomalacia, dermatitis herpetiformis (a rash due to gluten-sensitivity), and gastrointestinal
symptoms, including diarrhea and abdominal bloating. The diagnosis of CD can be challenging
because the clinical spectrum of the disease varies, and some individuals present with mild
symptoms.*

CD causes enteropathy of the small intestine resulting in poor absorption of nutrients.
Malabsorption may result in several of the aforementioned clinical signs, including iron
deficiency anemia, osteomalacia, and weight loss. Young children, in particular, are susceptible
to failure to thrive, stunted growth, and delayed puberty.> In women, folate deficiency secondary
to CD may lead to poor birth outcomes, including developmental disorders. In the long-term,
untreated CD increases the risk for non-Hodgkin’s lymphoma, certain gastrointestinal cancers,
and all-cause mortality.*

The only effective treatment for CD is avoidance of gluten in the diet. Timely diagnosis may
be the most important component in the management of CD.

Diagnostic Strategies

A number of diagnostic methods have been developed; the validity and acceptability of some
of these methods, particularly newer tests, which include combination tests and algorithms,
remain controversial. Methods include various serology tests, HLA typing, video capsule
endoscopy, and endoscopic duodenal biopsy (often considered the gold standard). Serology tests
include anti-gliadin antibodies (AGA), IgA & IgG; anti-tissue transglutaminase (tTG), IgA &
IgG; Endomysial antibodies (EmA), IgA; and the deamidated gliadin peptide (DGP) Antibodies,
IgA & IgG. These tests are often used by providers as a panel in order to increase specificity and
prevent false positives or increase sensitivity and prevent false negatives. All methods other than
HLA typing require that the patient maintain a gluten containing diet during the diagnostic
process. Commonly used diagnostic methods are described below.

Anti-gliadin antibodies (AGA), IgA & IgG. Gliadin is one of the two groups of proteins that
constitute gluten. AGA determination was used as a diagnostic tool in the 1990s, as it has high
sensitivity for CD.6 However, the test has low specificity, because anti-gliadin 1gG is found in
both acute and chronic common intestinal childhood diseases. In 2007, the World
Gastroenterology Organization recommended against using these tests.7 In 2009, the UK
National Institute for Clinical Excellence (NICE) also recommended against using the tests.8 As
AGA tests are no longer recommended, they are not addressed in this systematic review.



Anti-tissue transglutaminase (tTG), IgA. Tissue transglutaminase is an enzyme that causes
the crosslinking of certain proteins. Anti-tTG, IgA is the single test preferred by the American
College of Gastroenterology (ACG) for the detection of celiac disease in those over the age of 2
years.5 These tests are also included in the algorithms of all recent guidelines. It is important to
note that IgA deficiency is more prevalent in CD patients than in the general population;
therefore, other tests may be ordered as an alternative in those who are IgA deficient.

Endomysial antibodies (EmA), IgA. The thin connective tissue layer that covers individual
muscle fibers is called endomysium. When the intestinal lining is damaged, endomysial
antibodies (EmA) develop. Most patients with active celiac disease and many with dermatitis
herpetiformis have the IgA class of anti-EmA antibodies. Although this test is included in the
algorithms of recent guidelines for diagnosis, it is not as widely used in the U.S. as in other
countries, and many providers simply order a biopsy if the tTG levels are high. In addition, this
test is less useful in individuals with low IgA.

Deamidated gliadin peptide (DGP) Antibodies. Elevated DGP antibodies are often seen in
patients with celiac disease on a gluten-containing diet; this newer test may give a positive result
in some individuals with CD who are anti-tTG negative, including children younger than 2 years
old. Testing both DGP 1gG and anti-tTG IgG is recommended by the ACG for those who have
low IgA or IgA deficiency.5

Human leukocyte antigen (HLA) typing. Susceptibility to CD is linked to certain human
leukocyte antigen (HLA) class 11 alleles, especially in the HLA-DQ region. HLA molecules are
hypothesized to present gluten antigens to T-cells, which in turn induce tissue damage.9
Approximately 95 percent of patients with CD have the HLA-DQ2 heterodimer, while the
remaining 5 percent of persons with CD have the HLA-DQ8 heterodimer.10 Since 25 percent to
40 percent of the U.S. population carries either the DQ2 or DQ8 gene, the presence of either is
not pathognomonic for CD. However, lack of these heterodimers all but rules out CD and genetic
susceptibility for the disorder. Thus, these genetic tests are routinely used to rule out CD and are
part of the diagnostic algorithms recommended by the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN) and the ACG.11

Video capsule endoscopy. In this procedure, a capsule containing a tiny camera is ingested
by the patient, providing high quality visual evidence of CD. While not a traditional means of
detecting CD, it is used in adults who seek to avoid biopsy. During Topic Refinement, Key
Informants (K1) requested assessment of the evidence for this method in this report.

Endoscopic duodenal biopsy. Villous atrophy present on a duodenal biopsy and clinical
remission when a gluten-free diet is followed represent the internationally accepted gold standard
for CD diagnosis. The Modified Marsh criteria are utilized by most pathologists in evaluating
histology findings from duodenal biopsy specimens for celiac disease diagnosis and progression
of treatment during follow up.12 The criteria are graded from 0-3 with grade 3 further
subdivided to 3a, 3b, and 3c.13, 14 Patients with Marsh grade 0 have normal histologic findings
and are very unlikely to have celiac disease. In Marsh grade 1 and 2, biopsy specimens
demonstrate raised Intraepithelial lymphocytes (IELs>30 per enterocytes) alone and raised IELs
with crypt hyperplasia respectively. These histologic outcomes may be found in celiac patients
on treatment or in patients with dermatitis herpetiformis. However, grade 1 or 2 lesions alone in
the absence of clinical or serology evidence are nonspecific and are suggestive, but not
confirmatory, of celiac disease.15 Patients with Grade 3 lesions have raised IELs with crypt
hyperplasia and a measure of villous atrophy. Grade 3a, 3b, and 3c, in addition to raised IELs
with crypt hyperplasia, also have findings of partial villous atrophy, subtotal villous atrophy, and
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total villous atrophy respectively.14 Marsh grade 3 lesion is the classic celiac lesion and is
characteristic, but not diagnostic, of celiac disease.16 Of note, some community physicians use a
simple qualitative assessment of villous atrophy or elevation of intraepithelial lymphocytes to
make a diagnosis rather than relying on Marsh criteria.

Obtaining properly oriented tissue samples can be difficult, patchy mucosal lesions can be
missed, and limiting the portion of gut examined may risk missing the diagnosis of CD-related
complications such as lymphoma and ulcerative jejunoileitis. Some patients and parents are
concerned about the risk of adverse events such as perforations and bleeding. Patients may feel
pain and discomfort, which is especially problematic for small children.

Combinations of the above. Many providers use a serology panel or sequential approach in
order to prevent false positives that are associated with tests that don’t work well under varying
circumstances. The current systematic review compares the effectiveness of diagnostic tests,
singularly and in combination.

Scope and Key Questions

Scope of the Review

Several systematic reviews and guidelines on diagnosis of CD have been published in the
past decade, often with contradictory findings and recommendations. At least five recent
guidelines for the diagnosis of CD have been published by recognized
research/academic/medical bodies such as the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (NASPGHAN)" and ESPGHAN."

These clinical practice guidelines are complex and recommend different approaches to
diagnosis. For example, some guidelines propose different sequences of tests for diagnosing
population groups such as children versus adults, and symptomatic versus asymptomatic patients
at increased risk (e.g. ESPGHAN). In addition, some guidelines (ACG and World
Gastroenterology Organization [WGQY]) uphold endoscopic biopsy as the gold standard for
confirming diagnosis,” *® whereas other guidelines (ESPGHAN) explore the use of other tests to
serve as substitutes for biopsy. The diagnosis of celiac disease is further complicated by lack of
provider knowledge and variability in laboratory cut-off levels to indicate “positive” results. It is
also unknown whether the same diagnostic criteria apply to different racial, ethnic, or other
demographic subgroups, or if they may be incorrectly diagnosed or underdiagnosed. In addition,
false positives and false negatives may have significant consequences: Positive diagnosis
requires huge lifestyle changes, and undiagnosed CD can result in potential health harm (nutrient
malabsorption, osteoporosis, and lymphoma).

This report compares the accuracy of the diagnostic methods listed above in children, adults,
and sub-populations of interest to clinicians and patient groups. Diagnostic methods that are no
longer included in guidelines or still in development (not approved in the U.S.) are beyond the
scope of this project. Accuracy of serological tests and VCE are based on biopsy results as the
reference standard. We also assess how biopsy results may vary by provider characteristics,
technique, and the length of time the patient has consumed gluten. Finally, we report adverse
events associated with invasive diagnostic methods (biopsy, VCE) and sequelae of false or
indeterminate results of diagnosis. We provide below an analytic framework to illustrate the
populations, interventions, outcomes, and adverse effects that guided the literature search and
synthesis for this project (Figure 1).



Figure 1. Analytic framework, diagnosis of celiac disease
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CD = celiac disease; FN = false negative; FP = false positive; IgA = immunoglobulin A; KQ = Key Question; LR+ = positive
likelihood ratio; LR- = negative likelihood ratio; SES = socioeconomic status; TN = true negative; TP = true positive.

Key Questions

Four Key Questions guided this systematic review, as follows.

Key Question 1. What is the comparative effectiveness of the different
diagnostic methods (various serological tests, HLA typing, video capsule
endoscopy, used individually and in combination) compared with
endoscopy with biopsy as the reference standard to diagnose celiac
disease (CD) in terms of—

a. Accuracy: sensitivity, specificity, positive likelihood ratio (LR+), negative likelihood

ratio (LR-), summary receiver operating characteristics (ROCs)?

b. Intermediate outcomes, such as clinical decisionmaking and dietary compliance?

c. Clinical outcomes and complications related to CD?

d. Patient-centered outcomes, such as quality of life (QOL) and symptoms?

Key Question 2. Does accuracy/reliability of endoscopy with duodenal
biopsy vary by—
a. Pathologist characteristics (i.e., level of experience or specific training)?

b. Method (i.e., type or number of specimens)?
c. Length of time ingesting gluten before diagnostic testing?

Key Question 3. How do accuracy, (sensitivity, specificity, LR+, LR-,
summary ROCs) and outcomes differ among specific populations
(subgroups of Key Question 1), such as—
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Key Question 4. What are the direct adverse effects (i.e., bleeding from
biopsy) or harms (related to false positives, false negatives, indeterminate

Symptomatic patients versus nonsymptomatic individuals at risk?
Adults (age 18 and over) versus children and adolescents?
Children under age 24 months versus older children?
Demographics, including race, genetics, geography, and socioeconomic status?
Patients with IgA deficiency?

Patients previously testing negative for CD?

results) associated with testing for CD?

In addition, we identify the following PICOTS (Populations, Interventions, Comparators,

Outcomes, and Timing) for the Key Questions:

Population(s):
e ForKQ1,2, and4:

(0]

All populations tested for CD

e For KQ 3:

o

O O0O0OO0O0

o

Patients with signs and symptoms of celiac disease, for example:
= Diarrhea

= Constipation

= Dermatitis

= Malabsorption (anemia, folate deficiency)

Asymptomatic individuals at risk of celiac disease

Family history

Type 1 diabetes

Auto-immune disease

Turner’s syndrome

=  Trisomy 21

Children, under age 24 months vs older children & adolescents
Adults (aged 18+)

Ethnic and geographic populations

Low socioeconomic status (SES)

Patients with IgA deficiency

Patients previously testing negative for CD

Interventions:
e ForKQ1,3,4:

o

O O0OO0OO0OO0OO0

Endomysial antibodies (EmA) IgA test

Anti-tissue transglutaminase (tTG) IgA test

Deamidated gliadin poeptide (DGP) IgA antibodies

EmA IgG, tTG IgG, and DGP 1gG tests for IgA deficient individuals
HLA typing

Video capsule endoscopy

Combinations of the above

e For KQ 2:

(0]

Endoscopy with biopsy



Comparators:

e ForkKQ1,3:
0 Endoscopy with duodenal biopsy

e For KQ 2:
O Repeat biopsy

Outcomes:

e For KQ 1a, KQ2 and 3a-f, for Accuracy
0 Sensitivity
0 Specificity

o PPV, NPV, FP,FN
o Positive and negative likelihood ratios
e For KQ 1b, for Clinical decisionmaking
o Additional testing for CD
O Nutritionist advice on gluten-free diet
o Follow up and monitoring by MD
e For KQ 1c, for Clinical outcomes and complications
o0 Nutritional deficits
o Persistence of villous atrophy on biopsy
0 Lymphomas
e For KQ 1d, for Patient-centered outcomes
o0 Quality of life
o Discomfort
o Bloating
0 Abdominal pain
0 Depression
e For KQ 4, for Harms
0 Immediate AEs from biopsy
o0 Psychological stress related to false positive results
0 Sequelae of false negatives or indeterminate results
Timing:
e ForKQ?2
0 Length of time ingesting gluten before biopsy
Setting:
o Forall KQs
o Outpatient: Academic
o Outpatient: Community

Organization of This Report

The remainder of this report presents the methods used to conduct the literature searches,
data abstraction, and analyses; the results of the literature searches and analyses; the conclusions;
and a discussion of the limitations as well as suggestions for future research.



Methods

The methods for this comparative effectiveness review (CER) follow the methods suggested
in the Agency for Healthcare Research and Quality (AHRQ) “Methods Guide for Effectiveness
and Comparative Effectiveness Reviews” (available at
http://www.effectivehealthcare.ahrg.gov/methodsguide.cfm). The main sections in this chapter
reflect the elements of the protocol established for the CER.

Topic Refinement and Review Protocol

Kls representing a variety of end-user perspectives were recruited to assist in refining the
KQs and topics to address in this systematic review. Conference calls were held with community
and academic-affiliated gastroenterologists, celiac disease researchers, a celiac disease centric
nutritionist, national patient organizations, and a payer representative.

AHRQ posted the KQs on the Effective Health Care Web site for public comment in
February, 2014. The EPC refined and finalized the KQs after review of the public comments,
taking into consideration the prior input from Kis.

A study protocol was drafted and a technical expert panel (TEP) was recruited to provide
high-level content and methodological expertise throughout the development of the review.

The final protocol for the project was posted on the AHRQ Effective Health Care Web site
onJune 11, 2014.

Literature Search Strategy

The literature search methods are summarized in Table 1 below. The full search strategy is
presented as Appendix A.

Table 1. Literature search methods

Publication dates For KQ1a, several recent high quality SRs exist. We searched for publications
from January, 1990, but did not abstract studies that were already included in
those SRs.

For KQ3, on specific populations, our search starts at January, 1990, the year the
current EmA test began undergoing validation in the U.S. The other serological
tests for CD were developed after that date (for example, the current tTG became
available in 2000) so would be identified using a 1990 start date.

For KQ2, on duodenal biopsy, our search also starts at January, 1990. ESPGHAN
published revised criteria for diagnosis of CD that year,'® which reduced the
suggested number of duodenal biopsies from three to one due to the advent of
serological tests.

For KQ4, on direct and indirect harms of the diagnostic procedures, our search
starts at January, 2003, as this Key Question was covered by an AHRQ-funded
systematic review published in 2004.%

Search terms The search strategies were designed by a highly experienced reference librarian
in collaboration with an expert on celiac disease and project staff experienced in
SR methods. In brief, the strategy included search terms for celiac disease,
combined with general terms for diagnosis or terms representing each diagnostic
method, plus terms representing all outcomes listed in the PICOTSs. The full
search strategy is presented as Appendix A.

An update search was conducted after submission of the draft report, while the
draft underwent peer review and public comment.

Electronic databases PubMed, Embase, Cochrane, Web of Science

Scientific Information Unpublished data were requested by an AHRQ-funded contractor from
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Packets (SIPs) manufacturers of all serological tests.

Suggestions from During the Topic Refinement period, Kls and project clinicians provided
experts

suggestions for studies to review. Members of this project's TEP also suggested
studies. During review of the draft report, peer reviewers and the public had the
opportunity to suggest additional studies.

Reference Mining The reference lists of included articles were reviewed for identification of

additional relevant studies.

Inclusion and Exclusion Criteria

The topic refinement phase involved a preliminary environmental scan. Several recent high
quality systematic reviews (SR) on the accuracy of serological tests and VCE for diagnosis of
celiac disease were identified. Electronic searches were conducted to identify additional primary
studies that were not included in these SRs. Studies of diagnostic accuracy used designs such as
controlled trials, prospective and retrospective cohorts, case-control studies, and case series.
Studies were included if they met the following criteria:

Diagnostic method is recommended in a current guideline (see list in Introduction.) For
example, visualization via endoscopy (without biopsy) and AGA tests were excluded.
Methods in development (genotyping other than HLA, ultrasound, mucosal
immunohistochemistry, etc.) were also excluded.

The tests were used to diagnose celiac disease, rather than for management of existing
CD. For example, studies where serology was used to monitor adherence to diet or biopsy
was used to monitor improvement of intestinal atrophy were excluded.

All participants underwent both the “index test” and the reference standard (biopsy). If
only subjects testing positive via serology underwent biopsy, the study was excluded.
The study reports sensitivity, specificity, or data that allow their calculation.

Study must be published in English

Study must enroll consecutive or random sample

Sample size is 300 or greater, unless one of the following is the focus

Low SES

Previously negative for celiac disease via serology or biopsy

IgA deficient

Type 1 diabetes

Turner’s syndrome

Trisomy 21 / Downs

Iron deficiency anemia

Family history

Accuracy results are stratified by race / ethnicity

OO0O0O0O0O0O0O0O0

The following were excluded from this systematic review.

Animal studies

Individual case reports

Studies not published in English

Documents with no original data (commentary, editorial)
Studies that measured only prevalence



Study Selection

Each title and abstract identified by the searches was screened by two researchers
independently and the combination of their selections was retrieved for full-text review. Two
researchers independently screened each full text article for inclusion in the project, with a senior
researcher resolving discrepancies. A list of excluded studies and their reasons for exclusion is
presented as Appendix B.

Data Extraction

The DistillerSR software package was used to manage the search output, screening, and data
abstraction. The database can be used to calculate inter-rater reliability statistics of agreement
and agreement adjusted for chance (kappa statistic) before resolution of disagreements.
Assessment of inter-rater reliability can be used to guard against selection bias in choosing the
articles for further review. Forms are displayed in Appendix D.

Data collection forms were designed by the project team in Distiller SR, piloted by the
reviewers, further modified, and then the final forms piloted with a random selection of included
studies to ensure agreement of interpretation. Study-level data abstracted included sample size;
subjects’ demographic characteristics, symptoms, and risk factors; study design; type of
diagnostic test including cut-off level; and any other potential confounders. A statistician
abstracted all accuracy data (sensitivity, specificity, and data needed to calculate). At the
project’s end, all abstracted data were uploaded to the federally-fund Systematic Review Data
Repository.

Quality (Risk of Bias) Assessment of Individual Studies

Bias might be introduced at many points during the conduct of a study, affecting validity,
reliability, and applicability of the results. Risk of bias of accuracy studies was assessed using
the QUADAS-2 instrument; domains and items are described in Table 2 below.** The AMSTAR
instrument,?” described in Table 3, was used to assess the quality of prior systematic reviews.
Finally, the McHarm instrument,® presented in Table 4, was used to assess the quality of studies
on adverse events. Each study was scored individually by two EPC researchers who met to
reconcile any differences; discrepancies were resolved by an experienced methodologist.

The Evidence Tables (Appendix C) display each QUADAS-2 item score for each accuracy
study included in this review. Appendix E displays the AMSTAR scores. The McHarm scores
are presented in the body of the report as there were few studies on adverse events. The strengths
and weaknesses of the studies are discussed throughout the report and are reflected in the final
Strength of Evidence ratings and Discussion.

Table 2. Quality Assessment of Diaghostic Accuracy Studies (QUADAS) -2 questions for
assessing risk of bias in diagnostic accuracy studies
Domain 1: Patient Selection

Was a consecutive or random sample of patients enrolled? (Yes/No/Unclear)

Was a case-control design avoided? (Yes/No/Unclear)

Did the study avoid inappropriate exclusions? (Yes/No/Unclear)

Could the selection of patients have introduced bias? Risk: Low/High/Unclear

Domain 2: Index Test(s) (complete for each index test used)

Were the index test results interpreted without knowledge of the reference standard? (Yes/No/Unclear)




If a threshold was used, was it pre-specified? (Yes/No/Unclear)

Could the conduct or interpretation of the index test have introduced bias? Risk: Low/High/Unclear

Domain 3: Reference Standard

Is the reference standard likely to correctly classify the target condition? (Yes/No/Unclear)

Were the reference standard results interpreted without knowledge of the results of the index test?

(Yes/No/Unclear)

Could the reference standard, its conduct, or its interpretation have introduced bias?

Risk: Low/High/Unclear

Domain 4: Flow and Timing

Was there an appropriate interval between index test(s) and reference standard? (Yes/No/Unclear)

Did all patients receive a reference standard? (Yes/No/Unclear)

Did all patients receive the same reference standard? (Yes/No/Unclear)

Were all patients included in the analysis? (Yes/No/Unclear)

Could the patient flow have introduced bias? Risk: Low/High/Unclear

Table 3. AMSTAR (A Measurement Tool to Assess Systematic Reviews) criteria for assessing
guality of systematic reviews

AMSTAR criteria:
01. Was an a priori study design provided?
02. Was there duplicate study selection and data extraction?
03. Was a comprehensive literature search performed?
04. Was the status of publication (gray literature) used as an inclusion criterion?
05. Was a list of studies (included/excluded) provided?
06. Were the characteristics of the included studies provided?
07. Was the scientific quality of the included studies assessed and documented?
08. Was the scientific quality of the included studies used appropriately in formulating conclusions?
09. Were the methods used to combine the findings of studies appropriate?
10. Was the likelihood of publication bias assessed?
11. Was the conflict of interest stated?

Table 4. McMaster Quality Assessment Scale for Harms (McHarm)

Item Rating
1. Were the harms PRE-DEFINED using standardized or precise definitions? ~Yes ~No
~Unsure
2. Were SERIOUS events precisely defined? ~Yes ~No
Not Applicable
~Unsure
3. Were SEVERE events precisely defined? ~Yes ~No
Not applicable
~Unsure
4. Were the number of DEATHS in each study group specified OR were the reason(s) for not ~Yes ~No
specifying them given? ~Unsure
5. Was the mode of harms collection specified as ACTIVE? ~Yes ~No
~Unsure
6. Was the mode of harms collection specified as PASSIVE? ~Yes ~No
~Unsure
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7. Did the study specify WHO collected the harms? ~Yes ~No
~Unsure
8. Did the study specify the TRAINING or BACKGROUND of who ascertained the harms? ~Yes ~No
~Unsure
9. Did the study specify the TIMING and FREQUENCY of collection of the harms? ~Yes ~No
~Unsure
10. Did the author(s) use STANDARD scale(s) or checklist(s) for harms collection? ~Yes ~No
~Unsure
11. Did the authors specify if the harms reported encompass ALL the events collected or a ~Yes ~No
selected SAMPLE? ~Unsure
12. Was the NUMBER of participants that withdrew or were lost to follow-up specified for each ~Yes ~No
study group? ~Unsure
13. Was the TOTAL NUMBER of participants affected by harms specified for each study arm? ~Yes ~No
~Unsure
14. Did the author(s) specify the NUMBER for each TYPE of harmful event for each study ~Yes ~No
group? ~Unsure
15. Did the author(s) specify the type of analyses undertaken for harms data? ~Yes ~No
~Unsure

Statistical Analyses

Studies that reported sensitivity, specificity, or receiver-operator characteristics, or provided
the data to perform such calculations were abstracted for potential inclusion in a synthesis.
Sensitivity is the ability of a test to correctly classify an individual as “diseased’ or in this case,
having celiac disease, as confirmed by the “gold” standard (biopsy). Sensitivity ranges from 0 to
100 with values closer to 100 indicating a greater probability of a test being positive when the
disease is present.* Sensitivity = (true positive) / (true positive + false negative). Specificity is
the ability of a test to correctly classify an individual as ‘disease-free’ or in this case, as having
symptoms or serologic results that indicate not having celiac disease when the individual doesn’t
have celiac disease, as determined by the gold standard (biopsy). Specificity ranges from 0 to
100 with values closer to 100 indicating a greater probability of a test being negative when the
disease is not present.? Specificity = (true negative) / (true negative + false positive). A perfect
diagnostic test would have both sensitivity and specificity of 100 percent. In general, sensitivity
and specificity are considered good if at least 70.0 percent, very good from 80.0 percent to 89.9
percent, and excellent if 90.0 percent or greater.?*

Some studies of the accuracy of diagnostic tests report Likelihood Ratios (LR): probability of
a positive finding in patients with a disease divided by the probability of the same finding in
patients without the disease. Likelihood ratios can range from 0 to infinity. Diagnostic findings
with LRs close to O indicate a decrease in the likelihood of disease. An LR of 1 indicates no
change in the likelihood of disease.”® As the LR increases from 1, the likelihood of disease
increases. Positive LRs are a measure of how the probability of the disease increases in the
presence of a positive test finding: LR+ = sensitivity / (1-specificity). Negative LRs are a
measure of how the probability of the disease decreases if the test is negative: LR- = (1-
sensiztsivity) / specificity. An LR+ of more than 10 is considered good, as is an LR- of less than
0.1.

