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Abstract

Screening youth for hypercholesterolemia allows for detection of familial hypercholesterolemia that can predispose to pre-
mature heart disease, however guidelines provide conflicting recommendations regarding universal cholesterol screening.
The COVID-19 pandemic and the perception of conflicting guideline recommendations (2011 National Heart, Lung, and
Blood Institute guidelines and United States Preventive Services Task Force recommendations in 2016 and 2023) may have
adversely affected youth cholesterol screening rates. This study examines screening rates during and after the COVID-19
pandemic and the most recent guideline update. Electronic health record data from a single academic institution was used
to calculate Order Placement Rates (OPRs) for subjects aged 8 years 9 months—21 years from 3/18/2019 to 12/31/2023.
Demographic data included subject sex, age, zip code, and primary provider’s specialty. Zip codes were categorized as rural/
urban and underserved/middle/advantaged. The study period was divided into five stages (pre-pandemic, mid-pandemic, late-
pandemic, post-pandemic, and post-guideline). Relative to baseline OPR prior to 3/18/2019, study period OPRs decreased
slightly in pre-pandemic (73.3%), mid-pandemic (70.9%), and late-pandemic (65.4%) stages, with sharper declines during
post-pandemic (47.6%) and post-guideline stages (35.2%). OPR decreased more significantly for youth 9-11 years than
17-21 years (post-guideline OPR: 35.1% versus 46.9%). Urban underserved and urban advantaged had higher OPRs. OPRs
for family medicine and pediatrics declined (p <0.01), more significantly in pediatrics (post-guideline versus pre-pandemic
OPR adjusted odds ratio [95% CI]=0.03 [0.02-0.04] for pediatrics, 0.35 [0.30-0.40] for family medicine). Our institution
showed decreases in cholesterol screening OPRs after both the COVID-19 pandemic and guideline update. OPRs dropped
most significantly among youth aged 9-11 years and among pediatric providers. Urban youth were more likely to be screened
than rural youth. Discrepancies persist among access to youth cholesterol screening.
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Familial hypercholesteremia (FH) is an autosomal dominant
disorder that causes increased levels of low-density lipo-
protein cholesterol (LDL-C) and predisposes to premature
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modification and cholesterol-lowering medications (usu-
ally statins), which ameliorates most of the excess risk of
premature ASCVD and cardiac death [2, 5-7]. A universal
screening strategy among youth can help increase the detec-
tion rate for FH. The National Heart, Lung, and Blood Insti-
tute (NHLBI) issued guidelines in November 2011 recom-
mending universal cholesterol screening for youth between
ages 9 and 11 years and again between 17 and 21 years old.
These guidelines were endorsed by the American Academy
of Pediatrics (AAP) on December 1, 2011 [8]. However, in
2016 and reinforced again in 2023, the United States Pre-
ventative Services Task Force (USPSTF) gave an “I” recom-
mendation for universal youth cholesterol screening, indicat-
ing evidence was insufficient to recommend for or against
universal screening [9, 10]. Our group documented substan-
tial changes in our institution’s youth cholesterol screening
rates between 2011 and 2019 that coincided with release of
the NHBLI/AAP guidelines in 2011 and the USPSTF state-
ment in 2016, illustrating the importance of clear direction
in guidelines and provider education [11, 12]. Studies have
shown differing screening rates based on demographic and
clinical factors of eligible youth, such as payer type [13],
ordering provider specialty [11, 14], and the presence of a
high-risk medical condition [15].

In 2020, the COVID-19 pandemic interrupted routine
health care access and utilization. It is unclear how the
pandemic might have impacted youth cholesterol screening
rates. The purpose of this study was to examine youth cho-
lesterol screening rates throughout the period of the COVID-
19 pandemic and the most recent USPSTF guideline release.
We hypothesized that screening rates may have dropped
during the COVID-19 pandemic due to reasons mentioned
above and continued to decrease after the release of the most
recent USPSTF recommendation.

