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BACKGROUND: Universal lipid screening in children provides an opportunity to mitigate the lifetime risk of atherosclerosis,
particularly in children with chronic conditions that are predisposed to early atherosclerosis. In response, national guidelines
recommend additional early screening in a subset of cardiac conditions. The penetration of such guidelines has not been
evaluated.

METHODS AND RESULTS: We performed a retrospective study of a geographically representative sample of US children using the
MarketScan Commercial and Medicaid claims databases. The study population was children with cardiac disease between
ages 2 and 18 years and >3 years of continuous coverage from January 1, 2013, to June 30, 2018, divided into 4 major strata of
heart disease. We assessed the likelihood of screening between these classifications and compared with healthy children and
calculated multivariate models to identify patient factors associated with screening likelihood. Of the eligible 8.4 million children,
155 000 children had heart disease, of which 1.8% (381 216) had high-risk conditions. Only 17.5% of healthy children under-
went lipid screening. High-risk children were more likely to be screened (odds ratio [OR], 2.1; 95% Cl, 2.09-2.19; P<0.001) than
standard-risk children, but that likelihood varied depending on strata of cardiac disease (22%—77%). Timing of screening also
varied, with most occurring between ages 9 and 11 years. Among cardiac conditions, heart transplantation (OR, 16.8; 95% ClI,
14.4-19.7) and cardiomyopathy (OR, 2.9; 95% ClI, 2.8-3.1) were associated with the highest likelihood of screening.

CONCLUSIONS: Children with cardiac disease are more likely to undergo recommended lipid screening than healthy children,
but at lower rates and later ages than recommended, highlighting the importance of quality improvement and advocacy for
this vulnerable population.
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disease (CVD) remain the number one cause
of death in American adults. Atherosclerotic
changes begin in childhood, and as a result, national
guidelines from the American Academy of Pediatrics

Atherosclerosis and associated cardiovascular

and National Heart, Lung, and Blood Institute recom-
mend that all children should undergo lipid screening
between ages 9 and 11 years and again in late ado-
lescence/early adulthood (17-21 years).' The goal of
such screening is timely identification of dyslipidemia,
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CLINICAL PERSPECTIVE

What Is New?

e Lipid screening is performed at low rates in
children with congenital and acquired heart
disease at the highest risk for early-onset adult
cardiovascular disease.

What Are the Clinical Implications?

e Appropriate screening in the high-risk cardiac
patients may allow for necessary interventions
to improve long-term cardiovascular health as
these children age into adulthood.

Nonstandard Abbreviations and Acronyms

KD Kawasaki Disease
OHT orthotopic heart transplantation
SV single ventricle

which provides an opportunity for intervention and re-
duction in the lifetime risk of morbidity and mortality
from CVD.

Several forms of congenital and acquired heart dis-
ease have been identified as “high risk” for early develop-
ment of CVD (Table S1). Early identification and treatment
of these at-risk patients would improve long-term cardiac
morbidity and mortality. As a result, initial screening be-
tween 2 and 8 years of age is recommended for them.
It is unknown whether lipid screening occurs routinely
in each of these high-risk cardiac diseases, which is an
important first step in decreasing lifelong disease bur-
den in a vulnerable patient population. We have previ-
ously demonstrated that real-world adherence to these
guidelines is limited, with just 20% of all “standard-risk”
children screened appropriately.* Though children with
chronic disease were more likely to receive screening,
the rates of screening were highly variable.

A major obstacle to studying these issues is ob-
taining a generalizable sample of US children. Studies
based on a single hospital or health system are of lim-
ited generalizability, and surveys are subject to social
desirability bias. We sought to overcome this limita-
tion by using a geographically representative sample
from a claims database of commercial and public in-
surance recipients. We hypothesize that the likelihood
of lipid screening will vary across specific anatomic/
disease diagnoses, with screening rates proportional
to perceived severity of iliness or risk of atherosclero-
sis. |dentifying specific groups of diagnoses in which
screening is performed at higher and lower rates is an
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important step to improving screening rates and even-
tually, lifelong outcomes.

