UCLA
UCLA Previously Published Works

Title

Rheumatoid arthritis-specific cardiovascular risk scores are not superior to general risk scores: a
validation analysis of patients from seven countries.

Permalink
ttps://escholarship.org/uc/item/Ovnljlf

Journal
Rheumatology, 56(7)

ISSN
1462-0324

Authors

Crowson, Cynthia S
Gabriel, Sherine E
Semb, Anne Grete

Publication Date
2017-07-01

DOI
10.1093/rheumatology/kex038

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/0vn1j1fr
https://escholarship.org/uc/item/0vn1j1fr#author
https://escholarship.org
http://www.cdlib.org/

Rheumatology 2017;56:1102-1110
doi:10.1093/rheumatology/kex038
Advance Access publication 8 March 2017

RHEUMATOLOGY

Original article

Rheumatoid arthritis-specific cardiovascular risk
scores are not superior to general risk scores: a
validation analysis of patients from seven countries

Cynthia S. Crowson', Sherine E. Gabriel?, Anne Grete Semb?®,

Piet L. C. M. van Riel?, George Karpouzas®, Patrick H. Dessein®’,

Carol Hitchon®, Virginia Pascual-Ramos® and George D. Kitas'® on behalf of A
Trans-Atlantic Cardiovascular Consortium for Rheumatoid Arthritis

Abstract

Objectives. Cardiovascular disease (CVD) risk calculators developed for the general population do not
accurately predict CVD events in patients with RA. We sought to externally validate risk calculators rec-
ommended for use in patients with RA including the EULAR 1.5 multiplier, the Expanded Cardiovascular
Risk Prediction Score for RA (ERS-RA) and QRISK2.

Methods. Seven RA cohorts from UK, Norway, Netherlands, USA, South Africa, Canada and Mexico were
combined. Data on baseline CVD risk factors, RA characteristics and CVD outcomes (including myocardial
infarction, ischaemic stroke and cardiovascular death) were collected using standardized definitions.
Performance of QRISK2, EULAR multiplier and ERS-RA was compared with other risk calculators
[American College of Cardiology/American Heart Association (ACC/AHA), Framingham Adult Treatment
Panel lll Framingham risk score-Adult Treatment Panel (FRS-ATP) and Reynolds Risk Score] using c-
statistics and net reclassification index.

Results. Among 1796 RA patients without prior CVD [mean (s.p.) age: 54.0 (14.0) years, 74% female], 100
developed CVD events during a mean follow-up of 6.9 years (12430 person-years). Estimated CVD risk by
ERS-RA [mean (s.p.) 8.8% (9.8%)] was comparable to FRS-ATP [mean (s.p.) 9.1% (8.3%)] and Reynolds
[mean (s.p.) 9.2% (12.2%)], but lower than ACC/AHA [mean (s.n.) 9.8% (12.1%)]. QRISK2 substantially
overestimated risk [mean (s.p.) 15.5% (13.9%)]. Discrimination was not improved for ERS-RA (c-statis-
tic=0.69), QRISK2 or EULAR multiplier applied to ACC/AHA compared with ACC/AHA (c-statistic=0.72
for all) or for FRS-ATP (c-statistic=0.75). The net reclassification index for ERS-RA was low (—0.8% vs
ACC/AHA and 2.3% vs FRS-ATP).

Conclusion. The QRISK2, EULAR multiplier and ERS-RA algorithms did not predict CVD risk more ac-
curately in patients with RA than CVD risk calculators developed for the general population.
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RA-specific cardiovascular risk calculators

Rheumatology key messages

o RA-specific risk calculators did not predict cardiovascular disease more accurately than general population risk

calculators.

e The expanded cardiovascular risk score for RA produced comparable or lower estimates for cardiovascular

disease than other calculators.

e The EULAR multiplier only reclassified a few RA patients above treatment threshold for cardiovascular disease.

