Rheumatology International (2019) 39:327-336
https://doi.org/10.1007/500296-018-4186-y

Rheumatology

INTERNATIONAL

@ CrossMark

GENES AND DISEASE

Common atherosclerosis genetic risk factors and subclinical
atherosclerosis in rheumatoid arthritis: the relevance of disease
duration

Barttomiej Kisiel'® - Robert Kruszewski' ® - Aleksandra Juszkiewicz' ® - Anna Raczkiewicz'® - Artur Bachta'
Krzysztof Ktos2® - Krzysztof Duda®® - Artur Maliborski*® - Konrad Szymanski*® - Rafat Ptoski*
Marek Saracyn>¢® . Stanistaw Niemczyk®>® - Katarzyna Kisiel” © - Matgorzata Ttustochowicz’

Witold Thustochowicz’

Received: 9 August 2018 / Accepted: 21 October 2018 / Published online: 29 October 2018
© The Author(s) 2018

Abstract

Rheumatoid arthritis (RA) is a common systemic autoimmune disease characterized by increased cardiovascular morbidity.
Several previous studies assessed associations between common atherosclerotic genetic risk factors and subclinical athero-
sclerosis (SA) in RA patients, yet most of them gave negative results. We undertook a cross-sectional study to evaluate the
association between previously reported SNPs and subclinical atherosclerosis in a cohort of Polish RA patients. 29 SNPs
associated with atherosclerosis in general population were genotyped in 289 RA patients: 116 patients with SA (increased
carotid intima-media thickness and/or presence of carotid plaque) and 173 patients without SA. To assess the cumulative
effect of SNPs we calculated 3 weighted genetic risk scores: GRSy, GRScp and GRS, p, comprising intima—media
thickness-associated SNPs, carotid plaque-associated SNPs and coronary artery disease-associated SNPs, respectively.
None of the SNPs showed a significant association with SA. However, we found an association between SA and GRSyt
Interestingly, this association was limited to patients with short disease duration (P =0.00004 vs. P> 0.5, for comparison of
GRSyt among patients within the 1st quartile of disease duration vs. others, respectively). Patients within the 1st quartile of
disease duration were more frequently disease modifying anti-rheumatic drugs (DMARDs)-naive and less frequently treated
with biologics. Our study suggests that in patients with early RA subclinical atherosclerosis may be driven by similar genetic
factors as in general population, while in long-lasting disease, the role common genetic risk factors may decrease. Possibly,
this effect may be due to the influence of DMARD:s.
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Introduction

Rheumatoid arthritis (RA) is a common systemic autoim-
mune disease characterized by chronic joint inflammation
and extra-articular manifestations. It is well known that car-
diovascular disease (CVD) morbidity and mortality rates are
increased in RA patients as compared to general population

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00296-018-4186-y) contains
supplementary material, which is available to authorized users.

P4 Barttomiej Kisiel
bartlomiejkisiel @ wp.pl

Extended author information available on the last page of the article

[1]. It has been shown that the excess of cardiovascular (CV)
risk in RA persists after adjustment for classical CV risk
factors [2], thus RA is considered as an independent CV
risk factor.

Assessment of intima—media thickness in carotid arteries
(CIMT) is one of the methods used for detecting subclini-
cal atherosclerosis. A systematic review and meta-analysis
by Lorenz et al. showed that CIMT predicts future vascular
events in healthy individuals [3]. Tyrrell et al. found in their
meta-analysis that CIMT is increased in RA [4].

Coronary artery disease (CAD) is a disease with a strong
genetic component. Previous large-scale genetic studies
identified nearly 50 loci associated with CAD [5]. How-
ever, a study by Conde et al. showed no association between
several CAD-associated SNPs and CIMT, which suggests
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different genetic bases for subclinical atherosclerosis and
coronary artery disease [6]. Similar results were reported
by Zabalza et al.—no association was found between 9
CAD-associated variants and 3 subclinical atherosclerosis
measurements (including CIMT); interestingly, this result
was observed regardless of the fact whether the variants
were analyzed individually or as a weighted genetic risk
score [7]. A large meta-analysis of genome-wide associa-
tion studies (GWAS) from the CHARGE consortium identi-
fied 3 genomic regions associated with common CIMT and
2 different regions associated with the presence of carotid
plaque [8].

