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Association of a complement receptor 1 gene variant with
baseline erythrocyte sedimentation rate levels in patients starting
anti-TNF therapy in a UK rheumatoid arthritis cohort: results
from the Biologics in Rheumatoid Arthritis Genetics and
Genomics Study Syndicate cohort
J Bluett1,8, I Ibrahim1,8, D Plant2, KL Hyrich1, AW Morgan3,4, AG Wilson5, JD Isaacs6 for BRAGGSS7 and A Barton1,2

Eligibility for anti-tumour necrosis factor (TNF) therapy in most European countries is restricted to severe, active rheumatoid arthritis
(RA). The DAS28 score is a marker of disease severity and incorporates one of two inflammatory markers, erythrocyte sedimentation
rate (ESR) or C-reactive protein. We aimed to determine the relation between genetic variants known to affect ESR and levels of
ESR in patients with active RA. DNA samples were genotyped for four single-nucleotide polymorphisms (SNPs) rs7527798
(CR1L), rs6691117 (CR1), rs10903129 (TMEM57) and rs1043879 (C1orf63). The association between SNPs and baseline ESR, baseline
DAS28-ESR, and change in DAS28-ESR was evaluated. Baseline ESR was significantly associated with CR1 rs6691117 genotype
(P¼ 0.01). No correlation was identified between baseline DAS28-ESR or change in DAS28-ESR. In conclusion, genetic variation in
the gene encoding CR1 may alter ESR levels but not DAS28-ESR, indicating no adjustment for CR1 genotype is required in the
assessment of patients with severe active RA.
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INTRODUCTION
The development of biologic drugs that block the tumour necrosis
factor (TNF) pathway has revolutionized rheumatoid arthritis (RA)
treatment and patient prognosis. Anti-TNF drugs reduce joint
inflammation, diminish radiological damage and may reduce
cardiovascular risk.1,2 However, due to increased risk of infection,
inefficacy in a subset of patients and the economic impact,
predictors of treatment response would be a major clinical
advance.3 In the United Kingdom, eligibility for biologics is
determined by guidance issued by the National Institute for
Health and Clinical Excellence (NICE).4 Eligibility to commence and
maintain treatment with anti-TNF therapy is determined by the 28
joint-count disease activity score (DAS28).5 The DAS28 is an
assessment used to measure the level of disease activity in
patients with RA and has been validated in several studies.6–8

A score of X5.1 on two separate occasions at least 1 month apart
is required before UK patients are eligible for anti-TNF therapy.

DAS28 is a composite index of RA disease activity, which
includes number of swollen and tender joints in 28 specified
joints, patient global health as measured by a visual analogue

scale and one of two inflammatory markers, erythrocyte
sedimentation rate (ESR) or C-reactive protein (CRP).6 CRP is an
acute-phase protein that is produced by the liver and is very
sensitive to short-term changes in inflammation.9 ESR is measured
by the rate at which red blood cells sediment over 1 h and is
reported in mm h� 1. In contrast to CRP, raised ESR indicates long-
standing, chronic inflammation and is an indirect measure of
acute-phase protein levels with a slower response after
inflammatory stimulation or resolution.9 ESR is increased in a
variety of conditions including pregnancy, myeloma, anaemia and
is further affected by age and gender, but this is not controlled for
in the calculation of the DAS28-ESR.10 A recent genome-wide
association study identified single-nucleotide polymorphisms
(SNPs) in several genes, which were associated with ESR levels
at genome-wide significance thresholds (Pp1� 10� 8) including
CR1 rs6691117.11 If this genetic correlation is also observed in RA
patients, it could have important clinical implications when
assessing eligibility for anti-TNF therapy using the DAS28-ESR.
CR1 encodes complement receptor 1 (CD35), a membrane
glycoprotein present on erythrocytes and leucocytes that acts as
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a negative regulator of the complement cascade by increasing
clearance of complement opsonized immune complexes, thus
preventing immune complex deposition.12–14

