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Abstract

Background—Inflammation contributes to atherosclerosis but is incompletely characterized in
intracranial large artery stenosis (ICAS). We hypothesized immune markers would be associated
with ICAS and modify the risk ICAS confers on future vascular events.

Methods—This study included a subsample of stroke-free participants in the prospective
Northern Manhattan Study who had blood samples analyzed with a 60-plex immunoassay
(collected 1993-2001) and ICAS assessment with time-of-flight magnetic resonance angiography
(obtained 2003-2008). We dichotomized ICAS as either 250% stenosis or not (including no
ICAS). We ascertained post-MRI vascular events. We used least absolute shrinkage and selection
operator (LASSQ) procedures to select immune markers independently associated with ICAS.
Then, we grouped selected immune markers into a derived composite z-score. Using proportional
odds regression, we quantified the association of the composite immune marker z-score, ICAS,
and risk of vascular events.
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Results—Among 1,211 participants (mean age 71+9 years, 59% women, 65% Hispanic
participants), 8% had =50% ICAS. Using LASSO regression, we identified C-X-C motif
chemokine ligand 9, hepatocyte growth factor, resistin, stem cell factor, and vascular endothelial
growth factor A to have the strongest positive relationships with 250% ICAS in fully adjusted
models. Selected markers were used to derive a composite immune marker z-score. Over an
average follow-up of 12 years, we found each unit increase in immune marker z-scores was
associated with an 8% (95% confidence interval (Cl): 1.05-1.11), 11% (95% ClI: 1.06-1.16),

and 5% (95% CI: 1.01-1.09) increased hazard of death, vascular death, and any vascular event,
respectively, in adjusted models. We did not find a significant interaction between immune marker
z-scores and ICAS in their relationship with any longitudinal outcome.

Conclusions—Among a diverse stroke-free population, select serum immune markers were
associated with ICAS and future vascular events. Further study is needed to better understand their
role in the pathogenesis of ICAS and as a potential therapeutic target in stroke prevention.
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Introduction

Intracranial large artery stenosis (ICAS) is common among community-dwelling older
adults and increases risk for future vascular events.! Further, the risk of recurrent stroke in
symptomatic ICAS can exceed 20% at one year in certain populations, despite best medical
therapy of antiplatelets and vascular risk factor modification.? Therefore, new therapeutic
approaches to ICAS are needed.
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ICAS is often presumed to be caused by underlying atherosclerosis, which is a chronic
inflammatory disease of the arterial wall mediated by cholesterol among other factors.34
Inflammation is also thought to play a role in vascular aging that may involve vessel wall
remodeling to cause non-atherosclerotic stenosis.® Therefore, inflammation represents a
potentially attractive target for therapeutics in ICAS; however, data on inflammation and
ICAS are limited to a few non-specific biomarkers. We sought to evaluate the association
between ICAS and a panel of immune biomarkers among a diverse stroke-free population.
We hypothesized immune markers would be associated with ICAS and modify the risk
ICAS confers on future vascular events.

Study Population

This study included stroke-free participants enrolled in the Northern Manhattan Study
(NOMAS), a diverse prospective cohort of stroke risk factors. Details for study recruitment
and eligibility were previously described.8 From 1993-2001, NOMAS investigators
recruited a total of 3,298 stroke-free participants. In 2003-2008, NOMAS researchers
introduced standardized brain magnetic resonance imaging (MRI) protocols and 1091
surviving stroke-free participants aged 50 years or older and 199 household members were
invited to participate and screened for eligibility in the MRI substudy, for a total of 1,290
participants. Compared to the overall NOMAS cohort, the MRI subsample is younger and
had a lower proportion of vascular risk factors.” In this study, we included 1,211 participants
who had ICAS assessments, of whom 1,110 participants had complete covariate information
(Figure 1). The University of Miami and Columbia University institutional review boards
approved this study. All participants provided informed consent. The study follows the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guidelines (Supplemental Material).®

Immunoassay Assessment

At enrollment, trained phlebotomists drew blood samples from participants, which were
processed and stored at —80 degrees Celsius. Laboratory personnel blinded to participant
characteristics analyzed the samples using a 60-plex immunoassay. We used a customized,
magnetic bead-based immunoassay similar to prior studies.® The assay included immune
biomarkers related to activation of Thl (pro-inflammatory), Th2 (counter-regulatory-
autoimmunity-promoting), Th17 (innate mucosal anti-pathogen defenses, including in gut),
T regulatory, B (antibody-producing) and NK cells, and more generally, markers of innate
and adaptive immunity, chemokines, growth factors (including those vital to vascular
remodeling), neurotrophic factors, cell adhesion markers, and adipokines.10

