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A Prognostic Model for Functional Outcome in Early
Rheumatoid Arthritis
NICK BANSBACK, ADAM YOUNG, ALAN BRENNAN, and JOSH DIXEY

ABSTRACT. Objective. To construct a prognostic algorithm to predict 5-year functional outcome in rheumatoid
arthritis (RA), based on the Health Assessment Questionnaire (HAQ).
Methods. Data from all patients with 5-year followup (n = 985) were used from an inception cohort, the
Early Rheumatoid Arthritis Study (ERAS). Possibly relevant prognostic factors considered in the initial
stage of the model-building process were standard clinical, radiological, and laboratory features meas-
ured at baseline and at 1 year. Multivariate analysis was performed using logistic regression, and the
predictive performance of the model was tested using measures of discrimination and calibration.
Results. Bootstrap resampling identified 6 variables that consistently predicted severe functional out-
come. Functional grade III/IV (odds ratio 6.7) and HAQ at 1 year (odds ratio 2.4) were the most impor-
tant. Other variables included socioeconomic status, hemoglobin, and radiographic and disease activi-
ty scores. Estimates of the regression coefficients and performance were corrected for over-fitting.
Reasonably large values for the c-index (0.82) and the Nagelkerke R2 (0.39) indicate that the set of
prognostic factors explains the variation in outcome to a degree that implies good prediction for indi-
vidual patients.
Conclusion. The algorithm identifies patients in the first year of RA who are likely to have poor func-
tion by 5 years and who could potentially benefit from aggressive drug therapy. A nomogram is pro-
duced for simple application of the model in clinical practice. While further external validation is
necessary, this model could allow clinicians to target aggressive therapy earlier in a patient’s disease
course. (First Release July 1 2006; J Rheumatol 2006;33:1503–10)
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Rheumatoid arthritis (RA) is a chronic systemic inflammato-
ry disorder characterized by a symmetrical polyarthritis of
varying extent and severity, associated with synovitis of joint
and tendon sheaths, articular cartilage loss, erosion of juxtaar-
ticular bone, and in most patients, the presence of IgM
rheumatoid factor (RF) in serum. Antirheumatic therapies are
employed to ameliorate symptoms and prevent irreversible
joint damage and deformity, and their use is based on various
studies that have shown these beneficial effects, in the short
term at least. The relative effectiveness in the long term of
standard disease modifying drugs (DMARD) is based on lon-
gitudinal observational studies because it has proved difficult
to maintain randomized clinical trials (RCT) for more than 2

to 3 years. Such studies have shown that differences between
the main DMARD are mainly in side effect profiles rather
than efficacy, and patients who are maintained on these drugs
have better longterm outcomes1.

It is common clinical practice now to use “step up” and
combined regimens (e.g., triple therapy with or without
steroids) that include methotrexate (MTX) in patients who are
partial responders to DMARD monotherapy2. Some trials of
combination DMARD therapies from first presentation have
shown short-term benefits3, but longterm results are still
awaited. The new biologic agents, for example, tumor necro-
sis factor-α (TNF-α) inhibitors, have greater efficacy in the
short term4,5, but also potential longterm side effects, making
them considerably more expensive. The use of TNF-α drugs
depends on agreed criteria, which in the UK are failure of at
least 2 DMARD (including MTX) and high disease activity
measured using the Disease Activity Score 28 (DAS28)6,7.

Establishing the prognosis of a patient with early RA is an
important part of the management of the condition8. This has
become increasingly vital with the advent of TNF-α
inhibitors. These effective yet expensive treatments should be
targeted towards recipients who can benefit most. Several fac-
tors such as erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), RF, disease duration, and the modified Health
Assessment Questionnaire (HAQ)9 have been reported as
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valuable predictors of more severe RA. Their strength and
reliability depend to a certain extent on which outcome meas-
ures are used. Functional disability has always proved more
difficult to predict than radiological damage10. Attempts have
been made to construct prognostic algorithms11-13, but these
efforts have been hampered either by the small sample size of
available datasets or lack of good validation techniques to pro-
vide indicators of generalizability. Large databases of patients
with early RA are required to reliably establish the effects of
different prognostic factors on medium to longterm outcomes.

