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Abstract 

Objective:  The investigation and management of celiac disease places a high burden on the health care system. 
Accurate methods to ascertain cases of celiac disease (CD) in population-based administrative data can facilitate epi-
demiologic and health services research to guide disease management. The study aim was to develop and validate 
administrative data case definitions for CD to facilitate further studies about the effect of CD on osteoporosis and 
fracture risk.

Results:  Population-based data from the Manitoba Bone Mineral Density (BMD) Program registry, which contains 
medical information on all individuals in the province of Manitoba, Canada who have received BMD testing, was used 
to define the study cohort. Linked hospital discharge abstracts and physician billing claims were used to ascertain 
diagnoses of celiac disease in administrative data. A population-based CD serologic registry was used as the valida-
tion database. One diagnosis code in hospital discharge abstracts or two or more diagnosis codes in physician billing 
claims optimized the detection of positive celiac serology with sensitivity of 84% (95% CI 80–88%), specificity of 97% 
(95% CI 80–88%), PPV of 80% (95% CI 80–88%), and NPV of 97% (95% CI 80–88%). Our administrative data case defini-
tion for celiac disease demonstrates good sensitivity and specificity for detecting positive celiac serology.
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Introduction
Celiac disease is a common intestinal disorder affecting 
an estimated 1% of individuals in North America [1]. This 
multisystem disease affects multiple organ systems and is 
associated with an increased prevalence of autoimmune 
disorders, gastrointestinal malignancies and osteoporo-
sis [2]. Given these factors, there is considerable burden 
on the health care system. Disease associations and out-
comes can be studied using population-based adminis-
trative health data where a suitable case definition for the 
condition of interest has been developed and validated. 
Case definitions showing high sensitivity and excellent 
specificity have been developed in other chronic condi-
tions such as inflammatory bowel disease, multiple scle-
rosis and diabetes mellitus [3–5].

One of the disease associations relevant to celiac dis-
ease is osteoporosis and increased fracture risk [6–9]. 
The development of a case definition of celiac disease 
would facilitate further study of the effect of celiac dis-
ease on bone disease. The aim of this study was to 
develop case definitions for celiac disease using popula-
tion-based administrative health data that would allow 
for investigation of celiac disease and osteoporosis/frac-
ture relationships.

Main text
Methods
The study cohort was developed from the Manitoba 
Bone Mineral Density Database. The population-based 
Manitoba BMD Program registry contains information 
on all individuals in the province of Manitoba, Canada 
who have received BMD testing with dual-energy X-ray 
absorptiometry (DXA). The accuracy and complete-
ness of the BMD registry exceeds 99% and has been well 
described [10]. In addition to complete data on BMD and 
risk factors for fracture, this database has been linked 
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to multiple provincial administrative health databases 
including the Manitoba Celiac Serology Registry. The 
study protocol was approved by the University of Mani-
toba Health Research Ethics Board. Data access was 
approved by the Health Information Privacy Committee.

Administrative health databases in Manitoba capture 
virtually all physician claims and all hospitalizations on 
provincial residents eligible to receive health services. 
Physician claims are submitted to the provincial minis-
try of health by physicians paid on a fee-for-service basis; 
they capture virtually all outpatient services and contain 
a single diagnosis code recorded using the International 
Classification of Diseases, 9th revision, Clinical Modi-
fication (ICD-9-CM). Only the first three digits of the 
ICD-9-CM code are recorded in physician billing claims 
data, which is insufficient to definitely distinguish celiac 
disease from other causes of intestinal malabsorption. 
Hospital discharge abstracts are completed at discharge 
from acute care facilities and contain up to 16 diagnoses 
coded using ICD-9-CM up to March 31, 2004 and up to 
25 diagnoses coded using the Canadian Adaptation of 
the 10th revision of ICD (i.e., ICD-10-CA) after this date. 
There is no restriction on the number of digits/charac-
ters used to record diagnoses in hospital abstracts; hence, 
celiac disease can be distinguished from the other causes 
of intestinal malabsorption in this database.

