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Abstract

Objectives—Despite increasing use of the 2013 American College of Cardiology/American
Heart Association (ACC/AHA) cardiovascular (CV) risk score in clinical practice, few studies
have compared this score to the Framingham risk score among rheumatologic patients. We
calculated Framingham and 2013 ACC/AHA risk scores in subjects with systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA), and assessed demographic, CV, and
rheumatologic characteristics associated with discordant scores (high risk ACC/AHA scores but
low risk Framingham scores).

Methods—SLE and RA subjects drawn from 2 population-based cohort studies were assessed
during in-person study visits. We used chi-squared tests and t-tests to examine the association of
discordant CV risk scores with baseline characteristics.

Results—11 (7.0%) of 157 SLE subjects and 11 (11.5%) of 96 RA subjects had discordant CV
risk scores with high ACC/AHA scores and low Framingham scores. These findings did not
significantly change when a 1.5 multiplier was applied to the Framingham score. Rheumatologic
disease duration, high-sensitivity CRP levels, African-American race, diabetes, current use of anti-
hypertensive medication, higher age, and higher systolic blood pressure were each significantly
associated with discordant risk scores.

Conclusions—Approximately 10% of SLE and RA subjects had discordant 10-year CV risk
scores. Our findings suggest that the use of the 2013 ACC/AHA risk score could result in changes
to lipid-lowering therapy recommendations in a significant number of rheumatologic patients.
Prospective studies are needed to compare which score better predicts CV events in rheumatologic
patients, especially those with risk factors associated with discordant risk scores.

Introduction

Patients with systemic lupus erythematosus (SLE) or rheumatoid arthritis (RA) have an
increased risk for cardiovascular disease compared to the general population, and
cardiovascular events are a major cause of morbidity and mortality in these populations
[1,2]. The increased cardiovascular risk in patients with SLE and RA appears to be
explained by multiple factors including a high prevalence of traditional cardiovascular risk
factors (such as hypertension and hyperlipidemia), systemic inflammation related to the
underlying rheumatologic disease, and chronic corticosteroid use [2,3]. Previous studies
have demonstrated that traditional cardiovascular risk factors are highly prevalent,
underdiagnosed, and poorly controlled in this patient population [4,5].

The Framingham cardiovascular risk score (which includes variables for age, sex, total
cholesterol, HDL cholesterol, systolic blood pressure, smoking status, and use of anti-
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hypertensive medication) has been used to perform cardiovascular risk stratification in the
general population, but it underestimates cardiovascular risk in young patients, women, and
patients with inflammatory diseases such as SLE and RA [6]. Multipliers to traditional 10-
year cardiovascular risk scores have therefore been proposed to more accurately characterize
cardiovascular risk in patients with certain rheumatologic conditions. For example, the
European Union League Against Rheumatism (EULAR) has published recommendations for
RA that advise physicians to calculate a 10-year coronary heart disease risk (such as a 10-
year Framingham risk score) for each patient, to multiply this risk by a factor of 1.5, and to
subsequently use the adjusted risk score to manage cardiovascular risk [7]. In 2013, the
American College of Cardiology/American Heart Association (ACC/AHA) developed a risk
assessment tool for the general population. This tool incorporates the additional variables of
race and diabetes, but the presence of a rheumatologic disease does not influence the 2013
ACC/AHA cardiovascular risk calculation [8,9].

From the public health perspective, cardiovascular risk stratification generally occurs in the
primary care setting without accounting for specific rheumatologic factors such as disease
activity or disease duration. Despite increasing use of the 2013 ACC/AHA cardiovascular
risk score in clinical practice in the United States, few studies have compared this score to
the Framingham risk score in patients with rheumatologic conditions [9,6]. We aimed to
conduct a highly pragmatic study to understand how the commonly used cardiovascular risk
scores in primary care in the United States differentially stratify patients with SLE and RA,
which is an important first step in analyzing the clinical utility of the new 2013 ACC/AHA
risk score in patients with rheumatic diseases. The objectives of our cross-sectional study
were: 1) to determine the proportion of discordant 10-year Framingham cardiovascular risk
scores and 2013 ACC/AHA cardiovascular risk scores in subjects with SLE and RA, 2) to
determine the proportion of discordant 10-year modified Framingham cardiovascular risk
scores (with the EULAR-proposed1.5 multiplier) and 2013 ACC/AHA cardiovascular risk
scores in these subjects, and 3) to assess demographic, cardiovascular, and rheumatologic
clinical characteristics associated with discordant cardiovascular risk scores.

