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Background: Due to chronic inflammatory status, rheumatoid arthritis (RA) patients are exposed

to changes in left ventricular (LV) geometry and function. We assessed prevalence, factors asso-

ciated with, and prognostic role of concentric LV geometry and systolic dysfunction (LVSD)

detected by echocardiography in a large cohort of patients with RA and normal blood pressure.

Hypothesis: Changes in LV geometry and function are widely detectable in normotensive

patients with RA analyzed in primary prevention.

Methods: We prospectively analyzed 194 normotensive RA patients without overt cardiac dis-

ease recruited between March 2014 and May 2016, compared with 194 non-RA matched con-

trols. Relative wall thickness >0.43 defined concentric LV geometry. LVSD was defined as

impaired global longitudinal strain (GLS). The prespecified study endpoints were all-cause hospi-

talization and hospitalization for cardiovascular cause.

Results: The 194 normotensive subjects (mean age, 54 years; 63% female; RA duration

13 years) had a prevalence of LV concentric geometry 5-fold higher and LVSD 5-fold higher

than non-RA matched controls. Body mass index, LVSD, and diastolic dysfunction were associ-

ated with concentric LV geometry, while worsening renal function and older age were associ-

ated with LVSD. LVSD was independently related to the study endpoints (HR 2.37 [1.24-4.53],

p = 0.009, for all-causes hospitalization and HR 6.60 [1.47-29.72], p = 0.01 for cardiovascular

hospitalization).

Conclusions: Despite normotensive status, a consistent proportion of RA patients analyzed in

primary prevention have cardiac abnormalities detectable by echocardiography. LVSD is a

strong prognosticator of adverse outcome at midterm period in these patients.
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1 | INTRODUCTION

Patients with rheumatoid arthritis (RA) consistently develop in the

early phase of disease some maladaptive changes in the cardiac phe-

notype, mostly described as left ventricular (LV) concentric geometry,

LV hypertrophy (LVH), and/or subclinical LV dysfunction.1–6 These

cardiac abnormalities, which are closely associated with poor clinical

outcomes in several settings of patients at increased risk for adverse

cardiovascular (CV) events,7–11 including RA patients themselves,12

progress for a long time in an asymptomatic mode and can be

detected by echocardiography. Arterial hypertension (HTN) is the

main hemodynamic cause of these changes, together with other unfa-

vorable hemodynamic conditions such as aortic stenosis,7,8 diabetes

mellitus (DM),9,10 chronic kidney disease,13 and obstructive sleep

apnea.14

In clinical practice, however, the detection of these cardiac abnor-

malities in normotensive patients with RA is not infrequent. This con-

dition could be attributable to several nonhemodynamic mechanisms

potentially affecting the hearts of those with RA, including increased

serum levels of several pro-inflammatory, immunomodulatory, and
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hyperactivated neurohormonal pathways.15–19 Although normoten-

sive as well as hypertensive RA patients are greatly exposed to the

development of cardiac abnormalities and CV events, the cardiac phe-

notype of normotensive RA patients has never been analyzed in

detail.

Accordingly, this study was designed to assess prevalence and

factors associated with LV concentric geometry and/or LV systolic

dysfunction (LVSD) in a large cohort of normotensive patients with

RA analyzed in primary prevention. Furthermore, we tested the

hypothesis that LV concentric geometry and/or LVSD is associated in

these subjects with increased hospitalizations, either total or CV

related.

2 | METHODS

2.1 | Study population

The initial study population comprised 380 noninstitutionalized sub-

jects age > 18 years with RA diagnosed by clinical and laboratory

examination according to the American College of Rheumatology

(ACR) criteria.20 Among these 380 patients, 194 (51%) had normal

blood pressure (BP) at baseline evaluation, were not receiving any

antihypertensive medication, and formed the final study population of

the present study. For evaluating the BP values in all patients we

applied the standard office BP-measurement technique, according to

the recommendations of the current international clinical guidelines

for the management of arterial HTN. For this purpose, validated oscil-

lometric or auscultatory semiautomatic sphygmomanometers were

used, with all patients kept at 5-minute rest in a sitting position.21

Participants were consecutively recruited from March 2014 to

May 2016 at the Division of Rheumatology, Department of Medi-

cine, University and Azienda Ospedaliera Universitaria Integrata of

Verona (Italy) with fully accessible cardiac units provided in which

patients underwent echocardiographic, clinical, and laboratory evalu-

ations. All subjects were free of symptoms/signs of cardiac disease.

