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Abstract
The accuracy of the diagnosis is vital when administrative databases are used for
pharmacoepidemiologic and outcome studies. Data pertaining to the utility of databases for
rheumatoid arthritis (RA) is sparse and variable. We assessed the utility of various diagnostic
algorithms to identify RA patients within the Veterans Health Administration (VHA) databases.

Using the ICD code for RA at two visits, at least six months apart, we identified 1779 patients
between 10/1/1998 and 9/30/2009 in our local Veteran Affairs Medical Center administrative
database. Disease Modifying Anti Rheumatic Drugs (DMARD) use was ascertained from the
pharmacy database. Cases were analyzed based on DMARD therapy and RA codes at clinic visits.
543 patients' medical records selected by stratification and random selection on the basis of their
visits were reviewed to ascertain the clinicians' diagnoses and clinical criteria documentation.
Positive predictive values (PPV) were calculated for various database case identification
algorithms using diagnosis of RA by medical record review as the gold standard.
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PPV for identification of RA with two RA codes six months apart was 30.9%. Addition of
DMARD therapy increased the PPV to 60.4%. The PPV further increased to 91.4% when having
RA code at the last VAMC rheumatology clinic visit criterion was added.

An algorithm using only two administrative RA codes six months apart had a low PPV for
correctly identifying patients with RA in the VHA database. Including DMARD therapy and
requiring a RA code at the last visit with a rheumatologist increased the performance of the data
extraction algorithm.
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Introduction
Computerized administrative databases are frequently used for epidemiological research.
The Veterans Health Administration (VHA) databases, amongst the largest in the country,
are one such example. International Classification of Disease, 9th Revision, Clinical
Modification (herein referred to as ICD) codes are often used to identify subjects for
research purposes. While the strategy promises to be cost-effective and less labor intensive
than extracting information from individual patient records, the validity and reliability of
using administrative codes as the sole source of patient identification have been debated. A
few studies have been undertaken for rheumatic diseases including rheumatoid arthritis
(RA), gout and spondyloarthropathies.1-3 While the coding accuracy has been good for the
latter, the same cannot be said for RA and gout. For RA in particular, the results have been
mixed. A study by Singh et al originating from the Minneapolis Veteran Affairs Medical
Center (VAMC) included patients seen at their rheumatology clinics, and used two
diagnoses of RA at least 6 weeks apart and verified by two rheumatologists as the gold
standard.3 They randomly selected and screened 184 patients who had visited their
rheumatology clinic (71 diagnosed with RA with the gold standard criterion) and reported
that a single time entry of an ICD code for RA (714) in the administrative database had a
sensitivity of 100% but a specificity of only 55% and a positive predictive value (PPV) of
about 66% for identifying RA patients. The addition of a positive rheumatoid factor (RF)
and/or disease modifying anti-rheumatic drugs (DMARD) therapy improved specificity to
83-97% and PPV to 81-97% while decreasing the sensitivity to 76-88%. They authors
however, did not include patients with a RA code who were not seen by a rheumatologist,
and could have missed patients from rural areas, or those who may elect to see a
rheumatologist outside the VHA, but can potentially be captured through visits to other
providers. Many RA database studies rely on data not confined only to rheumatology clinic
visits, thus is important for us to verify if the results from Singh et al's paper can be
extrapolated to non-rheumatology clinic visit scenarios. Their suggestion was to use the
administrative database as a screening tool to identify patients, followed by a chart review to
increase accuracy.

A recent study identified RA patients using the Medicare claims database. Medical records
were then reviewed by rheumatologists to ascertain the accuracy of the claims.4 They found
that the PPV of two and three ICD codes for RA were 55.7 and 65.5% respectively,
increasing to 66.7% when two claims were made by a rheumatologist. The addition of a
DMARD prescription increased the PPV to 86.2-88.9. A prior 1997 Medicare part B study
showed sensitivity and PPV of 90 and 95% respectively for RA when all claims were
documented for rheumatologist visits.5 Another Medicare study, looked at the underlying
diagnosis for patients with various rheumatic diseases undergoing hip replacement surgery. 6

Their conclusion was that chart review is necessary to improve accuracy and validity.
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Given the increasing use of administrative databases, such as those in the VHA, for
comparative effectiveness research, and the surrounding controversies about the
appropriateness of ICD codes for case identification of patients with RA, we examined the
accuracy of various algorithms to identify RA in VHA databases, including not only patients
seen by rheumatologists, but also those assigned with a RA code by other providers. The
final objective of our study was to determine if robust algorithms can be proposed that
would allow for robust identification of patients in administrative databases alone without
requiring chart validation, as proposed by Singh. 3

Materials and Methods
The study was approved by the Baylor College of Medicine Institutional Review Board and
Michael E. DeBakey VAMC Research and Development committee.