Introduction

Cardiovascular disease (CVD) risk among patients with RA
is increased compared with the general population [1].
CVD risk algorithms developed for the general population
are not accurate in RA patients [2, 3]. The QRISK2 calcu-
lator includes RA as a risk factor for CVD [4]. The EULAR
recommendations for CVD risk management proposed a
1.5 multiplier for RA patients with at least two of: disease
duration >10 years, RF and/or ACPA positivity, and pres-
ence of severe extra-articular manifestations. However,
the multiplier is not based on direct evidence and it is
likely to be conservative [1]. A CVD risk algorithm known
as the Expanded cardiovascular Risk Score for RA [ERS-
RA], recently developed and internally validated using the
Consortium of Rheumatology Researchers of North
America (CORRONA) registry, may provide advantages
over established risk scores [5]. The ERS-RA reported im-
proved CVD risk prediction after augmenting the trad-
itional CV risk factors with information on RA-specific
characteristics, namely RA disease activity, disability, cor-
ticosteroid use and disease duration. However, the in-
ternal validation compared base and expanded models
built on the same dataset because lack of blood pressure
and lipid values precluded comparison with general popu-
lation risk scores.

External validation is necessary to confirm any pur-
ported improvement and to determine generalizability of
these calculators to other populations. The objective of
this study was to externally validate the QRISK2, EULAR
1.5 multiplier and ERS-RA using data from A Trans-
Atlantic Cardiovascular Risk Consortium for RA.

Methods

Study populations

This validation study combined cohorts of patients with
RA from seven different countries (UK, Norway,
Netherlands, USA, South Africa, Canada and Mexico).
Other A Trans-Atlantic Cardiovascular Risk Consortium
RA cohorts were excluded due to lack of information on
disease activity or CVD death, which were required to
evaluate the ERS-RA. Patients in each cohort were
included based on physician diagnosis of RA and/or ful-
filment of 1987 or 2010 ACR criteria for RA. Cohorts fol-
lowed patients prospectively through study visits at
regular intervals or retrospectively through medical
record review. Data were collected using standardized
definitions. Each cohort obtained ethics committee ap-
proval at their institution and the Mayo Clinic Institutional
Review Board approved the cohort aggregation. Informed

www.rheumatology.oxfordjournals.org

consent or authorization for use of medical records for
research was obtained from each participant.

Traditional CVD risk factors collected at baseline were:
age, sex, smoking status (current, former, never), blood
pressure, lipid levels (total cholesterol, high density lipo-
protein cholesterol, low density lipoprotein cholesterol
and triglycerides), BMI, family history of premature CVD,
diabetes mellitus and hypertension. Hyperlipidaemia was
defined as use of lipid-lowering medications and/or low
density lipoprotein cholesterol >4.1 mmol/I (i.e. 160 mg/
dl). Hypertension was defined based on physician diagno-
sis and/or use of anti-hypertensive medication. Diabetes
mellitus was defined based on physician diagnosis and/or
use of oral hypoglycaemic medications or insulin. Family
history of premature CVD was defined as coronary artery
disease in first-degree relatives prior to age 55 years in
males and 65 years in females. The CVD outcome was
defined as the first event of myocardial infarction, ischae-
mic stroke or CVD death.

Disease-specific factors collected at baseline included
ESR, CRP, swollen and tender joint counts using 28 joints,
patient and physician global assessment visual analogue
scales, disease duration, HAQ disability index (HAQ-DI)
and all anti-rheumatic medications including corticoster-
oids [6]. Serologic status was defined as positive if either
RF or ACPA was reported positive in clinical tests (RF
tested in 99% and ACPA tested in 95% of patients). The
DAS (DAS28 ESR) was calculated from ESR, swollen and
tender joint counts and physician global assessment [7].
The Clinical Disease Activity Index (CDAI) was calculated
from swollen and tender joint counts and physician and
patient global assessments [8].

