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Abstract

Background: Coagulation cascade contributes to thrombotic and hemorrhagic dis-
eases, but it remains unclear whether coagulation factors X (FX) and XI (FXI) levels are
associated with cardiovascular diseases.

Objective: To evaluate prospective associations of FX and FXI levels with incident
acute coronary syndrome (ACS), stroke, and their subtypes (acute myocardial infarc-
tion, unstable angina, ischemic stroke, and hemorrhagic stroke).

Methods: We performed a nested case-control study (n = 1846) within the Dongfeng-
Tongji cohort from 2013 to 2016 matched on age (within 1 year), sex, and sampling
date (within 1 month) by incidence density sampling, and measured plasma FX and FXI
levels by enzyme-linked immunosorbent assay. FX and FXI levels were categorized
into three groups (low, <25th; middle, 25th to <75th; and high >75th percentiles) ac-
cording to distributions, and conditional logistic regression models were used to esti-
mate odds ratios (ORs) and 95% confidence intervals (Cls).

Results: After adjustment for traditional cardiovascular risk factors, compared with
middle groups, the OR (95% ClI) in high levels of FX and FXI were 1.11 (0.79-1.56) and
0.96 (0.68-1.36) for incident ACS, and 1.01 (0.63-1.62) and 1.72 (1.14-2.60) for inci-
dent stroke, respectively. As for subtypes of ACS and stroke, only high FXI levels were
significantly associated with incident ischemic stroke (OR 1.66, 95% Cl 1.05-2.65).
Moreover, all associations remained steady after additional adjustment for platelet
and leukocyte.

Conclusion: FXI levels were associated with a greater risk of incident ischemic stroke
but not hemorrhagic stroke or ACS. FX levels were not associated with incident ACS

or stroke.
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1 | INTRODUCTION

Coronary heart disease (CHD) and stroke are the major contributors
to the global burden of disease® and the leading causes of death and
disability-adjusted life-years in China.? Acute coronary syndrome
(ACS) is a subtype of CHD that has a high mortality rate. Thrombosis
and fibrinolysis disorder may be involved in the pathophysiologi-
cal process of ACS and stroke.>* Existing studies have shown that
anticoagulation factor medication might be a therapy for recurrent
thrombotic events,>® and some coagulation factors were significantly
associated with venous thrombosis.””® However, prospective studies
focused on the associations of coagulation factor X (FX) and XI (FXI)
with ACS, stroke, and their subtypes (acute myocardial infarction, un-
stable angina, ischemic stroke, and hemorrhagic stroke) were limited.

FX occupied a central position as a convergence point between
the intrinsic and extrinsic coagulation pathways and played a pivotal
role in thrombosis and fibrinolysis disorder.” To our knowledge, only
two case cohort studies based on community reported the prospec-
tive association of FX levels with incident CHD or ischemic stroke,
but no significant result was observed.’®'* Moreover, although FX
activity levels were related to bleeding severity in rare bleeding dis-
orders,*? and targeting FX medication (e.g., warfarin) therapy was
often accompanied by bleeding side effects®; thus, it the relationship
between FX and hemorrhagic stroke was unknown.

FXI participated in the early phase of thrombosis and was taken
to be a novel target for thrombus therapy.’® Previous prospective
studies regarding the associations between FXI levels and incident
CHD or stroke were inconsistent.2%*%141¢ A nested case-control
study and a study of prognosis observed that FXI was associated
with higher risk of incident ischemic stroke or secondary events
after ischemic stroke.'%'* On the contrary, three studies based on
cohort reported that the association of basal FXI levels with CHD
or ischemic stroke was not significant.“’ls'16 The disparate results
might be due to different study design, population characteristics,
and storage duration for samples. Because of the low incidence
rate and high mortality rate, only two prospective studies reported
the association between FXI and hemorrhagic stroke but without
significance.is'17

However, these limited prospective evidences were mostly from
European and American populations, and few studies focused on
subtypes of ACS and stroke. Therefore, we performed the nested
case-control study within a prospective cohort to systematically ex-
plore the prospective associations between FX, FXI levels and risks
of incident ACS, stroke, and their subtypes among Chinese.

2 | METHODS

2.1 | Study design and population

The nested case-control study was based on an ongoing prospective
cohort, which has been reported in detail.'® In brief, the Dongfeng-
Tongji cohort recruited 27 009 retirees of Dongfeng Motor

Essentials

e |t remains unclear whether coagulation factors X (FX)
and Xl (FXI) levels are associated with cardiovascular
diseases.

e The association of FXI with incident stroke might be
attributed to ischemic but not hemorrhagic stroke and
was robust after additional adjustment for platelet, leu-
kocyte, and FX.

e FXI was not associated with incident acute coronary
syndrome (ACS) and FX was not associated with inci-
dent ACS or stroke.

e The risk of incident stroke with high FXI levels might ap-
pear to be more pronounced in participants who were
elderly, female, hypertension, hyperlipidemia, and with-
out diabetes mellitus.