Materials and Methods

Data extraction from the electronic health record (EHR)
of a not-for-profit academic institution was performed for
subjects aged 8 years 9 months to 21 years old who pre-
sented for a health maintenance visit between 3/18/2019
and 12/31/2023. Youth up to 21 years of age were included
to reflect the ages for which the 2011 NHLBI guideline
provided cholesterol screening recommendations. Eight
years 9 months old was chosen as the youngest age in order
to capture youth who had a 9-year-old health maintenance
visit prior to their ninth birthday. This 3-month buffer was
included in our prior studies of youth cholesterol screening
[11, 12]. Subjects were included in data analysis if they
had no prior cholesterol screen (here, no prior laboratory
result for high-density lipoprotein cholesterol [HDL-C] in
their EHR) and had at least one prior health maintenance
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visit documented in the EHR in the previous 3 years.
HDL-C was chosen as the laboratory result indicating a
cholesterol screen had taken place as it is part of both a
full cholesterol panel and a nonfasting screen performed
with measurement of total cholesterol and HDL-C in order
to calculate non-HDL-C. This approach eliminated youth
who were screened improperly with only total choles-
terol measured (which does not allow for determination
of HDL-C or calculation of non-HDL-C [8]), or youth
who had an isolated triglyceride level measured as a part
of a nutritional assessment. We further excluded subjects
whose cholesterol screen was ordered by providers from
specialties other than pediatrics and family medicine in
order to avoid cholesterol panels that were ordered as part
of a diagnostic evaluation. A subject was considered to
have had a cholesterol screen “ordered” if an order for
HDL-C was placed in the EHR at least once during the
study period. Order placement rate (OPR) was calculated
as a percentage of subjects eligible for screening who had
an HDL-C order entered into the EHR. The Institutional
Review Board reviewed and approved the study.

Demographic data collected from the EHR included sex,
age at date of the health maintenance visit, self-reported race
and ethnicity, body mass index (BMI) percentile, and zip
code of subject’s current address. Each zip code for patients
residing in Wisconsin was categorized as rural or urban, and
as underserved, middle or advantaged in terms of health care
based on groups outlined by the Wisconsin Collaborative for
Healthcare Quality [16], which used factors such as health
care providers, insurance status, and poverty level to clas-
sify Wisconsin zip codes. The specialty of the provider for
the health maintenance visit was recorded (family medicine
or pediatrics).

We divided the study period into five stages based
on the date of the subject’s health maintenance visit:
(1) pre-pandemic (3/18/2019-3/17/2020), (2) mid-
pandemic (3/18/2020-3/17/2021), (3) late-pan-
demic (3/18/2021-3/17/2022), (4) post-pandemic
(3/18/2022-7/18/2023), and (5) post-guideline (USPSTF
update) (7/19/2023-12/31/2023). The pre-, mid-, late-, and
post-pandemic stages were defined as consecutive years
from the date that school closures in Wisconsin were man-
dated due to onset of the COVID-19 pandemic. The final
post-USPSTF update time period was determined based on
the date that USPSTF published their updated recommenda-
tion for universal youth cholesterol screening [10].

Simple descriptives on youth cholesterol testing OPR and
demographic factors were calculated. Multivariate logistic
regression models, stratified by the department of the order-
ing provider, were performed to examine OPR across the
pandemic stages, rural/urban status, and obesity status, with
adjustment for demographic factors. All analyses were con-
ducted with the statistical software R 4.0.1 and STATA/SE
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16.1. A p-value of less than 0.05 was considered statistically
significant.

Results

In total, 15,788 subjects met the inclusion criteria for the
study period and were included in the analysis. Their demo-
graphic characteristics are described in Table 1. There was
a slightly higher percentage of males than females (51.5%
versus 48.4%), and approximately half the subjects were
between 9 and 11 years old. Most of the population was
White (79.2%), non-Hispanic (90.5%), and resided in urban
areas (70.9%). The majority (64.8%) of subjects had their
health maintenance visit with a Family Medicine physi-
cian, with the remainder (35.2%) having their visit with
Pediatricians.

