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Abstract
Objective

To analyze candidate genes, related to cardiovascular disease (CVD) in general, and potentially involved in the 
infl ammatory process, in RA patients from northern Sweden. 

Methods
Four hundred and sixty-seven individuals (345 females; 122 males) with RA (ACR criteria), having a mean age of 

61.8 ± 13.0 years and mean disease duration of 16.2 ± 12.1 years, were consecutively recruited and followed-up for 3 
years. The prevalence of CVD, [(ischemic heart disease (IHD), deep vein thromboses/pulmonary embolism (DVT/PE) 

and/or stroke/TIA] and hypertension was registered. Candidate genes encoding for β-fi brinogen (G-455A), Factor XIIIA β-fi brinogen (G-455A), Factor XIIIA β
(Val34Leu), plasminogen activator inhibitor type-1 (PAI-1 4G/5G), and tumor necrosis factor receptor (TNFR)II (M196R) 

were analysed. Controls (n = 672) were randomly selected according to age and gender from the Medical Biobank of 
Northern Sweden. Polymorphisms were genotyped using a TaqMan 9700HT and the 5’nuclease allelic discrimination 

assay.

Results
The genotypes, carriers and alleles did not differ in distribution between patients and controls. Carriage of the TNFRII R 
variant was more frequent among patients with hypertension (p = 0.018). The genotype distribution of PAI-1 in patients 

with IHD differed signifi cantly (p = 0.002) because carriage of 4G was more frequent (p = 0.024). Combined carriage of 
TNFRII 196R variant and β-fi brinogen-455A was a stronger predictor for hypertension than each genotype separately. β-fi brinogen-455A was a stronger predictor for hypertension than each genotype separately. β
The distribution of FXIIIA genotypes deviated signifi cantly in RA patients with DVT/PE (p = 0.028) with an increased 

frequency of the Leu34 variant. 

Conclusion
The unusual alleles of TNFRII, PAI-1 and FXIIIA were associated with CVD in RA patients. The combination of several 

of the rare types further increased the predictive values for CVD.

Key words
Rheumatoid arthritis, β-fi brinogen (G-455A), factor XIIIA G163T(Val34Leu), tumor necrosis factor receptor 

(TNFR)II T587G (M196R).

Clinical and Experimental Rheumatology 2007; 25: 866-871.



867

Genes and cardiovascular disease in RA / L. Ärlestig et al.

Lisbeth Ärlestig, BSc; 
Solveig WåSolveig WåSolveig W llberg Jonsson, MD, PhD; 
Birgitta Stegmayr, PhD; 
Solbritt Rantapää-Dahlqvist, MD, PhD. 
This work was supported by grants from 
Swedish Research Council (K2003-74XD-
14705-01), King Gustaf V’s 80-Year Fund, ’s 80-Year Fund, ’
the Swedish Heart-Lung Foundation, and 
the Medical Faculty of Umeå University, 
Umeå, Sweden. The Northern Sweden 
MONICA project and the funds 
supporting it.
Please address correspondence to: 
Solbritt Rantapää-Dahlqvist, Department 
of Rheumatology, University Hospital, 
SE-901 85 Umeå, Sweden.
E-mail: Solbritt.Rantapaa.
Dahlqvist@medicin.umu.se
Received on February 22, 2007; accepted 
in revised form on June 7, 2007.
© Copyright © Copyright © CLINICAL AND 
EXPERIMENTAL RHEUMATOLOGY 2007.EXPERIMENTAL RHEUMATOLOGY 2007.EXPERIMENTAL RHEUMATOLOGY

Competing interests: none declared.

