¥ Universiteit
%47 Leiden
The Netherlands

Hacking stroke in women: towards aetiology-driven

precision prevention
Os, H.J.A. van

Citation
Os, H. J. A. van. (2023, March 7). Hacking stroke in women: towards
aetiology-driven precision prevention.

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from:

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5

- Pathway, I—J/ISI_
Headache, ang
of Ischemic St

Hendrikus J. A. van Os, Marie
R. Rosendaal, ]oseW

Bob Slegerlnk
Stroke. 2019:50: 2]8]

H. Wermer, Frits
slag, Ale Algra,




Chapter 4

Abstract

Background and purpose: Hypercoagulable states in migraine patients may play a
role in the pathophysiology underlying the association between migraine and
ischemic stroke. This study aims to provide more insight into the potential
association of headache, ischemic stroke and the intrinsic coagulation pathway.

Methods: We included patients from the RATIO study, a Dutch population-based
case-control study including young women (age<50) with ischemic stroke and
healthy controls. We defined a headache group based on a questionnaire on
headache history. Intrinsic coagulation proteins were measured through both
antigen levels (FXII, FXI, prekallikrein, HK) and protein activation, determined by
measuring activated protein complex with Clesterase-inhibitor (FXIIa-C1-INH,
FXIa-C1-INH, Kallikrein-C1-INH) or antitrypsin-inhibitor (FXIa-AT-INH). We
calculated adjusted odds ratios (aOR), and performed an interaction analysis
assessing the increase in stroke risk associated with high levels of intrinsic
coagulation and history of headache.

Results: We included 113 ischemic stroke cases and 598 healthy controls. In total,
134 (19%) patients had a history of headache, of whom 38 were cases and 96
controls. The combination of headache and high intrinsic coagulation protein levels
(all but FXII-antigen level and both FXIa-inhibitors) was associated with an increase
in ischemic stroke risk higher than was expected based on their individual effects
(@OR FXI antigen level alone: 1.7, 95%CI: 1.0-2.9, aOR headache alone: 2.0,
95%CI: 1.1-3.7, combination: 5.2, 95%CI: 2.3-11.6)

Conclusion: Headache and high intrinsic coagulation protein levels may biologically
interact, increasing risk for ischemic stroke.
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Intrinsic coagulation, headache, and ischaemic stroke

Introduction

Headache is a common symptom in the general population. Among women,
migraine is one of the most common headache subtypes.! Migraine with aura (MA)
is a cardiovascular risk factor and increases the risk of ischemic stroke
approximately two-fold. This risk increase is most pronounced in young women,
and is thought to be multicausal.>> A likely contributing pathophysiological
mechanism is hypercoagulability during or even between migraine attacks.®® Several
studies have shown platelet hyperactivity in migraine patients.”!* Additionally,
multiple pro-thrombotic genetic polymorphisms have consistently been linked with
migraine.” %17 Traditional thrombogenic factors such as von Willebrand factor
(vWEF), antiphospholipids (aPL) and prothrombin factor 1.2 were found to be
elevated in migraine patients, though results were conflicting.® '® ' The proteins of
the intrinsic coagulation pathway have not yet been assessed in headache patients
in general and migraine patients in particular. The intrinsic coagulation proteins are
linked to bradykinin formation (from the precursor High Molecular Weight
Kininogen [HK]) and other related biological systems, which may play a role in the
hemodynamic  changes and  vascular tone modifications  observed

20-23 Tn acute ischemic stroke FXI plays a role in blood

during migraine attacks.
o . . o . .
coagulation,”® and high levels of activation of intrinsic coagulation proteins were

found to increase stroke risk.?52”

This study aims to provide more insight into the connection between headache,
ischemic stroke, and the intrinsic coagulation pathway in women. First, we will
assess differences in intrinsic coagulation proteins between healthy controls with
and without a history of headache, in a population of young women in whom we
expect a high prevalence of migraine. Second, we will assess the interaction effect
between history of headache and high levels of intrinsic coagulation proteins
(activation and antigen levels) with respect to ischemic stroke risk.

