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Abstract

Objective—Statins reduce atherosclerosis and cardiovascular morbidity in the general

population, but their efficacy and safety in children and adolescents with systemic lupus

erythematosus (SLE) are unknown. This study was undertaken to determine the 3-year efficacy

and safety of atorvastatin in preventing subclinical atherosclerosis progression in pediatric-onset

SLE.

Methods—A total of 221 participants with pediatric SLE (ages 10–21 years) from 21 North

American sites were enrolled in the Atherosclerosis Prevention in Pediatric Lupus Erythematosus

study, a randomized double-blind, placebo-controlled clinical trial, between August 2003 and

November 2006 with 36-month followup. Participants were randomized to receive atorvastatin (n

= 113) or placebo (n = 108) at 10 or 20 mg/day depending on weight, in addition to usual care.

The primary end point was progression of mean-mean common carotid intima-media thickening

(CIMT) measured by ultrasound. Secondary end points included other segment/wall-specific

CIMT measures, lipid profile, high-sensitivity C-reactive protein (hsCRP) level, and SLE disease

activity and damage outcomes.

Results—Progression of mean-mean common CIMT did not differ significantly between

treatment groups (0.0010 mm/year for atorvastatin versus 0.0024 mm/year for placebo; P = 0.24).

The atorvastatin group achieved lower hsCRP (P = 0.04), total cholesterol (P < 0.001), and low-

density lipoprotein (P < 0.001) levels compared with placebo. In the placebo group, CIMT

progressed significantly across all CIMT outcomes (0.0023–0.0144 mm/year; P < 0.05). Serious

adverse events and critical safety measures did not differ between groups.

Conclusion—Our results indicate that routine statin use over 3 years has no significant effect on

subclinical atherosclerosis progression in young SLE patients; however, further analyses may

suggest subgroups that would benefit from targeted statin therapy. Atorvastatin was well tolerated

without safety concerns.
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Improvements in the diagnosis and management of systemic lupus erythematosus (SLE)

have significantly improved short-term prognosis. As a result, detection and prevention of

long-term SLE complications has become a focus of clinical and research attention. One

long-term complication, accelerated atherosclerosis, has emerged as a major cause of

morbidity and mortality in patients with SLE and is not completely explained by traditional

risk factors (1–5). Compared with adults, children with SLE have more severe organ disease

and longer exposure to illness and potentially toxic treatments (6,7). Although the

prevalence of atherosclerosis in pediatric SLE is unknown, increased rates of subclinical

atherosclerosis (measured by carotid intima-media thickening [CIMT], flow-mediated

brachial artery dilation, and myocardial perfusion) have been reported (8–13).

Statins reduce mortality and morbidity from atherosclerosis in adults (14). In addition to

lipid-modifying effects, statins have intrinsic antiinflammatory and immunomodulatory

properties (15,16), which may convey particular benefit in the prevention and treatment of

atherosclerosis in SLE. Clinical trials in familial hypercholesterolemia have shown statins to

be safe and effective in children, but statins have not been studied in pediatric SLE (17). The

Atherosclerosis Prevention in Pediatric Lupus Erythematosus (APPLE) trial was designed to

assess whether 36 months of atorvastatin therapy in children and adolescents with SLE is

effective and safe in reducing atherosclerosis progression as measured by CIMT.

PATIENTS AND METHODS

Study oversight

APPLE was a multicenter, randomized double-blind, placebo-controlled clinical trial

conducted at 21 Childhood Arthritis and Rheumatology Research Alliance (CARRA) sites

in North America. The National Institute of Arthritis and Musculoskeletal and Skin Diseases

funded the trial. Pfizer provided atorvastatin and matching placebo but had no role in the

study design, data collection or analysis, or manuscript preparation. The Duke Clinical

Research Institute (Durham, NC) served as the data-coordinating center and provided

oversight of all aspects of the study’s conduct, management, and statistical analysis. APPLE

investigators who participated in the study (in addition to the authors) are listed in Appendix

A. Investigators were blinded with regard to all centrally measured laboratory results,

including lipid and high-sensitivity C-reactive protein (hsCRP) levels, as well as results of

CIMT measurement and magnetic resonance imaging (MRI). Local institutional review

board approval was obtained, and all patients or their guardians gave informed consent and

assent following local guidelines. The APPLE Data and Safety Monitoring Board (DSMB)

approved the protocol and amendments and reviewed study progress, serious adverse events,

and safety parameters.

Patient population

Children and adolescents ages 10–21 years at enrollment who met the American College of

Rheumatology (ACR) revised diagnostic criteria for SLE (18) were eligible. Additional

inclusion criteria included weight ≥25 kg, ability to complete questionnaires in English or

Spanish, and willingness to comply with American Heart Association Therapeutic Lifestyle

Changes diet and approved birth control methods. In addition, patients who had active
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nephrotic syndrome, myositis, liver disease, renal insufficiency, or hypercholesterolemia

(total cholesterol >350 mg/dl) or were being treated with cyclosporine or tacrolimus were

excluded from the study. Participants in whom CIMT scans of adequate quality could not be

obtained were excluded before randomization.

Study design

Participants were assigned via site-based block randomization (with random blocks of sizes

2, 4, and 6) in a 1:1 ratio to receive daily atorvastatin or placebo in a double-dummy,

double-blind manner. All participants were started on atorvastatin or placebo 10 mg daily.

The dosage was increased to 20 mg/day at the 1-month visit for children weighing >50 kg.

