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Abstract

Background: Sortilin (SORT1), linked to the 1p13.3 coronary risk locus, is implicated in
lipid trafficking and atherogenesis; however, clinical studies of circulating SORT1 have
produced inconsistent results. We evaluated whether circulating SORT1 is associated with
angiographic burden and lesion localization in patients with premature or early clinical
debut coronary atherosclerosis. Methods: This single-center, cross-sectional study analyzed
a dataset collected from January to May 2023. Participants were classified as coronary
atherosclerosis cases if the dataset contained an age of clinical debut of clinically significant
atherosclerosis (1 = 101). Controls had no recorded debut age and 0% stenosis in all assessed
coronary segments (n = 27). Blood was collected in clot activator tubes; serum was stored
at —40 °C until analysis. SORT1 (ng/mL) was measured using an Aviscera Bioscience
ELISA. Coronary stenoses were recorded as percent diameter stenosis for left main (LM),
proximal/mid/distal LAD, proximal/mid/distal LCx, and proximal/mid/distal RCA.
Burden metrics included the number of segments with any stenosis (>0%), the number of
obstructive segments (>50%), the number of diseased vessels, and maximum stenosis. The
prespecified primary endpoint was obstructive proximal LAD stenosis (>50%). Nonpara-
metric tests and Spearman correlations were used. Logistic regression evaluated the associ-
ation between log2-transformed SORT1 and proximal LAD obstruction, adjusted for age,
sex, LDL-C, statin use, and smoking/diabetes/hypertension durations. Results: SORT1
was higher in cases than controls (8.60 [2.60-17.10] vs. 2.30 [1.25-10.65] ng/mL; p = 0.0058).
Within cases, SORT1 did not correlate with global angiographic burden (any-stenosis seg-
ments: p = —0.066, p = 0.513; obstructive segments: p = —0.060, p = 0.552; diseased vessels:
p = —0.045, p = 0.652; maximum stenosis: p = —0.084, p = 0.403). Obstructive proximal
LAD stenosis occurred in 44/101 (43.6%) and was associated with higher SORT1 (12.25
[4.18-17.45] vs. 4.10 [2.20-11.60] ng/mL; p = 0.0093). Each doubling of SORT1 was inde-
pendently associated with proximal LAD obstruction (adjusted OR 1.48, 95% CI 1.12-1.95;
p = 0.005). Conclusions: In this cross-sectional cohort, circulating SORT1 was associated
with obstructive proximal LAD stenosis but not with global angiographic burden metrics.
These findings are hypothesis-generating and warrant validation in independent cohorts
with standardized preanalytics and prospective designs to assess temporal relationships
and clinical utility.
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1. Introduction

Premature or early clinical debut of coronary artery disease (CAD) remains a high-
impact clinical phenotype, associated with a long lifetime exposure to risk and a high
probability of recurrent events. In such patients, classical lipid indices and traditional
risk factors do not always capture biological heterogeneity, and there is continued interest
in biomarkers that reflect upstream pathways and may improve phenotyping beyond
“presence/absence” or crude burden metrics.

Sortilin (SORT1) emerged as a compelling candidate after large-scale genetic studies
highlighted the chromosome 1p13.3 locus as one of the most reproducible signals associated
with LDL-cholesterol and coronary risk. Subsequent functional work nominated SORT1 as
the causal gene at this locus and provided mechanistic links between regulatory variation
at 1p13.3 and lipoprotein metabolism—placing SORT1 at the intersection of genetics, lipid
biology, and myocardial infarction risk [1-3].

At the molecular level, SORT1 is an intracellular sorting receptor involved in cargo traf-
ficking. Experimental studies demonstrated that SORT1 can interact with apoB-containing
lipoprotein pathways and modulate hepatic lipoprotein secretion and LDL handling in vivo,
offering a biologically plausible route from SORT1 variation to altered circulating athero-
genic lipoproteins [2,4]. Importantly, even within mechanistic literature, the field has
debated the directionality and context of SORT1’s effects, and early commentaries and
integrative reviews emphasized that differences in experimental models, expression levels,
and cellular context can yield apparently discrepant findings [5,6].

Over the last decade, interest in SORT1 has broadened beyond hepatic lipid trafficking.
Reviews have summarized roles for SORT1 across cardiovascular and metabolic disease
pathways, including potential links to vascular inflammation, calcification, and extracellular
vesicle biology—features that could connect SORT1 not only to lipid levels but also to
plaque-related processes [7]. Together, these data have supported a growing perception
of SORT1 as a multifunctional protein relevant to atherosclerosis biology, making it an
attractive candidate biomarker and potential therapeutic target [7,8].

