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Abstract

Objectives: To determine the prevalence and correlates of subclinical myocardial inflammation 

in rheumatoid arthritis (RA).

Methods—RA patients (n=119) without known cardiovascular disease (CVD) underwent cardiac 

18-fluorodeoxyglucose positron emission tomography with computed tomography (FDG PET-

CT). Myocardial FDG uptake was assessed visually and quantitatively by standardized uptake 

values (SUV). Multivariable linear regression was used to assess the associations of patient 

characteristics with myocardial SUV. A subset of RA patients escalating disease modifying anti-

rheumatic drug (DMARD) therapy (n=8) had a second FDG PET-CT scan after 6 months to assess 

treatment-associated changes in myocardial FDG uptake.

Results—Visually assessed FDG uptake was observed in 46 (37%) of RA patients, and 21 (18%) 

had abnormal quantitatively assessed myocardial FDG uptake [i.e. SUVmean≥3.10 units (two 

standard deviations above the SUVmean of a reference non-RA group (n=27)]. Average SUVmean 

was 31% higher for those with a clinical disease activity index (CDAI) ≥10 vs. those with lower 

scores (p=0.005) after adjusting for potential confounders. The average adjusted SUVmean was 

26% lower among those treated with non-TNF targeted biologics vs. those treated with 

conventional (non-biologic) DMARDs (p=0.029). In the longitudinal sub-study, myocardial 
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SUVmean decreased from 4.50 to 2.30 units over 6 months, which paralleled the decrease in 

average CDAI from 23 to 12 units.

Conclusions—Subclinical myocardial inflammation is frequent in RA, is associated with RA 

disease activity, and may decrease with RA therapy. Future longitudinal studies will be required to 

assess whether reduction in myocardial inflammation will reduce heart failure risk in RA.

INTRODUCTION

Heart failure, a key contributor to cardiovascular disease (CVD) morbidity and mortality in 

RA 12, is associated on average with fewer symptoms and higher (preserved) ejection 

fraction but higher mortality rates when compared with the general population 1–4. In the 

general population, higher levels of circulating pro-inflammatory cytokines, such as tumor 

necrosis factor (TNF) and interleukin-6 (IL-6), are independent predictors of heart failure 
5–9. In rodents, infusion of TNF reduced myocardial contractility 10, and cardiac-specific 

overexpression of a TNF transgene was associated with myocardial inflammation, 

remodeling, fibrosis, and eventually heart failure 11–13. In RA, circulating TNF and IL-6 

levels are orders of magnitude higher than those shown to predict heart failure in the general 

population 14; however, little is known about inflammatory processes within the RA 

myocardium itself. Autopsy studies of RA hearts from the mid-twentieth century suggest 

that myocarditis may occur in 15–20% of patients 1516. However, contemporary histologic 

characterization studies of the myocardium in RA patients are few, mostly limited to patients 

with a known history of ischemic CVD 14.

The conventional gold standard for diagnosing myocarditis is endomyocardial biopsy, 

however its sensitivity is limited by the heterogeneous distribution of myocarditis 1718. This, 

coupled with its invasiveness, expense, and risk of complications, has limited investigations 

of subclinical myocarditis in patients with RA. Cardiac magnetic resonance (CMR) with late 

gadolinium enhancement (LGE) has been used to identify myocardial abnormalities but 

clinically approved gadolinium-based contrast agents distribute to the extracellular space19 

and are not taken up by cells. Thus, myocardial LGE reflects interstitial edema but cannot 

directly identify inflammatory infiltrates, nor can LGE identify diffuse myocardial 

involvement, only focal 20–23. CMR T2-weighted imaging (T2WI), a more sensitive method 

for measuring myocardial edema that is not dependent on gadolinium, may overcome the 

latter issue but does not solve the former limitation 24.

In recent years, 18-fluorodeoxyglucose-positron emission tomography-computed 

tomography (FDG-PET-CT) has been shown to have high sensitivity for detecting 

myocardial inflammation. Inflammatory cells are metabolically active and avidly take up 

FDG via glucose transporters (GLUTs); moreover, areas of myocardial FDG uptake strongly 

correlate with numbers of infiltrating macrophages and T cells on histologic assessment 
2526. In the current study, we assessed myocardial FDG uptake among RA patients with no 

history of known CVD. In a nested sub-study of RA patients with an inadequate response to 

methotrexate monotherapy, we evaluated the change in myocardial FDG uptake in response 

to 6 months of step-up therapy. We hypothesized that myocardial inflammation would be 

present in a proportion of RA patients without clinical heart failure, its presence would be 
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correlated with RA disease activity and circulating inflammatory mediators, and would 

decrease upon treatment upregulation.