The aim of the current study was first, to investigate the
importance of known genetic variants that affect ESR and determine
whether they significantly influence ESR levels in UK patients with
active RA, and secondly, to determine whether the genetic variants
correlate with treatment response to anti-TNF medication. We aimed
to investigate the rs7527798, rs6691117, rs10903129 and rs1043879
SNPs mapping to the CR1L, CR1, TMEM57 and C1orf63 genes,
respectively, which have each been associated with ESR levels, to
determine their association with baseline ESR, baseline DAS28-ESR
and change in DAS28-ESR in patients with RA before and after
6 months therapy with an anti-TNF drug.

MATERIALS AND METHODS
Subjects
DNA samples from patients included in this study were obtained from the
Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate
(BRAGGSS). Patients eligible for the BRAGGSS cohort were initially
identified through the British Society for Rheumatology Biologics Register
(BSRBR). The BSRBR is a prospective observational study of patients with
rheumatic diseases newly commenced on anti-TNF biologic therapy, who
are followed up every 6 months for a period of at least 5 years.15 One of
the fundamental objectives of the BSRBR is to monitor patient progress, as
well as the incidence of long- and short-term side effects. The BRAGGSS
cohort was developed for the study of genetic predictors of response to
anti-TNF biologic therapy. Consultants at contributing centres across the
United Kingdom gave permission to identify their patients from the BSRBR;
eligible patients were approached by letter and invited to donate blood
samples for DNA extraction when they were due for a routine blood test.
Samples were posted to the Arthritis Research UK Epidemiology Unit for
processing, storage and analyses. All contributing patients provided
informed consent, and the study was approved by a multicenter ethics
committee (COREC 04/Q1403/37).

Baseline and 6-month DAS28 values were recorded to allow subsequent
analysis. Patients were excluded from this study if they had stopped
treatment because of adverse events or reasons other than inefficacy, or
after any change in their anti-TNF biologic therapy during the follow-up
period.

Genotyping
DNA samples were genotyped using the Sequenom MassArray iPLEX
system. In each reaction, 10 ng of DNA was used and the protocol was
followed according to the manufacturer’s instructions (http://www.
Sequenom.com). For each marker, negative water controls were included
for each experiment, and genotype cluster plots were manually reviewed.
In addition, SNPs were assessed for deviation from Hardy–Weinberg
equilibrium. For purposes of quality control, a 90% sample threshold and
90% genotyping success threshold were used.

Statistics
Baseline levels of ESR in the cohort studied did not follow a
normal distribution and were positively skewed; thus, baseline ESR
values were log-transformed before analysis. The association between
SNPs and ESR was evaluated with linear regression under an additive effect
model. Analyses were repeated adjusting for gender and age at baseline.
Linear regression models were also used to analyze DAS28-ESR and
change in DAS28-ESR over a 6-month period of treatment with anti-TNF
therapy.

These analyses were performed using STATA V.11.2 (http://www.stata.
com). Power calculations were performed using Quanto (version 1.2.3)
(http://hydra.usc.edu/gxe) under an additive model for a range of
marker-allele frequencies.

RESULTS
Clinical response and demographic data were recorded in 2978
patients. In total, 264 stopped their anti-TNF drug for reasons
other than inefficacy, 12 had no recorded information regarding a

potential change in their therapy and 146 had either an
incomplete baseline DAS28 or 6-month follow-up DAS28.

The rs7527798 (CR1L), rs6691117 (CR1), rs10903129 (TMEM57)
and rs1043879 (C1orf63) SNP markers were genotyped in 1510
DNA samples. The genotyping success rates for rs7527798,
rs6691117, rs1043879 and rs10903129 were 96%. Ninety-six
individuals were removed due to genotype success o90%.

