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Abstract

Background The aim of the study was to assess the relationship between the occurrence of rheumatoid arthritis (RA) and anky-
losing spondylitis (AS) and the cardiac magnetic resonance (CMR) changes in people without clinically overt heart disease.
Methods The study group consisted of 74 people (48.81411.35 years): 29 patients with RA, 23 patients with AS and 22 people from control
group. Blood samples were taken to assess laboratory parameters, disease activity was determined using activity scales, and CMR was performed.
Results It was shown that the factors independently related to higher left ventricular mass index are AS occurrence, human
B27 leukocyte antigen occurrence, higher neutrophil gelatinase—associated lipocalin concentration (NGAL) and higher body
mass index (BMI). The lower right ventricular ejection fraction is result of an independent effect of RA, AS and higher
NGAL. RA presence, methotrexate use, higher rheumatoid factor titer, higher NGAL, older age and higher BMI should be
considered independent risk factors for greater left ventricular myocardium water content. RA occurrence, AS occurrence,
type 2 diabetes occurrence and a higher C-reactive protein concentration can be independently associated with a higher
probability of non-ischemic left ventricular myocardium injury. Larger pericardial fluid volume is result of an independent
effect of higher NGAL, higher anti-cyclic citrullinated peptide antibodies titer and higher DAS28 disease activity index. Use
of steroids is protective factor against larger volume of pericardial fluid.

Condlusions RA and AS in people without clinically apparent heart disease are associated with the occurrence of adverse changes in CMR.

Key Points

®RA and AS in people without clinically apparent heart disease are associated with the occurrence of adverse changes in CMR..

oThe independent risk factors for higher LVEF are AS occurrence, human B27 leukocyte antigen occurrence, higher NGAL concentration and
higher BMI..

®RA presence, methotrexate use, higher RF, higher NGAL, older age and higher BMI are independent risk factors for higher LV T2 ratio..

®RA occurrence, AS occurrence, type 2 diabetes occurrence and a higher CRP are independently associated with a higher risk of non-ischemic
LV myocardium injury..

Keywords Ankylosing spondylitis - Cardiac magnetic resonance - Late gadolinium enhancement - Myocardium oedema -
Neutrophil gelatinase—associated lipocalin - Rheumatoid arthritis
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Introduction

Cardiovascular diseases are the leading cause of death in the
world [1]. The problem of the prevalence of cardiovascular
diseases is also more applicable to areas with high gross
domestic product [2, 3]. In addition to primary cardiovascu-
lar diseases, cardiac and vascular pathological changes may
be secondary to diseases of other organs and organ systems
[4,5].

Rheumatoid arthritis (RA) and ankylosing spondylitis
(AS) are one of the most common rheumatic diseases [6,
7]. Coronary artery disease, subclinical and apparent car-
diovascular disease, pericarditis, myocarditis, valvular dis-
ease, vasculitis and secondary cardiomyopathy are more
common in patients with RA [8—10]. Data regarding AS
indicate similar relationships, but they are less documented
and less expressed [11].

Cardiac magnetic resonance (CMR) is currently the
“golden standard” of assessing left and right ventricular
function and enables non-invasive assessment of myocardial
oedema and fibrosis [12-14].

The previously identified relationships between RA, AS,
and cardiovascular disease were mainly observed in obser-
vational epidemiological studies [15, 16]. However, among
the imaging methods, cardiovascular changes in patients
with RA and AS have so far been assessed primarily using
echocardiography [17].

The aim of the study was to assess the relationship
between the occurrence of RA and AS and the morphology
and function of the heart assessed by CMR in people without
clinically overt heart disease. In addition, an attempt was
made to link selected clinical parameters of RA and AS to
specific morphological and functional changes of the heart
with CMR.

Materials and methods

The entire study group consisted of 74 people
(48.81 +11.35 years). The study protocol included the
inclusion of consecutive patients with diagnosed RA or
AS, studied in the department of internal medicine in order
to assess organ complications, treatment effectiveness, and
possible optimization therapy. Patients with clinically
apparent heart diseases were not qualified for the study.
Patients who were enrolled in the project did not report
any clinical symptoms that would indicate heart disease;
they had not been diagnosed with heart disease in previous
studies, including additional studies. In the first stage, 29
patients with RA and 23 patients with AS were qualified
for the study. In the next stage, the study group included
people not suffering from rheumatic diseases constituting
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the control group. Finally, 22 people were qualified to the
control group. The general characteristics of the studied
groups are given in Table 1. Selected clinical parameters
in the groups with RA and AS are summarized in Tables 2
and 3.

Based on the history, basic information on the under-
lying disease and comorbidities was collected, including
data on the prevalence of risk factors for cardiovascular
disease. Pharmacological preparations used at the time of
the study were also identified.

