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Graphical abstract

Non-linear prevalence trends and persistent socioeconomic disparities in suspected FH among U.S. adults, 2009-2018

Popu lation: Data from NHANES 2009-2018 (N = 11,784 adults) @weighted mean age, 50.01 years ® 48.35%
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1. Introduction

Familial hypercholesterolemia (FH) is a common inherited
lipid disorder that confers a markedly increased risk of pre-
mature atherosclerotic cardiovascular disease (ASCVD).!
In the United States, prior analyses applying clinical diag-
nostic criteria to the 1999-2012 National Health and
Nutrition Examination Survey (NHANES) estimated a
prevalence of approximately 0.40% for definite or probable
FH.?! However, prior research has predominantly focused
on these strict diagnostic categories, potentially omitting a
broader spectrum of individuals with clinically suspected
FH. This includes those classified as having “possible”
FH, who may still face substantial cardiovascular risk.
Therefore, this study aims to characterize temporal trends
and sociodemographic patterns of clinically suspected FH,
encompassing definite, probable, and possible cases, among
United States adults from 2009 to 2018, thereby providing
a more comprehensive population-level assessment.

2. Methods

NHANES uses a multistage probability sampling design
to generate nationally representative cross-sectional data
for the US population. We utilized data from 2-year cycles
of United States adults aged > 20 years, excluding preg-
nant women, from 2009 to 2018. FH was identified using
a modified Dutch Lipid Clinic (DLC) scoring system, cho-
sen for its applicability to population-based surveys and
comparability with prior studies. The standard DLC algo-
rithm is a validated clinical tool that classifies FH based
on low-density lipoprotein cholesterol (LDL-C) levels,
physical findings, genetic testing, and personal and family
history of premature ASCVD. Because NHANES does not
collect genetic data or FH-relevant physical examination
findings, we applied a modified DLC score incorporat-
ing only variables consistently available in the dataset,
including LDL-C levels, personal history of ASCVD, and
family history of early ASCVD in first-degree relatives.
Personal ASCVD was defined as a self-reported history
of coronary heart disease, angina, myocardial infarc-
tion, or stroke occurring before age 55 years in men and
60 years in women. Family history of ASCVD was
defined as a report of a heart attack or angina occurring
before age 50 years in a first-degree relative. We also ana-
lyzed trends in statin utilization among individuals with
clinically suspected FH over the study period. Statin use
was defined as a self-reported positive response to the
NHANES questionnaire on prescription cholesterol-low-
ering medication use, verified through matching drug
names in the prescription medication files.

Prevalence estimates and corresponding 95 % confidence
intervals (Cls) were calculated for the overall population
and stratified by sex, age group, race/ethnicity, education
level, and family poverty-income ratio. All estimates were
age- and sex-standardized to the 2010 US Census popu-
lation using the direct method to ensure comparability
across survey cycles and subgroups. Temporal trends in
age- and sex-standardized prevalence were assessed using
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weighted linear regression models, with survey cycles
treated as a continuous predictor and adjustments made
for age and sex as appropriate. Statistical significance was
defined as a 2-sided p-value < 0.05. To account for multi-
ple comparisons across subgroups and survey cycles, the
Benjamini-Hochberg procedure was applied to control
the false discovery rate. All analyses incorporated the
complex survey design of NHANES, including stratifica-
tion, clustering, and sample weights (wtsaf2yr). Survey-
weighted y? tests were used for categorical comparisons.
Statistical analyses were performed using R version 4.4.0.
Since only de-identified, publicly available data were used,
no additional ethics approval was required.

3. Results

Among the 11,784 adults included, the weighted mean
age of participants was 50.01 years, of whom 5,698
(48.35%) were male. From 2009 to 2018, the prevalence
of FH exhibited mild, nonlinear fluctuations rather than a
consistent trend. Specifically, the prevalence rose slightly
from 5.11% in 2009-2010 to 5.26% in 2011-2012, then
experienced a modest decline to 4.99% in 2013-2014,
reflecting a temporary dip in mid-period prevalence.
However, this decline was followed by a gradual rebound,
with prevalence increasing to 5.22% in 2015-2016 and
reaching 5.37% in 2017-2018 (Table 1).

Women generally showed slightly higher FH rates than
men, except in 2015-2016. Disparities were also evident
across subgroups. Middle-aged adults (45-64 years) con-
sistently exhibited the highest prevalence. Racial differ-
ences emerged as well, with non-Hispanic Black adults
displaying slightly higher prevalence in most cycles.
Significant socioeconomic gradients were observed: indi-
viduals with a high school diploma or less and those with
low income had substantially higher prevalence com-
pared with their more educated or affluent counterparts.