We coded, randomized and assayed plasma samples in duplicate. Flow- and fluorescence-
based Luminex 200™detection platform (Luminex Corporation, Austin, TX) determined
the median fluorescence intensities (MF1) of each analyte-specific immunoassay bead set.11
Data were processed using a quality control (QC) algorithm that calibrates performance of
an expanded set of serial standard curves and an in-house plasma control run on every
assay plate, monitoring intra- and inter-plate covariance (CV) and bead counts. Only
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plates with mean intra-assay %CV <15% were accepted. Samples that did not meet QC
criteria were reanalyzed when feasible. MFI values exceeding machine limits of reliable
detection (>25,000) were excluded. Because interpolated concentrations can introduce bias
for samples with very low or high values in relation to the serial standard curves, averaged
MFI values for all 60 cytokines were used in the final statistical analyses rather than absolute
concentrations.1213 The final data set had a mean intra-assay %CV of 4.6% (standard
deviation [sd] 2.2%, range: 1.9-7.9%) and 0.5% of all possible intra-assay %CV values were
>25%, across all cytokines. Among the 1,211 participants with ICAS assessments, 110 (8%)
individuals had missing immunoassay data.

ICAS Assessment

The NOMAS MRI substudy collected 3-dimensional, time-of-flight magnetic resonance
angiography (MRA). Following a standardized protocol, this MRI substudy used a 1.5-T
MRI system (Philips Medical Systems, Best, Netherlands) at the Columbia University
Medical Center.1 All 11 major intracranial large arteries were visually inspected in the
MRA datasets. If arterial stenosis was identified, the narrowest lumen area was measured
to define stenosis, referencing the immediately preceding segment with normal lumen (or
the next normal appearing lumen if the stenosis was at the arterial origin). Stenoses were
categorized as no stenosis, <50% (or luminal irregularities), 50-69%, =70%, and flow gap.
Stenoses were graded in blinded fashion by a trained neurologist and vascular neurologist
independently. Interrater reliability was high (kappa=0.93) for identifying =50% stenosis and
the interclass correlation coefficient for the ordinal stenosis scale was >0.90 for single and
average measures.! We represented ICAS dichotomously as significant (=50%) stenosis or
not (including no stenosis).

Post-MRI event adjudication

Covariates

Study participants were screened annually with standardized telephone interviews and/or
in-person visits for pre-defined outcomes.1 The outcomes included in the present analysis
were any death, vascular death, and any vascular event. We considered vascular death to

be death caused by myocardial infarction, stroke, heart failure, pulmonary embolism, or
cardiac arrhythmia. We defined vascular events to include vascular death, any stroke or
myocardial infarction. NOMAS investigators adjudicated death and pre-defined outcomes
by medical record review from New York-Presbyterian Hospital/Columbia University
Medical Center (where a majority of participants obtained medical care) or from outside
institutions, including foreign hospitals if needed. Two study vascular neurologists, blinded
to clinical information, adjudicated stroke independently. A study cardiologist adjudicated
myocardial infarction using criteria from the Cardiac Arrythmia Suppression Trial and the
Lipid Research Clinics Coronary Primary Prevention Trial.1>16 In the present analysis, we
included follow-up data collected until July 2020. Among the MRI substudy, only 3 (0.4%)
participants were lost to follow-up and 11 (1.4%) withdrew from active participation.

All NOMAS participants underwent a structured questionnaire at time of enrollment.
Demographics and smoking history were ascertained by participant self-report. Vascular
risk factors were recorded at time of MRI study. Hypertension, diabetes mellitus, and
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hyperlipidemia were defined by either self-reported diagnosis, medication used to treat each
condition, or blood pressure and/or laboratory evidence of these vascular risks, as previously
reported.1” Smoking was dichotomized as current smoking or not current smoking at time of
MRI.

Statistical Analyses

We first sought to evaluate the association between immune markers (logarithm base 2-
transformed and standardized) and ICAS, and to identify a subset of key immune markers
among the 60 in the immunoassay that relate to =50% ICAS. Second, using selected
immune markers, we focused on their relationship with post-MRI vascular events. We
used complete case analysis. All two-tailed p-values <0.05 were considered statistically
significant.

