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Abstract
Introduction
Coeliac disease (CD) is a systemic immune-mediated disorder triggered by gluten in genetically predisposed individuals. CD is diagnosed using a combination of serology tests and endoscopic biopsy of the small intestine. However, because of nonspecific symptoms and heterogeneous clinical presentation, diagnosing CD is challenging. Early detection of CD through improved case-finding strategies can improve the response to a gluten-free diet, patients’ quality of life, and potentially reduce the risk of complications. However, there is a lack of consensus which groups may benefit from active case-finding.
Methods and analysis
We will perform a systematic review to determine the accuracy of diagnostic indicators (such as symptoms and risk factors) for CD in adults and children, and thus can help identify patients who should be offered CD testing. MEDLINE, Embase, Cochrane Library, and Web of Science will be searched from 1997 until 2020. Screening will be performed in duplicate. Data extraction will be performed by one and checked by a second reviewer. Disagreements will be resolved through discussion or referral to a third reviewer. We will produce a narrative summary of identified prediction models. Studies where 2x2 data can be extracted or reconstructed will be treated as diagnostic accuracy studies, i.e. the diagnostic indicators are the index tests and CD serology and/or biopsy is the reference standard. For each diagnostic indicator, we will perform a bivariate random effects meta-analysis of the sensitivity and specificity.
Ethics and dissemination
Results will be reported in peer-reviewed journals, academic and public presentations and social media. We will convene an implementation panel to advise on the optimum strategy for enhanced dissemination. We will discuss findings with Coeliac UK to help with dissemination to patients. Ethical approval is not applicable, as this is a systematic review and no research participants will be involved.
Registration number
CRD42020170766 
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Article summary

Strengths and limitations of this study
· This systematic review protocol follows the PRISMA Protocols guidelines, which offers transparency and enhances reproducibility.
· This review will follow guidelines from the Centre for Reviews and Dissemination and the Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy, ensuring the use of robust and well-established methodologies.
· We will include studies that use serology tests and/or biopsy as reference standard to increase the inclusion rate, but we note that serology tests in particular can produce both false positive and false negative results (i.e. are not a ‘gold standard’), which may lead to bias in the primary analysis. 
· By balancing the sensitivity and specificity of our search strategy there is a small risk of missing relevant papers, although this will be mitigated by screening reference lists of relevant reviews.


