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Abstract

Objective—Patients with rheumatoid arthritis (RA) have increased risk of atherosclerotic
cardiovascular disease (ASCVD) that is underestimated by the Framingham risk score (FRS). We
hypothesized that the 2013 ACC/AHA 10-year risk score would perform better than the FRS and
the Reynolds risk score (RRS) in identifying RA patients known to have elevated cardiovascular
risk based on high coronary artery calcification (CAC) scores.

Methods—Among 98 RA patients eligible for risk stratification using the ACC/AHA score we
identified 34 patients with high CAC (= 300 Agatston units or >75™ percentile) and compared the
ability of the 10-year FRS, RRS and the ACC/AHA risk scores to correctly assign these patients to
an elevated risk category.

Results—All three risk scores were higher in patients with high CAC (P values <0.05). The
percentage of patients with high CAC correctly assigned to the elevated risk category was similar
among the three scores (FRS 32%, RRS 32%, ACC/AHA 41%) (P=0.233). The c-statistics for the
FRS, RRS and ACC/AHA risk scores predicting the presence of high CAC were 0.65, 0.66, and
0.65, respectively.

Conclusions—The ACC/AHA 10-year risk score does not offer any advantage compared to the
traditional FRS and RRS in the identification of RA patients with elevated risk as determined by
high CAC. The ACC/AHA risk score assigned almost 60% of patients with high CAC into a low
risk category. Risk scores and standard risk prediction models used in the general population do
not adequately identify many RA patients with elevated cardiovascular risk.
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Introduction

Patients with rheumatoid arthritis (RA) have increased risk of atherosclerotic cardiovascular
disease (ASCVD) compared to the general population (1,2), but it is difficult to identify
those individuals who are at increased risk. In the general population, the 10-year
Framingham risk score (FRS) has been widely used to predict cardiovascular risk and to
identify individuals for interventions such as lipid lowering treatment. However, the FRS
underestimates cardiovascular risk in women and young people (3) and in RA patients (4).

Recognizing the limitations of the FRS, there have been several approaches to improve
ASCVD risk prediction, including the addition of C-reactive protein (CRP) to the model, as
in the Reynolds risk score (RRS) (5,6). Also, the American College of Cardiology (ACC)
and the American Heart Association (AHA) released recently a 10-year cardiovascular risk
score (7). This new ACC/AHA cardiovascular risk score seeks to stratify risk in people aged
40-75 years, without diabetes or clinical ASCVD, who have a low density lipoprotein
(LDL) cholesterol concentration <190 mg/dL. A predicted 10-year ASCVD risk >7.5%
obtained using the AHA/ACC model identifies those who would benefit from lipid lowering
therapy (7,8).

In the general population the amount of coronary artery calcium (CAC) detected correlates
with the amount of subclinical coronary artery atherosclerosis and predicts ASCVD
independent of traditional risk factors (9). We and others have previously shown that RA
patients have increased CAC compared to control subjects (1,10). We have also shown that
the majority of RA patients with CAC would be assigned to a low CV risk category by the
FRS (11) and thus would not be thought to warrant lipid lowering therapy. In addition to the
FRS, several other risk prediction models have been studied in RA using surrogates of
global atherosclerosis (e.g., CAC, carotid intima media thickness (cIMT)) and hard
cardiovascular events. Generally, these studies found that these risk scores underestimate
cardiovascular risk in RA (4,11-13). In RA, cIMT and presence of carotid plaque may
predict coronary events (14,15); however, the new ACC/AHA guidelines do not recommend
cIMT for routine risk assessment (7).

Current guidelines for prevention of ASCVD in the general population support the
measurement of CAC if there is uncertainty about CV risk categorization after standard risk
assessment and suggest that the risk assessment be revised upwards in patients with high
CAC scores (defined as =300 Agatston units or =75t percentile for age, sex and ethnicity)

().

The presence of RA may represent a clinical situation in which there is uncertainty about
CV risk categorization after standard risk assessment; thus, measurement of CAC could be
considered. However, measurement of CAC carries with the expense of the test and the risk
from exposure to radiation. The relationship between the new ACC/AHA risk score and
CAC in RA patients is not known. If the ACC/AHA risk score detects most RA patients who
have high CAC scores, then measurement of CAC would be less useful as it would
reallocate fewer patients into the elevated risk group. Therefore, we compared the ability of

Arthritis Rheumatol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kawai et al. Page 3

the FRS, the RRS, and the ACC/AHA 10-year risk score to correctly identify RA patients
with elevated ASCVD risk as indicated by a high CAC score.

