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 12 

Abstract 13 

Cardio-vascular risk (CVR) stratification tools have been implemented in clinical practice to guide 14 

management decision for primary prevention of cardiovascular disease. Less is known about how we 15 

can optimally estimate the CVR in children and adolescents or about the reliability of the risk 16 

stratification tools validated in adult populations. Chronic inflammation associated with autoimmune 17 

rheumatic disease (ARD) drives an increased risk for accelerated atherosclerosis in patients of all ages. 18 

Although the research is less advanced than in adult populations, it is recognized that young people 19 

with ARDs with childhood-onset have increased CVR compared to age-matched healthy controls, as 20 

supported by studies investigating lipid biomarker profile and markers of endothelial dysfunction. 21 

Further research is needed to address the unmet need for adequate CVR identification and management 22 

strategies in young people in general, and in those with underlying chronic inflammation in particular. 23 

This perspective paper explores various challenges in adequately identifying and managing CVR in 24 

younger populations and potential directions for future research.  25 

 26 

Introduction 27 

Ischemic cardiovascular disease (CVD) is an umbrella term which comprises disorders of the heart and 28 

blood vessels caused by atherosclerosis, characterised by build-up of lipid deposits within the large 29 

and medium arteries leading to increased blood vessel stiffness and impaired blood supply to vital 30 

organs, as well as increased risk of blood clots (thrombosis). Atherosclerosis, although it progresses 31 

silently over many years, can eventually lead to significant organ damage, such as coronary heart 32 

disease, stroke, peripheral arterial and aortic disease. The natural evolution of atherosclerotic plaques 33 

has been inferred from various studies involving autopsies of individuals of all ages, which in particular 34 
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revealed the existence of vascular lesions from younger age (1-3). Fatty streaks, defined as the first 35 

sign of atherosclerosis visible within the inner layer of blood vessels, start in early childhood. Although 36 

some of these arterial deposits can be reversible, they can also progress from an early age to more 37 

advanced atherosclerotic lesions through accumulation of lipid-engorged macrophages, T cells 38 

recruitment, necrotic core formation due to defective cell death and cellular debris removal 39 

mechanisms and development of a fibromuscular cap (4, 5). The existence of early atherosclerotic 40 

manifestations in children and adolescents suggests that strategies for cardiovascular risk (CVR) 41 

assessment for preventing the development of CVD should start earlier (6). Here we discuss the 42 

suitability of using validated CVR stratification tools in younger cohorts, with particular focus on 43 

children and adolescents with autoimmune rheumatic diseases (ARDs) who have increased CVR, as 44 

well as propose future strategies for improvement of CVR assessment in young patients.  45 

Markers of early atherosclerosis in children and adolescents  46 

The presence of atherosclerotic lesions in young people has been detected with high prevalence in 47 

various cohorts. Young soldiers who died in the Korean War at a mean age of 22 had evidence of 48 

coronary artery atherosclerosis in 70% of cases (7), while more than 50% of children aged 10-14 years 49 

killed in road traffic accidents had early atherosclerosis lesions on post-mortem examination (4). Age, 50 

in addition to other CVR factors significantly influences the prevalence of atherosclerotic lesions. The 51 

large PDAY (Pathobiological Determinants of Atherosclerosis in Youth) study found evidence of 52 

aortic atherosclerosis in 20% of healthy subjects aged 14-19 compared to 40% in those age 30-34 (3). 53 

In addition, an intravascular ultrasound study detected coronary artery atherosclerosis in 17% of 54 

healthy heart donors younger than 20 years, while this proportion increased to 37% in those aged 20-55 

29 and to 60% in adults aged 30-39 years (8). The number and severity of CVR factors, such as 56 

increased body mass index (BMI), blood pressure, and levels of serum total cholesterol and low-density 57 

lipoprotein cholesterol (LDL-C) all correlated with more severe atherosclerosis lesions in children and 58 

young people in the large Bogalusa Heart Study (1). Regarding biological sex, a pro-atherogenic lipid 59 

profile has been identified in healthy male adolescents post-puberty, while post-puberal girls had an 60 

athero-protective profile when compared to sex-matched prepubertal children (9). This provides 61 

evidence that sex-hormones drive changes in lipid metabolism which are relevant for the male-bias in 62 