METHODS

RA patients enrolled in the RHeumatoid arthritis studY of THe Myocardium [RHYTHM], 

which has been described previously 27, were studied. Participants were recruited from the 

rheumatology clinics of Columbia University Medical Center and by referral from local 

rheumatologists. Inclusion criteria included age≥18 years and fulfillment of the American 

College of Rheumatology 2010 classification criteria for RA 28. Exclusion criteria included: 

1) any prior self-reported physician diagnosed CV event or procedure, contraindication to 

pharmacologic stress agents, and active cancer.

The study sample consisted of 119 RA patients from RHYTHM with FDG PET-CT scans 

technically adequate to evaluate myocardial FDG uptake. Eight of these 119 took part in a 

nested longitudinal pilot sub-study that required active disease despite methotrexate 

monotherapy, specifically a Clinical Disease Activity Index (CDAI)≥ 10 units. Therapy was 

escalated to either a TNF inhibitor (with continued methotrexate) or triple therapy (i.e. 

sulfasalazine + hydroxychloroquine with continued methotrexate). Originally escalation was 

assigned randomly; however, due to slow recruitment, the protocol was switched to open 

label TNF inhibitor (either etanercept or adalimumab), such that two patients received triple 

therapy and six received a TNF inhibitor. These RA patients underwent a second FDG PET-

CT scan after 6 months of treatment to evaluate change in myocardial FDG uptake with 

treatment. There is no established normative cutoff for myocardial FDG uptake. 

Accordingly, we assembled a control group made up of volunteers without RA recruited 

from friends of RHYTHM participants and advertisements. Additional controls without RA 

or other rheumatic diseases were added from the CUMC nuclear cardiology archive who 

underwent FDG PET CT to rule out myocarditis or cardiac sarcoidosis, using a similar 

scanning protocol during the same enrollment period as the RHYTHM study (i.e. 2011 – 

2016) but who did not have visible FDG uptake. The study was approved by the Columbia 

University Medical center, New York Presbyterian Hospital Institutional Review Board. All 

subjects provided written informed consent prior to enrollment.

Outcome Assessments

The primary outcome was myocardial FDG uptake, assessed by PET-CT scanning. To 

suppress physiological uptake of FDG by cardiomyocytes, patients were prescribed a high 

fat no-carbohydrate diet the day before, followed by a 12-hour fast, before the scan 2930. 

Dietary adherence was interrogated on the day of the scan. All patients had a blood sugar 

concentration of <200 mg/dl at the time of imaging. Imaging was performed on a MCT 64 

PET/CT scanner (Siemens Medical Solutions USA, INC., Knoxville, TN). A low dose CT 

transmission scan was obtained for attenuation correction of the PET data. Patients were 

injected with 10 mCi of 18F-FDG intravenously. A list mode 3D PET scan was acquired for 

10 minutes following a 90-minute uptake period post-18F-FDG injection. Non-gated 

attenuation-corrected images were reconstructed yielding ~3 mm effective resolution. 

Corridor4DM v. 7.0 software (Invia Medical Imaging Solutions, Ann Arbor, MI) was used to 
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assess myocardial 18FDG uptake. Cardiac axes were manually defined by marking the base 

on the vertical long axis, apex on the horizontal long axis, and the left ventricular cavity on 

the sagittal axis. Qualitative and quantitative assessment of FDG uptake was performed in all 

scans by the same nuclear cardiologist blinded to disease status. FDG uptake was assessed 

quantitatively as standardized uptake value (SUV), a measure of radiotracer uptake 

normalized for injected dose and patient weight. The reconstruction produced a set of 

transverse slices through the heart perpendicular to the long axis of body, which was used to 

generate sets of sagittal and coronal slices. LV segments were defined by the segmentation 

nomenclature of the American Heart Association 31. Contours were placed on the 

myocardial walls and automated SUV calculations for the mean SUV and the max SUV for 

each of the segments were derived. The mean of the means (SUVmean) and the mean of the 

max SUVs (SUVmax) were then obtained.