Patient population
Using the VHA administrative databases, we identified patients with an ICD code for RA
(714) between 10/1/1998 to 9/30/2009 and narrowed our search to patients treated at the
Michael E. DeBakey VAMC in Houston. All patients identified as having two or more RA
diagnostic codes at least 6 months apart met our inclusion criteria (n=1779). We used the 6
months criterion, instead of 6 weeks as used by Singh et al,3 to increase the probability of a
claim by a physician. This is because in the VHA system, it is common to have non-
physician visits such as physical therapy, nutrition education, pharmacy counseling
occurring close to the date of a physician visit – typically within 3 months. Such non-
clinician visits often use the same diagnostic code entered at the most recent physician visit.
At VAMCs clinic visits can be assigned up to 10 diagnostic codes by the clinician(s) at that
particular patient encounter. We further examined which patients with RA codes never had a
VAMC rheumatology clinic visit and those who had at least one VAMC rheumatology
clinic visit.

We obtained DMARD prescription information from the VHA pharmacy benefits
management database including methotrexate, gold, hydroxychloroquine, cyclosporine,
sulfasalazine, azathioprine, minocycline, penicillamine, leflunomide, anakinra, adalimumab,
etanercept, and infliximab.

Diagnostic algorithms
We evaluated the positive predictive value (PPV) of various diagnostic algorithms using
validation from medical records. Within each category, PPV is defined as ratio of the
number of RA diagnosed by medical record review to the total number tested positive for
RA by the algorithm for that category (Figure 1). The algorithms tested were based on
scenarios combining the following variables: (i) presence of at least two RA ICD codes for
RA (714), at least 6 months apart; (ii) use of DMARDs for at least 180 days; and (iii) ICD
claim for RA by a rheumatologist

Review of medical records for diagnostic validation
To validate the diagnosis of RA, we conducted a review of medical records in a subsample
of these patients (n) selected at random for each classification group of interest described
below. We stratified patients into (i) those who had received a DMARD for at least 180
days, and (ii) those who had not. Within each of these groups patients were further
categorized with respect to whether they had seen a rheumatologist, and if a ICD 714
diagnostic code had been assigned to the claim (Table 1). Validation strata are described
below. Rationale for the sample size per group (n) selected at random is provided in the
statistical analysis section.
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543 of the 550 selected for review were available, and were examined by two of the authors
(BN and FA). When the charts were reviewed, the clinical diagnoses made at the last
available outpatient visit superseded any earlier ones to allow for clinical diagnostic
processes, under the assumption that later visits are expected to have a more updated and
correct diagnosis. Our gold standard was the medical record review. All our patients had at
least 2 ICD RA diagnosis codes 6 months and were thought to have RA when in addition at
least one of the following criteria was met: (a) documentation of at least 4 1987 American
College of Rheumatology classification criteria for RA7 (b) positive testing for anti-cyclic
citrullinated peptide (CCP) antibodies, or (c) patient self-report of being managed by a non-
VA rheumatologist for RA. The latter criterion was included because there were very few
medical records for patients who had only seen PCPs fulfilling criteria (a) or (b). We felt
that PCPs would not document clinical criteria for RA if they knew patients were seeing a
rheumatologist elsewhere. We did not include positive rheumatoid factor (RF) as a
diagnostic criterion on its own because of its lower specificity for RA, compared to anti-
CCP.8

Laboratory and radiological data pertaining to RF, erythrocyte sedimentation rate (ESR), C
reactive protein (CRP), anti-CCP and presence of joint erosions on plain radiographs were
also recorded. When there was disagreement on the interpretation of clinical criteria it was
resolved by a combined review of the record by the 2 reviewers and consensus.

Statistical Analysis and Sample Size Estimates
Our analysis was based on the calculation of PPV for each of the algorithms of interest.
Sample size estimates were based on data from Singh et al. 3 Randomization and sample
size calculations were based on methods and data from Singh et al 9. To compare RA and
non-RA patients in those with RA codes without DMARDS, using a rate of 0.325 in the RA
patients and a rate of 0.675 in non-RA patients, alpha=0.05, power=0.90, a sample size of 47
per group was estimated. The number of patients needed to detect RA versus non-RA in
those with RA codes and DMARDS was 15 per group using a rate of 0.811 for RA and
0.189 for non-RA patients, alpha=0.05 and power=0.90. To compare sensitivity and
specificity of RA diagnosis as influenced by presence or absence of rheumatology clinic
visits, a moderate effect size (able to detect about 6% of variance) was assumed because no
prior data were available to calculate sample size. Assuming a moderate effect size 64
subjects in each group was needed. On the basis of this estimate we planned to select a
random sample of 100 subjects per group. However only 50 patients were available in 1
group and an additional 6 records could not be found for review.

