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Abstract

Sickle cell trait (SCT) has been associated with hypercoagulability, chronic kidney disease (CKD),
and ischemic stroke. Whether concomitant CKD modifies long-term ischemic stroke risk in
individuals with SCT is uncertain. We analyzed data from 3602 genotyped black adults (female =
62%, mean baseline age = 54 years) who were followed for a median 26 years by the
Atherosclerosis Risk in Communities Study. Ischemic stroke was verified by physician review.
Associations between SCT and ischemic stroke were analyzed using repeat-events Cox regression,
adjusted for potential confounders. SCT was identified in 236 (7%) participants, who more often
had CKD at baseline than noncarriers (18% vs 13%, £=.02). Among those with CKD, elevated
factor VII activity was more prevalent with SCT genotype (36% vs 22%; P=.05). From 1987-
2017, 555 ischemic strokes occurred in 436 individuals. The overall hazard ratio of ischemic
stroke associated with SCT was 1.31 (95% CI: 0.95-1.80) and was stronger in participants with
concomitant CKD (HR = 2.18; 95% CI: 1.16-4.12) than those without CKD (HR = 1.09; 95% CI:
0.74-1.61); Pfor interaction = .04. The hazard ratio of composite ischemic stroke and/or death
associated with SCT was 1.20 (95% CI: 1.01-1.42) overall, 1.44 (95% CI: 1.002-2.07) among
those with CKD, and 1.15 (95% CI: 0.94-1.39) among those without CKD; Pfor interaction = .18.
The long-term risk of ischemic stroke associated with SCT relative to noncarrier genotype appears
to be modified by concomitant CKD.
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1| INTRODUCTION

Sickle cell trait (SCT), or heterozygosity for the HbS gene, has a presence of 7-9% in
African Americans.! Observational studies have reported heightened coagulation activation
in healthy individuals with SCT,23 and experimental studies suggest diminished response to
exogenous fibrinolytic agents.* Large scale epidemiologic studies confirm associations of
SCT with both elevated biomarkers of coagulation activation® and heightened risk of venous
thromboembolism.5-8 While sickle cell anemia® and activation of coagulationl® are known
risk factors for ischemic stroke, prospective investigations of the association between SCT
and ischemic stroke have been conflicting.1112 Heterogeneity of the reported effect may be
influenced by comorbid conditions, such as chronic kidney disease (CKD).

A higher incidence of cerebrovascular events has been reported in patients with CKD,
independent of vascular risk factors.13 Potential contributors to the association are thought to
be nontraditional factors, such as hypercoagulability and systemic inflammation.4
Elevations in inflammatory and procoagulant biomarkers observed with CKD may be due to
increased production, decreased renal clearance, or possibly a combination of both.1®
Notably, epidemiologic research suggests that individuals with SCT not only have a greater
prevalence of reduced glomerular filtration, but also albuminuria, which is often associated
with endothelial dysfunction.18:17 We hypothesized that associations between SCT and
ischemic stroke would be amplified by concomitant CKD. To test this theory, we examined
data from the Atherosclerosis Risk in Communities Study, which has followed a cohort of
black study participants for 30 years, from midlife through advanced age.

2| METHODS
2.1| The ARIC study

The ARIC study is an ongoing, prospective cohort drawn from four U.S. areas. Study data
and materials are publicly available.1® A population-based sample (N = 4266) of black
adults aged 45-64 in 1987-1989 was recruited with informed consent, primarily from
Jackson, Mississippi and Forsyth County, North Carolina.19 Participation has included six
clinical visits, with annual telephone surveys during interim years and ongoing surveillance
of acute cardiovascular events. Study participant retention has been excellent across the 30
years of follow-up, with 80% of survivors participating in the annual survey in 2016. All
study protocols were approved by local Institutional Review Boards.

