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Abstract: Background: Rheumatoid arthritis (RA) is a
chronic inflammatory condition. Chronic inflammation
is associated with atherosclerosis, hypertension, diabe-
tes, chronic obstructive pulmonary disease (COPD),
chronic kidney disease. But sparse data are available
regarding the trends of cardiovascular diseases and
complications in RA. We conducted a National Inpa-
tient Sample database analysis to demonstrate the
trends of cardiac complications in patients with RA.
Methods: We used National Inpatient Sample data from
2005 to 2014 to identify admissions with the diagnosis of
RA and identified who had associated cardiovascular
complications also. The International Classification of
Diseases-9th Revision-Clinical Modification codes were
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used for the diagnoses of RA; congestive heart failure
(CHF), acute myocardial infarction (AMI), and atrial
fibrillation (AF). Results: A statistically significant
increasing trend of AMI, CHF, and AF was found.
Independent predictors of mortality in RA patients
with AMI were age (OR 1.03, CI 1.02-1.04; P < 0.001),
COPD (OR 1.67, CI 1.40-2.00; P < 0.001), cerebrovas-
cular disease (OR 2.207, CI 1.71-2.86; P < 0.001), renal
disease (OR 1.42, CI 1.16-1.75; P = 0.001), and alcohol
abuse (OR 2.73, CI 1.73-4.32; P < 0.001). Independent
predictors of mortality in RA patients with CHF were
age (odds ratio [OR] 1.02, confidence interval [CI]
1.017-1.024; P < 0.001]), COPD (OR 1.09, C11.01-1.18;
P =0.023), cerebrovascular disease (OR 1.67, CI 1.44-
1.95; P < 0.001), renal disease (OR 1.16, CI 1.07-1.27;
P = 0.001). Independent predictors of mortality in RA
patients with AF were age (OR 1.02, CI 1.02-1.03;
P < 0.001), race (OR 1.16, CI 1.02-1.31; P =0.022),
COPD (OR 1.56, CI 1.42-1.71; P < 0.001), peripheral
arterial disease (OR 1.34, CI 1.16-1.53; P < 0.001), cere-
brovascular disease (OR 2.27, CI 1.0-2.58; P < 0.001),
renal disease (OR 1.60, CI 1.44-1.80; P < 0.001). The
mortality trend has increased significantly in the CHF
(P =0.025) and AF (P =0.042) groups during this study
period. Conclusions: We have found a significant
increase in trend of cardiovascular complications in RA
patients. The proportion of patients, with cardiovascu-
lar comorbidities, have also been increased significantly.
(Curr Probl Cardiol 2021;46:100455.)

Introduction

heumatoid arthritis (RA) is a chronic inflammatory arthritis of
E unknown etiology affecting 1% of the adult population.'* RA is

associated with higher overall and cardiovascular disease
(CVD) mortality and morbidity as compared with the population without
RA. Indeed, CVD has been recognized as the leading cause of death
among RA patients with the risk of developing CVD estimated to be at
least 50% greater than general population.” The Nurses’ Health Study, a
prospective cohort study involving 114,342 women found to have > 2-
fold higher risk of myocardial infarction in women with RA compared to
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those without RA, even after adjusting for cardiovascular risk factors.” In
a meta-analysis, which included 24 observational studies with a total of
111758 RA patients, 22,927 CVD events were registered.” Increased
CVD morbidity and mortality are mainly due to accelerated atherosclero-
sis, as increased prevalence of traditional CVD risk factors and chronic
systemic inflammation in RA, contribute to the increased risk of CVD in
RA. Optimal control of the RA disease activity by disease-modifying
antirheumatic drugs might reduce the risks of CVD morbidity and mortal-
ity.” The European League Against Rheumatism recommends aggressive
control of traditional risk factors along with managing RA disease activ-
ity to reduce CVD.° Continued subtle disease activity is associated with
atherosclerosis and heart dysfunction. Higher disease activity score 28,
erythrocyte sedimentation rate, rtheumatoid factor immunoglobulin M
concentration and bone erosions were associated with deterioration of
CV parameters.” Another National Inpatient Sample study has shown
that RA was associated with increased use of thrombolysis and percutane-
ous coronary intervention in acute myocardial infarction (AMI) patients.”
The information regarding CVD comorbidities, mortality, and trend of
complications in RA patients is limited in the literature. Therefore, in this
present study, we used the NIS database to review the trends of CVD
complications in RA patients from 2005 to 2014.

Methods

Data Sources

The NIS database is the largest all-payer inpatient database in the United
States (US). The NIS database has been developed by the Agency for
Healthcare Research and Quality (AHRQ) under the healthcare cost and
utilization project. The database encompasses several deidentified patient
information regarding demographics, comorbidities, length of stay (LOS),
mortality, hospital location, and charges. The diagnostic codes were
recorded using the International Classification of Diseases-9th Revision-
Clinical Modification (ICD-9-CM). We used the data from 2005 to 2014 to
identify all RA hospitalizations who had CVD complications, such as
AMI, congestive heart failure (CHF), and atrial fibrillation (AF).

Study Population

Using the ICD-9-CM codes (714.0-4; 714.30-33) adult admissions (age
> 18 years) who had diagnosis of RA were identified from the NIS
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database. Missing data on patient age, LOS, gender, mortality, total hospital
charges, race (white vs nonwhite) and hospital location (urban vs rural)
were excluded. Primary outcomes of interest were mortality, major CVD
complications (AMI, CHF, AF), LOS, hospital charges (in US dollars), and
hospital location (urban vs rural). The ICD-9-CM codes also helped to cal-
culate the Charlson Comorbidity Index with Deyo Modifications.