The ERS-RA was calculated using baseline data on age,
sex, current smoking status, diabetes mellitus, hyperten-
sion, hyperlipidaemia, CDAI> 10, HAQ-DI > 0.5, use of
corticosteroids and RA disease duration >10 years [5].
For QRISK2, the Townsend deprivation score, atrial fibril-
lation and chronic kidney disease were not available in our
data, so CVD risk was calculated using a modified
QRISK2 algorithm excluding these variables [4]. The
EULAR 1.5 multiplier is applicable to patients with two
or more of the following: disease duration >10 years, RF
and/or ACPA positivity, and presence of severe extra-ar-
ticular manifestations. The multiplier was assessed for
both the Framingham risk score included in the Adult
Treatment Panel guidelines (FRS-ATP) and American
College of Cardiology/American Heart Association (ACC/
AHA) Pooled Cohort Equation [4, 9-11]. The Reynolds
Risk Score, which includes CRP, was also calculated
among cohorts with available data on family history of
premature CVD [12, 13]. The outcomes for all the included
risk calculators were similar, except stroke was excluded
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Cynthia S. Crowson et al.

TaBLe 1 Baseline characteristics of 1796 patients with RA

Characteristic

Age at baseline, mean (s.n.), years
Female sex, n (%)
White race, n (%)
Calendar year of RA diagnosis, mean (s.p.)
Systolic blood pressure, mean (s.p.), mmHg
Diastolic blood pressure, mean (s.n.), mmHg
Total cholesterol, mean (s.p.), mmol/I
Low density lipoprotein cholesterol, mean (s.p.), mmol/I
High density lipoprotein, cholesterol, mean (s.p.), mmol/I
Triglycerides, median (IQR), mmol/|
Current smoker, n (%)
Diabetes mellitus, n (%)
Family history of premature coronary heart disease, n (%)
BMI, mean (s.0.), kg/m?
Hypertension, n (%)
Anti-hypertensive medication use, n (%)
Hyperlipidaemia, n (%)
Lipid lowering medication use, n (%)
RF and/or ACPA seropositivity, n (%)
RA disease duration, mean (s.n.), years
Duration <1 year, n (%)
Duration 1-10 years, n (%)
Duration >10 years, n (%)
ESR, mean (s.n.), mm/h
CRP, mean (s.p.), mg/I
Synthetic DMARD use, n (%)
Biologic DMARD use, n (%)
Corticosteroid use, n (%)
DAS28ESR, mean (s.n.)
CDAI, mean (s.n.)
CDAI > 10 or DAS28ESR >3, n (%)
HAQ-DI, mean (s.p.)
HAQ-DI > 0.5, n (%)

n Value
1796 54.0 (14.0)
1796 1337 (74.4)

998 901 (90.3)
1796 1997.7 (8.7)
1691 139.7 (23.9)
1690 81 3 (11.7)
1677 1(1.2)
1664 1(1.1)
1675 4 (0.8)
1676 3 (0.9-1.8)
1666 420 (25.2)
1796 6 (5.3)
1303 349 (26.8)
1663 26.4 (4.9)
1795 870 (48.5)
1794 380 (21.2)
1686 589 (34.9)
1794 148 (8.2)
1790 1489 (83.2)
1796 9 (8.1)

1072 (59.7)

324 (18.0)

400 (22.3)

1786 28.2 (23.2)

1783 19.1 (31.0)

1796 639 (35.6)
1789 110 (6.1)

1796 31 8 (17.7)
1783 5(1.7)

434 24 6 (16.2)
1796 1468 (81.7)
1796 9 (0.8)

1054 (58.7)

CDAII: clinical disease activity index; HAQ-DI: HAQ disability index.

from the FRS-ATP and revascularization was included in
the Reynolds Risk Score. The Systematic COronary Risk
Evaluation (SCORE) was not assessed because its out-
come of fatal CVD events is only a subset of the outcomes
used for ERS-RA, so they are not directly comparable [14].

Statistical methods

Patients with CVD prior to baseline were excluded.
Multiple imputation was used to impute missing values
for the CVD risk factors using 10 repetitions. Available
sample size for each variable is listed in Table 1. Log-
transformations were used when imputing lipid levels to
avoid bias when computing lipid ratios from imputed data
[15]. CDAI values were available in 434 patients.
CDAI > 10 was imputed using DAS28ESR > 3.0 in 1362
patients based on a linear regression of subjects with
both values (R?=0.89, which agrees with other reports)
[16]. The imputation demonstrated only a 10% misclassi-
fication rate with 90% sensitivity and 86% specificity.
Sensitivity analyses on the 434 patients with available
CDAI were also performed.

