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Abstract

Objective. Since the addition of carotid ultrasound into composite cardiovascular risk (CVR) scores
has been found effective for identifying patients with inflammatory arthritis and high CVR, we
aimed to determine if its use would facilitate the reclassification of patients with psoriatic arthritis
(PsA) into the very-high-risk SCORE (Systematic Coronary Risk Evaluation) category and whether

this might be related to disease features.

Methods. Cross-sectional study involving 206 patients who fulfilled CASPAR criteria for PsA and
197 controls. We assessed lipid profile, SCORE, disease activity measurements, and the presence of
carotid plaques and carotid intima-media thickness by ultrasonography. A multivariable regression
analysis, adjusted for classic CVR factors, was performed to evaluate if the risk of reclassification
could be explained by disease-related features and to assess the most parsimonious combination of

risk reclassification predictors.

Results. Forty-seven percent of patients were reclassified into a very-high SCORE risk category
after carotid ultrasound compared to 26% of controls (p=0.000). Patients included in the low-risk
SCORE category were those who were more commonly reclassified (30% vs. 14%, p=0.002). The
DAPSA score was associated with reclassification (beta coefficient 1.10 [95%CI 1.02-1.19],
p=0.019) after adjusting for age and traditional CVR factors. A model containing SCORE plus age,
statin use, and DAPSA score yielded the highest discriminatory accuracy compared to the SCORE

alone model (AUC 0.863 [95%CI 0.789-0.936] vs. 0.716 [95%CI 0.668-0.764], p=0.000).

Conclusions. PsA patients are more frequently reclassified into the very-high SCORE risk category
following carotid ultrasound assessment than controls. This was independently explained by the

disease activity.
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Introduction

There is growing evidence that psoriatic arthritis (PsA) patients have a higher cardiovascular
disease burden than the general population (1). Exposure to an increased inflammation load is
associated with a higher prevalence of atherosclerosis in these individuals (2). Previous studies have
reported that this occurred independently of traditional cardiovascular risk factors and correlated
with PsA disease duration and increased inflammatory markers (3,4). Moreover, PsA patients
lacking traditional cardiovascular risk factors were found to have the more commonly observed
subclinical atherosclerosis, manifested by a higher frequency of endothelial dysfunction, greater
carotid intima-media wall thickness (cIMT), and a higher frequency of carotid plaques than healthy
controls (5,6). Additionally, increased cIMT independently correlated with parameters of disease
activity and conventional risk factors of atherosclerosis in PsA patients (7). This is of great
relevance, since the presence of carotid atherosclerosis was associated with an increased risk of

experiencing future cardiovascular events in patients with PsA (8).

Prediction score algorithms for cardiovascular disease, such as the Framingham Risk Score
and the Systematic Coronary Risk Evaluation (SCORE), were reported to be of limited value in
correctly identifying high-cardiovascular risk PsA patients (7,9). This implies that such risk charts
do not correctly identify patients who might benefit from intensive management of cardiovascular
risk factors. For this reason, the search for non-invasive tools that would facilitate the identification
of very high cardiovascular risk PsA patients is of great relevance. In this regard, the
reclassification of individuals included in the moderate or low categories, based on the SCORE, into
the very high cardiovascular risk category using carotid ultrasound has been reported in patients

with systemic lupus erythematosus (10) and rheumatoid arthritis (11,12).
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According to the 2016 European Guidelines on Cardiovascular Disease Prevention in
Clinical Practice (13), carotid artery plaque assessment using ultrasound has gained support as a
way of reclassifying those patients for whom the SCORE is thought to underestimate the actual
cardiovascular risk. However, there is still limited data available to define a candidate profile for
this evaluation, the cost-effectiveness of which would be greater. Taking this into account, we
aimed to determine if the use of carotid ultrasound would facilitate the reclassification of patients
with PsA into the very high cardiovascular risk SCORE category and whether this could be related
to characteristics assessed in the daily clinical practice, particularly those related to disease

features.

Methods
Study participants

This was a cross-sectional study that included 206 patients with PsA and 179 controls. All of
them were 18 years old or older, had a clinical diagnosis of PsA, and were enrolled based upon the
international Classification of Psoriatic Arthritis (CASPAR) study (14). They had been diagnosed
by rheumatologists and were periodically followed-up at rheumatology outpatient clinics. For the
purpose of inclusion in the present study, PsA disease duration had to be >1 year. Although long-
term anti-TNF-a therapy has been found to improve aortic stiffness and cIMT progression in
patients with PsA (15,16), those undergoing anti-TNF-a, IL-17 inhibitors or other biological
therapies were not excluded from the present study. Likewise, since glucocorticoids are often used
in the management of PsA, patients taking prednisone were not excluded. The controls (n=179)
were community-based, recruited by general practitioners in primary health centers of the Cantabria
region. Controls with family history of any inflammatory or autoimmune rheumatic diseases were

excluded. None of the patients and controls had established cardiovascular disease. Diabetes
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approved by the Institutional Review Committee at Hospital Marqués de Valdecilla in Santander,

Spain, and all subjects provided informed written consent (Approval Number: 2016.052).

Assessments and data collection

Surveys in PsA patients and controls were performed to assess cardiovascular risk factors
and medication. Hypertension was defined as a systolic or a diastolic blood pressure higher than140
and 90 mmHg, respectively. Dyslipidemia was defined if one of the following factors was present:
total cholesterol > 200 mg/dl, triglycerides > 150 mg/dl, HDL-cholesterol <40 mg/dl in men or <
50 mg/dl in women, or LDL-cholesterol > 130 mg/dl. At the time of assessment, all patients were
evaluated using two clinical measures of disease activity: Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI)(17) and the Disease Activity Index for Psoriatic Arthritis (DAPSA) (18).
In addition, a functional status index (Bath Ankylosing Spondylitis Functional Index [BASFI]) (19),
a patient life impact measure (PsA Impact of Disease Score [PSAID]) (20), two cutaneous indexes
(Psoriasis Area and Severity Index score [PASI] and Psoriasis Global Assessment [PGA]) (21), and
the Nail Psoriasis Severity Index (NAPSI) were used to assess the severity of nail psoriasis (22).
Furthermore, high-sensitivity C-reactive protein (hsCRP) was assessed, and standard techniques

were used to measure serum lipids.