We analyze data from the Early RA Study (ERAS), based
on an inception cohort. Data have been collected annually on
over 1500 patients, with 5-year and 10-year followup of
around 1000 and 700 patients, respectively.

MATERIALS AND METHODS
Study population. ERAS was established in 1986 with the primary aims to
record longterm outcomes and examine predictive features in patients receiv-
ing conventional therapy. All consecutive RA patients seen within 2 years of
initial symptoms, and prior to second-line drug use, were followed yearly
using standardized assessments in 9 centers in different regions of England.
Although ERAS started before agreements on minimum core datasets for dis-
ease activity, outcome measures, and response criteria in RA, all components
except patient and physician global assessments have been included. The
entry criteria, annual assessments, and followup details have been described
in previous reports from this group14. Only patients who completed 5 years of
followup are included in the present analysis.
Outcome of interest. Pain, disability, and loss of independence are the main
concerns of patients who develop RA. Functional outcome has been shown to
be correlated with patient perceived quality of life, premature mortality, and
direct costs15-18. The HAQ is the primary measure for functional outcome in
RA9,19. We have used a HAQ score ≥ 1.5 at 5 years as a definition of mod-
erate to severe disease20. Figure 1 illustrates this criterion and describes a
clear distinction in functional progression.
Prognostic factors. Previous reports based on inception cohort studies
reviewed by Young and van der Heijde10 have shown that functional meas-
ures at baseline (e.g., HAQ) are consistently associated with longterm dis-
ability, but in the main lack clinically useful predictive power. HAQ at early
stages and over time is also associated with increased mortality21. ERAS has
reported that HAQ stabilizes by the first year of treatment14 and that the pre-
dictive power of HAQ, together with other clinical and laboratory features,
only achieves clinical utility if variables at first-year followup are also includ-
ed22-24. We have therefore used baseline and first-year disease variables in the
model.

The possibly relevant prognostic factors considered in the initial stage of
the model-building process included gender, age at onset, months of RA
symptoms prior to diagnosis, RF, presence of nodules, Carstairs deprivation
index25, American College of Rheumatology criteria26, number of DMARD
used in the first year, functional grades I–IV27, morning stiffness (hours),
swollen and tender joint counts, grip strength (0–300 mm), HAQ9, pain score
(VAS 0–100), hemoglobin, ESR, and DAS286. We were particularly interest-
ed in the predictive power of radiographic changes on longterm functional
outcome. Radiographs of hands and feet at baseline, 1, 2, 3, 5, 7, and 10
years28 were scored using the Larsen damage and erosion scores29.
Treatment profiles. The DMARD used were chosen according to physician’s
preference, employing standard practice of the late 1980s/1990s, which was
sequential monotherapy, and “step up” combination therapies for more severe
disease. Eight hundred one patients (81%) received at least one DMARD,
started at a median 2 months (68% within 3 mo and 87% by 12 mo), consis-
tent with the group’s early treatment practice. The remaining patients (19%)
were managed with nonsteroidal antiinflammatory drugs and/or low dose
steroids. Overall, use of these drugs was sulfasalazine (54%), MTX (18%),
intramuscular gold (13%), D-penicillamine (9%), antimalarials (4%), and
various others (2%). Fifty-five percent of DMARD-treated patients required
more than one drug. Steroids in doses of ≥ 7.5 mg daily for ≥ 12 months were
used in 164 (17%) patients.
Statistical methods. The primary method of multivariate analysis was logistic
regression. The model was formulated by systematically removing predictors
from a full 35-predictor model. A more liberal criterion for selection was
applied by including covariables with p < 0.230. The final variable selection
studied the internal validity of the modelling strategies by using bootstrap
resampling31.