Dosages were adjusted for weight during the trial. Participants received medical treatment

for SLE at the discretion of the treating pediatric rheumatologist. Hydroxychloroquine, low-

dose aspirin, and a multivitamin containing folate (400 µg) were recommended. Participants

received cardiovascular risk and dietary counseling (American Heart Association

Therapeutic Lifestyle Changes diet) at enrollment and every 12 months. Participants were

seen for study visits at 1 and 3 months after randomization and every 3 months thereafter for

a total of 36 months. There were 7 CIMT examinations over the course of the study, with 2

at enrollment and 2 at study end. Additional CIMT measurements were scheduled at 6, 12,

and 24 months.

B-mode ultrasonography of carotid arteries

Standardized measurements of CIMT were obtained using an ultrasound protocol adapted

from several previous clinical trials (19–21). Portable Siemens Cypress systems were shared

between clinical centers. All scanners were equipped with 7L3 transducers, a cardiology

package with electrocardiogram (EKG) tracing, and specific APPLE presets in order to

reduce variability across centers. Standardized longitudinal B-mode images were collected

for 3 arterial segments defined relative to the tip of the flow divider (TFD) as the common

carotid artery (10–20 mm proximal to the TFD), the carotid bifurcation (from the TFD to 10

mm proximal to the TFD), and the proximal 10 mm of the internal carotid artery. Near and

far walls were imaged simultaneously in the common carotid artery, but separately in the

carotid bifurcation and internal carotid artery to improve the ability to align each wall

horizontally in these segments. For each arterial segment, Meijer’s Arc was used to collect

images at 90°, 120°, 150°, and 180° on the right side and at 270°, 240°, 210°, and 180° on

the left side.

Image selections were saved as 5-second digital clips and written to 640-megabyte magnetic

optical disks for transfer to a central reading center (Ward A. Riley Ultrasound Center,

Wake Forest University School of Medicine, Winston-Salem, NC). All ultrasound scans

were read using Image Pro software (Media Cybernetics) by a single reader with more than

20 years of experience reading CIMT research studies. For each image sequence, the reader

selected 1 frame for measurement when the heart was in systole (EKG tracing on QRS

complex). Leading (far wall) and trailing (near wall) edges of visualized blood–intima and

media–adventitia boundaries were traced with a computer mouse within a region of interest

specified by the reader. Quality assurance procedures included central training and

certification of all sonographers and the reader as well as regular site visits and performance
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reviews. For a set of 68 studies reread to evaluate intrareader reliability, the intraclass

correlation coefficient was 0.74 (95% confidence interval [95% CI] 0.61, 0.83) for mean-

mean common and 0.71 (95% CI 0.56, 0.81) for mean-max CIMT measurements.

The combination of 3 arterial segments, 2 walls, and 2 sides of the neck provides a set of 12

CIMT measurement sites, each imaged from 4 angles. For each measurement site, a

maximum CIMT value was defined as the largest of the 4 angle-specific maximum CIMTs.

The 12 maximum CIMT values were then averaged to determine the mean-max CIMT over

near and far walls of the right and left common carotid artery, carotid bifurcation, and

internal carotid artery. For each of the 4 measurement sites in the common carotid artery, a

mean CIMT value defined as the average of the 4 angle-specific mean CIMTs was also

calculated. The 4 mean CIMT values were then averaged to determine the mean-mean

common CIMT. Overall mean-mean and other segment/wall-specific mean-max or mean-

mean CIMT measures were computed accordingly.

Magnetic resonance imaging studies

Due to concerns that statins may impair central nervous system white matter development

(22), serial brain MRI was performed at randomization, 9 months, and 36 months in a subset

of participants. Forty-four (63%) of the 70 participants at the 5 sites taking part in the MRI

substudy were enrolled. Both conventional MRI and diffusion tensor imaging were

performed using local 1.5T or 3.0T MRI magnets with prespecified imaging protocols.

Change in white matter integrity was assessed by the rate of decrease in fractional

anisotropy and development of new hyperintense white matter lesions on T2-weighted MRI.

All MRIs were read by a neuroradiologist (JP) who was blinded with regard to treatment

group (Duke University School of Medicine, Durham, NC).

Other assessments

Lipid profiles from serum samples obtained after 12-hour or 4-hour fasts at randomization

and 3, 6, 12, 18, 24, and 36 months were analyzed at a central commercial laboratory (PPD

Global Central Laboratories, Highland Heights, KY), along with homocysteine, lipoprotein

A and B, and hsCRP levels. Other blood and urine tests were performed at local laboratories

every 3 months, including chemistries, complete blood counts, urine protein-to-creatinine

ratio, and SLE disease activity measures.

SLE disease activity was assessed using the modified Safety of Estrogens in Lupus

Erythematosus National Assessment version of the SLE Disease Activity Index (SLEDAI)

(23) at randomization and every 3 months during the study period. Systemic Lupus

International Collaborating Clinics/ACR Damage Index (SDI) (24), health-related quality of

life (PedsQL 4.0) (25), and Tanner staging were measured at randomization and every 12

months thereafter. Physical assessment, including manual muscle testing, was performed

every 3 months, and adverse events were recorded according to National Cancer Institute

Common Toxicity Criteria Scale, version 2.0 standards (26). Study drug adherence was

defined as taking ≥75% of prescribed drug and was determined by pill counts at each study

visit.
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Study outcome measures

Two CIMT summary measures, the mean-mean common and the mean-max CIMT averaged

over the common, bifurcation, and internal carotid segments, have been widely used as

primary outcomes in clinical trials and are generally recognized as having equivalent clinical

significance and similar expected progression rates (19–24,27). The original APPLE

protocol specified progression of mean-max CIMT over 12 arterial sites as the primary

outcome, with a sample size of 280 participants expected to provide >90% power to detect a

difference of 0.0045 mm/year in progression rates between treatment groups. However,

recruitment was slower than expected, and at the second planned interim analysis in August

2006, only 179 subjects had been enrolled despite implementation of aggressive recruitment

strategies. Recognizing the recruitment challenges inherent to a prevention trial for a rare

and complex chronic disease (27), the investigators considered several approaches to

decreasing the sample size at that time, including reevaluating the CIMT segments used for

measuring the primary outcome. Blinded review of baseline mean-mean common and

meanmax CIMT values revealed increased precision in the meanmean common CIMT

measurement (SD 0.043) compared with the mean-max CIMT measurement (SD 0.054).