In venous blood in the group with RA, C-reactive pro-
tein (CRP) concentrations, rheumatoid factor (RF) titers,
anti-cyclic citrullinated peptide (anti-CCP) titers and neu-
trophil gelatinase—associated lipocalin (NGAL) concentra-
tion were determined; seropositivity was also determined.
In the group with AS, the levels of CRP and the concentra-
tion of NGAL were determined; in addition, a B27 human
leukocyte antigen (HLA-B27) test was performed. Labora-
tory analyses were performed using commercially avail-
able tests in a laboratory diagnostics facility controlled
as part of the Randox International Quality Assessment
Scheme (RIQAS).

In patients with RA, disease activity was assessed using
two standardized methods: disease activity index DAS28
and VAS collective assessment of health by the patient
and the doctor.

CMR tests were performed with one 1.5 T Magnetom
Aera (Siemens Healthcare, Forchheim, Germany). All
CMR tests were performed according to a standard-
ized protocol. The image acquisition was ECG-gated
with breath holds. The study protocol included CINE-
type steady-state free precession sequences, short-tau
inversion-recovery sequences (STIR) and late gadolin-
ium enhancement sequences (LGE). The LGE sequence
was performed after injection through the veins of the
ulnar bolus gadobutrol dose 0.2 mmol/kg body weight
(Gadovist, Bayer Healthcare, Leverkusen, Germany).
Medis Suite MR software (Medis, Leiden, the Nether-
lands) was used for post-processing evaluation of CMR
images.

CINE sequences were recorded in the short axis of the
left ventricle and in the long axis in 2-chamber, 3-cham-
ber and 4-chamber projections. CINE sequences were
used to assess the dimensions of the heart cavities and
the functional parameters of the left and right ventricles.
The 4-chamber projection assessed the left atrial surface
area (LAA) and the right atrial surface area (RAA). In
the short axis projection in the baso-median slices, left
ventricular end-diastolic diameter (LVEDD), left ven-
tricular end-systolic diameter (LVESD), anterior intra-
ventricular septum diastolic diameter (alVSDD) and pos-
terior wall diastolic diameter (PWDD) were measured.
The left ventricular fractional shortening (LV FS) was
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Table 1 The general RA AS Control
characteristics of the studied
groups Number [n/%] 29/100.0 23/100.0 22/100.0
Gender [n/%]
Men 9 /31.0%** 23/65.2 10/45.4
Women 20/ 69.0%%* 8/34.8 12/54.6
Age [years] 49.41+13.72 47.11+11.29 49.40+7.73
Height [m] 1.65+0.08 1.64+0.09 1.69+0.07
Weight [kg] 71.20+13.80 67.50+12.85 71.82+9.60
Body mass index (BMI) [kg/m?] 25.68 +4.02 25.10+3.93 25.19+3.05
Body surface area (BSA) [m?] 1.76 £0.17 1.73+0.18 1.82+0.13
Overweight/obesity [n/%]
Normal body mass 13/44.8 9/39.1 12/54.6
Overweight 9/31.0 11/47.8 8/36.3
Obesity 7/24.2 3/13.0 2/9.2
Coexistence of cardiovascular risk factors [n/%]
Arterial hypertension 7/24.2 2/8.6 3/18.7
Type 2 diabetes 3/10.3 1/43 1/45
Smoking 2/6.9 1/43 3/13.6

RA vs. AS: p<0.05

calculated using the formula: FS = (LVEDD - LVESD
/ LVEDD) *100%. 2-chamber projections in the long
axis and images in the short axis of the left ventricle
were used to estimate the parameters of left and right
ventricular function using the volumetric method. The
end-diastolic and end-systolic volume (EDV and ESV)
was calculated as the sum of the left ventricular cavity
surface in subsequent layers in images in the short axis
multiplied by the thickness of the layer. Stroke volume
(SV) was the difference between EDV and ESV. The
ejection fraction (EF) was obtained by stroke volume
divided by end-diastolic volume. Functional parameters

of the left and right ventricles (LV and RV) are pre-
sented as body surface area (BSA) indexed values. Left
ventricular mass index (LVMI) was calculated too.
STIR and LGE sequences were performed to assess the
morphological changes of myocardium. The occurrence of
left and right ventricular oedema foci was assessed, and the
number of left ventricular segments with visualized oedema
foci and the planimetrically measured surface area of the
largest oedema focus were determined. In addition, the T2
ratio was measured, i.e. the ratio of maximum myocardial
intensity to skeletal muscle intensity. In the absence of vis-
ible oedema foci, the T2 ratio was used to determine the

