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Purpose: To investigate the positive predictive value (PPV) of the giant cell arteritis (GCA)
diagnosis in the Danish National Patient Registry (DNPR).

Patients and Methods: A total of 293 patients aged >50 years with a first-time diagnosis
of GCA in the DNPR between January 2012 and December 2017 were included. Patients
were sampled from two secondary and one tertiary care hospitals in the Central Region
Denmark. Two independent investigators (PH & PT) reviewed all medical files, including
medical records, treatment, biochemistry, histopathology and imaging, and either confirmed
or dismissed the diagnosis of GCA. In case of disagreement, a consensus agreement was
reached. Sub-analyses including number of redeemed prescriptions performed temporal
artery biopsies (TABs), and number of GCA-related hospital contacts were performed.
Results: We confirmed the diagnosis of GCA in 183/293 patients resulting in a PPV of 62%
(95% CI: 57-68). In patients with >3 redeemed prescriptions of glucocorticoids (GCs), we
confirmed the diagnosis in 166/214 resulting in a PPV of 78% (95% CI: 71-83). In patients
with >3 redeemed prescriptions of GCs and >3 GCA-related hospital contacts, we confirmed
the diagnosis in 88/95 resulting in a PPV of 93% (95% CI: 85-96); however, this only
included 88/183 confirmed GCA patients.

Conclusion: This is the first study to validate the diagnostic code of GCA in the DNPR. The
overall PPV of GCA in the DNPR was 62%. Requiring redeemed prescriptions of GCs and/or
GCA-related hospital contacts increase the PPV, but also excludes a significant number of
GCA patients.

Keywords: rheumatology, giant cell arteritis, validation, positive predictive value, Danish
National Patient Registry

Introduction

Giant cell arteritis (GCA) is the most frequent primary systemic vasculitis with an
annual incidence rate of 15-25 per 100,000 in Caucasians >50 years of age and it
primarily affects medium- and large-sized vessels.'”> GCA is a clinical diagnosis.
Patients often present with nonspecific symptoms and raised inflammatory markers,
and histopathology and/or imaging can help to establish the diagnosis. Although the
temporal artery biopsy (TAB) is often referred to as the gold standard, its sensitivity
has been reported in the range of 40-87%.>* Establishing an accurate diagnosis of
GCA can be difficult and GCA has been recognized as a previously underdiagnosed
disease.” Large population-based registries constitute an important source of data
for epidemiological research; however, the validity of diagnostic codes is of crucial
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importance to the quality and interpretation of registry-
based research. The main administrative health registry in
Denmark is the Danish National Patient Registry (DNPR),
containing information regarding every hospital admission
in Denmark since 1977. Since 1995 all emergency visits
and outpatient visits have been included as well. The
positive predictive values (PPV) of different diagnostic
codes in the DNPR range from <15% up to 100% depend-
ing on the diagnosis.® The validity of the diagnostic code
of GCA in the DNPR is unknown. Therefore, the aim of
this study is to investigate the PPV of GCA in the DNPR.

Materials and Methods
Setting

Denmark is divided into five comparable geographical
regions,’ and this cross-sectional population-based valida-
tion study was conducted within the Central Denmark
Region. The Central Denmark Region has a source popu-
lation of 1.3 million inhabitants which accounts for 23% of
the Danish population. Typically, every region has one
major tertiary care hospital and several smaller secondary
care hospitals.

Data Sources

Denmark has several large population-based registries. For
the purpose of this paper, we used information from the
DNPR and the Danish National Prescription Registry
(NPrR). All diagnoses in the DNPR have been coded
according to the International Classification of Diseases,
10th revision (ICD-10) since 1994.° NPrR is an adminis-
trative database containing information on all prescriptions
redeemed at community pharmacies in Denmark since
1995.%

