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Abstract

Background and aims—Circulating lipoprotein (a) [Lp(a)] level relates inversely to
apolipoprotein (a) [apo(a)] size. Both smaller apo(a) isoforms and higher Lp(a) levels have been
linked to coronary heart disease and stroke, but their independent contributions are less well
defined. We examined the role of Lp(a) in younger adults with cryptogenic stroke.

Methods—Lp(a) and apo(a) isoforms were evaluated in a prospectively designed case-control
study of patients with unexplained ischemic stroke and stroke-free controls, ages 18 to 64. Serum
Lp(a) was measured among 255 cases and 390 controls with both apo(a)-size independent and
dependent assays. Apo(a) size was determined by agarose gel electrophoresis.

Results—Cases and controls were similar in socio-demographic characteristics, but cases had
more hypertension, diabetes, smoking, and migraine with aura. In race-specific analyses, Lp(a)
levels showed positive associations with cryptogenic stroke in whites, but not in the smaller
subgroups of blacks and Hispanics. After full adjustment, comparison of the highest versus lowest
quartile in whites was significant for apo(a)-size-independent (OR=2.10 [95% CI=1.04, 4.27],
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p=0.04), and near-significant for apo(a)-size-dependent Lp(a) (OR=1.81 [95% CI=0.95, 3.47],
p=0.073). Apo(a) size was not associated with cryptogenic stroke in any race-ethnic subgroup.

Conclusions—This study underscores the importance of Lp(a) level, but not apo(a) size, as an
independent risk factor for unexplained ischemic stroke in young and middle-aged white adults.
Given the emergence of effective Lp(a)-lowering therapies, these findings support routine testing
for Lp(a) in this setting, along with further research to assess the extent to which such therapies
improve outcomes in this population.
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Introduction

Approximately one-quarter of ischemic strokes lack a clear etiology. Such “cryptogenic”
strokes make up an even larger proportion of ischemic strokes in younger adults, as many as
40% of which may be of indeterminate cause.? Defining risk factors and pathogenic
determinants of cryptogenic stroke has been identified as a leading research priority.?2

Lipoprotein (a), formed by the attachment of low-density lipoprotein to apolipoprotein(a)
[apo(a)] by a single disulfide bond, is a circulating particle of uncertain physiologic function
that exhibits atherogenic and pro-thrombotic/anti-fibrinolytic properties in experimental
settings.3 Plasma levels of lipoprotein (a) [Lp(a)] have been linked to coronary heart disease
(CHD) and stroke in meta-analyses,*-6 with additional studies providing evidence that, in
the case of CHD, the association has a causal basis.”- 8 Although the precise mechanisms by
which Lp(a) heightens CVD risk remain incompletely defined, recent studies involving
Lp(a)-raising genetic variants have documented associations with atherosclerotic CVD, but
not with venous thrombosis.? 10

Circulating levels of Lp(a) are highly heterogeneous, varying widely among individuals and
ethnicities.11: 12 This heterogeneity is largely dependent on apo(a) isoform size, which is
determined by copy number variation in the kringle 1V type 2 (KIV-2) motif and bears a
strong inverse relationship with plasma concentration of Lp(a).13 Because immunoassays
that recognize KIV-2 epitopes preferentially detect larger apo(a) isoforms over smaller ones,
assays targeting other apo(a) epitopes are recommended for more accurate quantification, 14
although isoform-dependent assays remain in clinical use.1® Besides Lp(a) concentration,
small apo(a) isoform size has been associated with CHD and ischemic stroke by a meta-
analysis.16 It has been suggested that small apo(a) sizes may impart a greater risk of CVD
independent of Lp(a) level,1” but existing evidence from studies examining circulating Lp(a)
concentration and apo(a) isoform size remains sparse, particularly in the case of ischemic
stroke.

Pooled analysis of studies that have examined ischemic stroke subtypes has documented a
significant association of Lp(a) level with large-artery atherosclerosis, but not cardioembolic
or small-artery stroke.® Data on cryptogenic stroke are scant, however, and the association
between Lp(a) level or apo(a) isoform size with this stroke subtype remains poorly defined.
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Nor has the relative performance of molecular weight dependent and independent Lp(a)
assays been previously investigated. We sought to address these gaps in a case-control study
of systematically evaluated cryptogenic stroke cases and stroke-free controls, the
THrombophilia In Cryptogenic stroKe (THICK) Study.

