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IMPORTANCE Advances have been made in identifying genetic susceptibility loci for
autoimmune diseases, but evidence is needed regarding their association with prognosis and
treatment response.

OBJECTIVE To assess whether specific HLA-DRB1 haplotypes associated with rheumatoid
arthritis (RA) susceptibility are also associated with radiological severity, mortality, and
response to tumor necrosis factor (TNF) inhibitor drugs.

DESIGN, SETTING, AND PARTICIPANTS The Norfolk Arthritis Register (NOAR; 1691 patients and
2811 radiographs; recruitment: 1989-2008; 2008 as final follow-up) was used as a discovery
cohort and the Early Rheumatoid Arthritis Study (421 patients and 3758 radiographs;
recruitment: 1986-1999; 2005 as final follow-up) as an independent replication cohort for
studies of radiographic outcome. Mortality studies were performed in the NOAR cohort (2432
patients; recruitment: 1990-2007; 2011 as final follow-up) and studies of treatment response
in the Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate cohort (1846
patients enrolled at initiation of TNF inhibitor; recruitment: 2006-2010; 2011 as final
follow-up). Longitudinal statistical modeling was performed to integrate multiple radiograph
records per patient over time. All patients were from the United Kingdom and had
self-reported white ancestry.

EXPOSURES Sixteen HLA-DRB1 haplotypes defined by amino acids at positions 11, 71, and 74.

MAIN OUTCOMES AND MEASURES Radiological outcome using the Larsen score (range: 0
[none] to 200 [severe joint damage]) and erosions of the hands and feet on radiographs,
all-cause mortality, and treatment response measured by change in Disease Activity Score
based on 28 joint counts and European League Against Rheumatism (EULAR) response.

RESULTS Patients with RA and valine at position 11 of HLA-DRB1 had the strongest association
with radiological damage (OR, 1.75 [95% CI, 1.51-2.05], P = 4.6E-13). By year 5, the percentages of
patients with erosions of the hands and feet were 48% of noncarriers (150/314) of valine at
position 11, 61% of heterozygote carriers (130/213), and 74% of homozygote carriers (43/58).
Valine at position 11 also was associated with higher all-cause mortality in patients with
inflammatory polyarthritis (hazard ratio, 1.16 [95% CI, 1.03-1.31], P = .01) (noncarriers: 319 deaths
in 1398 patients over 17 196 person-years, mortality rate of 1.9% per year; carriers: 324 deaths in
1116 patients in 13 208 person-years, mortality rate of 2.5% per year) and with better EULAR
response to TNF inhibitor therapy (OR, 1.14 [95% CI, 1.01-1.30], P = .04) (noncarriers: 78%
[439/561 patients] with moderate or good EULAR response; heterozygote carriers: 81%
[698/866]; and homozygote carriers: 86% [277/322]). The risk hierarchy defined by HLA-DRB1
haplotypes was correlated between disease susceptibility, severity, and mortality, but inversely
correlated with TNF inhibitor treatment response.

CONCLUSIONS AND RELEVANCE Among patients with RA, the HLA-DRB1 locus, which is
associated with disease susceptibility, was also associated with radiological severity,
mortality, and treatment response. Replication of these findings in other cohorts is needed as
a next step in evaluating the role of HLA-DRB1 haplotype analysis for management of RA.
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L ike many autoimmune diseases, the success in identi-
fying genetic loci associated with rheumatoid arthritis
(RA) susceptibility has not informed clinical practice.

The largest RA genetic susceptibility effect is conferred by
the HLA locus,1 and studies conducted in the 1980s identi-
fied multiple RA risk alleles within the HLA-DRB1 gene,
encoding a similar amino acid motif at positions 70 through
74, leading to the “shared epitope” hypothesis.2 The shared
epitope is associated with the development of anticitrulli-
nated protein antibodies and has been consistently associ-
ated with markers of severe disease, such as radiological
joint damage3,4 and mortality in patients with RA.5,6 How-
ever, the epitope has not shown a consistent association
with treatment response.7-10

Amino acid positions 11, 71, and 74 within HLA-DRB1 are the
major determinants of the association with RA susceptibility11

because no residual association at other HLA-DRB1 amino acid
positions was observed after conditioning on these 3 posi-
tions. These 3 positions define 16 HLA-DRB1 haplotypes that can
be ranked in a hierarchy based on the risk they confer and bet-
ter model the association at HLA-DRB1 than the shared epit-
ope alone. We hypothesized that these markers of disease sus-
ceptibility are also markers of disease severity and treatment
response to tumor necrosis factor (TNF) inhibitor drugs. In this
study, we tested their association with multiple measures of RA
severity (radiological damage and mortality) and with re-
sponse to TNF inhibitor drugs.

Methods
Patients and Cohorts
The Norfolk Arthritis Register (NOAR) was used as a discov-
ery cohort and the Early Rheumatoid Arthritis Study (ERAS)
as an independent replication cohort for studies of radio-
graphic outcome. Mortality studies were performed in the
NOAR cohort and studies of treatment response in the Biolog-
ics in Rheumatoid Arthritis Genetics and Genomics Study Syn-
dicate (BRAGGSS) cohort. All patients were from the United
Kingdom and had self-reported white ancestry thus avoiding
spurious associations caused by population stratification. To
compare the odds ratios (ORs) for disease severity with sus-
ceptibility and the ORs for treatment response with suscepti-
bility, we recalculated the ORs for susceptibility using
9585 cases and 33 742 controls (described in eMethods in
Supplement 1).

Radiographic Outcome: NOAR and ERAS Cohorts
We used the NOAR and ERAS cohorts to test association with
radiographic outcome. NOAR is a primary care–based incep-
tion cohort of patients recruited since 1989 presenting with at
least 2 swollen joints for at least 4 weeks (inflammatory poly-
arthritis) and followed up prospectively for 20 years or less.12,13

Patients with inflammatory polyarthritis who satisfied the 1987
American College of Rheumatology criteria14 during follow-up
were classified as having RA. Radiographs of the hands and feet
were performed during the first 10 years of follow-up and were
scored using the Larsen method15 (described previously16,17).

Briefly, a score ranging from 0 (no joint damage) to 5 (com-
plete destruction) is assigned to the small joints of the hands and
feet. The individual joint scores are summed to attain a Larsen
score per patient. The presence of a joint erosion was defined as
a cortical break of 2 mm or larger and was assigned a score of 2
or greater. The Larsen score ranges from 0 to 200; a higher score
indicates a more severe level of damage. Radiographs were read
independently by 2 medically qualified observers, who under-
went a specific training in radiograph reading and who were
blinded to the sequence. Disagreement on the erosion status was
settled by arbitration by a third investigator. All patients were re-
cruited following informed consent and with ethical approval
from the Norwich research ethics committee.