Table 2 Selected clinical
parameters in patients with
rheumatoid arthritis

Duration of illness [years]
C-reactive protein (CRP) [mg/I]
Rheumatoid factor (RF) [IU/ml]

Anti-cyclic citrullinated peptide (anti-CCP) [EU/ml]

Seropositivity [n/%]
Disease activity index DAS28

Collective assessment of health by the patient and the doctor (VAS)
Neutrophil gelatinase—associated lipocalin (NGAL) [ng/ml]

Steroids [n/%]
Methotrexate [n/%]

Other disease-modifying drugs [n/%]

Salazopyrin
Leflunomide
Cyclosporine
Chloroquine

8.40+6.67
17.96+17.32
170.74 +£336.04
326.46+488.88
19/65.5
6.49+0.53
82.67+4.17
13.22+8.77
19/65.5
21/72.4
11/379

1/34

6/20.7

3/10.3

1/3.4
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Table 3 Selected clinical parameters in patients with patients with
ankylosing spondylitis

Duration of illness [years] 9.48+10.49

C-reactive protein [mg/1] 24.04+28.26

B27 human leukocyte antigen (HLA-B27) [n/%] 18/78.26

Neutrophil gelatinase—associated lipocalin (NGAL) 23.15+22.55
[ng/ml]

Disease-modifying drugs [n/%] 16/69.5
Etanercept 6/26.1
Adalimumab 7/30.4
Secukinumab 3/13.0

occurrence of generalized oedema of the left ventricular
myocardium. The normal T2 ratio was < 1.8, and the crite-
rion for generalized oedema of the left ventricular myocar-
dium was T2 ratio > 1.9. Values between 1.8 and 1.9 were
considered borderline for generalized left ventricular myo-
cardial oedema.

LGE foci of left and right ventricle were identified; the
number of left ventricular segments with visualized LGE
foci and the surface area of the largest LGE focus was meas-
ured by planimetry. In the case of LGE foci, the ratio of
the intensity of the largest LGE focus to the intensity of
myocardium T1 ratio was calculated. In the next stage, LGE
foci were classified in terms of location as transmural, sub-
epicardial, intramural and subendocardial. The presence of
intramural and/or subendocardial LGE foci made it possible
to recognize ischemic injury to the left ventricular myocar-
dium, while the occurrence of sub-epicardial and intramural
LGE foci — non-ischemic injury to myocardium.

In addition, the presence of pericardial fluid was included
in the CMR assessment. In the presence of pericardial fluid,
maximum pericardial fluid was measured.

Statistical calculations were made using the “Dell Sta-
tistica 13” statistical software (Dell Inc., USA). Quantita-
tive variables are presented as arithmetic means + standard
deviations. The distribution of variables was checked using
the W-Shapiro—Wilk test. For independent quantitative vari-
ables with normal distribution, ANOVA one-way parametric
analysis of variance was used. For variables with a non-
normal distribution, the non-parametric equivalent of vari-
ance analysis ANOVA Kruskal-Wallis test was used. The
results for qualitative variables are presented as percentages.
For independent qualitative variables, the chi-square test of
maximum likelihood was used for further analysis. To assess
the relationship between the examined parameters, a cor-
relation and regression analysis was performed. Sensitivity
and specificity analysis were performed using ROC curve
analysis. The results at the level of p <0.05 were considered
statistically significant.
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Results

Parameters of cardiac magnetic resonance in the studied
groups of patients are presented in Table 4. In terms of heart
cavity dimensions, the group with RA was characterized by
significantly higher PWDD compared to the control group
(8.50£1.53 mm vs. 7.18 + 1.23 mm), while the group with
AS has a significantly higher LVMI than the control group
(68.40 +24.94 g/m? vs. 61.12 + 15.26 g/m?). Both examined
groups of patients in relation to the control group had worse
right ventricular systolic function expressed in significantly
lower RV EF (RA: 55.80+2.05%, AS: 55.31+1.81%, CON:
62.15+7.00%).

In the assessment of myocardial oedema, in the group
with RA, the T2 ratio was statistically significantly higher
than in the control group (1.71 +0.44 vs. 1.49 +0.17). At
the same time, the percentage of patients with normal T2
ratio was significantly lower in the group with RA compared
to the control group (82.7% vs. 100.0%). In the assessment
of LGE, there was statistically significantly more frequent
occurrence of post-contrast LGE enhancement in the groups
with RA and AS than in the control group (RA: 17.2%, AS:
13.0%, CON: 0.0%). The nature of LGE foci in the exam-
ined groups allowed us to show a significantly more fre-
quent occurrence of non-ischemic injury to myocardium in
the groups with RA and AS in comparison with the control
group (RA: 17.2%, AS: 13.0%, CON: 0.0%). RA patients
were also characterized by a higher degree of myocardial
fibrosis (expressed in the number of myocardial segments
with LGE foci) than the control group (0.86 +2.07 vs.
0.00+0.00). In RA patients a significantly larger number of
myocardium segments with visualized intramural LGE foci
than those in the control group (0.72 +1.67 vs. 0.00 +0.00).