Introduction
Increased mortality due to cardiovascu-
lar disease (CVD) in patients with rheu-
matoid arthritis (RA) has been reported 
in several studies (1-3). Furthermore 
epidemiological (4) and physiological 
(5) studies show morbidity due to CVD 
to be more prevalent in patients with RA 
compared with control population. The 
etiopathogenic mechanisms leading to 
this increased morbidity are not well de-
fi ned. We have identifi ed infl ammatory 
activity in RA to be of importance for the 
development of CVD and that hypofi bri-
nolysis, such as increased PAI-1 activity 
and decreased tissue plasminogen ca-
pacity, predict future development of a 
cardiovascular event in patients with RA 
(6). A relationship between infl ammation 
and endothelial dysfunction is strongly 
suggested (7). Accelerated atheroscle-
rotic progression, as assessed by ultra-
sound measured intima media thickness, 
and aortic cusp sclerosis, in patients with 
RA has also been described (5). We have 
found signifi cantly higher lipid levels in 
RA patients with atherosclerotic plaques 
compared with patients without plaque, 
despite relatively low cholesterol levels 
in RA patients with active disease (8, 9). 
Hypertension has in some reports been 
identifi ed as one of the traditional risk 
factors of signifi cant predictive value for 
CVD in RA (10).
A large number of candidate genes, 
each interacting with environmental in-
fl uences, that create the phenotype for 
CVD have been analysed in the general 
population (11). In this study on patients 
with RA, we chose to analyse candidate 
genes encoding factors that could be 
involved in an infl ammatory disease as 
well as in cardiovascular disease includ-
ing thromboembolic disease e.g. gene 
products involved in infl ammation (tu-
mor necrosis factor receptor (TNFRII)), 
coagulation and/or thrombotic disease, 
(fi brinogen, Factor XIIIA, plasmino-
gen activator inhibitor type-1 (PAI-1)). 
TNFRII gene polymorphism has been 
suggested to be involved in insulin re-
sistance and coronary artery disease (12, 
13) as well as in predisposing RA (14, 
15). We have found in a previous study 
an association between TNFRII poly-
morphism and hypertension in patients 
with RA (16). Variants of the genes of 

β-fi brinogen (-455G/A), Factor XIIIA 
(Val34Leu) and PAI-1(4G/5G), which 
we selected to analyse, have been as-
sociated with progression of coronary 
artery disease in the general population 
(17-20).

Materials and methods
Study groups 
A cohort of 467 patients (345 females 
and 122 males) with adult rheuma-
toid arthritis (RA) (21), from northern 
Sweden and attending the clinic at the 
Department of Rheumatology were 
recruited into the study. The fi rst 150 
patients were recruited consecutively 
during a 3 months period and the sub-
sequent 317 patients during a second 
period of 5 months. A thorough survey 
of all patient records from disease onset 
was performed retrospectively accord-
ing to a structured registration form and 
the patients were followed prospective-
ly for 3 years. The mean age (± SD) at 
disease onset was 45.8 ± 14.8 years and 
the mean disease duration 16.2 ± 12.1 
years, with no differences between the 
sexes. Of the patients 55% were treated 
with oral corticosteroids (for ≥ 1 year) 
(prednisolone ≤ 7.5 mg) and 90% were 
or had been treated with disease-modi-
fying anti-rheumatic drugs (DMARDs) 
including sulphasalazine, antimalarials, 
intramuscular or oral gold, d-penicilla-
mine, methotrexate, cyclosporine, aza-
thioprine, chlorambucil and cyclophos-
phamide (≥ 6 months with each drug); 
the mean number of DMARDs used for 
more than 6 months was 2.4 ± 1.7. Total 
accumulated disease activ-ity analysed 
from retrospective data by calculation 
of number of arthritis, erythrocyte sedi-
mentation rate and the physicians global 
assessment was performed as described 
by Baecklund (22). The number of pa-
tients who had ever smoked was 50% 
(227/467) being 45% of the female pa-
tients and 64% among the males.
The fi rst ever cardiovascular event 
(CVE) after onset of RA, whether fatal 
or nonfatal, was registered retrospec-
tively and prospectively according to 
the following defi nitions: myocardial 
infarction (MI) was diagnosed when 
changes on electrocardiograms, accord-
ing to the Minnesota code (23), assessed 
by a clinical physiologist or cardiologist 
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together with the typical enzymatic pat-
tern and/or verifi ed on echocardiograph-
ic examination; ischaemic heart disease 
(IHD) included in addition to MI, severe 
verifi ed coronary insuffi ciency, coronary 
artery bypass graft surgery and percuta-
neous coronary intervention; stroke was 
registered when intra cerebral haemor-
rhage or infarction had been diagnosed 
following computerized tomography or 
magnetic resonance imaging, or when a 
typical clinical picture with neurologi-
cal defi cits had persisted for more than 
24h; transient ischaemic attack (TIA) 
was registered in cases where focal neu-
rological defi cit of presumed ischaemic 
origin had persisted for less than 24 h; 
deep vein thrombosis/pulmonary em-
bolism (DVT/PE) was recorded when 
diagnosis had been verifi ed objectively 
(e.g., phlebography, sonography, scin-
tigraphy, and/or arteriography) or when 
clinical signs combined with pulmonary 
radiography, electrocardiography, and 
laboratory changes resulted in full time 
treatment with warfarin. Information on 
fatal CVE was obtained from autopsy 
reports. In 2 cases the information on 
the death certifi cate, together with medi-
cal record information, was relied upon. 
Hypertension was defi ned as treatment 
for hypertension.
As controls, we used a population-based 
group of 672 individuals who were par-
ticipating in the Northern Sweden WHO 
MONICA (Multinational Monitoring 
of Trends and Determinants in Car-
diovascular Disease) study. They were 
randomly selected from the population 
register of the county of Västerbotten. 
All of the controls had the same ethnic 
and geographical background (based on 
the place of birth) as the patients and 
were selected on the basis of age and 
gender. The number of controls receiv-
ing treatment for hypertension was 150 
(22.3%). Of the controls 44% (300/672) 
had ever smoked; 42% among females 
and 49% of the males. There were no 
data available regarding CVD in the 
control group.This study was approved 
by the Research Ethics Committee of 
the University Hospital of Umeå.

