Myocardial T1 mapping by cardiac magnetic resonance
imaging shows early myocardial changes in treatment-naive
patients with active rheumatoid arthritis and positive
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Abstract
Objective
We aimed to study whether myocardial changes are already detectable by cardiac magnetic resonance (CMR)
imaging at the time of rheumatoid arthritis (RA) diagnosis.

Methods
This single-centre prospective study included 39 treatment-naive patients with early rheumatoid arthritis (ERA,
symptom duration <l year) without any history of heart disease, and 38 age- and sex-matched healthy volunteers.
The disease severity was assessed with clinical evaluation (Disease Activity Score-28 for Rheumatoid Arthritis with
CRP (DAS28-CRP) score) and serological testing (rheumatoid factor (RF) and anti-citrullinated protein antibodies
(ACPA)). The ERA patients were classified into group A (DAS28-CRP score =3.2, positive RF and ACPA; n=17) and
group B (not fulfilling the group A criteria). The ERA patients and healthy controls underwent 1. 5T CMR.

Results

Group A patients had significantly higher myocardial global T1 relaxation times than the healthy controls,
987 [965, 1003 ] ms vs. 979 [960, 991 ] ms (median [IQR]; p=0.041). A significant difference in T1 was found in the
basal, mid inferior and mid anterolateral segments. In a multivariate analysis, prolonged global T1 relaxation time was
independently associated with female sex (95% CI [5.62, 51.31] ms, p=0.016), and group A status (95% CI [4.65, 39.01]
ms p=0.014).

Conclusion
At the time of diagnosis, ERA patients with a higher disease activity (DAS28-CRP score =3.2) and both positive
RF and ACPA showed prolonged T1 relaxation times in basal myocardial segments. These segments could be most
susceptible to the development of myocardial fibrosis, and a segmental reporting style could be useful when
estimating the first signs of myocardial fibrosis.
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Introduction

Rheumatoid arthritis (RA) is a systemic
inflammatory disease, resulting in artic-
ular and extra-articular manifestations.
Compared with healthy controls, RA
patients have a significantly increased
risk for coronary artery disease (CAD)
(1), congestive heart failure (CHF),
and even sudden cardiac death (2-7).
This risk is not only explained by tra-
ditional risk factors, but RA has also
been proven to serve as an independent
risk factor, similar to diabetes mellitus
(3, 8-11). RA patients are more likely
to show focal and diffuse myocardial
fibrosis and inflammation, which cor-
relate with RA disease activity (12).
Furthermore, the presence of autoan-
tibodies, i.e. rheumatoid factor (RF)
and anti-citrullinated protein antibodies
(ACPA), have been linked to impaired
cardiac function in patients with severe
RA (13).

Cardiac magnetic resonance (CMR)
is a great diagnostic tool for studying
the myocardium, and is considered the
gold standard for the quantification of
focal myocardial fibrosis (14). The late
gadolinium enhancement (15) sequence
identifies even small myocardial scars.
The extent of enhancement has been
proven to be an independent risk factor
for cardiovascular mortality (16, 17),
but LGE imaging struggles to identify
interstitial diffuse myocardial fibrosis
(18). T1 mapping either with or with-
out contrast administration, in turn, is
a relatively novel native CMR method
for detecting diffuse fibrosis, especially
when combined with post-contrast ex-
tracellular volume (ECV) quantifica-
tion and T2 mapping (18-20).

Patients with RA are at increased risk
of developing cardiovascular disease
(CVD) within the first year of clinical
RA symptom onset or even prior to
that (7, 21). The overall CVD mortal-
ity is increased amongst RA patients in
comparison to general population, and
clinical guidelines are emphasising the
early characterisation, management,
and risk reduction of the CVD burden
(22). The exact time of appearance of
the early cardiac manifestations in RA
has remained unclear, as well as how
their detection could be improved and if
their manifestation could be postponed,

prevented, or even attenuated with ef-
fective anti-rheumatic medication.
Therefore, the aim of this study was
to explore early myocardial manifesta-
tions in treatment-naive patients with
early RA (ERA), focusing on the novel
CMR mapping techniques and disease
severity, including autoantibodies.

Patients and methods

Patients

This single-centre prospective, blinded
study comprised 39 consecutive, re-
cently diagnosed, (duration of symp-
toms <12 months at diagnosis) adult
ERA patients fulfilling the ACR/EU-
LAR 2010 classification criteria for RA
(23), awaiting to start treatment with a
combination of conventional synthetic
disease-modifying anti-rheumatic drugs
(csDMARDs). The recruitment took
place in the Department of Rheumatol-
ogy in the Helsinki University Hospital
and Lohja Hospital, Finland, between
October 2018 and August 2021. The
patient cohort consisted of individu-
als without pre-existing cardiovascular
diseases such as clinical CAD, cardio-
myopathy, ischaemic heart disease, or
CHF. Importantly, diabetes mellitus,
hypercholesterolaemia, and clinical
hypertension were not grounds for ex-
clusion in the study. Consequently, the
study included seven patients with clini-
cal hypertension and four with diabetes.
Single blood pressure registrations were
taken prior to the CMR scan during
rheumatologist evaluations. A history of
hypertensive disease was recorded sepa-
rately. Other autoimmune diseases with
possible cardiac manifestations and
contraindications to CMR also served
as exclusion criteria. All 39 patients
underwent a thorough medical exami-
nation, comprehensive laboratory tests
and gadolinium-enhanced CMR. Dis-
ease Activity Score-28 for Rheumatoid
Arthritis with CRP (DAS28-CRP) (24)
was calculated. A DAS28-CRP level of
<2.6 was considered a threshold for re-
mission, 2.6-3.2 as low disease activity,
and =3.2 moderate to severe disease ac-
tivity (13). In this study we divided the
ERA patients into two groups; Patients
with a DAS28-CRP score =3.2, positive
RF and positive ACPA formed group A
(n=17), and those with less than three
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of these characteristics formed group B
(n=22).

