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Increased Prevalence of Diastolic Heart Failure in
Patients with Rheumatoid Arthritis Correlates with
Active Disease, but Not with Treatment Type
Thomas Schau, Michael Gottwald, Olga Arbach, Martin Seifert, Maren Schöpp, Michael Neuß,
Christian Butter, and Michael Zänker

ABSTRACT. Objective. Although heart failure (HF) is a major cause of premature mortality, there is little infor-
mation regarding its prevalence and associated risk factors in patients with rheumatoid arthritis (RA).
In this study, we evaluated the prevalence of HF in a community-based RA cohort. Further, we inves-
tigated the effect of RA activity and present treatment on HF rate and cardiac structure.
Methods. A diagnostic workup for HF according to the European Society of Cardiology recommen-
dations was performed in 157 patients with RA fulfilling the American College of Rheuma-
tology/European League Against Rheumatism criteria (68% women, age 61 ± 13 yrs) from our
outpatient clinic and in 77 age- and sex-matched controls.
Results. The prevalence of HF in patients with RA (24%) was unexpectedly high and differed signifi-
cantly from the control sample (6%, p = 0.001). Diastolic HF was the dominant type (23% vs 6%),
and clinical symptoms alone were of low diagnostic value. Active RA (28-joint Disease Activity Score
≥ 2.6: OR 3.4, 95% CI 1.3–9.8) was an independent risk factor of HF, as well as systemic inflammation
(erythrocyte sedimentation rate > 16 mm/h: OR 5.4, 95% CI 2.1–16; C-reactive protein > 10 mg/l:
OR 2.6, 95% CI 0.8–8.0) and RA duration > 10 years (OR 2.6, 95% CI 1.2–5.8). HF in RA was
associated with concentric hypertrophy (48% vs 17%, p < 0.001) and reduced longitudinal strain 
(–17.2% vs –19.7%, p < 0.001). However, the prevalence of HF was equivalent between the treatment
groups [conventional synthetic disease-modifying antirheumatic drugs (DMARD) 25%, tumor
necrosis factor inhibitors 22%, other biological DMARD 27%].
Conclusion. Recognition of all diastolic HF in RA requires a complex diagnostic approach. Active
rather than inactive RA places patients at a higher risk for HF, whereas influence of RA treatment on
HF risk needs to be elucidated in further studies. (First Release September 15 2015; J Rheumatol
2015;42:2029–37; doi:10.3899/jrheum.141647)
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Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease with a prevalence between 0.8–1%1,2.
RA leads to mutilating joint destruction and associated
disabilities. It also contributes to the reduction in life
expectancy of 8–15 years, which is mainly attributed to the
increased prevalence of coronary artery disease (CAD)3,4 and
heart failure (HF)5,6,7. A positive correlation has been
described between persistent systemic inflammation,
endothelial dysfunction, and accelerated atherosclerosis6,8.
Whereas classical cardiovascular (CV) risk factors are known
to be overrepresented in patients with RA9,10,11,12, chronic
inflammatory disease activity with increased cytokine levels
itself may additionally contribute to atherosclerosis as well
as to structural cardiac changes as seen with left ventricular
(LV) hypertrophy, atrial dilatation, and pulmonary hyper-
tension (HTN) in RA13,14,15.

Most of the previously reported increased prevalence rates
of HF in RA (3.9–11.6%) are based on the analysis of
databases from addressed, clinically manifested congestive
HF or HF requiring hospital admission5,9,10,11,12. This reflects
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a major part of HF, but not necessarily early forms of diastolic
HF.

In contrast, our previous observations revealed that no less
than 50% of our patients with RA confirmed dyspnea on
exertion or edema when asked by standardized questionnaire.
Interestingly, the rate of symptoms correlated with higher
disease activity in RA.

Clinical symptoms and even clinical exercise tests may be
confounded by underlying arthritis and impaired function16,
and are thus of limited use in patients with RA.

Nevertheless, echocardiographic and magnetic resonance
imaging (MRI) data in patients with RA have also indicated
predominant diastolic dysfunction17,18,19,20 with a higher
prevalence, ranging from 26% up to 66%21,22. These findings
suggest that diastolic HF, which is a result of diastolic
dysfunction, may have been underestimated in previous
studies as well as in daily practice. This becomes more
important because the associated mortality is only slightly
reduced compared with mortality associated with systolic HF,
which is still 4 times higher than in individuals without any
HF23,24,25.