Materials and methods

Study participants

THICK is a prospectively designed case-control study whose objective was to investigate the
role of prothrombotic disorders as risk factors for cryptogenic stroke in young and middle-
aged adults. Cases comprised patients 18 to 64 years old with first-ever ischemic stroke
having no evident cause on evaluation at Weill Cornell Medical Center (WCMC) between
2002 and 2012. Controls included stroke-free volunteers ages 18 to 64 recruited from the
medical center and surrounding area through advertisement and word of mouth during this
period.

Ischemic stroke was defined by rapid onset of a focal neurological deficit of presumed
vascular origin and lasting =24 hours or with neuroimaging evidence of cerebral infarction
in the corresponding vascular territory. “Cryptogenic” stroke was defined by modification of
the Trial of Org 10172 in Acute Stroke Treatment criteria,1® wherein competing stroke
etiologies or incomplete diagnostic evaluation were excluded. In addition, the presence of
any high or medium-risk source of cardioembolism was grounds for exclusion, with the
exception of mitral valve prolapse, patent foramen ovale or atrial septal aneurysm, a
hypokinetic left ventricular segment with global left ventricular ejection fraction >35%, mild
mitral annular calcification, and myocardial infarction occurring >3 months earlier.

Exclusion criteria were designed to satisfy human subjects’ protections, to remove from
consideration disorders known to predispose to stroke, and to achieve comparability of cases
and controls. These included incapacity to provide informed consent, anticipated survival <6
months, venous thromboembolism (VTE) in the previous 6 months (excepting a new
diagnosis of VTE concurrent with the index stroke), recent acute coronary syndrome (<3
months), chronic liver disease (>3-fold transaminase elevation), chronic kidney disease
(serum creatinine =152.5 umol/L), pregnancy or <3 months post-partum, neoplasia not in
remission =5 years, collagen vascular disease or other chronic inflammatory disorder, HIV
infection, and major trauma or surgery in the past 6 months.

Study protocol

Cases received neuroimaging and evaluation of the cervicocranial vasculature at the
discretion of their primary neurologist. Vascular imaging with duplex sonography, magnetic
resonance angiography, computed tomography angiography or conventional angiography to
exclude a large-vessel etiology was required for study inclusion. For cases, transesophageal
echocardiography was also a requirement to exclude a definite or probable cardiac source of
embolism. Duplex sonography of the leg veins was encouraged following detection of an
interatrial shunt. Clinical laboratory evaluation and ambulatory ECG monitoring were at the
discretion of the primary physician.
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All participants received a standardized interview for collection of information on
demographic factors and medical history, supplemented by chart review in cases. Both cases
and controls underwent transthoracic echocardiography with agitated-saline contrast based
on a standardized protocol. Cases and controls also received standard laboratory testing,
including a comprehensive metabolic panel, complete blood count, prothrombin and
activated partial thromboplastin time, lipid profile, C-reactive protein (CRP) and a standard
panel of tests for prothrombotic factors, including Lp(a). Such testing was performed =2
months after the index stroke in cases, or on the day of the study visit for controls.
Participants were instructed to fast for =8 hours prior to specimen collection.

Standard clinical care calls for discontinuation of contraceptive steroids after stroke. Female
cases were therefore uniformly off such therapy during their return for convalescent blood
testing. This did not apply to female controls taking such medications, who were not asked
to discontinue these before laboratory evaluation. Because estrogen therapy lowers Lp(a),1®
we excluded female controls on contraceptive steroids (n=37) to limit potential bias.

The THICK study was approved by the institutional review board at WCMC All participants
provided informed consent.