In parallel, numerous clinical studies have examined whether circulating (soluble)
SORT1 could serve as a biomarker for CAD and related phenotypes. Several reports found
higher circulating SORT1 in CAD cohorts and /or associations with metabolic risk traits,
raising the possibility that soluble SORT1 may provide clinically useful information [9].
However, clinical evidence has remained inconsistent. A prominent re-evaluation in a
well-characterized cohort undergoing coronary CT angiography measured plasma SORT1
using two different platforms (an in-house ELISA and OLINK) and concluded that effect
sizes and discrimination were insufficient for meaningful clinical risk stratification in that
setting [10]. Narrative synthesis articles similarly highlighted variability across studies
and generally small sample sizes, reinforcing that “circulating SORT1” is not yet a settled
biomarker [8,10].

A key reason for heterogeneity may be that soluble SORT1 reflects multiple biological
sources and is sensitive to preanalytical and therapeutic factors. Notably, soluble SORT1
has been shown to be released by activated platelets, and circulating levels may relate
to platelet activation biology—introducing potential confounding by antiplatelet therapy
and by clinical context (e.g., symptomatic CAD) [10]. In addition, differences in sample
matrix (serum vs. plasma), processing and storage conditions, and assay epitope specificity
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can further complicate cross-study comparability and interpretation—an issue repeatedly
emphasized in biomarker reassessments and reviews [10].

Another underexplored dimension is anatomical phenotyping. CAD “severity” is
often summarized by global metrics such as the number of diseased vessels or the count
of stenotic segments, yet these measures may not capture clinically meaningful disease
patterns. Obstructive disease in the proximal left anterior descending artery (proximal
LAD) represents a high-consequence localization and may reflect distinct hemodynamic
and biological conditions compared with distal or non-LAD territories. If soluble SORT1
is partly driven by plaque activity, vascular signaling, or platelet activation rather than
accumulated plaque burden, it may relate more strongly to specific anatomical patterns
than to global stenosis counts. This perspective may help reconcile why some cohorts show
associations while others do not when only global endpoints are used [10,11].

Therefore, in a cohort defined by premature or early clinical debut coronary atheroscle-
rosis, we evaluated whether circulating SORT1 is associated with (1) the presence of
angiographic coronary atherosclerosis and (2) angiographic burden and lesion localization,
with a prespecified focus on obstructive proximal LAD stenosis (>50%) as an anatomically
and clinically meaningful endpoint.

Objective: We aimed to evaluate whether circulating SORT1 is associated with global
angiographic burden measures and with a prespecified anatomy-specific phenotype (ob-
structive proximal LAD stenosis) in patients with premature/early clinical debut coro-
nary atherosclerosis.

2. Materials and Methods

This cross-sectional observational study used a dataset collected between January and
May 2023 at the Scientific Research Institute—Regional Clinical Hospital No. 1 named
after Prof. S.V. Ochapovsky (Krasnodar, Russia). The study is reported in accordance
with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [12].

The study protocol was approved by the Local Ethics Committee (protocol No. 150,
approved 27 October 2022). The study was conducted in accordance with ethical principles
for medical research involving human participants.

Participants were classified into two groups using dataset fields:

1.  Coronary atherosclerosis group (cases): recorded age of clinical debut of clinically

significant atherosclerosis (n = 101).

2. Controls: no recorded debut age and 0% stenosis in all recorded coronary segments

(n=27).

This single-center cross-sectional study used consecutive sampling from routine clini-
cal practice during the prespecified study period. No a priori sample size calculation was
performed. The control group size reflects the availability of patients undergoing clinically
indicated coronary angiography who were found to have angiographically normal coronary
arteries and met eligibility criteria.

Inclusion criteria were the availability of complete segment-level stenosis values for all
recorded segments and a measured sortilin value. Analyses were conducted as complete-
case analyses; participants with missing values for variables required in a given analysis
were excluded from that analysis.

Premature/early clinical debut CAD was defined as the first clinically significant
coronary atherosclerosis documented at age < 55 years in our clinical dataset.

