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Purpose: The Danish National Patient Registry (DNPR) is recognized for providing high-quality data. However, only a few minor
studies have validated inflammatory bowel disease (IBD) diagnoses in the DNPR, reporting various degrees of validity. To pave the
way for large-scale studies of IBD in Denmark, we aimed to investigate the validity of IBD among >8000 patients registered in the
DNPR between 2002 and 2020 in the North Denmark Region.

Patients and Methods: To evaluate the reliability of the diagnoses in the DNPR, we initially compared all patients registered with
one IBD diagnosis during 2002-2020 to a list of already verified patients in the regional IBD database GASTROBIO. Medical records
on all DNPR registered patients not on the list were manually reviewed by a gastroenterologist to verify or dismiss the IBD diagnosis.
Positive predictive values (PPV) were calculated.

Results: Of 8040 patients with at least one IBD diagnosis in DNPR, 5263 were already confirmed cases, leaving 2777 for medical
record evaluation, of whom 849 had IBD. In total, 6112 were correctly registered with IBD based on one diagnosis, and 1343 were
incorrectly registered, resulting in a PPV of 0.82 (95% CI, 0.81-0.83). For patients registered with at least two diagnoses, the PPV was
0.95 (95% CI, 0.95-0.96), and with at least three diagnoses, the PPV was 0.98 (95% CI, 0.98-0.99). Results were similar for UC and
CD separately. Of note, the completeness of valid cases went from 6112 to 4606 (75%; 95% CI, 74%-76%) when demanding at least
two registered diagnoses and to 3320 (54%; 95% CI, 53%-56%) when demanding at least three registered diagnoses.

Conclusion: Reassuringly, the validity of IBD diagnoses in DNPR is high, especially for patients registered more than once.
However, the reduced completeness when applying a true case definition of at least two registered diagnoses should be considered.
Keywords: inflammatory bowel disease, Danish National Patient Registry, validation, diagnosis codes, positive predictive value,
completeness

Introduction

The Danish National Patient Registry (DNPR) is recognized for enabling register-based studies of high quality,’
including studies on inflammatory bowel disease (IBD).>* IBD is a multifactorial chronic disease triggered by genetic,
environmental, and microbiobal factors and covers the main subtypes ulcerative colitis (UC) and Crohn’s disease (CD).
UC and CD are seen with rising prevalences worldwide,* especially in westernized countries.>® In Denmark alone, more
than 50,000 individuals suffer from IBD’ and their disease course is highly unpredictable.®’

Despite the identification of several genetic markers and environmental risk factors, the etiology of IBD remains
largely unknown, and the disease course is highly uncertain.'® This complexity has inspired researchers to look towards
the use of big data to predict disease occurrence and disease course. The potential of integrating a comprehensive amount
of clinical data, registry data and omics data, such as genomics, transcriptomics, proteomics, and metabolomics, to
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develop algorithms for risk prediction is appealing.''"'> However, in this regard, the validity of diagnostic data is
essential for the correct and complete identification of patients to study.

In Denmark, the potential for performing large-scale data integration is evident due to a free an easily accessible
health care system, nationwide health registries and a national biobank. Still, only three minor studies have evaluated the
validity of IBD registration in the national health registers. A study from 1996, based on an older version of the
International Classification of Diseases (ICD), reported high completeness and validity of IBD diagnoses.'*> However, in
two recent studies of smaller patient series, varying degrees of validity have been reported.'*'”

The aim of the present study was to perform a large-scale validation of IBD diagnoses in the DNPR through review of
medical records on all adult patients registered with a diagnosis of UC or CD from January 1%, 2002, until December 31%"
2020, in a geographically well-defined part of Denmark, the North Denmark Region, to lay the ground for combining

nationwide data with large-scale omics data for development of risk prediction algorithms.

Patients and Methods

Study Population

The North Denmark Region has approximately 591,740 inhabitants in year 2022.'° It was established in year 2007 and
covers the former North Jutland County, parts of the former Viborg County, and a minor part of the former Aarhus
County. These regional changes were taken into consideration during the conduct of the present study by including all
patients, from regions which later became part of the North Denmark Region, diagnosed with IBD during the study

period.

