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Abstract

Background—Patients with rheumatoid arthritis (RA) have increased risk of heart failure with 

preserved ejection fraction. The development and progression of left ventricular dysfunction 

before onset of clinical heart failure are unknown. The objective of this study was to evaluate 

longitudinal changes in cardiac structure and function of patients with RA compared with persons 

in the general population.

Methods—A prospective longitudinal study of a population-based cohort of 160 patients with 

RA and a population-based cohort of 1,391 persons without RA (non-RA cohort) was performed. 

Each participant underwent 2-dimensional, pulsed-wave tissue Doppler echocardiography at 

baseline and after 4 to 5 years of follow-up. Age- and sex-adjusted linear regression models were 

used to test for differences between the RA and non-RA cohorts in annualized rates of change for 

echocardiographic parameters.

Results—Mitral A velocity increased more rapidly among the patients with RA than the non-RA 

cohort (age- and sex-adjusted parameter estimate, 0.030; P<.001). Correspondingly, the mean 

mitral inflow E/A ratio decreased faster in the RA cohort than the non-RA cohort (adjusted 

parameter estimate, −0.096; P<.001). The left atrial volume index increased at a higher rate in the 

RA cohort than the non-RA cohort (adjusted parameter estimate, 0.150; P<.001).
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Conclusions—This pattern of echocardiographic findings confirms previous cross-sectional 

studies and indicates that subclinical changes in diastolic function occur more rapidly over 5 years 

in RA patients than in the general population. Further research into the mechanisms of myocardial 

disease in these patients and the relationship with disease activity and treatment is warranted.
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Introduction

Heart failure (HF) is a cardiovascular comorbidity associated with rheumatoid arthritis (RA) 

(1). The incidence of HF in population-based RA cohorts is approximately 2-fold greater 

than the general population (2–4). This increased HF risk is explained by neither traditional 

risk factors nor typical coronary artery disease (5). HF with preserved ejection fraction 

(HFpEF) is more common among patients with RA than patients with HF in the general 

population (6).

Even without clinical heart disease, patients with RA have a high prevalence of 

abnormalities in cardiac structure and function. Aslam et al (7) published a systematic 

review and meta-analysis of 25 cross-sectional echocardiographic studies of left ventricular 

(LV) structure and function, comparing 1,614 patients with 4,222 control participants 

(controls). Using data from matched and unmatched studies, the authors found that RA 

patients had greater mitral inflow A wave velocities, lower E/A ratios, and longer 

isovolumetric relaxation times than non-RA controls, essentially confirming that RA is 

associated with alterations in diastolic function. In addition, they observed that RA patients 

had increases in left atrial (LA) dimension, LV mass index, and estimated pulmonary artery 

pressure.

However, little is known about the importance and progression of abnormalities in 

myocardial structure and function in patients with RA. Whether these alterations regress, 

remain stable, or progress over time and whether they differ for persons with RA compared 

with the general population is unknown. These knowledge gaps represent barriers to 

development of screening approaches that identify persons with asymptomatic LV 

dysfunction who might benefit from early cardiovascular intervention (8).

A population-based cohort study is underway at our institution to understand the 

pathophysiologic factors of myocardial dysfunction in patients with RA. Previously, we have 

reported the baseline echocardiographic findings (9). Herein, we report the 5-year 

prospective longitudinal follow-up of cardiac structure and function assessed with 

echocardiography of RA patients compared with persons from the general population.

Materials and Methods

A prospective, longitudinal, population-based cohort study was conducted using the 

resources of the Rochester Epidemiology Project, a distinctive centralized, communitywide 

medical records linkage system (10). The sampling frame for patients with RA was a 
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previously assembled population of adult (age≥18 years) residents of Olmsted County, 

Minnesota, who fulfill the American College of Rheumatology 1987 criteria for the 

classification of RA (11). The study used a previously identified, randomized sample of 

persons from the general population of this community, assembled to evaluate the burden of 

LV systolic and diastolic dysfunction as a comparison (non-RA) cohort (12–14). All 

members of both cohorts were included; there were no exclusion criteria. The institutional 

review boards (IRBs) of Mayo Clinic (IRB number 06-005445) and Olmsted Medical Center 

(IRB number 039-omc-06) in Rochester, Minnesota approved this study. All participants 

provided written informed consent.