Venous blood was collected in clot activator tubes. Samples were allowed to clot for
30 min before centrifugation for 15 min at 1000x g. The serum was aliquoted and stored
at —40 °C for later use, avoiding repeated freeze-thaw cycles. The sample aliquots were

https:/ /doi.org/10.3390/ cardiovascmed29020013


https://doi.org/10.3390/cardiovascmed29020013

Cardiovasc. Med. 2026, 29, 13

40f12

thawed once at room temperature immediately before assay. All samples were assayed
in duplicate. In all assays, intra-assay and inter-assay coefficients of variation did not
exceed 6% and 9%, respectively.

Sortilin levels were measured by ELISA using the SK00472-01 kit from Aviscera Bio-
science, Sunnyvale, CA, USA. The reaction was performed according to the manufacturer’s
instructions. Results were read by determining optical density using an INFINITE 200 PRO
M NANO (Tecan Austria GmbH, Salzburg, Austria) automated microplate reader.

Coronary angiography findings were recorded as percent diameter stenosis for
10 pre-defined segments based on the angiographic report. Segments included the left
main coronary artery; proximal, mid and distal left anterior descending artery; proximal,
mid and distal left circumflex artery; and proximal, mid and distal right coronary artery.

Percent diameter stenosis for each coronary segment was extracted from the angiogra-
phy report and was assessed by visual estimation by two independent experienced experts.
Readers were blinded to SORT1 results. In cases of disagreement, readings were resolved
by consensus. Stenosis grading reflects luminal narrowing and does not quantify plaque
composition or non-obstructive plaque burden.

Burden metrics (secondary endpoints):

Any-stenosis segment count: number of segments with stenosis > 0% (range 0-10).
Obstructive segment count: number of segments with stenosis > 50% (range 0-10).
Number of diseased vessels: dataset variable (range 0-3).

Maximum stenosis: maximum percent stenosis across all segments.
Localization phenotype (primary endpoint, prespecified).

e  Obstructive proximal LAD stenosis: LAD_prox > 50%.

Statistical Analysis

Continuous variables are reported as median [IQR] and categorical variables as 7 (%).

Between-group comparisons used Mann-Whitney U tests for continuous variables
and Fisher’s exact tests for categorical variables. Within-case associations were assessed
using Spearman’s rank correlation. Logistic regression modeled obstructive proximal left
anterior descending artery stenosis using log2-transformed sortilin; effect sizes are reported
as odds ratios per doubling of sortilin concentration. The multivariable model adjusted
for age, sex, low-density lipoprotein cholesterol, statin use, and durations of smoking,
diabetes mellitus, and hypertension. In an additional sensitivity model, we further adjusted
for HDL-C, triglycerides, and fibrinogen (available laboratory covariates reflecting lipid
fractions and systemic inflammation/coagulation). Model discrimination was assessed
using the area under the ROC curve (AUC); correlated AUCs were compared using the
DeLong test. Bootstrap resampling (2000 iterations) was used to obtain 95% confidence
intervals for AUC estimates and AAUC. To evaluate the incremental value of SORT1
beyond conventional clinical variables within this cohort, we compared a clinical covariate
model (age, sex, LDL-C, statin use, and durations of smoking, diabetes, and hypertension)
with and without log2-transformed SORT1. Discrimination was quantified using the area
under the ROC curve (AUC), and correlated AUCs were compared using the DeLong test.
Improvement in model fit after adding SORT1 was assessed using the likelihood ratio
test and Akaike information criterion (AIC). As exploratory within-cohort classification
metrics, continuous NRI and IDI were additionally calculated; 95% confidence intervals
were obtained by bootstrap resampling.

In an additional sensitivity model, we further adjusted the primary regression for
antiplatelet therapy (aspirin and P2Y12 inhibitor use). We also performed stratified age-
adjusted analyses by statin use and by any antiplatelet therapy to explore robustness to
treatment-related confounding.
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Exploratory segment-wise analyses applied Benjamini-Hochberg false discovery rate
correction across 10 segments.

Analyses were performed using Python (version 3.11) with pandas, SciPy, and statsmodels.

Two-sided p-values < 0.05 were considered statistically significant for the prespecified
primary endpoint.

The authors used the assistance of an artificial intelligence language model
(ChatGPT v. 5.2, OpenAl, San Francisco, CA, USA) in refining the English language,
improving the structure of the manuscript, and suggesting relevant literature sources.

3. Results

A total of 128 participants met the inclusion criteria: 101 cases and 27 controls.

Within cases, the recorded age of clinical debut had a median of 47.0 [43.0-51.0] years
(range 33-55).