Other studies have validated random samples of patients without stratification, but we had
concerns that without increased sampling in some of the groups (e.g. no visits to
rheumatologist and no DMARD therapy) the data would not be robust. Therefore, after
review and diagnostic validation within the various strata, PPV, sensitivity and specificity of
each group were calculated. This analysis assumed then that the population under study was
comprised of all individuals with at least 2 visits to the VAMC 6 months apart coded as RA.

Results
Our initial search identified 1779 total subjects with two RA claim codes 6 months apart. Of
these 579 (32.5%) had never seen a VAMC rheumatologist; 988 (56.1%) had not received
DMARD for at least 180 days. We randomly selected a validation sample of 543 patients
(see methods) divided into 6 groups. The mean age of the patients was 62 years with 91%
males. With regards to the medical record review of ACR criteria for RA, there was high
agreement between the two reviewers (Kappa 0.97, 95% confidence interval: 0.94-1.0).
Figure 1 shows the results of case ascertainment for the stratified random sample. The
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number in brackets represents the percentage of patients with RA according to our gold
standard, and therefore the PPV for each group.

Patients who received a DMARD for at least 180 days
Of the patients who had received DMARD but had never been seen by a VAMC
rheumatologist, 71/95 (PPV=74.7%) fulfilled our RA criteria (see Figure 2). Of these 71
patients, 68 were diagnosed with RA and prescribed DMARD by private rheumatologists.
Of those who were assigned a RA code at a rheumatology visit, 75/100 (PPV=75.0%)
fulfilled our RA diagnosis criteria by chart review. The remaining patients in this group had
other conditions which required DMARD. In the group that had never been assigned the RA
code at a rheumatology visit but were on DMARD, only 2/50 (PPV=4.0%) met our criteria
for RA. The remaining had psoriatic arthritis, systemic lupus erythematosus (SLE), or other
diseases requiring DMARD.

Patients who had not received a DMARD for at least 180 days
Of the patients who had never seen a VAMC rheumatologist and were not receiving
DMARD, 15/100 (PPV=15.0%) fulfilled our criteria for RA (see Figure 2). Of those who
had a RA code for at least one rheumatology visit, 5/99 (PPV=5.1%) fulfilled our RA
diagnosis. Of those without a RA code for a rheumatology visits, none fulfilled our RA
diagnosis criteria.

In the patient groups which had never seen a rheumatologist, the overwhelming diagnosis
was osteoarthritis (83.0%) as identified on chart review. For those that had at least one
rheumatology visit but did not fulfill our RA criteria in their records, the major diagnosis
was again osteoarthritis (53.0%).

Last rheumatology visit analysis
Further analysis of those visiting the rheumatology clinic was done based on whether the
code for RA was assigned at the last recorded VAMC rheumatology visit or not. If the RA
code was in the last documented VAMC rheumatology visit in the group who were on
DMARD, 64/70 (PPV=91.4%) fulfilled our RA diagnosis criteria. The remaining 7 patients
had conditions that required DMARD such as ankylosing spondylitis and psoriatic arthritis.

Positive predictive value, sensitivity and specificity calculations
Using the population of interest which comprised of individuals having 2 or more visits with
RA codes at least 6 months apart, we calculated PPV, sensitivity and specificity of the each
group. Table 2 shows the results for all patients combined, as well as for the subgroup who
received DMARD for at least 6 months. For all patients combined (with or without
DMARD), having 2 RA codes with at least one by a rheumatologist gave a sensitivity of
47.6% with a specificity of 68.3%. Using an algorithm with a last rheumatologist visit
having a RA code increased the specificity to 91.5%, but decreased sensitivity.