The ERAS cohort represents an independent group of pa-
tients recruited from rheumatology outpatient clinics in 9 dis-
tricts of England between 1986 and 1999.17,18 Entry criteria in-
cluded a clinical diagnosis of RA, symptoms for less than 2 years,
and no prior treatment with disease-modifying antirheumatic
drugs. Radiographs of the hands and feet were performed yearly
and scored using the Larsen technique for the first 9 years of
follow-up. Patients were recruited with informed consent and
ethical approvals from the West Hertfordshire local research eth-
ics committee and the Caldicott Guardian.

Mortality: NOAR Cohort
Patients in the NOAR cohort who were recruited between 1990
and 2007 were included if they had genetic and all-cause mor-
tality data (provided by the UK Office for National Statistics)
and censoring was applied on June 30, 2011. Data ascertain-
ment and validation have been described.6,19,20 Briefly, mor-
tality data were verified according to the UK Statistics Author-
ity Code of Practice for Official Statistics21 to ensure quality
regarding relevance, accuracy, timeliness, accessibility, and
comparability.

Treatment Response to TNF Inhibitor Drugs: BRAGGSS
The BRAGGSS cohort has been described.22,23 Patients with RA
starting treatment with a TNF inhibitor drug (either inflixi-
mab, etanercept, or adalimumab) were recruited between 2006
and 2010. However, patients who had been treated previously
with TNF inhibitor drugs or other biologic agents also were in-
cluded. Blood samples were collected prior to treatment and pa-
tients were followed up prospectively to assess response at a
single time point between 3 and 6 months after therapy. A mul-
ticenter ethics committee (COREC 04/Q1403/37) approved the
study and all patients provided informed consent. Further de-
tails appear in the eMethods in Supplement 1.

Genotyping
A 4-digit HLA typing corresponds to the determination of the
full and unambiguous amino acid sequence of the HLA pro-
tein (eg, HLA-DRB1*04:01, *04:04). A 2-digit typing refers to
the determination of the first 2 digits (eg, HLA-DRB1*04). The
HLA-DRB1 alleles starting with the same 2 digits (eg, *04:01,
*04:02, *04:03) will share some amino acid sequence similari-
ties, but are not identical. Two-digit typing therefore does not
systematically allow the unambiguous determination of the
amino acid carried by a patient at a specific position. Six-digit
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typing (eg, HLA-DRB1*04:01:01) is used to characterize alleles
that differ only by synonymous nucleotide substitutions (si-
lent or noncoding substitutions). The amino acid sequence of
all 6-digit alleles sharing the same initial 4 digits is therefore
identical. The HLA typing was performed using a semiauto-
mated, reverse dot-blot method.24 Amino acids at positions 11,
71, and 74 of HLA-DRB1 were assigned (eMethods and eTables
1 and 2 in Supplement 1). The 4-digit HLA-DRB1 shared epit-
ope alleles have been listed previously.25

In addition, all samples available in 2010 from the NOAR and
BRAGGSS cohorts with a diagnosis of RA and of sufficient DNA
quality were genotyped using a single-nucleotide polymorphism
microarray (Illumina Infinium Immunochip) and imputed at the
aminoacidresolutionasdescribedpreviously.26-28 InNOAR,1490
patients had an available 2-, 4- or 6-digit HLA-DRB1 typing deter-
mined experimentally by the reverse dot-blot method and 881
from imputation of the HLA region (Immunochip). In 680 over-
lapping samples, the concordance was 91.8% at the 4-digit level,
96.5% at the 2-digit level, and 96.7% for amino acid positions 11,
71, and 74 (eTable 3 in Supplement 1).

Statistical Analysis
Radiographic outcome was assessed by the presence of ero-
sions of the hands and feet and by the Larsen score. Radio-
graphic outcome was modeled longitudinally to enhance
power17 by integrating multiple records per patient and by in-
corporating more patients into the model than a cross-
sectional study because radiographs were not performed sys-
tematically at every time point.

The presence of erosions of the hands and feet was treated
as a longitudinal binary variable and modeled using a gener-
alized estimating equation (GEE) model with logit-link func-
tion and an exchangeable within-subject correlation struc-
ture. Measures of association for GEE models are given as ORs
and 95% CIs.

The Larsen score (as a longitudinal continuous nonnormally
distributed outcome variable) was fitted using a generalized lin-
ear latent and mixed model (GLLAMM29-31) with discrete random
effects and 3 latent classes. The measures of association for
GLLAMM are given as a change in Larsen score. Technical details
are provided in the eMethods in Supplement 1.

Adjustment for age, disease duration, and the square of
them was performed systematically for all GEE and GLLAMM
analyses to allow for a quadratic relationship between radio-
graphic outcome and disease duration and age. We have pre-
viously reported a nonlinear relationship between these co-
variates and RA outcome in these cohorts,17,32 and have
demonstrated the appropriateness of fitting a quadratic term.

Mortality
The association between genetic factors and all-cause mor-
tality was assessed using Cox proportional hazard models. A
forward-stepwise approach showed a significant and inde-
pendent association with mortality for the nongenetic cardio-
vascular risk factors of sex, obesity, and use of antihyperten-
sive drugs. These were subsequently included as covariates in
the study of genetic factors. Measures of association are re-
ported as hazard ratios (HRs).

Treatment Response to TNF Inhibitor Drugs
Treatment response was defined as a change in Disease Activ-
ity Score based on 28 joint counts (DAS28)23 (change in
DAS28 = DAS28 at 3 to 6 months − DAS28 at baseline) or
European League Against Rheumatism (EULAR) response (0
for no, 1 for moderate, 2 for good response).33 Treatment re-
sponse was assessed at 1 time point between 3 and 6 months
after treatment initiation. The DAS28 score ranges from 0 to
10; a higher score indicates a higher level of disease activity.
A change in DAS28 of greater than 0.6 constitutes a clinically
meaningful change.9 The EULAR response categories are based
on this threshold.33

Association with genotypes was tested with linear regres-
sion for change in DAS28 or ordinal logistic regression for
EULAR response. A forward-stepwise approach showed a sig-
nificant and independent association of the following nonge-
netic predictors of response to TNF inhibitor drugs, which were
subsequently included as covariates: sex, concurrent treat-
ment with disease-modifying antirheumatic drugs, pretreat-
ment DAS28 score, and the pretreatment Health Assessment
Questionnaire disability index (a self-reported, patient-
oriented measure of functional disability [score range: 0-3]; a
higher score indicates a higher level of disability).34 Further
details appear in the eMethods in Supplement 1.