Finally, positive predictive value (PPV) is the probability that an individual who tests
positive actually has the disease. Similarly, negative predictive value is the probability of not
having a disease when an individual tests negative. Unlike sensitivity and specificity, predictive
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values (PPV, NPV) are largely dependent on the prevalence of a disease in a study population.
With increased prevalence in a population, PPV increases while NPV decreases.

If three or more studies of the same diagnostic method and comparator reported sensitivity
and specificity, we considered pooling their result. In such cases, studies were weighted by
sample size. Sensitivity and specificity were pooled using the ‘mada’ package in R which runs a
bivariate diagnostic random-effects meta-analysis. The random effects model estimates a pooled
sensitivity and false positive rate (used to calculate specificity) along with the associated
confidence limits. This approach accounts for the interrelated sensitivity and specificity
estimates.”” % The bivariate modeling approach that was used accounts for between study
variability by allowing for the nonindependence of sensitivity and specificity across the studies.?®

Sensitivity analyses were conducted by stratifying by test type, cut-off level (titer), and
population characteristics of interest. When pooling was not possible, study results were
described narratively, according to comparisons of interest and study design, and presented either
in tables or on figures.

Strength of the Body of Evidence

The overall strength of evidence for accuracy outcomes was assessed using guidance
developed by experts in systematic reviews for the AHRQ Effective Health Care Program. This
method classifies (grades) the evidence based on the following domains: study limitations (risk
of bias), consistency, directness, and precision. The grades and their definitions are presented
below in Table 5.

Table 5. Strength of evidence definitions

High We are very confident that the estimate of effect lies close to the true effect for this outcome.
The body of evidence has few or no deficiencies. We believe that the findings are stable, i.e.,
another study would not change the conclusions

Moderate We are moderately confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has some deficiencies. We believe that the findings are likely
to be stable, but some doubt remains.

Low We have limited confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has major or numerous deficiencies (or both). We believe
that additional evidence is needed before concluding either that the findings are stable or that
the estimate of effect is close to the true effect.

Insufficient | We have no evidence, we are unable to estimate an effect, or we have no confidence in the
estimate of effect for this outcome. No evidence is available or the body of evidence has
unacceptable deficiencies, precluding reaching a conclusion.

Table 6 below, taken from the AHRQ Methods Guide for Diagnostic Tests,* briefly
describes the methods used to rate each domain. The rating system was originally designed to
assess the body of evidence on health care interventions rather than diagnostic tests; thus,
assessing these domains presents unique challenges. For example, in assessing the precision of
estimates of test performance, it may be difficult to judge whether a particular confidence
interval has any practical clinical implications. In addition, there may be no direct evidence to
link a specific test with clinical outcomes.

Table 6. Domains and their definitions

Domain Definition and Elements Application
Study Limitations / Risk of bias is the degree to which the Use one of three levels of aggregate risk of bias:
Risk of Bias included studies for a given outcome or Low risk of bias

comparison have a high likelihood of Medium risk of bias

adequate protection against bias (i.e., High risk of bias
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Domain

Definition and Elements

Application

good internal validity), assessed through
main elements:

Study design (e.g., RCTs or
observational studies)

Aggregate quality of the studies under
consideration from the rating of quality
(good/fair/poor) done for individual
studies

Well designed and executed studies of new tests
compared against an adequate criterion standard
are rated as “Low risk of bias.”

Consistency

Consistency is the degree to which
reported study results (e.g., sensitivity,
specificity, likelihood ratios) from
included studies are similar. Consistency
can be assessed through two main
elements:

The range of study results is narrow.
Variability in study results is explained by
differences in study design, patient
population or test variability.

Use one of three levels of consistency:
Consistent (i.e., no inconsistency)
Inconsistent

Unknown or not applicable (e.g., single study)
Single-study evidence bases should be
considered as “consistency unknown (single
study).”

Directness

Directness relates to whether the
evidence links the interventions directly
to outcomes. For a comparison of two
diagnostic tests, directness implies head-
to-head comparisons against a common
criterion standard. Directness may be
contingent on the outcomes of interest.

Score dichotomously as one of two levels of
directness:

Direct

Indirect

When assessing the directness of the overarching
question, if there are no studies linking the test to
a clinical outcome, then evidence that only
provides diagnostic accuracy outcomes would be
considered indirect. If indirect, specify which of the
two types of indirectness account for the rating (or
both, if this is the case); namely, use of
intermediate/surrogate outcomes rather than
health outcomes, and use of indirect comparisons,
If the decision is made to grade the strength of
evidence of an intermediate outcome such as
diagnostic accuracy, then the reviewer does not
need to automatically “downgrade” this outcome
for being indirect.

Precision

Precision is the degree of certainty
surrounding an effect estimate with
respect to a given outcome (i.e., for each
outcome separately).

If a meta-analysis was performed, the
degree of certainty will be the confidence
interval around the summary measure(s)
of test performance (e.g., sensitivity, or
true positive).

Score dichotomously as one of two levels of
precision:

Precise

Imprecise

A precise estimate is an estimate that would allow
a clinically useful conclusion. An imprecise
estimate is one for which the confidence interval is
wide enough to include several distinct
conclusions.

Applicability

Applicability assessment was based on the similarity of the populations in terms of
characteristics listed in the PICOTSs. These include age, gender, ethnicity, geographic location,
SES, co-morbidities such as Type 1 diabetes, and symptoms such as iron deficiency. For
example, a test might have high sensitivity and specificity in adults but not in small children, due
to biological changes during the life course. These issues are addressed by KQ3.

Peer Review and Public Commentary

A draft version of this report was reviewed by several celiac disease experts. Reviewer
names and affiliations are listed in the Acknowledgements section of the front matter. All peer
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reviewers completed conflict of interest disclosures; none reported ties to any test manufacturer.
The draft report was also posted on the AHRQ Effective Health Care Web site for public
comment in February, 2015. Feedback from these sources was incorporated into the current

version.
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Results

Results of Literature Searches

As seen in Figure 2, the literature search identified a total of 7,254 titles as possibly related to
the aims of this project. Of these, 68 were recommended by Key Informants, Technical Expert
Panel (TEP) members, and a local content expert, 7,178 were identified by the electronic
database searches, and an additional 8 were found through review of references of included
studies. The titles of all 7,254 articles were screened, and 1,905 were rejected. Abstracts for the
remaining 5,349 articles were reviewed, and an additional 3,649 articles were excluded,
primarily because they were not about celiac disease (837) or were about celiac disease
management rather than diagnosis (1,443). Other reasons for exclusion at abstract were the
following: diagnostic methods out of our scope (endoscopic view without biopsy, experimental
methods, etc.), focus on test processing (ELISA, PCR, etc.), serology with no biopsy
comparison, simple prevalence report, no human subjects, no original data (commentary,
editorial), data duplicated in other article, or individual case report. An additional 95 studies
were rejected after abstract review, as they were already included in the identified relevant
systematic reviews; this project was funded as a small systematic review (SR), which
incorporated the aggregate results of prior SRs.

In total, 1,700 studies went on to the next phase of review. Of those, 345 did not have an
abstract; upon review of a random 20-percent sample, we found none relevant and thus felt
confident to exclude all. (Details are available upon request.) Four hundred and seventy were
background articles, such as nonsystematic reviews, histories of diagnostic tests, or detailed
descriptions of the biological processes involved. Excluding those studies left 1,230 research
studies to retrieve for full-text screening. Thirteen prior systematic reviews were accepted. Based
on full-text screening, 1,155 articles were excluded for the following reasons: not in English (1),
not human (1), not about celiac disease (12), not about diagnostic tests (150), no original data
(20), individual case reports (19), prevalence only (30), diagnostic methods beyond the scope of
study (155), test processing issue (20), included in prior systematic reviews on topic (6), did not
assess the accuracy or effectiveness of diagnostic tests (150), index test not compared to
reference standard (biopsy) (62), not all subjects underwent both index test and reference
standard (410), accuracy studies without consecutive or random sample (43), and accuracy
studies where the sample size was less than 300 and not a special population (83). References for
these excluded articles along with reasons for exclusion can be found in Appendix B.

Therefore, 60 individual studies and 13 SRs were included for evidence synthesis. Eleven
SRs and 27 studies answered KQ1 and 3, one SR and 25 additional studies answered KQ2, and
one SR and four studies answered KQ4.
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Figure 2. Literature flow
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Key Question 1. Comparative Effectiveness

Description of Included Studies

We identified eleven systematic reviews (SRs) on the accuracy of the diagnostic methods
within the scope of this review. Thirty-one studies published after the SRs reported sensitivity
and specificity of these tests (or data that allowed their calculation) and met our inclusion criteria
(consecutive or random sample, all subjects received index test and biopsy, sample size 300 or
more, or special population of interest). The study characteristics are displayed in Table 7. With
the exception of one study of over 12,000 subjects, studies ranged in size from 17 to
1,071subjects. Notably, only two studies were conducted in the U.S. Four studies were
conducted in the UK, five in the Middle East, one in India, and the rest in Western Europe.
Ethnicity and race of participants were rarely described. All but one study included individuals
presenting for testing due to symptoms, risk factors, or family history. Only one study using
general population screening met our inclusion criterion that sero-negative subjects undergo
biopsy. Of the accepted studies, very few included asymptomatic individuals; only one compared
accuracy results in symptomatic individuals with those of asymptomatic individuals. Many of the
newer studies focused on algorithms using more than one serologic test.

The far right column in Table 7 summarizes the risk of bias of the new studies with regard to
their ability to determine test accuracy. Bias in patient selection was rated high in almost half of
the studies; eight studies were rated so because they used a case-control design. No studies had
high risk of bias due to conduct of the index test, although almost half of the studies were
missing some information on this issue. No studies had high risk of bias due to the conduct of the
reference test (biopsy), although eight studies were missing information to make a determination.
Finally, patient flow may have introduced a high risk of bias in four studies.

In sum, the risk or bias and applicability of these studies varied widely. These issues will be
discussed throughout the report and summarized in the Discussion section.
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Table 7. Accuracy studies published after systematic reviews: characteristics

Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Barada et al., 2014*

Lebanon

Prospective cohort

Sample Size: 998

Percentage female: 55.2%
Middle eastern 100%

Population: Adults aged 18-70 (mean 43 years) with Gl
symptoms of CD. 2.6% had family history. 20% with anemia

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Basso et al., 2011%

Italy

Retrospective cohort

Sample Size: 703

Percentage female: 62.4%

Population: 100 U/ml. Children and adolescents with CD,
latent CD, or controls. Mean age 8.

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Bienvenu et al., 2014%

France

Retrospective cohort

Sample Size:
45

Percentage female: 40%

Population:
IgA deficient children tested with CD-LFIA (detects both
human IgA and IgG anti DGP)

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: High
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Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Cekin et al., 2012%*

Turkey

Prospective cohort

Sample Size: 84

Percentage female: 70.2%

Population: Patients with Iron Deficiency Anemia of obscure
origin aged between 16 and 80 years were evaluated for
anti EmA IgA.

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear

Dahlbom et al., 2010%®°

Sweden

Case control

Sample size: 301

Percentage female: Not reported

Population: 52 children with severe malabsorption (group
I)median age of 1.6 yrs, 59 children with mild
symptoms(group ll)median age of 8.1 yrs, 59 adults(group
111) median age of 39.5 yrs and 131 disease controls (adult
and children-median age of 10.8yrs).

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Dahle et al., 2010%

Sweden

Retrospective cohort

Sample size: 176

Percentage female: 54.5%

Population: Patients with symptoms who underwent
endoscopy and biopsy without previous serological testing
for anti-tTG or EmA

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear
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Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

DeGaetani et al., 2013’

us

Retrospective cohort

Sample size: 72

Percentage female: 51.4%

Population: Adult patients (mean age 59yr) with villous
atrophy on biopsy and negative celiac serologies.

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear

Dutta et al., 2010%

India

Retrospective cohort

Sample size: 92

Percentage female: 40.2%

Population: Symptomatic patients (age: 32.8 + 17.4 years).

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Emami et al., 2012%°

Iran

Retrospective cohort

Sample size: 130

Percentage female: 67.7%
Middle eastern 100%

Population: Adult patients (mean age of 35.5+/-13.7) with
iron deficiency anemia

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear
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Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Harrison et al., 2013%

UK

Retrospective cohort

Sample size: 12289

Percentage female: Not reported

Population: Patients tested for celiac disease using IgA tTG.
4 were IgA deficient(had error reading for IgA tTG, but
elevated levels of IgG tTG

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Kaukinen et al., 1999*

Finland

Case control

Sample size: 26

Percentage female: 66.1%

Population: Patients with endocrine disorders with median
age of 37.7 years

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: High

Mansour et al., 2011%

Iraq

Prospective cohort

Sample size: 62

Percentage female: 40.3%

Population: Children and adults with diabetes 1. Mean age
23.4 years

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear
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Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Mozo et al., 2012%

Spain

Case control

Sample size: 200

Percentage female: 59.5%

Population: Children and adults diagnosed with CD or with
various digestive pathologies. CD children mean age 2,
control children mean age 2.8. CD adults mean age 39.1,
and control adults mean age 43.0.

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear

Nevoral et al., 2013*

Czech Republic

Retrospective cohort
Sample size: 345

Percentage female: Not reported

Population: Children and adolescents. 32 had first degree
relatives with CD, 60 had Type 1 diabetes, and 187 were
symptomatic

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Olen et al., 2012

Sweden

Retrospective cohort

Sample size:
537

Percentage female: 57.4%

Population: Children and adolescents under 18 years of
age. 71 children were under 2 years old. 16 were IgA
deficient.

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

22




Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Sakly et al., 2012%

Tunisia

Case control

Sample size: 297

Percentage female: Not reported

Population: Adult and pediatric patients with CD as well as
controls tested for IgA DGP

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear

Srinivas et al., 2014

UK

Retrospective cohort

Sample Size:
752

Percentage female: 66%

Population:

CD vs. without CD in each of these groups: with clinical
features of CD, serology profile, and duodenal macroscopic
appearance

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: High

Srinivas et al., 2013%

UK

Retrospective cohort

Sample size: 752

Percentage female: 66%

Population: Symptomatic patients classified into 4 clinical
groups: high risk of CD, low risk of CD, nutrient deficiencies
and screening for diabetes.

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

23




Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Sugai et al., 2010%

Country Not Reported

Prospective cohort

Sample size: 17

Percentage female: Not reported

Population: IgA tTG negative adults with villous atrophy

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: High

Swallow et al., 2013

UK

Retrospective cohort

Sample size: 756

Percentage female: Not reported

Population: Adults

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Low

Van Meensel et al., 2004

Belgium

Retrospective cohort

Sample size:175

Percentage female: 59.4%

Population: Children and adult patients with biopsy-
confirmed CD, with GFD, 5 were IgA deficient.

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear
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Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Vermeersch et al., 2010%

Belgium

Case control

Sample size: 827

Percentage female: 59.9%

Population: 86 consecutive CD patients (recruited between
August 1st 2000 and November 31st 2008) and 741
consecutive disease control patients (recruited between May
1st 2004 and October 31st 2007). The study population
consisted of 599 adults and 228 children with a mean age of
29 years

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear

Vermeersch et al., 2010%

Belgium

Case control

Sample size: 588

Percentage female: 64.1%

Population: 43 CD (mean age of 43.7) and 545 non-CD
(mean age of 39.8)

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear

Vermeersch et al., 2012%

Belgium

Case control

Sample size: 649

Percentage female: 59.2%

Population: Children and adults. Average age of celiac
patients is 30.0 and that of controls is 26.4.

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Unclear

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Unclear
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Author, Year, Country

Study Design, Sample Size

Percent Female, Percent of Each Ethnicity, Population

QUADAS

Wakim-Fleming et al.,
2014%

us

Prospective cohort

Sample Size:
204

Percentage female: 46.1%

White: 82.8%
Black: 13.3%
Asian: 0.49%
Latino: 2.9%
American Indian: 0.49%

Population:
Patients with biopsy proven cirrhosis

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Low

Walker, 2010 *®

Sweden

Prospective cohort

Sample size:
1,001

Percentage female: 51.2%

Population:
Random sample of general population, adults

QUADAS Domain 1
Biased patient selection: Low

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Low

Wolf et al., 2014%

Multiple European
countries

Case control

Sample size:
1071

Percentage female: 55%

Population:
Selective IgA deficiency (sIgAD) in 27 patients

QUADAS Domain 1
Biased patient selection: High

QUADAS Domain 2
Bias due to testing: Low

QUADAS Domain 3
Bias due to reference test: Low

QUADAS Domain 4
Could patient flow have introduced
bias: Low
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Author, Year, Country Study Design, Sample Size | Percent Female, Percent of Each Ethnicity, Population QUADAS

Zanini et al., 2012% Retrospective cohort Percentage female: 76% QUADAS Domain 1
Biased patient selection: High

Italy Sample size: 945 Population:
Adult patients, aged 16 to 82 years, with symptoms, QUADAS Domain 2
familiarity or presence of associated diseases. Mean age Bias due to testing: Unclear
36.5

QUADAS Domain 3
Bias due to reference test: Unclear

QUADAS Domain 4
Could patient flow have introduced
bias: Not Applicable

Au/ml = absorbance units per milliliter; CD = celiac disease; Cl = confidence interval; DGP = deamidated gliadin peptide (DGP); HLA = human leukocyte antigen; IgA =
immunoglobulin A; 1gG = immunoglobulin G; L = liter; NR = not reported; QUADAS = Quality Assessment of Diagnostic Studies; tTG = anti-tissue transglutaminase; U = units;
U/mL = units per milliliter.

27



Key Points

IgA tTG. A 2010 meta-analysis pooled 12 studies and found a sensitivity of 93.0 % (95% CI:
91.2%, 94.5%) and specificity of 96.5% (95% CI: 95.2%, 97.5%). A 2012 meta-analysis
restricted to point of care tests in children reported sensitivity and specificity of 96.4% (95% ClI:
94.3%, 97.9%) and 97.7% (95% CI: 95.8%, 99.0%) respectively when five studies were pooled.
A 2013 systematic review did not pool data and echoed these results. We sixteen studies
published after the prior SR search dates reported data needed for pooling; sensitivity was 92.6%
(95% CI: 90.2%, 94.5 %) and specificity 97.6% (95% CI: 96.3%, 98.5 %). LR+ was 40.19%
(95% ClI: 25.29, 62.22) and LR- was 0.08 (95% CI: 0.06, 0.10). Significant heterogeneity was
detected, as studies used a wide range of thresholds. Lower threshold levels increased sensitivity
while higher threshold levels increased specificity. Our sensitivity analysis excluding data for
threshold levels not used in clinical practice found sensitivity of 92.5% (95% CI: 89.7%, 94.6%)
and specificity of 97.9% (95% CI: 96.5%, 98.7%). Positive predictive value (PPV) was 89.4%
(95% CI: 88.3%, 90.5%) and negative predictive value (NPV) was 99.0% (95% CI: 98.8%,
99.1%).

IgA EmA. These tests have lower sensitivity than—and similar specificity to—IgA tTG tests,
as confirmed by three SRs and several subsequent studies. LR+ was 65.98 (95% CI:29.64,
126.33) and LR- was 0.21 (95% CI: 0.14, 0.30) in our pooled analysis of seven studies published
after the SRs, after dropping data points where Marsh 1 and 2 level atrophy was classified as CD
(not standard practice). Pooled sensitivity was 79.0% (95% CI: 71.0%, 86.0%%); specificity was
99.0% (95% CI: 98.4%, 99.4%). PPV was 78.9% (95% CI: 71.0%, 85.5%) and NPV was 99.1%
(95% CI: 98.6%, 99.5%). Significant heterogeneity was detected, likely due to variation in
patient populations.

IgA DGP. A 2010 SR pooled eleven studies; sensitivity was estimated at 87.8% (95% CI:
85.6%, 89.9%) and specificity at 94.1% (95% CI: 95.2%, 97.5%) for all age groups combined.
LR+ was 13.33 (95% CI: 9.64, 18.42) and LR- was 0.12 (95% CI: 0.08, 0.18). A 2012 SR
reviewed the three studies that included only children: Sensitivities ranged from 80.7% to 95.1%
(not pooled) and pooled specificity was estimated at 90.7% (95% CI: 87.8%, 93.1%). One new
study reported sensitivity of 97.0% and specificity of 90.7% in symptomatic adults and children
at one clinic, while another reported both sensitivity and specificity of 96% in a similar
population.

1gG DGP. A 2013 SR of seven studies of non-lgA-deficient adults reported sensitivities of
75.4% to 96.7% and specificities of 98.5% to 100%. A 2012 SR of three studies in non-IgA-
deficient children reported sensitivities of 80.1% to 98.6% and specificities of 86.0% to 96.9%.
Authors of these reviews did not pool data. A new study reported sensitivity of 95.0% and
specificity of 99.0% in 200 participants of all ages. In children under age seven, both sensitivity
and specificity were 100.0%

HLA-DQ2 and HLA-DQ8. No SRs of the accuracy of testing for HLA-DQ2 or DQ8 were
identified. These tests are used to rule out CD; the ACG estimates the negative predictive value
of the combination at over 99%.

Algorithms. Nine studies of algorithms were identified; all used tTG tests. Adding an EmA
test to a tTG test resulted in increased specificity, with either no change or a slight decrease in
sensitivity. Adding a DGP test to a tTG test resulted in increased sensitivity but decreased
specificity. However, more studies are needed to confirm the findings due to the wide range of
values reported and populations studied.
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Video capsule endoscopy. A previous SR of moderate quality pooled six studies and reported
sensitivity of 89% (95% CI: 82.0%, 94.0%) and specificity of 95% (95% CI: 89.0%, 99.0%).
LR+ was 12.90 (95% ClI: 2.89, 57.58) and LR- was 0.16 (95% CI: 0.10, 0.25).

Adherence to gluten free diet. A previous SR of low quality indicated that 42% to 91% of
adult CD patients in research studies strictly adhere to gluten-free diets; estimates varied
primarily due to the definition and measurement of “strict.” The SR included three studies that
reported no statistical difference in adherence levels between patients whose celiac disease was
detected via screening and those whose celiac disease was “symptom- detected.” Association
between specific diagnostic method and adherence was not addressed. We found only one study
on this topic. Of ten blood donors in Israel who tested positive by tTG, only four adhered to
gluten free diet; the other six patients did not believe they had CD, and four of those were told by
physicians that asymptomatic patients did not need to modify their diets.

Clinical outcomes, complications, or patient-centered outcomes. We identified no studies of
how these outcomes differ by initial diagnostic method.

Detailed Synthesis
Key Question la. Accuracy of Diagnostic Methods and Algorithms

Anti-tissue transglutaminase (tTG) tests. Four recent SRs assessed the accuracy of IgA
tTG tests in symptomatic adults and children. They are discussed below; corresponding data are
presented in Table 8. In 2010, Lewis®® published a meta-analysis that pooled 12 studies and
found a sensitivity of 93.0% (95% CI: 91.2%, 94.5%) and specificity of 96.5% (95% CI: 95.2%,
97.5%). LR+ was 25.62 (95% CI: 15.64, 41.99) and LR- was 0.07 (95% CI: 0.05, 0.12).
Significant heterogeneity was detected. The previous year, the NICE clinical guidelines® reported
that based on 19 studies, sensitivities ranged from 38% to 100% and specificities ranged from
25% to 100%; pooling was not performed.

In another systematic review, Giersiepen, 2012%° compared the accuracy of IgA tTG tests by
assay method in children. Fifteen studies using ELISA reported sensitivities from 73.9% to
100% and specificities from 77.89% to 100%. Data were not pooled due to heterogeneity. Three
studies using receptor binding assay (RBA) reported sensitivities ranging from 89.0% to 100%;
pooled specificity was 95.6% (95% ClI: 91.3%, 98.5%). Pooled sensitivity and specificity were
96.4% (95% CI: 94.3%, 97.9%) and 97.7% (95% CI: 95.8%, 99.0%) respectively in five point-
of-care tests. Finally, Collatz-Schyum and colleagues (2013)** reported in their systematic
review that sensitivities ranged from 76.0% to 96.8% and specificities from 90.9% to 98.0% in
eight studies of adults.