Therefore, the primary outcome was changed to the mean-mean common CIMT, allowing

the sample size to be reduced to 220 participants while preserving >90% power to detect the

same prespecified clinically relevant difference between groups (0.0045 mm/year). This

change was approved by the DSMB on August 25, 2006.

Secondary outcomes included the mean-max CIMT of 12 segments and the mean-max and

mean-mean CIMT of the different carotid artery segments, SLE disease activity, organ

system damage, health-related quality of life, and laboratory measures, including hsCRP and

serum lipid levels.

Statistical analysis

We defined clinically significant change in the primary end point as a 0.0045 mm/year

difference in mean CIMT progression rates between the atorvastatin and placebo groups.

Informing this definition of clinical significance were large epidemiologic studies in adults

(28), which demonstrated a 41–47% increase in risk of cardiovascular events for every 0.16–

0.20 mm increase in CIMT (28–31). For a 15-year-old SLE patient to achieve 40%

reduction of risk by age 50, a decrease in the CIMT progression rate of at least 0.0045 mm/

year over 35 years (0.0045 mm/year × 35 years = 0.16 mm) would be required. As described

above, sample size calculations were revised based on blinded results from the second

planned interim analysis using observed estimates of the SD of mean-mean common CIMT

(0.043 mm [95% CI 0.038, 0.047]), the dropout rate (11.6% [95% CI 1.1, 23.2%]), the study

drug adherence rate (77.6% [95% CI 71.1, 84.1%]), and estimates of visit-to-visit

correlations between repeated measures of CIMT (~0.60). Using point estimates for these

parameters, a total sample size of 220 provided 94% power to detect a 0.0045 mm/year

difference in mean-mean common CIMT progression rates between the 2 groups, assuming

an overall 0.05 type I error accounting for interim analyses and a 2-sided significance test. In

sensitivity analyses based on the use of 95% confidence limits for these parameters,

estimated power ranged from 82% to 98%.
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The primary efficacy analysis compared mean rates of mean-mean common CIMT

progression between treatment groups based on a test of interaction between treatment group

and time in a longitudinal linear mixed-effects model under data-missing-at-random

assumptions. In subsequent exploratory analyses prespecified in the statistical analysis plan,

additional covariates were considered to adjust for possible confounders (variables that were

imbalanced at baseline), and to improve precision of the estimates (variables that were found

to associate with CIMT) (10). A stepwise process was used to derive the adjusted final

model. Similar mixed-effects models were used for analyzing continuous secondary

longitudinal end points or changes from baseline over time for lipid data. Log

transformation was used for hsCRP to achieve normality. Generalized estimating equations

were used for binary longitudinal outcomes. Baseline characteristics of the APPLE cohort

were summarized using descriptive statistics with categorical data presented as percentages

and continuous data presented as the mean ± SD and median. Differences between treatment

groups were assessed using the chi-square test, Fisher’s exact test, or Wilcoxon’s test. Data

were analyzed according to the intent-to-treat principle. Efficacy boundaries based on the

Lan-DeMets alpha spending function were used for sequential monitoring by the DSMB. A

total of 2 planned interim analyses were carried out. With adjustment for these 2 interim

analyses, P values less than or equal to 0.049 were considered significant for the final

primary analysis. The level of significance for other efficacy and safety analyses was 0.05,

and all analyses were 2 sided. Analyses were performed with SAS software, version 8.2.

RESULTS

Disposition of the patients

Enrollment occurred between August 2003 and November 2006. Participants were followed

up for 36 months, with the last participant completing in December 2009. As shown in

Figure 1, a total of 221 participants were randomized, with 113 patients in the atorvastatin

group and 108 patients in the placebo group. A total of 182 (82.3%) of the participants

completed the trial. Dropout rates were similar between treatment groups (17.7% in the

atorvastatin group versus 17.6% in the placebo group). The estimated drug adherence rates

were similar between groups (59.3% in the atorvastatin group versus 65.0% in the placebo

group, P = 0.39). Table 1 shows that the atorvastatin- and placebo-treated groups were well

matched with regard to most baseline characteristics, except for mean creatinine clearance,

hsCRP level, body mass index (BMI), and low-density lipoprotein (LDL) level.

Primary end point and CIMT secondary end points

As shown in Figure 2, CIMT progression was not significantly different between the

atorvastatin- and placebo-treated groups for either the primary outcome of mean-mean

common CIMT (progression rate 0.0010 mm/year in the atorvastatin group versus 0.0024

mm/year in the placebo group [difference −0.0014 mm/year], P = 0.24) or the important

secondary outcome mean-max CIMT (progression rate 0.0037 mm/year in the atorvastatin

group versus 0.0064 mm/year in the placebo group [difference −0.0027 mm/year], P =

0.083). Diagnostics revealed no significant quadratic effects of time for either outcome. In

prespecified exploratory models adjusting for baseline confounders or covariates known to

impact CIMT, the adjusted difference in mean-mean common CIMT progression rate
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remained nonsignificant, while the adjusted difference in mean-max CIMT progression rate

was −0.0042 mm/year (P = 0.006). The final adjusted models included additional fixed main

and interaction effects for covariates of age, sex, baseline measurements of weight-adjusted

prednisone dose, BMI, log hsCRP, LDL cholesterol, and baseline mean-mean common or

mean-max CIMT.

