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Abstract

Background: The Swedish National Patient Register offers unique possibilities for identification of large cohorts,
such as patients with rheumatoid arthritis (RA). Although the overall diagnostic validity in the register has been
reported as good, the aims of this study were to a) specifically validate the RA diagnosis from contemporary
outpatient specialist care in this register, and b) assess the proportion of patients identified via algorithms to define
incident RA in the register who in clinical practice also have new-onset disease.

Methods: 211 individuals with prevalent or incident RA in the National Patient Register were included. By
extracting diagnosis-related parameters from their medical records, we determined if the patient fulfilled the 2010
ACR/EULAR- and the 1987 ACR-classification criteria for RA. We also determined whether clinical diagnosis was
synchronous with disease onset as defined through register-based algorithms.

Results: For 91% of the prevalent patients, the RA diagnosis in the National Patient Register fulfilled classification
criteria or clinical diagnosis for RA. Among individuals identified with incident RA using a strict algorithm for
new-onset disease, the RA diagnosis was substantiated in 91%, of whom 92% also represented new-onset disease.

Conclusions: The validity of the RA diagnosis in the National Patient Register was high and, by using specific
algorithms, new-onset RA can be defined. These findings strengthen the notion that the National Patient Register
may be used to define RA populations with high validity to allow for high-quality epidemiological studies.
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Background
The extensive and high-quality Swedish health informa-
tion network together with a population-based public
health care system enables register-based epidemiological
studies. For instance, studies on patients with rheumatoid
arthritis (RA) have contributed to our understanding
of the descriptive epidemiology of RA [1-5] and of sev-
eral different aspects of the disease, its treatment and
outcomes thereof [6-13]. In these studies the Swedish
National Patient Register, maintained by The National
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Board of Health and Welfare, has commonly been used
to identify patients with RA.
Hospital discharges from inpatient care and patients

visits in non-primary outpatient care are registered in
the National Patient Register. The register also includes
the diagnosis in question, coded according to the Inter-
national Classification of Diseases (ICD). The validity of
the diagnosis codes for RA as assigned on discharge notes
from hospitalization has previously been investigated [14].
However, only ad hoc and study-specific validations of diag-
nosis codes for RA from the outpatient component of the
National Patient Register have been performed [15]. Since
the vast majority of patients with RA are nowadays
treated in outpatient care, it is important to assess the
validity (or positive predictive value) of this component
of the National Patient Register. In addition, register-
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based studies often seek to investigate morbidity in relation
to onset of disease. Apart from validating the register-
based RA diagnosis per se, it is also important to valid-
ate register-based algorithms to define incident RA.
The aims of this study were therefore to assess:

a) the proportion of unselected (prevalent) patients
listed with a RA-specific diagnosis from contemporary
outpatient care in the National Patient Register who
also fulfill formal classification criteria or a clinical
diagnosis of RA

b) the proportion of patients identified with incident
RA who also have new-onset (incident) disease,
using register-based algorithms.

To do this, we used the National Patient Register to identify
prevalent and incident cases with RA. Chart abstraction
was used to validate these register-based diagnoses against
both classification criteria and clinical diagnoses. This is be-
cause classification criteria are not equal to diagnosis criteria.

Methods
Design and setting
The Swedish personal identification number is a 10-digit
number unique to every Swedish resident. The National
Patient Register, the Prescribed Drug Register and the
medical files all contain the personal identification number,
allowing for deterministic record linkage.
In Sweden, hospital-based rheumatologists treat the ma-

jority of all patients with RA. The Karolinska University
Hospital in Stockholm houses the largest Rheumatology
department in Sweden, providing around two thirds of all
rheumatology care in the geographically defined Stockholm
County Council (20% of the entire country).

Data sources used
The national patient register
Hospital discharges from inpatient care have been regis-
tered since 1964 and patient visits in non-primary out-
patient care since 2001. Diagnoses are coded according to
the ICD. The coverage of inpatient discharges is close to
100% [16], whereas the coverage of outpatient discharges
is around 87% [17]. The latter is higher for somatic care
such as Rheumatology and for public care providers.