Model Definition and Corrections for Multiple Testing
For all analyses, an additive model of association was used by
creating a numerical variable (0, 1, 2) for the number of alleles
carried by a patient. An allele is either a specific amino acid at a
specific position or a haplotype. A haplotype refers to a combi-
nation of amino acids coded by DNA positions inherited inde-
pendently of each other. The statistical effects are reported for
1 copy of every allele. We systematically tested the association
of individual amino acids, individual positions, and individual
haplotypes with all outcome measures. Model construction is
explained in detail in the eMethods in Supplement 1.

Uncorrected 2-sided P values are presented. The
Benjamini-Hochberg false discovery rate (0.05) method was
used to correct for multiple testing in univariable and multi-
variable analyses. P values that remained significant when this
correction was applied are indicated.

To test for differences between ORs, the linear combina-
tion βhaplotype A minus βhaplotype B, in which βhaplotype A is log
(ORhaplotype A) and βhaplotype B is log(ORhaplotype B), was calcu-
lated with its standard error and a P value for the difference
in association. The same approach was used for the HRs.

Statistical analysis was performed using Stata version 12.1
(StataCorp).

Results
Radiographic Outcome: Univariable Analysis of Amino Acid
Positions 11, 71, and 74 of HLA-DRB1 in NOAR
At the time of the analysis, NOAR comprised 4293 patients with
inflammatory polyarthritis and 24 093 follow-up visits. The
1691 patients with inflammatory polyarthritis (comprising 1363
patients with RA) with available genetic data and at least 1 ra-
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diograph were included in the study of radiographic out-
come (Table 1). Of all amino acids tested at HLA-DRB1 listed
in Table 2, valine at position 11 (outside the shared epitope)
showed the strongest association with erosive disease in pa-

tients with inflammatory polyarthritis (OR, 1.75 [95% CI, 1.52-
2.01], P = 8.7E-15) and was associated with an increase in Larsen
score of 1.47 (95% CI, 0.85-2.10, P = 3.8E-06) compared with
the carriers of nonvaline amino acids. Results for the subset

Table 1. Cohort Characteristics for the Norfolk Arthritis Register (NOAR), Early Rheumatoid Arthritis Study
(ERAS), and Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate (BRAGGSS)

Cohort Characteristics NOAR ERAS BRAGGSS
No. of patients successfully genotyped
with radiological outcome or treatment
response data by yeara

1691 421 1846

1 1038 421 NA

5 719 373 NA

10 194 256 NA

No. of radiographs included in the study 2811 3758 NA

Recruitment period 1989-2008 1986-1999 2006-2010

Final follow-up date 2008 (radiographs)
2011 (mortality)

2005 2011

Satisfy ACR criteria for RA during follow-up,
No. (%)b

1363 (81) 404 (96) NA

Female sex, No. (%) 1143 (68) 276 (66) 1414 (77)

Age, median (IQR), yc 56 (44-67) 56 (45-65) 57 (50-64)

Duration of symptoms at baseline

Median (IQR), mo 6 (3-12) 7 (4-12) NA

90% percentile (maximum), y 2 (5) 1.7 (2) NA

Duration of follow-upd 8 (0-20) 11 (1-15) 4.1 (3.0-6.0)

Mortality and genetic data, No./total (%)

Obese 511/2432 (21) NA NA

Taking antihypertensive drugs 270/2432 (11) NA NA

Mean No. of radiographs/patient (range) 1.7 (1-5) 12 (2-17) NA

Ever tested positive, No./total (%)e 549/1583 (35) 370/421 (88) 984/1184 (83)

≥1 Copy of shared epitope, No./total (%) 1030/1648 (62) 297/395 (75) NA

Health Assessment Questionnaire disability
index score, median (IQR)f

0.875 (0.250-1.625) 0.875 (0.125-1.500) 2.0 (1.6-2.4)

Disease Activity Score, median (IQR)g

At baseline NA NA 6.5 (5.8-7.2)

At 3-6 mo NA NA 4.0 (2.9-5.1)

EULAR response at 3-6 mo, No. (%)

None NA NA 357 (19)

Moderate NA NA 941 (51)

Good NA NA 548 (30)

Concurrent treatment with disease-modifying
antirheumatic drugs by year, No./total (%)

Baseline 484/1691 (29) NA 1393/1845 (76)

1 727/1601 (45) NA NA

3 NA 339/402 (84) NA

5 597/1320 (45) 323/372 (87) NA

10 295/705 (42) NA NA

20 47/123 (38) NA NA

Treatment with TNF inhibitor

Infliximab NA NA 613 (33.2)

Etanercept NA NA 650 (35.2)

Adalimumab NA NA 582 (31.5)

Larsen score by year, median (IQR) NA NA NA

5 6 (0-23) 10 (2-27) NA

9 NA 25 (7-48) NA

10 34 (15-56) NA NA

Erosive disease by year, No./total (%)h

5 332/719 (46) 275/372 (74) NA

10 176/194 (91) 220/256 (86) NA

Abbreviations: EULAR, European
League Against Rheumatism;
IQR, interquartile range; NA, not
available or not relevant;
RA, rheumatoid arthritis;
TNF, tumor necrosis factor.
a NOAR and ERAS collected

radiological outcome data and
BRAGGSS collected treatment
response data. Patients in NOAR
underwent radiography only at
baseline and years 1, 2, 5, and 10.

b The 1987 American College of
Rheumatology (ACR) criteria for RA
applied cumulatively over the entire
duration of follow-up in NOAR.

c At symptom onset in NOAR and
ERAS and at baseline in BRAGGSS
(baseline means at initiation of
treatment with biologic agents).

d Median (range) in years for NOAR
and ERAS and median (IQR) in
months for BRAGGSS.

e For anticitrullinated protein
antibodies in NOAR and BRAGGSS
or rheumatoid factor in ERAS.

f At year 5 in NOAR and ERAS and at
baseline in BRAGGSS. Scores range
from 0 to 3; a higher score indicates
a higher level of functional disability.

g Score range from 0 to 10; a higher
score indicates a higher level of
disease activity.

h Defined as the presence of at least
1 erosive joint (Larsen score �2;
cortical break �2 mm). The Larsen
score15 ranges from 0 to 200; a
higher score indicates a more severe
level of joint damage.
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Table 2. Univariable Analysis of the Association Between Amino Acids Tested at HLA-DRB1 and Erosive Disease in the Norfolk Arthritis Register
(NOAR) and the Early Rheumatoid Arthritis Study (ERAS)

