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Increased Incidence of Ischemic Cerebrovascular Events in
Cardiovascular Patients With Elevated Apolipoprotein CIII

Oliviero Olivieri, MD; Manuel Cappellari, MD; Gianni Turcato, MD; Bruno Bonetti, MD;
Domenico Girelli, MD, PhD; Francesca Pizzolo, MD, PhD; Simonetta Friso, MD, PhD;
Antonella Bassi, MD; Annalisa Castagna, MSc, PhD; Nicola Martinelli, MD, PhD

Background and Purpose—Apo CIII (apolipoprotein CIII), a crucial regulator of lipoprotein metabolism, has been
associated with increased activity of coagulation factors and thrombin generation and, in turn, with an increased risk of
thromboembolic events in both arterial and venous districts. Thus, we hypothesized that it may affect the risk of acute

ischemic cerebrovascular events in cardiovascular patients.

Methods—We systematically checked medical records and quantified cerebral ischemic events in a cohort of 950 subjects
(median age 65 with interquartile range, 55-79 years; 30.7% females) with or without angiographically defined coronary
artery disease (CAD: 774 CAD and 176 CAD-free, respectively). All the subjects, enrolled between May 1999 and
December 2006, were prospectively followed until death or July 31, 2018. Assessments of complete plasma lipid and
apolipoprotein profiles, including Apo A-I, B, CIII, and E, were available for all subjects at enrollment.

Results—After a median follow-up of 130 months (interquartile range, 69-189), 95 subjects (10%) suffered ischemic
stroke/transient ischemic attack (TIA) events. Stroke/TIA subjects had higher Apo CII plasma concentration (11.4;
interquartile range: 9.3—14.4 mg/dL) at enrollment than those without stroke/TIA (10.4, interquartile range: 8.7-13.0 mg/
dL). Subjects with Apo CIII levels above the median value (10.6 mg/dL) exhibited an =2-fold increased risk of stroke/
TIA, even after adjustment for potential confounders, including sex, age, CAD diagnosis, hypertension, atrial fibrillation,
oral anticoagulant treatment, and all plasma lipid parameters (hazard ratio: 2.23 [95% CI, 1.21-4.13]). This result was
confirmed in CAD and CAD-free populations, separately, and even by a propensity score matching method, in which 98
CAD and 98 CAD-free subjects were one-to-one matched for all clinical and laboratory characteristics.

Conclusions—These findings suggest that a high Apo CIII plasma concentration may predict an increased risk of ischemic
stroke/TIA in cardiovascular patients. (Stroke.2020;51:61-68. DOI: 10.1161/STROKEAHA.119.026811.)
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schemic stroke is a leading cause of adult disability and

death worldwide' with an enormous social-economic im-
pact on Western Health Systems. For this reason, strategies
for prevention and early detection of populations at risk are
key-measures to tackle this global challenge.

Apo CIII (apolipoprotein CIII) is a crucial regulator
of plasma lipids, especially TRLs (triglyceride-rich lipo-
proteins), and is recognized as a causal risk factor for
ischemic heart disease.? Increased Apo CIII plasma con-
centration is indeed a well-known predisposing condition
for the development of atherosclerotic disease.® Although
such atherogenetic role is mainly attributed to altered lipid
mechanisms, in the last years other mechanisms have been
also demonstrated, involving direct effects on endothe-
lial cells or inflammatory pathways of the arteriosclerotic
processes.*’

In earlier works, we demonstrated that elevated circu-
lating levels of Apo CIII—but not other lipids or apolipo-
proteins—were associated with a progressive increase of FII
(factor II) coagulant activity in the plasma of patients with
or without coronary artery disease (CAD).® Importantly, this
relationship was equally strong in CAD as well as in CAD-
free patients, thus supporting the view that FII activation is
an atherosclerosis-independent effect induced by Apo CIIIL.
Plasma levels of Apo CIII and APOC3 gene variants have
been associated with other coagulation biomarkers, like
activated factor VII-antithrombin complex, which is an in-
dicator of tissue factor expression, thereby supporting the
hypothesis of an Apo CIlII-related prothrombotic diathesis.’
Consistent with such hypothesis, recently, in a prospective
cohort study with long-term follow-up (12 years) aimed to
investigate the association between plasma lipids and venous

Received June 26, 2019; final revision received September 20, 2019; accepted October 11, 2019.
From the Department of Medicine, Unit of Internal Medicine, University of Verona, Italy (O.0., D.G., EP, S.F., A.C., N.M.); Borgo Trento Hospital,
Verona, Italy (M.C., B.B.); San Bonifacio Hospital, Verona, Italy (G.T.); and Laboratory of Clinical Chemistry and Hematology, University Hospital of

Verona, Italy (A.B.).