DNA extraction and assays
Genomic  DNA was extracted  from  
either EDTA preserved blood or 

from buffy-coats using standard 
methods. Primers and probes for 
the polymorphisms described ear-
lier in TNFRII(M196R) (24), β-fi -
brinogen-455G/A (25), Factor XIIIA
Val34Leu(26) and PAI-1 (4G/5G) (27) 
were designed using Assays-By-Design 
(Applied Biosystems, Foster City, CA, 
USA). The polymerase chain reactions 
(PCR) were carried out according to 
Applied Biosystems instructions, and 
detection of the different genotypes us-
ing an ABI PRISM 7900HT sequence 
detector system (Applied Biosystems). 
Data were processed using SDS 2.1 
software (Applied Biosystems).

Statistics
Differences in continuous data between 
two groups were analyzed using an in-
dependent t-test. The chi-square test 
was used for testing categorical data 
between groups. Logistic regression 
analyses were used to estimate the odds 
ratio (OR) for predicting variables for 
the dependent variable. All p-values are 
two-sided, and p-values ≤ 0.05 were 

considered statistically signifi cant. All 
calculations were performed using the 
SPSS for Windows (version 11.5; Chi-
cago, IL, USA). The adjustments in the 
multiple logistic analyses were chosen 
based on knowledge from previous re-
ports. With the current sample size of 
672 controls and 467 patients, this study 
had an ability to detect a statistically sig-
nifi cant difference in the proportion of 
carriers of the R allele of 35% (RA-pa-
tients) vs. 43.6% (controls) with at least 
80% power. The power calculation was 
based on a signifi cance level of 5% and 
a two-sided test using normal approxi-
mation. The selection of genes for anal-
yses in this study is based on preformed 
hypothesis. However, to compensate for 
multiple testing a corrected p-value (pc) 
is also given. 

Results
The distributions of the genes of PAI-1 
4G/5G, FXIIIA Val34Leu, β-fi brinogen 
-455G/A, and TNF RII M196R (see 
Table I) in patients and controls were 
in Hardy-Weinberg equilibrium. 

Table I. Genotype and allele frequencies of tumor necrosis factor receptor II (TNFRII 
M196R), β-fi brinogen -455G/A, plasminogen activator inhibitor type-1 (PAI-1) and Factor 
XIIIA (Val34Leu) polymorphisms in patients with RA and controls. (Presented as n and %).

Gene Genotype/allele RA patients Controls  
  (n = 467) (n = 672)

TNFRII MM  278 (59.5) 377 (56.4)†

M196R MR  159 (34.0) 247 (36.9)†

 RR  30 (6.4) 45 (6.7)†  
 M allele                                  0.7655                            0.7481
 R allele                                   0.2345                            0.2519 
β-fi brinogen GG  292 (62.5) 438 (65.5)†

-455 GA  154 (33.0) 206 (30.8)†

 AA  21 (4.5) 25 (3.7)†

 A allele                                  0.2099 0.19
 G allele 0.79                              0.809
PAI-1 5G5G  100 (21.4) 114 (17.0)
 5G4G  227 (48.6) 339 (50.7)
 4G4G  140 (30.0) 219 (32.7)
 5G                                   0.457                             0.422
 4G                                   0.543                             0.578
Factor ValVal34 272 (58.2) nt
XIIIA ValLeu34 166 (35.5) nt
 LeuLeu34 29 (6.2) nt   
 Leu allele 0.24  nt  
 Val allele 0.76  nt

†number of controls analysed: 669, nt: not tested.