METHODS

Study Design and Data Source

We conducted a retrospective cohort study using the
MarketScan Commercial and Medicaid Claims and
Encounters Databases (MarketScan) (Truven Health
Analytics, Ann Arbor, MI). The MarketScan data-
base is one of the largest sources of longitudinal, de-
identified healthcare reimbursement data for children
ages 0 to 18 years.5® The data are aggregated from
US commercial and public payers, including inpatient,
outpatient, emergency department, and pharmacy en-
counters, and constitute a convenience sample which
is geographically representative. Data were directly ex-
tracted from the MarketScan database and included
presence of cardiac disease as well as sex, race, eth-
nicity, census region, and insurance type. We identi-
fied exposures, outcomes, and covariates using billing
codes. Our Institutional Review Board determined that
the study was exempt from review. Our data use agree-
ment prohibits sharing subject-level data; statistical
methods are described herein, and code is available
upon request. Since the data are deidentified and the
study exempt from review per the Institutional Review
Board, participant consent was not obtained.

Study Population and Study Data
The study period was January 1, 2013 to June 30,
2018. Eligible subjects were between ages 2 and 18
years and had at least 3 years of continuous insurance
coverage. We compared healthy children (without
previously described high-risk chronic medical condi-
tions’) with those with a cardiac diagnosis (Figure S1).
We identified specific cardiac diagnoses using
International Classification of Diseases, Ninth Revision
(ICD-9) or Tenth Revision (ICD-10) codes (Table S2).

The primary exposure was high-risk cardiac lesions
predisposing to early atherosclerosis based on the
2006 American Academy of Pediatrics/American Heart
Association guidelines (Table S1), including: left-sided
obstruction (aortic valve disease and arch obstruction),
coronary anomalies, Kawasaki Disease (KD) with cor-
onary aneurysms, cardiac lesions requiring surgeries
that include coronary artery manipulation (eg, transpo-
sition of the great arteries status post arterial switch
operation, Ross procedure), cardiomyopathies, and
orthotopic heart transplantation (OHT).! We further
subdivided cardiomyopathies by phenotype (Table S3
and Figure S2).

We were also interested in the relative likelihood
of screening amongst children with congenital heart
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disease (CHD), so we also divided CHD into simple
biventricular, complex biventricular, and single ventri-
cle (SV) heart disease strata as defined previously.'
Presence of a code for any of these diagnoses at any
encounter was considered sufficient for inclusion.
Subjects who fit criteria for more than one category
were classified as follows to prevent overlap between
groups (in descending priority): SV, high-risk, complex
biventricular, simple biventricular. While patients with
SV often have features of the high-risk category (eg,
left-sided obstruction), the nature of their underlying
cyanotic disease changes their risk profile for early
CVD.'"*'® We did not exclude cardiac patients with con-
comitant non-cardiac high-risk diagnoses.

The primary outcome was a binary variable of any
screening during the data period, defined as a com-
posite of: 1) blood lipid levels testing, 2) filled prescrip-
tions for a lipid-lowering agent, and/or 3) ICD-9 or
ICD-10 codes for dyslipidemia.* Use of lipid-lowering
agents or a diagnosis of dyslipidemia were included in
the outcome because they imply previous screening.

During the design of the study, we considered po-
tential covariates for lipid screening to include in our
analysis. Several important clinical covariates (obesity,
smoking exposure, and family history of dyslipidemia
or early myocardial infarction) are not reliably coded
in billing data and were not studied.* Socioeconomic
status is limited to receipt of commercial or public in-
surance. Additionally, race and ethnicity data were only
included in the Medicaid database and census region
was available only in the commercial insurance data
set. Of note, requiring continuous insurance enrollment
sacrifices sample size to avoid missing data. If it intro-
duces bias, it will likely result in a high-bound estimate
of likelihood of screening (excluding those with chang-
ing insurance who are less likely to be screened).

Statistical Analysis

We summarized the characteristics of subjects with
cardiac disease using percentages for categorical vari-
ables. Chi-squared tests were used to determine if the
distributions of these characteristics differed between
our subgroups.

The primary analysis described the percentage of
any lipid screening across healthy and cardiac groups
and examined if the likelihood of screening differed
between high-risk and healthy children using multi-
variable logistic regression adjusting for sex and in-
surance type (Medicaid or commercial). Age was not
included as a covariate in the primary analysis because
of variable follow-up between subjects and impre-
cision introduced by the way age is recorded in the
database (rounded to the nearest integer year). Two
post-hoc secondary analyses were performed to eval-
uate whether there was effect modification between 1)
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sex and risk-strata and 2) insurance payer (commercial
insurance or Medicaid) and risk-strata on the odds of
undergoing lipid screening.

As a planned secondary analysis, we tested
whether the likelihood of screening differed between
high-risk lesions. The percentage of subjects screened
in each subgroup were calculated and presented
along with 95% Cls. Unadjusted differences in likeli-
hood of screening were compared using Chi-squared
tests. We then used multivariable logistic regression
to determine if high-risk lesions were associated with
likelihood of screening after adjusting for sociode-
mographic characteristics: age, race or ethnicity for
Medicaid recipients, and census region for recipients
of commercial insurance. These results are presented
as adjusted odds ratios and 95% Cls.