Body mass index (BMI) was calculated as weight in kilograms divided by the square of
height in meters. Hypertension was defined as systolic blood pressure =140 mmHg or
diastolic blood pressure =90 mmHg (at the time of the convalescent visit for cases), or use of
anti-hypertensive medications or self-reported hypertension. Diabetes was defined as non-
fasting blood glucose =11 mmol/L), fasting blood glucose =7 mmol/L or hemoglobin Alc
>6.5%, or by antidiabetic treatment or self-reported diabetes. Dyslipidemia was defined as
LDL>4.1 mmol/L, or HDL<1 mmol/L in men or <1.3 mmol/L in women, or total
cholesterol/HDL=4.0, or previous use of lipid-lowering medication. Estimated glomerular
filtration rate (eGFR) was calculated using a validated equation.2® Family history of CVD
included premature CHD, stroke or VTE (first-degree male relative <55 or female relative
<65). Migraine with aura was defined by published criteria.2!

Measurement of Lp(a) and apo(a) isoforms

Serum specimens were sent to the WCMC Clinical Laboratory for determination of Lp(a)
concentrations using a commercially available immunoturbidimetric assay (DiaSorin, Inc,
Stillwater, MN; formerly, INCSTAR). This assay, which is sensitive to apo(a) size
(molecular-weight dependent), has intra-assay and inter-assay CVs of 2.3-5.7% and 1.1-
7.5%, respectively.22 Because this assay was discontinued after August 2011, only
participants with measurements to this point (n=626) are included in the present analyses.

Determination of Lp(a) levels using a molecular-weight independent assay, and of apo(a)
isoform size, was performed in plasma specimens stored at —70C following collection.
Based on different funding sources, only specimens collected through January 2010 (n=568)
underwent molecular-weight independent measurement of Lp(a), while those collected
through November 2011 (n=596) had determination of apo(a) isoform size. Measurement of
Lp(a) levels was done at the University of Pennsylvania with a commercially available
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immunoturbidimetric assay insensitive to apo(a) isoform size (Denka Seiken Co., Ltd.,
Tokyo, Japan)23 having an intra-assay CV of 1.3-2.2%. Apo(a) isoform size was determined
by electrophoresis in 1.5% SDS agarose gels followed by immunoblotting and use of
chemoluminescence for visualization, according to previously described methods.2 The
results were related to standards (Immuno-France, SARL, Rungis, France) with known
apo(a) isoform sizes. The size of the dominant apo(a) isoform, expressed as the number of
KIV-2 repeats, was used in the analysis. These measurements were performed at the
University of Vermont.

Statistical analysis

Results

Baseline characteristics, levels of Lp(a), and apo(a) isoform size were summarized using
standard descriptive statistics by case/control status. Values were compared using the
Student t test or Wilcoxon rank-sum test for continuous variables and chi-square test for
categorical variables, as appropriate. Pairwise correlations between molecular-weight
dependent and independent Lp(a) levels, and apo(a) isoform size, were computed using
Spearman coefficients. Because Lp(a) levels and apo(a) size distributions are strongly
dependent on race-ethnicity, analyses relating these exposure measures to cryptogenic stroke
were stratified by the three major race-ethnic groups, non-Hispanic whites, non-Hispanic
blacks, and Hispanics. Small numbers of participants of Asian or other race-ethnicities
precluded evaluation of these subgroups. Multivariable logistic regression was used to assess
the cross-sectional relationship of molecular-weight dependent Lp(a), molecular-weight
independent Lp(a), and apo(a) isoform size with cryptogenic stroke. Continuous associations
were assessed after logarithmically transforming Lp(a), whose distribution was positively
skewed, reporting the odds ratio (OR) per SD increment (race-ethnicity specific) of the
natural logarithm of Lp(a). For apo(a) isoforms, a commonly used cutpoint of 22 KIV-2
repeats was used to dichotomize this measure. In addition, for the white subgroup, analyses
were undertaken to assess the relationship by quartile of molecular-weight dependent or
independent Lp(a) levels or apo(a) size with cryptogenic stroke. Subjects with KIV-2 <15
were excluded from the apo(a) isoform analyses owing to small numbers and the
documented difficulty in detecting isoforms of this size.11 An initial model adjusted for age
and sex, while a more fully adjusted model also included hypertension, diabetes,
dyslipidemia, current smoker, migraine with aura, family history of premature CVD and
CRP. The impact of mutual adjustment of Lp(a) level by either the molecular-weight
dependent or independent assay and apo(a) isoform size was also examined. Assessment for
interaction by age, sex, and interatrial shunt was performed by including cross-product terms
in the demographics-adjusted model for each major race-ethnic group. All analyses were
performed with SAS, v 9.4 (Cary, NC). A two-tailed p value <0.05 was considered
statistically significant.