Table 1 Patient demographics (N=15,788)

n (%)
Sex
Male 8.137 (51.5)
Female 7649 (48.4)
Age (years)
9-11 7986 (50.6)
12-16 5230 (33.1)
17-21 2572 (16.3)
Race
American Indian or Alaska native 66 (0.4)
Asian 704 (4.5)
Black or African American 1187 (7.5)
Native Hawaiian or other pacific islander 19 (0.1)
White 12,510 (79.2)
Multiple races or unknown 1302 (8.2)
Ethnicity
Hispanic/Latino 1350 (8.6)
Not Hispanic/Latino 14,218 (90.5)
Unknown 152 (0.9)
Zip code category
Urban underserved 346 (2.2)
Urban middle 1175 (7.4)
Urban advantaged 9671 (61.3)
Rural underserved 163 (1.0)
Rural middle 2794 (17.7)
Rural advantages 1469 (9.3)

Provider department
10,233 (64.8)
5555 (35.2)

Family medicine
Pediatrics
BMI category
< 95th percentile
>95th percentile

13,075 (82.8)
2688 (17.0)

Across the five stages, the overall unadjusted OPRs
decreased slightly from the pre-pandemic (73.3%) and mid-
pandemic (70.9%) to late-pandemic (65.4%) stages, with a
more substantial decline during the post-pandemic stage
(47.6%, Fig. 1) and again during the post-USPSTF guide-
line stage (35.2%). The OPR trend was similar for youth
aged 9-11 years, but different compared to OPRs for those
aged 17-21 years, where the OPR increased slightly and
then decreased. Interestingly, during the pre-pandemic stage,
youth aged 9-11 years had the highest OPR compared to
other age groups; however, by the post-USPSTF guideline
stage, the OPR among 9-11-year-olds (35.1%) is lower than
for 17-21-year-olds (46.8%).

Figures 2 and 3 show OPRs based on urban/rural status
and subjects’ BMI percentile over time. In general, urban
underserved and urban advantaged had higher OPRs than
other categories for a given time period, while urban middle
had the lowest OPR. Youth with BMI > 95th percentile had
higher OPR than their peers with BMI < 95th percentile over
the entire study period.

After adjustment for demographic factors, we found sig-
nificant decreases in OPR for both family medicine and pedi-
atrics providers over time (p <0.01, Table 2). The drop was
more significant in pediatrics compared to family medicine,
with post-USPSTF versus pre-pandemic OPR adjusted odds
ratio (95% CI) of 0.03 (0.02-0.04) for pediatrics and 0.35
(0.30-0.40) for family medicine. For both specialties, youth
with BMI > 95th percentile were more likely to have choles-
terol screening ordered compared to youth with BMI < 95th
percentile (p < 0.05). For family medicine, youth living in
urban middle, rural underserved, rural advantaged, and rural
middle areas were less likely to receive an order for choles-
terol screening (p <0.05). No difference across the urban/
rural or disadvantaged/middle/advantaged categories was
observed for pediatrics.

Discussion

This study demonstrates a dramatic reduction in placement
of youth cholesterol screening orders in the EHR of a sin-
gle institution. The decrease in cholesterol screening rates
during the pandemic stages is consistent with the observed
decline in other preventive practices during the COVID-19
pandemic [17]. Our institution has previously reported high
youth cholesterol screening rates [11, 12] relative to other
studies of youth cholesterol screening in the United States
[4, 18-20] but lower rates than have been achieved in other
countries, including Slovenia [21, 22], Germany [21], Japan
[23] where “opt-out” approaches in primary care offices
(Slovenia) or in schools (Japan) have been utilized. Inter-
estingly, the post-pandemic and post-USPSTF stages saw
more dramatic reductions in OPR compared to the mid- and
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Fig. 1 Order placement rate for youth cholesterol screening by age and time period. * indicates OPR that is statistically significantly different

compared to pre-pandemic rate (p <0.05)
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Fig.2 Order placement rate for youth cholesterol screening by geographic area and advantaged status. * indicates OPR that is statistically sig-

nificantly different compared to pre-pandemic rate (p <0.05)

late-pandemic stages. These results suggest that there may
be factors beyond simply the disruptions in health main-
tenance attributable to the COVID-19 pandemic (e.g., the
perception of conflicting guidelines) that are responsible for
the drop in the screening rates.

