
486 The Journal of Rheumatology 2016; 43:3; doi:10.3899/jrheum.150510

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved.

The Framingham Score and the Systematic Coronary
Risk Evaluation at Low Cutoff Values Are Useful
Surrogate Markers of High-risk Subclinical
Atherosclerosis in Patients with Rheumatoid Arthritis
Patrick H. Dessein, Alfonso Corrales, Raquel Lopez-Mejias, Ahmed Solomon, 
Angela J. Woodiwiss, Javier Llorca, Gavin R. Norton, Fernanda Genre, Ricardo Blanco,
Trinitario Pina, Carlos Gonzalez-Juanatey, Linda Tsang, and Miguel A. Gonzalez-Gay

ABSTRACT. Objective. We determined the performance of the Framingham score and the Systematic COronary
Risk Evaluation (SCORE) in assessing high-risk atherosclerosis in patients with rheumatoid arthritis
(RA).
Methods.We assembled 330 cases without established cardiovascular disease (CVD), diabetes, and
moderate or severe chronic kidney disease among 451 consecutive Spanish patients who underwent
CVD risk screening and carotid ultrasound-determined plaque assessment. The findings were
validated in 90 black and 97 white African patients.
Results.When sensitivity for the Framingham score was set at 80% in receiver-operator curve analysis
[area under the curve (AUC) = 0.799], the corresponding cutoff value and specificity were 7.3% and
63%, respectively. At a specificity of 80%, the cutoff value and sensitivity were 10.8% and 65%,
respectively. When sensitivity for SCORE (AUC = 0.747) was set at 80%, the cutoff value and speci-
ficity were 0.5% and 58%, respectively. At a specificity of 80%, the cutoff value and sensitivity were
1.5% and 50%, respectively. Upon applying a cutoff value of 7.3% for the Framingham and 0.5% for
SCORE in African white patients with RA, the corresponding sensitivities and specificities were 67%
and 72%, and 67% and 55%, respectively. CVD risk equations did not discriminate between black
African patients with and without plaque (AUC = 0.544 and 0.549 for Framingham score and SCORE,
respectively).
Conclusion. The Framingham score and SCORE at markedly low cutoff values of 7.3% to 10.8%
and 0.5% to 1.5%, respectively, can usefully estimate plaque presence in RA. Effective popula-
tion-specific CVD risk assessment strategies are needed in black African patients with RA. (First
Release January 15 2016; J Rheumatol 2016;43:486–94; doi:10.3899/jrheum.150510)
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Traditional and nontraditional cardiovascular (CV) risk
factors including disease characteristics and genetic factors
mediate the enhanced atherosclerosis and CV disease (CVD)
event rates in rheumatoid arthritis (RA)1,2,3,4,5,6,7,8. In the
population at large, the use of multiple major traditional risk
factor equations including the Framingham score and the
Systematic COronary Risk Evaluation (SCORE) is currently
recommended to assess CVD risk9,10. The updated version
of the Framingham score and SCORE estimate the absolute
10-year risk for any CVD event and fatal CVD events,
respectively10,11. Thresholds of a Framingham score of 20%
or more and a SCORE of 5% or more are arbitrarily
considered  indications for intensified risk factor management
mostly with CV drugs and particularly statins9,10.

CVD risk assessment remains inadequate in RA at
present12. Thus, both the SCORE and Framingham score
reportedly underestimate incident CVD event rates in RA13.
Accordingly, the European League Against Rheumatism
(EULAR) recommended multiplying CVD risk equation
results by 1.5 in patients with RA when 2 of the 3 following
disease characteristics are present: disease duration > 10
years, rheumatoid factor or/and anticyclic citrullinated
positivity, and the presence of severe extraarticular manifes-
tations, thereby providing the modified SCORE (mSCORE)3.

Ultrasound (US)-determined carotid plaque represents
very high CV risk and strongly predicts incident CVD events
independent of traditional CVD risk factors as included 
in the Framingham score, SCORE, and RA character-
istics9,10,14,15. In this regard, we previously found that the
Framingham score was as low as 7% in patients with RA with
plaque4. Congruently, studies reported that most patients with
RA who were estimated not to be at high risk by the SCORE
or mSCORE actually had carotid artery plaque16,17. The
Framingham score in patients with RA is nevertheless signifi-
cantly associated with carotid artery atherosclerosis4, as well
as electron beam tomography-determined coronary artery
calcification (CAC) scores18, another marker of subclinical
CVD that can enhance CVD risk stratification9,10.