Characteristics of cases and controls included in the analytic sample are presented in Table
1. Controls were similar to cases in demographic and several clinical characteristics, but
cases more frequently had hypertension, diabetes, migraine with aura, current smoking, and
interatrial shunting detected during evaluation. Overall, measurements of serum Lp(a)
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concentration by the molecular-weight-dependent and independent assays were highly
correlated (r=0.93, p<0.001). Serum Lp(a) level, whether measured by the molecular-weight
dependent or independent assay, was highest in African Americans and lowest in whites,
with Hispanics falling in between (p<0.014 for blacks or Hispanics vs. whites). Lp(a) level
by either assay was or tended to be higher in white cases versus controls, but no differences
in levels were observed for blacks or Hispanics. Whites had smaller apo(a) size than blacks
or Hispanics (p<0.009), but there were no differences in apo(a) size between cases and
controls in any of the race-ethnic subgroups.

Figure 1 depicts the distribution of apo(a) size and its relationship with Lp(a) concentration
(molecular-weight independent assay) among cases and controls, both overall and in the
three major race-ethnic subgroups. Most apo(a) isoforms had 20 KIV-2 repeats or more, with
a modest number in the 15 to 20, and a scant few in the <15 range. Apo(a) size showed a
negative correlation with Lp(a) level only among African-Americans, with no significant
correlations in whites and Hispanics. Findings were similar when confined to the control
group.

The relationship between continuous level of log-transformed Lp(a), as measured by
molecular-weight-dependent assay and cryptogenic stroke in major race-ethnic subgroups, is
presented in Figure 2 (Panel A). There was a significant association among whites, with a
41% (95% confidence interval [CI] 11% to 79%) higher odds of cryptogenic stroke for every
SD increment in log-transformed Lp(a) after adjustment for demographic and clinical
variables. This relationship persisted after additional adjustment for continuous apo(a) size.
No significant association was detected for blacks or Hispanics. As shown in Table 2,
assessment of the relationship for quartiles of molecular-weight-dependent Lp(a) in whites
revealed a near-significant 81% (-5% to 247%) increase in odds of cryptogenic stroke for
the comparison of extreme quartiles after adjustment for demographic and clinical variables.
This association became significant after further adjustment for apo(a) size.

Figure 2 (Panel B) presents the association with cryptogenic stroke for continuous
concentration of log Lp(a) measured with the molecular-weight-independent assay in the
major race-ethnic subgroups. After adjustment for potential demographic and clinical
confounders, there was a nearly significant association with outcome among whites, with a
28% (95% ClI, —1% to 65%) increased odds per SD increment in log Lp(a) concentration.
This association became significant after additional adjustment for apo(a) size. There was no
discernible association among blacks or Hispanics. In turn, evaluation of quartiles among
whites (Table 2), showed a significant increase of 110% (4% to 327%) in odds of
cryptogenic stroke for the upper versus lower quartile, which endured after further
adjustment for apo(a) size.

There was no significant evidence of effect modification by age, sex or interatrial shunt of
the associations of log Lp(a), as assessed with the molecular-weight dependent or
independent assay, with cryptogenic stroke (p=0.113).

Turning to apo(a) size and cryptogenic stroke, there was no evidence of association for any
major race-ethnic subgroup when the number of KIV-2 repeats was dichotomized at a
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cutpoint of 22 (Figure 2, Panel C). Analysis of quartiles of apo(a) size among whites
likewise did not show an association with cryptogenic stroke.

Discussion

In this multi-ethnic case-control study of unexplained cerebral infarction among young to
middle-aged adults, we found that serum Lp(a) was associated with increased risk of
cryptogenic stroke among non-Hispanic whites, with a roughly two-fold greater odds for the
upper versus lower quartile after adjustment for demographic and clinical confounders.
These findings were similar with use of molecular-weight-dependent and independent Lp(a)
assays. We did not detect an association among non-Hispanic blacks or Hispanics, although
the number of participants was smaller in these two subgroups. Evaluation of apo(a) size did
not reveal an association with cerebral infarction in whites or the other race-ethnic
subgroups.