Other Measures

Coronary artery calcium (CAC).—CAC was assessed from the CT scan and quantified 

using the Agatston method 32. The presence of CAC was defined as an Agatston score of 

greater than zero.

Echocardiographic Parameters.—Transthoracic two-dimensional and real-time 3D-

echocardiography (RT3DE) was performed using a commercially available system (iE 33; 

Philips, Andover, MA) by a registered cardiac sonographer according to a standardized 

protocol. LV end-diastolic (EDVI) and end-systolic (ESVI) volume indices, stroke volume 

(SV), and ejection fraction (LVEF) were measured by RT3DE using a commercially 

available software (Philips QLAB Advanced Quantification Software, version 8.1) as 

previously described 33. LV mass was also assessed by RT3DE by tracings of endocardial 

and epicardial borders. Left atrial volume and LV diastolic function were measured by 2-

dimensional echocardiography as previously described 34. Briefly, in apical 4-chamber view, 

peak early (E) and late velocity (A) of mitral inflow were measured by pulsed-wave 

Doppler. Peak early diastolic velocity (E′) of the lateral and septal mitral annulus were 

evaluated by pulsed-wave Tissue-Doppler and averaged. The E/E’ ratio was calculated as an 

index of LV filling pressure. LV volumes, stroke volume, cardiac output, and LA volume 

were indexed by body surface area. LV mass was indexed by height2.7. LV diastolic 

dysfunction was defined as abnormalities in any of the following parameters: E/A ratio 

(either <0.8 or >2.0), E deceleration time (>240 msec or <140 msec), peak e’ (< 8 cm/sec), 

or E/e’ (>15).

Clinical Covariates: Demographic, lifestyle characteristics and medications were 

assessed by structured interview. Resting blood pressure (BP) was measured 3 times, and the 

average of the last 2 measurements was used. Hypertension was defined as systolic BP of 

≥140 mm Hg, diastolic BP of ≥90 mm Hg, or use of antihypertensive medications. Diabetes 

was defined as fasting serum glucose level of ≥126 mg/dl or use of antidiabetic medications. 

Body mass index was calculated by patient weight (in kilograms) divided by height (in 

square meters). RA disease duration was calculated from date of diagnosis. Forty-four joints 

were examined for swelling and tenderness. RA disease activity was calculated with the 

Clinical Disease Activity Index (CDAI) and the Disease Activity Score (DAS28) using C-
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reactive protein (CRP) level 35–37. Disability was assessed with the Health Assessment 

Questionnaire (HAQ) 38. Current and past use of steroids and biologic and non-biologic 

disease-modifying anti-rheumatic drugs (DMARDs) were queried by examiner-administered 

questionnaires.

Laboratory Covariates: Fasting sera and plasma were obtained on the morning of the 

study visit. Lipids were measured by colormetric assay and Hs-CRP by turbidimetric 

immunoassay (Roche Diagnostics). Rheumatoid factor (RF), anti-cyclic-citrullinated peptide 

antibody (anti-CCP), and IL-6 were measured by enzyme-linked immunosorbent assay 

(ELISA) (IBL America, Inova Diagnostics, R&D Systems, respectively). RF and anti-CCP 

seropositivity were defined by levels ≥ 40 units and ≥ 60 units, respectively. Brain naturetic 

peptide (BNP) and troponin-I were measured by ARCHITECT chemiluminescent 

microparticle immunoassays (Abbott Labs, Abbot Park, IL).

Analytical Methods

Summary statistics for continuous and categorical variables were calculated, including 

means, standard deviations, ranges, counts and percentages. Multivariable linear regression 

was used to model the associations of RA patient characteristics with the natural log 

transformed myocardial SUVmean and SUVmax, first in univariate models with each 

independent variable modelled as the only covariate in the model. Independent variables 

associated with the myocardial SUV outcome at the p<0.25 level were carried into 

multivariable models. Extended models were reduced to more parsimonious models using 

Akaike’s Information Criterion for nested models. We calculated variance inflation factors to 

ensure that collinear variables were not co-modelled, and none were detected for any of the 

primary models. Linear regression was also used to model SUVmean and SUVmax levels 

according to groups defined by visualized myocardial FDG uptake (i.e. none, focal, diffuse, 

and focal on diffuse). T-tests were used to compare baseline and follow-up natural log 

transformed SUVmean and SUVmax levels in the RA groups with baseline levels in the 

non-RA control group while a paired t-test was used to compare baseline and follow-up 

myocardial SUV levels within the RA group. Throughout, a two-tailed alpha of 0.05 was 

used, and analyses were performed using Stata version 14 (StataCorp, College Station, TX).