Guidelines on CVD prevention recommend vascular
imaging to identify carotid plaque or high CAC scores upon
refining CV risk assessment9,10. In RA, a SCORE of ≥ 5%
or a Framingham score of ≥ 20% is too insensitive in identi-
fying patients with high-risk atherosclerosis who require
intervention with lipid-lowering agents4,12,16,17. However,
whether the application of the respective CVD risk equations

at lower cutoff values can reliably assess the presence of
carotid plaque and thereby preclude the need for vascular
imaging in patients with RA has, to our knowledge, not been
reported. In our study, we explored this possibility using
receiver-operator characteristic (ROC) curve analysis in a
large group of Spanish patients with RA. In addition, we
validated findings obtained among Spanish patients in white
and black African patients with RA.

MATERIALS AND METHODS
Patients. A total of 330 patients with RA were enrolled at the Hospital
Universitario Marques de Valdecilla in Santander, Spain. These participants
originated from a group of 451 consecutive patients who underwent CVD
risk factor recording and carotid US as previously reported16,17. Patients
were excluded when they had established CVD, including ischemic heart
disease, cerebrovascular accident, peripheral arterial disease, and/or heart
failure. We also excluded patients with diabetes and moderate [estimated
glomerular filtration rate (eGFR) = 30–59 ml/min/1.73 m2] or severe chronic
kidney disease (eGFR < 30 ml/min/1.73 m2) because these comorbidities
represent high or very high CVD risk.

The external validation group consisted of 187 (90 black and 97 white)
African patients with RA. These participants were derived from 243 (121
black and 122 white) consecutive patients who underwent CVD risk factor
recording and carotid US at the Charlotte Maxeke Johannesburg Academic
Hospital and Milpark Hospital in Johannesburg, South Africa19,20. Exclusion
criteria were applied as in the Spanish patients. The study was approved by
the local ethics committees and each participant gave written informed
consent.
CV risk factors. Recorded characteristics are shown in Table 1. Dyslipidemia
was diagnosed when patients had a total high-density lipoprotein (HDL)
cholesterol ratio of > 4 and/or were using lipid-lowering agents. Other
conventional CVD risk factors were defined using our previously reported
methods16,17. Based on age, sex, smoking status, systolic blood pressure,
total cholesterol, and HDL cholesterol concentrations, the SCORE was
calculated to determine the 10-year risk of fatal CVD in a European
population at low CVD risk, as recommended in persons living in Spain10.
Based on the variables included in the SCORE, as well as treatment for
hypertension (HTN), we calculated the Framingham score to determine the
10-year risk of any CVD events consisting of coronary heart disease, stroke,
peripheral artery disease, or heart failure as reported by D’Agostino, et al in
200811 and recommended for use in South Africa21.

Recorded CV drugs included antihypertensive agents and statins.
Extraarticular manifestations consisted of nodular disease, Felty syndrome,
pulmonary fibrosis, rheumatoid vasculitis, and secondary Sjögren syndrome.
Carotid US. In Spanish patients, arterial atherosclerotic plaques in the
extracranial carotid tree were identified using the commercially available
scanner Mylab 70 Esaote equipped with a 7–12 MHz linear transducer and
the automated software-guided technique radio frequency-Quality
Intima-media Thickness in real time (Esaote) as previously reported16.
Images were obtained of at least 1-cm length of the common carotid arteries
for measurement of the intima-media thickness (IMT) of the far wall from
an optimal angle of incidence defined as the longitudinal angle of approach
where both branches of the internal and external carotid artery are visualized
simultaneously22. Carotid artery plaque was identified as recommended in
the Mannheim consensus, i.e., when a focal structure that encroaches into
the arterial lumen of at least 0.5 mm or 50% of the surrounding carotid IMT
(cIMT) value or demonstrates a thickness of > 1.5 mm as measured from
the media-adventitia interface of the intima-lumen interface, is present22.

Among South African patients, Belinda A. Stevens, B Tech (BAS)
performed  the carotid artery US measurements in private healthcare patients,
and AS performed the measurements in public healthcare patients. Both
operators obtained images for measurement of the IMT of the carotid arteries
using the same methodology as was applied in the Spanish patients (see
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above) and with high-resolution B-mode US (Image Point, Hewlett Packard,
and SonoCalc IMT, Sonosite Inc., used in private care and public care,
respectively) using linear array 7.5-MHz probes. The details of the method-
ology used by BAS were reported previously4. The equipment used by AS
involves the application of a unique semiautomated border detection
program that was previously found to provide highly reproducible results23.
The IMT in the left and right common carotid arteries was measured and the
cIMT was defined as the mean of these. As in Spanish patients, carotid artery
plaque was defined as recommended in the Mannheim consensus22. Both
operators were blinded to the CV risk profiles of the patients. Repeat US
examinations by both operators on 23 patients revealed Spearman correla-
tions between repeat cIMT measurements of 0.983 and 0.956 for BAS and
AS, respectively, and the correlation between measurements made by BAS

and AS was 0.926. Both operators identified carotid artery bulb or/and
internal carotid artery plaque in 11 of these 23 patients with full agreement.