At present, there is no single diagnostic test for HF, in part
because it is a complex syndrome requiring a careful history
and physical examination for proper diagnosis. Cardinal
manifestations include dyspnea, fatigue, and fluid retention;
however, some patients present without any symptoms and/or
signs of fluid overload.

Whereas the clinical Framingham criteria may underscore
functional impairment of ventricular filling, the current
European Society of Cardiology (ESC) guidelines for
diagnosis of HF26,27 combine clinical symptoms with labora-
tory findings [N-terminal pro B-type natriuretic peptide
(NT-proBNP)], and echocardiographic results.

To explain the high rate of symptomatic patients with RA
and to avoid further underestimation of HF risk, our study
systematically evaluated the prevalence of clinically overt as
well as subclinical systolic and diastolic HF for the first time
in an unselected community-based RA cohort using the
current ESC recommendations.

Further, our study investigated the influence of persist-
ently active RA and present treatment type on HF risk and its
underlying functional and structural myocardial changes.

MATERIALS AND METHODS
Study design. After approval by the Ethics Committee of the Medical
Association Brandenburg, all 162 patients with RA treated in our outpatient
clinic and fulfilling both the 1987 American College of Rheumatology
(ACR) and the 2010 ACR/European League Against Rheumatism classifi-
cation criteria28 were consecutively screened for our study from April to
June 2010. One patient refused consent and 4 patients had incomplete
echocardiographic data. Finally, 157 patients were enrolled.

An age- and sex-matched control group (n = 77) was recruited from a
neighboring district office and among former hospital staff. CV status of
these subjects was unknown; however, subjects with rheumatic diseases were
excluded.
Clinical assessment. Patients and controls gave written informed consent

according to the Declaration of Helsinki (2008), and were assessed for CV
risk factors and comorbidity using standardized questionnaires, clinical
examination of signs and symptoms of HF, serology [including NT-proBNP
(Roche), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
median CRP of previous 24 mos, total cholesterol/high-density lipoprotein
ratio], electrocardiography, and transthoracic echocardiography. Diagnosis
of arterial HTN required increased blood pressure values (> 140/90 mmHg)
at rest on 2 different days or had a current prescription of antihypertensive
drugs.

RA activity was assessed by the 28-joint Disease Activity Score (DAS28)
based on ESR. DAS28 definition of remission DAS28 < 2.628,29 was used.
Patients with DAS28 ≥ 2.6 were considered as patients with persistent
disease activity. Functional state was measured using the Health Assessment
Questionnaire (HAQ)30. Additionally, chest radiograph, thoracic ultrasono-
graphy, spirometry, arterial blood gas, and urine analysis were performed.
Actual treatment of RA was assessed. Typical clinical symptoms and signs
of HF were carefully investigated based on clinical Framingham criteria:
dyspnea on ordinary exertion [graded equivalent to New York Heart
Association (NYHA) classes], nocturnal cough, nocturia, edema, cardio-
megaly, third heart sound rales, pleural effusion, pulmonary vein congestion,
and tachycardia.
Echocardiographic analysis. Data were obtained from examination and
offline analysis by different experienced cardiologists blinded to clinical
characteristics (Vivid-q-ultrasound system and EchoPAC v6.1 workstation,
GE Vingmed Ultrasound AS). LV size, geometry, ejection fraction (EF;
Simpson method), and diastolic function were assessed according to the
American Society of Echocardiography recommendations, and LV mass
index (LVMI) > 95 g/m2 for women and > 115 g/m2 for men defined LV
hypertrophy31,32. Speckle tracking was performed in apical 4-chamber and
long-axis views. Average peak longitudinal systolic strain values from all
LV segments yielded LV global longitudinal systolic strain (GLS).

According to the ESC criteria valid in 2010, systolic HF was defined by
reduced EF (LVEF < 50%) and increased NT-proBNP. Diagnosis of diastolic
HF was based on clinical symptoms in the presence of elevated NT-proBNP,
a preserved EF (LVEF > 50%) in a nondilated left ventricle (LV end diastolic
volume < 97 ml/m2) and of abnormalities in LV diastolic function/filling26,33.
In detail, diastolic HF was diagnosed in cases fulfilling the following criteria:
(1) symptoms/signs and (2) E/e′ ratio > 15 or NT-proBNP > 220 pg/ml with
(3) E/e′ ratio > 8 or atrial fibrillation33.
Statistical analysis. Echocardiographic data of 4 patients with RA were
incomplete and all data of these subjects were omitted for statistical analysis.
Remaining 157 datasets were complete without missing variables.