Several previous studies focused on the associations
between genetic variants and atherosclerosis in RA patients.
However, it should be underlined that most of these studies
were performed by one group in a single (Spanish) popula-
tion (Supplementary Table S1). Moreover, it must be empha-
sized that these studies used different parameters as a marker
of atherosclerosis, i.e., CIMT, carotid plaque, CV events,
flow-mediated endothelium-dependent vasodilatation FMD
(postischemia), endothelium-independent vasodilatation
NTG (postnitroglycerin), coronary artery calcification. In
general, most of the genetic variants previously associated
with CAD, CIMT or carotid plaque showed no association
with atherosclerosis in RA patients.

In this study we aimed to evaluate the association between
29 previously reported SNPs and subclinical atherosclerosis
in a cohort of Polish RA patients. We also sought to assess
cumulative effects of the analyzed SNPs on subclinical ath-
erosclerosis risk with the use of genetic risk scores.

Methods

The study was approved by the Military Institute of Medi-
cine Ethics Committee (protocol number: 115/WIM/2007,
date: 20.06.2007). Informed consent was obtained from each
patient. All procedures were performed in accordance with
the Helsinki Declaration of 1975, as revised in 1983.

Control and study groups
Controls

A group of 102 healthy individuals was used to determine
normal values of CIMT in general population. Participants
of the control group, 52 women and 50 men, were recruited
among hospital staff. To ensure a representativity of the
control group we enrolled 10 males and 10 females for each
10-year interval of age from 20 to 60 years and ~ 10 males
and 10 females above 60 years. The exclusion criteria were:
(1) the presence of chronic cardiovascular disease (except
for well-controlled hypertension); (2) history of smoking;
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(3) diabetes mellitus; (4) malignancy; (3) dyslipidaemia; and
(6) renal insufficiency. The control group allowed for the
construction of a statistically significant regression model
for the relationship between age and CIMT in both men and
women.

Study group

Two-hundred and eighty-nine consecutive RA patients
(agreeing to participate in the study, fulfilling the 1987 ACR
criteria and inclusion/exclusion criteria) were recruited from
July 2007 to December 2012 in the Department of Internal
Diseases and Rheumatology, Military Institute of Medi-
cine, Warszawa, Poland. Exclusion criteria comprised: (1)
clinically overt atherosclerotic disease (i.e., history of myo-
cardial infarction, coronary revascularization or coronary
artery by-pass graft, coronary artery disease confirmed by
coronary angiography, myocardial scintigraphy or exercise
stress test, history of stroke, clinical symptoms of lower
extremity occlusive disease); (2) diabetes mellitus; (3)
chronic kidney disease; (4) another coexisting autoinflam-
matory disease; and (5) history of malignancy. The study
group was divided into 2 subgroups: (1) subclinical athero-
sclerosis group (SA)—patients with increased CIMT and/
or carotid plaque(s) and (2) non-subclinical atherosclero-
sis group (NSA)—patients without increased CIMT and
without carotid plaque. Among 116 SA patients 73 patients
had increased CIMT, 28 patients had increased CIMT
and carotid plaque(s) and 15 patients had solely carotid
plaque(s). Two sets of cardiovascular risk factors were used
in the study: classical (age, sex, smoking, hypertension,
body mass index—BMI, plasma lipids concentrations) and
RA-related (rtheumatoid factor—RF, anti-citrullinated pro-
tein antibodies—ACPA, disease duration).

Ultrasonography

Ultrasonography was performed with GE Logiq 5 Expert
with a 7-12 MHz linear array transducer. Atherosclerotic
plaques and IMT were assessed according to a protocol
described elsewhere [9]. According to the recommendations
of the American Society of Echocardiography CIMT greater
than the 75th percentile for age and sex was classified as
increased [10]. A group of 102 healthy individuals was used
to determine normal values of CIMT in general population
and to compute formulas for 75th percentile.