Data Source and Study Population

In this cross-sectional study, the subjects in the SLE and RA groups had participated in the
Anrthritis, Body Composition, and Disability (ABCD) Study. Patients included in the ABCD
Study were drawn from 2 longstanding cohort studies (the University of California, San
Francisco, Lupus Outcomes Study and RA Panel Study). The subjects were initially
recruited from both clinical and community-based sources in Northern California and had
in-person research visits; additional details regarding these data sources have been reported
previously [10,11]. All subjects had diagnoses of SLE or RA that were based on the
American College of Rheumatology criteria and verified by medical record review.
Exclusion criteria for the ABCD Study included non-English-speaking status, current daily
oral prednisone of 50mg or greater, current pregnancy, uncorrected vision problems that
would interfere with reading ability, and joint replacement within 1 year. Additional
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exclusion criteria for the present analysis were the absence of data required to calculate the
Framingham or 2013 ACC/AHA risk scores (n=14).

Although the Framingham risk score is traditionally applied to patients without diabetes, we
did not exclude subjects with diabetes in this study in order to perform an analysis of
whether the presence of diabetes was associated with discordance of the Framingham risk
score and the 2013 ACC/AHA risk score. A sensitivity analysis that excluded subjects with
diabetes was performed to allow for comparison of the results. In addition, the 2013
ACC/AHA pooled cohort equations are intended to be applied in patients with age 40-75
years, total cholesterol 130-320 mg/dL, HDL cholesterol 20-320 mg/dL, LDL cholesterol <
190 mg/dL, and systolic blood pressure 90-200 mmHg, but the values of certain variables
required for calculation of the ACC/AHA risk score did not fall into this range in 59
subjects, most commonly because of age < 40 (n=41) and total cholesterol < 130 mg/dL
(n=15) [8,9]. The values of these variables were imputed to the nearest value in the range
required to calculate the ACC/AHA risk score, which is reflective of common clinical
practice.

Variables and Measurements

Demographic characteristics, smoking status, diabetes status, rheumatologic disease
duration, and current medication use data were obtained from subjects by self-report at an
in-person research visit, and rheumatologic disease activity was assessed using either the
Systemic Lupus Activity Questionnaire (SLAQ) or the Rheumatoid Arthritis Disease
Activity Index (RADALI), which are validated self-reported measures of disease activity
[12,13]. Blood pressures and weights were measured by registered nurses. Laboratory
studies including high-sensitivity CRP (hsCRP), total cholesterol, LDL cholesterol, HDL
cholesterol, and triglycerides were collected in non-fasting conditions; robust evidence
supports the use of non-fasting blood draws for routine lipid testing [14]. The 10-year
Framingham cardiovascular risk score (which includes age, sex, total cholesterol, HDL
cholesterol, systolic blood pressure, smoking status, and current use of anti-hypertensive
medication) and 2013 ACC/AHA cardiovascular risk score (which includes race and
diabetes status in addition to the aforementioned Framingham variables) were subsequently
calculated for each subject. A modified 10-year Framingham cardiovascular risk score with
a 1.5 multiplier was also calculated for the purpose of comparison given the EULAR
recommendations noted above.

As per Adult Treatment Panel-I11 (ATP-111) recommendations and previous related studies, a
subject with a 10-year Framingham risk score (or modified Framingham risk score with a
1.5 multiplier) = 10% was defined as high-risk by that score, whereas a subject with a 10-
year Framingham risk score (or modified Framingham risk score with a 1.5 multiplier) <
10% was defined as low-risk[15,6]. A subject with a 10-year 2013 ACC/AHA risk score =
7.5% was defined as high-risk by that score, whereas a subject with a 10-year 2013
ACC/AHA risk score < 7.5% was defined as low-risk. The 7.5% threshold identifies patients
who would benefit from lipid-lowering therapy according to these recent ACC/AHA
guidelines [9]. A subject with a discordant cardiovascular risk score was defined as one who
had a Framingham risk score (or modified Framingham risk score with a 1.5 multiplier) that
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characterized him/her as low-risk and an ACC/AHA risk score that characterized him/her as
high risk, or vice versa.