869

Genes and cardiovascular disease in RA / L. Ärlestig et al.

There were no signifi cant differences in 
the distributions between patients and 
controls except for signifi cant deviation 
in the distribution of TNFRII in males 
(data not shown). Carriage of the R 
variant was signifi cantly more frequent 
among male patients compared with 
female patients (χfemale patients (χfemale patients ( 2 = 7.17, p = 0.007, 
pc = 0.042) and compared with male 
control subjects (χcontrol subjects (χcontrol subjects ( 2 = 9.11, p = 0.003, 
pc = 0.018).
The prevalence of CVE and hyperten-
sion in the patients with RA is presented 
in Table II. TNFRII (M196R) differed 
signifi cantly between RA patients with 
hypertension compared with those 
without (χwithout (χwithout ( 2 = 7.41, 2df, p = 0.025, pc = 
0.150) due to an excess of heterozygotes. 
Carriage of the R type was signifi cantly 
increased in the RA patients with hyper-
tension compared with those without (χtension compared with those without (χtension compared with those without ( 2

= 5.61, p = 0.018, pc = 0.108). When 
stratifi ed for sex the difference was only 
signifi cant for female patients (χsignifi cant for female patients (χsignifi cant for female patients ( 2 = 4.57, 
p = 0.029, pc = 0.174). There was no 
association between TNFRII polymor-
phism and hypertension in the controls. 
There were no signifi cant relationships 
between the genotypes, alleles or car-
riage of β-fi brinogen -455 and CVE or 
hypertension in RA patients. However, 
when carriage of TNFRII R variant and 
β-fi brinogen -455 A variant were com-
bined, carriage of both these rare types 
was a stronger predictor for hyperten-
sion than carriage of R variant alone. 
In multiple regression analysis includ-
ing age and adjusted for sex, disease 
duration, smoking, accumulated dis-
ease activity score, and treatment with 
methotrexate, antimalarials or corticos-
teroids, the OR was slightly higher for 
the combination (Table III).
In RA patients with IHD the genotypes 
of PAI-1 deviated signifi cantly from 
Hardy-Weinberg equilibrium (χHardy-Weinberg equilibrium (χHardy-Weinberg equilibrium ( 2= 10.31, 
p < 0.01). The distribution of the geno-
types differed also signifi cantly in pa-
tients with IHD from those without (χtients with IHD from those without (χtients with IHD from those without ( 2 = 
12.27, 2df, p = 0.002, pc = 0.012). This 
was mainly due to a signifi cant increase 
of heterozygotes among the patients with 
IHD (Table IV). Carriage of 4G predict-
ed IHD (Table V). The OR for carriage 
of 4G was of the same magnitude, in a 
multiple logistic regression analysis in-
cluding sex, hypertension and age with 

the adjustments of smoking habit, accu-
mulated disease activity score and treat-
ment with methotrexate, antimalarials or 
corticosteroids (Table V).
In the patients with DVT and/or PE (n 
= 13) the distributions of FXIIIA geno-
types deviated compared with those 
without (χwithout (χwithout ( 2 = 7.12, 2df, p = 0.028, pc
= 0.168) with an increase of the Leu34 
variant (OR = 4.855, 95%CI 1.318-
17.882). Carriage of Val34 was sig-

nifi cantly less frequent in DVT/PE sug-
gesting a protective effect (OR = 0.206, 
95%CI 0.056-0.763). The distribution 
of TNFRII also deviated signifi cantly 
with increased OR for carriage of the 
less frequent R allele, (OR = 3.432, 
95%CI 1.041-11.311). Carriage of both 
of these unusual alleles predicted DVT 
and/or PE with an even higher OR (OR 
= 6.588, 95%CI 2.149-20.202). In a 
multiple logistic regression analysis 

Table II. Prevalence of cardiovascular disease in 467 patients with RA.

 All patients Women Men 
 (n = 467) (n = 345) (n = 122)        
 n (%) n (%) n (%)

Treatment for hypertension 145 (31.0)‡ 105 (30.4) 40 (32.8)  
Ischaemic heart disease1  59 (12.7) 32 (9.3) 27 (22.2)*

Stroke/TIA 40 (8.6) 26 (7.6) 14 (11.5) 
DVT/ PE2 14 (3.0)              13 (3.8) 1 (0.8) 

1Ischaemic heart disease was defi ned as myocardial infarction, severe verifi ed coronary insuffi ciency, 
coronary angioplasty and coronary artery bypass graft surgery.
2DVT: deep vein thrombosis; PE: pulmonary embolism.
‡ p < 0.001 number of treated patients compared with controls (22.3%).
* p < 0.05 males compared with females.

