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Chronic inflammation is one of the 
recognised drivers of increased cardiovas-
cular disease risk (CVD- risk). Childhood- 
onset systemic lupus erythematosus (cSLE), 
characterised by onset before 18 years of age, 
has a more severe phenotype than adult- onset 
SLE and is associated with increased CVD- 
risk starting early in life. As a consequence of 
this increased risk, 4% of children and young 
people (CYP) with cSLE recruited to a large 
UK study experienced at least one CVD- event 
2 years postdiagnosis, at a median age of 16 
years.1 This suggests a critical unmet need for 
earlier identification of individuals with high 
CVD- risk for tailored risk management strate-
gies in cSLE.2

Carotid intima- media thickness (CIMT) is 
one of the best predictors of CVD- risk across 
the life span. However, CVD- risk assessment 
guidelines recommend the evaluation of 
various traditional CVD- risk factors and use 
of CVD- risk scores, rather than vascular scans, 
for stratified management approaches in 
general population.3

The Atherosclerosis Prevention in Pediatric 
Lupus Erythematosus (APPLE) trial, a large 
interventional clinical trial in cSLE, evalu-
ated the efficacy of atorvastatin in decreasing 
atherosclerosis progression in CYP aged 10–18 
years, using serial CIMT measurements.4 
Although the trial did not meet the primary 
endpoint, it provided us with the opportunity 
to discover a novel serum metabolomic signa-
ture associated with a high rate of atheroscle-
rosis progression in cSLE.5

As CIMT measurements on vascular scans 
are not routinely implemented in clin-
ical practice, we explored the comparative 

performance of four age- appropriate and vali-
dated CVD- risk scores in a global cSLE (UK/
US) cohort to address a key research priority 
identified by our PPIE activities.

Demographic data, CVD- risk factors and 
cSLE characteristics were collected cross- 
sectionally from two cSLE cohorts: a retro-
spective University College London (UCL) 
cohort (N=109, UK) and a prospective APPLE 
trial cohort (N=121), both stratified based on 
the metabolomic signature of high CIMT 
progression identified in the APPLE trial.5 
The online supplemental figure depicts the 
CVD- risk stratification of the UCL cohort 
based on the metabolomic signature identi-
fied in the APPLE cohort.

QRISK- 3, Framingham, Atherosclerotic 
Cardiovascular Disease scores (validated for 
age 20–25) and the Pathobiological Deter-
minants of Atherosclerosis in Youth (PDAY) 
score (validated from age ≥14) were calcu-
lated and assessed for performance against 
cross- validated metabolomic signatures of 
CIMT progression. We used descriptive statis-
tics, area under the curve, correlation and 
linear regression analyses.

Mean age/disease duration for the UCL/
APPLE cohorts were 26±4.18 years/13.5±4.71 
years and 15.60±2.67 years/2.46±2.44 years, 
respectively (p<0.001). CYP with cSLE in 
both cohorts have been stratified based on 
individual CVD- risk score validated cut- offs 
(table 1). There were no statistically signif-
icant differences between the lipid levels or 
BMI between the different risk categories in 
either of the two cohorts analysed.

All scores had very low performance against 
CVD- risk metabolomic stratification. The 
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PDAY- score performed best, with 67% specificity, but only 
50% sensitivity, in correctly classifying CYP with high CVD- 
risk, but only in the UCL cohort, which was older. PDAY 
correlated with individual’s age, disease duration, median 
SLEDAI and Paediatric SLICC Damage Index (Ped- SDI) 
scores (r=0.78, 0.48, 0.28 and 0.3, respectively, p<0.05) in 
the UCL cohort.

Linear regression analysis found that age/disease 
activity was the strongest determinant of PDAY- score 
(1- year increase in age/one point increase in median 
SLEDAI- 2K score over the disease course were associated 
with 1.13/0.41 points increase in PDAY- score, respec-
tively, when corrected for sex/disease duration/damage/
lipid levels/steroids).