Results of other CIMT secondary end points demonstrated lower CIMT progression rates in

the atorvastatin group compared with the placebo group. However, none of the observed

group differences were statistically significant except for mean-max internal CIMT

(difference in progression rate −0.0054 mm/year, P = 0.047) (Table 2). This was the only

CIMT outcome where the estimated treatment effect met or exceeded the prespecified

definition of clinical significance (0.0045 mm/year). All CIMT outcomes demonstrated

significant progression in the placebo group (ranged from 0.0023 to 0.0144 mm/year, P ≤

0.05 for testing zero progression rate) except for mean-max common CIMT.

Non-CIMT secondary end points

Table 3 shows that the atorvastatin group achieved significant reductions from baseline in

total cholesterol, LDL, and hsCRP levels and that these reductions were maintained over

time. Changes from baseline in SLEDAI, SDI, and PedsQL did not differ significantly

between groups.

Safety

The occurrence of serious adverse events and predefined safety events (muscle, liver, and

neurotoxicity) did not differ between the treatment groups (Table 4). One death due to

pneumococcal sepsis occurred in the atorvastatin group. Twenty-four atorvastatin-treated

and 20 placebo-treated patients at 5 sites underwent serial brain MRI. Central nervous

system hyperintense lesions developed in 3 subjects in the atorvastatin group and 2 subjects

in the placebo group (P > 0.999); significant fractional anisotropy changes occurred in ≥3

brain locations in 2 atorvastatin-treated and 4 placebo-treated subjects at 36 months (P =

0.387).

Seventeen pregnancies occurred in 15 patients during the trial (9.5% of the female patients

in the atorvastatin group versus 7% of the female patients in the placebo group; P = 0.5)

with 7 live births (4 in the atorvastatin group, 1 of which had fetal anomalies consistent with

methotrexate exposure and died 2 hours after birth), 5 spontaneous abortions (3 in the

atorvastatin group), 4 elective abortions (3 in the atorvastatin group), and 1 lost to followup.

DISCUSSION

The APPLE trial was designed to determine whether 36 months of atorvastatin treatment

afforded children and adolescents with pediatric-onset SLE a clinically important reduction

in CIMT progression rate. The treatment group difference in the primary end point,

progression of mean-mean common CIMT, was not significant, and the 95% CI (−0.0037,

0.0009 mm/year) did not include the prespecified clinically relevant reduction of −0.0045

mm/year. The important secondary end point, mean-max CIMT over 12 arterial sites,

approached statistical significance (P = 0.08) in the primary analysis and became significant
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(P = 0.006) in exploratory analyses after controlling for covariates imbalanced at baseline or

related to baseline CIMT. However, due to limitations inherent in secondary and exploratory

analyses, this result cannot be interpreted as definitive confirmation of treatment benefit.

Moreover, among 10 additional secondary CIMT end points, only the mean-max internal

CIMT exceeded the clinically relevant threshold of −0.0045 mm/year, attaining nominal

statistical significance. Collectively, these results suggest that the potential benefits of statin

therapy for slowing CIMT progression are not large enough to warrant routine use in

children with SLE.

Other studies have evaluated the use of statins in adult SLE. The Lupus Atherosclerosis

Prevention Study was a 24-month double-blind, placebo-controlled trial testing the efficacy

of higher-dose atorvastatin (40 mg) in reducing coronary artery calcium in 200 adult lupus

patients (32). Results showed no difference in either the primary outcome (coronary artery

calcium) or the secondary outcome (mean common CIMT) between treatment groups. In

addition, there was no difference in hsCRP level. In contrast, post hoc subgroup analysis of

the Assessment of Lescol in Renal Transplantation study showed that SLE patients treated

with statins experienced a reduction in major cardiac events (33). Other smaller, shorter-

term clinical trials have demonstrated that statins are effective in reducing total cholesterol

and LDL and in improving endothelial function (as measured by brachial artery flow-

mediated dilation) in adult SLE patients (34–36).

In the APPLE study, slower than expected recruitment necessitated a change in the primary

outcome, allowing sample size reduction and study completion without compromising

power or changing the definition of clinical significance. Mean-max and mean-mean

common CIMT have been used interchangeably in both cohort studies and clinical trials for

years. Trials supporting the use of CIMT as a surrogate outcome for lipid-lowering

interventions in adults included studies using both measurements with similar results (37).

Furthermore, a recent meta-analysis of population-based studies relating CIMT

measurements to incident cardiovascular events demonstrated that multiple sources of

heterogeneity between studies, including differences in the definition and inclusion of

various carotid artery segments, did not significantly impact the resulting hazard estimates

(38). Recent analyses of CIMT intervention studies suggest that treatment differences for

lipid-lowering interventions are, on average, similar between the 2 CIMT measurements,

with the mean-mean common CIMT affording more precision and reproducibility (29,39).

The observed variability in carotid segment progression rates may indicate differences in the

pathogenesis of premature atherosclerosis in SLE and other causes of atherosclerosis.

Similar variability has been shown in adult SLE studies that described increased carotid

plaque in SLE patients compared with controls, while CIMT was less affected (3,40).

