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Abstract

Aims White matter lesions (WML) are common structural alterations in the white matter of the brain and their prevalence
increases with age. They are associated with cerebral ischaemia and cognitive dysfunction. Patients with heart failure (HF) are
at risk for cognitive decline. We hypothesized that the presence and duration of HF are associated with WML.

Methods and results The LIFE-Adult Study is a population-based study of 10 000 residents of Leipzig, Germany. WML were
quantitated in 2490 participants who additionally underwent cerebral MRI using the Fazekas score. Mean age was 64 years,
and 46% were female; 2156 (86.6%) subjects had Fazekas score of 0—1, and 334 (13.4%) had Fazekas score of 2-3. Thirty
participants had a medical history of HF, 1019 had hypertension, and 51 had a history of stroke. Median left ventricular
ejection fraction of the participants with HF was 57% (interquartile ranges 54-62). Age, troponin T, NT-proBNP, body mass
index, history of acute myocardial infarction, stroke, HF, and diabetes were positively associated with WML in univariate
analysis. On multivariate analysis, age, hypertension, stroke, and HF were independently associated with WML. The odd’s ratio
for the association of WML (Fazekas 2—3) with HF was 2.8 (95% ClI 1.2-6.5; P = 0.019). WML increased with longer duration of
HF (P = 0.036 for trend).

Conclusions In addition to age, hypertension, and stroke, the prevalence and duration of HF are independently associated
with WML. This observation sets the stage to investigate the prognostic value of WML in HF and the impact of HF therapies
on WML.
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Introduction While age and arterial hypertension are strong predictors

White matter lesions (WML), also called white matter
hyperintensities, are common in the elderly with or without
neurological symptoms.® They appear hyperintense on
T2-weighted magnetic resonance imaging (MRI) and are
considered as a type of sporadic small vessel diseases, typi-
cally affecting periventricular regions and deep white matter
sparing U-fibres.>*

of WML, they are linked to various vascular risk factors and
cerebrovascular diseases and are related to a three-fold
increase in risk for stroke.>” A high burden of WMLs was
found to be negatively associated with cognitive function
and to the physical function.®*® Cross-sectional and
prospective studies further indicated a relation between
WML and the onset of dementia.”** Importantly, the
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prevalence of cognitive impairment is increased in patients
with cardiovascular diseases. There is consistent evidence
that cognitive impairment is highly prevalent in patients
with heart failure (HF).">™” In previous reports and
meta-analyses, the prevalence for cognitive deficits among
patients with HF varies from 25% to 80%, depending on
the study design and the study population.*”*® The cognitive
deficits in patients with HF are characterized by increased al-
terations in the domains of attention, verbal memory, and
emotional processing.*®?° As structural correlates, medial
temporal lobe atrophy (MTA), grey matter loss (GM), and
WML have been reported in patients with HF using cerebral
MRI (cMRI) scans.>92°

To date, there are few studies on HF and the risk for
structural brain damage; however, the findings are limited
due to the study designs, which included mostly a
high-risk population group compared with a selected control
group. The association of WML with cardiovascular risk
factors and with HF in an unselected population remains
elusive.

Therefore, the purpose of the present study was to
analyse the association between cardiovascular risk factors,
HF, and WML in a population-based cohort study, the
LIFE-Adult Study (The Leipzig Research Centre for Civilization
Diseases).

Methods
Study population

The LIFE-Adult Study, as part of the ‘Leipzig Research Center
for Civilization Diseases’ (LIFE), is a population-based cohort
study with 10 000 randomly selected residents from Leipzig
(age ranged from 18-80 years), a city in the eastern part of
Germany (approximately 600 000 inhabitants).?* The study
constituted an age and gender stratified sample as described
previously.??

All subjects signed an informed consent form, and the
study protocol was in accordance with the Declaration of Hel-
sinki and approved by the Ethics Committee of the University
of Leipzig.

The study was initiated to evaluate the prevalence, early
onset markers, genetic predispositions, and the role of
lifestyle factors of major civilization diseases. Metabolic
and vascular diseases, heart function, and cognitive
impairment are also in the central focus of the LIFE
project.*

All subjects underwent an extensive core assessment pro-
gram (5-6 h) including structured medical interviews, medical
and psychological questionnaires, physical examination, and
bio specimen collection.?