Statistical Analysis

Descriptive statistics were used to summarize the continuous and cate-
gorical variables. The mean and standard deviation were used for continu-
ous variables and the categorical variables were expressed as a percentage.
The chi-squared test was used to compare the categorical variables, and the
Kruskal-Wallis test was used to compare the continuous variables between
the 3 groups of cardiac complications. Several variables were included in
our analysis such as age (>18 years), gender (female vs male), race (white
vs nonwhite), comorbid conditions (hypertension [HTN], diabetes mellitus
[DM], peripheral arterial disease [PAD], cerebrovascular disease, renal dis-
ease, chronic obstructive pulmonary disease [COPD], and obesity), history
of smoking, and alcohol abuse. Cochran Armitage test (p trend test) was
used for categorical variables and Cuzich test (np trend test) was used for
continuous variables to calculate trend across the years. Weighted data
were used for all statistical analysis so that the outcomes can represent the
entire US population. Multivariate logistic regression was performed to
detect predictors for in-hospital mortality in RA patients with CVD compli-
cations. RA patients with CVD complications were divided into 3 groups:
CHF, AMI, and AF, respectively. Common covariates included age, gen-
der (female), race (nonwhite), HTN, DM, COPD, PAD, cerebrovascular
disease, renal disease, obesity, smoking, and alcohol abuse. Covariate
selection was based on previous knowledge related to heart diseases. The
individual multivariate logistic regression model was created to identify
mortality predictors across each group. Statistical significance was set at
the P value of less than 0.05. All statistical analysis was performed using
STATA/IC 15 (StataCorp, College Station, TX).

RESULTS

A total of 774,808 (unweighted) RA hospitalizations were identified in
the NIS database between years 2005 and 2014 after excluding missing
values. This data represents 3,831,006 (weighted sample size) RA hospital-
izations in the US. Baseline demographics of all RA admissions are
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TABLE 1. Demographic and clinical characteristics with in-hospital clinical outcomes of patients with
Rheumatoid arthritis from 2005 to 2014 (unweighted, n = 774,808; weighted, n = 3,831,006).

Variables Values
Age (y), mean + SD 66.77 +14.86
Female gender, % 75.5
Race, %
White 76.6
Nonwhite 23.4
Urban hospitals, % 80.4
Medical comorbidity, %
Hypertension 62.9
Diabetes mellitus 26.9
COPD 20.8
Peripheral artery disease 6.0
Cerebrovascular disease 4.0
Renal disease 12.5
Obesity 4.8
Smoking 11.8
Alcohol abuse 2.0
Charlson Comorbidity Index, mean + SD 2.40+1.62
In-hospital mortality, % 2.3
Cardiac complications, %
CHF 17.3
AMI 3.0
AF 14.6
LOS (d), mean &+ SD 5.18 £ 5.65
Hospital charges x (10,000 USD), mean + SD 4.03+5.38

AF, atrial fibrillation; AMI, acute myocardial infarction; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease; LOS, length of stay in hospital; SD, standard deviation.

presented in Table 1. Most of the patients were female and belonged to the
white race and urban hospitals comprised most of the population. Table 2
demonstrates trends in patient demographics, comorbid conditions, LOS,
mortality, CVD complications, age, and race. Between the year 2005 and
2014, the trends of CVD complications, such as AMI, CHF, and AF were
found to be statistically significant (P < 0.05) (Fig 1).

Table 3 provides a comparison of demographics, comorbid conditions,
LOS, etc between the 3 groups. Patients exclusively with AMI, CHF, and
AF were included in the analysis to compare between the 3 groups.
Patients who had more than 1 CVD complication were excluded from the
comparison. There was a significant difference in age, LOS, Charlson
Comorbidity Index, hospital charges, gender, race, mortality, and comor-
bidities between the 3 groups (P < 0.001).
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TABLE 2. Trends of demographics, comorbid conditions, LOS, mortality, CVD complications, age, and race from 2005 to 2014 in patients with RA.

Variables 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 P trend

Total number of RA 54,363 57,538 54,652 68,429 75,804 81,352 96,714 94,085 94,449 97,422 0.004

cases (unweighted)

Total number of RA 265,488 280,968 265,079 334,635 382,953 406,946 465,156 470,425 472,245 487,110 0.004

cases (weighted)

Age (y), mean = SD 66.95+ 66.91+ 66.52+ 66.78+ 66.85+ 66.46+ 66.92+ 66.81+ 66.74+ 66.79+ 0.351

14.91 14.90 15.07 14.88 14.91 15.09 14.85 14.74 14.73 14.67

Female gender, % 75.85 75.96 75.91 75.36 75.96 75.66 75.76 75.1 75.28 74.6 <0.001

Race, %: white 80.19 78.02 76.46 78.42 77.08 75.69 75.59 75.87 75.64 75.54 <0.001

Race, %: nonwhite 19.81 21.98 23.54 21.58 22.92 24.31 24.41 24.13 24.36 24.46 <0.001

Urban hospitals, % 81.38 80.44 80.32 79.04 80.83 79.05 80.51 79.97 80.24 82.09 0.005

Medical comorbidity, 53.88 56.76 58.46 59.27 62.56 63.05 65.21 65.92 66.47 67.53 <0.001
%: HTN

Medical comorbidity, 20.29 22.24 23.73 24.51 26.89 27.17 28.88 28.89 29.21 30.17 <0.001
%: DM

Medical comorbidity, 4.78 4.95 5.079 5.35 6.32 5.97 6.49 6.42 6.59 6.88 <0.001
%: PAD

Medical comorbidity, 3.87 3.74 3.9 3.97 4.08 4.06 4.21 4.24 4.37 4.39 <0.001
%: CVD

Medical comorbidity, 18.81 18.96 19.07 19.33 20.97 20.39 21.47 22.03 21.9 22.21 <0.001
%: COPD

Medical comorbidity, 2.23 5.31 8.87 9.78 12.75 12.97 14.92 15.38 15.86 17.22 <0.001
%: renal disease