Physician billing claims and hospital discharge abstracts 
can be linked via an encrypted personal health number 
to other administrative data sources. As well, they can be 
linked to the population registry, which contains infor-
mation about dates of health insurance coverage, demo-
graphic characteristics, and location of residence.

Repository databases were used to identify the num-
ber of physician billing claims (P) and hospital discharge 
abstracts (H) related to celiac disease and malabsorption 
disorders from the ICD codes noted above. The index 
date for each case was defined as the date of the BMD 
test.

Celiac disease serologic registry
Central to the diagnosis of celiac disease is serologic test-
ing [11]. While the definitive diagnosis of celiac disease 
requires a confirmatory small intestinal biopsy in adults, 
IgA anti tissue transglutaminase (TTG) antibodies have 
shown a high sensitivity (92.8%) and specificity (97.9%) 
for the diagnosis of celiac disease [12]. Similarly, the 
IgA anti-endomysial antibodies (EMA) have a very high 
specificity for celiac disease (99%) but a lower sensitivity 
(73%) than TTG antibodies [12–14]. All serologic test-
ing for celiac disease in Manitoba (1.3 million people) is 
performed by a central immunology lab located in Win-
nipeg, the largest urban centre in the province. Serologic 
testing with EMA testing has been performed in this 

laboratory since 1996. Tissue transglutaminase testing 
has been available since 2003. A seropositive case was 
defined as TTG and EMA positive (since 2003) or EMA 
positive (prior to 2003) on serology performed prior to 
BMD testing. A seronegative case was defined as being 
EMA negative. For individuals who had multiple tests the 
highest positive EMA reading was considered.

Administrative case definitions
Case definitions were developed using hospital discharge 
abstracts and/or physician billing claims (denoted P). 
Administrative data was examined up to 3 years prior to 
the index date, the date of the BMD test. For hospitali-
zations, we examined coding at the less specific integer 
level (ICD-9-CM 579 or ICD-10-CA K90, denoted H) 
and coding at the more specific decimal level (ICD-9-CM 
579.0 or ICD-10-CA K90.0, denoted H*). Case defini-
tions using different combinations of administrative data 
contacts were developed. For example, H1P2 denotes 
1 hospital discharge abstract (integer level) or 2 physi-
cian claims; H1*P3 denotes 1 discharge abstract (decimal 
level) or 3 physician claims.

Statistical analysis
The study cohort was described using frequencies, per-
centages, means, and standard deviations. Chi square 
tests of independence and t-tests were used to test for 
differences between seropositive cases and seronegative 
non-cases on socio-demographic and comorbidity char-
acteristics. Estimates of sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
and overall accuracy for each case definition were com-
puted, along with 95% confidence intervals (95% CIs).

Results
We conducted sensitivity analyses stratified by age 
(< 50  years vs > 50  years), sex (female vs male), area of 
residence (urban vs rural), calendar year (before 2006 
vs after 2006), level of comorbidity and income quintile 
group. Comorbidity was defined using Aggregated Diag-
nosis Groups™ (ADGs™) codes from the Johns Hopkins 
Adjusted Clinical Group® (ACG​®) Case-Mix System ver-
sion 9. Low comorbidity was denoted by an ADG score 
<6 whereas high comorbidity was denoted by an ADG 
score of 6 or greater [15]. Mean household income, based 
upon area of residence in the year of the DXA test, was 
extracted from the public use files of the Statistics Can-
ada Census for 2006. Lower income was denoted by 
household income in the lower two quintiles while higher 
income was denoted by household income in the upper 
three quintiles as previously described [16].