The control group comprised 38 age-
and sex-matched healthy volunteers
without a self-reported history of heart
disease, any other cardiovascular dis-
eases, or any autoimmune disease. The
volunteers were recruited among health-
care professionals and their relatives.
All study participants gave written in-
formed consent. The ethics committee
of the Helsinki University Hospital pro-
vided a favourable opinion on the study
protocol (HUS/2691/2017), and the
declaration of Helsinki was followed.

CMR imaging

All 39 ERA patients underwent 1.5T
CMR (Avantofit; Siemens, Erlan-
gen, Germany) at Meilahti Univer-
sity Hospital, using a combination of
30-channel receiver body and 32-chan-
nel receiver spine coils. Images were
acquired in breath-hold to minimise
breathing artifacts. To assess left ven-
tricle (LV) and right ventricle (RV)
volumes and ejection fractions (EF), a
retrospectively electrocardiographical-
ly (ECG) gated balanced steady-state
free precession (bSSFP) cine sequence
was scanned in vertical and horizontal
long-axis, and also in short-axis planes
covering the whole heart. Typical Im-
aging parameters for cine imaging were
repetition time (TR) of 2.8 ms and echo
time (TE) of 1.2 ms, flip angle 55°, 192
x 154 matrix, and a 280 x 230 mm field
of view (FOV). Slice thickness was 6
mm, inter-slice gap was 20% in long-
axis directions and 30% in short-axis
planes, and 30 phases of the cardiac
cycle were reconstructed. The tempo-
ral resolution was 34-40 ms. Similar
parameters were also used for the left
(LVOT) and right (RVOT) ventricle
outflow tract cine imaging.

T2-STIR images were acquired in the
short-axis direction at three levels of
the LV (apex, mid-ventricular and basal
planes). Typical scan parameters for T2
STIR imaging were TR of two heart-
beats, TE of 45 ms, 192 x 148 matrix,
270 x 245 mm FOV, and slice thickness
of 8 mm, mid-diastolic acquisition, and
echo-train length of 17.

T2-mapping images were acquired in
the short-axis direction of the LV (apex,
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Fig. 1. a: T1 native relaxation time, extracellular volume fraction (ECV); b: T2 relaxation time analy-
ses using Medis software. Manual drawing of the endomyocardial and epimyocardial borders of the
left ventricle marks the midmyocardium for relaxation time analyses and ECV calculation.

c: an example picture of the American Heart Association (AHA) 17-segment model on a bull’s-eye
display (left), in the four-chamber plane and two-chamber plane (right) (25, 41).

mid-ventricular, and basal) using a T2-
prepared bSSFP sequence. Three sin-
gle-shot bSSFP images with different
T2 preparation times (0 ms, 25 ms, and
55 ms) were obtained at mid-diastolic
phase during one breath-hold. Typical
imaging parameters were TR of 2.4 ms,
TE of 1.1 ms, slice thickness of 8 mm,
flip angle 70°, 192 x 144 matrix, and
360 x 290 mm FOV.

Pre- and post-contrast T1 mapping of
the myocardium was performed in a
short-axis direction at three levels of
the LV (apex, mid-ventricular, and ba-
sal) using a shortened Modified Look-
Locker Inversion-recovery (shMOLLI)
sequence. Briefly, the typical acquisi-
tion parameters for the shMOLLI se-
quence were TR/TE of 2.4/1.2 ms, slice
thickness of 8 mm, flip angle 35°, 256
x 169 matrix, 300 x 256 mm FOV, and

data acquisition in mid-diastolic phase.
Post-contrast T1 mapping was per-
formed 12 minutes after the injection of
a contrast agent (gadoteratemeglumine,
Dotarem® 0.2 mmol/kg).

Starting from five minutes after the in-
jection of the contrast agent, LGE im-
ages were acquired in the long-axis and
short-axis directions of the LV using a
multi-slice single shot phase-sensitive
inversion recovery (PSIR) sequence
with bSSFP readout. The typical imag-
ing parameters of the PSIR sequence
were TR/TE of 2.5/1.1 ms, inversion
time (TT) to suppress the signal intensity
of a normal myocardium of 350-400 ms,
triggering performed once every two
heartbeats, flip angle 40°, 144 x 144 ma-
trix, and 270 x 200 FOV. Slice thickness
was 8 mm and inter-slice gap was 25%.
The CMR protocol used with our healthy
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control group was otherwise identical,
but gadolinium-enhanced sequences
were excluded for ethical reasons.

Image analysis

Experienced cardiac radiologists (cer-
tified EACVI level 3, SK. or M.H.)
approved all the reports and measure-
ments blindly without clinical data.
The volumetric analyses, segmental
T1 and T2 mapping according to the
American Heart Association 17-seg-
ment model (25), and ECV quantifica-
tion were performed with Medis Suit
MR (version 4.0.24.4, Medis Medical
Imaging systems, Leiden, Netherlands)
(Figure 1). Left atrium (LA) volume
was calculated using a standard biplane
method (26, 27). Two independent ana-
lysts completed T1, T2 and ECV map-
ping analyses. Segments with obvious
artifacts were excluded. In T1 and T2
mapping, the agreement between the
observers was excellent (ICC for global
T1 0.9, segmental variance 0.7-0.9; for
global T2 0.9, segmental variance 0.7-
0.9). For ECV quantification, the agree-
ment was not sufficient, and the ECV
maps were generated in consensus.