Exclusion criteria were a history of myocardial infarction, myocardi-

tis, or heart failure; coronary heart disease diagnosed by clinical

electrocardiographic evaluation at rest and by the results of exer-

cise/scintigraphy/echocardiographic stress test; primary hypertrophic

cardiomyopathy; asymptomatic known LVSD; prior myocardial

revascularization; significant valvular heart disease; and atrial

fibrillation.

2.2 | Non-RA matched controls

The 194 normotensive patients with RA were compared with

194 patients without RA but with some CV risk factors, matched

for age, sex, body mass index (BMI), and prevalence of type 2 DM.

These subjects were selected by a pool of 490 patients in whom an

assessment of CV risk in primary prevention was performed by clini-

cal evaluation, laboratory tests, and echocardiography during the

same period of RA patients' enrollment according to the following

procedure: a Gower generalized distance from each of the 490 non-

RA individuals was computed and ranked in ascending order. The

distance was calculated using these variables ordered as follows:

age, sex, BMI, and DM. The 194 non-RA patients used as controls

were then defined by taking for every patient with RA the closest

non-RA matched control.

All patients gave written informed consent. The study was

approved by ethics committees in all participating centers and con-

forms to the ethical guidelines of the Declaration of Helsinki as

revised in 2000.

2.3 | Definitions

HTN was defined as systolic BP of ≥140 mm Hg and/or a diastolic BP

of ≥90 mm Hg and/or pharmacologically treated BP of unknown etiol-

ogy. Obesity was recognized at BMI ≥30 kg/m2. Dyslipidemia was

defined as levels of total serum cholesterol >190 mg/dL and or tri-

glycerides >150 mg/dL, or pharmacologically treated high lipid serum

levels. To assess renal function, we considered the glomerular filtra-

tion rate (GFR) estimated with the CKD-EPI equation.

2.4 | Endpoints and follow-up

The prespecified primary endpoint of the study was defined as all-

cause hospitalization. We also considered a co–primary endpoint

defined as hospitalization for CV causes. The follow-up information

was obtained every 6 months by visiting or interviewing the patients

and/or their relatives. Follow-up lasted from March 1, 2014, to May

31, 2017. All clinical events were examined by an independent end-

point classification committee formed by 3 expert clinicians.

2.5 | Echocardiography

All Doppler echocardiographic studies were performed using the

MyLab Alpha machine (Esaote Biomedical, Florence, Italy) following a

standardized protocol by experienced cardiologists. Images were

stored on compact disc or magneto-optical disc and forwarded for

final interpretation at the echocardiography core laboratory at Villa

Bianca Hospital, Trento, Italy. LV chamber dimensions and wall thick-

nesses were measured by the American Society of Echocardiography

(ASE) guidelines and LV mass was calculated using a validated for-

mula.22 LV mass was normalized for height to the 2.7 power and LVH

was defined as LV mass ≥ 49.2 g/m2.7 for men and ≥ 46.7 g/m2.7 for

women.23 Relative wall thickness was calculated as the ratio 2 × end-

diastolic posterior wall thickness/LV diameter and indicated concen-

tric LV geometry if ≥0.43 (the 97.5th percentile in a normal

population).24

LV end-diastolic and end-systolic volumes were measured by the

biplane method of disks from 2D apical 4- and 2-chamber view and

used to calculate LV ejection fraction (LVEF). Thus, the circumferential

and longitudinal components of LV systolic function were also sepa-

rately assessed. The circumferential systolic component was assessed

by calculating the LV midwall shortening, as previously described.25

Midwall end-systolic circumferential stress was calculated and related

to midwall shortening to assess afterload-independent LV systolic

function.25 Thus, stress-corrected midwall shortening (sc-MS) refers

to the ratio observed/predicted midwall shortening for a given end-
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systolic stress and corrects the LV systolic function for this variable.