Position
Amino
Acida No.b

Joint Erosions of the
Hands and Feet,
OR (95% CI)c P Value

Change in Larsen Score
(95% CI)d P Value

Inflammatory polyarthritis in NOAR (1691 patients, 2811 radiographs)e

11 Valine 779 1.75 (1.52 to 2.01) 8.7E-15f 1.47 (0.85 to 2.10) 3.8E-06f

11 Leucine 456 1.08 (0.90 to 1.32) .39 −0.09 (−0.97 to 0.79) .84

11 Aspartic acid 52 1.27 (0.77 to 2.10) .35 2.63 (0.58 to 4.69) .01f

11 Proline 347 0.82 (0.66 to 1.01) .07 −0.58 (−1.48 to 0.33) .21

11 Glycine 357 0.89 (0.72 to 1.09) .27 0.39 (−0.48 to 1.25) .38

11 Serine 937 0.64 (0.55 to 0.73) 6.9E-11f −1.42 (−2.00 to −0.85) 1.1E-06f

71 Lysine 821 1.14 (0.98 to 1.32) .08 −0.34 (−0.98 to 0.30) .29

71 Arginine 1154 1.13 (0.99 to 1.30) .07 0.97 (0.39 to 1.55) 1.0E-03f

71 Alanine 298 0.81 (0.65 to 1.02) .08 −1.10 (−2.09 to −0.12) .03

71 Glutamic acid 261 0.62 (0.48 to 0.79) 1.3E-04f −0.99 (−1.96 to −0.03) .04

74 Alanine 1480 1.27 (1.11 to 1.48) 7.20E-04f 0.64 (0.07 to 1.21) .03f

74 Glutamic acid 185 0.90 (0.68 to 1.19) .44 −0.03 (−1.11 to 1.06) .96

74 Arginine 404 0.73 (0.60 to 0.89) 1.5E-03f −1.34 (−2.13 to −0.55) 9.3E-04f

74 Glutamine 353 0.89 (0.72 to 1.11) .28 0.40 (−0.46 to 1.26) .36

74 Leucine 72 1.00 (0.62 to 1.63) .99 −0.50 (−2.18 to 1.19) .56

Rheumatoid arthritis in NOAR (1363 patients, 2384 radiographs)e

11 Valine 661 1.75 (1.51 to 2.05) 4.6E-13f 1.81 (1.08 to 2.55) 1.2E-06f

11 Leucine 359 1.11 (0.90 to 1.36) .35 0.28 (−0.74 to 1.29) .59

11 Aspartic acid 42 1.39 (0.79 to 2.44) .25 2.91 (0.50 to 5.32) .02f

11 Proline 284 0.80 (0.64 to 1.01) .06 −0.56 (−1.81 to 0.70) .39

11 Glycine 284 0.90 (0.71 to 1.13) .36 0.57 (−0.63 to 1.76) .35

11 Serine 726 0.63 (0.54 to 0.73) 3.0E-10f −1.91 (−2.57 to −1.24) 2.0E-08f

71 Lysine 679 1.19 (1.01 to 1.39) .04 −0.36 (−1.10 to 0.38) .34

71 Arginine 942 1.13 (0.97 to 1.31) .10 1.08 (0.39 to 1.77) 2.1E-03f

71 Alanine 246 0.81 (0.63 to 1.04) .10 −1.19 (−2.49 to 0.12) .07

71 Glutamic acid 201 0.54 (0.41 to 0.71) 1.4E-05f −1.35 (−2.52 to −0.18) .02f

74 Alanine 1194 1.28 (1.11 to 1.51) 1.20E-03f 0.88 (0.21 to 1.55) .01f

74 Glutamic acid 145 0.87 (0.64 to 1.19) .37 −0.32 (−1.58 to 0.94) .62

74 Arginine 324 0.74 (0.60 to 0.91) 5.0E-03f −1.60 (−2.53 to −0.67) 7.9E-04f

74 Glutamine 283 0.89 (0.70 to 1.12) .30 0.45 (−0.66 to 1.57) .43

74 Leucine 56 0.90 (0.53 to 1.57) .73 −1.03 (-3.00 to 0.94) .31

Rheumatoid arthritis in ERAS (421 patients, 3758 radiographs)e,g

11 Valine 242 1.39 (1.10 to 1.75) 5.77E-03f (n = 219)b

0.82 (0.21 to 1.43)
8.77-03f

11 Leucine 99 1.44 (0.95 to 2.19) .09 (n = 92)b

1.78 (0.76 to 2.80)
6.52E-04f

11 Aspartic acid 9 0.28 (0.06 to 1.26) .10 (n = 8)b

−1.29 (−4.08 to 1.49)
.36

11 Proline 83 0.95 (0.64 to 1.42) .80 (n = 77)b

0.43 (−0.48 to 1.33)
.36

11 Glycine 71 0.70 (0.42 to 1.16) .17 (n = 66)b

−0.28 (−1.36 to 0.79)
.61

11 Serine 194 0.57 (0.42 to 0.78) 4.20E-04f (n = 170)b

−2.31 (−3.06 to −1.55)
2.12E-09f

71 Lysine 225 1.31 (0.97 to 1.78) .08 (n = 207)b

−0.59 (−1.36 to 0.18)
.13

71 Arginine 249 0.79 (0.58 to 1.07) .12 (n = 226)b

0.69 (−0.11 to 1.48)
.09

71 Alanine 60 1.07 (0.69 to 1.66) .76 (n = 56)b

1.37 (0.31 to 2.44)
.01f

71 Glutamic acid 18 0.58 (0.24 to 1.37) .21 (n = 17)b

−0.68 (−3.04 to 1.67)
.57

74 Alanine 371 1.41 (1.02 to 1.93) .03 (n = 340)b

0.99 (0.25 to 1.74)
9.27E-03f

(continued)
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of patients with RA were similar for valine at position 11 (OR,
1.75 [95% CI, 1.51-2.05], P = 4.6E-13). The crude unadjusted data
appear in Table 3 and in the eTable in Supplement 2.

The association of valine at amino acid position 11 was in-
dependent of the shared epitope (eTable 5 in Supplement 1).
Conversely, serine at amino acid position 11 was associated with
a decreased risk of erosions of the hands and feet (OR, 0.64
[95% CI, 0.55 to 0.73], P = 6.9E-11) and change in Larsen score
(−1.42 [95% CI, −2.00 to −0.85], P = 1.1E-06) (Table 2). We per-
formed a linear regression of the ORs for severity of inflam-
matory polyarthritis on the ORs for susceptibility to RA and
observed a significant alignment of amino acids at position 11
(r2 = 0.92, P = .002; Figure 1). However, the ORs were system-
atically smaller for radiographic outcome compared with sus-
ceptibility. Similar results were obtained for amino acid posi-
tions 71 and 74. Univariable analysis of positions showed that
amino acid positions 71 and 74 were also significantly associ-
ated with radiographic outcome (eTable 6 in Supplement 1).