We evaluated the predictive performance of the models by considering
measures of discrimination and calibration. Discrimination refers to the abil-
ity to distinguish between high-risk and low-risk patients, and was quantified
using the c-index and Nagelkerke R2 32. The c-index or concordance proba-
bility is a generalization of the area under the receiver operating characteris-
tic curve. While a c = 0.5 indicates random predictions, c = 1 indicates a per-
fectly discriminating model. Similarly R2 = 0 indicates no predictive ability,
and R2 = 1 indicates perfect predictions. Calibration, or reliability, refers to
the amount of agreement between predicted and observed outcomes.
Calibration was quantified using estimates of slope shrinkage based on 200
bootstrap samples, where a value of 1 indicates perfect calibration33. All sta-
tistical analyses were carried out with S-PLUS 6.1 using the HMISC and
Design software libraries34.

RESULTS
Patient characteristics. Nine hundred eighty-five patients had
a minimum of 5 years’ followup. Patients were 17 to 93 years
of age at disease onset (median 55 yrs) and 654 were female
(66%). At baseline, 730 (74%) were seropositive and 241
(24%) patients had already developed erosions, similar to
other early RA cohorts. The majority were in functional grade
I or II (907, 92%). Over the first year of treatment, the medi-
an HAQ score at baseline for all patients decreased from 1.00
to 0.63. In the mild group (687, 70%), the mean change in
HAQ was from 0.92 to 0.55, compared to 1.51 to 1.41 in the
moderate/severe group (298, 30%). Patients in the latter group
were on average 3 years older (57 vs 54). Tables 1 and 2 com-
pare the demographic details and potential prognostic factors
of the mild and moderate/severe functional groups, at baseline
and at 1 year. These tables include the frequency of missing
values for each prognostic factor. Patient records with missing
values are omitted from the analysis.
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Figure 1. Trends in disability in the 2 identified groups.
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Patients not in the main analysis. Two hundred eighty patients
were not included in this analysis because they dropped out of
the study before the 5-year followup, for the following rea-
sons: deceased 184 (66%), moved 20 (7%), declined 26 (9%),
not known 42 (15%), and 8 (3%) defaulted at 5 years because
of inpatient treatment for coexistent medical conditions or
surgery, but remained in the study. A comparison was made
with this group and the main cohort by taking the last HAQ as
outcome (median followup time 3 yrs). In this group, 107
(38%) had a last HAQ ≥ 1.5, indicating worse functional out-
come. The clinical features at baseline of this group were sim-
ilar to the main cohort except for older age (median 59 and 67

yrs in mild and severe outcome groups, respectively) and
more had erosive radiographs (121, 43%). The more severe
outcome group had worse baseline function, as shown by 32
(30%) in functional group III and median HAQ 1.9. The
deceased patients mainly accounted for these differences,
which was not surprising given the known association
between worse measures of RA and mortality17.
Multivariate analysis. In the bootstrap resampling validation
of the logistic regression, 6 variables consistently predicted
moderate/severe functional outcome. Of these, patients with a
functional grade of III or IV at 1 year [odds ratio (OR) = 6.7]
and HAQ at 1 year (OR 2.4) were most important. Other vari-
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Table 1. Potential prognostic factors at baseline in patients with none/mild and moderate/severe functional
impairment at 5 years. Values are n (%) or median (quartiles).

Prognostic Variable Mild Group, Missing Severe Group, Missing
n = 687 (70%) n = 298 (30%)

ACR criteria
< 4 242 (35.2) 0 64 (21.5) 0
≥ 4 445 (64.8) 234 (78.5)

Age at onset, yrs 54 (43–63) 0 57 (47–67) 0
Carstairs Index
1 143 (20.8) 6 (0.9) 52 (17.4) 5 (1.7)
2 172 (25.0) 58 (19.5)
3 142 (20.7) 78 (26.2)
4 119 (17.3) 57 (19.1)
5+ 105 (15.3) 48 (16.1)

DAS28 5.4 (3.5–7.9) 4 (0.6) 6.2 (3.6–8.1) 3 (1)
ESR 35 (18–59) 3 (0.4) 40 (21–65) 2 (0.7)
Functional grade
I 279 (40.6) 0 53 (17.8) 0
II 377 (54.9) 198 (66.4)
III + IV 30 (4.5) 47 (15.8)