In the presence of fluid in the pericardial sac, the maxi-
mum separation of pericardial plaques was statistically sig-
nificantly higher in the groups with AS and RA compared to
the control group (RA: 7.50+ 1.87 mm, AS: 9.33+2.52 mm,
CON: 2.50+0.71 mm).

In the correlation analysis, among the patients with RA,
the strongest statistically linear dependency was found
between: RF and indexed RV ESV (r=0.70, p <0.05), RF
and indexed RV EDV (r=0.64, p <0.05) and anti-CCP and
alVSDD (r=0.60, p <0.05). In patients with AS, the high-
est values of correlation coefficients concerned the linear
dependency between NGAL and the number of left ven-
tricular segments with visualized LGE sub-epidural foci
(r=0.78, p<0.05), NGAL and the number of left ventricular
segments visualized by any LGE foci (r=0.73, p <0.05) and
also between CRP and LV FS (r= —0.73, p <0.05).

With the help of multivariable backward stepwise regres-
sion analysis, independent factors associated with the occur-
rence of recognized adverse CMR changes were estimated,
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Table 4 Parameters of cardiac magnetic resonance in the studied groups of patients

RA AS Control
Heart cavities dimensions
Left atrium surface area in 4-chamber projection (LAA) [cm?] 23.32+5.14 24.75+3.60 23.84 +4.04
Right atrium surface area in 4-chamber projection (RAA) [cm?] 19.81+3.90 20.77 +£4.06 22.23+3.21
Left ventricular end-diastolic diameter (LVEDD) [mm] 56.21+31.28 56.91+6.92 58.11+8.30
Left ventricular end-systolic diameter (LVESD) [mm] 32.86+12.10 34.09+6.79 34.82+10.48
Left ventricular fractional shortening (LV FS) [%] 38.79+12.91 35.61+7.45 36.01 +£8.56
Anterior intra-ventricular septum diastolic diameter (alVSDD) [mm] 9.18+1.87 9.30+2.01 8.44+1.53
Posterior wall diastolic diameter (PWDD) [mm] 8.50+1.53* 7.91+1.70 7.18+1.23
Left ventricular mass index (LVMI) [g/rnz] 60.13+12.10 68.40 +24.94%* 61.12+15.26
Left ventricular systolic function
End-diastolic volume index (EDVi) [ml/m?] 81.90+£19.51 86.36 £19.35 85.08 £ 14.60
End-systolic volume index (ESVi) [ml/m?] 32.00+12.41 27.55+9.65 3448 +£12.48
Stroke volume index (SVi) [ml/m?] 49.90+10.63 53.95+12.44 56.83+13.96
Ejection fraction (EF) [%] 65.25+7.82 66.70+4.72 63.06+5.41
Reduced ejection fraction [n/%] 2/74 0/0.0 0/0.0
Right ventricular systolic function
End-diastolic volume index (EDVi) [ml/m?] 98.85+26.28 91.50+27.35 93.44+19.24
End-systolic volume index (ESVi) [ml/m?] 43.62+11.61 40.85+12.09 35.08£9.15
Stroke volume index (SVi) [ml/m?] 55.22+14.94 50.65+15.40 58.36+14.31
Ejection fraction (EF) [%] 55.80+2.05* 55.31+1.81** 62.15+7.00
Reduced ejection fraction [n/%] 0/0.0 0/0.0 0/0.0
Myocardium oedema
Left ventricular oedema foci [n/%] 1/3.4 0/0.0 0/0.0
Number of left ventricular segments with oedema foci 0.17+0.93 0.00+0.00 0.00+0.00
Surface area of the largest oedema focus [ecm?] 2.98+0.00 - -
The ratio of myocardial intensity to skeletal muscle intensity (T2 ratio) 1.71 £0.44%* 1.61+0.24 1.49+0.17
Normal T2 ratio [n/%] 24 /82.7* 20/87.0 100/ 100.0
Borderline image for generalized left ventricular myocardial oedema [n/%] 2/69 1/43 0/0.0
Generalized left ventricular myocardial oedema [n/%] 3/10.3 2/8.7 0/0.0
Right ventricular oedema foci [n/%] 1/34 0/0.0 0/0.0
Late gadolinium enhancement foci (LGE)
Left ventricular LGE foci [n/%] 5/17.2% 3/13.0%* 0/0.0
Number of left ventricular segments with LGE foci 0.86+2.07* 0.48+1.34 0.00+0.00
Number of left ventricular segments with transmural LGE foci 0.00+0.00 0.00+0.00 0.00+0.00
Number of left ventricular segments with subendocardial LGE foci 0.07+0.37 0.00+0.00 0.00+0.00
Number of left ventricular segments with subepicardial LGE foci 0.17+0.60 0.17+0.65 0.00+0.00
Number of left ventricular segments with intramural LGE foci 0.72+1.67* 0.39+1.08 0.00+0.00
Surface area of the largest LGE focus [cm?] 0.76+0.31 0.45+0.08 -
Tthe ratio of the intensity of the largest LGE focus to the intensity of myocar- 3.49+0.58 2.68+0.98 -
dium (T1 ratio)
Right ventricular LGE foci [n/%] 1/34 0/0.0 0/0.0
Ischemic myocardium injury [n/%] 1/3.4 0/0.0 0/0.0
Non-ischemic myocardium injury [n/%] 5/17.2% 3/13.0%* 0/0.0
Pericardial fluid
Presence of pericardial fluid [n/%] 7/24.1 3/13.0 2/9.1
Maximum pericardial plaque separation [mm] 7.50+1.87%* 9.33+£2.52%%* 2.50+0.71