Data Sources

The Danish Civil Registration system gives all citizens a unique Central Person Registry (CPR) number at birth or
immigration.'” All health care information is linked to the CPR number in public health care registries, including the
DNPR, established in 1977. From the establishment of the DNPR, all hospital admissions were registered, and from
1995, information from outpatient clinics was added. Diagnoses are recorded according to the Danish version of ICD-
10."® ICD-10 was used in Denmark from 1994 and onward (ICD-9 was never used).

The Danish health care system provides free health care to all citizens, and only a few private endoscopy and
gastroenterology clinics exist. Hence, patients with suspected IBD are typically referred to the public health care system
by their general practitioner. This is also the case in the North Denmark Region, where no private consultant gastro-
enterologists are working outside the public health care system. The region has endoscopy clinics, but patients diagnosed
with IBD are referred to a hospital department of gastroenterology.

When in contact with the health care system, IBD patients can be registered in the DNPR with an IBD diagnostic
code more than once for various reasons such as flare-ups, endoscopy, change of disease extent, and starting follow-up in
the outpatient clinic, etc. Clinicians managing the patients are responsible for the coding. Coding is always done after
hospital discharge. However, there are no strict requirements that coding should always be performed in the outpatient
clinic, and as such, coding is usually done when a change in disease severity or extent has developed. In our study, we
searched for all IBD diagnostic codes registered in the DNPR including both out-patient and discharge codes.

Case Ascertainment

Using the ICD-10 codes DK500-K509 for CD and DK510-519 for UC, we identified all adult patients from the North
Denmark Region registered with at least one IBD diagnosis from January 1%, 2002, until December 31%, 2020 in the
Danish National Patient Registry.

In addition to the national registries, a regional database with medical record information on verified IBD patients was
established in 1995 and was in 2014 named GASTROBIO. The database contains data on IBD patients diagnosed from
1978 and onwards.'” 2! Patients have been added to the database only by experienced gastroenterologists and only when
fulfilling the Copenhagen Criteria.”
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For the present study, we first compared the entire list of patients with at least one IBD diagnosis in the DNPR living
in the region with the complete list of patients from our regional database to identify cases not already verified through
chart review. For all additional cases, a medical gastroenterologist evaluated the medical records using the Copenhagen
Criteria (Supplementary material) proposed by Binder et al.*? In cases of uncertainty regarding the diagnosis, a senior

gastroenterologist would reevaluate the medical records. Patients with now verified diagnoses were included in our
database, whereas the patients assessed not to have IBD were categorized into the following groups according to the
correct diagnosis: 1) diverticulitis, 2) drug-induced colitis, 3) false coding, 4) gastrointestinal infection (GI-infection), 5)
irritable bowel syndrome (IBS), 6) ischemic colitis, 7) malignancy, 8) microscopic colitis, 9) obstipation, 10) terminal
ileitis unspecified, 11) unspecified diagnosis 12) and other. The latter was used for a variety of incorrect diagnoses with
infrequent occurrences. Unspecified diagnosis was used when no other correct diagnoses were registered in the medical
records. Terminal ileitis unspecified was used for patients with suspected terminal ileitis where the etiology was never
determined. False coding was used when there was no association between the medical records and the IBD diagnosis.

Patients were excluded in case of insufficient data in medical records, when living outside the region, when age was
below 18 on December 31, 2020, or if total colectomy was performed on UC patients before moving to the region.
Patients with microscopic colitis registered with an IBD diagnosis before 2012 were excluded since no specific diagnosis
for microscopic colitis existed. If registered after 2012 as CD or UC, they were classified as incorrectly registered.

Misclassified patients recorded with CD or UC in the DNPR who were registered in GASTROBIO with the opposite
diagnosis or unclassified IBD were accepted as diagnosed correctly with IBD in this study.