CVD and that these changes start early in life. Lipid abnormalities could be one of the important drivers 63 

the driver of the early development of atherosclerotic lesions found in various post-mortem studies, 64 

especially as many studies included predominantly young male subjects (10).  65 

Autoimmune rheumatic diseases (ARDs) with onset in childhood are associated with increased 66 

risk of atherosclerosis and CVD  67 

Having an inflammatory chronic condition, such as inflammatory arthritis, is associated with increased 68 

risk for CVD as well as evidence for accelerated atherosclerosis (11, 12). It is not clearly established 69 

how significant the contribution of traditional risk factors, such as age, gender, smoking, or 70 

hypertension, are to the development of atherosclerosis in ARD patients (13). Evidence that controlling 71 

chronic inflammation associated with ARDs decreases the atherosclerotic risk (14, 15) supports the 72 

role of pro-inflammatory cytokines in driving CVR. It is also recognized that autoantibodies frequently 73 

present in patients with ARDs could interfere with lipid metabolism (16) and endothelial function (17), 74 

therefore contributing to the increased CVR in ARDs. However, there is no current consensus 75 

regarding the exact mechanism of accelerated atherosclerosis in ARDs (18). 76 

This is particularly relevant for people with ARDs with childhood-onset because of the longer disease 77 

duration and potential long-life exposure to fluctuating chronic inflammation and other detrimental 78 
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factors. Endothelial dysfunction associated with systemic inflammation represents the first stage in the 79 

development of atherosclerosis and can be evaluated through arterial wall dynamic assessments and 80 

measurements of intima-media thickness (IMT), which have been shown as being altered in both 81 

children and adults with ARDs (19-21). 82 

Juvenile idiopathic arthritis (JIA) is associated with increased prevalence of family history of CVD, 83 

hypertension, and smoking, as well as alterations of lipid profile (22, 23). Young adults with JIA have 84 

subclinical atherosclerosis even if their arthritis is well controlled on or off medication (24).  85 

Juvenile systemic lupus erythematosus (JSLE), the prototypical systemic ARD, is associated with a 86 

100-300-fold increased mortality from CVD in young patients compared to age-matched controls (25). 87 

In addition, JSLE patients are younger when the first CVD event (myocardial infarction) occurs (32.2 88 

years, range 24–43 years) compared with patients with adult-onset SLE (48.1 years, range 19–75 years) 89 

(26). Increased CIMT, as marker of subclinical atherosclerosis, has been found to be associated with 90 

both traditional and non-traditional CVR factors in a large cohort of JSLE patients included in the 91 

APPLE trial of atorvastatin for atherosclerosis prevention (27).  92 

Children with juvenile dermatomyositis (JDM) with a median age of 10, and disease duration of 1.6 93 

years have been shown to already have increased endothelial injury and arterial stiffness, as well as 94 

increased markers of inflammation, platelet activation and thrombotic risk compared to age-matched 95 

healthy children (28). JDM in children was also associated with premature atherosclerosis reflected in 96 

endothelial dysfunction as measured by flow-mediated dilation (FMD) (29) Similarly, young adults 97 

with JDM had higher systolic and diastolic blood pressure, increased proinflammatory oxidized high 98 

density lipoprotein cholesterol (HDL-cholesterol),  IMT and endothelial dysfunction, despite decreased 99 

BMI and adiponectin compared to CVD controls (30). 100 

Therefore, there is published evidence that juvenile ARDs are associated with accelerated 101 

atherosclerosis and increased CVR factors during both childhood and early adulthood, as well as 102 

increased prevalence of both CVR and CVD events in early adulthood. 103 

What scores can we use to assess CVR in younger adults? 104 

Although significant progress has been made in assessing CVR in the general population for the 105 

purpose of primary prevention of CVD, there is less guidance regarding assessment of CVR in younger 106 

people with or without associated comorbidities. The Framingham risk score (FRS) was one of the first 107 

CVR assessment tools developed in 1998. It uses a gender- tailored algorithm to estimate the 10-year 108 