The online-only Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811.
Correspondence to Oliviero Olivieri, MD, Unit of Internal Medicine, Department of Medicine, University of Verona, Policlinico G.B. Rossi, Piazzale

L.A. Scuro 10, 37134 Verona, Italy. Email oliviero.olivieri @univr.it
© 2019 American Heart Association, Inc.

Stroke is available at https://www.ahajournals.org/journal/str

DOI: 10.1161/STROKEAHA.119.026811


https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811
mailto:oliviero.olivieri@univr.it
https://www.ahajournals.org/journal/str
http://crossmark.crossref.org/dialog/?doi=10.1161%2FSTROKEAHA.119.026811&domain=pdf&date_stamp=2019-12-04

Gzoz ‘os Afenuer uo Aq Bio'sfeuinofeye;/:dny woly pspeojumod

62 Stroke January 2020

thromboembolic events incidence in cardiovascular patients,
we demonstrated that subjects with high Apo CIII concentra-
tions (ie, 210.6 mg/dL) have an about 3-fold increased risk of
venous thromboembolic events.?

All these findings suggest that plasma Apo CIII concentra-
tion may predict an increased risk of thromboembolic events
in both arterial and venous districts. In this context, a possible
association between high Apo CIII plasma levels and risk of
ischemic cerebrovascular events appears as a plausible work-
ing hypothesis. In spite of the abundance of studies investigat-
ing the link with ischemic heart disease, the potential relation
of Apo CIII with cerebrovascular disease has been substan-
tially neglected and only few studies have provided some sup-
port to this possibility so far.!0

Therefore, we prospectively investigated acute nonfatal
ischemic cerebrovascular events (ie, ischemic strokes or tran-
sient ischemic attack [TIA]) that occurred during a long-term
follow-up in a large cardiovascular cohort of CAD and CAD-
free subjects for whom complete data of plasma lipids and
apolipoproteins at enrollment, including baseline Apo CIII
data, were available.

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Study Population

The population for this study was selected from the cohort of VHS
(Verona Heart Study). VHS is an ongoing survey that uses cross-sec-
tional and prospective designs aimed to search for new risk factors
for CAD in subjects with angiographic documentation of their cor-
onary vessels. The Ethics Committee of our Institution (Azienda
Ospedaliera Universitaria Integrata, Verona, Italy) approved the
study. Informed written consent was obtained from all the partici-
pants after a full explanation of the study. A total of 950 subjects, who
lived in the District of Verona and for whom both prospective data on
cerebrovascular events and laboratory data on baseline plasma lip-
ids were available, were included in this study. Blood samples and
a complete clinical history were obtained in the days preceding the
execution of the coronary arteriography at enrollment. According to
angiographic evaluation, subjects were classified as CAD-free (indi-
viduals who underwent coronary angiography for reasons other than
suspected CAD, mainly valvular heart disease) and CAD patients
(individuals with at least one of the major epicardial coronary arteries
[left anterior descending, circumflex, or right] affected with >1 sig-
nificant stenosis [250% lumen reduction]). CAD-free subjects were
required to be free of carotid artery lesions (by ultrasonic evaluation)
and to have no history or evidence of arteriosclerosis in other vascular
districts. Study design and patients’ selection criteria have been sum-
marized in Figure 1.

Assessment of Outcome

The subjects were followed until death or July 31, 2018. Study sub-
jects’ mortality status was determined by searching in the National
Population Register. Survival times were calculated starting from
the date of enrollment. The electronic medical records of all the
Hospitals in the District of Verona, Northeast Italy, including data of
Emergency Units admissions were obtained for all subjects; ambula-
tory or telephone survey was performed in case of clinical doubt. To
be included in the statistical computation, nonfatal ischemic stroke/
TIA events had to be confirmed and validated by 2 independent neu-
rologists after careful evaluation of all the available information. As
a rule, cerebrovascular events were adjudicated when both of the
following criteria were satisfied: (1) clinical signs and symptoms of

acute ischemic cerebrovascular events in combination with (2) con-
firmation on medical imaging (eg, brain computed tomography scan
and magnetic resonance imaging).