Methods

Patients

We included patients from the Risk of Arterial Thrombosis In relation to Oral
contraceptives (RATIO) study, a large multicenter population-based case-control
study which included patients after the acute phase of their qualifying events that
occurred between 1990 and 1995. The design of RATIO has been described
previously.? 283% The aim of the RATIO study was to evaluate the risk of arterial
thrombosis (both ischemic stroke and myocardial infarction) due to oral
contraceptives of different generations. Inclusion criteria were age 18 to 50 years,
no history of arterial thrombosis and confirmation of ischemic stroke by either
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computed tomography or magnetic resonance imaging. Exclusion criteria were
overt cardioembolic source of ischemic stroke, transient ischemic attack that lasted
less than 24 hours, cerebral sinus venous thrombosis, carotid artery dissection,
aphasia or cognitive impairment that prevented completion of the study
questionnaire, or not speaking Dutch. Healthy controls were approached by random
digit dialing and were frequency matched according to age, area of residence, and
year of event. For the present study, we selected all ischemic stroke patients and all
controls, based on whom we performed a complete case analysis with respect to
both headache and intrinsic coagulation data. The RATIO study was approved by
the ethics committees of the participating hospitals. All participants gave informed
consent. The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Patient characteristics

Baseline data were collected via a standardized questionnaire on patient
characteristics and self-reported cardiovascular risk factors, i.e. hypertension,
diabetes mellitus, hypercholesterolemia, ethnicity, familial medical history, use of
oral contraceptives, use of alcohol, and smoking habits. The RATIO study also
included a short headache questionnaire with the following questions: 1. ‘Did you
suffer from headache prior to stroke (or prior to [index year] for controls)?’ 2. ‘Did
you ever visit your general practitioner (GP) for headache?’ 3. ‘Did you ever visit a
neurologist for the headache?’ 4. ‘Did the neurologist arrive at a diagnosis?’ 5. ‘Did
the neurologist prescribe medication for the headache?’ Since no specific migraine
related questions were present, we constructed a proxy variable based on the
questions on headache history. Participants were divided into a ‘no headache’ group
(negative answer to questions 1 or 2), and a ‘headache’ group including possible
migraine (positive answer to questions 1 and 2). Questionnaires elicited information
from the time period preceding the year of ischemic stroke in cases, and the
corresponding index year in controls

Intrinsic coagulation proteins

The measurement of the intrinsic coagulation proteins was performed around three
months after ischemic stroke, and has been described in detail elsewhere.?’ In short,
intrinsic coagulation activation was measured through protein-inhibitor complexes
(FXIIa-C1-INH, FXIa-C1-INH, FXIa-AT-INH, KAL-C1-INH), and expressed as a
proportion of fully activated normal pooled plasma. Antigen levels were measured
by ELISA, and expressed as percentage of antigen levels in normal pooled plasma.
In other publications of the RATIO study, high levels of intrinsic coagulation
proteins were defined as coagulation activation or antigen levels higher than the 90
percentile cut-off point of the control group.??* Because of the restricted sample
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size of our study population with respect to the total RATIO population, we applied
the 75" percentile cut-off point for the definition of high levels of intrinsic
coagulation protein antigen and activation.

Statistical analysis

Presence of individual high intrinsic coagulation levels and number of levels were
assessed in healthy controls; ORs and corresponding 95 % confidence intervals were
estimated via logistic regression. We performed an analysis of additive interaction
in a standard case-control comparison for all eight intrinsic coagulation protein and
activation levels. We used logistic regression to estimate ORs and corresponding
95% confidence intervals as measures of relative risk for high level of the
coagulation protein alone (-/+), for headache alone (+/-), and for both (+/+) in
comparison with the reference category with neither (-/-) risk factor. All ORs from
logistic regression models were adjusted for matching variables (age, region, and
year of event), confounding was further minimized by adjusting all ORs for
potential and known sources of confounding (hypercholesterolemia, alcohol use,
contraceptive pill use, and smoking).