Table III. Results of simple and multiple logistic regression analyses with hypertension as 
dependent variable in patients with RA. The adjustments in the mutiple regression analysis 
were sex, smoking, accumulated disease activity score, methotrexate, antimalarial and/or 
corticosteroid treatment.

Variable(s) OR 95% CI

Simple:
 TNFRII, carrier R 1.614 1.084-2.401
 F-455, carrier A 1.398 0.936-2.089
 TNFRII, carrier R & F-455 carrier A 2.456 1.463-4.121

Multiple:
 TNFRII, carrier R & F-455 carrier A 2.673 1.551-4.607
 Age (year) 1.040 1.021-1.059

OR: Odds ratio, 95%CI = 95% confi dence intervals.
F-455: β-fi brinogen-455.

Table IV. Genotype and carriage distribution of PAI-1 4G5G in patients with RA with and 
without ischemic heart disease (IHD).

 RA patients RA patients OR 95%CI
 With IHD without IHD

(n = 59) (n = 407)
  n   (%)  n   (%)

Genotype
 4G4G 12 (20.3) 128 (31.4) 0.557 0.285-1.085

4G5G 41 (69.5) 185 (45.5) 2.773 1.519-4.919
 5G5G 6 (10.2) 94 (23.1) 0.377 0.157-0.904

Carriage
 4G 53 (89.8) 313 (76.9) 2.653 1.106-6.365
 5G 47 (79.7) 279 (68.6) 1.797 0.922-3.503

OR: Odds ratio; 95%CI: 95% confi dence intervals.
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only treatment with corticosteroids had 
higher predictive value, than carriage of 
a combination of the unusual variants 
(OR = 7.163, 95%CI 2.038-25.17 and 
OR = 9.203, 95%CI 1.724-49.129, re-
spectively). The adjustments were age, 
sex, smoking habits, accumulated dis-
ease activity score and treatment with 
methotrexate, or antimalarials.
There were no differences concerning 
FXIIIA genotypes, alleles or carriage 
of any type associated with stroke and/
or TIA or IHD. However, when strati-
fi ed for sex, carriage of the ValVal34 
genotype in females (n = 26) predicted 
stroke/TIA (OR = 2.724, 95%CI1.065-
6.964). In a multiple logistic regression 
FXIIIA genotype ValVal 34 had the 
highest OR (OR = 3.454, 95%CI 1.147-
10.402), followed by hypertension (OR 
= 3.151, 95%CI 1.199-8.282) and age 
(OR = 1.046, 95%CI 1.013-1.080) with 
adjustments for smoking habits, ac-
cumulated disease activity score, and 
treatment of methotrexate, antimalarials 
and/or corticosteroids for stroke.

Discussion
In this study we have shown an impact 
of polymorphisms in certain genes for 
CVD in patients with RA. Association 
between RA and CVD has been evalu-
ated in a number of other studies (28, 
29). However, the genes selected for this 
study were chosen on the basis of their 
involvement in infl ammation, coagula-
tion and/or thrombotic disease, which, 