1104

Evaluating performance of the risk calculators involved
assessment of both calibration and discrimination.
Calibration is the ability to accurately predict the absolute
risk of developing CVD. Expected events were computed
from predicted risk estimates and calibration was as-
sessed by comparing observed to expected CVD events
[17]. Observed risk estimates for FRS-ATP and Reynolds
utilized modified CVD outcomes required for these scores.
For this comparison, follow-up >10 years was truncated,
and events after 10 years were excluded. For patients with
<10 years of follow-up, expected events were adjusted
proportionately. Standardized incidence ratios (SIR),
being ratios of observed to expected events, were calcu-
lated assuming the expected rates were fixed and the
observed events followed a Poisson distribution [17].
An SIR >1 indicated the observed events were higher
than expected meaning the predicted risk underestimated
actual risk. Conversely, SIR <1 indicated the predicted
risk overestimated actual risk. Discrimination is the ability
to correctly rank risk from low to high, which was as-
sessed using Harrell’s c-statistic. Net reclassification

www.rheumatology.oxfordjournals.org
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RA-specific cardiovascular risk calculators

Fic. 1 Comparison of the Expanded cardiovascular Risk Score for RA and QRISK2 with other risk calculators
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The ERS-RA is plotted against the Framingham risk score from Adult Treatment Panel lll guidelines (FRS-ATP; A), the
American College of Cardiology/American Heart Association Pooled Cohort Equation (ACC/AHA; B), and the QRISK2 is
plotted against the FRS-ATP (C) and the ACC/AHA (D). The dashed line represents identity and the solid line is a

smoother line of trend.

index (NRI), which compares old and new risk calculators
by measuring improvement in classification of patients
into risk categories, was assessed using survival methods
with 95% Cls based on 1000 bootstrap samples using
software obtained from http://ncook.bwh.harvard.edu/
sas-macros.html. Risk categories representing the treat-
ment thresholds for the FRS-ATP (i.e. <20% vs >20%)
and ACC/AHA (i.e. <7.5% vs >7.5%) were assessed. The
10-year observed CVD event rates were calculated using
Kaplan-Meier methods [18]. Analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC, USA)
and R 3.1.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

In total, 1796 RA patients without prior CVD were included
[mean (s.n.) age 54.0 (14.0) years, 74% female; Table 1].
During a mean follow-up of 6.9 years (12 430 person-
years), 100 patients developed a CVD event. The overall
incidence rate (per 1000 person-years) for first CVD event

www.rheumatology.oxfordjournals.org

was 8.0 (95% CI: 6.5, 9.8). By event type, the incidence
rates were 6.3 (95% CI: 5.0, 7.8) for myocardial infarction,
3.1 (95% Cl: 2.2, 4.2) for stroke and 1.7 (95% CI: 1.0, 2.6)
for CVD death. Mean (s.n.) RA disease duration was 4.9
(8.1) years with RA disease duration >10 years in 22%.
Among 434 patients with available CDAI, mean (s.n.) CDAI
was 24.6 (16.2) with CDAI>10 in 80%. Mean (s.D.)
DAS28ESR was 4.5 (1.7) with DAS28-ESR > 3.0 in 81%
and DAS28ESR >5.1 in 38%. Following imputation of
CDAI > 10 using DAS28-ESR > 3.0, 80% had imputed
CDAI>10. Mean (s.0.) HAQ-DI was 0.89 (0.77) with
HAQ-DI > 0.5 in 59%. As more than half of patients were
enrolled at RA incidence, only 18% were using cortico-
steroids and 36% synthetic DMARDs at baseline.

While some patients have higher ERS-RA scores com-
pared with other CVD risk scores, the majority of patients
have lower estimated CVD risk by ERS-RA (Fig. 1A and B).
Average estimated 10-year CVD risk by ERS-RA [mean
(s.0.) 8.8% (9.8%)] was comparable to FRS-ATP [mean
(s.0.) 9.1% (8.3%)] and Reynolds [mean (s.0.) 9.2%
(12.2%)], but somewhat lower than ACC/AHA [mean

1105
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Cynthia S. Crowson et al.