All assessments were made on the same day in each patient.
Data analysis. Results are expressed as mean (SD), median (interquartile
range), or proportions, as appropriate. Because CV risk factor-CVD relations
differ by population grouping among African patients with RA19, we
analyzed the data separately in black and white patients who were recruited
in Johannesburg.

The associations of recorded patient characteristics with plaque were
assessed using the Student t test, Mann-Whitney U test, or univariate logistic
regression models, as appropriate.

The performance of the SCORE and Framingham score in assessing
plaque presence was determined by the area under the curve (AUC) in ROC
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Table 1. Recorded characteristics in 330 Spanish patients with RA. Data were analyzed by Student t test, Mann-Whitney U test, or logistic regression models
as appropriate. Results are expressed as mean (SD), median (interquartile range), or percent unless otherwise specified.

Characteristics All Patients Patients without Patients with p*
Plaque, n = 168 Plaque, n = 162

Demographics 
Age, yrs 57.8 (13.8) 50.1 (12.2) 65.8 (10.5) < 0.0001
Women 81.5 85.1 77.8 0.09

Conventional CV risk factors
Hypertension 37.0 28.0 46.3 0.0006
Dyslipidemia 39.7 34.5 45.1 0.06
Systolic blood pressure, mmHg 132 (19) 125 (14) 140 (20) < 0.0001
Diastolic blood pressure, mmHg 78 (8) 77 (8) 79 (8) 0.1
Total cholesterol, mmol/l 5.4 (1.0) 5.3 (1.0) 5.6 (0.9) 0.02
LDL cholesterol, mmol/l 3.2 (0.8) 3.2 (0.8) 3.3 (0.8) 0.1
HDL cholesterol, mmol/l 1.7 (0.5) 1.6 (0.4) 1.7 (0.5) 0.06
Cholesterol–HDL cholesterol ratio 3.5 (1.0) 3.5 (0.9) 3.5 (1.0) 1.0
Triglycerides, mmol/l 1.1 (0.8–1.4) 1.0 (0.7–1.4) 1.1 (0.8–1.4) 0.03
Smoking ever 47.0 50.6 43.2 0.2
Current smoking 26.1 28.0 24.1 0.4
Body mass index, kg/m2 27.3 (5.3) 27.4 (5.9) 27.3 (4.7) 0.9
CV drug use 38.5 26.2 51.2 < 0.0001

Antihypertensives 27.9 19.0 37.0 0.0003
Lipid-lowering agents 19.1 12.5 25.9 0.002

Risk factor control
Blood pressure < 140/90 mmHg 65.2 80.4 49.4 < 0.0001
LDL cholesterol < 1.8 mmol/l 2.4 3.0 1.9 0.5

RA characteristics
Duration, yrs 7.5 (3.5–12.8) 7.0 (3.1–12.3) 8.0 (3.8–14.3) 0.2
RF or/and anti-CCP–positive 67.2 65.5 68.9 0.5
DAS28 3.1 (1.4) 3.0 (1.4) 3.2 (1.4) 0.1
CDAI 8 (3–14) 8 (3–14) 9 (4–14) 0.7
CRP, mg/l 2.0 (0.6–6.0) 1.9 (0.5–4.3) 3.0 (1.1–8.0) 0.003
ESR, mm/h 12 (5–19) 11 (5–17) 14 (7–22) 0.006
Joint erosion(s) 36.1 34.0 38.3 0.6
Extraarticular disease 14.1 14.5 13.5 0.2
Synthetic DMARD use ever 90.4 87.0 93.8 0.2
Biologic DMARD use ever 23.8 24.7 22.8 0.5
Prednisone use ever 75.2 69.9 80.6 1.0
NSAID use ever 86.7 84.8 88.7 1.0

cIMT, mm 0.649 (0.130) 0.587 (0.089) 0.713 (0.127) < 0.0001
SCORE 1 (0–2) 0 (0–1) 1 (1–2) < 0.0001
Framingham score 8.7 (4.5–14.7) 5.2 (2.2–9.2) 13.1 (8.1–19.8) < 0.0001

* P values for comparison of results between patients with and without plaque. Significant data are in bold face. RA: rheumatoid arthritis; CV: cardiovascular;
LDL: low-density lipoprotein; HDL: high-density lipoprotein; RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide; DAS28: Disease Activity Score
in 28 joints; CDAI: Clinical Disease Activity Index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; DMARD: disease-modifying antirheumatic
drug; NSAID: nonsteroidal antiinflammatory drug; cIMT: carotid intima-media thickness; SCORE: Systematic COronary Risk Evaluation. 
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curve analysis. The AUC [standard errors (SE)] of the CVD risk equations
were compared within and between groups by the paired or unpaired Student
t test, as appropriate. To determine clinically useful cutoff values in assessing
the presence of plaque, we set the sensitivity and specificity of each CVD
risk equation at 80% in sequential analyses in Spanish patients. We subse-
quently applied these obtained cutoff values in African patients when appro-
priate (see below). We also determined the sensitivity and specificity when
the conventional cutoff values of ≥ 5% and ≥ 20% were used for the SCORE
and Framingham score, respectively, in assessing plaque presence.