An sc-MS <87% was considered indicative of impairment of the cir-

cumferential component of LV systolic function (circumferential

LVSD).14 The longitudinal systolic component was assessed offline by

a single researcher cardiologist experienced in echocardiography by

XStrain 2D speckle-tracking technology software (Esaote Biomedica)

equipped using a 3.5-MHz annular-array transducer; the researcher

was blinded to patient data at the time of the analysis. Apical 2D

views were recorded and analyzed for global longitudinal strain (GLS),

including the 4-chamber, 2-chamber, and apical long-axis views. GLS

was calculated as the average of 16 myocardial segments, as previ-

ously reported.12 The cutoff value for low GLS (suggesting impairment

of longitudinal component of LV systolic function) was a priori identi-

fied as −16.0%.12 Manual endocardial border tracing of a single frame

at end-systole was performed. Thus, the software automatically

tracked the complete displacement of the tracking taking place in suc-

cessive frames. Myocardial deformation was assessed by the software

taking into account the shift of the points divided by time between

2D color scale frames. Finally, the software automatically calculated

peak systolic segmental strain and GLS from the velocity of the myo-

cardial tissue deformation. The quality of myocardial images and

tracking was checked visually, and the tracking was manually cor-

rected if poor or erroneous. If 1 segment could not be successfully

tracked, it was excluded from the analysis (10 patients). If >1 segment

could not be successfully tracked, the patient was not enrolled into

the study (1 patient).

Transmitral and pulmonary vein pulsed-wave Doppler curves and

early diastolic tissue Doppler velocity of mitral annulus (E') were

assessed according to the ASE recommendations.26 Early diastolic

velocity of transmitral flow (E) was divided by E' and used to classify

LV diastolic function together with other diastolic parameters in

4 degrees, as proposed by Redfield et al.,27 of normal, mild dysfunc-

tion, moderate dysfunction, and severe dysfunction. Maximal left

atrial volume was also computed from 2D apical 4-chamber view

using the area length method and was normalized for body

surface area.

2.6 | Statistical analysis

Data are reported as mean �SD (medians and interquartile ranges for

variables deviating from normality) or percentages. Unpaired Student

t test and χ2 statistics were used for descriptive statistics. Between-

group comparisons of categorical and continuous variables were per-

formed by χ2 test and analysis of variance (ANOVA), with comparison

between each group by Scheffé test for unequal sample, as appropri-

ate. The study population was stratified by status of normotensive at

baseline; thus, the 194 normotensive RA patients were compared with

194 non-RA matched controls. The prevalence of patients with con-

centric LV geometry, circumferential LVSD, and longitudinal LVSD

(analyzed separately by sc-MS and GLS, respectively) was calculated.

Specific multivariable logistic regression analyses were performed to

identify the factors independently related to these 3 conditions. Vari-

ables that were significantly related to concentric LV geometry, cir-

cumferential LVSD, or longitudinal LVSD in univariate tests (P <0.05)

were included in the multivariate models.

Log cumulative hazard functions were computed by univariate

and multivariate Cox proportional hazards analyses to identify the fac-

tors independently associated with the study endpoints. Variables that

were significantly related to the study endpoints in univariate tests

(P <0.01) were included in the multivariate models, and probabilities

of event-free survival and Kaplan–Meier survival curves were

obtained (differences between the curves were tested for significance

by the log-rank test). All analyses were performed using SPSS 19.0

(IBM Corp., Armonk, NY), and statistical significance was identified by

2-tailed P <0.05.

3 | RESULTS

3.1 | Study population

The study population initially consisted of 380 patients with RA (mean

age, 58 �12 years; 64% female) whose baseline clinical and echocar-

diographic characteristics are shown in Table 1. They had prevalence

of obesity and dyslipidemia of 15% and 59%, respectively; the preva-

lence of DM was 10%; the mean duration of RA was 13 �10 years;

and disease activity was high in 19% of them. Regarding echocardio-

graphic features, 29% had LVH and 63% had concentric LV geometry;

circumferential LVSD or longitudinal LVSD was diagnosed in 53% and

24% of cases, respectively.

3.2 | Normotensive vs hypertensive RA patients

The 194 normotensive RA patients epitomized the definite population

of the study. They represented the 51% of the whole RA population

analyzed in the present study. As expected, they were younger; had

lower prevalence of obesity, dyslipidemia, and DM; and had better

renal function and lower clinical disease activity index than the

186 RA counterparts with HTN. Therefore, the former had lower

prevalence of concentric LV geometry and LVH, better diastolic LV

function, and smaller left atrial volume. All parameters of LV systolic

function were similar between the 2 groups (Table 1).