“RA vs. Control: p<0.05; ** AS vs. Control: p <0.05
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Table 5 Results of regression analysis in the studied group of patients. Risk factors for higher left ventricular mass index (LVMI)

Model for left ventricular mass index (LVMI) [g/mz]

Intercept B27 human leukocyte
antigen (HLA-B27)*
Regression coefficient 48.548 48.548
SEM of Rc 37.735 37.735
p 1.866 1.866

Body mass index Ankylosing Neutrophil gelatinase—associ-
(BMI) [kg/m?] spondylitis* ated lipocalin (NGAL) [ng/
ml]
48.548 48.548 48.548
37.735 37.735 37.735
1.866 1.866 1.866

# dichotomic variable, where 1- missing, 2- occurrence

i.e. greater LVMI, smaller left and right ventricular EF,
greater T2 ratio of myocardial intensity to skeletal mus-
cle intensity and greater maximum separation of pericar-
dial plaques. In the logistic regression analysis, however,
independent factors associated with non-ischemic injury to
myocardium were identified. The parameters of the devel-
oped regression models are given in Table 5. Based on the
obtained models, it was shown that in the examined group,
the factors independently related to the higher LVMI are
occurrence of AS, occurrence of human B27 leukocyte anti-
gen, higher NGAL and higher BMI (Table 5). The lower RV
EF in the study group is independently associated with RA,
AS and higher NGAL (Table 6). In this group of patients, the
presence of RA, current methotrexate use in therapy, higher
RF, higher NGAL, older age and higher BMI should be con-
sidered independent risk factors for greater left ventricular
myocardium water content (Table 7). In the same group, the
occurrence of RA, the presence of AS, the occurrence of
type 2 diabetes and a higher CRP can be independently asso-
ciated with a higher probability of non-ischemic injury to
left ventricular myocardium (Table 8). However, the larger
volume of fluid in the pericardial sac in the subjects is the
effect of the independent effect of higher NGAL, higher anti-
CCP and higher DAS28. Current use of steroids in therapy is
a protective factor against a larger volume of pericardial fluid
assessed in CMR in the examined group (Table 9).

Using the ROC curve analysis and association analysis,
the sensitivity and specificity of various clinical indica-
tors were assessed as predictive indicators of the occur-
rence of generalized left ventricular myocardial oedema,
non-ischemic injury to left ventricular myocardium and

pericardial fluid in RA and AS. The following criteria can
be considered tests with high sensitivity and specificity of
prediction of generalized left ventricular myocardial oedema
in RA: NGAL > 19.6 ng/ml and RA duration > 10 years.
The following criteria are corresponding tests for non-
ischemic left ventricular myocardial injury in RA patients:
NGAL > 15.5 ng/ml and anti-CCP > 393.6 EU/ml. In the
case of prediction of pericardial fluid, the following cri-
teria should be considered: anti-CCP >?284.6 EU/ml and
CRP > 18.8 mg/l. The results of the analysis of the sensitiv-
ity and specificity of selected clinical parameters as predic-
tors of CMR in the group with RA are presented in Table 10.

In the group with AS, the criteria based on the assessed
clinical indicators are not characterized by sufficiently high
sensitivity and specificity prediction of generalized myo-
cardial oedema and non-ischemic left ventricular myocar-
dial injury. On the other hand, the following criteria can be
considered tests with high sensitivity and specificity of the
occurrence of pericardial fluid in AS: AS duration >4 years
and CRP > 12.1 mg/l. Full results of the analysis of the sen-
sitivity and specificity of selected clinical parameters as
predictors of CMR in the group with AS are presented in
Table 11.