Carotid ultrasound assessment

Carotid ultrasound was performed to determine cIMT in the common carotid artery and to
detect focal plaques in the extracranial carotid tree both in patients with PsA and in controls (12,23).
A commercially available scanner, Mylab 70, Esaote (Genoa, Italy) equipped with a 7-12 MHz
linear transducer and an automated software-guided radiofrequency technique — Quality Intima
Media Thickness in real-time (QIMT, Esaote, Maastricht, Holland) — was used for this purpose.
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(common carotid artery, bulb and internal carotid artery) were defined as follows: a focal protrusion
in the lumen measuring at least cIMT >1.5 mm; a protrusion at least 50 % greater than the

surrounding cIMT; or an arterial lumen encroaching >0.5 mm (24).

Statistical analysis

Patients and controls with carotid plaques based on ultrasound assessment were reclassified
into very-high SCORE risk category. Subjects without plaques were maintained in their original
SCORE category. cIMT was not used to determine reclassification because according to current
guidelines (25) cIMT is not considered an unequivocal CVD on imaging. Univariate differences
between reclassified and non-reclassified patients were assessed through T Student, U Mann-
Whitney, Chi squared or Fisher Exact tests according to normal distribution or the number of
subjects. Logistic regression analysis adjusted for the variables with a p value below 0.20 in the
univariate analysis was performed to assess the relation between PsA disease-related data and the
presence of reclassification. An all-sets logistic regression model was constructed to describe the
most parsimonious combination of risk reclassification predictors according to Akaike Information
Criteria, Schwarz Bayesian Criterion, the area under the curve, and Hosmer-Lemeshow goodness-
of-fit. For characteristics associated with reclassification and that were included in the predictive
model, sensitivity versus false positive frequency (1-specificity) was analyzed utilizing receiver-
operating characteristic curves (ROC). To determine the optimal cutoff value of baseline
characteristics in predicting reclassification, we calculated the Youden index using the following
formula: sensitivity + specificity — 1, with the maximum obtained value corresponding to the
optimal cut-off point. To estimate the increase in prediction accuracy between models, we used
logistic regression to calculate the ROC curves and the area under the receiver-operator

characteristic curves (AUC). The SCORE AUC was thus considered the reference and was
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comparison of ROC curves to test the statistical significance of the difference between the areas
under two dependent ROC curves (derived from the same cases) was conducted using the method
of DeLong et al. (26). Reclassification differences between models were studied through the net
reclassification index (NRI) and integrated discrimination improvement (IDI) as previously
described (27). Similarly, calibration of the models was calculated using the Hosmer-Lemeshow
goodness-of-fit test by grouping individuals on the basis of deciles (28,29). All the analyses used a
5% two-sided significance level and were performed using SPSS software, version 24 (IBM,

Chicago, IL, USA). A p value < 0.05 was considered statistically significant.

Results
Demographic, laboratory and disease-related data

A total of 206 PsA patients and 179 sex-matched controls with a mean + SD age of 45 £ 8
and 41+ 9 years, respectively, were included in this study. Demographic and disease-related
characteristics of the participants are shown in Table 1. Body mass index (26.9 + 5.8 vs. 25.4 +4.2;
p=0.010) and waist circumference (94 £+ 15 vs. 91 = 15 cm, p=0.048) were higher in PsA patients
than controls. Differences between patients and controls in the prevalence of traditional
cardiovascular risk factors were also observed. In this regard, patients were more commonly
hypertensive (37% vs. 12%, p=0.000), smokers (28% vs.18%, p=0.017) and diabetic (10% vs. 2%,
p=0.002). A lipid profile assessment revealed lower levels of total cholesterol (0.006) and LDL-
cholesterol (0.023) in patients compared to controls. The median PsA disease duration was 4.6
years (interquartile range -IQR- 2.0-10.9). Psoriasis was present in 73% of patients at the time of
the study and 10% were positive for HLA-B27. An extended version of Table 1 is available as

Supplementary Table 1 with the online version of this article.
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Regarding carotid ultrasound assessment, 49% of the PsA patients had carotid plaques
compared to 26% of controls (p=0.000). The average cIMT in patients and controls was 0.679 +

0.165 mm and 0.606 £ 0.116 mm, respectively (p=0.000).

SCORE risk category reclassification after carotid sonography

Following SCORE risk chart stratification, 101 (49%) patients and 139 (78%) controls were
included in the low cardiovascular risk category. In contrast, none of the controls and only 8 (4%)
patients fulfilled the definition for very high cardiovascular risk when the risk charts were applied
(Table 2). Interestingly, carotid ultrasound assessments revealed a significantly higher frequency of
reclassification in PsA patients compared to controls (47% vs. 26%, p=0.000). In this regard, 30 of
the 101 patients (30%) and 19 of the 139 controls (14%) who fulfilled the definition for low
cardiovascular risk, according to the SCORE risk charts, had carotid plaques; consequently, they
were reclassified into the very-high risk category (30% vs. 14%, p=0.000). Fifty-four of 78 patients
(69%) and 18 of 28 controls (64%) (p=0.54) included in the moderate-risk SCORE category had
carotid plaques and, consequently, were also reclassified into the very high cardiovascular risk
category. Similarly, 12 of 19 PsA patients (63%) and 10 of 12 controls (83%) included in the high
cardiovascular risk SCORE category prior to carotid ultrasound assessment were reclassified into

the very high-risk category once that this test was performed (p=0.42) (Table 2).

Similar results were obtained when analyses were performed separating patients according
to current anti-TNF alpha therapy or not. In this regard, both groups disclosed a higher probability

of being reclassified compared to controls (Supplementary Table 2).