However, carotid plaque is a later effect of early atherosclerosis and is not present in

children and adolescents. In this trial, observed correlations between mean-mean common

and mean-max CIMT measures at different time points within each group ranged from 0.6 to

0.8 (data not shown). Models adjusted for baseline covariates, such as age, sex, BMI,

weight-adjusted prednisone dose, log hsCRP, and LDL cholesterol, have varying strengths

of association with mean-mean common and mean-max CIMT measures. The impact of

baseline body size on CIMT measurement was of particular interest given the age of the
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study participants; however, inclusion of baseline height in the model did not alter the

adjusted results. Further research is needed to better define the biologic relevance of

different CIMT measures in SLE patients compared with the general population.

Although the primary efficacy end point was not achieved, this study included many

clinically significant results. Importantly, the APPLE study found CIMT progression rates in

all but 1 carotid segment to be higher in the placebo group (0.0023 to 0.0144 mm/year) than

previously reported for both a general pediatric population (<0.002 mm/year between 10 and

18 years of age) (41,42), and children with familial hypercholesterolemia (17). These results

underscore that subclinical atherosclerosis does indeed begin early in pediatric SLE, with

CIMT progression rates comparable with those in children with familial

hypercholesterolemia, a disease that is clearly associated with premature atherosclerosis and

cardiovascular morbidity and mortality (43).

Atorvastatin effectively reduced LDL (30% decline) and triglyceride (10% decline) levels in

this pediatric SLE cohort. The magnitude of reduction was comparable with that observed in

a clinical trial of pravastatin-treated children with familial hypercholesterolemia (17),

despite the fact that familial hypercholesterolemia patients had significantly higher baseline

LDL levels (>300 mg/dl) compared with APPLE participants (LDL <100 mg/dl).

Importantly, the APPLE trial also showed that 3 years of statin therapy is safe in pediatric

SLE, a complex disease in which the involvement of multiple organ systems and the use of

numerous medications is typical.

Actual adherence rates were lower than those assumed for the power calculations. With the

observed 17.2% dropout rate and 62% adherence rate, the post hoc unconditional power was

90% with an alpha value of 0.05 to detect a 0.0045 mm/year difference in progression rates

of mean-mean common CIMT between the 2 groups. While many clinical trials do not

report adherence rates, those that do often show results comparable with APPLE. Adherence

in multiyear trials is challenging across all disease groups and ages, ranging from 43% to

75% (44). Additional analysis of APPLE participants showed that CIMT progression was

slower in adherent participants compared with nonadherent participants in both treatment

groups, but there were no treatment group differences (P ≥ 0.087). Since adherence with the

study drug is likely to reflect the overall adherence with medical therapy, this observation

may indicate that better control of lupus activity may result in decreased cardiovascular risk,

as previously suggested by others (3). Despite suboptimal adherence rates, the sustained

reductions in LDL levels observed in this trial suggest that atorvastatin achieved the

expected lipid-lowering effects known to impact atherosclerosis risk and CIMT progression

in other populations (45).

Due to safety concerns, the APPLE trial did not include pediatric SLE patients with severe

hypercholesterolemia, renal insufficiency, or currently active nephrotic syndrome, which are

all known independent risk factors for cardiovascular events (46). Exclusion of these

patients may have omitted participants more likely to benefit from long-term statin therapy.

In addition, the APPLE cohort had mild to moderate SLE disease activity (mean SLEDAI

<5) and a low burden of disease-related damage (73% with SDI score of 0), raising the

possibility that children and adolescents with more active disease and higher damage indices
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might show more benefit from statin therapy. While many studies, including analysis of the

baseline APPLE cohort (10), have not shown a significant relationship between measures of

SLE disease activity and subclinical atherosclerosis measured by carotid ultrasound

(9,47,48), Roman et al demonstrated an association between cumulative disease damage and

increased carotid plaque in an adult SLE cohort (3). In addition, more aggressive

immunosuppressive treatment of SLE was associated with less progression of carotid plaque

(3,49). Finally, APPLE enrolled children and adolescents ages 10–21 years, spanning the

full spectrum of pubertal development. A study focused on a postpubertal and young adult

population with SLE may have demonstrated significant response to statin therapy, as this is

when normal age-related increases in CIMT are first observed (41,50). Post hoc subgroup

analyses are currently under way to address this question.

Despite the fact that pediatric SLE is a rare and complex disease with notable health

disparities, successful multisite recruitment was achieved for this prevention trial due to the

collaborative efforts of the CARRA network. Networks such as CARRA can overcome

barriers that have traditionally hampered pediatric rheumatology research, particularly in

pediatric SLE. Challenges include rare and heterogeneous disease processes, site and

investigator inexperience, limited funding, and a shortage of pediatric rheumatology

providers.

In summary, the APPLE trial found no significant effect of atorvastatin on the primary end

point, and the results do not support a recommendation for the routine use of statins in all

pediatric patients with SLE. However, there was a nonsignificant trend toward reduced

CIMT progression in the atorvastatin-treated group. Future post hoc analyses may suggest

subgroups that could benefit from early statin therapy. APPLE study results showed that 3

years of statin therapy is safe and effectively lowers total cholesterol, LDL, and hsCRP

levels in pediatric SLE. Additionally, there was significant progression in all CIMT

outcomes in the placebo group, showing that subclinical atherosclerosis in SLE begins in the

pediatric age group and underscoring the pressing need for pediatric rheumatologists to

address modifiable cardiovascular risk factors in daily practice, including identification and

management of dyslipidemia, hypertension, obesity, smoking, and low physical activity

(51–53). At this time, a clinically useful measure of subclinical atherosclerosis in children

and adolescents is not available, and routine CIMT measurement is not recommended in

clinical practice. Additional research is needed to further clarify effective cardiovascular

prevention in this population.
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APPENDIX A

ATHEROSCLEROSIS PREVENTION IN PEDIATRIC LUPUS

ERYTHEMATOSUS INVESTIGATORS

APPLE investigators (in addition to the authors) from the following institutions participated

in this study. The clinical centers were Duke University Medical Center (Durham, NC; E.