Methods
Study participants

We previously recruited a cohort of patients who met the American College of
Rheumatology classification for RA and have studied factors contributing to cardiovascular
risk (1). In the present analysis we included those patients in whom the 2013 AHA/ACC risk
prediction model would be applicable: aged 40-75 years, no history of a previous
cardiovascular event or procedure, not on a statin, not diabetic, and LDL cholesterol <190
mg/dl. A standardized clinical interview and physical examination were performed as
described elsewhere (1). Hypertension was defined as any the following: systolic blood
pressure =140 mmHg, diastolic blood pressure 290 mmHg, or taking antihypertensive
medication. The study was approved by the Institutional Review Board at VVanderbilt
University and all subjects provided written informed consent.

Coronary artery calcium assessment

Coronary calcium was measured by performing an electron beam tomography with an
Imatron C-150 scanner (GE Imatron, South San Francisco, CA) as described before (1).
Scans were scored as described by Agatston et al. (16) by a single experienced investigator
(PR) who was unaware of the subjects’ clinical status. The estimated percentile for each
CAC score was calculated using an online calculator (www.mesa-nhlbi.org/
CACReference.aspx) (7). We used a CAC threshold of =300 Agatston units or 275
percentile for age, sex and ethnicity to identify those patients with high CAC (7).

Laboratory tests

We measured total cholesterol, high-density (HDL) and low-density lipoprotein cholesterol
(LDL), and triglyceride concentrations in the hospital clinical laboratory on fasting blood
samples. C-reactive protein (CRP) was measured by the hospital clinical laboratory or
ELISA (Millipore).

Cardiovascular risk scores

We calculated the 10-year cardiovascular FRS (17), the RRS (5,6), and the ACC/AHA risk
for developing a first ACSVD event (7). Because the highest 10-year risk assigned by the
FRS is 30%, we assigned the same value for any patient that achieved or exceeded this risk
level in the RRS and ACC/AHA risk scores. To compare risk scores, we categorized
patients as having either low or elevated 10-year CV risk using the 10% threshold for the
FRS and RRS and the 7.5% threshold for the ACC/AHA risk score, as recommended (5-
7,17).

Statistical Analysis

Demographic and clinical characteristics were described as frequencies and proportions for
categorical variables, or median with interquartile ranges (IQR) for continuous variables.
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Continuous variables were compared using Wilcoxon rank sum tests and categorical
variables with Pearson Chi-square test. The area under the receiver operator characteristic
(ROC) curve (or c-statistic) and 95% confidence interval (95%CI) were calculated to
determine the ability of the three risk scores to discriminate between patients with and
without high CAC. Cochran’s Q test was used to compare the frequency distribution of
patients with high CAC classified as having elevated risk among the three risk scores.
Statistical analysis was performed using IBM SPSS v.21 and a two-sided 5% significance
level was considered significant.

Clinical characteristics

Of the 98 RA patients who would be candidates for CV risk categorization by the
ACC/AHA score, 34 (35%) had high CAC. Patients with high CAC had more
cardiovascular risk factors (male, smokers, higher total and LDL cholesterol, and higher
CRP levels) and a trend towards longer disease duration than those without high CAC
(Table 1).

Comparison of risk scores in patients with and without high CAC

The 10-year risk score was higher in patients with high CAC than those without for the FRS
(median 5.0%, [IQR 2.0, 12.0] vs. 2.5%, [1.0, 6.0]; P=0.015), the RRS (5.2%, [1.9, 11.7] vs.
2.8%, [1.0, 6.0]; P=0.008), and the ACC/AHA risk score (5.9%, [2.8, 17.2] vs. 3.1%, [1.6,
8.5]; P=0.017) (Figure 1). Both the FRS and the RRS were more likely to assign patients
with high CAC into the elevated risk category than patients without high CAC (p=0.055 and
p=0.018, respectively); however, both scores assigned only 32% of patients with high CAC
into the elevated risk category. The ACC/AHA risk score assigned 41% of patients with
high CAC and 28% without high CAC into the elevated risk categories, respectively
(P=0.190) (Table 2). The c-statistic for the FRS, RRS and ACC/AHA risk scores predicting
the presence of high CAC were 0.65 (95%CI 0.53, 0.76), 0.66 (95%CI 0.55, 0.77), and 0.65
(95%CIl 0.55, 076), respectively.