We also studied the timing of screening in children
with high-risk conditions. Specifically, we looked at
whether children received early screening (ie, 2—8 years)
in accordance with the published guidelines; between
9 and 11 years, when universal screening is recom-
mended; or during adolescence (12-18 years). We cal-
culated unadjusted prevalence of first lipid screening
by year of age in non-overlapping cohorts of standard
risk, all cardiac (excluding high-risk), high-risk (exclud-
ing transplant), and transplant patients. This same
analysis was repeated and grouped in the 3 specified
age ranges. Because the timing of screening was im-
portant, serum lipid testing was used (rather than the
previous composite outcome). The maximum longi-
tudinal follow-up time was limited to 5 years, so this
represents a minimum incidence of lipid screening at a
given age range. For acquired diseases (KD and OHT),
we counted only time after the incident diagnosis.

Missing data for covariates was small so imputa-
tion was not performed. Race and ethnicity data were
only available for patients with Medicaid; census region
was available only in the commercial insurance data
set. For region and race and ethnicity, the amount of
missing data was <10%, so we created an “other/un-
known” category for analysis. We performed all statisti-
cal analyses using SAS v9.4 (SAS Corporation, Raleigh
NC) and set the threshold for statistical significance at
P<0.05.

RESULTS

Study Population

Of the 8 599 653 subjects included in our cohort, 1.8%
of children had cardiac conditions (Figure S1). The co-
hort was 51% male, with a mean age of 8.4+4.9 years
(Table S4) and nearly evenly split between commercial
insurance (51%) and Medicaid (49%, P<0.001). Among
Medicaid recipients, 47% were White, 34% were Black,
and 9% were Hispanic.
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Among the children with heart disease, 20% had
CHD or acquired cardiac disease placing them at in-
creased risk of early atherosclerosis (high-risk group),
44% had simple biventricular, 31% had complex biven-
tricular, and 5% had SV heart disease. High-risk chil-
dren were more likely to be male than standard-risk
(61% versus 51%, P<0.001). Compared with standard-
risk subjects, a similar proportion of high-risk subjects
received Medicaid (48% versus 49%, P=0.003). For
those with commercial insurance, there existed statis-
tically significant but small differences in the census
region distribution of subjects, with a higher proportion
of cardiac subjects in the Northeast (22%—-26% versus
18%, P<0.001) and a smaller proportion in the West
(13%—-14% versus 18%, P<0.001). Among Medicaid re-
cipients, cardiac subjects were less likely to be Black
than standard-risk subjects (24%—28% versus 34%,
P<0.001).

The most prevalent high-risk disease categories in
this cohort comprised aortic valve and arch lesions
(ie, left-sided obstructive lesions) (62%) and cardiomy-
opathies (21%) (Table S4). Diagnoses of transposition
of the great arteries (6%), coronary anomalies (8%),
and OHT (3%) were less frequent. KD had the lowest
prevalence (0.9%). Among cardiomyopathies, dilated
cardiomyopathy was the most prevalent phenotype
(39%), followed by other—including secondary, nutri-
tional, and metabolic etiologies (31%)—and hypertro-
phic (20%). Mixed (7%) and restrictive (1%) phenotypes
were the least prevalent (Table S5).

Subjects with cardiac diagnoses had several notice-
able differences in baseline characteristics compared
with standard-risk subjects. KD subjects were younger
(6.7+4.4 years versus 8.4+4.9 years, P<0.001), with a
greater proportion of males (70% versus 51%, P<0.001),
and a lower proportion who were Black (P=0.04).
Structural cardiac disease (59%—-65%, P<0.001) and
cardiomyopathy (60%, P<0.001) were also associated
with a higher likelihood of male sex. Cardiomyopathy
subjects were older than the average standard-risk
population (9.7+5.0 versus 8.4+4.9 years; P<0.001),
consistent with later clinical presentation; this diagnosis
was more prevalent in the Northeast and less prevalent
in the South and West. Subjects with complex biven-
tricular disease, SV, and OHT were more likely to have
Medicaid insurance than standard-risk subjects (54%,
55%, and 56%, respectively versus 49%; P<0.001). We
found no other discernable patterns among region or
race or ethnicity across categories of disease.