Heart function

Heart failure was defined by the self-reported diagnosis from
the medical questionnaires, or rather, participants were asked
if they have ever been diagnosed with HF by a physician.

To further describe potential arrhythmias or to specify the
heart function, a 12-lead electrocardiogram (ECG,
Page-Writer TC50® ECG system, Philips Medical Systems
GmbH, Hamburg, Germany) was used to investigate cardiac
arrhythmias, and echocardiography was used to obtain a
phenotyping of the heart function to investigate the different
types of HF (systolic vs. diastolic dysfunction).

The ECGs were separately evaluated for atrial fibrillation
(AF) by two independent evaluators. Echocardiography was
one of the routine examinations in LIFE Adult and was
performed using the GE Vivid 7 dimension BTO8 echocardiog-
raphy station (GE Healthcare, Chicago, lllinois, USA), accord-
ing to the recommendations of the American Society of
Echocardiography (ASE) and the European Society of
Cardiology (ESC).>* For this analysis, left ventricular ejection
fraction (LVEF, Simpson’s biplane method was used and
computed by biplane 2D measurements) as systolic func-
tional parameter and E/E' as diastolic function parameter
was used for evaluation.

Magnetic resonance imaging and Fazekas score

A total of 2490 participants additionally underwent MRI of
the head. The cMRI scans were performed at 3-Tesla on a
MAGNETOM Verio Scanner (Siemens, Erlangen, Germany).
T1-weighted MPRAGE and FLAIR images were acquired as
part of a standardized protocol: MPRAGE [flip angle
(FA) = 9°, relaxation time (TR) = 2300 ms, inversion time
(TI) =900 ms, echo time (TE) = 2.98 ms, 1 mm isotropic reso-
lution, acquisition time (AT) = 5.10 min]; FLAIR
(TR = 5000 ms, TI = 1800 ms, TE = 395 ms,
1 x 0.49 x 0.49 mm resolution, AT = 7.02 min). Structural
MRI parameters were used for identifying neurodegenerative
diseases, and WML have been analysed/acquired by an auto-
mated assessment such that higher score reflects the
increased overall burden of cerebral WML.?> WML were
rated by using the Fazekas score (the scale ranges from 0 to
3), which reflects the overall burden of WML.2** The
Fazekas score is a visual rating of WML and is used in every
day clinical practice.?® Rating score 0 is defined by no lesions
and represents a ‘healthy brain’. Score 1 describes focal
lesions. Fazekas 0 and 1 are common in the elderly and are
in most cases asymptomatic. The beginning of confluence
lesions is defined by rating score 2 and diffuse involvement
of the entire region is rated by score 3. Fazekas scores 2
and 3 are associated with cognitive dysfunction.”® The
volume of the white matter was adjusted to the volume of
the head.
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Neurocognitive testing

Participants older age (>60 years) underwent additionally
neurocognitive testing at baseline examination. The Trail-
Making-Test (TMT) A and B, as subtests of the CERADplus
test, have been evaluated for this analysis. These are part
from an extended neuropsychological test battery of the
Consortium to Establish a Registry for Alzheimer’s
Disease.>””*® The TMT A and B are used to identify deficits
in attention, perceptual speed, cognitive flexibility, and exec-
utive function. TMT measures speed and mental flexibility.>

Basically, in the first part of the test (TMT-A), the targets
are all numbers, while in the second part (TMT-B), partici-
pants need to alternate between numbers and letters. The
TMT was evaluated according to the execution times in
seconds for adults specified in the manual.3%3! Importantly,
in both TMT-A and B, the time to complete the task quan-
tifies the performance; therefore, lower scores indicate
better performance.3®3! In this study, the measured time
required to perform the tests was analysed in relation to
the individual factors.

Statistical analysis

Data analysis was performed using SPSS version 25 for
Windows (IBM, Chicago, USA).

Continuous variables are given as mean * standard devia-
tion (SD) or as median with interquartile ranges (25th—75th).
Student’s t-test or non-parametric tests (Mann—Whitney
U-test) were used for continuous variables. Categorical data
are given as numbers of patients (%) and were compared using
)(2 test or Fishers’ exact test (if necessary).