Statistical analysis

All statistical analyses were performed
using SPSS software (v. 28, IBM SPSS
Statistics, Corp., Armonk, New York,
USA). An age- and sex-matched (with
10-year tolerance) control for each
patient with complete CMR data was
selected from a pool of 69 controls us-
ing SPSS. One patient remained un-
matched. Data are described with me-
dian with interquartile range (IQR, [Q,,
Q,]). Due to non-normal distribution of
the data and small sample size nonpara-
metric tests were used.

Statistical significance between varia-
bles was evaluated using independent-
samples Mann-Whitney U, Kruskal-
Wallis test, Wilcoxon’s test for paired
samples, Chi-Square, Fisher’s exact
and McNemar tests, where appropriate.
A univariate and multivariate general
linear model were drafted from clinical
factors; age, sex, heart rate, body mass
index (BMI), body surface area (BSA),
blood pressure, hypertension, Diabe-
tes mellitus, smoking status, duration
of symptoms, group A status, DAS28-
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Table I. Baseline characteristics.

RA patients Controls p-value
(n=39) (n=38)
Age (years) 58.1 [47.0,66.1] 54.0 [42.1,60.6] <0.001
Gender (males), n (%) 14 (35.9) 14 (36.8)
Current smokers, n (%) 9 (24.3) 1 (3.8) 0.167
Ex-smokers, n (%) 12 (32.4) 5 (20.8) 0.293
Type 1 diabetes, n (%) 2 (54 0
Type 2 diabetes, n (%) 2 (54) 0
Hypertensive disease, n (%) 7 (18.9) 1 42) 0.909
BMI (kg/m?) 26.4 [23.5,29.1] 250 [22.6,27.8] 0.204
BSA (m?) 1.96 [1.74,2.10] 1.94 [1.75,2.09] 0.446
Heart rate (bpm) 73.3 [67.0,83.0] 66.3 [61.0,78.0] 0.015

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
DAS28-CRP

Number of tender joints (28)
Number of swollen joints (28)
RF seropositivity, n (%)

RF level (IU/ml)

ACPA seropositivity, n (%)
ACPA level (U/ml)

ESR (mm/h)

CRP (mg/l)

150 [139, 165]
87 [83,93]
3.86 [2.99,4.72]
40 [20,6.5]
30 [2.0,7.0]
31 (83.8)
580 [25.0,167]

31 (88.6)

300 [106,300]
160 [8.5,29.0]
40 [1.8,125]

Values are median [Q1, Q3] for continuous variables and number (%) for categorical variables.

RA: rheumatoid arthritis; DAS28-CRP: Disease Activity Score-28 with CRP; RF: rheumatoid factor;
ACPA: anti-citrullinated protein antibodies; BMI: body mass index; BSA: body surface area; bpm: beats
per minute; mmHg: millimetre of mercury; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.

Table II. Cardiac magnetic resonance (CMR) imaging results of patients and controls.

RA patients Controls p-value
(n=39) (n=38)

LV EDV index (ml/m?) 779 [69.1, 88.8] 80.9 [71.9,90.3] 0.690
LV ESV index (ml/m?) 32.0 [24.3,36.3] 28.8 [25.1,34.4] 0.286
LV EF (%) 61.2 [56.2,64.6] 61.6 [59.5,65.1] 0.071
LV mass index (g/m?) 46.9 [43.6,54.9] 48.1 [44.1,52.7] 0.712
Left atrium volume (biplane) 71.0 [57.0,84.0] 63.5 [47.0,72.0] 0.020
Left atrium (cm?) 23.0 [20.0,26.0] 21.7 [19.7,24.0] 0312
RV EDV index (ml/m?) 74.1 [65.5,83.8] 87.2 [76.1,102.5] <0.001
RV ESV index (ml/m?) 28.6 [22.1,32.9] 36.0 [28.1,42.1] 0.002
RV EF (%) 61.7 [55.9,69.2] 58.9 [52.9,62.8] 0.034
Right atrium (cm?) 21.0 [18.0,23.0] 20.0 [18.3,23.3] 0.743
Oedema n (%) 0
Myocardial scars n (%) 2 (5.1
Pericardial effusion n (%) 0 0
Pleural effusion n (%) 2 (5.1) 0

Values are median [Q1, Q3] for continuous variables and number (%) for categorical variables.
LV: left ventricle; RV: right ventricle; EDV: end-diastolic volume; ESV: end-systolic volume; EF: ejection

fraction; SV: stroke volume.

CRP score, number of swollen joints,
CRP, RF and ACPA. All statistical tests
were two-sided and a p-value <0.05
was considered statistically significant.

Results

Baseline characteristics

The baseline characteristics of both
the ERA patient and control groups
are presented in Table I. The median
time from the onset of RA symptoms
to CMR was 139 [104, 256] days. The

majority of ERA patients were RF
positive (83.8%) and ACPA positive
(88.6%). The median value of DAS28-
CRP was 3.86; 12 patients had a value
<3.2 (remission or low disease activ-
ity), 19 patients =3.2 but <5.1 (mod-
erate disease activity), and 6 patients
>5.1 (high disease activity).