Statistical Analysis

The positive predictive value (PPV) was calculated and used as a measure of validity. PPVs for IBD overall, UC, and CD
were calculated for patients registered with at least one, two, and three diagnoses in the DNPR. When several diagnostic
codes were registered the PPV was estimated based on the first registration within our search period. The PPV was
defined as the proportion of valid cases in relation to the total number of registrations. Completeness refers to the
proportion of true IBD cases correctly recorded in the registry. The completeness of the DNPR was calculated as the
proportion of valid IBD cases captured when requiring at least two or three registrations compared to only one. A 95%
Clopper-Pearson confidence interval was used for binominal data. The median age was calculated for the incorrect
diagnoses, and age was defined as years between birth and registration date in the DNPR. Statistical analyses were
performed using STATA (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC).

Results

A total of 8040 patients from Northern Denmark were recorded with at least one IBD diagnosis in the DNPR during
years 2002-2020. Of these, 5263 had already been verified and included in our regional database GASTROBIO, leaving
2777 medical records for evaluation. Of these, 585 were excluded due to incomplete medical records or other reasons,
1343 were incorrectly registered with IBD, and 849 were correctly registered with IBD. In total, 6112 (76%) of the 8040
identified individuals were correctly registered with IBD based on one diagnosis, 3990 had UC, and 2122 had CD
(Figure 1). Of the 2122 CD patients, 119 (5.6%) were registered as UC patients, and of the 3990 UC patients, 185 (4.6%)
were registered as CD patients. Fifty-six percent of CD patients and 49% of UC patients were women.

Positive Predictive Value

The positive predictive value (PPV) of a single IBD diagnosis in the DNPR was 0.82 (95% CI, 0.81-0.83), and PPVs for
CD (0.82; 95% CI, 0.81-0.84) and UC (0.82; 95% CI, 0.81-0.83) were identical. When using at least two diagnoses, the
PPV for IBD was 0.95 (95% CI, 0.95-0.96) and appeared to be slightly higher for CD (PPV, 0.96; 95% CI, 0.95-0.97)
than UC (PPYV, 0.95; 95% CI, 0.94-0.96). Based on at least three recordings with an IBD diagnosis in the registry, the
PPV for IBD was 0.98 (95% CI, 0.98-0.99) and the same for CD (PPV, 0.98; 95% CI, 0.97-0.99) and UC (PPYV, 0.98;
95% CI, 0.98-0.99) (Table 1, Figure 2).
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Figure | Flowchart.
Notes: *Name of regional database.
Abbreviations: DNPR, Danish National Patient Registry; UC, ulcerative colitis; IBD, inflammatory bowel disease.

Completeness
Notably, when requesting more than one IBD diagnosis in DNPR to confirm IBD diagnoses, several verified IBD cases
were lost (Figure 3). The number of true IBD cases captured by the search in the DNPR decreased from 6112 to 4606

Table | Positive Predictive Values (PPV) Based on Number of Registrations with a
Diagnosis of Inflammatory Bowel Disease (IBD), Crohn’s Disease (CD), or Ulcerative
Colitis (UC) in the Danish National Patient Registry

No. of Registered No. of No. of PPV (95% CI)
Diagnoses Registered Confirmed
Cases Cases

IBD (nZ1) 7455 6112 0.82 (0.81-0.83)
IBD (n22) 4836 4606 0.95 (0.95-0.96)
IBD (n23) 3377 3320 0.98 (0.98-0.99)
CD (nzl) 2583 2122 0.82 (0.81-0.84)
CD (n22) 1816 1737 0.96 (0.95-0.97)
CD (n23) 1401 1377 0.98 (0.97-0.99)
UC (nz1) 4872 3990 0.82 (0.81-0.83)
UC (n22) 3020 2869 0.95 (0.94-0.96)
UC (n23) 1976 1943 0.98 (0.98-0.99)

Abbreviations: No, number; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; PPV,
positive predictive value.
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Figure 2 Validity of a diagnosis of inflammatory bowel disease in the Danish National Patient Registry based on at least one, two, or three registrations.
Abbreviation: IBD, inflammatory bowel disease.

(75%; 95% CI, 74%-76%) when demanding at least two registered diagnoses, and it decreased further to 3320 (54%;
95% CI, 53%-56%) when demanding at least three diagnoses.

