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ABSTRACT. Objective. To assess the performance of a rheumatoid arthritis (RA) records-based index of severity
(RARBIS) developed by a Delphi panel process in a cohort of patients with RA. 
Methods. We reviewed the medical records of 120 RA patients from the New England Veteran’s
Administration (VA) Healthcare System and collected data on markers of RA disease severity.
Markers were refined through a Delphi panel process before developing the RARBIS based on chart
review. The RARBIS includes 5 subscales on surgery, radiography, extraarticular manifestations,
clinical status, and laboratory values. Factors that were regarded by the Delphi panel as highly relat-
ed to severity of RA were assigned higher points on the index. We assessed the validity of the RAR-
BIS by comparing it to the intensity of the actual RA treatment that these patients received: low, nei-
ther biologic nor disease modifying antirheumatic drug (DMARD) use; moderate, therapy with
DMARD such as hydroxychloroquine, gold, or sulfasalazine; high, treatment with stronger DMARD
such as methotrexate, azathioprine, leflunomide, and cyclosporine; and very high, use of any bio-
logics.
Results. The RARBIS had a range of 0 to 8. All subscales except extraarticular manifestations were
statistically significantly related to intensity of RA treatment (chi-square test p ≤ 0.015); the over-
all index was linearly correlated with intensity of RA treatment (r = 0.35, 95% CI 0.18–0.55). After
adjusting for age and sex in a linear regression, the RARBIS was found to be an independent pre-
dictor of intensity of treatment (ß for 1-point increase in score = 0.16, p = 0.002).
Conclusion. A medical records-based index of RA severity was developed with attention to face and
criterion validity that correlated moderately with RA treatment intensity (construct validity) in a VA
population. Further tests of the RARBIS are recommended before it can be used as a tool to adjust
for RA disease severity in performing epidemiologic studies on the safety of drugs. (J Rheumatol
2005;32:1679–87)
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Rheumatoid arthritis (RA) is a systemic, chronic inflamma-
tory disease that is manifested primarily in the joints1. The
disease affects roughly 1% of the population and is 2 to 3
times more prevalent in women than men2. Long regarded
as a nonfatal disease, numerous recent studies show that RA

leads to increased morbidity and mortality. An increased risk
for developing non-Hodgkin’s and Hodgkin’s lymphoma
has been found among those with RA3-6. Patients with RA
suffer premature death not only from their primary condi-
tion but also from comorbid conditions such as cardiovas-
cular, gastrointestinal, respiratory, and infectious dis-
eases7–9.

Clinicians use a variety of drugs to reduce the underlying
immunologic pathophysiology of RA, such as disease mod-
ifying antirheumatic drugs (DMARD) and biologic thera-
pies. Epidemiologic studies have provided preliminary evi-
dence that some DMARD may be associated with lympho-
proliferative malignancies4,10,11. However, such studies
have not properly adjusted for confounding by indication12.
Failing to adjust for severity of RA might cause overestima-
tion of the relationship between drug treatment and malig-
nant outcomes such as lymphoma if patients with more
severe RA are more likely to receive biologics, and
advanced RA is also an independent predictor of lym-
phoma4,5. RA severity is thus a potential confounder that is
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associated with both treatment choice and the incidence of
specific outcomes such as lymphoma.

While doctors and patients know “severe RA” when they
see it, it is not so clear how to define this based on medical
records. There are well established markers of disease activ-
ity, such as tender or swollen joint counts. As well, there are
indices for RA-related disability, such as the Health
Assessment Questionnaire. Many consider RA severity to
consist of elements of disease activity and disease disabili-
ty. However, defining RA severity based on information
from a medical record is not straightforward.

