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Abstract

Background: Because atherosclerosis begins in childhood, universal lipid screening is 

recommended with special attention to conditions predisposing to early atherosclerosis. Data 

about real-world penetration of these guidelines is not available.

Methods: Retrospective cohort study using MarketScan® commercial and Medicaid insurance 

claims databases, a geographically representative sample of U.S. children. Subjects who passed 

through the 9- to 11-year window and had continuous insurance coverage between 1/1/2013–

12/31/2016 were studied. Multivariable models were calculated, evaluating the association 

between other patient factors and the likelihood of screening. The primary hypothesis was that 

screening rates would be low, but that high-risk conditions would be associated with a higher 

likelihood of screening.

Results: In total, 572,522 children (51% male, 33% black, 11% Hispanic, 51% Medicaid) were 

studied. The prevalence of high-risk conditions was 2.2%. In unadjusted and adjusted analyses, 
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these subjects were more likely to be screened than standard-risk subjects (47% vs. 20%, OR: 3.7, 

95% CI 3.5–3.8, P<0.001). Within this group, the diagnosis-specific likelihood of screening varied 

(26–69%). Endocrinopathies (OR 5.4, 95% CI 5.2–5.7), solid organ transplants (OR 5.0, 95% CI 

3.8–6.6), and metabolic disease (OR 3.9, 95% CI 3.1–5.0, all P<0.001) were associated with the 

highest likelihood of undergoing screening.

Conclusions: Despite national recommendations, lipid screening was performed in a minority 

of children. Though subjects with high-risk conditions had a higher likelihood of screening, rates 

remained low. This study highlights the need for research and advocacy regarding obstacles to 

lipid screening of children in the U.S.

Introduction

Cardiovascular disease (CVD) is the leading cause of death among adults in the United 

States, and dyslipidemia beginning in childhood is an important risk factor in its 

development.1–4 Lifestyle and pharmacologic interventions aim to improve serum lipids in 

the hopes of slowing and/or preventing atherosclerosis from progressing to clinical CVD.5 

Screening children for dyslipidemia provides an opportunity for earlier interventions, which 

may be particularly important for children at increased risk of early CVD.6 One critical goal 

of lipid screening in pediatrics is to detect children with the genetic condition heterozygous 

familial hypercholesterolemia, a common condition in 1 in 250 people.7 Historically, 

measuring serum lipid levels was recommended in “at-risk” children, such as those with 

high body mass index, diabetes mellitus, and/or a family history of early CVD.8 However, 

there is evidence that this strategy may be ineffective, missing >30% of children with 

clinically significant dyslipidemia.8,9 In 2011, the National Heart, Lung, and Blood Institute 

(NHLBI) released practice guidelines endorsed by the American Academy of Pediatrics 

(AAP) recommending that all children should be screened with a fasting or non-fasting lipid 

panel once between ages 9 and 11 and again between ages 17 and 21.8,10 This built upon 

2006 screening recommendations from the AAP and American Heart Association (AHA) 

which advised early screening for “high-risk” patients, those with chronic medical 

conditions in which the likelihood of developing dyslipidemia is higher and/or the risk of 

developing early CVD in the presence of dyslipidemia is increased.11

There is limited data about how effective these recommendations were in achieving 

successful screening in children. Reported screening rates range widely between 3% and 

46% in standard-risk patients. These studies were limited by small sample size from single 

centers or discrete geographic regions,12–15 practitioner self-reporting,16,17 or omission of 

high-risk populations,18,19 which may explain the broad range of estimates. To overcome 

these obstacles and achieve a real-world estimate of screening, we leveraged a 

geographically representative insurance claims database to perform a retrospective cohort 

study. We hypothesized that subjects with medical conditions that predisposed them to early 

atherosclerosis were more likely to undergo lipid screening than those with standard risk. 