Cardiovascular risk reclassification

In addition to comparing ROC curves, the clinical utility of predictive models can be
compared by their ability to reclassify patients into a different risk category. Compared to
the FRS, the ACC/AHA risk score reclassified 13% (13/98) of RA patients into a different
risk category; all except one shifted from low to high risk. The ACC/AHA risk score
primarily reclassified patients without high CAC into the elevated risk category and shifted
only 3/23 (13%) patients with high CAC and low FRS risk to the elevated risk category
(Figure 1 and Supplement Table S1). Similar results were found when contrasting the
ACC/AHA risk score with the RRS (Figure 1 and Supplement Table S1). The ability of the
three risk scores to allocate patients with high CAC into the elevated risk category did not
differ significantly (Cochran’s Q =3.0, P=0.223).
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Using a lower threshold for the ACC/AHA risk score

The ACC/AHA risk score correctly identified only 14 of 34 patients with high CAC as
falling into the elevated risk category (Figure 1). To explore whether using a lower risk
score threshold would improve detection of patients with high CAC, we examined the effect
of reducing the threshold for definition of the elevated risk category from 7.5% to 5%, as
suggested by the guidelines as being appropriate for patients with unusually elevated risk
such as primary and genetic hyperlipidemias, family history of premature ASCVD,
CRP=2mg/L, CAC score =300 Agatston units or = 75 percentile, ankle-brachial index <0.9
and elevated lifetime risk of ASCVD (8). Changing the threshold to 5% did indeed result in
more patients with high CAC (53%) being correctly placed in the elevated risk category, but
it also increased the number of patients without high CAC (38%) assigned to this category.

Discussion

The major finding of this study was that the ACC/AHA 10-year risk score failed to correctly
categorize almost 60% of RA patients with high CAC into the elevated risk category.

Overall, the predicted ACC/AHA 10-year risk was higher than the FRS and RRS, and thus
allocated more patients with high CAC into the elevated risk category. For example, the
ACC/AHA risk score increased the identification of RA patients with high CAC eligible for
lipid lowering therapy by almost 10% compared to the FRS (41% vs. 32%). Although this
difference was not statistically significant in this small sample, it may be clinically
important. Nevertheless, despite concerns that the ACC/AHA score overestimates risk in the
general population (18), 20/34 RA patients with CAC high enough to elevate their CV risk
categorization were not classified as having elevated risk. There is little information about
the ability of the ACC/AHA score to identify patients in the general population with high
CAC as having increased risk. However, since the CAC score improves risk prediction
beyond that provided by traditional risk factors in the general population, it is possible that,
as we found in RA, the ACC/AHA score may not identify many patients with high CAC.
For example, among a group of individuals referred for CAC screening, the FRS only
identified 46/115 (40%) individuals with a CAC =400 Agatston units as having moderately
to high risk (=10%). In that study 25 women had a CAC=400 Agatston units, but only 8 had
a FRS of 10-20% and none a FRS>20% (3).

The inability of the ACC/AHA risk score to categorize most RA patients with high CAC as
having elevated CV risk suggests that risk prediction models using standard CV risk factors
derived in the general population may not accurately identify many RA patients with
elevated CV risk.

The reduction in the threshold for risk stratification from >10% in the older FRS and RRS
risk scores to =7.5% in the ACC/AHA risk score did not account for the majority of the
additional RA patients with high CAC now identified as having elevated risk. Only one
patient with high CAC who had a 10-year risk of 9% by ACC/AHA, 6% by FRS, and 5% by
RRS was classified as having elevated risk based on the reduced (=7.5%) threshold. Further
reduction of the ACC/AHA threshold for elevated risk to =5%, as suggested by the new
guidelines as a consideration for high risk patients (8), resulted in 53% of RA patients with
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high CAC being correctly allocated to the elevated risk category; however, it also increased
the number of patients without high CAC classified as being at elevated risk.

The ACC/AHA risk score reclassified 12 (16%) patients in the FRS low risk category into
the elevated risk category and shifted only 1 (5%) patient classified as having elevated risk
by FRS into the low risk category. However, the majority of risk reclassification occurred
among patients without high CAC (Supplement Table S1). Thus, although the ACC/AHA
model classified more patients overall into the elevated risk group, it did not improve the
accuracy of the identification of patients known to have elevated risk based on high CAC
scores.