There were 250 seropositive cases (14%) and 1588 
seronegative non-cases (86%). The median time between 
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dates of serologic and BMD testing was 1.6 years (inter-
quartile range 0.7–2.9 years). Table 1 summarizes socio-
demographic and comorbidity characteristics of cases 
and non-cases. Seropositive cases tended to be younger, 
have a lower comorbidity score, and a greater percent-
age were males, compared with seronegative non-
cases. There were no statistically significant differences 
between groups when comparing income quintile group 
or location of residence. Table  2 reports the sensitivity, 
specificity, PPV, NPV and accuracy of the different case 
definitions in predicting positive celiac serology. Diag-
nosis codes in hospital discharge abstract alone (H1 or 
H1*) showed low sensitivity [58% (95% CI 50–65) and 
56% (95% CI 50–65) respectively] but high PPV (> 80%). 
Diagnosis codes in physician billing claims showed 
higher sensitivity but lower specificity, with a recipro-
cal trade-off for requiring greater numbers of codes (P1 
vs P2 vs P3). Utilization of one diagnosis code in hospital 
discharge abstracts or 2 diagnosis codes physician claims 
(H1P2) optimized accuracy (95%) for the case definition 
of celiac disease. Utilization of this definition resulted 
in high sensitivity (84%) specificity (97%) PPV (80%) 
and NPV (97%) for positive celiac serology. Results were 

identical for less specific (H1P2) or more specific coding 
(H1*P2) in hospital discharge abstracts. The administra-
tive case definition was not influenced by the serologic 
definition (EMA positive vs EMA/TTG positive). Table 3 
compares the performance of the case definition of H1P2 
in subgroups defined by age, sex, area of residence, calen-
dar year, level of comorbidity and income quintile group 
for correctly classifying serologically positive and nega-
tive cases.

Discussion
Clinical registries in Manitoba have been used to validate 
administrative case definitions for inflammatory bowel 
disease, diabetes mellitus and multiple sclerosis [3–5]. 
These definitions form the basis of epidemiologic studies 
that further evaluate disease associations and outcomes. 
In the current study we have demonstrated that adminis-
trative data related to celiac disease can be used to derive 
an administrative case definition that shows good agree-
ment with celiac serology.

Establishing a case definition of celiac disease has 
some inherent challenges. The three-digit ICD-9-CM 
code present in physician billing claims and used in 

Table 1  Description of the study cohort

a   Number of Aggregated Diagnosis Groups (ADGs). Data are mean ± SD or N (percent)

Negative serology Positive serology Total p-value

N 1588 250 1838

Age, years 59 ± 13.3 46.9 ± 13.7 57.3 ± 13.4 < 0.001

Male 206 (13) 55 (22) 261 (14.2) < 0.001

Comorbidity indexa 6.1 ± 2.9 5.2 ± 2.7 6.0 ± 2.9 < 0.001

Rural residence 459 (28.9) 80 (32) 539 (29.3) 0.318

Lower income 538 (33.9) 73 (29.2) 611 (33.2) 0.145

Table 2  Performance of case definitions for celiac seropositivity in administrative health data

H, hospitalization diagnosis, number corresponds to frequency of diagnosis codes in hospital discharge abstract that were required to ascertain a positive serology 
case; P, physician billing claims diagnosis, number corresponds to frequency of diagnosis codes in physician billing claims required to ascertain a positive serology 
case; H1*, specific code for celiac disease (ICD-9-CM code 679.0, ICD-10-CA code K90.0); CI, confidence interval

Sensitivity (95% CI) Positive predictive 
value (95% CI)

Specificity (95% CI) Negative predictive 
value (95% CI)

Accuracy (95% CI)

H1 58 (50–65) 84 (78–89) 98 (96–100) 94 (90–97) 93 (89–97)

H1* 56 (49–64) 84 (79–90) 98 (96–100) 93 (90–97) 93 (89–97)

P1 92 (89–95) 73 (68–78) 95 (92–97) 99 (98–100) 94 (92–97)

P2 78 (73–83) 83 (78–87) 97 (95–99) 97 (94–99) 95 (92–98)

P3 52 (44–59) 84 (78–90) 98 (96–100) 93 (89–97) 92 (88–96)