Statistical analysis

Results

Associations of demographic, cardiovascular, and rheumatologic characteristics with
discordant cardiovascular risk scores were analyzed using chi-squared tests for categorical
variables and using independent t-tests for continuous variables. All statistical analyses were
performed using Stata software, version 13.0.

We included 157 subjects with SLE and 96 subjects with RA. The mean age of the SLE
subjects was 50.1 years, and the mean age of the RA subjects was 58.7 years (Table 1). In
the SLE group, 93.0% of the subjects were female and 12.7% were African-American. In
the RA group, 83.3% of the subjects were female and 2.1% were African-American. On
average, the SLE and RA subjects were overweight with a mean body mass index (BMI) of
27.4 kg/m? and 26.3 kg/m2, respectively. The mean rheumatologic disease duration for both
groups was over 15 years. Nearly 50% of SLE subjects were using prednisone therapy with
a mean daily prednisone dose of 8.1 mg among prednisone users; 29.0% of RA subjects
were taking prednisone with a mean daily prednisone dose of 6.1mg among prednisone
users. 20.4 % of SLE subjects were receiving statin therapy; 76.0% of RA subjects had
missing data on statin use, and of the 23 RA subjects with available data on statin use, 16
(69.6%) were using statins.

The majority of subjects (over 75%) in both groups had concordant low cardiovascular risk
scores, with a low Framingham risk score and a low ACC/AHA risk score (Table 2). 7.0%
(n=11) of SLE subjects and 11.5%(n=11) of RA subjects had discordant cardiovascular risk
scores with low Framingham risk scores but high ACC/AHA risk scores. None of the
subjects had a high Framingham risk score and low ACC/AHA risk score. When the 1.5
multiplier was applied to the Framingham risk score, 3 additional subjects with RA were
identified as high risk and the number of subjects with discordant risk scores increased by
only 1 (from 8.7% to 9.1%).

We compared the 22 subjects who had discordant Framingham and ACC/AHA risk scores
(FRS-low/ACC-high)with the 231 subjects who had concordant risk scores. Among the
22FRS-low/ACC-high subjects, the mean hsCRP level was 7.3 mg/L and the mean
rheumatologic disease duration was 23.5 years compared to 3.6 mg/L and 17.4 years,
respectively, in subjects with concordant cardiovascular risk scores (p<0.01). African-
American race, diabetes, current use of anti-hypertensive medication, higher age, and higher
systolic blood pressure were also associated with discordant FRS-low/ACC-high scores
(p<0.05). In a sensitivity analysis excluding 14subjects with diabetes, only age, systolic
blood pressure, and rheumatologic disease duration were significantly associated with
discordant risk scores (p<0.05).

When the 59 subjects who required imputation of variables for calculation of the ACC/AHA
risk score were excluded from the analysis, the percentage of FRS-low/ACC-high subjects
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remained similar with 8.8% of SLE subjects and 9.9% of RA subjects having this discordant
risk score. When high risk by the 10-year 2013 ACC/AHA risk score was redefined as =
10%, the number of FRS-low/ACC-high SLE subjects decreased from 11 to 10, and the
number of FRS-low/ACC-high RA subjects decreased from 11 to 8.