Statistical computations were made using the GB Stat program (Dynamic
Microsystems Inc.) and SPSS software, version 21 (SPSS).

RESULTS
Recorded characteristics in Spanish patients with and
without carotid plaque. Table 1 shows the recorded charac-
teristics in the 330 Spanish patients with RA and univariate
associations of patient characteristics with carotid plaque.
Participants with plaque compared to those without were
older.

Each of these traditional CVD risk factors was associated
with plaque: HTN, systolic blood pressure, total cholesterol
and triglyceride concentrations, antihypertensive and
lipid-lowering agent use, and poor blood pressure control.

Nontraditional CVD risk factors that were related to
plaque included only the erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) concentrations. The
SCORE and Framingham score were each related to plaque.
The mean cIMT was increased by 0.126 mm in patients with
compared to those without plaque.
ROC curve analysis on the CVD risk equation-carotid plaque
relations. Figure 1 gives the ROC curves for the CVD risk
equation-carotid plaque relations in all 330 Spanish patients.
The AUC (95% CI) of the ROC curves was 0.747
(0.639–0.800) and 0.799 (0.752–0.846) for the SCORE and
Framingham score, respectively. In assessing plaque presence,
the AUC (SE) of the ROC curve for the Framingham score
was larger than that for the SCORE (p = 0.003).

Table 2 shows that when sensitivity for the Framingham
score was set at 80%, the cutoff value was 7.3% with a corres-
ponding specificity, positive predictive value (PPV), negative
predictive value (NPV), and correct classification of 63%,
66%, 76%, and 71%, respectively. When specificity was set
at 80%, the cutoff value was 10.8% and the corresponding
sensitivity, PPV, NPV, and correct classification were 65%,
75%, 70%, and 72%, respectively. Upon using the conven-
tional cutoff value of 20%, the corresponding specificity and
PPV increased to 95% and 85%, respectively, but the sensi-
tivity, NPV, and correct classification decreased to 25%, 57%,
and 61%, respectively.

Also given in Table 2, when sensitivity for the SCORE
was set at 80%, the cutoff value was 0.5% with a corres-
ponding specificity, PPV, NPV, and correct classification of
58%, 65%, 76%, and 72%, respectively. When specificity
was set at 80%, the cutoff value was 1.5% and the corres-
ponding sensitivity, PPV, NPV, and correct classification
were 50%, 67%, 59%, and 64%, respectively. Upon using the
conventional cutoff value of 5%, the corresponding speci-
ficity and PPV increased to 99% and 86%, respectively, but
the sensitivity, NPV, and correct classification decreased to
8%, 52%, and 54%, respectively.

Patients included in the Framingham study were aged 30
to 74 at enrollment. When we repeated the analysis in Figure
1 among Spanish patients with RA within the respective age
group (n = 282), the results were materially unaltered (data
not shown).
External validation of findings on CVD risk equation-carotid
plaque relations. Recorded characteristics in 97 white and 90
black African patients are given in Table 3. Among white
African patients, these characteristics were each associated
with carotid plaque: age, male sex, HTN, systolic blood
pressure, HDL cholesterol concentrations, cholesterol–HDL
cholesterol ratio, the use of antihypertensives, and poor blood

489Dessein, et al: High-risk atherosclerosis in RA

Figure 1. Receiver-operator characteristic curves for predicting plaque presence by the Framingham score and
SCORE. P values are given for the AUC-plaque relations. SCORE: Systematic COronary Risk Evaluation;
AUC: area under the curve.
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Table 2. Classification of Spanish patients with RA at CVD risk equation cutoff values based on sensitivity or
specificity set at 80% in ROC analysis, or conventional recommendations.

Equation Cutoff Value, Sensitivity, Specificity, PPV, NPV, Correct 
% % % % % Classification

Framingham score ≥ 7.3 80 63 66 76 71
≥ 10.8 65 80 75 70 72
≥ 20 25 95 85 57 61

SCORE ≥ 0.5 80 58 65 76 72
≥ 1.5 50 80 67 59 64
≥ 5 8 99 86 52 54

RA: rheumatoid arthritis; CVD: cardiovascular disease; ROC: receiver-operator curve; PPV: positive predictive
value; NPV: negative predictive value; SCORE: Systematic COronary Evaluation Score. 

