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Purpose: In the Danish National Patient Registry (DNPR), covering all Danish hospitals and widely used in research, diseases have
been recorded using International Classification of Diseases (ICD) codes, transitioning from the Eighth to the Tenth revision in 1994.
Uncertainty exists regarding whether including ICD-8 codes alongside ICD-10 is needed for complete disease identification. We
assessed the extent of left-truncation and left-censoring in the DNPR arising from omitting ICD-8 codes.

Patients and Methods: We sampled 500,000 Danes >40 years of age in 1995, 2010, and 2018. From the DNPR, we identified
cardiovascular, endocrine, gastrointestinal, neurological, pulmonary, rheumatic, and urogenital diseases as well as fractures. We
obtained the number of people with a disease recorded with ICD-8 codes only (ie, the ICD-8 record would be left-truncated by not
using ICD-8 codes), ICD-8 plus ICD-10 codes (ie, the ICD-8 record would be left-censored by not using ICD-8 codes), and ICD-10
codes only. For each ICD group, we calculated the proportion of people with the disease relative to the total sample (ie, 500,000
people) and the total number of people with the disease across all ICD groups.

Results: Overall, the left-truncation issue decreased over the years. Relative to all people with a disease, the left-truncated proportion
was for example 59% in 1995 and <2% in 2018 for diabetes mellitus; 93% in 1995, and 54% in 2018 for appendicitis. The left-
truncation issue increased with age group for most diseases. The proportion of disease records left-censored by not using ICD-8 codes
was generally low but highest for chronic diseases.

Conclusion: The left-truncation issue diminished over sample years, particularly for chronic diseases, yet remained rather high for
selected surgical diseases. The left-truncation issue increased with age group for most diseases. Left-censoring was overall a minor
issue that primarily concerned chronic diseases.
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Introduction

The Nordic countries have a long-standing tradition of conducting health research by using data from registries that
routinely collect individual-level data for administrative purposes.' These registries are useful to efficiently conduct
longitudinal studies enabling the examination of risk factors, prognostic factors, and outcomes of diseases, as well as the
assessment of therapy utilization, effectiveness, and safety.” The national patient registries form a cornerstone of health
research across all Nordic countries.” The Finnish Hospital Discharge Register contains complete nationwide data since
1969 and has included outpatient hospital care since 1998.* The Swedish National Patient Register contains complete
nationwide data since 1987 and has included outpatient care since 2001.° The Norwegian Patient Registry contains
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complete nationwide data on in- and outpatient care since 2008.° The Danish National Patient Registry (DNPR) contains
complete inpatient data since 1978 and has included outpatient care since 1995.” The DNPR is the most widely used
registry in Danish health research. The Nordic national patient registries record a range of information associated with
hospital contacts encompassing the date of contact, date of discharge, and associated diagnoses.>’ The diagnoses are
coded according to the World Health Organization’s International Classification of Diseases (ICD): a classification
system developed to promote comparisons over time and among countries.® In the DNPR, the ICD Eighth Revision (ICD-
8) was used until the end of 1993; thereafter the Tenth Revision (ICD-10) was used.’

Little evidence exists on whether ICD-8 codes should be included in disease-identification algorithms for complete
disease identification.” The decision may depend on the study period; the specific variable of interest (eg, exposure,
covariables, or outcome); data availability; and the sensitivity and specificity of the ICD-8 codes recorded in the registry.
Nonetheless, not using ICD-8 codes requires consideration of issues that may ensue — particularly left-censoring and left-
truncation. Left-censoring and left-truncation, in principle, are limitations for any registry that does not contain
information on individuals starting from their birth dates.>"'' Figure 1 illustrates the definition of the two terms as
employed in this study. Using the DNPR as an example, hospital contacts before 1977 will not be identifiable because the
contacts predated the initiation of registration in the DNPR. Thus, if a person suffered from appendicitis before 1977 and
never had a recurrent event, this person will never be identified as having had appendicitis. The appendicitis event will
thus be left-truncated. Left-censoring occurs when the first record identifiable in the registry is not the actual first-time
event. For instance, a person might suffer from an incident myocardial infarction in 1976 and a recurrent myocardial
infarction in 1996. Using the DNPR, the myocardial infarction event in 1976 is unidentifiable, resulting in the myocardial
infarction event in 1996 being incorrectly classified as the incident event. The myocardial infarction event in 1976 is
therefore left-censored in the DNPR. By not using ICD-8 codes, similar issues with left-truncation and left-censoring
may ensue, but with 1994 instead of 1977 as the cut-off year. Given the increasing utilization of the DNPR for
longitudinal observational studies, it is important to examine these key limitations and the potential biases that may
follow. Additionally, left-censoring and left-truncation are not exclusive to the DNPR. Rather they are prominent in many