Male 259 (38.7) 0 97 (32.6) 0
Female 428 (62.3) 201 (67.4)
Grip strength, mm 155 (115–230) 1 (0.1) 110 (75–155) 1 (0.3)
Hemoglobin 12.7 (11.6–13.6) 0 12.5 (11.4–13.7) 0
HAQ index 0.88 (0.4–1.4) 1 (0.1) 1.50 (1–2) 0
Joint score
Swollen 9 (4–16) 1 (0.1) 15 (8–24) 1 (0.3)
Tender 12 (6–23) 3 (0.4) 18 (10–31) 0

Morning stiffness, h 1 (1–2) 0 2 (1–3) 0
Nodules
Absent 621 (90.4) 0 268 (89.9) 0
Present 66 (9.6) 30 (10.1)

Pain score, VAS 40 (20–59) 0 50 (33–74) 0
Radiography
No erosions 514 (74.8) 9 (1.3) 215 (72.1) 6 (2)
Erosions 164 (23.9) 77 (25.8)

RA symptoms, mo 6 (4–11) 0 6 (4–12) 0
Rheumatoid factor
Negative 183 (26.6) 6 (0.9) 65 (21.8) 1 (0.3)
+ 81 (11.8) 29 (9.7)
++ 160 (23.3) 79 (26.5)
+++ 257 (37.4) 124 (41.6)

Larsen damage and erosion scores: median < 1 in both groups. ACR: American College of Rheumatology, DAS:
Disease Activity Score, ESR: erythrocyte sedimentation rate, HAQ: Health Assessment Questionnaire, VAS:
visual analog scale.
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ables included the Carstairs deprivation index, hemoglobin,
and Larsen score at baseline and DAS28 at Year 1. Table 3
shows the results of the logistic regression.

A slope shrinkage of 0.89 close to 1 indicates the model
demonstrates only minor over-fitting. Estimates of the regres-
sion coefficients and performance can be corrected by multi-
plication with the shrinkage factor (Table 3). Reasonably large
values for the c-index (0.82) and the Nagelkerke R2 (0.39)
indicate that the set of prognostic factors is explaining the
variation in outcome reasonably well, and this implies good
prediction for individual patients.
Application of the model. Our final prognostic model may be
used to calculate expected probabilities of longterm moder-
ate/severe functional outcome. Figure 2 is a nomogram34 that
enables a clinician to calculate the probability of a patient’s
prognosis. For each level of a prognostic factor, a number of
points are allocated, and the total number of points from all
prognostic factors can be converted into a probability of nor-
mal/mild or moderate/severe functional outcome.

It is normal clinical practice in the UK for early RA
patients who do not respond to nonsteroidal antiinflammatory
drugs prescribed in primary care to receive DMARD (e.g.,
MTX or sulfasalazine) early, after referral to secondary and
specialist care, and then to switch drugs or use combination
therapies when there is toxicity or lack of efficacy. The calcu-
lated probability of a patient having moderate/severe func-
tional outcome according to the prediction rule could be used
to select patients earlier for more aggressive drug therapy, for
example, TNF inhibitor therapy.

In practice, there would need to be agreement on a certain
threshold of risk from the algorithm in order to define a
patient with predicted moderate/severe functional outcome.
Table 4 shows the results of using different cutoff levels for
different risk thresholds. As the threshold increases, the num-
ber of patients correctly predicted positive decreases (sensi-
tivity); however, the number of patients incorrectly predicted
positive decreases (specificity). Picking the correct risk
threshold depends on the tradeoff between sensitivity and
specificity. For example, in the first row in Table 4 the sce-
nario is one of giving aggressive therapy to every patient
(threshold, 100%). This would therefore identify all patients
with actual moderate/severe functional outcome (sensitivity,
100%), but would mean a large proportion of patients without
moderate/severe functional outcome would be given unwar-
ranted aggressive therapy. If aggressive therapy is given only
to patients whose predicted probability of moderate/severe
functional outcome is, for example, above the threshold of
20%, the number of patients given aggressive therapy will be
reduced to 65%. However, one of every 10 patients who
would develop severe functional disease will be missed (sen-
sitivity, 90%). With increasing cutoff levels, the number of
patients given aggressive therapy is increasingly reduced. As
a consequence the number of patients that would develop
moderate/severe functional outcome but not given aggressive
therapy would increase.