Baseline clinical and laboratory characteristics are summarized in Table 1. Compared
with controls, cases were older, more commonly male, and more frequently had hyper-
tension and smoking exposure. Medication use (statins, aspirin, P2Y12 inhibitors) was
markedly higher among cases, reflecting standard-of-care treatment in CAD.

Table 1. Baseline characteristics by group.

Variable Atherosclerosis (n = 101) Control (n = 27) p

Age, years 49.0 [45.0-52.0] 46.0 [40.5-49.5] 0.0026
Male sex, n (%) 92 (91.1%) 19 (70.4%) 0.0093
Smoking duration, years 15.0 [0.0-25.0] 0.0 [0.0-8.5] 0.0019
Diabetes duration, years 0.0 [0.0-0.0] 0.0 [0.0-0.0] n/a
Hypertension duration, years 6.0 [2.0-10.0] 0.0 [0.0-2.5] <0.0001
Family history of premature CVD, n (%) 15 (14.9%) 5 (18.5%) 0.7910
Aspirin use, 1 (%) 63 (62.4%) 5 (18.5%) <0.0001
P2Y12 inhibitor use, 1 (%) 33 (32.7%) 0 (0.0%) 0.0001
Statin use, 1 (%) 60 (59.4%) 2 (7.4%) <0.0001
LDL-C, mmol/L 2.85[2.02-3.93] 3.23[2.38-3.91] 0.2416
HDL-C, mmol/L 0.98 [0.81-1.18] 1.12 [1.00-1.48] 0.0015
Triglycerides, mmol /L 1.74 [1.12-2.93] 1.65 [1.30-2.33] 0.7238
Fibrinogen, g/L 4.96 [4.28-5.63] 3.66 [3.10-4.18] <0.0001
SORT1, ng/mL 8.60 [2.60-17.10] 2.30 [1.25-10.65] 0.0058

SORT1 was significantly higher in cases than controls: 8.60 [2.60-17.10] vs. 2.30
[1.25-10.65] ng/mL; p = 0.0058 (Figure 1).
Within cases (n = 101), SORT1 did not correlate with global burden measures (Table 2):
Any stenosis segment count: p = —0.066, p = 0.513;
Obstructive segment count: p = —0.060, p = 0.552;
Number of diseased vessels: p = —0.045, p = 0.652;
Maximum stenosis: p = —0.084, p = 0.403.

These data suggest that circulating SORT1 does not function as a linear marker of
angiographic “extent” in this cohort.

Obstructive proximal LAD stenosis (>50%) was present in 44/101 (43.6%) cases.
SORT1 was higher in patients with proximal LAD obstruction (Figure 2):
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e  Proximal LAD > 50%: 12.25 [4.18-17.45] ng/mL;
e  Proximal LAD < 50%: 4.10 [2.20-11.60] ng/mL;

. p = 0.0093.
(e}
2
10 ] o
- °
E T
a °
c )
- 101-: d
E ] °
(o] °
[7p]
L ]
c:"‘ ®
L4 °
o ©
100 -:' ’ £ :
Control Atherosclerosis

Figure 1. Distribution of circulating SORT1 in controls vs. the coronary atherosclerosis group.
Box/violin plot with individual data points; values in ng/mL (log-scaled y-axis optional).

Table 2. SORT1 and angiographic burden within cases (Spearman).

Metric Spearman p p

Any-stenosis segment count (>0%) —0.066 0.513
Obstructive segment count (>50%) —0.060 0.552
Number of diseased vessels (0-3) —0.045 0.652
Maximum stenosis (%) —0.084 0.403

102 4

101 4 "

Sortilin (ng/mL)

100 4

Prox LAD <50%

Prox LAD =50%

Figure 2. SORT1 concentrations by proximal LAD obstruction status (LAD_prox > 50% vs. <50%)
among cases. Box/violin plot with individual points; annotation includes Mann-Whitney p-value

and the adjusted OR from Model 1 (Table 3).
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Table 3. Multivariable logistic regression models for obstructive proximal LAD stenosis (>50%)
among cases (1 = 101, events = 44). Model 1 adjusted for age, sex, LDL-C, statin use, and durations of
smoking, diabetes mellitus, and hypertension. Model 2 additionally adjusted for aspirin and P2Y12
inhibitor use. Model 3 additionally adjusted for HDL-C, triglycerides, and fibrinogen. SORT1 is
reported per doubling (log2 scale).