Groups were compared using Wilcoxon signed-rank test for independent
samples and continuous variables, and chi-square test or Fisher’s exact test
(sample size < 5) for categorical variables. Differences were considered
statistically significant at p < 0.05.

Multiple logistic regression models were used to determine significant
risk factors for HF. Separate multiple logistic regression models were calcu-
lated. In each of these models, adjustments for age, sex, and HTN factors
were significantly associated with the risk of developing HF. Multicollin-
earity between the different covariables could be excluded. Variance inflation
factors were < 5 for all covariables. Interactions between remaining covari-
ables were tested and found not to be significant (data not shown). We used
the open source software “R” v2.12.1 (R-Foundation for Statistical
Computing).

RESULTS
Demographic and disease variables. Patients with RA and
the control group were comparable in age and sex distri-
bution. CV risk factors were not significantly different except
for a higher prevalence of obesity (body mass index > 30
kg/m2 in 38% vs 13%, p < 0.001) and HTN (56% vs 40%, 
p = 0.026) in the RA cohort (Table 1).
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Table 1. Demographic, cardiovascular, and echocardiographic variables of control group compared with patients with RA, including subanalysis of patients
with and without HF. Values are n (%) unless otherwise specified.

Variables Control Group, RA Group, n = 157 p Subanalysis RA Group
n = 77 HF, n = 38 (24%) No HF, n = 119 (76%) p

HF 5 (6) 38 (24) 0.001 38 (100) 0
HFNEF 5 (6) 36 (23) 0.002 36 (95) 0
HFREF 0 2 (1) 2 (5) 0
Age, yrs, mean  ±  SD 59 ± 12 61 ± 13 0.307 72 ± 10 57 ± 12 < 0.001
Female 53 (69) 107 (68) 0.882 33 (87) 74 (62) 0.008
BMI > 30 kg/m² 10 (13) 59 (38) < 0.001 17 (45) 42 (35) 0.338
Hypertension 31 (40) 88 (56) 0.026 32 (84) 56 (47) < 0.001
Present smoker 20 (26) 55 (36) 0.182 7 (18) 48 (40) 0.018
Pack-yrs, median (IQR) 10 (2–16) 15 (6–26) 0.023 9 (4–14) 15 (6–26) 0.201
Diabetes mellitus 6 (8) 21 (13) 0.280 7 (18) 14 (12) 0.287
Hypercholesterolemia 27(35) 38 (24) 0.089 9 (24) 29 (24) 1.000
CKD/eGFR < 60 ml/min 5 (6) 24 (15) 0.060 12 (32) 12 (10) 0.003
CAD 2 (3) 12 (8) 0.237 6 (16) 6 (5) 0.072
Stroke/TIA 2 (3) 3 (2) 0.665 1 (3) 2 (2) 0.567
PAD 2 (3) 15 (10) 0.062 6 (16) 9 (8) 0.200
CV risk score, median (range) 2 (0–3) 2 (0–4) 0.590 3 (2–5) 1 (0.5–4) < 0.001
Hemoglobin, mmol/l, mean ± SD 8.6 ± 0.7 8.1 ± 0.8 < 0.001 7.7 ± 0.8 8.3 ± 0.7 < 0.001
Actual CRP, mg/l, median (IQR) 1.5 (0.7–3.4) 1.8 (0.9–5.0) 0.125 2.8 (1.4–6.5) 1.6 (0.9–4.4) 0.038
Dyspnea

NYHA class 0–1 63 (81) 90 (57) < 0.001 7 (18) 83 (70) < 0.001
Class 2 11 (15) 28 (18) 0.577 9 (24) 19 (16) 0.331
Class 3 2 (3) 37 (24) < 0.001 20 (53) 17 (14) < 0.001
Class 4 1 (1) 2 (1) 1.000 2 (5) 0 0.057

Nocturia 14 (18) 48 (31) 0.058 24 (65) 24 (20) < 0.001
Rales 0 9 (6) 0.061 4 (11) 5 (4) 0.216
Third heart sound 3 (4) 10 (7) 0.720 5 (14) 5 (4) 0.247
Edema 3 (4) 62 (39) < 0.001 24 (65) 38 (32) 0.001
Framingham HF criteria–positive 0 43 (27) < 0.001 23 (62) 20 (17) < 0.001
Clinical symptoms < 0.001 < 0.001

Suggesting HF 24 (31) 98 (62) 38 (100) 60 (50)
Thereof confirming HF 5 (21) 38 (39) 38 (100) 0 (0)