Both cohorts were evaluated longitudinally at 2 prespecified time points, hereafter called 

examination 1 and examination 2. In the non-RA cohort, examination 1 occurred from 1997 

through 2000; examination 2 occurred from 2001 through 2004. In the RA cohort, 

examination 1 occurred from 2007 through 2009 and examination 2 from 2012 through 

2014. The interval between examinations was approximately 4 years for the non-RA cohort 

and 5 years for the RA cohort. At each research appointment, participants completed 

questionnaires regarding HF symptoms, cardiovascular risk factors, and medications. 

Patients completed the global assessment (range, 0–100), Health Assessment Questionnaire 

disability index, and Routine Assessment of Patient Index Data 3 (RAPID3) (15,16). Data 

were collected from participants’ questionnaires and health records. Cardiovascular risk 

factors (ie, coronary or ischemic heart disease, diabetes mellitus, hypertension, and obesity) 

were defined as described previously (9,13). Clinical HF was defined by the Framingham 

criteria (17).

Comprehensive standardized echocardiography was performed for all participants by 

registered diagnostic cardiac sonographers and according to the recommendations of the 

American Society of Echocardiography (9,12,13,18,19). The echocardiographic methods of 

the more contemporary (RA) cohort were designed to be as similar as possible to the 

historical (non-RA) cohort, with minor changes in measurements (eg, LA volume index) in 

accordance with current guidelines. The methods were also similar for each cohort at the 

baseline and follow-up time-points. Interpretation of the echocardiographic images for the 

non-RA cohort was performed by a single echocardiologist as previously described (12). All 

echocardiographic images for the RA cohort were interpreted in the core laboratory.

Linear measurements of LV dimensions and wall thicknesses were obtained from the 

parasternal long-axis view to calculate LV mass. LV chamber volumes were derived from 

apical 4- and 2-chamber views and calculated with the modified Simpson biplane method 

(18). LV diastolic function was assessed with pulsed-wave Doppler examination of mitral 

inflow (E and A velocities and E/A ratio) and tissue Doppler examination of septal and 

lateral mitral annular velocities (e′ velocity) (19). LA volume index was determined in the 

non-RA cohort with the formula π/6(SA1 · SA2 · LA), where SA1 is the M-mode LA 

dimension and SA2 and LA are measurements of short and long axis in the apical 4-chamber 

view at ventricular end systole, indexed to body surface area (m2) (20). For the RA cohort, 

LA volume index was calculated using the area-length method, according to current 

recommendations (19). (For further background on the echocardiographic methods, please 

see references 12 and 19.)

Davis et al. Page 3

Int J Cardiol. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Of the 244 patients with RA in our original study (9), 160 returned for examination 2, 

yielding a return participation rate of 66%. Of the 1,402 participants in the non-RA 

population (14), 9 were excluded because of enrollment in the RA cohort and 2 were 

excluded because of missing echocardiographic measurements at both time points. 

Therefore, 1,391 participants comprised the non-RA cohort.

Descriptive statistics were used to summarize participant characteristics at baseline and 

follow-up. Age- and sex-adjusted linear or logistic regression models were used to compare 

the RA and non-RA cohorts for baseline characteristics and annualized rates of change in 

echocardiographic parameters. Changes in these parameters between baseline and follow-up 

were tested using paired t tests. Standardized regression coefficients–computed by dividing a 

parameter estimate by the ratio of the sample standard deviation of the echocardiographic 

variable to the sample standard deviation of cohort variable–were used to facilitate 

comparison of annualized rates of change across the parameters. Interactions between age 

and sex were used to determine whether rates of change differed between women and men 

with RA. Smoothing splines displayed trends in these figures. Analyses were performed 

with SAS statistical software version 9.4 (SAS Institute, Inc) and R software version 3.0.2 

(R Foundation for Statistical Computing).