Radiographic Outcome: Haplotype and Multivariable
Analysis in NOAR
In multivariable analysis, Larsen score in patients with inflam-
matory polyarthritis was associated with amino acid posi-

tions 11 (P = 6.79E-03), 71 (P = 5.67E-03), and 74 (P = .04) in-
dependently of each other. No association was observed with
shared epitope (an amino acid motif at positions 70-74; P = .34),
indicating that a statistical model including amino acid posi-
tions 11, 71, and 74 completely superseded the shared epitope
model.

Given that the associations at amino acid positions 11, 71,
and 74 were independent of each other, we explored the as-
sociation of the corresponding haplotypes. With 6 different
amino acids at position 11, 4 at 71, and 5 at 74, 120 different hap-
lotypes were theoretically possible. However, only 16 haplo-
types were found in NOAR, matching those reported in our sus-
ceptibility study.11 The 16 haplotypes and their multivariable
association results are presented for RA in Table 4 and for in-
flammatory polyarthritis in eTable 7 in Supplement 1. The
shared epitope corresponded to the 3 first haplotypes in Table 4
(VKA, VRA, and LRA) and was therefore fully defined by (or
collinear with) the 16-haplotype model.

The PAA haplotype was used as the reference because it
was the most frequent haplotype in control samples.11 The VKA
and VRA haplotypes, which were significantly associated with
an increased risk of developing RA,11 also were significantly
associated with an increased risk of radiographic damage

Table 3. Crude Unadjusted Data for Number of Copies of Valine at Position 11 and Radiographic Joint Erosions of the Hands and Feet in Patients
With Inflammatory Polyarthritis in the Norfolk Arthritis Registera

No. of Copies
of Valine at
Position 11b

No./Total (%) of Patients With Inflammatory Polyarthritis and Radiographic Joint Erosions of the Hands and Feet by Year

Baseline 1 2 5 10
0 116/283 (41) 189/553 (34) 43/182 (24) 156/396 (39) 77/84 (92)

1 106/181 (59) 188/386 (49) 44/129 (34) 133/255 (52) 73/84 (87)

2 28/49 (57) 64/99 (65) 16/30 (53) 43/68 (63) 26/26 (100)

a Even though patients with rheumatoid arthritis in general show a higher proportion
of joint erosions than patients with inflammatory polyarthritis, the association
with genotypes was similar (crude unadjusted data for all amino acids and all
positions for rheumatoid arthritis and inflammatory polyarthritis appear in the
eTable in Supplement 2).

b The strongest association signal with radiological outcome mapped to valine at
amino acid position 11.

Table 2. Univariable Analysis of the Association Between Amino Acids Tested at HLA-DRB1 and Erosive Disease in the Norfolk Arthritis Register
(NOAR) and the Early Rheumatoid Arthritis Study (ERAS) (continued)

Position
Amino
Acida No.b

Joint Erosions of the
Hands and Feet,
OR (95% CI)c P Value

Change in Larsen Score
(95% CI)d P Value

74 Glutamic acid 18 1.25 (0.55 to 2.87) .60 (n = 14)b

−0.45 (−2.79 to 1.88)
.70

74 Arginine 90 0.87 (0.58 to 1.31) .51 (n = 84)b

−1.43 (−2.43 to −0.43)
5.00E-03f

74 Glutamine 69 0.68 (0.41 to 1.15) .15 (n = 65)b

0.08 (−1.05 to 1.20)
.89

74 Leucine 17 0.67 (0.27 to 1.63) .38 (n = 13)b

−4.53 (−7.07 to −1.99)
4.70E-04f

a The comparison group is all other amino acids at this position listed in the
Table. The amino acids listed herein represent the exhaustive list of all possible
amino acids at positions 11, 71, or 74 in the white population. The strongest
association signal with radiological outcome mapped to valine 11.

b Indicates the number of homozygote and heterozygote patients for that
specific amino acid with available radiograph and genetic data.

c Tested with a generalized estimating equation model.
d Tested with a generalized latent and linear mixed model. The Larsen score

ranges from 0 to 200; a higher score indicates a more severe level of joint
damage.

e The total number of patients with available radiographs and an available
genotype located at the position of at least 1 of the 3 positions studied;
however, only a subset of those will have been successfully assigned a
genotype at every position.

f Remains significant with a false discovery rate of 0.05 after adjustment with
the Benjamini-Hochberg method.

g Number of patients is different for different measures of radiographic
outcome because erosion status and the Larsen score have been determined
independently of each other.
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(Table 4). The same haplotype risk hierarchy established for
susceptibility was fully conserved with that seen for radio-
graphic severity (Figure 2). We observed a significant align-
ment for the 16-haplotype model (r2 = 0.98 for the 8 haplo-
types with a frequency of ≥5% associated with erosions of the
hands and feet vs susceptibility; P = 1.09E-06).

The genetic risk score35 for severity (calculated solely with
the 16 HLA-DRB1 haplotypes) also was highly associated with
the genetic risk score for susceptibility (r2 = 0.57, P < 1.0E-
300; eFigure in Supplement 1). The 16-haplotype model was
associated with Larsen score (P = 3.73E-06) as was the shared
epitope (P = 1.10E-06); however, only the 16-haplotype model
remained significantly associated (P = 1.74E-03) when tested
together with the shared epitope (P = .99). Mediation analy-
sis detected a significant direct association of the 16-
haplotype model on radiographic outcome, independently of
the anticitrullinated protein antibody status (eResults in
Supplement 1).

Radiographic Outcome: Replication in ERAS
To replicate associations with radiographic outcome, we tested
a second cohort of patients with early-stage RA (Table 1). At
the time we conducted the study, the ERAS cohort had 1399
patients with phenotypic information; however, a DNA sample
was only available for 421 patients. The demographic and clini-
cal characteristics of this subgroup were similar to those of the
entire ERAS cohort.36 The same pattern in NOAR was seen in
ERAS (Table 2); valine at amino acid position 11 was associ-
ated with erosions of the hands and feet and Larsen score. Po-
sition 11 as a whole was associated with erosions of the hands
and feet (P = 5.05E-05) and with Larsen score (P = 9.71E-13),
and remained significant after adjustment for the shared epi-
tope (3.43E-06), which was then no longer associated with RA
outcome (P = .69). The 16-haplotype model was associated with
Larsen score (P = 7.42E-25) and completely removed the as-
sociation of the shared epitope.

Comparison With Shared Epitope
We formally tested the incremental explanatory power of the
16-haplotype model compared with the shared epitope to
model radiographic damage and found the goodness of fit of
the 16-haplotype model to be significantly better. The log like-
lihood (a measure of the goodness of fit of a model) for
GLLAMM (Larsen score) in RA was −8483 for the 16-
haplotype model, which was greater than −9016 for the shared
epitope. The higher the log likelihood, the better the model fit.
This difference in the goodness of fit was statistically signifi-
cant (P = .03) when compared using the likelihood ratio test
(eResults in Supplement 1).