Corporation at baseline from September 2008 to June 2010 in
Shiyan, and completed the first follow-up from April 2013 to October
2013, which had 14 120 individuals newly recruited. A total of 38
295 participants finished questionnaires and physical examinations
in 2013 and were followed until December 31, 2016. We excluded
participants who had been diagnosed with cancer, cardiovascular
diseases (CVD), or abnormal electrocardiogram (n = 10 254) in the
first follow-up (2013). Moreover, we further excluded participants
who had a history of medication (thrombolytic, anticoagulant) in the
2 weeks before the survey (n = 752), which might influence coagula-
tion factor levels. Besides, participants who without enough plasma
samples for coagulation factors measurement (n = 3812) were also
excluded in the study. Finally, a total of 23 477 participants were
eligible, of which 549 participants were first diagnosed with inci-
dent ACS cases (117 acute myocardial infarction and 432 unstable
angina) and 374 with incident stroke cases (295 ischemic stroke and
79 hemorrhagic stroke) at subsequent follow-up from January 10,
2013, to December 31, 2016. Equal number controls were randomly
selected from the eligible participants by incidence density sam-
pling, and each case-control pair was matched on age (within 1 year),
sex, and sampling date (within 1 month), which minimized confound-
ing effects of matched variables.!’ Therefore, 549 ACS case-control
pairs and 374 stroke case-control pairs were included in the nested
case-control study. A detailed flowchart of the study participants is
provided in Figure S1.

Moreover, the participants of the nested case-control study
were selected from the first follow-up, not at baseline, because the
samples from baseline were not eligible compared with fresh sam-
ples (Table S2). Results were derived from an experiment with small
samples (n = 50) comparing with storage for 10 years (baseline),
5 years (first follow-up), and fresh plasma samples.

All participants gave informed consent and these studies were
approved by the Ethics and Human Subject Committee of Huazhong
University of Science and Technology.
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2.2 | Plasma FX and FXI measurements

All fasting plasma samples were separated from EDTA anticoagula-
tion whole blood after centrifuged in the first follow-up (2013) and
stored at -80°C until 2019. Plasma samples of case-control pairs were
random and laboratory personnel was blinded to disease status. We
carried out experiments according to the instruction of the enzyme-
linked immunosorbent assay kits, and measured FX and FXI levels on
the multifunctional enzyme marker (BioTek) at 450 nm. Samples of
quality control were to estimate the stability of experimental opera-
tion in all enzyme-linked immunosorbent assay kits (Assaypro). Each
sample and its duplicate were measured at the same time.

2.3 | Ascertainment of incident ACS,
stroke, and their subtypes

All employees were covered by the Dongfeng Motor Corporation's
health care service system and each person had a unique medi-
cal insurance card number; therefore, it was easy to track disease
incidence. The incidence of ACS and stroke events was identified
through this medical insurance system and medical record reviews.
ACS was confirmed based on clinical history, symptoms, electrocar-
diograph, cardiac troponin concentration, coronary angiography,
and risk factors according to World Health Organization guidelines,
and divided into acute myocardial infarction and unstable angina by
tracking the International Classification of Diseases codes-10 (120-
125).2021 Stroke was defined as a sudden or rapid occurrence of a
vascular origin nerve defect that lasted for more than 24 h or until
death?? and was diagnosed by the doctor according to the patient's
clinical symptoms and imaging examination. Stroke subtypes were
further classified by physicians into ischemic stroke and hemorrhagic
stroke according to computed tomography, magnetic resonance im-
aging, and the International Classification of Diseases codes-10 (160-
161, 163-164,169.0-169.1, and 169.3-169.4).