Morgan Dewitt, C. E. Rabinovich, J. Ellis, and J. Wootton), Joseph M. Sanzari Children’s

Hospital at Hackensack University Medical Center (Hackensack, NJ; K. A. Haines, S. C. Li,

J. E. Weiss, M. E. Riordan, and B. Vaidya), Columbia University Medical Center (New

York, NY; A. Eichenfield, D. M. Levy, P. Kahn, M. Carson, C. Batres, and D. Cabral),

Cohen Children’s Medical Center of New York (New Hyde Park, NY; B. Gottlieb, P.

Irigoyen, J. Luftig, Shaz Siddiqi, Z. Ni, M. Orlando, and E. Pagano), Stanford University

School of Medicine (Palo Alto, CA; P. Chira, J. Hsu, T. Lee, and J. Perea), University of

California at San Francisco Medical Center (San Francisco, CA; M. Mietus-Snyder),

Hospital for Sick Children (Toronto, Ontario, Canada; Lawrence Ng), Indiana University

School of Medicine (Indianapolis, IN; S. Ballinger, T. Klausmeier, and D. Hinchman),

Texas Scottish Rite Hospital for Children (Dallas, TX; A. Hudgins, S. Henry, and S. Zhang),

University Hospitals/Case Medical Center (Cleveland, OH; E. B. Brooks, S. Miner, J. Ortiz,

L. Scalzi, and N. Szabo), Children’s Hospital of Philadelphia (Philadelphia, PA; L. Dorfeld

and S. Wilson), University of California Los Angeles Medical Center (Los Angeles, CA; T.

Hernandez and J. Vitale), Children’s Memorial Hospital (Chicago, IL; A. Kress, N. Lowe,

and F. Patel), Seattle Children’s Hospital and Regional Medical Center (Seattle, WA; S.

Hamilton), Medical University of South Carolina (Charleston, SC; K. Caldwell and D.

Kamen), University of Chicago (Chicago, IL; R. Puplava and A. Lonchev), Nationwide
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Children’s Hospital (Columbus, OH; M. Bacani), Cincinnati Children’s Hospital Medical

Center (Cincinnati, OH; C. Rutherford and J. Meyers-Eaton), Creighton University Medical

Center (Omaha, NE; T. Conway, L. Frank, and L. Kuss), University of Colorado (Denver,

CO; H. Senz), and Mayo Clinic (Rochester, MN; T. Mason, J. Jaquith, and D. E. Paepke-

Tollefsrud). The core labs were the Ward A. Riley Ultrasound Center, Wake Forest

University School of Medicine (Winston-Salem, NC; W. A. Riley) for CIMT, Duke

University Medical Center (Durham, NC; S. Chen and J. Isaacson) for radiology, and

Cincinnati Children’s Hospital Medical Center (Cincinnati, OH; Susan Thompson) for tissue

repository. The data coordinating center was Duke Clinical Research Institute (Durham, NC;

M. Creed, L. Lytle, A. McDaniel, C. McLendon, P. Monds, D. Roth, J. Winsor, and H.

Wood).
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Figure 1.
Consolidated Standards of Reporting Trials diagram for the Atherosclerosis Prevention in

Pediatric Lupus Erythematosus study. CIMT = carotid intima-media thickening; Cr =

creatinine; SLE = systemic lupus erythematosus; CK = creatine kinase; AE = adverse event;

SAE = serious adverse event.
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Figure 2.
Difference in progression rates of carotid intima-media thickening (CIMT) in the

atorvastatin and placebo treatment groups. Forest plots of the progression rate differences

between the atorvastatin and placebo groups are shown for all CIMT outcomes. Whiskers

indicate the 95% confidence interval.
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Table 1

Baseline characteristics of the APPLE study participants*

Atorvastatin
(n = 113)

Placebo
(n = 108) P

Sex, no. (%) female 95 (84.1) 89 (82.4) 0.741

Age, mean ± SD years 15.7 ± 2.8 15.8 ± 2.5 0.856

No. (%) white 55 (48.7) 59 (54.6) 0.376

No. (%) Hispanic or Latino 29 (25.7) 25 (23.1) 0.664

History of smoking, no. (%) 3 (2.7) 4 (3.7) 0.717

Family history of angina/MI/atherosclerosis, no. (%)† 38 (35.5) 41 (39.1) 0.595

Family history of hyperlipidemia, no. (%)† 35 (32.7) 45 (43.3) 0.114

Annual household income, no. (%)‡ 0.984

  <$25,000 30 (29.4) 34 (33.0)

  $25,000–49,999 29 (28.4) 26 (25.2)

  $50,000–74,999 16 (15.7) 17 (16.5)

  $75,000–99,999 12 (11.8) 13 (12.6)

  $100,000–150,000 10 (9.8) 8 (7.8)

  >$150,000 5 (4.9) 5 (4.9)