Medical comorbidity, 2.42 2.73 2.97 3.55 4.46 4.76 5.48 5.74 6.16 6.91 <0.001

%: obesity

(continued on next page)
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TABLE 2. (continued)

Variables 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 P trend

Total number of RA 54,363 57,538 54,652 68,429 75,804 81,352 96,714 94,085 94,449 97,422 0.004

cases (unweighted)

Total number of RA 265,488 280,968 265,079 334,635 382,953 406,946 465,156 470,425 472,245 487,110 0.004

cases (weighted)

Medical comorbidity, 8.45 9.32 9.54 10.7 11.46 12.16 12.47 13.16 13.02 13.57 <0.001
%: smoking

Medical comorbidity, (0] 0 2 1.81 2.18 2.29 2.4 2.66 2.66 2.89 <0.001
%: alcohol

CCl, mean £ SD 2.04 £ 2.13+ 224 + 2.26 + 2.40 £ 2.40 + 2.49 + 2.53+ 2.54 + 2.62 + 0.003

1.35 1.41 1.51 1.52 1.62 1.64 1.66 1.69 1.69 1.74

In-hospital mortality, %  2.19 2.19 1.96 2.16 2.43 2.22 2.25 2.28 2.29 2.31 0.001

Cardiac complications, 15.55 16.05 15.37 15.19 17.37 16.71 17.93 18.25 18.32 19.42 <0.001
%: CHF

Cardiac complications, 2.79 2.94 2.8 2.84 2.96 2.83 2.92 3.13 3.07 3.18 <0.001
%: AMI

Cardiac complications, 11.82 12.33 12.58 12.52 14.05 13.81 15.37 16.03 16.64 16.97 <0.001
%: AF

LOS (d), mean £+ SD 5.33+ 5.24 + 5.19+ 5.15+ 5.25+ 5.25+ 5.23+ 5.05+ 5.06 + 5.13 + 0.04

6.07 5.54 5.85 5.56 5.97 5.69 5.94 5.40 5.40 5.33

Hospital charges x 2.68 + 2.83+ 3.19+ 3.47 £ 3.82+ 4.09 £ 4.42 + 4.40 £ 4.73 £ 4,99 + 0.003

(10,000 USD), mean  3.48 3.45 3.94 4.19 5.03 5.28 5.89 5.75 6.23 6.60

+ SD




TZOZ UoJBIN ‘|01pJED [90Id 4ND

21,000

19,000
p-value <0.0M
17,000 - 2 4
15,000
W 13,000
c
]
% 11,000
Q
© 9,000
(=]
=
7,000
5,000 |
\ p-value < 0.001
3,000 i ‘/Af < . —S
‘ o o o 1
1,000 ¢ >
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year
——AF —e—AMI —e—CHF

FIG 1. Trend of cardiac complications in rheumatoid arthritis.
AF, atrial fibrillation; AMI, acute myocardial infarction; CHF, congestive heart failure.



TABLE 3. Cardiac complications comparison.

Variables AMI CHF AF P value
(UWT: n=11,661) (uWT:n=81,322) (UWT:n=64,379)
(WT: n=57,673) (WT:n=402,658) (WT:n=318,535)

Age (y), mean & SD 68.36 £12.30 71.69 £12.59 75.06 +10.25 <0.001

Female Gender, % 63.9 74.6 69.5 <0.001
Race, % <0.001
White 79.9 71.8 87
Nonwhite 20.1 28.3 13
Urban hospitals, % 7 78.6 81.1 <0.001
Medical comorbidity, %
Hypertension 70.9 72.8 70.4 <0.001
Diabetes 30.4 38.9 26.3 <0.001
COPD 19.4 35.5 23.4 <0.001
PAD 8.9 9.1 7.9 <0.001
Cerebrovascular 5.0 4.0 6.6 <0.001
disease
Renal disease 12.6 27.4 14.3 <0.001
Obesity 3.2 7.8 3.6 <0.001
Smoking 20.0 9.9 6.0 <0.001
Alcohol 1.7 1.4 1.4 0.021
Charlson Comorbidity 3.09 &+ 1.34 3.76 £1.57 2.31+1.52 <0.001
Index, mean £+ SD
In-hospital mortality, % 6.7 3.8 3.6 <0.001
LOS (d), (mean £ SD) 4.89 £5.31 6.07 +£6.83 5.74 £ 5.66 <0.001
Hospital charges x 6.12 +7.37 4.25 +5.96 4.45 +6.08 <0.001
(10,000 USD), mean
+ SD

AF, atrial fibrillation; AMI, acute myocardial infarction; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease; LOS, length of stay in hospital; PAD, peripheral arterial
disease; SD, standard deviation; uWT, unweighted; WT, weighted.

AMI

On multivariate analysis, independent predictors of mortality in
patients of RA with concomitant AMI were age (OR 1.03, CI 1.02-1.04;
P < 0.001), HTN (OR 0.60, CI 0.51-0.71; P < 0.001), COPD (OR 1.67,
CI 1.4-2; P < 0.001), cerebrovascular disease (OR 2.21, CI 1.71-2.86;
P < 0.001), renal disease (OR 1.42, CI 1.16-1.75; P = 0.001), smoking
(OR 0.71, CI 0.55-0.90; P = 0.005), and alcohol abuse (OR 2.73, CI 1.73-
4.32; P < 0.001) (Table 4).

Overall, the number of AMI complications in RA patients has signifi-
cantly increased over the 10 years (P < 0.001) (Fig 1). However, the mor-
tality in the AMI group did not follow a linear trend (P = 0.586) (Fig 2).
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TABLE 4. Mortality outcome in acute myocardial infarction.