Binary regression model with WML Fazekas score 0-1 vs.
2-3 as the dependent variables was used for univariate and
multivariate analyses. The natural logarithm of NT-proBNP
values was used in univariate and multivariate analyses.
Variables that showed a significant correlation in univariate
analysis and may be clinically important were entered into
multiple binary regression model. Linear regression models
were used for the cognitive tests.3?> The two-sided P-value
<0.05 was considered as statistically significant. For selected
comparisons between groups, the odds ratio (OR) or regres-
sion coefficient (RC) with 95% confidence interval (Cl) are
presented.

Results
Baseline characteristics

A total of 2490 individuals with cMRI were included in the full
analysis. Nine hundred sixty-five participants (38.8%) had
Fazekas score 0, 1191 (47.8%) had Fazekas score 1, 290
(11.6%) had Fazekas score 2, and 44 (1.8%) had Fazekas score
3, respectively.

For further analysis, patients were stratified into two
groups: none or mild WML [Fazekas 0-1, 2156 (86.6%) of
the participants] vs. moderate or severe WML [Fazekas 2-3,
334 (13.4%) of the participants].

The baseline characteristics subdivided into the two
groups Fazekas 0-1 vs. Fazekas 2-3 are presented in
Table 1. Individuals with more WML (Fazekas 2-3) were
older, had more comorbidities (hypertension, diabetes,
and atrial fibrillation), more often a history of stroke,
myocardial infarction, or HF and higher plasma levels of
troponin T and NT-proBNP.

Table 1 Baseline characteristics of the study participants with cerebral magnetic resonance imaging (cMRI) stratified by the Fazekas score

0-1 and 2-3, respectively

FAZEKAS

Factors Grade 0 and 1 (n = 2156) Grade 2 and 3 (n = 334) P-value
Median age, year (quantiles) 63 (46;70) 71 (66;75) <0.001
Female sex, no. (%) 994 (46.6%) 142 (43.0%) 0.221
BMI > 25 no. (%)

Normal 750 (35.2%) 81 (24.6%) <0.001

Pre-obesity 920 (43.2%) 139 (42.2%)

Obesity 458 (21.5%) 109 (33.1%)
Smoking, no. (%) 322 (15.7%) 40 (13.1%) 0.247
Myocardial infarction, no. (%) 17 (0.8%) 9 (2.8%) 0.003
Stroke, no. (%) 32 (1.5%) 19 (5.8%) <0.001
Heart failure, no. (%) 18 (0.9%) 12 (4.0%) <0.001
Diabetes, no. (%) 216 (10.2%) 58 (17.7%) <0.001
Hypertension, no. (%) 799 (41.6%) 220 (72.8%) <0.001
Troponin T (in pg/mL), median (quantiles) 5(3;7) 7 (4.8;10.3) <0.001
NT-proBNP (in pg/mL), median (quantiles) 64.7 (34.4;113.9) 105.4 (55.6;178.2) <0.001
AF in 12-lead ECG, no. (%) 27 (1.2%) 11 (3.3%) 0.005

AF, Atrial fibrillation; BMI, Body Mass Index; ECG, electrocardiogram; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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Figure 1 Multivariate analysis of factors associated with WML (Fazekas 2—3). Odd’s ratio with 95% confidence interval and the respective P-value are
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1
|
Age —| :n P <0.001
|
Gender +—|5—<P =0.660
I
Smoking — : }———e———P=0.003
1
BMI>=25 — |—a4— P=0.951
1
1
Stroke — k g { P=0.050
|
|
Myocardial infarction — I —e | P=0.526
|
Hypertension — : ———e——{P<0.001
1
Diabetes e P=0.245
|
Heart Failure — : I | P=0.019
|
1
') T T 1 T T T 1)
0 1 2 3 4 5 6 7

Predictors of white matter lesions

In the univariate binary regression analysis, age, sex, troponin
T, NT-proBNP, body mass index (BMI), history of acute myo-
cardial infarction, stroke, HF, AF, hypertension, and diabetes
were positively associated with WML (data not shown).

In multivariate analysis, older age (OR 1.099, 95% CI
1.078-1.120, P < 0.001), stroke almost reached statistical
significance (OR 2.0, 95% ClI 1.0-4.1, P = 0.05), hypertension
(OR 2.0, 95% Cl 1.5-2.8, P < 0.001), smoking (OR 1.9, 95%
Cl 1.2; 2.9, P = 0.003), and HF (OR 2.8, Cl: 1.2-6.5,
P = 0.019) were independently associated with severe WML
(Fazekas 2-3), Figure 1.