Likelihood of Screening

Lipid screening was performed in 17.5% (95% Cl,
17.48%-17.53%) of standard-risk subjects across all
ages (Figure 1A). High-risk patients were screened at
significantly higher rates than standard-risk patients
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(31.2%; 95% ClI, 30.7%-31.7%; P<0.001). Screening
rates increased among non-high risk cardiac patients
based on disease complexity: simple biventricu-
lar disease, complex biventricular disease, and SV
groups were screened at 18.3%, 25.0%, and 29.4%,
respectively.

After adjusting for identifiable covariates including sex,
race or ethnicity, region, and payer, high-risk patients
were more than twice as likely to undergo lipid screen-
ing than standard-risk children (OR, 2.1; 95% ClI, 2.09—
2.19) (Figure 2). The increased odds of lipid screening in
the adjusted multivariable model were identical to the
observed data (data not shown). Complex biventricular
and single ventricle patients were also more likely to be
screened compared with standard risk. The increased
likelihood of children with simple biventricular heart
disease undergoing screening compared to standard-
risk children was small but statistically significant (OR,
1.07; 95% Cl, 1.05-1.09; P<0.001). There was no effect
modification by sex or payer plus risk category on the
likelihood of screening (data not shown).

We next investigated whether specific high-risk
lesions were associated with different likelihoods of
screening. Among the high-risk subjects, structural le-
sions were screened 23% to 30% of the time (Figure 1b),
while cardiomyopathies (40%; 95% Cl, 38%-41%) and
heart transplant (77%; 95% Cl, 75%—-80%) were much
more likely to be screened. All differences in screen-
ing between structural lesions (pairwise compari-
sons) were statistically significant, except for KD with
aneurysm compared with either aortic valve disease
(P=0.63) or coronary anomalies (P=0.76). Screening
rates based on cardiomyopathy phenotypes were sim-
ilar (Table S5). After adjusting for covariates, cardiomy-
opathy (OR, 2.9; 95% Cl, 2.8-3.1) and heart transplant
(OR, 16.8; 95% Cl, 14.4-19.7) were still associated with
greater odds of lipid screening compared with other
high-risk lesions (Figure 2).

Early Screening

Lastly, we wanted to understand whether “early”
screening was occurring in high-risk patients between
2 and 8 years of age as per recommendations. We
graphed the unadjusted percentage of patients with a
first-time lipid screen by age (Figure 3). As expected,
minimal screening occurred in standard-risk patients
before age 9 (4.56%; 95% CI, 4.55-4.58), when there
was an increase in yearly first-time screening coincident
with guideline recommendations. The yearly screen-
ing nearly doubled during the teenage years (11.8%
to 20.3%). Patients with non-high risk cardiac disease
and those with high-risk cardiac disease excluding
transplant had higher early screening prevalence than
standard-risk children; this increased substantially
after age 9 and again in the teenage period. Transplant
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Figure 1. Proportion of lipid screening by (A) broad cardiac diagnosis and (B) high-risk subgroups.
Outcome is composite of lipid testing, dyslipidemia diagnosis, or lipid-altering therapy. Dotted line
represents screening rate among healthy children (mean+SD). All pairwise comparisons P<0.001 except
for Kawasaki disease versus aortic valve and Kawasaki disease vs coronary anomalies, which were not
significant. KD indicates Kawasaki disease; SV, single ventricle; and TGA, transposition of the great
arteries.

patients started at a higher screening prevalence than

all other categories, and this also increased with age. DISCUSSION

Taken together, these data demonstrate a low rate of ~ Using a geographically representative convenience
early screening in standard-risk and most cardiac pa- sample of US children, this retrospective observational
tients, with most screening starting after age 9 and ac-  study depicts contemporary lipid screening practice

celerating in the teenage years. in US children with cardiac disease. In this vulnerable
Less likely to be screened  More likely to be screened
) " OR 95% CI P
Healthy children ’ 1.00 N/A N/A
Simple Biventricular hd 1.07 1.05-1.09 <.0001
Complex Biventricular é . 157 154-161  <.0001
Single ventricle - 2.00 1.91-2.09 <.0001
High-risk diagnosis ® 2.14 2.09-2.19 <.0001
TGA Poem 1.42 1.27-1.59  <.0001
Aortic valve disorders i 1.82 1.76-1.88 <.0001
KD with aneurysm § —— 1.88 1.46-2.43  <.0001
Coronary anomalies o 1.97 1.80-2.15 <.0001
Cardiomyopathy 9 2.94 2.82-3.08 <.0001
Heart transplant — 16.83  14.35-19.74 <.0001
0.1 1 10

Figure 2. Likelihood of lipid screening by disease cohort.