After the CMR scan, 37 (94.9%) of
ERA patients began mono- and/or
combination therapy with csDMARDs
(methotrexate, sulfasalazine, hydroxy-
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Fig. 2. Myocardial heat map AHA 16 segment bull’s-eye diagrams of the median differences (ms)
between segmental T1 relaxation time in a) healthy control subjects, b) all early rheumatoid arthritis
(ERA) patients, ¢) ERA group B and d) ERA group A (DAS28-CRP = 3.2 with positive autoantibodies

ACPA and RF).

RF positive

978ms
n=31(83.8%)

DAS28-
CRP =3.2

975ms
n=24 (64.9%)

positive
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Fig. 3. Venn diagram of global T1
relaxation times in early rheumatoid
arthritis (ERA) patients with sero-
positive rheumatoid factor (RF) and/
or anti-citrullinated protein antibod-
ies (ACPA) and/or Disease Activity
Score-28 with CRP score =3.2.

Group A is coloured grey; group B is
represented by the white background.

chloroquine and oral glucocorticoids),
none of the RA patients began treat-
ment with biological disease-modifying
anti-rheumatic drugs (bDMARDS).

Conventional CMR results

No significant differences in LV volu-
metric parameters were detected be-
tween patients and controls (Table II).
Left atrium volume was larger in the
ERA patients than in controls (71.0 [57,
84] ml vs. 63.5 [47, 72] ml, p=0.020),
respectively. Right ventricle (RV) end-
diastolic volume index (87.2 [76, 103]
ml/m? vs. 74.1 [66, 84] ml/m?, p<0.001)
and RV end-systolic volume index
(36.0 [28, 42] ml/m? vs. 28.6 [22, 33]
ml/m?, p=0.002) were significantly re-
duced in ERA patients compared to
healthy controls, but ERA patients had
better RV EF (61.7 [56, 69] % vs. 58.9
[53, 63] %, p=0.034).

Two of the ERA patients (5.1%) pre-
sented with myocardial scars and two
(5.1%) with pleural effusions at the
CMR. One of the patients had a non-
ischaemic scar suspect for previous
myocarditis. The second patient had a
non-ischaemic scar that remained un-
specific. One patient with minor uni-
lateral pleural effusion had a possible
history of pleuritis, and the other pa-
tient had a minor bilateral non-specific
effusion.

CMR T1 mapping

The distribution of global T1 relaxa-
tion times in the myocardium in ERA
patients and healthy controls is demon-
strated as a heat map diagram in Figure
2. The ERA patients and controls had
no difference in the global T1 relaxa-
tion time (Table III). In more detailed
analyses according to myocardial seg-
ments T1 relaxation time of the basal

Table III. Results of global myocardial mapping analyses.

All ERA patients Controls p* ERA group A ERA group B p** p FEE

(n=39) (n=38) (n=17) (n=22)
T1 (ms) 972 [957,989] 979 [960,991] 0.769 987 [965, 1003] 970 [947,985] 0.052 0.041
T2 (ms) 46.3 [44.5,47.3] 475 [45.5,49.2] 0.078 46.4 [44.2,47.4] 46.2 [44.9,47.1] 0.715 0.100
ECV (%) 253 [23.6,26.1] - - 254 [249,259] 249 [23.0,26.3] 0.328 -

Values are median [Q1, Q3].

ERA: early rheumatoid arthritis; ECV: extracellular volume fraction.
p*: p-value of all ERA patients vs. controls; p**: p-value of ERA group A vs. group B; p***: p-value of ERA group A vs. healthy controls.
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Fig. 4. Global T1 relaxation time in treatment-naive a) group B and group A of early rheumatoid
arthritis (ERA) patients and b) group A and their age- and sex-matched controls and ¢) in basal anterior

segment in group A and B.

anterior segment was statistically sig-
nificantly longer in ERA patients than
in controls (978 [933, 1004] ms vs. 960
[924, 977] ms, p=0.035, respectively.
For details, see Supplementary Table
S1, Fig. 1 a-b.). Figure 3 demonstrates
the global T1 values according to dis-
ease activity and autoantibody positiv-
ity. Patients with DAS28-CRP score
>3.2, positive RF, and positive ACPA
(group A) had higher global T1 than
patients with just one or two of these
characteristics (group B).

The ERA patients in group A had signif-
icantly longer global T1 relaxation time
than their age- and sex-matched con-
trols (987 [965, 1003] ms vs. 979 [960,
991] ms, p=0.041, respectively (Fig. 4).
In segmental analyses, the statistically
significant and greatest median differ-
ences in T1 relaxation times localised
in the basal anterior, basal inferior,
basal inferolateral, basal anterolateral,
mid inferior and mid anterolateral seg-
ments (Suppl. Table S1, Fig. 1¢). Group
A ERA patients also had a somewhat
longer global T1 relaxation time than
patients in group B, but the difference
remained statistically insignificant (987
[965, 1003] ms vs. 970 [947, 985] ms,
p=0.052). When analysed segmentally,
however, the difference reached statisti-
cal significance in basal anterior, basal
inferior, and basal inferolateral seg-
ments (Suppl. Table S1).

Our study focused on the association
between global T1 relaxation times and
clinical factors (Table IV). In univari-
ate general linear models, global mean

Clinical and Experimental Rheumatology 2024

T1 relaxation times were slightly longer
in women, in patients with lower body
surface area (BSA) and in group A, the
differences being statistically signifi-
cant (p=0.003, p=0.030 and p=0.036,
respectively). These associations re-
mained statistically significant, when
combined in a multivariate general lin-
ear model additionally adjusted for age
(»=0.016 for female sex and p=0.014
for group A status). Systolic or diastolic
blood pressure showed no correlation
with elevated T1 relaxation times in
ERA patients.