Single nucleotide polymorphisms (SNPs) selection

SNPs associated with coronary artery disease, CIMT and
carotid plaque from two large meta-analyses were selected
for this study [8, 11]. A SNP with minor allele frequency
(MAF) <0.05 in European populations (i.e., r1s3798220)
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was substituted by another LPA SNP associated with CAD
(i.e., rs10455872, MAF =0.07 in European populations).
Two other SNPs (i.e., 12306374 in the MRAS gene and
rs599839 in the SORTI gene) were substituted by their prox-
ies: rs9818870 and rs646776, respectively. The full list of
genotyped and analyzed SNPs is provided in Supplementary
Table S2.

Genotyping

DNA was isolated from whole-blood samples using a salt-
ing-out method [12]. For SNPs genotyping a custom array
was designed (Tagman OpenArray Genotyping Plate, Cus-
tom Format 16 QuantStudio 12K Flex, Life Technologies);
genotyping was performed according to the manufacturer’s
protocols on a QuantStudio 12K Flex Real-Time PCR Sys-
tem (Applied Biosystems). All genotyped SNPs were in
Hardy—Weinberg equilibrium. However, the SH2B3 gene
SNP rs3184504 was excluded from the analysis because of
the low genotyping success rate (< 90%). Finally, 29 SNPs
were analyzed.

Geneticrisk scores (GRSs)

The weighted genetic risk score was calculated according
to the previously reported method [13] as Zw,G;, where G;
indicates the number of risk alleles (0, 1 or 2), while w;
is the weight proportional to previously reported estimates
of allelic effect (beta-coefficient or natural logarithm of the
odds ratio). Three GRSs were calculated: (1) GRSy;;7—GRS
comprising CIMT-associated SNPs; (2) GRSp—GRS com-
prising carotid plaque-associated SNPs; and (3) GRSpp—
GRS comprising CAD-associated SNPs. SNPs forming indi-
vidual GRSs are listed in Supplementary Table S3. Because
of the missing genotyping data, 16 subjects (9 SA and 7
NSA) were excluded from the GRS analysis.

Statistical analysis

The PLINK statistical software package was used to evaluate
the differences in allele frequencies of each SNP between
SA and NSA groups and to test the Hardy—Weinberg equi-
librium (HWE) [14]. P <0.05 was considered as a signifi-
cant deviation from the HWE. Other statistical analyses
were performed using Statistica 12 package (StatSoft Inc).
The Bonferroni correction (with a correction factor derived
from the number of SNPs/GRSs tested) was used to adjust
for multiple testing. Results are reported as mean (SD) for
continuous variables and n (%) for categorical variables.
According to data distribution, a parametric (t test) or non-
parametric (U Mann—Whitney) test were used. Categorical
variables were compared with chi square exact test. GRSs in
the SA and NSA groups were compared with the student’s

t test. A logistic regression was used to predict the factors
associated with subclinical atherosclerosis. A set of predic-
tion models (comprising variables independently associated
with subclinical atherosclerosis) was built. P value < 0.05
was considered significant.

Results

Subclinical atherosclerosis (SA) and non-subclinical ath-
erosclerosis (NSA) groups comprised 116 and 173 patients,
respectively. Groups characteristics are presented in Table 1.
The SA and NSA patients differed in terms of age and smok-
ing (60.3 years vs. 55.6 years, P=0.002, and 12.7 pack-years
vs. 6.8 pack-years, P =0.002, respectively). The percentage
of hypertensive patients was higher in SA patients, but the
difference was not significant.

Out of 29 analyzed SNPs only 1 (rs4773144 in COL4AI)
showed a marginal association with subclinical atherosclero-
sis (OR 1.43,95% CI 1.01-2.03, P=0.049) (Supplementary
Table S4); however, this association did not withstand the
Bonferroni correction. Two SNPs showed a trend toward an
association with subclinical atherosclerosis: rs6601530 in
PINX1 and rs445925 in APOCI.

The associations of the GRSs with subclinical atheroscle-
rosis are presented in Table 2. Only GRSy showed a mar-
ginal association with subclinical atherosclerosis (P=0.019,
P, =0.057).