Differences between reclassified and non-reclassified patients into very high cardiovascular risk

categories after carotid ultrasound assessment
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Several differences in the recorded characteristics of PsA patients who were reclassified
following the carotid ultrasound assessment and those who were not reclassified were observed
(Table 3). In this regard, reclassified patients were older (57 £ 9 years vs. 50 £+ 13 years, p=0.000),
and more commonly had hypertension (54% vs. 22 %, p=0.000) and obesity (28% vs. 14%,

p=0.011).

As expected, PsA patients who were reclassified following a carotid ultrasound had greater
cIMT than those who were not reclassified (0.725 = 157 mm vs. 0.638 £ 0.162 mm, p=0.000).
Interestingly, neither laboratory parameters related to the lipid profile nor CRP values revealed any
differences between reclassified and non-reclassified patients with the exception of total cholesterol
(197 £ 36 mg/dl vs. 179 + 40 mg/dl, p=0.001) and LDL-cholesterol (116 = 35 mg/dl vs. 106 + 34

mg/dl, p=0.032), which were lower in reclassified patients.

Regarding PsA-related features, some differences were also observed between these two
groups of patients. Those with peripheral polyarthritis were more commonly reclassified following
a carotid ultrasound assessment than the other patients. In addition, disease duration was found to
be higher in the reclassified patients (5.7 [IQR 2.2-12.5] years vs. 4.1 [IQR 1.4-8.0] years,
p=0.023). However, this association was lost after adjusting for age and traditional cardiovascular
risk factors. The DAPSA score, both as a continuous (6.10 [0.05-15.10] vs. 1.92 [0.00-10.01],
p=0.056) and categorical measure (low, moderate or high activity vs. remission), was found to be
higher in reclassified patients in the univariate analysis. Moreover, DAPSA score differences were
still present when this relation was constructed after adjusting for confounding factors. In this
regard, DAPSA's positive relation with reclassification yielded a statistically significant association
(beta coefficient 1.10 [95%cCI 1.02-1.19], p=0.019) after the multivariable analysis. Multivariable
regression analysis also confirmed the aforementioned results using DAPSA as a categorical (low,
moderate or high activity vs. remission) and ordinal (moderate and high activity, or low activity vs.

remission? variable. Patients with moderate or high activity, according to their DAPSA score at the
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time of assessment, exhibited a higher probability of being reclassified compared to the remaining
patients (beta coef. 15.09 [95%CI 1.69-135.08], p=0.015). An extended version of Table 3 is

available as Supplementary Table 3 in the online version of this article.

Predictive model for reclassifying patients into the very high cardiovascular risk category following

a carotid ultrasound assessment

A predictive model was constructed only for those patients with PsA who had been included
in the low and moderate risk SCORE categories prior to a carotid ultrasound assessment. These
variables conjointly represented the most parsimonious model capable of predicting the
reclassification of patients with PsA into the very high cardiovascular-risk category (Table 4): age,
use of statins, and DAPSA score. Moreover, an age exceeding 48 years and a DAPSA score equal
to or higher than 5 were the cut-offs among the continuous variables that reached the highest

Youden indices.

Table 5 represents the discrimination, re-classification and calibration assessment of the
model using clinical data (age, statins use, and DAPSA score) versus the reference SCORE model.
The SCORE, which included traditional CV risk factors, showed a statistically significant
discrimination of reclassification (AUC 0.716 [95%CI 0.668-0.764]). However, the AUC of the
model, which contained SCORE plus age, statin use, and the DAPSA score, was found to have
higher discrimination (0.863 [95%CI 0.789-0.936]), p=0.000) (Figure 1). The addition of clinically
related data represented a significant change in NRI vs. the SCORE reference model (NRI 0.65
[95%CI 0.38-0.92], p=0.000). Similarly, IDI was significantly higher in this model compared to that
of the SCORE reference (0.46 [95%CI 0.36-0.56], p=0.000). Model calibration (through a Hosmer-

Lemeshow chi2 test) was found to be optimal in the final model (0.89).
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A carotid ultrasound is a non-invasive well-validated and reproducible procedure for
quantifying the burden of subclinical vascular disease and determining cardiovascular disease risk.
Using this technique we can measure the cIMT and identify the presence of carotid plaques, which
are surrogate markers for atherosclerotic disease. In the present study we observed not only that use
of a carotid ultrasound allowed us to reclassify nearly half of the PsA patients, but also that disease
activity influenced reclassification, regardless of traditional cardiovascular risk factors. In this
sense, tools that are commonly utilized in clinical practice proved useful for identifying PsA

patients who would benefit from a complementary cardiovascular assessment.

Reclassification of cardiovascular risk using carotid ultrasound in PsA has previously been
reported. In a recent study of 102 patients (30), 70.6% had intermediate-cardiovascular risk, 25.5%
high cardiovascular risk, and 3.9% very high cardiovascular risk according to the SCORE risk
charts. Of these, 26.5% were upgraded and reclassified into the very high risk category due to the
presence of carotid plaques. However, this study lacked any comparison of reclassification between
PsA patients and healthy individuals. Moreover, the study did not provide information on
determinants of this reclassification. In another cross-sectional multicenter descriptive study from
the same group, 30.8% of the 176 PsA patients assessed by SCORE risk charts were subsequently
reclassified as having very high risk following carotid ultrasound evaluation (31). Subclinical
atherosclerosis was associated with age and dyslipidemia, but not with other traditional
cardiovascular risk factors. Axial disease was associated with reclassification in patients with
moderate-cardiovascular risk (31). Similarly, in a series of 226 patients with PsA, Eder ef al.
observed that 56.1% of the patients in the Framingham Risk Score-based low to intermediate risk
groups had carotid plaques. Interestingly, 55.9% of the patients from the intermediate risk category
were reclassified into an ultrasound-based high-risk category, while 47.1% of the patients in the
low-risk category were reclassified into a higher ultrasound-based risk group (32).
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The DAPSA score has been validated for its use in PsA. In both trials and observational
studies, it has proven to be sensitive to change, showing good correlation with ultrasound-assessed
synovitis (18). Several reports have demonstrated that disease activity, as determined by this score
or by other biomarkers, is responsible for the accelerated atherogenesis observed in PsA patients
(3,33,34). Our findings, which support the contention that DAPSA is independently related to
reclassification, reinforce the importance of disease activity and disease duration as key factors in
the development of accelerated atherosclerosis in PSA patients. A recent prospective study has
shown that patients achieving MDA were associated with lower risk of subclinical atherosclerosis
progression (35). Furthermore, when we established a predictive model on the probability of being
reclassified, we found that the DAPSA score, when combined with age and statins treatment, was
capable of explaining such a reclassification. Our findings were in agreement with a recent report
by our group involving patients with systemic lupus erythematosus (10). In this study, we found
that disease-related factors - such as disease duration, a score of disease damage and complement
serum levels - were capable of explaining such a reclassification in systemic lupus erythematosus
patients, independently of traditional cardiovascular factors. These findings reinforce the pivotal
role of disease activity in chronic inflammatory conditions as a major factor leading to