Table 3. Recorded characteristics in 97 white and 90 black African patients with RA. Data were analyzed by Student t test, Mann-Whitney U test, or logistic
regression models as appropriate. Results are expressed as mean (SD), median (interquartile range), or percent unless otherwise specified. 

Characteristics White Patients Black Patients
Without Plaque, With Plaque, p* Without Plaque, With Plaque, p*

n = 58 n = 39 n = 59 n = 31

Demographics 
Age, yrs 53.8 (11.3) 61.8 (8.9) 0.0002 53.0 (11.2) 59.4 (7.5) 0.002
Women 87.9 71.8 0.05 88.1 87.1 0.9

Conventional CV risk factors
Hypertension 31.0 56.4 0.01 64.4 71.0 0.5
Dyslipidemia 41.4 48.7 0.5 35.6 22.6 0.2
Systolic blood pressure, mmHg 123 (14) 135 (20) 0.001 141 (25) 131 (18) 0.02
Diastolic blood pressure, mmHg 78 (8) 80 (10) 0.2 88 (16) 82 (10) 0.07
Total cholesterol, mmol/l 5.1 (1.0) 5.0 (1.1) 0.7 4.6 (0.9) 4.8 (0.9) 0.3
LDL cholesterol, mmol/l 2.8 (0.9) 2.9 (0.8) 0.4 2.6 (0.7) 2.7 (0.9) 0.7
HDL cholesterol, mmol/l 1.8 (0.5) 1.6 (0.6) 0.02 1.5 (0.5) 1.6 (0.4) 0.4
Cholesterol–HDL cholesterol ratio 3.0 (0.9) 3.5 (1.0) 0.01 3.2 (1.0) 3.2 (1.2) 0.9
Triglycerides, mmol/l 1.0 (0.8–1.2) 1.5 (0.9–1.5) 0.9 0.9 (0.7–1.1) 1.1 (0.8–1.4) 0.1
Smoking ever 41.4 59.0 0.09 13.6 16.1 0.3
Current smoking 10.3 10.3 1.0 1.7 6.5 0.7
Body mass index, kg/m2 25.2 (4.3) 25.3 (4.8) 0.9 29.7 (7.1) 27.4 (5.3) 0.1
CV drug use

Antihypertensives 25.9 53.8 0.006 50.8 48.4 0.8
Lipid-lowering agents 31.0 28.2 0.8 18.6 9.7 0.3

Risk factor control
Blood pressure < 140/90 mmHg 87.9 50.0 0.002 49.2 61.3 0.3
LDL cholesterol < 1.8 mmol/l 15.5 5.1 0.1 11.9 9.7 0.8

RA characteristics
Duration, yrs 11.7 (6.6) 15.8 (10.2) 0.03 11.6 (8.9) 15.4 (10.2) 0.09
RF or/and anti-CCP–positive 82.8 84.6 0.8 83.1 87.1 0.6
DAS28 3.5 (1.6) 3.9 (1.7) 0.2 4.1 (1.4) 4.3 (1.3) 0.4
CDAI 4 (0–12) 7 (2–10) 0.2 7 (3–15) 13 (6–19) 0.1
CRP, mg/l 3.3 (1.3–6.6) 5.1 (2.7–14.6) 0.02 6.9 (4.0–12.1) 7.0 (2.7–16.8) 0.9
ESR, mm/h 7 (2–16) 6 (3–12) 0.7 19 (11–39) 24 (7–55) 1.0
Joint deformities 1 (0–12) 6 (0–19) 0.06 9 (8) 11 (7) 0.3
Extraarticular disease 6.9 23.1 0.03 3.4 3.2 1.0
Synthetic DMARD use ever 100 100 — 100 100 —
Biologic DMARD use ever 8.9 5.1 0.6 0 0 —
Prednisone use ever 41.4 38.5 0.8 42.4 48.4 0.6
NSAID use ever 22.4 35.9 0.1 5.1 12.9 0.2

cIMT, mm 0.656 (0.109) 0.769 (0.143) 0.0001 0.671 (0.096) 0.733 (0.082) 0.002
SCORE 0 (0–1) 1 (0–2) 0.001 1 (0–1) 1 (0–1) 0.4
Framingham score 4.8 (2.7–8.7) 10.5 (5.8–17.4) < 0.0001 6.0 (4.0–12.5) 7.7 (5.0–10.7) 0.5

* P values for comparison of results between patients with and without plaque. Significant data are in bold face. RA: rheumatoid arthritis; CV: cardiovascular;
LDL: low-density lipoprotein; HDL: high-density lipoprotein; RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide; DAS28: Disease Activity Score
in 28 joints; CDAI: Clinical Disease Activity Index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; DMARD: disease-modifying antirheumatic
drug; NSAID: nonsteroidal antiinflammatory drug; cIMT: carotid intima-media thickness; SCORE: Systematic COronary Risk Evaluation. 
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pressure control. Among nontraditional CVD risk factors,
disease duration, extraarticular disease, and CRP concentra-
tions were related to plaque. The SCORE and Framingham
score were each related to plaque.

