
Original Article
Dan Med J 2023;70(4):A07220458

Identifying patients with inflammatoryIdentifying patients with inflammatory
bowel disease in the Danish National Patientbowel disease in the Danish National Patient
RegisterRegister
Bobby Lo1, 2, Mirabella Zhao1, 2 & Johan Burisch1, 2

1) Gastro Unit, Medical Section, Copenhagen University Hospital – Amager and Hvidovre Hospital, 2) Copenhagen Center for
Inflammatory Bowel Disease in Children, Adolescents and Adults, Copenhagen University Hospital – Amager and Hvidovre Hospital,
Denmark

Dan Med J 2023;70(4):A07220458

ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. The Danish National Patient Register (NPR) is an indispensable source of data for population-based studies of
inflammatory bowel disease (IBD). Current case-validation algorithms are at risk of overestimating the occurrence of IBD in
Denmark. We aimed to develop a new algorithm for validating IBD patients in the Danish NPR and compared it with the
algorithm currently used.

METHODS.METHODS. We used the Danish NPR to identify all IBD patients between 1973 and 2018. In addition, we compared the
traditional two-registration validation method with a newly developed ten-step method. Data were provided by Statistics
Denmark.

RESULTS.RESULTS. In total, 69,908 IBD patients (Crohn’s disease (CD): 23,500 (33.6%); ulcerative colitis (UC): 38,728 (55.4%); IBD
unclassified (IBDU): 7,680 (11.0%)) and 84,872 (UC: 51,304 (60.4%), CD: 20,637 (24.3%), IBDU: 9,931 (11.7%)) were identified
using the new and the traditional algorithm, respectively, yielding 21.4% more patients. The sensitivity of each algorithm was
98%; however, the new algorithm demonstrated a superior positive predictive value (PPV) (69% (95% confidence interval (CI):
66-72%) versus 57% (95% CI: 54-59%), p < 0.05). The overall incidence rate in 2017 was 44.36 (95% CI: 42.66-46.11) versus
53.41 (95% CI: 51.54-55.33, p < 0.0001) for the new and the traditional method, respectively.

CONCLUSION.CONCLUSION. We developed a new and more refined algorithm for validating IBD patients in the Danish NPR. The algorithm
will ensure that new studies based upon one of the world’s most comprehensive registers will be of an even higher quality.
We recommend that all future studies of IBD in Denmark use the new algorithm.

FUNDING.FUNDING.  none.

TRIAL REGISTRATION.TRIAL REGISTRATION. not relevant.

.

The Danish National Patient Register (NPR) is an important resource for epidemiological studies within the field
of inflammatory bowel disease (IBD) [1]. The NPR may be used for investigating topics like, e.g., financial
burden [2], disease course [3] and morbidity [4]. The validity is crucial to the credibility of any results based upon
data from the NPR. However, many diseases may imitate IBD, leading to misregistration [5]. Recognising the risk
of overestimating the frequency of IBD by relying solely on the occurrence of a single registration has led to the
development of algorithms for validating IBD [6-8].
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Even so, few efforts have been made to investigate the validity of case-finding algorithms in the Danish NPR [9,
10]. In a study from 1996, the NPR was indirectly validated by comparing IBD patients identified in a regional
hospital system with pathology reports [11]. Since then, several changes in registration methods at hospitals and
the NPR have occurred. In 2013, Lophaven et al. [9] investigated the effect of requiring several records of an IBD
diagnosis in the NPR to validate cases and found that one record produced overestimations, whereas four
underestimated the number of patients. It is hypothesised that using data from medical treatments and
pathology records may further improve the case-validation algorithm for IBD patients within the NPR.

Therefore, we aimed to develop a new algorithm for validating IBD patients in the Danish NPR and to compare
the new algorithm with to the traditional type of algorithm in the hope of improving accurate case detection for
register-based studies.