cardiovascular risk reclassification.

We do not have an exact explanation for the fact that other PsA disease related scores were
not related to reclassification. In this sense, BASDAI index and cutaneous psoriasis scores did not
reveal any differences between reclassified and non-reclassified patients. We believe that this was
probably related to a low prevalence of spinal involvement and mild skin involvement in our cohort.
Moreover, the disease duration in our patients was relatively short. This fact may have influenced
that disease duration in our study were not related to reclassification after adjustment. We also
believe that the fact that statins use was associated with reclassification may reflect a marker of high
underlying CV risk in these reclassified patients instead of a causative effect.
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PsA may involve peripheral joints, axial joints or both. However, polyarthritis is commonly
observed during the disease course. Certainly the polyarthritis pattern is the most common, and it is
frequently associated with higher disease activity (36). In our study, the peripheral polyarthritis PsA

pattern was more commonly associated with reclassification than were other PsA patterns.

In our study we found that both discrimination through AUC, which reflects the ability of a
prognostic model to correctly identify clinical status, and reclassification with NRI were
significantly higher in the model containing clinically related data compared to the SCORE model.
The capacity of the SCORE model to predict clinical cardiovascular events in the general
population is potent and has been widely demonstrated. In fact, improvements in risk prediction and
classification beyond SCORE, such as by adding novel risk markers, including imaging techniques
and biomarkers, have been modest. In our study on PsA patients, the contribution of SCORE data to
a prediction model of reclassification was also great. However, we were able to identify novel
markers (age, statins use and DAPSA score) with a significant incremental predictive value for the

presence of reclassification in PsA.

A limitation of our study was that controls were not age-matched. However, this difference
was not found to be excessive (mean difference of 4 years), and it is known that the SCORE model
used age as a time variable and not as a risk factor. Moreover, it has previously been shown that
regardless of matching, identical results are obtained when multivariable regression analysis is
applied to epidemiological case-control studies (37). Consequently, we feel that the multivariate
analysis performed in our study was capable of dealing with potential confounders. In addition,
patients in our cohort had significantly lower CRP serum levels compared to controls. We believe
that this is because a large majority of the patients were on biological treatment. Nevertheless, we
do not believe that this issue affected the results of our study. Another limitation was that currently
it is unknown if reclassified PsA patients experience a higher number of CV events. Moreover, the

reduction of CVD risk in patients treated with lipid- or blood pressure-lowering drugs because of
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reclassification with, for example, carotid ultrasound remains to be demonstrated. However, current
guidelines (25) recommend additional risk factor assessment if such risk factors improve risk
classification by calculation of a NRI, and if the assessment is feasible in daily practice. We believe,

therefore, that this is the case of our study, in which NRI was proved to be statistically significant.

In conclusion, our results indicate that reclassification of cardiovascular risk following
carotid ultrasound assessment in patients with PsA is independently associated with disease activity.
This fact supports the need for active management of the disease in order to reduce the
inflammatory burden, in a dual strategy to prevent not only disability but also the risk of

cardiovascular events.

Downloaded from www.jrheum.org on January 16, 2020 - Published by The Journal
of Rheumatology

15

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

Page 16 of 31

Acknowledgements

We are in debt to Mr. Javier Garcia Fernandez, Ms. Patricia Gomez Vicente and Ms. Monica
Andrés Pérez for their contributions to the assessment of the patients included in the study. We
thank the Sociedad Espafola de Reumatologia for its assistance in the English-language review of

this manuscript.

Funding

This work was supported by a grant to [.F-A. from the Spanish Ministry of Health,
Subdireccion General de Evaluacion y Fomento de la Investigacion, Plan Estatal de Investigacion
Cientifica y Técnica y de Innovacion 2013-2016 and by Fondo Europeo de Desarrollo Regional -

FEDER - (Fondo de Investigaciones Sanitarias, FIS P114/00394, P117/00083)

Professor Gonzalez-Gay research was supported by European Union FEDER funds and by
the “Fondo de Investigacion Sanitaria” (grants P106/0024, PS09/00748, P112/00060, P115/00525
and PI18/00043) of the ‘Instituto de Salud Carlos III’ (ISCIII, Health Ministry, Spain). It was also
partially supported by RETICS Programs RD12/0009 (RIER), RD12/0009/0013 and RD16/0012

from the ‘Instituto de Salud Carlos III’ (ISCIII, Health Ministry, Spain).

Downloaded from www.jrheum.org on January 16, 2020 - Published by The Journal
of Rheumatology

This accepted article is protected by copyright. All rights reserved.

16


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

Page 17 of 31

References

Liew JW, Ramiro S, Gensler LS. Cardiovascular morbidity and mortality in ankylosing

spondylitis and psoriatic arthritis. Best Pract Res Clin Rheumatol 2018;32:369-89.

