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ABSTRACT

Background Given that associations of Life’s Essential

8 (LE8) and cerebral small vessel disease (CSVD) or its
imaging markers were unclear, we examined relationship
between them.

Methods The cross-sectional study included community
residents from the PolyvasculaR Evaluation for Cognitive
Impairment and vaScular Events study. We calculated

the total LE8 score, medical LE8 score and behavioural
score, and categorised them into low (<60), moderate
(60-79) or high (=80) group. MRI markers included
lacunes, white matter hyperintensities (WMH), enlarged
perivascular spaces in basal ganglia (BG-EPVS) and
cerebral microbleeds (CMB). In respect of, total CSVD score
(0-4 points), WMH, lacunes or CMB were categorised as
two grades, and BG-EPVS (N>10) was allocated one point.
Based on modified total CSVD score (0—6 points), WMH or
CMB was modified to three grades, and BG-EPVS (N>20)
was allocated one point.

Results Among 3061 participants in this study, 1424
(46.5%) were male. Higher LE8 score was associated

with lower total CSVD score (moderate vs low: cOR 0.78,
95% Cl 0.63 to 0.96; high vs low: cOR 0.44, 95%Cl 0.33
t0 0.59), and the medical score was inversely related to
the total CSVD score. Furthermore, the medical score was
inversely related to odds of WMH (p<0.05), modified WMH
(p<0.05), lacunes (p<0.05) or BG-EPVS (p<0.05), and the
behavioural score were inversely related to the odds of
lacunes and BG-EPVS.

Conclusions Higher LE8 score which indicates better
cardiovascular status was associated with lower burden of
CSVD and its MRI markers. Longitudinal studies are needed
to examine the causality.

INTRODUCTION
Cerebral small vessel disease (CSVD) encom-
passes a group of pathological processes that
affect small penetrating vessels (arterioles,
capillaries and venules) of the brain.' It is
a serious threat to public health and poses
substantial burden on patients, their proxies,
societies and healthcare systems.” Previous
studies suggested some individual lifestyle risk
factors were associated with CSVD, but related
results were not consistent.” * The mecha-
nisms associating these risk factors and CSVD
pathology are still not fully understood.

In 2022, the American Heart Association
proposed an overall score—Life’s Essential

122 Xueli Cai,*® Yingying Yang
,"2 Shan Li,° Mengxing Wang,"? Yun Chen,"? Xia Meng,"? Tiemin Wei,’
128910 yesong Pan'?

,"2 Suying Wang,*® Lerong Mei,®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Some individual lifestyle factors were associated
with cerebral small vessel disease (CSVD) or its MRI
markers, but related results were not consistent. The
score of cardiovascular health has been put forward
as a tool for promoting brain health.

WHAT THIS STUDY ADDS

= This study explored whether Life’s Essential 8 (LE8)
score, which is a novel score to evaluate cardiovas-
cular health, was associated with CSVD and is MRI
markers.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings of this study provided clues for future stud-
ies to identify the causal relationship between LE8
and CSVD and provide people with an index to eval-
uate the status of cerebral small vascular health.

8 (LE8)—which is an enhanced approach to
assessing cardiovascular health and updated
from Life’s Simple 7 (LS7). LE8, which
assessed cardiovascular health status, was
an effective means to monitor public and
individual health and a strong indicator of
the extraordinary potential of primordial
prevention strategies to improve and extend
countless lives.” The score of cardiovascular
health has been put forward as a tool for
promoting brain health.® Previous studies
examined the associations between LS7 and
stroke or dementia which is closely related
to CSVD,”® whereas few studies investigated
the associations between these cardiovas-
cular health scores and CSVD, especially
for the novel LES8 score. The association
between LE8 and CSVD or its MRI markers
was unclear.

In this study, we investigated associations
of LE8 with presence of CSVD, total CSVD
burden and imaging features in community-
dwelling adults based on the PolyvasculaR
Evaluation for Cognitive Impairment and
vaScular Events (PRECISE) study.