Discussion

Based on the performed study, it was shown that in study
group, RA and AS are associated with the occurrence of
adverse changes in morphology and cardiac function
assessed by CMR, such as worse right ventricular systolic

Table 6 Results of regression
analysis in the studied group

Model for right ventricular ejection fraction (RVEF) [%]

of patients. Risk factors for Intercept

lower right ventricular ejection

fraction (RVEF)
regression coefficient 67.922
SEM of Rc 20.170
p <0.05

Rheumatoid ~ Ankylosing Neutrophil gelatinase—associ-
arthritis* spondylitis* ated lipocalin (NGAL) [ng/
ml]
—4.321 —4.086 -0.074
1.069 1.130 0.051
<0.001 <0.001 <0.05

# dichotomic variable, where 1- missing, 2- occurrence
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Table 7 Results of regression analysis in the studied group of patients. Risk factors for higher left ventricular myocardium water content (T2

ratio)

Model for: the ratio of myocardial intensity to skeletal muscle intensity (T2 ratio)

Intercept Rheumatoid Rheu- Neutrophil gelatinase—associ- Body mass Age [years] Methotrexate®
factor (RF) matoid ated lipocalin (NGAL) [ng/ index (BMI)
[TU/mI] arthritis*  ml] [kg/m?]
Regression coefficient —0.087 0.001 0.373 0.008 0.021 0.005 0.174
SEM of Re 0.174 0.000 0.095 0.003 0.009 0.002 0.089
p <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

# dichotomic variable, where 1- missing, 2- occurrence

function, a greater degree of myocardial oedema as meas-
ured by T2, greater severity of non-ischemic myocardial
fibrosis and larger pericardial effusion. The existence of
certain relationships between RA and AS and the dimen-
sions of the heart cavities have also been documented. In
addition, the results of regression analysis are also confirmed
by the existence of the above relationships between RA and
AS and morphological and functional changes of the heart
in CMR in study group.

The more frequent occurrence and greater severity of
adverse cardiovascular changes in patients with RA in our
study compared to the control group matches the results of
other studies conducted so far, although most of them were
conducted using echocardiography [18]. There are far fewer
CMR studies. In the research of Ntusi et al., compared to the
control group, RA patients were characterized by signifi-
cantly larger left atrium sizes, worse left ventricular con-
tractility rates, larger myocardial oedema foci, more frequent
myocardial fibrosis foci, higher myocardial T1 native time,
greater left ventricular myocardium volume percentage with
time T1>990 ms in T1-mapping images and a larger volume
of extracellular space [19]. In the study of Kobayashi et al.
of 2010, the frequency of CMR changes in RA patients was
estimated at 45% of cases. LGE foci corresponding to areas
of myocardial fibrosis were identified in 39% of patients with
RA. In 11% of patients, myocardial perfusion defects in left
ventricle were observed [20]. Later studies by the same
team of authors performed on a larger group of RA patients
indicated that left ventricular fibrosis foci occurs in 32% of
patients; in 12% of cases myocardial inflammatory activity

can be shown in T2-dependent imaging [21]. The results
of current study seem to be consistent with the discussed
studies of other authors. Interesting results were provided
by a study by Giles et al., in which RA was associated with
a smaller left ventricular EF and a smaller LVMI [22]. The
results of our study did not confirm the existence of such a
dependency. Both LV EF and LVMI did not differentiate the
control group from the group of patients with RA.

Demonstration of the dependency between AS and the
occurrence and greater severity of adverse cardiovascular
changes in this study is a valuable complement to existing
studies. In the study of Biesbroek et al. conducted in the
group of 15 patients, the incidence of left ventricular sys-
tolic dysfunction was estimated to be 36%, the incidence of
focal left ventricular myocardial fibrosis was 21%, and the
volume of extracellular myocardial space was linked to dis-
ease activity [23]. In other studies, by the same researchers,
in patients with AS, using CMR adverse changes in cardiac
morphology and function were linked to increased aortic
arch stiffness [24]. Our study matches the realization of the
postulate of the need to disseminate awareness of the pos-
sibility of reducing the incidence of cardiovascular events
and improving the survival of patients with AS when early
diagnosis of cardiovascular changes [25].