NT-proBNP, pg/ml, median (IQR) 83 (43–142) 110 (58–280) 0.004 543 (327–941) 85 (46–125) < 0.001
NT-proBNP > 220 pg/ml 9 (12) 49 (31) 0.001 38 (100) 11 (10) < 0.001

Thereof confirming HF 5 (56) 38 (78) 0.636 38 (100) 0 (0)
Echocardiography

LVEF, %, mean ± SD 67 ± 6 67 ± 8 0.168 65 ± 9 69 ± 14 0.252
Proportion < 50% 0 4 (3) 0.175 2 (5) 2 (2) 0.247

LVEDVi, ml, mean ± SD 41 ± 12 40 ± 11 0.615 37 ± 11 40 ± 11 0.042
LVMI, women, mean ± SD 83 ± 24 95 ± 25 0.002 107 ± 34 90 ± 18 0.012

Proportion > 95 g/m2 15 of 53 (28) 44 of 107 (42) 0.118 19 of 33 (59) 25 of 74 (34) 0.005
LVMI, men, mean ± SD 97 ± 25 97 ± 20 0.813 122 ± 19 95 ± 19 0.009

Proportion > 115 g/m2 5 of 24 (21) 9 of 50 (18) 0.761 3 of 5 (60) 6 of 45 (13) 0.035
LV geometry

Normal 34 (44) 48 (32) 0.040* 7 (17) 41 (34) 0.175*
Remodeling 23 (30) 55 (34) 0.523* 10 (27) 45 (39) 0.242*
Concentric hypertrophy 12 (16) 38 (24) 0.174* 18 (48) 20 (17) < 0.001*
Excentric hypertrophy 8 (10) 16 (10) 1.000* 3 (8) 13 (10) 0.763*

Diastolic dysfunction 30 (39) 92 (59) 0.003 33 (87) 59 (50) < 0.001
Grade 1 28 (36) 34 (22) 0.019* 12 (32) 22 (18) 0.113*
Grade 2 2 (3) 52 (33) < 0.001* 17 (46) 35 (29) 0.112*
Grade 3 0 6 (4) 0.194* 4 (11) 2 (2) 0.031*

GLS, %, median –20.4 –19.5 0.018 –17.2 –19.7 < 0.001
IQR –21.6 to –19.1 –21.2 to –17.8 –19.7 to –16.1 –21.3 to –18.3

* Fisher’s exact test. RA: rheumatoid arthritis; HF: heart failure; HFNEF: HF with normal ejection fraction; HFREF: HF with reduced ejection fraction; BMI:
body mass index; IQR: interquartile range; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; CAD: coronary artery disease; TIA:
transient ischemic attack; PAD: peripheral artery disease; CV: cardiovascular; CRP: C-reactive protein; NYHA: New York Heart Association; NT-proBNP:
N-terminal pro B-type natriuretic peptide; LV: left ventricular; LVEF: LV ejection fraction; LVEDVi: LV end-diastolic volume index; LVMI: LV mass index;
GLS: global longitudinal strain.
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Prevalence of HF, diagnostic investigations, and differential
diagnosis. Rate of HF was significantly higher in patients
compared to controls (24% vs 6%, p = 0.001) and diastolic
HF (23% vs 6%, p = 0.002) was the predominant type. In
contrast, only 2 patients (1%) had systolic HF (Table 1).

Any clinical signs of HF were present in 62% of the RA
group (vs 31% controls, p < 0.001), but HF was diagnosed
in only 40% of these clinically symptomatic patients (21%
of symptomatic controls), while in 60%, HF could not be
confirmed because of normal NT-proBNP and echocardio-
graphy, suggesting low positive predictive value (PPV) of
clinical HF symptoms in patients with RA (PPV 39%) as well
as in controls (PPV 21%; Supplementary Figure 1 available
online at jrheum.org). In the patients with RA, detection of a
third heart sound (PPV 50%), nocturia (PPV 48%), and
dyspnea NYHA > 1 (PPV 42%) were of higher predictive
value than edema (PPV 39%) and rales (PPV 38%). In the
control subjects, edema (PPV 67%) was of higher value than
third heart sound (PPV 33%), dyspnea NYHA > 1 (PPV
29%), and nocturia (PPV 14%). Other causes of dyspnea in
patients with RA were chronic lung diseases (31%), acute
respiratory tract infection (15%), pulmonary arterial HTN
(15%), obesity (23%), and high RA activity with fatigue
(8%).