2.4 | Assessment of covariates

Trained interviewers collected information of participants through
face-to-face interviews by a semistructured questionnaire, including
sociodemographic characteristic, lifestyles, family history of disease,
and history of medication in the past 2 weeks. Covariates including
age, sex, education (primary school or below, middle school, high
school, or beyond), physical activity (yes, no), smoking status (cur-
rent, former, and never), drinking status (current, former, and never),
family history of CHD/stroke (yes, no), and use of aspirin (yes, no)
were self-reported. Trained professional calculated body mass index
(BMI) based on the formula of body weight (kg)/standing height (m?).
The type and duration of physical activity were self-reported and
were calculated to metabolic equivalent task hours per week (MET-
hours/week) according to formula.?® Family history of CVD included
family history of CHD and stroke.
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Physical examinations (e.g., electrocardiogram, computed to-
mography, magnetic resonance imaging) and all blood biochemical
indexes (e.g., blood glucose indexes, lipid indexes, platelet indexes)
were detected by trained staff in Sinopharm Dongfeng General
Hospital, Shiyan. Participants who with systolic blood pressure
2140 mmHg, or diastolic blood pressure 290 mmHg, or self-reported
hypertension, or use of antihypertensive drugs were all defined
as hypertension. Participants who with fasting blood glucose
27.00 mmol/L, or glycosylated hemoglobin type Alc = 6.5%, or self-
reported diabetes mellitus, or taking oral hypoglycemic medication
or insulin were defined as diabetes mellitus. Participants who with
total cholesterol 26.22 mmol/L, or triglyceride 22.26 mmol/L, or
high-density lipoprotein cholesterol <1.04 mmol/L, or low-density
lipoprotein cholesterol 24.14 mmol/L, or self-reported hyperlip-
idemia, or taking lipid-lowering drugs were defined as hyperlipid-
emia. More details on assessment of covariates were shown in the

Supplementary Material.

2.5 | Statistical analysis

Baseline characteristics of the study population were presented as
mean with standard deviation or median with interquartile range for
continuous variables, and number with percentage for categorical
variables. We used the mean or median values as imputation val-
ues for missing values of continuous covariates, and an additional
category to indicate the missing for missing values of categorical
variable. Variables with imputation were just used as covariates in
adjustment models.

The restricted cubic splines were to evaluate the dose-response
relationships of coagulation factors with incident ACS and stroke
according to the distribution of coagulation factors levels using
three knots (5th, 50th, and 95th percentiles) and the odds ratio
value (OR = 1) at the 10th percentile was considered as refer-
ence.?* Participants were categorized into three groups (low, <25th;
middle, 25 to <75th; and high >75th percentiles). Besides, these
groups were categorized according to the distribution of controls
and the curves of restricted cubic spline, and the middle groups were
taken as references. For ACS and its subtypes, the middle groups of
FX and FXI levels were defined as 7.71 to <10.51 mg/L and 4.36 to
<5.92 mg/L, respectively. Likewise, the middle groups of FX and FXI
levels were 6.51 to <9.28 mg/L and 3.96 to <5.63 mg/L for stroke
and its subtypes.

Conditional logistic regression was to estimate adjusted ORs and
95% confidence intervals (Cls) between FX and FXI levels and ACS,
stroke, and their subtypes by multiadjustment. Covariates includ-
ing age, sex, BMI, smoking status, drinking status, physical activity
(MET-hours/week), hypertension, diabetes mellitus, hyperlipidemia,
and use of aspirin were adjusted in model 1. Platelet and leuko-
cyte might be involved in the thrombosis, and were associated with
higher risk of CVD.?*? To clarify whether the associations of coagu-
lation factors with incident ACS and stroke were influenced by these
factors, model 2 was additionally adjusted for platelet and leukocyte
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(FX and FXI were adjusted for each other in model 2). Moreover, we
also plotted Kaplan-Meier curves based on the follow-up (years) to
estimate the cumulative percent of incident ACS, stroke, and their
subtypes between groups of FX and FXI levels by log-rank test with-
out adjustment.

Previous studies indicated that coagulation factors combined
with certain characteristic (e.g., hyperlipidemia, headache) had par-
ticularly higher effects on CVD.?®%? We further performed strati-
fied analyses according to traditional CVD risk factors including age
(<65, 265 years), sex (male, female), hypertension (yes, no), hyperlip-
idemia (yes, no), diabetes mellitus (yes, no), smoking status (yes, no),
and drinking status (yes, no) to explore possible effect modifications
using unconditional logistic regression. Potential interaction effects
were estimated by adding multiplicative interaction terms of these
covariates. In the stratified analysis, smoking status (yes) was com-
bined with current and former smokers. Similarly, drinking status
(yes) was combined with current and former drinkers. The person-
year for each participant was calculated from the date of the first
follow-up to the date of diagnosis of ACS or stroke, or the end of
December 31, 2016.