Fic. 2 Observed vs predicted 10-year risk for cardiovascular disease for each cardiovascular risk calculator
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Observed vs predicted 10-year risk for cardiovascular disease (CVD) according to deciles of predicted risk obtained from
the Expanded cardiovascular Risk Score for RA (ERS-RA; A), QRISK2 (B), the Framingham risk score from Adult
Treatment Panel lll (FRS-ATP; C) and the American College of Cardiology/American Heart Association Pooled Cohort
Equation (ACC/AHA; D). The vertical lines are 95% Cls for the observed CVD risk estimates.

(s.0.) 9.8% (12.1%)]. QRISK2 [mean (s.n.) 15.5% (13.9%)]
was higher than the other risk scores in the majority of
patients (Fig. 1C and D).

Calibration was assessed by SIR. Overall the ERS-RA
had a SIR of 0.84 (95% CI: 0.69, 1.02) indicating an over-
estimation of the observed CVD risk, which did not reach
statistical significance and the QRISK2 significantly over-
estimated the risk of CVD (SIR: 0.45; 95% CI: 0.37, 0.55).
However, the FRS-ATP (SIR: 0.63; 95% Cl: 0.52, 0.79) and
ACC/AHA (SIR: 0.73; 95% ClI: 0.60, 0.89) both also signifi-
cantly overestimated the risk of CVD in this cohort and the
Reynolds risk score underestimated the CVD risk (SIR:
1.25; 95% CI: 1.05, 1.48). In fact, the ERS-RA had the
SIR closest to 1, meaning it overestimated CVD risk less
than the other risk calculators. When examining deciles of
predicted risk, the ERS-RA significantly overestimated
observed CVD risk in the highest decile, but appeared
to predict risk reasonably well in the other deciles
(Fig. 2A). The QRISK2 and FRS-ATP significantly overes-
timated risk in the highest decile and a few other deciles
(Fig. 2B and C). In contrast, there were no significant

1106

differences between predicted and observed risks by
decile for ACC/AHA (Fig. 2D). Discrimination was not im-
proved for ERS-RA (c-statistic: 0.69; 95% CI: 0.63, 0.75)
and QRISK2 (c-statistic: 0.72), compared with the other
risk calculators (FRS-ATP: 0.75; ACC/AHA: 0.72;
Reynolds: 0.72).

The EULAR multiplier was applied to FRS-ATP and
ACC/AHA, and criteria for applying the multiplier were
met in 373 (21%) patients. The multiplier resulted in
greater overestimation of future CVD events (SIR for
FRS-ATP: 0.57, 95% CI: 0.46, 0.71 and SIR for ACC/
AHA: 0.62; 95% CI: 0.51, 0.75). In addition, the c-statistics
remained unchanged (0.75 and 0.72 for FRS-ATP and
ACC/AHA, respectively).

Improvement of a new risk algorithm is often assessed
by its ability to correctly reclassify high risk patients above
the treatment threshold and low risk patients below the
treatment threshold. Using the ACC/AHA 7.5% treatment
threshold, the ERS-RA reclassified 118 patients without
events and 6 patients with events from low to high risk
and 108 patients without events and 8 patients with

www.rheumatology.oxfordjournals.org
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TaBLe 2 Reclassification of predicted 10-year risk of cardiovascular disease above and below treatment thresholds

General CVD risk scores ERS-RA QRISK2
<7.5% >7.5% <7.5% >7.5%
ACC/AHA
<7.5%
N w/o events 932 118 668 382
N w/events 24 6 8 22
Observed 10-year CVD rate (95% ClI) 4.1 (2.3, 5.8) 8.6 (3.7, 15.8) 2.2 (0.5, 3.8) 8.4 (4.6, 12.1)
>7.5%
N w/o events 108 538 12 634
N w/events 8 62 0 70
Observed 10-year CVD rate (95% ClI) 9.5 (2.8, 15.8) 19.7 (14.5, 24.5) 0.0 (-, -) 17.8 (13.4, 21.9)
FRS-ATP
<20%
N w/o events 1440 115 1154 401
N w/events 65 10 35 40
Observed 10-year CVD rate (95% ClI) 7.6 (5.6, 9.6) 18.4 (4.6, 30.2) 4.6 (2.9, 6.2) 19.0 (12.8, 25.8)
>20%
N w/o events 77 64 16 125
N w/events 10 15 2 23