3.3 | Normotensive RA vs non-RA matched controls

Clinical and echocardiographic variables of normotensive RA patients

and non-RA matched controls are shown and compared in Table 2.

The 2 groups had similar clinical features, whereas they had noticeable

differences in LV geometry and function. Considering the echocardio-

graphic variables, indeed, normotensive RA patients had significantly

higher LV relative wall thickness, as well as a prevalence of LV con-

centric geometry (47%) and LVH (20%) that was near 5-fold and

2-fold higher, respectively, than non-RA matched controls. Further-

more, circumferential LVSD or longitudinal LVSD were detected more

frequently in normotensive RA patients than in non-RA matched con-

trols (49% vs 10% and 20% vs 5%, respectively; all P <0.001). LVEF

was similar between the 2 groups.
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TABLE 1 Main clinical characteristics of the 380 patients with RA divided according to the presence of arterial HTN

Variables No Arterial HTN, n = 194 Arterial HTN, n = 186 P Value Total Study Population, N = 380

Age, y 54 �11 62 �11 <0.001 58 �12

Female sex 63 66 0.49 64

BMI, kg/m2 24.4 � 4.1 27.6 �4.4 <0.001 25.8 �4.6

Waist circumference, cm 88 �13 99 �11 <0.001 93 �13

Obesity 5 26 <0.001 15

SBP, mm Hg 126 �14 136 �18 <0.001 131 �18

DBP, mm Hg 81 �7 84 �10 0.002 82 �9

Dyslipidemia 52 66 0.005 59

Active smoker 40 34 0.09 37

DM 3 17 <0.001 10

GFR, mL/min/1.73m2 97 � 21 91 �25 0.01 94 �23

LDL-C, mg/dL 121 (98–139) 119 (100–135) 0.65 120 (94–142)

TG, mg/dL 104 (74–136) 134 (83–170) 0.006 120 (80–162)

CRP, mg/L 3.3 (1.5–5.8) 5.4 (2.2–7.9) 0.02 4.4 (1.8–6.8)

RA status

RF positive 47 49 0.83 38

CCP positive 53 46 0.41 38

Duration of RA, y 12 � 9 14 �11 0.07 13 �10

Clinical disease activity index 8 � 7 14 �10 <0.001 11 �10

High activity of disease 9 29 <0.001 19

Pharmacological treatment

β-Blockers 2 33 <0.001 17

ACEIs/ARBs — 63 <0.001 30

Diuretics — 20 <0.001 10

Calcium antagonists — 12 <0.001 6

Antiplatelet agents 6 24 <0.001 14

Statins 13 33 <0.001 23

NSAIDs 35 33 0.76 34

Methotrexate 42 47 0.34 44

Hydroxychloroquine 9 10 0.78 11

Immunomodulatory/anticytotoxic agents 69 66 0.47 68

Corticosteroids 34 44 0.06 39

Echocardiography

LVEDV, mL/m2 50 � 11 48 � 11 0.03 49 � 11

LV relative wall thickness 0.43 �0.07 0.47 � 0.07 <0.001 0.45 � 0.07

Concentric LV geometry 47 78 <0.001 63

LVMI, g/m2.7 41 � 11 48 �11 <0.001 45 �11

LVH 20 48 <0.001 29

LVEF, % 65 � 6 66 � 6 0.21 65 � 6

LV stress-corrected midwall shortening 87 � 15 83 �14 0.006 85 �15

Low LV stress-corrected midwall shortening 49 57 0.14 53

LV GLS, % −18.6 � −3.7 −18.2 � 3.3 0.38 −18.4 � −3.5

Low LV GLS (<16%) 20 29 0.16 24

E/A ratio transmitral flow 1.05 � 0.31 0.86 �0.36 <0.001 0.95 �0.35

E/E' ratio 6.0 � 1.4 6.7 �1.9 <0.001 6.3 �1.7

LV diastolic dysfunction 16 39 <0.001 28

Maximal LA volume, mL/m2 18 � 6 20 � 7 0.008 19 � 7

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CCP, cyclic citrullinated pep-
tide; CRP, C-reactive protein; DBP, diastolic blood pressure; DM, diabetes mellitus; GFR, glomerular filtration rate; GLS, global longitudinal strain; HTN,
hypertension; IQR, interquartile range; LA, left atrial; LDL-C, low-density lipoprotein cholesterol; LV, left ventricular; LVEDV, left ventricular end-diastolic
volume; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; NSAID, nonsteroidal
anti-inflammatory drug; RA, rheumatoid arthritis; RF, rheumatoid factor; SBP, systolic blood pressure; SD, standard deviation; TG, triglycerides. Data are
presented as %, mean � SD, or median (IQR) unless otherwise noted.
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3.4 | Covariates of concentric LV geometry