RESULTS

Baseline characteristics of the 119 RA patients are summarized in Table 1. The mean age 

was 54 years and median disease duration was 6.7 years. The majority (82%) were female 

and those of Hispanic or non-Hispanic white race/ethnicity made up 80% of the cohort. Ever 

versus current smoking was reported in 44% and 11%, respectively. The majority (76%) 

were seropositive for RF and/or CCP and the distribution of DAS28 indicated that most 

patients were in the low or moderate disease activity range. Remission (DAS28<2.6 units) 

and high disease activity (DAS28≥5.2 units) were observed in 15% and 10%, respectively 

(data not shown). The majority (87%) were treated with DMARDs, with 77% treated with 

non-biologics (the majority of which were MTX) and 38% treated with biologics (the 

majority of which were TNF inhibitors). One-third were currently taking prednisone and 

41% reported taking NSAIDs. More than two-thirds of the patients had any CAC (> 0) on 
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CT. Troponin-I levels were undetectable in all RA patients (data not shown). The median 

BNP level was in normal range (Table 1).

Myocardial FDG Uptake was Associated with Disease Activity and RA Treatment

Any visually assessed myocardial FDG uptake was detected in 46 RA patients (39%). Of 

these, 25 of the 46 (54%) had focal uptake only, and 21 (45%) had any diffuse uptake (n=15 

with diffuse and n=6 with focal on diffuse), examples of which are illustrated in Figure 1. 

Quantified myocardial FDG uptake according to visualized myocardial uptake is depicted in 

Figure 2. Those with visualized focal only uptake had an average myocardial SUVmean that 

was 61% higher than those with no visible uptake (2.80 vs. 1.74 units, respectively; 

p<0.001). Those with any visualized diffuse myocardial FDG uptake had an average 

myocardial SUVmean that was 124% higher than those with no visible uptake (3.89 vs. 1.74 

units, respectively; p<0.001). For SUVmax, compared with those with no visible myocardial 

FDG uptake, those with focal only uptake had an average myocardial SUVmax that was 

98% higher than those with no visible uptake (5.22 vs. 2.63 units, respectively; p<0.001). 

Those with any diffuse visible myocardial FDG uptake had an average myocardial SUVmax 

that was 130% higher than those with no visible uptake (6.04 vs. 2.63 units, respectively; 

p<0.001).

We scanned a group of 27 non-RA controls to estimate a cutoff for normal myocardial FDG 

uptake. Among controls, the mean SUVmean (1.70 units) plus two standard deviations (0.70 

units x 2) was 3.10 units. Using this cutoff, 21 (18%) of the RA patients had abnormal (high) 

myocardial FDG uptake (data not shown).

Univariate and multivariable associations of RA participant characteristics with the log 

transformed myocardial SUVmean are summarized in Table 2. In univariate models, non-

Hispanic Black race, higher BMI, higher DAS28, and higher CDAI were each significantly 

associated with higher log SUVmean, while current use of non-TNF inhibitor biologics was 

associated with a significantly lower log SUVmean. However, after carrying these into 

extended and reduced models, only higher disease activity remained significantly associated 

with higher log SUVmean while non-TNF targeted biologics remained inversely associated 

with log SUVmean, after adjusting for BMI and CAC level. Specifically, those with a 

CDAI≥10 had an average adjusted SUVmean that was 31% higher than those with a 

CDAI<10 (2.30 vs. 1.76 units, respectively; p=0.005: Figure 3A). Those treated with non-

TNF targeted biologics had an adjusted SUVmean that was 26% lower compared with those 

not treated with biologics (1.65 vs. 2.23 units, respectively; p=0.029: Figure 3B). The 

majority of the non-TNF biologic users (8 out of 10) were receiving abatacept. We did not 

observe any statistically significant differences in RA characteristics (RF/CCP positivity, 