Collatz-Schyum®! and NICE each reported accuracy results from two studies of IgG tTG
tests. The populations were heterogeneous, with some including IgA deficient subjects. Evidence
is insufficient to estimate accuracy of this test in the non-IgA-deficient population.

Three of the SRs were of moderate quality. The NICE review did not present a table of
characteristics of the included studies, Giersipen did not report whether dual selection or
abstraction was used, and Lewis did not report an a priori design or protocol. Schyum's review
was poor quality; the quality of the included studies was not assessed, and it was unclear whether
studies were screened and abstracted in duplicate. A full assessment of the quality of each SR
using the AMSTAR criteria is presented as Appendix E.
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Table 8. Systematic reviews of tTG tests

Reference Serolog | # of Studies # Baseline Threshold Method for Sensitivity Specificity Additional
ic Test Participants | Prevalence | for Positive Pooling Information
Lewis, Scott, 2010 >° IgAtTG | 13 (5 adult, 2 NR NR The DerSimonian | 93.0% (95% 96.5% (95% LR+ = 25.62 (95% ClI:
children, 6 Spearman Laird Cl: 91.2-94.5) | CI: 95.2-97.5) | 15.64,41.99) LR- =
child/adult; 1 correlation method in a 0.07 (95% CI: 0.05,
study did not coefficient random 0.12)
report (calculated effects
information to between the model
calculate log odds of
sensitivity) sensitivity
and 1-
specificity)
gave no
indication of a
threshold
effect (0.34,
p=0.28).
NICE Clinical Guidelines, | IgAtTG | 19 (6 child, 9 4,799 NR NR None Range 38 to Range 25 to One study that
20098 adult, 4 100% 100% compared children <=2
child/adult) (adults 71 to (adults 65 to years old vs. >2 years
100%) 100%) old found IgA tTG and
(children 89 to | (children 25to | IgA EmA to be similarly
100%) 100%) accurate.
Giersiepen et al., 2012% | IgAtTG | 15 child 1,694 CD; 59.82% cut-off given | None 73.91t0100% | 77.8 to 100%
(ELISA 1,138 non- by (not pooled (not pooled
only) CD manufacturer due to due to
heterogeneity) | heterogeneity)
Giersiepen et al., 2012 % | IgA 3 child 255 CD; 146 | 63.59% cut-off given | MetaDiSc 89.0t0 100% | 95.9% (95%
tTG(RB non-CD by Software; (not pooled Cl: 91.3-98.5)
As only) manufacturer | weighted due to
based on heterogeneity)
sample size
Giersiepen et al., 2012 % | |gA TG2 | 5 child 470 CD; 399 | 54.09% cut-off given | MetaDiSc 96.4% (95% 97.7% (95%
POC non-CD by Software; Cl: 94.3-97.9) | Cl: 95.8-99.0)
(point of manufacturer | weighted
care) based on
sample size
NICE Clinical Guidelines, | IgGtTG | 2 (1 adult, 1 365 NR NR None 2310 85% 89 to 98%
2009° child/adult)
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Reference Serolog | # of Studies # Baseline Threshold Method for Sensitivity Specificity Additional
ic Test Participants | Prevalence | for Positive Pooling Information
Schyum, 2013 * IgAtTG | 8 adult 3,871 39.1% to 20 U/ml None 76.0% to 90.9% to
44.9% in 96.8% 98.0%
cohorts
Schyum, 2013 IgG tTG | 2 adult Unclear NR NR None 41.4% to 98.8%
84.2%

tTG = anti-tissue transglutaminase; IgA = immunoglobulin A; ELISA = enzyme-linked immunosorbent assay; 1gG = immunoglobulin G; NICE = National Institute for Clinical Excellence; NR = not
reported; CD = celiac disease; Cl = confidence interval RBA= radio blinding assays.
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We identified 19 additional original studies reporting accuracy of tTG IgA tests. Study
characteristics and risk of bias are displayed in Table 7 at the beginning of this chapter. Three
included only IgA-deficient individuals** *>? and will be discussed in the results for Key
Question 3 on populations of special interest. The pooled sensitivity and specificity results for
the sixteen other studies®’: > 37 31,40 32,39, 48,50,54, 58 35, 36,53 42,51 are displayed in Figure 3 and
Table 9 below. (Data from the 16 new studies could not be pooled with the results of the prior
published meta-analyses because the prior reviews did not report the number of true and false
positives and negatives by arm for each study.) Pooled sensitivity was 92.6% (95% CI: 90.2%,
94.5%) and pooled specificity was 97.6% (95% CI: 96.3%, 98.5%). The LR+ was 40.19 (95%
Cl: 25.29, 62.22) and the LR- was 0.08 (95% CI: 0.06, 0.10). We did not calculate a summary
ROC because the data reported high accuracy at a wide variety of threshold levels. The
sensitivity and specificity obtained in our pooled analysis are not statistically different from
those of the recent Lewis meta-analysis and confirm the high accuracy rate of tTG tests in non-
IgA deficient individuals. The I-squared value in our analysis was 96.9%, indicating evidence of
heterogeneity, likely due to the wide range of threshold levels used in the studies.

Figure 3. Sensitivity and specificity results for tissue transglutaminase immunoglobulin A tests
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Table 9. Accuracy of tTG IgA tests
True False False True
Positive  Negative Positive Negative Sensitivity  Specificity
tTG IgA Threshold
yan Meensel | 264 kiounits/iL | 101 4 1 69 0.96 0.99
Dahlbom, 3UmiL 170 0 1 130 1.00 0.99
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True False False True
Positive  Negative Positive Negative Sensitivity  Specificity
tTG IgA Threshold
2010%
\2/8‘8 4'\5’199”39" 3.13 kilounits/L | 101 4 1 69 0.96 0.99
\2’88 4'\5’Jee”5e" 3.69 kilounits/L | 101 4 0 70 0.96 1.00
van 4'2’1‘3‘3”59" 4 kilounits/L 98 7 1 69 0.93 0.99
4.43 kilounits/L | 104 1 1 69 0.99 0.99
5 kilounits/L 08 7 1 69 0.93 0.99
36
van Yeensel | 7 kilounits/L 96 9 0 70 0.91 1.00
7 kilounits/L 102 3 0 70 0.97 1.00
gg{rgﬁers‘:h' 7 U/imL NR NR NR NR 0.95 0.93
yermeerseh. | 7 umL NR NR NR NR 0.81 0.99
o 58
Zanini, 2012\ 7 yjmL NR NR NR NR 0.95 0.76
yan Yieensel. | 7.16 kilounits/L | 102 3 0 70 0.97 1.00
7.98 kilounits | 101 4 0 70 0.96 1.00
Zanini, 2012 | g y/mL NR NR NR NR 0.88 0.92
\2/8‘8 4'\5’199”39" 9.73 kilounits/L | 99 6 0 70 0.94 1.00
10 kilounits/L | 99 70 0.94 1.00
Emami, 2012°%° 10 AU/mL 5 113 0.38 0.97
Srinivas, 2013% | 10 U/mL NR NR NR NR 0.84 0.96
Wolf, 2014 > 10 ULN 310 10(32 | 2(17grey | 673 0.88 0.97
grey zone)
zone)
— a7
Srinivas, 2014 ™ | 10 ju/mL 73 15 29 635 0.83 0.96
van 4'2’1‘3‘3”59" 15 kilounits 99 6 0 70 0.94 1.00
\Z/ggggefsch' 15 U/mL NR NR NR NR 0.86 0.95
Mansour, 20117 | 15 y/mL 5 2 4 51 0.71 0.93
Zanini, 2012 | 16 U/mL NR NR NR NR 0.89 0.88
Basso, 20117 | 17,5 u/mL NR NR NR NR 0.95 0.97
yan Yieensel. | 19,05 kilounits/L | 98 7 0 70 0.93 1.00
20 kilounits/L | 102 3 3 67 0.97 0.96
20 kilounits/L | 98 7 0 70 0.93 1.00
yermeerseh. | 20 umL NR NR NR NR 0.84 0.96
Basso, 2011 | 20 u/mL NR NR NR NR 0.94 0.97
\2/\(/)allzlr?5-Flemmg. 20 U 5 0 7 192 1.00 0.96
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True False False True
Positive  Negative Positive Negative Sensitivity  Specificity

tTG IgA Threshold
Wolf, 2014°" | 50 yymL 342 10 19 673 0.97 0.97
yan Meensel | 20.47 kilounits | 102 3 0 70 0.97 1.00
Zanini, 2012° | 21 y/mL NR NR NR NR 0.38 0.97
Basso, 2011% | 24 u/mL NR NR NR NR 0.96 0.81
Zanini, 2012 24 UL NR NR NR NR 0.59 0.99

35 UImL NR NR NR NR 0.10 1.00
yan Meensel | 4o kilounits/L | 101 4 3 67 0.96 0.96
Zanini, 2012° | 40 U/mL NR NR NR NR 0.43 1.00

48 U/mL NR NR NR NR 0.70 0.59
yan Yeensel | soilounitsi. | 98 7 5 65 0.93 0.93

56.9 kilounits/L | 96 9 1 69 0.91 0.99
Basso, 2011% | 75.6 U/mL NR NR NR NR 0.91 0.97
Zanini, 2012% | go (ymL NR NR NR NR 0.59 0.43
Basso, 2011% | 100 U/mL NR NR NR NR 0.76 1.00

909.3 U/mL NR NR NR NR 0.63 1.00
Barada, 2014” | \p NR NR NR NR 0.72 0.98
Harrison, 2013 | \p 66 10 11 12202 | 0.87 1.00
Swallow, 2013% | NR 5 2 72 654 0.75 0.90

NR 26 4 72 654 0.87 0.90

NR 20 3 77 656 0.88 0.90

Pooled Results* Sensitivity: 0.93 (0.90, 0.95) Specificity: 0.98 (0.96, 0.99)

*pooled results include only studies with all information (true and false negatives and positives) reported

tTG = anti-tissue transglutaminase; IgA = immunoglobulin A; U = unit; mL = milliliter; grey zone = indeterminate
results; NR = not reported.

Different laboratories or test manufacturers may define “positive” celiac disease diagnosis
using different threshold levels of IgA tTG. Due to the wide range of thresholds used in the
research studies and the heterogeneity identified in our meta-analysis, we conducted a sensitivity
analysis by omitting accuracy results for thresholds not used in clinical practice. This pooled
analysis of tests that used threshold levels of less than 40 U/mL resulted in sensitivity of 92.5%
(95% CI: 89.7%, 94.6%) and specificity of 97.9% (95% CI: 96.5%, 98.7%). This result does not
differ significantly from the results when all thresholds were pooled. Positive predictive value
(PPV) was 89.4% (95% CI: 88.3%, 90.5%) and negative predictive value was 99.0% (95% CI:
98.8%, 99.1%).

Figure 4 displays sensitivity and specificity by threshold or “cut-off” where reported. Data
were insufficient to pool by threshold level, but diagnostic thresholds of 31 to 40 U/ml reported
low sensitivity, and thresholds of 40 U/ml or higher reported very low sensitivity. The higher
thresholds are not currently recommended; they were reported by studies that aimed to define a
cut-off value of tTG antibody with 100% specificity®" ®* or high positive likelihood ratio for
duodenal atrophy in patients with suspected celiac disease®® One study concluded that a cutoff
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level five-fold higher than the upper limit of normal is 100% specific for duodenal atrophy and
using this cut-off could prevent the need for biopsy in one-third of patients.*®

Figure 4. Accuracy by threshold level for tissue transglutaminase immunoglobulin A
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Endomysial antibodies (EmA) tests. Three recent SRs of IgA EmA tests were identified. A
review conducted for the 2009 NICE clinical guidelines® included 23 studies: 10 of children,
nine of adults, and four of both adults and children. Sensitivity ranged from 68% to 100%, while
specificity ranged from 77% to 100%. Pooling was not performed. Giersiepen®® included 11
studies of IgA EmA accuracy in children. Sensitivity ranged from 82.6% to 100%. Pooled
specificity was 98.2% (95% CI: 96.7%, 99.1%). Finally, Schyum, 2013%" described four studies
of adults that were included in the previous reviews; pooling was not conducted. As mentioned

above, quality of the NICE and Giersiepen SRs was rated as moderate. Data are presented in
Table 10.
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Table 10. Systematic reviews of EmA IgA tests

Reference Serologic | # of Studies # Baseline Threshold for | Method Sensitivity Specificity | Additional
Test Participants | Prevalence | Positive for Information
Pooling
Giersiepen et al., 2012 IgA EmA | 11 child 1,034 CD; 64.95% cut-off given Weighted | 82.6 to 100% 98.2%
558 non-CD by based on | (not pooled due | (95% CI:
manufacturer sample to 96.7-99.1)
size heterogeneity)
NICE Clinical Guidelines, IgA EmA | 23 (10 child, 9 5,529 NR NR None Range 68 to Range 89 Reported results
20098 adult, 4 child/adult) 100% to 100% on 1 study that
(adults 68 to (adults 94 | compared
100%) to 100%) children <=2
(children 46 to (children years old vs. >2
100%) 77 to years old and
100%) found IgA tTG
and IgA EMA to
have similar
accuracy.
Schyum, 2013 o1 IgA EmA 4 adult 2,537 Unclear NR None 61.0% t0 93.7% | 98.0% to
100%

EmA = endomysial antibodies; IgA = immunoglobulin A; CD = celiac disease; Cl = confidence interval NICE= National Institute for Clinical Excellence; NR = not reported.
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Seven additional studies that reported sensitivity and specificity of IgA EmA tests®! 3% 3642 47,0

> were identified. Accuracy results are displayed in Figure 5 and Table 11. Swallow (2013)°
reported results for three different biopsy reference standards (definitions of celiac disease):

a) Marsh 1-2 villous atrophy, b) Marsh 1-3 villous atrophy, and ¢) Marsh 3villous atrophy.
Sensitivities were 42.9%, 73.3%, and 82.6%, respectively.

Two studies®" * reported inadequate data for inclusion in pooling. Our pooling of the seven
available data points resulted in sensitivity of 76.6% (95% CI: 68.7%, 82.9%) and specificity of
99.0% (95% CI: 98.4%, 99.4%). After excluding the two data points where, contrary to standard
practice, Marsh 1 and 2 level villous atrophy were classified as CD , pooled sensitivity was
79.0% (95% CI: 71.0%, 86.0%) and pooled specificity was 99.0% (95% CI: 98.4%, 99.4%).
LR+ was 65.98 (95% CI: 29.64, 126.33) and LR- was 0.21 (95% CI: 0.14, 0.30). Positive
predictive value (PPV) was 78.9% (95% CI: 71.0%, 85.5%) and negative predictive value was
99.1% (95% CI: 98.6%, 99.5%). I-squared value was 81.8%, indicating evidence of
heterogeneity. These accuracy results support findings of prior systematic reviews.,

Figure 5. Accuracy of endomysial antibodies immunoglobulin A studies published after NICE and
ESPGHAN systematic reviews
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Table 11. Accuracy of EmA IgA tests in studies published after NICE and ESPGHAN systematic
reviews

True False False True
Threshold Positive  Negative Positive  Negative Sensitivity  Specificity
Mansour, 2011* 20 U/mL 5 2 2 53 0.71 0.96
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True False False True

Threshold Positive Negative Positive Negative Sensitivity  Specificity
Barada, 2014%!  NR NR NR NR NR 0.72 1.00
NR, Marsh 1-
3classified as
Swallow, 2013%°  celiac 3 4 4 722 0.43 1.00
NR, Marsh 2 &
3 classified as
celiac 22 8 4 722 0.73 1.00
NR, March 3
classified as
celiac 19 4 7 726 0.83 0.99
Wakim-Fleming, Serum dilution
2014 *° >1/10 5 0 0 199 1.00 1.00
Srinivas, 2014 % NR 70 18 5 659 0.80 0.99
Cekin, 2012% NR 6 0 1 77 1.00 0.99
Serum dilution
Dahle, 2010% 1/5 NR NR NR NR 0.61 1.00
Pooled Results* Sensitivity: 0.77 (0.69,0.83) Specificity: 0.99 (0.98,0.99)

*Pooled results include only studies with all information (false and true negatives and positives) reported.

EmA = endomysial antibodies; IgA = immunoglobulin A; NICE = National Institute for Clinical Excellence; ESPGHAN =
European Society for Paediatric Gastroenterology Hepatology and Nutrition; U = unit; mL = milliliter; NR = not reported.

Deamidated gliadin peptide (DGP) antibodies test —IgA. Four recent SRs of DGP tests were
identified; details are presented in Table 12. The 2009 NICE guideline report® identified only
two studies of IgA DGP. Both studies were included in a 2010 review by Lewis and colleagues
of 12 studies;>® we were able to pool eleven studies and sensitivity was estimated at 87.8% (95%
Cl: 85.6%, 89.9%) while pooled specificity was 94.1% (95% CI: 92.5%, 95.5%). LR+ was
13.33 (95% CI: 9.64, 18.42) and LR- was 0.12 (95% CI: 0.08, 0.18). Significant heterogeneity
was detected. Giersiepen® reviewed three studies of IgA DGP accuracy in children that were
included in the Lewis SR. Sensitivity ranged from 80.7% to 95.1% (not pooled) and specificity
was estimated at 90.7% (95% CI: 87.8%, 93.1%). Schyum ®* identified seven studies in adults;
sensitivity ranged from 69.0% to 98.4% while specificity ranged from 90.3% to 98.0%.

We identified three studies not included in prior SRs* *° ** that reported sensitivity and
specificity of IgA DGP tests in non-IgA-deficient individuals. Sugai*® assessed accuracy in 17
IgA tTG-negative patients with villous atrophy; results will be discussed under Key Question 3,
which considers populations of special interest (previously seronegative subjects). Sakly*®
reported sensitivity of 97.0% and specificity of 90.7% in 297 symptomatic adults and children at
one clinic. Mozo (2012)*® conducted a case-control study in Spain that included 100 newly
diagnosed adults and children and 100 age-matched controls. (Six patients were IgA deficient.)
Both sensitivity and specificity of IgA DGP were 96.0% and AUC was 98.8%.

Deamidated gliadin peptide (DGP) antibodies test —1gG. Two recent SRs reported accuracy of
IgG DGP tests in non-IgA deficient subjects. Details are displayed in Table 12. Giersiepen, 2012
% reported sensitivity ranging from 80.1% to 98.6% and specificity from 86.0% to 96.9% in
three studies of children. In a SR of seven studies of adults compiled by Schyum, sensitivity
ranged from 75.4% to 96.7%,%" while specificity ranged from 98.5% to 100%.

We identified one study of 1IgG DGP tests published after these systematic reviews. In the case
control study noted above, Mozo (2012)* reported sensitivity and specificity of 19G DGP test
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were 95.0% and 99.0% respectively, with AUC of 99.5%. In children age seven or younger, both
sensitivity and specificity of IgG DGP were 100.0%.

39



Table 12. Systematic reviews of DGP tests

Reference Serologic # of Studies | # Participants | Baseline Threshold Method for Sensitivity Specificity Additional
Test Prevalence | for Positive | Pooling Information
NICE Clinical DGP-based | 2 (1 children, | 317 NR NR none Range 90.8 to Range 93.8 to Studies
Guidelines, 2009° assays 1 adult) 100% (adults 96.7 | 100% (adults described
to 100%) 93.8 to 100%) narratively
(children 90.8 to (children 94.7 to
100%) 98.2%)
Giersiepen et al., 2012 IgA DGP 3 children 422 CD; 346 54.95% cut-off given | MetaDiSc 80.7t0 95.1% 90.7% (95% CI:
60 non-CD by Software; (not pooled due 87.8-93.1)
manufacturer | weighted to heterogeneity)
based on
sample size
Lewis, Scott 2010 *° IgA DGP 12 (1 study NR NR The Meta-DiSc 87.8% (95% ClI: 94.1% (95% Cl: | LR+ =13.33
did not report Spearman and STATA; | 85.6-89.9) 92.5-95.5) (95% CI: 9.64,
information correlation DerSimonian 18.42)
to calculate coefficient Laird LR-=0.12
sensitivity; 4 (calculated method in a (%% CI: 0.08,
adult, 2 between the random 0.18)
children, 6 log odds of effects
child/adult) sensitivity model
and 1-
specificity)
gave no
indication of
a threshold
effect (-0.23,
p=0.50).
Schyum, 2013 ** IgA DGP 7 adult 2,555 Unclear NR None 69.0% t0 98.4% | 90.3% to 98.0%
Schyum, 2013% IgG DGP 7 adult 2,322 Unclear NR None 75.4% 10 96.7% | 98.5% to 100%
Giersiepen, 2012% IgG DGP 3 children 422 CD, 54.95% NR None 80.1% to 98.6% 86.0% to 96.9%
346 non-CD

IgA= immunoglobulin A; DGP= deamidated gliadin peptide; NICE= National Institute for Clinical Excellence; NR = not reported; CD = celiac disease; Cl: confidence interval.
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Human leukocyte antigen (HLA) DQ2 and DQS8. These tests are used to rule out CD, as
the ACG® estimates the negative predictive value of the combination at over 99%. It is estimated
that 95% of CD patients are positive for HLA-DQ2, and the remainder are positive for HLA-
DQ8. Patients who test negative for HLA-DQ2 and HLA-DQ8 simultaneously will rarely
undergo further testing for CD. One SR®* discussed studies of HLA typing but did not report
sensitivity or specificity.

Algorithms. We identified nine studies that used multiple serological tests simultaneously in
diagnostic algorithms. Each algorithm combined a tTG screen with an additional serological test.
Accuracy results are displayed in Table 13 below. Data could not be pooled due to study
heterogeneity. Algorithms that combined a tTG test and EmA test had sensitivity ranging from
57% to 93% and specificity from 64% to 99%. One study™ reported low sensitivity when the
definition of celiac disease included patients with Marsh 1-2 level atrophy. In the same study,
when only patients with atrophy level Marsh 3 or higher were considered to have celiac disease,
sensitivity was 87% and specificity was 97%.

Algorithms combining tTG and DGP screens reported sensitivity ranging from 65% to 97%
and specificity from 80% to 100%. Low sensitivity (65%) was reported when a threshold of 145
U/ml was used for tTG test. However, this is not common clinical practice: The authors used this
high threshold level to achieve specificity of 100%. A high threshold was also used by Sugai*®
for the same purpose. Of note, two new combined tTG IgA + DGP IgG tests reported high
sensitivity and specificity.>

While this report underwent peer review, we identified a SR that included three studies of
combination assays.®* Two were already included in this report; the third did not meet our
inclusion criteria.