The last column in Table 4 describes the percentage of
patients who would be selected for aggressive therapy using
the algorithm, and who would actually be eligible for TNF
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Table 2. Potential prognostic factors at 1 year. Values are n (%) or median (quartiles).

Prognostic Variable Mild Group, Missing Severe Group, Missing
n = 687 (70%) n = 298 (30%)

ACR criteria
< 4 118 (17.2) 1 (0.1) 24 (8.1) 0
≥ 4 568 (82.8) 274 (91.9)

DAS28 3.9 (3.1–5.7) 22 (3.2) 5.1 (3.5–6.9) 13 (4.4)
ESR 17 (8–38) 21 (3.1) 29 (16–55) 11 (3.7)
Functional grade
I 409 (59.5) 23 (3.3) 50 (16.8) 12 (4)
II 249 (36.2) 191 (64.1)
III + IV 6 (0.9) 45 (15.1)

Grip strength, mm 210 (140–287) 19 (2.8) 135 (95–185) 8 (2.7)
Hemoglobin 129 (73–181) 19 (2.8) 125 (76–187) 8 (2.7)
HAQ index 0.5 (0–0.9) 19 (2.8) 1.5 (0.8–2) 8 (2.7)
Joint count
Swollen 4 (0–9) 19 (2.8) 10 (4–17) 10 (3.4)
Tender 6 (2–13) 21 (3.1) 14 (6–24) 10 (3.4)

Morning stiffness, h < 1 (0.1) 19 (2.8) 1 (0–2) 9 (3)
No. of DMARD
0 211 (30.7) 0 51 (17.1) 0
1 396 (57.6) 174 (58.4)
2+ 80 (11.7) 73 (24.5)

Pain score, VAS 20 (3–39) 23 (3.5) 42 (20–60) 11 (3.7)

Larsen damage and erosion scores: median < 2 in both groups. DMARD: disease modifying antirheumatic drugs.
For other definitions see Table 1. 
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Table 3. Multivariate prognostic model.

Prognostic Variable Coefficient SE Odds Ratio p Shrunk Coefficient

Carstairs Deprivation Index
1 0 1.000
2 -0.247 0.318 0.781 0.437 -0.225
3 0.363 0.310 1.438 0.243 0.330
4 0.548 0.323 1.730 0.080 0.499
5 0.685 0.339 1.984 0.044 0.624

Functional grade at baseline
I 0 1.000
II 0.592 0.272 1.808 0.030 0.538
III + IV 0.568 0.498 1.765 0.254 0.518

Functional grade at Year 1
I 0 1.000
II 0.689 0.251 1.992 0.006 0.627
III + IV 1.905 0.829 6.719 0.022 1.736

HAQ at baseline
Baseline 0.532 0.189 1.702 0.005 0.485
At Year 1 0.894 0.215 2.445 0.000 0.814

Hemoglobin level at baseline 0.015 0.007 1.015 0.025 0.014
DAS28 at Year 1 0.138 0.075 1.148 0.064 0.126
Larsen score at baseline 0.013 0.010 1.013 0.200 0.011
Intercept -5.647 1.029 0.004 0.000 -5.183

Concordance probability (area under the ROC curve = 0.82), Nagelkerke R2 = 0.39. The multivariate logistic
regression model can be written as: Predicted probability of severe disease = 1/1 + e-(LP)
Where linear predictor LP