The currently discussed study may also indicate that in
patients without clinically apparent myocardial injury during RA
and AS, there occur corresponding CMR-assessed changes in
heart morphology and function. As already mentioned, previous
studies on the relation between RA and AS and adverse morpho-
logical and functional changes in the heart showed similarities in

Table 8 Results of regression
analysis in the studied group

Model for: probability non-ischemic myocardium injury

of pa'tients. RiSk factors. for Rheumatoid Ankylosing Type 2 diabetes* C-reactive
non-ischemic left ventricular arthritis® spondylitis” protein (CRP)
myocardium injury [mg/1]

Regression coefficient 13.103 10.482 1.143 5.017

SEM of Re 2.156 2.145 0.248 1.023

p <0.01 <0.01 <0.01 <0.01

# dichotomic variable, where 1- missing, 2- occurrence
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Table 9 Results of regression analysis in the studied group of patients. Risk factors for higher volume of pericardial fluid

Model for: maximum pericardial plaque separation [mm]

Intercept Neutrophil gelatinase-associated ~ Anti-cyclic citrullinated pep-  Steroids* Disease activ-
lipocalin (NGAL) [ng/ml] tide (anti-CCP) [EU/ml] ity index
DAS28
Regression coefficient 7.005 0.155 0.004 -2.156 3.759
SEM of Re 1.245 0.032 0.001 0.697 1.289
p <0.01 <0.001 <0.01 <0.01 <0.01

# dichotomic variable, where 1- missing, 2- occurrence

the demonstrated dependencies, however, in the case of AS, the
dependencies were less well documented and, above all, were
to be less expressed [17]. According to the authors, the results
of our study are a valuable supplement to the data in the context
of comparing patients with RA and AS.

The analysis of the results of the currently discussed study
also allows to conclude on the usefulness of selected clinical
and laboratory parameters characterizing the severity and
course of RA and AS for the purpose of predicting the risk
of adverse changes in CMR. As it has been shown that there
are some linear relationships between clinical parameters
disease and selected CMR parameters. Predictive usefulness
of RA and AS clinical and laboratory parameters included
in the study for morphological and functional changes of the
heart in CMR was confirmed by regression analysis. Based

on the above data, NGAL concentration should be consid-
ered the most useful clinical parameter for the purpose of
predicting the risk of adverse changes in CMR in the studied
group of patients with RA and AS.

NGAL is primarily an early marker of acute kidney injury.
In recent years, however, it has been shown that it can be an
indicator of increased cardiovascular risk [26]. The importance
of NGAL in rheumatic diseases was looks into a few years ago
[27]. Studies on the relationship between NGAL and CMR
changes have not been conducted so far, and the relationships
shown in the current study should be considered as an important
premise for more extensive research in this area.

Out of the clinical parameters assessed in the present study, in
previous scientific studies the issue of the relationship between
them and changes found in CMR was raised in relation to the

Table 10 Sensitivity and specificity of selected clinical parameters as predictors of cardiac magnetic resonance changes in patients with rheuma-

toid arthritis

Durationof ~ CRP>28.9  RF>33.7IU/  Anti- DAS28>6.3 VAS>85 NGAL>19.6ng/
illness>10 mg/l ml CCP>393.6 ml"
years” EU/ml

Prediction Sensitivity 0.731 0.731 0.421 0.667 0.133 0.846 0.833
of general-  gpecificity 0.667 0.000 0.667 0.333 1.000 0.500 0.667
ized left Accuracy  0.724 0.655 0.455 0.625 0.235 0.800 0.810
ventricular
myocardial
oedema

Durationof ~ CRP>23.0  RF>1480.0  Anti- DAS28>7.5 VAS>85 NGAL >15.5
illness>3 mg/l IU/ml CCP>393.6 ng/ml”
years EU/ml”

Prediction of  Sensitivity 0.391 0.696 0.947 0.737 1.000 0.833 0.733
non-ischemic - gpecificity 0.833 0.333 0.000 0.600 0.333 0.333 0.667
myocardial =\ ity 0.483 0.621 0.818 0.708 0.882 0.733 0.714
injury

Durationof ~ CRP>18.8  RF>9.75IU/ Anti-CCP DAS28 >7.5 VAS > 90 NGAL >13.0
illness>7 mg/” ml >284.6 EU/ ng/ml
years ml”*

Prediction of ~ Sensitivity 0.500 0.682 0.353 0.647 1.000 0.800 0.600
pericardial  gpecificity 0.429 0.571 0.364 0.833 0.167 0.200 0.500
fluid Accuracy  0.483 0.655 0.400 0.696 0.706 0.600 0.571

* statistically useful prediction test

@ Springer



Clinical Rheumatology (2021) 40:4701-4711

4709

duration of the disease, anti-CCP, CRP and DAS28. In the study
of Bradham et al., no relationship between disease duration, CRP
concentration and DAS28 index and native T1 time and extracel-
lular volume of the left ventricular myocardium in RA [28] was
indicated. The predictive significance of CRP in RA was raised
in the studies of Kobayashi et al. An increase in the CRP by a log
transformed was associated with a 3.36-fold increase in the risk
of LGE foci in the left ventricular myocardium [21]. In earlier
studies, in the context of adverse CMR changes, the importance
of CRP and DAS28 index was indicated, at the same time in
the absence of such significance for the duration of the disease
and the status of autoantibodies. Patients with diagnosed LGE
foci in the left ventricular myocardium were characterized by
higher CRP and DAS28 index [29]. Still other studies, namely
those carried out by Giles et al., emphasized the predictive sig-
nificance of anti-CCP, in the absence of other indicators of RA
activity and severity. Anti-CCP was associated with significantly
lower LVM, LV EDV and LV SV, but not with LV EF [22]. The
dependencies shown in our research may contribute to a more
complete understanding of the above dependencies.