2.2 | Genotyping

Black study participants were genotyped for hemoglobin S (rs334) and hemoglobin C
(rs33930165) using functionally tested TagMan SNP Genotyping Assays (Life
Technologies, Grand Island, NY), as previously described.1! First degree relatives were
identified by PLINK.20 After random exclusion of one study participant from each first-
degree relative pair, principal components of genetic ancestry were quantified. A total of 10
principal components for the black study population were derived, using EIGENSTRAT
5.0.1 (David Reich, open source), with genomic variation characterized by the
HumanExome BeadChip v1.0 (Affymetrix, Santa Clara, CA).21
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2.3| Clinical covariates

Midlife participant characteristics were ascertained at ARIC visit one (1987-1989), or if
missing, from visit two (1990-1992). Medical histories and clinical data were acquired by
standardized clinical examinations, home interviews, and health questionnaires. Age, sex,
race, and current smoking were self-reported. Seated blood pressures were measured by
random-zero mercury manometers, with hypertension classified by a systolic blood pressure
>140 mmHg, a diastolic blood pressure =90 mmHg, or antihypertensive medication use.
Fasting cholesterol, blood glucose, and serum creatinine were analyzed by ARIC central
laboratories. Serum creatinine was quantified using the modified kinetic Jaffe method.
Hyperlipidemia was considered a total fasting cholesterol >240 mg/dL. Diabetes mellitus
was defined by a fasting blood glucose level =126 mg/dL, non-fasting blood glucose =200
mg/dL, self-reported physician diagnosis of diabetes, or use of diabetic medications.
Estimated glomerular filtration rate (eGFR) was calculated with serum creatinine, using the
CKD-Epi formula. We defined CKD by an eGFR <60 mL/min/1.73mZ.

2.4| Biomarkers

25| Acute

Select biomarkers of coagulation (factor VII activity, factor VI1II activity, fibrinogen) and
endothelial function (von Willebrand factor) were measured at ARIC visit one by the
Hemostasis Central Laboratory.2? Factor VII and factor V111 activity were measured by one-
stage clotting assays. Fibrinogen was quantified by the modified thrombin time method. Von
Willebrand factor antigen was quantified by ELISA. Repeat-testing reliability coefficients
were 0.78 for factor VII activity, 0.86 for factor VI activity, 0.72 for fibrinogen, and 0.68
for von Willebrand factor.23 Factor VII activity, factor V111 activity, and von Willebrand
factor were considered elevated when exceeding 150% of the laboratory reference. Elevated
fibrinogen was defined by a concentration exceeding 400 mg/dL.

ischemic stroke surveillance

Incidence of stroke over the course of follow up was determined by surveillance of
hospitalized events, as previously described.24 Hospitalizations for study participants with
neurological deficits =24 hours and ICD discharge codes 430-438 or 160.x - 167.x were
fully abstracted. Stroke diagnosis was ascertained by physician review of the medical record.
Diagnoses were considered definite when based on neurological symptoms, imaging studies,
and lumbar puncture results (for subarachnoid hemorrhage). When the clinical picture
suggested stroke, but either lumbar puncture was not performed (for subarachnoid
hemorrhage), or imaging studies were inconclusive, stroke diagnoses were considered
probable. Based on the clinical and neuroimaging data, stroke was classified as ischemic or
hemorrhagic, with ischemic strokes further classified as either embolic or thrombotic.2°
Definite thrombotic stroke was considered lacunar when lesions measured <2 cm and were
located in the basal ganglia, brain stem, thalamus, internal capsule, or cerebral white matter.
For quality assurance, stroke diagnosis was also determined by a computer algorithm.
Disagreements between the physician diagnosis and computer algorithm were adjudicated
by a second physician reviewer. Agreement rates between the physician reviewer and
computer algorithm were 78%.24 In the majority of discordant diagnoses (65%), the
physician adjudicator agreed with the physician reviewer, rather than the computer
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algorithm.24 For the purposes of this analysis, each hospitalization for acute ischemic stroke
per participant was counted as an outcome. Hospitalizations for hemorrhagic stroke were not
included. The first occurring ischemic stroke hospitalization captured by active surveillance
was considered the “index” hospitalization. Hospital transfers were defined by relocation to
another acute care hospital or relocation to a rehabilitation unit of the same hospital
generating a separate admission. Transfer hospitalizations with admission dates on the day
of discharge from a previous acute ischemic stroke hospitalization were excluded from the
analysis.

2.6| Final study population

A total of 4110 black study participants was successfully genotyped for hemoglobin S and
hemoglobin C. Of these, 243 were missing principal components of genomic ancestry due to
identification of first-degree relative pairs. After excluding study participants with missing
genomic ancestry and those identified with hemoglobin SC disease (N = 5), or sickle cell
anemia (N = 3), 3859 remained. A total of 199 participants were missing either creatinine or
risk factors common to both ischemic stroke and CKD (hypertension, body mass index,
diabetes mellitus, total cholesterol, or current smoking)14 at cohort visit one (1987-1989).
However, 169 had available data at visit two (1990-1992), which was used to infer baseline
values. None of the 169 participants suffered an ischemic stroke during the visit one to visit
two interim. A total of 227 were missing biomarkers of coagulation and endothelial
activation at visit one and excluded. The final population was composed of 3602 individuals.
The selection flow-chart is presented in Supplemental Figure 1.