Results

The RA cohort consisted of 160 patients; the non-RA cohort had 1,391 participants (Table 

1). At examination 1, mean age was slightly less in the RA cohort than the non-RA cohort 

(58.5 vs 61.1 years, P=.001). As expected, the proportion of female participants was greater 

in the RA cohort (76.3% vs 50.6%, P<.001). Patients with RA had greater prevalence of 

hypertension, obesity, and HF than non-RA participants. With regard to CV medications, 

baseline use of angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and 

β-blockers was significantly greater in the RA cohort.

The interval between echocardiographic examinations 1 and 2 was a median (range) of 4.0 

(2.1–5.7) years for the non-RA cohort and 5.0 (4.8–5.5) years for the RA cohort (P<.001). 

The trends in differences between the cohorts for these characteristics at examination 1 

appeared to persist at examination 2; however, these trends were not tested formally because 

of the different follow-up intervals between the 2 cohorts. Age- and sex-adjusted annualized 

rates of change in echocardiographic parameters differed between the cohorts 

(Supplementary Table, Table 2, and Figure 1).

In cardiac structure, both LV septal thickness and posterior wall thickness decreased in both 

cohorts (Supplementary Table). After adjustment for age and sex, the LV septal thickness 

(parameter estimate, −0.015; P<.001) and the posterior wall thickness (parameter estimate, 

−0.010; P=.006) declined at a faster rate among patients with RA. These dimensional 

changes persisted after further adjustment for hypertension, obesity, diabetes, coronary 

artery disease, and smoking status (Table 2). In contrast, the LV end-diastolic dimension 

increased more rapidly in the RA cohort than the non-RA cohort (parameter estimate, 0.029; 

P=.002).
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The mean LV mass index declined between examinations from 94.3 g/m2 to 90.9 g/m2 in the 

non-RA cohort (P<.001) and from 80.9 g/m2 to 77.3 g/m2 in the RA cohort (P=.03). 

Annualized rates of decline in the LV mass index were similar between cohorts (Table 2).

The LA volume index increased from 24.4 mL/m2 to 24.7 mL/m2 (P=.06) in the non-RA 

cohort and from 26.9 mL/m2 to 34.4 mL/m2 (P<.001) in the RA cohort (Supplementary 

Table). During follow-up, the LA volume index increased significantly faster in the RA than 

the non-RA cohort (parameter estimate, 0.150; P<.001), after adjusting for age, sex, and 

cardiovascular risk factors (Table 2). Notwithstanding the differences between cohorts in the 

calculation of this parameter, the changes in LA volume index were substantial and 

significant.

With respect to systolic function, a statistically significant increase occurred in the ejection 

fraction over time among non-RA participants. No change was seen in ejection fraction 

among RA patients, resulting in a significant difference in the rates of change between the 

groups, albeit not clinically meaningful (Table 2 and Figure 1A).

With respect to diastolic function through assessment of mitral inflow velocities, the mean E 

velocity increased between examinations among the non-RA participants (from 0.67 to 0.73, 

P<.001) but did not change significantly among the RA patients (from 0.70 to 0.70, P=.80) 

(Supplementary Table). Although the adjusted rates differed between the groups (Table 2), 

the plots of the E velocities over time appeared similar (Figure 1B).

The principal findings concern longitudinal changes in the mitral inflow A wave velocity 

and E/A ratio. The mean A velocity increased significantly in both groups (Supplementary 

Table), but the increase was larger in the RA cohort than the non-RA cohort (from 0.42 to 

0.70 vs from 0.63 to 0.74). Comparison of rates of change showed that RA is associated with 

significant acceleration in A velocity (parameter estimate, 0.030; P<.001) compared with 

non-RA, with adjustment for age and sex (Table 2 and Figure 1C). Correspondingly, the 

mean E/A ratio decreased more in the RA cohort (from 1.70 to 1.08 for RA vs 1.14 to 1.05 

for non-RA). The rate of E/A ratio decline was significantly faster for patients with RA than 

non-RA participants (parameter estimate, −0.096; P<.001) (Table 2 and Figure 1D). These 

RA-associated differences became more prominent at older age (Figure 1C and 1D). 

