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This study analyzed the characteristics, management, and outcomes of patients with poly-
myalgia rheumatica (PMR) hospitalized with acute myocardial infarction (AMI), includ-
ing sensitivity analysis for presence of giant cell arteritis (GCA). Using the National
Inpatient Sample (January 2004 to September 2015) and International Classification of
Diseases, Ninth Revision, all AMI heospitalizations were stratified into main groups: PMR
and no-PMR; and subsequently, PMR, PMR with GCA, and GCA and no-PMR. Out-
comes were all-cause mortality, major adverse cardiovascular/cerebrovascular events
(MACCEs), major bleeding, and ischemic stroke as well as coronary angiography (CA)
and percutaneous coronary intervention (PCI). Multivariable logistic regression was used
to determine adjusted odds ratios with 95% confidence interval (95% CI). A total of
7,622,043 AMI hospitalizations were identified, including 22,597 patients with PMR
(0.3%) and 5,405 patients with GCA (0.1%). Patients with PMR had higher rates of mor-
tality (5.8% vs 5.4%, p = 0.013), MACCEs (10.2% vs 9.2%, p <0.001), and stroke (4.6%
vs 3.5%, p <0.001) and lower receipt of CA (48.9% vs 62.6%, p <0.001) and PCI (30.6 %
vs 41.0%, p <0.001) than the no-PMR group. After multivariable adjustment, patients
with PMR had decreased odds of mortality (0.75, 95% CI 0.71 to 0.80), MACCEs (0.78,
95% CI 0.74 to 0.81), bleeding (0.79, 95% CI 0.73 to 0.86), and stroke (0.88, 95% CI 0.83
to 0.93); no difference in use of CA (1.01, 95% CI 0.98 to 1.04) and increased odds of PCI
(1.07 95% CI 1.03 to 1.10) compared with the no-PMR group. Similar results were
observed for patients with concomitant PMR and GCA, whereas patients with GCA only
showed increased odds of bleeding (1.51 95% CI 1.32 to 1.72) and stroke (1.31 95% CI
1.16 to 1.47). In conclusion, patients with AMI with PMR have an increased incidence of
crude adverse in-hospital outcomes than those without PMR; however, these differences

do not persist after adjusting for age and comorbidities.
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Inflammatory rheumatic diseases are associated with an
increased risk of cardiovascular disease.' Polymyalgia rheu-
matica (PMR) is a chronic inflammatory condition charac-
terized by bilateral stiffness and pain in the shoulder and hip
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region” that is associated with an increased risk of vascular
events.” The mainstay of treatment of PMR is long-term
corticosteroids.”* Chronic corticosteroid therapy increases
the cardiovascular risk with complications such as hyperten-
sion, hyperlipidemia, type 2 myocardial infarction (T2MI)
and obesity.” ® Furthermore, corticosteroid therapy increases
the bleeding risk which could affect the provision of main-
stay treatments for AMI, such as the use of potent antiplate-
let agents or an invasive strategy."® PMR is closely
associated with giant cell arteritis (GCA), which also
increases the risk for the development of cardiovascular
disorders.”'” There is little evidence focusing on AMI treat-
ment and outcomes in patients with PMR specifically and
whether GCA influences these outcomes.'' This study aimed
to describe the prevalence, characteristics, and clinical out-
comes of AMI in patients with PMR with and without GCA
using a national cohort of United States hospitalizations.

Methods

The National Inpatient Sample (NIS) is the largest avail-
able database of US hospitalizations developed for the
Healthcare Cost and Utilization Project, sponsored by the
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Agency for Healthcare Research and Quality.'” The NIS
contains anonymized data on diagnoses and Procedures
from over 7 million hospitalizations annually.'* The NIS
represents a 20% stratified sample of all discharges form
United States community hospitals, excluding rehabilitation
and long-term acute care hospitals, with the sample repre-
senting 97% of the population in the United States.'”