Introduction
Coeliac disease (CD) is a systemic, immune-mediated disorder triggered by the ingestion of the protein gluten and related prolamins, found in wheat, rye and barley, in genetically predisposed individuals.1 2 CD is characterised by small intestine damage, gluten-dependent clinical symptoms, and increased blood levels of CD-specific antibodies.1 Patients typically present with gastrointestinal symptoms such as chronic diarrhoea, abdominal pain, or constipation, but can also present with non-specific symptoms such as tiredness, anaemia, or impaired growth in children.3 In the UK and other European countries, the lifetime prevalence is estimated at around 1%.4-7 CD is more frequently diagnosed in ‘at-risk’ individuals with certain conditions, such as type 1 diabetes,8 Down’s syndrome,9 or iron deficiency anaemia,10 and is 1.5 to 2 times more common in women than in men.11
In first-degree relatives CD prevalence is as high as 10%12 and concordance in identical twins is 75% higher compared to nonidentical twins,13 suggesting a strong genetic component. Certain human leukocyte antigen (HLA) variants are strongly associated with CD and almost all CD patients carry the HLA-DQ2/8 haplotype. However, this risk haplotype is common; up to 40% of the general population carry the HLA-DQ2/8 haplotype – most of whom will never develop CD.14 Although environmental factors such as gluten exposure, breast feeding, and gastrointestinal infections are reported to play a role in the aetiology of CD,15 the exact mechanism and pathophysiology of CD remain unclear.
CD is diagnosed using a combination of serology tests and endoscopic biopsy of the small intestine. These tests are only reliable when the patient is on a gluten containing diet. Current guidelines by the National Institute for Health and Care Excellence (NICE) recommend testing for total immunoglobulin A (IgA) and IgA tissue transglutaminase (tTG) as a first choice in both adults and children.16 In case of IgA deficiency, immunoglobulin G (IgG) tTG, IgG endomysial antibody (EMA), or IgG deamidated gliadin peptide (DGP) can be measured. Seropositive adults should be referred for intestinal biopsy. Seropositive children should be referred for further investigation, which may include IgA EMA, intestinal biopsy, HLA genetic testing, or a combination thereof.16 
The European Society for Paediatric Gastroenterology Hepatology and Nutrition (EPSGHAN) launched new guidelines in 201217 to avoid biopsies in children with high IgA tTG titres (>10 times upper limit of normal) and positive HLA-DQ2/8 and EMA results. Since then, new findings have supported this approach.18 The updated EPSGHAN guidelines (2019) suggest that HLA-DQ2/8 testing can be omitted and the biopsy avoidance strategy can also be used in asymptomatic patients.18 The biopsy avoidance strategy has been endorsed by the British Society of Paediatric Gastroenterology Hepatology and Nutrition (BSPGHAN) and Coeliac UK (2013) joint Guidelines for the diagnosis and management of coeliac disease in children,4 but not yet by the NICE guidelines.3 For adults, the biopsy avoidance strategy is currently not recommended.3 19 However, a recent study suggests that adult CD can also be reliably diagnosed without biopsy in patients with high IgA tTG levels (>10× the upper limit of normal), positive EMA and HLA-DQ2/8 test results without requirement of symptoms.20
Patients diagnosed with CD are advised to follow a strict gluten-free diet, which is expensive and challenging to adhere to for patients, but it is the only available treatment. In most symptomatic patients a gluten-free diet reduces symptoms, increases quality of life, and seems to lower the risk of complications.21-23 However, because of the nonspecific symptoms and heterogeneous clinical presentation, diagnosing CD is challenging. As a consequence, mean duration of symptoms before diagnosis is as long as 13 years in the UK24 and 11 years in the US.25 A delayed diagnosis can increase the risk of more severe or non-responsive CD,26 as well as the risk of severe complications such as osteoporosis,27 infertility,28 and lymphoma.29
Active case-finding strategies, i.e. offering tests to individuals with certain symptoms or conditions associated with CD, aim to improve timeliness of CD diagnosis. Early detection of CD through improved case-finding strategies can improve the response to a gluten-free diet, patients’ quality of life, and potentially reduce the risk of complications. However, there is a lack of consensus which groups may benefit from active case-finding. Therefore, we will perform a systematic review of the literature to investigate which diagnostic indicators (such as symptoms and risk factors) are most sensitive and specific for CD, and thus can help identify patients that should be offered CD testing.
Aim
[bookmark: _Hlk33434062]The overall aim of this review is to determine the accuracy of diagnostic indicators for CD in adults and children.
Objectives
1. Determine the accuracy of diagnostic indicators to diagnose CD in children (≤ 16 years old).
2. Determine the accuracy of diagnostic indicators in adults (> 16 years old).
3. Identify combinations of diagnostic indicators that lead to an increased probability of coeliac disease.