Concentric LV geometry was found in 92 of 194 normotensive

patients with RA (47%). At univariate analysis, older age, higher BMI,

higher serum levels of C-reactive protein (CRP), lower sc-MS, and

worse LV diastolic function (measured as higher E/E') were the vari-

ables related to this condition. Multivariate analysis showed that

lower sc-MS, worse LV diastolic function, and higher BMI were the

independent variables associated with concentric LV geometry

(Table 3).

3.5 | Covariates of LVSD

The circumferential LVSD was impaired in 95 of 194 normotensive

patients with RA (49%). This condition was related to male sex, higher

serum levels of CRP, and higher E/E' and LV mass at univariate analysis

(Table 3). Male sex and higher CRP serum levels were the 2 independent

variables associated with circumferential LVSD at multivariate analysis.

The longitudinal LVSD was impaired in 39 normotensive patients

with RA (20%). This condition was related to lower GFR, older age,

and higher CRP serum levels at univariate analysis. Lower GFR and

older age were the 2 independent variables associated longitudinal

LVSD at multivariate analysis (Table 3).

3.6 | Clinical events

During a median follow-up of 24 months (interquartile range,

16–30 months), a primary endpoint occurred in 28 patients (14%). No

death occurred during the follow-up. Twelve patients (6% of the total

TABLE 2 Comparison between clinical features of 194 normotensive patients with RA and 194 non-RA matched controls

Variables Normotensive RA Patients, n = 194 Normotensive Non-RA Matched Controls, n = 194 P Value

Clinical and laboratory parameters

Age, y 54 �11 56 �13 0.12

Female sex 63 60 0.22

BMI, kg/m2 24.4 � 4.1 24.6 � 3.6 0.10

Waist circumference, cm 88 � 13 90 �10 0.09

Obesity 5 8 0.18

SBP, mm Hg 126 � 14 127 �15 0.37

DBP, mm Hg 81 � 7 80 �7 0.39

Dyslipidemia 52 54 0.43

Active smoker 40 38 0.18

DM 3 2 0.62

GFR, mL/min/1.73m2 97 � 21 94 � 21 0.60

LDL-C, mg/dL 121 (98–139) 148 (121–177) 0.02

TG, mg/dL 104 (74–136) 123 (92–160) 0.54

CRP, mg/L 3.3 (1.5–5.8) 2.9 (0.8–6.1) 0.86

Pharmacological treatment

β-Blockers 2 3 0.40

Antiplatelet agents 6 8 0.22

Statins 13 14 0.35

Echocardiography

LVEDV, mL/m2 50 � 11 51 � 12 0.22

LV relative wall thickness 0.43 � 0.07 0.37 � 0.05 <0.001

Concentric LV geometry 47 10 <0.001

LVMI, g/m2.7 41 � 11 38 � 7 <0.001

LVH 20 10 <0.001

LVEF, % 65 � 6 64 � 6 0.06

LV sc-MS, % 87 � 15 101 �13 <0.001

Low LV sc-MS (<87%) 49 10 <0.001

LV GLS, % −18.6 � −3.7 −20.1 � 2.6 0.02

Low LV GLS (<16%) 20 5 <0.001

E/A ratio transmitral flow 1.05 � 0.31 0.99 �0.30 0.06

E/E' ratio 6.0 � 1.4 6.0 �1.5 0.97

LV diastolic dysfunction 16 16 0.95

Maximal LA volume, mL/m2 18 � 6 19 � 5 0.58

Abbreviations: BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; DM, diabetes mellitus; GFR, glomerular filtration rate; GLS,
global longitudinal strain; IQR, interquartile range; LA, left atrial; LDL-C, low-density lipoprotein cholesterol; LV, left ventricular; LVEDV, left ventricular
end-diastolic volume; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; RA, rheumatoid arthritis;
SBP, systolic blood pressure; sc-MS, stress-corrected midwall shortening; SD, standard deviation; TG, triglycerides. Data are presented as %, mean � SD,
or median (IQR) unless otherwise noted.
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study population) had a CV event requiring hospitalization: 2 conges-

tive heart failure, 2 thromboembolism, and 8 persistent and symptom-

atic atrial fibrillation associated with reduced work capacity and

hospitalized for early cardioversion. Hospitalizations unrelated to CV

causes were 16 (10 for acute orthopedic disease or surgery, 2 for lung

infection, 2 for symptoms/signs related to a new diagnosis of cancer

[1 colorectal and 1 pancreas], and 2 for severe uveitis).