The prescribed drug register
The National Board of Health and Welfare maintain the
Prescribed Drug Register. It contains information about
all drugs dispensed on prescription in Sweden since
2005. The coverage is close to 100% (although in-hospital
medication prescribed through non-electronic requisition
is not included).
For this study, we identified two groups of patients from

the National Patient Register, one with ‘prevalent’ RA and
one with ‘incident’ RA. RA was defined as at least one list-
ing with a primary or secondary ICD-10 diagnosis code
of seropositive RA (M05.9) or seronegative RA (M06.0)
between 2005 and 2008 at a non-primary outpatient
care facility at the Karolinska University Hospital. Since
the review period in the medical record was set to three
years after being diagnosed with RA, the study period
stretched from 2005 through 2012. In total, 211 patients
were randomly extracted from the National Patient Register,
equally allocated to a group of incident (according to an
algorithm described below) and a group of prevalent RA.
Ethical approval was granted by the Regional Ethics

Committee, Karolinska Institutet, Stockholm, Sweden.
Reference number: DNR 2009/2005-31/3.

Validation of the register-based diagnosis of RA in
prevalent patients
The prevalent group consisted of 100 individuals defined
as patients with two or more visits to a rheumatologist
between 2005 and 2008, listing an ICD code for RA.
The diagnosis was evaluated at the date of the second
consecutive visit with RA according to the National
Patient Register.
We developed a 20-item form to abstract diagnosis-

related parameters [see Additional file 1]. By abstracting
these parameters, it was possible to determine if the pa-
tient fulfilled the 2010 American College of Rheumatology
(ACR)/European League Against Rheumatism (EULAR)
classification criteria [18] and the 1987 ACR classification
criteria [19] for RA. The criteria will be referred to as 2010
ACR/EULAR and 1987 ACR respectively in this text. Cur-
rently, both criteria are used in Swedish clinical practice to
classify RA. In addition to the classification criteria, the fol-
lowing parameters were abstracted from the medical records:

1) Whether radiographic erosions had occurred
either at a) the date the patient fulfilled the register
based definition of prevalent RA (i.e. at the second
visit listing this diagnosis), or at b) the end of the
study period (three years later).

2) Whether the prevalent patient would clinically be
regarded as having RA although not formally
fulfilling the classification criteria at date of
evaluation, or vice versa.

In those patients not fulfilling classification criteria or
clinical diagnoses of RA, we also charted the alternative
diagnoses in both the prevalent and incident group.

Validation of the register-based diagnosis of RA in
incident patients
The incident group consisted of 111 individuals defined
as patients with their first ever visit to a rheumatologist
in 2008, listing a RA diagnosis code using data from the
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National Patient Register. In addition to this base-case
definition of incident RA, a strict definition of the register-
based definition of incident RA was also explored. This
definition required fulfillment of two additional criteria:

1) A second hospital visit for RA within one year after
the first visit

2) No DMARD treatment more than 6 months before
the first visit with RA diagnosis.

Information from the National Patient Register and the
Prescribed Drug Register was used to identify patients
with this strict algorithm.
Similar to the abstraction form used for evaluation of

cases with a register-based definition of prevalent RA,
we developed a 21-item form for patients with incident
disease [see Additional file 2]. For the incident group the
diagnosis was validated at ‘the incident time point’, the
date of the first visits listing a diagnosis code for RA.
We determined if the patient would clinically be regarded
as having a new-onset (incident) disease, based on the
medical history and the date of onset of RA symptoms.
The abstraction forms were compiled manually. In
addition to classification criteria, the following parameters
were extracted from the medical records:

1) Whether radiographic erosions had occurred either
at a) date of first visit, or b) two years after the first
visit

2) Whether the RA diagnosis remained two years after
the first visit

3) Date of onset of RA symptoms

Results
The age and sex distribution of all patients compared to
those with verified RA were similar, but with higher
proportion of seropositive RA among the verified RA
patients (Table 1).