Among black African patients with RA, age was
associated with plaque. Systolic blood pressure was paradox-
ically lower in patients with plaque compared to those
without plaque. In this regard, body mass index (BMI) was
associated with systolic blood pressure (r = 0.348, p = 0.001)
and concurrently, numerically lower in black African patients
with plaque compared to those without plaque. In an age, sex,
BMI, and antihypertensive agent use–adjusted logistic
regression model, systolic blood pressure was no longer
significantly associated with plaque (OR 0.98, 95% CI
0.95–1.00, p = 0.07). None of the other traditional and non-
traditional CVD risk factors were associated with plaque in
black African patients with RA. Also, the SCORE and
Framingham score were each unrelated to high-risk athero-
sclerosis in the respective group.

In white African patients with RA, the AUC (95% CI) of
the ROC curves were 0.694 (0.584–0.804) and 0.737
(0.694–0.876) for the SCORE and Framingham score,
respectively. Within the white African group in identifying
plaque presence, the AUC of the ROC curve for the
Framingham score was numerically larger by 0.053 than that
for the SCORE. This difference was not significant,
presumably because of the overall relatively small sample
size. Indeed, by comparison, the respective difference was
similar at 0.052 in Spanish patients (Figure 1). Among white
African patients with RA in identifying plaque presence, the
AUC (SE) of the ROC curves for the SCORE and
Framingham score did not differ from those in the Spanish
patients (p = 0.4 and 0.3, respectively).

In black African patients with RA, the AUC (95% CI) of
the ROC curves were small at 0.549 (0.427–0.672) and 0.544
(0.425–0.664) for the SCORE and Framingham score,
respectively, and with insignificant corresponding p values
(0.4 and 0.5, respectively). Therefore, no further analysis was
performed in this group.

In Table 4, the obtained cutoff values in Spanish patients

were applied in white Africans with RA. Upon using a cutoff
value of 7.3% for the Framingham score (at which sensitivity
was 80% in Spanish patients), the corresponding sensitivity,
specificity, PPV, NPV, and correct classification were 67%,
67%, 57%, 75%, and 67%, respectively. When a cutoff value
of 10.8% (at which specificity was 80% in Spanish patients),
the corresponding sensitivity, specificity, PPV, NPV, and
correct classification were 44%, 90%, 74%, 71%, and 71%,
respectively. For the conventional Framingham score cutoff
value of 20%, the corresponding sensitivity, specificity, PPV,
NPV, and correct classification were 21%, 100%, 100%,
65%, and 68%, respectively.

Upon using a cutoff value of 0.5% for the SCORE (at
which sensitivity was 80% in Spanish patients), the corres-
ponding sensitivity, specificity, PPV, NPV, and correct classi-
fication were 72%, 55%, 52%, 75%, and 62%, respectively.
When a cutoff value of 1.5% (at which specificity was 80%
in Spanish patients), the corresponding sensitivity, specificity,
PPV, NPV, and correct classification were 44%, 86%, 69%,
69% and 69%, respectively. None of the white African
patients had a SCORE of > 5%.
ROC curve analysis findings on CVD risk equation-large
cIMT and -atherosclerosis extent relations, and their
validation in African white patients.Among Spanish patients,
79 (23.9%) had a cIMT of ≥ 0.728 mm (upper quartile),
which was strongly associated with plaque presence (OR
6.05, 95% CI 3.30–11.06, p < 0.0001). The AUC (95% CI)
of the ROC curves were 0.741 (0.682–0.801) and 0.746
(0.684–0.808) for the Framingham score and SCORE,
respectively. Supplementary Table 1 (available online at
jrheum.org) shows that when sensitivity for the Framingham
score was set at 80%, the cutoff value was 7.4 with a corres-
ponding specificity of 51%; when specificity was set at 80%,
the cutoff value was 14.1% with a corresponding sensitivity
of 53%. Upon using the conventional cutoff value of 20%,
the sensitivity was reduced to 33%. As also given in
Supplementary Table 1 (available online at jrheum.org),
when sensitivity for the SCORE was set at 80%, the cutoff
value was 0.5 with a corresponding specificity of 56%; when
specificity was set at 80%, the cutoff value was 1.5% with a
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Table 4. Classification of white African patients with RA at CVD risk equation cutoff values as determined in
ROC analysis in Spanish cases, or conventional recommendations.