Sensitivity analyses were performed to estimate the robustness
of results. First, we excluded the case-control pairs with missing
data of covariates to further clarify the impact of missing data on the
results. Moreover, we excluded case-control pairs within half a year
of follow-up to clarify whether these associations resulted from the
acute phase. Besides, we excluded case-control pairs missing liver
enzymes, and additionally adjusted for liver dysfunction (yes, no) in
the sensitivity analysis because the liver might be an organ that pro-
duced coagulation factors.*°

All analyses were performed using SAS software (version 9.4,
SAS Institute Inc. Cary, NC) and R software (version 3.5.0; R Core

Team). A two-sided p < 0.05 was considered as statistical significant.

3 | RESULTS

3.1 | Baseline characteristics

The nested case-control study included 1846 participants (549
incident ACS cases, 374 incident stroke cases, and 923 matched
controls) with 59% male and mean age 67 years during a median
follow-up of 2.7 years. The baseline characteristics of partici-
pants are shown in Table 1. Compared with matched controls,
we observed that elevated BMI, higher proportions of smok-
ers, hypertension, hyperlipidemia, diabetes mellitus, and aspirin
users in the incident ACS cases. Meanwhile, the incident ACS
cases were more likely to have higher FX levels and more leu-
kocytes. Likewise, the incident stroke cases were more likely
to have higher BMI, FX levels, FXI levels, and more leukocytes
than matched controls. Moreover, the proportions of hyperten-
sion, hyperlipidemia, diabetes mellitus, and family history of CVD
were higher in incident stroke cases. The subtypes of ACS (acute
myocardial infarction and unstable angina) and stroke (ischemic

stroke and hemorrhagic stroke) show similar baseline character-
istics in Table S1.

3.2 | Associations of FX and FXI levels with ACS,
stroke, and their subtypes

The restricted cubic splines also showed that linear relationships of
FX and FXI levels with incident ACS and stroke were not statistically
significant (all p > 0.05; Figures S2 and S3), which might suggest non-
line relationships with “J” or "U" shape curves. As shown in Table 2,
compared with participants with middle FX levels, the multivariate-
adjusted ORs (95% Cls) of incident ACS were 1.27 (0.88-1.84) for
participants with low levels and 1.11 (0.79-1.56) for high levels. For
incident stroke, adjusted ORs (95% Cls) were 1.07 (0.71-1.64) for
participants with low FX levels and 1.01 (0.63-1.62) for high FX lev-
els. Moreover, we did not observe any significant association of FX
levels with subtypes of ACS or stroke. The associations for FX levels
with ACS, stroke, and their subtypes in model 2 were all not signifi-
cant, which was similar to the primary results in model 1 (Table 2).
Compared with the middle groups of FXI levels, the multivariate-
adjusted ORs (95% Cls) of incident ACS were 1.14 (0.81-1.60) for
low group and 0.96 (0.68-1.36) for high group. With respect to
incident stroke, the adjusted ORs (95% Cls) were 1.16 (0.75-1.79)
and 1.72 (1.14-2.60) for low and high groups of FXI after adjusted
traditional cardiovascular risk factors in conditional logistic regres-
sion. When stratified by subtypes of ACS and stroke, a similar asso-
ciation was observed between high FXI levels and incident ischemic
stroke (OR 1.66, 95% Cl 1.05-2.65, p = 0.032), but not hemorrhagic
stroke (OR 1.95, 95% Cl 0.65-5.82), acute myocardial infarction (OR
0.69, 95% Cl 0.32-1.56), or unstable angina (OR 1.02, 95% CI 0.69-
1.52). After additional adjustment for platelet, leukocyte, and FX,
the associations of high FXI levels with incident stroke and ischemic
stroke were slightly attenuated (stroke: OR 1.69, 95% CI 1.11-2.58;
ischemic stroke: OR 1.63, 95% Cl 1.02-2.62).

From the Kaplan-Meier curves, a significant difference was ob-
served between groups of FXI for cumulative percent of incident
stroke (p = 0.030) during the follow-up duration, whereas groups of
FX had no significant difference for cumulative percent of incident
stroke, as well as ACS (Figure 1). With respect to subtypes of ACS
and stroke, marginal difference for cumulative percent of incident
ischemic stroke (p = 0.075) between groups of FXI levels during the
follow-up without adjustment (Figure S4). Furthermore, the Kaplan-
Meier curves plots also shown that high group of FXI levels had the
highest cumulative percent of incident stroke and ischemic stroke
compared with low and middle groups during the follow-up years
(Figure 1 and S4).

Stratified analyses of demographic characteristics, basic disease,
and lifestyles are shown in Figure 2. The associations between high
FXI levels and incident stroke were more pronounced in subgroups
of age more than 65 years old, female, hypertension, hyperlipidemia,
and without diabetes mellitus (all p < 0.05), but the interaction ef-
fects were not significant (p > 0.05). The associations between high
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TABLE 1 Baseline characteristics of
ACS and stroke in the nested case-control
study.