Discussion

Approximately 10% of both SLE and RA subjects in this study had discordant 10-year
cardiovascular risk scores with low Framingham risk scores and high 2013 ACC/AHA risk
scores. None of the subjects had a high Framingham risk score and low ACC/AHA risk
score, indicating that the 2013 ACC/AHA risk score may classify more SLE and RA
patients as high risk. We found no significant change in the proportion of discordant subjects
after applying a 1.5 multiplier to the Framingham risk score. Interestingly, hsCRP levels and
rheumatologic disease duration were significantly associated with discordant FRS-low/ACC-
high risk scores, suggesting that the ACC/AHA risk score may better capture exposure to
systemic inflammation. Multiple other demographic and cardiovascular clinical
characteristics that contributed to one or both of the cardiovascular risk scores under study
were also significantly associated with discordant FRS-low/ACC-high risk scores, including
age, African-American race, systolic blood pressure, diabetes, and current use of anti-
hypertensive medication. SLE and RA patients with these characteristics may therefore be
more likely to receive recommendations for lipid-lowering therapy if the ACC/AHA risk
score is used.

A recent study using the National Health and Nutrition Examination Surveys of 2005 to
2010 estimated that the number of U.S. adults eligible for statin therapy would increase by
12.8 million (from 37.5% to 48.6%) based on the new ACC/AHA guidelines compared to
the ATP-111 guidelines, but few studies have compared the 2013 ACC/AHA risk score and
the Framingham risk score in patients with rheumatologic diseases [16]. A study by Kawai
et al. addressed the ability of the 2013 ACC/AHA risk score to identify RA patients with
high coronary artery calcification scores and demonstrated that 16% of patients categorized
as low risk by the Framingham risk score were reclassified as high risk by the ACC/AHA
risk score [6]. Our study had similar results with 11.5% of subjects in the RA cohort who
were low risk by the Framingham risk score, yet recategorized as high risk by the
ACC/AHA risk score. Overall, our findings suggest that the use of the 2013 ACC/AHA risk
score would result in changes in management recommendations for initiation of lipid-
lowering therapy and for more aggressive lifestyle modification in a significant number of
rheumatologic patients. Consistent with that notion, a previous French multicenter study of
677 statin-naive RA patients demonstrated that statins would be recommended in 78.5% of
men and 38.8% of women according to the 2013 ACC/AHA guidelines compared to only
53.1% of men and 15.6% of women according to the ATP-I1I guidelines [17]. The results of
our study are difficult to directly compare to that study given that our study addressed
discordance in risk categorization rather than discordance in recommendations for statin
therapy in statin-naive patients, but the higher rate of discordance in that study may be
explained by application of the EULAR 1.5 multiplier to both risk scores in nearly 60% of
subjects (depending on specific RA characteristics).
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The ability of the 2013 ACC/AHA risk score to accurately identify rheumatologic patients
with high cardiovascular risk is still unclear. In a recent study of 216 RA patients by Ozen et
al., the 2013 ACC/AHA risk score failed to identify about 55% of the subjects with
increased carotid intima-media thickness and/or carotid plaques, and Kawai et al. reported
that the 2013 ACC/AHA risk score assigned almost 60% of patients with high coronary
artery calcium into a low risk category [18,6]. Future studies should investigate whether the
risk categorization of SLE and RA patients by the ACC/AHA risk score correlates not only
with surrogate markers of cardiovascular disease, but also with long-term cardiovascular
events. Importantly, the values of certain variables required for calculation of the ACC/AHA
risk score did not fall into the intended range in 59 subjects and necessitated imputation of
these variables. The most common reason for this imputation was age < 40, underscoring the
importance of developing cardiovascular risk assessment tools that are applicable and
validated in young patients with rheumatic diseases.