H1P1 93 (90–96) 71 (66–76) 94 (91–97) 99 (98–100) 94 (91–96)

H1P2 84 (80–88) 80 (75–84) 97 (94–99) 97 (96–99) 95 (92–98)

H1P3 75 (70–81) 82 (77–87) 97 (95–99) 96 (94–99) 94 (91–97)

H1*P1 93 (90–96) 71 (66–76) 94 (91–97) 99 (98–100) 94 (91–96)

H1*P2 84 (80–88) 80 (75–84) 97 (94–99) 97 (96–99) 95 (92–98)

H1*P3 75 (70–81) 82 (77–87) 97 (95–99) 96 (94–99) 94 (91–97)
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most provinces in Canada [17] for many jurisdictions 
is not specific for celiac disease and includes other 
causes of malabsorption. A previous study examining 
the role of ICD-9-CM codes in predicting the diag-
nosis of celiac disease demonstrated a very low PPV 
when this was used in isolation [18]. More recently, 
in a pediatric study from Canada, there was excel-
lent specificity (> 99%) but only moderate sensitivity 
(70.4%) when a claim for a gastroscopy and 1 or more 
outpatient claims by a pediatric or adult gastroenter-
ologist was made [19]. This was a pediatric study using 
intestinal biopsy to validate the case definition and 
included 125 biopsy proven celiac cases. Our study 
of adult patients demonstrates that using a definition 
of 1 hospital discharge abstract or 2 outpatient physi-
cian claims and increasing the specificity of the ICD-
9-CM claims by excluding other less common causes 
of malabsorption can result in a case definition that is 
sensitive (84%) and highly specific (97%) in predicting 
positive celiac serology.

Although our study did not validate the case defini-
tion of celiac disease with biopsy positive celiac dis-
ease as biopsy data is not part of the database, recent 
pooled sensitivity and specificity data demonstrate 
very high sensitivities (92.8%) and specificities (97.9%) 
of TTG antibodies in predicting biopsy proven celiac 
disease [12]. EMA antibodies have a lower sensitivity 
(73%) but a high specificity (99%) for this diagnosis 
[12]. While there has been variability reported in sen-
sitivities and specificities of celiac serology between 
laboratories [20], in the province of Manitoba there is 
one central laboratory that performs all of the testing.

Conclusion
In conclusion, this study demonstrates that an admin-
istrative definition for celiac disease based on ICD cor-
relates well with positive celiac serology. Given the high 
sensitivity and specificity of celiac serology in predicting 
celiac disease, this definition could be used in popula-
tion-based epidemiologic and health services research on 
this condition.

Limitations
The current study utilized celiac serology results linked 
to health claims data in a comprehensive BMD database 
to establish an administrative definition of celiac disease. 
There is potential for selection bias as this provincial 
bone mineral density database included a disproportion-
ate number of elderly, post-menopausal females. This is 
evident in Table 1 where the celiac negative patients were 
older, a greater proportion were female and, likely due to 
their older age, had increased comorbidity. Despite this, 
performance was robust across multiple subgroups and 
thus the results should generalize across the population 
of Manitoba. Further assessment of the generalizability 
of the results in other Canadian and non-Canadian pop-
ulations is a future area of research. The other potential 
source of bias relates to the patients testing negative for 
celiac disease. While the sample size is relatively large at 
over 1500 patients, we did not test the generalizability of 
this population to the non-celiac Manitoba population.

