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ABSTRACT

INTRODUCTION. Correct use of tuberculosis (TB) diagnosis codes is essential for patient care, surveillance and resource
allocation. We aimed to assess the positive predictive value (PPV) of TB diagnosis codes.

METHODS. In this retrospective cohort study, we identified patients with International Classification of Diseases, tenth version
(ICD-10) TB diagnosis codes from 1 July 2020 to 30 June 2023, at two TB centres in the Central Denmark Region. Confirmed TB
was defined as microbiologically confirmed TB, prescription of > 3 first- or second-line TB drugs, or TB notification. All patients
who did not meet these criteria and those who received fewer than three TB drugs or lacked TB notification underwent
manual hospital record review to verify or exclude the TB diagnosis. PPVs were calculated as the proportion of confirmed TB

diagnoses among all patients with a TB diagnosis code.

RESULTS. In total, 185/230 patients were confirmed to have TB, yielding a PPV of 80% (95% Cl: 75; 85). The PPVs for TB
microbiology, TB prescriptions and TB notification exceeded 95% individually. Excluding TB lupus codes increased the PPV to
89% (95% Cl: 84; 93). Patients with more than one different type of TB diagnosis code had a PPV of 100% (95% Cl: 93; 100).
Additionally, PPVs were high when TB diagnosis codes appeared on multiple occasions, increasing with the number of
occurrences (= 2: 85%, > 3: 89%, > 4: 93%).

CONCLUSION. TB ICD-10 diagnosis codes demonstrate a moderately high PPV in Denmark, particularly when excluding TB
lupus codes, highlighting the importance and complexities of diagnostic coding.

FUNDING. None.

TRIAL REGISTRATION. Not relevant.

Diagnosis codes in health registers are used mainly for healthcare administration but may be valuable tools for
tuberculosis (TB) disease surveillance and research [1-3]. Precise coding is essential for correct patient care
administration, effective public health monitoring and efficient resource allocation. However, previous studies
have highlighted problems with the use of TB diagnosis [4, 5]. Over- or underreporting of TB diagnoses results in
unreliable public health data, undermining disease surveillance and research efforts. Various factors may

contribute to coding errors [6].

Denmark has a strong tradition of population-based research using diagnosis codes to identify patients with
various diseases, such as mycobacterial disease [7, 8], and to evaluate comorbidity burdens [9, 10], among others.

Nevertheless, TB diagnosis codes have not yet been validated in our setting. Therefore, in this study, we assessed
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the positive predictive value (PPV) of TB diagnosis codes registered over three years at two TB centres covering

the Central Denmark Region.

Methods

In this retrospective cohort study, we identified all patients with at least one TB International Classification of
Diseases, 10th revision (ICD-10) diagnosis code in the hospital record system at Aarhus University Hospital,
Aarhus, and Viborg Regional Hospital, Viborg, Denmark, between 1 July 2020 and 30 June 2023. Using data from
a local data hub, the Business Intelligence Data Warehouse, we evaluated patients with the following ICD-10
diagnosis codes [11]: A15-A19.9 (Tuberculosis), B20.0A (HIV disease resulting in tuberculosis), J65
(Pneumoconiosis associated with tuberculosis), K67.3 (Tuberculous peritonitis), M49 (Tuberculosis of the spine),
M90 (Tuberculosis of bone), and N74 (Tuberculous infection of cervix uteri and female tuberculous pelvic

inflammatory disease).

For each patient with a TB ICD-10 diagnosis code, we counted the number of TB diagnosis codes and recorded
the number of types of codes. For all patients, we collected microbiological and notification information from
the centralised International Reference Laboratory of Mycobacteriology and the nationwide TB notification
register at Statens Serum Institut, Copenhagen, respectively, to verify the diagnosis. This data collection was
expanded by administrative hospital data on TB treatment, including both first-line (ethambutol, isoniazid,
pyrazinamide and rifamycins (rifabutin, rifampicin, and rifapentine)) and second-line drugs (amikacin,
bedaquiline, capreomycin, cycloserine, delamanid, ethionamide, imipenem/cilastatin, levofloxacin, linezolid,
meropenem, moxifloxacin, para-aminosalicylic acid (PAS), pretomanid, protionamide), including combination
drugs. To include all relevant diagnostic instances, all data points were gathered within one year before and after

the study period. Data were merged using a unique identifier for each patient [12].

Patients were defined as having confirmed TB if they had 1) at least one polymerase chain reaction (PCR) or
culture positive for Mycobacterium tuberculosis, 2) were prescribed three or more first- or second-line TB drugs
or 3) were notified with TB. All patients who did not meet these criteria and those who received fewer than three
TB drugs or lacked TB notification underwent manual hospital record review to verify or exclude the TB

diagnosis.

