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Atrial fibrillation (AF) is a source of altered brain perfusion and ischemia, potentially
leading to cerebral injury and blood brain barrier (BBB) disruption, which may result in
the permeation of neurospecific molecules into the bloodstream. We retrospectively ana-
lyzed circulating levels of biomarkers of cerebral injury: Astrocyte-specific glial acidic
fibrillary protein (GFAP), calcium-binding protein B (S100 b), stress response marker
growth differential factor 15 (GDF15), and microtubule associated Tau protein, in patients
with AF and non-AF controls. A total of 196 AF cases and 47 non-AF controls were
enrolled in this study all without previous clinical stroke or cerebral injury. Plasma sam-
ples were obtained from the Intermountain INSPIRE biobank registry. AF status was
determined at the time of the sample draw using clinical diagnosis. Assessment of circulat-
ing biomarkers was conducted with EIA. Multivariate linear modeling, using natural log,
and square root transformation of the biomarkers, was done adjusting for (1) CHA,DS,-
VASc and anticoagulation, and (2) age, gender, coronary artery disease and anticoagula-
tion. Circulating Tau, GDF15, and GFAP were elevated in AF cases. After multivariate
adjustment, GFAP and Tau remained significantly elevated in the AF, whereas the signal
for GDF15 was confounded by age. In conclusion, circulating biomarkers of neuronal and
glial injury Tau and GFAP are elevated in patients with AF that are consistent with sub-
clinical cerebral injury and disruption of the BBB, which can predispose these patients to

the development of cognitive dysfunction and/or dementia later in life. © 2019 Elsevier
Inc. All rights reserved. (Am J Cardiol 2019;124:1697—1700)

Atrial fibrillation (AF) is the most common arrhythmia
encountered in the clinical setting." AF has been associated
with multiple adverse comorbidities including the develop-
ment of dementia in patients without previous stroke.” It
has been estimated that 35.6 million people worldwide were
diagnosed with dementia in 2010 and to increase to 100 mil-
lion people by 2050.° AF is an independent risk factor for
the development of dementia and each disease shares similar
risk factors.” Various models have been proposed to explain
the association of AF and dementia, such as: fluctuations in
brain blood perfusion during the episodes of arrhythmia;
cerebral microemboli and microbleeds, and inflammatory
and prothrombotic processes.”” All of the above, or a combi-
nation of these mechanisms, can cause cerebral injury with
blood brain barrier (BBB). Our approach to cerebral injury
in patients with AF remains limited due to an incomplete
understanding of these mechanisms and is primarily focused
on reducing a risk of a disabling stroke. In this study we

“Intermountain Medical Center Heart Institute, Intermountain Medical
Center, Salt Lake City, Utah; bDepartment of Internal Medicine, Univer-
sity of Utah School of Medicine, Salt Lake City, Utah; and “Stanford Uni-
versity, Department of Internal Medicine, Stanford, California. Manuscript
received June 3, 2019; revised manuscript received and accepted August 19,
2019.

Funding: This research was funded by a grant from the Intermountain
Medical Research Foundation, Salt Lake City, Utah.

See page 1700 for disclosure information.

*Corresponding author: Tel: (801) 507-3513; fax: (801) 507-3584.

E-mail address: Thomas.bunch@imail.org (T. Jared Bunch).

0002-9149/© 2019 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.amjcard.2019.08.027

retrospectively analyzed circulating levels of biomarkers of
cerebral injury: astrocyte-specific glial acidic fibrillary pro-
tein (GFAP), calcium-binding protein B (S100 b), stress
response marker growth differential factor 15 (GDF15), and
microtubule associated Tau protein, in patients with and
without AF to determine if these neuron-specific biomarkers
of injury are elevated in patients with AF.

Methods

We studied 243 subjects (196 AF cases and 47 non-AF
controls) from the Intermountain INSPIRE biobank registry.
This registry was approved by the Institutional Review
Board and patients were included after giving informed con-
sent. AF cases were diagnosed with AF before the blood col-
lection and were selected using diagnoses codes (ICD-9:
427.31, and ICD-10: 148.0, 148.1, 148.2, 148.91) and did not
have to be in AF at the time of their blood draw. The control
patients had no diagnostic codes for AF nor evidence of AF
in our electrocardiogram and ambulatory monitor databases.
Both cases/control statuses were further confirmed by man-
ual chart review. Patients with a history of stroke and cogni-
tive dysfunction before the blood draw were excluded from
the study. The plasma from these subjects was processed and
banked under standard conditions. Plasma samples were
stored at —80 C° until tests were performed. Assessment of
circulating biomarkers was conducted with enzyme-linked
immunosorbent assay (My BioSource Inc and R&D Systems
Inc). The distributions of the biomarkers were skewed, and
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thus they were natural log (Tau, GFAP, GDF15) and square
root (S100B) transformed before modeling linear relation-
ships using linear regression. Results for the biomarkers
were compared by AF status. The linear modeling was done
adjusting for 2 sets of variables first, by CHA,DS,-VASc
score and anticoagulant medication use; and second, by age,
gender, previous coronary artery disease, and anticoagulant
medication use.