All adult hospitalizations between January 2004 to Sep-
tember 2015 with a principal discharge diagnosis of AMI
were identified and stratified by the presence of PMR. The
International Classification of Diseases 9th revision (ICD-
9) codes were used to extract data on patient characteristics,
comorbidities, management strategies, and hospital out-
comes (Supplementary Table 1). Cases were excluded due
to missing data, which represented 0.8% of the study sam-
ple (n = 13,240; Supplementary Figure 1). Analyses were
weighted using discharge weights to estimate for national
averages.

The primary outcome of this study was all-cause mortal-
ity and major acute cardiovascular and cerebrovascular
events (MACCE:s). Secondary outcomes were major bleed-
ing and acute ischemic stroke as well as the receipt of inva-
sive management for AMI (coronary angiography [CA] and
percutaneous coronary intervention [PCI]). Sensitivity anal-
yses were conducted investigating the effect of GCA on the
outcomes of patients with PMR. This included 2 further
groups: patients with PMR and concomitant GCA and
patients with GCA only.

Continuous variables such as age, length of stay, and
total charges (cost of the inpatient episode) were summa-
rized using median and interquartile range (IQR). Categoric
variables were compared using the chi-square test and sum-
marized as percentages (%). Multivariable logistic

regression was performed to determine the adjusted odds
ratio (aOR) for invasive management and adverse outcomes
(Supplementary Appendix 1). Results are presented as aOR
with 95% confidence intervals (CI). Statistical adjustments
for multiple testing were not used due to the large sample
size compared with the number of tested variables. Results
were determined significant at the level of p <0.05. All sta-
tistical analyses were performed using SPSS version 27
(IBM Corp, Armonk, New York). 13

Results

Following the exclusion of missing data and weighting, a
total of 7,622,043 AMI admissions between January 2004
and September 2015 were identified (Supplemetary
Figure 1). In this cohort, 22,597 patients (0.3%) had a diag-
nosis of PMR. The prevalence of PMR increased from
0.23% (2004) to 0.34% (2015) (Figure 1). Patients with
PMR were on average 15 years older (median age 82 vs
67 years, p <0.001), and more likely to be female (65.6%
vs 40.1%) and white (92.6% vs 76.2%) compared with the
no-PMR group. The PMR group had a higher prevalence of
previous CVA, heart failure, hypertension, hypothyroidism,
and chronic renal failure than the no-PMR group (p
<0.001) (Table 1).

Patients with PMR had lower receipt of CA and PCI than
the no-PMR group (41.0% vs 62.6%, p <0.001 and 30.6%
vs 48.9%, p <0.001, respectively) (Figure 2, Table 2). How-
ever, when accounting for the differences in baseline char-
acteristics, there was no significant difference in the receipt
of CA between the groups, whereas patients with PMR
were more likely to receive PCI (aOR 1.07, 95% CI 1.03 to
1.10) (Figure 3, Table 3). Patients with PMR had higher

p <0.001 for trend
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Figure 1. Prevalence of PMR during the study period.
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Table 1
Patient characteristics