Eder L, Thavaneswaran A, Chandran V, Cook R, Gladman DD. Increased burden of
inflammation over time is associated with the extent of atherosclerotic plaques in patients

with psoriatic arthritis. Ann Rheum Dis 2015;74:1830-5.

Eder L, Jayakar J, Shanmugarajah S, Thavaneswaran A, Pereira D, Chandran V, et al. The
burden of carotid artery plaques is higher in patients with psoriatic arthritis compared with

those with psoriasis alone. Ann Rheum Dis 2013;72:715-20.

Tam L-S, Shang Q, Li EK, Tomlinson B, Chu TTW, Li M, et al. Subclinical carotid

atherosclerosis in patients with psoriatic arthritis. Arthritis Rheum 2008;59:1322-31.

Gonzalez-juanatey C, Llorca J, Amigo-Diaz E, Dierssen T, Martin J, Gonzalez-Gay MA.
High prevalence of subclinical atherosclerosis in psoriatic arthritis patients without clinically
evident cardiovascular disease or classic atherosclerosis risk factors. Arthritis Rheum

2007;57:1074-80.

Gonzalez-Juanatey C, Llorca J, Miranda-Filloy JA, Amigo-Diaz E, Testa A, Garcia-Porrua
C, et al. Endothelial dysfunction in psoriatic arthritis patients without clinically evident
cardiovascular disease or classic atherosclerosis risk factors. Arthritis Rheum 2007;57:287-

93.

Rosales Alexander JL, Cantero-Hinojosa J, Salvatierra J, Magro Checa C, Gonzéalez-Gay
MA, Raya Alvarez E. Cardiovascular risk assessment according to a national calibrated score
risk index in psoriatic arthritis patients without clinically evident cardiovascular disease or

classic atherosclerosis risk factors. Jt Bone Spine 2014;81:164-8.

8. Downbshde & frdkintani/ % flacvey Br §addan bar e dpory - CashliBhetabyl b aalue ofal

of Rheumatology

17

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

10.

1.

12.

13.

14.

15.

Page 18 of 31

carotid ultrasound in cardiovascular risk stratification in patients with psoriatic disease.

Arthritis Rheumatol Wiley; 2019;

Eder L, Chandran V, Gladman DD. The Framingham Risk Score underestimates the extent of
subclinical atherosclerosis in patients with psoriatic disease. Ann Rheum Dis 2014;73:1990-

6.

Quevedo-Abeledo JC, Rua-Figueroa [, Sanchez-Pérez H, Tejera-Segura B, de Vera-Gonzalez
A, Gonzalez-Delgado A, et al. Disease Damage Influences Cardiovascular Risk
Reclassification Based on Carotid Ultrasound in Patients with Systemic Lupus

Erythematosus. J Rheumatol 2019;jrheum.180881.

Gonzalez-Gay MA, Gonzélez-Juanatey C, Llorca J. Carotid ultrasound in the cardiovascular
risk stratification of patients with rheumatoid arthritis: when and for whom? Ann Rheum Dis

2012;71:796-8.

Corrales A, Gonzalez-Juanatey C, Peir6 ME, Blanco R, Llorca J, Gonzalez-Gay MA. Carotid
ultrasound is useful for the cardiovascular risk stratification of patients with rheumatoid

arthritis: results of a population-based study. Ann Rheum Dis 2014;73:722-7.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 European
Guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J

2016;37:2315-81.

Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants H, et al. Classification
criteria for psoriatic arthritis: development of new criteria from a large international study.

Arthritis Rheum 2006;54:2665-73.

Angel K, Provan SA, Fagerhol MK, Mowinckel P, Kvien TK, Atar D. Effect of 1-year anti-

TNF-a therapy on aortic stiffness, carotid atherosclerosis, and calprotectin in inflammatory

DO\?vrrtlli](gO é l?rsér%cmyf%desﬁ%qxé'ré%ln]ﬁ%eg@nig,o %%8 6 é"b_BHShed by The Journal
of Rheumatology

This accepted article is protected by copyright. All rights reserved.

18


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

Page 19 of 31

16.

17.

18.

19.

20.

21.

22.

23.

Di Minno MND, Iervolino S, Peluso R, Scarpa R, Di Minno G, CaRRDs study group.
Carotid Intima-Media Thickness in Psoriatic Arthritis. Arterioscler Thromb Vasc Biol

2011;31:705-12.

Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A. A new approach to
defining disease status in ankylosing spondylitis: the Bath Ankylosing Spondylitis Disease

Activity Index. J] Rheumatol 1994;21:2286-91.

Schoels MM, Aletaha D, Alasti F, Smolen JS. Disease activity in psoriatic arthritis (PsA):
Defining remission and treatment success using the DAPSA score. Ann Rheum Dis BMJ

Publishing Group; 2016;75:811-8.

Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J, Mallorie P, et al. A new approach to
defining functional ability in ankylosing spondylitis: the development of the Bath

Ankylosing Spondylitis Functional Index. J] Rheumatol 1994;21:2281-5.

Gossec L, de Wit M, Kiltz U, Braun J, Kalyoncu U, Scrivo R, et al. A patient-derived and
patient-reported outcome measure for assessing psoriatic arthritis: elaboration and
preliminary validation of the Psoriatic Arthritis Impact of Disease (PsAID) questionnaire, a

13-country EULAR initiative. Ann Rheum Dis 2014;73:1012-9.

Langley RG, Ellis CN. Evaluating psoriasis with Psoriasis Area and Severity Index, Psoriasis
Global Assessment, and Lattice System Physician’s Global Assessment. ] Am Acad

Dermatol 2004;51:563-9.

Rich P, Scher RK. Nail Psoriasis Severity Index: a useful tool for evaluation of nail psoriasis.

J Am Acad Dermatol 2003;49:206-12.

Corrales A, Parra JA, Gonzalez-Juanatey C, Rueda-Gotor J, Blanco R, Llorca J, et al.