Laboratory Testing

Samples of venous blood were drawn from each subject at enrollment
after an overnight fast. Serum lipids, apolipoproteins, and other rou-
tine biochemical parameters were assayed as previously described.!
Plasma Apo CIII concentration was measured using a fully automated
turbidimetric immunoassay.'' The reagent was obtained from Wako
Pure Chemical Industries (Osaka, Japan), and the procedure recom-
mended by the manufacturer was implemented on an RXL Dimension
Analyzer (Dade International Inc, Newark, DE). All testing was per-
formed in duplicate. Intraassay coefficients of variation were 1.84%,
2.02%, and 1.98% on 3 pools of control sera with low, medium, and
high concentrations of Apo CIII, respectively; interassay coefficients
of variation were 4.4%, 3.4%, and 2.29% for low, medium, and high
concentration, respectively.

Statistical Analysis

Statistical analyses were performed using the software STATA 13.0
(STATA Corps) and SPSS 23.0 (SPSS Inc, Chicago, IL) statistical
packages. Distributions of continuous variables were expressed as
median value with interquartile range (IQR). Categorical variables
were expressed as proportions. Quantitative data distributions were
assessed using the Mann-Whitney test. Qualitative data were analyzed
by y? test or x* for linear trend analysis when indicated. Ischemic
stroke/TIA event rates during the follow-up period were assessed by
using the Kaplan-Meier method with Log-rank statistic and Cox re-
gression. Kaplan-Meier curves were used for survival plots, which
stratified the study population according to Apo CIII plasma concen-
tration. Multivariate Cox proportional hazards for ischemic stroke/
TIA events were performed considering the Apo CIII median value
as threshold and including in the different models potential confound-
ing factors, like sex, age, hypertension, CAD diagnosis, atrial fibril-
lation, oral anticoagulant therapy, all plasma lipid parameters, and all
the variables showing a different distribution between groups with or
without ischemic stroke/TIA during the follow-up.

Finally, SPSS 23.0 statistical package was used to conduct pro-
pensity score matching of 2 similar groups (CAD versus CAD-free)
with 1:1 ratio and match tolerance of 0.001. The propensity score
matching was applied on the whole study population for all unbal-
anced variables with a probability value <0.10. Kaplan-Meier curves
and Cox regression models were performed also in this population
weighted by propensity score matching.

A value of P<0.05 was considered statistically significant.

Results

The main clinical and laboratory characteristics at time of en-
rollment of the 950 subjects included in this study are shown
in Table 1. Data are reported considering the study population
either as a whole or subdivided in the CAD (n=774) and CAD-
free (n=176) subgroups. As expected, cardiovascular risk fac-
tors were more represented among CAD subjects, as in the
case of Apo CIII whose plasma concentration was higher in
CAD than in CAD-free subjects. The prevalence of both atrial
fibrillation and anticoagulant therapy at time of enrollment
was higher in CAD-free group, consistent with the fact that
the large majority of CAD-free subjects in this study cohort
had heart valve disease. However, antiplatelet and lipid-lower-
ing therapies were more represented in CAD group (Table 1).
After a median follow-up of 130 months (interquartile range,
69-189), 95 (10% of the total population) nonfatal ischemic
stroke, or TIA events occurred, 74 (9.6%) in patients with
CAD and 21 (11.9%) in CAD-free subjects (Table 2).
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VHS subjects enrolled between May 1999 and December 2006

Inclusion criteria

Angiographic documentation of the
state of coronary vessels

Frozen plasma samples, drawn
before coronary angiography,
available for Apo ClIl assay

Subjects living in the District of
Verona, thereby allowing a
complete collection of prospective
data on cerebrovascular events by
searching in the National Population
Register, by reviewing the electronic
medical records of all the Hospitals
in the District of Verona, Northeast
Italy, and by ambulatory or
telephone survey

v

Exclusion criteria

Acute coronary syndrome or any
acute major illness in the month
preceding the enrollment

Severe renal impairment (eGFR<30
ml/min)

Severe hepatic impairment

VHS subjects selected for Apo CllIl and ischemic cerebrovascular events analysis

n=950

\4

Coronary Artery Disease
(CAD)

n=774

CORONARY ANGIOGRAPHY

A4

Coronary Artery Disease - free
(CAD-free)

n=176

FoLLOW-UP AND ASSESSMENT OF OUTCOMES
All the subjects were followed until death or July 31, 2018.