Study Population

Inclusion criteria were defined as patients >50 years of age
with a first-time primary or secondary discharge diagnosis
of GCA (ICD-10: M31.5 “giant cell arteritis with or with-
out PMR” or M31.6 “other giant cell arteritis”) registered
in the DNPR at one of three hospitals in the Central
Region of Denmark during the period 01.01.2012 to
31.12.2017. To ensure a first-time discharge diagnosis,
patients with a diagnosis of GCA prior to the defined
period were not considered for inclusion. There are a
number of distinct ICD-10 codes for both small and med-
ium-sized vessel vasculitis and for Takayasu arteritis. The
diagnostic codes M31.5 and M31.6 are specifically used

for GCA. By linking with the NPrR, we divided patients
into four groups based on the number of redeemed GC
prescriptions (ATC: HO2AB06 and HO2AB07) within 6
months following the diagnosis (0, 1, 2 and >3). Through
the DNPR, we also identified the number of GCA-related
hospital contacts and divided patients into three groups (1,
2, and >3). GCA-related hospital contacts were defined as
any in- or outpatient hospital contacts registered in the
DNPR with a diagnostic code of GCA. The cut-off value
of >3 prescriptions and >3 GCA-related hospital contacts
was determined prior to analyses and were selected
because higher cut-off values were believed to increase
selection- and immortal-time bias without increasing the
PPV significantly.

Medical Record Review

Review of medical records was used to confirm or dismiss
the diagnosis of GCA among included patients and was
based on the expert opinion of investigators. The review
included an assessment of symptoms, clinical findings,
treatment, pathological descriptions of TABs, imaging
reports (magnetic resonance imaging (MRI), computerized
tomography (CT), fluorodeoxyglucose positron emission
tomography-computed tomography (FDG PET/CT), and
vascular ultrasound), biochemical results (hemoglobin,
c-reactive protein (CRP) and erythrocyte sedimentation
reaction (ESR)), and the course of disease over time
including evaluation of the treatment response, wherever
possible. In case a second TAB showed positivity, patients
were defined as having a positive TAB. Two investigators
(PH and PT) independently reviewed all medical records
and either confirmed or dismissed the diagnosis. In case of
disagreement between the two investigators, a third inves-
tigator (ITH) reviewed the material and a consensus agree-
ment was reached. The review process included the
complete material for a period of minimum of 6 months
after the time of the diagnosis. When collecting informa-
tion on clinical symptoms/findings we used a predefined
variable definition scheme, ensuring a uniform and
unbiased way of collecting data (Supplementary Table 1).

Data were collected and managed using REDCap
(Vanderbilt, TN) at Aarhus University.’

Statistics

We calculated the PPV with a 95% CI using a binomial
exact model. The PPV was computed as the proportion of
confirmed GCA cases amongst all patients sampled from
the DNPR with a diagnostic code of GCA. In the planned
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sensitivity analyses, we assessed PPVs for the following  Table | Patient Characteristics
subsets: Number of prescriptions of GCs (0, 1, 2, and >3), GCA Non-GCA
number of GCA-related hospital contacts (1, 2, and >3),
. . .. Demographics
TAB performed, year of diagnosis, and a combination of Al o 183 o
the above. Statistical analysis was performed using Stata Women, no. (%) 16 (63) | 70 (64)
15 (StataCorp. 2017. Stata Statistical Software: Release Age at diagnosis, mean (IQR?) 71 (66;77) | 72 (67;80)
15. College Station, TX: StataCorp LLC). Biochemistry
CRP®, median ((95% CI), mg/l) 52 (44:61) | 21 (15:28)
Ethics ESRS, median ((95% Cl), mm/hour) 64 (58;70) | 34 (28;42)
This study has been approved by the Danish Data Pathology
Protection Agency (case no. 1-16-02-705-17) and the TAB performed, no. (%) I51 83) | 82 (75)
Danish Patient Safety Authority (case no. 3-3013-2340/1). TAB positive, no. (%) 86 (57) 0 (0)
TAB inconclusive, no. (%) 20 (13) 5(5)
Results Imaging
Patient Characteristics Performed vascular US, no. (%) 12 (7) 15 (14)
. . . . Positive vascular US, no. (%) 8 (67) 2 (13)¢
A random sample of 301 patients with a first-time dis- Performed CT, no. (%) 81 (44) 45 (41
charge diagnosis of GCA were drawn; 105 from Aarhus Positive CT, no. (%) 6 (7) 0 (0)
University Hospital, 106 from Silkeborg Regional Performed PET/CT, no. (%) 57 31) 26 (24)
Hospital and 90 from Randers Regional Hospital. Of the Positive PET/CT, no. (%) 47 (82) 0(9)
sampled patients, a total of 293/301 (97%) were included Performed MRI, no. (%) 4 H(h
.. . Positive MRI, no. (%) 0 (0) 0 (0)
and the remaining eight were excluded, two because the
medical records could not be obtained and six because ACR criteria
medical records lacked sufficient information to evaluate Fulfilliment of ACR criteria®, no (%) 139.(76) | 23 21)
the diagnosis. Baseline characteristics of the included | symptoms
patients are shown in Table 1. Scalp tenderness, no (%) 52 (28) 16 (15)
New headache, no (%) 137 (75) 46 (42)

