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Purpose: To examine the positive predictive value (PPV) of International Classification version 10 (ICD-10) diagnosis codes for long
coronavirus disease 2019 (long-COVID) in a Danish Health registry.
Patients and Methods: This was a medical record review of all patients with a diagnosis code of long-COVID (DB948A) at all
hospitals in the North Denmark Region from February 27, 2020 through June 30, 2021. Confirmed long-COVID was categorized as
fulfillment of all three criteria: (1) a positive polymerase chain reaction (PCR) test for SARS-CoV-2 on a respiratory sample or
a positive serum antibody test, (2) symptoms suggestive of long-COVID with no other diagnosis considered more likely, and (3)
symptom duration >6 weeks.
Results: A total of 306 patients were assigned a hospital diagnosis code for long-COVID corresponding to 1.4% of all SARS-CoV-2
positive individuals during the study period (n=21,727). Next, 40 patients were excluded due to incomplete diagnostic evaluation at
time of record review leaving 266 patients for analysis. The patients had a median age of 51 years (interquartile range 43–60) and 175/
266 (66%) were females. Long-COVID was confirmed in 249/266 yielding an overall PPVof 94% (95%CI: 90–96) and did not differ
substantially according to most age groups, sex, previous hospitalization for COVID-19, or by using 12 weeks of symptom duration as
cut-off. The PPV was low for children and adolescents (n=5), the very elderly (n=9), and those included by secondary long-COVID
diagnoses (n=10).
Conclusion: The overall PPVof diagnosis codes for long-COVID in the North Denmark Region was high and was likely suitable for
future registry-based studies of long-COVID. Caution is advised at the extremes of age and secondary diagnosis codes.
Keywords: post-COVID, coronavirus disease 2019, diagnosis codes, validation, epidemiology

Introduction
Currently, more than 268 million people have been infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) of which more than 5.3 million had a fatal outcome.1 In addition, the infection may cause prolonged or
new-onset symptoms following infection. Although there is no universally accepted definition, this is often termed “long
coronavirus disease” (long-COVID) and it may have a significant impact on social functioning, work capacity, and
quality of life of patients.2,3

Early studies found that 10–13% of all SARS-CoV-2 positive individuals reported persistent symptoms for several
months,2 which increased to 72–87% when examining only patients hospitalized with coronavirus disease 2019
(COVID-19).4–6 However, many of these reports are single-center studies or rely on voluntary reports of symptoms
using, eg a smartphone application, which may introduce selection and information bias.4–7 In addition, the general-
izability of hospitalized COVID-19 patients from countries with overwhelmed health-care systems during the very
onset of the pandemic may be limited. Another study considered hospital diagnosis codes and medication prescriptions
as proxies for long-COVID among SARS-CoV-2 positive compared with negative individuals and observed an
increased risk of dyspnea and prescription of bronchodilating agents following infection.8
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Health-care registries and databases are valuable tools for examining long-COVID from a population-based point of
view.9–13 Yet, the validity of specific diagnosis codes for long-COVID remains unclear. This study aimed to examine the
positive predictive value (PPV) of the International Classification of Diseases version 10 (ICD-10) code for long-COVID
in the North Denmark Region.

Methods
Setting
Medical care is tax-supported and free of charge for all residents in Denmark. A unique civil registration number is
assigned at birth, which allows for a unique identification of all Danish residents and an unambiguous linkage of
individuals between registries.10 In the North Denmark Region, an outpatient clinic for patients with long-COVID was
established on January 1, 2021 at Aalborg University Hospital (Figure 1). The catchment population was 590,439
(January 1, 2021) and 21,727 had tested positive for SARS-CoV-2 in the North Denmark Region during the study
period.14,15 Patients eligible for consultation at the hospital outpatient clinic were required to have had symptoms for >6
weeks and a previous SARS-CoV-2 infection documented by a positive polymerase chain reaction (PCR) test on
a respiratory sample or a positive serum antibody test. In addition, all patients admitted with acute COVID-19 infection
requiring oxygen treatment were invited to a follow-up examination at Aalborg University Hospital.