The discussed studies allow to infer about the depend-
ency between the current RA treatment and the occurrence
of CMR changes. Using regression analysis, it was shown
that the methotrexate use is an independent factor associated
with greater water content of the left ventricle myocardium,
and the steroid use is an independent factor associated with
smaller pericardial plaque separation by pericardial fluid.

In previous studies, the issue of adverse cardiological con-
sequences of using methotrexate therapy has already been
signaled, even in studies by Kobayashi et al. [29]. The authors
postulated the need for further research on the potential

cardiotoxicity of methotrexate, noting the existence of contrast-
ing reports on the relationship between the use of methotrexate
and the reduction of cardiovascular risk [29, 30]. In the context
of the results of our study, this postulate seems most justified.

The dependency between the use of steroids for inflamma-
tory diseases and the smaller volume of fluid when it occurs in
the pericardial sac appears to be consistent with the literature.
It was reflected, among others, in the current guidelines of the
European Society of Cardiology on the diagnosis and treatment
of pericardial diseases of 2015, in the algorithm of treatment in
the presence of pericardial fluid [31].

A somewhat surprising result of our study is the demonstra-
tion of a statistically significantly lower right ventricular ejection
fraction in patients with RA and AS than in the control group,
with no significant differences in the left ventricular ejection
fraction. In previous studies, both left and right ventricular sys-
tolic dysfunction have been demonstrated in patients with RA
and AS, but with a predisposition to the earlier occurrence of
left ventricular systolic dysfunction [32—34]. It should be noted
that many of such examinations were conducted using the echo-
cardiographic method, and our study used the “gold standard”
for the assessment of left and right ventricular function, which
is magnetic resonance imaging. Moreover, it should be clearly
emphasized that in our study, despite a statistically significant
lower value of the right ventricular ejection fraction in patients
with RA and AS than in the control group, its absolute value in
these groups was within the normative values.

The study is obviously not without significant limita-
tions. The basic methodological limitation of the study
is the lack of echocardiographic examination in patients
qualified for the project. The small size of the studied

Table 11 Sensitivity and specificity of selected clinical parameters as predictors of cardiac magnetic resonance changes in patients with ankylos-

ing spondylitis
Prediction of generalized left ventricular myocar- ~ Sensitivity
dial oedema Specificity
Accuracy
Prediction of non-ischemic myocardial injury Sensitivity
Specificity
Accuracy
Prediction of pericardial fluid Sensitivity
Specificity
Accuracy

Duration of ill- CRP>20.3 mg/1 NGAL >21.5 ng/ml
ness>31 years

0.905 0.684 1.000

0.000 0.000 0.500

0.826 0.619 0.875

Duration of ill-
ness> 4 years

CRP>17.7 mg/l

NGAL>21.5ng/ml

0.550 0.667 1.000
0.333 0.333 0.333
0.522 0.619 0.750
Duration of ill- CRP>12.1 mg/l" NGAL>16.3 ng/ml
ness> 4 years”
0.600 0.556 0.600
0.667 0.667 0.333
0.609 0.571 0.500

* statistically useful prediction test
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groups should also be considered a significant limitation.
It would be optimal in qualifying patients for the study
not only to omit patients with clinically apparent myo-
cardial injury, but also to omit patients with risk factors
for cardiovascular disease. Questions may arise regarding
the selection of laboratory parameters in RA and AS. The
CMR could be supplemented with mapping sequences.

Conclusions

1. RA and AS in people without clinically apparent
myocardial injury are associated with the occurrence
of adverse changes in morphology and cardiac function
assessed by CMR, primarily, worse right ventricular sys-
tolic function, a greater degree of myocardial water con-
tent, greater severity of non-ischemic myocardial fibrosis
and pericardial effusion.

2. In patients without clinically apparent myocardial injury,
during RA and AS, there occur similar changes in heart mor-
phology and function assessed using CMR, with similar severity.

3. NGAL concentration is the most useful clinical
parameter among the subjects for the purpose of predict-
ing the risk of adverse CMR changes in the studied group
of patients with RA and AS.
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