METHODSMETHODS

DataData

The Danish Civil Registration System provides all residents in Denmark with a unique ten-digit identification
number [12]. Using this number, we identified all persons with at least one record of an IBD diagnosis (Table 1
a07220458_supplementary material.pdf  between 1974 and 2018 in any of the following registers: i) the NPR [13],
which contains information about all visits, surgeries and procedures conducted at public hospitals in Denmark;
ii) the National Register of Unfinished Investigations [13], which contains all information concerning patients
who fail to attend appointments despite being in the middle of a medical investigation; and iii) the National
Register of Private Hospitals [13], which contains information about all visits, surgeries and procedures
conducted at private hospitals in Denmark.

We defined a record as a registration in the NPR when the patient has been in contact with the healthcare
system.

Supporting registersSupporting registers

We extracted data to help confirm potential IBD cases from the following registers: i) the National Prescription
Registry [14], which contains information about all prescriptions redeemed in Denmark since 1995; and ii) the
Danish National Pathology Registry, which contains detailed records of all pathology specimens analysed in
Denmark since 1997 [15]).

Development of the algorithm to validate IBD patientsDevelopment of the algorithm to validate IBD patients

In light of the suggestion by Lophaven et al. [9], two or three records of an IBD diagnosis in the NPR will likely
suffice for accurately validating patients. Therefore, we expanded the traditional algorithm by requiring three or
more records of an IBD diagnosis, or fewer than three records but in combination with prescriptions for IBD-
relevant medications, IBD-related surgeries and/or pathology results suggesting IBD.

Evaluation of the algorithmsEvaluation of the algorithms

We evaluated the new algorithm by comparing it to the most widely adopted approach requiring at least two
records of an IBD diagnosis [16]. We evaluated the new algorithm by two methods:

1. Comparing the number of identified patients using both algorithms with a population-based inception cohort
from the Copenhagen Country and City from 2003 to 2004 [17]. The main outcome was sensitivity as the
Copenhagen Country was more fluidly registered in the registers. The municipality codes used to define the
Copenhagen Country and City are provided in Table 1 a07220458_supplementary material.pdf.

DANISH MEDICAL JOURNALDANISH MEDICAL JOURNAL

Dan Med J 2023;70(4):A07220458 2/9

https://content.ugeskriftet.dk/sites/default/files/2023-03/a07220458_-_supplementary.pdf
https://content.ugeskriftet.dk/sites/default/files/2023-03/a07220458_-_supplementary.pdf


2. Comparing the calculated incidence rates between 1978 and 2017 (the rationale for this is described below)
between the two algorithms. In addition, the incidence rates generated by the new algorithm were compared
against published incidence rates from previous population-based studies.

Although the registers dated back to 1974, we excluded the years 1974-1977 as the NPR only covered the entirety
of Denmark as from 1977. This also excludes the wash-in period. Despite having data until 2018, we chose to
report only up to 2017 as registration in 2018 was incomplete because data from hospitals and other centres were
still being updated.

Lastly, we conducted supporting evaluating analyses of the registers to estimate the credibility achieved by using
these registers. The results were evaluated subjectively based upon expert opinion.

StatisticsStatistics

Data were processed and analysed using R. We used the Chi-squared test, Fisherʼs test and Kruskal-Wallis test, as
appropriate, with a 95% confidence interval (95% CI). To validate both algorithms against inception cohort,
sensitivity, and positive predictive value (PPV) were calculated. We used a polynomial regression analysis with
two degrees of freedom to estimate the trajectory of the incidence of IBD patients. All incidence rates were
calculated using the method proposed by Ulm (1990) and converted to “per 100,000 person-years”.

Trial registration: not relevant.

RESULTSRESULTS

Development of the new algorithmDevelopment of the new algorithm

We developed the following algorithm (Figure 1Figure 1):
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1. Identification of all patients with at least one record of an inflammatory bowel disease diagnosis code

All referral records to the hospital were excluded. Records found in the National Registry of Administrative Data
(hospital contacts) were removed if the same records were found in the National Registry of Diagnoses (verified
diagnoses at the end of each year). This process identified 89,905 potential cases of IBD (Table 1
a07220458_supplementary material.pdf).