Figure 1 A map of the Denmark. The North Denmark Region is marked with black.
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Study Design and Study Population
This population-based cross-sectional validation study was conducted by reviewing the medical records of all patients
assigned a first time hospital diagnosis code for long-COVID using the Danish version of ICD-10 (DB948A imple-
mented April 1, 2020 by the Danish Board of Health) in North Denmark Region from February 27, 2020 through
June 30, 2021 with censoring of follow-up by August 31, 2021. Data from primary care were not available for this
study.

Record Review and Definition of Long-COVID
A local investigator (LSD) reviewed the medical records of all patients assigned a long-COVID diagnoses code including
doctor’s notes, laboratory results, and outcomes of patients. The date of positive polymerase chain reaction (PCR) test for
SARS-CoV-2 was used as index date since the exact onset of long-COVID symptoms was often unclear and difficult to
differentiate from acute COVID-19. However, for patients included only by a positive serum antibody test, time of long-
COVID symptom onset as reported by the patients was used as index date.

Consistent with requirements for referral to the long-COVID outpatient clinic in the North Denmark Region during
the study period, long-COVID was defined as the presence of all of the following criteria:

1. A positive PCR test for SARS-CoV-2 on a respiratory sample or a positive serum antibody test.
2. Symptoms suggestive of long-COVID (eg fatigue, neurocognitive deficits, headache, dyspnea, cough, gastro-

intestinal symptoms, chest pain, anosmia, or skin rashes) with no other diagnosis considered more likely based on
all available information including patient history, physical and diagnostic examinations, laboratory results,
imaging and, if needed, multidisciplinary consultations.

3. Symptom duration >6 weeks.

In cases of doubt, categorizations of patients were resolved by discussion with a senior specialist (JB). Patients were
excluded if long-COVID had not been confirmed or disproven by August 31, 2021.

Statistical Analysis
Categorical variables were presented as n/N (%) and continuous variables as medians with interquartile ranges (IQR).
Using the exact binomial method, the PPV with 95% confidence intervals for long-COVID was calculated as the number
of confirmed long-COVID cases divided by the number of patients assigned a diagnosis code of long-COVID. Next,
PPVs were examined by sex, age groups (0–17, 18–40, 41–60, 61–80, 81–), primary- and secondary diagnosis codes, and
in-hospital treatment for acute COVID-19 infection (yes/no).

Study data were collected and managed using REDCap electronic data capture tools hosted at the North Denmark
Region.16 Stata/MP® version 16 (StataCorp LLC, TX, USA) was used for all statistical analyses.

Ethical Considerations
This study was approved by the hospital administration as a quality of care project and patient consent or permission
from an ethical committee was therefore not required for this type of study in Denmark. Handling of data complied
with relevant data protection and privacy regulations and was conducted in accordance with the Declaration of
Helsinki.

Results
A total of 306 patients were assigned a hospital diagnosis code for long-COVID corresponding to 1.4% of all SARS-CoV-2
positive patients in the North Denmark Region during the study period (n=21,727) and yielding an incidence of 39/100000/
year. Of these, 40 patients were assigned a long-COVID diagnosis code before the establishment of the outpatient clinic at
Aalborg University Hospital. Next, 40 patients were excluded due to incomplete diagnostic evaluation by August 31, 2021,
leaving 266 patients for further analysis in this study (Figure 2).
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Patients assigned a long-COVID hospital diagnosis code had a median age of 51 years (IQR: 43–60) and 34% (91/
266) were male. A total of 81/266 (30%) had been hospitalized during acute COVID-19 infection with 32/266 (12%)
treated at the intensive care unit. The median duration of long-COVID symptoms was 148 days (IQR: 91–186)
(Table 1).