After a median follow-up of 130 months, 95 non-fatal ischemic stroke or TIA events

l

Non-fatal ischemic stroke or TIA events

in CAD

n=74

|

Non-fatal ischemic stroke or TIA events

in CAD-free

n=21
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Figure 1. VHS (Verona Heart Study) design for
the analysis of Apo ClII (apolipoprotein ClIl) and
ischemic stroke and transient ischemic attack
(TIA) in subjects with or without angiograph-
ically demonstrated coronary artery disease
(CAD) eFGR indicates estimated glomerular
filtration rate.

Subjects with stroke/TTA during the follow-up were older
and more represented by females than those without stroke.
Atrial fibrillation, smoke, and history of previous stroke/TTA
were associated with stroke during follow-up. Oral anticoag-
ulant therapy was more frequent among subjects with stroke/
TIA, consistent with the higher prevalence of atrial fibrilla-
tion in the same subgroup, while lipid-lowering therapy was
more frequent among those without stroke/TIA. As regards
plasma lipid parameters, total and HDL (high-density lipopro-
tein) cholesterol, Apo B, and Apo CIII were higher in subjects
with stroke/TIA (Table 2). However, including all the plasma
lipid parameters in Cox regression analysis, only Apo CIII
maintained a significant association with stroke/TIA (data not
shown). Stratifying the study population according to Apo
CIII plasma concentration, the incidence rate of stroke/TIA
increased from the lowest to the highest quartile (Figure 2).
This finding was even more evident if the median value (10.6
mg/dL) was considered as the threshold level. The choice of
the median value as threshold level was further supported
by the receiver operating characteristic curve analysis (data

not shown). As shown by Kaplan-Meier survival curves in
Figure 3, subjects with Apo CIII plasma concentration above
the median level had an increased rate of ischemic stroke/
TIA events during the follow-up period in the whole study
population (hazard ratio [HR] 1.89 with 95% CI, 1.24-2.65;
Figure 3A), as well as by analyzing separately CAD-free (HR,
2.61 with 95% CI, 1.08-6.32; Figure 3B) and CAD subjects
(HR, 1.67 with 95% CI, 1.04-2.68; Figure 3C).

High levels of Apo CIII remained significantly associated
with an increased risk of ischemic stroke/TTA by different
Cox regression models, even after adjustment for plasma lipid
parameters (HR, 2.23 with 95% CI, 1.21-4.13), as well as by
including in the regression analysis all the variables showing
an association at the univariate analysis (HR, 1.80 with 95%
CI, 1.12-2.89; Table 3).