The association between Lp(a) level and risk of CHD is well established,* with Mendelian
randomization analyses supporting a causal basis.”: 8 Systematic reviews have also
documented a significant association of circulating Lp(a) level with stroke,® and especially
with ischemic stroke.* © But in the latest meta-analysis, the association between Lp(a) and
ischemic stroke was stronger for case-control studies with participants having a mean age
<55 years compared to >55 years.6 Moreover, there was evidence of significant
heterogeneity across case-control studies, which meta-regression showed was substantially
related to stroke subtype.® In particular, the strength of the association was greatest for
ischemic stroke attributable to large-artery atherosclerosis or stroke of undetermined
etiology.

That Lp(a) is particularly associated with large-artery atherosclerosis, but not cardioembolic
or small-vessel disease subtypes of ischemic stroke, is further supported by a pooled analysis
of Lp(a) genetic variants.19 A separate Mendelian randomization analysis provided evidence
that the documented association between Lp(a) and carotid artery stenosis has a causal
nature.? Furthermore, the more pronounced association in younger adults noted by meta-
analysis® is consistent with findings in children and adolescents, in whom higher Lp(a) level
has been related to a marked increase in risk of arterial ischemic stroke.2> 26 Previous
studies of younger adults have been modest in size, however, and have included a mixture of
ischemic stroke subtypes.2’-29

Regarding apo(a) size, pooling of data from studies of CHD and ischemic stroke has
revealed significantly increased risks of each outcome for smaller (<22 KIV-2 repeats)
versus larger (>22 KIV-2) apo(a) isoforms, although concurrent adjustment for Lp(a) level
was not possible for a majority of studies.1® Of the five studies in this meta-analysis that
specifically evaluated ischemic stroke, only two focused largely30 or exclusively3! on
younger adults. These studies included considerable proportions of strokes with defined
etiology, however, or, for the larger of the two,30 comprised mostly transient ischemic
attacks.
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The present findings highlight the importance of elevated Lp(a) level as a risk factor for
premature cerebral infarction lacking a defined etiology among individuals of non-Hispanic
white race-ethnicity. In particular, circulating Lp(a) concentration >75! percentile of the
distribution in controls was associated with a doubling in the odds of cryptogenic stroke.
The fact that 35.8% of non-Hispanic white patients with cryptogenic stroke in our study had
Lp(a) levels above this threshold supports the high yield of Lp(a) testing in this population.
Recognition of elevated Lp(a) concentration is gaining in importance in view of the growing
list of emerging therapies with at least moderate Lp(a)-lowering effects. Apart from
traditional options with known limitations, namely, niacin and plasma apheresis,32 anti-sense
oligonucleotide therapy directed against apo-B and pro-protein convertase subtilisin kexin 9
inhibitors, drugs that have been FDA approved in certain hypercholesterolemic contexts, can
achieve 30-40% reductions in Lp(a).33 34 Even greater reductions of up to 75% have been
shown by an anti-sense oligonucleotide targeting apo(a) directly,3® which is currently
undergoing phase 11/111 clinical trials. Given the increased risk of adverse outcomes in
younger patients with ischemic stroke,36: 37 use of these therapies in appropriately selected
patients has the potential to meaningfully improve prognosis in this population.

The current study shows that Lp(a) level determined by a commercially available molecular-
weight dependent assay in use at a tertiary medical center exhibited a similar association
with cryptogenic stroke as compared with a preferred molecular-weight independent assay.
There were few individuals in our study with extreme apo(a) sizes, however, and given the
potential for biased measures associated with molecular-weight-dependent Lp(a) assays, use
of molecular-weight-independent assays should be favored, as recommended by expert
recommendations.