Elevated NT-proBNP > 220 pg/ml was also more present
in patients than controls (31% vs 12%, p = 0.001) and highly
indicative for HF in RA (PPV 78%).

Diastolic dysfunction could be diagnosed in as many as

92 patients (59%) versus 30 controls (39%, p = 0.003), but
PPV were only 39% and 17%.
Traditional risk factors for HF in RA.A significantly higher
proportion of patients with HF were women (87% vs 62%,
OR 2.8, 95% CI 1.2–71, p = 0.008), had HTN (84% vs 47%,
OR 4.7, 95% CI 2.2–10.9, p < 0.001), had chronic kidney
disease (estimated glomerular filtration rate < 60 ml/min,
32% vs 10%, p = 0.003), had higher CV risk scores (median
3% vs 1% predicted relative risk of fatal CV disease
according to the ESC guideline for the management of
dyslipidemias, p < 0.001), or were older (mean 72 yrs vs 57
yrs, OR for age > 70 yrs: 7.8, 95% CI 3.8–16.3, p < 0.001).

As expected, HF prevalence increased with age (Figure
1), yet HF started 10 years earlier in patients with RA (HF
rate 2.9% in 5th and 4.3% in sixth decade) and remained
always 2- to 3-fold higher in patients with RA compared with
controls (34.5% vs 18.2% in the 7th decade, 48.7% vs 11.1%,
p = 0.009 in the 8th, and 70% vs 33.3% in the 9th decade).
Inflammatory risk factors for HF in patients with RA.
Comparing patients with RA with and without HF, patients
with HF presented a markedly more severe course of their
underlying disease as evidenced by significantly higher
disease activity index and inflammatory markers (Table 2).
At a cutoff median CRP value of 10 mg/l over 24 months 
(median CRP over 2 yrs > 10 mg/l), frequency of HF was
almost doubled from 22% to 43% (Supplementary Figure 2B
available online at jrheum.org). 
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Figure 1.Age-related distribution of the proportion of HF (in percent) in patients with RA with REM (DAS28 <
2.6, n = 71) and PDA (DAS28 ≥ 2.6, n = 86) compared with the control group (n = 77). HF: heart failure; RA:
rheumatoid arthritis; REM: remission; DAS28: 28-joint disease activity score; PDA: persistent disease activity.
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Table 2. Disease variables of patients with RA including subanalysis of patients with and without HF. Values are n (%) unless otherwise specified.

Disease Variables RA Group, n = 157 Subanalysis RA
HF, n = 38 (24%) No HF, n = 119 (76%) p

Duration of RA, yrs, mean ± SD 12 ± 11 16 ± 13 11 ± 10 0.128
RF-positive 123 (78) 29 (76) 94 (79) 0.902
ACPA-positive 109 (69) 25 (66) 84 (71) 0.721
Median CRP over 2 yrs, median (IQR) 2.3 (1.2–5.0) 2.4 (1.3–5.7) 2.2 (1.1–4.7) 0.374
ESR in mm/h, mean ± SD 16 ± 14 23 ± 15 13 ± 13 < 0.001
DAS28, median (IQR) 2.7 (2.0–3.4) 3.1 (2.6–3.8) 2.5 (1.8–3.2) 0.001

DAS28 < 2.6, remission 71 (45) 9 (24) 62 (52) 0.003*
DAS28 2.6–3.2 40 (25) 12 (32) 28 (24) 0.392*
DAS28 > 3.2 46 (30) 17 (45) 29 (24) 0.024*

HAQ, median (IQR) 1.1 (0.8–2.0) 1.4 (1.0–2.5) 1.1 (0.5–1.8) 0.014
HAQ > 1 86 (55) 25 (66) 61 (51) 0.137
Treatment groups

csDMARD only 67 (43) 17 (45) 50 (42) 0.851*
TNFi 64 (40) 14 (37) 50 (42) 0.707*
Other bDMARD 26 (17) 7 (18) 19 (16) 0.917*

Corticosteroid use 91 (58) 24 (63) 67 (56) 0.700
Dose, mg/d, mean ± SD 3.2 ± 3.3 4.0 ± 3.3 2.8 ± 3.1 0.060

NSAID use 42 (27) 7 (18) 35 (29) 0.300

* Fisher’s exact test. RA: rheumatoid arthritis; HF: heart failure; RF: rheumatoid factor; ACPA: anticitrullinated protein antibodies; CRP: C-reactive protein;
ESR: erythrocyte sedimentation rate; DAS28: 28-joint Disease Activity Score; HAQ: Health Assessment Questionnaire; DMARD: disease-modifying
antirheumatic drugs; csDMARD: conventional synthetic DMARD; TNFi: tumor necrosis factor inhibitors; bDMARD: biological DMARD; NSAID: nonsteroidal
antiinflammatory drugs.