Incorrect Diagnoses

The distribution of diagnoses among the 1343 individuals incorrectly recorded with IBD is illustrated in Figure 4 and by IBD
subtype in Table 2. The group unspecified diagnosis constituted 35.2% of all incorrect diagnoses. This group predominantly
consisted of patients with various gastrointestinal symptoms and unspecific endoscopic findings, where a final diagnosis was
never concluded in the medical records. The second most common group, false coding, which constituted 14.5%, included
patients without any indication of IBD in the medical records. The third most common group was /BS which constituted 10%.
This group included patients who were both difficult to distinguish from IBD and patients who were inaccurately diagnosed
with IBD due to misconception. The rest of the groups each constituted 8% or less.

The distribution of incorrect diagnoses of UC and CD separately was proportionate to the overall number of correct
UC and CD registrations for most diagnoses. However, the distribution of incorrect diagnoses differed somewhat
between incorrect UC and CD cases, as the vast majority of terminal ileitis unspecified was registered as CD and
ischemic colitis as UC, in accordance with the resemblance in disease presentation.

Figure 5 shows the percentual distribution and median age for each diagnostic group among the incorrectly registered.
Only one group, terminal ileitis unspecified, had a median age below 40. Between the median age of 40 and 50, an
increasing number of patients fell into the groups of IBS, Gl-infection, drug-induced colitis, obstipation, and other. In
individuals aged 60 to 70, diverticulitis and microscopic colitis were common causes of an incorrect IBD diagnosis, and
above 70 years of age, malignancy and ischemic colitis were common causes.

Discussion
This large-scale population-based validation study of IBD diagnoses in the DNPR based on manual scrutiny of thousands
of medical records revealed a PPV of 82% for IBD based on one IBD diagnosis in the DNPR, increasing to 95% with two
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Figure 3 Loss of completeness when requiring more than one diagnosis for a true case definition. Columns represent true cases remaining when requiring two or three
registrations in the Danish National Patient Registry to define a case of inflammatory bowel disease.
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Figure 4 Distribution (%) of incorrectly registered patients by subgroup.
Notes: a) Suspected terminal ileitis where the etiology was never concluded. b) Abscess (not IBD-related), adhesions, appendicitis/periappendicular abscess, bile acid
malabsorption, celiac disease, diversion colitis, endometriosis, eosinophilic colitis, epiploic appendagitis, fistula (not IBD-related), Hirschsprung disease, ileus, radiation colitis,

rectal prolaps, sarcoidosis, solitary rectal ulcer. ¢) No association between the medical records and the IBD diagnosis. d) No other correct diagnoses were registered in the
medical records.

Abbreviations: IBS, irritable bowel syndrome; Gl-infection, gastrointestinal infection.
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Table 2 Distribution of Diagnoses by Incorrectly Recorded Inflammatory
Bowel Disease Subtype, Crohn’s Disease (CD) or Ulcerative Colitis (UC)

Diagnosis Reg. as CD Reg. as UC Total
Diverticulitis 23 6l 84
Drug-induced Colitis 5 13 18
False coding * 95 100 195
Gl-Infection 36 67 103
IBS 45 89 134
Ischemic Colitis 7 50 57
Malignancy 16 12 28
Microscopic Colitis 14 64 78
Obstipation 13 7 20
Terminal lleitis unspecified ° 64 4 68
Unspecified diagnosis 98 374 472
Other * 45 4 86

Notes: a) No association between the medical records and the IBD diagnosis. b) Suspected terminal ileitis
where the etiology was never concluded. c) No other correct diagnoses were registered in the medical
records. d) Abscess (not IBD-related), adhesions, appendicitis/periappendicular abscess, bile acid malabsorp-
tion, celiac disease, diversion colitis, endometriosis, eosinophilic colitis, epiploic appendagitis, fistula (not
IBD-related), Hirschsprung disease, ileus, radiation colitis, rectal prolaps, sarcoidosis, solitary rectal ulcer.
Abbreviations: Reg, registered; IBS, irritable bowel syndrome; Gl-infection, gastrointestinal infection.

