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Abstract

Lipoprotein (a) (Lp(a)) is a genetically determined risk factor for atherosclerosis, with extremely high levels associated
with very high cardiovascular risk. Despite this, in routine clinical practice these patients often remain insufficiently
identified.

Aim. To characterize the prevalence and severity of subclinical atherosclerosis in various vascular beds in patients
with Lp(a) > 180 mg/dL, including younger age groups.

Materials and methods. We performed a retrospective analysis of a database comprising 101,078 outpatients,
from which 1105 (1.09%) individuals with Lp(a) > 180 mg/dL and available lipid profile data were selected; women
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accounted for 67.2%, and the mean age was 52.74 + 14.59 years. The presence of atherosclerotic cardiovascular
disease (ASCVD) was ascertained from medical records, and atherosclerosis was assessed by duplex ultrasound
of the brachiocephalic arteries (BCA) and lower extremity arteries (LEA), as well as by the Agatston coronary
artery calcium score (CACS). At least one vascular bed was evaluated in 69.8% of patients, and all three were
evaluated in 6.2%.

Results. Most patients showed elevated levels of total cholesterol and low-density lipoprotein cholesterol. From
the age of 25-44 years onward, a substantial proportion of patients already showed atherosclerotic involvement of
the BCA and LEA with stenosis >20% and pronounced coronary calcification (CACS > 100 units), with a shift toward
more severe lesions in older age groups. In the subgroup that underwent imaging of all three vascular beds, 60.0% of
patients aged 25-44 years had two or three beds that were affected; the proportion of patients with involvement of
all three vascular beds increased to 40.0% in those aged 45-59 years, 76.9% in those aged 60-74 years, and reached
100% in patients aged > 75 years (p < 0.001). The prevalence of clinically documented ASCVD increased from 10.3%
in the 25-44 age group to 67.1% in patients aged > 75 years. Even among patients without documented ASCVD,
atherosclerotic involvement of the BCA, LEA and coronary calcification was detected in 85.9%, 82.6% and 37.1% of
cases, respectively.

Conclusion. Patients with Lp(a) > 180 mg/dL are characterized by a high prevalence and early onset of subclinical,
frequently multifocal atherosclerosis, with a pronounced age-related gradient of progression. These findings support
the case for designating this cohort as a priority group for in-depth evaluation, risk re-stratification and more intensive
preventive management.
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A HH 0T Ly

JivnonpoTen (a) [JIn(a)] = reHeTuyeckn 06ycnoBAeHHbI GaKTop aTepocKiepo3a, Npu 3TOM ero 9KCTpeMasibHble
3HAYeHWs accoUMMpoBaHbl C KpaiiHe BbICOKUM CEPAEYHO-COCYANCTbIM pUCKOM. OHAKO B peanbHOM KIIMHUYECKOM
NpaKTUKE Takue NnaLlneHTbl BbIABIAKOTCA V1 XapakTepuayrTca HeA0CTaTOuHO.

Lenb. OxapakTepr3oBaTb paCNpOCTPAHEHHOCTb 1 BbIPAXEHHOCTb CYOKMHUYECKOrO aTePOCKIep03a B Pa3INYHbIX
cocyancTbix 6acceitHax y NauyeHToB ¢ ypoBHeM JIn(a) > 180 Mr/an, BKtOYas MOOAble BO3PaCTHbIE Fpynmbl.
Marepuanbl u meToabl. [1pOBEAEH PETPOCMNEKTUBHbIA aHanu3 6a3bl AaHHbIX 107 078 ambynaTopHbIX nayneH-
TOB, U3 KoTopoit BbigeneHo 1105 (1,09%) ¢ Jin(a) = 180 Mr/an v AOCTYNHbIMWA AaHHBIMU AUMWAHOMO NPOGUNS;
XEHLLMHbI COCTaBUIN 67,2%, cpeaHuii BospacT — 52,74 + 14,59 roaa. 110 AaHHbIM MeULMHCKMX KapT OLeHnBau
4aCTOTY aTePOCKIEPOTUYECKMX CePAEYHO-COCYANCTbIX 3aboneBaHnii (ACC3), aTepocknepos — Mo AynnekcHomy
CKaHMpoBaHWio bpaxnouedanbHblx aptepuii (BLIA) 1 apTepuid HUXHUX KoHeyHocTel (AHK), a Takxke no uHaekcy
kopoHapHoro kanbums (MKK) no AraTcToHy; xoTs 6bl 0i1H COCYANCTbIN 6acceitH 6bin obcnenoBaH y 69,8% nauw-
eHTOB, BCe TpK — Y 6,2%.