PMR
Variable No (97.7%) Yes (0.3%) p-value
Number of hospitalizations 7,599,445 22,597
Age (years), median (interquartile range) 67 (57,79) 82 (75, 87) <0.001
Women 40.1% 65.6% <0.001
White 76.2% 92.6% <0.001
Black 10.1% 2.8% <0.001
Hispanic 7.7% 2.2% <0.001
Other 6.0% 2.4% <0.001
ST elevation myocardial infarction 26.7% 18.7% <0.001
Non-ST elevation myocardial infarction / Acute coronary syndrome 73.3% 81.3% <0.001
Weekend admission 25.8% 2.5% 0.001
Primary expected payer <0.001
Medicare 56.5% 88.7% <0.001
Medicaid 6.5% 0.9% <0.001
Private Insurance 27.9% 9.1% <0.001
Self-pay 5.8% 0.6% <0.001
No charge 0.7% 0.02% <0.001
Other 2.8% 0.7% <0.001
Median Household Income (percentile) <0.001
0-25" 28.3% 18.7%
26501 27.3% 27.0%
51°475" 23.4% 27.6%
76-100" 21.0% 26.7%
Cardiogenic shock 4.7% 3.2% <0.001
Cardiac arrest 2.9% 2.0% <0.001
Ventricular tachycardia 5.7% 4.1% <0.001
Ventricular fibrillation 2.6% 1.0% <0.001
Atrial fibrillation 16.1% 26.8% <0.001
Dyslipidaemia 56.4% 54.8% <0.001
Thrombocytopenia 3.1% 3.3% 0.120
Smoker 35.0% 20.0% <0.001
Previous Acute Myocardial Infarction 10.5% 12.3% <0.001
History of Ischemic Heart Disease 74.5% 72.2% <0.001
Previous Percutaneous Coronary Intervention 11.7% 12.2% 0.01
Previous Coronary Artery Bypass Grafting 7.5% 8.5% <0.001
Previous Cerebrovascular Accident 3.9% 7.5% <0.001
Anemia 15.2% 27.2% <0.001
Heart failure 29.7% 38.6% <0.001
Valvular disease 0.2% 0.2% 0.623
Hypertension 67.0% 73.1% <0.001
Peripheral vascular disorders 10.6% 15.5% <0.001
Diabetes mellitus 34.3% 29.5% <0.001
Hypothyroidism 9.7% 23.3% <0.001
Chronic pulmonary disease 20.6% 22.3% <0.001
Pulmonary circulation disorders 0.1% 0.2% 0.007
Coagulopathy 4.2% 0.04% 0.881
Dementia 5.6% 9.9% <0.001
Depression 6.5% 0.1% <0.001
Psychoses 2.1% 1.9% 0.031
Paralysis 1.6% 1.2% <0.001
Other neurological disorders 5.7% 7.3% <0.001
Liver disease 1.2% 0.8% <0.001
Peptic ulcer (without bleeding) 0.03% 0% 0.006
Chronic renal failure 16.2% 25.0% <0.001
Acquired Immunodeficiency Syndrome 0.1% 0.0% <0.001
Alcohol abuse 2.8% 0.6% <0.001
Drug abuse 2.1% 0.3% <0.001
Fluid and electrolyte disorders 18.8% 21.0% <0.001
Obesity 12.1% 8.4% <0.001
Weight loss 2.1% 2.8% <0.001
Solid tumor without metastasis 1.4% 1.5% 0.239

(continued)
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Table 1 (Continued)

PMR
Variable No (97.7%) Yes (0.3%) p-value
Metastatic cancer 0.8% 0.7% 0.049
Lymphoma 0.5% 0.4% 0.004
Bed size of hospital <0.001
Small 11.1% 13.9%
Medium 25.0% 25.9%
Large 63.8% 60.2%
Hospital Region <0.001
Northeast 19.5% 24.1%
Midwest 22.9% 28.3%
South 39.9% 26.6%
West 17.7% 21.0%
Location/teaching status of hospital <0.001
Rural 11.1% 13.5%
Urban non-teaching 41.1% 40.1%
Urban teaching 47.8% 46.4%
PMR = Polymyalgia rheumatica.
crude rates of MACCEs (10.2% vs 9.2%, p <0.001), mor- 0.64 for mortality) than patients without PMR

tality (5.8% vs 5.4%, p = 0.013), and stroke (4.6% vs 3.5%,
p <0.001) (Figure 2, Table 2). However, after multivariable
adjustment, patients with PMR had decreased odds of
MACCESs (aOR 0.78, 95% CI 0.74 to 0.81), mortality (aOR
0.75,95% CI1 0.71 to 0.80), major bleeding (aOR 0.79, 95%
CI 0.73 to 0.86), and stroke (aOR 0.88, 95% CI 0.82 to
0.93) (Figure 3, Table 3).