Results

The RATIO study included 203 cases with ischemic stroke and 925 controls. During
the recruitment of the second phase of the study, 50 additional ischemic stroke cases
were included. In total, 711 participants (60%) had complete intrinsic coagulation
and headache data and were included in our study. Of these 711 participants 113
(16%) were ischemic stroke cases. The predefined headache group consisted of 134
participants (19%). (Figure)

Baseline characteristics of participants of this study showed that - as expected and
earlier reported - traditional risk factors were more prevalent in ischemic stroke
cases than controls, especially hypertension, contraceptive pill use and smoking.?*
(Table 1) Baseline characteristics of these 711 participants were similar to the
characteristics of the total RATIO population. (Supplemental Table I)
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Figure. Flowchart of participants included in this study
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Table 1. Baseline characteristics of all participants

Baseline characteristics

Cases (n=113)

Controls (n=598)

Mean age (= SD)

Caucasian, n (%)

History, n (%)
Hypertension
Diabetes mellitus
Hypercholesterolemia
Contraceptive pill use
Smoking
Alcohol use

History of headache, n (%)

40.5 (7.4)
107 (96%)

33 (29%)
5 (4%)
7 (6%)

54 (48%

65 (58%

67 (59%

)
)
)
38 (34%)

38.9 (7.9)
569 (95%)

38 (6%)
10 (2%)
19 (3%)
196 (33%)
252 (42%)
423 (71%)
96 (16%)

(
(
(
(
(
(

44




Intrinsic coagulation, headache, and ischaemic stroke

Table 2. High levels of intrinsic coagulation proteins in healthy controls with and without a

history of headache

Intrin.sic coagulation Headache No headache OR (95% CI)*  aOR (95% CI)**
proteint (n=96) (n=502)

FXII antigen level 18 (19%) 134 (27%)  0.62 (0.36-1.08) 0.61 (0.35-1.07)
FXI antigen level 21(22%) 130 (26%)  0.76 (0.44-1.30) 0.73 (0.42-1.36)
Prekallikrein antigen level 19 (20%) 131 (26%)  0.69 (0.40-1.19) 0.60 (0.34-1.05)
HK antigen level 24 (25%)  132(26%)  0.96 (0.57-1.57) 0.83 (0.49-1.42)
FXIla-C1-INH 24 (25%) 126 (25%)  0.88 (0.52-1.49)  0.76 (0.44-1.32)
FXIa-C1-INH 17 (18%)  132(26%)  0.67 (0.37-1.20) 0.69 (0.38-1.24)
FXIa-AT-INH 19 (20%) 130 (26%)  0.80 (0.46-1.41) 0.82 (0.47-1.45)
KAL-C1-INH 14 (15%)  142(28%)  0.47 (0.26-0.86) 0.47 (0.25-0.86)

*OR adjusted for matching variables (age, region, and year of event)’

**OR adjusted for matching variables, hypercholesterolemia, contraceptive pill use, alcohol use and smoking
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Table 3. Ischemic stroke risk: interaction analysis of high intrinsic coagulation protein levels and