BM) Group

Liu D, et al. Stroke & Vascular Neurology 2024;9:€002628. doi:10.1136/svn-2023-002628 y é\"; 481

"yBuAdo9 Aq paloalold 1sanb Aq GZ0zZ ‘G AN UO w0 fwig uAs//:dny Wwolj papeojumoq "£20Z JaqUIBAON 0Z U0 829200-£202-UAS/9ETT 0T Se paysiignd 1S11) :[0INaN ISBA 930S


http://svn.bmj.com/
http://svn.bmj.com/
http://orcid.org/0000-0002-4534-1082
http://orcid.org/0000-0001-9431-9925
http://orcid.org/0000-0001-9822-5758
http://orcid.org/0000-0002-9976-2341
http://orcid.org/0000-0002-3267-0039
http://dx.doi.org/10.1136/svn-2023-002628
http://dx.doi.org/10.1136/svn-2023-002628
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2023-002628&domain=pdf&date_stamp=2024-10-05
http://svn.bmj.com/

METHOD

Study design

This study was based on the PRECISE study, a population-
based prospective cohort study.” Briefly, 3067 older
adults (50-75 years) were selected from 6 villages and
4 communities via cluster sampling between 2017 and
2019. Participants were excluded if they met any of the
following criteria: with contraindications to MRI or CT
angiography, life expectancy <4 years due to advanced
cancers and other diseases or mental diseases.” Our cross-
sectional study was conducted among participants with
complete baseline information of LES, CSVD and MRI
markers in the PRECISE study. This study was reported
following the ‘Strengthening the Reporting of Observa-
tional Studies in Epidemiology’ guidelines."’

Data collection

In baseline, trained researchers collected information on
demographics, medical history, routine physical exam-
ination, concomitant medication and lifestyle factors
according to a case report form. Body mass index (BMI)
was equal to the weight in kilograms divided by height in
metres squared. The blood pressure was measured three
times and recorded as the average of the second and third
measurements. In addition, we collected fasting blood
samples for participants and conducted a blood routine
examination.

Life’s Essential 8

The components of LE8 included four medical metrics
(BMI, blood lipids, blood glucose and blood pressure)
and four behavioural metrics (diet, physical activity, nico-
tine exposure and sleep). Each metric was evaluated from
0 to 100 points, which meant from lower to higher health
conditions of lifestyle. The LE8 score, medical score or
behavioural score was equal to the unweighted average of
all components which it includes, and the higher points
indicated the healthier lifestyle.” Furthermore, the LES
score, medical score or behavioural score was categorised
as low (0-60), moderate (60-80) or high (80-100) group.
The details of scoring are presented in online supple-
mental table S1.

Outcomes measurements
MRIs were acquired through a 3.0T MRI scanner
(Ingenia 3.0T, Philips, Best, The Netherlands) by trained
researchers in accordance with a standardised protocol.
The MRI sequences included three-dimensional
Tl-weighted magnetisation-prepared rapid-acquisition
gradient-echo, axial T2-weighted, fluid-attenuated inver-
sion recovery and axial susceptibility-weighted imaging in
online supplemental table S2. The researchers collected
the imaging data in digital imaging and communications
in medicine format on discs and sent it to the imaging
research centre at Beijing Tiantan Hospital for analysis.
We defined MRI markers of CSVD according to the
Standards for Reporting Vascular Changes on Neuroim-
aging criteria."’ White matter hyperintensities (WMH) are

areas of signal abnormality in the brain white matter that
show up increased brightness on T2-weighted images.'?
The periventricular WMH (PV-WMH) and deep-WMH
were evaluated by the Fazekas rating scale.'” Lacunes
are rounded or ovoid, subcortical, fluid-filled cavities
(3—-15mm in diameter) whose signals are similar to CSE.!
Cerebral microbleeds (CMBs) are small areas (2—-10mm
in diameter) of the signal void with associated blooming
which are seen on T2weighted MRI.'" Enlarged peri-
vascular spaces (EPVS) are fluid-filled spaces that follow
the typical course of a vessel as it goes through grey or
white matter.'’ EPVS in the basal ganglia (BG-EPVS) was
graded with the semiquantitative rating scale designed by
the Edinburg group."” The MRI markers were evaluated
by four skilled raters (M Zhou, YC, J Pi, M Zhao) with one
rater evaluating two markers. They were blinded to partic-
ipants’ information. An additional senior neurologist
(YY) who was unaware of initial results made the ultimate
assessment of images with inconsistent results. Kappa
coefficients between raters were as follows: 0.82 (Fazekas
scale of WMH), 0.80 (the presence of lacune), 0.90 (the
severity of EPVS) and 0.80 (the presence of CMB).