3.7 | LV concentric geometry, LVSD, and outcome

At univariate Cox regression analyses, longitudinal LVSD measured as

low GLS was associated with the primary study endpoint (all-cause

hospitalization; hazard ratio [HR]: 1.86, 95% confidence interval [CI]:

1.07–3.24, P =0.02), whereas circumferential LVSD and LV concentric

geometry did not. Thus, a first multivariate Cox regression analysis

was performed. Age, sex, E/E', GFR, and CRP were the variables asso-

ciated with primary endpoint at univariate analysis, which were con-

sidered together with longitudinal LVSD as covariates in the

multivariate model (circumferential LVSD and concentric LV geometry

were forced into the model). Longitudinal LVSD (HR: 2.37, 95% CI:

1.24–4.53, P =0.009) was the only variable independently related to

the primary endpoint.

Furthermore, the same analyses were performed to individuate

the covariate of co–primary endpoint (CV hospitalization). At univari-

ate analysis, LV concentric geometry (HR: 3.52, 95% CI: 1.04–11.90,

P =0.04), circumferential LVSD (HR: 3.42, 95% CI: 1.15–10.1,

P =0.02), and longitudinal LVSD (HR: 3.61, 95% CI: 1.39–9.42,

P =0.009) were all associated with the co–primary endpoint. Once

again, multiple Cox regression analyses revealed that only longitudinal

LVSD (HR: 6.60, 95% CI: 1.47–29.72, P =0.01) was the independent

predictor of CV hospitalization. The Figure 1 shows all-cause

hospitalization–free survival curves (left panel) and CV

hospitalization–free survival curves (right panel) in groups of patients

with and without longitudinal LVSD.

4 | DISCUSSION

Our study showed several findings in patients with RA: (1) about

half of subjects with long-standing RA without overt cardiac disease

keep normal BP values at long-term follow-up; (2) these patients

have a risk profile for adverse CV events much lower than their RA

TABLE 3 Variables significantly related to concentric LV geometry

and impairment of circumferential and longitudinal components of
LVSD in the 194 normotensive patients with RA

194 Normotensive Patients With RA OR 95% CI
P
Value

Concentric LV geometry

sc-MS 0.91 0.88–0.94 <0.001

E/e' 1.39 1.02–1.91 0.04

BMI 1.10 1.00–1.21 0.04

CRP 1.00 0.94–1.08 0.79

Age 1.02 0.98–1.06 0.40

Impaired circumferential component of
LV systolic function (low sc-MS)

Male sex 2.45 1.23–4.80 0.01

CRP 1.08 1.00–1.17 0.04

E/e' 0.83 0.64–1.07 0.16

LV mass 1.03 0.99–1.06 0.13

Impaired longitudinal component of LV
systolic function (low GLS)

GFR 1.04 1.01–1.07 0.01

Age 1.07 1.00–1.14 0.03

CRP 0.76 0.56–1.04 0.09

Abbreviations: BMI, body mass index; CI, confidence interval; CRP,
C-reactive protein; GFR, glomerular filtration rate; GLS, global longitudinal
strain; LV, left ventricular; LVSD, left ventricular systolic dysfunction; OR,
odds ratio; RA, rheumatoid arthritis; sc-MS, stress-corrected midwall
shortening.

FIGURE 1 All-cause hospitalization–free survival curves (left panel) and CV hospitalization–free survival curves (right panel) in groups of

normotensive patients with and without low GLS. Abbreviations: CV, cardiovascular; GLS, global longitudinal strain
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counterparts with HTN, and they have an exceedingly higher preva-

lence of maladaptive changes in LV geometry and systolic function

in comparison with non-RA matched controls; (3) subclinical LVSD

and diastolic dysfunction together with higher BMI are the indepen-

dent variables associated with concentric LV geometry, male sex

and higher CRP serum levels are the independent variables associ-

ated with circumferential LVSD, whereas lower GFR and older age

were the 2 independent variables associated with longitudinal LVSD

at multivariate analysis; and (4) longitudinal LVSD was the only con-

dition independently related to the clinical endpoints in the normo-

tensive RA population.