CMR T2 mapping

and ECV quantification

In T2 relaxation times, no statistically
significant difference was detected be-
tween neither ERA patients and con-
trols (Table III) nor between group A
and group B patients. Similarly, ECV
values were equal between the two RA
patient groups.

Discussion

This prospective cohort study showed
that regional myocardial changes were
detectable by CMR T1 mapping al-
ready at the time of RA diagnosis. The
subtle changes in T1 relaxation times
were detectable mostly in the basal
segments and were most evident in
group A patients with moderate to se-
vere disease (DAS28-CRP=3.2) and
both positive RF and ACPA. In a multi-
variate adjusted model, the changes in
global T1 relaxation times were inde-
pendently associated with female sex

and group A status. The ECV and T2
relaxation times were similar both in
the two ERA groups and in all the ERA
patients compared to controls.

In addition to the global T1 and T2 re-
laxation times and ECV values of the
myocardium, we also present the myo-
cardial T1 mapping results for each
myocardial segment, as some segments
may be more susceptible to diffuse fi-
brosis than others. When only global
myocardial mean or median T1 and
T2 values are presented, the first signs
of fibrosis and inflammation may be
missed, as the effect of one segment on
the mean of 16 segments is small. To
address this, we completed the T1 anal-
ysis segment by segment. Indeed, in
segmental analyses, we demonstrated a
more pronounced lengthening of global
T1 in the basal anterior, basal inferior,
and basal inferolateral segments in
group A ERA patients when compared
with the other (group B) ERA patients.
Between healthy controls and patients
in group A, T1 relaxation times were
significantly longer in the basal anteri-
or, basal inferior, basal inferolateral, ba-
sal anterolateral, mid inferior, and mid
anterolateral segments. Our findings in-
dicate that especially the basal anterior,
basal inferior, and basal inferolateral
regions may be the most vulnerable for
diffuse fibrosis in ERA patients.

Some myocardial illnesses manifest
with different patterns of localisation,
for example, acute myocarditis tends to
express subepicardial LGE at the basal
inferolateral wall. The mild basal and
midventricular local increase in T1 re-
laxation times in ERA patients could,
in fact, be the pathognomonic pattern
of cardiac manifestations in RA. How-
ever, further studies with larger patient
populations are required to evaluate this
assumption.

In this study, the ERA patients showed
similar T2 and ECV results in both
groups and when compared to healthy
controls. Studies by Ferreira et al. (28,
29) demonstrated the superior sensi-
tivity of native T1 compared to T2-
weighted imaging and LGE in detect-
ing inflammation in acute myocarditis.
This may, indeed, be one mechanism
behind the observed difference, as RA
patients have an elevated risk of myo-
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Table I'V. Associations of clinical factors with the global mean T1 relaxation time. (n=39).

Univariate models

Multivariate model

B 95% CI P 95% CI B
Lower Upper Lower Upper
Age -0.254 -1.132 0.624 0.561 -0.297 -1.069 0.465 0.440
Female sex 28.076 10.535 45.616 0.003 28.466 5.622 51.310 0.016
BMI (kg/m?) -0.024 -2.240 2.192 0.983
BSA (m?) -47.133 -89.448 -4.818 0.030 4.028 -47.881 55.938 0.876
Heart rate (bpm) 0.192 -0.850 1.234 0.711
Systolic blood pressure (mmHg) -0.177 -0.750 0.396 0.535
Diastolic blood pressure (mmHg) -0.027 -1.046 0.992 0.958
Hypertension 4512 -21.827 30.850 0.730
Diabetes mellitus 17.623 -13.153 48.399 0.253
Smoking -5.153 -24.422 14.116 0.591
Duration of symptoms 1419 -1.699 4.537 0.361
ERA Group A* 19.679 1.365 37.993 0.036 21.831 4.651 39.011 0.014
DAS28-CRP at baseline -1.705 -10.755 7.344 0.704
Swollen joints (28) -0.754 -3.429 1.921 0.570
CRP -0416 -0.811 -0.022 0.039
RF 29.533 4.497 54.570 0.022
ACPA 21.745 -9.779 53.268 0.170

*Patients with positive RF and ACPA and DAS28-CRP=3.2 formed ERA group A.
BMI: body mass index; BSA: body surface area; DAS28-CRP: Disease Activity Score-28 with CRP; DAS28: Disease Activity Score-28; CRP: C-reactive
protein; RF: rheumatoid factor; ACPA: anti-citrullinated protein antibodies.

carditis. The myocardial changes in our
ERA population were subtle, possibly
explaining why they remained unde-
tectable in T2 and ECV.

Although changes in myocardial func-
tion in ERA patients have been previ-
ously studied (13,30, 31), research con-
cerning myocardial mapping in this pa-
tient group is limited. Contrary to many
previous studies on RA patients, our
cohort consists of treatment-naive ERA
patients who completed CMR soon af-
ter RA diagnosis. In previous studies
RA disease activity and severity have
correlated with impaired cardiac func-
tion (31, 32), prolonged T1 relaxation
times and increased ECV in patients
with established RA (12) and impaired
myocardial strain in ERA patients (13,
31). Indeed, our ERA patients with an
active disease, with DAS28-CRP =3.2,
together with positive autoantibodies
ACPA and RF, presented with longer
T1 relaxation times compared to pa-
tients with milder findings already at
the time of diagnosis.