Variables OR LCI ucl P value
Age 1.03 1.02 1.04 <0.001
Gender (Fvs M) 1.16 1.0 1.37 0.07

Race (NW vs W) 1.12 0.93 1.36 0.223
HTN 0.60 0.51 0.71 <0.001
DM 1.11 0.94 1.31 0.21

COPD 1.67 1.40 2.0 <0.001
PAD 1.06 0.82 1.35 0.67

Cerebrovascular disease 2.21 1.71 2.86 <0.001
Renal disease 1.42 1.16 1.75 0.001
Obesity 0.90 0.55 1.48 0.674
Smoking 0.71 0.55 0.90 0.005
Alcohol 2.73 1.73 4.32 <0.001

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DM, diabetes; F,
female; HTN, hypertension; LCI, lower confidence interval; M, male; NW, nonwhite; OR, odds
ratio; PAD, peripheral artery disease; UCI, upper confidence interval; W, white.

CHF

On multivariate analysis, independent predictors of mortality in patients
of RA with concomitant CHF were age (odds ratio [OR] 1.02, confidence
interval [CI] 1.017-1.024; P < 0.001), gender (female vs male) (OR 0.89, CI
0.82-0.97; P = 0.007), HTN (OR 0.57, CI 0.53-0.62; P < 0.001), DM (OR
0.73, CI 0.68-0.80; P < 0.001), COPD (OR 1.09, CI 1.01-1.18; P =0.023),
cerebrovascular disease (OR 1.67, CI 1.44-1.95; P < 0.001), renal disease
(OR 1.16, CI 1.07-1.27; P = 0.001), obesity (OR 0.74, CI 0.61-0.89;
P =0.001), and smoking (OR 0.61, CI1 0.51-0.72; P < 0.001) (Table 5).

TABLE 5. Mortality outcome in congestive heart failure.

Variables OR LCI ucl P value
Age 1.02 1.017 1.024 <0.001
Gender (Fvs M) 0.89 0.82 0.97 0.007
Race (NW vs W) 0.92 0.84 1.0 0.059
HTN 0.57 0.53 0.62 <0.001
DM 0.73 0.68 0.80 <0.001
COPD 1.09 1.01 1.18 0.023
PAD 1.02 0.90 1.16 0.73

Cerebrovascular disease 1.67 1.44 1.95 <0.001
Renal disease 1.16 1.07 1.27 0.001
Obesity 0.74 0.61 0.89 0.001
Smoking 0.61 0.51 0.72 <0.001
Alcohol 1.12 0.79 1.58 0.52

COPD, chronic obstructive pulmonary disease; DM, diabetes; F, female; HTN, hypertension;
LCI, lower confidence interval; M, male; NW, nonwhite; OR, odds ratio; PAD, peripheral artery
disease; UCI, upper confidence interval; W, white.
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Overall, the number of CHF complications in RA patients has signifi-
cantly increased over the 10 years (P < 0.001) (Fig 1). Moreover, the
mortality trend also has risen significantly in the CHF group in 10 years
period (P = 0.025) (Fig 2).

AF

On multivariate analysis, independent predictors of mortality in
patients of RA with concomitant AF were age (OR 1.02, CI 1.015-1.025;
P < 0.001), race (nonwhite vs white) (OR 1.16, CI 1.02-1.31; P=0.022),
HTN (OR 0.62, CI 0.57-0.68; P < 0.001), DM (OR 0.90, CI 0.82-1.0;
P =0.049), COPD (OR 1.56, CI 1.42-1.71; P < 0.001), PAD (OR 1.34,
CI 1.16-1.53; P < 0.001), cerebrovascular disease (OR 2.27, CI 2.0-2.58;
P < 0.001), renal disease (OR 1.60, CI 1.44-1.79; P < 0.001), and smok-
ing (OR 0.80, CI 0.66-0.98; P =0.034) (Table 6).

Overall, the number of AF complications in RA patients has signifi-
cantly increased over the 10 years (P < 0.001) (Fig 1). Moreover, the
mortality trend also has risen significantly in the AF group over the
10-year period (P =0.042) (Fig 2).

Discussion

We studied a total of 3,831,006 (weighted) hospitalizations related to
RA (mean age 66.77 y; 75.5% females). We have demonstrated the fol-
lowing major findings: (1) a significant increase in the number of RA

TABLE 6. Mortality outcome in atrial fibrillation.

Variables OR LCI ucl P value
Age 1.02 1.015 1.025 <0.001
Gender (Fvs M) 1.05 0.95 1.15 0.324
Race (NW vs W) 1.16 1.02 1.31 0.022
HTN 0.62 0.57 0.68 <0.001
DM 0.90 0.82 1.0 0.05

COPD 1.56 1.42 1.71 <0.001
PAD 1.34 1.16 1.53 <0.001
Cerebrovascular disease 2.27 2.0 1.58 <0.001
Renal disease 1.60 1.44 1.79 <0.001
Obesity 1.09 0.85 1.40 0.507
Smoking 0.80 0.66 0.98 0.034
Alcohol 0.92 0.62 1.39 0.70

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DM, diabetes; F,
female; HTN, hypertension; LCI, lower confidence interval; M, male; NW, nonwhite; OR, odds
ratio; PAD, peripheral artery disease; UCI, upper confidence interval; W, white.
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patients during our study period; (2) the proportion of patients, with
comorbidities, such as, HTN, DM, PAD, cerebrovascular disease, COPD,
renal disease, obesity, smoking, and alcohol abuse have increased; and
(3) CVD complications (CHF, AMI, AF) in RA patients have also been
increased significantly from 2005 to 2014.

Patients with RA are at higher risk of CVD morbidity and mortality
compared with the general population.” There is also evidence of
increased CVD mortality in RA patients.'’ Extra-articular manifestations
of RA, usually related to uncontrolled inflammation, increases the CVD
morbidity as well as mortality. Evidences suggest that processes intrinsic
to the RA pathogenesis play an important role in CV damage and its clini-
cal consequences (Fig 3).”