Methods
The review will follow Centre for Reviews and Dissemination (CRD) guidelines for undertaking systematic reviews30 and methods described in the Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy31 and has been registered on the PROSPERO database (CRD42020170766). This protocol is reported according to the PRISMA guidance for systematic review protocols and the PRISMA statement for diagnostic test accuracy studies.32 33 Protocol amendments will be documented and published together with the results of the systematic review.
Eligibility criteria
Studies that fulfil the following criteria will be eligible for inclusion:
· [bookmark: _Hlk33434130]Population: Adults and/or children (≤ 16 years old) tested for CD. 
· Diagnostic indicators (treated as ‘index tests’): Any diagnostic indicator will be eligible for inclusion. We consider diagnostic indicators to be those that may assist a clinician in making a diagnosis during an initial consultation, for example: family history or recent test results (e.g. full blood count to test for anaemia), current symptoms, or a risk HLA-DQ genotype. Factors that are more general risk factors rather than potential diagnostic indicators such as perinatal factors, ‘susceptibility genes’ (other than HLA-DQ status), or age at gluten introduction will be excluded. Tests for susceptibility genes are currently not widely available to clinicians and therefore not (yet) useful in aiding diagnosis.
· [bookmark: _Hlk31373933]Reference standards: the following reference standards are acceptable, (1) all patients undergo coeliac specific serological tests and duodenal biopsy, (2) all patients undergo coeliac specific serological tests and seropositive patients undergo a duodenal biopsy, (3) all patients undergo duodenal biopsy without serology tests, (4) patients undergo one or a combination of the following coeliac specific serology tests: IgA/IgG tTG, EMA, or DGP. Studies where not all patients have received the reference standard will be excluded.
· [bookmark: _Hlk48215803][bookmark: _Hlk33434210][bookmark: _Hlk48305605][bookmark: _Hlk48215709][bookmark: _Hlk33434303]Study design: Studies using a “single-gate” or “multi-gate” design and prediction modelling studies are eligible for inclusion. In a single-gate design, a single set of inclusion criteria (gate) is used for all participants, whereas in a multi-gate design, two or more sets of inclusion criteria (gates) are used (e.g. one for a risk factor group or a group of coeliac patients and another for healthy controls).34 Control groups, i.e. study participants without the diagnostic indicator or without CD, are required to be representative of the general population. Diagnostic indicator studies will be treated as diagnostic test accuracy studies and we will refer to these studies as such throughout this protocol. If sufficient single-gate studies are identified, then multi-gate studies will be excluded, as the latter have been shown to overestimate test accuracy.35 Diagnostic accuracy studies will be required to report sufficient data to construct 2x2 tables showing the number of participants with and without CD (according to the reference standard) cross-classified against the number with and without the diagnostic indicator. There will be no specific data requirements for prediction modelling studies.
· Additional restrictions: We will exclude studies published before 1997 (the year in which the most important serological test, tTG, was developed), to reduce the variation in the methods used for diagnosing coeliac disease (reference standard). We will not apply any restrictions based on patient age, language, or study size.
Information sources
[bookmark: _Hlk33433817]MEDLINE, Embase, Cochrane Library, and Web of Science will be searched. Ongoing and completed studies will be identified using the WHO International Clinical Trials Registry and the NIH Clinical Trials database, and internet searches will be undertaken. Reference lists of the latest guidelines from NICE and the British Society of Gastroenterology on CD and systematic reviews published after the latest NICE guidelines will be screened.
Search strategy
The search strategy incorporates three main elements: (1) conditions (CD) + prognostic/predictive research filter (based on Geersing36 and Ingui’s37 work), (2) conditions (CD) + all physical diseases/ signs/symptoms (based on MeSH, EMTREE) + ‘CD’ diagnosis, (3) terms for high risk populations (see Supplementary material for a detailed search strategy). We will exclude animal studies, case reports, letters, editorials, and coeliac artery/trunk research and will apply a sensitive study design filter. No language or publication restrictions will be applied.