Abbreviations
BMD: bone mineral density; DXA: dual-energy X-ray absorptiometry; NPV: neg-
ative predictive value; PPV: positive predictive value; ICD-9-CM: International 

Table 3  Subgroup performance of the H1P2 case definition

CI, confidence interval

Sensitivity (95% CI) Positive predictive 
value (95% CI)

Specificity (95% CI) Negative predictive 
value (95% CI)

Accuracy (95% CI)

All 84% (80–88) 80 (75–84) 97 (94–99) 97 (96–99) 95 (92–98)

Age < 50 90% (86–95) 86 (80–91) 94 (90–97) 96 (93–99) 93 (89–97)

Age > 50 74% (66–83) 70 (61–79) 97 (94–100) 98 (95–101) 96 (92–100)

Female 83% (78–88) 80 (75–86) 97 (95–99) 98 (95–100) 95 (92–98)

Male 87% (79–96) 77 (67–88) 93 (87–99) 96 (92–101) 92 (85–99)

Lower comorbidity 86% (80–91) 84 (78–90) 97 (94–100) 97 (94–100) 95 (91–98)

Higher comorbidity 81% (74–89) 73 (65–82) 96 (93–100) 98 (95–100) 95 (91–99)

Rural 86% (80–91) 86 (79–94) 98 (94–101) 98 (94–101) 96 (92–100)

Urban 83% (78–88) 77 (71–83) 96 (93–99) 97 (95–100) 94 (91–98)

Lower income 86% (79–94) 75 (66–84) 96 (92–100) 98 (95–101) 95 (90–100)

Higher income 83% (78–89) 82 (76–87) 97 (94–99) 97 (95–100) 95 (92–98)

Year < 2006 90% (84–96) 73 (64–81) 94 (90–99) 98 (96–101) 94 (89–99)

Year > 2006 81% (75–87) 84 (78–90) 98 (95–100) 97 (94–100) 95 (92–99)
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Classification of Diseases, 9th revision, Clinical Modification; ICD-10-CA: Inter-
national Classification of Diseases, 10th revision; P: physician billing claims; H: 
hospital discharge abstracts; TTG​: anti tissue transglutaminase antibody; EMA: 
anti-endomysial antibodies; ADGs™: Aggregated Diagnosis Groups™.

Acknowledgements
The authors acknowledge the Manitoba Centre for Health Policy (MCHP) for 
use of data contained in the Population Health Research Data Repository 
[HIPC Project Number (HIPC 2011/2012-31)]. The results and conclusions are 
those of the authors, and no official endorsement by the MCHP, Manitoba 
Health, or other data providers is intended or should be inferred. This article 
has been reviewed and approved by the members of the Manitoba Bone 
Density Program.

Authors’ contributions
DRD and WDL conceived the study. WDL performed the data analysis. DRD, 
WDL and LML contributed to data analysis and data interpretation, and criti-
cally reviewed the manuscript for important intellectual content. All authors 
read and approved the final manuscript.

Funding
No external funding sources were used for this work.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
The study protocol was approved by the University of Manitoba Health 
Research Ethics Board. Data access was approved by the Health Information 
Privacy Committee. Consent to participate was not required as all data has 
been anonymized.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Internal Medicine, Rady Faculty of Health Sciences, University 
of Manitoba, Winnipeg, MB, Canada. 2 Department of Community Health Sci-
ences, Rady Faculty of Health Sciences, University of Manitoba, Winnipeg, MB, 
Canada. 3 Department of Medicine, Division of Gastroenterology, St. Boniface 
Hospital, C5120 409 Tache Ave, Winnipeg, MB R2H 2A6, Canada. 

Received: 21 February 2019   Accepted: 4 October 2019

References
	1.	 Lebwohl B, Sanders DS, Green PHR. Coeliac disease. Lancet. 

2018;391:70–81.
	2.	 Leonard MM, Sapone A, Catassi C, Fasano A. Celiac disease and nonceliac 

gluten sensitivity: a review. JAMA. 2017;318(7):647–56.
	3.	 Bernstein CN, Blanchard JF, Rawsthorne P, Wajda A. Epidemiology of 

Crohn’s disease and ulcerative colitis in a central Canadian province: a 
population-based study. Am J Epidemiol. 1999;149(10):916–24.

	4.	 Marrie RA, Yu N, Blanchard J, Leung S, Elliott L. The rising prevalence and 
changing age distribution of multiple sclerosis in Manitoba. Neurology. 
2010;74(6):465–71.