The patients’ symptoms were divided into constitutional and organ specific symptoms. One or more constitutional
symptoms were present in 211/266 (79%) patients, with fatigue 180/266 (68%) as the most common. Other constitutional
symptoms were attention/concentration difficulties 119/266 (45%), headache 93/266 (35%), insomnia 28/266 (11%), dizzi-
ness 17/266 (6%), and fever 6/266 (2%). Organ-specific complaints consisted of pulmonary symptoms in 168/266 (63%), ear-
nose-and-throat (ENT) in 99/266 (37%), musculoskeletal in 49/266 (18%), cardiac in 34/266 (13%), neurological in 16/266
(6%), gastrointestinal in 18/266 (7%), urogenital in 1/266 (0.4%), and dermatological in 2/266 (0.8%).

Overall, the diagnosis of long-COVID was confirmed in 249/266 yielding a PPVof 94% (95%CI: 90–96). The PPV was
96% (95%CI: 93–99) in females compared with 98% in males (95%CI: 79–94), and ranged from 98% (95%CI: 90–100) in
those aged 18–40 years to 86% (95%CI: 73–94) in those aged 61–80 years. In the nine patients 81 years or older, the PPV
was 44% (95%CI: 14–79) compared with 80% (95%CI: 28–99) in the five patients less than 18 years of age. The PPV was
96% (95%CI: 93–98) if long-COVID was a primary diagnosis code and 20% (95%CI: 2–56) for secondary diagnosis codes.
Furthermore, the PPV was 84% (95%CI: 74–91) for patients previously hospitalized for COVID-19 and 98% (95%CI: 95–
99) for those who had not been hospitalized for COVID-19 (Table 2). Using 12 weeks duration of symptoms as cut-off, long-
COVID was confirmed in 201/205 patients corresponding to an overall PPV 98% (95%CI: 95–99).

Cases with disproven long-COVID consisted of patients hospitalized with COVID-19 (n=8) or re-admitted with
dehydration (n=3) or stroke (n=2) shortly thereafter. The remaining cases were diagnosed with polymyalgia rheumatica
(n=1), asthma (n=1), underlying cardiac disease (n=1), and deep venous thrombosis (n=1) instead of long-COVID.

Discussion
In this study, a high PPV of the long-COVID diagnosis code was observed overall and across most subgroups including
sex, age, and previous hospitalization for acute COVID-19 infection. However, caution is advised when using long-
COVID diagnosis codes as secondary codes and in children and adolescents as well as the very elderly due to small
sample sizes in these groups.

Figure 2 Flowchart of the study population.
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Long-COVID is still a very novel disease and the scientific community, health-care administrators, and public opinion
leaders have voiced concern about the potential impact as SARS-CoV-2 continues to spread globally and new variants
evolve that may evade previous natural or vaccine-induced immunity.17–19 Predictors of long-COVID have been
suggested to include female sex, increasing number of symptoms during COVID-19, number of preexisting comorbid-
ities, median SARS-CoV-2 IgG titers, and intensive care unit admission.19–21 Treatment has thus far mainly focused on
physiotherapy and occupational rehabilitation for constitutional symptoms.2

Table 1 Baseline Characteristics of 266 Patients Assigned a First-time ICD-10
Diagnosis Code for Long-COVID, in the North Denmark Region from
February 27, 2020 Through June 30, 2021

Characteristic n (%) or Median (IQR)

Sex
Females 175 (66)
Males 91 (34)

Department of long-COVID diagnosis
Long-COVID clinic (Aalborg University Hospital) 232 (87)
Internal medicine department 27 (10)

Pediatric department 5 (2)
Neurological department 2 (1)

Age, years 51 (43–60)

Age group, years
0–17 5 (2)

18–40 51 (19)

41–60 152 (57)
61–80 49 (19)

81– 9 (3)

Admission to hospital during acute COVID-19
Yes 81 (30)

No 185 (70)

Admission to ICU during acute COVID-19
Yes 32 (12)

No 234 (88)

Duration of symptoms, days 148 (91–186)
Symptoms
Constitutional 211 (79)

Headache 93 (35)
Fatigue 180 (68)

Attention/concentration difficulties 119 (45)

Fever 6 (2)
Dizziness 17 (6)