We also sought to determine whether measurable confounders (e.g., race, insurance type, 

region, specific diagnoses within high-risk categories) were associated with a lower 

likelihood of screening.
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Methods

Data Source:

We conducted a retrospective cohort study to assess for adherence to lipid screening 

guidelines using the MarketScan® Commercial and Medicaid Claims and Encounters 

Databases (MarketScan) (Truven Health Analytics, Ann Arbor, MI). The MarketScan 

database contains longitudinal, de-identified healthcare reimbursement data from U.S. 

commercial and public payers, including data spanning the entire continuum of healthcare 

services (inpatient, outpatient, emergency department, and pharmacy encounters). It 

provides one of the largest sources of patient-level, geographically representative data for 

children ages 0 to 18.20–25 Claims databases such as Marketscan® do not contain granular 

detail of registries or direct medical record review, but expediently provide a large 

representative sample. An advantage of the Marketscan® Database is that it combines 

commercial insurance with Medicaid providing a population that spans the spectrum of 

income. Recipients of insurance through the Children’s Health Insurance Program (with 

family incomes between recipients of commercial and Medicaid insurance) are not included. 

Receipt of Supplemental Security Income (SSI) entitles most children to Medicaid coverage; 

the cohort of patients with SSI but not Medicaid was not specifically assessed. A second 

advantage of the Marketscan® database is that data collected from multiple public and 

private health plans are consolidated and standardized by IBM/Watson accommodating 

different data structures and formats to create a comparable data set. No imputation is 

performed. Our Institutional Review Board determined that the study was exempt from 

review. This research was supported, in part, by the Cardiac Center Clinical Research Core. 

It was funded, in part, by an intramural grant from The Children’s Hospital of Philadelphia 

Cardiac Center. Dr. O’Byrne (K23 HL130420–01) and Dr. Berger (T32 HL1007915) receive 

support from the National Institutes of Health/National Heart Lung and Blood Institute. The 

authors are solely responsible for the design and conduct of this study, all study analyses, the 

drafting and editing of the paper and its final contents.

Study Population

The study period was January 1, 2013 to December 31, 2016. The two years elapsed 

between guideline publication and the start of the study period was, on face, a reasonable 

amount of time for guideline dissemination. The available data do not include other time 

periods for measurement of secular trends. Subjects were included if they passed through 

ages 9 to 11 during the study period (Supplemental Figure 1) and had continuous insurance 

coverage during those years. This approach prioritizes internal sample validity (avoiding 

missing data) over expanding the sample size while accepting the potential for introducing 

bias. Children with discontinuous insurance, previously shown to have a less favorable lipid 

profile,26 are less likely to be screened than those with continuous insurance, so measured 

estimates are high-bound estimates. There were no additional exclusion criteria.

Study data:

Data were directly extracted from the MarketScan database and included sex, race, ethnicity, 

census region, insurance type, and presence of a high-risk condition. Identification of 

exposures, outcomes, and covariates was made using billing codes. Subjects with conditions 
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that predisposed them to high risk of early atherosclerosis based on 2006 AHA/AAP 

guidelines [renal disease, solid organ transplantation, select cardiac diseases, chronic 

inflammatory disease, chronic infection, exposure to chemotherapy/childhood cancer, 

endocrinopathies including diabetes and thyroid disease, and primary metabolic disease 

(inborn errors of metabolism)] were identified using International Classification of Diseases, 

Ninth Revision (ICD-9) or Tenth Revision (ICD-10) codes (Supplemental Table 1).11 ICD 

codes were based on prior validated lists for chronic pediatric disease, when appropriate.27 

Obesity was not included, as it is has previously been demonstrated to not be coded well in 

billing data.28 Notable risk factors including family or smoking history as well as clinical 

measurements including blood pressure and lipid testing were not available in this database. 

