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Abstract
Objective

Rheumatoid arthritis (RA) is associated with cardiovascular (CV) morbidity and mortality. Interferon regulatory 
factor 5 (IRF5) gene polymorphisms rs2004640 and rs4728142 have been associated with autoimmune diseases, but 
also with atherosclerosis. Differences in IRF5 gene expression can lead to the production of different interferons and 

might play a role in the atherogenic process in RA. 

Methods
We investigated the effects of IRF5 gene variants rs2004640 and rs4728142 on clinical parameters related to 

atherosclerosis, such as cIMT (in subgroup n=101), and new CV events (in whole cohort n=353). 

Results
For rs2004640, cIMT values at baseline were highest within the group of patients carrying the GG-genotype, followed 
by GT- and TT- genotypes, which was statistically significant. Over time patients with the TT-genotype had the highest 
increase in cIMT. For rs4728142 cIMT values were also the highest for patients with the GG-genotype at baseline, but 
the difference between the groups was not statistically significant. Over time the highest increase in cIMT was in the 

patients with the AA-genotype. Both rs2004640 and rs4728142 were not associated with new CV events during follow-up.

Conclusion
IRF5 alleles are associated with changes in cIMT, but not with new CV events in RA. Although these findings implicate 

a role of the IRF5 transcription pathway in atherosclerosis, IRF5 single nucleotide polymorphisms do not appear to 
increase the risk of future CV events.
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Introduction
Rheumatoid arthritis (RA) is associ-
ated with increased cardiovascular 
(CV) morbidity and mortality (1-3), in 
part due to the presence of traditional 
CV risk factors (4), but also due to RA-
related inflammation that is assumed 
to accelerate atherosclerosis. Howev-
er, the exact mechanisms behind this 
phenomenon remains unknown (5, 6). 
Hence, the search for pathways linking 
RA to CV disease (CVD) is relevant. In-
terferon regulatory factor 5 (IRF5) gene 
polymorphisms, also known as single 
nucleotide polymorphisms (SNPs), 
rs2004640 and rs4728142 have been 
associated with autoimmune diseases, 
such as systemic lupus erythematosus 
(SLE) (7-10), RA (11-13) and multiple 
sclerosis (MS) (14), but also with ath-
erosclerosis (15, 16). IRF5 is a member 
of a family of transcription factors that 
controls inflammatory and immune re-
sponses through activation of toll like 
receptors (TLRs) (17). Furthermore, 
IRF5 gene expression is involved in 
the type I interferon (IFN) pathway, 
leading to the production of different 
interferons (IFN) involved in the pro-
duction of proinflammatory cytokines 
(17). Interferons (IFNs) are a group of 
cytokines that can both inhibit and pro-
mote vascular smooth cell proliferation, 
depending on the type of IFN pathway 
that is activated (18-22). Both IRF5 
rs2004640 and rs4728142 SNPs can 
affect IRF5 gene expression by alterna-
tive splicing of the IRF5 gene, causing 
the production of different IFN types 
and therefore possibly playing a role in 
the atherogenic process in RA (7, 8).  In 
this study, we investigated the effects 
of IRF5 gene variants on clinical pa-
rameters related to atherosclerosis (i.e. 
carotid intima media thickness (cIMT)) 
and new CV events in RA patients.

Patients and methods
Study population
The CARRE study is a prospective 
cohort study investigating CVD and 
its risk factors in RA patients (23). In 
2000, a random sample of 353 RA pa-
tients registered at Reade (former Jan 
van Breemen Institute) in Amsterdam, 
the Netherlands, was drawn. Patients 
fulfilled the 1987 American College of 

Rheumatology classification criteria for 
RA, and were aged between 50 and 75 
(23, 24). An ultrasound study of the ca-
rotid artery was performed in 2001 in a 
randomly selected subgroup of 101 pa-
tients. The local ethics committee and 
institutional review boards of the VU 
University Medical Center and Slo-
tervaart Hospital/Reade in Amsterdam, 
the Netherlands, approved the study 
protocol and all participants gave their 
written informed consent to participate.