2.7| Statistical analysis

All statistical analyses were carried out using SAS 9.4 (SAS Institute, Cary, NC).
Continuous variables were assessed for normality and compared using two-sample ftests or
Wilcoxon rank sums tests, as appropriate. Categorical variables were compared using ;(2
tests or Fisher’s exact test when expected cell counts were <5. Hazard ratios of ischemic
stroke for SCT vs noncarrier genotype were modeled using repeat-events Cox regression
with robust variance estimators, counting all occurrences of ischemic stroke per participant.
ARIC visit one served as the common origin for all events, because risk was considered to
start at study enrollment. The robust variance estimators accounted for within-subject
correlation inherent with repeat events; an approach sometimes referred to as the
“population-averaged method”.26 Observation time was censored at loss to follow up, death,
or date of administrative censoring (December 31, 2017). Models were adjusted for risk
factors common to both ischemic stroke and CKD (age, diabetes mellitus, hypertension,
hyperlipidemia, obesity, and smoking),1* as well as baseline eGFR and factors routinely
adjusted for in genetic analyses (sex and principal components of genomic ancestry). All
modeling decisions were made a priori. A similar approach was used to model composite
outcomes of death and/or ischemic stroke, counting all occurrences of ischemic stroke per
participant. Effect modification by concomitant CKD was assessed by stratifying models by
CKD presence, and by testing the multiplicative interaction of CKD and SCT. We also
explored potential mediation by hypercoagulability and endothelial dysfunction by
comparing hazard ratios with and without adjustment for biomarkers of coagulation and
endothelial activation. Finally, we conducted a sensitivity analysis limited to patients known
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not to have history of stroke at study enrollment, and analyzed associations between SCT
and incident (first-occurring) ischemic stroke. This was accomplished using standard Cox
regression models with follow up time censored following the first ischemic stroke event,
death, loss to follow up, or December 31, 2017, whichever came first.

3| RESULTS

A total of 3602 black participants met our inclusion criteria. The mean age at baseline was
54 years, and 62% were women. SCT was identified in 236 (7%) participants, which is
consistent with national estimates.! The median follow-up was 26 years (range: 0.4-31
years), with a total of 555 ischemic strokes recorded in 436 individuals. By 2017, half the
participants (52%) had died and 9% were lost to follow up.

At midlife, a total of 468 cases of CKD were identified. The prevalence of CKD was
significantly higher among participants with SCT than noncarriers (18% vs 13%, P=.02).
Hyperlipidemia was marginally more prevalent with SCT (31% vs 26%, P=.07), but
smoking was less common (24% vs 30%, P =.05). Study participants with SCT more often
had elevated factor VII activity (29% vs 11%, £=.0002) and elevated von Willebrand factor
antigen (39% vs 32%, P =.02). Clinical characteristics were otherwise comparable by
carrier status (Table 1). CKD severity, assessed by eGFR, was comparable by genotype
among the subset with CKD (Table 2). Biomarkers were consistently higher among
participants with CKD compared to those without; however, the highest values of factor VI
activity, factor VI1II activity, and von Willebrand factor were observed among participants
with both SCT and CKD (Table 2 and Supplemental Table 1). Elevated factor VII activity
was more frequently observed with SCT, in both the subset with CKD (36% vs 22%, P=.
05) and in those without CKD (16% vs 10%, P =.007).

From 1987-2017, 32 individuals with SCT (14%) and 404 noncarriers (12%) had at least
one hospitalization for acute ischemic stroke. The mean age at the index hospitalization did
not differ by genotype (68 vs 70 years; P=.4). Presence of atrial fibrillation within four
weeks of ischemic stroke and acute symptoms at admission were similar (Supplemental
Table 2). Most ischemic strokes at the index hospitalization were classified as thrombotic,
both for patients with SCT and noncarriers (81% vs 76%, P=.5). However, among the
patients classified with definite thrombotic stroke (N = 276), lacunar stroke was more
prevalent with SCT than noncarrier genotype (64% vs 43%, P=.05).