We have found a very high percentage (62.9%) of RA patients with
HTN. If we consider RA patients either with AMI, CHF, or AF, more
than 70% patients in each group have also been found to have HTN. Pre-
vious studies have demonstrated the prevalence of HTN in RA ranging
between 3.8% and 73%.'"'° Many factors including arterial stiffness,
side effects of medications, physical inactivity, high sensitivity C-reac-
tive protein (hsCRP) had been implicated in developing HTN in RA." In
addition, 26.9% of patients with RA in our cohort also had DM. The high-
est percentage of DM patients (39%) was found in RA patients with CHF.
We detected COPD in 20.8% our RA patients, with the highest percent-
age (35.5%) being in RA with CHF group. CVD comorbidities, including
HTN, DM, COPD, can be found more frequently in RA patients.'” Arte-
rial stiffness is an important predictor of CVD and CVD mortality.'®"”
Long-term use of NSAIDs and steroid increases the CV risks including
DM and HTN.'”?" Use of antitumor necrosis factor (TNF) therapy is
associated with higher BP, but DMARD:s including hydroxychloroquine,
methotrexate, TNFa antagonist, and interleukin-18 antagonists alter glu-
cose metabolism in a favorable direction.””*' Chronic systemic inflam-
mation in RA may predispose to development of the CVD morbidities,
like DM and COPD.”’** Apart from inflammation, the presence of obe-
sity, RF, and disease activity may play a role in insulin resistance and
eventually in the development of DM.” A diagnosis of COPD signifi-
cantly increased the risk of death in RA patients and affects more than
10% of patients with RA.”> Smoking increases the risk of both COPD as
well as RA.>* There was the highest percentage of smokers in RA patients
who had concomitant AMI (20%). The role of smoking in increasing the
risk of RA may be explained by the oxidative stress, inflammation, auto-
antibody formation, and epigenetic changes.”> The interaction between
smoking and HLA-DRB1 shared epitope has attributed to the risk of

Curr Probl Cardiol, March 2021 13
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developing RA with positive anticitrulline protein antibodies and RF.”°
Sustained smoking cessation in the early years of RA diagnosis may play
an important role in reducing mortality risk.”’ Obesity and smoking both
are important risk factors for CVD. In our study, 7.8% of RA patients
were obese who had concomitant CHF. A cross-sectional analysis was
performed utilizing the database of Clalit Health Services, Israel that
showed a significant association of obesity with RA.** Studies have found
obese patients to have worse Disease Activity Scores in RA.”’ The rela-
tion between intake of alcohol and RA is fascinating. Mild to moderate
amount of alcohol intake is protective in RA patients.””*" In our analysis,
less than 2% of patients with AMI, CHF, or AF have been detected to
abuse alcohol. We have found 6% of patients with RA had PAD. Interest-
ingly, patients with RA were found to have an independently higher risk
of peripheral arterial occlusive disease.”” We have demonstrated 4% of
RA patients had cerebrovascular disease and 12.5% had renal disease.
Chronic inflammation and atherosclerosis associated with RA are impor-
tant risk factors for these diseases.”” > Carotid ultrasonography may be
recommended to identify subclinical atherosclerosis in RA patients and
prevent the complications including cerebrovascular disease.”® RA
patients have an increased risk for recurrent ischemic stroke which is
enhanced by smoking.”’

AMI

Atherosclerosis in RA is contributed by the underlying inflammatory
process. Infiltration of macrophages and T cells in the atherosclerotic pla-
ques plays an important role. The pathogenesis is supported by elevated
levels of inflammatory cytokines such as TNF, interleukins-1, and
-6 (IL-1, IL-6), and metalloproteases in RA individuals.”®*’ Interestingly,
in RA patients, elevations of these cytokines and metalloproteases are
potent predictors of future CVD events.”®” Atherosclerosis is a major
predisposing factor for the development of coronary artery disease and
AMI in RA patients who frequently experience silent AMI and sudden
cardiac death.”” Also, RA patients carry a higher plaque burden compared
to general population.' The role of inflammation in atherosclerosis has
been studied extensively. In Canakinumab Anti-inflammatory Thrombo-
sis Outcomes Study (CANTOS) trial involving 10,061 stable post-MI
patients with hsCRP levels > 2 mg/L showed that the use of canakinumab
(anti-IL-1b) was responsible for 31% reduction in CVD mortality.”’ On
the contrary, another randomized, double-blind, placebo-controlled trial
(the Cardiovascular Inflammation Reduction Trial) demonstrated that
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low-dose methotrexate did not reduce levels of IL-1b, IL-6, or hsCRP.
Low dose methotrexate also failed to show fewer CVD events than placebo
among patients with atherosclerosis.’' Several facts may explain the differ-
ence in these 2 trials. In CANTOS trial the inhibition of IL-1b—IL-6
signaling, causes the reduction of CVD events. The anti-inflammatory
mechanism of methotrexate is likely adenosine mediated. The difference
between the targeted pathway may result in different outcomes in these
studies. Moreover, the reduction of CRP by methotrexate is limited to clini-
cal situations in which level of inflammation is high. The CANTOS
included patients with residual inflammatory risk and persistently elevated
hs CRP levels (median baseline level was 4.2 mg/L). By contrast, the Car-
diovascular Inflammation Reduction Trial included patients with a lower
median hs CRP level (1.6 mg/L)."’

In our analysis, 3% of the patients were found to have AMI in our
study. The independent predictors of mortality in RA with AMI were
increasing age, HTN, the presence of COPD, cerebrovascular disease,
renal disease, smoking, and alcohol abuse.