We omitted definitions from the 2019 update since they did not apply to our study 

population.29 Presence of any of these codes at any encounter was considered sufficient for 

inclusion in the high-risk category. For subjects identified as having more than one high-risk 

condition, each class was recorded to allow for separate analysis. We defined standard risk 

by absence of a high-risk diagnosis code. The contents of commercial and Medicaid 

databases differed in the following ways: race/ethnicity data were only included in the 

Medicaid database and census region was available only in the commercial insurance 

dataset.

We hoped to identify the proportion of subjects who had undergone lipid testing. To this end, 

we created a composite outcome composed of three components: 1) record of lipid 

laboratory testing, 2) a filled prescription for a lipid-lowering agent, and/or 3) an ICD-9 or 

−10 codes for dyslipidemia. Use of lipid-lowering agents or subjects with a diagnosis of 

dyslipidemia were included as “screened” populations because these implied previous 

screening. This approach does not distinguish between “initial” versus “subsequent” screens, 

nor does it necessarily identify the age of first lipid screen given the guideline-derived three 

year window. We identified screening tests using Current Procedural Terminology codes for 

lipid panels and/or any of the following: cholesterol, triglyceride, high-density lipoprotein, 

and low-density lipoprotein. Lipid-lowering agents were identified using National Drug 

Codes (NDC) for 3-Hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins), 

niacin, bile acid sequestrants, fibrates, and cholesterol absorption inhibitors (ezetimibe). 

Newer therapeutics including proprotein convertase subtilisin/kexin type 9 or diacylglycerol 

acyltransferase 1 inhibitors are not currently approved for use in pediatrics, with exceptions 

made for those with rare genetic cholesterol disorders. Some of the above medications have 

potential alternative uses besides lipid-lowering (e.g. cholestyramine as an anti-diarrheal). 

NDC codes are updated frequently, so to ensure an accurate set of codes, we previously 

cross-checked the tables in Marketscan against national databases and found that it is 

complete.30 The vast majority of standard- and high-risk patients (89% and 74%, 

respectively) were included in the outcome due to lipid testing, followed by a combination 

of screening and lipid-related diagnosis (9% and 20%) and lipid-related diagnosis alone (2% 

and 3%) (Supplemental Table 2). Only small percentages had a lipid-modifying prescription 

or other combinations of the three components.
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Data Analysis

Standard descriptive statistics were calculated. The baseline characteristics of standard- and 

high-risk subjects were compared using Chi squared tests. Our primary aim was to 

determine the proportion of children undergoing lipid screening in the timeframe 

recommended by NHLBI/AAP guidelines (9 to 11 years). We also evaluated whether 

subjects with high-risk diagnoses were more likely to undergo screening. Lastly, we sought 

to explain differences in screening based on associated socioeconomic variables. Observed 

proportions were reported including 95% confidence intervals.

Secondary analyses included determining whether 1) specific high-risk conditions and 2) 

patient race/ethnicity, insurance type, and census region were associated with differences in 

screening. Multivariable logistic regression models adjusting for measurable confounders 

were calculated including sex, insurance type, and presence of each of the high-risk 

categories. Subsequent analyses added race/ethnicity or census region independently to these 

models. Because of the differences in commercial and Medicaid databases, a number of 

approaches were taken including 1) restricting analysis for race to Medicaid and region to 

commercial insurance and 2) coding race for commercial insurance subjects as a 

“commercial insurance” and region as “Medicaid” for those subjects and removing 

insurance type from the latter analysis.

There were no missing data for sex, payer, or age. For region and race/ethnicity, the amount 

of missing data was relatively small (<10%), so we created an “other/unknown” category for 

analysis. All statistical analyses were performed using SAS v9.4 (SAS Corporation, Raleigh 

NC). The threshold for statistical significance was set at P<0.05.

Results

Study Population:

A total of 572,522 children met inclusion criteria. The cohort was 51% male with 51% 

receiving Medicaid (Table 1). Among recipients of Medicaid, 48% were white, 33% black, 

and 11% Hispanic.