Mortality Study in NOAR
All-cause mortality also was tested to confirm that HLA-
DRB1 haplotypes associated with an increased risk of radio-
graphic damage were also associated with an increased risk of
other measures of severe disease outcome. Of 2432 patients
with data and DNA available, 642 patients died during a me-
dian duration of follow-up of 12 years (interquartile range, 8-17
years). Valine at amino acid position 11 was again signifi-

cantly associated with higher all-cause mortality in patients
with inflammatory polyarthritis (HR, 1.16 [95% CI, 1.03-1.31],
P = .01) (noncarriers: 319 deaths in 1398 patients over 17 196
person-years, mortality rate of 1.9% per year; carriers: 324
deaths in 1116 patients in 13 208 person-years, mortality rate
of 2.5% per year).

Figure 1. Linear Correlation Between Odds Ratios (ORs)
for Rheumatoid Arthritis (RA) Susceptibility and ORs for Severity
of RA From Univariable Analysis
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inflammatory polyarthritis [IP]) vs anticitrullinated protein antibody–positive
RA. The orange line in the top 2 panels was fitted by linear regression.
Horizontal and vertical error bars indicate 95% CIs. Ala indicates alanine;
Arg, arginine; Asp, aspartic acid; Gln, glutamine; Glu, glutamic acid; Gly, glycine;
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appears in eTable 4 in Supplement 1 and in Raychaudhuri et al.11
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Restricting the analysis to the subset of patients with RA
showed the same pattern. When the 16-haplotype model was
tested, the same hierarchy was observed. All-cause mortality
in patients with inflammatory polyarthritis was increased for
carriers of the VKA haplotype (mortality rates for noncarriers
vs carriers: 1.9% vs 2.5% per year; HR, 1.15 [95% CI, 0.99-1.33],
P = .08), whereas the SEA haplotype was associated with de-
creased mortality (mortality rates for noncarriers vs carriers:
2.2% vs 1.5% per year; HR, 0.76 [95% CI, 0.60-0.97], P = .03).
The difference in HRs of 0.37 (95% CI, 0.10-0.64) was statisti-
cally significant (P = 8.3E-03), indicating that the same risk hi-
erarchy observed for radiographic damage also applied to other
measures of disease severity.

Treatment Response to TNF Inhibitor Drugs in BRAGGSS
We also tested for an association between HLA-DRB1 amino
acid positions 11, 71, and 74 and treatment response to TNF in-
hibitor drugs in a third independent cohort of 1846 patients
from the BRAGGSS cohort with available genotype and treat-
ment response data (Table 1). We found no significant asso-
ciation for change in DAS28 with anticitrullinated protein an-
tibodies (P = .15) or the shared epitope (P = .21); similar results

Table 4. Multivariable Analysis of 16 Haplotypes and Their Association With Radiographic Outcome in Patients With Rheumatoid Arthritis (RA)
in the Norfolk Arthritis Register

Haplotype
Namea

Amino Acid by Positionb No. of Patients With RA

Haplotype
Frequency
in RA, %c

GEEd GLLAMMe

11 71 74

Heterozygote
Carriers
(n = 1832)

Homozygote
Carriers
(n = 1832)

Joint Erosions,
OR (95% CI)
(n = 1249) P Value

Change in
Larsen Score
(95% CI)
(n = 1249)f P Value

VKAg Val Lys Ala 541 55 17.8 1.82 (1.35 to 2.46) 8.85E-05h 2.07 (0.69 to 3.44) 3.28E-03h

VRAg Val Arg Ala 316 14 9.4 1.84 (1.31 to 2.59) 4.00E-04h 3.31 (1.64 to 4.98) 1.00E-04h

LRAg Leu Arg Ala 458 31 14.2 1.48 (1.05 to 2.08) .03 1.52 (−0.10 to 3.14) .07

PRA Pro Arg Ala 32 1 0.9 1.05 (0.56 to 1.97) .88 3.37 (0.06 to 6.69) .05

VRE Val Arg Glu 81 6 2.5 1.55 (0.92 to 2.64) .10 1.60 (−0.67 to 3.88) .17

DRE Asp Arg Glu 60 2 1.7 1.26 (0.68 to 2.32) .47 3.21 (0.38 to 6.04) .03

VEA Val Glu Ala 12 0 0.3 0.24 (0.05 to 1.19) .08 −2.46 (−7.41 to 2.48) .33

SKA Ser Lys Ala 25 0 0.7 0.88 (0.33 to 2.39) .80 0.01 (−3.70 to 3.72) 1.00

PAAg,i Pro Ala Ala 339 25 10.6 1 [Reference] 0 [Reference]

GRQg Gly Arg Gln 383 24 11.8 1.04 (0.75 to 1.45) .82 1.08 (−0.47 to 2.62) .17

SRAg Ser Arg Ala 171 6 5.0 1.07 (0.71 to 1.60) .75 1.38 (−0.48 to 3.24) .15

SRE Ser Arg Glu 67 1 1.9 0.42 (0.23 to 0.77) .01h −1.38 (−3.79 to 1.03) .26

LEA Leu Glu Ala 32 1 0.9 0.59 (0.26 to 1.36) .22 −3.07 (−7.47 to 1.32) .17

SRL Ser Arg Leu 74 0 2.0 1.02 (0.54 to 1.92) .96 −0.10 (−2.41 to 2.21) .93

SKRg Ser Lys Arg 407 32 12.9 0.92 (0.67 to 1.28) .64 −0.18 (−1.68 to 1.31) .81

SEAg Ser Glu Ala 236 17 7.4 0.75 (0.51 to 1.09) .13 0.26 (−1.41 to 1.93) .76

Abbreviations: GEE, generalized estimating equation; GLLAMM, generalized
latent and linear mixed model; OR, odds ratio.
a Derived from Table 1 in the article by Raychaudhuri et al.11

b Ala indicates alanine; Arg, arginine; Asp, aspartic acid; Gln, glutamine;
Glu, glutamic acid; Gly, glycine; Leu, leucine; Lys, lysine; Pro, proline;
Ser, serine; Val, valine.

c Calculated as (No. of heterozygote carriers + 2 × No. of homozygote
carriers)/(2 × 1832). Haplotype frequency was assessed in the entire RA
population in the Norfolk Arthritis Register cohort with available haplotype
(1832 patients), including individuals without available radiological assessment.

d Population-averaged model for the presence of erosive disease (longitudinal
dummy variable). The haplotype group P value is 2.70E-11.

e The haplotype group P value is 1.22E-06.