Descriptive statistics were presented using numbers and proportions for categorical variables and medians and
IQRs for continuous variables. The Wilcoxon rank sum test, Pearson’s Chi-squared test and Fisher’s exact test
were used to compare patients with confirmed TB and those without TB, as appropriate. A PPV, defined as the
proportion of true positives out of the sum of true and false positives, was calculated by determining the
proportion of patients with confirmed TB among all with a TB diagnosis code. PPVs were also calculated
separately for all those with TB microbiology, TB prescriptions and TB notification suggestive of TB to evaluate
the predictive precision of each individually. In addition, PPVs were calculated for patients where the TB
diagnosis code appeared on multiple occasions and for patients with more than one type of TB diagnosis code.

Wilson’s method for binomial proportions was used to compute 95% confidence intervals (CIs).

Trial registration: not relevant.

Results

During the study period, 230 patients were identified with an ICD-10 TB diagnosis code. The median patient age
was 45 years (IQR: 30-59, range: 0-95 years), with the majority being males (56%, n = 129). The median number of

TB diagnosis codes per unique patient was nine (IQR: 5-13) (from one year before to one year after the study
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period). A minority had two (20%, n = 46) or three (1.7%, n = 4) different types of TB diagnosis codes.

In total, 185 patients had confirmed TB. Among these, 172 patients (93%) satisfied at least one of the following
conditions: TB was microbiologically confirmed by PCR or culture in 75% (n = 139), 90% (n = 167) received three
or more first- or second-line TB drugs and 86% (n = 159) were notified with TB, while a few (7%, n=13) did not
meet any of these conditions (Figure 1). Thirteen additional patients had confirmed TB after reviewing hospital
records (Table 1). Many of the inappropriately coded patients had cutaneous or systemic lupus erythematosus
(56%, n =22/39). Among patients who were not notified as having TB but had microbiologically confirmed TB or
received three or more first- or second-line TB drugs (n = 19), three had infections with non-tuberculous
mycobacteria (NTM), and three had Bacillus Calmette-Guérin infection following intravesical immunotherapy,
while the rest had TB (n = 13). Three of these were notified with TB more than a year before the study period.
Significant differences were observed between patients with confirmed TB and those without TB concerning sex,
department, type and number of TB codes, and sampling for mycobacteriological examination (Table 2). All
patients who were prescribed fewer than three first- or second-line TB drugs (n = 5) were confirmed to have TB

but were in the continuation phase of treatment.

FIGURE 1 Venn diagram of patients with confirmed tuberculosis (n = 172/185; 13 were in
neither of the groups), stratified by microbiological confirmation of tuberculosis (TB), first-
or second-line tuberculosis treatment and notification.

Microbiologically confirmed TB:

First- or second-line TB PCR or culture Notified
treatment: = 3 drugs (n =139) with TB
(n=167) (n = 159)

133 (80%)

11 (6%) 1 (0.6%)
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TABLE 1 Final diagnosis after manual hospital record
review for 52 patients?.

Final diagnosis n (%)
Error code without relevance 3 (5.8)
Cutaneous or systemic lupus erythematosus 21 (40)
Cutaneous or systemic lupus erythematosus + TB infection® 1(1.9)
NTM disease 1(1.9)
Provisional TB diagnosis 2(5.0)
TB disease® 13 (25)
TB infection® 11 (21)
Total 52 (100)

NTM = non-tuberculous mycobacteria; TB = tuberculosis.

a) Patients were defined as having confirmed TB if they had: 1) = 1 PCR or
culture positive for Mycobacterium tuberculosis, 2) were prescribed = 3
1st- or 2nd-line TB drugs or 3) were notified with TB; all patients who did
not meet these criteria and those who received < 3 TB drugs or lacked TB
notification underwent manual hospital record review (n = 52) to verify or
exclude the TB diagnosis.

b) Previously termed latent TB.

c) Previously termed active TB.
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TABLE 2 Characteristics of patients with confirmed tuberculosis and without tuberculosis®.