In general, the sensitivity and specificity of algorithms were not significantly higher than that
of the individual tests used alone, and it is unclear whether the small increases in accuracy are
clinically meaningful.
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Table 13. Accuracy of algorithms

True False False True
Test Type Notes Positive  Negative Positive Negative Sensitivity Specificity
Barada, 2014°" tTG IgA, DGP IgA Symptomatic adults in 13 5 25 955 0.722 0.974
Lebanon
tTG IgA Symptomatic adults in 13 5 16 965 0.722 0.984
Lebanon
EmA IgA Symptomatic adults in 13 5 3 978 0.722 0.995
Lebanon
Basso, 2011% tTG IgA, DGP IgA Children, threshold 145 NR NR NR NR 0.653 1.000
U/ml
tTG IgA Children, threshold 100 NR NR NR NR 0.757 1.000
U/ml
tTG IgA, DGP IgA Children, threshold 20 NR NR NR NR 0.967 0.898
U/ml
tTG IgA Children, threshold 20 NR NR NR NR 0.942 0.973
U/ml
tTG IgA, DGP IgA Children, Threshold 32 NR NR NR NR 0.945 0.957
U/ml
tTG IgA Children, Threshold 17.5 NR NR NR NR 0.945 0.971
U/ml
Dahle, 2010%° tTG IgG or IgA combined w/ DGP IgG or IgA Symptomatic adults, NR NR NR NR 0.91 0.80
Threshold 20 Au/mL
tTG IgG or IgA combined w/ DGP IgG or IgA Symptomatic adults, NR NR NR NR 0.85 0.98
Threshold 35 Au/ml
tTG IgA Symptomatic adults, NR NR NR NR 0.76 0.95
Threshold 5 U/mL
DGP IgG or IgA Symptomatic adults, NR NR NR NR 0.87 0.96
Threshold 20 Au/mL
EmA IgA Symptomatic adults NR NR NR NR 0.61 1.00
Nevoral, 2013* tTG IgA, EmA IgA Marsh 2 or 3 NR NR NR NR 0.76 0.85
tTG IgA, EmA IgA First degree relatives NR NR NR NR 0.81 0.70
tTG IgA, EmA IgA Asymptomatic Marsh 2 NR NR NR NR 0.83 0.67
or3
tTG IgA, EmA IgA Type 1 diabetes NR NR NR NR 0.93 0.64
Srinivas, 2013 tTG IgA, EmA IgA Symptomatic or Type 1 NR NR NR NR 0.83 0.99
Diabetes
tTG IgA Symptomatic or Type 1 NR NR NR NR 0.84 0.96
Diabetes
EmA IgA Symptomatic or Type 1 NR NR NR NR 0.83 0.99

Diabetes
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True False False True

Test Type Notes Positive  Negative Positive Negative Sensitivity Specificity
Sugai, 2010%° tTG IgA, DGP IgA or IgG tTG positive and 6 8 0 3 0.43 1.00
negative patients with
enteropathy
Swallow, 2013% tTG IgA, EmA IgA - NICE two step strategy Adults, Marsh 1-2 4 3 20 706 0.57 0.97
considered celiac
tTG IgA, EmA IgA - NICE two step strategy Adults, Marsh 1-3 24 6 20 706 0.80 0.97
considered celiac
tTG IgA, EmA IgA - NICE two step strategy Adults, Marsh 3 20 3 23 710 0.87 0.97
considered celiac
tTG IgA, 2008-2009 data Adults, Marsh 3 NR NR NR NR 0.875 0.895
considered celiac
EmA IgA, 2008-2009 data Adults, Marsh 3 NR NR NR NR 0.826 0.991
considered celiac
Vermeersch, tTG IgA, DGP IgG combined screen Adults, Brand 1 NR NR NR NR 0.897 0.933
2012%
tTG IgA, DGP IgG combined screen Adults, Brand 2 NR NR NR NR 0.888 0.956
tTG IgA Adults, Brand 1 NR NR NR NR 0.841 0.959
tTG IgA Adults, Brand 2 NR NR NR NR 0.813 0.985
DGP IgG Adults, Brand 1 NR NR NR NR 0.850 0.993
DGP IgG Adults, Brand 2 NR NR NR NR 0.869 0.956
Wolf, 2014 >’ tTG IgA, DGP IgG Children without 314 8 (30 2 (31 659 0.892 0.952
IgA deficiency grey grey
zone) zone)
tTG IgA, DGP IgG Children with 7 6 (11 0 3 0.292 1.000
IgA deficiency grey
zone

tTG = anti-tissue transglutaminase; IgA= immunoglobulin A; DGP = deamidated gliadin peptide antibodies; IgG= immunoglobulin G; EmA = endomysial antibodies; NICE = National Institute for
Clinical Excellence; ClI = confidence interval; grey zone = indeterminate results; NR = not reported.
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Video capsule endoscopy. We identified two systematic reviews (SR) on the accuracy of
video capsule endoscopy (VCE). A 2012 SR®® by Rokkas and colleagues included six studies,
three of which represented all studies included in the prior SR® by El-Matary on the topic. The
Rokkas SR pooled five studies with a total of 166 subjects; sensitivity of 89% (95% CI: 82.0%,
94.0%) and specificity of 95% (95% CI: 89.0%, 99.0%) were reported. LR+ was 12.90 (95% CI:
2.89, 57.58), and LR- was 0.16 (95% CI: 0.10, 0.25).

Data are presented in Table 14 below. The Area under the Curve (AUC) of the weighted
symmetric summary ROC curve was 0.95. The quality of this SR was rated moderate, as the
publication made no mention of assessment of the quality of the included studies. In addition,
patient ages and symptomatology were not described. No additional studies of the accuracy of
VCE that met our inclusion criteria were identified.

Table 14. Video capsule endoscopy

Reference # of # of Baseline Method for Sensitivity | Specificity
Studies | Participants | Prevalence | Pooling

El-Matary, 3 107 58.88% Simple pooling 83% (95% 95% (95%
2009% method with Cls Cl: 71- Cl: 88-
computed by using | 90%) 99.6%)
the modified-Wald
approach.
Rokkas & Niv, 6 166 NR Mantel Haenszel 89% (95% 95% (95%
2012°% method Cl: 82- Cl: 89-98%)
94%)

CI = confidence interval; NR = not reported.

Key Question 1b. Intermediate Outcomes Such as Clinical
Decisionmaking and Dietary Compliance

We identified a 2009 SR on factors associated with adherence to gluten-free diet in adult
celiac disease patients.”® The authors identified 38 studies published between January 1980, and
November 2007. Studies were included regardless of whether adherence was a primary or
secondary focus. The quality of the review was rated low according to AMSTAR criteria (see
appendix). The rate of “strict” adherence ranged from 42% to 91% in the included studies and
varied by definition of “strict” and whether adherence was measured by self-report or estimated
via biological markers. Most factors investigated were socio-demographic; none of the 38 studies
compared adherence by type of diagnostic test. Three included studies reported no statistical
difference in adherence levels between patients whose celiac disease was detected via screening
and those whose celiac disease was “symptom- detected.” These three studies were conducted in
adults in the U.S. and Western Europe after 2001, and each enrolled 100 or fewer CD patients.

We identified one additional relevant study, whose results conflict with those reported in the
2009 SR. This study, conducted in Israel, sheds light on clinician and patient decisionmaking
after asymptomatic individuals screened positive. In 2007, researchers conducted a study on
prevalence of CD by screening 1,571 healthy adult blood donors using the IgA-tTG (or IgG-tTG
for 1gA deficient. °® The fifty-nine patients who tested positive were given their results and
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counseled; 51 participated in a telephone interview about three years later. Only 30 had
undergone biopsy; of these 30, ten were diagnosed with CD. Four of the ten strictly adhered to a
gluten-free diet; the other six did not believe they had celiac disease, because they considered
themselves asymptomatic. Four of these six reported having been told by their physicians (two
gastroenterologists, two primary care physicians) to ignore the test results because there was no
need for asymptomatic patients to modify their diet. Of the 29 who did not undergo biopsy,
twelve consulted a physician, and nine of these twelve were advised against biopsy due to lack of
symptoms. While this study provides interesting information, risk of bias is high (the sample size
is small and the information on clinical and patient decisionmaking is self-reported rather than
assessed via medical record) and applicability to the current U.S. situation is not certain.

We identified no other studies of how clinical decisions differ by method of patient
diagnosis. The official guidance on clinical management of celiac disease does not differ after
the initial diagnosis is finalized.

Key Question 1c. Clinical Outcomes and Complications Related to CD

No studies reporting how clinical outcomes or complications differ by diagnostic method
were identified. Differences due to false negative results are discussed in the results section for
Key Question 4.

Key Question 1d. Patient-Centered Outcomes Such as QOL and
Symptoms

No studies reporting how patient-centered outcomes differ by diagnostic method were
identified. Differences due to false negative results are discussed in the results section for Key
Question 4.

Key Question 2. Duodenal Biopsy Issues

Key Points

One very large retrospective national study found that in the U.S., adherence to American
Gastroenterological Association duodenal biopsy protocol (4+ specimens) was worse at
endoscopy suites with a higher volume of endoscopies with duodenal biopsy, while adherence
was better at endoscopy suites with a higher number of gastroenterologists.

Three retrospective studies evaluating inter-observer variability in histological diagnosis of
CD between different pathologists and clinical settings indicate that CD-related histological
findings are underdiagnosed in community-based hospital- and practice settings when compared
to academic settings.

Two previous SRs and several additional primary studies indicate that the number and
location of biopsy specimens influence diagnostic findings of biopsy, and they recommend
taking multiple specimens from different sites of the duodenum.

A 2013 SR of high quality on clinical response to gluten challenge indicates that a 3-month
gluten challenge with a moderate-to-high dose (e.g., 15g daily) should be sufficient to diagnose
the majority of CD patients; however, based on more recent data, the ACG recommends three
grams daily for two weeks and six additional weeks if tolerable for adults.

45



Detailed Synthesis

Key Question 2a. Characteristics of Pathologists and Health Care

Providers

One of the Key Questions for this systematic review is whether the likelihood of positive
diagnosis with endoscopy with duodenal biopsy varies depending on the characteristic of
pathologists or other medical staff (e.g. level of training or experience). Four studies addressing
this issue were identified; results are displayed in Table 15. In their study of the influence of
provider characteristics (e.g. procedure volume [defined by the number of endoscopies with
duodenal biopsy performed] and the number of physicians in each endoscopy suite) on
adherence to the American Gastroenterological Association’s protocol (submissions of four or
more specimens during duodenal biopsy), Lebwohl and colleagues (2013) found that adherence
reduced with increasing procedure volume, but increased with increasing number of
gastroenterologists working in an endoscopy suite.®’

Three studies investigated the inter-observer variability in the histological diagnosis of CD
between different pathologists and clinical settings. In a study from the Netherlands in which the
histological diagnoses of suspected pediatric CD patients were reviewed,®® Mubarak et al. (2011)
found a moderate inter-observer agreement (k=0.486) in the Marsh classification of the villous
atrophy of biopsy specimens between the referring/originating pathologist and the study
pathologist as well as a high inter-observer agreement (k=0.850) for CD diagnosis. A similar
study by Arguelles-Grande et al. from a US center in 2012 found the inter-observer agreement in
pathologists’ diagnosis—based on biopsy interpretation—between the pathologist in the study
hospital and the pathologist in the referring or originating hospital to be moderate (k=0.529,
p<0.0001), leading to a 20% increase in CD diagnosis.*® The same study examined inter-
observer agreement by type of pathology practice setting and found it ranged between ‘very
good’ when the study hospital was compared with other university hospitals (k=0.888) and
‘moderate’ when the study hospital was compared with community hospitals or commercial
pathology laboratories (k=0.465 and k=0.419, respectively) (Arguelles-Grande et al. 2012). A
study in Argentina that evaluated the accuracy of the histologic diagnosis of CD performed in a
community clinical setting compared with that of an experienced academic center found a
divergence of 46.3% in diagnosis and a poor agreement (k=0.16) between settings (Sanchez et al.
2007).”° These studies support that CD-related histological findings are underdiagnosed in
community-based hospital and practice settings.
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Table 15. Diagnosis by duodenal biopsy: Variation by pathologist and setting characteristics

Study

(Author, Study Objective Methodology/Data ngple Results
Dource Size/ Pop.
Year)
Picarelli et Verified the correct and uniform application | Evaluation of 66 active CD | The strength of agreement was good/very good for
al., 2014 of Marsh—Oberhuber criteria, observing histological findings of | patients and | Marsh—Oberhuber classification (Kappa statistic: 0.54-
their reliability and diagnostic accuracy in duodenal biopsies by 48 controls 0.78) as well as CD diagnosis (Kappa statistic: 0.78).
CD diagnosis by testing the repeatability of | five different with no CD.
histological evaluation of the same histologists not aware
histological samples carried out by 5 of patients’ clinical
different operators (histologists). data.
(the most experienced
histologist in CD, was
used as standard for
comparison)
Lebwohl et | Studied the influence of provider National pathology 92,580 Reduced adherence was observed with higher
al.,2013% characteristics (procedure volume, defined | database/ Multivariate | adults with procedure volume [odds ratio (OR) for each additional
by the number of endoscopies with analysis. potential CD | 100 procedures, 0.92; 95% CI, 0.88-0.97; P = 0.002]. An
duodenal biopsy performed, the number of increased adherence was reported for
physicians in each endoscopy suite, and gastroenterologists working at suites with higher
the regional physician density) on numbers of gastroenterologists (OR for each additional
adherence to standard of care (four or gastroenterologist, 1.08; 95% CI, 1.04-1.13; P < 0.001).
more specimens during duodenal biopsy)
Arguelles- Evaluated the agreement in biopsy Retrospective review 102 Inter-observer agreement in the diagnosis of CD
Grande et interpretation (characteristic histological of biopsy slides of suspected between study pathologist and the referring pathologist
al., 2012% alterations of small bowel mucosa) patients from referring | adult/ was moderate (k=0.529, p<0.0001). In addition,
between different pathology practice types | centers. pediatric CD | agreement ranged between ‘very good’ with other
(university hospitals, community hospitals, patients university hospitals (k=0.888) and ‘moderate’ with
commercial pathology laboratories) community hospitals or commercial laboratories
(k=0.465 and k=0.419, respectively).
Mubarak et | Determination of the inter-observer Retrospective review 297 The inter-observer variability for the Marsh classification
al.,2011% variability in the histological diagnosis of of histology slides of consecutive | was found to be moderate with a Kappa value of 0.486
CD. biopsy specimens by a | pediatric while the Kappa value for CD diagnosis was high
single experienced patients with | (0.850) A total of 160 (53.9%) patients were original
pathologist suspected diagnosed with CD while 172 (57.9%) patients
CD. were diagnosed according to the second pathologist.
Sanchez et | Evaluated the accuracy of the diagnosis of | Retrospective review 70 25 patients (46.3%) had a divergent diagnosis between
al., 20077 CD performed in the community clinical of original biopsy consecutive | the two practice settings (23 patients originally identified
setting compared with that of an academic | slides and reports adult CD as CD and 2 diagnosed as non CD) (Kappa statistic:
experienced center. (from community patients 0.16 -denoting poor agreement).

clinical setting).

CD = celiac disease; Cl = confidence interval.
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Key Question 2b. Specimens: Number and Location

Two nonsystematic reviews provided background information on biopsy strategy, i.e.
specimen location and number. After reference-mining these two reviews and conducting
electronic searches, we identified 19 studies relevant to this key sub-question. These studies are
described narratively due to heterogeneity. Sensitivity and specificity were rarely discussed, as
there was no “reference” test per se; the studies generally compared the number of positive
diagnoses by strategy.

Several studies reported that the number of biopsy specimens influenced the likelihood of
positive diagnosis, suggesting that multiple biopsy specimens should be taken from the
duodenum in order to optimize diagnostic yield in both pediatric’*™* and adult populations.
One study in an adult population showed that the probability of a new diagnosis was increased
when at least 4 specimens were submitted compared to when fewer than 4 specimens were taken
(1.8% vs 0.7%; p < .0001).” Another retrospective study found that obtaining two duodenal
biopsy specimens led to a confirmed diagnosis in 90% of cases, whereas obtaining at least four
duodenal specimens led to confirmed diagnosis in all cases.”® Another study suggests a minimum
of three biopsies incorporating a duodenal bulb biopsy as essential to detect villous atrophy, with
a five-biopsy regime useful for detecting the most severe lesion.”’

Most of the studies recommend obtaining biopsies from multiple sites in the duodenum, as
the site/location from which duodenal specimens are taken could affect the likelihood of CD
diagnosis. The evidence suggests that duodenal specimens should include the duodenal bulb and
the distal duodenum for optimal diagnostic yield in adult/general """"° ® and pediatric
populations.” " 8182 |n a suspected pediatric CD population, a study suggested taking biopsies
from both the bulb and the second part of the duodenum, because mucosal changes may occur in
only one site.®

75-77

Key Question 2c. Length of Gluten Challenge

Table 16 presents data on the length of time a patient needs to remain on a gluten-containing
diet for accurate diagnosis. A SR (Bruins, 2013)** addressed clinical response to gluten
challenge among adult or pediatric patients with suspected or diagnosed CD previously
consuming a gluten-free diet. This review was rated as high quality based on AMSTAR criteria
(see appendix). The main focus of the review is serology; here we present results regarding
intestinal histology. According to the authors, 51 t0100 percent of children developed moderate
to severe mucosal histological abnormalities within 2 to 3 months of gluten challenge, with data
from two trials indicating that 59 to 78 percent of children may experience an increase in villous
atrophy within 3 months of gluten challenge. Evidence from a small body of trials found no more
than 50 percent of adult patients to be positive for EmA-IgA, tTG-1gA, or DGP-IgA/IgG
antibodies within 6 weeks to 3 months of gluten challenge. Mucosal tTG-IgA deposits can
appear in the majority of adult patients within 2 weeks of gluten challenge; however, two weeks
or more of high-dose gluten challenge may be needed to detect small intestinal mucosal
morphology changes for most patients. The ACG recommends an additional six weeks for
patients who can tolerate gluten exposure. Bruins and colleagues concluded that a 3-month
gluten challenge with a moderate-to-high dose (such as 15g daily, in accord with ESPGHAN
guidelines) should be sufficient to diagnose the majority of CD patients, with combination
testing of antibodies and mucosal histology potentially accelerating diagnoses. More recently,
Leffler, 2013%° conducted small gluten challenge study of adults with biopsy-proven celiac
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disease. Patients were assigned a dose of either 3 or 7.5 grams of gluten daily. At 14 days, 89.5%
of patients had sufficient villous atrophy to diagnose celiac disease via duodenal biopsy.
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Table 16. Length of gluten challenge ° *

Diagnostic Method Population Results
EmA-IgA Antibodies Children Majority show positive levels within 3 months.
Adults Few to none develop positive levels within 2 months.
tTG-IgA Antibodies Children Majority show positive levels within 12 weeks.
Adults At most half have positive levels within 3 months.
DGP-IgA/IgG Antibodies Adults At most half have positive levels within 4 weeks.
HLA-DQ?2 or -DQ8 Adults Not affected by gluten intake
Children Not affected by gluten intake
Histology Children Most developed moderate-to-severe abnormalities within 2 to 3 months.
Adults At least 2 weeks needed to detect changes for most patients; 6 additional weeks recommended

for those who are able to continue without severe discomfort

EmA = endomysial antibodies; IgA = immunoglobulin A; tTG = anti-tissue transglutaminase; 1gG = immunoglobulin G.
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Key Question 3. Specific Populations

Key Points

A 2010 SR limited to studies of patients with Gl symptoms reported pooled sensitivity of
90% (95% CI: 80.0%, 95.0%) and specificity of 99% (95% CI: 98.0%, 100.0%) for IgA
EmA tests (8 studies) and pooled sensitivity of 89% (95% CI: 82.0%, 94.0%) and
specificity of 98% (95% CI: 95.0%, 99.0%) for IgA tTG tests. These results are similar to
those presented for Key Question 1, which included patients with various symptoms of
CD.

Only one study of general population screening met the inclusion criteria. Sensitivities were
100% and 85.7% for tTG IgA and EmA IgA, respectively. Specificities were 97.4% and
99.0%, respectively, in this high quality study.

Two low quality studies provided data that allowed calculation of accuracy of serology in
patients with iron deficiency. Studies were conducted in the Middle East; applicability to
the U.S. is uncertain.

Two high quality studies reported accuracy in children with Type 1 diabetes. These studies
were conducted in Irag and the Czech Republic with small samples. Applicability to the
U.S. is uncertain.

No studies provided test accuracy data on patients with other auto-immune diseases, Turner’s
syndrome, or Trisomy 21.

One high quality study compared the accuracy of the ESPGHAN algorithm (combining tTG
IgA and EmA IgA) among subjects with family history, Type 1 diabetes, and CD
symptoms. Specificity was much higher in those presenting with symptoms.

Two large moderate quality studies found both tTG and DGP tests less sensitive in adults
than in children.

No studies reported accuracy by race, ethnicity, or SES.

Two small studies of the accuracy of new combination tests in IgA-deficient patients were
published in 2014; results were inconsistent.

Detailed Synthesis

Key Question 3a. Symptomatic Patients Versus Nonsymptomatic

Individuals at Risk

Two SRs reported on diagnostic test accuracy in individuals with symptoms of CD. In 2009,
Ford and colleagues published an SR on yield of diagnostic tests in patients with Irritable Bowel
Syndrome (IBS).2° The goal was to estimate prevalence of celiac disease in unselected adults
with IBS; test accuracy was not a primary outcome. The authors included 14 studies; 54 percent
of the 4,204 individuals met diagnostic criteria for IBS. Although sensitivity and specificity were
not reported, the authors computed odds ratios for positive diagnosis in IBS patients, compared
to non-IBS controls, and the results indicate differences by diagnostic method. Pooled odds
ratios for celiac disease in subjects with IBS versus controls were 3.40, (95% CI [1.62, 7.13]) for
IgA EmA; 2.94, 95% CI (1.36, 6.35) for IgA tTG; and 4.34, (95% CI [1.78, 10.60]) for biopsy.
Prevalence was estimated at 4.0 percent, 1.65 percent, and 4.34 percent by IgA EmA, IgA tTG,
and biopsy, respectively.
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In 2010, van der Windt and colleagues published an SR on performance of diagnostic tests in
patients with abdominal symptoms typical of celiac disease.®” Studies where 50 percent or more
of participants reported gastrointestinal (GI) symptoms were included. Eight such studies that
used IgA EmA were pooled, resulting in estimates of 90.0% (95% CI: 80.0%, 95.0%) for
sensitivity and 99.0% (95% CI: 98.0%, 100%) for specificity. Pooled results of seven studies on
IgA tTG estimated sensitivity at 89.0% (95% ClI: 82.0%, 94.0%) and specificity at 98.0% (95%
Cl: 95.0%, 99.0%).

The quality of both SRs was moderate according to AMSTAR criteria. The Ford (2009) SR
did not report quality assessment of included studies. Neither the Ford ® nor the van der Windt®’
SRs included lists of excluded studies. (Full AMSTAR criteria for all SRs are presented in
Appendix E.)

Only one study of general population screening met the inclusion criteria.>® This study
presented data for 1,000 randomly selected Swedes. Sensitivity was 100% and 85.7% for tTG
IgA and EmA IgA, respectively. Specificity was 97.4% and 99.0%, respectively.

Only one study compared accuracy in symptomatic versus asymptomatic individuals at risk
for celiac disease. Nevoral, 2013 studied the accuracy of the new ESPGHAN guideline
(combining tTG IgA and EmA IgA tests) in 32 first degree relatives, 60 patients with Type 1
diabetes, and 187 subjects presenting with symptoms of CD in the Czech Republic. Specificity
was lower in the asymptomatic subjects at risk: 0.70 for those with family history and 0.64 for
those with Type 1 diabetes, compared to 0.85 for subjects presenting with symptoms. Sensitivity
was 0.81 for those with family history, 0.93 for those with diabetes, and 0.76 for symptomatic
subjects. This is the only study that provided accuracy results specifically for subjects with a
family history.

Two individual studies provided test accuracy data for patients with iron deficiency, a
common symptom of CD. Data are presented in Table 17. One study conducted in Iran reported
sensitivity of 0.38 and specificity of 0.97 for IgA tTG.* The other study, conducted in Turkey,
reported sensitivity of 1.00 and specificity of 0.99 for IgA EmA and sensitivity of 0.33 and
specificity of 0.96 for IgG EmA. The primary goal of the first study was to assess accuracy,
while the goal of the latter study was prevalence estimation. In both publications, it was unclear
whether interpretation of the index test and reference test (biopsy) were blinded; the interval
between these tests was also unclear.

Table 17. Accuracy data for persons with iron deficiency

Test Type True False False True Sensitivity | Specificity
Positive Negative | Positive Negative
Emami, 2012% tTG IgA 5 8 4 113 0.38 0.97
Cekin, 2012%* EmA IgA 6 0 1 77 1.00 0.99
EmA 1gG 2 4 3 75 0.33 0.96

tTG = anti-tissue transglutaminase; IgA = immunoglobulin A; EmA = endomysial antibodies; 1gG = immunoglobulin G.

Two studies provided accuracy data in patients with Type 1 diabetes. Data are displayed in
Table 18 below. Mansour, 2011* reported on use of IgA tTG, IgG tTG, and IgA EmA tests in 62
adults and children with Type 1 diabetes in Iraq. The study’s primary goal was to assess
prevalence of asymptomatic CD in persons with Type 1 diabetes. IgA tests had higher accuracy
than the 19G test, as displayed below. As noted above, Nevoral (2013)* followed the recent
ESPGHAN guidelines (tTG and EmA test) with 60 children and adolescents with Type 1
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diabetes in the Czech Republic and reported sensitivity of 0.93 and specificity of 0.64 for the two
tests combined. Both studies were rated high quality according to QUADAS 2 criteria.

Table 18. Accuracy data for persons with type 1 diabetes

Test Type True False False True Sensitivity | Specificity
Positive | Negative | Positive | Negative
Mansour,2011% tTG IgA 5 2 4 51 0.71 0.93
tTG IgG 4 3 4 51 0.57 0.93
EmA IgA 5 2 2 53 0.71 0.96
Nevoral, 2013 gﬁ IgA, EmA 0.93 0.64

tTG = anti-tissue transglutaminase; IgA = immunoglobulin A; 1gG = immunoglobulin G; EmA = endomysial antibodies.

We found no studies that provided accuracy data on patients with other auto-immune
diseases, Turner’s syndrome, or Trisomy 21. Although cirrhosis of the liver is not a risk factor
for CD, one study of prevalence in patients with biopsy proven cirrhosis allowed calculation of
sensitivity and specificity. Wakin-Fleming, 2014 >° conducted a high quality prospective cohort
study that allowed comparison of IgA EmA (serum dilution >=1/10) to IgA tTG (> 20 U) in 204
cirrhosis patients. Based on biopsy results, five patients were diagnosed with celiac disease. IgA
EmA had both sensitivity and specificity of 100%, while sensitivity was 100% and specificity
was 96%for IgA tTG. This study had low risk of bias despite not being designed as an accuracy
study.