considering our previous studies, could 
be of interest in RA patients (6, 16). 
Carriage of PAI-1 4G type predicted 
IHD in both simple and multiple logistic 
regression analyses. The OR was almost 
identical in both analyses suggesting 
that the relationship was independent of 
variables such as sex, age, hypertension, 
smoking, disease activity or treatment. 
Our results are consistent with those 
published for population based cohort 
studies on coronary disease. In a recent 
meta-analysis the per allele relative risk 
of the 4G variant for MI and coronary 
stenosis combined was 1.06 (95%CI 
1.02-1.10) (20). However, when con-
fi ned to studies with at least 500 cases 
the combined relative risk yielded 1.01 
(95%CI 0.95-1.07) suggesting publica-
tion bias of smaller studies (20). The 
PAI-1 4G deletion allele is associated 
with increased levels of circulating PAI-
1 (17), which we found previously pre-
dicted future CVD in RA patients (6). 
Whether there is a direct relationship 
between PAI-1 gene polymorphisms 
and myocardial infarction or CVD or 
the relationship is a result of confounder 
effects is not settled (30, 31).
Findings of a relationship between fi -
brinogen, and factor XIII in clot forma-
tion in CVD or other thrombotic disor-
ders has focused attention on these two 
proteins (18). The suggested protective 
role of the Leu 34 allele for MI was lost 
in the presence of insulin resistance 
(18) or by smoking (32). There are 
also studies reporting no association 
between Leu34 and risk of MI (18). 
Protective associations, similar to that 
described for MI have been reported 
for venous thrombotic disorders, as 
have studies demonstrating no asso-
ciation (18). A higher prevalence was 
fi rst shown of the Leu allele in subjects 
with primary intracranial haemorrhage 
(33), however, contradictory fi ndings 
were subsequently reported (18). Our 
fi ndings favour the interpretations that 
carriage of Leu allele is associated with 
DVT and/or PE or that homozygocity 
of Val34 protects from DVT and/or PE 
but predisposes for stroke. Our results, 
albeit seemingly contradictory, may be 
explained in line with previous fi nd-
ings. We did not fi nd any relationship 
with MI or IHD, and the number of 

cases was too low to allow stratifi ca-
tion for smoking habits.
The results of our present study, con-
fi rming our previous fi ndings, enabled 
us to substantiate those, indicating an 
association between TNFRII codon 
196 and RA patients with hypertension 
(16). Associations with the M196R 
polymorphism of the TNFRII gene 
and RA patients with a positive family 
history of RA have been reported by 
some investigators (14, 15) whilst oth-
ers have disputed this fi nding (34). No 
signifi cant differences were reported in 
allele or genotype frequencies between 
individuals with normal coronary ar-
teries or healthy controls and patients 
with coronary artery disease (35). 
Both linkage and association have been 
shown between micro satellite mark-
ers at the TNFRSF1B (TNFRII gene 
locus) and essential hypertension (36) 
or coronary artery disease, respectively 
(12). Another TNFRSF1B marker was 
associated with obesity, leptin and in-
sulin resistance in type 2 diabetes (13). 
In this study we found that an associa-
tion with TNFRII gene polymorphism 
is confi ned to the RA patients but not 
to the controls in line with the results 
for controls with coronary artery dis-
ease (35). Its predictability for hyper-
tension was strengthened by combina-
tion with the β-fi brinogen (-455) rare 
types. It was almost unaffected by sex, 
smoking and disease related factors 
favouring the interpretation of a more 
etiologic relationship for hypertension 
in RA patients. The β-fi brinogen -455 
polymorphism was not alone related 
to hypertension or CVD in the RA pa-
tients. Our results relating the PAI-1 4G 
type to IHD were also in line with those 
reported for general populations and 
the relationship was unaffected by con-
founding factors e.g., sex, age or hyper-
tension or by disease related factors. 
The number of RA patients and controls 
included in this study was relatively 
high but after stratifi cation for CVE, 
IHD, DVT/PE or stroke the number 
decreased and this could diminish the 
possibility of detecting differences. 
However, despite that, we were able to 
detect signifi cant differences. An advan-
tage of our study is that both patients and 
the population-based controls are drawn 

Table V. Results of simple and multiple 
logistic regression analyses with ischemic 
heart disease (IHD) as dependent variable 
in patients with RA. The adjustments in 
the mutiple regression analysis were sex, 
smoking, accumulated disease activity 
score, methotrexate, antimalarials and/or 
corticosteroid treatment. 

Variable(s) OR 95%CI

Simple:
 PAI-1, carrier 4G 2.653 1.106-6.365

Multiple:
 Sex (M/F) 2.913 1.590-5.335
 PAI-1, carrier 4G 2.619 1.057-6.489
 Hypertension 1.875 1.024-3.432
 Age (years) 1.065 1.033-1.097

OR: Odds ratio, 95%CI = 95% confi dence inter-
vals.
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from the same homogenous population 
of northern Sweden (37). Unfortunately, 
the corresponding follow-up co-morbid-
ity data for the controls is unavailable. 
In conclusion, the aetiology and comor-
bidity factors for cardiovascular disease 
in RA patients are complex. Our results, 
although the genes analysed in this 
study do not have a major contribution 
for CVD in RA, point to direct effects 
of certain candidate genes some identi-
fi ed in cohorts from the general popu-
lation and separate from confounding 
factors and disease related factors. 
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