To assess the association between immune markers and ICAS, we used regularized logistic
regression with a Least Absolute Shrinkage and Selection Operator (LASSO) approach

to estimate the association between immune markers and =50% ICAS with 3 models: 1)
panel of immune markers; 2) additionally adjusted for age, sex, race, and ethnicity; and

3) additionally adjusted for hypertension, hyperlipidemia, diabetes mellitus, and smoking
history. Immune markers with the 5 greatest positive coefficient estimates were then selected
to derive a composite immune marker z-score, which is a summation of the individual
z-scores for each selected biomarker. We conducted all LASSO logistic regression using

R version 4.1.1 (R Foundation for Statistical Computing, Vienna, Austria) with the glmnet
package.18 We were unable to perform random forests and eXtreme Gradient Boosting trees
procedures given an imbalance of outcomes (8% of sample) between training and testing
sets. Using Pearson’s correlation test, we evaluated the relationship of immune markers
selected by LASSO regression with high-sensitivity C-reactive protein (hs-CRP), interleukin
6 (IL-6), and tumor necrosis factor alpha (TNF-alpha), which were also measured at
enrollment.

Next, we evaluated the association between immune marker z-scores and post-MRI vascular
events. To calculate hazard ratios (HR) and their 95% confidence intervals (CI) with robust
sandwich error variance,1% we conducted Cox proportional hazards regression using 3
models: 1) includes immune marker z-scores and ICAS groups (=50% stenosis vs reference
not 250% stenosis); 2) additionally included age, sex, race, and ethnicity; and 3) additionally
included hypertension, hyperlipidemia, diabetes mellitus, and smoking history. To evaluate
the survival bias because of any death, we modelled the adjusted risk of events using Fine
& Gray regression using the same covariates. We also assessed for interaction between the
immune marker z-score and ICAS in the relationship with events using a multiplicative
interaction term in the fully adjusted model. We used SAS version 9.4 (SAS Institute Inc.,
Cary, NC) to conduct survival analyses.

Lastly, we created a protein interaction network using the String database (StringDB v11.5)
of known and predicted protein-protein interactions and inferring protein associations from
co-expression data, according to the standard network instructions provided with a medium
stringency threshold of association (0.4).20

Stroke. Author manuscript; available in PMC 2024 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang et al.

Results

Page 6

Baseline characteristics

Among 1,211 participants (mean age 71+9 years, 59% women, 65% Hispanic participants),
96 (8%) had =50% ICAS. A high proportion of participants had comorbid vascular risk
factors (78% and 81% of participants with hypertension and hyperlipidemia, respectively).
Those with =50% ICAS were older and had higher prevalence of hypertension and diabetes
mellitus (Table 1).

Immune marker selection

Association

Using LASSO regression with stepwise increasing adjustment for confounders, we
identified several immune markers associated with 250% ICAS (Table 2). In the fully
adjusted model, C-C motif chemokine ligand 2 (CCL2), C-X-C motif chemokine ligand 9
(CXCL9), epidermal growth factor (EGF), hepatocyte growth factor (HGF), interleukin 1
receptor antagonist (IL1RA), resistin, stem cell factor (SCF), soluble intercellular adhesion
molecule-1 (sICAM1), and vascular endothelial growth factor A (VEGF-A) were selected
predictors for 250% ICAS. Of these, CXCL9, HGF, resistin, SCF, and VEGF-A had the
strongest positive relationships with =250% ICAS (respective p-estimates = 0.032, 0.045,
0.069, 0.088, 0.024), which we used to derive an ICAS-derived composite immune marker
z-score. HGF, SCF, and VEGF-A had moderate positive correlations (r range from 0.28 to
0.62) with serum IL-6 and TNF-alpha levels (Supplemental Table). Figure 2 shows a protein
interaction network of the selected immune markers.

of immune marker z-scores and ICAS with longitudinal outcomes

Over an average follow-up of 12 years (range 0.1-17 years), 324 (27%) participants suffered
a vascular event and 454 (37%) individuals died. A total of 200 participants (17%) were
classified with vascular death. Only 1.4% of included participants had an ischemic stroke
during follow-up. Those with >50% ICAS experienced greater mortality, vascular death, and
vascular events than those without 250% ICAS (Table 1).