diagnoses, and 98% with three diagnoses. Thus, epidemiological studies based on at least two IBD diagnoses in the
Danish National Registries are highly valid. However, the study also demonstrated exclusion of true IBD cases when

restricting to two or more diagnoses, which needs to be considered.
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Figure 5 Distribution (%) of patients with incorrect diagnoses subgrouped by identified reason for misdiagnosis according to median age at time of misdiagnosis.
Notes: a) Suspected terminal ileitis where the etiology was never concluded. b) Abscess (not IBD-related), adhesions, appendicitis/periappendicular abscess, bile acid
malabsorption, celiac disease, diversion colitis, endometriosis, eosinophilic colitis, epiploic appendagitis, fistula (not IBD related), Hirschsprung disease, ileus, radiation colitis,
rectal prolaps, sarcoidosis, solitary rectal ulcer. c) No other correct diagnoses were registered in the medical records. d) No association between the medical records and
the IBD diagnosis.

Abbreviations: IBS, irritable bowel syndrome; Gl-infection, gastrointestinal infection; Unsp; unspecified.
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This study has several strengths. We have had unique tools to assess validity of IBD diagnoses in DNPR due to
systematic manual scrutiny of patient files in the region for decades with inclusion of verified IBD cases in an existing
database. With examination of additional potential cases by a trained gastroenterologist supported by a senior gastro-
enterologist according to the Copenhagen Criteria,”> we were able to sample a complete regional cohort of verified IBD
patients to compare to registrations in the DNPR. The large number of cases in our study ensures a high degree of
certainty in our PPV estimates, which exceeds any previous Danish study and ensures generalizability of our findings.

Some limitations should, nevertheless, be considered. We were not able to perform calculations of specificity and
sensitivity as this requires the identification of both true- and false-negative cases. True negatives could have been
estimated by calculating the background population during the search period in the North Denmark Region. However,
defining the entire background population as true negative cases could be misleading and overestimate the specificity.
Also, calculation of sensitivity requires identifying the false-negative cases, meaning patients with IBD that were not
registered with an IBD diagnostic code in the DNPR. We could have searched for these patients in GASTROBIO. But
since patients are registered on the year of diagnosis in GASTROBIO, and we did not exclusively search for incident
cases in the DNPR, it was not possible to define matching cohorts in the two registries. Completeness also needs to be
considered. The term refers to the proportion of true disease cases correctly captured by the registry. Determining the
completeness of patients with at least one diagnosis in the DNPR was not possible due to the reasons stated above, as this
would require capturing the false-negative cases. However, our experience is that all patients with IBD in the North
Denmark Region are referred to the public health care system, and we know that almost no individuals have prevalent
undiagnosed IBD in Denmark.?® Thus, we estimate the completeness to be high when only requiring one diagnosis.

Our finding of PPVs increasing from 82% based on one IBD diagnosis in the DNPR, to 95% with two diagnoses, and
98% with three diagnoses is promising. Three previous studies based on ICD-8 or smaller and selected subsets of patients
have validated registrations of IBD diagnostic codes in the DNPR. A study from 1996 by Fonager et al reported a PPV of
0.97 for CD and 0.90 for UC based on ICD-8 codes for IBD in the DNPR.'* The higher estimates may reflect that the
study population was based mainly on diagnoses from specialized departments in relation to hospitalization. In a more
recent Danish study limited to 513 patients from Copenhagen City and County, the PPV based on at least one diagnosis
in DNPR was 0.85 for UC and 0.91 for CD. The PPV based on at least two diagnoses was 0.89 for UC and 0.94 for
CD.'"* Compared to our study, the PPVs were higher based on at least one diagnosis and somewhat lower for UC patients
with at least two diagnoses. However, since the study was not based on an initial full sample of cases from the DNPR, all
incorrectly registered patients or false-positive cases might not have been captured, hence, potentially leading to an
overestimation of the PPV, especially among individuals registered only once.

In another recent Danish study based on the Diet, Cancer and Health cohort,'> the validity of IBD diagnoses was
assessed among individuals aged 5064 years at enrollment. Among 339 individuals in this age group, the PPV was 0.58
based on at least one IBD diagnosis, 0.78 based on two diagnoses and 0.92 based on at least three diagnoses. These PPVs
are noticeably lower compared to our estimates and are in accordance with the increasing number of incorrectly
registered patients with increasing median age in our study.