Of the overall population, 2.25% had conditions placing them at increased risk of early 

atherosclerosis (high-risk group). Comparing standard- and high-risk groups, a lower 

proportion of standard-risk subjects received Medicaid than high-risk subjects (51% versus 

60%, P<0.001). Among commercial insurance subjects, there were statistically significant 

but small differences in the distribution of subjects in census regions, specifically a higher 

proportion of high-risk subjects in the Northeast (22% vs. 19%, P<0.001) and smaller 

proportion in the South (40% vs. 43%, P<0.001). For Medicaid subjects, standard-risk 

subjects were more likely to be black than high-risk subjects (33% vs. 30%, P<0.001).

The most prevalent high-risk disease categories in this cohort included endocrinopathies 

(62%) and high-risk cardiac disease (17%) (Supplemental Table 3). Solid organ transplant 

status (2.2%), chronic infection (2.1%), and metabolic diseases (2.3%) were the least 

prevalent. The distribution of baseline characteristics was generally similar across 

categories. The presence of cardiac disease (63%, P<0.001), organ transplantation (58%, 
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P<0.001), and chemotherapy (58%, P<0.001) was positively associated with male sex, while 

chronic inflammatory conditions (e.g., autoimmune) were positively associated with female 

sex (64%, P<0.001). Subjects with cardiac and metabolic disease were more likely to have 

commercial insurance (52% and 58%, respectively versus 49%, P<0.005) whereas subjects 

with renal disease, organ transplant, and endocrinopathies were more likely to have 

Medicaid coverage (61%, 66%, and 66%, respectively vs 51%, P<0.001 for all). There were 

no discernable patterns among region for commercial insurance patients or race/ethnicity for 

Medicaid patients across categories of chronic disease.

Screening rates:

Lipid screening was performed in 19.8% (95% CI 19.7–19.9%) of standard-risk subjects 

(Figure 1). This was significantly lower than in high-risk patients, of whom 47% (95% CI 

46.1–47.9%, P<0.001) were screened. While the proportion of patients screened differed 

amongst specific high-risk conditions with a range of 26.8% to 68.7% (Figure 1), high-risk 

conditions were, overall, associated with higher odds of screening (OR 3.7, 95% CI 3.5–3.8, 

P<0.001) (Figure 2). After adjusting for measurable confounders, these differences 

remained. Subjects with endocrinopathies (OR 5.5, 95% CI 5.2–5.7, P<0.001), solid organ 

transplants (OR 5.0, 95% CI 3.8–6.6, P<0.001), and metabolic disease (OR 3.9, 95% CI 3.1–

5.0, P<0.001) were associated with greater odds of screening relative to standard-risk 

patients (Figure 2). Odds of screening for children with cardiac disease (OR 1.3, 95% CI 

1.2–1.4), chronic inflammation (OR 1.3, 95% CI 1.1–1.5), and post-chemotherapy (OR 1.4, 

95% CI 1.2–1.7, all P<0.01) were all higher than standard-risk patients, but the lowest of the 

high-risk groups. In secondary analyses, no significant association was seen between census 

region, race, ethnicity, or insurance type and likelihood of being screened (data not shown).

Further analysis was undertaken within high-risk disease categories to better understand 

which patients received screening (Supplemental Table 4 and Figure 3). Among patients 

with chronic kidney disease (CKD), patients with severe disease (CKD stages 3–5, end-stage 

renal disease, or kidney transplant) had a trend toward higher occurrence of screening 

compared to patients with CKD stages 1–2, but the difference was not significant (P=0.78). 

At the same time, there were no significant differences in the proportion of screening 

between recipients of different solid organ transplants. Patients with diabetes were more 

likely to be screened (OR 7.5, 95% CI 6.9–8.2, P<0.001) than patients with other endocrine 

diagnoses (e.g., calcium homeostasis, polycystic ovarian syndrome). Interestingly, a group 

of more than 5,100 patients carried the ICD diagnosis of “metabolic syndrome.” While this 

entity is not commonly used as a pediatric diagnosis, those patients had an increased 

likelihood of receiving lipid screening (OR 4.5, 95% CI 4.3–4.8, P<0.001).