Age (years)

Male, n (%)

BMI (kg/m?)?

Smoking status, n (%)
Current smoker
Former smoker
Never

Drinking status, n (%)?
Current drinker
Former drinker
Never

Education level, n (%)?

Primary school or
below

Middle school

High school or
beyond

Hypertension, n (%)
Hyperlipidemia, n (%)

Diabetes mellitus,
n (%)

Family history of CVD,

n (%)
Physical activity, n (%)
Physical activity,

(MET-hours/week)

Use of aspirin

Platelet (10%/L)

Leukocyte (10%/L)
FX levels (mg/L)
FXI levels (mg/L)

j.l.j.‘ | 2785

ACS Stroke
Cases Controls Cases Controls
(n = 549) (n = 549) (n=374) (n=374)
66.94 + 8.01 66.92 + 8.04 67.74 +7.66 67.70 + 7.63
301 (54.8) 301 (54.8) 246 (65.8) 246 (65.8)
24.60 + 3.12 24.03 + 3.19 24.64 + 3.31 2417 + 3.12
125 (22.8) 97 (17.7) 110 (29.4) 88 (23.5)
88 (16.0) 77 (14.0) 59 (15.8) 55 (14.7)
336 (61.2) 375 (68.3) 205 (54.8) 231 (61.8)
153 (27.9) 150 (27.3) 114 (30.5) 108 (28.9)
38(6.9) 27 (4.9) 29 (7.8) 28 (7.5)
357 (65.0) 372 (67.8) 231 (61.8) 238 (63.6)
165 (30.1) 143 (26.0) 105 (28.1) 105 (28.1)
218 (39.7) 215(39.2) 146 (39.0) 130 (34.8)
165 (30.1) 191 (34.8) 121 (32.4) 139 (37.2)
423 (77.0) 334 (60.8) 302 (81.7) 237 (63.4)
291 (53.0) 230 (41.9) 191 (51.1) 145 (38.8)
158 (28.8) 116 (21.1) 127 (34.0) 83(22.2)
52 (9.5) 55 (10.0) 25(6.7) 40 (10.7)
478 (87.1) 490 (89.3) 329 (88.0) 331(88.5)
21(11.6-42.0) 21(12.0-42.0) 21(9.0-42.0) 23.8 (10.5-
42.0)
78 (14.2) 43 (7.8) 43 (11.5) 33(8.8)
191 (160-225) 191 (160-221) 193 (162-224) 186
(159-221)
593+ 1.56 572 +1.49 6.05 + 1.60 5.80 + 1.48
9.52 + 2.59 9.22 +2.33 8.44 +2.34 8.09 +2.36
5.22 +1.26 5.18 +1.26 5.13 +1.45 4.90 +1.32

Note: Variables were shown as percentage for categorical variables and mean + standard deviation
or median (interquartile range, 25th-75th percentiles) for continuous variables.

Abbreviations: ACS, acute coronary syndrome; BMI; body mass index; FX, coagulation factor X;
FXI, coagulation factor XI; METS, metabolic equivalent task hours.
?Data were incomplete for these variables. A total of 35 (1.89%), 1 (0.05%), and 3 (0.16%) of

participants had missing data for BMI, drinking status, and education levels in the nested case-

control study.

FXI levels and incident ACS were not significant in all stratified sub-
groups, which were similar to FX levels (Figure 2 and S5).

In sensitivity analyses, the associations of FXI levels with stroke
and ischemic stroke were not substantially changed when excluded
case-control pairs with missing covariates or within half a year of
follow-up (Table S3 and S4). Similarly, additional adjustment for liver
dysfunction after excluding case-control pairs missing liver enzymes
did not alter the risk of FXI levels with incident stroke or ischemic
stroke substantially (Table S5).