The present study has several strengths. To our knowledge, this is the first study that has
addressed the discordance of the Framingham risk score and the 2013 ACC/AHA risk score
in over 250 subjects with RA or SLE. RA-specific cardiovascular risk scores have been
proposed, but our study provides a practical comparison of the Framingham risk score (with
and without a 1.5 multiplier) and the 2013 ACC/AHA risk score, which are commonly used
in clinical practice [19]. The results have important clinical implications because indications
for lipid-lowering therapy are based on these cardiovascular risk scores. Nevertheless, this
study has some limitations. The study population was recruited in California and was
predominantly Caucasian, which may limit the generalizability of the results to other
populations. Disease activity scores that include objective laboratory data and physician
assessments were not available, though we did assess validated self-reported disease activity
measures. Longitudinal clinical data such as cumulative steroid use, NSAID use, and use of
other immunosuppressive therapy were not available. Although data on use of statins were
also unavailable for 76% of the RA subjects, statin use would not invalidate the clinical
utility of cardiovascular risk assessment tools. However, statins have pleiotropic anti-
inflammatory effects and may affect disease activity in SLE and/or RA, though this is
controversial and quantification of a potential effect on disease activity is difficult given the
number of confounding factors [20,21]. Other cardiovascular risk scores, such as the
QRESEARCH Cardiovascular Risk Algorithm 2 (QRISK 2), were not assessed in this study
given the absence of necessary data and our objective to determine differences in
cardiovascular risk scores that are used in the “real-world” primary care setting; a
comparison of other cardiovascular risk scores is an exciting area for future research.

In summary, a small but significant fraction of SLE and RA subjects had discordant
cardiovascular risk scores with low Framingham risk scores and high ACC/AHA risk scores,
even when a 1.5 multiplier was applied to the Framingham risk score. Prospective studies
are needed to address the ability of different cardiovascular risk assessment tools to predict
cardiovascular events in rheumatologic patients. These studies have the potential to provide
a more evidence-based approach to cardiovascular risk stratification and reduce
cardiovascular morbidity and mortality in patients with rheumatologic diseases.
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Table 1

Demographic and Clinical Characteristics of SLE and RA Cohorts

SLE (N=157) RA (N=96)
Demogr aphic Characteristics

Age (years) Mean + SD 50.1+8.9 58.7+9.1
Female N (%) 146 (93.0%) 80 (83.3%)
Caucasian race N (%) 101 (64.3%) 81 (84.4%)
African-American race N (%) 20 (12.7%) 2 (2.1%)
Asian race N (%) 24 (15.3%) 6 (6.3%)
Hispanic race N (%) 30 (19.1%) 12 (12.5%)
Cardiovascular Clinical Characteristics

Body mass index (kg/m2) Mean+SD  27.4+6.9 26.3+5.2
Systolic blood pressure (mm Hg) Mean + SD 121+ 20 125+ 18
Diastolic blood pressure (mm Hg) Mean + SD 70+ 14 71+£10
Total cholesterol (mg/dL) Mean + SD 179+ 35 193 +40
LDL cholesterol (mg/dL) Mean + SD 92+31 102+ 34
HDL cholesterol (mg/dL) Mean + SD 61+18 67+ 20
Triglycerides (mg/dL) Mean + SD 12772 112 £50
Current smoker N (%) 10 (6.4%) 5 (5.2%)
Diabetes N (%) 11 (7.0%) 3(3.1%)
Current use of anti-hypertensive medication N (%) 66 (42.0%) 34 (35.4%)
Current use of statin N (%) 32 (20.4%) *
Rheumatologic Clinical Characteristics

hsCRP (mg/L) Mean + SD 39+6.8 40+6.0
Current use of prednisone therapy ** N (%) 70 (45.5%) 27(29.0%)
Current daily prednisone dose among prednisone users (mg) Mean + SD 8.1+4.6 6.1+3.7
Disease duration (years) Mean + SD 15.8+9.3 21.4+11.6
SLAQ score Mean + SD 126+75 Not applicable
RADAI score Mean £ SD  Not applicable 23+1.7

Values are the mean + standard deviation (SD) for continuous variables and N (%) for categorical variables.

Laboratory studies were collected in non-fasting conditions.

SLAQ = Systemic Lupus Activity Questionnaire; RADAI = Rheumatoid Arthritis Disease Activity Index.

*73 RA subjects (76.0%) had missing data on statin use. Of the 23 RA subjects with available data on statin use, 16 (69.6%) were on statin therapy.