To avoid the potential bias due to confounding variables
in CAD or CAD-free subjects, which could be involved by
chance in the estimate of the effect, we tried to randomize all
these variables by using the propensity score method. For each
covariate, randomization implies that the 2 resulting groups
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Table 1. Clinical and Laboratory Characteristics of the Study Population at Time of Enroliment Considered as a Whole and Subdivided in the CAD
and CAD-Free Subgroups
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All Subjects CAD-Free Subjects CAD Subjects
(n=950) (n=176) (n=774) PValue*
Demographics
Age, y; median (IQR) 65 (56-72) 64 (54-71) 65 (57-73) 0.032
Female sex, n (%) 273 (28.7) 80 (45.5) 193 (24.9) <0.001
Medical history
Hypertension, n (%) 654 (68.8) 85 (48.3) 569 (73.5) <0.001
Diabetes mellitus, n (%) 203 (21.4) 19(10.8) 184 (23.8) <0.001
Smoke habit, n (%) 573 (60.3) 67 (38.1) 506 (64.4) <0.001
Previous stroke/TIA, n (%) 34 (3.6) 6(3.4) 28 (3.6) 1.000
Atrial fibrillation, n (%) 69 (7.3) 26 (14.8) 43 (5.6) <0.001
Congestive heart failure, n (%) 46 (4.8) 7(4.0) 39 (5.0) 0.698
Obesity, n (%) 222 (23.4) 31(17.6) 191 (24.7) 0.048
Antiplatelet therapy, n (%) 720 (75.8) 64 (36.4) 656 (84.8) <0.001
Oral anticoagulant therapy, n (%) 118 (12.4) 56 (31.8) 62 (8.0) <0.001
Statin treatment, n (%) 526 (55.4) 20 (11.4) 506 (65.4) <0.001
Baseline laboratory data
Creatinine, mmol/L; median (IQR) 87.4 (75.9-99) 86 (75-98.2) 87.4 (75.9-99) 0.654
Total cholesterol, mmol/L; median (IQR) 4.99 (4.34-5.68) 5.06 (4.45-5.88) 4.98 (4.29-5.66) 0.063
LDL-cholesterol, mmol/L; median (IQR) 3.20 (2.74-3.85) 3.24 (2.76-3.93) 3.18 (2.71-3.82) 0.312
HDL-cholesterol, mmol/L; median (IQR) 1.16 (0.97-1.37) 1.28 (1.06-1.63) 1.11 (0.95-1.34) <0.001
Triglycerides, mmol/L; median (IQR) 1.53 (1.14-2.05) 1.32(1.00-1.92) 1.56 (.1.17-2.08) <0.001
Apo Al, g/L; median (IQR) 1.24 (1.08-1.44) 1.33(1.13-1.56) 1.23 (1.08-1.42) <0.001
Apo B, g/L; median (IQR) 0.98 (0.79-1.17) 0.95 (0.79-1.13) 0.99 (0.79-1.18) 0.436
Apo Clil, mg/dL; median (IQR) 10.6 (8.8-13.0) 10.0 (8.4-12.3) 10.6 (8.8-13.2) 0.021
Apo E, g/L; median (IQR) 0.037 (0.031-0.046) | 0.038 (0.031-0.047) | 0.037 (0.031-0.045) 0.404
Outcome
Stroke/TIA events, n (%) 95 (10.0) 21 (11.9) 74 (9.6) 0.332

Apo indicates apolipoprotein; CAD, coronary artery disease; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein;

and TIA, transient ischemic attack.
*Mann-Whitney test or y? test, when indicated.

will be balanced on average. Thus, we created a sample of
subjects that was comparable, with the exception of age, for
all observed covariates to the other one. Ninety-six patients
with CAD were one-to-one matched with the same number
of patients with CAD-free, and their clinical and laboratory
characteristics are showed in Table I in the online-only Data
Supplement. The analysis in this selected population con-
firmed the association between high levels of Apo CIII and
stroke/TIA, while no other plasma lipid parameter reached a
significant difference by comparing subjects with or without
stroke/TTA (Table II in the online-only Data Supplement).
Similarly, as shown in Figure 3D, Kaplan-Meier sur-
vival curves in the subpopulation selected by using the pro-
pensity score method displayed an increased incidence risk
of ischemic stroke/TIA events in subjects with Apo CIII
plasma concentrations above the median level (HR, 2.63 with
95% CI, 1.16-5.96). Finally, also in this subpopulation, the

association between high levels of Apo CIII and an increased
risk of ischemic stroke/TIA was confirmed by different and
multiadjusted Cox regression models (Table III in the online-
only Data Supplement).

Discussion
To the best of our knowledge, this longitudinal study is the first
to investigate the association between Apo CIII plasma concen-
tration and incident ischemic cerebrovascular events in a co-
hort of cardiovascular patients. Our results show that subjects
with Apo CIII plasma levels above the median value (10.6 mg/
dL) are 2-times as likely to experience future ischemic stroke/
TIA events within a period of about 10 years. Noteworthy, this
value was identical to that conferring a substantially increased
risk of venous thromboembolic event.® In our study popula-
tion, the incidence rate of ischemic stroke/TTIA was about 9
events/1000 persons-year, which was substantially higher


https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.026811

Gzoz ‘og Afenuer uo Aq Blio'sfeuinofeye//:dny woly pspeojumod

Olivieri et al

Table 2. Clinical and Laboratory Characteristics of the Study Population
Subdivided on the Basis of the Occurrence of Nonfatal Ischemic Stroke or TIA
Events During the Follow-Up