4 |

DISCUSSION

In the nested case-control study within the Dongfeng-Tongji cohort,
we examined the associations of FX and FXI levels with risk of ACS,
stroke, and their subtypes. We found that the association of FXI with
incident stroke might be attributed to ischemic stroke but not hem-
orrhagic stroke and was robust to further adjust for platelet, leuko-
cyte, and FX. In contrast, FXI was not associated with incident ACS
and FX was not associated with incident ACS or stroke. Moreover,
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TABLE 2 Adjusted odds ratios (ORs) for incident ACS, stroke, and their subtypes according to coagulation factors in the nested case-

control study

FX levels, mg/L

FXl levels, mg/L

Low Middle High Low Middle High
<771 7.71 to <10.51 210.51 <4.36 4.36 to <5.92 2592
ACS
Cases/controls 136/136 255/275 158/138 128/133 281/279 140/137
Model 1 1.27(0.88-1.84) Reference 1.11(0.79-1.56) 1.14 (0.81-1.60) Reference 0.96 (0.68-1.36)
Model 2° 1.26 (0.86-1.85) Reference 1.12 (0.78-1.60) 1.22(0.86-1.74) Reference 0.91 (0.63-1.30)
AMI
Cases/controls 27/27 53/58 37/32 33/30 58/58 26/29
Model 1 1.31(0.52-3.23) Reference 1.26 (0.56-2.86) 1.25(0.57-2.77) Reference 0.69 (0.32-1.56)
Model 2° 1.28 (0.49-3.30) Reference 1.32(0.55-3.18) 1.74(0.73-4.16) Reference 0.57 (0.24-1.36)
UA
Cases/controls 109/109 202/217 121/106 95/103 223/221 114/108
Model 1 1.22(0.80-1.86) Reference 1.11 (0.75-1.64) 1.05(0.71-1.56) Reference 1.02(0.69-1.52)
Model 2° 1.22(0.79-1.89) Reference 1.14 (0.76-1.72) 1.12(0.75-1.68) Reference 0.99 (0.66-1.49)
<6.51 6.51 to <9.28 >9.28 <3.96 3.96 to <5.63 >5.63
Stroke
Cases/controls 80/91 191/190 103/93 85/91 162/190 127/93
Model 1 1.07 (0.71-1.64) Reference 1.01(0.63-1.62) 1.16 (0.75-1.79) Reference 1.72 (1.14-2.60)
Model 2° 1.11(0.73-1.74) Reference 0.91(0.55-1.48) 1.17 (0.75-1.82) Reference 1.69 (1.11-2.58)
IS
Cases/controls 61/69 147/154 87/72 63/68 131/152 101/75
Model 1 1.22(0.76-1.98) Reference 1.16 (0.67-2.01) 1.06 (0.64-1.77) Reference 1.66 (1.05-2.65)
Model 2° 1.26 (0.78-2.06) Reference 1.04 (0.59-1.83) 1.09 (0.65-1.84) Reference 1.63(1.02-2.62)
HS
Cases/controls 19/22 44/36 16/21 22/23 31/38 26/18
Model 1 0.69 (0.23-2.04) Reference 0.49 (0.15-1.58) 1.96 (0.66-5.82) Reference 1.95(0.65-5.82)
Model 2? 0.59 (0.19-1.88) Reference 0.40(0.12-1.49) 2.05 (0.67-6.26) Reference 2.07 (0.66-6.47)

Note: Model 1 was adjusted for age, sex, BMI, smoking status, drinking status, family history of CVD, hypertension, hyperlipidemia, diabetes mellitus,

physical activity (MET-hours/week), and use of aspirin.

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial infarction; FX, coagulation factor X; FXI, coagulation factor XI; HS,

hemorrhagic stroke; IS, ischemic stroke; UA, unstable angina.

Model 2 was additionally adjusted for FX, platelet, and leukocyte except for covariates in model 1 for FXI analysis, and additionally adjusted for FXI,

platelet, and leukocyte except for covariates in model 1 for FX analysis.

the risk of incident stroke with high FXI levels appeared to be more
pronounced in subgroups of age more than 65 years old, female, hy-
pertension, hyperlipidemia, and without diabetes mellitus, although
these interactions were not significant.

FXI was a component of the early phase in the intrinsic pathway,
and had been suggested to be a novel target for antithrombotic ther-
apy.’® Although previous studies had shown that FXI levels were as-
sociated with ischemic stroke.31%2 However, these associations were
based on case-control studies, which might be susceptible to sur-
vival bias, because samples were collected after diagnosis. Besides,
a prospective study of prognosis including 576 participants after
first ischemic stroke, found FXI activity was associated with higher
risk of worse vascular outcomes (combined with stroke, myocardial

infarction, and death) during 3 years of follow-up.* Anticoagulant
and thrombolytic therapy after diagnosis might have potential con-
founding effects on vascular outcomes, although adjustment for
some medications in that study.