activation, and headache

Intrinsic Controls, n Cases, aOR** (95%
coagu.lation >P75t  Headache (%) n (%) OR* (95% CI) CI)
FXII antigen
level - - 368 (62%) 62 (55%) 1 (ref) 1 (ref)
+ - 134 (22%) 13 (12%) 0.6 (0.3-1.1) 0.5 (0.2-0.9)
- + 78 (13%) 30 (27%) 2.0 (1.2-3.3) 1.9 (1.1-3.3)
+ + 18 (3%) 8 (7%) 2.1(0.8-5.3) 1.6 (0.6-4.3)
FXI antigen
level - - 391 (65%) 5 (40%) 1 (ref) 1 (ref)
+ - 111 (19%) 0(27%) 1.8 (1.1-3.1) 1.7 (1.0-2.9)
- + 78 (13%) 1(19%) 2.0 (1.1-3.7) 2.0 (1.1-3.7)
+ + 8 (3%) 7 (15%) 5.7 (2.7-12.1) 5.2 (2.3-11.6)
Prekallikrein
antigen level - - 371 (62%) 8 (51%) 1 (ref) 1 (ref)
+ - 131 (22%) 7 (15%) 0.8 (0.4-1.4) 0.7 (0.4-1.3)
- + 77 (13%) 0 (18%) 1.4 (0.8-2.5) 1.4 (0.7-2.5)
+ + 9 (3%) 8 (16%) 5.1(2.4-10.6) 4.6 (2.1-10.1)
HK antigen
level - - 370 (62%) 57 (50%) 1 (ref) 1 (ref)
+ - 132 (22%) 8 (16%) 8 (0.5-1.5) 8 (0.5-1.5)
- + 72 (12%) 0 (18%) 6(0.9-2.9) 5(0.8-2.7)
+ + 4 (4%) 8 (16%) 9 (1.9-7.9) 2 (2.0-8.9)
FXIIa-C1-
INH - - 372 (62%) 53 (47%) 1 (ref) 1 (ref)
+ 130 (22%) 2 (20%) 9(0.5-1.6) 9(0.5-1.7)
- + 72 (12%) 4 (21%) 0(1.1-3.5) 7 (1.0-3.1)
+ + 4 (4%) 14 (12%) 8 (1.3-6.0) 6 (1.6-7.8)
FXIa-C1-
INH - - 372 (62%) 9 (43%) 1 (ref) 1 (ref)
+ - 130 (22%) 6 (23%) 2.2 (1.3-3.8) 2.2 (1.3-3.9)
- + 79 (13%) 9 (26%) 2.5 (1.5-4.4) 2.5 (1.4-4.3)
+ + 7 (3%) 9 (8%) 4.5 (1.8-11.4) 4.4 (1.7-11.6)
FXIa-AT-
INH - - 372 (62%) 7 (42%) 1 (ref) 1 (ref)
+ - 130 (22%) 8 (25%) 2.2 (1.3-3.8) 2.1 (1.2-3.6)
- + 77 (13%) 2 (28%) 2.7 (1.6-4.6) 2.5 (1.5-4.4)
+ + 9 (3%) 6 (5%) 4.0 (1.4-11.1) 4.2 (1.5-12.1)
KAL-C1-
INH - - 360 (60%) 43 (38%) 1 (ref) 1 (ref)
+ - 142 (24%) 32 (28%) 2.3 (1.3-3.8) 2.2 (1.3-3.8)
- + 82 (14%) 27 (24%) 2.3(1.3-4.1) 2.3 (1.3-4.1)
+ + 4 (2%) 11 (10%) 8.2 (3.3-20.5) 7.4 (2.9-19.1)

1Antigen or inhibiting factor level above 75th percentile

*OR adjusted for matching variables (age, region, and year of event)