Variable ?9/[5002%11) OR Model 1p ?9/[5002%12) OR Model 2 p ?;[;,Zeé; OR Model 3 p
SORT1 (per doubling) 148 (1.12-1.95)  0.005 1.55(1.16-2.07)  0.003 149 (1.12-199)  0.006
Age (per year) 0.94 (0.85-1.04)  0.268 0.95(0.86-1.05)  0.324 0.95(0.86-1.05)  0.324
Female sex 0.84 (0.16-4.54)  0.842 0.70 (0.12-3.96)  0.688 072 (0.12-4.36)  0.718
LDL-C (per 1 mmol/L) 1.03(0.73-1.45)  0.878 1.10(0.76-159)  0.616 099 (0.69-142)  0.969
HDL-C (per 1 mmol/L) — — — — 154 (0.24-9.70)  0.645
gﬁli’f‘ﬁ;s/m — — — — 1.03 (0.85-1.25) 0.758
Fibrinogen (per 1 g/L) — — — — 0.89 (0.61-1.28) 0.524
Statin use 542 (1.99-14.77)  <0.001 4.07(0.89-18.67)  0.071 594 (2.11-16.73)  <0.001
Aspirin use — — 0.90 (0.20-4.02) 0.891 — —
P2Y12 inhibitor use — — 251(0.78-8.13)  0.124 — —
Smoking duration (years) ~ 0.99 (0.96-1.02)  0.367 099 (0.96-1.02)  0.454 099 (0.96-1.02) 0373
Diabetes duration (years) ~ 0.99 (0.90-1.08)  0.787 099 (0.91-1.09)  0.890 099 (0.91-1.09)  0.903
Hypertension duration 1.01(0.95-1.08)  0.754 1.02 (0.95-1.09) 0592 1.01(0.94-1.08)  0.779

(years)

Model discrimination (AUC): Model 1 = 0.750; Model 2 = 0.764; Model 3 = 0.751. Model 2 vs. Model 1 AUC
difference: AAUC = 0.014; DeLong p = 0.427.

In logistic regression, SORT1 remained independently associated with proximal LAD
obstruction (Table 3). Each doubling of SORT1 concentration was associated with increased
odds of obstructive proximal LAD stenosis:

e  Univariable OR 1.36 (95% CI1.07-1.74), p = 0.0137;
e  Multivariable OR 1.48 (95% CI 1.12-1.95), p = 0.005.

Model discrimination for the multivariable model (Model 1) was AUC = 0.75.

In a therapy-adjusted sensitivity model additionally accounting for aspirin and P2Y12
inhibitor use (Model 2), SORT1 remained independently associated with obstructive proxi-
mal LAD stenosis (adjusted OR 1.55 per doubling; 95% CI 1.16-2.07; p = 0.003; Table 3).

In stratified age-adjusted analyses, the association between SORT1 and proximal LAD
obstruction was more apparent among statin-treated patients and among those receiving
any antiplatelet therapy; however, subgroup sizes were modest and these results should be
interpreted cautiously (Supplementary Table S1).

In a sensitivity model additionally adjusting for HDL-C, triglycerides, and fibrinogen
(Model 3), the association between SORT1 and obstructive proximal LAD stenosis remained
consistent (adjusted OR 1.49 per doubling; 95% CI 1.12-1.99; p = 0.0059; Table 3). Discrim-
ination was essentially unchanged (AUC 0.751 vs. 0.750 for Model 1; AAUC +0.0004,
DeLong p = 0.971; bootstrap 95% CI for AAUC —0.0215 to +0.0239). To assess whether
SORT1 provides information beyond conventional clinical covariates, we further compared
clinical models with and without SORT1.

We evaluated the incremental informational value of SORT1 beyond conventional
clinical covariates within this cross-sectional cohort by comparing a clinical model with
and without SORT1. Inclusion of SORT1 improved overall model fit (likelihood ratio test
p =0.0034; AAIC —6.6) and increased discrimination numerically (AUC 0.702 to 0.750;
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AAUC +0.049), although the AUC change did not reach statistical significance by the
DeLong test (p = 0.162), likely reflecting limited sample size and event count. Exploratory
classification-improvement metrics (continuous NRI and IDI) are provided in Table 4 and
should be interpreted cautiously.

Table 4. Incremental value of circulating SORT1 when added to the clinical model for obstructive
proximal LAD stenosis (>50%) among cases (1 = 101; events = 44).