Confirmed TB ~ Without TB

(n=185) (n=45) p value®
Age, median (IQR), yrs 44 (30, 56) 50 (35, 70) 0.4
Males, n (%) 108 (58) 21 (47) 0.023
Hospital, n (%) 0.3
Hospital 1 145 (78) 31 (69)
Hospital 2 40 (22) 14 (31)
Department, n (%o) < 0.001
Respiratory medicine 85 (46) 3(6.7)
Internal medicine: Hospital 2 39 (21) 11 (24)
Infectious diseases 41 (22) 5(11)
Paediatrics 16 (8.6) 4(8.9)
Dermatology 0 13 (29)
Other® 4(2.2) 9 (20)
TB diagnosis code, n (%) < 0.001
Lung 41 (22) 1(2.2)
Lung, confirmed by culture only 38 (21) 3(6.7)
Lung, confirmed by unspecified means 22 (12) 5(11)
Lupus 0 22 (49)
Peripheral lymphadenopathy 14 (7.6) 0
Lung, bacteriologically and histologically negative 10 (5.4) 1(2.2)
Other* 60 (32) 13(29)
TB diagnosis codes, median (IQR), n 10 (7-14) 2 (1-4) < 0.001
= 1 type of TB diagnosis codes, n (%) 50 (27) 0 < 0.001
Sample sent for mycobacteriological examination, n (%) 175 (95) 11 (24) < 0.001

TB = tuberculosis.

a) Patients were defined as having confirmed TB if they had: 1) = 1 PCR or culture positive for
Mycobacterium tuberculosis, 2) were prescribed = 3 1st- or 2nd-line TB drugs or 3) were notified with TB;
all patients who did not meet these criteria and those who received < 3 TB drugs or lacked TB notification
underwent manual hospital record review (n = 52) for verification or de-verification of the TB diagnosis.

b) Wilcoxon rank sum test, Pearson’s ¥? test and Fisher's exact test, as appropriate.

c) Departments with < 10 observations; the departments included a Centre of Diagnostic Investigation,
Department of Cardiology, Department of Rheumatology, Department of Surgery, Department of
Nephrology, and Department of Ear-, Nose and Throat Surgery.

d) TB diagnosis codes with < 10 observations. Please see supplementary for details.

The overall PPV of the TB diagnosis codes was 80% (95% CI: 75; 85). The PPVs for TB microbiology, TB
prescriptions and TB notification exceeded 95% individually (Table 3). As many patients had a TB lupus
diagnosis code (A18.4A), we recalculated the PPV as a post hoc sensitivity analysis after excluding these patients.
When the TB lupus diagnosis code was excluded, the PPV increased to 89% (95% CI: 84; 93). Patients with more
than one type of TB diagnosis code had a PPV of 100% (95% CI: 93; 100). Additionally, PPVs were high when TB
diagnosis codes appeared on multiple occasions, increasing with the number of occurrences (= 2: 85%, = 3:
89%, = 4: 93%).

Open Access under Creative Commons License CC BY-NC-ND 4.0 5/9



DANISH MEDICAL JOURNAL

TABLE 3 Positive predictive value of tuberculosis diagnosis codes for identifying
confirmed tuberculosis, overall and stratified by microbiology, treatment,
notification and diagnosis code frequency.

Category PPV (95% Cl), %* Confirmed/total, n/N®
TB diagnosis code overall 80.4 (74.8;85.0) 185/230
TB diagnosis code excluding lupus 88.9 (84.0; 92.5) 185/208
Microbiology

With 98.6 (95.0; 99.6) 139/141
Without 51.7 (41.5; 61.8) 46/89
Treatment

With 96.5 (92.6; 98.4) 167/173
Without 31.6 (21.0; 44.5) 18/57
Notification

With 100.0 (97.6; 100.0) 159/159
Without 36.6 (26.4; 48.2) 26/71
TB diagnosis codes

=2 85.0 (79.6; 89.2) 181/213
=3 89.4 (84.4; 93.0) 178/199
=4 92.6 (88.0; 95.5) 175/189
> 1 type 100.0(92.9; 100.0) 50/50

Cl = confidence interval; PPV = positive predictive value; TB = tuberculosis.

a) PPV = (confirmed cases/total cases) x 100, where the numerator represents the number of confirmed
TB cases in each category, and the denominator includes the total number of cases within each category,
e.g., those with and without microbiology suggestive of TB, those with and without notification of TB, those
with and without treatment and those with and without > 3 diagnosis codes, etc. 95% CI calculations were
performed using Wilson's method for binomial proportions with R package binom (version 1.1-1.1).

b) Patients were defined as having confirmed TB if they had: 1) = 1 PCR or culture positive for
Mycobacterium tuberculosis, 2) were prescribed = 3 1st- or 2nd-line TB drugs or 3) were notified with TB;
all patients who did not meet these criteria and those who received < 3 TB drugs or lacked TB notification
underwent manual hospital record review (n = 52) to verify or exclude the TB diagnosis.