In total, 1223 samples were successfully genotyped for all four
SNPs with recorded baseline DAS28 and 6-month follow-up DAS28.
Of the samples with genotype information, ESR serum measure-
ments were available for 1188 samples at baseline (pretreatment)
and 1195 samples at 6 months. Table 1 describes the demographic
and disease characteristics of the BRAGGSS cohort. Genotype fre-
quencies of all four markers conformed to Hardy–Weinberg
equilibrium (Table 2). For 1223 individuals for whom change in
DAS28-ESR was available, the study had 480% power (at the 5%
significance threshold) to detect a clinically meaningful difference
of 0.6 DAS28-ESR units for an allele frequency of 5%.

As expected, following treatment with anti-TNF therapy, we
noted a decrease in serum ESR levels and DAS28-ESR within the
BRAGGSS cohort. Age was significantly associated with higher
baseline ESR, baseline DAS28 and DAS28 6 months after anti-TNF
treatment (Po0.001,¼ 0.002 ando0.001, respectively). Female
sex was significantly associated with higher baseline ESR, baseline
DAS28 and DAS28 6 months after anti-TNF treatment (P¼ 0.004,
o0.001 ando0.001, respectively).

Two copies of rs6691117 CR1 GG minor allele were significantly
associated with baseline ESR, as shown in Table 2, but not ESR after
6 months of treatment or change of ESR. After correcting for gender
and age effects the statistical significance remained (P¼ 0.01).
Association remained after correcting for anti-CCP serology. The
CR1 rs6691117 GG was not significantly associated with baseline
DAS28-ESR, change in DAS28-ESR or DAS28-ESR after 6 months of
treatment (P¼ 0.99, 0.78, 0.77 respectively). The CR1L rs7527798 CC
genotype was significantly associated with change in DAS28-ESR
following 6 months treatment with anti-TNF therapy (P¼ 0.05) but
not change in ESR over the same period (P¼ 0.26). These data are
presented in Supplementary Tables S1–5.

DISCUSSION
Recent reports have identified that genetic variants on chromo-
some 1 affect ESR levels. This has potentially important
consequences for RA patients as eligibility for anti-TNF therapy
is determined by DAS28, which may incorporate ESR as a

Table 1. Demographic and disease characteristics

Agea (years) 56.75 (10.89)
Disease durationb (years) 12 (6–20)
Sex, F: n (%) 951 (77.76)
ESR at baselineb, mmh� 1 40 (25–66)
Change in ESRb, mmh� 1 � 14 (� 3–� 30)
DAS28-ESR at baselinea 6.67 (0.97)
Change in DAS28-ESRa � 2.49 (1.52)
Concurrent methotrexate therapy, n (%) 705 (57.65)
Rheumatoid factor positive, n (%) 719 (64.31)
Anti-CCP positive, n (%) 828 (80.78)
Infliximab, n (%) 490 (40.07)
Etanercept, n (%) 493 (40.31)
Adalimumab, n (%) 240 (19.62)

Abbreviations: DAS28, Disease Activity Score 28; ESR, erythrocyte
sedimentation rate; F, female; IQR, interquartile range.
aValues are expressed as mean (s.d.).
bValues are expressed as median (IQR). All other values are n (%). Disease
duration was measured in 1180 patients; baseline erythrocyte sedimenta-
tion was recorded in 1188 patients; change in ESR was recorded in 1195
patients; and change in DAS28-ESR was available in 1188 patients.
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biomarker of inflammation. Therefore, as genetic markers affect
ESR levels, these markers could influence treatment decisions and
could have adverse consequences for those patients who carry
the genotypes associated with lower ESR, as they would be less
likely to meet eligibility criteria for anti-TNF therapy.