Ak
3 SLE subjects and 3 RA subjects were missing data on current use of prednisone therapy; percentages noted excluded those with missing data.
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10-year Framingham Cardiovascular Risk Scores and 2013 ACC/AHA Cardiovascular Risk Scores in SLE and

RA

Discordant Cardiovascular Risk Scores
FRSand ACC/AHA

FRS-low and ACC/AHA-high 11 (7.0%)
FRS-high and ACC/AHA-low 0 (0.0%)
FRSwith 1.5 Multiplier and ACC/AHA

1.5xFRS-low and ACC/AHA-high 11 (7.0%)
1.5xFRS-high and ACC/AHA-low 0 (0.0%)
Concordant Cardiovascular Risk Scores
FRSand ACC/AHA

FRS-high and ACC/AHA-high 3 (1.9%)

FRSwith 1.5 Multiplier and ACC/AHA
1.5xFRS-high and ACC/AHA-high 3 (1.9%)

SLE (N=157)

FRS-low and ACC/AHA-low 143 (91.1%)

1.5xFRS-low and ACC/AHA-low 143 (91.1%)

RA (N=96)

11 (11.5%)

0 (0.0%)

10 (10.4%)

2 (2.1%)

12 (12.5%)

73 (76.0%)

13 (13.5%)
71 (74.0%)

Values are the N (%).

FRS = 10-year Framingham cardiovascular risk score.

1.5xFRS = 10-year Framingham cardiovascular risk score multiplied by 1.5.

ACC/AHA = 10-year 2013 American College of Cardiology/American Heart Association cardiovascular risk score.

Low = 10-year cardiovascular risk score less than 7.5% for ACC/AHA or less than 10% for FRS and 1.5xFRS.

High = 10-year cardiovascular risk score greater than or equal to 7.5% for ACC/AHA or greater than or equal to 10% for FRS and 1.5xFRS.
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Table 3
Comparison of SLE and RA Subjects with FRS-low/ACC-high Discordant versus Concordant 10-year
Framingham Cardiovascular Risk Scores and 2013 ACC/AHA Cardiovascular Risk Scores
FRS-low/ACC-high Discordant (N=22) Concordant (N=231) p value

Demogr aphic Char acteristics
Age (years) Mean + SD 65.4+7.2 52.2+9.3 <0.01
Female N (%) 20 (90.9%) 206 (89.2%) 0.80
African-American race N (%) 5 (22.7%) 17 (7.4%) 0.02
Cardiovascular Clinical Char acteristics
Body mass index (kg/m?) Mean + SD 28.9+6.0 26.8+6.3 0.15
Systolic blood pressure (mm Hg) Mean + SD 140+ 18 121+18 <0.01
Diastolic blood pressure (mm Hg) Mean + SD 73+13 70 £13 0.41
Total cholesterol (mg/dL) Mean + SD 179+ 29 185 + 39 0.51
LDL cholesterol (mg/dL) Mean + SD 93+23 96 + 33 0.66
HDL cholesterol (mg/dL) Mean + SD 61+17 64 +19 0.50
Triglycerides (mg/dL) Mean + SD 126 +41 121 + 67 0.69
Current smoker N (%) 1 (4.6%) 14 (6.1%) 0.77
Diabetes N (%) 8 (36.4%) 6 (2.6%) <0.01
Current use of anti-hypertensive medication N (%) 15 (68.2%) 85 (36.8%) <0.01
Rheumatologic Clinical Characteristics
hsCRP (mg/L) Mean + SD 7.3+104 3.6+59 0.01
Current use of prednisone therapy N (%) 6 (27.3%) 91 (40.4%) 0.23
Current daily prednisone dose among Mean + SD 73+£23 75+4.6 0.91
prednisone users (mg)
Disease duration (years) Mean + SD 235+131 17.4+£10.2 0.01

Values are the mean + standard deviation (SD) for continuous variables and N (%) for categorical variables.

p values were calculated using chi-squared tests for categorical variables and using independent t-tests for continuous variables.

Laboratory studies were collected in non-fasting conditions.

A subject with a FRS-low/ACC-high discordant cardiovascular risk score is defined as a subject who has a 10-year Framingham cardiovascular risk

score less than 10% and a 10-year 2013 ACC/AHA cardiovascular risk score greater than or equal to 7.5%.

*
6 subjects with concordant cardiovascular risk scores were missing data on current use of prednisone therapy; percentage noted excluded those

with missing data.
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