Our study further extended previous finding in relatively healthy
populations, showing higher risks for incident stroke and ischemic
stroke in high FXI levels after multivariable adjustment during a me-
dian follow-up of 2.7 years. In consistent with our finding, a small
nested case-control study including 495 white or African American
participants (89 incident ischemic stroke cases) aged from 45 to
54 years, reported that FXI was associated with higher risk of in-

t.lO

cident ischemic stroke after multivariable adjustmen Similar de-

sign with a large sample of our study might enhance statistic power.
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FIGURE 1 Kaplan-Meier cumulative percent of incident ACS and stroke according to FX and FXI levels, 2013-2016. Kaplan-Meier
cumulative percent of incident ACS (A) and stroke (C) were shown according to FX levels, and Kaplan-Meier cumulative percent of incident
ACS (B) and stroke (D) were shown according to FXI levels during the follow-up duration from 2013 to 2016 without adjustment. ACS, acute

coronary syndrome; cum., cumulative; FX, factor X; FXI, factor Xl

Other prospective studies were inconsistent with ours, showing that
FXI was not associated with stroke or ischemic stroke in Whites and
African Americans.!**>%% However, these prospective studies were
all focused on Europeans and Americans, to our knowledge, we first
performed the prospective study and found high FXI levels were
associated with higher risk of incident stroke and ischemic stroke
among Chinese. Thus, the population difference might be a possi-
ble explanation for the inconsistency. Moreover, samples in these
prospective studies had been stored for a long time, even 20 years,
which might decrease FXI levels and result in the null association.
A study reported that FXI levels were stable in frozen plasma sam-
ples storage for 18 months and slightly decreased for 24 months.3*
Pre-experiment of a few samples in our study showed significant
difference for 10 years storage at —~80°C, not for 5 years, when com-
pared with fresh plasma. Therefore, the long-term cryopreservation
of samples might contribute to the inconsistency of associations be-
tween FXI levels and incident disease. Another rational explanation
for the inconsistent results might be different exclusion criteria be-
cause we excluded the participants with liver cancer or had history

of anticoagulant and antithrombotic medications, which might re-
duce possible confounding.

Platelet aggregation and inflammatory reaction might be in-
volved in the pathogenesis of ACS and stroke, in addition to coagu-
lation factors. 32> Previous studies also reported that platelet and
leukocyte were associated with higher risk of CVD.?%%” Of note,
the associations of high FXI levels with incident stroke and ischemic
stroke did not substantially change after additional adjustment for
FX, platelet, and leukocyte in the present study. In line with our re-
sults, an inhibition of FXI (ISIS 416858) reduced FXI levels without
an effect on bleeding in monkeys.35 Moreover, FXI antisense oli-
gonucleotides prevented thrombus formation on acutely ruptured
atherosclerotic plaques with less severe inflammatory response in
mice.?> Although we adjusted for confounding factors more than
previous studies, a limitation might exist because platelet was the
count that might not reflect the activity and adhesion effect in the
development of ACS and stroke.

However, we did not find any significant association of FXI
levels with hemorrhagic stroke, which was in line with previous



2788 | jﬂ“ CHEN ET AL.
A B
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Diabetes mellitus 0.897 0.462
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yes 94/253 —— 0.75 (0.42-1.33) 50/198 —_— 1.11 (0.58-2.14)
Smoking status 0.485 0.645
no 188/503 —_ 0.97 (0.67-1.40) 144/386 —— 1.53 (0.97-2.40)
yes 89/253 L 0.87 (0.51-1.48) 76/185 e 1.73(0.93-3.19)
Drinking status 0.645 0.560
no 186/499 = 0.98 (0.68-1.41) 79/364 — 148 (0.94-2.32)
yes 91/257 i 0.97 (0.56-1.67) 48/206 e 1.75(0.94-324)
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FIGURE 2 Adjusted odds ratios (ORs) for incident ACS and stroke in subgroups stratified by age, sex, hypertension, hyperlipidemia,
diabetes mellitus, smoking status, and drinking status. Adjusted odds ratios (ORs) were only for high FXI levels with incident ACS (A) and
stroke (B), and the reference groups were middle FXI levels. Adjusted for age, sex, BMI, smoking status, drinking status, family history of
CVD, diabetes mellitus, hypertension, hyperlipidemia, physical activity (MET-hours/week), and use of aspirin (except the stratified variable).
ACS, acute coronary syndrome; BMI, body mass index; CVC, cardiovascular disease; FXI, factor XI; MET, metabolic equivalent task hours

studies.>34%¢ |t was known that hemorrhagic stroke accounted for
less than 20% of total stroke cases and had a higher mortality rate.”’
Less than 100 incident hemorrhagic stroke cases might limit the as-
sociation. Moreover, although FXI deficiency could result in coagu-
lopathy and hemorrhage,®” participants in our study were general
populations without FXI deficiency, which might contribute to the
null association. Likewise, we did not observe a significant associa-
tion between FXI levels and incident ACS, a fatal subtype of CHD.
In line with us, a study including 368 incident CHD and 412 controls
showed that the association of FXI levels with incident CHD was not
significant.!! On the contrary, FXI levels were related to myocardial
infarction with a significant dose-response relationship in a case-
control study.38 As for these inconsistent findings, more prospective
studies with large populations need to confirm.