Patients with concomitant PMR and GCA were more
likely to be older (median age 83 years) and female
(75.3%) than the PMR-only, GCA-only, and no-PMR
groups (median age 82 years; 65.3% female for the PMR-
only group, median age 80 years; 68.5% female for the
GCA-only group, and median age 67 years; 40.1% female
for the no-PMR group) (p <0.001), with the highest propor-
tion of atrial fibrillation, anemia; and depression and the
lowest prevalence of dyslipidemia and peripheral vascular
disorders (Supplementary Table 2).

Patients with GCA only were more likely to be younger
(median age 80) than the PMR-only and PMR with GCA
group (median age 82 for PMR-only group and median age
83 years for PMR with GCA group) but older than the no-
PMR group (median age 67), with the highest proportion of
chronic pulmonary disease, heart failure, diabetes mellitus,
coagulopathy, and chronic renal failure (p <0.05)
(Supplementary Table 2).

Looking at the effect of concomitant GCA, patients
with PMR with GCA had lower rates of CA and PCI
than patients with PMR without GCA (34.7% vs 49.3%
for CA; 30.9% vs 20.5% for PCI) (Supplementary Table
3). The crude rates of MACCEs and mortality were gen-
erally lower in patients with PMR with GCA than their
counterparts but higher for bleeding and stroke
(Supplementary Table 3).

After multivariable analysis, patients with PMR and
GCA were significantly less likely to receive CA or PCI
(aOR 0.66, 95% CI 0.56 to 0.79 for CA; aOR 0.73, 95% CI
0.61 to 0.89 for PCI) (Supplementary Table 4) and less
likely to develop MACCESs and mortality (aOR 0.51, 95%
CI 0.38 to 0.68 for MACCE, aOR 0.44, 95% CI 0.30 to

(Supplementary Table 4). Patients with PMR with GCA did
not differ with the no-PMR group in adjusted odds for
bleeding and stroke (Supplementary Table 4). Patients with
GCA only were more likely to suffer bleeding and stroke
than patients without PMR (aOR 1.51, 95% CI 1.32 to 1.72
for bleeding; aOR 1.31, 95% CI 1.16 to 1.47 for mortality)
(Supplementary Table 4).

The receipt of CA and PCI for patients with PMR
steadily increased over the study period (42.9% in 2004 to
57.7% in 2015 for CA; 27.1% in 2004 to 34.7% in 2015 for
PCI) (Supplementary Figure 2). Finally, when looking spe-
cifically at the STEMI subgroup, the findings for patients
with PMR were consistent in both unadjusted and adjusted
results (Supplementary Tables 5 and 6).

Discussion

To the best of our knowledge, this is the first study to
examine the prevalence, management, and in-hospital out-
comes of patients with PMR admitted due to AMI on a
nationwide scale. We report several important findings.
First, our analysis suggests that the prevalence of PMR in
patients admitted with AMI has increased from 2004
(0.23%) to 2015 (0.34%). Second, patients with PMR are
on average, over 15 years older than patients without PMR
and have a higher prevalence of cardiovascular risk factors
and comorbidities, with overall lower invasive management
and worse outcomes. Third, once adjustments for age and
other underlying comorbidities are made, we do not observe
an excess risk of adverse outcomes associated with a diag-
nosis of PMR, with patients with PMR being more likely to
receive PCI. As expected, patients with PMR and concomi-
tant GCA had similar characteristics and mortality to
patients with PMR but were less likely to receive CA and
PCI than the control group.