Evaluating the association between the immune marker z-scores and ICAS with longitudinal
outcomes, we found increased immune marker z-scores to be significantly associated with
increased hazard of all three outcomes (Table 3). The relationship between immune marker
z-scores and all longitudinal outcomes remained similar after adjustment for demographics
and vascular risk factors. In fully adjusted models, each unit increase in immune marker
z-scores was associated with an 8% (95% confidence interval (Cl): 1.05-1.11), 11% (95%
Cl: 1.06-1.16), and 5% (95% CI: 1.01-1.09) increased hazard of death, vascular death, and
any vascular event, respectively. When comparing =50% ICAS to not =50% stenosis, we
found that stepwise inclusion of confounders attenuated the associations with longitudinal
outcomes, such that =50% ICAS was significantly associated with increased hazard of death
(hazard ratio (HR) [95% confidence interval, ClI]: 1.47 [1.08-2.01]) and vascular death (HR
[95% CI]: 1.94 [1.27-2.95]), but not vascular events (HR [95% CI]: 1.33 [0.91-1.93]) when
compared to not =50% stenosis.
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We did not find a significant interaction between immune marker z-scores and 250% ICAS
in their relationship with death (p=0.17), vascular death (p=0.33), or any vascular event
(p=0.72).

Discussion

In this diverse stroke-free population, we identify several immune biomarkers associated
with ICAS. The biomarkers associated with ICAS have known roles in chemotaxis and
atherosclerosis-related angiogenesis.?1-2% Notably, these immune markers are independently
associated with future mortality and vascular events as a group. However, despite themselves
being derived from ICAS, selected immune markers do not appear to have a relationship
with ICAS on longitudinal outcomes, suggesting the pathways involving inflammation,
ICAS, and vascular events may be more complex than modeled in the present analysis.

The results suggest that plasma immune biomarkers are associated with ICAS after
adjustment for demographics and vascular risk factors. Several of the selected immune
markers correlated well with previously studied inflammatory biomarkers. Though less
specific, prior studies have similarly reported an independent relationship of plasma hs-CRP
and uric acid to ICAS among stroke-free individuals.24-26 In symptomatic ICAS, hs-CRP,
matrix metalloproteinases (MMPs), and IL-6 were linked to progression of intracranial
stenosis after stroke,27+28 however this may represent a different population than the present
cohort with asymptomatic ICAS.

Among the panel, individual markers associated with ICAS included CXCL9, HGF, resistin,
SCF, and VEGF-A. CXCL9 is a member of the C-X-C chemokine subfamily, many

of which are induced by interferon gamma (IFNg), and involved in Th1-type immune
responses and T-cell tissue infiltration.29 Symptomatic extracranial carotid atherosclerosis
may be characterized by increased CXCL9 expression within the plaque, in addition

to other IFNg regulated chemokines.30 Similarly, resistin is an adipocytokine that
contributes to atherosclerosis by chemoattracting macrophages into adipose tissue and
intracellular activation of nuclear transcription factor-kappa B to cause secretion of various
cytokines.2131 Several longitudinal studies have demonstrated resistin to be associated with
atherosclerotic cardiovascular diseases.32:33

HGF is a pleiotropic mesenchymal cytokine involved in the development of epithelial and
endothelial cells, but has been linked to the progression of atherosclerosis, coronary heart
disease, and stroke.22:34 Both SCF, also called kit ligand, and VEGF-A are growth factors
involved in normal and pathologic angiogenesis, including atherosclerosis-related vascular
remodeling.23 Injured tissue, such as ischemic brain, may stimulate VEGF signaling to
activate MMP-9 in bone marrow and release SCF. Kit ligand then promotes recruitment
and mobilization of progenitor hematopoietic and endothelial cells into circulation.23
Together, HGF, SCF, and VEGFA are involved in a network of molecules that contribute
to angiogenesis, including vascular endothelial growth factors and neuropilin-1 (Figure 2).
Selected chemokines, CXCL9 and resistin, appear loosely related to the network through
HGF and VEGF. Jointly, VEGF and related proteomes may be important in the pathogenesis
of ICAS.35:36
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The composite of selected immune markers was independently associated with longitudinal
vascular events. Interestingly, the modest associations with outcomes were not attenuated
after controlling for demographics and vascular risk factors. Other studies, including several
in the NOMAS cohort, have similarly shown associations between inflammatory markers
and certain stroke outcomes had minimal attenuation in fully adjusted models.37-3° Our
results reinforce a body of literature that inflammation may represent a source of stroke

risk that is not completely explained by traditional vascular risk factors.4? The cause of
inflammation, however, can be multifactorial and difficult to disentangle.