Key Question 3b. Adults (Age 18 and Over) Versus Children and

Adolescents
Studies that address this comparison are discussed in section c, below.

Key Question 3c. Children Under Age 24 Months Versus Older

Children

Most studies reported mean age or age range of subjects, whereas a few simply described
their patients as “adults” or “children.” Accuracy data could not be pooled by age group due to
heterogeneity of populations, varying definitions of adult, and missing age data in some studies.

Three studies compared the accuracy of tests among age groups. These studies are important
to highlight because in each study the populations are fairly homogenous, and each patient
received the same diagnostic tests in terms of assay and threshold level. Data from these three
studies are displayed in Table 19 below. As described earlier, Mozo (2012)* compared the
accuracy of IgA and 1gG DGP tests in patients aged six months to 74 years. In children age
seven or younger, the 1gG tests had the same accuracy as IgA tests. In patients over age seven,
the 1gG tests had higher specificity and positive predictive value but lower sensitivity and
negative predictive value. Olen (2012)* compared accuracy of tTG and DGP tests in 537
children and adolescents. In children with normal 1IgA who were younger than two years old (N
= 71), sensitivity and specificity were 96.0% and 98.0%, respectively. Sensitivity of a combined
IgA/1IgG DGP test was 100%, and specificity was 31% in children younger than two. As
presented below, these tests were less accurate in the entire sample, which ranged in age from
one to eighteen years. (Accuracy results were not presented separately for patients over 24
months old.) Finally, Vermeersch (2010)° compared accuracy in adults (over age 16) versus
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children as part of a study comparing IgG DGP tests with IgA tTG screens. Using a case-control
design, they compared accuracy of three IgG DGP tests, three IgA and two IgG anti-tTG assays,
and one IgA DGP screen in 827 patients. Results are presented below; all tests reported lower

sensitivity in adults than in children.

Table 19. Accuracy results by age

Age True False . Fals_e_ True Sensitivity ~ Specificity
Category Positive Negative Positive  Negative
tTG IgA
Mozo, 2012* <=7 yrs old 40 2 37 0.93 0.95
>7 yrs old 49 8 57 0.86 0.93
Olen, 2012 <=18 yrs old 259 17 36 218 0.94 0.86
<2 yrs old 25 1 1 40 0.96 0.98
\Z/ggggersch' <16 yrs old 27 1 11 189 0.96 0.95
<16 yrs old 27 1 3 197 0.96 0.99
<16 yrs old 27 1 22 178 0.96 0.89
>=16 yrs old 49 9 27 514 0.85 0.95
>=16 yrs old 45 13 9 532 0.78 0.98
>=16 yrs old 46 12 39 502 0.79 0.93
tTG IgG
;’gfgs‘?ers‘:h' >=16 yrs old 31 27 4 537 0.53 0.99
>=16 yrs old 17 41 9 532 0.29 0.98
<16 yrs old 21 7 10 190 0.75 0.95
<16 yrs old 16 12 2 198 0.57 0.99
DGP IgA
Mozo, 2012* <=7 yrs old 41 1 38 0.95 0.97
>7 yrs old 55 3 58 0.97 0.95
Olen, 2012* <=18 yrs old 172 16 164 56 0.91 0.26
<2 yrs old 24 0 31 14 1.00 0.31
;’gfgs‘iemh’ >=16 yrs old 40 18 3 538 0.69 0.99
<16 yrs old 26 2 3 197 0.93 0.99
DGP IgG
Mozo, 2012* <=7 yrs old 43 0 39 1.00 1.00
>7 yrs old 52 1 60 0.91 0.98
\Z/ggggersch' >=16 yrs old 40 18 3 538 0.69 0.99
>=16 yrs old 46 12 2 539 0.79 1.00
>=16 yrs old 47 11 11 530 0.81 0.98
>=16 yrs old 42 16 12 529 0.72 0.98
<16 yrs old 26 2 3 197 0.93 0.99
<16 yrs old 26 2 3 197 0.93 0.99
<16 yrs old 26 2 6 194 0.93 0.97
<16 yrs old 27 1 9 191 0.96 0.96
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tTG=anti-tissue transglutaminase; IgA = immunoglobulin A; IgG = immunoglobulin G; DGP = deamidated gliadin peptide
(DGP) antibodies.

Key Question 3d. Demographics, Including Race, Genetics,
Geography, SES

No studies reported accuracy by race, ethnicity, or SES. Many studies were conducted
outside the U.S., most often in Europe or the Middle East. However, even though we identified
studies conducted in one country only, and even if that country has a homogeneous ethnic
population, results may have little applicability to persons of the same racial or ethnic group
living in the U.S.

Key Question 3e. Patients With IgA Deficiency

Two studies of accuracy in IgA-deficient patients met our inclusion criteria. Beinvenu (2014)
% studied a multi-analytic lateral-flow immunochromatographic assay (CD-LFIA) based on both
IgA DGP and IgG DGP in 45 IgA-deficient children presenting with symptoms of CD or having
risk factors. The study was retrospective —the new test was used on stored blood samples of
patients who previously underwent biopsy. Researchers were blinded to those results. The
authors reported a sensitivity of 100% and specificity of 89.2%. Wolf (2014) *" conducted a
case-control study of adding an IgG DGP test to an IgA tTG test; 27 of their 1,071 subjects were
IgA deficient. From the data presented in their article, we calculated 100% specificity in the
children with 1gA deficiency. However, sensitivity in this group was only 29%.

In addition, Dutta (2010) reported on 92 consecutive patients who presented with
symptoms of possible celiac disease at a clinic in Vellore, India. Eighteen patients (19.5%) were
diagnosed with CD; 14 had positive serology. Sensitivity and specificity of IgG tTG tests were
77.8% and 89.1%, respectively. It was unclear why IgG tests were the only serology tests
conducted and whether patients were IgA deficient. The study had no major flaws.

Key Question 3f. Patients Who Previously Tested Negative for CD

One study of test accuracy in patients with previously negative serology was identified. As
part of a larger study, Sugai (2010)*° retrospectively conducted IgA and IgG DGP tests on 17
IgA tTG-negative serum samples from patients with indications of celiac disease (either
intestinal enteropathy or dermatitis herpetiformis). In the IgA tTG-negative patients, detection of
“gluten sensitivity” increased 31.6% when an IgA tTG/ IgA DGP dual screen was applied and
26.3% when a dual IgA and 1gG DGP screen was used. The sensitivity and specificity of the
tTG/DGP dual screen were 35.7% and 100% in this group, whereas those rates were 42.9% and
100% for dual DGP screen. However, the results may be biased: Five of the 22 originally
identified IgA-deficient patients refused biopsy, leaving 17 for this small retrospective analysis.

Key Question 4. Adverse Effects
Key Points

A systematic review of 150 studies on VCE not specific for CD found a capsule retention
rate of 1.4%; in three studies specific to CD, the rate ranged from 0.9% to 4.6%.

No studies on safety of upper GI endoscopy and / or duodenal biopsy for diagnosis of CD
were identified. According to the American Society for Gastrointestinal Endoscopy
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(ASGE), infection from upper GI endoscopy is very rare, as is bleeding unless a polyp is
removed during the procedure.

Two studies reporting sequelae in patients with positive EmA serology but normal biopsy
indicated that 30 percent to 50 percent of these patients are diagnosed with CD after a
gluten-free diet or gluten challenge.

One study of 34 children with intestinal villous atrophy and simultaneous negative EmA-IgA
tests found 2 infants to have confirmed CD after 6-10 years of iterative cycles of gluten
challenges and gluten-free diet.

Detailed Synthesis

Direct Adverse Events Associated With Invasive Methods of

Diagnosing Celiac Disease

“Invasive “ methods used to diagnose CD include upper Gl endoscopy with duodenal biopsy,
often referred to as the “gold standard,” as well as VCE for patients who wish to avoid biopsy.

A systematic review on the general safety of these procedures was beyond the scope of this small
project; however, due to the dearth of data specific to their use in CD diagnosis, we review
evidence on the safety of their use to provide some context. Applicability to patients with
suspected CD is uncertain.

The main adverse event from VCE is capsule retention, which could cause acute small bowel
obstruction or the need for surgical removal.?® According to International Center for Clinical
Excellence (ICCE) consensus, capsule retention may occur in patients with refractory celiac
disease who may have strictures. Three studies reporting retention rates with VCE used for CD
diagnosis were identified; rates ranged from 0.9% to 4.6%.%%? Study characteristics are
displayed in Table 20. Gomez and colleagues (2013), in a comparison of patients aged 80 years
or older with those under age 80, found a similar frequency in occurrence of capsule retention
and concluded that capsule endoscopy can be performed safely in the elderly population.

A 2010 systematic review of VCE by Liao and colleagues in populations suspected of
various small intestine pathologies found a pooled retention rate of 1.4% in 104 prospective
studies and 46 retrospective studies published between 2000 and 2008.% The rates of capsule
retention appear to depend on VVCE indication; pooled retention rates of 1.2 percent, 2.6 percent,
and 2.1 percent for obscure gastrointestinal bleeding, Crohn’s disease, and neoplastic lesions
indications were estimated from 47, 23, and 12 studies respectively. There were no studies in this
systematic review that investigated capsule retention when VCE was used specifically to
evaluate patients with suspected CD. This systematic review was rated as low quality, as a listing
or bibliography of the included articles was not provided.

Only two studies on biopsy to diagnose CD were identified; they estimated the amount of
absorbed radiation due to X-ray fluoroscopy-guided small intestine biopsies in a pediatric
population.®® * These studies were excluded, as fluoroscopy has been replaced by video
systems. No studies on the safety of upper GI endoscopy when used specifically for diagnosis of
CD were identified. According to ASGE, infection from upper GI endoscopy is very rare, as is
bleeding, unless a polyp is removed during the procedure.

We employed the McHarm scale to evaluate the quality of the VCE adverse event studies.
Data are displayed in Table 21. All used precise definitions to define harms (generally, capsule
retention was defined as a situation in which a capsule endoscope remains in the digestive tract
for a minimum of two weeks, which may necessitate surgical intervention in order to retrieve the
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capsule endoscope.) No studies explicitly mentioned severe or serious adverse events. Adverse
events were actively collected or ascertained in all studies. All studies reported the number and
full spectrum of adverse events that occurred; the total number of study participants affected by
harms; and the type of analyses conducted for adverse events data.
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Table 20. Adverse events, video capsule endoscopy used for celiac disease diagnosis

Study (Author, Study Design Diagnostic Procedures Sample | Population Event Results

Year) (Claims Data Assessed (Endoscopy, Size
Analysis, RCT, Serology Test, Etc.)
Survey, Etc))

Vere et al.,2012% | Retrospective Video Capsule endoscopy 43 Adults Capsule retention Capsule retention in two
study (Slower intestinal patients (4.6%)

transit time)

Gomez,2013% Retrospective Video capsule endoscopy 780 Adults Capsule retention Capsule retention occurred
matched cohort at a similar frequency in
study (>80yr old patients age >80yrs (1.0%)
patients vs. <80 yr compared to those <80 yrs
old patients) (0.9%).

Atay et al.,2009%” | Retrospective Video capsule endoscopy 207 Children Capsule retention Capsule retention occurred

chart review

in 3 of 207 procedures
(1.4%)

RCT = randomized controlled trial.
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Table 21. Quality of adverse events studies

McHarm Items Vere et o Gom;elz Atayggt al.
al. 2012 2013 2009

1 Were the harms PRE-DEFINED using standardized or

precise definitions? Yes Yes Yes
2 Were SERIOUS events precisely defined, if mentioned? NA NA NA
3 Were SEVERE events precisely defined, if mentioned? NA NA NA
4 Were the number of DEATHS in each study group specified

OR were the reason(s) for not specifying them given? No No Yes
5 Was the mode of harms collection specified as ACTIVE? Yes Yes Yes
6 Was the mode of harms collection specified as PASSIVE? No No No
7 Did the study specify WHO collected the harms? No No Yes
8 Did the study specify the TRAINING or BACKGROUND of

who ascertained the harms? No No Yes
9 Did the study specify the TIMING and FREQUENCY of

collection of the harms? No Yes Yes
10 Did the author(s) use STANDARD scale(s) or checklist(s) for

harms collection? NA NA NA
11 Did the authors specify if the harms reported encompass ALL

the events collected or a selected SAMPLE? Yes Yes Yes
12 Was the NUMBER of participants that withdrew or were lost

to follow-up specified for each study group? NA NA NA
13 Was the TOTAL NUMBER of participants affected by harms

specified for each study arm? Yes Yes Yes
14 Did the author(s) specify the NUMBER for each TYPE of

harmful event for each study group? Yes Yes Yes
15 Did the author(s) specify the type of analyses undertaken for

harms data? Yes Yes Yes

NA = not applicable.

Sequelae of False Positives, False Negatives, and Indeterminate

Results

Three studies reported sequelae in patients whose serology and biopsy results were
discordant. All were conducted in Europe and involved EmA test results. Kurppa (2012)%
evaluated 405 consecutive EmA positive children and adults at a university hospital who were
referred by physicians for suspicion of CD or who participated in population-based research
studies. Of these, 40 patients had low and 17 had high EmA and tTG serum antibody values
without simultaneous villous atrophy at baseline. Eventually 12 (30 percent) in the low-titer
group and 8 (47 percent) in the high-titer group were diagnosed with CD based on villous
atrophy on a gluten-challenge, while 17 (43 percent) and 8 (47 percent) were diagnosed with CD
based on positive symptom and serological responses alongside the disappearance of early
mucosal changes during a gluten-free diet. Unfortunately, length of follow-up was not report, so
no data are provided on the length of gluten challenge or gluten-free diet.

A 2014 study by the same authors® randomized 40 EmA-positive yet otherwise
asymptomatic adults to either a gluten-free diet or gluten-challenge.*® These 40 patients were
identified from 3,031 consecutive individuals screened for CD at a university hospital in Finland.
Of these 40 participants, two in the gluten-free diet group and two in the gluten-challenge group
had positive EmA but no villous atrophy. Of these 4 participants, one in each group were EmA.-
negative and had increased villous atrophy ratios after one-year follow-up; however, the gluten-
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free diet participant demonstrated improved gastrointestinal symptoms and self-perceived
general health, whereas the gluten-challenge participant worsened in both of these areas.

The final study, by Kwiecien (2005), documented sequelae of discordant results via a
retrospective analysis of data from 1985-2000 on 34 children with subtotal or total intestinal
villous atrophy with simultaneously negative IgA EmA tests.*® This group included all children
with discordant results from over 1,300 consecutive diagnoses. Of the 34 children, 15 completed
diagnostic follow-up with three biopsies, and two of these had confirmed CD with repeated
positive IgA EmA tests. One 13 month-old with subtotal villous atrophy had a second biopsy
after three years of a gluten-free diet, which revealed normal intestinal mucosa. Then, after a 12-
month gluten challenge, positive IgA EmA occurred simultaneously with mucosal relapse and
clinical symptoms of malabsorption syndrome, leading to a CD diagnosis at 5 years, 9 months.
The other child, with total villous atrophy at 11 months, had a gluten-free diet for 2.5 years, then
underwent a gluten-challenge for 2 years; at this point, subtotal villous atrophy was discovered,
yet EmA-IgA tests were negative. Another two-year gluten-free diet led to normalization of
intestinal mucosa, while a 3-year gluten-challenge led to positive IgA EmA and subtotal villous
atrophy, and thus a CD diagnosis at 10 years, 3 months. Although these examples shed light on
clinical pathways, this study was conducted prior to the availability of other serological tests.
Thus, the results may have little applicability to current clinical practice.

60



Discussion

Key Findings and Strength of Evidence

The key findings and strength of evidence are summarized in Table 22. Additional details on strength of evidence ratings are
provided as Appendix F.

Table 22. Summary of findings and strength of evidence

Topic

EPC Conclusions and
Strength of Evidence

Prior Systematic Reviews

Additional Findings From EPC

Key Question 1:
Accuracy of IgA
tTG

High:
IgA tTG tests have excellent
sensitivity and specificity.

A 2010 meta-analysis that pooled 12 studies found a
sensitivity of 93.0% (95% CI, 91.2% to 94.5%) and
specificity of 96.5% (95% CI, 95.2% to 97.5%). A
2012 meta-analysis restricted to 5 studies of point-of-
care tests in children reported sensitivity and
specificity of 96.4% (95% CI, 94.3% to 97.9%) and
97.7% (95% ClI, 95.8% to 99.0%), respectively.

Sixteen studies were published after the SRs were
pooled. Excluding data for threshold levels higher
than used in clinical practice, sensitivity was 92.5%
(95% CI, 89.7% to 94.6%) and specificity was 97.9%
(95% CI, 96.5% to 98.7%). LR+ was 40.19 and LR-
was 0.08. PPV was 89.4%, while NPV was 99.0%.

Key Question 1:
Accuracy of IgA
EmA

High:

IgA EmA tests have lower
sensitivity but equal
specificity to IgA tTG tests.

A 2009 SR including 23 studies found sensitivity
ranging from 68% to 100%, while specificity ranged
from 77% to 100%; pooling was not performed. A
2012 SR included 11 studies in children; sensitivity
ranged from 82.6% to 100% and pooled specificity
was 98.2% (95% Cl, 96.7% to 99.1%).

Seven studies were published after the SRs were
pooled. Sensitivity was 79.0% (95% ClI, 71.0% to
86.0%) and specificity was 99.0% (95% CI, 98.4% to
99.4%) after excluding data points where Marsh
Grade | and Il villous atrophy was classified as CD
(not standard practice). LR+ was 65.98 and LR- was
0.21. PPV was 78.9%; NPV was 99.1%.

Key Question 1:
Accuracy of IgA
DGP

High:
IgA DGP tests are not as
accurate as IgA tTG tests.

A 2010 SR pooled 11 studies on accuracy in all
ages; sensitivity was 87.8% (95% CI, 85.6% to
89.9%), while specificity was 94.1% (95% CI, 95.2%
to 97.5%). LR+ was 13.33, while LR- was 0.12. A
2012 SR reviewed 3 of those studies that included
only children: sensitivities ranged from 80.7% to
95.1% (not pooled) and pooled specificity was
estimated at 90.7% (95% ClI, 87.8% to 93.1%).

One new study reported sensitivity of 97.0% and
specificity of 90.7% in symptomatic adults and
children at 1 clinic, while another reported both
sensitivity and specificity of 96% in a similar
population.

Key Question 1:
Accuracy of IgG
DGP

Moderate:

IgG DGP tests are not as
sensitive as IgA tTG tests in
non-IgA-deficient patients.

A 2013 SR of 7 studies of non-IgA-deficient adults
reported sensitivity of 75.4% to 96.7% and specificity
of 98.5% to 100%. A 2012 SR of 3 studies in non—
IgA-deficient children reported sensitivities of 80.1%
to 98.6% and specificities of 86.0% to 96.9%.
Authors did not pool data.

One study reported sensitivity of 95.0% and specificity
of 99.0% in 200 non—IgA-deficient subjects of all
ages.

Key Question 1:
Accuracy of HLA-
DQ2 or DQS8

High:
HLA tests can be used to
rule out CD with close to

No SRs of the accuracy of testing for HLA-DQ2 or
DQ8 were identified. Based on studies from which
sensitivity (but not specificity) could be calculated,

Two studies were identified on the accuracy of HLA
testing. A large 2013 prospective cohort found that
HLA testing had a sensitivity of 100% and specificity
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Topic

EPC Conclusions and
Strength of Evidence

Prior Systematic Reviews

Additional Findings From EPC

100% sensitivity.

the American College of Gastroenterology estimated
the NPV of the HLA-DQ2/DQ8 combination test at
over 99%.

of 18.2%.
A 1999 cohort also reported sensitivity of 100%, while
specificity was 33.3%.

Key Question 1:
Accuracy of
algorithms

Insufficient:

Strength of evidence is
insufficient to determine
comparative accuracy of
different algorithms in
specific populations.

No SRs of the accuracy of algorithms were identified.

Nine studies of algorithms were identified; all used
tTG tests. Adding an EmA test to a tTG test resulted
in increased specificity, with either no change or a
slight decrease in sensitivity. Adding a DGP test to a
tTG test resulted in increased sensitivity but
decreased specificity. However, the increase in
accuracy compared with individual tests was rarely
clinically significant. The sensitivity and specificity
results varied widely, populations were diverse, and
the evidence base had high heterogeneity.

Key Question 1:
Accuracy of VCE

Moderate:

VCE has very good
sensitivity and excellent
specificity.

A previous SR of moderate quality on the accuracy of
VCE pooled 6 studies, and estimated sensitivity at
89.0% (95% ClI, 82.0% to 94.0%) and specificity at
95.0% (95% Cl, 89.0% to 99.0%). LR+ was 12.90
and LR- was 0.16.

No additional studies met our inclusion criteria.

Key Question 1:
Intermediate
outcomes

Insufficient:

Strength of evidence is
insufficient regarding how
method of diagnosis affects
adherence.

A previous SR of low quality (3 studies) reported no
statistical difference in adherence levels between
patients diagnosed via screening and those
diagnosed because they were symptomatic.
Association between diagnostic test type and
adherence was not addressed.

In 1 study on blood donors in Israel who tested
positive for IgA tTG (or IgG tTG if IgA deficient), only 4
of 10 patients with asymptomatic biopsy-proven CD
adhered to a gluten-free diet; the other 6 patients did
not believe they had CD, and 4 of those were told by
physicians that asymptomatic patients did not need to
modify their diets.

Key Question 1:
Clinical outcomes
and
complications

Insufficient:

Strength of evidence is
insufficient regarding how
method of diagnosis affects
clinical outcomes and
complications.

No prior SRs on this topic were identified.

No studies on this topic were identified.
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Topic

EPC Conclusions and
Strength of Evidence

Prior Systematic Reviews

Additional Findings From EPC

Key Question 1:
Patient- centered
outcomes such
as quality of life

Insufficient:

Strength of evidence is
insufficient regarding how
method of diagnosis affects
patient-centered outcomes
such as quality of life.

No prior SRs on this topic were identified.

No studies on this topic were identified.

Key Question 2:
Biopsy and
provider
characteristics

Moderate:

Physician adherence to
biopsy protocol decreases
with volume performed per
endoscopy suite and
increases with number of
gastroenterologists per
endoscopy suite.

No SRs on this topic were identified.

One very large high-quality national retrospective
study found reduced physician adherence to the
American Gastroenterological Association’s duodenal
biopsy protocol (4+ specimens) with higher procedure
volume per endoscopy clinic. The OR for each 100
additional procedures was 0.92 (95% CI, 0.88 to
0.97). Adherence increase for each additional
gastroenterologist per endoscopy suite was OR 1.08
(95% ClI, 1.04 to 1.13).

Key Question 2:
Biopsy and
pathologist
characteristics

Moderate:

CD-related histological
findings are underdiagnosed
in community settings when
compared with academic
settings.

No SRs on this topic were identified.

Three retrospective studies reported low interobserver
agreement between pathologists in community vs.
academic settings, with significantly lower accuracy in
community settings. Kappa statistics range from 0.16
to 0.53.

Key Question 2:

High:

No SRs addressed how the number and location of

Nineteen studies reported that increasing the number

Biopsy Increasing the number and biopsy specimens influence diagnostic findings of and location of biopsy specimens increased the
specimens— location of biopsy specimens | biopsy. likelihood of diagnosis and diagnostic yield by 25% to
number and increases diagnostic 50% in both pediatric and adult populations.

location accuracy.

Key Question 2: Moderate: A previous SR of high quality on clinical response to One small study reported that 3 grams of gluten per
Biopsy and A minimum 2-week gluten gluten challenge indicates that 2 weeks of a day for 2 weeks induces intestinal atrophy sufficient to

length of time
ingesting gluten

intake is necessary to
induce intestinal changes
necessary for diagnosing
adults via duodenal biopsy.
Low:

A 2-3 month diet containing
gluten may be necessary to
diagnose CD in children via
biopsy; strength is lower due
to fewer available studies
and inconsistent findings.

moderate to high dose (e.g., 15g daily) is sufficient to
cause enough intestinal changes to diagnose adults
via duodenal biopsy. This same SR reports that for
children, 2 to 3 months may be needed.

diagnose CD in 89.5% of adults.
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Topic

EPC Conclusions and
Strength of Evidence

Prior Systematic Reviews

Additional Findings From EPC

Key Question 3:
Symptomatic
patients vs.
nonsymptomatic
individuals at risk

High:

EmA and tTG tests have
excellent sensitivity and
specificity in patients with Gl
symptoms.

Insufficient:

How accuracy of serological
tests differs between
patients with risk factors
such as iron deficiency or
type 1 diabetes and the
general symptomatic
population could not be
determined.