Body mass index, mean ± SD kg/m2 25.0 ± 5.2 23.8 ± 5.4 0.045

Duration of lupus, mean ± SD months 32.5 ± 29.1 29.4 ± 27.8 0.448

SDI score of 0, no. (%) 79 (69.9) 83 (76.9) 0.244

SLEDAI, mean ± SD§ 4.92 ± 4.46 4.57 ± 4.07 0.726

History of hypertension, no. (%)¶ 38 (34.2) 35 (34) 0.969

History of nephritis/nephrotic syndrome, no. (%)¶ 46 (40.7) 45 (42.1) 0.839

Creatinine clearance, mean ± SD ml/minute/m2 145.2 ± 36.9 133.2 ± 26.6 0.021

Proteinuria, no. (%)# 25 (22.1) 31 (29.0) 0.244

Lupus anticoagulant positive, no. (%)** 45 (42.1) 35 (34.3) 0.250

Anticardiolipin IgG or IgM positive, no. (%)** 46 (41.8) 54 (50.9) 0.179

dsDNA antibody positive, no. (%) 94 (83.2) 87 (80.6) 0.612

C3, mean ± SD mg/dl 102.0 ± 30.1 99.3 ± 27.8 0.338

C4, mean ± SD mg/dl 15.8 ± 11.0 15.2 ± 8.0 0.953

Medications (past 30 days)††

  Aspirin, no. (%) 71 (62.8) 76 (70.4) 0.235

  Hydroxychloroquine, no. (%) 110 (97.3) 103 (95.4) 0.491

  Multivitamin, no. (%) 80 (70.8) 76 (70.4) 0.945

  Corticosteroids, no. (%) 91 (81.3) 89 (82.4) 0.824

  Weight-adjusted prednisone dosage, mean ± SD mg/kg/day 0.170 ± 0.166 0.204 ± 0.205 0.307

  Cyclophosphamide, no. (%) 13 (11.6) 13 (12.0) 0.921

  Mycophenolate mofetil, no. (%) 29 (25.9) 24 (22.2) 0.524

  Azathioprine, no. (%) 12 (10.7) 18 (16.7) 0.198

  Methotrexate, no. (%) 16 (14.3) 13 (12.0) 0.622
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Atorvastatin
(n = 113)

Placebo
(n = 108) P

  Rituximab, no. (%) 0 (0.0) 1 (1.0) 0.495

  NSAIDs, no. (%) 35 (31.3) 33 (30.6) 0.911

  ACE inhibitor, no. (%) 25 (22.3) 29 (26.9) 0.435

hsCRP, mean ± SD mg/liter‡‡ 4.4 ± 18.0 2.6 ± 7.4 0.044

Homocysteine, mean ± SD µmoles/liter 7.3 ± 2.7 7.7 ± 3.4 0.668

Lipid levels, mean ± SD mg/dl

  Total cholesterol 159.6 ± 41.1 150.6 ± 34.0 0.110

  HDL cholesterol 46.7 ± 12.9 46.0 ± 12.7 0.716

  LDL cholesterol 91.8 ± 33.0 80.7 ± 28.7 0.019

  Triglycerides 105.5 ± 52.8 122.9 ± 77.3 0.083

  Lipoprotein A 25.9 ± 28.4 20.3 ± 24.9 0.104

CIMT measurements§§

  Mean-mean ± SD common CIMT, mm 0.465 ± 0.0439 0.471 ± 0.0409 0.578

  Mean-max ± SD CIMT, mm 0.579 ± 0.059 0.587 ± 0.053 0.128

*
APPLE = Atherosclerosis Prevention in Pediatric Lupus Erythematosus; SDI = Systemic Lupus International Collaborating Clinics/American

College of Rheumatology Damage Index; SLEDAI = Systemic Lupus Erythematosus Disease Activity Index; dsDNA = double-stranded DNA;
hsCRP = high-sensitivity C-reactive protein; HDL = high-density lipoprotein; LDL = low-density lipoprotein; CIMT = carotid intima-media
thickening.

†
Data on family history of angina/myocardial infarction (MI)/atherosclerosis were available for 107 patients in the atorvastatin group and 105

patients in the placebo group. Data on family history of hyperlipidemia were available for 107 patients in the atorvastatin group and 104 patients in
the placebo group.

‡
Data on annual household income were available for 102 patients in the atorvastatin group and 103 patients in the placebo group.

§
The median score was 4.0 in both groups.

¶
Data on history of hypertension were available for 111 patients in the atorvastatin group and 103 patients in the placebo group. Data on history of

nephritis/nephrotic syndrome were available for 107 patients in the placebo group.

#
Data on proteinuria (defined as >500 mg protein in a 24-hour urine collection or a random urine protein-to-creatinine ratio of >0.5) were available

for 107 patients in the placebo group.

**
Data on lupus anticoagulant status were available for 107 patients in the atorvastatin group and 102 patients in the placebo group. Data on

anticardiolipin IgG or IgM status were available for 110 patients in the atorvastatin group and 106 patients in the placebo group.

††
Corticosteroids were given by oral or intravenous administration. The dosage is presented as the prednisone equivalent. If alternate-day dosing of

corticosteroids was used, the dose was averaged to obtain a daily dose. Data on corticosteroid use were available for 112 patients in the atorvastatin
group. Data on cyclophosphamide, mycophenolate mofetil, azathioprine, methotrexate, nonsteroidal antiinflammatory drug (NSAID), and
angiotensin-converting enzyme (ACE) inhibitor use were available for 112 patients in the atorvastatin group. Data on rituximab use were available
for 106 patients in the atorvastatin group and 104 patients in the placebo group.

‡‡
The normal range according to PPD Global Central Laboratories is 0–8.4 mg/liter. These normal values are for men and women older than 18

years; no normal values are available for younger populations.