The independent association of HF was confirmed when AF
was incorporated into the model. Gender, BMI, myocardial
infarction, and diabetes were not associated with WML.

Duration of heart failure and hypertension

Twelve out of 30 participants (40.0%) with HF had WML
Fazekas 2—-3 as compared with 322 out of 2138 participants

without HF (15.1%), P < 0.001. In the end model, age,
gender, stroke, hypertension, and HF were included. Longer
duration of HF was associated with an increased risk for
WML (OR 0.8 for HF-duration <3 years, 95% ClI 0.1-7.5; OR
1.6 for HF 4-6 years duration, 95% Cl 0.3-9.6 and OR 2.9
for HF diagnosis >6 years, 95% ClI 1.1-7.9), P = 0.036 for
trend, Table 2.

Hypertension was also correlated with increased risk of
WML, but the risk was independent from the duration of
hypertension [Table 3, OR 2.0 for hypertension duration
<3 years (vs. no hypertension), OR 2.2 for hypertension dura-
tion 4-6 years, and OR 1.9 for hypertension duration
>6 years].

Atrial fibrillation and white matter lesions

Thirty-eight out of 2490 participants had AF (1.5%). In
univariate analysis, participants with more WML suffered
more often from AF. After adjustment for age and gender,
AF was no longer independently associated with WML
(Figure 2). When including HF in the model, AF remained

Table 2 Multivariate analysis of heart failure duration and other factors independently associated with white matter lesions (Fazekas 2

and 3)

Factors Odds ratio P-value Confidence interval (95%)
Gender (female) 1.1 0.660 (0.8-1.4)

Age 1.094 <0.001 (1.074-1.114)
Stroke 2.0 0.034 (1.0-3.9)
Hypertension 2.0 <0.001 (1.5-2.7)

Heart failure (no vs. <3 years after diagnosis) 0.8 0.811 (0.1-7.5)

Heart failure (no vs. 4-6 years after diagnosis) 1.6 0.580 (0.3-9.6)

Heart failure (no vs. >6 years after diagnosis) 2.9 0.036 (1.1-7.9)

BMI, body mass index.

A longer duration of heart failure >6 years was associated with severe white matter lesions.
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Table 3 Multivariate analysis of hypertension duration and other factors independently associated with white matter lesions (Fazekas 2

and 3)

Factors Odds ratio P-value Confidence interval (95%)
Gender (female) 1.1 0.603 0.8;1.4

Age 1.1 <0.00 1.08;1.12

Stroke 2.2 0.018 1.1;4.1

Hypertension (no vs. <3 years after diagnosis) 2.0 0.002 1.3;3.2

Hypertension (no vs. 4-6 years after diagnosis) 2.2 <0.001 14,34

Hypertension (no vs. > 6 years after diagnosis) 1.9 <0.001 1.4,2.6

There was no relevant difference between the duration of hypertension and the occurrence of white matter lesions.

Figure 2 Univariate analysis of atrial fibrillation associated with WML and adjustment for age/gender and age/gender/history of stroke/history of
hypertension. Odd’s ratio with 95% confidence interval and the respective P-value are shown.
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not statistical significant, while HF remained independently
associated with WML (AF: P = 0.701, OR 1.2, 95% CI
0.5-2.8; HF: P = 0.024, OR 2.5, 95% Cl 1.1-5.4).

Structural and functional echocardiographic
parameters and white matter lesions

Seven hundred forty-one participants had additional trans-
thoracic echocardiography, including 23 of the participants
with HF. Mean ejection fraction in HF subjects was 57%
(54-62), and only two had a reduced LVEF (<50%). Neither
LVEF (OR 0.99, 95% Cl 0.83—1.18, P = 0.89) nor left ventricular
filling index (E/E') (OR 0.88, 95% Cl 0.63-1.23, P = 0.46), nor
left atrial volume indexed to body surface area (OR 1.01,
95% Cl 0.96-1.07, P = 0.63) were associated with WML.

Heart failure and cognitive testing

When LIFE participants without cMRI (n = 6817) were
included into the analysis, a long-standing diagnosis of HF

was associated with worse results in TMT A (Supporting Infor-
mation, Table S1, regression coefficient for TMT A: 3.65, 95%
Cl 0.56-6.74, P = 0.021). Not significant, but relevant associa-
tion with regression coefficient 3.81 (95% Cl —5.70-13.31,
P = 0.433) could be evaluated for the TMT B (Supporting
Information, Table S1).