Prevalent patients (n = 100)
Of the 100 patients identified as ‘prevalent RA’ in the
National Patient Register, medical records for all were
Table 1 Characteristics of the register-identified prevalent an

Prevalent RA

All patients Verified RA

N 100 91

Women, n (%) 72 (72%) 64 (70%)

Age

- Mean (SD) 57.9 (16.1) 58.4 (16.1)

- Median (25th-75th) 58.4 (46.3-69.0) 59.1 (46.5-71.5)

RF positive, n (%) 85 (85%) 80 (88%)
available for review. According to our register-based def-
inition, chart review indicated that 91 (91%) were cor-
rectly diagnosed with RA. All but one of the remaining
nine patients who did not have RA suffered from an-
other inflammatory rheumatic disease (Table 2). Among
the verified RA cases, 72 (79%) fulfilled both classifica-
tion criteria for RA. In the seropositive subset (listed
with an ICD-10 diagnosis code of seropositive/RF-posi-
tive RA), 80 out of 85 (94%) were correctly diagnosed
with RA by at least one of the classification criteria. Of
these, 50 (82%) fulfilled both classification criteria. Six
patients did not fulfill the classification criteria at the
date of evaluation. These all had a typical symmetric in-
flammatory polyarthritis and all the available information
supported the diagnosis of RA. For these individuals,
either of the classification criteria was generally fulfilled at
a later stage.
Forty-two (50%) of the patients with a verified RA-

diagnosis had an erosive disease at the end of the observa-
tion period.

Incident patients (n = 111)
Of the 111 patients identified with ‘incident RA’, 9 patients
could not be validated because of an incomplete medical
record with missing data. Hence they were excluded
(Table 3).
Chart review of the remaining patients indicated that

85 out of 102 patients (83%) were correctly coded with
RA at date of first visit and remained so after the two-
year follow-up period. Similar figures could be observed
for the seropositive subgroup (63 out of 70; 90%). Of the
patients whose RA diagnosis could not be substantiated,
all suffered from another rheumatic disease according to
their medical records (Table 3). Six patients fulfilled one
or both of the classification criteria at date of first visit
but not after the two-year follow-up period. For five of
these cases, the initial RA diagnosis was changed to an-
other rheumatic disease (Table 3).
Of the patients with verified RA diagnoses, 73 out of

85 (86%) also fulfilled our register-based base-case defin-
ition of ‘incident’ disease and did not develop any alter-
native explanation for their disease during the two years
d incident RA patients

Incident RA

All patients Verified RA Verified incident RA

102 85 73

77 (75%) 65 (76%) 53 (73%)

57.7 (17.4) 58.6 (17.3) 58.4 (17.8)

60.0 (45.3-72.0) 60.7 (45.8-74.1) 60.7 (45.8-73.9)

70 (69%) 63 (74%) 53 (73%)



Table 2 Summary of medical records of prevalent
patients registered with RA in the Swedish National
Patient Register

Total number of subjects 100

Verified RA 91(91%)

1987 ACR and 2010 ACR/EULAR criteria 72/91(79%)

1987 ACR criteria only 9/91(9.9%)

2010 ACR/EULAR criteria only 4/91(4.4%)

RA diagnosis not substantiated 9(9%)

Granulomatosis with polyangiitis 2

Reactive arthritis 1

Polyarthritis 4

Unspecified arthralgia 1

Psoriatic arthritis 1

n, values given as number of patients and (%) given as the
equivalent percentage.
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after first fulfillment of the RA diagnosis. The remaining
patients were considered to be ‘prevalent’ since they all
had a long-time history of RA, and had to a large extent
been treated previously by a rheumatologist practicing
outside the hospital. Among the verified incident RA
cases 61 (84%) fulfilled both classification criteria for
RA. Two of the incident RA cases fulfilled neither of the
classification criteria at the date of evaluation, because
information about the exact number of joints involved
was lacking or the patient had palindromic rheumatism.
However all the available information supported the
Table 3 Summary of medical records of incident patients
in the base-case definition registered with RA in the
Swedish National Patient Register