In a study by Koivuniemi ez al. (33)
female ERA patients exhibited pro-
longed T1 relaxation times compared
to healthy controls one year after start-
ing treatment. In our study, women also
presented with slightly higher T1 re-
laxation times independently of disease
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activity, possibly portraying previously
reported gender-related differences in
T1 values (34).

The ERA patients in our study present-
ed with lower RV end-systolic and RV
end-diastolic volumes together with
higher heart rate when compared to the
healthy controls. In a study by Brad-
ham et al. (35) RA patients also dem-
onstrated reduced RV end systolic and
end-diastolic volumes. Higher heart
rate has also been reported previously
and may be caused by cardiac decon-
ditioning (36). Of interest, in the study
by Bradham er al. patients had estab-
lished RA (disease duration 10 years),
whereas our patients had ERA.
Prolonged T1 relaxation times and in-
creased ECV are markers of myocardial
fibrosis and inflammation (28). Previ-
ous studies have shown that RA pa-
tients are at risk of developing focal and
diffuse myocardial fibrosis (7, 12) and
heart failure (HF) (37, 38). Myocardial
fibrosis tends to develop slowly, and it
is usually seen years after the disease
onset (39). The results on T1 values in
RA patients with low to moderate dis-
ease activity have remained contradic-
tory, which may be explained by differ-
ences in disease activity and treatment,
including the use of anti-TNF agents
(30, 35, 40).

Our study included only patients with-
out any known CVD, possibly lead-
ing to disqualification of the patients
most prone to CVD, including some
early myocardial changes. In fact, in
our study, only those patients with a
more active disease form, with DAS28-
CRP =3.2 with positive autoantibodies
ACPA and RF, showed any signs of
prolonged T1, while most of the ERA
patients had similar T1 values as the
healthy controls, demonstrating that the
overall myocardial changes in patients
without prior CVD are minimal.

Limitations

The main limitation of this study is the
relatively small number of study pa-
tients. The prospectively recruited co-
hort is, however, well representative of
the eligible patients within the Helsinki
University Hospital area. There are also
some clinical differences between the
two cohorts. The healthy controls were
slightly younger than the ERA patients.
However, since the T1 relaxation times
showed no correlation with age, this
does not explain the observed differ-
ence in segmental T1 analyses. Also,
single blood pressure measurements
were not available from the control
cohort. A single blood pressure meas-
urement registered in a clinical setting
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may be unrepresentative of actual blood
pressure levels, however, and a history
of hypertensive disease was recorded
from both groups. In addition, myo-
cardial mapping is prone to motion ar-
tifacts especially in quite thin myocar-
dium, which is a common feature in RA
patients.

Conclusions

This study indicates that already at the
time of RA diagnosis, ERA patients
with DAS28-CRP =3.2 with positive
autoantibodies ACPA and RF are at risk
for myocardial changes, visible in CMR
as prolonged T1 relaxation times. These
early, mild myocardial changes marked
by prolonged T1 relaxation times are
mainly located in the basal segments.
Thus, a segmental reporting style could
be useful when estimating the first signs
of myocardial fibrosis. Future studies in
larger cohorts will reveal whether ef-
fective medical therapy can completely
prevent or even attenuate myocardial
damage also in patients with a more
active disease form.

References

1. MANTINI C, MAFFEI E, TOIA P et al.: Influ-
ence of image reconstruction parameters on
cardiovascular risk reclassification by Com-
puted Tomography Coronary Artery Calcium
Score. Eur J Radiol 2018; 101: 1-7.
https://doi.org/10.1016/j.ejrad.2018.01.005

2. WALLBERG-JONSSON S, OHMAN ML, DAHL-
QVIST SR: Cardiovascular morbidity and
mortality in patients with seropositive rheu-
matoid arthritis in Northern Sweden. J Rheu-
matol 1997; 24(3): 445-51.

3. WOLFE F, FREUNDLICH B, STRAUS WL:
Increase in cardiovascular and cerebrovascu-
lar disease prevalence in rheumatoid arthri-
tis. J Rheumatol 2003; 30(1): 36-40.

4. MARADIT-KREMERS H, CROWSON CS, NICO-
LAPJ et al.: Increased unrecognized coronary
heart disease and sudden deaths in rheu-
matoid arthritis: a population-based cohort
study. Arthritis Rheum 2005; 52(2): 402-11.
https://doi.org/10.1002/art.20853

5. GILES JT, FERNANDES V, LIMA JA, BATHON
IM: Myocardial dysfunction in rheumatoid
arthritis: epidemiology and pathogenesis.
Arthritis Res Ther 2005; 7(5): 195-207.
https://doi.org/10.1186/ar1814

6. CORRAO S, MESSINA S, PISTONE G, CALVO
L, SCAGLIONE R, LICATA G: Heart involve-
ment in rheumatoid arthritis: systematic re-
view and meta-analysis. Int J Cardiol 2013;
167(5): 2031-38.
https://doi.org/10.1016/j.ijcard.2012.05.057

7. HOLMSTROM M, KOIVUNIEMI R, KORPI K
et al.: Cardiac magnetic resonance imaging
reveals frequent myocardial involvement and
dysfunction in active rheumatoid arthritis.

Clinical and Experimental Rheumatology 2024

10.

11.

12.

14.

15.

16.

CMR detects segmental T1 changes in ERA / J.A. Federico et al.

Clin Exp Rheumatol 2016; 34(3): 416-23.