Total CSVD score'* and modified total CSVD score'
were used to assess CSVD and MRI markers, which include
WMH, lacunes, CMBs and BG-EPVS. The total CSVD score
designed by Wardlaw’s group was 0—4 points, and a higher
score indicates a higher burden of CSVD. The details of it
are as follows'*: one point was awarded to the present of
lacunes or CMBs; one point was awarded to moderate to
severe (>10) BG-EPVS, one point was awarded to either
confluent deep WMH (Fazekas scale 2 or 3) or irregular
PV-WMH extending into the deep white matter (Fazekas
score 3). The presence of CSVD (Wardlaw) was defined
as total CSVD score >1. The modified CSVD score devel-
oped by Rothwell’s group was 0-6 points, and a higher
score means a higher burden of CSVD. The details of the
modified total CSVD score developed by Rothwell’s group
was 0-6 points, and a higher score means a higher burden
of CSVD. The details of it are as follows'’: one point was
allocated to the moderate degree of WMH (combined
periventricular and subcortical WMH score of 3—-4), pres-
ence of lacunes, 1-4 CMBs or frequent to severe (N>20)
BG-EPVS; two points were allocated to the severe WMH
(combined periventricular and subcortical WMH score
of 5-6) or =5 microbleeds. The presence of CSVD (Roth-
well) was defined as a modified total CSVD score>1.

Statistical methods

For descriptive analysis, continuous variables are
presented as mean with SD or median with IQR, while
categorical variables are presented as frequencies with
percentages. Comparisons of baseline characteristics
between two groups were performed with the % test, Fish-
er’s exact test, Student’s t-test or Mann-Whitney U test.
We examined the associations of LE8 and its subscales
with the presence of CSVD by using the binary logistic
regression models and calculated the ORs and 95%
CIs. Furthermore, we examined the associations of LE8
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Table 1 Baseline characteristics for presence or absence of CSVD
CSVD (Wardlaw) CSVD (Rothwell)
Presence of CSVD Absence of CSVD Presence of CSVD Absence of CSVD
Variables (n=934) (n=2127) P value (n=1271) (n=1790) P value
Demographic data
Age, mean+SD 64.6+6.7 59.7+6.1 <0.001 63.7+6.7 59.4+6.1 <0.001
Male, n (%) 485 (51.9) 939 (44.2) <0.001 610 (48.0) 814 (45.5) 0.17
Current smoking, 185 (19.8) 442 (20.8) 0.54 244 (19.2) 383 (21.4) 0.14
n (%)
BMI (kg/m?), median 23.7 (21.6-25.8) 23.5 (21.7-25.6) 0.43 23.7 (21.6-25.8) 23.5 (21.7-25.6) 0.31
(IQR)
Laboratory data, median (IQR)
FPG (mmol/L) 5.7 (5.3-6.3) 5.5 (5.2-6.0) <0.001 5.64 (5.3-6.3) 5.5 (5.2-6.0) <0.001
Total cholesterol 5.2 (4.5-5.9) 5.2 (4.6-5.9) 0.31 5.2 (4.6-5.9) 5.3 (4.6-5.9) 0.18
(mmol/L)
HDL (mmol/L) 1.3(1.1-1.5) 1.3(1.1-1.6) 0.16 1.3(1.1-1.6) 1.3(1.1-1.6) 0.29
eGFR (mL/ 100.9 (92.0-107.9) 105.9 (98.5-111.1) <0.001 101.8 (93.4-108.2) 106.2 (98.9-111.3) <0.001
min/1.73m?)
Medical history, n (%)
Hypertension 547 (58.6) 770 (36.2) <0.001 709 (55.8) 608 (34.0) <0.001
Diabetes 251 (26.9) 410 (19.3) <0.001 331 (26.0) 330 (18.4) <0.001
Dyslipidaemia 201 (21.5) 413 (19.4) 0.18 249 (19.6) 365 (20.4) 0.59
Concomitant medication, n (%)
Antihypertensive 371 (39.7) 449 (21.1) <0.001 474 (37.3) 346 (19.3) <0.001
Lipid-lowing 51 (5.5) 69 (3.2) 0.004 65 (5.1) 55 (3.1) 0.004
Antidiabetic 117 (12.5) 156 (7.3) <0.001 152 (12.0) 121 (6.8) <0.001
Antiplatelet 40 (4.3) 40 (1.9) <0.001 51 (4.0 29 (1.6) <0.001
Anticoagulants 3(0.32) 1(0.05) 0.16 3(0.24) 1(0.06) 0.39