In the current study, two copies of the AA major allele in
rs6691117 of the CR1 gene are significantly associated with lower
baseline ESR levels prior to anti-TNF therapy in keeping with the
direction of effect reported by Kullo et al.11 (P¼ 7� 10� 12).
Importantly, however, the genotype did not associate with
baseline DAS28-ESR. Although we were unable to adjust for all
factors that are associated with ESR, in particular haemoglobin
levels, we were able to adjust for age and gender that did not
qualitatively affect the results. While this is reassuring, the current
cohort had severe active RA, and therefore higher ESR compared
with the cohort in Kullo et al.11 (46.8 versus 13.1 mm h� 1 in the
discovery cohort).16 We cannot exclude that the genetic markers
affecting ESR levels may still impact DAS28-ESR in patients with
less active inflammatory disease than this severe active RA cohort.
If the DAS28 thresholds were to be reduced in the future, the
genetic markers may influence the eligibility for anti-TNF therapy.
Collection of a cohort of patients with early RA would be required
to investigate this possibility. Our primary aim was to investigate if
genetic markers affected the eligibility to being started on any
anti-TNF; we are unable to investigate a class effect between anti-
TNF treatments as the reduced sample size would have limited
power. CR1 is a potent inhibitor of complement activation and
genetic variation within this gene may affect Rouleaux formation
and hence ESR. The rs6691117 is a non-synonymous SNP encod-
ing an isoleucine to valine alteration. This may modify the secon-
dary structure of CR1 affecting its ability to clear complement
opsonized immune complexes, thereby increasing ESR.

Carriage of the minor allele CC at rs7527798 (CR1L) was
associated with change in DAS28-ESR, but not baseline ESR or
change of ESR. This most likely represents a false-positive result as
the rs7527798 polymorphism has not, to our knowledge, been
associated with swollen joints, tender joints or patient global health.

Failure to detect an association with baseline or 6-month
DAS28-ESR may reflect inadequate power to detect modest
effects. However, despite not reaching significance thresholds, the
direction of effect for rs7527798, rs6691117, rs10903129 and
rs1043879 were in keeping with previously reported directions in
a previous association study.11

CRP can also be used to calculate DAS28-CRP. A previous study
has shown that genetic variants at the CRP locus correlate with the
level of CRP.17 However, a recent study has shown that for patients
with severe active RA, CRP and DAS28-CRP are not affected by
these genetic markers.18

CONCLUSIONS
In summary, rs6691117 polymorphism has been shown to
influence ESR levels in patients with very active inflammation
but not DAS28-ESR. This is reassuring for those patients starting
anti-TNF, but further studies with a cohort that includes a wide
range of DAS28-ESR levels would be required to ensure rs6691117
does not affect DAS28-ESR and hence eligibility for anti-TNF
therapy.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
We thank Arthritis Research UK for their support (grant no. 17552). This report
includes independent research supported by the National Institute for Health
Research Biomedical Research Unit Funding Scheme. The views expressed in this
publication are those of the author(s) and not necessarily those of the NHS, the
National Institute for Health Research or the Department of Health.

REFERENCES
1 Peters MJL, van Sijl AM, Voskuyl AE, Sattar N, Smulders YM, Nurmohamed MT. The

effects of tumor necrosis factor inhibitors on cardiovascular risk in rheumatoid
arthritis. Curr Pharm Des 2012; 18: 1502–1511.

2 Malaviya AP, Ostor AJK. Rheumatoid arthritis and the era of biologic therapy.
Inflammopharmacology 2012; 20: 59–69.

3 Rubbert-Roth A. Assessing the safety of biologic agents in patients with rheu-
matoid arthritis. Rheumatology (Oxford) 2012; 51(Suppl 5): v38–v47.

4 NICE guidelines. Rheumatoid Arthritis, National clinical guideline for management
and treatment in adults. Royal College of Physicians: London, 2009.

5 van der Heijde DM, van’t Hof MA, van Riel PL, van Leeuwen MA,
van Rijswijk MH, van de Putte LB. Validity of single variables and composite
indices for measuring disease activity in rheumatoid arthritis. Ann Rheum Dis
1992; 51: 177–181.