®
<
®
° €
o
o

P> Time
1977 1994
\ A J

ICD-8 ICD-10
EE. Acute appendicitis

‘(\ Acute myocardial infarction

Figure | lllustration of left-truncation and left-censoring, using the Danish National Patient Registry as an example. Calendar time is depicted on the x-axis and divided into
periods between 1977 and 1994, when ICD-8 codes were used, and ICD-10 codes thereafter. On the y-axis, six different individuals’ hospital contacts with appendicitis and/
or acute myocardial infarction are depicted. Events with a green label are truncated or censored in the registry because they occurred before registry establishment. Events
with an Orange label would be truncated or censored if ICD-8 codes were not included in the disease-identification algorithm. Created with icons made by Freepik and
Smashicons from www.flaticon.com.
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international registries in which data collection occurs for relatively short periods (eg, the Medicare databases typically
first begin the data collection at age 65'?). To best address the issues of left-truncation and left-censoring, registries are
needed that contain decades of non-age-dependent data.

Therefore, we used the DNPR to examine the issues of left-truncation and left-censoring introduced when ICD-8
codes are not used to identify diseases. We examined several diseases from different overall disease categories. With this
overview, we seek to provide a framework to assist researchers in the design of their studies, and in the interpretation of
their current results and findings provided in the literature.

Materials and Methods

Setting and Data Sources
We conducted this study in Denmark, which had 5.8 million inhabitants in 2018."* The Danish Healthcare System
provides tax-supported health care, which ensures unfettered access to private practitioners and hospitals as well as
partial reimbursement for several prescription-required medications.'* A unique ten-digit Central Personal Register
number (CPR number), assigned to all Danish residents at birth or upon immigration, enables unambiguous and
individual-level linkage of data across various Danish registries.">

We identified our study cohort through the Danish Civil Registration System.'> This registry, established in 1968,
issues the CPR number and records the vital and migration status of all Danish residents with daily electronic updates.'’

Information on diseases diagnosed at hospitals was obtained from the DNPR. This registry, established in 1977 and
providing complete national coverage since 1978, contains information on every non-psychiatric inpatient admission and,
since 1995, information on outpatient clinic contacts, emergency department contacts, and psychiatric inpatient
admissions.” The DNPR holds information on the dates of contact and discharge, the primary diagnosis (ie, the main
reason for hospitalization), multiple optional secondary diagnoses (eg, comorbidities or complications), surgeries, and
procedures.” Diagnoses were recorded according to ICD-8 until 1994 and thereafter according to ICD-10. Since 1996,
surgical procedures have been recorded with the exact date and time, according to the Danish version of the Nordic
Medico-Statistical Committee Classification of Surgical Procedures (NOMESCO).’

Study Populations

People eligible for the study populations were required to be alive, >40 years of age, and residing in Denmark as of
January 1 of the sample years 1995, 2010, or 2018. At random dates during the respective sample years, 500,000 eligible
people were sampled from the Danish Civil Registration System.

From the DNPR, we obtained information on individual diseases in cardiovascular, endocrine, gastrointestinal,
neurological, pulmonary, rheumatic, and urogenital overall disease groups and fractures as well. The individual diseases
and their ICD-8 and ICD-10 codes are provided in Table S1. We selected individual diseases from these overall disease
groups to create a comprehensive framework that spans acute and chronic diseases, to ensure relevance for a wide range
of research questions. Left-truncation and left-censoring ensuing from omitting ICD-8 codes were analyzed both for
overall disease groups and for individual diseases. We used all available primary and secondary diagnosis records from
inpatient, outpatient, and emergency department contacts. If a person had several hospital contacts associated with the
same disease, only the most recent contact was included. The restriction to the most recent diagnosis was applied to ICD-
8 and ICD-10 codes separately, thus ensuring that a patient could have both an ICD-8 and an ICD-10 code for the same
disease. Likewise, people with a history of several individual diseases belonging to the same overall disease category
were only counted once in the analysis of overall disease groups.