CDAI, DAS28, HAQ, CRP, IL-6) in the abatacept users compared to non-abatacept biologic 

users, or compared to non-biologic users (data not shown). In contrast, the adjusted 

SUVmean was not significantly different for those treated with TNF inhibitors vs. those not 

receiving biologics. CDAI≥10 and current use of non-TNF inhibitor biologics were also the 

only significant correlates of SUVmax after adjusting for BMI (data not shown).
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Myocardial FDG Uptake after Escalation of RA Pharmacotherapy

Of the 8 RA patients with longitudinal assessment of myocardial FDG uptake, 6 were 

escalated to TNF inhibitors and two to triple therapy. At baseline, prior to escalation of 

therapy, 4 RA patients had visible FDG uptake (two focal and two diffuse) and the average 

SUVmean was 4.50 units, which was 165% higher than that of a group of non-RA controls 

(n=27) (p=0.037). Upon rescanning after 6 months of therapy, only one RA patient had 

visible myocardial FDG uptake, and the average SUVmean in the RA group numerically 

decreased by almost 50% to 2.3 units, although this change was not statistically significant 

(p=0.088). The SUVmean at 6 month in the RA group was now only 35% higher than that of 

the control group, but still significantly higher (p=0.042) (Figure 4). The reduction in 

myocardial FDG uptake in the RA group paralleled a decrease in mean CDAI score from 23 

units at baseline to 12 units at 6 months. A similar, but not statistically significant, trend was 

observed for SUVmax, which decreased from 7.2 to 3.8 units (p=0.082) after 6 months (data 

not shown).

Association of Myocardial FDG Uptake with LV Structure and Function

We evaluated the association of SUVmean with echocardiographic measures of LV structure 

(left ventricular mass index [LVMI], end diastolic volume index [EDVI] and end systolic 

volume index [ESVI]) and of LV function (ejection fraction [EF] and diastolic dysfunction 

[E/E’ and diastolic dysfunction yes/no]. Except for a high prevalence (43%) of diastolic 

dysfunction in the RA patients, mean measures of LV structure and function were in normal 

ranges (Table 1). SUVmean was not associated with any measure of LV structure or function 

in univariable analyses (Supplementary Table S1). In multivariable analyses of SUVmean 

with a selected measure of LV structure (LVMI) and of diastolic dsyfunction (E/E’), no 

association of SUVmean with either was observed (Tables S2 and S4). SUVmax was also 

not associated with measures of LV structure or function; a representative multivariable 

analysis of SUVmax with LVMI is shown in Table S3. BNP levels were also not associated 

with SUVmean (Table 2).

DISCUSSION

To our knowledge, ours is the first study to evaluate and quantify subclinical myocardial 

inflammation by FDG PET-CT in RA patients, which allowed a detailed assessment of 

associations of RA characteristics with FDG uptake. It is also the first study, albeit a small 

pilot study, to longitudinally evaluate the effect of step-up therapy on myocardial 

inflammation. Cross-sectionally we observed that 37% of RA patients had visible 

myocardial FDG uptake while abnormal FDG uptake, defined by SUV two standard 

deviations above the mean of a reference non-RA control group, was prevalent in 18% of 

RA patients. Additionally, we observed that myocardial FDG uptake was strongly correlated 

with higher articular disease activity, and was lower in patients using non-TNF targeted 

biologic agents. In addition, the pilot longitudinal study suggested that myocardial 

inflammation may improve with treatment with DMARDs.

Our finding of myocarditis in 18–37% of RA patients is largely comparable in magnitude to 

historical necropsy studies that reported subclinical myocarditis in up to 20% of RA patients 
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1516. It is also in accordance with several smaller CMR studies reporting a higher prevalence 

of LGE in RA patients when compared with non-RA controls 39–41. However, LGE reflects 

extracellular edema and is therefore less specific than FDG uptake for myocarditis. 