6 Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, van de Putte LB, van Riel
PL. Modified disease activity scores that include twenty-eight-joint counts.
Development and validation in a prospective longitudinal study of patients with
rheumatoid arthritis. Arthritis Rheum 1995; 38: 44–48.

7 Welsing PM, van Gestel AM, Swinkels HL, Kiemeney LA, van Riel PL. The rela-
tionship between disease activity, joint destruction, and functional capacity over
the course of rheumatoid arthritis. Arthritis Rheum 2001; 44: 2009–2017.

8 Salaffi F, Peroni M, Ferraccioli GF. Discriminating ability of composite indices for
measuring disease activity in rheumatoid arthritis: a comparison of the Chronic
Arthritis Systemic Index, Disease Activity Score and Thompson’s articular index.
Rheumatology (Oxford) 2000; 39: 90–96.

9 Kushner I. C-reactive protein in rheumatology. Arthritis Rheum. 1991; 34: 1065–1068.
10 Brigden ML. Clinical utility of the erythrocyte sedimentation rate. Am Fam Phy-

sician 1999; 60: 1443–1450.

Table 2. Relation of ESR genotypes to baseline ESR levels

SNP HWE (P) Genotype
Geometric mean baseline

ESR (mm h� 1) (s.d.) n b-Coefficient P-value

CR1L rs7527798 0.30 TT 38.51 (2.00) 598
TC 36.11 (2.17) 500
CC 36.74 (2.05) 90 � 0.042 0.21

CR1 rs6691117 0.46 AA 36.11 (2.13) 750
AG 38.67 (2.00) 393
GG 48.21 (1.72) 45 0.098 0.01

TMEM57 rs10903129 0.43 GG 35.85 (2.19) 364
AG 37.71 (2.02) 575
AA 38.74 (2.05) 249 0.040 0.18

C1orf63 rs1043879 0.86 AA 36.26 (2.08) 647
AG 38.67 (2.07) 461
GG 38.79 (2.08) 80 0.049 0.16

Abbreviations: ESR, erythrocyte sedimentation rate; HWE, Hardy–Weinberg expectation; SNP, single-nucleotide polymorphism.
Bold value is a statistically significant result.

Association of CR1 with ESR
J Bluett et al

173

& 2014 Macmillan Publishers Limited The Pharmacogenomics Journal (2014), 171 – 175



11 Kullo IJ, Ding K, Shameer K, McCarty CA, Jarvik GP, Denny JC et al. Complement
receptor 1 gene variants are associated with erythrocyte sedimentation rate. Am J
Hum Genet 2011; 89: 131–138.

12 Li J, Wang JP, Ghiran I, Cerny A, Szalai AJ, Briles DE et al. Complement receptor 1
expression on mouse erythrocytes mediates clearance of Streptococcus pneumo-
niae by immune adherence. Infect Immun 2010; 78: 3129–3135.

13 Swift AJ, Collins TS, Bugelski P, Winkelstein JA. Soluble human complement
receptor type 1 inhibits complement-mediated host defense. Clin Diagn Lab
Immunol 1994; 1: 585–589.

14 Weisman HF, Bartow T, Leppo MK, Marsh Jr. HC, Carson GR, Concino MF et al.
Soluble human complement receptor type 1: in vivo inhibitor of complement
suppressing post-ischemic myocardial inflammation and necrosis. Science 1990;
249: 146–151.

15 Hyrich KL, Watson KD, Isenberg DA, Symmons DPM. Register BSRB. The British
Society for Rheumatology Biologics Register: 6 years on. Rheumatology (Oxford)
2008; 47: 1441–1443.

16 Tukaj S, Kotlarz A, Jozwik A, Smolenska Z, Bryl E, Witkowski JM et al. Cytokines of
the Th1 and Th2 type in sera of rheumatoid arthritis patients; correlations with
anti-Hsp40 immune response and diagnostic markers. Acta Biochimica Polonica
2010; 57: 327–332.