Overall disease activity and age were the strongest 
predictors of PDAY- score, but only in the UCL older cSLE 
cohort. As age is one of the most important drivers of 
CVD- risk, to ensure that both cohorts were stratified in a 
reliable way, we have used a cross- validated metabolomic 
signature, as we previous demonstrated that these signa-
tures can be validated across age in SLE.6

CVD- risk scores, even if validated for ages ≥14, do not 
adequately capture CVD- risk in adolescents with cSLE 

(APPLE trial cohort). PDAY- score performed moderately 
well for young adults only (UCL cohort), highlighting the 
need for better CVD- risk stratification tools, especially for 
CYP with cSLE, as we argued before.2

Although very few CYP with cSLE have been stratified 
as having high CVD- risk by any of the CVD- risk scores 
used in the APPLE cohort at baseline, we also assessed 
stratification performance of these scores at the end of 
the APPLE trial (36 months) in the placebo versus statin 
arm. As the metabolomic signature of atherosclerosis 
progression we discovered did not predict the CIMT 
progression in response to statin, we used the rates 
of CIMT progression over 36 months in each arm5 for 
stratification. As expected, all CVD- risk scores underper-
formed at the end of the trial as they did at baseline and 
failed to identify individuals with high CIMT progression 
rates, irrespective of the treatment arm allocation (online 
supplemental table). In summary, this study highlights 
the lack of adequate CVD- risk scores that can be easily 
implemented in routine clinical practice in cSLE and 
need for age and disease appropriate CVD- risk stratifica-
tion tools. Future research and implementation of more 
sensitive biomarkers (such as metabolomic signatures) 

Table 1 CVD- risk stratification of two independent cSLE cohorts

cSLE patient cohorts stratified based on cross- 
validated metabolomic signatures of CIMT 
progression5

The UCL cohort (N=109) was 
stratified as:
29.2% low
48.3% moderate and
22.5% high CVD- risk

The APPLE cohort (N=121) was 
stratified as:
28.5% low,
42.4% moderate and
29.1% high CVD- risk

QRISK- 3 score (N) 109 119

Very low QRISK- 3 risk<5% 92 (84.4%) 98 (82.3%)

Low QRISK- 3 risk=5–9.9% 8 (7.3%) 16 (13.4%)

Moderate QRISK- 3 risk=10–19.9% 2 (1.8%) 3 (2.5%)

High QRISK- 3 risk>20% 7 (6.4%) 2 (1.7%)

FRS score (N) 80 119

Very low FRS<5% 80 (100%) 119 (100%)

Low FRS=5–9.9% 0 0

Moderate FRS=10–19.9% 0 0

High FRS>20% 0 0

ASCVD score (N) 62 80

Low ASCVD risk<5% 60 (96.8%) 73 (91.1%)

Moderate ASCVD risk=5–7.4% 1 (1.6%) 3 (3.8%)

High ASCVD risk=7.5–20% 1 (1.6%) 4 (5.0%)

PDAY score (N) 78 116

Very low PDAY score<2 points 6 (7.7%) 84 (72.4%)

Low PDAY score=2–5 points 21 (26.9%) 22 (19.0%)

Moderate PDAY score=6–10 points 17 (21.8%) 6 (5.2%)

High PDAY score>10 points 34 (43.6%) 4 (3.5%)

APPLE, Atherosclerosis Prevention in Pediatric Lupus Erythematosus; ASCVD, Atherosclerotic Cardiovascular Disease; CIMT, carotid intima 
media thickness; cSLE, childhood- onset systemic lupus erythematosus; CVD, cardiovascular disease; FRS, Framingham Risk Score; N, 
number of children and young people with cSLE with complete data available to calculate various CVD- risk scores; PDAY, Pathobiological 
Determinants of Atherosclerosis in Youth; UCL, University College London.
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may be warranted for optimised CVD- risk identification 
and management in cSLE.
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