DNA extraction and genotyping
Total DNA was extracted from EDTA 
blood from 353 RA patients using Qia-
gen’s DNAeasy blood and tissue kit 
(Qiagen) according to the manufacturer 
instructions. The IRF5 gene variants 
rs2004640 and rs4728142 were geno-
typed using the TaqMan SNP Geno-
typing Assay (Applied Biosystems, 
CA) according to the manufacturers 
protocol. Allelic discrimination was 
performed using an ABI Prism 7900HT 
sequence Detection system.

Assessment of CV risk factors 
and RA related factors
CVD history, medical history and med-
ication use was obtained as previously 
described by Peters et al. (25). Total 
cholesterol (TC), high-density lipopro-
tein cholesterol (HDLc), low-density 
lipoprotein cholesterol (LDLc), triglyc-
erides (TG), erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP) 
and IgM rheumatoid factor (IgM-RF) 
antibodies were determined as describes 
previously (26). TC/HDLc ratio was 
calculated by dividing TC with HDLc. 
Body mass index (BMI) was calculat-
ed as the ratio of weight and squared 
height. Hypertension was defined as a 
systolic blood pressure (SBP) over 140 
mmHg and/or a diastolic blood pressure 
(DBP) over 90 mmHg and/or the cur-
rent use of antihypertensive medication. 
Physical examination was performed to 
determine the Disease Activity Score in 
28 joints (DAS28) (27). Radiographs of 
hands and feet were obtained to investi-
gate the presence of erosions. 

Carotid intima media thickness 
measurement
cIMT was assessed with Artlab echo 
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tracking system using a 7.5-MHz lin-
ear probe, connected to a computer 
equipped with vessel wall movement 
detection software and an acquisition 
system (Esaote Europe BV). After lo-
calisation of the common carotid artery, 
cross-sectional measurements were per-
formed 10mm proximal of the carotid 
bifurcation as described previously (28). 

Assessment of new CV events
As described previously, new CV 
events were registered according to the 
International Statistical Classification 
of Diseases and Related Health Prob-
lems 9th revision (ICD-9 codes, 410.0-
410.9, 435.9, 436, 443.9 and 798) (29). 
CV events were verified in medical 
records and included coronary heart 
disease (i.e. myocardial infarction, 
percutaneous coronary intervention, 
coronary angiography with significant 
stenosis, stent placement or coronary 
artery bypass graft), cerebral arterial 
disease (e.g. cerebrovascular accident, 
transient ischaemic attack or carotid en-
darterectomy) or peripheral arterial dis-
ease (e.g. ankle brachial pressure index 
<0.50, peripheral arterial reconstructive 
surgery or limb amputation) (29). Pa-
tients were censored after the first CV 
event or death due to other reasons. The 
patients who were lost to follow-up 
were censored at the date of their last 
follow-up visit. The remainder of the 
patients was censored at study cessation 
time on March 1, 2015 (29).

Statistical analysis
Patients were grouped according to 
their SNP rs2004640 or rs4728142 al-
lele distribution. Differences in demo-
graphics, CV- and RA-related factors 
between allele groups and genotypes 
were analysed using Students t-test, 
Chi-square test, Mann-Whitney U-test, 
and ANOVA as appropriate. Logistic 
regression analyses were used to in-
vestigate the association between IRF5 
genotypes and cIMT in the subgroup of 
101 patients and Cox proportional haz-
ard models were used to investigate the 
association with new CVD events in the 
whole cohort of 353 patients. Longitu-
dinal cIMT data over 3 time points (i.e. 
baseline, 3 year and 10 year measure-
ments) was analysed using generalised 

estimation equations (GEE). The minor 
allele was used as the reference group 
in all analyses. The analyses were ad-
justed for demographic, CV- and RA-
related factors on the basis of the litera-
ture (29) and differences between the 
groups identified at baseline. Statisti-
cal analyses were performed with IBM 
SPSS v. 23.0. p-values of <0.05 (two 
tailed) were considered statistically sig-
nificant. 