1 0
2 -0.247                        I    0                              I    0

= -5.647 + Carstairs    3   0.363     + FGYr0      II   0.592     + FGYr1     II   0.689     + (HAQYr0 × 0.532) +  
4 0.548                     III/IV 0.568                   III/IV 1.905
5 0.685

(HAQYr1 × 0.894) + (HB × 0.015) + (DAS28Yr1 × 0.138) + (LarsenYr0 × 0.013)

( ) ( ) ( )

Figure 2. Nomogram for prediction of risk of moderate/severe functional outcome. For example, consider a patient with a Carstairs deprivation index = 3 (~23 points),
functional grade at baseline = III, and at Year 1 = II (~22, and ~25 points), HAQ at baseline = 1.8 and at Year 1 = 1.7 (~36, and ~57 points), hemoglobin at baseline
= 110 (~17 points), DAS28 at Year 1 = 4 (~15 points), and Larsen at baseline = 10 (~5 points). Total points equal ≈ 200, which equates to a risk ~ 0.65 or 65%.
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inhibitors using the current British Society of Rheumatology
guidance2. This demonstrates that at a cutoff of 0.6, of the
23% of patients selected for aggressive therapy using the algo-
rithm, only 20% (5% of the sample) would actually be able to
start treatment. Even at a cutoff of 0.9, where 5% of patients
are selected, only 34% of these patients (1.7% of the sample)
would be eligible.

DISCUSSION
The results of our statistical analysis have provided a multi-
variate tool to predict longterm functional outcome in patients
with early RA. Most of the variables in the final equation have
previously been shown to have some predictive value.
Functional measures at baseline have been shown to consis-
tently predict eventual functional outcome, although HAQ is
not robust enough to be used routinely in clinical settings10.
Education level and socioeconomic status have also been
reported as important factors in functional outcome22,35,36,
whereas clinical and laboratory disease activity measures
have variable importance10, and radiological change appears
less strongly related37. Hemoglobin does not normally per-
form well as a predictor of outcome compared to ESR and
CRP, but we have reported its power in predicting large-joint
damage, measured by need for joint replacement surgery23.

The Carstairs index score was a strong prognostic factor
and is a relatively easy item to collect in the UK, as it is based
on postal code. The Carstairs index score is a measure of dep-
rivation based on the UK 1991 Census, and is derived from
the number of persons per household, rate of male unemploy-
ment, social class, and number of overcrowded households.
There are criticisms of the index: that the choice of indicators
is rather arbitrary, as is the assignment of equal weight to them
in the overall deprivation index. Also, the use of car owner-
ship in the index has been questioned on the grounds that this

may be a useful indicator of deprivation in urban areas, but is
less suitable in rural areas, where a car is seen as essential
given the limited availability of public transport. When the
Carstairs index is removed from the final predictive model,
the c-index decreases from 0.82 to 0.80 and the Nagelkerke R2
decreases from 0.39 to 0.38. This represents only a minor
detriment in predictive ability of the model, and indicates the
nomogram is valid without using the Carstairs index.

Most observational studies have reported initial improve-
ment in HAQ, then gradual deterioration with time in patients
receiving standard therapies, the subject of a recent review37.
A relationship between function and radiological change has
been described in other studies, but generally in late disease38,
and establishing a definite relationship between function and
radiological damage has been a controversial area. We report
here an association between baseline Larsen score and 5-year
HAQ. In a recent study of radiological progression, the ERAS
group reported the reverse association, that is, a weak but def-
inite correlation between first-year HAQ and severity of ero-
sions at 3 years24. Clinical trials have demonstrated a reduc-
tion in the progression of radiographic damage with TNF-α
inhibition compared to MTX alone, but less improvement in
functional outcome39. Despite this, our findings could be used
to justify the use of TNF-α agents in early disease.

Strengths of our study include the inception cohort design,
standard assessments in typical clinical settings, and careful
followup of large numbers of patients in the long term.
Possible concerns include left and right censorship and selec-
tion of patients. Because ours is a hospital clinic-based study,
milder and early remitting RA may be underrepresented.
Conversely, patients who were not included in the analysis
because they died before 5-year followup had worse function
at baseline and at followup, a not unexpected finding17. The
risk factors for functional outcome remained the same for this
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Table 4. Implications of using the prediction rule in clinical practice. Values are percentages.