Specificity but not sensitivity increased when the requirement of DMARD therapy was
added to the algorithm. Two RA codes with at least one assigned by a rheumatologist gave a
sensitivity of 44.6% and a specificity of 93.3%. By requiring that the last visit by a
rheumatologist be coded as RA, the specificity increased to 98.4% (PPV 91.4%), but over
60% of cases would be missed (sensitivity 38.1%). Using 2 RA codes by any provider
substantially increased detection of cases (sensitivity 88.1%), but lowered the specificity of
the results to 74.1%.
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Discussion
The identification of patients with RA in administrative databases is contingent upon an
accurate clinical diagnosis. This is a major limitation for secondary data analyses which rely
heavily on these codes to define study cohorts. Comparative effectiveness research relies
frequently on the use of administrative databases. Hence, the reliability of diagnostic codes
in these studies is paramount to ensure the validity of study findings. A few studies have
examined how to increase the PPV of ICD codes for RA by adding various criteria such as
concomitant use of DMARD and positive RF. 3,4 However, these studies have proposed
diagnostic algorithms that only include patients seen by rheumatologists and may have
missed many patients without documented rheumatology visits who truly have RA. We
conducted a validation study of ICD RA codes in the VHA system including all patients
with at least 2 RA codes, independently of whether they were seen by a rheumatologist. To
our knowledge this is the only study validating this approach and it is also the largest
validation study within the VHA system. In addition, we also examined the accuracy of
rheumatology RA codes at any visit versus RA codes at the last visit, allowing for potential
changes in disease diagnosis by a specialist. This can be relevant because at earlier visits a
tentative diagnosis of RA may be made, resulting in an administrative RA code being
assigned to those visits but later confirmed or rejected as additional clinical data becomes
available. Thus the code assigned at the later visit is expected to be more accurate.

Our results are in agreement with two other studies reporting that adding a DMARD
increases PPV 3,4. However, our PPV for patients not receiving DMARD are lower than
those reported in the literature which have ranges from 56 to 66.3,4 This could possibly be
attributed to the increasing and earlier use of DMARD in RA patients. Our values which are
lower than that of Singh et al may be explained by the fact that we also included PCP
diagnosed patients in our analysis, unlike Singh et al, and from those of Kim et al possibly
because theirs was a MEDICAID database with different coding practices.

The highest PPV (91.4%) was found in the group who had received DMARD for at least
180 days, and had a RA code at the last rheumatology visit. This likely reflects that as the
diagnostic process continues based on multiple visits and testing, and the coding also
follows. This algorithm also resulted in the highest specificity (98.4%) but at a loss of
sensitivity, as more than 60% of the patients with RA could have been missed using this
case definition. When using an algorithm with 2 RA codes at least one by a rheumatologist
at any time in patients receiving DMARD the results showed a PPV of 75% with sensitivity
of 44.6% and specificity of 93.3%. Using the RA diagnostic codes alone without including
the requirement of DMARD therapy yielded inadequate results which could result in the
inclusion of false positive and false negative cases and misclassification. This approach
should therefore be used with caution for analytical studies. In our stratified sample 20
(6.7%) of the 298 patients who were not on DMARD had RA according to our gold standard
criteria. Some of these patients may have received DMARD outside the VA system, may
have had contraindications to one or more of these drugs or possibly have milder disease. A
diagnostic algorithm including therapy with DMARD will miss these patients but this bias
appears less important than the misclassification that would occur by including patients not
having received therapy.

It is interesting that in the group who received DMARD who had not been assigned a RA
code at any rheumatology visit, only 2/50 (4.0%) were diagnosed as having RA by our
criteria (see Figure 1). For those who had not received DMARD and did not have a RA code
by a rheumatologist, none had RA by our gold standard criteria and yet were identified as
having RA by other providers. It was our anecdotal observation during the review of
medical records that the past medical history section is often not updated and may continue
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to carry a diagnosis of RA without further mention in the visit record about RA in the
assessment and plan.

In the group who had never seen a VAMC rheumatologist and were on DMARD, the
majority (71.6%) were patients seeing non VAMC rheumatologists but getting their
DMARD prescription filled at the VAMC through the PCP perhaps because of lower costs.
When patients were not on DMARD and were only being managed by the PCPs, only 15%
of those with a RA code actually had RA based on our criteria. In these 15 patients, 10 were
managed by non-VAMC rheumatologists (they may be receiving DMARD from non-VA
sources) but 5 patients who were managed by their VAMC PCP with steroids or NSAIDs
alone. Herein is a serious issue either with the diagnosis or management as DMARD should
ideally be introduced as early as possible. Nevertheless, it does reflect either a problem in
diagnosis or the appropriate management of RA.