Pesynbratbl. Y 60MbLWMHCTBA NALMEHTOB OTMEYAUCh MOBbILIEHHbIE 3HAYEHMS O6LLErO XONeCTepyHa 1 XonecTe-
pVHa IMNOMPOTEMHOB HM3KOIA MIOTHOCTW. HaunHas ¢ Bo3pacTta 25-44 neT y 3Ha4yuTesbHO YacTu NaLueHToB Bbl-
ABNANNCH aTepockiepoTnyeckue nameHenns bLIA n AHK co cteHo3oMm > 20% 1 BbIpaXXeHHbI KOPOHapPHbIN Kanb-
LmHO3 (VKK > 100 ef1.), npuyeM ¢ BO3pacTOM CTPYKTypa NOPaxeHus cMelllanach B CTOPOHY 60/1ee TxenblX GopM.
B noarpynne c o6cnegoBaHuem Tpex COCYaMCTbIX 6aCCeiHOB NopaxeHne ABYX unun Tpex 6acceitHos umenn 60,0%
nauveHToB 25-44 neT; 4oNa NaLMEHTOB C BOBNeYeHMEM Bcex Tpex 6acceitHoB cocTaBuna 40,0% B rpynne 45-59
net, 76,9% - B rpynne 60-74 roga v focturana 100% y nauneHToB 75 net v ctapue (p < 0,001). YactoTta Bepndu-
LuMpoBaHHbix ACC3 yBenmumsanach ¢ 10,3% B rpynne 25-44 rona a0 67,1% y nauneHToB 75 net v cTapuie. [Jaxe
cpeau naumeHToB 6e3 ACC3 atepocknepoTuyeckoe nopaxeHue bLIA, AHK 1 kopoHapHbIi KanbLWHO3 BbISBASAANCH
B 85,9, 82,6 1 37,1% cny4aeB COOTBETCTBEHHO.

3aknioueHue. MauneHTbl ¢ JIn(a) = 180 Mr/an xapakTepuayroTCs BbICOKOW PacnpoCcTPaHEHHOCTbIO 11 paHHel pea-
nu3aumeii CyoKIMHNYECKOr0, YacTo MyNbTU(HOKANbHOIO aTePOCKIEP03a C BbIPAaXEHHbIM BO3PACTHBIM rPajyeHTOM
nporpeccupoBaHus. MonyyeHHble AaHHble NOAAEPXMBAIOT Lie1eCo06pa3HOCTb BbIAENEHNS JaHHOW KOrOpTbl B NpU-
OPWTETHBI KOHTYP Yry6aeHHOro 06cnejoBaHmns, pecTpaTudrKaLmm prcka u 6onee MHTEHCUBHO NpodunakTnye-
CKOW TaKTUKM.

KnioueBble cnoBa: N1nonpoTenH (a); cepeYHo-CoCYaUCTbIN pUCK; MyNbTU(OKabHbINA aTepOCKEPO3; MHAEKC KOPO-
HAapHOr0 KanbLWs; CEPAEYHO-COCYANCTbIE 3a60/1eBaHNS

Py6pukn MeSH:

APTEPWOCKJIEPO3 - AINATHOCTUMKA

JIMNOMNPOTENH A - AHANTN3

BECCUMIMTOMHbIE BOJTESHU

OUVATHOCTUKA PAHHSASA
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CooTBeTCTBME IPUHONIIAM 3TUKHU. VccienoBaHue BINOTHEHO B COOTBETCTBUM C MPUHIMIAMM XeTbCUHKCKON IeKaapauun. Petpo-
CTIIEKTUBHBI XapaKTep UCCIeNOBAHMSI C MCIIOIb30BaHMEM aHOHMMM3MPOBAHHBIX JaHHbIX He TPeGOBas JOMOJHUTENILHOTO OBOGPEeHNUs
JIOKAJIbHOTO 3TUYECKOro KomuTeta. [Ipy mepBuyHOM 0GpallleH!M BCe MalyeHThbl MOAMMCcaI MHPOPMIPOBaHHOE coriacue Ha 06paboTKy
MePCOHAIbHBIX TaHHbIX.

JocTyn K JaHHBIM MCC/IefOBaHus. [[aHHbIe, MOATBEPsKAAIOIIME BEIBOIbI 3TOTO VICCIELOBAHNMS, MOXKHO TIOJTYYUTh Y aBTOPOB 0 060CHO-
BaHHOMY 3anpocy. [laHHbIe ¥ CTAaTUCTUYECKME METO/bI, PN CTaBIeHHbIE B CTaThe, MPOLLUIY CTATUCTUIECKOE PELIeH3MPOBAHME PEJaKTO-
POM 3KypHasa — cepTUdUIMPOBAHHBIM CITELUAIICTOM IO OGMOCTATUCTUKE.

KoHuKT MHTEpecoB. ABTODBI 3asIBIISIOT 06 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.

dunancupoBaHue. lccienoBaHme He MMEIO CIIOHCOPCKON MOAIEPKKY (COOCTBEHHbIE PECYPCHI).

Vcnonb3oBaHue UCKYCCTBEHHOTO MHTE/IEKTA. VIHCTPYMEHTHI MCKYCCTBEHHOTO MHTEJIIEKTA He VICIIOIb30BAIMCh IIPY TIOATOTOBKE aH-
HOJ PYKOTIMCH.
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Abbreviations:

ASCVD - atherosclerotic cardiovascular disease
BCA - brachiocephalic arteries

CACS - coronary artery calcium score

CAD - coronary artery disease

HDL-C - high-density lipoprotein cholesterol

LDL-C - low-density lipoprotein cholesterol
LEA - lower extremity arteries

Lp(a) - lipoprotein (a)

TC - total cholesterol

TG - triglycerides

HIGHLIGHTS

In routine clinical practice, the prevalence of extremely high lipoprotein (a) > 180 mg/dL among more than 100,000 outpatients is 1.09%.

As early as the 25-44 age range, a notable proportion of patients with lipoprotein (a) > 180 mg/dL have documented atherosclerotic
cardiovascular disease, with the prevalence rising substantially in older age groups.

Among patients without clinically documented atherosclerotic cardiovascular disease, a high frequency of subclinical and often multifocal
atherosclerosis is observed, with onset already in young adulthood and a pronounced age-related gradient of severity.