Observed 10-year CVD rate (95% Cl)  17.9 (6.2,28.2)  28.1 (13.5,40.2)  11.5(0.0,25.2)  24.0 (14.0, 32.9)

Comparing the expanded cardiovascular risk predictions score for RA (ERS-RA) and QRISK2 with American College of
Cardiology/American Heart Association (ACC/AHA) Pooled Cohort Equation and Framingham risk score used in Adult
Treatment Panel Il guidelines (FRS-ATP) risk calculators for 1798 patients with rheumatoid arthritis. ERS-RA: expanded
cardiovascular risk predictions score for RA; ACC/AHA: American College of Cardiology/American Heart Association
Pooled Cohort Equation; FRS-ATP: Framingham risk score used in Adult Treatment Panel Il guidelines; N: numbers; w/o:

without; w/: with.

events from high to low risk. Among patients reclassified
from low to high risk, the observed 10-year CVD event
rate was 8.6%, which is slightly higher than 7.5%
(Table 2). However, the observed 10-year CVD event
rate for patients reclassified from high to low risk was
9.5%, which is not lower than 7.5%. The NRI was low
(—0.8%; 95% Cl: —8.2, 7.1%). Results were similar
when comparing ERS-RA to FRS-ATP using the 20%
treatment threshold (NRI: 2.3%, 95% Cl: —8.3, 26.6%).
The QRISK2 had a low NRI when compared with the
ACC/AHA (—2.4%; 95% CIl: —10.9, 6.5%). The NRI com-
paring the QRISK2 to FRS-ATP was higher than the other
comparisons, but it did not reach statistical significance
(NRI: 25.0%, 95% Cl: —9.4, 34.7%). The EULAR multiplier
only reclassified six patients above the 7.5% treatment
threshold for the ACC/AHA calculator and three patients
above the 20% treatment threshold for the FRS-ATP cal-
culator, so the NRI was negligible.

Examination of the patients reclassified from low to high
risk by ERS-RA revealed that this group consisted pre-
dominantly of two different types of patients. The first
type included patients with few CVD risk factors and sev-
eral RA-specific factors (i.e. disease duration, disease ac-
tivity, disability and corticosteroid use). The second type
included patients without RA-specific factors who had
well-controlled hypertension and/or hyperlipidaemia,
who were able to achieve lower CVD risk estimates by
ACC/AHA, but not by ERS-RA. Examination of the
patients reclassified from high to low risk revealed this

www.rheumatology.oxfordjournals.org

group consisted predominantly of patients with untreated
or undiagnosed hypertension or hyperlipidaemia or those
with low high-density lipoprotein cholesterol, and patients
with few RA-specific factors. Some patients with one or
two unfavourable RA-specific factors still had lower CVD
risk estimates by ERS-RA than by ACC/AHA. Because
CDAIl was available in the three cohorts with the lowest
CVD event rates, sensitivity analyses in this subset without
imputed CDAI showed the ERS-RA substantially overes-
timated CVD risk (SIR: 0.32, 95% CI: 0.18, 0.61).

Each CVD risk calculator was designed to be applicable
in different age ranges (ERS-RA: all adult ages; QRISK2:
35-74 years; FRS-ATP: 30-74 years; ACC/AHA: 40-79
years). In a sensitivity analysis including only patients
aged 40-74 years at baseline (1388 patients with 91 first
CVD events), calibration of all risk calculators improved
slightly compared with the overall results, as all SIRs
moved closer to 1 (ERS-RA: 0.84-0.98; QRISK2:
0.45-0.49; FRS-ATP: 0.64-0.63; and ACC/AHA:
0.73-0.93). However, discrimination worsened compared
with the overall results, as the c-statistics decreased
(ERS-RA: 0.69 to 0.66; QRISK2: 0.72 to 0.70; FRS-ATP:
0.75 to 0.71; and ACC/AHA: 0.72 to 0.70).