Figure 2. Proportion of HF (A) and different LV geometry (B) depending on different therapies (csDMARD, TNFi, and other
bDMARD) compared with control group. HF: heart failure; LV: left ventricular; DMARD: disease-modifying antirheumatic drugs;
csDMARD: conventional synthetic DMARD; TNFi: tumor necrosis factor inhibitors; bDMARD: biological DMARD.
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Persistently active disease despite therapy (DAS28 ≥ 2.6)
was significantly more frequent in patients with HF (Table
2). Accordingly, the proportion of HF rose from 13% in
remission to 30% in patients with low disease activity (DAS
2.6–3.2) and as high as 37% in patients with DAS > 3.2
(Supplementary Figure 2A available online at jrheum.org).

In line with higher inflammatory activity, functional status
was significantly worse in patients with RA with HF (Table
2). With increasing HAQ value, the HF proportion went up
from 18% (HAQ ≤ 1) to 40% (HAQ > 3, p = 0.012;
Supplementary Figure 2D available online at jrheum.org).

Finally, longstanding RA with duration > 15 years was
associated with higher HF prevalence compared with shorter
disease history (40% vs 17%, p = 0.003; Supplementary
Figure 2C available online at jrheum.org).

Adjusting for age, sex, and HTN, DAS ≥ 2.6, RA duration
> 10 years, median CRP > 10 mg/l, ESR > 16 mm/h, and
HAQ > 2 remained risk factors significantly associated with
the presence of HF in RA (Table 3).
HF prevalence and RA treatment. Proportions of patients
with HF were comparable for patients treated with conven-
tional synthetic disease-modifying antirheumatic drugs
(csDMARD; 25%), tumor necrosis factor inhibitors (TNFi;
22%), and other biological DMARD (bDMARD; 27%), but
were significantly increased compared with the control group
(Figure 2). Also, additional use of nonsteroidal antiinflam-
matory drugs (NSAID) and steroids was comparable between
patients with and without HF, despite a nonsignificant trend
to a higher mean steroid dose in the HF group (Table 2).
Echocardiographic findings, LV geometry, and speckle
tracking strain imaging. In a subanalysis, patients with HF had
a significantly higher mean LVMI with a higher proportion of
concentric hypertrophy (48% vs 17%, p < 0.001) compared
with the non-HF subgroup, in which the majority had
concentric remodeling (Table 1). Distribution of the various
LV geometries was equivalent again between the different
treatment groups (csDMARD, TNFi, bDMARD; Figure 2).

Interestingly, median GLS (Supplementary Figure 3,

available online at jrheum.org) was markedly impaired in
patients with RA versus controls (–19.5% vs –20.4%, respec-
tively, p = 0.018; Table 1). In line with our clinical findings,
median GLS was significantly more impaired in patients with
RA with HF compared with patients without HF (–17.2% vs
–19.7%, p < 0.001). Using the cutoff value of –18% (deter-
mined in receiver-operator characteristic analysis), GLS was
significantly associated with HF in patients with RA in
univariate (OR 6.5, 95% CI 2.9–15, p < 0.001) and multiple
logistic regression after adjustment for age, sex, and HTN
(OR 4.9, 95% CI 2.0–12, p < 0.001; Table 3).

DISCUSSION
In our cross-sectional study, we found a surprisingly high
overall prevalence of HF in patients with RA compared with
controls (24% vs 6%, p = 0.004) mainly because of diastolic
HF (23%) while HF with reduced EF was rare (1%). This is
important because even diastolic HF increases mortality risk
4-fold23 and HF in general is a major contributor to reduced
lifespan in patients with RA3,7,10,34,35,36.

Several previous studies have reported HF in 3.9–11.6%
of patients with RA. However, these reports were based
solely on clinical databases, retrospective analyses, or
different diagnostic criteria for HF, mostly addressing clini-
cally manifested congestive HF5,9,10,11,12 and did not use the
ESC guidelines for diagnosing HF, which combine clinical
or echocardiographic HF signs with NT-proBNP testing.

However, studies that have evaluated myocardial structure
and function in patients with RA have found diffuse
myocardial abnormalities in up to 21%37 and LV diastolic
dysfunction in 26–66% of patients with RA21,22. Our data
confirm diastolic dysfunction in 59% of patients with RA and
39% of controls.