Study records
Data management
Identified references will be downloaded into Endnote X9 software for further assessment and handling. Rigorous records are maintained as part of the searching process.
Selection process
Study selection will be conducted in two stages using forms developed in Microsoft Access: (1) an initial screening of titles and abstracts against the inclusion criteria to identify potentially relevant papers, (2) screening of the full papers identified as possibly relevant in the initial screening. All papers excluded at the second stage will be documented along with the reasons for exclusion. Abstracts and full texts will be screened independently by at least two researchers. Disagreements about study eligibility will be resolved through discussion or by consulting a third reviewer.
Data collection process (data extraction) 
[bookmark: _Hlk33434393]Data will be extracted using standardised data extraction forms developed in Microsoft Access. Data extraction forms will be piloted on a small sample of papers and adapted as necessary. In order to minimise bias and errors, data extraction will be performed by one reviewer and checked by a second. Disagreements will be resolved through discussion or referral to a third reviewer. 
To exclude diagnostic indicators with insufficient evidence, we will only extract data on diagnostic indicators that are reported in five or more studies, with the exception of “new but exceptionally promising” diagnostic indicators according to our expert panel (i.e. widely used diagnostic indicators that are deemed too important for omission). We will extract the following data from the remaining papers, where reported: study characteristics, patient characteristics, details on the diagnostic indicator, and details on how CD was diagnosed (i.e. the reference standard). 
Diagnostic accuracy studies: Numerical results will be extracted as 2x2 contingency tables (i.e. number of individuals with versus without the diagnostic indicator, tabulated against CD status). Where possible, data will be extracted separately for different age groups (children and adults), sex (male and female), and symptomatic groups (“at risk” asymptomatic, symptomatic primary care or symptomatic secondary care). If 2x2 data is not reported, we will reconstruct this from estimates of sensitivity, specificity, positive and negative predictive values, or unadjusted diagnostic odds ratios, intercept, and prevalence data where possible. If this is not possible the study will be excluded. We will contact authors if there are inconsistencies in the data.
Prediction modelling studies: We will extract details from the final model, including which variables were used, whether the model was validated, and measures of model performance. If 2x2 data (or sufficient data from which to recover this, such as unadjusted ORs, intercepts, prevalence) are reported for individual diagnostic indicators, these will also be extracted.
Risk of bias in individual studies
[bookmark: _Hlk33434461][bookmark: _Hlk33434427]As we are treating diagnostic indicator studies as diagnostic test accuracy studies, risk of bias will be assessed using the QUADAS-2 tool38 or QUADAS-3 tool if available (currently under development), which includes domains covering participants, index test, reference standard and flow and timing. Prediction modelling studies will be assessed using the PROBAST tool,39 which includes domains covering participant selection, outcome, predictors, sample size and flow, and analysis. The content of the tools will be tailored to the review by adding guidance for interpreting signalling questions as appropriate. The tailored tools will be combined and piloted on a small number of studies by two reviewers and agreement assessed. If agreement is low, the tool and/or guidelines will be further refined until satisfactory agreement is reached and the tool can be applied to all included studies. If at least one of the domains is rated as “high risk” the study will be considered at high risk of bias, if all domains are judged as “low risk” the trial will be considered at low risk of bias, otherwise the trial will be considered at “unclear” risk of bias. The risk of bias assessment will be conducted as part of the data extraction process. 
Data synthesis
A narrative summary of the included studies will be presented. This will include a summary of the characteristics (e.g. study design, population size, geographical location, year, baseline population characteristics, diagnostic indicators evaluated, and reference standard). A detailed commentary on the major methodological problems or biases that affected the studies will also be included.