Discussion

In this study, 75% of patients with a TB diagnosis code had a confirmed diagnosis by PCR or culture, TB
treatment or TB notification. When combining this information with findings from manual review of hospital
records, the PPV of the TB diagnosis codes was to 80%. Most false positives (56%) were attributed to patients with
cutaneous or systemic lupus erythematosus, who were mistakenly coded as having lupus vulgaris (a form of
cutaneous TB). When TB lupus diagnosis codes were excluded, the PPV increased to 89%, highlighting the
overall usefulness of TB diagnosis codes - except for TB lupus-related codes - for disease surveillance and

research.

Administrative health data are increasingly used for epidemiological research and provide a low-cost approach
to obtaining large amounts of real-life data, especially for rare diseases such as TB, which remains uncommon in

high-income countries. However, as data are not obtained for research purposes, they may be incomplete or
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imprecise [5]. A smaller study from Northern California and Portland, United States, used the US Centres for
Disease Control and Prevention criteria for reference to confirm TB and found notably lower PPVs of 54% and
9%, respectively, for patients having at least one TB diagnosis code [13]. The PPVs increased to 87% and 46%,
respectively, when including medication dispensing data, and to 71% and 21% when including only patients with
at least two TB codes [13]. Patients with TB infection (previously termed latent TB) or patients whose TB
diagnosis was later disconfirmed were discussed as the main reasons for incorrectly coded diagnoses. We also
observed that those with a TB diagnosis code appearing on multiple occasions had higher PPVs, increasing with
the number of occurrences (= 2: 85%, = 3: 89%, = 4: 93%). Moreover, we found that all patients with more than

one type of TB diagnosis code had confirmed TB.

A review from 2017 summarised the diagnostic accuracy of TB codes and found that PPVs ranged widely, 1.3-
100%, and sensitivities fell in the 20-100% range, while specificities and negative predictive values were
unavailable [5]. The study concluded that combining diagnosis codes and pharmacological data augmented the
PPV considerably. In our study, we also included information on TB drug prescription to validate the diagnosis
and found a high PPV of TB treatment. A small group of patients (n = 5) received less than three TB drugs.
However, through the review of hospital records, we confirmed that these patients had TB disease (previously
termed active TB) and not TB infection, as they were in the continuation treatment phase (with two drugs) or

were clinically monitored after the end of TB treatment.

In many EU countries, including Denmark, laboratories are, in addition to the diagnosing clinician, required to
notify confirmed cases of M. tuberculosis[14]. Moreover, TB incidence rates are low, and diagnostics and
treatment are centralised. Most TB patients are presumably in contact with the hospital at some point, leading to
an almost complete overlap between the notification system, administrative hospital register and
mycobacteriological database (if confirmed), which all have nationwide coverage [14]. A capture-recapture study
estimated the completeness of TB notifications in Denmark at 98.4% [14]. In that study, however, treatment data
were not used. Since the TB notification system is already complete, relying on diagnosis codes may not add
much value and could introduce false positives. Still, treatment data could improve case ascertainment and help
validate or complement TB notifications. A study from the Southern Region of Denmark spanning five years
characterised patients with a TB diagnosis code not found in the TB notification register [2]. It found that 28.9%
(n =30) of clinically diagnosed, culture-negative TB cases were not notified, corresponding to an underreporting
rate of 7.5% [2]. Additionally, the study observed that 71.1% (n = 96/135) of all cases with a TB diagnosis code who
were not notified of TB were misclassified. These included 20% misdiagnoses, 18.5% NTM infections, 18.5%
withdrawn suspicions of TB and 14.1% TB infection. We found that 5% were not notified among those with
confirmed TB (including notifications before the study period). Therefore, relying solely on the TB notifications
register potentially entails a small risk of excluding patients with a clinical diagnosis of TB - although
presumably few patients - while relying on diagnosis codes may lead to overestimations. Detailed clinical
information, such as treatment data, is not available in the notification register. Additionally, study permissions

and data access may be more readily and quickly obtainable at the local level than nationwide.

The main limitation of the study was that we did not include patients without TB diagnosis codes, which
prevented us from estimating sensitivity, specificity and negative predictive values. Future studies should
include such patients, alongside microbiology, treatment and notification information to enable a more
comprehensive evaluation of diagnostic accuracy and precision. Nonetheless, our findings remain valuable for
those using TB diagnosis codes in disease surveillance and research, and we believe that our results are

generalisable to the rest of the country and comparable settings.

Conclusion
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TB ICD-10 diagnosis codes in Denmark have a moderately high PPV, increasing considerably when TB lupus
diagnosis codes are excluded. While TB diagnosis codes provide a reliable tool for disease surveillance and
research through administrative health data, certain codes introduce potential imprecision. This highlights both

the strengths and complexities of diagnostic coding.
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