Unlike the findings from the previous meta-analysis of apo(a) size and ischemic stroke, 16 we
did not detect an association between number of KIV-2 repeats and unexplained cerebral
infarction. Except in the African-American subgroup, we did not find a negative correlation
between apo(a) isoform size and Lp(a) level. This could in part relate to the high variability
in Lp(a) levels previously documented for small apo(a) sizes (<21 KIV-2 repeats),11
although we did not detect a significant negative correlation upon restricting to the larger
isoforms. The lack of association between apo(a) isoform size and cryptogenic stroke in the
present study may reflect insufficient sample size even for the non-Hispanic white subgroup,
as attested by the wide 95% CI’s, particularly in light of the high variability in Lp(a) levels
characteristic of small apo(a) isoforms.

Although the pathophysiologic mechanisms underlying the association between Lp(a) and
CVD remain incompletely defined, experimental work points to two molecular features of
Lp(a) as primarily responsible for its pathogenicity.38 The first is apo(a)’s affinity for pro-
inflammatory oxidized phospholipids, which appears in large measure to account for the
particle’s pro-atherogenic properties. The second is apo(a)’s homology to plasminogen,
which results in competitive inhibition of fibrinolysis and leads to pro-thrombotic effects.
Although earlier studies supported an association between Lp(a) and risk of venous
thromboembolism,39 large collaborative studies involving genetic data have since shown that
the particle is related to atherosclerosis in various vascular beds, but not to venous
thrombosis.? 10 In this regard, we did not find evidence of interaction between Lp(a) and
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interatrial shunting, which might have been expected if Lp(a) were a major risk factor for
venous thrombosis, although our study lacked power for this type of analysis. This suggests
that cryptogenic stroke in younger adults may to a sizable extent reflect occult
atherothromboembolism.40

The present study is, to our knowledge, the largest multi-ethnic investigation to examine
Lp(a) and apo(a) isoforms in relation to unexplained cerebral infarction in younger adults.
Strengths include its prospective design and rigorous evaluation underlying the definition of
cryptogenic stroke, and measurement of Lp(a) with both a commercially available apo(a)-
size dependent assay, and a recommended apo(a)-size-independent assay.

Several limitations are also of note. As a cross-sectional observational study, the current
case-control investigation can only show associations, but does not allow determinations of
direction or causality. Mendelian randomization analyses of CHD' 8 and carotid artery
stenosis,® however, support the premise that the relationship between Lp(a) and risk of
atherosclerotic CVD is causal. Controls for the present study consisted of volunteers from
the medical center and surrounding area, rather than population-based. Yet the comparable
prevalences of dyslipidemia and family history of premature CVD in cases and controls
suggests that this volunteer group may have self-selected on the basis of CVD risk factors,
which would tend to bias differences toward the null. Last, as noted, this multi-ethnic study
had diverse race-ethnic representation reflecting the race-ethnic composition of New York
City and surrounding areas, yet the number of race-ethnic minority participants was not
sufficient to meaningfully evaluate the associations in question. Larger studies will be
required to investigate associations in these race-ethnic groups.

In this case-control study of a multi-ethnic sample, higher serum Lp(a) level, but not apo(a)
isoform size, was associated with increased odds of cryptogenic stroke among non-Hispanic
white participants. Larger studies are necessary to further address these questions,
specifically among race-ethnic minority populations. In view of the expanding therapeutic
options for Lp(a) lowering, these findings support routine measurement for Lp(a) in the
context of cryptogenic stroke, at least among whites, and provide impetus for testing the
impact of such therapies in improving outcomes among younger adults with ischemic, and
particularly cryptogenic, stroke.
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Highlights

. Lp(a) level, but not apo(a) size, was independently associated with
unexplained ischemic stroke in this multi-ethnic study of young and
middle-aged adults, with a ~2-fold greater odds in the highest quartile
of Lp(a) concentration compared with the lowest quartile in the subset
of white participants.

. The findings support routine testing for Lp(a) in the setting of
unexplained stroke in young adults, particularly of non-Hispanic white
race-ethnicity, as more effective therapies to lower levels become
available.

Atherosclerosis. Author manuscript; available in PMC 2017 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Beheshtian et al.

Correlation between Lp(a) level and apo(a) size.
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Association of lipoprotein(a) and cryptogenic stroke in different ethnic groups.