Use of large, automated databases would be ideal in stud-
ies of drug exposure and RA outcomes. Most RA endpoints,
particularly lymphatic malignancies, are relatively rare, and
there are numerous combination therapies in routine care
that must be assessed, which makes large sample sizes nec-
essary to study such associations. Because healthcare uti-
lization data are primarily used for reimbursement and other
administrative purposes, they do not contain information on
clinical markers of RA severity. However, it is possible that
healthcare claims such as surgical procedures, number of
visits, and diagnoses for extraarticular manifestations may
be useful surrogates for disease severity. To test this hypoth-
esis, we needed to first develop a medical records-based RA
severity index, so that clinical measures of severity in the
medical records-based severity index can be compared with
items in healthcare claims. In this report, we assess the per-
formance of such an RA medical records-based index of
severity (RARBIS), which was developed based on ratings
of an expert Delphi panel13 and which will be used in the
creation of an administrative-based severity index for RA.

MATERIALS AND METHODS
Delphi panel and medical records-based severity index. An expert Delphi
panel of 6 board-certified practicing rheumatologists from New England,
USA, was convened to rate the relationship of 47 potential indicators to RA
disease severity, compiled by 3 academic rheumatologists (DHS, JNK,
MEW)13. The indicators were representative of 5 categories: radiologic and
laboratory results, clinical and functional status measures, extraarticular
manifestations, surgical history, and medications. Ratings for each indica-
tor were based on a Likert scale: 0 = no relationship to severe RA, 1 = very
weak relationship, 2 = weak relationship, 3 = moderate relationship, 4 =
strong relationship, 5 = very strong relationship, and 6 = perfect relation-
ship. The panel rated 28 of the 47 indicators as either strongly related or
very strongly related to RA. Information on the Disease Activity Score
(DAS) was not included in this rating, since the DAS is not typically found
in medical records.

We incorporated items into the RARBIS that were identifiable in med-
ical charts and were regarded by the panel as having strong or very strong
associations with RA severity. Higher weights were assigned to categories,
such as the surgical history category, that consisted of individual items that
the Delphi panel rated as very strongly associated with severity of RA.

Study population. The study cohort consisted of patients from the New
England Region of the Veteran’s Administration (VA) Health System. To
derive a source population who had RA and used the VA as the primary
source of care, we sampled patients who had at least 2 visits coded with a
diagnosis of RA (International Classification of Disease-9-CM 714.0) and
at least 2 clinical visits recorded within VISN 1 (Veterans Integrated

System Network), the New England area VA healthcare system, between
July 1999 and June 2001. So that the source population consisted of
patients with varying RA severity, we sampled patients from each of the
following categories of medication use: (1) “low intensity treatment” —
neither biologic nor DMARD use; (2) “moderate intensity treatment” —
therapy with DMARD such as hydroxychloroquine, gold, or sulfasalazine;
(3) “high intensity treatment” — treatment with stronger DMARD such as
methotrexate, azathioprine, leflunomide, and cyclosporine; and (4) “very
high intensity treatment” — use of a biologic such as etanercept, adali-
mumab, infliximab, or kineret.

To ensure adequate medical record information, we excluded patients
who died in the first 6 months of the study period; had no mention of RA
in their record; had another diagnosis, but not RA, that was made by a
rheumatologist; moved outside New England during the study year; had
care outside of the VA system; did not have visits during the study year; or
lacked sufficient information to confirm a diagnosis of RA. The study peri-
od was June 30, 2000, to June 30, 2001.

Data collection procedures. Before conducting our medical chart reviews,
approval for the study was obtained from the Institutional Review Board.
The primary data collector was trained by a board-certified rheumatologist
to identify a list of clinical manifestations of RA in medical charts. The data
collector and rheumatologist then reviewed the same charts on 9 patients
from the study population, and were in 96% agreement with each other.

The VA medical records served as the data source for our study. All
records of patients for VISN 1 were accessible through a centralized elec-
tronic medical record. The comprehensive database included information
on demographic characteristics, clinical and medication history, hospital
discharge summaries, progress notes, laboratory test results, surgical pro-
cedures, and radiology reports.