Odds ratios as compared with standard-risk group, adjusted for sex and payer, as well as region and race and ethnicity. High-risk
diagnoses represented collectively and by specific diseases. KD indicates Kawasaki disease; NA, not applicable; OR, odds ratio; and
TGA, transposition of the great arteries.

J Am Heart Assoc. 2022;11:e024197. DOI: 10.1161/JAHA.121.024197 5



Berger et al

Pediatric Heart Disease Lipid Screening Adherence

[] Std Risk
601 O ANl Cardiac excl HR T
<> HR excl OHT
/\ OHT T T [
rof 7 tTTIMIIILGT
s | TATLI N7
Q 2 >
w
SRS
20-
[~ pa
0660008°
9 S Ogpoo0d
0@_@ @ @ @ 8 8 " T L]
4 8 12 16
Age (y)
2-8y 9-11y 12-18y
Standard risk 4.56% (4.55-4.58) 11.8%(11.82-11.87) 20.3%(20.24-20.30)
All cardiac (excl. high risk) 7.0% (6.86-7.14) 18.6% (18.25-18.92) 32.5%(32.11-32.84)
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Figure 3. Observed per-age and per-time period prevalence of screening.

Serial cross-sectional data presented as non-cumulative, per-year prevalence of first occurrence of lipid
screening (not composite outcome) for standard-risk, all cardiac (excluding high-risk), high-risk (excluding
orthotopic heart transplant), and orthotopic heart transplant patients. Blue bar represents timeframe of
recommended universal screening. Error bars present on all data points even if not visible. Screening
proportions by period (early, 2-8 years; universal, 9-11 years; and teenage, 12-18 years) presented as
percent (95% CI). excl indicates excluding; HR, high risk; OHT,orthotopic heart transplant; and Std Risk,

standard risk.

population, we found that most children do not receive
lipid screening. This is despite broad recommendations
that all children should receive lipid screening twice by
age 21 years and special recommendations for ad-
ditional early screening in this population. Because
of lack of screening and subsequent intervention, this
high-risk cardiac population is placed at a higher life-
time risk of developing premature CVD. Understanding
these lipid screening patterns among subsets of high-
risk cardiac patients will allow for targeted health policy
interventions. Improved screening rates may allow for
earlier lifestyle or pharmacologic interventions with the
goal of improved long-term cardiovascular health.

To this end, we evaluated whether the likelihood of
screening differed between classes of cardiac diagno-
ses. Interestingly, the likelihood of screening increased
with complexity of cardiac disease. Explanations for
this pattern include that these patients are more likely
to undergo laboratory testing for other reasons so
the threshold to send lipid screening is lower, these
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patients are perceived to be a “sicker” population of
children with heart disease, or even because they
receive additional — subspecialty cardiology — care.
Ironically, cyanotic CHD had a higher-than-average
level of screening, even though the disease has pre-
viously been associated with reduced likelihood of de-
veloping atherosclerosis.'*'®

Certain types of high-risk structural heart disease
had statistically significant increases in screening rates.
Coronary artery-related diseases (gither KD with aneu-
rysm or anomalous coronaries) were slightly more likely
to be screened than patients with transposition of the
great arteries or left-sided obstruction. However, it is
not clear whether those small differences are clinically
meaningful. The highest rates of screening, which also
started at an earlier age, were in children with cardio-
myopathy and OHT. In transplant patients, this may
reflect the widespread use of statins to prevent coro-
nary graft vasculopathy and for which patients receive
surveillance lipid testing. One might speculate that the
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increased screening in patients with cardiomyopathy re-
lates to “spill-over” as the teams taking care of transplant
patients often take care of patients with cardiomyopa-
thy and so may their relative comfort with ordering lipid
testing. Interestingly, we found no discernible patterns of
lipid testing among cardiomyopathy phenotypes.

We also performed an analysis looking at early
screening, which demonstrated that few patients with
structural heart disease (8%) are screened before
8 years of age. Children with heart disease who un-
dergo lipid screening tend to do so during the 9- to
11-year window recommended for all children. The
majority of children with heart disease are never lipid
screened, consistent with other chronic (non-cardiac)
pediatric illnesses.*'® This is of particular concern in a
vulnerable cardiac population, where the additive ef-
fects of underlying CHD substrate coupled with early
CVD could result in worse outcomes. Indeed, the cur-
rent adult population with CHD has reached 3 million
and is growing, as >90% of children born with CHD
survive into adulthood."” Unfortunately, adults with
CHD have an increased prevalence of metabolic syn-
drome and coronary artery disease compared with
the general population.’®® Since lipid screening and
effective lipid management in childhood is a proven
strategy in diseases like familial hypercholesterolemia,
it is reasonable to postulate that early detection would
allow for interventions to mitigate the risk of early CVD
in cardiac patients.?%?’