Additional adjustment for cardiovascular risk factors did not change either of these results 

(P<.001 for both).

Tissue Doppler analysis of mitral annular motion at both time points showed a decrease in e′ 
velocity and an increase in E/e′ ratios in the cohorts, consistent with modest increases in LV 

filling pressures (Supplementary Table). However, the rates of change over time were nearly 

identical between the cohorts (Table 2). Pulmonary arterial systolic pressures tended to 

increase slightly among the non-RA participants and to decrease slightly among the RA 

patients.

In evaluation for sex differences, all analyses reported in Table 2 were repeated separately 

among female and male participants. The results showed no evidence of statistically 

significant differences between them in the annualized rates of change of A velocity (P for 
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interaction, .30), E/A ratio (P for interaction, .26), or any other diastolic parameters (data not 

shown). The small numbers of men limited meaningful comparisons (data not shown).

Within the RA population, modest but statistically significant correlations were observed 

between several measures of RA disease activity and severity and 5-year changes in diastolic 

parameters (Table 3). The patient global assessment, RAPID3, Health Assessment 

Questionnaire, and C-reactive protein level, as well as current use of glucocorticoids, were 

associated with the 5-year changes in A velocity. The positive direction of these correlations 

indicated that greater disease activity was associated with increasing A velocity during 

follow-up. Higher levels of C-reactive protein and interleukin 6 were associated with 

increasing e′ velocity. The E/e′ ratio was associated with the patient global assessment and 

RAPID3 score.

Discussion

Previous cross-sectional studies (21–26) have consistently reported findings of subclinical 

LV diastolic dysfunction in patients with RA (9,21–26) (for a systematic review, see 

reference 7). One small prospective longitudinal study of 25 patients with RA by Yazici et al 

(27) reported no major deterioration in LV diastolic dysfunction over 5 years. The present 

study confirms the importance of the previous findings and further demonstrates that 

subclinical changes in diastolic function occur more rapidly in patients with RA than non-

RA persons over 5 years of follow-up. In particular, the mitral A velocity increases faster for 

RA patients than non-RA persons whereas the E velocity stays relatively unchanged. In 

addition, the LA volume index increases significantly for RA patients, suggestive that LV 

compliance is reduced. Together, the findings suggest that among patients with RA, greater 

dependence on atrial contraction may be an early manifestation of diastolic dysfunction. 

This manifestation would occur before any clinically meaningful impairment in LV 

relaxation indicated by declining mitral E velocity and prolonged deceleration time.

In this study, the typical patient with RA had an E/A ratio approaching 1.0, which according 

to 1 grading system for diastolic function (12) suggests the pseudonormalization pattern, or 

grade II diastolic dysfunction. However, the mean e′ velocity stays well preserved over 

time, and the mean E/e′ ratio of 10.7, although a modest increase, is not consistent with a 

pseudonormal pattern. Rather, the findings suggest that the typical patient with RA in this 

study had an earlier, intermediate stage between normal and grade I diastolic dysfunction.