Total number of subjects 111

Incomplete medical record 9

Subjects amenable for validation 102(100%)

Verified RA 85(83%)

Thereof incident 73(86%)

1987 ACR criteria and 2010 ACR/EULAR criteria 61/73(84%)

1987 ACR criteria only 9/73(12%)

2010 ACR/EULAR criteria only 1/73(1.4%)

RA diagnosis not substantiated 17(17%)

Psoriatic arthritis 6

Juvenile ankylosing spondylitis 1

Unspecified polyarthritis 5

Borrelia arthritis 1

Systemic sclerosis 1

Systemic lupus erythematosus 1

Inflammatory systemic disease 1

Polymyalgia rheumatica 1

n, values given as number of patients and (%) given as the
equivalent percentage.
diagnosis of RA. In some cases, there were missing data
at the time point of evaluating the classification criteria,
mainly about the existence of rheumatoid nodules and
radiographic changes. Nevertheless they fulfilled the
classification criteria and the missing data did not affect
the outcome in these cases. Twenty-six patients (38%) of
the verified incident RA cases had erosive disease at
their first visit or developed erosive disease during the
first two years after being diagnosed with RA. The me-
dian number of months between onsets of symptoms
described in the medical file and recorded RA diagnosis
in the National Patient Register was 6.7 months.
In the subgroup (n = 82) of patients identified as inci-

dent RA according to our ‘strict’ definition (Table 4), 75
(91%) were correctly diagnosed with RA. Of these, 69
(92%) were also incident.

Discussion
The main findings of this study show that the validity of
the register-based RA diagnosis was as high as 90% for
prevalent RA and around 90% among cases identified,
using strict algorithms to define incident RA.
There was no substantial difference in the validity when

using the 1987 ACR or 2010 ACR/EULAR classification
criteria, as the vast majority of patients fulfilled both. The
number of patients classified with RA increased by ap-
proximately 10% when including patients only, fulfilling
one of the two sets of classification criteria. The 2010
ACR/EULAR criteria were introduced to detect RA at an
earlier phase than the 1987 ACR criteria [20]. However,
somewhat counterintuitively, the majority of patients ful-
filling only one of the two criteria in this study fulfilled the
1987 ACR criteria. These patients had mostly a seronega-
tive RA with few joints involved. The patients only fulfill-
ing the 2010 ACR/EULAR criteria were mostly patients
with high positive anti-CCP or high positive RF and ele-
vated ESR. Examining the medical records in some cases
showed that the routine for documentation of joint
Table 4 Summary of medical records of incident patients
in the strict definition of register-based incident RA in the
Swedish National Patient Register

Total number of subjects 82

Verified RA 75(91%)

Thereof incident 69(92%)

1987 ACR criteria and 2010 ACR/EULAR criteria 60/69(87%)

1987 criteria only 6/69(87%)

2010 ACR/EULAR criteria only 1/69(1.4%)

RA diagnosis not substained 7(8.5%)

Psoriatic arthritis 3

Unspecified polyarthritis 4

n, values given as number of patients and (%) given as the
equivalent percentage.
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involvement was less structured before the introduction of
the 2010 ACR/EULAR criteria, which may have given rise
to this result.
The validity was somewhat higher among patients re-

ceiving diagnosis codes for seropositive (vs. seronega-
tive) disease. This is expected, as serological markers
contribute to the classification criteria used as part of
the ‘gold standard’.
Interestingly, we also noted that all patients but one who

were incorrectly coded with RA suffered from another de-
fined inflammatory rheumatic disease rather than unspe-
cific arthralgia or osteoarthritis. These included Psoriatic
Arthritis, Granulomatosis with polyangiitis (Wegener’s
granulomatosis) and unspecified polyarthritis.
The prevalent patients with RA were required to have