Discussion

The rationale for screening children is that early identification of at-risk populations allows 

for earlier, effective intervention. This principle has been shown from decades of caring for 

patients with heterozygous familial hypercholesterolemia.7 Because of these patients, there 

is increasing evidence of the safety and efficacy, and yet underutilization, of lipid lowering 

therapies in children.31,32 This study demonstrates that current recommendations for 
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universal lipid screening in the United States are reaching a fraction of standard-risk 

children. Our reported rates are similar to what has been published in some smaller or 

regional studies focusing on the post-guideline time frame (16–27%)12,15 but significantly 

higher than other studies (3.5–11%) especially those looking prior to 2011. Though the 

published guidelines may not have achieved the desired universal screening, these findings 

suggest that they did have a measurable impact. High-risk children are more likely to 

undergo lipid screening, but still at levels (47%) below the goal of universal screening. 

These patients should also receive early (e.g., starting after age 2) and/or more frequent (e.g. 

at time of recognition of high-risk factor or diagnosis of high-risk disease) screening but the 

current study did not evaluate this and is independent of the recommendation that they 

should also be screened between ages 9 and 11.

There are many possible explanations for the low proportion of screening. Published data 

about lipid screening demonstrate that 74% of primary care clinicians believe in its efficacy, 

but that only a minority (36%) report adherence to recommended universal screening.16,17 It 

is worth noting that the publication of these guidelines were met with controversy, and there 

is ongoing discussion about what the guidelines should be.33–38 In these studies, a lack of 

familiarity with published guidelines; discomfort treating hyperlipidemia, primarily related 

to initiation of statin therapy; and/or lack of accessibility to lipid specialists have been 

identified as reasons that pediatricians fail to screen children.16,39 Prior studies have 

suggested patient/family follow-through (independent of cost) is also an issue.40 The 

economic impact of screening is also an important question beyond the scope of this study.

The strengths of this study include a large and geographical representative patient 

population. An important distinction from prior studies is that the current study measures the 

real world rates at which children are screened. An observational, insurance claims dataset 

provides information about what services are received by individual patients but does not 

provide access to provider attitudes. It also does not differentiate between providers failing 

to prescribe screening and families not obtaining labs. Additionally, administrative data are 

expedient but do not contain all clinically relevant data. Measures of body composition 

(specifically overweight and obesity) have specifically been shown to be unreliably coded in 

administrative data.28,41 Pediatric obesity is a well-established independent risk factor for 

dyslipidemia and CVD in children1,2,6 and there is clear evidence that pediatric obesity is 

associated with increased risk of adult obesity and worse adult health outcomes.42–45 

Obesity is now epidemic with over one-third of children overweight or obese, and on its own 

should prompt screening and intervention per the NHLBI guidelines.10,46 The overlap of 

obesity with other high-risk diagnoses and its impact on prompting lipid screening was 

unable to be assessed in this study, and warrants future investigation. Differences in data 

reporting between different payers are addressed by the vendor without imputation. There is 

no indication that these differences introduce systematic differences (i.e. bias) in the data for 

the analyses performed. However, we conceded that this contention is not evaluable and is a 

potential limitation. Other limitations include a risk of unmeasured confounding or potential 

for misclassification of high- and standard-risk subjects, though the prevalence of high-risk 

conditions is comparable to published data.47,48 Because the definition of screening included 

subjects diagnosed with dyslipidemia, the cited rates of screening are high-bound estimates.
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While accepting these limitations, we did attempt to identify any clinical and social factors 

associated with screening rates. In terms of clinical factors, several diagnoses were 