Moreover, LGE is only useful for identifying focal abnormalities. More recently, T2-

weighted imaging (T2WI) has been utilized in CMR studies as a more quantitative, non-

gadolinium dependent measure of tissue free water content. In CMR studies in RA patients 

without clinical CVD, Ntusi et al reported a prevalence of myocardial LGE of 46% versus 

only 10% by T2WI 39. Similarly in a Japanese cohort of RA patients, Kobayashi et al. 

observed myocardial LGE in 32%, but T2WI was present in only 12% 41. In non-RA 

patients with clinically suspected and histopathologically proven myocarditis, T2W1 

performed better than standard CMR measures for distinguishing active from inactive 

myocarditis 24. A future study in RA in which quantitative myocardial FDG uptake and 

T2W1 CMR studies are performed in the same patients would be useful to determine 

whether T2W1 correlates with intensity and geographic distribution of FDG uptake.

Importantly, we observed an association of myocardial inflammation with articular disease 

activity. This observation, which is consistent with several previous CMR studies (39–41) 

supports the premise that achieving low disease activity or remission of RA activity protects 

not only the joints but possibly the myocardium as well. However, we did not find an 

association of myocardial SUV with circulating CRP or IL-6. The known effect of 

DMARDs on lowering CRP and IL-6 levels may have obscured a relationship with 

myocardial SUV. It is also possible that systemic inflammation causing myocardial harm 

may be due to a cytokine(s) not measured in our study. Alternatively, in situ myocardial 

production of cytokines may play a greater role than systemic inflammation in mediating 

myocardial inflammation 42–45 but may not be robust enough to contribute to circulating 

levels of cytokines in this RA cohort without clinical heart failure and without apparent 

myocardial damage (as suggested by undetectable troponin levels). Other than BMI, we did 

not observe associations between myocardial FDG uptake and other traditional CVD risk 

factors. There was also no clear association between myocardial uptake and CAC scores. 

These findings suggest that myocardial uptake in RA is driven more by features unique to 

the RA disease state than by CVD risk factors and/or atherosclerosis that may be shared with 

the general population.

In our cross-sectional analyses, myocardial SUV was lower among patients treated with 

non-TNF targeted biologics compared with those treated with TNF inhibitors or with non-

biologics. The non-TNF targeted biologic group was comprised primarily by patients 

receiving abatacept (soluble CTLA4-Ig). Although we did not identify any significant 

differences in RA characteristics between the abatacept users versus the other treatment 

groups, channeling bias cannot be completely eliminated as an explanation for this finding 

given the small number of abatacept users. Nonetheless, it is of interest that antibodies that 

neutralize CTLA4, and are effective as cancer immunotherapy, have been associated with 

rare but potentially fatal myocarditis 46. Similarly, in experimental models, CTLA-4-

deficient mice develop severe myocarditis with lymphocytic infiltration 4748, while 

experimental autoimmune myocarditis in rats can be prevented by gene delivery with 

plasmid encoding CTLA4-Ig49.
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Thus, while it is tantalizing to hypothesize that abatacept may act selectively among RA 

DMARDs in reducing subclinical myocardial inflammation, our small prospective study 

suggests that this effect may also be observed with escalation of therapy to non-biologics 

and TNF inhibitors. Taken together, it seems likely that the reduction in myocardial FDG 

uptake is more dependent on reduction of RA disease activity rather than the specific agent 

used; however, these interactions require a larger cohort of longitudinally followed patients 

appropriately powered to explore differences in effect between different treatments and 

treatment responses. Such studies are currently underway.

We did not observe a relationship of myocardial FDG uptake with measures of LV structure 

or function or with BNP levels. This may not be surprising since we excluded patients with 

clinical heart failure, and BNP levels and most of the echocardiographic measures of LV 

structure and function in this cohort were within normal ranges.

Our study has notable strengths and limitations. Among the strengths, it is the largest study 

to date to evaluate and quantify the presence of subclinical myocardial inflammation in RA, 

and the first to utilize FDG PET-CT to do so. It is also the first to evaluate longitudinally, 

albeit a small pilot study, the effect of step-up therapy on myocardial inflammation. Our 

cohort includes patients with and without CVD risk factors as well as patients with early and 

late RA, and is thus a reflection of the typical population of RA patients managed in clinical 

practice. Among limitations, we assume that FDG uptake corresponds to myocardial 

inflammation as shown in prior work 2526, but, for ethical reasons, could not verify this 

pathologically in this asymptomatic cohort. An additional limitation is that our final 

multivariable model accounts for only 10% of the variability of SUVmean, inviting the 

search for other possible contributory variables.