Statistical Analysis

Per individual disease and overall disease group, we obtained the number of people in three mutually exclusive ICD
groups: those with only ICD-8 codes, those with both ICD-8 plus ICD-10 codes, and those with only ICD-10 codes. We
then calculated the proportion and 95% confidence intervals of each ICD group with respect to the total sample and to the
total number of people with the disease (the latter is thus the number of persons identified using all ICD groups). The
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formulas used are presented in Figure S1. The proportion of people with a disease identified solely by ICD-8 codes thus
reflected those whose disease would have been left-truncated when not using ICD-8 codes. The proportion of people with
a disease recorded with ICD-8 plus ICD-10 codes reflected those for whom the hospital contact recorded with the ICD-8
code would have been left-censored.

We plotted the proportions of the three ICD groups (ie, ICD-8 only, ICD-8 plus ICD-10, and ICD-10 only) with
respect to the total sample and to the total number of people with the disease as stacked bar plots by sample year.

Furthermore, we stratified the analyses by sex and the following age groups: 40-54 years, 55-69 years, 70-84 years,
and >85 years.

Data management, statistical analyses, and visualization were performed in SAS version 9.4 (SAS Institute, North
Carolina, US) and RStudio version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria).

Ethics, Approvals, and Registrations

According to Danish law, ethical approval and informed consent were not required for this registry-based study. The
study was reported to the Danish Data Protection Agency by Aarhus University (record number 2015-57-0002, serial
number 608).

Data Availability
The supporting individual-level data used for this study are not publicly available but can be obtained by application to
the Danish Health Data Authority.'®

Results

Main Analysis

We included 500,000 patients in each sample year (ie, 1995, 2010, and 2018). Using all ICD codes, we identified 149,385
unique diagnoses recorded before 1995, 319,720 unique diagnoses recorded before 2010, and 415,970 unique diagnoses
recorded before 2018.

Figure 2 shows the proportions of persons with a diagnosis from an overall disease group recorded in the DNPR by
ICD group and sample year. The proportions are shown relative to both the total sample (ie, 500,000 persons) and the
diseased sample (ie, identified by all ICD groups) for each sample year. The proportion of people in the total sample with
a diagnosis from an overall disease group recorded in the DNPR was higher in the more recent sample years for every
disease group (eg, the proportion of people with a cardiovascular disease recorded was 8.4% in 1995 and 24.0% in 2018).

Left-truncation was lower in more recent sample years across all overall disease groups (eg, for gastrointestinal (GI)
diseases, 75.4% of persons with a GI disease were affected in 1995 whereas 18.9% of persons with a GI disease were
affected in 2018 (Figure 2). When examining individual diseases, the issue with left-truncation varied (Table S2 and
Figures S2—-S9): The proportion of people with types 1 and 2 diabetes mellitus (ie, a chronic medical disease most likely
to be recorded in several hospital inpatient or outpatient contacts) who would not have been detected by omitting ICD-8
codes was 59.1% in 1995 and 1.6% in 2018. The proportion of people with acute appendicitis (ie, an acute surgical
condition often without recurrence and thus usually associated with only one hospital contact) who would not have been
detected by omitting ICD-8 codes was 93.0% in 1995 and 54.0% in 2018.

Left-censoring was less of an issue for all overall disease groups in the more recent sample years (eg, among persons
with cardiovascular diseases, the proportion was 15.5% in 1995 and 2.7% in 2018) (Figure 2). For the individual diseases,
the issue with left-censoring varied: The proportion of patients with type 1 and 2 diabetes mellitus with an ICD-8 plus ICD-
10 code recorded, relative to all patients with diabetes, was 21.8% in 1995 and 6.5% in 2018 (Table S2 and Figures S2—-S9).
The corresponding proportions for appendicitis were 0.2% in 1995 and 0.1% in 2018 (Table S2 and Figures S2—-S9).