A limitation is that our study was cross-sectional and thus we are not able to determine the
ability of risk scores to predict CV events. Related to this, we used a high CAC score as an
indicator of high CV risk and thus increased risk of future CV events. The ability of CAC to
predict cardiovascular events in RA has not been determined. In the general population high
CAC scores are related to risk of future CV events (19). Nevertheless, not every patient with
high CAC will have a CV event and thus CAC is not a gold standard. Therefore, studies to
determine how well the ACC/AHA risk score predicts future cardiovascular outcomes in RA
will be important

In conclusion, the new ACC/AHA 10-year risk score assigned almost 60% of patients with
elevated risk as determined by a high CAC into a low risk category. New risk scores and
standard risk prediction models used in the general population do not adequately identify
many RA patients with elevated cardiovascular risk. RA may represent a clinical situation in
which the use of CAC screening may be useful for CV risk stratification until better
biomarkers or CV risk scores are developed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 10-year cardiovascular risk estimates (%) in patients with rheumatoid arthritis
Footnote: Patients were considered to have high coronary artery calcification (CAC) if CAC

> 300 Agatston units or CAC =75t percentile of expected coronary artery calcium for their
age, sex and race. Patients with and without high CAC are represented in filled and empty
circles, respectively.

Risk scores are represented as the 251, 50t and 75t percentile. Dotted lines represent the
threshold that classified patients into low and elevated risk: 10% for Framingham risk score
(FRS) and the Reynolds risk score (RRS), and 7.5% for 10-year American College of
Cardiology/American Heart Association (ACC/AHA) risk score.
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Demographic and clinical characteristics ofpatients with rheumatoid arthritis with and without high coronary

artery calcium atherosclerosis

Characteristics

High Coronary Artery Calcium”

No Yes pT

(n=64) (n=34)
Demographics
Age (years) 52 (46, 62) 54 (51, 63) 0.259
Female (%) 53 (82.8) 21 (61.8) 0.021
Caucasian (%) 58 (90.6) 30 (88.2) 0.710
Lipid profile
Total cholesterol (mg/dL) 184 (157, 205) 198 (165,219)  0.079
High-density lipoprotein cholesterol (mg/dL) 46 (39, 58) 45 (38, 54) 0.714
Low-density lipoprotein cholesterol (mg/dL) 114 (86, 133) 122 (106, 148)  0.032
Triglycerides (mg/dL) 106 (77, 142) 111 (78, 136) 0.988
Other risk factors
Systolic blood pressure (mmHg) 134 (117, 146) 131 (119, 140)  0.695
Diastolic blood pressure (mmHg) 73 (69, 80) 76 (66, 85) 0.506
Body mass index (kg/m?) 27.6 (23.6,32.5) 27.6 (24.2,29.5) 0.649
Hypertension$ 29 (45.3) 19 (55.9) 0.319
Current smoking status 11 (17.2) 16 (47.1) 0.002
Family history of coronary heart disease 18 (28.1) 11 (32.4) 0.816
C-reactive protein (mg/L) 3.6 (1.0, 10.5) 9.5 (3.0, 20.0) 0.016
Disease duration (years) 3(2.0,16.5) 13.0(2.0,21.0) 0.055

Only White and African-American patients who were 4075 years old at enrollment were included. Patients with diabetes, or previous
cardiovascular event (myocardial infarction, angina, stroke) or procedure (coronary artery bypass or graft), with low density lipoprotein

cholesterol= 190mg/dL, or using statins were excluded.

Data are presented as median (interquartile range) for continuous variables, count (percentage) for categorical variables.
*

High coronary artery calcium (CAC) is defined as =300 Agatston units or cACz75th percentile expected for age, sex and race.
§Hypertension defined as systolic blood pressure=140mmHg, or diastolic blood pressure =290mmHg, or taking antihypertensive medication

Wilcoxon’s rank sum test was used for comparing continuous variables, and percentages were compared using the chi-square test.
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Table 2
Cardiovascular risk estimates in patients with rheumatoid arthritis with and without high coronary artery
calcium”
10-year cardiovascular risk scores CAC<300 Agatston units  CAC=300 Agatston units  p ygjyesf
or CAC<75th percentile  or CAC=75th percentile
(n=64) (n=34)
Framingham risk score Low risk category 54 (84) 23 (68) 0,055
Elevated risk category 10 (16) 11 (32) '
Reynolds risk score Low risk category 56 (87) 23 (68) 0018
Elevated risk category 8 (13) 11 (32) '
ACC/AHA risk score$ Low risk category 46 (72) 20 (59) 0190
Elevated risk category 18 (28) 14 (41) '

Data are presented as frequency and percentages.
*
High coronary calcium (CAC) was defined as CAC=300 Agatston units or CAC=75th percentile expected for age, sex and ethnicity.

ﬂP values were determined using Pearson Chi-square test to compare the proportions of patients with and without high CAC assigned into low and
elevated risk category.

T10% cut-off for low vs. elevated risk;

§7.5% cut-off for low vs. elevated risk

ACC/AHA: American College of Cardiology/American Heart Association
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