The data available in the literature support the hypothesis

that chronic inflammation due to RA is associated with reduced

arterial elasticity, which may precede atherosclerosis and

HTN.16,28 Our findings, however, demonstrate that arterial HTN is

not the mandatory final consequence of these pathophysiological

processes, because nearly half of RA patients are in the normo-

tensive status after about 13 years from onset of RA diagnosis

and treatment.

Although HTN largely influences LV geometry and function in RA

patients (our hypertensive patients had higher LV mass, more fre-

quently concentric LV geometry and LVH, and worse LV systolic and

diastolic function than normotensive ones), it does not represent the

needed condition promoting these important LV changes. In our nor-

motensive RA patients, indeed, the prevalence of LV concentric geom-

etry and LVH was 5-fold and 2-fold higher, respectively, than in non-

RA matched controls, as well as the prevalence of circumferential

LVSD or longitudinal LVSD, which was 5-fold and 4-fold higher in the

former than in the latter. Because our clinical model was adjusted for

age, sex, BMI, and prevalence of DM, and patients with HTN were

not considered, it appears evident that some nonhemodynamic mech-

anisms have to play a key role in generating the subclinical cardiac

abnormalities found in our normotensive RA patients. Mitbø

et al. recently demonstrated that the moderate to high RA disease

activity was associated with concentric LV geometry and lower LV

myocardial systolic function independent of the traditional CV risk

factors.29,30 Furthermore, several researchers have demonstrated that

the pharmacological inhibition of interleukin-1 or anti–tumor necrosis

factor-α therapy improves vascular and LV systolic and diastolic func-

tion in patients with RA,31–33 with an effect that was independent of

changes in arterial BP. Such evidences circuitously (but reasonably)

suggest that increased serum levels of several pro-inflammatory and

immunomodulatory agents that characterize RA may have a straight

cardiotoxic effect and/or lead to modifications in the cardiac

phenotype.

Furthermore, the close association between adverse CV events

and the status of persistent chronic inflammation leading diffuse arte-

rial atherosclerosis by nonhemodynamic pathways in patients with RA

has been clearly demonstrated.19,34–36 Our clinical and prognostic

findings complete this assumption, showing that higher CRP serum

levels are related to LVSD, and this condition emerged by multivariate

analysis as a powerful prognosticator of poorer outcome at midterm

follow-up in normotensive patients with RA.

4.1 | Study limitations

Several limitations have to be underlined. First, data exposed in the

present study assessed the prognostic role of LVSD in normotensive

patients with RA at 24-month follow-up (no longer time), and the

number of CV events was relatively small. Second, the biochemical

processes leading to LVSD (which are not known) were not specifi-

cally searched for and clarified in our study. Third, our findings could

be prejudiced by some pharmacological or nonpharmacological treat-

ment for RA whose effect on cardiac geometry and function would be

really difficult to quantify. Finally, the primary endpoint was domi-

nated by non-CV causes. The analysis of a relationship between LVSD

and orthopedic disease or surgery is not immediately self-evident. An

explanation could be found in the increased serum levels of several

pro-inflammatory and cytotoxic molecules, which impact both on LV

systolic function and the joints of RA patients. The strengths of our

study include its prospective nature and design, a large number of par-

ticipants of both sexes recruited consecutively, the reliable methods

for the assessment of LV geometry and systolic function, and the

complete nature of the dataset.

5 | CONCLUSION

The present findings may add useful information to better compre-

hend the pathophysiologic processes existing between chronic inflam-

mation, cardiac abnormalities, and the development of CV events in

patients with RA. Our results, which should be confirmed by larger

studies with longer follow-up and a higher number of adverse clinical

events, suggest that LVSD may represent a prognostically relevant

condition that can be recognized at an early stage of RA. This has to

be interpreted as the start for finding clinical answers to that problem

for patients with RA who frequently experience CV adverse events at

a rate which does not seem to change over time.37,38
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