Data on the potential markers of RA severity based on the work of our
Delphi panel were gathered from early as possible, in most cases for about
10 years. Information was collected on demographic characteristics, clini-
cal status indicators, medication use based on pharmacy records, extraar-
ticular manifestations, surgeries, laboratory values, and radiographs (see
Appendix 1 for a list of all possible indicators). Data on clinical status indi-
cators and medication use were collected only for the study year. To deter-
mine if a patient ever had subcutaneous nodules and vasculitis, visit notes
from the study year and at least 2 visit notes per year (including those of
dermatology) for as long as the patient was in the VA system were exam-
ined. Surgeries and laboratory values were obtained for at least 10 years.
Finally, radiology reports were reviewed for years prior to and including
the study period.

If a patient’s clinical status changed during the study period, the worst
condition was recorded. If there was no mention of device or wheelchair
use, the patient’s ambulatory status was assumed to be independent.
Similarly, the American College of Rheumatology functional status was
assigned as Class I if there was no evidence of limitations in self-care,
work, or hobbies.

Statistical analyses. Based on the findings of the Delphi panel, we created
the RARBIS and applied it to the VA study population (Table 1). The RAR-
BIS did not contain medication information, since eventually the index may
be used as an independent covariate in models containing medication infor-
mation. We examined the distribution of scores on the index. To assess the
construct validity of the RARBIS, we tested the correlation between the
summary score and its components and the intensity of RA treatment,
another proxy measurement of RA severity. Spearman correlation coeffi-
cients were calculated and multivariate linear regression models were used
with intensity of treatment as the dependent variable and the RARBIS as
the independent predictor. The model also included age and sex. We
assumed a gamma distribution for the errors of the dependent variable, to
account for the skewed distribution of the intensity of RA treatment.

RESULTS
Sample population. Of the 269 medical charts reviewed, 149
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(55.4%) were excluded based on our predefined exclusion
criteria. Thirteen people (4.83%) moved elsewhere during
the study year, 15 (5.58%) had no mention of RA in their
medical records, 9 (3.35%) had no visit notes during the
study year, 58 (21.56%) were excluded since they did not
meet criteria for RA as determined by a rheumatologist, 40
(14.87%) were seen by physicians outside the VA or
obtained radiographs or laboratory tests elsewhere, and 14
(5.20%) did not have enough information to confirm RA.
The characteristics of the 120 study patients are shown in
Table 2. The study group was an older population, with
mean age of 71 years. This VA cohort was predominantly

male (91%). Thirty-two patients (27%) were in the low
medication-intensity category, 29 (24%) moderate intensity,
44 (37%) high intensity, and 15 (13%) very high intensity.
During the study year, about one-third of patients experi-
enced a flare and had ≥ 1 hour of morning stiffness. Swollen
joints and joint erosions were common RA manifestations,
while vasculitis, C1–C2 subluxation, and pulmonary nod-
ules were rare.

RARBIS. The frequency distributions of the individual sub-
scales and the summary scores on the index are shown in
Figures 1 and 2, respectively. The summary score has a
mean of 3.03 (± 1.85) and range of 0 to 8. No patient
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Table 1. Rheumatoid arthritis records-based index of severity (RARBIS)

Subscale Points

1. Surgery subscale
C1–C2 fusion 3
Any hand joint 1
Any foot joint 1
Major joints (hips, knees shoulder, elbow) 1 point each (maximum of 2)

Maximum score for subscale 5
2. Radiograph subscale

C1–C2 subluxation 3
Any erosions 1

Maximum score for subscale 4
3. Extraaticular manifestations subscale

Vasculitis 1
Pulmonary nodule 1

Maximum score for subscale 1
4. Clinical status subscale

Arthritis flares
1 1
2 to 4 2
5+ 3

Worst physician global rating: “doing poorly” 2
Functional status

Unable to do hobbies 1
Unable to work 2
Unable to care of self 3

Hours of morning stiffness
< 1 0
1 to 4 1
> 4 2
Maximum score for subscale 3

5. Laboratory subscale
Rheumatoid factor titer > upper limit of normal 1
ESR > age/2 or CRP > upper limit normal or platelets > 450,000 1