A 2010 SR including only studies of patients with Gl
symptoms reported pooled sensitivity of 90% (95%
Cl, 80.0% to 95.0%) and specificity of 99% (95% ClI,
98.0% to 100.0%) for IgA EmA tests (8 studies), and
pooled sensitivity of 89% (95% ClI, 82.0% to 94.0%)
and specificity of 98% (95% ClI, 95.0% to 99.0%) for
IgA tTG tests.

No SRs were identified that compared test accuracy
in patients with specific symptoms and asymptomatic
individuals at risk.

One high-quality study compared the accuracy of the
ESPGHAN algorithm (combining tTG IgA and EmA
IgA) among subjects with family history, type 1
diabetes, and CD symptoms. Specificity was much
higher in those with symptoms.

Two small studies provided data that allowed
calculation of accuracy in patients with iron deficiency,
and 2 provided accuracy data for patients with type 1
diabetes. However, the studies were conducted in the
Middle East and Eastern Europe; applicability to the
United States is uncertain.

Key Question 3:
Children vs.
adults

Low:

tTG and DGP tests are less
sensitive in adults than
children. DGP is more
accurate than tTG in
children under age 24
months.

No SRs assessing how test accuracy differs by age
were identified. Regarding IgG DGP, one SR
reported only on studies of adults, while another
reported only on studies of children. A 2013 SR of 7
studies of non—IgA-deficient adults reported
sensitivity of 75.4% to 96.7% and specificity of 98.5%
to 100%. A 2012 SR of 3 studies in hon—IgA-deficient
children reported sensitivities of 80.1% to 98.6% and
specificities of 86.0% to 96.9%.

Two large moderate-quality studies reported that both
tTG and DGP tests were less sensitive in adults
(range, 29% to 85%) than children (range, 57% to
96%).

One study reported sensitivity of 96% and 100% for
IgA tTG and IgA DGP, respectively, for children under
age 24 months, while specificity was 98% and 31%,
respectively. Accuracy was significantly lower for both
tests in older children and adolescents.

Key Question 3:
Demographics,
including race

Insufficient:

There was insufficient
evidence to estimate the
accuracy of diagnostic
methods by demographic
characteristics.

No SRs on this topic were identified.

No studies reported accuracy by race, ethnicity, or
socioeconomic status.

Key Question 3:
Patients with IgA
deficiency

Insufficient:

There was insufficient
evidence to estimate the
accuracy of diagnostic
methods in IgA-deficient
patients.

No SRs on this topic were identified.

Two small studies of the accuracy of new combination
tests (IgA DGP + IgG DGP combo, IgA tTG + IgG
DGP combo) in IgA-deficient patients were published
in 2014; results were inconsistent.

Key Question 3:
Patients who
previously tested
negative for CD

Insufficient:

There was insufficient
evidence to estimate the
accuracy of diagnostic
methods in patients who
previously tested negative
for CD.

No SRs on this topic were identified.

A very small study (N = 17) found that patients with
biopsy-verified CD who tested negative on IgA tested
positive using IgA DGP or IgG DGP.
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Topic

EPC Conclusions and
Strength of Evidence

Prior Systematic Reviews

Additional Findings From EPC

Key Question 4:
Direct adverse
events—VCE

High:
The rate of capsule retention
is less than 5%.

No SRs contained safety data on VCE used
specifically for CD diagnosis. An SR of VCE not
specific to CD found a capsule retention rate of 1.4%
in 150 studies.

In 3 studies specific to CD, the capsule retention rate
ranged from 0.9% to 4.6%.

Key Question 4:
Direct adverse
events—
endoscopy with
duodenal biopsy

Moderate:
Adverse events during upper
Gl endoscopy are rare.

No SR contained safety data on upper Gl endoscopy
or duodenal biopsy when used specifically to
diagnose CD. A review on upper endoscopy in
general found infection very rare and bleeding very
rare (1.6 per 1,000) unless a polyp is removed.

No studies specific to diagnosis of CD were identified.

Key Question 4:
Indirect adverse
events—false
negatives or
positives

Insufficient:

Strength of evidence is
insufficient regarding the
impact of misdiagnosis.

No SRs on the impact of misdiagnosis of CD were
identified.

In 2 small studies reporting sequelae in children with
positive EmA serology but normal biopsy results, 30%
to 50% of patients were diagnosed with CD after
gluten challenge. These studies were conducted prior
to the availability of other serological tests, so
applicability is limited.

A study of 34 children with intestinal villous atrophy
and simultaneous negative EmA IgA tests found that
2 infants were confirmed as having CD after 6-10
years of iterative cycles of gluten challenges and
gluten-free diet. All 3 studies report high loss to
followup.

CD = celiac disease; Cl = confidence interval; DGP = deamidated gliadin peptide; EmA = endomysial antibodies; EPC = Evidence-based Practice Center; Gl = gastrointestinal;

ESPGHAN = European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; HLA = human leukocyte antigen; IgA = immunoglobulin A; 1gG = immunoglobulin G;
LR- = negative likelihood ratio; LR+ = positive likelihood ratio; NPV = negative predictive value; OR = odds ratio; PPV = positive predictive value; SR = systematic review; tTG
= anti-tissue transglutaminase; VCE= video capsule endoscopy.
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Findings in Relationship to What Is Already Known

Table 22 displays findings from prior SRs along with the findings from the newly identified
studies that met our inclusion criteria. We identified enough studies of the accuracy of tTG IgA
tests and EmA IgA tests to conduct new meta-analyses. Our findings confirm the excellent
specificity of both tests, the excellent sensitivity of tTG IgA and the good specificity of EmA
IgA reported in prior SRs. A prior SR reported promising accuracy results for DGP tests; we
found only one new study.

Several studies on whether adding an EmA or DGP test to a tTG test increases accuracy have
recently been published. Results are insufficient to determine whether such increases are
clinically meaningful.

No SRs have been conducted on the association between setting (academic vs community)
and provider performance in CD diagnosis. We identified three retrospective studies evaluating
inter-observer variability in histological diagnosis of CD between different pathologists and
clinical settings. Results indicate that CD-related histological findings are underdiagnosed in
community-based hospital and practice settings when compared to academic settings.

No SRs on how method of diagnosis affects patient adherence or clinical decisionmaking
have been published. Very few studies have addressed these issues; we found insufficient
evidence to answer Key Questions on this topic.

Applicability

Several factors affect the applicability of this review.

To increase generalizability, this report limited accuracy studies to those that included
consecutive patients or a random sample. Several studies were excluded because we could not
determine enrollment based on the information available.

Only one general population screening study met the criteria that all subjects, regardless of
serology results, undergo biopsy. The cost of performing biopsies in all subjects and the low rate
of acceptance of biopsy in seronegative, asymptomatic individuals makes the conduct of such
studies challenging. Thus, the evidence on accuracy of diagnostic screening in the general
asymptomatic population with no risk factors for CD is categorized as low strength.

Although this report is limited to diagnostic methods currently used in the U.S., study
location was not a basis for exclusion. Many studies were conducted in Europe, the Middle East,
and South Asia. Due to differences in genetics and disease prevalence, the applicability of these
studies to the U.S. population is uncertain.

No studies stratified accuracy results by racial or ethnic group. Few studies focused on
populations of special interest.

Most studies were conducted by gastroenterologists in academic settings. This report found a
significant difference in interpretation of biopsy results between academic and nonacademic
physicians. The majority of accuracy studies included in this report used Marsh classification to
categorize biopsy results (Marsh 111 or higher is classified as celiac disease.) In contrast, many
community physicians base their diagnosis on a simple qualitative assessment of villous atrophy
or elevation of intraepithelial lymphocytes.

Accuracy of serology assays may vary by both laboratory and manufacturer. For example, Li
and colleagues (2009)**used 150 samples from participants of known CD status to compare
accuracy of tTG tests at 20 laboratories in the US and Europe. Sensitivity was less than 75% at
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four laboratories. Using a similar research design, Rozenberg and colleagues (2011)***found
differences in performance of tTG across various manufacturers.

Finally, VCE is not a first line diagnostic method—it is indicated for adults who refuse
biopsy. A 2012 SR of six studies reported very good sensitivity and excellent specificity.
However, patient characteristics may differ between those who refuse a biopsy and those who
accept. For example, those with more severe symptoms are hypothesized to be more likely to
accept a biopsy.

Implications for Clinical and Policy Decisionmaking

The findings of this review support those of previous systematic reviews on the accuracy of
individual diagnostic tests using immunoglobulin A (IgA). All IgA tests for celiac disease have
excellent specificity; DGP IgA has slightly lower specificity than tTG IgA and EmA IgA. tTG
IgA testing has a high positive predictive value for most clinical populations with a modest
prevalence of CD. EmA IgA has good sensitivity, DGP IgA has very good sensitivity, and tTG
IgA has excellent sensitivity. DGP IgG tests have very good sensitivity and excellent specificity,
even in non-1gA deficient individuals.

Unfortunately, we were unable to determine which tests, if any, are more accurate in patients
with specific symptoms or risk factors due to a dearth of studies meeting our inclusion criteria.
Patients with symptoms associated with celiac disease would impact the pretest probability and
as a result the likelihood of disease based on a positive result. No studies of test accuracy in
patients with trisomy 21, Turner syndrome, and Williams syndrome were identified; the few
studies of patients with Type 1 diabetes included small samples and were conducted in non-
Western countries. Thus, no clinical implications for testing individuals with specific risks can
be stated at this time. New research has found DGP tests more accurate than tTG in small
children; strength of evidence is low but could increase if findings are replicated. tTG IgA had
greater sensitivity than EmA IgA in the one study of the general (asymptomatic) population
identified that met our inclusion criteria that all participants undergo biopsy, regardless of
serology results. The quality of this general population study was high, the sample size was large
(over 1,000) and it was conducted in a Western country (Sweden) with estimated celiac disease
prevalence similar to the US.

This review found insufficient evidence to determine which populations would most benefit
from diagnostic algorithms that combine a tTG test with an EmA or DGP test. A combination of
positive serological testing with a threshold level at or several fold above the upper limit of
normal for specific celiac tests may be accurate for diagnosing celiac disease without requiring
histopathology specimens; however, the currently available evidence on comparative accuracy of
algorithms is inconclusive, due to the wide range of results, heterogeneity of populations studied,
and the lack of clinically significant increases in accuracy compared to individual tests. Future
studies aimed at the diagnostic accuracy of multiple-test strategies would strengthen the evidence
for this approach.

Finally, regarding biopsy, there is high strength evidence that multiple duodenal specimens
should be taken from the duodenal bulb and the distal duodenum for optimal diagnostic yield in
both the adult and pediatric population. There is moderate strength evidence that celiac disease is
underdiagnosed by pathologists in community settings compared to academic settings; continued
education on diagnostic protocols may be warranted for community physicians.
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Limitations of the Comparative Effectiveness Review
Process

At the request of AHRQ we conducted an assessment of the evidence on comparative
effectiveness of various diagnostic methods currently used in the U.S. to diagnosis celiac disease.
We conducted an extensive literature search; however, our consideration of unpublished
literature was limited. Although a Scientific Resource Center (SRC) funded by AHRQ requested
information from test manufacturers and major laboratories, no information was provided; we
did not search FDA databases for such information ourselves.

In addition, this project was funded as a “small” systematic review and budgeted to include
abstraction and analysis of fewer than 50 studies. Thus, the project protocol was to assess
evidence from recent applicable systematic reviews and to abstract studies published thereafter.
Data were not abstracted from individual studies included in prior SRs; we assumed the data
presented in the SRs were abstracted accurately.

Limitations of the Evidence Base

The literature that addresses the diagnosis of celiac disease has numerous limitations that
make it difficult to draw firm conclusions. These limitations can be divided into three categories:
study volume, design, and reporting quality.

Volume

We identified many studies on the accuracy of tTG and EmA screens in symptomatic adults
and children, including several recent systematic reviews. There were fewer studies of DGP
antibody tests, as this diagnostic method is relatively new. There were also few studies assessing
the accuracy of using algorithms such as those suggested by the most recent NICE and
ESPGHAN guidelines.

No studies stratified accuracy results by race, ethnicity, or SES. Several studies in non-
Caucasian populations were identified; however, these were not U.S. studies, and results may not
be generalizable to populations in the U.S. We identified no studies of diagnostic accuracy in
persons with Turner’s syndrome of Trisomy 21. Literature was sparse on other populations of
interest; several studies of accuracy in patients with Type 1 diabetes, iron deficiency anemia, or
IgA deficiency were identified.

Almost no studies examined the impact of diagnostic method on decisionmaking or clinical
or patient centered outcomes. Although the impact of living with undiagnosed celiac disease is
well documented,'®* % very few studies report outcomes of individuals who initially receive
false positive or false negative results.

Design

Diagnostic accuracy is generally assessed through case-control and cohort studies; we
included both designs. In studies employing a case-control design, a group of patients with
known disease and a different group known not to have the disease undergo both the “index” test
and the reference standard. Researchers are blinded to initial disease status. In a cohort design, a
group of patients suspected of having the disease (but without a confirmed diagnosis) undergo
both diagnostic methods. In a cohort design, the group is defined based on symptoms, while in a
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case-control design, the group is based on disease status. The latter design is more subject to
bias.

We used the QUADAS-2 instrument to assess the quality of studies of diagnostic accuracy.
The ratings for each QUADAS item for each study are presented in the Evidence Tables
(Appendix C); case control studies are identified. Strengths and weaknesses of individual studies
are discussed in the results section of this report and taken into consideration in rating the
strength of the evidence.

To lessen bias, the decision to perform the reference standard should ideally be independent
of the results of the test being studied. Thus, we included only studies where all patients
underwent both tests. Many studies were identified where patients first underwent serological
testing and only those who tested positive underwent biopsy; although these studies provide data
on false positives, they were excluded. In addition, to increase generalizability, we included only
studies that enrolled a random or consecutive sample.

The use of biopsy results as the reference standard also presents concerns. As discussed in
the results for Key Question 2, inter-rater reliability of interpretation is higher at academic
centers than community settings. Most of the published accuracy studies included in this review
took place in an academic setting.

Regarding comparative accuracy, conclusions are based primarily on indirect evidence; i.e.
pooled results on accuracy of individual tests rather than head to head studies comparing
accuracy of different tests in the same samples. However, strength of evidence is high, given the
large numbers of studies, the consistency of results, and the precision of the confidence intervals.

Finally, most of the prior SRs described in this report were of moderate quality. Strength of
evidence (SOE) was not rated by the authors; we took the strengths and weaknesses of these SRs
(as we assessed using AMSTAR) into consideration when we graded the SOE of the body of
evidence. An additional item we considered regarding prior SRs was the method of pooling
sensitivity and specificity; pooling both jointly in a bivariate model is recommended.

Reporting Quality

Failure to report important study design details in publications is a further limitation. Some
accuracy studies were vague regarding blinding of assessors and the time lapse between
implementation of the index test and reference standard. Data on these items were abstracted as
part of QUADAS-2 and are displayed in the Evidence Tables. Such weaknesses are discussed in
the Results section and were taken into consideration in rating the strength of evidence.

Research Gaps

Although there is high strength of evidence of the accuracy of various serologic tests for
celiac disease in symptomatic individuals, strength of evidence on the accuracy of algorithms
such as recommended by organizations such as ESPGHAN is insufficient due to the small
number of studies and inconsistent results. Appendix F contains details on the test combinations,
populations, and the strength of evidence domains for each algorithm studied. Further studies
should be conducted.

There is also insufficient evidence to recommend specific tests for particular at risk
populations. Patient-level factors that have been hypothesized to test accuracy include race and
ethnicity, but no studies stratified results by these characteristics.

Due to the inherent invasive nature of biopsy, the vast majority of studies of serologic test
accuracy using biopsy as the reference standard have been conducted in patients presenting for
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testing due to symptoms. The most common symptoms are gastrointestinal (diarrhea,
constipation, pain, etc.) as well as malnutrition in children. High accuracy was found in the only
general population screening study; however, despite the high scientific quality of this study, the
strength evidence of accuracy in the asymptomatic general population is low because the study
has never been replicated. This does not mean the tests are inaccurate in asymptomatic
individuals; lack of evidence does not equal evidence of inaccuracy.

No studies addressing the key subquestion “What impact does the method of initial diagnosis
have on how a physician follows up with a patient?” were identified. Retrospective analyses of
existing databases may shed light in this area.

Finally, studies may be needed to investigate the long term impact of misdiagnosis. False
positives and false negatives may be important “harms” due to a) huge lifestyle changes involved
for positive diagnosis and b) potential health harm (malabsorption, intestinal damage) from
undiagnosed CD.

Conclusions

New evidence on accuracy of tests used to diagnosis celiac disease supports the high
sensitivity of IgA tTG tests and high specificity of both IgA tTG and IgA EmA tests reported in
prior SRs. Regarding comparative accuracy, IgA EmA tests have lower sensitivity but equal
specificity to IgA tTG tests. IgA DGP and 1gG DGP tests are not as sensitive as IgA tTG tests in
non IgA deficient adults. These conclusions are based primarily on indirect evidence; however,
strength of evidence is high, given the large number of studies, the consistency of results, and the
precision of the confidence intervals.

High strength of evidence of accuracy, particularly in children, was found for DGP tests in
recent SRs. Algorithms combining tTG with either EmA or DGP tests appear to be accurate in
both children and adults. Adding an EmA test to a tTG test resulted in increased specificity, with
either no change or a slight decrease in sensitivity. In contrast, adding a DGP test to a tTG test
resulted in increased sensitivity but decreased specificity. However, strength of evidence is
insufficient given the low number of studies relative to single tests, heterogeneity of populations,
and wide range of results. The increase in accuracy over individual tests is not consistently
clinically significant. Additional studies of algorithms are needed.

Notably, current ESPGHAN guidelines state that if a patient demonstrates a tTG result
greater than (10x) the normal limit, the patient should then undergo an EmA test and HLA
typing; if the patient tests positive, then responds to gluten exclusion diet, a diagnosis of celiac
disease can be made without use of biopsy. These guidelines have not been adopted by societies
in the U.S. Evidence seems to support that a multiple-testing strategy without biopsy is accurate;
however, additional studies are needed to confirm the test threshold levels that would optimize
accuracy for general and specific populations.

VCE is a safe and fairly accurate means of diagnosing celiac disease in adults who wish to
avoid biopsy; risk of retaining the capsule is approximately 4.6%. However, our pooled results
reveal that serological tests have higher sensitivity and specificity. No data are available on how
VCE accuracy varies by population characteristics or setting. Endoscopy with biopsy has a very
low risk of adverse events; accuracy appears to be greater in academic settings.

Importantly, few applicable studies on the sequelae of false positive or false negative
diagnoses were identified. Long-term follow-up of patients, regardless of diagnostic outcomes,
should be encouraged.
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Abbreviations/Acronyms

ACG - American College of Gastroenterology

AEs - Adverse Events

AGA - Anti-Gliadin Antibodies

AHRQ - Agency for Healthcare Research and Quality

CD - Celiac Disease

ClI - Confidence Interval

COl - Conflict of Interest

DGP - Deamidated Gliadin Peptide (DGP) Antibodies

ELISA - Enzyme-Linked Immunosorbent Assay

EmA - Endomysial antibodies

EPC - Southern California Evidence-based Practice Center

ESPGHAN - European Society for Pediatric Gastroenterology, Hepatology, and Nutrition

FN - False Negative

FP - False Positive

Gl - Gastrointestinal

HLA - Human Leukocyte Antigen

IBS - Irritable Bowel Syndrome

IgA - Immunoglobulin A

IgG - Immunoglobulin G

IU - International Unit

KI - Key Informants

KQ - Key Question

LR - Likelihood Ratio

NA - Not Applicable

NASPGHAN - North American Society for Pediatric Gastroenterology, Hepatology, and
Nutrition

NICE - National Institute for Clinical Excellence

NPV - Negative Predictive Value

NR - Not Reported

PICOTS - Populations, Interventions, Comparators, Outcomes, and Timing

PPV - Positive Predictive Value

QOL - Quality of life

RBA - Radio blinding assay

ROC - Receiver Operating Characteristic

SES - Socioeconomic status

SR - Systematic Review

tTG - Tissue Transglutaminase

VCE - Video Capsule Endoscopy

WGO - World Gastroenterology Organization

76



Appendix A. Search Strategy

KQ1 (DIAGNOSTIC METHODS):

SEARCH #1 (DIAGNOSTIC ACCURACY)
DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]

AND

diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase® OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR
"Transglutaminases"[Mesh] OR "HLA Antigens"[Mesh] OR iga OR ttg OR dgp OR IGG OR mass
screening OR diagnosis[mh] OR biopsy[mh] OR biopsiesmh] OR "deamidated gliadin peptide
antibodies" OR Human leukocyte antigen* OR "video capsule endoscopy"” OR endoscop*

AND

Accura* OR Sensitivity and specificity[mh] OR Sensitivity[tiab] OR Specificity[tiab] OR False positive
reactions[mh] OR false positive* OR False negative reactions|[mh] OR False negative* OR Predictive
value OR predictive value of testsfmh] OR Distinguish* OR Differential* OR Identif* OR Detect* OR
valid* OR reliab* OR reproducibility of results

SEARCH #2 (INTERMEDIATE OUTCOMES):
DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]

AND

diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase® OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR
"Transglutaminases"[Mesh] OR "HLA Antigens"[Mesh] OR iga OR ttg OR dgp OR IGG OR mass
screening OR diagnosis[mh] OR biopsy[mh] OR biopsiesmh] OR "deamidated gliadin peptide
antibodies" OR Human leukocyte antigen* OR "video capsule endoscopy" OR endoscop* OR
misdiagnos* OR undiagnos*

AND

intermediate outcome* OR decision* OR dietary OR diet OR nutrition* OR eating OR food OR foods
OR compliance OR comply OR complying OR patient compliance OR adherence OR ((*'Decision




SEARCH #3 (CLINICAL OUTCOMES/COMPLICATIONS):
DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]

AND

diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase* OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR
"Transglutaminases"[Mesh] OR "HLA Antigens"[Mesh] OR iga OR ttg OR dgp OR IGG OR mass
screening OR diagnosis[mh] OR biopsy[mh] OR biopsiesmh] OR "deamidated gliadin peptide
antibodies” OR Human leukocyte antigen* OR "video capsule endoscopy” OR endoscop™

AND

clinical outcome* OR complication* OR adverse event* OR adverse effect* OR harm* OR enteropathy
OR "quality of life" OR villous atrophy OR abdominal OR anemia OR anemic OR (deficien* AND (folic
acid OR folate)) OR "Outcome and Process Assessment (Health Care)"[Mesh] OR "complications"
[Subheading] OR "adverse effects” [Subheading] OR "Quality of Life"[Mesh] OR "Folic Acid
Deficiency"[Mesh]

SEARCH #4 (ADD TERMS “MISDIAGNOS* OR “UNDIAGNOS*”):
DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]
AND

misdiagnos* OR undiagnos*

NOTE - THESE RESULTS WERE INCORPORATED INTO THE PREVIOUS RESULT SETS

SEARCH #1 (DIAGNOSTIC ACCURACY):
DATABASE SEARCHED & TIME PERIOD COVERED:
Web of Science Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH - 1/1/2010-107/2015

LANGUAGE:
English

SEARCH STRATEGY: (“ts”= topical search)
ts=("celiac disease" OR "coeliac disease")



AND

ts=(diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase™ OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR Transglutaminase* OR
iga OR ttg OR dgp OR IGG OR mass screening OR "Human leukocyte antigen*" OR endoscop* OR
misdiagnos* OR undiagnos*)

AND

ts=(Accura* OR Sensitivity OR Specificity OR false positive* OR False negative* OR Predictive value
OR Distinguish* OR Differential* OR Identif* OR Detect* OR valid* OR reliab* OR reproducib*)

SEARCH #2 (INTERMEDIATE OUTCOMES):
DATABASE SEARCHED & TIME PERIOD COVERED:
Web of Science Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH - 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

ts=("celiac disease" OR "coeliac disease")

AND

ts=(diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase* OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR Transglutaminase* OR
iga OR ttg OR dgp OR IGG OR mass screening OR "Human leukocyte antigen*" OR endoscop* OR
misdiagnos* OR undiagnos*)

AND

ts=(intermediate outcome* OR decision* OR dietary OR diet OR nutrition* OR eating OR food OR foods
OR compliance OR comply OR complying OR adherence)

SEARCH #3 (CLINICAL OUTCOMES/COMPLICATIONS):
DATABASE SEARCHED & TIME PERIOD COVERED:
Web of Science Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH - 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

ts=("celiac disease" OR "coeliac disease")

AND

ts=(diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase® OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR Transglutaminase* OR
iga OR ttg OR dgp OR IGG OR mass screening OR "Human leukocyte antigen*" OR endoscop* OR
misdiagnos* OR undiagnos*)