BMI, body mass index; CSVD, cerebral small vessel disease; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL, high density lipoprotein.

and its subscales with WMH, lacunes, CMBs, BG-EPVS
and modified BG-EPVS through the same models. For
the associations of LE8 and its subscale with total CSVD
score, modified total CSVD score, modified WMH and
modified CMBs, the ordinal logistic regression models
were performed and the common ORs (cOR) with 95%
ClIs were calculated. Two models were conducted for the
presence of CSVD, total CSVD score and MRI markers. In
model 1, we performed a univariable analysis. In model
2, we performed a multivariable analysis with adjustments
for the covariates including age, sex, estimated glomer-
ular filtration rate and history of antiplatelet and antico-
agulants drugs. All analyses were performed by using SAS
software V.9.4 (SAS Institute). A p<0.05 was considered
statistically significant.

RESULT

Among the 3067 participants, data on all LE§ metrics and
MRIs of CSVD were available for 3061 participants. The
mean age of 3061 participants was 61.2 (SD 6.7 years),
and 1424 (46.5%) were male. In addition, 934 (30.5%)
individuals presented with CSVD (Wardlaw), while 41.5%
with CSVD (Rothwell). As presented in table 1, the partic-
ipants with CSVD were older, more likely to be male and

had a higher prevalence of hypertension and diabetes
than those without CSVD.

The proportions of presence of CSVD by categories
of LE8 are shown in table 2. The presence of GSVD
(Wardlaw) in low, moderate and high LE8 score group
were 37.7%, 32.2% and 18.6%, while the presence of
CSVD (Rothwell) were 48.4%, 42.9% and 31.0%, respec-
tively. After adjustment for covariates, participants in the
high LE8 score group had a lower odd of presence of
CSVD (Wardlaw) (OR 0.50,95% CI 0.37 to 0.67) or CSVD
(Rothwell) (OR 0.59, 95% CI 0.45 to 0.78). Focusing on
the subscales, higher medical score was associated with
lower odds of presence of CSVD (Wardlaw, OR 0.53,
95% CI 0.42 to 0.66; Rothwell, OR 0.63, 95% CI 0.51 to
0.78). However, there was no significant difference in the
presence of CSVD between participants with different
behavioural subscale score.

The distribution of total CSVD score and modified total
CSVD score in different LE8 and its subscales categories
are shown in figure 1. After adjusting for potential covari-
ates, for the LE8 score, both moderate (cOR 0.78, 95% CI
0.63 to 0.96) and high (cOR 0.44, 95% CI 0.33 to 0.59)
score categories were associated with lower odds of total
CSVD score (figure 2). The associations between the LES
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Table 2 ORs for presence or absence of CSVD according to the LE8 score and its subscales