As shown in Supplemental Table 3, the occurrence of at least one ischemic stroke was 26%
among participants with SCT and CKD, compared to 14% among noncarriers with CKD. In
the absence of CKD, the occurrence of at least one ischemic stroke was similar for both
genotypes (11% vs 12%). Death and loss to follow up, both competing risks for ischemic
stroke, were comparable by carrier status when stratified by CKD. Recurrent ischemic
strokes were uncommon, but ranged from one to five per participant. When analyzed over
time, the cumulative hazard of ischemic stroke was similar for participants with SCT vs
noncarriers, until diverging at >15 years of follow up (Figure 1). Among the subset with
CKD, a separation of the cumulative hazards was observed across all years of follow up.
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When examining all-cause mortality, survival curves were largely similar for the two
genotypes, with late separation observed >15 years of follow up.

After adjustments, the hazard ratio of ischemic stroke associated with SCT vs noncarrier
genotype was 1.31 (95% ClI: 0.95-1.80), Figure 2. The association was stronger among
those with CKD (HR = 2.18, 95% ClI: 1.16-4.12) than those without CKD (HR = 1.09; 95%
Cl: 0.74-1.61); Pfor interaction = .04. When analyzing composite outcomes, SCT was
associated with a 20% higher hazard of death and/or ischemic stroke relative to noncarrier
genotype (HR = 1.20; 95% CI: 1.01-1.42). When stratified, hazard ratios of the composite
outcome for SCT vs noncarrier genotype were 1.44 (1.002-2.07) and 1.15 (0.94-1.39) with
and without CKD, respectively; P for interaction = .18.

To evaluate potential mediation by hypercoagulability and endothelial function, we
constructed a separate model additionally adjusted factor VI activity, factor VIII activity,
fibrinogen, and von Willebrand factor. After adjustments, the hazard ratio of ischemic stroke
and/or death for SCT vs noncarrier genotype attenuated modestly among patients with CKD
(HR = 1.39; 95% CI: 0.96-2.03).

As a sensitivity analysis, we also analyzed SCT, CKD, and /ncident ischemic stroke. At the
study enrollment, 76 participants had prior history of stroke, while 769 were missing history
of stroke. Consequently, our analytic sample was limited to 2757 participants who were
known not to have history of stroke. Over the course of follow up, 12% experienced
ischemic stroke, 45% died, and 8% were lost to follow-up. The cumulative hazards of
incident ischemic stroke for SCT vs noncarrier genotype followed a similar pattern as the
primary analysis, with a late divergence >15 years of follow up (Supplemental Figure 2).
Hazard ratios of ischemic stroke were analyzed by Cox regression models with identical
adjustment as the primary analysis. However, follow-up was censored following the first
occurrence of ischemic stroke, rather than counting all ischemic stroke events as the
outcome. Among the participants without midlife CKD, no increased hazard of incident
ischemic stroke was observed for SCT vs noncarrier genotype (HR = 1.00; 95% CI: 0.59—
1.68). However, in the subset with prevalent CKD at midlife, SCT was associated with
nearly three times the hazard of incident ischemic stroke than noncarrier genotype (HR =
2.84; 95% CI: 1.37-5.89); P value for interaction = .02.

4| DISCUSSION

In this population-based cohort of black adults who were prospectively followed from
midlife through advanced age, a higher hazard of ischemic stroke was observed with SCT,
primarily among participants with concomitant CKD. Relative to noncarriers, SCT was also
associated with an increased hazard of composite death and/or ischemic stroke.

Several factors may contribute to these findings. One possibility is that hemoglobin S
polymerizes in the low pH and low oxygen environment of the renal medulla,2’ leading to
ischemic injury, release of local vasodilators, glomerular hyperfiltration and eventual
glomerulosclerosis.}” However, hemoglobin S content within erythrocytes varies widely
among individuals with SCT, with concentrations ranging from 25-45%.28 Heterogeneity of
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the SCT phenotype is known to be influenced by coinheritance of alpha thalassemia,2® with
average hemoglobin S concentrations varying from 40% to 35% to 30% with four, three, and
two functioning alpha globin genes, respectively.39 A recent investigation from the Jackson
Heart Study reported a lower prevalence of CKD and lower levels of circulating D-dimer, a
fibrin degradation product, in individuals with SCT and coinherited alpha thalassemia,
compared to those without alpha thalassemia.3! Thus, it is plausible that individuals with
more severe phenotypes of SCT have not only a greater prevalence of CKD, but also
heightened coagulation activation and ischemic stroke risk. Interestingly, the associations
that we observed between SCT and ischemic stroke among participants with CKD were not
driven by CKD severity, as models were adjusted for eGFR.