Extremely high lipoprotein (a) levels are associated with an atherogenic lipid profile, underscoring the very high lifetime risk of
atherosclerotic cardiovascular disease in this patient population.

These findings support the use of a lipoprotein (a) cut-off of > 180 mg/dL as a practical criterion for identifying a priority group of patients
warranting comprehensive multi-bed vascular assessment, risk re-stratification, and intensification of preventive measures.

Lipoprotein (a) (Lp(a)) is a genetically determined
risk factor for atherosclerotic cardiovascular disease
(ASCVD). Plasma Lp(a) concentration is largely

common inherited dyslipidemias [1]. Current clinical
guidelines and consensus statements recommend a one-
time measurement of Lp(a) in every adult. In real-world

genetically determined, reaches stable values in early
childhood, and remains essentially constant throughout
life.

Elevated Lp(a) is detected in approximately 20% of
the general population and represents one of the most

practice, however, the testing rate remains very low
(less than 1%) and does not reflect the epidemiological
importance of this risk factor [2-5].

Particular clinical interest is drawn to patients
with Lp(a) > 180 mg/dL (>430 nmol/L), which
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corresponds to approximately the 99" percentile
of the population distribution and affects roughly
1% of the population (about 1 in 100 individuals) -
nearly three times more frequently than heterozygous
familial hypercholesterolemia (around 1:313) [6, T7].
In terms of prognostic significance for cardiovascular
outcomes, extremely high Lp(a) is comparable to
classical forms of inherited dyslipidemia, primarily
familial hypercholesterolemia. Despite this, patients
with extremely high Lp(a) remain underrepresented in
clinical research and, in particular, poorly characterized
in routine clinical settings, including with respect
to detection rates, clinical and demographic profile,
ASCVD burden, and the specifics of preventive and
therapeutic strategies.

Epidemiological and genetic studies show that as
Lp(a) levels rise, the risk of ASCVD progressively
increases, the spectrum of associated vascular lesions
broadens, and a pan-vascular pattern of involvement
emerges. In a large population-based study, Lp(a)
above the 95th percentile (3120 mg/dL) was associated
with an almost 4-fold increase in the risk of a first
myocardial infarction [8]. In another large prospective
study, Lp(a) values above the 99th percentile (>143 mg/
dL) were associated with a 2- to 3-fold increase in the
risk of peripheral artery disease and abdominal aortic
aneurysm [9].

A pooled analysis of Danish cohorts demonstrated
that Lp(a) above the 95" percentile (>90 mg/dL) was
associated with an almost 3-fold increase in the risk of
degenerative aortic stenosis [10], and a 30-year follow-
up of initially healthy women revealed significant
associations between high Lp(a) concentrations and the
risk of ischemic stroke and cardiovascular mortality [11].

Together, these data emphasize that -early
identification of elevated Lp(a) is critically important
not only in the context of coronary risk, but also with
respect to a broader spectrum of vascular outcomes.
Despite this, the real-world healthcare system still lacks
a unified approach to the identification, evaluation and
management of patients with extremely high Lp(a):
testing is performed sporadically, referral pathways and
the scope of additional work-up remain heterogeneous,
and subclinical stages of atherosclerosis often go
unrecognized despite their high prevalence. At the same
time, this very category of patients is potentially highly
amenable to proactive management through earlier and
more intensive correction of modifiable risk factors and,
in the longer term, the introduction of Lp(a)-targeted
therapy.

In this context, organized screening programs become
particularly important. Beginning in 2026, the Russian
Federation’s medical examination (dispanserization)
program includes a one-time laboratory measurement

of Lp(a) in individuals aged 18-40 years!. Indications
for testing include a family history of cardiovascular
disease, early-onset myocardial infarction or stroke, and
a high cardiovascular risk despite normal low-density
lipoprotein cholesterol (LDL-C). Patients with elevated
Lp(a), particularly those with extreme values, require
subsequent follow-up and the application of personalized
diagnostic and preventive algorithms.

The aim of the study was to provide a comprehensive
evaluation of the lipid profile and the prevalence and
pattern of clinical and subclinical atherosclerosis across
several vascular beds in patients with extremely high
Lp(a) > 180 mg/dL, and to determine its relevance for
cardiovascular risk stratification.

MATERIALS AND METHODS

A retrospective analysis of real-world clinical data
was performed. Electronic medical records of patients
undergoing outpatient evaluation at the MEDSI Group
clinics (Moscow and the Moscow Region) between
January 5, 2022, and May 29, 2025 were reviewed.
Prior to analysis, all personal data were anonymized
in accordance with current legislation and internal
regulations on the protection of medical information.

The source database comprised 101,078 patients
in whom Lp(a) had been measured as part of routine
clinical practice. From this sample, patients with Lp(a) >
180 mg/dL and available lipid profile parameters - total
cholesterol (TC), LDL-C, high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TG) - were
selected. The final study cohort consisted of 1105 patients
(1.09% of the total database) who were not receiving
therapeutic apheresis.

Demographic variables included age and sex.
Patients were stratified by age according to the following
categories: under 18 years - children and adolescents;
18-24 vyears - young adults; 25-44 vyears - early
adulthood; 45-59 years - middle age; 60-74 years -
older age; and 75 years and over - advanced age.

History of myocardial infarction or ischemic stroke,
coronary interventions (coronary stenting, coronary
artery bypass grafting), the presence of coronary artery
disease (CAD), as well as ASCVD risk factors (arterial
hypertension, type 2 diabetes mellitus, smoking) were
recorded on the basis of the documented diagnosis in the
medical record.