In summary, although larger longitudinal data are needed, the current study supports the 

hypotheses that myocardial inflammation in RA is related to disease activity, that it may 

contribute to the increased risk for heart failure in patients with RA compared with controls, 

and that it may be responsive to step-up therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Examples of diffuse and focal myocardial 18F-FDG uptake in two patients with 
rheumatoid arthritis.
Examples of diffuse (panel A) and focal (panel B) FDG uptake in two different patients with 

RA. Short axis is represented by a, b and c; horizontal axis in d; and, vertical long axis in e 

and f.
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Figure 2. Quantitative SUVs as a function of categorization by visually assessed (qualitative) 
SUV.
Means and 95% confidence intervals are depicted for mean and max Standard uptake values 

(SUV) according to category of visualized myocardial uptake.
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Figure 3: Adjusted Mean Global Myocardial FDG Uptake According to CDAI and Current 
Biologic DMARD Use
Means and 95% confidence intervals are depicted. Panel A and B are adjusted for DMARD 

treatment and RA disease group (controlled vs uncontrolled) which were the only significant 

covariates retained in multivariable modeling. CDAI: Clinical Disease Activity Index, TNF-

i: Tumor Necrosis Factor inhibitor. SUV: Standardize Uptake Value
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Figure 4. Global Myocardial 18F-FDG Uptake Before and After Acceleration of Therapy 
Compared with non-RA Controls
Means and 95% confidence intervals are depicted. Controls had only one scan while 

rheumatoid arthritis patients had a scan before (T1) and after 6-months (T2) of step-up 

therapy with either TNF-inhibitors or triple therapy with sulfasalazine and 

hydroxychloroquine on a background of methotrexate.
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Table 1.

Participant Characteristics According to RA Status

Characteristics RA patients (n=119) Controls (n=27)

Demographic

    Mean Age in years (SD); [range] 54 (13); [21–80] 50 (12)

    Female (%) 97 (82) 13 (48)

    Race/Ethnicity

        Non-Hispanic White (%) 44 (37)

        Non-Hispanic Black (%) 18 (15)

        Hispanic (%) 53 (44)

        Other (%) 4 (3.4)

Cardio-vascular risk factors

    Ever smoker (%) 52 (44) 7 (26)

    Current smoker (%) 13 (11) 1 (4)

    Hypertension (%) 46 (39) 10 (37)

    Diabetes (%) 15 (13) 2 (8)

    Mean BMI (SD) in kg/m2 28.5 (5.9) 33.6 (4.8)

    Mean total cholesterol (SD), mg/dL 191 (37)

    Mean LDL-C (SD), mg/dL 110 (32)

    Mean HDL-C (SD), mg/dL 59 (19)

RA characteristics

    Median RA Duration in years (IQR) 6.7 (2 – 14.1)

    RF or anti-CCP (%) 91 (76)

    Median DAS28-CRP in units (IQR) 3.9 (3.0–4.7)

    Mean CDAI in units (SD) 18.2 (12.1)

    Mean HAQ in units (SD) 1.7 (.8)

    Median AM stiffness in min (IQR) 20 (5 – 50)

    Median CRP (mg/L) (IQR) 2.51 (1.1 – 6.6) 0.64 (0.45–2.94)

    Median IL-6 (pg/mL) (IQR) 2.3 (1.4 – 7.3) 0.94 (0.80–2.26)

    Median troponin-I undetectable

    Median BNP (pg/mL) (IQR) 15.4 (10–26.2)

    No DMARD (%) 15 (13)

    Non-biologic DMARDs (%) 91 (77)

        Methotrexate (%) 77 (67)

        Other non-biologic
2
(%)

26 (22)

    Biologic DMARD (%) 45 (38)

        TNF inhibitors (%) 35 (29)

        Non-TNF biologics (%) 10 (8)

            Abatacept (%) 8 (7)

            Other Non-TNF biologic
3
(%)

2 (2)

    Prednisone (%) 39 (33) 0 (0)

Arthritis Rheumatol. Author manuscript; available in PMC 2020 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Amigues et al. Page 19

Characteristics RA patients (n=119) Controls (n=27)

    NSAIDs (%) 49 (41) 0 (0)