A logistic regression analysis involving GRSy, presence
of RF and ACPA, and classical CV risk factors (i.e., age,
sex, smoking, hypertension, BMI, plasma lipids concentra-
tions) showed that only two parameters were independently
associated with subclinical atherosclerosis: GRSy and
age. A comparison of the 2 models, i.e., model 1 (compris-
ing solely GRS yi1; Proder = 0.02) and model 2 (comprising
GRSyt and age P4 = 0.0005) showed that adding age
to GRSyt increased the discriminative ability (OR 2.33 vs.
1.26, accuracy 63% vs. 60.6% for model 1 and 2, respec-
tively, Ppogel 1 vs. 2 = 0.002).

To assess the total risk conferred by GRSy, we con-
ducted a post-hoc analysis and calculated ORs according to
GRSy tertile, using the first tertile as the reference group
(Table 3). The subclinical atherosclerosis OR for top vs.
bottom GRSy, tertiles was 2.40 (P =0.005). Interestingly,
there were as many as 55 patients (51.4%) in the highest
tertile category.

Subsequently, we analyzed the influence of several fac-
tors (sex, RF, ACPA, hypertension, smoking, disease dura-
tion) on the association between GRSy, and subclinical
atherosclerosis (Tables 4, 5, Supplementary Table S5).
These analyses showed that this association was limited
to patients within first quartile of RA duration (Table 4):
GRSy 0.025 vs. 0.014 in SA and NSA group, respectively
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Table 1 SA and NSA group

characteristics

Table 2 Genetic risk scores
associations with subclinical

atherosclerosis

(P=0.00004)—the mean value of GRSy (i.e., mean
value of GRSt for SA and NSA patients) was comparable

@ Springer

SA (n=116) NSA (n=173) P value

Age, years 60.3 (12.3) 55.6 (12.8) 0.002
Males 21 (18.1%) 28 (16.2%) 0.67
Pack-years 12.7 (19.5) 6.8 (12.3) 0.002
BMI, kg/m? 25.1 (4.1) 25.9 (4.5)° 0.17
Hypertension 55 (47.4%) 65 (37.6%) 0.096
Total cholesterol, mg/dL 203.9 (39.2.3) 203.5 (43.3) 0.95
LDL cholesterol, mg/dL. 116.5 (32.5)¢ 114.0 (35.1)¢ 0.54
HDL cholesterol, mg/dL 63.3 (20.6)° 63.7 (19.9)¢ 0.86
Triglycerides, mg/dL 127.1 (56.7)¢ 129.3 (63.6)4 0.77
RF positivity 82 (71.3%)° 115 (69.3%)° 0.72
ACPA positivity 78 (77.2%)" 116 (76.9%)¢ 0.94
Current or previous DMARDs treatment

Methotrexate 102 (87.9%) 156 (90.2%) 0.43

Sulfasalazine 53 (45.7%) 87 (50.3%) 0.44

Leflunomide 45 (38.8%) 67 (38.7) 1.00

Chloroquine/hydroxychloroquine 36 (31.0%) 54 (31.2%) 1.00

Cyclosporine A 24 (20.7%) 47 (27.2%) 0.21

Biologics 19 (16.3%) 37 (21.4%) 0.29
Number of DMARDs used 0.8

0 10 (8.6%) 14 (8.1%)

1 19 (16.4%) 24 (13.9%)

2 30 (25.9%) 52 (30.1%)

>3 57 (49.1%) 83 (48.0%)
Current or previous glucocorticosteroids treatment 110 (94.8%) 166 (95.9%) 1.00
Current treatment with statins 12 (10.4%)° 17 (10.2%)° 1.00

Data are presented as a mean (standard deviation) for continuous variables and as a number (percentage)

for categorical variables

ACPA anti-citrullinated protein antibodies, BMI body mass index, GCS glucocorticosteroids, NSA non-sub-
clinical atherosclerosis group, RF rheumatoid factor, SA subclinical atherosclerosis group

“Data available for 110 patients
®Data available for 162 patients
“Data available for 115 patients
dData available for 163 patients
°Data available for 166 patients
Data available for 101 patients