A positive family history was recorded when there was
documentation of CAD, stroke or hypercholesterolemia
in first-degree relatives.

Laboratory analyses were performed in the certified
laboratory of the MEDSI Group network in accordance
with internal quality control standards and participation
in an external quality assessment scheme (EQAYS).
Venous blood was collected after an overnight fast. Lp(a)

! Decree of the Government of the Russian Federation No. 2188 of 29 December 2025 “On the Program of State Guarantees of Free Provision of
Medical Care for 2026 and the planning period of 2027 and 2028”. https://dgp69.mos.ru/public/docs/legaldoc/pprf-29-12-2025-2188.pdf (access

date: 09.02.2026).
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was measured by an immunoturbidimetric method with
latex enhancement using monospecific antibodies to
apolipoprotein (a) on a Beckman Coulter DxC 700 AU
automated biochemistry analyzer (Beckman Coulter,
USA). Lipid profile parameters were measured on the
same analyzer using standard enzymatic-colorimetric
and immunonephelometric methods.

Atherosclerotic involvement of three vascular beds
was assessed by duplex ultrasound of the brachiocephalic
arteries (BCA) and lower extremity arteries (LEA), as
well as by non-contrast computed tomography with
calculation of the coronary artery calcium score (CACS)
by the Agatston method on a SOMATOM Definition AS
scanner (Siemens Healthineers, Germany). For the BCA
and LEA, the presence of atherosclerotic plaques and the
maximum degree of stenosis according to the European
Carotid Surgery Trial (ECST) criteria were recorded.
CACS values were classified as 0, 1-10, 11-100, 101-
399 and > 400 units [3].

Data on the assessment of vascular beds (BCA, LEA,
CACS) were available for 69.8% of patients (n = 771).
One vascular bed had been imaged in 30.8% of patients
(n = 340), two in 32.9% (n = 363), whereas evaluation of
all three vascular beds had been performed in only 6.2%
of patients (n = 68).

Statistical analysis

Normality of continuous variables was assessed
using the Kolmogorov-Smirnov test with Lilliefors
correction. Normally distributed continuous variables
were summarized as mean and standard deviation (M *
SD), and non-normally distributed variables as median
and interquartile range (Me [Q25; Q75]).

Categorical variables were presented as absolute (n)
and relative (%) frequencies. Comparisons of continuous
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250 1
p<0.01 217

Number of patients
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a o
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Age group, years

FIG. 1. Age and sex distribution of patients with extremely
high lipoprotein (a) (n = 1105).
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variables among three or more groups were performed
usingthenon-parametric Kruskal-Wallistest (H-statistic),
with post-hoc pairwise comparisons performed using
the Dunn test with Bonferroni correction. Comparisons
of categorical variables among groups were performed
using the Pearson y* test. A two-sided p-value of < 0.05
was considered statistically significant.

Statistical analysis was performed using MedStat.
Pro, version 0.8.1 (School of Medical Statistics, Moscow,
Russia)?.

RESULTS

Baseline patient characteristics

Women predominated in the study cohort: 67.2%
(n = 743) versus 32.8% men (n = 362), corresponding to
a sex ratio of approximately 2:1.

Patient age ranged from 6 to 94 years, with a mean of
52.74 + 14.59 years. The bulk of the cohort consisted of
patients of working age and early older age.

The age and sex distribution is presented in Figure 1.
In the under-18 group, women accounted for 58.3%, and
in the 18-24 age group, all eight patients were women.
Among patients aged 25-44 years, women accounted for
53.3%, rising to 68.5% in the 45-59 age group and to
74.6% in the 60-74 age group. The highest proportion of
women was observed in patients aged 75 years and over,
where it reached 88.6%.

History of cardiovascular events

The cohort was heterogeneous: 779 patients (70.5%)
had no history of documented ASCVD, whereas 326
(29.5%) had documented ASCVD. The proportion of
patients with such events was 10.3% in those aged 25-44
years and rose progressively in older age groups, reaching
67.1% in patients aged 75 years and over (Fig. 2).

3507 m withour ASCVD 288

With ASCVD
300
2504 P00
2001
134
150
100
53
50 1 26
11
;Lo |8

<18 18 24 25 44 45 59 60 74 >75
Age group, years

Number of patients

FIG. 2. Distribution of patients with extremely high lipoprotein
(a) by history of atherosclerotic cardiovascular disease (n = 1105).

Note: ASCVD - atherosclerotic cardiovascular disease.

2 MedStat.Pro: web application for statistical analysis of medical data [computer software]. Version 0.8.1. Russian software registration certificate
No. 2025688091 dated 16 October 2025. Moscow; 2026. https://app.medstat.pro (access date: 15.02.2026).
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Of the documented ASCVD events, myocardial
infarction was the most frequent: its prevalence
increased approximately 10-fold when comparing
patients aged 25-44 years with those aged 75 years
and over. With increasing age, statistically significant
increases were also observed for CAD, prior coronary
interventions, type 2 diabetes mellitus and arterial
hypertension. Already in the youngest adult group (25—
44 years), CAD was present in 7.2% of patients, type
2 diabetes mellitus in 6.5%, arterial hypertension in
44.2%, and smoking in 38.9%; coronary artery bypass
grafting had been performed in one patient. With
advancing age, the frequency of CAD and myocardial
revascularization rose further. The trajectory of
ischemic stroke was similar: its prevalence increased
approximately seven-fold in the oldest as compared
with the youngest patients (Table 1).