There are limited data investigating the associations
between PMR and AMI management and in-hospital out-
comes, with most previous studies focusing on risk of vas-
cular events in patients with PMR, reporting disparate
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Figure 2. Comparison of management and in-hospital adverse outcomes. (A) Management strategies. (B) In-hospital adverse outcomes.

findings.™""'*'> An older study reported that patients with
PMR had an increased cardiovascular risk due to high
inflammation levels in the early stages of PMR leading to
plaque instability and increased risk of vascular events.”
Likewise, a systematic review in 34,569 patients with PMR
suggested that PMR was associated with an increased risk
of coronary artery disease (OR 1.72 95% CI 1.21 to 2.45)."”
In contrast, a contemporary population-based study by
Pujades-Rodriguez et al'* found that the presence of PMR
with and without GCA was associated with lower rates of
coronary death (0.79, 95% CI 0.66 to 0.95), TIA (0.67,
95% CI 0.66 to 0.95), and coronary and death composite
(24.17 vs 25.80/1,000 person-years; 0.90, 95% CI 0.82 to
0.98). Although no previous studies have investigated the
management strategy and outcomes in GCA specifically,

Ray et al'® have shown that older adults (>66 years of age)
with GCA are more at risk of cardiovascular disease.

Our analysis suggests that the crude rate of PCI is lower
for patients with PMR than patients without PMR. Interest-
ingly the odds of receipt of PCI were higher after adjusting
for age and comorbidities, suggesting that it is the presence
of an adverse co-morbidity profile driving these conserva-
tive treatment choices rather than the presence of PMR. It
has been demonstrated previously that patients with PMR,
when age-matched to patients without PMR, are more
likely to exhibit cardiovascular risk factors such as dyslipi-
demia, diabetes, hypertension and were at higher risk for
vascular complications.” Additionally, patients with PMR,
on average, are 15 years older and have more comorbidities
such as chronic renal failure and pre-existing anemia, which
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Table 2
Comparison of management and in-hospital adverse outcomes

PMR
Variables No (97.7%) Yes (0.3%) p-value
Management
Coronary angiography 62.6% 48.9% <0.001
Percutaneous coronary intervention 41.0% 30.6% <0.001
Outcomes
Major adverse cardiac and cerebrovascular events 9.2% 10.2% <0.001
All-cause mortality 5.4% 5.8% 0.013
Major bleeding 2.5% 2.7% 0.152
Stroke 3.5% 4.6% <0.001
Procedure-related bleeding 0.6% 0.4% <0.001
Intra-aortic balloon pump or assist device 4.7% 2.9% <0.001
Length of stay (days), median (interquartile range) 3(2,6) 3(2,6) <0.001
Total charges (united states dollar), median (interquartile range) 41,883 (20,668, 74,431) 31,734 (15,041, 61,225) <0.001

PMR = Polymyalgia rheumatica.

are known risk factors for periprocedural bleeding
complications.'”'® Furthermore, long-term treatment with
steroids, increases the risk of vascular access site related
bleeding and the potential for bleeding events in the setting
of dual antiplatelet therapy after PCL%"'"?° Moreover,
PMR is also associated with an increased risk of type 2
AMI, where PCI would not be indicated.”'%-2->!

We found that patients with PMR and concomitant GCA
were less likely to be managed invasively but also less
likely to suffer MACCEs and all-cause mortality than
patients without PMR and GCA, whereas these differences

were not detected in the GCA-only subgroup. However,
patients with GCA only had more ischemic stroke and
major bleeding than patients without PMR and GCA. This
could be explained by patients suffering from inflammatory
vasculitis being prone to accelerated atherosclerosis, plaque
rupture, and more friable vessels susceptible to bleeding
events.”” It is well established that patients with PMR
and more so those with concomitant GCA have elevated
levels of active inflammation.”* Despite this, patients with
AMI with PMR and more so those with concomitant GCA
have lower incidence of MACCEs and all-cause mortality.

aOR(95% Cl)
CA |——0—|

PCI e
MACCE ——
MORTALITY ———
BLEEDING ————i
STROKE ————i

0.6 0.7 0.8 0.9 1 1.1 1.2

Figure 3. aOR for adverse in-hospital outcomes in patients with PMR.