2. Filtering the patients identified

All patients with three or more registrations were included in the cohort. Patients with fewer than three
registrations with an IBD code were included if they had a record of an IBD-relevant operation and/or a
pathology registration with an unambiguous SNOMED IBD code ((Table 1 a07220458_supplementary
material.pdf). In the remaining patients, we searched for redeemed prescriptions for IBD-relevant medications.

.
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First, we included patients with two or more prescriptions for mesalazine or rectal steroids, or vedolizumab,
which are treatments used exclusively for IBD (Table 1 a07220458_supplementary material.pdf)  [15]. Among
patients not meeting this requirement, we nonetheless included any with a combination of at least two
prescriptions or deliveries/treatments at the hospital of thiopurines, mercaptopurine or methotrexate, or one
treatment of anti-tumour-necrosis-α inhibitors, anti-interleukin 12/23 antibodies or Janus kinase (JAK)
inhibitors. However, we excluded patients with co-occurring immune-mediated dermatological or
rheumatological diseases for which these drugs may also be used. This process generated a total of 14,241 IBD
cases for classification.

3. Classifying patients as Crohnʼs disease, ulcerative colitis or inflammatory bowel disease unclassified

Patients with records of Crohnʼs disease (CD) or ulcerative colitis (UC) diagnosis codes exclusively were
categorised as CD or UC, respectively. The remaining patients were categorised as IBD unclassified (IBDU),
unless:

a. 80% or more of their codes were either CD or UC; in such cases, patients were classified as CD or UC,
respectively.

b. Patients with a record of a CD-specific surgery code (Table 1 a07220458_supplementary material.pdf)  were
classified as CD.

c. If patients were recorded with  CD or UC codes exclusively during the preceding five years of observation, they
were classified as CD or UC, respectively.

Comparison of algorithmsComparison of algorithms

In total, 69,908 IBD patients were validated using the new algorithm. The median time from first record to
validation was 11 days (interquartile range (IQR): 183).

Among those IBD patients, 23,500 (33.6%) were categorised as CD, 38,728 (55.4%) as UC and 7,680 (11.0%) as
IBDU. In contrast, using the algorithm requiring a minimum of two records of an IBD diagnosis yielded a total of
84,872 IBD patients, i.e. 21.5% more patients. Among those, 23,637 (27.9%) were categorised as CD, whereas
51,304 (60.4%) were classified as UC. The remaining patients (9,931 (11.7%)) were categorised as IBDU.

Among the 513 patients from the inception cohort, 504 (98%) of the patients were identified by the new
algorithm and 505 (98%) by the traditional algorithm. In the same period between 2003 and 2004, 729 persons
were registered as IBD using the new algorithm, where 889 using the traditional algorithm were registered;
yielding a PPV of 69% (95% CI: 66-72%) and 57% (95% CI: 54-59%, p < 0.05) for the new and the traditional
algorithm, respectively.

The annual incidence rate for IBD, CD and UC and according to each algorithm are shown in (Table 2
a07220458_supplementary material.pdf) . In summary, for the 1978-2017 period, the algorithm requiring a
minimum of two records generated a significantly higher (21.4%) incidence rate than the newly developed
algorithm (37.914 (95% CI: 37.653-38.177) versus 31.242 (95% CI: 31.005-31.480) per 100,000 person years, p <
0.0001). When comparing the incidence rates at the end of follow-up, the rate was 20.4% higher according to the
traditional algorithm (2017: 53.410 (95% CI: 51.542-55.329) versus 44.359 (95% CI: 42.658-46.110) per 100,000
person years, p < 0.0001). At the end of the observation period, the incidence rate generated by the newly
developed algorithm was more in line with the rates of previous studies from North America and Northern
Europe  (Figure 1 a07220458_supplementary material.pdf) , with the exception of rates from the Faroe Islands
and Canada [18].