§§
Second baseline measurements.
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Table 2

Progression of CIMT thickening over 36 months in the atorvastatin and placebo treatment groups*

CIMT outcome
Baseline,

mean ± SD

Progression rate in
atorvastatin-treated
patients, estimate
(95% CI)

Progression rate in
placebo-treated
patients, estimate
(95% CI)

Difference between
atorvastatin and
placebo groups,
estimate (95% CI)

Primary end point

  Mean-mean common CIMT 0.4680 ± 0.0425 0.0010 (−0.0006, 0.0026) 0.0024 (0.0007, 0.0040) −0.0014 (−0.0037, 0.0009)

Secondary end points

  Mean-max CIMT† 0.5830 ± 0.0562 0.0037 (0.0015, 0.0058) 0.0064 (0.0042, 0.0086) −0.0027 (−0.0058, 0.0004)

  Mean-mean CIMT‡ 0.4600 ± 0.0395 0.0033 (0.0018, 0.0047) 0.0049 (0.0034, 0.0063) −0.0016 (−0.0036, 0.0005)

  Mean-max common CIMT 0.5933 ± 0.0592 0.0006 (−0.0018, 0.0031) 0.0008 (−0.0017, 0.0033) −0.0002 (−0.0036, 0.0033)

  Mean-max internal CIMT 0.5070 ± 0.0835 0.0090 (0.0052, 0.0128) 0.0144 (0.0106, 0.0182) −0.0054 (−0.0108, −0.0001)§

  Mean-mean internal CIMT 0.4113 ± 0.0533 0.0067 (0.0041, 0.0093) 0.0082 (0.0056, 0.0109) −0.0016 (−0.0053, 0.0021)

  Mean-max bifurcation CIMT 0.6315 ± 0.0688 0.0033 (0.0001, 0.0064) 0.0072 (0.0040, 0.0104) −0.0040 (−0.0084, 0.0005)

  Mean-mean bifurcation CIMT 0.4910 ± 0.0473 0.0030 (0.0009, 0.0050) 0.0055 (0.0035, 0.0076) −0.0026 (−0.0054, 0.0003)

  Mean-max far wall CIMT 0.5866 ± 0.0658 0.0045 (0.0019, 0.0072) 0.0082 (0.0055, 0.0110) −0.0037 (−0.0075, 0.0001)

  Mean-mean far wall CIMT 0.4564 ± 0.0447 0.0042 (0.0025, 0.0059) 0.0064 (0.0047, 0.0081) −0.0022 (−0.0046, 0.0003)

  Mean-max near wall CIMT 0.5795 ± 0.0624 0.0024 (−0.0003, 0.0052) 0.0038 (0.0011, 0.0066) −0.0014 (−0.0053, 0.0025)

  Mean-mean near wall CIMT 0.4646 ± 0.0460 0.0022 (0.0002, 0.0041) 0.0028 (0.0008, 0.0047) −0.0006 (−0.0034, 0.0021)

*
Missing data were assumed to be missing at random, with a rate of missing data for carotid intima-media thickening (CIMT) of 11.6%. 95% CI =

95% confidence interval.

†
Summary measure of 12 segments.

‡
Summary measure of 3 segments.

§
Differed significantly between the 2 treatment groups (P = 0.047).
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Table 4

Serious adverse events and critical safety end points in the APPLE trial*

Atorvastatin
(n = 113)

Placebo
(n = 108)

Death 1 (0.9) 0 (0.0)

Serious adverse events

  All events 34 (30.1) 40 (37.0)

  Infections 15 (13.3) 14 (13.0)

  Musculoskeletal and connective tissue disorders 11 (9.7) 9 (8.3)

  Psychiatric disorders 4 (3.5) 5 (4.6)

  Nervous system disorders 1 (0.9) 6 (5.6)

  Renal and urinary disorders 3 (2.7) 3 (2.8)

  Gastrointestinal disorders 3 (2.7) 2 (1.9)

  Skin and subcutaneous tissue disorders 2 (1.8) 3 (2.8)

  Blood and lymphatic system disorders 2 (1.8) 2 (1.9)

  General disorders and administration site conditions 1 (0.9) 2 (1.9)

  Metabolism and nutrition disorders 1 (0.9) 2 (1.9)

  Pregnancy, puerperium, and perinatal complications 3 (2.7) 0 (0.0)

  Vascular disorders 1 (0.9) 2 (1.9)

  Cardiac disorders 1 (0.9) 1 (0.9)

  Congenital, familial, and genetic disorders 1 (0.9) 1 (0.9)

  Hepatobiliary disorders 1 (0.9) 1 (0.9)

  Immune system disorders 0 (0.0) 2 (1.9)

  Neoplasms (benign, malignant, and unspecified, including cysts and polyps) 0 (0.0) 2 (1.9)

  Respiratory, thoracic, and mediastinal disorders 2 (1.8) 0 (0.0)

  CK elevation requiring investigation 1 (0.9) 0 (0.0)

Critical safety end points†

  Muscle toxicity 29 (26.1) 33 (30.6)

  Myositis 14 (12.5) 9 (8.3)

  Rhabdomyolysis 0 (0.0) 0 (0.0)

  CK >3 times the upper limit of normal 5 (4.5) 7 (6.5)

  Myalgia 16 (14.3) 20 (18.5)

  Muscle weakness 6 (5.4) 4 (3.7)

  Liver toxicity 27 (24.1) 20 (18.7)

  Neurotoxicity 27 (24.1) 32 (29.6)

*
There were no significant differences between the 2 groups. APPLE = Atherosclerosis Prevention in Pediatric Lupus Erythematosus.

†
Data on muscle toxicity were available for 111 patients in the atorvastatin group. Data on myositis, rhabdomyolysis, creatine kinase (CK) level,

myalgia, muscle weakness, liver toxicity, and neurotoxicity were available for 112 patients in the atorvastatin group. Data on liver toxicity were
available for 107 patients in the placebo group.
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