A family history of CAD, stroke and
hypercholesterolemia, by contrast, was more frequently
reported by patients in younger and middle-aged groups,
with a downward trend in older age groups.

Lipid profile

Lp(a) concentration remained relatively stable across
age groups, although between-group differences were
statistically significant (p < 0.001). A modest increase
in mean values was observed in the 45-59 and 60-74
age groups, but it did not give rise to clinically distinct
subgroups. In patients aged 75 years and over, Lp(a)
levels remained comparable to those in younger age
groups (Table 2).

Analysis of the distribution of Lp(a) values showed
that older age groups were characterized not by a
shift in central tendency, but by greater variability
driven by the appearance of isolated extreme values
(Supplementary materials on the journal’s website
https://doi.org/10.47093/2218-7332.2026.17.1.4-17-
annex). At the same time, baseline Lp(a) levels remained
consistently high regardless of age, in keeping with the
genetically determined nature of this trait.

Most patients had elevated TC and LDL-C levels,
reflecting a markedly atherogenic background in the
study cohort (Table 2). The highest TC and LDL-C
levels were observed in patients aged 25-59 years, with
an upward trend already apparent from the 18-24 age
group. In older age groups (60 years), TC and LDL-C
tended to decline relative to the 25-59-year peak,
although values remained elevated.

TG concentrations showed a moderate increase
predominantly in the 25-59 age range, followed
by a decline in older age groups. HDL-C remained
relatively stable across age subgroups, with only modest
differences that were not statistically significant in
pairwise comparisons.

Prevalence and severity of atherosclerotic

involvement across vascular beds

Brachiocephalic artery involvement

Duplex ultrasound of the BCA was available for
66.2% (n = T731) of patients. Moderate stenoses (20—
34%) predominated and were identified in 67.9% of
patients. Mild stenoses (< 20%) were much less common

Table 1. History of atherosclerotic cardiovascular disease in patients with extremely high lipoprotein (a) by age groups

Age group
History <18 18-24 25-44 45-59 60-74 275 p-value
(n=12) (n=8) (n=321) (n=394) (n=291) (n=79)
Diseases:
myocardial infarction 0 (0) 0 (0) 11(3.4) 65(16.5)  75(25.8) 27(34.2) <0.001
ischemic stroke 1(8.3) 0 (0) 6(1.9) 18 (4.6) 18 (6.2) 12 (15.2) <0.001
CAD 0 (0) 0(0) 23(7.2)  87(22.1) 115(39.5) 47(59.5)  <0.001
Interventions:
coronary stenting 0(0) 0(0) 0(0) 14 (3.6) 19 (6.6) 9(11.4) <0.001
CABG 0(0) 0 (0) 1(0.3) 5(1.3) 11(3.8) 2(2.5) 0.032
Risk factors:
type 2 diabetes mellitus 0(0) 0(0) 21 (6.5) 63(16.0) 50(17.2)  29(36.7) <0.001
arterial hypertension 1(8.3) 0(0) 142 (44.2) 281(71.5) 220(75.6) 65(82.3) <0.001
smoking 0(0) 0(0) 125(38.9) 162 (41.4) 107(36.9) 15(19.0)  <0.001
Conditions in FDR:
CAD 0 (0) 1(12.5)  50(15.6)  80(20.3)  28(9.6) 4(5.1) <0.001
ischemic stroke 0(0) 0 (0) 37(11.5)  61(15.5) 25 (8.6) 3(3.8) <0.001
hypercholesterolemia 0 (0) 1(12.5) 23(7.2) 22 (5.6) 6(2.1) 1(1.3) 0.023

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a

percentage (in parentheses).

CABG - coronary artery bypass grafting; CAD — coronary artery disease; FDR - first-degree relatives.

10 CEYEHOBCKMI BECTHUK T. 17, Ne 1, 2026 / SECHENOV MEDICAL JOURNAL VOL. 17, No. 1, 2026



BHYTPEHHWE BOJIESHU

Table 2. Lipid profile in patients with extremely high lipoprotein (a) by age groups

Age group
Parameter <18 18-24 25-44 45-59 60-74 275 p-value
(n=12) (n=8) (n=321) (n = 394) (n=291) (n=79)

Lp(a), mg/dL 198.92+18.98 205.38 +40.17 204.45+29.92°¢ 214.71 +45.65 219.07 +48.74 210.91+37.74  <0.001
TC, mmol/L 5.52+£0.85*¢  6.31+1.26 6.91 £ 1.28¢ 7.02 £1.49¢ 6.75+2.01¢ 5.59 +1.48 <0.001
TG, mmol/L 0.96 +0.31° 0.87 £0.32 1.48 +0.76° 1.7240.97 1.66+0.83 1.45+0.48 <0.001
HDL-C, mmol/L 1.50 £ 0.52 1.78£0.27 1.6110.38 1.68 £ 0.40 1.68 £ 0.45 1.5510.34 0.022
LDL-C, mmol/L 3.38+0.60** 3.93+0.94 442 +0.95 446+1.10¢  4.29+1.39¢ 3.39+1.16 <0.001

Notes: superscript letters indicate statistically significant differences in post-hoc pairwise comparisons (Dunn test with Bonferroni correction):
ap <0.05vs. 25-44 group; ® p < 0.05 vs. 45-59 group; ° p < 0.05 vs. 60-74 group; ¢ p < 0.01 vs. > 75 group.
HDL-C - high-density lipoprotein cholesterol; LDL-C - low-density lipoprotein cholesterol; Lp(a) - lipoprotein (a); TC - total cholesterol; TG -

triglycerides.