Our analysis of statin utilization revealed significant
temporal variation. Age- and sex-standardized statin
use was 44.85% in 2009-2010, peaked at 55.70% in
2011-2012, then declined to 42.74% in 2013-2014. A
partial rebound occurred in 2015-2016, with utilization
rising to 44.14%, before declining again to 35.92% in
2017-2018.Notably,the pronounced peakinstatinuseduring
2011-2012 and subsequent decline in 2013-2014 align
temporally with the transient dip in FH prevalence observed
in the same 2013-2014 cycle (Figure S1, Supplemental
Digital Content, https:/links.lww.com/CARES/A1S).

4. Discussion

The prevalence of clinically suspected FH among US
adults from 2009 to 2018 followed a nonlinear trajec-
tory, characterized by an initial rise, a mid-period decline,
and a subsequent rebound. This pattern suggests that
recorded prevalence was shaped by evolving clinical
detection and management practices rather than a true
change in genetic burden.
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The increase from 2009-2010 to 2011-2012 likely
reflects growing clinical recognition, improved diagnostic
practices, and heightened awareness driven by emerging
guidelines. The subsequent decline in 2013-2014 coin-
cided with the release of the 2013 American College of
Cardiology/ American Heart Association cholesterol
guidelines, which promoted more intensive, risk-based
treatment.’) This shift may have lowered measured
LDL-C levels in high-risk individuals, thereby reducing
the proportion meeting LDL-C-based FH criteria in cross-
sectional surveys like NHANES, despite an unchanged
underlying genetic prevalence. The observed synchronous
decline in statin use supports this interpretation.

The rebound from 2015 to 2018 aligns with advances in
genetic testing, wider adoption of standardized diagnos-
tic criteria (e.g., Dutch Lipid Clinic Network), increased
cascade screening, and improved documentation in elec-
tronic health records. Growing emphasis on FH in pro-
fessional guidelines and public health initiatives further
enhanced case identification during this period.

Demographic disparities persisted throughout the
decade. The prevalence was generally slightly higher
among women, which may be influenced by biological fac-
tors, including androgen and estrogen-mediated regulation
of lipid metabolism and Proprotein Convertase Subtilisin/
Kexin Type 9 (PCSK9) expression,** as well as clinical
disparities such as later diagnosis, less intensive treatment,
and pregnancy-related therapy interruptions in women."!
Middle-aged adults (45-64 years) had the highest prev-
alence, likely due to underdiagnosis in youth and the
accumulation of clinical manifestations by midlife.”) Non-
Hispanic Black adults consistently experienced among
the highest prevalence rates, linked to structural barri-
ers, healthcare inequities, and gaps in preventive care.!®!
Socioeconomically, individuals with a college education
maintained a low prevalence (< 3%), suggesting a protec-
tive effect from higher health literacy and better health-
care access, whereas prevalence peaked among low-income
groups, potentially due to reduced screening access."!

FH is most commonly caused by pathogenic variants
in the LDL receptor, Apolipoprotein B, or PCSK9 genes,
which impair LDL-C clearance via disruption of the LDL
receptor pathway and lead to markedly elevated plasma
LDL-C concentrations. Individuals with more severe
mutations face a substantially elevated risk of premature
cardiovascular mortality in the absence of treatment.
Given that FH is frequently diagnosed during middle
age,® initiating lipid-lowering therapy upon diagnosis
represents a critical intervention to mitigate this addi-
tional risk and improve long-term prognosis."

This study has several limitations. The analysis is
restricted to 2009-2018, preventing assessment of post-
COVID-19 trends. The use of a modified clinical criteria
score without genetic confirmation may lead to misclas-
sification and likely underestimates the true FH burden.
While trends in statin use provide context, they do not
fully capture changes in screening, diagnosis, or use of
nonstatin therapies.
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In conclusion, the fluctuating prevalence of clinically
suspected FH from 2009 to 2018 highlights the dynamic
interplay between improved case detection and evolving
treatment strategies. The transient dip following the 2013
guidelines emphasizes how intensive treatment can tem-
porarily influence cross-sectional prevalence estimates.
The persistence of elevated prevalence, particularly
among underserved groups, underscores ongoing chal-
lenges in equitable FH detection and management. Future
efforts should focus on equitable screening, timely inter-
vention, and sustained public health initiatives to reduce
the burden of FH across all populations.
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