Model 1* Model 2}
Presence of Crude
Outcomes Categories N CSVD (n %) OR (95% CI) P value Adjusted OR (95% Cl) P value
CSVD (Wardlaw)  LE8 score
Low (0-60) 467 176 (37.7) Ref Ref
Moderate (60-80) 2030 653 (32.2) 0.78 (0.64 to 0.97) 0.02 0.87 (0.70 to 1.09) 0.24
High (80-100) 564 105 (18.6) 0.38 (0.29 to 0.50) <0.001 0.50 (0.37 to 0.67) <0.001
Medical score
Low (0-60) 902 353 (39.1) Ref Ref
Moderate (60-80) 1374 414 (30.1) 0.65 (0.55 t0 0.77) <0.001 0.72 (0.60 to0 0.87) <0.001
High (80-100) 785 167 (21.3) 0.41 (0.33 t0 0.51) <0.001 0.53 (0.42 to 0.66) <0.001
Behavioural score
Low (0-60) 534 166 (31.1) Ref Ref
Moderate (60-80) 1415 448 (31.7) 0.99 (0.80 to 1.22) 0.94 1.08 (0.85 to 1.38) 0.52
High (80-100) 1112 320 (28.8) 0.83 (0.66 to 1.03) 0.10 0.97 (0.75 to 1.26) 0.83
CSVD (Rothwell) LES8 score
Low (0-60) 467 226 (48.4) Ref Ref
Moderate (60-80) 2030 870 (42.9) 0.80 (0.65 to 0.98) 0.03 0.85 (0.68 to 1.05) 0.14
High (80-100) 564 175 (31.0) 0.48 (0.37 t0 0.62) <0.001 0.59 (0.45 to 0.78) <0.001
Medical score
Low (0-60) 902 458 (50.8) Ref Ref
Moderate (60-80) 1374 550 (40.0) 0.65 (0.55 t0 0.77) <0.001 0.70 (0.59 to 0.84) <0.001
High (80-100) 785 263 (33.5) 0.49 (0.40 to 0.60) <0.001 0.63 (0.51 t0 0.78) <0.001
Behavioural score
Low (0-60) 534 213 (39.9) Ref Ref
Moderate (60-80) 1415 611 (43.2) 1.15 (0.94 to 1.40) 0.19 1.12 (0.89 to 1.40) 0.33
High (80-100) 1112 447 (40.2) 1.01 (0.82 to 1.25) 0.90 0.98 (0.77 to 1.26) 0.89

*Model 1: Unadjusted.
tModel 2: Adjusted for age, sex, eGFR, previous antiplatelet, anticoagulants drugs use.

CSVD, cerebral small vessel disease; eGFR, estimated glomerular filtration rate; LE8, Life’s Essential 8;

score and modified total CSVD score were also signif-
icant. In further analyses of medical and behavioural
subscales, the medical score was inversely associated with
the total CSVD score or modified total CSVD score, while
the behavioural subscale was not (figure 2).

The associations between LES or its subscales and MRI
markers are presented in table 3. LE8 and medical scores
were inversely related to WMH and lacunes based on two
criteria. The high behavioural score category was associ-
ated with lower odds of lacunes (OR 0.47, 95% CI 0.29 to
0.77). In addition, the high LES score category was asso-
ciated with lower odds of CMB (OR 0.62, 95% CI 0.40 to
0.97) or modified CMB (cOR 0.61, 95% CI 0.39 to 0.95).
Furthermore, LE8 score and its subscales scores were
inversely associated with BG-EPVS.

DISCUSSION

In the community-based study, our results indicated that
higher LE8 and medical scores were related to lower odds
of the presence of CSVD, total CSVD score and modified
total CSVD score. Furthermore, among the MRI markers,

inverse relationships were found between LES8 score
and odds of each marker except for modified BG-EPVS.

Inverse relationships were found between medical score
and odds of WMH, modified WMH, lacunes, or BG-EPVS
and between behavioural score and odds of lacunes or
BG-EPVS.