. . . L. . . Jaw claudication, no (%) 76 (42) 13 (12)
Positive Predictive Values of First-Time Musclejoint involvement, no (%) 0457 | 66 (60)
GCA Diagnosis Visual disturbance’, no (%) 64 35) | 36 33)
In a total of 183/293 patients, the GCA diagnosis was Tiredness, no (%) 94 (31 42 (38)
confirmed, resulting in an overall PPV of 62% (95% CI: E'ght Sweat"l'g‘ n°h(%|) - 3; gi; ;(2) ZL)

. . nintentional weight loss, no (% 6
57768).. In m.ost cases the d1agnos1.s was supported by TAB Weight loss, median ((95% Cl), kg) 4 (45) 4 (3:6)
and/or imaging results; however, in 11/183 GCA and 17/
110 non-GCA patients, the diagnosis was based solely on Alternative diagnoses
.. . Confirmed alternative diagnosis, no. (%) | — 54 (49)
clinical symptoms and laboratory findings. o i
PMRE as alternative diagnosis, no. (%) | — 35 (65)

In patients in whom a TAB was performed (Table 1),
151/233 had a confirmed diagnosis of GCA, resulting in a
PPV of 65% (95% CI: 58-71). There was no difference in
the PPV when considering the year of the diagnosis.

In the sensitivity analyses, the PPV increased with an
increasing number of GCA-related hospital contacts and
number of redeemed GC prescriptions. In patients with >3
redeemed GC prescriptions, the diagnosis was confirmed
in 166/214 resulting in a PPV of 78% (95% CI: 71-83). In
patients with >3 GCA-related hospital contacts, the diag-
nosis was confirmed in 95/110 resulting in a PPV of 86%
(95% CI: 79-92). Lastly, in patients with >3 redeemed GC
prescriptions and >3 GCA-related hospital contacts the

Notes: “Interquartile range. bC-reactive protein. “Erythrocyte sedimentation
reaction. “Two non-GCA patients showed positive vascular US findings. They
later received a final diagnosis of cancer or reactive disease. The US findings
are believed to be false-positive. “Defined as fulfilling 23 of the 1990 ACR
classification criteria for GCA (l. Age = 50 years, 2. New headache, 3.
Temporal artery abnormality, 4. ESR 250 mm/hr, and 5. Abnormal TAB).
fIncluding vision loss, amaurosis fugax, diplopia, and blurred vision.
8Polymialgia Rheumatica.

diagnosis was confirmed in 88/95 resulting in a PPV of
93% (95% CI. 85-96). However, this only included 88
(48%) out of 183 patients with a confirmed GCA diagno-
sis. PPV wvalues are shown in Table 2. An alternative
diagnosis was established in 54/110 (49%) of non-GCA
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Table 2 Positive Predictive Value (PPV) of the Giant Cell
Arteritis (GCA) Diagnosis

Included, Confirmed PPV
n (%) Diagnosis, (95% CI)
n
Overall PPV 293 (100) 183 62 (57;68)
GCA-related hospital
contacts
| hospital contact 102 (35) 30 29 (21;39)
2 hospital contacts 81 (28) 58 72 (61;80)
23 hospital contacts 110 (38) 95 86 (79;92)
Glucocorticoids
prescriptions
0 prescriptions 37 (13) 4 Il (4;26)
| prescription 18 (6) 5 28 (11;54)
2 prescriptions 24 (8) 8 33 (17;55)
23 prescriptions 214 (73) 166 78 (71;83)
TAB performed
Performed TAB 233 (80) 151 65 (58;71)
Year of diagnosis
20122014 153 (52) 99 65 (57;72)
2015-2017 140 (48) 84 60 (52;68)
Combination of
variables
Performed TAB + 23 174 (59) 138 79 (73;85)
prescriptions
Performed TAB + 23 | 95 (32) 82 86 (78;92)
hospital contacts
23 prescriptions + 23 | 95 (32) 88 93 (85;96)
hospital contacts
23 prescriptions + 23 8l (28) 75 93 (84;97)
hospital contacts + TAB

patients, of which 65% were diagnosed with polymyalgia
rheumatica (PMR). Other diagnoses included thromboem-
bolic events, infections, reactive disease, cancer, osteoar-
thritis, and other autoimmune diseases.