17 Suk HJ, Ridker PM, Cook NR, Zee RYL. Relation of polymorphism within the
C-reactive protein gene and plasma CRP levels. Atherosclerosis 2005; 178: 139–145.

18 Plant D, Ibrahim I, Lunt M, Eyre S, Flynn E, Hyrich KL et al. Correlation of C-reactive
protein haplotypes with serum C-reactive protein level and response to anti-
tumor necrosis factor therapy in UK rheumatoid arthritis patients: results from the
Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate cohort.
Am J Hum Genet 2012; 89: 131–138.

This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivs 3.0 Unported License. To view a copy of

this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/

Supplementary Information accompanies the paper on the The Pharmacogenomics Journal website (http://www.nature.com/tpj)

APPENDIX
Members of the Biologics in Rheumatoid Arthritis Genetics and
Genomics Study Syndicate (BRAGGSS)
Prof H Gaston: Cambridge University Hospitals NHS Foundation
Trust, Addenbrookes Hospital.

Dr D Mulherin, Dr T Price, Dr T Sheeran, Dr V Chalam, Dr S Baskar:
Mid Staffordshire NHS Foundation Trust, Cannock Chase Hospital.

Prof P Emery, Prof A Morgan, Dr M Buch, Dr S Bingham: The
Leeds Teaching Hospitals NHS Trust, Chapel Allerton Hospital.

Dr S O’Reilly, Dr L Badcock, Dr M Regan, Dr T Ding, Dr C
Deighton, Dr G Summers, Dr N Raj: Derby Hospitals NHS
Foundation Trust, Derbyshire Royal Infirmary.

Dr R Stevens: Doncaster and Bassetlaw Hospitals NHS Founda-
tion Trust, Doncaster Royal Infirmary.

Dr N Williams: Peterborough and Stamford Hospitals NHS
Foundation Trust, Edith Cavell Hospital.

Prof J Isaacs, Dr P Platt, Dr D Walker, Dr L Kay, Dr B Griffiths, Dr
W-F Ng, Dr P Peterson, Dr A Lorenzi, Prof H Foster, Dr M Friswell, Dr
B Thompson, Dr M Lee, Dr I Griffiths: The Newcastle upon Tyne
Hospitals NHS Trust, Freeman Hospital.

Dr A Hassell, Dr P Dawes, Dr C Dowson, Dr S Kamath, Dr J
Packham, Dr M Shadforth, Ann Brownfield: University Hospital of
North Staffordshire NHS Trust, Haywood Hospital (Stoke-on-Trent).

Dr R Williams: Hereford Hospitals NHS Trust, Hereford County
Hospital.

Dr C Mukhtyar: Norfolk & Norwich University Hospital NHS Trust,
Norfolk & Norwich University Hospital.

Dr B Harrison, Dr N Snowden, Dr S Naz: Pennine Acute Hospitals
NHS Trust, North Manchester General Hospital.

Dr J Ledingham, Dr R Hull, Dr F McCrae, Dr A Thomas, Dr S
Young Min, Dr R Shaban, Dr E Wong: Portsmouth Hospitals NHS
Trust, Queen Alexandra Hospital.

Dr C Kelly, Dr C Heycock, Dr J Hamilton, Dr V Saravanan:
Gateshead Health NHS Trust, Queen Elizabeth Hospital.

Prof G Wilson, Prof D Bax, Dr L Dunkley, Dr M Akil, Dr R Tattersall,
Dr R Kilding, Dr S Till, Dr J Boulton, Dr T Tait: Sheffield Teaching
Hospitals NHS Trust, Royal Hallamshire Hospital

Dr M Bukhari, Dr J Halsey, Dr L Ottewell: University Hospital of
Morcambe Bay NHS Trust, Royal Lancaster Infirmary.

Prof C Buckley, Dr D Situnayake, Dr D Carruthers, Dr K Grindulis,
Dr F Khatack, Dr S Elamanchi, Dr K Raza: Sandwell and West
Birmingham Hospitals NHS Trust, Sandwell General/City Hospital.