Maximum score for subscale 2

Summary score for primary index Maximum 15 points

6. Optional medication subscale
Any of the following medications: hydroxychloroquine, gold, sulfasalazine 1
Any of the following medications: methotrexate, leflunomide 2
Any of the following medications: cytoxan, azathioprine, cyclosporine, 
kineret, adalimumab, etanercept, infliximab 3

Maximum score for subscale 3

Summary score for extended index Maximum 18 points
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reached the maximum possible summary score of 15
points.

Correlations with intensity of medication use. All compo-
nents of the summary score, except for the surgery and
extraarticular manifestation subscales, had moderate linear
relations to intensity of medication use, as indicated by the
Spearman correlation coefficient (Table 3). The summary

score showed a moderate to good linear relation with RA
treatment intensity (r = 0.35, 95% CI 0.18–0.55). After
adjusting for age and sex in a linear regression, the RARBIS
was an independent predictor of intensity of treatment (ß for
1-point increase in score = 0.16, p = 0.002; Table 4). Those
patients with summary scores of 6 to 8 had 0.9 point higher
intensity of treatment compared to patients with summary
scores of 0 to 2 (p = 0.04; Table 4).

DISCUSSION
When studying the association of RA with adverse events
from medication, it is necessary to develop an adequate
method to adjust for RA severity. We created the RARBIS
from the ratings of an expert panel of rheumatologists13.
This index was applied to a cohort of 120 patients with RA
identified in the VA system and showed a reasonable associ-
ation with the intensity of RA treatment.

Others have recognized the necessity for an accurate
measure for RA disease severity. Another group has devel-
oped a severity index for RA that is based on the Duke
Severity of Illness Checklist, the RADUSOI14. The
researchers validated the RADUSOI by comparing it to
some elements that are part of our severity score, such as
physician global rating, presence of joint deformities, and
the laboratory values for erythrocyte sedimentation rate and
rheumatoid factor. Our severity index thus gains face valid-
ity as it records elements used by others as gold-standard
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Table 2. Patient characteristics.

N(%) or mean (± SD)

Age, yr 70.6 (11.1)
No. of rheumatology visits 3.0 (2.1)
Male 109 (91)
ACR functional classification†

Class I (no limitation) 93 (78)
Class II (self-care, working, no hobbies) 8 (7)
Class III (self-care, not working, no hobbies) 6 (5)
Class IV (limited self-care, bed-bound) 4 (3)

Ambulatory status††

Independent 79 (66)
With device 25 (21)
Wheelchair 5 (4)

Morning stiffness, h
<1 70 (58)
1 to 4 25 (21)
> 4 8 (7)

Flares
0 65 (54)
1 22 (18)
1 to 4 11 (9)
5+ 3 (3)

Hospitalized 7 (6)
Swollen joints 64 (53)
Rheumatoid nodules* 41 (34)
Vasculitis * 1 (1)
Physician global: poor 7 (6)
Patient global: poor 11 (9)
Employed out of home 10 (8)
Received intraarticular injections 11 (9)
Received intramuscular injections 1 (1)
Presence of C1–C2 subluxation* 2 (2)
Joint space narrowing 74 (62)
Joint erosions* 61 (51)
Pulmonary nodule* 11 (9)

*Results are prior to and including the study year. †If there is no evidence
of limitation in self-care, work, or hobbies, assumed no limitation.
†† If there is no evidence of device or wheelchair use, assumed dependent.

Table 3. Relation between scores and intensity of RA treatment (intensity of RA treatment is defined in the text).