Cardiovascular risk stratification in rheumatic diseases: carotid ultrasound is more sensitive

Dol aded o i el 608 SRIaniaRy 1652658 B abIRRed By=iia Batisns Wit

of Rheumatology

19

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

Page 20 of 31

rheumatoid arthritis. Ann Rheum Dis 2013;72:1764-70.

24.  Touboul P-J, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim
carotid intima-media thickness consensus (2004-2006). An update on behalf of the Advisory
Board of the 3rd and 4th Watching the Risk Symposium, 13th and 15th European Stroke
Conferences, Mannheim, Germany, 2004, and Brussels, Belgium, 2006. Cerebrovasc Dis

2007;23:75-80.

25.  Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 European
Guidelines on cardiovascular disease prevention in clinical practice. Atherosclerosis

2016;252:207-74.

26. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more
correlated receiver operating characteristic curves: a nonparametric approach. Biometrics

1988;44:837-45.

27.  Pencina MJ, D’Agostino RB, D’Agostino RB, Vasan RS. Evaluating the added predictive
ability of a new marker: From area under the ROC curve to reclassification and beyond. Stat

Med 2008;27:157-72.

28.  Tripepi G, Jager KJ, Dekker FW, Zoccali C. Statistical methods for the assessment of

prognostic biomarkers (Part I): discrimination. Nephrol Dial Transplant 2010;25:1399-401.

29.  Tripepi G, Jager KJ, Dekker FW, Zoccali C. Statistical methods for the assessment of
prognostic biomarkers(part II): calibration and re-classification. Nephrol Dial Transplant

2010;25:1402-5.

30. Martinez-Vidal MP, Fernandez-Carballido C. Is the SCORE chart underestimating the real
cardiovascular (CV) risk of patients with psoriatic arthritis? Prevalence of subclinical CV

disease detected by carotid ultrasound. Joint Bone Spine 2018;85:327-32.

31.DoWhisageeMidghMBy v irdrés M.oloveni Jarfuetyst Bapie CPRbiished biemiinderirnal
of Rheumatology

This accepted article is protected by copyright. All rights reserved.

20


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

Page 21 of 31

32.

33.

34.

35.

36.

37.

Carballido C. Role of carotid ultrasound in addition to SCORE for the cardiovascular risk

stratification of patients with psoriatic arthritis. J] Rheumatol 2019;

Eder L, Chandran V, Gladman DD. The framingham risk score underestimates the extent of
subclinical atherosclerosis in patients with psoriatic disease. Ann Rheum Dis BMJ Publishing

Group; 2014;73:1990-6.

Szentpetery A, Healy GM, Brady D, Haroon M, Gallagher P, Redmond CE, et al. Higher
Coronary Plaque Burden in Psoriatic Arthritis Is Independent of Metabolic Syndrome and

Associated With Underlying Disease Severity. Arthritis Rheumatol 2018;70:396-407.

Shen J, Wong K-T, Cheng IT, Shang Q, Li EK, Wong P, et al. Increased prevalence of
coronary plaque in patients with psoriatic arthritis without prior diagnosis of coronary artery

disease. Ann Rheum Dis 2017;76:1237-44.

Cheng IT, Shang Q, Li EK, Wong PC, Kun EW, Law MY, et al. Effect of Achieving
Minimal Disease Activity on the Progression of Subclinical Atherosclerosis and Arterial
Stiffness: A Prospective Cohort Study in Psoriatic Arthritis. Arthritis Rheumatol (Hoboken,

NJ) 2019;71:271-80.

de Winter JJ, Paramarta JE, de Jong HM, van de Sande MG, Baeten DL. Peripheral disease
contributes significantly to the level of disease activity in axial spondyloarthritis. RMD open

2019;5:e000802.

Faresjo T, Faresjo A. To Match or Not to Match in Epidemiological Studies—Same

Outcome but Less Power. Int J Environ Res Public Health 2010;7:325-32.

Downloaded from www.jrheum.org on January 16, 2020 - Published by The Journal
of Rheumatology

21

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/

Table 1. Demographic data of 206 psoriatic arthritis patients and 179 controls.

Page 22 of 31

Controls=179 Psoriatic arthritis=206 p
Demographics
Male, n (%) 90 (50) 91 (44) 0.23
Age, years 41+9 45+8 0.000
BMI, mg/cm?2 254+42 26.9+5.8 0.010
Waist circumference, cm 91 £15 94 £ 15 0.048
Systolic pressure, mmHg 121 +13 129+ 18 0.000
Diastolic pressure, mmHg 76 £9 77+ 11 0.237
Comorbidity
Hypertension, n (%) 21 (12) 76 (37) 0.000
Dyslipidemia, n (%) 106 (59) 114 (55) 0.48
Current smoking, n (%) 32 (18) 58 (28) 0.017
Diabetes, n (%) 4(2) 21 (10) 0.002
BMI > 30, n (%) 25 (14) 42 (20) 0.020
Laboratory data
ESR, mm/15th 5(2-9) 6 (3-12) 0.002
hsCRP, mg/1 0.8 (0.5-2.0) 0.3 (0.1-0.8) 0.006
Cholesterol, mg/dl 199 + 34 189 + 30 0.006
Triglycerides, mg/dl 103 £ 56 102 £52 0.83
LDL-cholesterol, mg/dl 119+ 31 111 +34 0.023
HDL-cholesterol, mg/dl 59+ 17 57+17 0.27
Atherogenic index 3.62+1.06 3.94 +5.89 0.49
Psoriatic arthritis-related data
Type of psoriatic arthritis
Peripheral oligoarthritis 19 (9)
Peripheral polyarthritis 124 (60)
Spondylitis 30 (15)
Mixed 30 (15)
Disease duration, years 4.6 (2.0-10.9)
Psoriasis at the time of the study, n (%) 151 (73)
HLA-B27 positive, n (%) 20 (10)
Family history of PsA, n (%) 69 (33)
BASDALI, total score 2.2 (0.0-4.7)
BASDAI >4, n (%) 31 (15)
BASFI, total score 0 (0-3)
PsAID, total score 1-0 (0.0-2.9)
DAPSA, total score 4.2 (0.1-13.0)