at least two visits to the department of rheumatology.
Although the majority of the patients with prevalent RA
had a long history of RA, a few of the prevalent patients
(n = 9) had their two (first ever) visits close in time and
were therefore also eligible as incident RA.
Since RA is a chronic disease and a long-lasting condi-

tion, the diagnosis can usually be verified over time.
Some cases that fulfill the classification criteria for RA at
one time point may at a later time point have developed
another diagnosis than RA (e.g. Psoriatic Arthritis). A
major strength of this study was the additional verifica-
tion of the RA diagnosis for the incident patients
through the follow-up visits approximately two years
after the first visit. In this way it was possible to verify
‘genuine’ RA cases. However, using this gold standard
may have resulted in an underestimation of the still good
diagnostic accuracy. This is because the standard en-
sures that incident patients should not only have re-
ceived a clinical diagnosis or fulfill the classification
criteria at the ‘incident time point’ but they should also
have retained their RA diagnosis after two years to be
classified as having RA.
To our knowledge, previous validations of RA diagno-

ses in the outpatient component of the National Patient
Register have been study-specific. Our present findings
show a validity that correspond well to figures shown in
one of the study-specific validations where over 90% of
all diagnoses of an inflammatory poly-arthritide (RA
M05 or M06, or other inflammatory poly-arthritis, M13)
were correct [15]. Since the structure and coverage of
health information networks and administrative databases
differ between countries, our findings are not entirely
comparable with similar international studies. However,
the validity of an RA diagnosis among RA-coded individ-
uals in the General Practice Research Database (database
of primary care medical records in the UK-population)
appears high for patients with specific characteristics.
Using a data-derived diagnostic algorithm with a > 80%
sensitivity and specificity, 61% of RA-coded patients
fulfilled the diagnostic algorithm [21]. Another valid-
ation study using the medical records of rheumatolo-
gists in Ontario, Canada showed a high level of accuracy
when using administrative data to identify RA patients.
Most RA patients (84%) had an RA diagnosis present in
the administrative data within +/− one year of a rheu-
matologist’s documented diagnosis date [22]. One retro-
spective chart abstraction study from the same area
showed a positive predictive value ranging from 51-83%
amongst the primary care sample, and ranging from 55-
80% in the rheumatology sample, depending on the
diagnostic algorithm used [23]. One study of discharge
diagnoses for patients with RA recorded in the Danish
National Patient Registry, showed an overall validity of
59%. However, major differences of the validity were seen
depending on the characteristics of the underlying hos-
pital registrations [24]. The design of our study allowed us
to assess the positive predictive value of RA. In addition to
the disease prevalence in the study sample the predictive
values depend on the sensitivity and specificity of the diag-
nostic algorithm. Our study was not designed to assess
sensitivity, specificity, nor the negative predictive value,
however these could have been helpful validity measures.
To this end, we note with interest that in previous studies
of RA using data from the National Patient Register and
from the Swedish Rheumatology Quality Register, the net
contribution of patients from the latter was only 1%, sug-
gesting a high coverage (‘sensitivity’) of the former.
One limitation of this study is the restricted number of

patients. Although the Rheumatology department at the
Karolinska University Hospital is the largest in Sweden,
these results may not be generalized to the whole country.
Nevertheless, validity data from this site is important, as it
serves the vast majority of the country’s largest catchment
area.
Besides the data sources used, the result of this study

was based on the information given in the medical re-
cords. Therefore, the quality of the registration performed
by the rheumatologist in the medical record significantly
impacted the outcome. For example, a structured docu-
mentation of joint involvement was a prerequisite for
validation of the classification criteria. This is why a few
patients (N = 9) were excluded since the medical record
was incomplete.

Conclusions
Based on medical records from patients coded with RA in
the National Patient Register in Stockholm County, the
validity of the RA diagnosis was high both in prevalent
patients and for patients identified with new-onset RA.
These findings strengthen the notion that the National
Patient Register and data algorithms may be used to
define RA populations with a sufficiently high validity to
allow for high-quality epidemiological studies.
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