Results
Patient characteristics
The 353 RA patients from the CARRE 
cohort were genotyped for IRF5 SNPs 
rs2004640 and rs4728142. Of these 
353 patients, cIMT was determined in 
101 patients, which is referred to as the 
‘cIMT cohort’. Genotyping failed in 

eight patients of the CARRE cohort, of 
which one patient was in de cIMT co-
hort. Both SNPs were in Hardy-Wein-
berg equilibrium. The baseline charac-
teristics and allele frequencies of IRF5 
rs2004640 and rs4728142 are shown in 
Table I. 

Association of the rs2004640 
genotype with RA- and CVD-related 
factors, cIMT and new CV events
First, we analysed whether rs2004640 
was associated with CV risk factors. 
No significant associations with HDLc, 
LDLc, SBP, DBP, TC, HDLc, LDLc, 
TG, BMI, smoking or prevalent CV dis-
ease were observed (data not shown). 
Secondly, we tested whether IRF5 gene 
variants were associated with RA-relat-
ed clinical parameters (i.e. RA duration, 

Table I. Baseline characteristics.

 cIMT cohort (n=101) CARRE cohort (n=353) p-value

Demographics   
Age, years 62  ± 7 63  ± 8 0.62
Female, no. (%) 61  (60.4) 232  (65.7) 0.32
Caucasian, no. (%) 97  (96) 332  (94.1) 0.69
RA characteristics   
RA duration, years 8  (5 – 11)  7  (4 – 10) 0.71
DAS28 3.5  ± 1.2 3.9  ± 1.4 0.31
ESR, mm/hr 12  (8 – 27) 18  (9 – 31) 0.03
CRP, mg/l 6  (3 – 15) 7  (3 – 18) 0.22
IgM-RF positive, no. (%) 72  (71.3) 256  (72.5) 0.81
ACPA positive, no (%) 58  (57.4) 187  (53) 0.56
Erosive disease, no. (%) 82  (81.2) 288  (81.6) 0.99
Medication use, no (%)   
Antihypertensive 25  (24.8) 94 (26.6) 0.69
Statin 11  (10.9) 40  (11.3) 0.90
Salicylic acid 18  (17.8) 56  (15.9) 0.64
Prednisone 13  (12.9) 58  (16.4) 0.49
cDMARDs 88  (87.1) 303  (85.8) 0.74
bDMARDs 11  (10.9) 34  (9.6) 0.71
CV parameters   
TC, mmol/L 5.7  ± 1.0 5.8  ± 1.1 0.55
HDLc, mmol/L 1.5  ± 0.5 1.5  ± 0.5 0.53
LDLc, mmol/L 3.6  ± 1.1 3.7  ± 1.0 0.54
TG, mmol/L 1.3  (1.0 – 1.7) 1.5  (1 – 1.8) 0.58
BMI, kg/m2 26  ± 4 27  ± 5 0.28
Pack years 21  (3 – 39) 19  (2 – 36) <0.01
Systolic BP, mmHg 142  ± 18 142  ± 20 0.96
Diastolic BP, mmHg 82  ± 7 81  ± 9 0.28
Diabetes, no. (%) 4  (4) 17  (4.8) 0.71
IMT, mm 0.812  ± 0.131 - NA
Previous CVD, no. (%) 15  (14.9) 51  (14.4) 0.91
IRF5 minor allele frequencies   
Rs2004640 (G) 0.451                                    0.483 NA
Rs4728142 (A) 0.415 0.418         NA