Our previous research found that after the 2011 release of
guidelines from the NHLBI and AAP that encouraged uni-
versal youth cholesterol screening, our institution developed
health care provider educational initiatives and modifica-
tions to the EHR that provided reminders and facilitators
for youth cholesterol screening and subsequently observed a
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significant increase in screening rates [12]. After the release
of the 2016 USPSTF “I”’ recommendation for universal cho-
lesterol screening and also after the 2018 American Heart
Association/American College of Cardiology cholesterol
management guidelines that gave universal cholesterol
screening a IIb recommendation [24], we found a decrease in
screening rates [11]. Therefore, we speculate that the drop in
the screening rates during the post-pandemic and post-USP-
STF guideline stages could be related. While more research
is needed to further examine factors contributing to the
decline, the low OPR by the post-USPSTF guideline stage
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Fig. 3 Order placement rate for youth cholesterol screening by youth’s BMI percentile. * indicates OPR that is statistically significantly different
compared to pre-pandemic rate (p <0.05)

Table 2 Comparison of cholesterol screening across pandemic stages

between 2019 and 2023 (N=15,788)

Family medicine Pediatrics
N=10,233 AOR (95% N=5555 AOR
CI) (95% CI)
Pandemic stages
Pre Ref Ref
Mid 0.91 (0.77-1.08) 0.53 (0.35-0.83)
Late 0.75 (0.65-0.87) 0.27 (0.19-0.39)
Post 0.49 (0.43-0.56) 0.07 (0.05-0.10)
Post-USPSTF Update  0.35 (0.30-0.40) 0.03 (0.02-0.04)
Urban/rural status
Urban underserved Ref Ref
Urban advantaged 0.71 (0.50-1.01) 1.28 (0.87-1.89)
Urban middle 0.25 (0.17-0.37) 0.92 (0.47-1.81)
Rural underserved 0.37 (0.23-0.62) 0.76 (0.22-2.58)
Rural advantaged 0.52 (0.35-0.75) 1.58 (0.96-2.60)
Rural middle 0.55 (0.38-0.79) 1.22 (0.78-1.92)
BMI
< 95th percentile Ref Ref
>95th percentile 1.93 (1.73-2.16) 1.93 (1.55-2.40)
Unknown 1.71 (0.69-4.22) NA

Bold values represent significance at p<0.05. Models were also

adjusted for race, ethnicity, sex, and age.

warrants concern and attention. If fewer youth with severe
elevations in cholesterol like FH are detected, they cannot
access appropriate and timely treatment; and in turn, their
family or relatives may miss the opportunity to be detected
via cascade screening. This leads to unnecessary premature
ASCVD events and deaths that are entirely preventable.

The AAP released clinical practice guidelines for evalu-
ation and treatment of youth with obesity in January 2023
which recommended cholesterol testing for youth > 10 years
old with overweight and obesity, while noting that choles-
terol testing for youth 2-9 years old with obesity “may
be considered” [25]. We did note OPRs were higher for
youth with BMI >95th percentile relative to youth with
BMI < 95th percentile throughout the study period. How-
ever, despite this guidance, in our institution we noted simi-
lar downward trends in OPR for youth both with and with-
out obesity, suggesting this guideline did not significantly
impact cholesterol screening behavior.

Overall, OPRs for pediatricians dropped more sig-
nificantly than those for family medicine during the study
period, but the OPRs for pediatricians were still higher than
for family medicine throughout the study period. This is
consistent with our previous study which showed a persistent
gap in OPRs between the two groups from 2010 to 2019
[11]. We conducted a survey in 2019 among clinicians from
these two specialties and found differences in the knowledge,
attitude, and practices of pediatric cholesterol screening. For
example, pediatricians were more familiar with the 2011
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NHLBI/AAP guidelines, more likely to consider choles-
terol screening a high priority item, and were less likely to
have uncertainty about how to manage abnormal choles-
terol results [14]. This is problematic, as it contributes to
discrepancies in pediatric care by clinicians from different
specialties.

This study is subject to limitations. The retrospective and
observational nature of the study does not allow the estab-
lishment of a causal relationship. Our data is from a single
institution and therefore may not be generalizable to prac-
tices across the United States. Nevertheless, it suggests that a
decrease in youth cholesterol screening rates may have been
impacted by disruptions due to the COVID-19 pandemic, but
decreased rates also correlate with guideline release.

Conclusion

Our institution demonstrated a decline in youth cholesterol
screening, especially after the COVID-19 pandemic and
release of the 2023 “I” recommendation from USPSTF.
Childhood represents a time period during which FH can
be readily diagnosed and treated, and cascade screening of
potentially affected family members can also be performed.
Our study demonstrates persistent discrepancies in youth
cholesterol screening rates based on the specialty of the
ordering provider. Public health efforts are needed to iden-
tify opportunities to increase cholesterol screening rates
among youth and to reduce premature ASCVD events and
death.
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