CVR of an individual, and subsequently it is used to guide lifestyle and therapeutic management 109 

decisions by identifying the individuals more likely to benefit from such interventions (31). Individuals 110 

are arbitrarily grouped in low (less than 10%), moderate (10-20%) and high (>20%) CVD risk. It has 111 

been revised several times, and the most used versions include lipid measurements or BMI (FRS-lipids 112 

or FRS-BMI), as BMI has been shown to be an independent predictor of CVR (32). FRS considers 113 

traditional CVR factors, such as sex, age, blood pressure, smoking status, and diagnosis of type II 114 

diabetes mellitus (which was excluded from the most recent version and replaced with 115 

dyslipidemia)(31). As a consequence, although FRS is the oldest and the most widely used CVR 116 

stratification tool, it is difficult to appreciate its performance in patients with chronic inflammatory 117 

conditions as it does not consider associated CVR burden driven by chronic inflammation. In addition, 118 

FRS did not perform well when tested in younger adults (age 18-30), as despite significant CVR burden 119 



Cardiovascular risk assessment in young people 

 
4 

This is a provisional file, not the final typeset article 

in some individuals, none of these young people were classified as high risk (33). Despite this, FRS is 120 

recommended to be used in individuals older than 20 years of age (34).  121 

More recently, various other CVR assessment instruments have been developed to address the 122 

heterogeneity of CVR factors in different populations, by accounting for more CVR determinants, 123 

including both modifiable and non-modifiable risk factors: e.g. the atherosclerotic cardiovascular 124 

disease (ASCVD) risk score included in the 2019 American College of Cardiology (ACA)/American 125 

Heart Association (AHA) guidelines for primary prevention of CVD (35), the QRISK score developed 126 

by University of Nottingham and included in the National Institute of Care Excellence guidance for 127 

CVD prevention (version 3 the most recent) (36), the Systematic Coronary Risk Evaluation (SCORE) 128 

tool developed by the European Heart Association (version 2 the most recent) (37) and the Reynolds 129 

Risk Score (RSS) developed in US cohorts in 2007 (38) (Table 1).  130 

The ASCVD risk score classified people younger than 40 years of age as low risk in the absence of 131 

risk factors (39); however, it is not very clear how well this score performs in younger populations as 132 

it has not been tested in children and adolescents. An updated version of the QRISK2 score, aiming at 133 

estimating life-long CVR to enable adequate classification of young people, was proposed in 2010 - 134 

the QRISK®-lifetime cardiovascular risk (40). This score had the significant advantage of being able 135 

to identify individuals suitable for CVR management interventions at a younger age, with a higher 136 

proportion of men, individuals from non-white ethnic groups or with family history of premature 137 

coronary heart disease compared to the 10-year estimation of CVR using the QRISK2 score (40). 138 

A systematic review of CVD risk of studies including children age 5-15 revealed that increased BMI 139 

significantly worsened other CVR parameters, such as systolic and diastolic blood pressure, serum 140 

lipids, fasting insulin and insulin resistance, suggesting that an adequate CVR stratification tool for 141 

young people should take into account these parameters (41). The PDAY study (3) led to the 142 

development of a risk score formula to estimate the probability of advanced atherosclerosis in young 143 

people age 15-34, using CVD risk factors (42). The PDAY score has been shown to prevent advanced 144 

coronary atherosclerosis in both middle-age and young populations (42, 43).  145 

What CVR scores can be used in younger patients with ARDs? 146 

Despite the wide consensus that ARDs are associated with increased CVR (44, 45), and recent 147 

initiatives to drive collaborations between Rheumatology and Cardiology to improve the risk 148 

stratification of ARD patients (46), there is a paucity of data regarding the performance of various CVR 149 

assessment tools in ARD cohorts of all ages. A recent survey of Italian rheumatologists revealed that 150 

67.2% rheumatologists routinely assess the CVR in their patients, while only 18.6% declared that they 151 

were managing the patients’ CVR themselves, and 50% refer them to other specialties and 23.4% to 152 

the general practitioners (47).  153 

Two of the CVR scores described above (Table 1) take into consideration additional clinical 154 

information contributing to CVR burden relevant for patients with ARDs, such as a previous diagnosis 155 

of rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE) and concomitant steroid treatment 156 