£Data available for 151 patients

Genetic risk score SA group (n=107) NSA group (n=166) P
GRScap 1.152 (0.153) 1.134 (0.163) 0.34
GRS i1 0.020 (0.010) 0.017 (0.010) 0.019
(P ooy = 0.057)
GRS(p 0.060 (0.059) 0.062 (0.060) 0.77

Data are presented as a mean (SD)

GRS genetic risk score, GRS, GRS comprising CAD-associated SNPs, GRS;;; GRS comprising IMT-
associated SNPs, GRSp GRS comprising carotid plaque-associated SNPs, NSA non-subclinical atheroscle-
rosis group, SA subclinical atherosclerosis group

across all quartiles (0.020 for Q1, 0.019 for Q2, 0.021 for
Q3 and 0.020 for Q4, P> 0.05 for all comparisons) but the
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Table 3 Distribution of SA and NSA cases in tertiles of GRSyt

Tertile of GRSy 1 No of OR P
cases
NSA SA
T1 (GRS < 0.0078) 55 21
T2 (0.0078 <GRSy,r < 0.0234) 51 31 1.59(0.81-3.12) 0.17
T3 (GRSpyr > 0.0234) 60 55 2.40(1.29-4.47) 0.005

GRS,y GRS comprising carotid intima-media thickness-associated
SNPs, NSA non-subclinical atherosclerosis group, OR odds ratio, SA
subclinical atherosclerosis group

differential distribution of GRSy in SA and NSA groups
was limited to Q1. The analysis of the relationship between
the incidence of subclinical atherosclerosis and RA duration
(Supplementary Figure S1) showed the highest incidence in
early RA stages, then the incidence gradually decreased. The
SA and NSA patients in the lowest disease duration quartile
(Q1) did not differ significantly in terms of age (P=0.2)
and the association between GRSy,r and subclinical athero-
sclerosis in these patients was present in both men (GRSyp
0.0243 £0.007 vs. 0.0146 +0.009, P=0.011) and woman

(GRSpyr 0.0242 +0.012 vs. 0.0158 +0.010, P=0.002). The
analysis of the differences between patients with short and
long RA duration (i.e., Q1 vs. Q2—Q4) showed significant
differences in treatment regimens. Q1 patients were more
frequently DMARDs-naive (15/68 vs. 5/205, P=1.3x107%)
and the percentage of patients treated with biologics was sig-
nificantly lower (8/68 vs. 48/204, P=0.038). Further analy-
sis revealed that the association between GRS}y, and sub-
clinical atherosclerosis is limited to an even shorter period
of disease duration (Table 4)—there were no difference
in GRSyt between SA and NSA groups in patients with
RA duration > 2 years (P=0.44) and > 1 year (P=0.22),
while the difference was significant in patients with disease
duration <2 years (P=0.0002) or <1 year (P=0.002). In
addition, GRSyt was significantly higher in SA patients
with RA duration <2 years and <1 year as compared to SA
patients with RA duration> 2 years and > 1 year, respec-
tively (Table 5). Almost one-third of patients with RA dura-
tion <2 years were DMARDs-naive, while in patients with
RA duration <1 year, this percentage was as high as 48.2
(Table 5). Patients with RA duration <1 year and <2 years
did not differ significantly from patients with RA dura-
tion> 1 year and > 2 years in terms of age (55.9 + 13.3 years

Table 4 Relation between GRSy, and subclinical atherosclerosis according to rheumatoid arthritis duration

RAD

Quartile of RAD Q1 (RAD < 60 months)

Q2 (60 months < RAD < 108 months)
Q3 (108 months < RAD <204 months)

Q4 (RAD > 204 months)

RAD<1 year vs. > 1 year <1 year
> 1 year
RAD <2 years vs. > 2 years <2 years
> 72 years

GRSy P

SA NSA

0.025 (0.011), n=27 0.014 (0.010), n=41 0.00004
0.017 (0.011), n=29 0.016 (0.010), n=36 0.71
0.018 (0.011), n=27 0.020 (0.011), n=41 0.64
0.019 (0.008), n=21 0.017 (0.011), n=44 0.51
0.029 (0.013), n=12 0.015 (0.009), n=15 0.002
0.019 (0.011), n=95 0.017 (0.01), n=151 0.22
0.027 (0.011), n=19 0.014 (0.01), n=27 0.0002
0.019 (0.010), n=88 0.017 (0.01), n=139 0.44