Discussion

This is the first study to validate the diagnostic code of
GCA in the Danish National Patient Registry, using med-
ical record review as the reference standard, including
symptoms, clinical findings, treatment, biochemistry, his-
topathology, imaging, and course of disease in the review
process. It shows an overall PPV of 62% for a first-time
GCA diagnosis in the DNPR in the period 2012-2017.
This is similar to other medical diagnoses in the DNPR.®
We were able to increase the PPV if we required patients

to have an increasing number of redeemed GCs prescrip-
tions and/or GCA-related hospital contacts. However, this
also significantly decreased the number of included GCA
patients. Using the combination of the GCA diagnosis
with >3 redeemed prescriptions of GCs is a balanced
way of ensuring both a high PVV of 78% and that 91%
of GCA patient were included. However, this also intro-
duces the risk of both selection bias and immortal time
bias since patients are assumed to have survived until they
redeem the third GC prescription. Knowledge of the PPV
is of the utmost importance when interpreting results of
large, populations-based studies.

Due to the introduction of new diagnostic tools (vas-
cular ultrasound and FDG PET/CT), we expected the PPV
of the GCA diagnosis to increase over time. However, we
observed no difference in the PPV when considering the
time of diagnosis. Vascular ultrasound is highly user-
dependent and not fully implemented in all clinics, which
should be considered when evaluating these findings.

Similar findings have been shown by Linauskas et al'®
validating the diagnostic code of rheumatoid arthritis (RA)
in the DNPR. They found an overall PPV of 62% (95% CI:
57-67). Combining the diagnostic code of RA with rele-
vant treatment codes increased the PVV to 88% (95% CI:
83-92), showing that linking diagnostic codes with treat-
ment codes is a reliable method of strengthening the PPV.
A recent study from France validated the diagnostic code
of GCA in a French hospital electronic database with the
1990 American College of Rheumatology (ACR) classifi-
cation criteria as the reference standard.'' They found an
overall PPV of 94% (95% CI: 90-97). However, they only
included 170/302 (56%) of the total sampled population in
the analysis and exclusion criteria are sparsely described.
This introduces a risk of bias, and the “true” PVV could be
up to half of the reported.

Also, the 1990 ACR classifications criteria for GCA
are not intended for diagnosis. The diagnostic specificity
of the 1990 ACR classification criteria has been estimated
to be only 64%.'? Hence, using the 1990 ACR classifica-
tion criteria as diagnostic criteria would misclassify a large
number of patients. A central problem when validating the
diagnostic code of GCA is the definition of a “true” case.
As discussed, ACR criteria are inadequate to distinguish
GCA and non-GCA patients and no clear objective defini-
tion of a “true” GCA case exists. The use of more objec-
tive prediction models to identify “true” GCA cases has
been suggested;'> however, these have only been validated
among biopsy-positive GCA patients and require further
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validation. We defined a “true” GCA case as the investi-
gators' expert opinion, which was based on the complete
review of all medical records over time including symp-
toms, clinical findings, histopathology, imaging, biochem-
istry, and treatment response. To ensure a valid diagnosis,
two independent investigators evaluated all the medical
records, and in case of disagreement, patients were eval-
uated by a third investigator and a consensus agreement
was reached. We consider this a strength of our study.
Also, we included patients diagnosed with GCA at any
department, including ophthalmological departments, from
both secondary and tertiary care hospitals, thereby ensur-
ing the generalizability of our results. Our study also has
potential limitations. We excluded a few number of
patients because their medical files did not include suffi-
cient information to determine whether or not the patient
had GCA. This introduces the risk of selection bias.
However, due to the small number of patients excluded,
it is unlikely to have significantly affected the PPV.

In conclusion, the overall PPV of GCA in the DNPR is
62%. Requiring redeemed GC prescriptions and/or GCA-
related hospital contacts increases the PPV, but also
excludes a significant number of GCA patients. These
findings show the importance of validating diagnostic
codes prior to performing large, population-based studies.
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