When looking at the overall changes in the incidence rates between 1978 and 2017, the algorithm utilising two or
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more registrations tended to overestimate the future IBD incidence rate (equation: y = –0.012279x2 + 50.230x –

51.301), whereas the newly developed algorithm (equation: y = –0.014267x2 + 58.047x – 58.993) produced more
realistic projections (estimate difference: –6.3 (–8.16-–4.49), p < 0.001); where x is the year, and y is the estimated
incidence rate. The changes in the incidence rates for CD, UC and IBD according to both algorithms are shown in
Figure 2Figure 2.

Comparing the patients validated by each algorithm, the traditional algorithm using two or more registrations
found significantly more UC patients (60.4% versus 55.4%, p < 0.001); furthermore, these patients tended to be
older, even if the median age was the same across the two algorithms (see Table 1Table 1).

.
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Lastly, when evaluating which patients were identified exclusively by one or the other of the two algorithms
(Table 2Table 2); patients identified exclusively by the new algorithm were mainly female CD patients with a median age
of 62 years (IQR: 44-75).

DISCUSSIONDISCUSSION

This study developed a new composite algorithm for validating IBD patients in the Danish NPR. The results
generated by the algorithm indicate that the traditional method used in previous studies tends to overestimate
the incidence of IBD by more than 20% with a much lower PPV. We suggest that the newly developed algorithm

.

.
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be used in future research into IBD that utilises the national Danish registers to avoid overestimation.

The use of a combination of different criteria to define administrative cases in population-based registers is not
new [7, 19, 20]. The overall conclusion is that by increasing the number of criteria, sensitivity may be improved
without the considerable reduction of specificity, to a certain point, thereby reducing the number of false
positives. The same was demonstrated in our study, increasing the PPV from 57% to 70%. A PPV of 70% is not
perfect. The moderate PPV was due to regional registrational limitations as the inception cohort by Vind et al.
[17] was conducted on very specific municipalities and between Jan 2003 and Dec 2004. These registrations were
not as strictly recorded in the available data from the national registers due to, e.g., registrational delays. The
PPV is presumably higher when evaluated at a national level and covering a longer time period.

This study is not without its limitations, the most conspicuous of which is the lack of validation of a national
cohort of verified IBD patients; we were only able to validate the data using a regional cohort. However, we
believe that the method used in this study is comprehensive enough to evaluate both algorithms. Firstly, there is
no known reason why the Danish incidence rate should vary significantly from that of neighbouring countries in
the Northern hemisphere. Secondly, this study made use of the National Prescription Registry and the National
Pathology Registry, which were established in 1995 and 1997, respectively. As our cohort dates back to 1973, a
gap of 22 and 24 years exists, respectively, where the additional criteria for filtering IBD patients could not be
applied. However, when looking at the patients validated by only one or the other of the algorithms (Table 2),
most of the patients validated exclusively by the traditional algorithm were mainly from 2000 and later,
suggesting that any underestimation by the new algorithm may not be due to this factor. Lastly, the new
algorithm requires use of several registers besides the Danish NPR. However, when requesting data from
Statistics Denmark, access to all the required databases may be achieved by filling in a single form.

The main strength of this study is our access to a vast quantity of data, enabling us to set a wide range of criteria
for the newly developed algorithm. Secondly, we used a clinical inception cohort to estimate the sensitivity and
PPV. Lastly, we were able to evaluate uncertain cases of IBD using surgical, histopathological and other medical
information, thereby reducing the risk of false positives.

CONCLUSIONCONCLUSION

We developed a new and more refined algorithm for validating IBD patients in the Danish NPR. The algorithm
should ensure that new studies relying on data from one of the worldʼs most comprehensive national registers
will be of a high quality. We recommend that all future studies of IBD in Denmark use the new algorithm owing
to its superior PPV to reduce the risk of false positives.
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