Table 3. Distribution of patients with extremely high lipoprotein (a) by the degree of brachiocephalic artery stenosis across
age groups (n = 731)

Age group
BCA stenosis 18-24 25-44 45-59 60-74 275 p-value
(n=2) (n = 175) (n = 295) (n = 205) (n = 54)

<20% 2 (100) 49 (28.0) 26 (8.8) 8(3.9) 0(0)
20-25% 0 (0) 91 (52.0) 160 (54.2) 63 (30.7) 11 (20.4)
26-34% 0(0) 26 (14.9) 72 (24.4) 63 (30.7) 11 (20.4) <0.001
35-49% 0(0) 5(2.9) 26 (8.8) 33(16.1) 10 (18.5) '
50-55% 0(0) 0(0) 5(1.7) 16 (7.8) 12 (22.2)
>55% 0 (0) 4(2.3) 6 (2.0) 22(10.7) 10 (18.5)

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a
percentage (in parentheses). Pearson ¥ test was used for comparisons.

BCA - brachiocephalic arteries.

(11.6%), whereas hemodynamically significant stenoses
(>55%) were detected in 5.7% (Table 3).

Already in the 25-44 age group, atherosclerotic
involvement of the BCA (stenosis > 20%) was present in
the majority of evaluated patients (72.0%). In the 45-59
age group the prevalence of stenosis rose to 91.2%, in
patients aged 60-74 years it reached 96.1%, and among
patients aged >75 years atherosclerotic involvement
of the BCA was detected in 100% of those evaluated
(Table 3).

In the 25-59 age groups, mild and moderate forms
of atherosclerosis (predominantly BCA stenoses of up
to 35%) predominated, whereas more advanced lesions
were relatively uncommon. With increasing age, the
distribution shifted progressively toward more severe
stenoses. The proportion of stenoses of >35% rose
substantially in the 60-74 age group, and patients aged
> 75 years showed an accumulation of hemodynamically
significant stenoses (>55%) together with a reduction in
minimal lesions (p < 0.001).

Lower extremity artery involvement

Duplex ultrasound of the LEA was available for
36.8% (n = 407) of patients. In the 25-44 age group,
atherosclerotic involvement of the LEA (stenosis > 20%)
was present in 74.8% of those evaluated. In the 45-59

CEYEHOBCKWM BECTHUK T. 17, Ne 1, 2026 / SECHENOV MEDICAL JOURNAL VOL. 17, No. 1, 2026

age group the prevalence of LEA stenosis was 87.2%, in
patients aged 60-74 years it reached 96.5%, and among
patients aged > 75 years atherosclerotic changes were
detected in 100% of those evaluated (Table 4).

The age-related progression of atherosclerotic LEA
involvement mirrored that observed in the BCA, with
mild and moderate stenoses predominating in the 25-59
age groups and a rising proportion of hemodynamically
significant stenoses in patients aged > 60 years.

Coronary artery involvement

CACS was assessed in 11.9% (n = 132) of patients.
Coronary calcification (CACS > 0) was detected in
50.0% (n = 66) of those examined, with its prevalence
increasing with age. In the 25-44 age group, CACS > 0
was identified in 19.4% of patients; in the 45-59 age
group, in 39.5%; in patients aged 60-74 years, in 59.1%;
and among those aged >75 years, coronary calcification
was present in 100% of those evaluated (Table 5).

In the 25-44 age group, only isolated cases of
moderate or severe coronary calcification were observed.
In the 45-59 age group, the proportion of patients with
CACS values of 11-100 and 101-399 rose substantially,
and in older age groups the distribution shifted markedly
toward an increased frequency of severe and very severe
coronary calcification.
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Table 4. Distribution of patients with extremely high lipoprotein (a) by the degree of lower extremity artery stenosis across
age groups (n = 407)

Age group
LEA stenosis 18-24 25-44 45-59 60-74 275 p-value
(n=1) (n=103) (n=156) (n=114) (n=33)

<20% 1(100) 26 (25.2) 20 (12.8) 4 (3.5) 0(0)
20-25% 0(0) 54 (52.4) 88 (56.4) 48 (42.1) 7(21.2)
26-34% 0(0) 20(19.4) 35(22.4) 29 (25.4) 6(18.2) <0.001
35-49% 0(0) 3(2.9) 8 (5.1) 13 (11.4) 8(24.2) '
50-55% 0(0) 0(0) 0(0) 10(8.8) 4(12.1)
>55% 0(0) 0(0) 5(3.2) 10 (8.8) 8(24.2)

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a
percentage (in parentheses). Pearson 2 test was used for comparisons.

LEA - lower extremity arteries.

Table 5. Distribution of patients with extremely high lipoprotein (a) by coronary artery calcium score across age groups

(n=132)
Age group
CACS 25-44 45-59 60-74 275 p-value
(n = 36) (n=43) (n = 44) (n=9)
0 units 27 (75.0) 24 (55.8) 15(34.1) 0(0)
1-10 units 4(11.1) 7 (16.3) 7(15.9) 0(0)
11-100 units 2 (5.6) 8 (18.6) 8(18.2) 4 (44.4) <0.001
101-399 units 3(8.3) 3(7.0) 8(18.2) 4(44.4)
2400 units 0 (0) 1(2.3) 6 (13.6) 1(11.1)

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a
percentage (in parentheses). Pearson 2 test was used for comparisons.

CACS - coronary artery calcium score.