Equation Cutoff Value, Sensitivity, Specificity, PPV, NPV, Correct 
% % % % % Classification

Framingham score ≥ 7.3 67 67 57 75 67
≥ 10.8 44 90 74 71 71
≥ 20 21 100 100 65 68

SCORE ≥ 0.5 72 55 52 75 62
≥ 1.5 44 86 69 69 69
≥ 5 — — — — —

RA: rheumatoid arthritis; CVD: cardiovascular disease; ROC: receiver-operator characteristic curve; PPV: positive
predictive value; NPV: negative predictive value; SCORE: Systematic COronary Risk Evaluation.
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corresponding sensitivity of 60%. Upon using the conven-
tional cutoff value of 5%, the sensitivity was reduced to 13%.

Carotid plaque was present in 162 (49.1%) of Spanish
participants; 58 (35.8%) and 104 (64.2%) of them had
unilateral and bilateral plaque, respectively. The AUC (95%
CI) of the ROC curves were 0.690 (0.605–0.775) and 0.670
(0.585–0.755) for the Framingham score and SCORE,
respectively. Supplementary Table 2 (available online at
jrheum.org) shows that when sensitivity for the Framingham
score was set at 80%, the cutoff value was 8.8 with a corres-
ponding specificity of 53%; when specificity was set at 80%,
the cutoff value was 17.0% with a corresponding sensitivity
of 38%. Upon using the conventional cutoff value of 20%,
the sensitivity was further reduced to 31%. As also given in
Supplementary Table 1 (available online at jrheum.org),
when sensitivity for the SCORE was set at 80%, the cutoff
value was 0.5 with a corresponding specificity of 26%; when
specificity was set at 80%, the cutoff value was 1.5% with a
corresponding sensitivity of 53%. Upon using the conven-
tional cutoff value of 5%, the sensitivity was reduced to 12%.

Among African white patients, 36 (37.1%) had a cIMT of
≥ 0.728 mm; of the 39 (40.2%) with plaque, 14 (75.9%) and
25 (64.1%) had unilateral and bilateral plaque, respectively.
Upon external validation, application of the cutoff values at
which sensitivity was set at 80% in Spanish patients had
corresponding specificities of 78% and 50% for a large cIMT
and bilateral (versus unilateral) plaque, as given in Supple-
mentary Tables 3 and 4 (available online at jrheum.org),
respectively.
Alternative predictive models for plaque. CVD risk factors,
including traditional, nontraditional, and disease character-
istics that are not included in the Framingham score and
SCORE, can also contribute to increased atherogenesis in
RA4,5,6,7,8. In this regard, disease duration, DAS28, extra-
articular disease, triglyceride and CRP concentrations, and
the ESR were related to carotid plaque at p ≤ 0.2 in Spanish
patients (Table 1). Notably, BMI was not associated with
plaque (p = 0.9; Table 1). When these characteristics were
entered in a multivariable logistic regression model, only the
ESR remained significantly associated with plaque (OR 1.03,
95% CI 1.00–1.06, p = 0.025). Upon forcing BMI into the
latter model, the respective risk factor was also not independ-
ently associated with plaque (OR 0.96, 95% CI 0.78–1.01, 
p = 0.2), whereas the ESR remained related to plaque (OR
1.03, 95% CI 1.00–1.06, p = 0.024). Supplementary Table 5
(available online at jrheum.org) shows the AUC in ROC
analysis for the association of ESR, a high ESR, Framingham
score, and SCORE, and combinations of the respective
predictors with plaque presence in the 330 Spanish patients
with RA. The largest AUC was obtained when a Framingham
score ≥ 10.8 was entered as a predictor for plaque presence;
compared with the AUC for Framingham score ≥ 10.8, these
were similar: the AUC for Framingham score ≥ 7.3, SCORE
≥ 0.5, SCORE ≥ 1.5, ESR ≥ 17 mm/h and Framingham score

≥ 7.3, ESR ≥ 17 mm/h and Framingham score ≥ 10.8, ESR ≥
17 mm/h and SCORE ≥ 0.5, and ESR ≥ 17 mm/h and
SCORE ≥ 1.5 (p = 0.9, 0.9, 0.06, 0.8, 0.9, 0.8, and 0.06,
respectively), whereas the AUC for ESR and ESR ≥ 17 mm/h
were smaller (p = 0.02 and 0.0004, respectively). Taken
together, the inclusion of the ESR in addition to the
Framingham score or SCORE did not increase the AUC in
ROC analysis. The addition of CVD risk equations to ESR
did, however, markedly increase the AUC.

In all ROC analyses, upon multiplication of the SCORE
and Framingham score as recommended by EULAR3, results
were materially unaltered (data not shown).