DAS28: Disease Activity Score in 28 joints; cIMT: carotid intima media thickness; ESR: erythrocyte 
sedimentation rate; CRP: C-reactive protein; IgM-RF: IgM-rheumatoid factor; ACPA: anti-citrullinat-
ed protein antibody; cDMARDs: conventional disease-modifying anti-rheumatic drugs; bDMARDs: 
biologic disease-modifying anti-rheumatic drugs; TC: total cholesterol; HDLc: high-density lipopro-
tein cholesterol; LDLc: low-density lipoprotein cholesterol; TG: triglycerides; BMI: Body Mass Index; 
BP: blood pressure, CVD: cardiovascular disease; NA: not applicable.
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DAS28, CRP, presence of erosions, 
presence of RF and/or ACPA). A higher 
percentage of patients homozygous 
for the rs2004640 G-allele were posi-
tive for RF compared to patients with a 
GT- or TT-genotype (respectively 82%, 
67% and 70%, p=0.048). No significant 
associations were observed between 
IRF5 genotypes, and other RA-related 
characteristics (data not shown). For 
rs2004640, the highest cIMT values 
at baseline were observed in patients 
with the GG-genotype, followed by the 
GT- and TT- genotypes (0.874±0.142, 
0.806±0.125, 0.785±0.126). The differ-
ence in cIMT between patients carrying 
the GG- vs. TT-genotype was signifi-
cant (p=0.03, Fig. 1). 
Patients with the TT-genotype were 
more likely to experience an increase 
in cIMT (median yearly progression 
in millimetres 0.02 (0.02–0.05)) over 
time when compared to the GG-geno-
type (median yearly progression 0.003 
(-0.03–0.07) and respectively OR 2.84, 
95%CI 1.07–7.50, p=0.035 and OR 
0.26, 95%CI 0.08–0.75, p=0.013). This 
was also significant after correction 
for CV risk factors (age, sex, SBP, TC/
HDLc-ratio, current smoking and as-
pirin use) with TT-genotype OR 3.03, 
95%CI 1.06–8.65, p=0.038 and GG-
genotype OR 0.22, 95%CI 0.07–0.69, 
p=0.01. 
99 of the 353 patients developed a new 
CV event over a median follow-up du-
ration of 9 (5–11) years. In the crude 
Cox regression analyses rs2004640 
genotypes were not associated with 
new CV events (reference GG-geno-
type, GT-genotype p=0.59 and TT-gen-
otype p=0.76).

Association of the rs4728142 
genotype with RA- and CVD-related 
factors, cIMT and new CV events
For rs4728142 there were no signifi-
cant associations with CV risk factors 
HDLc, LDLc, SBP, DBP, TC, HDLc, 
LDLc, TG, BMI, smoking or preva-
lent CV disease were observed (data 
not shown). There were no associa-
tions between RA-related risk factors 
and rs4728142 (data not shown). No 
significant differences  were observed 
between cIMT values for the genotypes 
of rs4728142 (AA 0.775±0.137, AG 

0.805±0.129, GG 0.843±0.131, p=0.22, 
Fig. 1). For rs4728142, in patients with 
the GG-genotype there was a trend for 
less increase of cIMT (median yearly 
progression 0.01 (-0.002–0.05) vs. 
0.003 (-0.02–0.06)) over time (OR 
0.43, 95%CI 0.18–1.02, p=0.057). Af-
ter correction for traditional risk factors 
(as described above) there was a signifi-
cant lower increase in cIMT for the GG-
genotype with an OR of 0.34, 85%CI 
0.14–0.88, p=0.025. For the other geno-
types there was no significant increase 
or decrease in cIMT (AA OR 2.02, 
95%CI 0.59–6.96, p=0.26, AG OR 
1.51, 95%CI 0.68 – 3.37, p=0.31; after 
adjustment CV risk factors respectively 
ORs of 2.85, 95%CI 0.72–11.2, p=0.13 
and 1.66, 95%CI 0.69–3.99, p=0.25). 
The rs4728142 genotypes were not as-
sociated with the development of new 
CV events over time in the crude Cox 
regression analyses (reference AA-
genotype, AG-genotype p=0.51, GG-
genotype p=0.90).