Three-vessel-bed involvement

Data on the assessment of all three vascular beds
were available in 6.2% of patients (n = 68) from
the age groups 25 years and older. Analysis of this
subgroup showed that no signs of atherosclerosis
were detected in only 2.9% (n = 2) of patients. Single-
bed involvement was observed in 7.4% (n = 5) and
two-bed involvement in 36.8% (n = 25), whereas
more than half of the patients (52.9%, n = 36) had
atherosclerotic involvement of all three evaluated
vascular beds. The distribution of patients by the
number of affected vascular beds across age groups
is shown in Figure 3.

Combined involvement of multiple vascular
beds showed a clear age-dependent pattern. In the
25-44 age group, the majority of patients evaluated
(60.0%) had two- or three-bed involvement, and
only 13.3% had no affected beds. In the 45-59 and
60-74 age groups, the proportion of patients with
three-bed involvement increased progressively
(40.0% and 76.9%, respectively), and by the age
of >75 vyears, combined involvement of all three
vascular beds was observed in 100% of patients
(p < 0.001).

Vascular involvement according to the presence
or absence of atherosclerotic cardiovascular
disease

Among the 731 patients for whom vascular bed
imaging data were available, 65.0% (n = 475) had no
history of ASCVD, whereas 35.0% (n = 256) had
documented ASCVD.

Among patients without ASCVD, atherosclerotic
involvement of the BCA was detected in 85.9% of cases
(408 of 475 patients evaluated), LEA involvement in
82.6% (209 of 253), and coronary calcification in 37.1%
(33 of 89).

By comparison, the frequency of imaging-
detected vascular involvement was predictably higher
among patients with documented ASCVD: BCA
stenosis - 98.1%, LEA stenosis - 98.1%, and coronary
calcification - 76.7% (p < 0.001 for all comparisons)
(Fig. 4).

DISCUSSION

The present study characterizes one of the least
well-described categories of patients in routine clinical
practice - individuals with extremely high Lp(a)
(>180 mg/dL).
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FIG. 3. Distribution of patients with extremely high lipoprotein
(a) by the number of affected vascular beds (n = 68).

The study cohort comprised 1105 patients, accounting
for 1.09% of the source database, which is consistent
with international population estimates: in a large US
registry of more than 500,000 individuals, an Lp(a) level
of 2180 mg/dL corresponded to the 99th percentile of
the distribution [12]. In an Israeli study of approximately
4000 patients, the prevalence of extremely high Lp(a)
was 1.3% [13].

Notably, 29.5% of patients in our cohort had a history
of ASCVD. By comparison, in the ESSE-RF study
the prevalence of CAD among Russian adults aged
25-64 years was 5.7% [14], and the general population
prevalence of CAD in the Russian Federation did not
exceed 13.5% [15]. Thus, the frequency of ASCVD in the
study cohort substantially exceeds population estimates,
indirectly supporting an independent contribution of
extremely high Lp(a) to an unfavorable cardiovascular
prognosis.

At the national level, data from ESSE-RF show
a pronounced right-skewed distribution of Lp(a) and
a substantial proportion of individuals with elevated
values, with an increase in ASCVD risk already apparent
at Lp(a) > 9 mg/dL [6]. Within this context, the Lp(a) >
180 mg/dL group represents the most extreme segment of
the population, with a very high lifetime risk. The clinical
importance of this range is underscored by Russian
registry data: in the REGION-MI study, Lp(a) > 180 mg/
dL was detected in approximately 1 in 10 patients with
myocardial infarction [16]. This emphasizes that extreme
Lp(a) values are not a rarity but a practical concern for
timely prevention and onward referral.

The lipid profile in our cohort was characterized
by a combination of severe hypercholesterolemia and
age-related changes in atherogenic lipid fractions.
This phenotype is consistent with Russian population
observations, in which Lp(a) showed positive
associations with TC, LDL-C, and the apoB/apoA-I ratio
[17]. This in part implies the presence of a modifiable
risk layer (LDL-C/apoB) overlying the non-modifiable
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FIG. 4. Frequency of atherosclerotic vascular bed involvement
in patients with and without documented atherosclerotic
cardiovascular disease.

Notes: Pearson ¥? test was used for comparisons.
ASCVD - atherosclerotic cardiovascular disease; BCA -
brachiocephalic arteries; LEA — lower extremity arteries.

Lp(a) component, making this population potentially
manageable when treatment is intensified in a timely
manner.

Interpretation of LDL-C in individuals with very
high Lp(a) requires caution: a portion of measured or
calculated LDL-C may reflect cholesterol carried by
Lp(a) particles, while approaches to correcting LDL-C
for Lp(a)-cholesterol are not yet standardized [2]. In
practical terms, this means that even with only moderately
elevated LDL-C, a patient with Lp(a) > 180 mg/dL may
retain a very high lifetime risk and may require more
aggressive correction of risk factors than predicted by
traditional risk scores.

It is worth noting that in real-world practice, even
in patients with extremely high Lp(a), lipid-lowering
therapy is often suboptimally intensified, and LDL-C
targets are achieved in only a fraction of patients.

In the cross-sectional study by B. Zafrir et al. [13],
only 33% of patients with Lp(a) > 430 nmol/L. and CAD
were receiving combination therapy with a statin and
ezetimibe, and only 36% of those achieved an LDL-C
target of < 55 mg/dL. At the same time, the prevalence of
myocardial infarction (47.2% vs. 18.9%), CAD (62.3%
vs. 28.3%), and peripheral artery disease and stroke
(22.6% vs. 11.3%) was substantially higher in patients
with Lp(a) > 430 nmol/L. compared with those with
values < 72 nmol/L [13].