The mechanisms underlying increased risk of ath-
erosclerosis in children with heart disease are not fully
understood but may be important to guide future in-
terventions. In left-sided obstructive lesions, such as
those with repaired coarctation of the aorta or stenotic
bicuspid aortic valve, atherosclerotic changes are as-
cribed to chronic hypertension, resulting in left ventric-
ular hypertrophy and demand ischemia."??=2® Patients
with cardiomyopathies or lesions requiring surgical in-
tervention on the coronary arteries may be subject to
similar mechanisms. Alternatively, in patients with ac-
quired heart disease such as KD and after OHT, CVD
risk is attributed to inflammation.! It is not possible in
this current era to risk-stratify the predisposing lesion
to lifetime CVD risk, but further basic and translational
research into these mechanisms could identify modifi-
able risk factors.

Future research to address these concerns could
take several forms. We must identify the barriers to
cardiology-directed outpatient screening, as children
with CHD tend to maintain close contact with their
cardiologists; however, during longitudinal cardiac fol-
low-up, multiple issues compete for attention, so pre-
ventative cardiology becomes deprioritized. In previous
studies using medical documentation as a metric, pe-
diatric cardiologists often fail to note obesity and rec-
ommend potential dietary and lifestyle interventions,
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even in patients with complex CHD.?"?® Even when
prompted through a framework of an institutional qual-
ity improvement project, only half of pediatric cardiol-
ogists provided weight-related counseling.?® Moreover,
pediatric cardiologists report that anticipatory guid-
ance and counseling are not emphasized in their
routine follow-up, despite an increasing incidence of
obesity in children with CHD.3%8! |f screening in these
patients generally correlates with the timing of screen-
ing in standard-risk patients (that is, during the 9- to
11-year-old window of universal screening), perhaps it
is the pediatrician, rather than the cardiologist, direct-
ing this testing at present. Better understanding of why
these screening recommendations were not widely ad-
opted, as well as stronger data about the utility of pe-
diatric screening — currently rated as insufficient by the
US Preventative Services Task Force — is required.3233

The subsequent phenomenon of a steadily increas-
ing screening rate throughout the teenage years, even
in standard-risk patients, also bears further study; this
could reflect provider beliefs that older patients are an
easier population in which to obtain laboratory tests, a
more acceptable age range to consider statin therapy
if needed, or an under-recognition of the need to con-
duct early screening in high-risk children.

More immediately, health policy initiatives should
optimize our care for these patients. The electronic
medical record could be used to “nudge” providers to-
wards guideline-directed care based on underlying di-
agnosis, age, or comorbidities (eg, body mass index).
Outpatient pediatric cardiology care has established
quality metrics, which should be augmented to include
preventive cardiac screening. Educational and advo-
cacy initiatives should target both cardiologists and
pediatricians for familiarity and adherence to published
guidelines for patients with cardiac disease. However,
the concept of a medical home for complex patients
is vital. Our data does not suggest that moving lipid
testing from a medical home to a subspecialist is either
necessary or appropriate; we speculate increasing
screening would be accomplished working together.

We acknowledge several limitations related to the
design of our study and the nature of a claims data
source. The study design used a composite outcome
to best capture lipid screening and management,
when use of a lipid modulating agent often implies lipid
screening. Additionally, we restricted our study popu-
lation to patients with consistent follow-up, sacrificing
some sample size to minimize missing data. This also
helps minimize the potential for double counting an
individual patient because of insurance changes (the
deidentified patient level data does not link a single
individual across multiple insurers) but could result in
undercounting screening. These assumptions mean
that the generated estimates of screening are low-
bound estimates. Subject identification depends on
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accurate diagnosis coding. The identification of spe-
cific cardiac lesions is limited with billing codes, but
broad categorization is less susceptible to this impre-
cision. Subjects all had longitudinal data for at least 3
and up to 5 years. However, the analysis of screening
dates is inherently a series of overlapping individual
patients and does not represent true longitudinal fol-
low-up, limiting inference. Particularly in the youngest
age range, the reported screening represents a low-
bound estimate. This is unlikely to represent a sub-
stantial amount of missed screening, as barely 3 out
of 10 children in this population are screened overall.
Despite these limitations, we were able to analyze
data from >150 000 children with cardiac disease in
the first real-world sample of lipid screening in ac-
quired and CHD.