Data are presented as mean (SD)

GRS+ GRS comprising carotid intima—media thickness-associated SNPs, NSA non-subclinical atherosclerosis group, Q/—-04 quartiles of rheu-
matoid arthritis duration, RAD rheumatoid arthritis duration, SA subclinical atherosclerosis group

Table 5 Relation between GRSy and subclinical atherosclerosis, and the differences in DMARD:s treatment according to rheumatoid arthritis

duration

RAD< 1 year (n=27) vs. > 1 year (n=246) RAD <2 years (n=46) vs. > 2 years (n=227)
GRSy in SA patients 0.029 (0.013) vs. 0.019 (0.010), P=9x10~* 0.027 (0.011) vs. 0.019 (0.010), P=0.0018
GRS;y;r in NSA patients 0.015 (0.009) vs. 0.017 (0.010), P=0.36 0.014 (0.010) vs. 0.017 (0.010), P=0.13

DMARDs-naive patients, n (%)

Patients on biologics, n (%)

13 (48.2%) vs. 7 (2.8%), P=1.9%x 10710
3 (11.1%) vs. 53 (21.6%), P=0.2

14 (30.4%) vs. 6 (2.6%), P=4.2x 107
5(10.9%) vs. 51 (22.6%), P=0.08

Data are presented as mean (SD) or number (%)

DMARD:s disease modifying anti-rheumatic drugs, GRS}, GRS comprising carotid intima—media thickness-associated SNPs, NSA non-subclini-
cal atherosclerosis group, RAD rheumatoid arthritis duration, SA subclinical atherosclerosis group
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vs. 57.6 +12.9 years, P=0.46 and 55.1 +12.5 years vs.
57.9+12.9 years, P=0.17 for RA duration<1 year vs.
>1 year and <2 years vs. >2 years, respectively).

The analysis of other subgroups (smoking, RF, ACPA,
hypertension) showed no significant associations (only
marginal association was found in ACPA-positive patients)
(Supplementary Table S5).

Discussion

The pathogenesis of atherosclerosis is complex, since it
involves genetic predisposition as well as environmental fac-
tors. Several genetic loci were found to be associated with
atherosclerosis; however, the influence of a single locus is
modest. A GRS, combining several genetic variants, is a tool
to assess cumulative effects of genetic factors on disease
risk. Several previous studies showed usefulness of GRSs in
the prediction of cardiovascular disease [15—18].

The associations of CAD risk variants SNPs with subclin-
ical atherosclerosis were tested in several studies. Studies by
Conde et al. and by Zabalza et al. did not find an association
between CAD risk variants and subclinical atherosclerosis
[6, 7]. One might speculate that the effects of a single vari-
ant might be very modest; if this is the case, a GRS might
allow finding an association. However, the studies evaluating
associations of GRSs based on clinical atherosclerosis risk
variants gave discrepant results. On one hand, Hamrefors
et al. found that a myocardial infarction GRS was associ-
ated with markers of carotid atherosclerosis (i.e., CIMT and
plaque) [19], and Salfati et al. showed that a GRS for clinical
CAD was associated with advanced coronary atherosclerosis
[20]. On the other hand, a large-scale study performed in
three Finnish cohorts showed that none of the 24 genome-
wide significant coronary artery disease risk variants was
associated with subclinical atherosclerosis and a GRS com-
bining those variants did not improve the prediction of sub-
clinical atherosclerosis [21]. Similar results were showed by
Zabalza et al.—a GRS comprising 9 CAD risk variants was
not associated with subclinical atherosclerosis [7]. Thus, it is
possible that subclinical atherosclerosis is, at least partially,
driven by other genetic factors than those involved in clini-
cally overt atherosclerosis. This hypothesis is strongly sup-
ported by the large meta-analysis by Bis et al. (over 40,000
participants of European ancestry), which demonstrated
that none of the SNPs reported to be associated with coro-
nary artery disease in the CARDIoGRAM consortium had
a significant association with CIMT or carotid plaque [8].
Moreover, the study identified 3 genetic variants associated
with CIMT and 2 associated with carotid plaque (and further
3 SNPs with suggestive evidence for association with CIMT
and carotid plaque); interestingly, most of these loci showed
no association with CAD [8].
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Several previous studies evaluated associations between
CAD/subclinical atherosclerosis risk variants and athero-
sclerosis in RA patients (most studies performed in Spanish
population), but most of them gave negative results (Supple-
mentary Table S1). In addition, a large-scale study involving
91 CAD genetic variants showed an association of only few
of them with subclinical atherosclerosis (defined as CAC) in
RA patients and the authors suggested that the increased risk
of CAC in RA did not appear to operate primarily through
established genetically regulated atherogenic mechanisms
that are preponderant in general population [22].