[bookmark: _Hlk33434616]The analysis will be stratified by age group (children ≤ 16 years old, adults, mixed) and we will group study results according to type of diagnostic indicator (symptoms, risk conditions, genetic risk factors). For each group, we will plot study-specific estimates of sensitivity and specificity in receiver operating characteristic (ROC) space and/or produce coupled forest plots. 
To exclude diagnostic indicators with insufficient evidence, we will only perform meta-analyses on diagnostic indicators where 2x2 data is available from five studies or more. We will perform a bivariate random effects meta-analysis of the sensitivity and specificity on each remaining diagnostic indicator.40 41 This will produce summary estimates of the sensitivity and specificity of each diagnostic indicator, with 95% confidence or credible ellipses, and 95% prediction ellipses. Prediction ellipses are visual representations of the amount of between-study heterogeneity in both dimensions of a diagnostic test meta-analysis. We will also report estimates of the between-study standard deviation in sensitivity and specificity on the logit scale.

Summary results from each meta-analysis will also be used to estimate positive and negative predictive values (PPVs and NPVs), i.e. the probability of CD given that the individual has (or does not have) each diagnostic indicator. Calculation of these values will require an assumed value for the prevalence of CD in the general population. This could be based on studies in the meta-analysis, or on other evidence. If estimates of prevalence are heterogeneous, we will present data or plot predictive values across a range of plausible prevalences. 
Exploration of heterogeneity: We expect heterogeneity in study estimates of sensitivity and specificity due to variability in patient populations, reference standard definitions or methods, study design, and other study characteristics.
[bookmark: _Hlk48141662]If sufficient data are available, we will use subgroup analysis and/or meta-regression to investigate whether the identified diagnostic indicators differ in accuracy between: (i) setting (asymptomatic “at risk”, primary care symptomatic, and secondary care symptomatic patients), (ii) children vs adults (iii) CD diagnosis (biopsy and serology versus serology only), (iv) study design (single-gate versus multi-gate), (v) men versus women, (vi) low versus high risk of bias. We will also explore the possibility of adjusting for the imperfect accuracy of the serological tests in a Bayesian statistical framework, using informative prior distributions for the sensitivity and specificity of these tests based on an ongoing systematic review on the accuracy of serology tests for CD.42
All statistical analyses for will be performed in R and WinBUGS (version 14).
Prediction modelling studies: We will also produce a narrative summary of prediction models, describing which variables were included in the final model, measures of model performance, and whether the model was validated.

Patient and public involvement 
Our team includes two patient representatives who were involved in development of the research project, of which this review is a part. The patient representatives will be invited to join regular team meetings to provide patient perspectives on the research to ensure that it addresses patient needs. They will also be involved in the interpretation and dissemination of the results from this review.
Ethics and dissemination 
Results will be reported in peer-reviewed journals, academic, and public presentations and social media. Results will also be expressed in terms of hypothetical populations of 1000 patients for a plain language summary of analysis results. We will convene an implementation panel to advise on the optimum strategy for enhanced dissemination. We will discuss findings with the charity Coeliac UK to help with dissemination to patients.
Timeline
	Task
	Deadline

	Protocol development
	February 2020

	Searches
	February 2020

	Abstract and full text screening 
	April 2020

	Data extraction
	September 2020

	Analysis
	January 2021

	Manuscript submission
	April 2021





Discussion
This systematic review is part of a larger project that aims to identify cost-effective strategies for active case-finding of CD in different at-risk populations. The information identified in the review will feed into economic models to determine the cost-effectiveness of active case-finding strategies, which will help commissioners, clinicians, and patients make evidence-based decisions on whether active case-finding for CD should be undertaken in primary care. There is evidence that CD is under-diagnosed in both children and adults.6 43 Appropriate identification and treatment of CD can have significant benefits for patients in terms of symptoms, quality of life, and long-term health outcomes, as well as reducing healthcare and societal economic costs.24 44 Different guidelines recommend different diagnostic pathways showing a lack of evidence and consensus on which groups may benefit from active case-finding, the best method of doing this, and the costs, benefits and potential harms. A rigorously undertaken high-quality evidence synthesis including health economic modelling will provide a robust summary of the current evidence base and highlight whether there is sufficient evidence to suggest an optimum strategy or whether further research is needed.