f The Larsen score (longitudinal continuous variable) ranges from 0 to 200; a
higher score indicates a more severe level of joint damage. The association
study for joint erosions of the hands and feet or Larsen score was performed
on samples with available haplotype and radiological data (1249 patients with
RA). This number is smaller than the 1363 patients with RA described in Table 1
because some have missing genotypes at 1 or 2 of the 3 positions used to
construct haplotypes.

g Frequency greater than 5%; cumulatively, these haplotypes represent 89% of
the RA population.

h Remains significant with a false discovery rate of 0.05 after adjustment with
the Benjamini-Hochberg method.

i Used as the reference group; previously reported to be the most frequent
haplotype in control samples.11

Figure 2. Eight Haplotypes With Frequency of 5% or Greater Associated
With Odds Ratios (ORs) for Joint Erosions and ORs for Susceptibility
to Rheumatoid Arthritis (RA)
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PAA haplotype (cyan dot). Similar results were obtained for RA vs
anticitrullinated protein antibody–positive RA. The orange line was fitted by
linear regression. Horizontal and vertical error bars indicate 95% CIs. The odds
ratios for susceptibility are from Table 1 of the article by Raychaudhuri et al.11
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were found for the EULAR response (P = .55 and P = .08, re-
spectively). However, valine at amino acid position 11 was sig-
nificantly associated with a better EULAR response (OR, 1.14
[95% CI, 1.01-1.30], P = .04) (noncarriers: 78% [439/561 pa-
tients] with moderate or good EULAR response; heterozy-
gote carriers: 81% [698/866 patients]; and homozygote carri-
ers: 86% [277/322 patients]).

The crude unadjusted data for treatment response and
haplotypes appear in Table 5. The VKA haplotype was sig-
nificantly associated with a better EULAR response (OR, 1.23
[95% CI, 1.06-1.43], P = .007; Table 6). The OR shows the
increased chance of moving from one EULAR response cat-
egory to the next per copy of the VKA haplotype. This trans-
lates to an OR of 2.32 for a good EULAR response vs no
response from a VKA haplotype homozygote patient vs a
noncarrier (assuming an additive model). The association of
the VKA haplotype was independent of known factors

(DAS28, Health Assessment Questionnaire disability index,
disease-modifying antirheumatic drugs, and sex) associated
with good response.

The risk hierarchy of the SEA haplotype with regard to the
VKA haplotype was significantly conserved. The difference in
change in DAS28 between 1 copy of the VKA haplotype and 1
copy of the SEA haplotype was significant (difference in change
in DAS28 of 0.29 [95% CI, 0.04-0.54], P = .03). Because this dif-
ference in change in DAS28 is reported for 1 copy of each hap-
lotype, it means that a homozygote carrier of the VKA haplo-
type will have a DAS28 score of 0.58 units lower on average
between 3 and 6 months after therapy than a homozygote car-
rier of the SEA haplotype. The 6 variable model presented in
Table 6 explained 15% of the variance in treatment response.
When all other haplotypes were included in the analysis, the
risk hierarchy also was significantly conserved (Figure 3 and
Figure 4).

Table 5. Crude Unadjusted Measures of Treatment Response in the Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate Cohort
of 1846 Patients

SEA Haplotype
(n = 1736)

VKA Haplotypea

0 Copies 1 Copy 2 Copies

Change in DAS28 EULAR Response Change in DAS28 EULAR Response Change in DAS28 EULAR Response
0 copies −2.43 (1.54) 1.06 (0.70) −2.49 (1.49) 1.15 (0.69) −2.58 (1.43) 1.16 (0.63)

1 copy −2.23 (1.54) 0.98 (0.67) −2.52 (1.40) 1.33 (0.66)

2 copies −1.75 (1.88) 0.80 (1.10)

Abbreviations: DAS28, Disease Activity Score based on 28 joint counts;
EULAR, European League Against Rheumatism.
a Data are expressed as mean (SD). Change in DAS28 and EULAR response are

measures of treatment response. Scores for DAS28 range from 0 to 10
(a higher score indicates a higher level of disease activity) and EULAR

response range from 0 (no response), 1 (moderate response), to 2 (good
response). A negative value for change in DAS28 indicates treatment response
and corresponds to a value greater than 0 for EULAR response. There are
empty cells because the carriage of the 2 haplotypes is mutually exclusive.

Table 6. Adjusted Measures of Treatment Response in the Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate Cohort

Markera

Change in DAS28b EULAR Responsec

Coefficient (95% CI) P Value OR (95% CI) P Value
VKA haplotyped −0.12 (−0.23 to −0.01) 3.25E-02 1.23 (1.06 to 1.43) .007

SEA haplotyped 0.17 (−0.08 to 0.42) 1.80E-01 0.96 (0.68 to 1.35) 8.08E-01

DAS28 −0.60 (−0.67 to −0.53) 1.71E-57 0.92 (0.84 to 1.02) 1.29E-01

Health Assessment Questionnaire (HAQ) disability indexe 0.40 (0.27 to 0.52) 5.35E-10 0.61 (0.51 to 0.73) 3.34E-08

Disease-modifying antirheumatic drugsf −0.45 (−0.61 to −0.30) 1.03E-08 1.77 (1.43 to 2.18) 1.11E-07

Sexg 0.22 (0.06 to 0.38) 5.93E-03 0.76 (0.62 to 0.95) 1.44E-02

Abbreviations: DAS28, Disease Activity Score based on 28 joint counts;
OR, odds ratio.
a Haplotypes were the main variables, whereas DAS28, HAQ disability index,

disease-modifying antirheumatic drugs, and sex were the covariates. The
reference group for the regressions was the group of patients without a copy
of the VKA or SEA haplotype.

b Multivariable linear regression was performed. Regression coefficients are
expressed in DAS28 units and are given for an increase of 1 unit for every
variable. For example, for every point in HAQ at treatment initiation, a patient
will on average experience an increase in DAS28 by 0.40 during treatment,
but a decrease by 0.12 for every copy of the VKA haplotype, and the
magnitude of these associations are independent of any other parameters
tested. DAS28 at baseline (ie, at initiation of treatment with tumor necrosis
factor inhibitor therapy) is strongly associated with treatment response as
measured by change in DAS28, but is not associated with European League
Against Rheumatism (EULAR) response in this Table, reflecting the fact that

EULAR response is a composite measure of change in DAS28 and absolute
DAS28.

c Multivariable ordinal logistic regression was performed. The ORs for EULAR
response are given for an increase of 1 unit for every variable.

d The VKA haplotype was chosen because it has been shown to have the largest
magnitude of association with an increased susceptibility and severity in
rheumatoid arthritis. The SEA haplotype was chosen because it has been
shown to have the largest magnitude of association with a decreased
susceptibility and severity in rheumatoid arthritis (Table 4 and Figure 2; and
Table 1 of article by Raychaudhuri et al11).