In a third sensitivity analysis, only patients with >1 year
disease duration at baseline were evaluated (694 patients
with 22 first CVD events and mean disease duration of 12
years). All risk calculators substantially overestimated
CVD risk in this subset of patients, as all SIRs were sig-
nificantly <1 [ERS-RA: 0.39 (95% ClI: 0.26, 0.59); QRISK2:

1107


Deleted Text: 10 
Deleted Text: -
Deleted Text: -
Deleted Text: --
Deleted Text: -
Deleted Text: --
Deleted Text: -
Deleted Text: -
Deleted Text: --
Deleted Text: -
Deleted Text: --
Deleted Text: 6 
Deleted Text: 3 
Deleted Text: 2 
Deleted Text:  
Deleted Text: HDL-c
Deleted Text: 1 
Deleted Text: 2 
Deleted Text: 3 
Deleted Text: , 
Deleted Text: -
Deleted Text: , 
Deleted Text: -
Deleted Text: , 
Deleted Text: -
Deleted Text: -
Deleted Text: &thinsp;>
Deleted Text: &thinsp;<
Deleted Text: (
Deleted Text: [
Deleted Text: -
Deleted Text: ]; 

Cynthia S. Crowson et al.

0.26 (95% CI: 0.17, 0.39); FRS-ATP: 0.38 (95% CI: 0.23,
0.63); ACC/AHA: 0.41 (95% ClI: 0.27, 0.62)]. Discrimination
also worsened compared with the overall results, as the c-
statistics decreased (ERS-RA: 0.69, 0.65; QRISK2: 0.72,
0.62; FRS-ATP: 0.75, 0.70; and ACC/AHA: 0.72, 0.65).

Discussion

Despite the inclusion of RA-specific risk factors, the ERS-
RA, QRISK2 and EULAR 1.5 multiplier did not improve
CVD risk predictions for patients with RA compared with
general population CVD risk calculators. The ERS-RA al-
gorithm produced comparable or lower risk estimates
than other CVD risk calculators. While calibration was
slightly improved for the ERS-RA algorithm compared
with FRS-ATP or ACC/AHA, discrimination and classifica-
tion were unimproved. In contrast, QRISK2 had higher risk
estimates than the other risk algorithms resulting in poor
calibration with no improvement in discrimination and little
improvement in classification. The EULAR multiplier
reduced calibration without improving discrimination or
classification.

The low CVD risk in our cohort, which led to SIR <1 in
all assessments of calibration, was unexpected, as previ-
ous reports have found higher CVD risk in patients with RA
than in the general population and have reported that risk
scores for the general population underestimate risk
among patients with RA [1-3]. However, our event rates
are actually higher than those reported in the CORRONA
cohort used to develop the ERS-RA (combined CVD event
rate: 8.0 vs 6.4; myocardial infarction: 6.3 vs 2.5; stroke
3.1 vs 3.0; CVD death: 1.7 vs 1.0/1000 person-years in our
cohort and CORRONA, respectively) [5]. Furthermore, all
centres re-reviewed their data and found no evidence for
under-ascertainment of CVD events. However, CVD event
rates may differ in the general populations of the countries
included, which could impact our results. Another pos-
sible explanation is that lower CVD event rates in recent
years may be due to variability in aggressiveness of RA
and CVD risk factor management. While this may affect
our assessment of calibration, it has little impact on the
relative comparisons between the risk calculators, which
are the focus of our analyses.

Examination of patients reclassified by ERS-RA re-
vealed limitations related to its reliance on physician diag-
noses of hypertension and hyperlipidaemia, which are
known to be under-diagnosed and under-treated in pa-
tients with RA [19, 20]. Hyperlipidaemia is a non-specific,
general term which is not defined in the latest ACC/AHA,
European Atherosclerosis Society or European Society of
Cardiology guidelines for CVD prevention [11, 21, 22]. The
lack of consensus criteria for hyperlipidaemia was worri-
some; however, our cohort had higher hyperlipidaemia
rates than the ERS-RA derivation cohort (35% vs 15%).
Another limitation of ERS-RA was that successful treat-
ment for hypertension and/or hyperlipidaemia did not
result in reduced CVD risk estimates.