**OR adjusted for matching variables, hypercholesterolemia, alcohol use, contraceptive pill use,

and smoking
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Second, we confirmed the association between the history of headache and ischemic
stroke risk. Thirty eight stroke patients (34%) reported history of headache versus
96 women in the control group (16 %), resulting in an aOR of 2.2 (95% CI: 1.4-
3.6). (Supplemental Table II) Similar to history of headache, high levels of multiple
intrinsic coagulation proteins were associated with an up to two-fold risk of
ischemic stroke, which is in line with previous analyses of these data: FXI antigen
(aOR 1.7, 95% CI: 1.0-2.9), FXIa-C1-INH (aOR: 2.2, 95% CI: 1.3-3.9), FXIa-
AT-INH (aOR: 2.1, 95% CI: 1.2-3.6), and KAL-C1-INH (aOR: 2.2, 95% CI: 1.3—
3.8). Interestingly, high FXII antigen levels were associated with a decrease in
ischemic stroke risk (aOR: 0.5, 95% CI: 0.2-0.9), (Table 3) while previous analyses
that applied the 90™ percentile cut-off showed no association (aOR:1.0, 95% CI:
0.4-2.5).? The combination of both a history of headache and high intrinsic
coagulation protein levels resulted in a clearly supra-additive stroke risk in five of
eight intrinsic coagulation protein levels. This association was most pronounced for
KAL-C1-INH (aOR protein alone: 2.2, 95% CI: 1.3-3.8, headache alone: 2.3, 95%
CI: 1.3-4.1, combination: 7.4, 95% CI: 2.9-19.1), and FXI antigen level (aOR
protein: 1.7, 95% CI: 1.0-2.9, aOR headache alone: 2.0, 95%CI: 1.1-3.7,
combination: 5.2, 95% CI: 2.3-11.6. (Table 3) After additional adjustment for
hypertension and diabetes the results of the interaction analysis remained essentially
the same.

Discussion

In healthy controls we found that participants with a history of headache less often
had high levels of KAL-C1-INH than those without a history of headache. For the
combination of both risk factors (headache history and high intrinsic coagulation
protein levels) we found an increase in ischemic stroke risk higher than could be
expected based on individual effects of both factors. Other intrinsic coagulation
protein antigen or activation levels were not associated with history of headache in
healthy controls.

Our study shows synergistic effects of increased levels of the majority of all intrinsic
coagulation proteins and positive headache history in increasing risk for ischemic
stroke. These associations were most pronounced for KAL-C1-INH and FXI
antigen, and may indicate a biological interaction between pathophysiological
mechanisms underlying headache and the intrinsic hypercoagulability. These
analyses further showed that the sole effect of the increased intrinsic coagulation
levels and activation was largely in line with previous publications of the RATIO
study.?> ?’ (Table 3) Especially high KAL-C1-INH and FXI antigen levels were
strong risk factors for ischemic stroke, also in line with previous publications. FXII
antigen showed a lower association with stroke risk than in previous publications,
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possibly because we applied the 75™ instead of the 90™ percentile to define high
levels of intrinsic coagulation proteins. Additionally, these analyses are restricted to
those RATIO participants in whom headache data were complete. However,
baseline variables of our subset were similar to those of the total RATIO population
(see Supplemental Table I).2% %

The increased ischemic stroke risk for patients with a history of headache and high
intrinsic coagulation protein levels may be the result of a high migraine prevalence
in the headache group. However, because we had no reliable data on migraine
history this hypothesis remains speculative. Migraine, especially migraine with aura,
has been found to be associated with endothelial dysfunction.® 3! Endothelial
dysfunction causes a pro-thrombotic and pro-inflammatory state and impaired
vascular reactivity, factors that could lead to clot initiation.?* 3 Presence of high
intrinsic coagulation antigen levels and activation could further lower the threshold
for ischemic stroke in migraine patients by increased clot stability under flow, a
process in which biological interaction with endothelial dysfunction mediated
mechanisms could play a role.** Further, migraine has primarily been associated
with platelet hyperactivity.”!? Activation of FXI by FXII can be bypassed in the
coagulation cascade by feedback activation through thrombin as part of platelet-
dependent arterial thrombosis.** Platelets contain a FXI receptor glycoprotein IBa,
which stimulates this feedback activation in animal studies*® and FXI-thrombin
contributes to distal platelet activation and procoagulant microaggregate
formation.?” This may explain the relatively strong association of FXI activation and
antigen levels compared with those of FXII.