No Stroke/TIA Stroke/TIA
(n=855) (n=95) PValue
Demographics
Age, y; median (IQR) 65 (56-72) 68 (59-74) 0.050
Female sex, n (%) 232 (27.1) 41 (43.2) 0.002
Medical history
Hypertension, n (%) 586 (68.5) 68 (71.6) 0.641
Diabetes mellitus, n (%) 184 (21.5) 19 (20.0) 0.793
Smoke habit, n (%) 528 (61.8) 45 (47.4) 0.008
Previous stroke/TIA, 24 (2.8) 10 (10.5) 0.001

n (%)

Atrial fibrillation, n (%) 48 (5.6) 21 (22.1) <0.001

Congestive heart 41 (4.8) 5(5.3) 1.000

failure, n (%)

Obesity, n (%) 200 (23.4) 22 (23.2) 1.000

Antiplatelet treatment, 648 (75.8) 72 (75.8) 1.000

n (%)

Oral anticoagulant 94 (11.0) 24 (25.3) <0.001

treatment, n (%)

Statin treatment, n (%) 487 (57.0) 39 (41.1) 0.003
Baseline data

CAD, n (%) 700 (81.9) 74 (77.9) 0.332

Creatinine, mmol/L; 87.42 (75.9-99.0) | 85.0 (76.1-99.8) | 0.814

median (IQR)

Total cholesterol,
mmol/L; median (IQR)

LDL-cholesterol, 3.2(2.74-3.82) |3.15(2.71-4.06) | 0.279
mmol/L; median (IQR)

4.99 (4.31-5.66) | 5.12 (4.49-6.05) | 0.021

HDL-cholesterol,
mmol/L; median (IQR)

1.15(0.96-1.37) | 1.19 (1.04-1.45) | 0.039

Triglycerides, mmol/L;
median (IQR)

Apo Al, g/L; median (QR) | 1.24 (1.08-1.43) | 1.27 (1.11-1.49) | 0.121
Apo B, g/L; median (1QR) | 0.97 (0.79-1.16) | 1.06 (0.86-1.22) | 0.017

1.52 (1.14-2.05) | 1.61 (1.13-2.05) | 0.460

Apo Clll, mg/dL; 10.4 (8.7-13.0) | 11.4(9.3-14.4) | 0.028
median (IQR)
Apo E, g/L; median (IQR) 0.037 0.041 0.165

(0.031-0.045) (0.031-0.049)

Apo indicates apolipoprotein; CAD, coronary artery disease; HDL, high-
density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; and
TIA, transient ischemic attack.

than that recognized in the general population living in the
same region.'? Bearing in mind that ischemic stroke can have
various etiologies (in primis large-artery atherosclerosis),
and CAD and large-artery atherosclerotic stroke share the
same predisposing factors,'? this result was overall expected.
However, our population was composed by 2 different types
of subjects, that is, with or without arterial disease (defined in
an objective way by coronary angiography). In the first case,

Ischemic Cerebrovascular Events and Apo CIII 65

20
P=0.031 by % 2-test for linear trend
K15 12.6
=
E
)
=
[}
55
n
<8.8 8.8-10.59 10.6-13.0 >13.0

Apo Clll plasma concentration (mg/dL)

Figure 2. Ischemic stroke and transient ischemic attack (TIA) rate during
the follow-up period among subjects stratified into quartiles according to
Apo ClII (apolipoprotein Clll) plasma concentration.

traditional cardiovascular risk factors (like hypertension, dia-
betes mellitus, hyperlipidemia, smoke habit, higher levels of
triglycerides, and lower levels of HDL-cholesterol) were com-
mon, while female sex and atrial fibrillation were prevalent in
patients with CAD-free (who were mainly affected by valvular
heart disease). Thus, as an interesting feature allowed by such
type of selection, CAD and CAD-free subgroups might repre-
sent different models of risk for ischemic stroke due to large-
arteries arteriosclerosis and cardioembolism, respectively.!>!4
In patients with ischemic stroke due to atherosclerosis, arterial
occlusion or the source of artery-to-artery embolism may be
found in extracranial or intracranial arteries despite that path-
ogenesis of extracranial and intracranial atherosclerosis may
differ.' History of CAD has been reported to be more frequent
in patients with extracranial carotid artery atherosclerosis than
in those with intracranial middle cerebral artery stenosis.'®!”