. DEL RINCON ID, WILLIAMS K, STERN MP,

FREEMAN GL, ESCALANTE A: High inci-
dence of cardiovascular events in a rheu-
matoid arthritis cohort not explained by
traditional cardiac risk factors. Arthritis
Rheum 2001; 44(12): 2737-45. https://doi.
org/10.1002/1529-0131(200112)44:12%3C2
737::aid-art460%3E3.0.c0;2-%23

. MAVROGENI S, DIMITROULAS T, BUCCIA-

RELLI-DUCCI C et al.: Rheumatoid arthritis:
an autoimmune disease with female prepon-
derance and cardiovascular risk equivalent
to diabetes mellitus: role of cardiovascular
magnetic resonance. Inflamm Allergy Drug
Targets 2014; 13(2): 81-93. https://doi.org/1
0.2174/1871528113666140131151522
MARADIT-KREMERS H, NICOLA PJ, CROW-
SON CS, BALLMAN KV, GABRIEL SE: Car-
diovascular death in rheumatoid arthritis:
a population-based study. Arthritis Rheum
2005; 52(3): 722-32.
https://doi.org/10.1002/art.20878

BISSELL LA, ERHAYIEM B, HENSOR EMA
et al.: Cardiovascular MRI evidence of re-
duced systolic function and reduced LV mass
in rheumatoid arthritis: impact of disease
phenotype. Int J Cardiovasc Imaging 2020;
36(3): 491-501.
https://doi.org/10.1007/s10554-019-01714-6
NTUSI NAB, PIECHNIK SK, FRANCIS M et
al.: Diffuse myocardial fibrosis and inflam-
mation in rheumatoid arthritis: insights from
CMR T1 mapping. JACC Cardiovasc Imag-
ing 2015; 8(5): 526-36.
https://doi.org/10.1016/j.jemg.2014.12.025

. CAKMAK EO, FINDIKCIOGLU U, TEZCAN

ME: Disease severity affects myocardial
functions in patients with treatment-naive
early rheumatoid arthritis. Int J Rheum Dis
2021; 24(4): 494-501.
https://doi.org/10.1111/1756-185x.13992
JELLIS C, MARTIN J, NARULA J, MARWICK
TH: Assessment of nonischemic myocardial
fibrosis. J Am Coll Cardiol 2010; 56(2): 89-
97.
https://doi.org/10.1016/j.jacc.2010.02.047
ALFAKIH K, PLEIN S, THIELE H, JONES T,
RIDGWAY JP, SIVANANTHAN MU: Normal
human left and right ventricular dimensions
for MRI as assessed by turbo gradient echo
and steady-state free precession imaging se-
quences. J Magn Reson Imaging 2003; 17(3):
323-29. https://doi.org/10.1002/jmri.10262
KWONG RY, CHAN AK, BROWN KA et al.:
Impact of unrecognized myocardial scar
detected by cardiac magnetic resonance im-
aging on event-free survival in patients pre-
senting with signs or symptoms of coronary
artery disease. Circulation 2006; 113(23):
2733-43. https://
doi.org/10.1161/circulationaha.105.570648

. MAVROGENI S, MARKOUSIS-MAVROGENIS

G, KOUTSOGEORGOPOULOU L et al.: Car-
diovascular magnetic resonance imaging pat-
tern at the time of diagnosis of treatment na-
ive patients with connective tissue diseases.
Int J Cardiol 2017; 236: 151-56.
https://doi.org/10.1016/j.ijcard.2017.01.104

. MEWTON N, LIU CY, CROISILLE P, BLUEMKE

D, LIMAJA: Assessment of myocardial fibro-
sis with cardiovascular magnetic resonance.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

J Am Coll Cardiol 2011; 57(8): 891-903.
https://doi.org/10.1016/j.jacc.2010.11.013

. SCHELBERT EB, MESSROGHLI DR: State of

the art: clinical applications of cardiac T1
mapping. Radiology 2016; 278(3): 658-76.
https://doi.org/10.1148/radiol.2016141802
VO HQ, MARWICK TH, NEGISHI K: Pooled
summary of native T1 value and extracel-
lular volume with MOLLI variant sequences
in normal subjects and patients with cardio-
vascular disease. Int J Cardiovasc Imaging
2020; 36(2): 325-36.
https://doi.org/10.1007/s10554-019-01717-3
KEROLA AM, KEROLA T, KAUPPI MJ et al.:
Cardiovascular  comorbidities antedating
the diagnosis of rheumatoid arthritis. Ann
Rheum Dis 2013; 72(11): 1826-29. https://
doi.org/10.1136/annrheumdis-2012-202398
MAVROGENI SI, KITAS GD, DIMITROULAS
T et al.: Cardiovascular magnetic resonance
in rheumatology: current status and recom-
mendations for use. Int J Cardiol 2016; 217:
135-48.
https://doi.org/10.1016/j.ijcard.2016.04.158
ALETAHA D, NEOGI T, SILMAN AJ et al.:
2010 Rheumatoid arthritis classification cri-
teria: an American College of Rheumatol-
ogy/European League Against Rheumatism
collaborative initiative. Arthritis Rheum
2010; 62(9): 2569-81.
https://doi.org/10.1002/art.27584

FRANSEN J, WELSING P, DE KEIJZER R, VAN
RIEL P: Disease activity scores using C-reac-
tive protein: CRP may replace ESR in the as-
sessment of RA disease activity. Ann Rheum
Dis 2004; 62(Suppl. 1): 151.