Results

Patients’ baseline characteristics at the time of plasma
acquisition are summarized in Table 1. The AF cases were
significantly older (67 &+ 11 years old) when compared with
non-AF controls (58 £ 12 years old) (p <0.0001). The AF
cases also had a higher rate of coronary artery disease
(16.3%) when compared with non-AF controls (3.0%)
(p=0.008). The AF patients were more likely to be pre-
scribed cardiovascular medications, especially anticoagu-
lants (71.9% vs 8.5%; p <0.001). The AF cases had higher
CHA,DS,-VASc scores than the controls with 73.5% hav-
ing a CHA,DS,-VAS score >2 compared with 57.4% for
non-AF controls (p =0.02).

Circulating biomarkers of cerebral injury were higher in
AF cases than non-AF controls for Tau, GFAP, and GDF15
but not S100B (Figure 1). After multivariate adjustment for
CHA,DS,-VASc and anticoagulation, AF was associated
with higher levels of Tau, GFAP, and GDF15 (p=0.008,

Table 1
Baseline characteristic comparisons between AF cases and controls

Variables Atrial fibrillation p Value*
YES NO

(n=196) n=47)
Age 66.8 +10.7 57.8+11.8 <0.0001
Men 118 (60%) 21 (45%) 0.05
White 175 (91%) 43 (92%) 0.88
Smoker 8 (4%) 8 (17%) 0.004
Hypertension 111 (57%) 30 (64%) 0.37
Hyperlipidemia 76 (39%) 24 (51%) 0.12
Diabetes mellitus 48 (25%) 14 (30%) 0.45
Prior myocardial infarction 9 (5%) 0(0%) 0.21
Prior coronary artery disease 32 (16%) 1 (3%) 0.008
Prior heart failure 41 (21%) 6 (13%) 0.20
Medications
Statins 71 (36%) 4 (9%) 0.0002
Aspirin 128 (67%) 12 (9%) <0.0001
Other antiplatelet 17 (9%) 0(0%) 0.03
Anticoagulant 138 (72%) 4 (9%) <0.0001
Aspirin and anticoagulant 97 (49%) 3(6.4%) 0.0001
Aspirin and antiplatelet 10 (5%) 0(0%) 0.22
Beta blocker 63 (33%) 5(11%) 0.003
Calcium channel blocker 41 (21%) 1 2%) 0.002
Diuretic 62 (32%) 5(11%) 0.003
Angiotensin-converting 54 (28%) 5(11%) 0.01

enzyme inhibitors

Angiotensin II receptor blockers 28 (15%) 1 2%) 0.02
CHA,DS,-VASC 0.02
0 7 (4%) 6 (13%)
1 45 (23%) 14 (30%)
>2 144 (74%) 27 (57%)

* p values from univariate chi-square and Wilcoxon rank sum tests.

p <0.0001 and p=0.01, respectively) but not S100B
(p=0.41). Although the second set of adjustment for age,
gender, previous CAD, and anticoagulation found similar
significant associations between AF and Tau (p=0.009)
and GFAP (p <0.0001), the association between AF and
GDF15 became nonsignificant (p=0.13), as age was con-
founding the previous significant signal. We performed
both untransformed and the natural log transformation to
further examine the association of age with the biomarkers.
GDF15 (p <0.0001, p <0.0001) was associated with aging,
whereas Tau (p=0.15, p=0.28), GFAP (p=0.12, p=0.004),
and S100B (p=0.21, p=0.22) were not or to a lesser degree
associated by aging, by untransformed and natural log trans-
formation, respectively.

Discussion

This study has demonstrated that patients with AF without
a previous history of cerebral injury, stroke, cognitive decline
or dementia have elevated levels of the Tau protein, GDF15
and GFAP in the systemic circulation, which is indicative of
neuronal and glial damage with probable disruption of the
BBB. These new findings have potentially significant impli-
cations related to the early detection of neurological injury in
AF patients.'™'?