Metric Clinical Model Clinical + SORT1 Increment/Comparison
(Without SORT1) (Extended Model) p
AUC 0.702 (95% CI 0.595-0.807) 0.750 (95% CI 0.644-0.846) AAUC0.049 (95% CT —0.025-0.115);
DeLong p = 0.162
Model fit (AIC) 142.2 135.6 AAIC —6.6
Nested model LR test — — LR x%(1) = 8.57; p = 0.0034

Continuous NRI

0.672 (95% CI 0.289-1.044);
bootstrap p = 0.0008

IDI

0.077 (95% CI 0.025-0.125);
bootstrap p = 0.0036

Exploratory segment-wise screening across 10 segments suggested the smallest p-value
for LAD; after FDR correction, non-prespecified segment-wise associations were attenuated
(supporting interpretation as hypothesis-generating).

Sensitivity analyses:

Excluding extremely high SORT1 values (above Tukey’s upper fence, ~36 ng/mL;
n ~ 10) did not materially change the direction of the proximal LAD association and tended
to strengthen the adjusted effect (adjusted OR per doubling ~ 1.7; p ~ 0.003).

Restricting cases to those with any recorded stenosis (>0% in at least one seg-
ment; n ~ 94) preserved the proximal LAD association (adjusted OR per doubling ~ 1.6;
p ~ 0.003).

4. Discussion

In this single-center cohort characterized by premature or early clinical debut coro-
nary atherosclerosis, circulating SORT1 measured in serum samples and stored at —40 °C
demonstrated two consistent patterns: it was elevated in angiographically diseased partici-
pants compared with stenosis-free controls, and it was associated with obstructive proximal
LAD stenosis but not with global angiographic burden metrics.

Importantly, the cross-sectional design precludes conclusions regarding causality or
temporal directionality; elevated circulating SORT1 may reflect disease presence, associated
inflammatory /platelet activity, or treatment patterns rather than a causal role.

The elevation of circulating SORT1 in cases supports the notion that SORT1-related
biology may be enriched in CAD phenotypes. However, the lack of association with “extent”
(segments, vessels, maximal stenosis) suggests that circulating SORT1 is unlikely to be
a simple proxy for the cumulative angiographic burden in premature/early debut CAD.
This finding aligns with the broader clinical literature reporting heterogeneous associations
between soluble SORT1 and CAD severity.

The anatomy-specific association with proximal LAD obstruction is a clinically im-
portant observation. Proximal LAD lesions carry high clinical relevance and often in-
form management decisions. The present data therefore support a working hypothesis
that circulating SORT1 may be anatomy-informative rather than burden-informative in
early /premature disease.
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The biological basis of an anatomy-specific association between circulating SORT1
and proximal LAD obstruction remains uncertain. Prior experimental and clinical studies
suggest roles of SORT1 in lipoprotein trafficking and platelet-related biology; therefore, the
observed signal is consistent with several plausible pathways linking SORT1 to atheroscle-
rosis and thrombosis. However, in the present study, we did not measure platelet activation
markers, inflammatory cytokines, or tissue expression of SORT1, and thus, mechanistic
interpretations should be considered speculative.

Several non-mutually exclusive hypotheses may underlie this pattern:

1.  Compartmental biology and soluble SORT1 sources. Soluble SORT1 may reflect not
only hepatic lipid trafficking pathways but also vascular/immune signaling and
platelet activation biology. If a portion of measured circulating SORT1 is platelet-
derived, associations may align more with clinically relevant anatomical disease
patterns than with total stenosis counts. In addition, because serum was analyzed,
clotting-related platelet activation may influence soluble protein measurements; thus,
part of the association may reflect platelet-related processes and/or treatment patterns
rather than a direct causal role of SORT1.

2. Therapy confounding and clinical context. Statin and antiplatelet therapy were
substantially more prevalent in cases. Therapy may influence circulating biomarkers
directly and also indicate disease severity and clinical decision pathways (confounding
by indication). Although we adjusted for statin use and other clinical covariates
available in the dataset, residual confounding remains likely.

3. Phenotype resolution. Burden metrics (segment counts) may be too coarse to capture
biological heterogeneity. Localization phenotypes such as proximal LAD obstruction
might reflect distinct plaque biology or hemodynamic environments compared with
other territories.