Discussion
In our current study, both IRF5 
rs2004640 and rs4728142 GG-geno-
types were associated with cIMT and 
patients with the GG-genotype had the 
highest cIMT values at baseline, but 
the greatest increase in cIMT over time 
was seen in the TT- and AA-genotypes. 
However, these genotypes were not as-
sociated with the development of new 
CV events during follow-up. One of the 
explanations for this observation could 
be the sample size of our study popula-
tion, which could be too small to detect 
an effect of these SNPs on CVD risk. 
Another explanation could be that IRF5 
SNPs might not influence CVD risk di-
rectly or that their effect on CVD risk 

is very small. For rs2004640, a previ-
ous study described fewer CV events 
in patients with the GG-genotype (30). 
In line with this, Malarstig et al. identi-
fied IRF5 mRNA expression in human 
carotid plaques, including the expres-
sion of SNPs rs2004640 and rs4728142, 
but they were not associated with a risk 
of (unstable) coronary artery disease or 
recurrent CV events in patients who had 
presented with unstable coronary artery 
disease (15). In our study, we have also 
identified an association between IRF5 
SNPs and surrogate markers of ath-
erosclerotic disease (i.e. cIMT), but not 
with new CVD over a median follow-up 
period of 9 years. This is an interesting 
finding, as IRF5 gene variants are de-
tectible in atherosclerotic plaques and 
may have different effects on the athero-
sclerotic process, but they do not seem 
to be associated with an increased event 
risk. IRF5 is a master regulator of type 
I IFN activity and functions as a tran-
scription factor when phosphorylated, 
leading to expression of downstream 
interferon response genes, including 
the production of type I IFN itself and 
cytkonines such as interleukin-6 (IL-
6), tumour necrosis factor (TNF), in-
terleukin-12 (IL-12) and interleukin-23 
(IL-23). The splicing of IRF5 is highly 
complex and multiple IRF5 isoforms 
are initiated at each promoter. Different 
isoforms can contain either exon 1a, 1b 
or 1c, depending on the promoter where 
transcription is initiated. Furthermore, 
it is known that the IRF5 isoforms dif-
fer in their ability to transactivate type 
I IFN genes, i.e. IFNα or IFNβ (31). 
IFNβ and IFNα, have been described to 
have both anti- and proatherosclerotic 
effects in several in vitro studies (21, 22, 
32). The rs2004640 IFR5 SNP is locat-

Fig. 1. cIMT values per 
genotype for rs2004640 
and rs4728142.*p<0.05
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ed 2bp near the intron-exon boundary 
for exon 1b and creates an exon donor 
splice site, which enables transcription 
of exon 1b. Specifically the T-allele ena-
bles transcription of exon 1b, which is 
associated with higher mRNA levels of 
IRF5 (7). Thus, the IRF5 rs2004640 T-
allele is likely to enhance the expression 
of IRF5 and successively type I IFNs. In 
our study, we found a greater increase in 
cIMT in patient with the TT-allele, but 
this was not associated with new CV 
events during follow-up. rs4728142 is 
located on the promotor region of IRF5, 
and has previously been associated with 
autoimmune disease such as SLE and 
MS (7, 14). The exact function of IFNs 
in the development of CVD remains to 
be elucidated.
Some limitations need to be considered. 
Our study had a small sample size which 
could have influenced our results as 
mentioned above, specifically the power 
to detect significant differenced between 
the different IRF5 SNP genotypes. This 
could be one of the reasons for finding 
an association between cIMT and both 
IRF5 SNPs, but not with future CVD.
To our knowledge, this is the first study 
reporting an association between IRF5 
alleles and cIMT, but not with new 
CV events in a cohort of RA patients 
followed for a longer period of time. 
Although, these findings seem to im-
plicate a role of IRF5 genetics in the 
development of artherosclerosis, IRF5 
gene variants do not appear to increase 
the risk of future CVD events. 
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