CERQUEIRA MD, WEISSMAN NI, DILSIZIAN
V et al.: Standardized myocardial segmenta-
tion and nomenclature for tomographic im-
aging of the heart. Circulation 2002; 105(4):
539-42.
https://doi.org/10.1161/hc0402.102975
CHAPMAN CB, BAKER O, REYNOLDS 1J,
BONTE FI: Use of biplane cinefluorography
for measurement of ventricular volume. Cir-
culation 1958; 18(6): 1105-17.
https://doi.org/10.1161/01 .cir.18.6.1105
SIEVERS B, KIRCHBERG S,ADDO M, BAKAN
A, BRANDTS B, TRAPPE HJ: Assessment of
left atrial volumes in sinus rhythm and atrial
fibrillation using the biplane area-length
method and cardiovascular magnetic reso-
nance imaging with TrueFISP. J Cardiovasc
Magn Reson 2004; 6(4): 855-63.
https://doi.org/10.1081/jcmr-200036170
FERREIRA VM, PIECHNIK SK, DALL’ARMEL-
LINAE et al.: Native T1-mapping detects the
location, extent and patterns of acute myo-
carditis without the need for gadolinium con-
trast agents. J Cardiovasc Magn Reson 2014;
16(1): 36.
https://doi.org/10.1186/1532-429x-16-36
FERREIRA VM, PIECHNIK SK, DALL’ARMEL-
LINAE et al.: T1 mapping for the diagnosis
of acute myocarditis using CMR: compari-
son to T2-weighted and late gadolinium en-
hanced imaging. JAAC Cardiol Img 2013;
6(10): 1048-58.
https://doi.org/10.1016/j.jcmg.2013.03.008
LEHMONEN L, VUORINEN AM, KOIVUNIEMI
R et al.: One-year follow-up study detects
myocardial changes with cardiovascular

1375



CMR detects segmental T1 changes in ERA / J.A. Federico et al.

31.

32.

33.

34.

magnetic resonance tagging in active rheu-
matoid arthritis. Acad Radiol 2018; 25(4):
476-85.
https://doi.org/10.1016/j.acra.2017.10.017
L@GSTRUP BB, DEIBJERG LK, HEDEMANN-
ANDERSEN A, ELLINGSEN T: Left ventricu-
lar function in treatment-naive early rheu-
matoid arthritis. Am J Cardiovasc Dis 2014;
4(2): 79.

HANVIVADHANAKUL P, BUAKHAMSRI A:
Disease activity is associated with LV dys-
function in rheumatoid arthritis patients
without clinical cardiovascular disease. Adv
Rheumatol 2019; 59(1).
https://doi.org/10.1186/s42358-019-0100-x
KOIVUNIEMI R, KUULIALA A, KIVISTO S et
al.: Induction of remission in female rheu-
matoid arthritis patients is associated with
stabilization of myocardial abnormalities:
a prospective cardiac magnetic resonance
follow-up study. Scand J Rheumatol 2021;
50(2): 104-12. https://
doi.org/10.1080/03009742.2020.1818819
PIECHNIK SK, FERREIRA VM, LEWANDOWS-
KI AJ et al.: Normal variation of magnetic

1376

35.

36.

37.

38.

resonance T1 relaxation times in the human
population at 1.5 T using SAMOLLI. J Car-
diovasc Magn Reson 2013; 15(1): 13.
https://doi.org/10.1186/1532-429x-15-13
BRADHAM W, ORMSETH MIJ, ELUMOGO
C et al.: Absence of fibrosis and inflamma-
tion by cardiac magnetic resonance imaging
in rheumatoid arthritis patients with low to
moderate disease activity. J Rheumatol 2018;
45(8): 1078-84.
https://doi.org/10.3899/jrheum.170770

PIHA SJ, VOIPIO-PULKKI LM: Elevated rest-
ing heart rate in rheumatoid arthritis: possi-
ble role of physical deconditioning. Rheuma-
tology (Oxford) 1993; 32(3): 212-15. https://
doi.org/10.1093/rheumatology/32.3.212
KHALID Y, DASU N, SHAH A et al.: Incidence
of congestive heart failure in rheumatoid
arthritis: a review of literature and meta-
regression analysis. ESC Heart Fail 2020;
7(6): 3745-53.
https://doi.org/10.1002/ehf2.12947

AHLERS MJ, LOWERY BD, FARBER-EGER
E et al.: Heart Failure risk associated with
rheumatoid arthritis-related chronic inflam-

mation. J Am Heart Assoc 2020; 9(10):
e014661.
https://doi.org/10.1161/jaha.119.014661

39. BLYSZCZUK P, SZEKANECZ Z: Pathogenesis

of ischaemic and non-ischaemic heart diseas-
es in rtheumatoid arthritis. RMD Open 2020;
6(1): €001032. https://
doi.org/10.1136/rmdopen-2019-001032

40. PLEIN S,ERHAYIEM B, FENT G et al.: Cardio-

vascular effects of biological versus conven-
tional synthetic disease-modifying antirheu-
matic drug therapy in treatment-naive, early
rheumatoid arthritis. Ann Rheum Dis 2020,
79(11): 1414-22. https://
doi.org/10.1136/annrheumdis-2020-217653

41. MESSROGHLI DR, MOON JC, FERREIRA VM et

al.: Clinical recommendations for cardiovas-
cular magnetic resonance mapping of T1, T2,
T2* and extracellular volume: a consensus
statement by the Society for Cardiovascular
Magnetic Resonance (SCMR) endorsed by
the European Association for Cardiovascular
Imaging (EACVI). J Cardiovasc Magn Reson
2017; 19(1): 75.
https://doi.org/10.1186/s12968-017-0389-8

Clinical and Experimental Rheumatology 2024