Reference group is patients with no PMR, where a reference group is a point of comparison for the group being investigated. Multivariable model: Multivar-
iable logistic regression model adjusted for: bed size of hospital, region of hospital, location/teaching status of hospital, age, sex, weekend admission, primary
expected payer, smoking status, previous myocardial infarction, previous percutaneous coronary intervention, previous coronary artery bypass graft, dyslipi-
demia, heart failure, and Elixhauser comorbidities (anemias, chronic pulmonary disease, coagulopathy, depression, diabetes mellitus, hypertension, hypothy-
roidism, fluid and electrolyte disorders, liver disease, lymphoma, obesity, metastatic cancer, peripheral vascular disorders, renal failure, solid tumor without

metastasis and valvular heart disease).
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Table 3
Adjusted odds ratios of in-hospital adverse outcomes
PMR

Variables aOR [95% CI] P-value
Management:
Coronary angiography 1.01 [0.98, 1.04] 0.386
Percutaneous coronary intervention 1.07 [1.03, 1.10] <0.001
Outcomes:
Major adverse cardiac and 0.78 [0.74, 0.81] <0.001

cerebrovascular events
All-cause mortality 0.75[0.71, 0.80] <0.001
Major bleeding 0.79 [0.73, 0.86] <0.001
Stroke 0.88 [0.82, 0.93] <0.001

Reference group is group without PMR.

Multivariable model: Multivariable logistic regression model adjusted
for: bed size of hospital, region of hospital, location/teaching status of hos-
pital, age, sex, weekend admission, primary expected payer, smoking sta-
tus, previous myocardial infarction, previous percutaneous coronary
intervention, previous coronary artery bypass graft, previous CVA, dyslipi-
demia, heart failure, and Elixhauser comorbidities (anemias, chronic pul-
monary  disease, coagulopathy, depression, diabetes mellitus,
hypertension, hypothyroidism, fluid and electrolyte disorders, liver dis-
ease, lymphoma, obesity, metastatic cancer, peripheral vascular disorders,
renal failure, solid tumor without metastasis and valvular heart disease).

PMR = Polymyalgia rheumatica.

This is consistent with our finding of better MI outcomes in
rheumatoid arthritis.”> It may be hypothesized that this
‘protective’ effect may be due to chronic immunosuppres-
sive corticosteroid therapy, which forms the mainstay of
treatment for these patients.”® In this context, it is also
worth noting that the cumulative dose of corticosteroids
used to treat GCA is significantly higher than that used to
treat PMR alone, which could possibly mediate the differ-
ence in the groups.”® The potential benefits of corticosteroid
therapy are notwithstanding the other adverse effects such
as weight gain, loss of glycemic control, dyslipidemia, and
increase in blood pressure.” It is, however, possible that pat-
ents with PMR and GCA had more aggressive lipid treat-
ment and primary prevention in view of their CV risk factor
profile.”” Closer patient monitoring in primary care settings
and higher patient engagement due to chronic disease may
also influence the outcomes of patients with PMR and
GCA.

This study has several limitations that are inherent to the
NIS database. NIS data are subject to potential selection
bias due to coding inaccuracies and incomplete data.’®
Information on pharmacological management of PMR (e.
g., prescription, dose, and duration of glucocorticoids) or
laboratory findings (e.g., platelet and hemoglobin count)
are not provided by the NIS and could have provided infor-
mation to improve the analysis of risk and outcomes.® Fur-
thermore, it was not possible to determine disease duration
and disease activity which could have also influenced out-
comes.'* Also, this study is limited to in-hospital outcomes,
and any long-term differences in the outcomes could not be
defined. As this is an observational study, confounders that
have not been factored into this study could contribute to
adverse outcomes despite the broad scope of conditions
covered by the NIS.

In conclusion, this analysis reveals that patients with
AMI with PMR have an increased odds of invasive man-
agement and decreased odds of adverse in-hospital out-
comes after adjusting for age and comorbidities compared
with their counterparts without. Therefore, it is advanced
age and comorbidities that contribute to overall worse out-
comes. The presence of concomitant GCA modifies this
effect so that patients with AMI with both PMR and GCA
do not exhibit differences in stroke and major bleeding,
whereas the GCA-only group was more likely to develop
stroke and major bleeding, than patients without PMR.
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