CAC score

    CAC score null 78 (65.6) 9 (69.2)

    CAC score 0–99 units 19 (16) 2 (15.4)

    CAC score≥100 units 22 (18) 2 (15.4)

Myocardial Structure

    Mean LVMI, per grams/ht2.7(SD) 29.9 (5.41)

    Mean EDVI, per mL/m2(SD) 53.8 (11)

    Median ESVI, per mL/m2(IQR) 19.4 (16–23)

Myocardial Function

    Mean Ejection Fraction (per %) (SD) 62.9 (4.5)

    Mean E/E’ (SD) 8.5 (2.4)

    Mean Stroke Volume Index, per mL/m2(SD) 58.6 (13.9)

    Mean Cardiac Index, per L/min/m2(SD) 2.29 (0.38)

    Diastolic Dysfunction (yes v. no) % 49 (43)

1
Legend: patients may be on more than one non-biologic disease-modifying anti-rheumatic drug (DMARD).

2
other non-biologic include Sulfasalazine, hydroxychloroquine or leflunomide

3
other biologic include Rituximab and Tocilizumab. SD: Standard Deviation, IQR: inter quantile range, RF: rheumatoid factor, CCP: cyclic 

citrullinated protein antibody, DAS: disease activity score, HAQ: health assessment questionnaire, AM: morning, CRP: C-reactive protein, IL-6: 

interleukin 6, BNP: brain natriuretic peptide, CAC: coronary artery calcium, LVMI: left ventricle mass indexed to height 2.73, EDVI: end diastolic 
volume index, ESVI: end systolic volume index.
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Table 2.

Associations of Participant Characteristics with Log Transformed Myocardial SUVmean

Univariate Models Extended MV Model Reduced MV Model

β p-value β p-value β p-value

Age, per year −0.0004 0.92

Male vs female −0.11 0.39

    Non-Hispanic white referent referent

    Non-Hispanic black 0.34 0.029 0.20 0.24

    Hispanic 0.17 0.14 0.064 0.63

    Other race −0.093 0.74 −0.12 0.67

Ever smoking vs. never −0.023 0.82

Hypertension, yes v. no 0.0030 0.98

BMI, per kg/m2 0.018 0.042 0.014 0.10 0.015 0.068

Diabetes, yes v. no −0.17 0.27

Total cholesterol, per mg/dL −0.0017 0.22 −0.0015 0.29

LDL, per mg/dL −0.0010 0.55

HDL, per mg/dL −0.0016 0.56

log Triglycerides, per mg/dL −0.11 0.36

RA duration (square root), per year 0.010 0.74

RF or anti-CCP, yes v. no 0.011 0.93

DAS28-CRP>3.2 units 0.22 0.039

CDAI >10 units 0.31 0.006 0.25 0.047 0.28 0.012

log CRP, per mg/L 0.0047 0.91

log IL-6, per pg/mL 0.015 0.74

log BNP, per pg/mL 0.0009 0.75

AM stiffness (square root), per min 0.0052 0.71

HAQ, per unit 0.11 0.099 −0.019 0.79

Methotrexate, yes v. no 0.13 0.22 0.12 0.27

    No biologic referent referent referent

    TNF inhibitors −0.080 0.48 −0.029 0.80 −0.023 0.83

    Non-TNF biologics −0.38 0.043 −0.36 0.047 −0.38 0.033

Current prednisone, yes v. no 0.14 0.21

Current NSAID, yes v. no 0.067 0.52

    CAC score zero referent referent referent

    CAC score <100 0.018 0.90 0.041 0.77 0.037 0.78

    CAC score ≥100 −0.22 0.10 −0.25 0.073 −0.21 0.10

Adjusted R2 0.105 0.025 0.102 0.006

Legend: Beta coefficients represent the average change in the Log Transformed Myocardial SUVmean per 1-unit higher value of the independent 
continuous variable of interest or for those with versus those without the independent dichotomous variable of interest. RA: rheumatoid arthritis, 
RF: rheumatoid factor, CCP: cyclic citrullinated protein antibody, DAS: disease activity score, CDAI: clinical disease activity index HAQ: health 
assessment questionnaire, AM: morning, CRP: C-reactive protein, IL-6: interleukin 6, CAC: coronary artery calcium
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