Funding statement
This work was supported by a National Institute for Health Research (NIHR) Health Technology Assessment Programme grant number NIHR129020. This publication presents independent research funded by the NIHR. This research was also supported by the National Institute for Health Research (NIHR) Applied Research Collaboration West (NIHR ARC West). The views expressed in this article are those of the author(s) and not necessarily those of the NIHR or the Department of Health and Social Care.
Competing interest statement
No competing interests.
Author contributions
PW conceptualised the project and obtained funding together with ME, HE, PG, AH, HJ, DL, SM, GR, AS, JS, HT, and JW. PW, ME, HE, PG, AH, HJ, SM, GR, AS, HT, and JW designed the protocol. SD, ME, AS and PW developed a search strategy. PW, ME, HJ, JJ and SM planned the data extraction and statistical analysis. HE, PG, AH, GR, and JW provided clinical insights and DL and JS provided patient perspectives. ME drafted the initial manuscript. JJ, SD, HE, PG, AH, HJ, SM, GR, AS, HT, JW, and PW contributed to the final written manuscript. All authors reviewed the manuscript and have approved and agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.


References
1. Lindfors K, Ciacci C, Kurppa K, et al. Coeliac disease. Nature Reviews Disease Primers 2019;5(1):3. doi: 10.1038/s41572-018-0054-z
2. Ludvigsson JF, Leffler DA, Bai JC, et al. The Oslo definitions for coeliac disease and related terms. Gut 2013;62(1):43-52. doi: 10.1136/gutjnl-2011-301346 [published Online First: 2012/02/22]
3. Internal Clinical Guidelines Team 2015. Clinical Guideline NG20 Coeliac Disease: Recognition, assessment and management. National Institute for Health and Care Excellence (NICE), 2015
4. Murch S, Jenkins H, Auth M, et al. Joint BSPGHAN and Coeliac UK guidelines for the diagnosis and management of coeliac disease in children. Arch Dis Child 2013;98(10):806-11. doi: 10.1136/archdischild-2013-303996 [published Online First: 2013/08/30]
5. Mustalahti K, Catassi C, Reunanen A, et al. The prevalence of celiac disease in Europe: results of a centralized, international mass screening project. Ann Med 2010;42(8):587-95. doi: 10.3109/07853890.2010.505931 [published Online First: 2010/11/13]
6. Bingley PJ, Williams AJ, Norcross AJ, et al. Undiagnosed coeliac disease at age seven: population based prospective birth cohort study. BMJ 2004;328(7435):322-3. doi: 10.1136/bmj.328.7435.322 [published Online First: 2004/02/07]
7. West J, Logan RF, Hill PG, et al. Seroprevalence, correlates, and characteristics of undetected coeliac disease in England. Gut 2003;52(7):960-5. doi: 10.1136/gut.52.7.960 [published Online First: 2003/06/13]
8. Ludvigsson JF, Ludvigsson J, Ekbom A, et al. Celiac disease and risk of subsequent type 1 diabetes: a general population cohort study of children and adolescents. Diabetes Care 2006;29(11):2483-8. doi: 10.2337/dc06-0794 [published Online First: 2006/10/27]
9. Marild K, Stephansson O, Grahnquist L, et al. Down syndrome is associated with elevated risk of celiac disease: a nationwide case-control study. J Pediatr 2013;163(1):237-42. doi: 10.1016/j.jpeds.2012.12.087 [published Online First: 2013/02/13]
10. Hin H, Bird G, Fisher P, et al. Coeliac disease in primary care: case finding study. BMJ 1999;318(7177):164-7. doi: 10.1136/bmj.318.7177.164 [published Online First: 1999/01/15]
11. Murray JA, Van Dyke C, Plevak MF, et al. Trends in the identification and clinical features of celiac disease in a North American community, 1950-2001. Clin Gastroenterol Hepatol 2003;1(1):19-27. doi: 10.1053/jcgh.2003.50004 [published Online First: 2004/03/16]