Dr A Filer, Dr R Jubb: University Hospital Birmingham NHS
Foundation Trust, Selly Oak Hospital.

Dr R Abernathy: St Helens and Knowsley Hospitals NHS Trust,
St Helens Hospital.

Dr M Plant, Dr S Pathare, Dr F Clarke, Dr S Tuck, Dr J Fordham,
Dr A Paul: South Tees Hospitals NHS Trust, The James Cook
University Hospital, Middlesbrough.

Dr M Bridges: County Durham and Darlington Acute Hospitals
NHS Trust, University Hospital of North Durham.

Dr A Hakim, Whipps Cross University Hospital NHS Trust,
Whipps Cross University Hospital.

Dr D O’Reilly, Dr V Rajagopal, Dr S Bhagat: The West Suffolk
Hospital NHS Trust, West Suffolk Hospital.

Dr C Edwards: Southampton University Hospital NHS Trust,
Southampton General Hospital.

Dr P Prouse, Dr R Moitra, Dr D Shawe: Basingstoke & North
Hampshire NHS Foundation Trust, Basingstoke & North Hampshire
Hospital.

Dr A Bamji: Queen Mary’s Sidcup NHS Trust, Queen Mary’s
Sidcup (QMS) Hospital.

Dr P Klimiuk: Pennine Acute Hospitals NHS Trust, Royal Oldham
Hospital.

Dr A Bowden: Pennine Acute Hospitals NHS Trust, Rochdale
Infirmary.

Dr W Mitchell: University Hospitals of Morecambe Bay NHS
Trust, Furness Hospital.

Prof I Bruce, Prof A Barton, Dr R Gorodkin, Dr P Ho,
Dr K Hyrich, Dr W Dixon: Central Manchester University Hospital
NHS Foundation Trust, Manchester Royal Infirmary.

Dr A Rai: Worcestershire Acute Hospitals NHS Trust, Worcester-
shire Royal Hospital.

Prof G Kitas, Dr N Erb, Dr R Klocke, Dr K Douglas, Dr A Pace, Dr R
Sandhu, Dr A Whallett: The Dudley Group of Hospitals NHS
Foundation Trust, Russells Hall Hospital.

Dr F Birrell: Northumbria Healthcare NHS Foundation Trust,
Wansbeck Hospital.

Dr M Allen, Dr K Chaudhuri: University Hospitals of Coventry and
Warwickshire NHS Trust, University Hospital (was Walsgrave
Hospital).

Dr C Chattopadhyay: Wrightington, Wigan and Leigh Hospitals
NHS Foundation Trust, Wrightington Hospital.

Dr J McHale, Dr A Jones, Dr A Gupta, Dr I Pande, Dr I Gaywood,
Dr P Lanyon, Dr P Courtney, Dr M Doherty: Nottingham University
Hospitals NHS Trust, Nottingham Hospital.

Dr H Chinoy, Prof T O’Neill, Prof A Herrick, Prof A Jones, Dr R
Cooper, Dr R Bucknall: Salford Royal NHS Foundation Trust, Hope
Hospital.

Dr C Marguerie, Dr S Rigby, Dr N Dunn: South Warwickshire
General Hospital NHS Trust, Warwick Hospital.

Dr S Green, Dr A Al-Ansari, Dr S Webber: Weston Area Health
NHS Trust, Weston General Hospital.

Dr N Hopkinson, Dr C Dunne, Dr B Quilty: The Royal Bourne-
mouth & Christchurch Hospitals NHS Foundation Trust, Christch-
urch Hospital.

Dr B Szebenyi: Northern Lincolnshire and Goole Hospitals NHS
Foundation Trust, Diana, Princess of Wales Hospital.