FX was a central factor in the coagulation pathways,’” but all as-
sociations of FX levels with ACS, stroke, and their subtypes were not
significant in the study. Consistent with our results, two prospective
studies also reported similar results of FX levels with CHD and isch-
emic stroke.'®!* However, these prospective studies were based on
relatively healthy populations with FX antigen levels, which might
limit significant conclusions. On the contrary, a previous study ob-
served that FX activity levels were associated with bleeding severity
in rare bleeding disorders (n = 489) aged from 7 months to 95 years,
although there may be heterogeneity.12 Moreover, anticoagulation
FX medication was used in the treatment of thrombus, which was
used to inhibit FX activity.”> Therefore, whether the associations of

FX antigen levels with ACS and stroke were significant or not needs
more prospective studies to evaluate.

We found the risk of incident stroke with high FXI levels appear-
ing to be more pronounced in subgroups aged more than 65 years,
female, hypertension, hyperlipidemia, and without diabetes mellitus.
It seemed reasonable to suppose these traditional CVD risk factors
might influence the effects of FXI on incident stroke. Inconsistent
with several studies, females had higher FXI levels'®®? and FXI lev-
els were significantly associated with higher risk of stroke among
females.? Possible explanations might be low estrogen levels, be-
cause most of female participants were in menopause in our study,
although we did not measure estrogen levels. Estrogen had antiath-
erosclerotic and neuroprotective effects.*® Furthermore, FXI levels
were decreased during pregnancy, which was a physiological period
with higher estrogen levels.*! Likewise, FXI levels were associated
with higher risk of ischemic stroke in dyslipidemia patients, which
might be explained by the hypercoagulability of high cholesterol lev-
els.8 However, all interaction effects between FXI with these CVD
risk factors were not significant, which might be due to the small
sample size in certain subgroup limited these results. Thus, future
studies need to verify our findings and further to elucidate the un-
derlying effect modification.

Several strengths of our study were noteworthy. We prospec-
tively explored the associations of FX and FXI levels with incident
ACS, stroke, and their subtypes (acute myocardial infarction, unsta-
ble angina, ischemic stroke, and hemorrhagic stroke) in the nested
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case-control study matched by age, sex, and sampling date, which
minimized confounding effects of matched variables. Remarkably,
we first found that the association of FXI levels with incident stroke
was significant among Chinese, and the association might be at-
tributed to ischemic not hemorrhagic stroke. Moreover, we evalu-
ated the associations of FXI levels with incident stroke in subgroups
stratified by traditional CVD risk factors, which contributed to eluci-
date the potential effects of FXI levels on incident stroke.

Nevertheless, our study also had several limitations. First, plasma
FX and FXI levels were measured by enzyme-linked immunosorbent
assay, indicating the levels were antigen levels, which might not re-
flect the bioactivity. However, a previous study had reported that
the correlation coefficient was 0.667 between FXI activity levels
and FXI antigen levels.*> Moreover, FXI antigen levels were similar
to FXI activity levels for risk of venous thrombosis.%’ Second, our
findings were based on Chinese middle-aged and elderly people,
which might be limited to younger and other populations. However,
our results still had some public health implications. Third, although
we found the risk of incident stroke with high FXI levels appearing to
be more pronounced in some subgroups, the sample size in certain
subgroup of strata may be small to limit definite conclusion of ef-
fect modification by those variables. Therefore, the possible effect
modification needed to explore in larger sample size or special pop-
ulations (e.g., hypertension, hyperlipidemia). Finally, the imputation
of missing covariates might distort the results of the assessment, al-
though the results of sensitivity analysis did not change substantially
after we excluded participants with missing data. Moreover, residual
confounding might exist, although we had considered a variety of
confounders.

5 | CONCLUSION

In conclusion, the association of FXI with incident stroke might be
attributed to ischemic but not hemorrhagic stroke and was robust
to further adjustment for FX, platelet, and leukocyte. Moreover, FXI
was not associated with incident ACS events and FX was not associ-
ated with incident ACS or stroke. Future studies need to validate our
results and further to elucidate whether there is a causal relationship

between FXI levels and incident ischemic stroke.
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