CHF

RA patients have a 2-fold increased risk for the development of CHF
compared to the general population*”; 17.3% of RA patients in our study
were detected to have CHF. The correlation between RA and CHF can be
explained by the increased risk of developing ischemic heart disease sec-
ondary to accelerated atherosclerosis caused by systemic inflammation.
Focal or diffuse inflammatory infiltration of the pericardium and myocar-
dium may play a role in the pathogenesis of CHF.** High TNFa level in
RA is associated with CHF and left ventricular dysfunction. Recent stud-
ies have shown a pivotal role of T cells in CHF, as T-cell infiltration in
the left ventricle predisposes cardiac fibrosis.** Increased left ventricular
mass, independently related to disease duration with preserved systolic
function, is a typical finding in RA patients with CHF.” Advancing age,
HTN, DM, COPD, PAD, cerebrovascular disease, renal disease, and
smoking were the independent predictors of mortality in patients who
had RA with CHF.

AF

A population-based study by Bacani et al in Minnesota showed an
increased risk for AF in RA patients. Chronic inflammation in RA has
been implicated in the development of AF. Patients with RA are known
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to have an increased prevalence of diastolic dysfunction, and this can be
associated with the occurrence of AF. Other potential risk factors for the
development of AF in RA patients include severe extra-articular RA, use
of cox-2 inhibitors, and increased atherosclerosis.”” A meta-analysis
involving 39,912 patients of RA supports the increased risk of AF in RA
individuals.*® In our study, we found 14.6% of patients with the diagnosis
of AF. In patients of RA with AF, independent predictors of mortality
were advancing age, HTN, DM, COPD, PAD, cerebrovascular disease,
renal disease, and smoking.

An interesting finding of our analysis is that HTN, DM, obesity, and
smoking have been surprisingly associated with less CVD complications
with an odds ratio of <1. The following facts can potentially explain this
apparent surprising protective role of these factors: (A) The NIS database is
based on the discharge diagnoses, and in patients who are sicker and have
multiple other severe comorbidities, there is less likelihood of coding HTN,
smoking, and DM at the time of discharge. On the other hand, in patients
with few comorbidities, there could be a higher probability of coding these
chronic comorbidities. Thus, the discharge diagnosis often misses these
chronic comorbid conditions in relatively sicker individuals. (B) The
patients with multiple comorbidities often receive multiple treatments. As
they are on more protective medications, there is possibly better outcome in
these patients. (C) Previous studies have shown that obesity can show favor-
able outcome in CVD patients. The “obesity paradox™ has been found in
several CVD conditions including AMI, CHF, and AF. The result can be
explained by the fact that obese patients may present at a younger age with
a smaller number of comorbidities.”’ (D) The baseline cardiorespiratory fit-
ness of the patients and associated confounding factors can also alter the
study results.”® (E) Similar to the “obesity paradox,” several studies have
also noted a “smoking paradox” where smoking was a protective factor for
patients with the acute coronary syndrome/AMI.*"""

Sedentary lifestyle due to the nature of the disease, side effects of
drugs used in RA, and newer diagnostic tools to detect cardiac complica-
tions at earlier stages may explain the increasing trend of CVD morbid-
ities and complications in the past 10 years. The development of newer
therapies prolonging the disease duration might also have contributed to
the increasing prevalence of RA.

Limitations
Though our NIS study highlighted several important CV aspects of RA
patients, it is not without limitations. Being a retrospective study using
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NIS administrative database has some pitfalls, including coding errors
and wrong entries. It also does not provide patient level information,
including disease duration of individual patients, medications, echocar-
diographic characteristics, and lab values. These administrative codes,
however, have been used in numerous published manuscripts and the
quality of coding data has been assessed to be appropriate. The NIS data-
base provides information only about the initial hospitalization and not
follow-up data, therefore preventing the assessment of long-term clinical
outcomes. Also, it only includes hospitalizations, so 1 patient can have
multiple entries. It is also difficult to assess whether a diagnosis was pres-
ent before hospitalization or resulted from the event during the hospitali-
zation. It is well-established fact that the duration of RA has significant
impact on mortality and morbidity.

Conclusion

To the best of our knowledge, this is the first study evaluating CVD
complications in RA patients from the NIS database between the years
2005 and 2014. Since we are using a national database, the results of our
analysis can be extrapolated to represent a broad spectrum of hospitals
throughout the US. Further prospective studies are needed to ascertain
this association and implement a better management plan for CVD in RA
patients.

Funding Sources

None.

Role of Individual Authors

DB: participated in formulation of plan and data processing and analy-
sis and writing; UB, SC, BA: participated in data processing and analysis
and writing; AH, RKG, FH, VAM, KS: concept design and writing;
WSA, PD, CJL: supervision and concept design and presentation of the
project.

Supplementary materials

Supplementary material associated with this article can be found in the
online version at doi:10.1016/j.cpcardiol.2019.100455.

18 Curr Probl Cardiol, March 2021


https://doi.org/10.1016/j.cpcardiol.2019.100455

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

. Masoud S, Lim PB, Kitas GD, Panoulas V. Sudden cardiac death in patients with

rheumatoid arthritis. World J Cardiol 2017;9:562-73.

. Kaplan MJ. Cardiovascular complications of rheumatoid arthritis: assessment, pre-

vention, and treatment. Rheum Dis Clin N Am 2010;36:405-26.

. Lazirova I, Tom4§ L. Cardiac impairment in rheumatoid arthritis and influence of

anti-TNFa treatment. Clin Rev Allergy Immunol 2017;52:323-32.

. Solomon DH, Karlson EW, Rimm EB, et al. Cardiovascular morbidity and mortality

in women diagnosed with rheumatoid arthritis. Circulation 2003;107:1303-7.

. Avina-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM, Lacaille D.

Risk of cardiovascular mortality in patients with rheumatoid arthritis: a meta-analysis
of observational studies. Arthritis Rheum 2008;59:1690-7.

. Baillet A, Gossec L, Carmona L, et al. Points to consider for reporting, screening for

and preventing selected comorbidities in chronic inflammatory rheumatic diseases in
daily practice: a EULAR initiative. Ann Rheum Dis 2016;75:965-73.