associated with increased screening rates (e.g., solid organ transplant). The current analysis 

cannot evaluate why this is true, but it may be worthwhile to determine how to improve 

guideline adherence in both high- and standard-risk populations. It is noteworthy that in 

some conditions (e.g., renal insufficiency), increasing severity of disease was associated with 

greater odds of screening, suggesting that providers are screening with an eye toward 

perceived risk. Specialists caring for high-risk patient populations are important stakeholders 

in the effort to improve screening rates. For instance, screening in congenital heart disease 

was low, which is consistent with reports showing that pediatric cardiologists have not 

commonly embraced a role in screening and counseling on risk factors for future CVD.49

The goal of our other secondary analyses was to determine whether a link exists between 

patient social factors and the likelihood of receiving screening. Neither insurance type nor 

race/ethnicity was associated with undergoing screening. Socioeconomic status is a 

challenging domain to model as it is the product of many factors not measurable in the 

current dataset. However, the use of both commercial payer and Medicaid insurance does 

provide bracketing of the socioeconomic spectrum. By restricting our study sample to 

subjects with continuous insurance for the entire period, we increased the internal validity of 

our sample and minimized misclassification of both exposure and outcome at the cost of 

statistical power and potential introduction of sampling bias. As a result, we are likely 

reporting a high-bound estimate of testing, due to censoring of families with non-continuous 

coverage, presumably from economic and employment instability.

Though it may be reassuring that no measurable social factors were associated with 

screening rates, we would not discount the importance of further research exploring the 

association between socioeconomic status and access to care and rates of screening. It also 

suggests that barriers to higher screening rates may be widespread. In previous research, 

significant variation in practice has been demonstrated between hospitals in multiple aspects 

of care of young patients with chronic (cardiac) disease.50–53 Future work should evaluate 

patterns of screening by practitioner, hospital, or outpatient clinic setting, and identify high- 

and low-performing centers, as this would help target public health policy interventions.

Conclusion

Despite several limitations, children with conditions predisposing them to early 

atherosclerosis were screened at a higher rate than standard-risk children, but still far below 

the goal of universal screening. Future research efforts should focus on specific barriers to 

screening for both standard- and high-risk populations and as well as the value of screening 

in reducing morbidity and mortality from premature cardiovascular disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Rate of universal lipid screening is highly variable by high-risk disease cohort. Error bar 

represents standard deviation. Statistical significance seen in all high-risk conditions 

compared to standard risk (not shown graphically).
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Figure 2: 
Likelihood of primary outcome varies in multivariate analysis by high-risk disease cohort. 

Primary outcome was composite of lipid screening, dyslipidemia diagnosis, and/or lipid-

modifying therapeutic. Data compared to standard risk group and adjusted for sex, race/

ethnicity, region, and payer.
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Figure 3: 
Rate of universal lipid screening among subsets of high-risk cohorts. Dashed horizontal line 

represents standard-risk screening percentage. Error bar represents standard deviation. ***, 

P<0.001; NS, not significant.
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Table 1.

Demographic variables for standard- versus high-risk cohorts.

Standard risk N=559,932 High risk N=12,590 P

Male sex 51% (286,125) 52% (6,462) 0.62

Insurance type <0.001

 Commercial 49% (276,149) 40% (5,089)

 Medicaid 51% (283,783) 60% (7,501)

Census region (commercial insurance only) <0.001

 Northeast 21% (58,984) 21% (1,062)

 Midwest 19% (53,547) 22% (1,125)

 South 43% (117,735) 40% (2,014)

 West 16% (45,234) 17% (879)

 Unknown 0.2% (649) 0.2% (9)

Race/Ethnicity (Medicaid only) <0.001

 White 48% (136,063) 50% (3,718)

 Black 33% (93,408) 30% (2,211)

 Hispanic 11% (30,560) 10% (744)

 Unknown/Other 8% (23,752) 11% (828)
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