4.1. Clinical and Research Implications

If replicated, circulating SORT1 could contribute to refined phenotyping of prema-
ture/early debut CAD, potentially pointing toward high-consequence anatomical disease.
Although AUC improvement did not reach statistical significance by the DeLong test (likely
reflecting limited sample size), adding SORT1 significantly improved model fit, supporting
its potential incremental informational value within this cohort.

The present work should be viewed as a hypothesis-supporting clinical association
study. Future directions include:

e  Prospective validation in independent cohorts;

e Standardized sample handling (including matrix type, clotting/processing time, and
Freeze—thaw control);

e  Explicit consideration of antiplatelet exposure and platelet activation markers;

e  Comparison with plaque imaging phenotypes (CTA plaque burden, calcium score,
IVUS/OCT).

From a clinical modeling perspective, SORT1 provided a robust independent associa-
tion with obstructive proximal LAD disease and significantly improved model fit when
added to conventional covariates. However, the improvement in discrimination as quanti-
fied by AUC was modest and did not reach statistical significance, which is not unexpected
in a cohort of this size and with a limited number of events. Because AUC is relatively
insensitive to moderate improvements from a single biomarker, especially when baseline
clinical information already offers discrimination, these findings support SORT1 as a can-
didate marker associated with a high-risk anatomical phenotype rather than establishing
definitive clinical utility. Larger prospective cohorts with external validation are needed
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to determine whether SORT1 yields reproducible incremental classification benefit and
whether it can contribute meaningfully to clinical decision-making.

4.2. Limitations

This study has several limitations. First, its cross-sectional design precludes causal
inference and does not allow assessment of prospective clinical outcomes; therefore, the
observed associations should be considered hypothesis-generating. Second, this was a
single-center cohort derived from routine clinical practice with a modest sample size and a
relatively small angiographically normal control group, which may limit the precision of
case—control contrasts and generalizability to other populations and settings. Although
we performed multivariable adjustment and therapy-aware sensitivity analyses, resid-
ual confounding—particularly confounding by indication related to lipid-lowering and
antiplatelet therapies—cannot be excluded.

Angiography-based stenosis grading captures luminal narrowing but does not pro-
vide information on plaque composition, vulnerability, or non-obstructive plaque burden.
Finally, because serum was analyzed, clotting-related platelet activation and other pre-
analytical factors may influence the measured soluble SORT1. While all samples were
processed using a uniform protocol, we cannot fully exclude residual preanalytical vari-
ability; therefore, independent replication with standardized sample handling (including
explicit control of clotting /processing time) and prospective validation are warranted.

5. Conclusions

Circulating SORT1 measured using an Aviscera Bioscience ELISA in serum samples
stored at —40 °C was elevated in premature or early clinical debut coronary atherosclerosis
compared with stenosis-free controls. Within affected patients, SORT1 was not associ-
ated with global angiographic burden but was independently associated with obstructive
proximal LAD stenosis, with approximately 48% higher odds per doubling of SORT1
concentration after multivariable adjustment. These findings warrant validation in larger,
standardized cohorts and support further investigation into the biological sources and
clinical utility of circulating SORT1. External replication and prospective validation are
required to determine generalizability and to clarify whether SORT1 provides clinically
useful incremental information beyond established risk factors.

Key Home Messages

e  Circulating SORT1 is higher in patients with premature/early clinical debut coronary
atherosclerosis than in stenosis-free controls.

e  SORT1 does not correlate with global angiographic burden metrics within cases.

e  SORT1 is independently associated with obstructive proximal LAD stenosis, suggest-
ing an anatomy-specific signal.

e Preanalytical standardization and therapy-aware interpretation are essential for fu-
ture validation.

Supplementary Materials: The supporting information can be downloaded at https://www.mdpi.
com/article/10.3390/ cardiovascmed29020013/s1, Table S1: Stratified age-adjusted association be-
tween SORT1 and obstructive proximal LAD stenosis (>50%) among cases.
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Abbreviations

The following abbreviations are used in this manuscript:

AUC Area under the receiver operating characteristic curve
CAD Coronary artery disease

ELISA Enzyme-linked immunosorbent assay
FDR False discovery rate

HDL-C  High-density lipoprotein cholesterol
IOR Interquartile range

LCx Left circumflex artery

LDL-C Low-density lipoprotein cholesterol
LAD Left anterior descending artery

OR Odds ratio

RCA Right coronary artery

SORT1 Sortilin
STROBE  Strengthening the Reporting of Observational Studies in Epidemiology
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