e Measured at baseline; functional disability measure with a score range from
0 to 3; a higher score indicates a higher level of disability.

f Concurrent treatment was coded as 1 (no concurrent treatment was coded as
0 and serves as the reference group).

g Female was coded as 1 (male was coded as 0 and serves as reference group).
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Discussion

To our knowledge, this is the first study to explore the asso-
ciations of 16 HLA-DRB1 haplotypes defined by amino acids
at positions 11, 71, and 74 with RA severity, mortality, and treat-
ment response. We found that the same RA susceptibility risk
variants also were associated with these outcome measures.
We have reproduced previously published results regarding the
association of the shared epitope on disease severity,4

mortality,5,6 and its lack of association with treatment
response.10,37 The classification11 of 16 haplotypes appears to
supersede the previous shared epitope model, which classi-
fied patients with RA into 2 groups of patients positive for the
shared epitope or negative for it.

Amino acid position 11 (outside of the shared epitope) was
associated with the development of radiographic damage in
patients with inflammatory polyarthritis and RA. This was in-
dependent of the classic shared epitope. Valine at this posi-
tion represents what we believe is the strongest single ge-
netic association with radiographic damage identified to date.
The association was confirmed at genome-wide thresholds and
was replicated in an independent cohort. Every valine car-
ried was associated with a higher Larsen score (1.8 Larsen
units); therefore, homozygosity at this locus corresponds to a

Larsen score that is higher by 3.6 Larsen units than the one of
nonvaline carriers, and is clinically relevant (the minimal clini-
cally important difference is 2.3).38

Valine at amino acid position 11 also was associated with
mortality and treatment response. The HLA-DRB1 positions
11, 71, and 74 were associated independently of each other
and formed 16 haplotypes that were hierarchically associ-
ated with radiographic damage, all-cause mortality, and
treatment response to TNF inhibitor drugs. The valine-
containing VKA haplotype was associated with RA suscepti-
bility (OR, 4.44 [95% CI, 4.02-4.91), joint erosions in
patients with RA (OR, 1.82 [95% CI, 1.35-2.46]), and a better
response to TNF inhibitor drugs (OR, 1.23 [95% CI, 1.06-
1.43]). Although this is a modest increase for treatment
response, it should be recognized that it refers to the likeli-
hood of moving from the EULAR category of none to a mod-
erate response, or from a moderate to a good response for
every copy of the VKA haplotype carried by the patient
compared with noncarriers.

The 16-haplotype model provided significantly more in-
formation than the currently used shared epitope classifica-
tion and modeled the association of the HLA-DRB1 locus with
RA severity significantly better. The association of HLA-DRB1
did not appear to be exclusively mediated by anticitrulli-
nated protein antibodies because we identified a significant

Figure 3. Definition of 4 Haplotype Groups by 16 Haplotypes Defined
by Amino Acid Positions 11, 71, and 74 of HLA-DRB1
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develop rheumatoid arthritis are represented below the dashed line, whereas
haplotypes associated with an increased risk are above it. Of the 1846 patients
from the BRAGGSS cohort presented in Table 1, 1819 had nonmissing genotypes
at the 3 positions used to construct the haplotypes. Group 1 comprises 894
heterozygote patients (1 copy of a group 1 haplotype; eg, VKA or VRA) and 314
homozygote patients (2 copies of VKA or 2 copies of VRA, 1 copy of VKA and
VRA). Group 2 comprises 594 heterozygote patients and 46 homozygote
patients. Group 3 comprises 715 heterozygote patients and 80 homozygote
patients. Group 4 comprises 480 heterozygote patients and 37 homozygote
patients. The haplotype frequency presented was calculated as: (No. of
heterozygote carriers + 2 × No. of homozygote carriers)/(2 × 1819). The
nomenclature for haplotype names is presented in Table 4.

Figure 4. Correlation Between Odds Ratios (ORs) for Susceptibility
to Rheumatoid Arthritis (RA) and ORs for Treatment Response
in BRAGGSS Cohort
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Treatment response correlates with susceptibility in this Figure. Horizontal and
vertical error bars indicate 95% CIs. The orange line was fitted by linear
regression. Haplotype groups are defined in Figure 3. The OR for a haplotype
group for the association with RA susceptibility has been calculated as the
weighted average of the OR of the individual haplotypes belonging to the
group; haplotype frequency was used as the weight. The OR for the association
with treatment response has been calculated using a multivariable ordinal
logistic regression of European League Against Rheumatism response on the
haplotype groups. Every patient in the Biologics in Rheumatoid Arthritis
Genetics and Genomics Study Syndicate (BRAGGSS) cohort carries either 0, 1, or
2 copies of a haplotype classified as a group 1, 2, 3, or 4 haplotype. The
multivariable ordinal logistic regression includes all 4 haplotype groups in the
same model and the following markers of treatment response as covariates:
sex, concurrent treatment with disease-modifying antirheumatic drugs, Disease
Activity Score based on 28 joint counts, and Health Assessment Questionnaire
disability index score at treatment initiation (baseline). The Disease Activity
Score ranges from 0 to 10; a higher score indicates a higher level of disease
activity. Health Assessment Questionnaire measures functional disability and
ranges from 0 to 3; a higher score indicates a higher level of disability.
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direct effect of HLA-DRB1 on radiographic outcome (eResults
in Supplement 1), but no association of anticitrullinated pro-
tein antibodies with treatment response.

There are some strengths and limitations of the study.
The availability of a large prospective cohort of patients
with inflammatory polyarthritis or RA recruited at disease
onset in the NOAR allowed us to determine 3 associations
independent of each other within the HLA-DRB1 gene. The
ERAS replication cohort provided independent validation of
the results. The lack of available replication cohorts for
other measures of disease outcome (mortality and treat-
ment response) is a limitation and results for those out-
comes require replication in independent cohorts. However,
a strength of the present study is the comparison of associa-
tion of the same genetic markers across various measures of
disease severity and outcome. This allowed us to test the
hypothesis that at least some genetic markers of autoim-

mune disease susceptibility, outcome, and treatment
response are shared.

The study design did not allow us to answer the question re-
garding whether the increased genetic risk of developing severe
and lethal disease was outweighed by the higher probability of
responding to treatment because we did not have a cohort with
concomitantly available severity and treatment response data.

Conclusions
Among patients with RA, the HLA-DRB1 locus, which is asso-
ciated with disease susceptibility, was also associated with ra-
diological severity, mortality, and treatment response. Repli-
cation of these findings in other cohorts is needed as a next
step in evaluating the role of HLA-DRB1 haplotype analysis for
management of RA.
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