(the QRISK3 and QRISK-lifetime scores) (36) and only one includes the high sensitivity C-reactive 157 

protein (hsCRP) levels (RSS)(38).  158 

In a large cohort of 31,366 adult patients with RA, there were 1648 CVD events over a median period 159 

of 4 years and the higher ASCVD risk score was associated with the male sex, older age, presence of 160 

comorbidities, worse disability, prior fracture, higher disease activity, and glucocorticoid use (48), 161 

suggesting that CVR assessment for primary prevention of CVD using validated tools are more tailored 162 
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to detect CVR in older age. A large study including 1050 RA patients also found that FRS, RRS and 163 

SCORE all underestimated CVR associated with RA, while the QRISK2 score tended to overestimate 164 

it (49). A inception cohort study of 500 RA patients followed up for 8 years found that the observed 165 

CVR was higher than predicted by both FRS and RSS(50). The QRISK®-lifetime cardiovascular risk 166 

also classified inaccurately the CVR of middle-aged males with RA associated with chronic kidney 167 

disease as low risk (51), in keeping with the guideline recommendation for its use in younger, female 168 

populations(52).  169 

Another study, published only as an abstract, investigated the accuracy of 6 different CVR scores (FRS-170 

lipids, FRS-BMI, RRS, QRISK2 and SCORE) in a cohort of 130 RA patients, age 40-75 screened for 171 

the presence of carotid plaque (50% had plaque on ultrasound examination), and found that the 172 

presence of plaque was higher in patients classified as moderate/high risk using ASCVD and QRISK2 173 

scores (53).  174 

The inclusion of RA-related indicators, such as disease activity and duration, patient disability and 175 

daily prednisolone use, improved the classification of RA patients based on CVR assessment in 176 

addition to the use of traditional CVR factors in a large study from the Consortium 177 

of Rheumatology Researchers of North America registry, which requires further validation (54).  178 

Although patients with SLE are usually younger than patients with other ARDs, the analysis of several 179 

modified version of FRS revealed that a modified FRS, in which each item was multiplied by 2, was 180 

more accurate in predicting coronary artery disease in a large cohort of 904 SLE patients (55). In 181 

another study, five conventional stratification tools underestimated the CVR associated with SLE by 182 

50%, and three “lupus adapted” scores (the QRISK3, modified FRS and modified SCORE risk scores) 183 

misclassified 25% of the SLE patients whose CVD risk was defined by the presence  of atherosclerotic 184 

plaque detected by ultrasound (56) 185 

No validated CVR scores have been used in JIA, although a few studies investigated the prevalence of 186 

increased blood pressure in children and young people with JIA compared to healthy controls.  Both 187 

systolic and diastolic blood pressure were increased in prepubertal children with oligo- and 188 

polyarticular JIA (57) as well as in another cohort of 45 children with JIA(58), while HDL-cholesterol 189 

levels were lower in a separate study involving 51 JIA patients(59), when compared to age and sex-190 

matched healthy controls.  191 

Despite limitations of QRISK scores in assessing risk in younger populations, the newest version of 192 

QRISK score-QRISK3 performed better than the FRS and QRISK2 score in terms of identifying 193 

significantly more SLE patients with an increased 10-year risk for CVD, and this risk stratification 194 

correlated with markers for endothelial dysfunction and with patients’ systolic blood pressure (60). In 195 

addition, QRISK3 score also classified a higher number of SLE patients as at risk for developing CVD 196 

than the FRS and ASCVD scores (61). A comparison between the FRS and ACC/AHA ASCVD (2013 197 

version) found that 7% and 11.5% of SLE and RA patients, respectively, had discordant CVR scores, 198 

which were influenced by disease duration, hsCRP levels, African-American race, diabetes, current 199 

use of anti-hypertensive medication, higher age, and higher systolic blood pressure (62). To our 200 

knowledge, there are no studies investigating the performance of CVR stratification tools in JSLE or 201 

other ARDs with childhood onset.  202 

 203 

https://www.sciencedirect.com/topics/medicine-and-dentistry/rheumatology
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Should CVR stratification tools for young patients with ARD include other biomarkers?  204 

Although there is no consensus regarding the best risk stratification tool for use in young patients with 205 

ARDs, some studies investigated correlations between traditional and non-traditional CVR factors and 206 