BSA, total score
PASI, total score
NAPSI, total score
PG 60ta SCO

0.75 (0.00-2.05)
0.45 (0.00-2.00)

0.0 (0.0-3.1)
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Peripheral symptoms, n (%) 150 (73)

Hip symptoms, n (%) 44 (21)

Enthesitis, n (%) 78 (38)

Uveitis, n (%) 13 (6)

Dactylitis, n (%) 51 (25)

Inflammatory bowel disease, n (%) 14 (7)

Sacroiliitis on MRI, n (%) 26 (13)

Syndesmophytes in axial x-ray, n (%) 73)

Current NSAIDs, n (%) 162 (79)

Current prednisone, n (%) 85 (41)

DMARD:s, n (%) 154 (75)

Methotrexate, n (%) 139 (67)

Anti TNF-therapy, n (%) 87 (42)

Carotid intima media assessment

Carotid plaque, n (%) 47 (26) 100 (49) 0.000
bilateral, n (%) 20 (11) 56 (27) 0.000
cIMT, mm 0.606 + 0.116 0.679 £ 0.165 0.000

Data represent mean + SD or median (IQR) when data were not normally distributed.

BMI: body mass index; CRP: C-reactive protein; LDL: low-density lipoprotein.

DMARD: disease-modifying antirheumatic drug.

HDL: high-density lipoprotein; hsCRP: high-sensitivity C-reactive protein.

cIMT, carotid intima media thickness; BASFI: Bath Ankylosing Spondylitis Functional Index.
BASDALI: Bath Ankylosing Spondylitis Disease Activity Index.

NAPSI: Nail Psoriasis Severity Index; BSA: Body Surface Area.

PGA: Psoriasis Global Assessment; PSAID: PsA Impact of Disease Score.

DAPSA: Disease Activity in PSoriatic Arthritis.
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Table 2. SCORE risk category reclassification after carotid ultrasound assessment.
SCORE Risk Category after Carotid Ultrasound Assessment

Low Moderate High Very high % patients reclassified
Initial SCORE risk category p*
Controls
Low 139 120 0 0 19 13.7%
Moderate 28 0 10 0 18 64,3%
High 12 0 0 2 10 83.3%
Very High 0 0 0 0 0 -
179 120 10 2 47 26.3%
Psoriatic arthritis patients
Low 101 71 0 0 30 29.7% 0.002
Moderate 78 0 24 0 54 69.2% 0.54
High 19 0 0 7 12 63.2% 0.42
Very High 8 0 0 0 8 -
206 71 24 7 104 46.6% 0.000

SCORE: Systematic Coronary Risk Evaluation.
*p values refer to the comparison between patients and controls for each SCORE category and for the total of both populations.
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Table 3. Differences between reclassified and non-reclassified PsA patients into the very high cardiovascular risk category
following carotid ultrasound assessment.