Against this background, patients with extremely high
Lp(a) represent a priority population both for classical
LDL-C-lowering interventions and for the prospective
introduction of Lp(a)-targeted therapy, which has
demonstrated pronounced reductions in Lp(a) in early-
phase clinical trials [18]. At present, the only available
method of substantially lowering elevated Lp(a) levels
is Lp(a) apheresis, used for secondary prevention when
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maximally tolerated lipid-lowering therapy proves
insufficient [19].

Our data show relative age-related stability of Lp(a)
within the extreme range, consistent with the concept
of early detection - including a one-time, lifetime
measurement - followed by risk-based referral and
follow-up [4].

A high prevalence of multifocal atherosclerosis was
observed in the study cohort. This finding is consistent
with data from the largest contemporary population-
based analysis from China by S. Man et al. [20], which
included approximately 2.9 million adults and showed
that elevated Lp(a) was associated with subclinical
atherosclerosis, with the effect being more pronounced
for severe and multi-site involvement; the authors
explicitly emphasize the need for comprehensive
assessment of subclinical atherosclerosis in individuals
with elevated Lp(a).

It should be emphasized that, in our study, full
assessment of all three vascular beds was performed
in only a limited number of patients, reflecting the
systematic real-world under-evaluation of multifocal
involvement. This in itself is an argument in favor of a
standardized management algorithm for patients with
extreme Lp(a) values, as an essential prerequisite for
accurate risk re-stratification.

Our findings indicate an early onset, high
prevalence and age-dependent nature of the
atherosclerotic process in the study cohort. Additional
support comes from the ESSE-RF sub-study
ATEROGEN-Ivanovo [21], in which the prevalence
of at least one atherosclerotic plaque in the carotid or
femoral arteries among individuals aged 40-67 years
was 73.6%, with plaques being detected as early as
the age of 40 years. Comparable findings have been
reported in the PESA study [22]: among more than
4000 asymptomatic individuals aged 40-54 vyears,
subclinical atherosclerosis was identified in 63%
of participants. Although Lp(a) was not assessed in
those studies, they demonstrate a high prevalence
of subclinical atherosclerosis in the working-age
population and indirectly support the hypothesis of
an earlier and more severe multifocal atherosclerotic
phenotype in individuals with Lp(a) > 180 mg/dL.

In our cohort, coronary artery calcium screening in
patients with extremely high Lp(a) reveals a clear age-
related gradient not only in the frequency but also in the
severity of coronary atherosclerosis. This supports the
clinical value of CACS as a tool for refining individual
cardiovascular risk assessment in this patient population.
Further support for this approach comes from a pooled
analysis of a multi-ethnic cohort, in which Lp(a) and
CACS showed independent and additive effects on
ASCVD risk, with the combination of CACS > 100
units and the top Lp(a) quintile being associated with an

almost 5-fold increase in risk [23]. Thus, the combined
assessment of these two markers identifies the highest-
risk subgroups and helps to refine strategic decisions in
primary prevention.

These findings, consistent with international
observations, support the need for a standardized
approach to identifying patients with extremely high
Lp(a), with subsequent implementation of preventive
programs and a system of follow-up. In particular, the
Brussels International Declaration on Lp(a) Testing and
Management calls for the integration of Lp(a) screening
and patient referral into national cardiovascular health
strategies, including a one-time, lifetime measurement in
every adult [24]. In the United States, systemic initiatives
are being implemented to improve detection of high-risk
groups - for example, the FIND-Lp(a) project, which
is developing a machine-learning model to analyze
electronic medical records, identify individuals with
a high likelihood of elevated Lp(a), and refer them for
confirmatory laboratory testing®.

Limitations and directions for future research

Our study is a single-center retrospective analysis,
which limits the generalizability of the findings and
precludes strict causal inferences. In addition, only
patients with extremely high Lp(a) were included, and
a complete assessment of all three vascular beds was
performed only in a subset of patients, which may lead
to an underestimation of the prevalence of multifocal
atherosclerosis and complicate the extrapolation of
these findings to patients with less marked Lp(a)
elevations.

Promising directions for future research include
large prospective studies with long-term follow-up
of clinical outcomes in patients with extremely high
Lp(a) and multifocal subclinical atherosclerosis, as
well as the comparison of different screening and risk
re-stratification algorithms incorporating Lp(a), CACS
and vascular imaging. In addition, interventional trials
of Lp(a)-targeted therapy with assessment of effects on
subclinical atherosclerosis and cardiovascular events
are warranted, as are efforts to standardize Lp(a)
measurement and refine risk thresholds.

CONCLUSION

Patients with extremely high Lp(a) (3180 mg/dL)
constitute a phenotype with very high lifetime
cardiovascular risk and are characterized by early
development of subclinical atherosclerosis. Even in
young adulthood, the majority of these patients show
signs of multifocal atherosclerosis, highlighting the
limitations of traditional risk stratification approaches,
which rely primarily on age and classical risk factors.
These findings support the use of an Lp(a) threshold of
2180 mg/dL as a simple and reproducible criterion for

5 The Family Heart Foundation. FIND Lp(a). https://familyheart.org/find/find-Ipa (access date: 09.02.2026).
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identifying a priority group warranting in-depth multi-
bed vascular assessment, early risk re-stratification, and
more intensive correction of modifiable risk factors,
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