In our cohort, clinical symptoms usually attributed to HF
while part of the Framingham criteria were present in still
higher rates (62% vs 31% in controls, p < 0.001), and
dyspnea on ordinary exertion appeared as a frequent problem
in our RA population (43% vs 19% in controls, p < 0.001).
Interestingly, by using NT-proBNP, echocardiography, and
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Table 3. Multiple logistic regression analysis of patients with RA with HF (n = 38) versus without HF (n = 119)
for different disease variables in univariate analysis and adjusted for age, sex, and HTN in multivariate analysis.

Variables Univariate analysis Multiple Logistic Regression, 
OR Adjusted for Age, Sex, HTN*

OR (95% CI) p OR (95% CI) p

DAS28 ≥ 2.6 3.5 (1.6–8.4) 0.003 3.4 (1.3–9.8) 0.018
RA disease duration > 10 yrs 3.5 (1.7–6.9) < 0.001 2.6 (1.2–5.8) 0.021
HAQ > 2 2.9 (1.3–6.4) 0.001 1.3 (0.4–3.5) 0.653
CRP median > 10 mg/l 2.6 (0.8–8.0) 0.097 4.8 (1.1–21) 0.037
ESR > 16 mm/h 6.0 (2.8–13) < 0.001 5.4 (2.1–16) < 0.001
GLS > –18% 6.5 (2.9–15) < 0.001 4.9 (2.0–12) < 0.001

* Results of separate logistic regression models. RA: rheumatoid arthritis; HF: heart failure; HTN: hypertension;
DAS28: 28-joint Disease Activity Score; HAQ: Health Assessment Questionnaire; CRP: C-reactive protein; ESR:
erythrocyte sedimentation rate; GLS: global longitudinal strain.
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spirometry, HF could be ruled out in 61% of these patients
and further diagnostic workup attributed the clinical
symptoms to concomitant lung disease, anemia, and
RA-related fatigue. Accordingly, a low PPV of dyspnea
(37%) reflects the pitfall of a sole symptom-based HF
diagnosis. Finally, in patients with RA, none of the clinical
symptoms or signs of HF had a high PPV, and a third heart
sound (PPV 50%) was still the best. In contrast, NT-proBNP
was a useful tool, with high PPV (78%) for diagnosing HF
despite its precondition for the ESC HF diagnosis and
previous discussion about a possibly reduced specificity in
patients with RA22. Of the 49 patients with NT-proBNP >
220 pg/ml, only 4 had neither HF symptoms nor diastolic
dysfunction; 6 patients were additionally symptomatic for
HF, but were lacking echocardiographic abnormalities; and
1 patient had additional diastolic dysfunction, but was clini-
cally asymptomatic. The PPV of NT-proBNP in control
subjects (56%) was worse than in patients with RA.

While some of the traditional risk factors were comparable
with controls (i.e., hypercholesterolemia, diabetes, smoking),
others such as rate of obesity and pack-years of smoking were
significantly overexpressed in patients with RA. HTN, which
is one of the major contributors to diastolic HF, was consid-
erably frequent in our RA cohort (59% vs 40% in controls)
and again significantly increased in the subgroup of patients
with HF (84%). However, these data are comparable with
reported prevalence rates of HTN in RA20,38,39,40.

Nearly half of our patients with HF (48%) had increased
LVMI,  with concentric hypertrophy as an often-seen conse-
quence of HTN. In patients without HF, the proportion with
concentric hypertrophy was similar to controls (17% vs 16%)
and concentric remodeling without hypertrophy was predom-
inant (39% vs 30%), confirming the findings by others41,42.
Nevertheless, reports of ventricular geometry are hetero-
geneous and include predominant LV hypertrophy38,43, as well
as findings of reduced LVMI and concentric remodeling in
patients with RA19. Variations of imaging techniques (echocar-
diography, MRI) may contribute to these different results.

In 2-dimensional, speckle-tracking echocardiography, we
found significantly impaired GLS in patients with diastolic
HF. Because of the helical structure of the cardiac ventricular
anatomy, this finding reflects abnormal myocardial function
at the subendocardial level, which is most susceptible to the
deleterious effects of interstitial fibrosis, and is suggested as
a putative cause of diastolic dysfunction in RA. Such
predominantly subendocardial LV interstitial fibrosis with
impaired GLS and diastolic dysfunction has been formerly
demonstrated in CAD, HTN, diabetes, and obesity44, and was
related to metabolic, inflammatory, and hormonal changes
resulting in perivascular fibrosis and increased collagen
deposition45. The pathogenesis of LV interstitial fibrosis in
patients with HTN has been associated with microvascular
abnormalities, hypertrophy, and altered renin-angioten-
sin-aldosterone system46.