. Biskup M, Biskup W, Majdan M, Targonska-Stepniak B. Cardiovascular system

changes in rheumatoid arthritis patients with continued low disease activity. Rheuma-
tol Int 2018;38:1207-15.

. Francis ML, Varghese JJ, Mathew JM, Koneru S, Scaife SL, Zahnd WE. Outcomes in

patients with rheumatoid arthritis and myocardial infarction. Am J Med 2010;123:
922-8.

. Gabriel SE. Cardiovascular morbidity and mortality in rheumatoid arthritis. Am J Med

2008;121(10 Suppl 1):S9-S14.

Jagpal A, Navarro-Millan I. Cardiovascular co-morbidity in patients with rheumatoid
arthritis: a narrative review of risk factors, cardiovascular risk assessment and treat-
ment. BMC Rheumatol 2018;2:10.

Dougados M, Soubrier M, Antunez A, Balint P, Balsa A, Buch MH, et al. Prevalence
of comorbidities in rheumatoid arthritis and evaluation of their monitoring: results of
an international, cross-sectional study (COMORA). Ann Rheum Dis 2014;73:62-8.
Panoulas VF, Metsios GS, Pace AV, John H, Treharne GJ, Banks MJ, et al. Hyperten-
sion in theumatoid arthritis. Rheumatology 2008;47:1286-98.

Innala L, Moller B, Ljung L, et al. Cardiovascular events in early RA are a result of
inflammatory burden and traditional risk factors: a five year prospective study. Arthri-
tis Res Ther 2011;13:R131.

Naranjo A, Sokka T, Descalzo MA, et al. Cardiovascular disease in patients with rheu-
matoid arthritis: results from the QUEST-RA study. Arthritis Res Ther 2008;10:R30.
Chung CP, Oeser A, Solus JF, et al. Prevalence of the metabolic syndrome is
increased in rheumatoid arthritis and is associated with coronary atherosclerosis. Ath-
erosclerosis 2008;196:756-63.

Han C, Robinson DW, Jr., Hackett MV, Paramore LC, Fraeman KH, Bala MV. Car-
diovascular disease and risk factors in patients with rheumatoid arthritis, psoriatic
arthritis, and ankylosing spondylitis. J Rheumatol 2006;33:2167-72.

Kruger K, Nusslein H. Cardiovascular comorbidities in rheumatoid arthritis. Zeits-
chrift fur Rheumatologie 2019;78:221-7.

Curr Probl Cardiol, March 2021 19


http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0001
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0001
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0002
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0002
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0003
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0004
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0004
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0005
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0005
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0005
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0006
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0006
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0006
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0007
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0007
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0007
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0008
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0008
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0008
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0009
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0009
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0010
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0010
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0010
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0011
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0011
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0011
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0012
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0012
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0013
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0013
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0013
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0014
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0014
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0015
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0015
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0015
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0016
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0016
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0016
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0017
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0017

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

20

Pieringer H, Pichler M. Cardiovascular morbidity and mortality in patients with rheu-
matoid arthritis: vascular alterations and possible clinical implications. QJM
2011;104:13-26.

Wolf VL, Ryan MJ. Autoimmune disease-associated hypertension. Curr Hypertens
Rep 2019;21:10.

Nicolau J, Lequerre T, Bacquet H, Vittecoq O. Rheumatoid arthritis, insulin resis-
tance, and diabetes. Joint Bone Spine 2017;84:411-6.

Ozen G, Pedro S, Holmqvist ME, Avery M, Wolfe F, Michaud K. Risk of diabetes
mellitus associated with disease-modifying antirheumatic drugs and statins in rheu-
matoid arthritis. Ann Rheum Dis 2017;76:848-54.

Sparks JA, Lin TC, Camargo CA, Jr., et al. Rheumatoid arthritis and risk of chronic
obstructive pulmonary disease or asthma among women: a marginal structural model
analysis in the Nurses’ Health Study. Semin Arthritis Rheum 2018;47(5):639-48.
Hyldgaard C, Bendstrup E, Pedersen AB, et al. Increased mortality among patients
with rheumatoid arthritis and COPD: a population-based study. Respir Med
2018;140:101-7.

Ungprasert P, Srivali N, Cheungpasitporn W, Davis lii JM. Risk of incident chronic
obstructive pulmonary disease in patients with rheumatoid arthritis: a systematic
review and meta-analysis. Joint Bone Spine 2016;83:290-4.

Chang K, Yang SM, Kim SH, Han KH, Park SJ, Shin JI. Smoking and rheumatoid
arthritis. Int J Mol Sci 2014;15:22279-795.

Hedstrom AK, Ronnelid J, Klareskog L, Alfredsson L. Smoking, HLA-Genes and
Serology in Rheumatoid Arthritis; Complex Relationships Investigated in the Swed-
ish EIRA Case-Control Study. Hoboken, NJ: Arthritis & rheumatology; 2019.

Sparks JA, Chang SC, Nguyen UDT, et al. Smoking behavior changes in the early
rheumatoid arthritis period and risk of mortality during thirty-six years of prospective
followup. Arthritis Care Res 2018;70:19-29.

Dar L, Tiosano S, Watad A, Bragazzi NL, Zisman D, Comaneshter D, Cohen A, Amital
H. Are obesity and rheumatoid arthritis interrelated? Int J Clin Pract 2018;72:e13045.
Liu Y, Hazlewood GS, Kaplan GG, Eksteen B, Barnabe C. Impact of obesity on
remission and disease activity in rheumatoid arthritis: a systematic review and meta-
analysis. Arthritis Care Res 2017;69:157-65.

Scott IC, Tan R, Stahl D, Steer S, Lewis CM, Cope AP. The protective effect of alco-
hol on developing rheumatoid arthritis: a systematic review and meta-analysis. Rheu-
matology 2013;52:856-67.