Among individuals in our study with incorrect IBD diagnoses in the DNPR, many had well-known mimickers of IBD
with similar symptoms and endoscopic findings, yet the majority were categorized as either unspecified diagnosis, false
coding or IBS and reflected inaccurate use of the Disease Classification System.>* Hence, inaccuracy and not differential
diagnoses was the primary cause of false registration. This might be due to inadequate awareness of the diagnostic
criteria for IBD among physicians from other specializations recording in the DNPR.

According to the European Crohn’s and Colitis Organisation (ECCO) guidelines, no golden standard to diagnose IBD
exists. The diagnosis is established by a non-strictly defined combination of clinical presentation, endoscopic appearance,
radiology, histology, surgical findings and serology.””> We used the Copenhagen Criteria from 1982 for case
ascertainment.”> Although more novel criteria have been developed, none of these has been proven superior to the
Copenhagen Criteria, which are still used in the current literature.'*'> Furthermore, applying the Copenhagen Criteria
ensured consistency between patients verified through chart review and previously confirmed patients in our database.

Only a few other countries besides Denmark have nationwide registries and a health care system that facilitates the
potential for large population-based register studies. A Swedish study from 2017 validated IBD in the Swedish National
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Patient Registry using at least two registered diagnoses and reported a PPV of 0.93.2° An older Swedish study from 1991
had shown a validity of only 0.74 when including patients with one diagnosis.?’ In France, population-based register
studies of IBD have also been conducted using administrative hospital databases,”® and although validity has not been the
focus of these studies, the case definition may serve as inspiration for future studies. In a recent French study of anti-TNF
treated IBD patients, the study population was defined by combining inpatient diagnostic codes from the French hospital
discharge database with outpatient drug reimbursements from the French National Health Insurance anonymized claim
database.”’ Also, in a study of antibiotic use and IBD development in the United Kingdom, a first-time diagnosis of IBD
in the Clinical Practice Research Datalink (CPRD GOLD) and a subsequently recorded IBD-related prescription were
used as a case definition.’® Likewise, combining diagnostic codes from the DNPR, which holds both data from in- and
outpatient management, with data from the Danish National Prescription Registry could be an approach to further
optimize validity and completeness.®'

Finally, a consequence of using more strict case definitions may be the exclusion of true IBD cases from analyses.
The interval between the first and second recorded diagnosis in the DNPR varies depending on coding procedure and
disease development. Therefore, the risk of missing true cases when requiring two diagnoses will increase towards the
end of a study period. Furthermore, when performing incidence studies, the interval between registrations could lead to a
false decrease in incidence towards the end of the study.’

In our study, a sizeable number of cases was lost when requiring more registrations for accurate case definition, with a
25% loss of true cases when using two instead of one diagnosis and a 46% loss when using three instead of one diagnosis
to define an IBD case. Hence, the pros and cons in case definitions have to be taken into account in study designs based
on DNPR and are for the first time clearly demonstrated in this paper.

Conclusion

Our large-scale validation study of IBD diagnoses in the DNPR based on manual scrutiny of thousands of medical files,
we observed reassuring PPVs for IBD overall, as well as for UC and CD, especially when using two or more recorded
diagnoses. However, we also demonstrated reduced completeness of the cohort when increasing the number of registra-
tions required for a true case definition. Considering both validity and completeness, we suggest using at least two
registrations with IBD in future studies based on the DNPR, while acknowledging that especially recently diagnosed
patients may then be missed. Future studies should examine the potential for developing algorithms for the definition of
IBD based on a combination of DNPR diagnoses and medication data, to further enhance the quality of DNPR based
studies.

Abbreviations

DNPR, Danish National Patient Registry; IBD, inflammatory bowel disease; PPV, positive predictive value; CI,
confidence interval; UC, ulcerative colitis; CD; Crohn’s disease; ICD; international classification of diseases; CPR,
central person registry; IBS, irritable bowel syndrome; Gl-infection, gastrointestinal infection.
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