We conclude that few children with high-risk car-
diac disease are screened in either the recommended
early or universal time periods. Prior studies have high-
lighted the potential unease of a pediatric cardiologist
to act as a generalist in performing preventative health
screening. However, for children with cardiac disease
who frequently spend more time in their cardiologist’s
office than that of their pediatrician, these data high-
light an important preventative gap that the pediatric
cardiologist can help bridge in the lifelong cardiac
health of these patients. Further study is warranted
to understand the efficacy of pediatric lipid screening,
practice variation, and methods to improve guideline
adherence.
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Table S1. Cardiac diagnoses with increased risk of developing early CVD and major cardiovascular events.

Diagnosis

Left heart obstructive lesions (aortic valve and arch disorders)

Lesions requiring surgical relocation of the coronary arteries (e.g., transposition of the great

arteries)

Anomalous coronary arteries

Kawasaki’s disease (KD) with aneurysms

Cardiomyopathies

Orthotopic heart transplantation (OHT)

Data derived from Kavey et al. Circulation, 2006; 114:2710-38.



Table S2. High-risk categories and subcategories based on ICD-9/10 codes.

Cardiac Subcategory
Disease

Simple
Biventricular

Complex
Biventricular

Single

Ventricle

High-Risk TGA
Aortic
Valve/Arch

KD w/aneurysm

Coronary
Anomaly

Cardiomyopathy

Heart Transplant

ICD-9

745.4,745.5, 745.80, 745.90, 747.0, 747.39,
747.49, 746.83

745.0,745.11, 745.12, 745.2, 745.60, 745.61,
745.69, 745.7, 746.00, 746.01, 746.02, 746.09,
746.2, 746.4, 746.5, 746.6, 746.82, 746.84,
746.87, 746.89, 746.9, 747.31, 747.40, 747.41,
747.42

745.3,746.1, 746.7

745.10, 745.19

424.1,746.3, 746.81,747.22,747.1, 747.10,
747.11, 747.20, 747.21, 747.29

446.1 with 414.11

746.85, 414.11

425.1,425.11, 425.18, 425.8, 425.4, 425.7, 425.8,
425.9
V42.1,996.83

ICD-10

Q21.0,Q21.1, Q21.8, Q21.9, Q25.0, Q25.6, 026.0, Q26.1, Q26.8,
Q24.3

Q20.0,Q20.1, Q20.5, Q21.3,Q21.2,Q22.0, Q22.1, Q22.2, Q22.3,
Q22.5,Q23.1,Q23.2,Q23.3,Q24.2, Q24.8, Q24.0, Q24.9, Q20.9,
Q25.5,Q25.71, Q26.9, Q26.2, Q26.3, q26.4

Q20.4,Q22.2,Q23.4

Q20.3,Q20.8

135.0, 135.2, 135.8, 135.9, Q23.0, Q24.4, Q25.1, Q25.9, Q25.3,
g25.21, Q25.29, 025.41, Q25.42

M30.3 with 125.41

Q24.5,125.41

142.1,142.2,143,142.5, 142.8, 143, 142.7

Z794.1, T86.20. T86.21, T86.22



Table S3. Stratification of cardiomyopathy phenotype based on ICD-9/10 codes.

Cardiac Subcategory ICD-9 ICD-10
Disease

Cardiomyopathy = Hypertrophic 425.1,425.11, 425.18 142.1,142.2

Dilated 425.4 142.0
Restrictive 142.5
Other 425.7,425.8 142.8,143
(nutritional,

metabolic)

Secondary 425.9 142.7
Unknown/Not 142.9
otherwise

specified



Table S4. Demographic variables by high-risk category.