We investigated an association between 29 CAD/subclini-
cal atherosclerosis-associated SNPs and subclinical athero-
sclerosis in a Polish RA cohort. Of these 29 SNPs, only 1
(rs4773144 in COL4A1) showed a marginal association with
subclinical atherosclerosis and two SNPs showed a trend
toward association: rs6601530 in PINX/ and rs445925 in
APOCI. Interestingly, 2 of the above-mentioned SNPs were
previously associated with CIMT [8].

We also investigated the associations of 3 GRSs with sub-
clinical atherosclerosis. However, only GRSyt (combining
3 SNPs previously associated with CIMT in a large meta-
analysis by Bis et al. [8]) showed a marginal association with
subclinical atherosclerosis. The analysis of distribution of
SA and NSA cases according to the GRS}y, tertile showed
a significant increase in subclinical atherosclerosis risk in
the top tertile as compared to the bottom tertile (OR 2.40,
P=0.005). Our results suggest that in RA, similarly to gen-
eral population, subclinical atherosclerosis may be driven
by different genetic factors than those present in clinically
overt atherosclerosis.

A logistic regression showed that GRSyt and age were
independently associated with subclinical atherosclerosis.
Lack of association with BMI and lipids may be explained
by RA pathophysiology. It is well known that active RA
may lead to weight loss and abnormal body composition
(decreased lean muscle mass and increased adiposity).
Moreover, most studies reported a higher CV mortality in
RA patients with a low body mass index (BMI) (<20 kg/
m?) as compared to patients with a higher BMI (> 30 kg/m?)
[23]. Thus, in RA abnormal body composition (increased
adiposity) may be a better predictor of CVD than BMI. As
for lipids, RA is associated with altered lipid profile—the
so-called lipid paradox, where in spite of lower total cho-
lesterol, low-density lipoprotein (LDL) cholesterol and
high-density lipoprotein (HDL) cholesterol patients remain
at high risk of CVD developing [24]. Moreover, quantita-
tive changes in lipid profile are accompanied by functional
alterations, such as impaired HDLc efflux capacity (the abil-
ity to move cholesterol from lipid laden macrophages) [24].
The sex distribution was similar in SA and NSA groups. As
for hypertension, we did not demonstrate its association with
subclinical atherosclerosis, however, a trend towards some
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association was observed. Smoking was associated with sub-
clinical atherosclerosis in univariate (but not in multivariate)
analysis. As the role of smoking, male sex and hypertension
is well established in atherosclerosis, it is obvious that all
these factors contribute to its development; lack of asso-
ciation in our study was rather due to a small study group.
On the other hand, it might also indicate that the relative
contribution of these factors to atherosclerosis is smaller as
compared to age or genetic factors.

We also investigated if combining classical and genetic
risk factors improved the prediction of subclinical ath-
erosclerosis. The results demonstrated that adding age to
GRS significantly improved the predictive accuracy of
the model. Thus, our study suggests that in RA, similarly to
general population, the combination of genetic and clinical
risk factors may improve the prediction of atherosclerosis
[15, 16].