The finding of increasing A velocity as an early sign of LV diastolic dysfunction contrasts 

the paradigm in the non-RA population, in which changing E velocity (ie, impaired 

relaxation) is the first sign of diastolic dysfunction (14). Because dependence on the atrial 

contraction is associated with aging, it is noteworthy that patients with RA were 

significantly younger than the non-RA participants, fitting with the concept of accelerated 
aging in the pathophysiologic factors of cardiovascular disease in RA (28). Whether 

increased A velocity without concurrent decreased E velocity is a marker of even earlier 

diastolic dysfunction than grade I, or simply a different pattern of progression to overt 

diastolic dysfunction in RA, is unclear.
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In the present study, RA patients had a higher prevalence of 2 cardiovascular risk factors, 

hypertension and obesity, as well as HF. Previous studies have reported greater prevalence of 

hypertension and obesity in patients with RA. Although these 2 factors could have 

contributed to early diastolic function changes in this study, the reported association between 

RA and increasing A velocity persisted after adjustment for hypertension and obesity, 

suggesting these factors alone cannot explain the findings.

The RA patients also had greater use of 3 important classes of medications – angiotensin-

converting enzyme inhibitors, angiotensin receptor blockers, and β-blockers—that are 

effective for treatment of hypertension. No differences between the cohorts were found in 

the blood pressure measurements at the time of the echocardiographic examinations. 

Randomized clinical trials have not shown a definite benefit of these medications on cardiac 

structure or function for patients with diastolic dysfunction or HFpEF (29).

Studies of LV mass in patients with RA have come to differing conclusions, with some 

reporting increased LV mass (30) and others, including a study by our group, reporting 

decreased LV mass (9,31). A recent meta-analysis of pooled data from 16 studies suggested 

that RA characteristically correlates with increased absolute or indexed LV mass (32). In the 

present study, we report that both the patients with RA and the non-RA participants have 

declining LV mass index over 5 years of follow-up. In our non-RA population, this change 

was shown previously and was postulated to result from effects of antihypertensive therapy 

(13). However, in this study, blood pressures were not significantly different between the 

echocardiographic examinations. Diastolic dysfunction is generally associated with 

hypertrophy, so the observation of progressive diastolic dysfunction in the clinical setting of 

declining LV mass index seems counterintuitive. In this regard, a limitation of the present 

study is that analysis of mean changes in echocardiographic parameters was done without 

consideration for patterns of LV remodeling.

Historically, diastolic dysfunction and HFpEF have been attributed to concentric 

remodeling, where LV mass increases because of concentric wall thickening without LV 

dilatation—for example, in hypertensive heart disease (33). In contrast, eccentric remodeling 

with normal or thin LV walls amid chamber dilatation has been more typically associated 

with HF with reduced ejection fraction, as in ischemic cardiomyopathy. Previously, we 

reported that RA is correlated with LV concentric remodeling (34). The present longitudinal 

analysis suggests that RA-associated myocardial disease may also involve eccentric 

remodeling, resulting from thinning of LV septal and posterior walls. The finding is 

important in view of the recently recognized heterogeneity of HFpEF, which can be 

associated with either concentric or eccentric remodeling (35–37).

By performing strain imaging using 2-dimensional speckle-tracking echocardiography, 

Kraigher-Krainer et al (35) showed that patients with HFpEF have impairments in both 

longitudinal and circumferential strain. We previously reported that patients with RA have 

impaired LV longitudinal strain compared with age- and sex-matched control participants 

and that strain is associated with markers of disease severity (38). The implication of these 

findings is that eccentric remodeling related to subclinical systolic dysfunction has a role in 

the pathophysiologic development of RA-associated myocardial disease. Further research is 
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warranted into the trajectories of LV remodeling in RA compared with patients who have 

other comorbidities.

Associations between RA disease characteristics at baseline and the subsequent progression 

of early changes in diastolic function contribute to the knowledge that RA is an independent 

risk factor for myocardial disease (9,30,31,39). Particularly, the associations between the 

RAPID3 score and the 5-year changes in the A velocity, as well as the E/e′ ratio, suggest 

that inflammatory disease activity associated with RA contributes to subclinical progression 

of diastolic dysfunction. A limitation of this analysis is that tender and swollen joint counts 

were not available at the time of the echocardiography, therefore changes in the DAS28 

could not be correlated with the diastolic function parameters. However, the RAPID3 score 

has been shown to correlate well with the DAS28 (15,40–42), underscoring the validity the 

RAPID3 as a measure of clinical disease activity. The findings of this study suggest that RA 

should be added to the growing list of comorbidities associated with HFpEF—including 

obesity, hypertension, and diabetes mellitus—in which systemic inflammation drives the 

development of myocardial dysfunction and remodeling through coronary microvascular 

endothelial activation, oxidative stress, cardiomyocyte hypertrophy, and ultimately, 

myocardial fibrosis (43,44). Further research is necessary to evaluate the possibility that RA 

drives the progression of LV diastolic dysfunction through coronary endothelial 

inflammation.