Age-Stratified Analysis

Table S3 and Figures S10-S36 provide information on the relation between age group and the proportion of people with

a diagnosis from an overall disease group (Table S3) and an individual disease (Table S3 and Figures S10-S36) by ICD
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Figure 2 Proportion of people identified with ICD-10 codes only, ICD-8 plus ICD-10 codes (left-censoring), or ICD-8 codes only (left-truncation), grouped by overall
disease group and sample year. The left panel shows the proportion with respect to the total sample. The right panel shows the proportion with respect to people with the
disease.

group. When considering the individual diseases, the left-truncated proportion increased with higher age group for most
individual diseases; however, for some diseases (eg, appendicitis and fractures), the proportion decreased with higher age
group. Moreover, the relation between the left-truncated proportion and age group somewhat differed by sample year as
the proportions were smaller and generally more stable across age groups in the sample years 2010 and 2018 than in
1995. When examining left-censoring, no systematic similar pattern in differences across age groups was found for the
overall disease groups nor the individual diseases — that is, the left-censoring issue both increased, decreased, and were
similar (Table S3 and Figures S10-S36).

Sex-Stratified Analysis

The sex-stratified analyses with the proportion of people identified as having a diagnosis from an overall disease group
and an individual disease relative to the total sample are presented in Table S4. The issue with left-truncation and -
censoring by not using IC8-codes was similar between females and males and across both overall disease groups and
individual diseases (Table S4 and Figures S37-S44).

Discussion
Key Results

The proportion of patients with a disease who would not have been detected by omitting ICD-8 codes in identifying
diagnoses in the DNPR (ie, left-truncation) varied by sample year, disease, and age group. Overall, the left-truncated
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proportion decreased by sample year, particularly for chronic diseases (eg, diabetes mellitus) but remained fairly high for
acute and surgical diseases (eg, appendicitis and fractures). The left-truncated proportion by not using ICD-8 codes
generally increased with increasing age groups for most individual diseases, particularly in the sample year 1995,
whereas the proportion was generally smaller and more stable in the sample years 2010 and 2018. The results were
similar between females and males.

Limitations

Some limitations should be acknowledged when interpreting our results. Because we collected random samples,
the proportions might potentially have differed if we had collected other samples. Nonetheless, the 500,000
patients >40 years of age randomly sampled from the Danish population in each sample year constituted with
respect to the total population 21% in 1995, 18% in 2010, and 17% in 2018. Accordingly, the samples should be
representative.

Because we relied on ICD codes to detect diseases, a potential risk of false-positive misclassification of persons
affected with a given disease exists, depending on the validity of the diagnostic and coding process in the DNPR.
A thorough description of the DNPR as a data source including a contemporary summary of validation studies for
different diseases has been published previously.” Moreover, depending on the completeness of disease recording in the
DNPR, a risk of false-negative misclassification of people with no disease might have existed, particularly for diseases
often managed solely in general practice (eg, hypertension, dyslipidemia, diabetes, and chronic obstructive pulmonary
disease). In addition, the likelihood of having a hospital contact, and consequently a disease recorded in the DNPR, was
higher in 2018 than in 1995. Moreover, changes in diagnostic criteria and tests might have influenced the detected
number of diseased persons across different sample years without reflecting genuine changes in disease occurrence (eg,
the adaptation of cardiac troponins in the universal definition of acute myocardial infarction'”). Likewise, the shifting
trend of treating some patients with certain common diseases (eg, diabetes mellitus type 2 and chronic obstructive
pulmonary disease) exclusively in general practice may impact observed trends in prevalence proportions when relying
solely on ICD codes for disease detection. Furthermore, older patients who had only one hospital contact with a disease
before 1977, followed by no subsequent contacts, would not have been identified as prevalent cases on the basis of the
DNPR, because such events would have been left-truncated. Altogether, comparing proportions across sample years and
making inferences regarding trends in prevalence proportions might not be appropriate. However, rather than presenting
the true prevalence proportions in the Danish population, our study was aimed at examining the proportion of people
identified as having a disease as a function of the use of different ICD code revisions, and thus addressing issues with
left-truncation and left-censoring when ICD-8 codes are not used.

Comparison with Findings from Other Studies

To the best of our knowledge, no prior studies have evaluated the left-truncation issue arising from disregarding
previous ICD versions when identifying diseases in health registries. However, studies aimed at answering a different
question, have examined the effects of the length of the look-back period (ie, searching the patient’s hospital history in
a registry for previous events), which is used when defining incident events, eg, in instances of gynecological
diseases,'® cancers,'® and cardiovascular diseases.”*>* Consulting such studies may be valuable when seeking to
establish cohorts consisting of incident cases only because those studies were aimed specifically at addressing the
appropriate length of the look-back period for a particular disease. The present study extends these studies by
examining the effects of left-truncation and left-censoring arising from not using ICD-8 codes and notably included
several disease groups and individual diseases.