Indeed, though these immune markers are derived from asymptomatic ICAS and
independently associated with longitudinal vascular events, they did not modify the ICAS
associated mortality and event risk. There may be several plausible explanations for this
finding. First, the selected biomarkers may represent an epiphenomenon of ICAS in

the present analysis if they reflect systemic inflammatory burden and atherosclerosis, as
previously discussed. Second, given the statistical power needed to detect interaction effects,
our sample size may have been insufficient. Additionally, ischemic stroke constituted a
small proportion of this subsample. Therefore, we may not have captured an interaction
effect more directly related to ICAS. Third, ICAS by stenosis severity alone may not be
sufficient in characterizing stenosis at “high risk” for events. Previous work in NOMAS
and other community-based cohorts,141 asymptomatic ICAS of 50% stenosis and greater
is associated with future vascular events, but not specifically ischemic stroke suggesting
other features such as plaque characteristics, downstream hemodynamics, and collateral
vessel status may be needed to predict stroke risk in subclinical ICAS.42-45 There is also
the possibility that ICAS in our sample may represent non-atherosclerotic causes such as
infectious arteriopathies, but atherosclerosis likely dominates as the underlying pathology
given the study population’s older age, vascular comorbidities, and subclinical nature of
ICAS.

Our results reinforce the potential importance of inflammation as a future therapeutic target
in ICAS. Multiple lines of observational evidence have implicated inflammation in the
pathogenesis of atherosclerosis, all causes of stroke, and cognitive function.#10 Though

no randomized controlled trial has been yet completed in stroke, colchicine, which has anti-
inflammatory properties by inhibiting beta-tubulin polymerization, has been shown to reduce
recurrent vascular events among those with myocardial infarction.*6 In a meta-analysis

of trials designed for the study of coronary artery disease, colchicine-treated participants
had half the risk of stroke as control arms.#” The ongoing CONVINCE (Colchicine for
Prevention of Vascular Inflammation in Noncardioembolic Stroke, NCT02898610)*8 and
CASPER (Colchicine After Stroke to Prevent Event Recurrence, ACTRN1261001408875)
trials may add more conclusive safety and efficacy data for anti-inflammatory therapies in
stroke.

Our study has limitations. First, both the immunoassay and MRA assessment of ICAS
were determined at a single point in time, limiting our ability to make causal conclusions.
An individual’s inflammatory profile changes over time due to complex interactions with
numerous factors such as aging and development of intercurrent illness. Similarly, ICAS
may also change over time in terms of stenosis severity. Though a study on the natural
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history of ICAS-related stroke found 70-80% of concomitant asymptomatic ICAS in the
same individuals had static stenosis severity after 5 years,49 the risk for misclassification
error in our study remains. Second, immune markers were not assessed in cerebrospinal
fluid or cerebrovascular tissue, which may be more specific to intracranial arterial disease.
Third, though the immunoassay panel included 60 markers, many other immune and
inflammatory markers were not included. Fourth, we did not characterize other possible
relevant features of ICAS beyond luminal stenosis. Future study may seek to incorporate
multiple ICAS-related elements in addition to inflammatory markers to better predict high
risk ICAS. Additionally, a small proportion of this NOMAS subsample had ischemic
stroke events, limiting our longitudinal analyses. Lastly, the MRI subsample may not be
completely generalizable to a community-dwelling population of older adults. Our study’s
strengths include the multiethnic community-based population, the longitudinal design to
detect vascular events with low rate of loss to follow-up, and the rigorous ascertainment of
vascular outcomes.

In conclusion, we find serum immune markers associated with ICAS among a racially and
ethnically diverse stroke-free population. Specifically, the selected cytokines are involved
in chemotaxis and atherosclerosis-related angiogenesis. Importantly, these ICAS-derived
markers are associated with future vascular events, and therefore, may represent potential
therapeutic targets. However, future study is needed to better understand their exact role in
pathogenesis of ICAS and vascular outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

ICAS intracranial large artery stenosis

NOMAS Northern Manhattan Study

LASSO Least Absolute Shrinkage and Selection Operator
CCL C motif chemokine ligand

CXCL C-X-C motif chemokine ligand

EGF epidermal growth factor

HGF hepatocyte growth factor

ILIRA interleukin 1 receptor antagonist

SCF stem cell factor
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Figure 1. Study subsample flow diagram.
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RETN

Figure 2. Protein interaction network of selected immune marker features.
Blue colored nodes represent immune markers selected by regularized regression and white

colored nodes represent predicted functional partners. Thickness of node-node line qualifies
strength of association. CXCL9 = C-X-C motif chemokine 9; FLT1 = vascular endothelial
growth factor 1; FLT4 = vascular endothelial growth factor receptor 3; HGF = hepatocyte
growth factor; KDR = vascular endothelial growth factor receptor 2; KIT = mast/stem cell
growth factor receptor Kit; KITLG = kit ligand (stem cell factor); NRP1 = neuropilin-1;
RETN = resistin; VEGFA = vascular endothelial growth factor A
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Table 1.