However, when our population was divided based on in-
cident ischemic stroke/TIA events during follow-up, instead
of the traditional atherogenic risk factors, conditions known to
favor cardioembolic events (female sex, atrial fibrillation) and
elevated levels of total cholesterol, Apo B, and Apo CIII were
associated with ischemic stroke/TTA (Table 2). High baseline
Apo CIII plasma concentration predicted ischemic stroke/TIA
events during follow-up, even after adjustment for all plasma
lipid parameters and other potential confounding factors, like
the traditional atherosclerosis risk factors (Table 3). It is tempt-
ing to speculate that Apo CIII may have a detrimental role due
to cardioembolic diathesis rather than only atherogenic mecha-
nisms. Such hypothesis is further supported by the observation
that the association between high Apo CIII levels and the risk
of ischemic stroke/TIA was confirmed in the separate analysis
on CAD-free subjects (Figure 3B), in whom the increase of risk
appeared even higher than in patients with CAD (Figure 3C).
Although preliminary, this novel working hypothesis appeared
consistent with our earlier works showing an Apo CllI-related
prothrombotic diathesis.®”!! Tt is also intriguing that the
threshold value of Apo CIII, conferring substantially increased
risk for venous thromboembolic event,® was identical to that
associated with the risk of stroke.

As an alternative approach to confirm our results, to avoid
the bias due to confounding variables eventually involved by
chance in the estimate of the effect, we adopt a propensity
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Figure 3. Kaplan-Meier survival curves for ischemic stroke/transient ischemic attack (TIA) in the whole population (A), in subjects without coronary artery
disease (CAD-free, B), in subjects with CAD (C), and in the subpopulation selected by using a propensity score matching method, in which 98 CAD and 98
CAD-free subjects were one-to-one matched for all clinical and laboratory characteristics (D). Apo indicates apolipoprotein.

score matching method in our study population. By this way,
in 2 selected cohorts (CAD and CAD-free) of patients bal-
anced for multiple variables, the regression models were
retested. Once again the association of Apo CIII with ischemic
stroke/TTA was confirmed, while no significant association
was found for the other plasma lipid parameters (Table II in
the online-only Data Supplement).

Only a few studies have showed a link between Apo CIII
plasma levels and ischemic stroke so far.”!° Our findings not
only support such link but potentially suggest that over time
prothrombotic effects connected with elevated concentrations
of Apo CIII may play a role as important as that observed
for atherogenesis. According with the results of our previous
works,%”!12 Apo CIII seems to act as a modulator of prothrom-
binase activity by favoring the triggering and amplification
of FII coagulant activity in the final phase of the coagulation
cascade. More precisely, we demonstrated that FII activity is
similarly increased in patients with elevated Apo CIII and in
carriers of the prothrombin 20210A allele, a well-known pro-
thrombotic mutation.® Evidence for a role in ischemic stroke
of prothrombin G201210A mutation is largely confirmed in
literature.'$-2 If the hypothesis of an Apo CllI-related role in
thrombosis and cardiac embolism will be confirmed, it may
be of value in clinical practice. Pharmacological treatments
able to lower Apo CIII concentrations, such as statins, may ex-
hibit beneficial effects beyond lipid metabolism, for instance

by limiting prothrombotic diathesis. A meta-analysis of 18
randomized controlled trials revealed that statins reduced the
overall incidence of stroke.”! Similar evidence was provided
by the SPARCL (Stroke Prevention by Aggressive Reduction
of Cholesterol Levels)*? although several post hoc analyses
of different subgroups following the SPARCL study did not
fully confirm such results.>*?’

However, as an indirect evidence, the MUCH-Italy
(Multicenter Study on Cerebral Haemorrhage in Italy) showed
that increasing levels of total serum cholesterol were associ-
ated with a decreased risk of intracerebral bleeding, while
statin use was associated with an increased risk.”” Thus, the
relationship between plasma lipids and risk of ischemic or
hemorrhagic stroke may be more complex than expected. The
strength of associations between plasma lipids and the risk
of either ischemic or hemorrhagic stroke remains to be clari-
fied.?® Our results could offer new data potentially contribut-
ing to explain these mechanisms, namely a role for Apo CIIL.
A threshold effect for the prothrombotic activity of the Apo
CIII concentrations is consistent with the data reported in the
present study, in which a clear increase in ischemic stroke/
TIA risk was observed only for plasma concentrations of Apo
CIII higher than 10.6 mg/dL.