DISCUSSION
A Framingham score of ≥ 20 and SCORE of ≥ 5, as well as
the presence of carotid plaque, are currently considered to
represent high CVD risk even in the absence of established
CVD, chronic kidney disease, or diabetes9,10. Carotid US can
substantially improve CVD risk assessment, but is not
routinely performed and is inaccessible to many patients with
RA12,14,15,16,17. The main finding in our present study is that
upon using the Framingham score and SCORE cutoff values
that are markedly low at 7.3% to 10.8% and 0.5% to 1.5%,
respectively, a high Framingham score or SCORE can assess
the presence of high-risk subclinical atherosclerosis to an
extent that appears clinically and fairly useful in RA. By
contrast, upon using conventional cutoff values of 20% for
Framingham score and 5% for SCORE as recommended in
the general population, the corresponding sensitivities were
reduced to 25% and 8%, respectively. The latter result further
validates previously reported findings4,16,17. Additionally, we
found that the low Framingham score and SCORE cutoff
values were preferable to their conventional ones in identi-
fying patients with a large cIMT and extensive athero-
sclerosis, as determined by bilateral compared with unilateral
carotid plaque.

The SCORE and Framingham score were each associated
with carotid plaque in univariate analysis (p < 0.0001). The
Framingham score demonstrated better discrimination
between patients with and without plaque, with significantly
larger AUC of the ROC curves compared with those for the
SCORE in all patients and the respective subgroups (AUC =
0.799 vs 0.747, p = 0.003 for difference). The SCORE
estimates the 10-year risk of a first fatal atherosclerotic
event10 whereas the Framingham score estimates that of any
CVD event11. The demographic characteristics and modi-
fiable CVD risk factors included in the Framingham score
and SCORE equations are mostly similar. However, whereas
for a given blood pressure, CVD risk remains larger in
patients receiving treatment for HTN than in persons without
HTN9, this is accounted for in the Framingham score, but not
the SCORE. In this regard, uncontrolled HTN was frequent
and further strongly associated with plaque in our present
study. Whether the Framingham score is preferable to the
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SCORE in assessing plaque presence should be subject to
further study.

Our external validation groups were substantially smaller
than those consisting of Spanish patients with RA. Despite
this limitation, the main findings in our analysis among
Spanish patients were replicated among white Africans with
RA. As determined by the AUC of the ROC curve, the
performance of both the Framingham score and the SCORE
in assessing plaque presence did not differ significantly
between Spanish and white Africans with RA. More impor-
tantly, upon using the cutoff values for the Framingham score
and SCORE as determined in white Spanish patients in ROC
analysis among African whites with RA, the corresponding
sensitivity, specificity, PPV, and NPV appeared clinically
useful, particularly when the lower obtained values of 7.3%
and 0.5%, respectively, were applied. The results were similar
for large cIMT and atherosclerosis extent.

We previously reported that traditional risk factors and
disease characteristics are related to carotid atherosclerosis in
white but not black Africans with RA10,24,25. Our current study
revealed that neither the Framingham nor the SCORE risk
equations discriminated between African black patients with
RA with and without plaque. This strongly supports the need
for population-specific CV risk stratification in RA, as we
recently suggested26. In this regard, we recently reported that
eGFR equations are useful in identifying black African patients
with RA with carotid artery plaque27. Also, circulating concen-
trations of adipokines consisting of adiponectin, leptin, resistin,
chemerin, and retinol-binding protein 4 were associated with
atherosclerosis in patients with RA independent of potential
confounders, including population origin28,29,30,31,32.

We assessed the performance of traditional risk factor
assessment equations that are widely used and currently
recommended in guidelines for CVD prevention in either of
the 2 countries where patients were recruited. Interestingly,
the 2013 American College of Cardiology/American Heart
Association CV risk score, as well as the Framingham score
and Reynolds Risk Score, were recently shown to each
perform poorly in identifying patients with RA with high
CAC scores as a marker of increased CVD risk33. The
Reynolds score consists of a model that includes high-sensi-
tivity CRP concentrations in addition to traditional CVD risk
factors13. We found that CAC scores are less sensitive than
carotid US in detecting high-risk atherosclerosis among
patients with RA17.

Given that CVD risk equations were developed to stratify
patients for incident CV events rather than prevalent athero-
sclerosis, our findings require further validation in epidemi-
ological studies. Although many associations were assessed
in our present study, the Spanish patients formed a large
group. Further, the CVD equations used include a range of
CV risk factors, and relationships in ROC analyses were
strong and consistent, reproduced in white African patients,
and would persist upon setting significance at p < 0.01.

Our present study indicates that a Framingham score of
7.3% to 10.8% and a SCORE of 0.5% to 1.5% comprise
measures that can usefully assess plaque presence in patients
with RA without established CVD, chronic kidney disease,
and/or diabetes. This finding could assist in refining the need
for enhanced CVD risk stratification by carotid US12,16,17 or
intensified risk management with CV drugs, including statins
among patients with RA who have no access to CV imaging.
Delineation of effective population-specific CVD risk strat-
ification strategies is required in black African patients with
RA.

ONLINE SUPPLEMENT
Supplementary data for this article are available online at jrheum.org.
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