	5.	 Blanchard JF, Ludwig S, Wajda A, Dean H, Anderson K, Kendall O, Depew 
N. Incidence and prevalence of diabetes in Manitoba, 1986–1991. Diabe-
tes Care. 1996;19(8):807–11.

	6.	 Bianchi ML. Inflammatory bowel diseases, celiac disease, and bone. Arch 
Biochem Biophys. 2010;503(1):54–65.

	7.	 Zanchetta MB, Longobardi V, Bai JC. Bone and celiac disease. Curr Osteo-
poros Rep. 2016;14(2):43–8.

	8.	 Di Stefano M, Mengoli C, Bergonzi M, Corazza GR. Bone mass and mineral 
metabolism alterations in adult celiac disease: pathophysiology and clini-
cal approach. Nutrients. 2013;5(11):4786–99.

	9.	 Hjelle AM, Apalset E, Mielnik P, Bollerslev J, Lundin KE, Tell GS. Celiac 
disease and risk of fracture in adults—a review. Osteoporos Int. 
2014;25(6):1667–76.

	10.	 Leslie WD, Caetano PA, Macwilliam LR, Finlayson GS. Construction and 
validation of a population-based bone densitometry database. J Clin 
Densitom. 2005;8(1):25–30.

	11.	 Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JA, American Col-
lege of G. ACG clinical guidelines: diagnosis and management of celiac 
disease. Am J Gastroenterol. 2013;108(5):656–76 (quiz 677).

	12.	 Chou R, Bougatsos C, Blazina I, Mackey K, Grusing S, Selph S. Screening 
for celiac disease: evidence report and systematic review for the US 
preventive services task Force. JAMA. 2017;317(12):1258–68.

	13.	 Schyum AC, Rumessen JJ. Serological testing for celiac disease in adults. 
United Eur Gastroenterol J. 2013;1(5):319–25.

	14.	 Husby S, Murray JA. Diagnosing coeliac disease and the potential for 
serological markers. Nat Rev Gastroenterol Hepatol. 2014;11(11):655–63.

	15.	 Demeter S, Reed M, Lix L, MacWilliam L, Leslie WD. Socioeconomic status 
and the utilization of diagnostic imaging in an urban setting. CMAJ. 
2005;173(10):1173–7.

	16.	 Brennan SL, Leslie WD, Lix LM. Associations between adverse social 
position and bone mineral density in women aged 50 years or older: 
data from the Manitoba Bone Density Program. Osteoporos Int. 
2013;24(9):2405–12.

	17.	 Lix LM, Walker R, Quan H, Nesdole R, Yang J, Chen G, CHEP-ORTF Hyper-
tension Outcomes and Surveillance Team. Features of physician services 
databases in Canada. Chronic Dis Inj Can. 2012;32(4):186–93.

	18.	 Tanpowpong P, Broder-Fingert S, Obuch JC, Rahni DO, Katz AJ, Leffler 
DA, Kelly CP, Camargo CA Jr. Multicenter study on the value of ICD-
9-CM codes for case identification of celiac disease. Ann Epidemiol. 
2013;23(3):136–42.

	19.	 Chan J, Mack DR, Manuel DG, Mojaverian N, de Nanassy J, Benchimol 
EI. Validation of an algorithm to identify children with biopsy-proven 
celiac disease from within health administrative data: an assessment 
of health services utilization patterns in Ontario, Canada. PLoS ONE. 
2017;12(6):e0180338.

	20.	 Egner W, Shrimpton A, Sargur R, Patel D, Swallow K. ESPGHAN guidance 
on coeliac disease 2012: multiples of ULN for decision making do not har-
monise assay performance across centres. J Pediatr Gastroenterol Nutr. 
2012;55(6):733–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development of an administrative definition for celiac disease
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Celiac disease serologic registry
	Administrative case definitions
	Statistical analysis

	Results
	Discussion
	Conclusion

	Limitations
	Acknowledgements
	References