High-Risk Diagnoses

SRi:'andard Simple BiV Complex BiV  [Single Ventricle . KD Coronary . Heart
isk N=67 655 N=47 947 N=8 510 TGA Aortic Valve Cardiomyopathy|
N=8,444,325 ’ ’ )y N=1,768 N=19,494 w/aneurysm [anomaly N=6,464 Transplant
N=294 N=2,328 N=868
Male sex 51% 50% <0.001%[51% 0.14 56% <0.001 |65% <0.001 162% <0.001 |70% [|<0.001 [59% <0.001 160% <0.001 |55% 10.03
(4,319,922) [(33,598) (24,687) (4,782) (1,141) (12,008) (206) (1,385) (3,851) (476)
Age, mean*SD [8.414.9 49+ [<0.001 [7.3+ [<0.001 |76+ [<0.001 7.5+ [<0.001 (8.4 [0.02 5.7+ [<0.001 [8.0+ [0.002 9.7+ [<0.001 [8.6+ [0.11
4.2 5.1 4.6 4.6 5.0 4.4 4.9 5.0 4.9
Commercial 51% 43% <0.001 [46% <0.001 }45% <0.001 |50% 0.4 52% 0.02 50% 0.9 50% 0.3 54% <0.001 [44% [<0.001
insurance (4,284,796) |(29,394) (21,971) (3,849) (880) (10,060) (148) (1,157) (3,477) (379)
Census region (commercial insurance only)
Northeast 18% 22% <0.001 [26% <0.001 |24% <0.001 |18% 0.02 23% <0.001 28% [0.002 ([24% <0.001 [34% <0.001 |26% [<0.001
(779,529) (6,405) (5,821) (917) (158) (2,311) (41) (282) (1,174) (98)
Midwest 21% 19% 20% 20% 24% 20% 13% 19% 21% 19%
(906,738) (5,547) (4,353) (758) (214) (2,027) (19) (216) (715) (71)
South 43% 45% 39% 43% 44% 42% 34% 10% 34% 42%
(1,824,214) |(13,190) (8,654) (1,667) (383) (4,211) (51) (466) (1,188) (160)
West 18% 14% 14% 13% 14% 15% 25% 16% 11% 13%
(763,488)  |(4,187) (3,069) (486) (125) (1,494) (37) (190) (384) (50)
Unknown <1% (10,827) k1% <1% 1% (21) 0% <1% 0% <1% <1% 0%
(65) (74) (0) (17) (0) (3) (16) (0)
Race/Ethnicity (Medicaid only)
White 47% 16% <0.001 [46% <0.001 }44% <0.001 |52% <0.001 |55% <0.001 }45% [0.04 35% <0.001 44% <0.001 39% 10.02
(1,935,286) ((17,575) (11,901) (2,067) (454) (5,168) (66) (412) (1,327) (192)
Black 34% 28% 28% 27% 18% 20% 27% 39% 31% 25%
(1,397,603) [(10,879) (7,223) (1,281) (156) (1,843) (39) (459) (935) (121)
Hispanic 9% 8% 7% 5% 6% 7% 16% 9% 7% 5%
(365,652)  [(2,933) (1,745) (211) (53) (674) (23) (107) (200) (26)
Unknown 3% 3% 2% 2% 3% 3% 3% 2% 3% 4%
(128,395)  [(1,027) (629) (102) (27) (254) (5) (28) (80) (18)

T All statistical comparisons to standard risk




Table S5. Demographic variables and screening proportion by cardiomyopathy phenotype.

(1,476,817)

Standard |[Hypertrophic| Dilated CM Restrictive CM Mixed CM [Other/Unknown
Risk c™m N=3,194 N=76 N=607 ™
N=8,444,325| N=1,653 N=2,624
Male sex >1% 63% (1,044) [59% (1,875) 59% (45) 59% (361) 58% (1,512)
(4,319,922)
Commercial >1% 49% (817)  [55% (1,772)  |41% (31) 49% (299) 59% (1,550)
insurance (4,284,796)
Census region (commercial insurance only)
Northeast — 118% 27% (222)  |40% (710) 48% (15) 26% (78) 43% (662)
(779,529)
Midwest 21% 21% (170)  [19% (343) 13% (4) 24% (73) 17% (266)
(906,738)
South 43% 37% (300)  [31% (554) 32% (10) 41% (122) 29% (442)
(1,824,214)
West 18% 15% (124) 8% (148) 3% (1) 8% (25) 12% (179)
(763,488)
Unknown  |<1% (10,827) 1% (1) 1% (17) 3% (1) <1% (1) 0% (1)
Race/Ethnicity (Medicaid only)
White 47% 47% (395)  [42% (598) 38% (17) 43% (133) 50% (532)
(1,935,286)
Black 34% 34% (288)  [32% (453) 42% (19) 29% (90) 25% (269)
(1,397,603)
Hispanic 9% 6% (52) 5% (77) 2% (1) 3% (26) 8% (88)
(365,652)
Unknown 3% 3% (21) 3% (43) 2% (1) 2% (7) 3% (32)
(128,395)
Screening 17.5% 35% (571) [37%(1,195)  [43% (33) 31% (188) 42% (1,106)




Figure S1. Flow chart of study design and participant inclusion.

8,979,893 patients

380,240 patients
excluded for non- [
cardiac high risk dx
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standard risk . .
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Figure S2. Breakdown of cardiomyopathy patients by phenotype.
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Shaded gray boxes represent mixed phenotype patients.