AND



ts=(""adverse effect*" OR "adverse event*" OR "clinical outcome*" OR complication* OR harm* OR
enteropathy OR "quality of life" OR villous atrophy OR abdominal OR anemia OR anemic OR "folic
acid" OR folate)

DATABASE SEARCHED & TIME PERIOD COVERED:
Cochrane Databases — 1/1/2010-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:
"celiac disease" OR "coeliac disease" in Title, Abstract, Keywords

NUMBER OF RESULTS: 65
By database:
Cochrane Reviews (0)
Other Reviews (5)
Trials (54)
Methods Studies (0)
Technology Assessments (3)
Economic Evaluations (3)
Cochrane Groups (0)

KQ2 (ENDOSCOPY WITH DUODENAL BIOPSY)

DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/1990-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]
AND

endoscopy

AND

duodenal or duodenum

AND

biopsy OR biopsies

DATABASE SEARCHED & TIME PERIOD COVERED:
Web of Science Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH - 1/1/1990-1/07/2015

LANGUAGE:



English

SEARCH STRATEGY:

TOPIC: ("celiac disease™" OR "coeliac disease")

AND

TOPIC: (endoscop* AND (duodenal or duodenum) AND (biopsy OR biopsies))

KQ3 (POPULATION):
DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/1990-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]

AND

diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase* OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR
"Transglutaminases"[Mesh] OR "HLA Antigens”[Mesh] OR iga OR ttg OR dgp OR IGG OR mass
screening OR diagnosisfmh] OR biopsy[mh] OR biopsiesmh] OR "deamidated gliadin peptide
antibodies" OR Human leukocyte antigen* OR "video capsule endoscopy" OR endoscop* OR
misdiagnos* OR undiagnos*

AND

"Ethnic Groups"[Mesh] OR "Minority Groups"[Mesh] OR "Socioeconomic Factors"[Mesh] OR
"Continental Population Groups"[Mesh] OR "Demography"[Mesh] OR population* OR symptomatic OR
nonsymptomatic OR non-symptomatic OR child OR children OR infant OR infants OR pediatric* OR
paediatric* OR demograph* OR race OR racial OR ethnic OR ethnicit* OR minority OR minorities OR
genetic* OR geograph* OR region OR regions OR regional OR socioeconom* OR socio-econom* OR
economic* OR income OR (iga AND deficien*) OR negative OR country[tiab] OR countries[tiab] OR
(prevalence OR prevalen*[tiab]

AND

"outcome assessment health care"[MeSH Terms] OR Accura* OR Sensitivity and specificity[mh] OR
Sensitivity[tiab] OR Specificity[tiab] OR False positive reactions[mh] OR false positive* OR False
negative reactions[mh] OR False negative* OR Predictive value OR predictive value of testsimh] OR
Distinguish* OR Differential* OR Identif* OR Detect* OR valid* OR reliab* OR reproducibility of
results OR outcome OR outcomes OR treatment outcome OR treatment outcomes

NOT

case report* OR case reports[pt])

DATABASE SEARCHED & TIME PERIOD COVERED:
Web of Science Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH - 1/1/1990-1/07/2015

LANGUAGE:
English



SEARCH STRATEGY:

ts=("celiac disease" OR "coeliac disease")

AND

ts=( diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase® OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR Transglutaminase* OR
iga OR ttg OR dgp OR IGG OR mass screening OR "Human leukocyte antigen*" OR endoscop* OR
misdiagnos* OR undiagnos*)

AND

ts=(population* OR symptomatic OR nonsymptomatic OR non-symptomatic OR child OR children OR
infant OR infants OR pediatric* OR paediatric* OR demograph* OR race OR racial OR ethnic OR
ethnicit* OR minority OR minorities OR genetic* OR geograph* OR region OR regions OR regional OR
socioeconom* OR socio-econom* OR economic* OR income OR (iga AND deficien*) OR negative OR
country OR countries)

AND

ts=(Accura* OR Sensitivity OR Specificity OR false positive* OR False negative* OR "predictive value
OR Distinguish* OR Differential* OR Identif* OR Detect* OR valid* OR reliab* OR reproducib* OR
outcome* OR prevalen*)

KQ4 (ADVERSE EVENTYS):
DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed - 1/1/2003-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:

"celiac disease "[Mesh] OR "celiac disease"[tiab] OR "coeliac disease"[tiab]

AND

diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase* OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR
"Transglutaminases"[Mesh] OR "HLA Antigens"[Mesh] OR iga OR ttg OR dgp OR IGG OR mass
screening OR diagnosis[mh] OR biopsy[mh] OR biopsiesmh] OR "deamidated gliadin peptide
antibodies" OR Human leukocyte antigen* OR "video capsule endoscopy"” OR endoscop* OR
misdiagnos* OR undiagnos*

AND

adverse effect* OR adverse event* OR harm* OR bleeding OR perforat* OR danger* OR safe*[tiab] OR
safety[tiab] OR patient safety OR accident*

DATABASE SEARCHED & TIME PERIOD COVERED:
Web of Science Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH - 1/1/2003-1/07/2015

LANGUAGE:
English

SEARCH STRATEGY:
ts=(""celiac disease" OR "coeliac disease")



AND

ts=(diagnosis OR diagnoses OR diagnostic OR diagnose OR diagnosing OR endomysial OR
transglutaminase™ OR serolog* OR antibody OR antibodies OR leucocyte* OR hla OR biopsy OR
biopsies OR test OR tests OR testing OR screen OR screening OR screened OR Transglutaminase* OR
iga OR ttg OR dgp OR IGG OR mass screening OR "Human leukocyte antigen*" OR endoscop* OR
misdiagnos* OR undiagnos*)

AND

ts=(adverse OR harm* OR danger* OR bleed* OR perforat* OR OR safe* OR accident*)



Appendix B. List of Excluded Studies
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1. Nisihara RM, Kotze LM, Utiyama SR, et al. Celiac disease in children and adolescents with
Down syndrome. J Pediatr (Rio J). 2005 Sep-Oct;81(5):373-6. PMID: 16247538.
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Table C-1.

Appendix C. Evidence Table

Studies of serology accuracy

Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Barada et al.,
2014

Number of Participants: 999 Adults

Comments: Marsh 2 & 3 were considered
celiac. In addition, authors classified 1 person
with Marsh 1 and positive EMA as celiac.

Type of Diagnostic Test: EMA IgA

Cut-off value: NR

Type of Diagnostic Test: tTG IgA
Cut-off value: NR

Type of Diagnostic Test: Combined

screen tTG IgA, DGP IgA
Cut-off value: NR

Sensitivity: 72.2%

Specificity: 99.7%

Positive predictive value: 90
Negative predictive value: 99.2

Sensitivity: 72.2%

Specificity: 98.4%

Positive predictive value: 44.8
Negative predictive value: 99.5

Sensitivity: 72.2%

Specificity: 97.4%

Positive predictive value: 34.2
Negative predictive value: 99.5

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Basso et al., 2011%

Number of Participants: 703 Adults

Type of Diagnostic Test: tTG IgA
Cut-off value: 100 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 17.5 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 20 U

Type of Diagnostic Test: tTG IgA
Cut-off value: 24 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 75.6 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 909.3 U/mL

Sensitivity: 75.7%

Specificity: 100%

Positive predictive value: 100
Negative predictive value: 82.4

Sensitivity: 94.5%

Specificity: 97.1%

Positive predictive value: 96.6
Negative predictive value: 95.3

Sensitivity: 94.2%
Specificity: 97.3%
Positive predictive value: 96.9
Negative predictive value: 95

Sensitivity: 96.3%

Specificity: 81.3%

Positive predictive value: 81.9
Negative predictive value: 96.2

Sensitivity: 90.9%

Specificity: 96.5%

Positive predictive value: 95.8
Negative predictive value: 92.3

Sensitivity: 62.6%

Specificity: 100%

Positive predictive value: 100
Negative predictive value: 75.2

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: No

Could patient flow have introduced bias:
Not Applicable




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Basso et al., 2011%

Number of Participants: 703 Adults

Type of Diagnostic Test: tTG IgA,
DGP IgA
Cut-off value: 145 U

Type of Diagnostic Test: tTG IgA,
DGP IgA
Cut-off value: 20 U

Type of Diagnostic Test: tTG IgA,
DGP IgA
Cut-off value: 32 U

Type of Diagnostic Test: tTG IgG
Cut-off value: 20 U/mL

Type of Diagnostic Test: tTG IgG
Cut-off value: 47.6 U/mL

Type of Diagnostic Test: tTG IgG
Cut-off value: 976.8 U/mL

Sensitivity: 65.3%

Specificity: 100%

Positive predictive value: 100
Negative predictive value: 76.6

Sensitivity: 96.7%

Specificity: 89.8%

Positive predictive value: 89.3
Negative predictive value: 96.8

Sensitivity: 95.4%
Specificity: 95.7%
Positive predictive value: 95.2
Negative predictive value: 96

Sensitivity: 96.7%

Specificity: 83.4%

Positive predictive value: 83.7
Negative predictive value: 96.6

Sensitivity: 93.3%

Specificity: 94.1%

Positive predictive value: 93.3
Negative predictive value: 94.1

Sensitivity: 59.6%

Specificity: 100%

Positive predictive value: 100
Negative predictive value: 73.8

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: No

Could patient flow have introduced bias:
Not Applicable




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Bienvenu et al.,
2014%

Number of Participants: 45
Population: Selective IgA deficient children

Type of Diagnostic Test: CD-LFIA
(detects both human IgA and IgG
anti-DGP)

Cut-off value: NA

Sensitivity: 100.0%
Specificity: 89.2%
Negative predictive value:
100.0%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Unclear
All patients received same test: Unclear

All patients included analysis: Yes

Could patient flow have introduced bias:
High




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Cekin et al., 2012%

Number of Participants: 84 Adults with Iron
Deficiency

Type of Diagnostic Test: EMA IgA

Type of Diagnostic Test: EMA IgG

Sensitivity: 100%

Specificity: 98.72%

Positive predictive value:
85.71

Negative predictive value: 100

Sensitivity: 33.33%
Specificity: 96.15%

Positive predictive value: 40
Negative predictive value:
94.94

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Dahlbom et al.,
2010%

Number of Participants: 301 Children and
Adults

Type of Diagnostic Test: tTG IgA
Cut-off value: >3 U m/L

Type of Diagnostic Test: tTG IgG
Cut-off value: >3 U m/L

Sensitivity: 100%

Specificity: 99.24%

Positive predictive value:
99.42

Negative predictive value: 100

Sensitivity: 84.12%
Specificity: 98.47%
Positive predictive value:
98.62

Negative predictive value:
82.69

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Not Applicable
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes

Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Dahle et al., 2010%®

Number of Participants: 176 Adults

Type of Diagnostic Test: EMA IgA
Cut-off value: Serum dilution 1/5

Type of Diagnostic Test: tTG IgA
Cut-off value: 5 U/mL

Type of Diagnostic Test:, DGP IgA
or DGP 1gG
Cut-off value: 20 Au/mL

Type of Diagnostic Test: tTG IgG or
IgA combined with DGP IgG or IgA
Cut-off value: 20 Au/mL

Type of Diagnostic Test: tTG IgG or
IgA combined with DGP IgG or IgA
Cut-off value: 35 AU/mL

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:

Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

61%
100%

76%
95%

87%
96%

91%
80%

85%
98%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: No

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

DeGaetani et al.,
2013¥

Number of Participants: 59 Adults with prior
negative serology but villious atrophy. HLA
test was used to rule out celiac disease.

Type of Diagnostic Test: HLA DQ?2,
HLA DQ2

Sensitivity: 100%

Specificity: 18.18%

Positive predictive value:
29.41

Negative predictive value: 100

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Unclear

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Dutta et al., 2010%

Number of Participants: 92 symptomatic
adults in India

Comment: Unclear why tTG IgG test was
used

Type of Diagnostic Test: tTG IgG
Cut-off value: >15 U/mL

Sensitivity: 77.8%

Specificity: 89.1%

Positive predictive value: 63.6
Negative predictive value: 94.2

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Emami et al.,
2012%

Number of Participants: 130

Population: IgA Deficient adults in Iran

Type of Diagnostic Test: tTG IgA

Cut-off value: >10 AU/ml

Sensitivity: 38.46%
Specificity: 96.58%
Positive predictive value:
55.56

Negative predictive value:
93.39

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Harrison et al.,
2013%

Number of Participants: 12,289, age unclear.
Some IgA deficient, but number not reported

Type of Diagnostic Test: tTG IgA,
Cut-off value: 5 U/mL

Type of Diagnostic Test: tTG IgA,
TG IgG
Cut-off value: 5 U/mL

Sensitivity: 86.8%
Specificity: 99.9%

Sensitivity: 92.1%
Specificity: 99.9%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Kaukinen et al.,
1999*

Number of Participants: 26
Population: Patients with endocrinologic
disorders in Finland

Type of Diagnostic Test: HLA DQ?2,
HLA DQ2

Sensitivity: 100%

Specificity: 33.33%

Positive predictive value: 5.26
Negative predictive value: 100

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: No

All patients received same test: No

All patients included analysis: No

Could patient flow have introduced bias:
High
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Mansour et al.,
2011%

Number of Participants: 62
Population: Type 1 diabetes, Iraq

Type of Diagnostic Test: EMA IgA
Cut-off value: 20 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 15 U/mL

Type of Diagnostic Test: tTG IgG
Cut-off value: 15 U/mL

Sensitivity: 71.43%
Specificity: 96.36%
Positive predictive value:
71.43

Negative predictive value:
96.36

Sensitivity: 71.43%
Specificity: 92.73%
Positive predictive value:
55.56

Negative predictive value:
96.23

Sensitivity: 57.14%
Specificity: 92.73%

Positive predictive value: 50
Negative predictive value:
94.44

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Mozo et al., 2012%

Number of Participants: 200

Type of Diagnostic Test: DGP IgA
Cut-off value: >7 U/mL

Type of Diagnostic Test: DGP IgG
Cut-off value: >7 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: >7 U/mL

Sensitivity: 96%

Specificity: 96%

Positive predictive value: 96
Negative predictive value: 96

Sensitivity: 95%

Specificity: 99%

Positive predictive value: 98.9
Negative predictive value: 95.2

Sensitivity: 89%

Specificity: 94%

Positive predictive value: 93.7
Negative predictive value: 89.5

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: No

All patients received same test: Not
Applicable

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Nevoral et al.,
2013%

Number of Participants: 345 children and
adolescents

Number of Participants: 32 first degree
relatives

Number of Participants: 263 with Marsh 2 or
3 classification

Number of Participants: 40 Type 1 diabetes

Type of Diagnostic Test: tTG IgA,
EMA 1gG
Cut-off value: 12 U/mL

Type of Diagnostic Test: tTG IgA,
EMA IgA
Cut-off value: 12 U/mL

Type of Diagnostic Test: tTG IgA,
EMA IgA
Cut-off value: 12 U/mL

Type of Diagnostic Test: tTG IgA,
EMA IgA
Cut-off value: 12 U/mL

Comment: New ESPGHAN
algorithm used

Sensitivity: 76%

Specificity: 85%

Positive predictive value: 94
Negative predictive value: 53

Sensitivity: 81%
Specificity: 70%

Sensitivity: 83%
Specificity: 67%

Sensitivity: 93%
Specificity: 64%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Olen et al., 2012%

Number of Participants: 69
Population: <2 years old

Number of Participants: 408
Population: all patients

Number of Participants: 67
Population: <2 years old

Number of Participants: 530
Population: all patients

Comments: 93 individuals were excluded
from study because the serology analyses
had not been carried out at the participating
immunology departments. Also, itisn’t clear
why some patients did not undergo DGP
tests.

Type of Diagnostic Test: DGP IgA
Cut-off value: NR

Type of Diagnostic Test: DGP IgA
Cut-off value: NR

Type of Diagnostic Test: tTG IgA
Cut-off value: NR

Type of Diagnostic Test: tTG IgA
Cut-off value:NR

Sensitivity: 100%
Specificity: 31%
Positive predictive value: 44

Sensitivity: 91%
Specificity: 26%
Positive predictive value: 51

Sensitivity: 96%
Specificity: 98%
Positive predictive value: 96

Sensitivity: 94%
Specificity: 86%
Positive predictive value: 88

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Sakly et al., 2012%

Number of Participants: 297 adults and
children

Type of Diagnostic Test: DGP IgA
Cut-off value: 25 IU/mL

Type of Diagnostic Test: DGP IgG
Cut-off value: 25 IU/mL

Sensitivity: 97%
Specificity: 90.7%

Sensitivity: 94.2%
Specificity: 95.4%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Srinivas et al.,
20144

Number of Participants: 752

Population: Clinical features of celiac disease

Type of Diagnostic Test: tTG IgA

Cut-off value: : <10 IU/mL

Type of Diagnostic Test: IJA EMA

Sensitivity: 0.83
Specificity: 0.96

Sensitivity: 0.80
Specificity: 0.99

Positive predictive value:
Negative predictive value:

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: No

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
High
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Srinivas et al.,
2013%

Number of Participants: 75

Number of Participants: 102

Number of Participants: 71

Type of Diagnostic Test: EMA 1gG

Type of Diagnostic Test: tTG IgA
Cut-off value: 10 IU/mL

Type of Diagnostic Test: tTG IgA,
EMA IgA

Sensitivity: 83%

Specificity: 99%

Positive predictive value: 93
Negative predictive value: 98

Sensitivity: 84%

Specificity: 96%

Positive predictive value: 72
Negative predictive value: 98

Sensitivity: 83%

Specificity: 99%

Positive predictive value: 97
Negative predictive value: 98

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Sugai et al., 2010%°

Number of Participants: 17 IgA tTG negative
adults with villous atrophy

Comments: Original N = 22, five patients
refused biopsy.

Type of Diagnostic Test: DGP

Type of Diagnostic Test: tTG IgA,
DGP IgA

Sensitivity: 35.71%
Specificity: 100%

Sensitivity: 42.86%
Specificity: 100%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: No

All patients received same test: Yes

All patients included analysis: No

Could patient flow have introduced bias:
High
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Swallow et al.,
2013%

Number of Participants: 733 Adults
Results when Marsh 1-2 considered celiac

Number of Participants: 756 Adults
Results when Marsh 1-3 considered celiac

Number of Participants: 756 Adults
Results when Marsh 3 considered celiac

Number of Participants: 733Adults
Results when Marsh 1-2 considered celiac

Number of Participants: 756 Adults
Results when Marsh 1-3 considered celiac

Number of Participants: 756
Population: Marsh 3

Comments: 473 patients were excluded
because only one of the two serology tests
was performed. 14 of these were diagnosed
as CD via biopsy.

Type of Diagnostic Test: EMA IgA

Type of Diagnostic Test: EMA IgA

Type of Diagnostic Test: EMA IgA

Type of Diagnostic Test: , tTG IgA
followed by EMA IgA, (NICE two
step strategy)

Type of Diagnostic Test: , tTG IgA
followed by EMA IgA, (NICE two
step strategy)

Type of Diagnostic Test: , tTG IgA
followed by EMA IgA, (NICE two
step strategy)

Sensitivity: 42.9%

Specificity: 99.5%

Positive predictive value: 42.9
Negative predictive value: 99.5

Sensitivity: 73.3%

Specificity: 99.5%

Positive predictive value: 84.6
Negative predictive value: 98.9

Sensitivity: 82.6%

Specificity: 99.1%

Positive predictive value: 73.1
Negative predictive value: 99.5

Sensitivity: 57.1%

Specificity: 97.3%

Positive predictive value: 16.7
Negative predictive value: 99.6

Sensitivity: 80%

Specificity: 97.3%

Positive predictive value: 54.6
Negative predictive value: 99.2

Sensitivity: 87%

Specificity: 96.9%

Positive predictive value: 46.5
Negative predictive value: 99.6

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Swallow et al.,
2013%

Number of Participants: 733Adults
Results when Marsh 1-2 considered celiac

Number of Participants: 756 Adults
Results when Marsh 1-3 considered celiac

Number of Participants: 756 Adults
Results when Marsh 3 considered celiac
as CD via biopsy.

Type of Diagnostic Test: tTG IgA

Type of Diagnostic Test: tTG IgA

Type of Diagnostic Test: tTG IgA

Sensitivity: 42.9%

Specificity: 99.5%

Positive predictive value: 42.9
Negative predictive value: 99.5

Sensitivity: 73.3%

Specificity: 99.5%

Positive predictive value: 84.6
Negative predictive value: 98.9

Sensitivity: 82.6%

Specificity: 99.1%

Positive predictive value: 73.1
Negative predictive value: 99.5

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes

Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Van Meensel et al.,
2004

Number of Participants: 175 Adults

Comment: 5 patients were IgA deficient

Type of Diagnostic Test: tTG IgA
Cut-off value: 10 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 15 kilounits

Type of Diagnostic Test: tTG IgA
Cut-off value: 19.05 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 2.64 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 20 kilounits

Type of Diagnostic Test: tTG IgA
Cut-off value: 20 kilounits/L

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

94%
100%

94%
100%

93%
100%

96%
99%

97%
96%

93%
100%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Van Meensel et al.,
2004

Number of Participants: 175 Adults

Comment: 5 patients were IgA deficient

Type of Diagnostic Test: tTG IgA
Cut-off value: 20.47 kilounits

Type of Diagnostic Test: tTG IgA
Cut-off value: 3.13 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 3.69 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 4 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 4.43 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 40 kilounits/L

Sensitivity: 97%
Specificity: 100%

Sensitivity: 96%
Specificity: 99%

Sensitivity: 96%
Specificity: 100%

Sensitivity: 93%
Specificity: 99%

Sensitivity: 99%
Specificity: 99%

Sensitivity: 96%
Specificity: 96%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes

Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Van Meensel et al.,
2004

Number of Participants: 175 Adults

Comment: 5 patients were IgA deficient

Type of Diagnostic Test: tTG IgA
Cut-off value: 5 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 50 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 56.9 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 7 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 7 kilounits/L

Type of Diagnostic Test: tTG IgA
Cut-off value: 7.16 kilounits/L

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

93%
99%

93%
93%

91%
99%

91%
100%

97%
100%

97%
100%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable

C-25




Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Van Meensel et al.,
2004

Number of Participants: 175

Comment: 5 patients were IgA deficient

Type of Diagnostic Test: tTG IgA
Cut-off value: 7.98 kilounits

Type of Diagnostic Test: tTG IgA
Cut-off value: 9.73 kilounits/L

Sensitivity: 96%
Specificity: 100%

Sensitivity: 94%
Specificity: 100%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes

Sensitivity,
Specificity,

Positive Predictive Value,
Negative Predictive Value

QUADAS

Vermeersch et al.,
2010%

Number of Participants: 827 (599 adults, 228
children)

Number of Participants: 827

Number of Participants: 827

Number of Participants: 827

Number of Participants: 827

Number of Participants: 827

Type of Diagnostic Test: DGP IgA
Cut-off value: >7

Type of Diagnostic Test: DGP IgG
Cut-off value: 10

Type of Diagnostic Test: DGP 1gG
Cut-off value: 20

Type of Diagnostic Test: DGP IgG
Cut-off value: 25

Type of Diagnostic Test: DGP 1gG
Cut-off value: >7

Type of Diagnostic Test: tTG IgA
Cut-off value: 7

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

Sensitivity:
Specificity:

65.1%
99.1%

79.1%
97.6%

83.7%
99.3%

76.7%
99.2%

86%
97.3%

84.9%
92%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Vermeersch et al.,
2010%

Number of Participants: 827

Number of Participants: 827

Number of Participants: 827

Number of Participants: 827

Type of Diagnostic Test: tTG IgA
Cut-off value: >15

Type of Diagnostic Test: tTG IgA
Cut-off value: >7

Type of Diagnostic Test: tTG IgG
Cut-off value: >15

Type of Diagnostic Test: tTG IgG
Cut-off value: >7

Sensitivity: 88.4%
Specificity: 94.9%

Sensitivity: 83.7%
Specificity: 98.4%

Sensitivity: 60.5%
Specificity: 98.1%

Sensitivity: 38.4%
Specificity: 98.5%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Vermeersch et al.,
2010%

Number of Participants: 588 Adults

Number of Participants: 588 Adults

Type of Diagnostic Test: tTG IgA
Cut-off value: >15 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: >=7 U/mL

Sensitivity: 86%
Specificity: 95%

Sensitivity: 95.3%
Specificity: 92.7%
Positive predictive value: 50.6

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Vermeersch et al.,
2012%

Number of Participants: 649 Adults and
Children

Comments: Retrospective study; the controls
spanned years 2004 to 2006, while cases
spanned years 2001 to 2009.