To our knowledge, most studies reported that LS7,
vascular risk factors or behavioural risk factors were asso-
ciated with stroke or CSVD.? ' 7 Previous studies have
suggested that the LS7 score was inversely associated with
risks of stroke."™™" A study based on community popula-
tion has reported that LS7 was inversely associated with
the risk of CSVD.!” These findings were consistent with
our results on associations of LE8 and medical scores
with presence of CSVD and total CSVD score. Compared
with LS7, the LE8 was updated in scoring for all metrics
and in assessing diet, smoking and blood glucose. In
addition, researchers added a new metric—sleep—into
LE8.” A review focusing on Alzheimer’s disease and the
blood-brain barrier suggested that sleep plays a crucial
role in resistance to CSVD.?! In parallel, previous studies
reported the relationships between some individual risk
factors and the risk of MRI markers. Hypertension, hyper-
lipidaemia, diabetes or BMI was associated with the risk of
WMH, while hypertension or diabetes was associated with
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Figure 1 Proportions of total CSVD score according to LE8 score and its subscales. LE8 score, medical score or behavioural
score was categorised as low (0-60), moderate (60-80) or high (80-100) group. CSVD, cerebral small vessel disease; LES, Life’s

Essential 8.

the risk of lacunes.* *** In addition, hypertension was
related to CMB.” This evidence supported our findings
that the medical score was inversely related to the risk of
MRI markers. Moreover, several studies have examined
the association between some lifestyles and MRI markers
which suggested that the amount or type of activity and
dietary patterns were associated with WMH or lacunes,
between the type of activity and WMH.*** In other

studies, smoking and sleep were associated with the risk
of WMH, CMB or EPVS.* ** These findings provided a
basis for the result that behavioural score was associated
with the risk of lacunes or BG-EPVS. Overall, as the method
of reducing the risk of CSVD was controversial and the
importance of risk factors clustering was recognised,” *'
our observational study assessed overall lifestyle risk of
CSVD using the comprehensive score—LES8 and provided
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Figure 2 Common ORs for total CSVD score according to LE8 score and its subscales. Common ORs for total CSVD score
according to LE8 score categories adjusted for covariates in model 2. LE8 score, medical score or behavioural score was
categorised as low (0-60), moderate (60-80) or high (80-100) group. CSVD, cerebral small vessel disease; LES8, Life’s Essential

8.

an index which may help to evaluate the state of cerebral
small vascular health. Future studies should be consid-
ered to examine whether improving the modifiable risk
factors can reduce the risk of CSVD.

The underlying mechanisms for the association between
LE8 and CSVD are not identified. There are several hypo-
thetical mechanisms. Previous studies shown that hyper-
tension may be indirectly related to WMH progression via
arterial compliance,” and the underlying pathophysio-
logical process between hypertension and CMB may be a
small vessel arteriopathy with changes of lipohyalinosis.*
In parallel, hyperlipidaemia leads to microvascular
haemodynamic regulation disorder, which increases
viscosity and resistance of blood flow, for the progression
of WMH." Meanwhile, visceral obesity contributed to
deep WMH through increases in proinflammatory cyto-
kines.”* In addition, the potential explanation between
a dietary pattern and MRI markers may be related to
improved endothelial function, adiposity and lower levels
of inflammatory markers.”® ** Furthermore, poor sleep
efficiency was independently associated with BG-EPVS

3 and

according to altering waste clearance mechanisms,
sleep may be associated with MRI markers according to
inflammation.”*

This study has several limitations. First, our study was
a cross-sectional observational study, and the causal
relationship between LE8 and CSVD cannot be estab-
lished. As the PRECISE study is currently ongoing,
we may investigate the causal relationship with longi-
tudinal follow-up data. Second, the assessment of diet
was according to the Mediterranean Eating Pattern
for Americans (MEPA). In our study, we collected
the information of green leafy vegetables, fruit, meat,
fish, poultry and alcohol, other data of the MEPA was
missing, thus we may underestimate the diet score of
participants. Third, most of the participants in the
PRECISE study were from rural areas. They work in
hard physical work, so their level of physical activity may
be higher than people in urban areas. Future studies
with the population in urban or larger sample sizes are
needed to validate our findings.
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