Our analysis suggests a synergistic interaction of SCT and CKD on the risk of ischemic
stroke. SCT and CKD may work in tandem, amplifying risk of ischemic stroke by elevated
production and diminished renal clearance of procoagulant and proinflammatory factors.
Uremic toxins are associated with elevated cytokines,32 coagulation factors,'® and
circulating microparticles,33 all of which contribute to thrombus formation. Diminished
endothelial function in patients with CKD has also been demonstrated by flow-mediated
dilation testing.3* Complications of CKD include not only venous thromboembolism,3° but
also arterial thrombosis, most notably coronary stent thrombosis.38 As with CKD,
hypercoagulability is also observed with SCT. Recent experimental data suggest greater
fibrin deposition with injury-induced venous thrombosis in SCT mice, and a diminished
response to tissue plasminogen activator in whole blood clots from individuals with SCT.# In
observational research, laboratory assays indicate elevated markers of coagulation activation
and circulating microparticles even in healthy individuals with SCT.23 Evidence of
diminished endothelial function has been demonstrated with SCT as well.37 A recent
investigation reported impaired flow mediated dilation and heightened coagulation activation
in individuals with SCT and concomitant diabetes mellitus, compared to carriers without
diabetes.38 Of note, microalbuminuria was more prevalent among the diabetics, possibly
contributing to the observed results.3? In the ARIC cohort, elevations in factor VII activity
and von Willebrand factor antigen were more frequently observed in individuals with SCT.
As might be expected, all measured markers of coagulation and endothelial activation were
amplified in the setting of CKD. However, the greatest prevalence of elevated factor VII
activity was observed in participants with SCT and concomitant CKD, suggesting a
compounding effect which may potentially influence ischemic stroke risk.

A recent meta-analysis of four cohort studies reported no prospective association between
SCT and ischemic stroke; however, CKD was not examined as a potential modifier.12 This
investigation involved 19 464 black participants but only 620 ischemic strokes, which is
comparable to the 555 ischemic strokes recorded in the ARIC study. Geographic differences
may have been a factor, as black participants in the ARIC study were recruited from the
“stroke belt” of the Southeastern US, which is well-known for its disproportionately high
incidence of stroke. Study population age and duration of follow up may also have
contributed to differences in stroke incidence and reported associations with SCT. Median
follow-up in the meta-analysis was <10 years for each cohort, in contrast to the 30 years of
follow up available in the ARIC study. Interestingly, there was no separation in the
cumulative hazards of ischemic stroke for SCT vs noncarrier genotype in the ARIC study
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until >15 years of follow up. The reason for this is not entirely clear. Although a consistent
algorithm was used by the ARIC study to classify ischemic stroke over the 30 years of
follow-up, temporal changes in medical imaging technology and access to care may have
influenced case ascertainment over time. However, these temporal changes are unlikely to
differentially impact stroke identification by genotype. As an alternative explanation, the
diverging stroke risk may reflect age-related susceptibility, with an initial low stroke risk for
both genotypes at the study onset, which progressively increased as participants aged.

In the subset of index hospitalizations classified with definite thrombotic stroke, a higher
prevalence of lacunar infarction was observed with SCT. Although the number of events was
too small to analyze comprehensively, one possible explanation may be the higher
prevalence of CKD with SCT. Renal disease is associated with glomerular endothelial
dysfunction and lipohyalinosis. A similar pathology is observed in the cerebral small vessels
in the setting of small vessel disease.1 Whether the increased prevalence of lacunar
infarction with SCT is attributable to endothelial activation associated with SCT, CKD, or
their synergistic interaction is uncertain.

Our study has some limitations. We were not able to consider SCT severity or hemoglobin S
expression as a predictor of cerebrovascular events, nor did we have information on
coinherited alpha thalassemia or other genetic modifiers of the SCT phenotype. We limited
our analysis to CKD identified at midlife and did not consider duration of CKD prior to
study enrollment, incident CKD which may have developed during the interim from
enrollment until ischemic stroke occurrence, or the etiologic subtype of CKD. We were
unable to consider albuminuria at midlife, because the ARIC study did not measure albumin
creatinine ratios until study visit four. Similarly, we did not consider D-dimer, because
measurements were not available until ARIC study visit 5. On the other hand, our study has
several exceptional and noteworthy strengths. The ARIC cohort is well suited for the
analysis of SCT and stroke, due to the large sample of black individuals who were
prospectively followed for 30 years from midlife through advanced age. Unlike many other
cohorts,12 the ARIC study identified SCT by direct genotyping rather than imputation,
providing the best measurement of exposure. Phenotypic data were meticulously collected
under extensive quality assurance, and study participant retention was excellent.