Jin Z, Xiang C, Cai Q, Wei X, He J. Alcohol consumption as a preventive factor for
developing rheumatoid arthritis: a dose-response meta-analysis of prospective stud-
ies. Ann Rheum Dis 2014;73:1962-7.

Chuang YW, Yu MC, Lin CL, et al. Risk of peripheral arterial occlusive disease in
patients with rheumatoid arthritis. A nationwide population-based cohort study.
Thromb Haemost 2016;115:439-45.

Chen YR, Hsieh FI, Chang CC, Chi NF, Wu HC, Chiou HY. The effect of rheumatoid
arthritis on the risk of cerebrovascular disease and coronary artery disease in young
adults. J Chin Med Assoc 2018;81:772-80.

Curr Probl Cardiol, March 2021


http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0018
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0018
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0018
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0019
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0019
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0020
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0020
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0021
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0021
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0021
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0022
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0022
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0022
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0023
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0023
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0023
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0024
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0024
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0024
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0025
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0025
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0026
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0026
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0026
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0027
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0027
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0027
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0028
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0028
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0029
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0029
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0029
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0030
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0030
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0030
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0031
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0031
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0031
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0032
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0032
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0032
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0033
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0033
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0033

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Kochi M, Kohagura K, Shiohira Y, Iseki K, Ohya Y. Chronic kidney disease, inflam-
mation, and cardiovascular disease risk in rheumatoid arthritis. J Cardiol 2018;71:
277-83.

Kochi M, Kohagura K, Shiohira Y, Iseki K, Ohya Y. Inflammation as a risk of devel-
oping chronic kidney disease in theumatoid arthritis. PloS One 2016;11:¢0160225.
Wah-Suarez MI, Galarza-Delgado DA, Azpiri-Lopez JR, et al. The best cardiovascu-
lar risk calculator to predict carotid plaques in rheumatoid arthritis patients. Clin
Rheumatol 2018;37:2373-80.

Chen YR, Hsieh FI, Lien LM, et al. Rheumatoid arthritis significantly increased recur-
rence risk after ischemic stroke/transient ischemic attack. J Neurol 2018;265:1810-8.
Geraldino-Pardilla L, Zartoshti A, Ozbek AB, et al. Arterial inflammation detected
with (18) F-fluorodeoxyglucose-positron emission tomography in rheumatoid arthri-
tis. Arthritis Rheumatol 2018;70:30-9.

Karpouzas GA, Estis J, Rezaeian P, Todd J, Budoff MJ. High-sensitivity cardiac tro-
ponin I is a biomarker for occult coronary plaque burden and cardiovascular events in
patients with rheumatoid arthritis. Rheumatology 2018;57:1080-8.

Ridker PM. Clinician’s guide to reducing inflammation to reduce atherothrombotic
risk: JACC review topic of the week. J Am Coll Cardiol 2018;72:3320-31.

Ridker PM, Everett BM, Pradhan A, et al. Low-dose methotrexate for the prevention
of atherosclerotic events. N Engl J Med 2019;380:752-62.

Targonska-Stepniak B, Biskup M, Biskup W, Majdan M. Diastolic dysfunction in rheu-
matoid arthritis patients with low disease activity. Clin Rheumatol 2019;38:1131-7.
Baniaamam M, Paulus WJ, Blanken AB, Nurmohamed MT. The effect of biological
DMARD:s on the risk of congestive heart failure in rheumatoid arthritis: a systematic
review. Expert Opin Biol Ther 2018;18:585-94.

Generali E, Carrara G, Kallikourdis M, et al. Risk of hospitalization for heart failure
in rtheumatoid arthritis patients treated with etanercept and abatacept. Rheumatol Int
2019;39:239-43.

Bacani AK, Crowson CS, Roger VL, Gabriel SE, Matteson EL. Increased incidence
of atrial fibrillation in patients with rheumatoid arthritis. BioMed Res Int
2015;2015:809514.

Ungprasert P, Srivali N, Kittanamongkolchai W. Risk of incident atrial fibrillation in
patients with rheumatoid arthritis: a systematic review and meta-analysis. Int J Rheum
Dis 2017;20:434-41.

Oga EA, Eseyin OR. The obesity paradox and heart failure: a systematic review of a
decade of evidence. J Obes 2016;2016:9040248.

Stokes A, Preston SH. Smoking and reverse causation create an obesity paradox in
cardiovascular disease. Obesity 2015;23:2485-90.

Chen KY, Rha SW, Li YJ, et al. Smoker’s paradox’ in young patients with acute myo-
cardial infarction. Clin Exp Pharmacol Physiol 2012;39:630-5.

Gupta T, Kolte D, Khera S, Harikrishnan P, Mujib M, Aronow WS, Jain D, Ahmed A,
Cooper HA, Frishman WH, Bhatt DL. Smoker’s paradox in patients with ST-segment
elevation myocardial infarction undergoing primary percutaneous coronary interven-
tion. J Am Heart Assoc 2016;5:¢003370.

Curr Probl Cardiol, March 2021 21


http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0034
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0034
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0034
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0035
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0035
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0036
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0036
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0036
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0037
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0037
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0038
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0038
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0038
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0039
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0039
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0039
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0040
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0040
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0041
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0041
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0042
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0042
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0043
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0043
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0043
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0044
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0044
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0044
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0045
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0045
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0045
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0046
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0046
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0046
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0047
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0047
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0048
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0048
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0049
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0049
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0050
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0050
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0050
http://refhub.elsevier.com/S0146-2806(19)30128-8/sbref0050

	Trends of Cardiac Complications in Patients With Rheumatoid Arthritis: Analysis of the United States National Inpatient Sample; 2005-2014
	Introduction
	Methods
	Data Sources
	Study Population
	Statistical Analysis

	RESULTS
	AMI
	CHF
	AF

	Discussion
	AMI
	CHF
	AF

	Limitations
	Conclusion
	Funding Sources
	Role of Individual Authors
	Supplementary materials
	References