Predicted probability Sensitivity* Specificity** Patients to be Of patients identified
(risk threshold) at treated aggressively at risk by algorithm,
which aggressive using algorithm % that meet current
treatment is given BSR criterion for treatment

with TNF inhibitors +

≥ 0 100 0 100 7
≥ 10 97 25 83 8
≥ 20 90 51 65 11
≥ 30 82 67 51 13
≥ 40 73 79 40 16
≥ 50 63 88 31 20
≥ 60 51 94 23 20
≥ 70 42 96 18 23
≥ 80 29 99 12 27
≥ 90 12 100 5 34

* Probability that a patient with moderate/severe functional outcome will be identified positive. ** Probability
that a patient with good functional outcome will be identified negative. + British Society of Rheumatology (BSR)
guidelines: trial of minimum of 2 disease modifying antirheumatic drugs, one of which is methotrexate, and a
Disease Activity Score28 > 5.1 before a tumor necrosis factor (TNF) inhibitor can be used.
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group. We conclude that our findings reflect hospital clinic-
based populations and have to be interpreted accordingly.

There is an abundance of published prognostic models in
the literature, but very few are routinely used in clinical prac-
tice40. One of the problems in the acceptance of the models is
in their construction, which predominantly relies on small
datasets, due mainly to difficulties maintaining longterm stud-
ies, and problems with missing data. These factors, in con-
junction with other variations in study design, may explain the
different results reported. Small datasets with too many vari-
ables are likely to overestimate the prognostic value of the
data.

Statistical tests should be applied to account for these inad-
equacies41,42, especially when attempting to account for the
overestimation of prognostic information in a model that is fit-
ted and evaluated on the same dataset. This can be achieved
by various methods of internal validation. Common ways of
establishing how well a model might perform are data-split-
ting or cross-validation; however, these are not often per-
formed. The most sophisticated and accurate method is the
use of bootstrapping, as described in our analysis, to estimate
shrinkage factors to regression coefficients to counter overop-
timism31.

Producing relatively simple diagrams such as the nomo-
gram presented in Figure 2 provides a realistic attempt to
make statistical analyses relevant to clinicians. There are a
number of further issues to discuss before such an algorithm
might find use in clinical practice. While the algorithm is sta-
tistically validated, it has not been clinically validated. This
requires the algorithm to be tested with an external dataset to
see if it performs satisfactorily. A potential problem is whether
the variables used in the prognostic equation are collected in
other clinics. A number of the variables, including the HAQ,
Larsen and Carstairs index, and functional grade, were col-
lected specifically for the ERAS specifications. Although all
are standard and validated measures, they are not performed
routinely outside observational studies and clinical trials. It
could be argued that their collection can be time-consuming
and costly. To become clinically useful, however, it would
require clinicians to start collecting such data.

The natural successor to ERAS was initiated in the UK in
2002 and nearly 30 centers are now collecting these items as
part of the Early RA Network43. Further work is also planned
to assess the additional prognostic power of specific variables
other than standard clinical measures, for example, genetic
data.

A validated model for prediction of severe functional out-
come could allow clinicians to target aggressive therapy earli-
er in a patient’s disease course. Two questions remain: How
long after diagnosis is early enough, and what would aggres-
sive therapy be? Our prognostic model relies on at least one
year of followup before applying the decision rule. While it
could be argued that this is too late, it would certainly expe-
dite earlier use of TNF inhibitors in countries where patients

now have to fulfil criteria for biologic therapy, including fail-
ing a number of DMARD over at least 6 months7,44. We also
show that current guidelines may not be the most suitable
measure for discrimination for aggressive therapies. Of course
the question whether aggressive therapy including TNF
inhibitors alters the course of function in identified patients
remains to be fully determined. External validation of our
prognostic index is required clinical practice in the UK and
other countries.
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