12. Rubio-Tapia A, Van Dyke CT, Lahr BD, et al. Predictors of family risk for celiac disease: a population-based study. Clin Gastroenterol Hepatol 2008;6(9):983-7. doi: 10.1016/j.cgh.2008.04.008 [published Online First: 2008/07/01]
13. Greco L, Romino R, Coto I, et al. The first large population based twin study of coeliac disease. Gut 2002;50(5):624-8. doi: 10.1136/gut.50.5.624 [published Online First: 2002/04/16]
14. Jamnik J, Villa CR, Dhir SB, et al. Prevalence of positive coeliac disease serology and HLA risk genotypes in a multiethnic population of adults in Canada: a cross-sectional study. 2017;7(10):bmjopen-2017-017678. doi: 10.1136/bmjopen-2017-017678 %J BMJ Open
15. Meijer C, Shamir R, Szajewska H, et al. Celiac Disease Prevention. Front Pediatr 2018;6:368. doi: 10.3389/fped.2018.00368 [published Online First: 2018/12/18]
16. Downey L, Houten R, Murch S, et al. Recognition, assessment, and management of coeliac disease: summary of updated NICE guidance. BMJ 2015;351:h4513. doi: 10.1136/bmj.h4513 [published Online First: 2015/09/04]
17. 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;54(1):136-60. doi: 10.1097/MPG.0b013e31821a23d0 [published Online First: 2011/12/27]
18. Husby S, Koletzko S, Korponay-Szabo I, et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac Disease 2020. J Pediatr Gastroenterol Nutr 2020;70(1):141-56. doi: 10.1097/MPG.0000000000002497 [published Online First: 2019/10/01]
19. Ludvigsson JF, Bai JC, Biagi F, et al. Diagnosis and management of adult coeliac disease: guidelines from the British Society of Gastroenterology. Gut 2014;63(8):1210-28. doi: 10.1136/gutjnl-2013-306578 [published Online First: 2014/06/12]
20. Fuchs V, Kurppa K, Huhtala H, et al. Serology-based criteria for adult coeliac disease have excellent accuracy across the range of pre-test probabilities. Aliment Pharmacol Ther 2019;49(3):277-84. doi: 10.1111/apt.15109 [published Online First: 2018/12/29]
21. Murray JA, Watson T, Clearman B, et al. Effect of a gluten-free diet on gastrointestinal symptoms in celiac disease. Am J Clin Nutr 2004;79(4):669-73. doi: 10.1093/ajcn/79.4.669 [published Online First: 2004/03/31]
22. Sanchez MI, Mohaidle A, Baistrocchi A, et al. Risk of fracture in celiac disease: gender, dietary compliance, or both? World J Gastroenterol 2011;17(25):3035-42. doi: 10.3748/wjg.v17.i25.3035 [published Online First: 2011/07/30]
23. Holmes GK, Prior P, Lane MR, et al. Malignancy in coeliac disease--effect of a gluten free diet. Gut 1989;30(3):333-8. doi: 10.1136/gut.30.3.333 [published Online First: 1989/03/01]
24. Gray AM, Papanicolas IN. Impact of symptoms on quality of life before and after diagnosis of coeliac disease: results from a UK population survey. BMC Health Serv Res 2010;10:105. doi: 10.1186/1472-6963-10-105 [published Online First: 2010/04/29]
25. Green PHR, Stavropoulos SN, Panagi SG, et al. Characteristics of adult celiac disease in the USA: results of a national survey. Am J Gastroenterol 2001;96(1):126-31. doi: 10.1111/j.1572-0241.2001.03462.x [published Online First: 2001/02/24]
26. Paarlahti P, Kurppa K, Ukkola A, et al. Predictors of persistent symptoms and reduced quality of life in treated coeliac disease patients: a large cross-sectional study. BMC Gastroenterol 2013;13:75. doi: 10.1186/1471-230X-13-75 [published Online First: 2013/05/02]
27. Capriles VD, Martini LA, Areas JA. Metabolic osteopathy in celiac disease: importance of a gluten-free diet. Nutr Rev 2009;67(10):599-606. doi: 10.1111/j.1753-4887.2009.00232.x [published Online First: 2009/09/30]