(A) Association between continuous log Lp(a), measured by molecular-weight-dependent
assay, and cryptogenic stroke in major race-ethnic subgroups. Odds ratios are given per SD
increment in log Lp(a) concentration. Whites, SD=0.99 (€°-99 or ~2.7-fold higher on the
original scale); blacks, SD=0.88 (~2.4-fold higher); Hispanics, SD=0.99 (~2.7-fold higher).
Cl: confidence interval, OR: odds ratio. Model 1: adjusted for age and sex, Model 2:
adjusted for age, sex, hypertension, diabetes, dyslipidemia, current smoker, migraine with
aura, family history of premature CVD, and CRP. Model 3: adjusted for covariates in Model
2 plus number of kringle 1V type 2 repeats. (B) Association between continuous log Lp(a),
measured by molecular-weight-independent assay, and cryptogenic stroke in major race-
ethnic subgroups. Odds ratios are given per SD increment in log Lp(a). Whites, SD=1.84
(~6.3-fold higher on the original scale); blacks, SD=1.16 (~3.2-fold higher); Hispanics,
SD=1.74 (~5.7-fold higher). (C) Association between apo(a) size, dichotomized at KIV-2
<22 vs. >22, and cryptogenic stroke in major race-ethnic subgroups. Model 3 adjusts for log
Lp(a) in addition to covariates in Model 2.
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Characteristics? of participants.

Table 1

Characteristics Cases (n=255) | Controls (n=390) | pvalue
Demographic and clinical
Age, years 46(38, 53) 44 (35, 53) 0.199
Women, n (%) 100(39.2) 180 (46.1) 0.082
Race-ethnicity, n (%) 0.797
White 154(60.3) 244(62.5)
Black 33(12.9) 45(11.5)
Hispanic 43(16.8) 72(18.4)
Asian 17(6.6) 19(4.8)
Other 8(3.1) 10(2.5)
Body mass index, kg/m?2 27+55 265+5.1 0.483
Hypertension, n (%) 65(25.4) 50(12.8) <.001
Diabetes, n (%) 21(8.2) 16(4.1) 0.027
Current smoker, n (%) 37(14.5) 35(8.9) 0.029
Dyslipidemia, n (%) 89(34.9) 138(35.3) 0.900
Menopause (in women), n (%) 39(39) 79(43.9) 0.427
Family history of cardiovascular disease, n (%) 58(22.7) 80(20.5) 0.499
Migraine with aura, n (%) 44(17.2) 31(7.9) <.001
Estimated glomerular filtration rate, ml/min/1.73 m2 95.1+16.2 94.2+15.6 0.548
C-reactive protein, nmol/L 7.9(3.7,15.1) 8.2(4.5, 16.7) 0.396
Interatrial shunt, n (%) 147(57.7) 96(24.6) <.001
Lp(a), molecular-weight dependent assayb
Overall, mg/dl 24.7(8.8, 65.4) 16.6(6.4, 41.8) 0.001
Whites 18.3(6.0, 54.3) 12.3(6.0, 32.7) 0.027
Blacks 68.8(36.2,93.9) | 60.3(30.0,84.8) | 0.473
Hispanics 24.6(13.6,74.6) | 26.1(9.2,42.2) 0.359
Lp(a), molecular-weight independent assay
Overall, nmol/L 30.5(6.3,79.5) | 24.0(4.3,69.7) 0.121
Whites 20.9(4.1, 75.3) 11.5(3.1, 51.6) 0.078
Blacks 70(37.7,111.9) | 89.4(38.6,132.9) | 0.303
Hispanics 18.4(8.3, 66.2) 38.7(8.5, 75.9) 0.335
Apo(a), number of kringle IV type 2 repeats
Overall 23.0(215,28.0) | 23.0(22.0,275) | 0.664
Whites 23.0(21.0,27.0) | 22.0(21.0,27.0) | 0.945
Blacks 24.0(22.0,27.0) | 26.0(23.0,28.0) | 0.303
Hispanics 25.0(21.0,28.0) | 24.0(22.0,28.0) | 0.848

a. .. . . o .
Continuous variables presented as meantstandard deviation or median (interquartile range)
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bMuItipIy by 0.0357 to convert to umol/L.
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