Interpretation

Our study was aimed at providing a better understanding of issues related to left-truncation and left-censoring arising
from not using ICD-8 codes. Our findings suggest that in deciding whether to use ICD-8 codes, the following three
factors are particularly important: 1) the time from the end of ICD-8 use to the start of the study period; 2) the type of
individual disease; and 3) the age of the study participants.
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First, the proportion of people with a disease who remained undetected by not using ICD-8 codes (Ze, left-truncated)
was, as expected, higher in 1995 than in 2018 across all individual diseases, sexes, and age groups. Therefore, not
including ICD-8 codes should be performed with caution, particularly when the study period commences close to the
transition from ICD-8 to ICD-10 coding.

Second, even when the study period is more recent, the disease of interest must be considered. Our results suggested
that only 1.6% of people with a history of diabetes mellitus would have been left-truncated in the sample year 2018 by
not using ICD-8 codes. Although left-censoring may still be an issue, only 6.5% of patients with diabetes mellitus had
both an ICD-8 plus an ICD-10 code in the sample year 2018. In contrast, 54.0% of people with a history of appendicitis
(an acute, often non-recurring disease) were left-truncated in the sample year 2018 by not using ICD-8 codes. As
expected, left-censoring was a minor issue in appendicitis, because the proportion of people with both an ICD-8 and an
ICD-10 code was negligible in all sample years. Whether left-truncation or left-censoring is the greater concern may
depend on the variable of interest. For instance, when identifying covariables, not identifying a comorbidity for a small
proportion of patients might be relatively less troublesome as long as a similar approach is applied to both exposed and
unexposed patients. However, when the variable of interest is the exposure, maximizing the certainty of having all
patients properly adjudicated as exposed or unexposed may be desirable. Even if the undetected proportion is considered
acceptable, not only the exposure status but also when the exposure began may be of interest because the date of
exposure is often used to define the start of follow-up in cohort studies or in stratification according to the temporal
relation between exposure and outcome in case—control studies.*>°

Third, the age of study participants is another factor that should be considered. The issue of left-truncation introduced
by not using ICD-8 codes was overall more apparent in the highest age groups. This finding was expected because older
patients generally had a higher likelihood of having a disease recorded with only an ICD-8 code. However, exceptions to
this overall tendency were observed: For appendicitis, the issue of left-truncation by not using ICD-8 codes was greatest
in the youngest age group; however, this finding likely reflected left-truncation among the highest age groups, because
recording in the DNPR started in 1977. The oldest persons were likely to have had appendicitis before 1977, and this
event accordingly was not likely to be found in the DNPR. In contrast, the youngest persons born after 1977 had their
entire hospital history recorded in the DNPR, and diseases recorded with only ICD-8 codes would remain left-truncated
by not using ICD-8 codes in the disease-identification algorithm (Figure 1).

In addition, the given study aim may affect the decision of whether to include ICD-8 codes. In descriptive studies
aimed at assessing temporal trends in absolute disease occurrence, not using ICD-8 codes in the disease identification-
algorithm may result in an underestimation of disease occurrence with a magnitude likely to depend on both the study
period and the age of the study participants. In contrast, not using ICD-8 codes, thereby potentially using a less sensitive
but more specific disease identification-algorithm, may still be sufficient for obtaining valid relative measures of
associations. Before not using ICD-8 codes, the risk of introducing reverse causation must also be considered if the
outcome under investigation actually occurred before the exposure, but the first event was left-censored because ICD-8
codes were not used.

When data availability impedes inclusion of ICD-8 codes in a disease-identification algorithm, researchers may use
the results presented in this study to guide choices of whether this limitation may introduce left-truncation and left-
censoring issues. Importantly, in addition to the considerations presented above, whether the recording of the specific
ICD code is sufficiently valid to appropriately detect the disease of interest is a critical consideration.

Conclusion

The left-truncation issue differed by time from the end of ICD-8 use to the sample year, disease, and age group. Overall,
the left-truncated proportion diminished over sample years, particularly for chronic diseases, yet remained rather high for
certain surgical diseases. The left-truncation issue generally increased with age group for most individual diseases. The
left-censoring issue was overall minor, but highest for chronic diseases. These results may assist researchers in designing
studies and interpreting results.
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