Type of Diagnostic Test: DGP IgA +
tTG 1gG*
Cut-off value: 20 U/mL

Type of Diagnostic Test: DGP IgA +
tTG IgG*
Cut-off value: 7 U/mL

Type of Diagnostic Test: DGP 1gG
Cut-off value: 20 U/mL

Type of Diagnostic Test: DGP IgG
Cut-off value: 7 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 20 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 7 U/mL

*Combined test determines whether
patient has low IgA and will need
IgG tests instead of IgA tests

Sensitivity: 89.7%
Specificity: 93.3%

Sensitivity: 88.8%
Specificity: 95.6%

Sensitivity: 85%
Specificity: 99.3%

Sensitivity: 86.9%
Specificity: 96.7%

Sensitivity: 84.1%
Specificity: 95.9%

Sensitivity: 81.3%
Specificity: 98.5%

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Unclear

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Unclear
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Wakim-Fleming et
al., 2014%

Number of Participants: 204
Population: Consecutive patients with biopsy
proven cirrhosis

Type of Diagnostic Test: EMA
Serum dilution >=1/10

Type of Diagnostic Test: TTG
Cut-off value: above 20 U

Sensitivity: 1.00
Specificity: 1.00

Positive predictive value:
Negative predictive value:

Sensitivity: 1.00
Specificity: 0.96

Positive predictive value:
Negative predictive value:

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design: Yes
Inappropriate exclusions: Yes
Biased patient Selection: Low

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Low
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Wolf et al., 2014%

Number of Participants: 1071 children
Population: Selective IgA deficiency (slgAD)
was found in 27 patients

Type of Diagnostic Test: tTG IgA
Cut-off value: >10 U/mL

Type of Diagnostic Test: DGP IgG
Cut-off value: >10 U/mL

Sensitivity: 0.88
Specificity: 0.97

Sensitivity: 0.89

Specificity: 0.95

when added to tTG in children
without IgA deficiency

Sensitivity: 0.29

Specificity: 1.00

when added to tTG in children
WITH IgA deficiency

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design: No
Inappropriate exclusions: Yes
Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Yes

Prespecified test threshold: Yes

Bias due to testing: Low

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Yes
Bias due to reference test: Low

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Low
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Zanini et al., 2012%

Number of Participants: 263 Adults, (Brand B
used)

Number of Participants: 393 Adults, (Brand A
used)
Number of Participants: 289Adults, (Brand C
used)

Number of Participants: 393

289

Number of Participants:

Number of Participants: 263

Type of Diagnostic Test: tTG IgA
Cut-off value: 16 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 21 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 24 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 35 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 40 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 48 U/mL

Sensitivity: 89.4%

Specificity: 88.1%

Positive predictive value: 90.3
Negative predictive value: 77.4

Sensitivity: 38.2%

Specificity: 97.4%

Positive predictive value: 95.8
Negative predictive value: 50.7

Sensitivity: 58.8%

Specificity: 99%

Positive predictive value: 99
Negative predictive value: 60.7

Sensitivity: 10.1%
Specificity: 100%
Positive predictive value: 100
Negative predictive value: 42

Sensitivity: 43.1%

Specificity: 100%

Positive predictive value: 100
Negative predictive value: 53.1

Sensitivity: 69.7%

Specificity: 58.8%

Positive predictive value: 100
Negative predictive value: 60.3

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable
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Author, Year

Number of Participants,
Populations

Type of Diagnostic Test,
Cut-Off Value

Outcomes
Sensitivity,
Specificity,
Positive Predictive Value,
Negative Predictive Value

QUADAS

Zanini et al., 2012%

Number of Participants: 393

Number of Participants: 289

Number of Participants: 263

Type of Diagnostic Test: tTG IgA
Cut-off value: 7 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 8 U/mL

Type of Diagnostic Test: tTG IgA
Cut-off value: 80 U/mL

Sensitivity: 94.5%

Specificity: 76.1%

Positive predictive value: 85.9
Negative predictive value: 90.1

Sensitivity: 88.1%

Specificity: 92.2%

Positive predictive value: 94.6
Negative predictive value: 83.3

Sensitivity: 59.1%

Specificity: 43.1%

Positive predictive value: 100
Negative predictive value: 52.9

QUADAS Domain 1

Consecutive or random sample: Yes
Case control design avoided: Yes
Inappropriate exclusions: No

Biased patient Selection: High

QUADAS Domain 2

Blinded interpretation of index test results:
Unclear

Prespecified test threshold: Yes

Bias due to testing: Unclear

QUADAS Domain 3

Valid reference standard: Yes

Blinded analysis of reference test: Unclear
Bias due to reference test: Unclear

QUADAS Domain 4

Appropriate interval between reference and
index test: Yes

All patients received reference test: Yes

All patients received same test: Yes

All patients included analysis: Yes

Could patient flow have introduced bias:
Not Applicable

Table Notes: Au/ml — Absorbance Units per Milliliter; DGP — Deamidated Gliadin Peptide (DGP); DM = Diabetes; EMA — Endomysial Antibodies; HLA Human Leukocyte Antigen; IgA -
Immunoglobulin A; 1gG - Immunoglobulin G; L — Liter; NR — Not Reported; QUADAS - Quality Assessment of Diagnostic Studies; tTG - Anti-tissue Transglutaminase; U — Units; U/mL —

Units per milliliter
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Appendix D. Data Abstraction Tools
1. Celiac Disease Abstract Screening Form

2. Celiac Disease Full Text Screening Tool
3. Celiac Disease Data Abstraction Tool
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e Celiac Disease Abstract Screening Form

If the title is to be excluded, please indicate by clicking the "exclude" button below. If included, please go to the
abstract screening question below.

Exclude
Clear Response

Based on this abstract, is this an include or exclude?
Include

Exclude

Needs discussion

No abstract (exclude)

Background
Duplicate Data [STOP] {specify ID number of which it's a duplicate}

Clear Response

Exclude reason

Not English language

Not human

Not about celiac disease (CD)

Not about diagnosis of CD or under-diagnosis of CD
No original data - letter, commentary, editorial, etc.

Individual case report (Less than 10)

Prevalence, outside U.S.
Diagnostic method outside the scope of study.
(Diagnostic methods included in the KQs are Endomysial antibodies (EmA) test,

Anti-tissue Transglutaminase (tTG) test, Deamidated Gliadin Peptide (DGP) antibody, HLA typing,
video capsule endoscopy, and endoscopy with biopsy)

Test processing issue (E.g., PCR vs. other method)
Serology Only - No comparison with biopsy

b Pre dates systematic review (SR) on topic

Clear Response

Comment
~|

< | 2]



https://systematic-review.ca/Submit/RenderForm.php?id=1
https://systematic-review.ca/Submit/RenderForm.php?id=1
https://systematic-review.ca/Submit/RenderForm.php?id=1

e Celiac Disease Full Text Screening Tool

1. Should the study have been rejected at abstract screening? If yes, please state the reason.

b Yes (STOP), submit form
Specify:
b Not English language
Not human
& o
Not about celiac disease (CD)
b Not about diagnosis of CD or under-diagnosis of CD
b No original data - letter, commentary, editorial, etc.
b Individual case report
L

Prevalence, outside U.S.

Diagnostic method outside the scope of study. (Diagnostic methods included in the KQs are Endomysial
antibodies (EmA) test,
Anti-tissue Transglutaminase (tTG) test, Deamidated Gliadin Peptide (DGP) antibody, HLA typing, video capsule
endoscopy, and endoscopy with biopsy)

b Test processing issue (E.g., PCR vs. other method)
Serology Only

b Pre dates systematic review (SR) on topic

@

No

2. Does the article address Key Question 4 - adverse effects of invasive methods (endoscopy with biopsy,
video capsule endoscopy)?

Yes (STOP), submit form - study will be included
No

3. Does the article address Key Question 2 - how the accuracy of duodenal biopsy varies by MD training,
method, or length of gluten ingestion?

Yes (STOP), submit form - study will be included
If yes, indicate which one:

- Pathologist characteristics, i.e. level of experience or specific training
B Method, i.e. type or number of specimens

- Length of time ingesting gluten before diagnostic testing

B Exclude study (indicate reason)

@

No

4. Does the article address Key Question 1 or Key Question 3 - assess the accuracy or effectiveness (e.g.
outcomes) of any of the following? (check all that apply)

Endomysial antibodies (EmA) IgA test



Anti-tissue transglutaminase (tTG) IgA test

EmA IgG, tTG IgG, and DGP IgG tests for IgA deficient individuals
Deamidated Gliadin Peptide (DGP) IgA Antibodies

HLA-DQ2 or HLA-DQ8

Video capsule endoscopy

01 O O 0O 0O O

None of the above (STOP), submit form - study will be excluded

Does not assess accuracy or effectiveness e.g. only prevalence, test processing, etc. (STOP), submit form -
study will be excluded

5. If this is an accuracy study:
Are the tests compared to biopsy?

Yes
No (STOP), submit form - study will be excluded
Did ALL subjects undergo both the "intervention" diagnostic method and the "reference" standard (usually biospy)?

(i.e. everyone who received a serological test should get biopsy too, regardless of whether the test was negative or
positive)

Yes
No (STOP), submit form - study will be excluded

6. What is the sample size?

=

=
T s

7. Was a consecutive or random sample of patients enrolled?

Yes

No
Unclear
8. Does the article present results specific to the following populations? (check all that apply)
N Children, under age 24 months vs. older children & adolescents

B Adults (aged 18+)

B Ethnic or geographic populations (Specify)

B Low socioeconomic status (SES)

B IgA deficient

B Previously negative for CD

-

With signs and symptoms of CD (i.e., diarrhea, nutrional deficits, etc.)



With type 1 diabetes

With auto-immune disease

With Turner's syndrome

With trisomy 21/Down Syndrome
With family history

Other special population (Specify)

General population, no special populations

O OO0 0 0O 0

9. Does the article need further discussion?

. Yes
b No
Notes:

=

s o

e Celiac Disease Data Abstraction Tool

Study Design
Specify the study design

b Randomized controlled trial
b Case control
& .
Retrospective cohort
&

Prospective cohort

b Other

Clear Response

Country
Please indicate the country
r United States
r UK
r .

Other 1 (specify country)
r Other 2 (specify country)
r Other 3 (specify country)
r

Not reported
Population
Please indicate the % of female? If not reported, please write "Not reported"”.


https://systematic-review.ca/Submit/RenderForm.php?id=8

Please indicate % of race/ethnicity

r Asian (specify %) I
r Black (specify %) I
r Latino (specify %) I
- Middle Eastern (specify %) I
- White (specify %) I
- Other 1 (specify ethnicity and %) I
- Other 2 (specify ethnicity and %) I
- Other 3 (specify ethnicity and %) I
= Other 4 (specify ethnicity and %) I
= Not reported

Arms

How many arms are there?

Arm 1
Please describe the population as best as possible.

KN ]
Arm 2
Please describe the population as best as possible.




Please describe the population as best as possible.

<] | 2

Please indicate the sample size.

<] | 2

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 4

Please describe the population as best as possible.

<] | i

Please indicate the sample size.

1l

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

<] | 2

Arm 5
Please describe the population as best as possible.

<] | i

Please indicate the sample size.

<] | i

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

|| -]

Arm 6
Please describe the population as best as possible.

<] | i

Please indicate the sample size.

<] | 2

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

<] | 2
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Arm 7

Please describe the population as best as possible.

<] | i

Please indicate the sample size.

<] | 2

For tTG tests: threshold

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 8

<] | 2

Please describe the population as best as possible.

<] | i

Please indicate the sam

ple size.

<] | i

For tTG tests: threshold

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 9
Please describe the pop

<] | 2

ulation as best as possible.

<] | 2

Please indicate the sample size.

<] | i

For tTG tests: threshold

<] | o

Arm 10

<] | o

<] | 2

For tTG tests: threshold |

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Please describe the population as best as possible.

Please indicate the sample size.

evel in terms of X times upper limit of normal. If not reported, please indicate "Not reported"
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-

Please describe the pop

ulation as best as possible.

-

Please indicate the sample size.

-

a

T

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

or tTG tests: threshold

Arm 12

ulation as best as possible.

Please describe the pop

Please indicate the sam

ot

ple size.

§
an

|
or tTG tests: thresho

‘|'|
o

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

4
Arm 13

-

ulation as best as possible.

Please describe the pop

<>

g
3
=
~

Please indicate the sample size.
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For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 15

Please describe the population as best as possible.

<] | 2

Please indicate the sample size.

<] | >

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 16
Please describe the population as best as possible.

<] | i

Please indicate the sample size.

<] | 2

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

<] | i

Arm 17
Please describe the population as best as possible.

<] | i

Please indicate the sample size.

<] | i

For tTG tests: threshold level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 18
Please describe the population as best as possible.

&
<] | 2

Please indicate the sample size.
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For tTG tests: threshold

<] | 2

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

<] | i

Arm 19

Please describe the population as best as possible.

<] | 2

Please indicate the sample size.

<] | i

For tTG tests: threshold

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

Arm 20
Please describe the pop

ulation as best as possible.

<] | 2

Please indicate the sample size.

<] | 2

For tTG tests: threshold

level in terms of X times upper limit of normal. If not reported, please indicate "Not reported"

<] | 2l
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Table E-1. AMSTAR criteria

Appendix E. AMSTAR Criteria

Author,
Year

Q1: Design

Q2.
Selection

Qs3:
Search

Q4: Publication
Status Criterion

Q5: List
Studies

Q6:

Characteristics

Q7:
Quality
Assessed

Q8: Quality
Conclusions

Q9: Methods
Appropriate

Q10:
Bias

Q11: COI

Score

Video Capsule Endoscopy

Rokkas
et al.,
2012%

Yes

Yes

Yes

Yes

No

Yes

No

No

Yes

No

No

El-Matary
et al.,
2009%

No

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No

No

Serologicia

| Tests

Giersiepe
netal.,
2012%

Yes

NR

No

No

No

Yes

Yes

Yes

Yes

No

No

Lewis et
al.,
2010%

No

Yes

Yes

No

No

Yes

Yes

Yes

Yes

No

No

Rostom
et al.,
2005

No

Yes

No

No

No

Yes

Yes

Yes

Yes

No

No

Rostom
et al.,,
2004%°

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

NICE
Guideline
s, 20098

Yes

Yes

Yes

Yes

Yes

No

No

No

Yes

No

No

Schyum,
2013%

Yes

NR

Yes

NR

No

Yes

No

NA

No

No

Yes

Special Po

ulations

Ford et
al.,

2009%

No

Yes

Yes

Yes

No

Yes

No

No

Yes

Yes

No




Author,
Year

Q1: Design

Q2:

Selection

Qa3:

Search

Q4: Publication
Status Criterion

Q5: List
Studies

Q6:

Characteristics

Q7:
Quality
Assessed

Q8: Quality
Conclusions

Q9: Methods
Appropriate

Q10:

Bias

Q11: COl

Score

van der
Windt et
al.,
2010%

No

Yes

Yes

No

No

Yes

Yes

Yes

Yes

No

No

Other Key Questions

Bruins,
2013% on
gluten
challenge

No

NR

No

No

No

Yes

No

No

Yes

No

No

Hall et
al..® on
adherenc
e to GFD

No

NR

Yes

NR

No

Yes

Yes

No

Yes

No

No

Liao et
al.,
2010% on
adverse
events

No

Yes

No

No

No

No

No

No

Yes

No

No

Table notes: AMSTAR= Assessment of Multiple Systematic Reviews; NR=Not reported.




AMSTAR - Assessment of Reporting Quality for Systematic

Reviews

1. Was an "a priori' design provided?

The research question and inclusion criteria should be established before the conduct of
the review.

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published
research objectives to score a “yes.”

O Yes

0 No

o Can't answer

0 Not applicable

2. Was there duplicate study selection and data extraction?
There should be at least two independent data extractors and a consensus procedure for
disagreements should be in place.

Note: 2 people do study selection, 2 people do data extraction, consensus process or one
person checks the other’s work.

O Yes

0 No

o Can't answer

0 Not applicable

3. Was a comprehensive literature search performed?

At least two electronic sources should be searched. The report must include years and
databases used (e.g., Central, EMBASE, and MEDLINE). Key words and/or MESH terms
must be stated and where feasible the search strategy should be provided. All searches
should be supplemented by consulting current contents, reviews, textbooks, specialized
registers, or experts in the particular field of study, and by reviewing the references in

the studies found.

Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane
register/Central counts as 2 sources; a grey literature search counts as supplementary).
o Yes

o No

o Can't answer

0 Not applicable

4. Was the status of publication (i.e. grey literature) used as an inclusion

criterion?

The authors should state that they searched for reports regardless of their publication
type. The authors should state whether or not they excluded any reports (from the
systematic review), based on their publication status, language etc.

Note: If review indicates that there was a search for “grey literature” or “unpublished

E-3



literature,” indicate “yes.” SIGLE database, dissertations, conference proceedings, and
trial registries are all considered grey for this purpose. If searching a source that contains
both grey and non-grey, must specify that they were searching for grey/unpublished lit.
o Yes

o No

o Can't answer

0 Not applicable

5. Was a list of studies (included and excluded) provided?
A list of included and excluded studies should be provided.

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to
the list but the link is dead, select “no.”

o Yes

o No

o Can't answer

0 Not applicable

6. Were the characteristics of the included studies provided?

In an aggregated form such as a table, data from the original studies should be provided
on the participants, interventions and outcomes. The ranges of characteristics in all the
studies analyzed e.qg., age, race, sex, relevant socioeconomic data, disease status,
duration, severity, or other diseases should be reported.

Note: Acceptable if not in table format as long as they are described as above.

o Yes

o No

o Can't answer

o Not applicable

7. Was the scientific quality of the included studies assessed and documented?

‘A priori' methods of assessment should be provided (e.g., for effectiveness studies if the
author(s) chose to include only randomized, double-blind, placebo controlled studies, or
allocation concealment as inclusion criteria); for other types of studies alternative items

will be relevant.

Note: Can include use of a quality scoring tool or checklist, e.g., Jadad scale, risk of bias,
sensitivity analysis, etc., or a description of quality items, with some kind of result for
EACH study (“low” or “high” is fine, as long as it is clear which studies scored “low” and
which scored “high”; a summary score/range for all studies is not acceptable).

o Yes

o No

o Can't answer
0 Not applicable



8. Was the scientific quality of the included studies used appropriately in

formulating conclusions?

The results of the methodological rigor and scientific quality should be considered in the
analysis and the conclusions of the review, and explicitly stated in formulating
recommendations.

Note: Might say something such as “the results should be interpreted with caution due to
poor quality of included studies.” Cannot score “yes” for this question if scored “no” for
question 7.

o Yes

o No

o Can't answer

0 Not applicable

9. Were the methods used to combine the findings of studies appropriate?

For the pooled results, a test should be done to ensure the studies were combinable, to
assess their homogeneity (i.e., Chi-squared test for homogeneity, 12). If heterogeneity
exists a random effects model should be used and/or the clinical appropriateness of
combining should be taken into consideration (i.e., is it sensible to combine?).

Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that
they cannot pool because of heterogeneity/variability between interventions.

o Yes

0 No

o Can't answer

0 Not applicable

10. Was the likelihood of publication bias assessed?

An assessment of publication bias should include a combination of graphical aids (e.g.,
funnel plot, other available tests) and/or statistical tests (e.g., Egger regression test,
Hedges-Olken).

Note: If no test values or funnel plot included, score “no”. Score “yes” if mentions that
publication bias could not be assessed because there were fewer than 10 included
studies.

o Yes

o No

o Can't answer

0 Not applicable

11. Was the conflict of interest included?
Potential sources of support should be clearly acknowledged in both the systematic
review and the included studies.

Note: To get a “yes,” must indicate source of funding or support for the systematic



review AND for each of the included studies.
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Appendix F. Strength of Evidence for Accuracy of
Serology Tests

Table F-1. Strength of evidence for the accuracy of serology tests
Diagnostic | Population Number | Risk of Consistency | Directness | Precision SOE, Findings
Method of Bias
Studies
tTG IgA Overall 1 prior Moderate | Consistent Direct Precise High
(Studies meta- New meta-
mixed analysis analysis of
symptomatic of 8 thresholds used
and high risk) | studies; in clinical
1 prior practice:
meta of Sensitivity
12 92.5% (95% CI:
studies, 89.7, 94.6)
16 new Specificity
studies 97.9% (95% CI:
96.5, 98.7)
Abdominal 1 prior Moderate | Consistent Direct Precise High
symptoms meta of (Specificity) | Sensitivity
7 studies 89.0% (95% CI:
82.0, 94.0)
Specificity
98.0% (95% CI:
95.0, 99.0)
Type 1 1 study Low NA Direct NA Insufficient
diabetes (N =62) Sensitivity
71.0%
Specificity
93.0%
Iron deficient | 1 study High NA Direct NA Insufficient
(N= Sensitivity
130) 38.0%
Specificity
97.0%
Asymptomatic | 1 study Low NA Direct NA Low
— general (N= Sensitivity
population 1,001) 100.0%
screening Specificity
97.4%
Children 1 prior Moderate | Consistent Direct Precise High
meta of Sensitivity
5 point- 96.4% (95% CI:
of-care 94.3, 97.9)
tests Specificity
97.7% (95% CI:
95.8, 99.0)
EmA IgA Overall 3 prior Moderate | Consistent Direct Precise High
(Studies SRs, 7 (Specificity) | New meta-
mixed new analysis
symptomatic studies Sensitivity
and high risk) 76.6% (95% CI:
68.7, 82.9)
Specificity
99.0% (95% CI:
98.4, 99.4)




Abdominal 1 prior Moderate | Consistent Direct Precise High
symptoms meta of (Specificity) | Sensitivity
8 studies 90.0% (95% CI:
80.0, 95.0)
Specificity
99.0% (95% CI:
98.0, 100.0)
Type 1 1 study Low NA Direct NA Insufficient
diabetes (N =62) Sensitivity
71.0%
Specificity
96.0%
Iron deficient | 1 study High NA Direct NA Insufficient
(N =84) Sensitivity
100.0%
Specificity
99.0%
Asymptomatic | 1 study Low NA Direct NA Low
— general (N= Sensitivity
population 1,001) 85.7%
screening Specificity
99.0%
Children 1 prior Moderate | Consistent Direct Precise High
meta of (Specificity) | Sensitivity
11 82.6% to 100%
studies (not pooled)
Specificity
98.2% (95% CI:
96.7, 99.1)
DGP IgA Overall 1 prior Moderate | Consistent Direct Precise High
(Studies meta of Sensitivity
mixed 11 87.8% (95% CI:
symptomatic studies, 85.6, 89.9)
and high risk) | 2 new Specificity
studies 94.1% (95% CI:
92.5, 95.5)
2 new studies
report increased
sensitivity
Children 1 prior Moderate | Consistent Direct Precise Moderate
meta of (Specificity) | Sensitivity
3 studies 80.7% to 95.1%
(not pooled)
Specificity
90.7% (95% CI:
87.8, 93.1)
DGP IgG Overall 1 prior Moderate | Consistent Direct Precise Moderate
(Studies SR of 7 (Specificity) | Sensitivity
mixed studies, 75.4% to 97.0%
symptomatic 1 new Specificity
and high risk) | study 90.7% to 100%




Children 1 prior High Consistent Direct Imprecise Moderate
SR of 3 Sensitivity
studies, 80.1% to 100%
2 new Specificity
studies 86.0% to 100%
New study
reports
sensitivity and
specificity of
100% in children
under 7 years of
age
DGP IgA + | IgA deficient 1 study Moderate | NA Direct NA Insufficient
1I9G combo (N = 45) Sensitivity 100%
Specificity
89.2%
tTG IgA + Symptomatic | 1 study Low NA Direct NA Insufficient
DPG IgA adults (N=998) Sensitivity
72.2%
Specificity
97.4%
Children 1 study High Consistent Direct NA Insufficient
of 2 Sensitivity
threshold 94.5% to 96.7%
levels Specificity
(N=703) 89.8% to 95.7%
tTG IgA + Symptomatic | 1 study Moderate | Consistent Direct NA Insufficient
DGP adults of 2 Sensitivity
IgA/IgG threshold 85.0% to 91.0%
combo levels Specificity
(N= 80.0% to 98.0%
176)
tTG IgA + Symptomatic | 2 studies | Moderate | Consistent Direct Imprecise Insufficient
EmA IgA (N= Sensitivity
443) 76.0% to 87.0%
Specificity
85.0% to 97.0%
First degree 1 study Low NA Direct NA Insufficient
relatives (N=32) Sensitivity
81.0%
Specificity 70.%
Type 1 1 study Low NA Direct NA Insufficient
diabetes (N =60) Sensitivity
93.0%
Specificity
64.0%
Mixed 1 study High NA Direct NA Insufficient
(symptomatic | (N = Sensitivity
and/or Type | 752) 83.0%
1 diabetes) Specificity
99.0%
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