Association of CR1 with ESR
J Bluett et al

174

The Pharmacogenomics Journal (2014), 171 – 175 & 2014 Macmillan Publishers Limited

http://creativecommons.org/licenses/by-nc-nd/3.0/
http://www.nature.com/tpj


Dr M Green, Dr M Quinn, Dr A Isdale, Dr A Brown, Dr B Saleem:
York Hospitals NHS Foundation Trust, York District Hospital.

Dr A Samanta, Dr P Sheldon, Dr W Hassan, Dr J Francis, Dr A
Kinder, Dr R Neame, Dr A Moorthy: University Hospitals of
Leicester NHS Trust, Leicester Royal Infirmary.

Dr W Al-Allaf: The Royal Wolverhampton Hospitals NHS Trust,
New Cross Hospital.

Dr A Taggart: Greenpark Healthcare NHS Trust, Musgrave Park
Hospital.

Dr K Fairburn: Chesterfield Royal Hospital NHS Foundation Trust,
Chesterfield Royal Hospital.

Dr F McKenna: Trafford Healthcare NHS Trust, Trafford General
Hospital.

Dr M Green, Dr A Gough, Dr C Lawson: Harrogate and District
NHS Foundation Trust, Harrogate District Hospital.

Dr M Piper, Dr E Korendowych, Dr T Jenkinson, Dr R Sengupta,
Dr A Bhalla, Prof N. McHugh, Debbie Bond: Royal National Hospital
for Rheumatic Diseases NHS Foundation Trust, Bath Hospital.

Prof R Luqmani, Prof B Bowness, Prof P Wordsworth, Dr J David:
Oxford Radcliffe Hospitals NHS Trust, John Radcliffe Hospital, Oxford.

Dr W Smith: Milton Keynes Hospital NHS Foundation Trust,
Milton Keynes Hospital.

Dr D Mewar, Dr E Tunn, Dr K Nelson, Dr T Kennedy: Royal
Liverpool and Broadgreen University Hospitals NHS Trust, Royal
Liverpool Hospital.

Dr J Nixon: Countess of Chester Hospital NHS Foundation Trust,
Countess of Chester Hospital.

Prof A Woolf, Dr M Davis, Dr D Hutchinson, Dr A Endean: Royal
Cornwall Hospitals NHS Trust, Royal Cornwall Hospital.

Dr D Coady, Dr D Wright, Dr C Morley, Dr G Raftery, Dr C
Bracewell, Dr L Kidd: City Hospitals Sunderland NHS Foundation
Trust, Royal Sunderland Hospital.

Dr I Abbas, Dr C Filer: Stockport NHS Foundation Trust, Stepping
Hill Hospital.

Dr G Kallarackal: Kettering General Hospital NHS Foundation
Trust, Kettering General Hospital.

Association of CR1 with ESR
J Bluett et al

175

& 2014 Macmillan Publishers Limited The Pharmacogenomics Journal (2014), 171 – 175


	title_link
	Introduction
	Materials and Methods
	Subjects
	Genotyping
	Statistics

	Results
	Discussion
	Table 1 
	Conclusions
	We thank Arthritis Research UK for their support (grant no. 17552). This report includes independent research supported by the National Institute for Health Research Biomedical Research Unit Funding Scheme. The views expressed in this publication are thos
	We thank Arthritis Research UK for their support (grant no. 17552). This report includes independent research supported by the National Institute for Health Research Biomedical Research Unit Funding Scheme. The views expressed in this publication are thos
	ACKNOWLEDGEMENTS
	PetersMJLvan SijlAMVoskuylAESattarNSmuldersYMNurmohamedMTThe effects of tumor necrosis factor inhibitors on cardiovascular risk in rheumatoid arthritisCurr Pharm Des20121815021511MalaviyaAPOstorAJKRheumatoid arthritis and the era of biologic therapyInflam
	Table 2 
	Appendix
	Members of the Biologics in Rheumatoid Arthritis Genetics and Genomics Study Syndicate (BRAGGSS)