In conclusion, the long-term risk of ischemic stroke associated with SCT relative to
noncarrier genotype appears to be modified by concomitant CKD. A possible mechanism
and potential area of future research may be amplification of coagulation and endothelial
activation in individuals with SCT and concomitant CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cumulative hazards of incident and recurrent ischemic strokes and Kaplan-Meier survival
probabilities for black study participants of the Atherosclerosis Risk in Communities Study,
stratified by sickle cell trait carrier status and presence of chronic kidney disease.

CKD, chronic kidney disease; SCT, sickle cell trait. Cumulative hazards of incident and
recurrent stroke and survival probabilities are shown on different scales

Am J Hematol. Author manuscript; available in PMC 2020 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Caughey et al.

Page 13

Model: SCT vs. Noncarrier N Hazard Ratio (95% CI) P for Interaction
Outcome = Incident and Recurrent Ischemic Strokes
Entire Sample 3602 -T— 1.31 (0.95, 1.80)
Chronic Kidney Disease .04
Yes 468 - 2.18 (1.16,4.12)
No 3134 —_——t———— 1.09 (0.74, 1.61)
Outcome = Ischemic Strokes and /or Death
Entire Sample 3602 —— 1.20 (1.01, 1.42)
Chronic Kidney Disease 18
Yes 468 —_—————— 1.44 (1.00, 2.07)
No 3134 e EEa— 1.15 (0.94, 1.39)
Outcome more likely in participants without SCT <----4----- > Qutcome more likely in participants with SCT
T T T
5 1 2 4

FIGURE 2.
Adjusted hazard ratios of incident and recurrent ischemic strokes or composite of incident

and recurrent ischemic strokes and/or death among black study participants of the
Atherosclerosis Risk in Communities Study, comparing individuals with sickle cell trait to
noncarriers

*Models adjusted for risk factors common to both ischemic stroke and CKD (age, diabetes
mellitus, hypertension, hyperlipidemia, obesity, and smoking), estimated glomerular
filtration rate, and factors routinely adjusted for in genetic analyses (sex and principal
components of genomic ancestry)
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TABLE 1

Baseline characteristics (1987-1989) of black participants in the Atherosclerosis Risk in Communities Study,
stratified by sickle cell trait carrier status

Sickle cell )
trait Noncarrier
Characteristic N =236 N = 3366 P value
Demographics
Age (mean years + SD) 54 +6 54+6 .6
Women 136 (58%) 2088 (62%) .2
Medical history
Current smoking 57 (24%) 1012 (30%) .05
Obesity (BMI > 30 kg/m2) 92(39%) 1370 (41%) .6
Hypertension 131 (56%) 1878 (56%) 9
Diabetes mellitus 46 (19%) 653 (19%) 1.0
Hyperlipidemia (TC >240 mg/dL) 74 (31%) 877 (26%) .07
Chronic kidney disease (€GFR <60 mL/min/1.73 m2) 42 (18%) 426 (13%) .02
Myocardial infarction? 8 (3%) 127 (4%) 8
Previous stroke? 3 (2%) 73 (3%)
Biomarkers
Factor VII activity (%) 125.7+354 117.4+30.9 <.0001
Elevated factor VII activity (>150%) 46 (19%) 385 (11%) .0002
Factor V111 activity (%) 152.0+52.6 147.0+47.1 1
Elevated factor VIII activity (>150%) 104 (43%) 1375 (40%) 3
Fibrinogen (mg/dL) 3229+775 3206+718 7
Elevated fibrinogen (>400 mg/dL) 33 (14%) 437 (13%) .6
von Willebrand factor antigen (%) 142.3+61.0 133.3+56.7 .02
Elevated von Willebrand factor antigen (>150%) 94 (39%) 1095 (32%) .02

Abbreviations: SD, standard deviation; BMI, body mass index; TC, total cholesterol; eGFR, estimated glomerular filtration rate.

a.. - . . L - . . L
History of myocardial infarction prior to study enrollment missing for 9 participants, history of stroke prior to study enrollment missing for 769
participants.
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