The strength of this study is the comparison of the longitudinal changes in cardiac structure 

and function between a population-based cohort of patients with RA and a non-RA cohort 

from the same community over 4 to 5 years. The study design strongly supports the 

generalizability of the findings. The fact that the echocardiography for both cohorts was 

done in the same laboratory, using state-of-the-art technology and methods, reinforces the 

validity of this study.

However, this study has limitations. First, the comparability of the RA and non-RA cohorts 

needs to be discussed. Cost considerations precluded enrollment of age- and sex-matched 

controls in this study. Yet, the availability of a comparison cohort of patients from the same 

underlying community and using the resources of the Rochester Epidemiology Project, as 

well as the age- and sex-adjusted analyses, strengthens the validity of our conclusions. The 

time periods of enrollment and follow-up intervals were different between the RA and non-

RA cohorts. Second, grading of diastolic function was not possible because strict 

interpretation according to an accepted algorithm resulted in a large number of —

indeterminate grades, a limitation of diastolic function grading (45). Third, hemodynamic 

observations through echocardiography were not confirmed with direct hemodynamic 

catheterization. However, hemodynamic and diastolic function assessment with 

echocardiography is well validated and correlates with direct pressure measurements by 

hemodynamic catheterization.

Fourth, myocardial tissue characterization by 2-dimensional echocardiography is inferior to 

cardiac magnetic resonance imaging with gadolinium enhancement or endomyocardial 

biopsy. Fifth, return participation rates in the RA and non-RA cohorts were suboptimal at 

66% and 58%. However, participation in this study was similar to another landmark 
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epidemiologic study, the Multi-Ethnic Study of Atherosclerosis, which had a participation 

rate of 60% (46). Patients with RA who did not participate at examination 2 were older and 

more likely to have coronary artery disease, diabetes, diuretic use, and greater wall 

thicknesses than patients with RA who did participate. Although this finding suggests the 

potential of participation bias, inclusion of these patients at examination 2 would likely have 

resulted in even greater changes in diastolic function. Sixth, although the diversity of 

Olmsted County, Minnesota, is increasing, the predominance of white persons (86%) still 

limits generalizability to other populations.

In conclusion, the findings of this study suggest that 1) RA is associated with early changes 

in LV diastolic function over 5 years and 2) the rates of change are significantly higher than 

those observed among persons who do not have RA. These changes in diastolic function, if 

progressive over time, could contribute to the known increased risk of HF in these patients. 

The results of this study will inform future studies assessing long-term myocardial 

outcomes. Continued longitudinal follow-up of these cohorts will be valuable in further 

understanding the pathophysiology of HF in RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Accelerated Progression of Early Diastolic Dysfunction in Patients With RA Compared 

With Non-RA Participants Over 5 Years of Follow-up. Annualized rates of change in key 

echocardiographic LV structural and functional parameters of study participants are shown 

according to age at baseline examination. Solid and dashed lines represent smoothed trends 

for RA and non-RA cohorts, respectively. A, Rate of change in LV ejection fraction. B, Rate 

of change in E velocity. C, Rate of change in A velocity. D, Rate of change in E/A ratio. The 

data show that compared with non-RA participants, RA patients had accelerated reduction in 

left atrial compliance, indicated by faster increases of A velocity (P<.001) and faster 

decreases of E/A ratio (P<.001). LV indicates left ventricular; RA, rheumatoid arthritis.
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