Discussion

In this population-based cross-sectional analysis, we found
that age, hypertension, stroke, and HF were independently
associated with WML. Our results further indicated that a
higher Fazekas score of WML was correlated with longer
duration of HF, while no significant association was found re-
garding the duration of hypertension. However, echocardio-
graphic parameters of left ventricular structure and function
were not associated with WML.

Consistent with our findings, previous studies reported as-
sociations of increased systolic blood pressure and age with
WML.>333* For instance, a previous study reported an
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increased risk for WML with longer duration of hypertension
while we did not observe such an association.3® It is impor-
tant to mention that the patients in the LIFE Adult Study
may had well-diagnosed and well-controlled hypertension,
while poor control of blood pressure was associated with
WML.® Corroborating our data, the history of stroke has pre-
viously been associated with WML.”

Heart failure, atrial fibrillation, and correlating
brain damage

The association between HF and WML has not been analysed
in population-based cohorts before. There are only a few
studies reporting about HF and correlating structural brain
measures in selected HF patients compared with
age-matched and gender-matched controls, which lead to
strong selection bias.?®2%3® The relation of LVEF with under-
lying brain pathology remains controversial because some
studies found an independent association between low LVEF
and WML, while others did not.»*” While the exact role of
WML for patients with HF with reduced LVEF (HFrEF) remains
to be determined, our results indicated a clear association of
WML with HF and preserved LVEF (HFpEF). In line with a
previous study, we showed that participants with a
long-standing (>6 years) diagnosis of HF had more severe
WML on cMRI compared with participants without HF or a
diagnosis less than 6 years.

Previous findings reported an association between AF and
WML.2839 For instance, Mayasi et al. retrospectively analysed
a cohort with embolic stroke in their medical history (n = 234)
and found a significant presence of anterior subcortical WML
associated with AF.

Contrary to our initial expectations, our results showed no
association between AF and WML after adjustment for age,
gender, stroke, and hypertension. WML may develop in AF
by silent brain infarcts, mostly in patients not on
anticoagulation.

Heart failure and cognition

Considering the cognitive function in patients with HF, com-
mon findings are deficits in attention, working memory, and
a reduced psychomotor speed.**** We observed a significant
association between the medical history of HF and worse
results in the TMT A, but no significant association with the
results of the TMT B. Other studies found similar results
where patients with HF had increased task completion time
in TMT A as compared with healthy control subjects.*® How-
ever, older age was the strongest predictor for worse out-
come in cognitive function.

Heart failure and cognitive decline are often coexisting in
an aging population. However, the exact interaction is

challenging, and information about the underlying mecha-
nism is lacking. Several proposed pathophysiological path-
ways, such as reduced cerebral blood flow,***® impaired
cerebral autoregulation, and multiple embolic lesions have
been considered for the development of WML.%** Future
studies are needed to investigate the impact of HF treat-
ment on structural brain changings including WML
alterations.

Limitations

There are some limitations to consider. The present data only
represent a cross-sectional design. Longitudinal follow-up of
study participants is underway. Baseline characteristics are
strictly based on the medical history reported by the partici-
pants. There was no indication to differentiate between sys-
tolic or diastolic HF in the questionnaires. Therefore, we
may lack data on potentially more individuals with HF, and
we were not able to distinguish between participants with
HFpEF and participants with previously HFrEF who have now
recovered with HF therapy. Moreover, the majority of partic-
ipants had a preserved LVEF, and our results may be different
in subjects with reduced LVEF. The number of patients with
HF and the number of patients with stroke was low, limiting
the power of our analysis. This is the most likely explanation
why only heart failure duration >6 years was independently
associated with WML (P = 0.036), while hypertension (which
was much more prevalent) showed a consistent odd’s ratio
between 1.9 and 2.2 with a very low P-value.

Conclusions

In a population-based sample, we found an independent
association between a history of heart failure, a history of
stroke, hypertension, and age with WML on cerebral MRI.
More pronounced WML were associated with a longer dura-
tion of heart failure. Further studies are needed to investigate
if WML can be used as a surrogate marker of cognitive decline
in patients with heart failure under heart failure therapy.
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