Study population characteristics by intracranial large artery stenosis (ICAS) groups

Characteristic

>50% ICAS (n=96)

Not =50% ICAS (n=1,115)

Age, mean years (sd) 745 (9.4) 70.2 (8.8)
Women, % 54 59
Race and Ethnicity, %
Non-Hispanic White 15 18
Non-Hispanic Black 25 17
Hispanic 60 65
Comorbidities, %
Hypertension 92 77
Hyperlipidemia 84 81
Diabetes Mellitus 39 23
Current Smoking 7 12
Longitudinal Outcomes, %
Any death 57 36
Vascular death 33 15
Any vascular event (vascular death, myocardial infarction, or any stroke) | 43 25
Any ischemic stroke 2 1
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Regularized logistic regression feature selection and beta estimates in predicting =50% intracranial large artery

stenosis
Feature® Model 1 Model 2 Model 3
B-estimate per unit | B-estimate per unit | B-estimate per unit

bNGF 0.019 — —
CCL2 0.055 0.003 0.001
CCL5 -0.065 — —
CCL11 0.031 0.020 —
CXCL9 0.170 0.013 0.032"
CXCL12a -0.083 — —
EGF -0.329 -0.174 -0.157
HGF 0.134 0.047 0.0457"
IFNb -0.022 — —
ILIRA 0.052 0.026 0.009
Leptin 0.042 0.030 —
PDGFBB 0.121 —_ —_
Resistin 0.153 0.060 0.0697
SCF 0.132 0.092 0.088"
sFasL -0.059 — —
sICAM1 -0.122 — -0.017
VEGF-A 0.084 0.050 0.0247
VEGF-D -0.044 — —
Age (years) nla nla 0.042
Hypertension n/a n/a 0.495
Diabetes mellitus nla nla 0.348

bNGF = beta nerve growth factor; CCL = C-C motif chemokine ligand; CXCL = C-X-C motif chemokine ligand; EGF = epidermal growth factor;
HGF = hepatocyte growth factor; IL1RA = interleukin 1 receptor antagonist; PDGFBB = platelet derived growth factor-BB; SCF = stem cell factor;

sFasL = soluble Fas ligand; SICAM1 = soluble intercellular adhesion molecule-1; VEGF = vascular endothelial growth factor

*
Immune markers were log 2 transformed and standardized.

Features constrained from regression model are denoted by “—.

Features included in z-score derivation are denoted by “1”.

Model 1 includes only immune markers.

Model 2 additionally includes age, sex, race, ethnicity.

Model 3 additionally includes hypertension, hyperlipidemia, diabetes mellitus, and smoking history.
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Cox regression models of selected immune marker z-score, intracranial large artery stenosis, and longitudinal

outcomes

Outcome

Characteristic

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Interaction term p-
value

Any death (n=454)

Immune marker z-score

1.09 (1.06-1.12)

1.08 (1.05-1.12)

1.08 (1.05-1.11)

250% ICAS ™

2.10 (1.54-2.85)

1.52 (1.12-2.07)

1.47 (1.08-2.01)

0.17

Vascular death (n=200)

Immune marker z-score

1.11 (1.07-1.15)

1.12 (1.07-1.16)

1.11 (1.06-1.16)

250% ICAS ™

2.95 (1.95-4.45)

2.06 (1.36-3.13)

1.94 (1.27-2.95)

0.33

Any vascular event (n=324)

Immune marker z-score

1.07 (1.04-1.11)

1.06 (1.02-1.10)

1.05 (1.01-1.09)

250% ICAS ™

1.86 (1.29-2.69)

1.39 (0.96-2.02)

1.33 (0.91-1.93)

0.72

HR = hazard ratio; Cl = confidence interval; ICAS = intracranial larger artery stenosis

*
Reference not =250% ICAS.

Model 1 includes only immune marker z-score and ICAS.

Model 2 additionally includes age, sex, race, ethnicity.

Model 3 additionally includes hypertension, hyperlipidemia, diabetes mellitus, and smoking history.
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