The poor calibration of QRISK2 may be related to our
inclusion of cohorts from multiple countries, which may
have different underlying CVD rates than the UK. Also,
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the modified version of the QRISK2 without Townsend
deprivation score, atrial fibrillation and chronic kidney dis-
ease may have poorer performance. Furthermore,
QRISK2 is arguable as an RA-specific risk calculator
since it includes an RA indicator, but not RA-specific char-
acteristics [5]. The EULAR multiplier was only applicable in
21% of our patients and only a handful of patients were
actually reclassified above the treatment thresholds for
FRS-ATP and ACC/AHA, so the practical implications of
the multiplier are extremely limited, which confirmed its
conservativeness [1].

In contrast to general population CVD risk scores, which
are developed using large population-based cohorts with
long follow-up, these RA risk calculators may be less re-
liable due to constraints related to data availability. Large
population-based cohorts of patients with RA with long
follow-up are lacking, partially due to the low prevalence
of RA, which is around 1% of the population. Even in the
QRISK2, which is a general population CVD risk calculator
developed using a large cohort of patients, the number of
patients with RA upon which the RA risk estimate is based
was likely small. The ERS-RA was developed using regis-
try data and the mean follow-up was <3 years, which may
lead to inaccuracies in estimation of 10-year CVD risk. The
EULAR multiplier was developed based on expert opinion
and evidence from the literature and its performance was
not formally assessed by the developers.

Furthermore, the utility of RA-specific CVD risk calcula-
tors is debatable. Minimizing disease activity is the goal of
disease management in patients with RA, and there is no
evidence that even more aggressive therapy specifically
to target CVD risk, instead of joint disease, would be of
benefit [23]. Evidence that traditional risk factors should
be managed differently in patients with RA is also lacking.
Hence, while accurately predicting CVD risk in patients
with RA is important, the clinical utility of an RA-specific
risk calculator is questionable. Further research is needed
to determine the optimal strategies to lower CVD risk in
patients with high CVD risk due to RA disease activity.

Strengths of our study include the use of many well-
established cohorts assembled by prominent researchers.
While inclusion criteria varied between centres, all RA
diagnoses were confirmed by experienced rheumatolo-
gists. Furthermore, the cohorts were either population-
based or included all consecutive patients, minimizing
selection bias issues. However, referral bias cannot be
excluded due to the inclusion of referral centres, and
these data from well-organized academic centres may
not be generalizable to other practice settings. Other
study limitations include possible differences in measure-
ment of CVD risk factors and events, despite use of stan-
dardized variable definitions. Cohort surveillance methods
differed as some cohorts evaluated their patients at regu-
lar intervals and others retrospectively reviewed medical
records. In addition, CVD events were not adjudicated
and some centres contributed few CVD events.
However, inconsistencies in risk factor definitions likely
mimic the real-world application of these calculators, as
physicians applying them are unlikely to ensure their
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RA-specific cardiovascular risk calculators

measurement methods exactly agree with those used in
algorithm development. Furthermore, imputation of
CDAI > 10 using DAS28ESR > 3.0 could be questioned,
as high disease activity is typically defined as
DAS28ESR > 5.1 [24]. However, using a higher cut-point
would result in lower ERS-RA estimates, which were al-
ready lower than other risk calculator estimates. So
increasing the DAS28ESR cut-point would further de-
crease the performance of ERS-RA. While mean follow-
up was only 7 years, this was similar to the QRISK2
derivation cohort [4]. Finally, the RA-specific SCORE
adaptation could not be evaluated, because our cohort
included the adaptation derivation cohort, and because
the fatal CVD outcome used in SCORE obfuscates
direct comparisons [25].

In conclusion, RA-specific risk calculators did not pre-
dict CVD risk in patients with RA more accurately than the
general population risk calculators. Thus, based on our
assessment, it does not appear that these RA-specific
CVD risk calculators are clinically useful. However, further
validation work is warranted to determine whether these
RA-specific calculators may be useful in subsets of pa-
tients with RA or certain populations. Furthermore, the
issue of accurate CVD risk assessment for patients with
RA still needs to be addressed, so more research is
needed to build an accurate CVD risk calculator for pa-
tients with RA.
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