Insomnia 28 (11)

Organ specific symptoms
Pulmonary 168 (63)

ENT 99 (37)

Musculoskeletal 49 (18)
Cardiac 34 (13)

Neurological 16 (8)

Gastrointestinal 18 (7)
Urogenital 1 (0.4)

Skin 2 (0.8)

Abbreviations: COVID-19, coronavirus disease 2019; ENT, ear-nose-throat.
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Health-care registries may prove helpful by providing population-based estimates on incidence of long-COVID and
associated morbidity requiring treatment at hospitals as well as socioeconomic consequences of long-COVID.9–13

However, a key prerequisite is that the information registered in these databases is accurate and, to the best of our
knowledge, the ICD-10 diagnosis code for long-COVID has not yet been validated in other settings. Of note, the
demographic composition and clinical presentation of long-COVID patients in the current study was comparable to other
reports on long-COVID.20–22 Several previous studies on long-COVID were conducted before the availability of specific
diagnosis codes for long-COVID or before outpatient clinics were established to manage these complex patients.8,23

Moreover, most studies have been based on clinical cohorts with inherent limitations in sample size and follow-
up.4–6,21,22 These combined considerations highlight the need for additional registry-based research using specific and
validated diagnosis codes in large population-based cohorts of previously hospitalized and nonhospitalized COVID-19
patients with matched control groups in order to learn more about long-COVID and the potential consequences of the
disease.

This study has limitations. Importantly, an internationally accepted scientific and clinical definition for long-COVID
has still not been developed and validated. As an example, the requirement for duration of symptoms varies from just
four weeks to 12 weeks.2,3,24 If future definitions should deviate substantially from the one used in this study, the results
may not be applicable.2,3 In contrast, the predefined criteria in this study limited ascertainment bias when assessing the
medical records and enables comparison with other settings. Since 40 patients with a long-COVID diagnosis code were
excluded due to incomplete diagnostic evaluation, caution is advised for allowing adequate follow-up time after a long-
COVID diagnosis code to ensure correct categorization of patients depending on results of diagnostic workup. Additional
information bias may also be present since the diagnostic workup was left at the discretion of the physician in charge.
However, local guidelines for management of long-COVID patients were implemented by February 2021 in the North

Table 2 Positive Predictive Value (PPV) with 95% Confidence Intervals (CI) of ICD-10 Diagnosis Code
for Long-COVID in the North Denmark Region

Long COVID Number of Observations (n/N) PPV % (95%CI)

Confirmed overall 249/266 94 (90–96)

Sex

Females 169/175 97 (93–99)

Males 80/91 88 (79–94)

Age group

0–17 4/5 80 (28–99)

18–40 50/51 98 (90–100)

41–60 149/152 98 (94–100)

61–80 42/49 86 (73–94)

81– 4/9 44 (14–79)

Primary diagnosis code 247/256 96 (93–98)

Secondary diagnosis code 2/10 20 (2–56)

Previous in-hospital admission for COVID-19

Yes 68/81 84 (74–91)

No 181/185 98 (95–99)
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Denmark Region, which support a uniform diagnostic workup of patients. Although the population-based setting of the
North Denmark Region ensured complete evaluation of all patients with a hospital diagnosis code for long-COVID,
selection bias cannot be ruled out since only patients with a proven SARS-CoV-2 infection were accepted to the
outpatient clinic. The study was not able to assess the sensitivity of the long-COVID diagnosis code as it would require
medical record review of all hospitalized patients in the North Denmark Region during the study period, which was not
feasible. Finally, coding practices may vary between regions in Denmark, but the generalizability is still considered to be
high due to the population-based study design and the tax-financed health-care system providing free medical care at the
point of delivery for all Danish residents.11

In conclusion, the overall PPVof the ICD-10 diagnosis code for long-COVID was high in our cohort and suitable for
future registry-based studies.

Abbreviations
CI, confidence interval; COVID-19, coronavirus disease 2019; ICD-10, International Classification of Diseases version
10; PPV, positive predictive value; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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