Adjusted Model
Reclassification into Very High Risk after Carotid Ultrasound OR (95% CI) p
No (n=109) Yes (n=97) p
cIMT, carotid intima media thickness, mm 0.638 £0.162 0.725 £ 157 0.000
Demographics
Men, n (%) 44 (40) 47 (48) 0.24
Age, years 50+ 13 57+9 0.000
BMI, mg/cm?2 27.7+6.8 279+6.6 0.89
Waist circumference, cm 94 + 15 94 + 20 0.91
Systolic pressure, mmHg 137 £22 136 £19 0.74
Diastolic pressure, nmHg 79 + 13 80+ 11 0.63
Comorbidity
Hypertension, n (%) 24 (22) 52 (54) 0.000
Dyslipidemia, n (%) 64 (59) 50 (52) 0.15
Current smoking, n (%) 30 (28) 28 (29) 0.83
Diabetes, n (%) 7 (6) 14 (14) 0.058
BMI > 30, n (%) 15 (14) 27 (28) 0.011
Statins, n (%) 32 (29) 80 (82) 0.000
Laboratory data
ESR, mm/15th 7 (4-13) 5(3-11) 0.94
hsCRP, mg/l 0.3 (0.1-0.8) 0.2 (0.1-0.7) 0.19
Cholesterol, mg/dl 197 +£ 36 179 + 40 0.001
Triglycerides, mg/dl 96 + 39 108 £ 62 0.10
LDL-cholesterol, mg/dl 116 + 35 106 + 34 0.032
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Atherogenic index 3.37(2.73-4.12) 3.62 (2.89-4.41) 0.68
Psoriatic arthritis-related data
Type of psoriatic arthritis
Peripheral oligoarthritis 14 (13) 5(5)
Peripheral polyarthritis 55 (50) 69 (71) 0.001
Spondylitis 15 (14) 15 (15)
Mixed 24 (22) 6 (6)
Disease duration, years 4.1 (1.4-8.0) 5.7 (2.2-12.5) 0.023 1.00 (0.97-1.02) 0.77
Psoriasis at the time of the study, n (%) 76 (70) 75 (77) 0.093 1.66 (0.65-4.25) 0.30
HLA-B27 positive, n (%) 17 (16) 303) 0.004 0.17 (0.03-1.06) 0.058
Positive family history of PsA, n (%) 40 (37) 29 (30) 0.23 0.76 (0.29-1.96) 0.56
BASDALI, total score 2.65 (0.00-5.70) 1.4 (0.0-3.8) 0.21 0.92 (0.74-1.13) 0.41
BASDAI >4, n (%) 19 (17) 12 (12) 0.19 0.54 (0.16-1.84) 0.33
BASFI, total score 0.3 (0.0-3.5) 0.0 (0.0-2.1) 0.40 0.88 (0.70-1.11) 0.27
PsAID, total score 1.0 (0.0-3.2) 1.0 (0.0-2.0) 0.11 1.03 (0.77-1.37) .87
DAPSA, total score 1.92 (0.00-10.01) 6.10 (0.05-15.10)  0.056 1.10 (1.02-1.19) 0.019
Remission, n (%) 35(32) 23 (24) 0.049 - -
Low, moderate or high activity, n (%) 23 (21) 32 (33) 3.22 (1.05-9.90) 0.041
DAPSA, total score
Remission, n (%) 35(32) 23 (24) 0.14 - -
Low activity, n (%) 13 (12) 17 (18) 1.50 (0.42-5.37) 0.53
Moderate or high activity, n (%) 10 (9) 15 (15) 15.09 (1.69-135.08) 0.015
BSA, total score 0.5 (0.0-2.9) 0.9 (0.0-2.0) 0.30 0.79 (0.52-1.22) 0.29
PASI, total score 0.8 (0.0-2.1) 0.2 (0.02.0) 0.30 0.73 (0.51-1.04) 0.73
Low 42 (39) 44 (45) 0.27 - -
Moderate and severe 6 (6) 2(2) 0.10 (0.01-1.48) 0.094
NAPSI, total score 0 (0-3) 0 (0-4) 0.43 1.08 (0.93-1.26) 0.45
180 (0.57-5.70) 0.32
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Axial symptoms, n (%) 44 (40) 26 (13) 0.046 0.86 (0.36-2.07) 0.74
Peripheral symptoms, n (%) 83 (76) 67 (33) 0.31 0.57 (0.22-7.85) 0.23
Hip symptoms, n (%) 29 (27) 15(7) 0.053 0.38 (0.14-1.07) 0.067
Enthesitis, n (%) 47 (43) 31 (15) 0.14 0.93 (0.39-2.°14) 0.87
Uveitis, n (%) 8(7) 5(2) 0.54 0.75 (0.17-3.39) 0.75
Dactylitis, n (%) 28 (26) 23 (11) 0.79 1.30 (0.47-3.58) 0.61
Inflammatory bowel disease, n (%) 8(7) 6 (3) 0.80 0.63 (0.15-2.60) 0.63
Sacroiliitis on MRI, n (%) 17 (16) 94) 0.21 0.74 (0.21-2.61) 0.64
Sacroiliitis in x-ray grade 0.69 (0.20-2.39) 0.69
Grade I, n (%) 55(50) 47 (48) 0.62 - -
Grade >=1I, n (%) 16 (15) 1111) 0.72 (0.21-2.51) 0.60
Syndesmophytes in axial x-ray, n (%) 4 (4) 303) 0.99 0.52 (0.08-3.34) 0.49
Current NSAIDs, n (%) 91 (83) 71 (73) 0.12 0.45 (0.17-1.20) 0.11
Current prednisone, n (%) 44 (40) 41 (42) 0.59 1.02 (0.45-6.74) 0.96
DMARD:s, n (%) 78 (72) 76 (37) 0.11 2.32(0.87-6.24) 0.095
Methotrexate, n (%) 71 (65) 68 (70) 0.30 1.25 (0.52-3.03) 0.62
Anti TNF-therapy, n (%) 50 (46) 37 (38) 0.32 1.41 (0.57-3.52) 0.63

Data represent mean = SD or median (IQR) when data were not normally distributed.

BMI: body mass index; CRP: C-reactive protein; LDL: low-density lipoprotein; hsCRP: high-sensitivity C-reactive protein
DMARD: disease-modifying antirheumatic drug; HDL: high-density lipoprotein; ANA: antinuclear antibodies.

cIMT, carotid intima media thickness; NAPSI: Nail Psoriasis Severity Index; BSA: Body Surface Area.

DAPSA: Disease Activity in PSoriatic Arthritis; PGA: Psoriasis Global Assessment.

BASDALI: Bath Ankylosing Spondylitis Disease Activity; BASFI: Bath Ankylosing Spondylitis Functional Index.
Adjusted model for age, hypertension, dyslipidemia, diabetes, obesity and statins.
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Table 4. All the logistic regression model subsets for the prediction of reclassification in patients with PsA
included in the low and moderate cardiovascular risk category according to the SCORE prior to carotid
ultrasound assessment.

Variables OR (95% CI) p Optimal Cut-off Sensitivity, % Specificity, %
Age, years 1.12 (1.03-1.21) 0.006 48 81 59
Statins treatment 90 (14-573) 0.000

DAPSA 1.13 (1.02-1.25) 0.024 5 60 63
Pseudo R2 0.562

AlIC 53

BIC 62

AUC 0.932

Sensitivity 93.8%

Specificity 84.6%

pfitHL 0.996

Values in bold face are statistically significant. AIC: Akaike information criterion; BIC: Schwarz Bayesian criterion
AUC: area under the curve; pfitHL: Hosmer-Lemeshow goodness-of-fit
DAPSA: Disease Activity in PSoriatic Arthritis
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Table 5. Discrimination, re-classification and calibration assessment of SCORE versus model adding clinical data.
SCORE SCORE p
+ clinical data

Reclassification in patients with SCORE <5%

Discrimination

AUC 0.716 (0.668-0.764) 0.863 (0.789-0.936) 0.000
Re-classification

NRI - 0.65 (0.38-0.92) 0.000

IDI - 0.46 (0.36-0.56) 0.000
Calibration

H-L test 0.000 0.890

SCORE: Systematic Coronary Risk Evaluation; PsA clinical data: age, statins use and DAPSA score.
AUC: area under the curve; NRI: net reclassification index; IDI: integrated discrimination improvement.

'p' values in AUC rows represent the comparison of the second model with the first one (SCORE model), which is considered the reference.
NRI and IDI are expressed as their values (95% confidence interval) and p value; NRI and IDI are compared using the SCORE model as the
reference.

'p' value in H-L test expresses the p value of the Hosmer-Lemeshow chi2 statistical test.
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Figure 1. The receiver-operator characteristic (ROC) curves and the area under the
receiver-operator characteristic curves (AUC) for reclassification of both the SCORE

model vs. SCORE model plus clinical data (age, statins use and DAPSA score).
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