Our results, at first glance, seem to suggest that in Pol-
ish RA population subclinical atherosclerosis may be driven
by similar genetic factors as in general population (asso-
ciation of GRSy, with subclinical atherosclerosis). Thus,
our results would contrast with most previous studies. How-
ever, subgroup analysis showed an interesting finding: the
association between GRSyt and subclinical atherosclerosis
was limited to patients with shortest RA duration. One may
speculate that in early rheumatoid arthritis, the contribution
of common (i.e., present in general population) genetic and
non-genetic factors to subclinical atherosclerosis is large;
while in long-lasting RA, the role of disease-related factors
gradually increases, thus, the relative contribution of com-
mon risk factors (including common genetic risk factors)
decreases. Another possible explanation for our observa-
tion is the difference in treatment regimens. Previous stud-
ies showed that subclinical atherosclerosis may accelerate
early during the disease course or even in the preclinical
state [25]. It is well established that effective treatment with
disease modifying anti-rheumatic drugs (DMARDs) may
abrogate the effect of RA on atherosclerosis progression.
However, it should be emphasized that in a large propor-
tion of patients a substantial delay from symptom onset to
RA diagnosis exists—epidemiological studies showed that
in Poland the median delay from symptom onset to assess-
ment by the rheumatologist was 35 weeks [26]. Moreover,
conventional DMARDs (first-line RA therapy) are slow-
acting drugs, so during the first months of treatment their
anti-inflammatory effect is limited. A study by Raczkiewicz
et al., involving patients with early RA treated according
to current recommendations, showed a rapid progression
of CIMT in the first year of treatment, which slowed down
in the second year [27]. Interestingly, some studies showed
that DMARDs may not only slow down the increase of
CIMT but even cause its reduction [28, 29]. Thus, it seems
that DMARDs may have a strong effect on atherosclerosis,

influencing not only RA-related but also classical CV risk
factors. This hypothesis is supported by several studies per-
formed in non-RA population which proved a beneficial
effect of anti-inflammatory treatment on atherosclerosis.
The LoDoCo trial showed that low-dose colchicine pre-
vented recurrent cardiovascular events in patients with stable
CAD [30]. The CANTOS study showed similar results for
canakinumab [31]. In addition, the ongoing Cardiovascular
Inflammation Reduction Trial (CIRT) tests the influence of
low-dose methotrexate (anchor drug for RA) on cardiovas-
cular risk [32, 33]. Our results seem to support those men-
tioned above. We observed a high incidence of subclinical
atherosclerosis in early stages of RA, which, subsequently,
gradually decreased. This high incidence in early stages of
RA may be due to the considerable proportion of DMARDs-
naive patients, as well as to the fact that in some patients
DMARDs might have not reach their maximal effect yet.
If this is the case, our results should not be considered as
discrepant from previous studies, but as those which high-
light the role of RA as an independent cardiovascular risk
factor and the beneficial effect of DMARDSs on the CV risk.
In this context, it would be very interesting to re-analyze
previous studies taking into account RA duration and treat-
ment regimens.

A possible modifying effect of DMARDs on genetic
risk of atherosclerosis is not easy to explain. However, it
should be emphasized that many genes associated with
atherosclerosis encode proteins involved in inflammatory
processes and thus, the effect of their changed expression
might be influenced by immunosuppressive/immunomodu-
latory drugs, e.g., methotrexate. Such a gene (i.e., involved
in inflammatory processes) is APOCI—a component of
GRSy, which was shown not only to be associated with
lipids but also with systemic inflammation [34].

We acknowledge some limitations to this study. First, the
study group was relatively small, and therefore, our study
had limited power to detect associations of single SNPs with
subclinical atherosclerosis. To overcome this problem, we
used a weighted GRS as the main genetic variable. Second,
we did not have a replication cohort. Thus, our results need
to be confirmed by other studies.

In conclusion, we found that GRSy, was associated with
subclinical atherosclerosis in RA patients; however, the
association was limited to patients with short RA duration.
In this subgroup of RA patients, subclinical atherosclerosis
seemed to be, at least partially, driven by similar genetic
factors as in general population. In contrast, in patients with
long-lasting RA, the role of common genetic factors seemed
to be relatively small. Further studies are needed to eluci-
date the relationship between common genetic risk factors
and atherosclerosis in RA. However, our study suggests that
future studies should take into account disease duration and
RA-specific treatment.
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