Our results suggest that PCPs may require better education on the diagnosis and
management of RA. Of the patients referred to rheumatology, with a RA code 53% had
osteoarthritis. While we did not undertake an analysis to see the concordance between the
referring diagnosis and the actual diagnosis that was made at the rheumatology visit, we can
safely estimate that it was low. This agrees with the existing evidence that diagnostic
agreement between PCPs and rheumatologists is generally low. 9 Indeed codes are more
accurately placed when the disease is well known and has a clear definition and is also a
function of the clinicians' experience. 10 More education and training on differentiating
between RA and other conditions and appropriate workup may be required. Also more
referrals to rheumatology may be warranted for management and diagnosis of conditions
like inflammatory arthropathy, spondyloarthropathies, psoriatic arthritis and SLE.

Our study is not without limitations. The data only applies to the VAMC population which
is overwhelmingly male and with multiple co-morbid conditions. The latter may explain the
lack of documentation of RA by the PCPs as their notes may be taken up by other more
pressing and acute matters in a limited encounter. This problem of poor documentation may
also be more pronounced in the VAMC database where both clerical staff and physician can
enter these codes, the coding is not directly claims-based and thus lacks incentive for proper
documentation, and is devoid of inherent cross-check mechanisms. 3 Using documentation
of outside rheumatologists prescribing DMARD as one of our RA criteria for PCP-visits
only subjects could have resulted in selection bias. However, only 22 of the 195 patients
who had only seen the PCP would fulfill our RA diagnosis, if we had used only ACR RA
criteria and/or positive anti-CCP test to make RA diagnosis with PCP clinical notes. The
reliance of RA identification based solely on administrative coding will depend on the
specific research questions being asked and can be improved by addition of a rheumatologist
diagnosis and/or DMARD prescription. Some studies may require an accompanying chart
review to confirm the diagnosis as suggested by others. 3,4,6 However, our results show that
an algorithm including two RA codes, at least one by a rheumatologist, and therapy with
DMARD yields adequate PPV, sensitivity and specificity for population-based studies
examining for instance trends (e.g mortality, therapeutic patterns) in longer term cohort
studies. For some studies, particularly analytical research aiming to establish associations
the specificity and PPV of the sample need to be higher. In this case, adding as a criterion a
RA code at the last rheumatology visit substantially improves performance. The use of RA
codes alone without additional criteria could strongly compromise the validity of RA studies
based on administrative databases. Wrong patient selection based on incorrect coding has
previously led to misleading conclusions on disease associations in RA. 11

Our study has ascertained the validity of various diagnostic algorithms to identify cases with
RA using administrative databases. While these results may not be generalizable to settings
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other than the VHA, they provide alternatives for identification that could be used for
different research objectives. By adding pharmacy claims to other administrative databases,
the accuracy of RA case identification can be greatly improved. Furthermore, we have
identified algorithms that have excellent PPV and specificity and could allow for the use of
these databases in analytical research. Nevertheless, it is clear that for many research
questions the accuracy of the diagnosis as ascertained by these may not be sufficient and
review of medical records might be required. Our results also suggest that training of
providers and clinic staff in coding practices could improve the utility of administrative
databases. Finally, our findings also point to the need for enhanced education for PCPs on
the diagnosis and management of RA.
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Signifiance and Innovation

1. Use of administrative database is important to address long term outcomes in
chronic diseases like rheumatoid arthritis (RA)

2. Having robust data extraction algorithms with high positive predictive value is
vital for conducting retrospective observational studies using administrative
databases

3. Previous studies have looked only at rheumatology clinic visits but did not
include primary care visits which accounts for a large part of patients' clinical
records.

4. Having 2 RA diagnosis codes at any clinic visits is not sufficient. It is important
that the RA diagnosis code was entered at the most recent rheumatology clinic
visit. This criterion together with prescription of disease modifying anti-
rheumatic drugs results provides the highest positive predictive value for RA
data extraction.
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Figure 1.
Sample of patients receiving care at the local VA medical center who have at least 2 RA
codes at a minimum of 6 months apart. The number in each box represents those tested
positive for RA by the individual algorithms. The percentages of patients who fulfilled RA
diagnosis by medical record review for each category are found in the brackets. This number
corresponds to the positive predictive value of the individual box's algorithm which is
defined as ratio of the number of RA diagnosed by our gold standard (medical record
review) in that box to the total number tested positive for RA by the algorithm.
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Figure 2.
RA medical record diagnosis per provide type in our sample of 543 patients. For each group,
columns towards the y-axis are patients who had 180 days or more of DMARD. The
numbers in the darker shaded columns represent the percentages who are diagnosed with RA
by medical records review in each group.
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