Several methodological issues have to be considered. First and most important,
because no migraine-specific questions were included in the headache questionnaire
direct identification of patients with a history of migraine was not possible. History
of headache can only to some extent be used as a proxy for migraine. Although
sensitive (i.e. two-thirds of migraine patients visit the GP for their migraine
specifically), the proxy has a low specificity.*® Our study focusses on young women
with a one-year migraine prevalence around 25%, making it safe to assume a
substantial number of patients with headache in our study actually have migraine.*
However, as exact prevalence and individual data on migraine are lacking, we
cannot distinguish between migraine and non-migraine headache in our
conclusions. An extensive literature search did not result in any studies investigating
the association between tension or cluster headache and intrinsic or extrinsic
coagulation parameters. Although we have no reason to suspect that such
associations exist, we cannot rule out the possibility. For migraine the association
with increased extrinsic coagulation parameters is well established. However, the
hypothesis that migraine is the causative factor for any observed association
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between history of headache and intrinsic coagulation proteins could not be assessed
sufficiently with our data. The overall prevalence of history of headache in our
population (19%) is lower than the average self-reported life-time prevalence of
headache in the population (around 60%).! However, our definition of headache is
more strict than self-reported headache, as it required a GP visit specifically for
headache. A Dutch population study found that only 16% of patients with tension-
type headache and around 25-50% of patients with migraine visit their GP
specifically for headache complaints, explaining the headache prevalence of 19% in
our controls.*’ This more restrictive definition likely results in a higher occurrence
of moderate to severe headache phenotypes in our headache group including
migraine. Second, as blood was collected after the event in the ischemic stroke
group, reverse causation may have occurred. For this reason, we focused on the
association between headache and intrinsic coagulation parameters only in the
control group. In the interaction analysis however, we took the effect of intrinsic
coagulation parameters on ischemic stroke risk into account, and also included
ischemic stroke cases. Blood sampling in the RATIO study took place minimally one
year and often 2-3 or more years after the event. Hence, we can rule out the
possibility that our results directly reflect the transient effects of the acute phase of
ischemic stroke, which lasts days to weeks. The absence of association between
increased activation of the intrinsic coagulation proteins and myocardial infarction
risk within the RATIO study suggests that a general post-hoc effect can also be ruled
out. However, non-transient (or chronic) effects can still be the cause of reverse
causation and can only be completely ruled out when blood samples are taken prior
to the event.?’ Third, this study has no data on ischemic stroke sub-classification
such as the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria.*!
Fourth, this study consists of young women only. Fourth, this study consists of
young women only. This may decrease the generalizability of our results to men and
to the elderly, although there are no plausible reasons why these associations would
be qualitatively different in others. Fifth, we did not have direct data on
anticoagulant use at time of blood drawing. We however could derive suspected oral
anticoagulant use from endogenous thrombin potential data. The results of our
analyses did not change when we excluded patients who were suspected to use oral
anticoagulants at the time of blood drawing (data not shown). Finally, some
analyses are based on a low number of participants, especially in the interaction
analyses. This is reflected in the wide confidence intervals. So even when some
results are ‘statistically significant’ in the traditional sense of p <0.05, the
imprecision of these estimates should be taken into account when interpreting our
results. However, given the rare nature of ischemic stroke in young women, the
number of included cases could be considered relatively large. Strong points of this
study further include the detailed assessment of intrinsic coagulation parameters.
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Our findings suggest that a biological interaction between history of headache and
of intrinsic coagulation protein antigen levels and activation exists. We speculate
that this interaction is caused by migraine although we were not able to investigate
this in our study. Therefore, future studies in both men and women with detailed
assessment of migraine are needed to assess the relationship of migraine and the
intrinsic coagulation system. Especially investigation of the migraine with aura
subset of migraine patients may be of interest, since in these patients the association
with (micro)vascular abnormalities is better established. Additionally, good
assessment of ischemic stroke subtype in such population could further elucidate the
role of intrinsic coagulation proteins in the migraine-stroke relation.
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