Tau is a microtubule associated protein that is specifically
expressed in axons of cortical interneurons, and which plays
an important role in microtubule assembly, neuronal devel-
opment, and axonal stability."” Variations in cerebral perfu-
sion, along with specific proinflammatory states alter the
BBB, increasing its permeability in AF patients. Extracellu-
lar release of Tau due to neuronal injury from affected axons
and increased BBB permeability renders it detectable in the
systemic circulation at a higher concentration level as seen
with other forms of repetitive cerebral or cranial injury.'”

GFAP is predominantly a brain-specific protein, expressed
in high quantities in astrocytes of brain tissue. Incidents
involving glial injury cause GFAP to be released into the
extracellular space and then to circulating blood, either by
direct venous drainage or by diffusion through a compromised
BBB."” Elevated circulating levels of GFAP have been
detected in patients with severe traumatic brain injury and
were predictive of acute and long-term unfavorable neurologi-
cal outcomes. In our study, elevation of GFAP in plasma sug-
gests that AF patients experience astroglial damage and BBB
dysfunction.

Surprisingly, S100B was not significantly elevated in AF
patients. S100B is an intracellular astrocyte-and oligoden-
drocyte-specific protein. It was recently demonstrated that
S100B is also present in adipocytes and chondrocytes.'® An
elevated level of circulating S100B is also a marker for neu-
rological stress or BBB disruption; however, there are
reports that S100B might be lacking in speciﬁcity and sensi-
tivity due to its extracerebral presence.’

GDF15 is a member of the TGF-g8 superfamily, and is a
proven marker of oxidative stress and inflammation, and is a
risk predictive marker for bleeding and all-cause mortality in
AF patients.'® GDF15 is expressed in various tissues, is ele-
vated in response to brain injury, and also is associated with
both cognitive decline and Alzheimer’s dementia (AD) when
significant white matter hyperintensities are detected.'”* In


www.ajconline.org

Arrhythmias & Conduction Disturbances/Biomarkers of Cerebral Injury in AF Patients 1699

Tau

Adjusted p=0.008 and p=0.009

Tau pg/mi

400

AF Cases No AF Controls

GFAP

Adjusted p<0.0001 and p<0.0001

15 :

10

GFAP pg/mi

AF Cases No AF Controls

GDF 15

Adjusted p=0.01 and p=0.13

4000 -

GDF 15 pg/ml
g

AF Cases No AF Controls

$100B

2500 Adjusted p=0.41 and p=0.42

1500 4

$100B ng/ml

AF Cases No AF Controls

Figure 1. Biomarker distributions of AF (cases) versus non-AF patients (controls). p values adjusted for (1) CHA,DS,-VASc and anticoagulation medica-

tion, and (2) age, gender, previous CAD, and anticoagulant medication.

our study, GDF15 was significantly increased in AF patients
only in univariate analyses and GDF15 demonstrated a
strong age-based association of elevation.

Based on our findings, cerebral injury in AF patients likely
develops early in the disease process before clinical manifesta-
tions are present. These injuries in susceptible patients over
time may reach a tipping point when cerebral dysfunction
becomes detectable from a clinical standpoint. This hypothesis
is supported by a recent report that 41% of patients with AF,
with no history of previous stroke or transient ischemic attack,
have otherwise asymptomatic brain lesions detected on
MRI.*"** Early detection of cerebral injury is essential for tak-
ing preventive measures and further understanding of potential
mechanisms before the clinical manifestations of cognitive
impairment appear. Prospective evaluation of these markers,
as well as others, is ongoing as part of the Concussion Atrial

Fibrillation trial (clinicaltrials.gov NCT03875131) that will
also provide clinical correlation.

This study is subject to several limitations, including
those inherent to all retrospective case-control designs.
First, it was conducted on a relatively small sized control
group which did not allow us to perform case-control
matching to eliminate baseline differences. These controls
also were patients undergoing assessment by a cardiologist
and, therefore, not randomly selected healthy controls.
However, we suspect that using healthy control might pro-
vide an even stronger signal. Although none of the patients
had a previous stroke or significant cranial injury, we can-
not account for other potential neurological injuries. How-
ever, we believe these would be rare and should not be
associated with the case status. Another limitation is that
the cases and controls had significant baseline differences,
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in particular age. Although we attempted to adjust for this
in the multivariable analyses as well as untransformed and
natural log transformation, the statistical adjustment might
not have fully accounted for possible confounding effects.

In conclusion, biomarkers of neuronal and glial damage
are elevated in patients with AF that are consistent with
subclinical cerebral injury and disruption of the BBB. Spe-
cifically, levels of circulating Tau and GFAP were found to
be higher in AF patients and suggest detectable and poten-
tial repetitive brain injury, which can predispose these
patients to the development of cognitive dysfunction and/or
dementia later in life.
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