CVD outcomes in younger patients with ARDs.  207 

Patients with JIA had decreased FMD measured at the brachial artery and increased carotid IMT 208 

(CIMT compared to matched controls. The systemic JIA phenotype was characterized by the most 209 

pronounced abnormalities, with CIMT increase correlating with age, BMI, blood pressure, disease 210 

activity, and corticosteroids use (63). A recent study exploring lipid abnormalities in JIA found them 211 

present in 83.3% of patients, with low HDL-cholesterol levels being the most common (64). Similarly, 212 

systemic JIA was associated more frequently with abnormal LDL-cholesterol and non-HDL-213 

cholesterol, as well as apolipoprotein B levels. Biologic treatment was associated with increased 214 

apolipoprotein A1 levels, which correlated negatively with the erythrocyte sedimentation rate (ESR).  215 

A study evaluating 54 adolescents with JSLE found that various risk factors, such as hypertension, 216 

elevated triglycerides, apolipoprotein B, haemoglobin A1c and insulin levels, in addition to non-217 

traditional CVR, such as elevated homocysteine and fibrinogen, were altered in adolescents with JSLE 218 

compared to matched healthy controls (65). In addition, vascular dynamic testing found increased 219 

arterial stiffness measures, central pulse wave velocity and characteristic impedance in JSLE. In 220 

multivariate analysis, LDL-cholesterol correlated positively with cumulative prednisone dose and 221 

negatively with hydroxychloroquine treatment, providing evidence that both disease and treatment can 222 

influence CVD risk.  223 

Recent research has identified lipid biomarker abnormalities in JSLE using an in-depth metabolomic 224 

profiling including 230 metabolites, which enabled patient stratification in two groups, one with a pro-225 

atherogenic and one with an athero-protective lipid profile (66). The apolipoprotein-B:A1 ratio 226 

distinguished between the two JSLE patient groups with high specificity (96.2%) and sensitivity 227 

(96.7%). The lipid signatures identified in the JSLE patients group with an atherogenic lipid profile 228 

overlapped significantly with lipid biomarkers associated with sub-clinical atherosclerosis in an 229 

independent adult SLE cohort, providing evidence that apolipoprotein-B:A1 ratio could be useful for 230 

CVR stratification in JSLE. Interestingly, these lipid signatures were associated with changes in gene 231 

expression in T cells, which are now recognized important players in the pathogenesis of 232 

atherosclerosis (67).  233 

Lipid abnormalities in female adolescents (10-19 years old) with JSLE have been targeted by a dietary 234 

intervention which led to an improved lipid profile in the active treatment group (68), providing 235 

evidence that diet could be a suitable strategy for improving JSLE CVR profile.  236 

Discussion: 237 

Despite evidence of progress achieved in identifying CVR biomarkers in young patients with ARDs, 238 

there are currently no validated CVR stratification tools recommended for use in these patients, and 239 

therefore an unmet patient need to identify and manage CVR earlier in life.  240 

In our opinion, testing of available CVR tools that perform adequately in younger populations (such as 241 

QRISK-lifetime CVR score or the PDAY score) or considering clinical history relevant for these 242 

patients’ background of chronic inflammatory conditions and/or stratifying patients based on 243 

inflammatory markers and/or use of steroid treatment (such as QRISK3, RSS) could be a good starting 244 

point to identify which stratification tools perform best in children and adolescents with ARDs.  245 
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The next step will be to include previously tested or new CVR biomarkers to investigate whether the 246 

prediction power of the available scores can be improved. More investment in early detection of 247 

atherosclerotic lesions in young patients with ARDs using vascular scans/cardiac MRI or other less-248 

invasive validated measures would facilitate adequate testing of the performance of various CVR 249 

stratification tools in real-life.  250 

The greatest investment should be dedicated to following young patients with childhood onset ARDs 251 

into adulthood to collect real-life data related to prevalence of CVR events through linking paediatric 252 

and adult registries. In order to address the unmet patient need, well designed clinical trials of various 253 

CVR interventions should be performed to investigate if young patients with ARDs have been stratified 254 

adequately for CVR interventions using the risk scores proposed, as well as to assess the impact of 255 

various interventions on CVD outcomes.  256 

 257 
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