Subscale Spearman 95 % CI chi-square p
Coefficient

Clinical 0.27 0.09–0.46 23.6 0.0049
Radiograph 0.21 0.02–0.40 17.5 0.0075
Surgery 0.05 0–0.23 22.8 0.0067
Extraarticular manifestations 0.02 0–0.21 1.2 0.7473
Laboratory 0.25 0.07–0.44 16.2 0.0128
Summary score 0.35 0.18–0.55 31.2 0.0704

Table 4. Age and sex adjustment linear regression analyses of summary
score with intensity of RA treatment.

Parameter ß-Coefficient p

Model 1*: Summary score as a continuous variable
Summary score, per point 0.16 0.002
Age, per year –0.02 0.03
Sex (reference male) –0.39 0.1

Model 2*: Summary score categorized
0–2 points on index Reference group
3–5 points on index 0.52 0.007
6–8 points on index 0.90 0.04
Age –0.02 0.03
Sex –0.32 0.2

* Assuming gamma distribution of errors.
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markers of RA disease severity. Unlike the RADUSOI, the
DUSOI requires a physician assessment and is thus not as
useful for retrospective studies. While medical records are
understood not to be perfect representations of physician-
patient encounters, they are readily available, and are there-
fore utilized in this study. It is important to note that at this
stage, the RARBIS is not yet validated. The next step to val-
idating the RARBIS is to compare it against a reference
standard, such as the DAS.

Missing data compromised the performance of the med-

ical records-based severity score in our study. A limitation in
our data source was that information for some variables was
not always available in medical charts. However, the sub-
scales each consist of several fields on similar information;
thus, variables that are more accessible in medical records
can substitute for missing information in the same subscale.
It can also be argued that missing data in medical records are
informative. A number of patients, for example, did not have
a cervical spine radiograph. It is reasonable to assume that
the majority of patients without cervical radiographs do not
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Figure 1. Distributions of scores on subscales of RARBIS.
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have clinically apparent C1–C2 subluxation. Because our
study was conducted in the regional VA system, men consti-
tuted the majority of the population. This overrepresentation
of men, however, should not compromise the internal valid-
ity of this study. The rheumatologists who were part of our
Delphi panel and developed the RARBIS all practice in the
New England area. Thus, the RARBIS might not be sensi-
tive to geographical differences in physician classification
of disease severity, if such variation exists. Similarly, our
categories for intensity of RA treatment may not reflect the
practice of all rheumatologists. Some practitioners, for
instance, might associate corticosteroids with more severe
disease. When defining our categories for RA treatment
intensity, we attempted to stay close to the ratings of the
Delphi panel and opinions of our own rheumatologists. We
therefore believe the DMARD classification we proposed is
a reasonable representation of RA treatment intensity.
Finally, although our findings suggest that the weighting
used for the RARBIS is valid, others could derive a differ-
ent weighting scheme using the same results from the
Delphi panel.

All subscale scores except the surgery and extraarticular
manifestation subscales were particularly correlated with
intensity of RA treatment. One explanation for the lack of
association with surgery is that we could not reliably differ-
entiate surgery for RA from that for non-RA indications. As
for extraarticular manifestations, we only have data for vas-
culitis and rheumatoid lung nodules. Inclusion of other
extraarticular manifestations such as Felty’s syndrome and
Sjögren’s disease, although rare, may improve the perform-
ance of the extraarticular manifestations subscale. We decid-
ed to include these 2 scores in the total score despite their
lack of correlation with RA treatment intensity as they were
regarded as important markers for disease severity by the
Delphi panel13.

We observed that in a cohort of VA patients with RA, the
RARBIS was significantly associated with intensity of RA
treatment, and is thus likely to be a good surrogate for RA
disease severity. Our rationale for using VA data was based
on the richness and accessibility of the VA medical record
system. We do not believe that the RARBIS is limited to this
population. We are testing the index’s validity compared
with the DAS in another cohort of patients with RA.
Ultimately, the RARBIS will be useful in developing an
administrative data-based severity score. Such a severity
index will be an important methodological advancement for
adjusting for disease severity in epidemiological studies of
medication use in patients with RA.
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Figure 2. Distribution of summary scores of RARBIS.
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