Our data suggest 2 further considerations as possible work-
ing hypotheses. The first one is related to the potential use of total
Apo CIII plasma concentration for patient-tailored therapy in
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Table 3. High Plasma Concentration of Apo Clll Above the Median Level, >10.6
mg/dL, as a Predictor of Ischemic Stroke/TIA Events by Different Cox Regression
Models (Subjects With Low Plasma Concentration of Apo Clll, <10.6 mg/dL, Are
Considered as Reference Group)

Coefficient B SE Hazard Ratio PValue
Unadjusted 0.634 0.213 1.89 (1.24-2.65) 0.003
Model 1 0.555 0.214 1.74 (1.15-2.72) 0.009
Model 2 0.557 0.215 1.75 (1.15-2.66) 0.010
Model 3 0.542 0.216 1.72 (1.13-2.63) 0.012
Model 4 0.804 0.314 2.23 (1.21-4.13) 0.010
Model 5 0.586 0.243 1.80 (1.12-2.89) 0.016

Model 1: sex- and age-adjusted. Model 2: adjusted for sex, age, and CAD
diagnosis. Model 3: adjusted for sex, age, CAD diagnosis, atrial fibrillation, and
oral anticoagulant treatment. Model 4: adjusted for sex, age, CAD diagnosis,
atrial fibrillation, hypertension, oral anticoagulant treatment, and all plasma
lipid parameters (ie, total, HDL, and LDL-cholesterol, triglycerides, Apo Al, B,
and E). Model 5: adjusted for all variables associated with ischemic stroke/
TIA with a probability value <0.10 at the univariate analysis (ie, sex, age, CAD
diagnosis, atrial fibrillation, smoke habit, previous ischemic stroke/TIA, oral
anticoagulant treatment, statin treatment, total cholesterol, HDL-cholesterol,
and Apo B). Apo indicates apolipoprotein; CAD, coronary artery disease; HDL,
high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein;
and TIA, transient ischemic attack.

clinical practice. Apo CIII may be a predictor of ischemic stroke/
TIA risk and also provide information about the prothrombotic
propensity of a single patient, especially in a setting of secondary
prevention of cardiovascular diseases. Several methods for rou-
tinely measuring Apo CIII are available. Since these methods
exhibit excellent precision and may be automated® they could
be easily implemented in the clinical practice.

Second, Apo ClII-lowering drugs may exhibit additional
and unexpected antithrombotic effects. It is interesting to
note that volanesorsen, an anti-Apo CIII antisense oligo-
nucleotide,*® has not been approved by the Food and Drug
Administration for safety problems related to hemorrhagic
complications.’’ These complex effects and the potential
interactions with the currently available anticoagulant treat-
ment are largely unexplored. Accurate future investigations
and specifically designed clinical trials will be necessary to
define all these issues.

Study Limitations

The study presents some limitations that have to be acknowl-
edged. The first one relies on the modality of the follow-up of
the patients. It was mainly based on an extensive and careful
check of the patients’ electronic records, available for care in
the hospitals of the District (all the enrolled patients were liv-
ing in the Verona District). Potentially incomplete data might
derive from care in hospitals outside the District. However, in-
direct evidence of outcomes of previous ischemic events was
also checked in the electronic records and finally excluded.
Yet theoretically possible, this chance should be very limited
and statistically irrelevant. Moreover, possible different roles
of Apo CIII in ischemic versus hemorrhagic stroke remain
an open question that the present work is structurally unable
to answer. Finally, our current results should be replicated in
other study populations.
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Conclusions

The present study suggests a role of elevated Apo CIII
plasma levels in the setting of acute ischemic cerebrovas-
cular events. This result appears consistent with our previous
observations linking high Apo CIII concentrations with
both enhancement of the coagulation cascade and amplified
thrombin generation. However, further studies are needed to
validate the potential role of Apo CIII in ischemic stroke and
cerebrovascular diseases.
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