In this respect, impaired subendocardial function found in
our patients might be a result of both increased prevalence of
obesity and HTN, as well as chronic inflammatory processes.

Systemic inflammatory activity itself is an additional
proven independent CV risk factor because it (1) is involved
in the different stages of atherogenesis47, (2) aggravates tradi-
tional CV risk factors8, and (3) is found to be associated with
distinct myocardial abnormalities, e.g., LV hypertrophy37,43.
In our study, active RA and increased inflammatory markers
were shown to be significant independent risk factors of HF
(DAS28 ≥ 2.6: OR 3.4, ESR > 16 mm/h: OR 5.4, CRP > 10
mg/dl: OR 4.8), which supports the validity of our results.

Our findings demonstrate that, compared with controls,
HF prevalence in patients with RA was doubled in remission,
yet increased 4- to 6-fold in active disease. Therefore,
targeted treatment of inflammation and RA activity until
reaching remission (as well as additionally addressing tradi-
tional CV risk factors) appears to be highly important in
avoiding the development of HF in patients with RA,
possibly irrespective of the chosen therapy regimen.

The influence of bDMARD or csDMARD on HF in RA
is still under investigation39,48,49. TNFi may reduce CV
events in patients with RA50, and a study found that TNFi
was not associated with an increased risk of hospital admis-
sions for incident HF compared with csDMARD39. We found
no suggestion that TNFi increased the prevalence of HF in
our patients with RA. In addition, concomitant use of steroids
and NSAID was not significantly different in patients with
and without HF.

In this context, further evaluation is required as to whether
HF, particularly diastolic HF, itself may contribute to the
ongoing inflammation by increased TNF-α expression.

One strength of our study is that it presents data on an
unselected community-based RA cohort of 157 patients from
a single center. Based on extensive differential diagnostics,
our results provide interesting and clinically relevant insights
into the echocardiographic structure and prevalence of HF in
patients with RA. A followup study in this cohort is warranted
and under way.

Limitations of our study include recruitment of control
persons. Although they were recruited per random and only
known rheumatic diseases were excluded, they were all
present or former white-collar employees, whereas patients
with RA also included blue-collar workers, which might
result in yet higher CV risk. It would have been interesting
to compare our findings with a large epidemiologic control
cohort. However, this was limited by the intense diagnostic
workup of our study participants and the used diagnostic
guidelines.

An important consideration in our study is its
cross-sectional design, which collects data at a specific
timepoint rather than in a longitudinal manner, and could thus
influence the categorization of whether patients have persist-
ently active or inactive RA. However, as we follow targeted
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treatment regimens in all patients with RA, we achieve early
remission in many cases. Patients, who persisted in low or
moderate disease activity, usually did so for longer periods,
despite different therapies and close followup, giving the
DAS28 of study entry more than temporary account. In
addition, we found comparable effects of single CRP values
at study entry and the median of CRP values of the previous
24 months on HF prevalence. Finally, HF prevalence corre-
lated with increasing HAQ that can be seen as a product of
high disease activity over a long period of time.

HF classified as NYHA > 2 is still a contraindication for
most of the TNFi. We therefore have to consider bias of
indication when comparing HF rates in different treatment
groups. Yet, we did not exclude any outpatients with dyspnea
on exertion (NYHA 2–3) from prescription of TNFi, since
we found no worsening in our previous pilot study.
Individuals with HF at NYHA stage 4 usually require hospital
admission and would have missed study recruitment for both
RA and control cohort.

Combining clinical diagnostics with echocardiography
and NT-proBNP measurement according to the ESC guide-
lines revealed that an unexpected one-fourth of all patients
with RA had diastolic HF, predominantly associated with
concentric hypertrophy and reduced longitudinal strain.
Increased disease activity (DAS28) and elevated inflam-
matory markers (CRP, ESR) were independent risk factors
for HF, and the prevalence of HF was doubled in remission,
yet increased 4- to 6-fold in active RA, irrespective of
treatment type. Therefore, targeted treatment of inflammation
and RA activity until reaching remission (as well as
additionally addressing traditional CV risk factors) appears
to be highly important in avoiding the development of
diastolic HF and the related increased mortality in patients
with RA.
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