28. Gasbarrini A, Torre ES, Trivellini C, et al. Recurrent spontaneous abortion and intrauterine fetal growth retardation as symptoms of coeliac disease. Lancet 2000;356(9227):399-400. doi: 10.1016/S0140-6736(00)02535-6 [published Online First: 2000/09/06]
29. Elfstrom P, Granath F, Ekstrom Smedby K, et al. Risk of lymphoproliferative malignancy in relation to small intestinal histopathology among patients with celiac disease. J Natl Cancer Inst 2011;103(5):436-44. doi: 10.1093/jnci/djq564 [published Online First: 2011/02/04]
30. Centre for Reviews and Dissemination (CRD). Systematic Reviews. CRD’s guidance for undertaking reviews in health care. University of York 2009
31. Cochrane Diagnostic Test Accuracy Working Group. Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy. The Cochrane Collaboration 2010
32. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ 2015;350:g7647. doi: 10.1136/bmj.g7647 [published Online First: 2015/01/04]
33. McInnes MDF, Moher D, Thombs BD, et al. Preferred Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test Accuracy Studies: The PRISMA-DTA Statement. JAMA 2018;319(4):388-96. doi: 10.1001/jama.2017.19163 [published Online First: 2018/01/25]
34. Rutjes AW, Reitsma JB, Vandenbroucke JP, et al. Case-control and two-gate designs in diagnostic accuracy studies. Clin Chem 2005;51(8):1335-41. doi: 10.1373/clinchem.2005.048595 [published Online First: 2005/06/18]
35. Whiting PF, Rutjes AW, Westwood ME, et al. A systematic review classifies sources of bias and variation in diagnostic test accuracy studies. J Clin Epidemiol 2013;66(10):1093-104. doi: 10.1016/j.jclinepi.2013.05.014 [published Online First: 2013/08/21]
36. Geersing GJ, Bouwmeester W, Zuithoff P, et al. Search filters for finding prognostic and diagnostic prediction studies in Medline to enhance systematic reviews. PLoS One 2012;7(2):e32844. doi: 10.1371/journal.pone.0032844 [published Online First: 2012/03/07]
37. Ingui BJ, Rogers MA. Searching for clinical prediction rules in MEDLINE. J Am Med Inform Assoc 2001;8(4):391-7. doi: 10.1136/jamia.2001.0080391 [published Online First: 2001/06/22]
38. 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;155(8):529-36. doi: 10.7326/0003-4819-155-8-201110180-00009 [published Online First: 2011/10/19]
39. Wolff RF, Moons KGM, Riley RD, et al. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies. Ann Intern Med 2019;170(1):51-58. doi: 10.7326/M18-1376 [published Online First: 2019/01/01]
40. Reitsma JB, Glas AS, Rutjes AW, et al. Bivariate analysis of sensitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epidemiol 2005;58(10):982-90. doi: 10.1016/j.jclinepi.2005.02.022 [published Online First: 2005/09/20]
41. Chu H, Cole SR. Bivariate meta-analysis of sensitivity and specificity with sparse data: a generalized linear mixed model approach. J Clin Epidemiol 2006;59(12):1331-2; author reply 32-3. doi: 10.1016/j.jclinepi.2006.06.011 [published Online First: 2006/11/14]
42. Sheppard AL, Whiting P, Corfield V, et al. What is the accuracy of serological testing for diagnosing coeliac disease in adults and children? A systematic review: PROSPERO, 2019.
43. Ravikumara M, Nootigattu VK, Sandhu BK. Ninety percent of celiac disease is being missed. J Pediatr Gastroenterol Nutr 2007;45(4):497-9. doi: 10.1097/MPG.0b013e31812e5710 [published Online First: 2007/11/22]
44. Mearns ES, Taylor A, Boulanger T, et al. Systematic Literature Review of the Economic Burden of Celiac Disease. Pharmacoeconomics 2019;37(1):45-61. doi: 10.1007/s40273-018-0707-5 [published Online First: 2018/09/18]





