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Background: Vascular overload index (VOI) is a marker of arterial stiffness and arteriolar
resistance, which predicts the increasing risks of cardiovascular and cerebrovascular disease.
This study aimed to evaluate the association between VOI and new-onset ischemic stroke in
an elderly population with hypertension.

Methods: This retrospective cohort study included 3315 hypertensive participants aged 60
years or more. Ischemic stroke was diagnosed according to cranial computed tomography,
magnetic resonance imaging of the brain or cerebrovascular angiography. The calculation of
VOI was based on systolic and diastolic blood pressure. VOI was divided by quartiles (<7.88
mmHg, 7.88-16.10 mmHg, 16.10-27.14 mmHg, >27.14 mmHg) and evaluated the associa-
tion with new-onset ischemic stroke by multivariable Cox regression models.

Results: A total of 3315 participants (55.5% female) aged 71.4+7.20 years were included in
the analysis. The median follow-up period was 5.5 years, and 206 participants reached the
endpoint, new-onset ischemic stroke. With per standard deviation increment in VOI, the risks
of new-onset ischemic stroke increased in non-adjusted model (Hazard ratio [HR], 1.11; 95%
confidence interval [CI]: 1.03—1.22; p = 0.001), adjusted model (HR, 1.11; 95% CI: 1.04—
1.22; p = 0.003) and fully-adjusted model (HR, 1.15; 95% CI: 1.08-1.26; p<0.001),
respectively. In multivariate fully adjusted model, the risks of ischemic stroke increased in
higher quartiles in comparison to the first quartiles (p for trend <0.001).

Conclusion: In an elderly hypertensive population, VOI is significantly associated with the
incidence of new-onset ischemic stroke. Elevated VOI is the cardiovascular risk factor and
increases the probability of new-onset ischemic stroke.

Keywords: vascular overload index, ischemic stroke, hypertension, elderly population,
blood vessel

Introduction

Blood pressure (BP) is a non-invasive parameter reflecting a primary rise in
pressure caused by left ventricular ejection and a secondary rise in pressure of
blood in the circulation system against the walls of distal blood vessels.! Among
elderly populations, increased BP is one of the risk factors inducing hypertension-
mediated organ damage including stroke,* with the pathophysiological mechanism
of arterial stiffness and decreased elasticity of blood vessels.' Arterial stiffness is
hypothesized to contribute to cerebral microvascular damage, cognitive impairment
and dementia by reducing mean cerebral blood flow and increasing pulsatile stress
in the brain.* Current guidelines>® and various studies’* agree that higher systolic
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BP is associated with cardiovascular and cerebrovascular
risks after adjustment for, or within stratums of diastolic
BP, while non-significant association was shown between
diastolic BP and cardiovascular risk with the adjustment or
stratification of systolic BP, which indicates systolic BP
might be more capable for the prognosis of adverse out-
comes. Moreover, the Framingham Heart Study demon-
strated that systolic rather than diastolic BP is a optimal
risk marker for stroke among the population aged 45 years
or more.” "' However, diastolic BP is an important indi-
cator of elasticity of blood vessels.'? Vascular overload
index (VOI), calculated by both components of BP mea-
surement and mainly accounted for by systolic BP, is
a possible comprehensive parameter related to the cardio-
vascular and cerebrovascular risk in consideration of
increased arteriolar resistance, increased large-artery stiff-
ness, and early or premature reflection of arterial pulse
waves.'? Previous studies provided limited evidence to
demonstrate the association between evaluated VOI and
cardiovascular risks,'*'* and the relationship of VOI with
ischemic stroke remains uncertain in Chinese population.
Therefore, we administrated a longitudinal observational
cohort study to evaluate the association of VOI and
ischemic stroke in an elderly hypertensive population
based on office BP measurement.

Methods
Study Design and Population

This was a retrospective cohort study conducted in Liaobu
China. This
approved by the institutional medical ethical committee

community in Guangdong, study was
of Guangdong Provincial People’s Hospital, Guangzhou,
China (No. 2012143H). All procedures performed in this
study were in accordance with the ethical standards of the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Informed consent was
obtained from all individual participants included in this
study.

In this study, the inclusion criteria were as follows: (i)
participants with essential hypertension; (ii) aged 60 years
or more; (iii) participated in the baseline examination in
2010 and follow-up visits; (iv) gave informed consent
before baseline. Besides, the exclusion criteria were: (i)
participants with secondary hypertension; and (ii) history
of ischemic stroke. A total of 3500 elderly hypertensive
patients aged 60 years or more were recruited from
2010 to December 31, 2011.

January 1, Baseline

examinations and annual follow-up visits were admini-
strated to obtain clinical and biochemical information.
The duration of follow up started at the first visit and
ended on December 31, 2016. Among all the participants,
185 were excluded due to previous history of stroke (n =
132), missing blood pressure records (n = 37) or other
physical examinations (n = 16). Finally, 3315 participants
were included in statistical analysis (Figure 1).

Clinical and Biochemical Measurements
VOI is defined as a parameter calculated by both systolic
blood pressure (SBP) and diastolic blood pressure (DBP).
In accordance with the vascular overload concept, the
formula of VOI calculation is as follows."?

VOI(mmHg)= 133 x SBP — 0.33 x DBP — 133.3

Blood pressure measurements were conducted according
to the 2010 Chinese guidelines for management of
hypertension.” At the study sites, blood pressure measure-
ments were taken by trained nurses or physicians.
Participants were required to avoid exercise, smoking,
and caffeine for at least 30 minutes and have a rest for
longer than 5 minutes before measurement. Blood pressure
was measured between 8 A.M. and 10 A.M. during the
visit. The measured arm was positioned at the level of the
heart and circled with cuffs of an appropriate size. Blood
pressure was measured by an automated device
(OMRONHBP1100u; Omron Corporation, Tokyo, Japan).
The arm with higher brachial blood pressure was applied
to all subsequent measurements and records. Hypertension
was defined as an elevated blood pressure of SBP >
140 mm Hg and/or DBP > 90 mm Hg, or receiving anti-
hypertensive medication during the past two weeks.’

Hypertensive participants
aged 60 years or more
(N=3500)

Baseline examination
and annual follow-up
(N=3500)

Exclusion:
Previous stroke history (N=132)
Missing blood pressure measurement (N=37)
Missing other examinations (N=16)

Statistical analysis
(N=3315)

Figure | Flow chart of the study process, inclusion and exclusion criteria.
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Venous blood samples were obtained in the morning
after 8—12 hours of fasting. Blood samples were detected
immediately after collection. Serum total cholesterol, low
density lipid cholesterol (LDL-C), high density lipid cho-
lesterol (HDL-C), triglyceride and fasting blood glucose
were detected by calibrated, multi-functional biochemical
devices. Demographic and medical information, including
age, sex, smoking status, alcohol consumption and medical
history were obtained from self-reports or medical records.
Diabetes mellitus was a self-reported diagnosis, with
a fasting blood glucose of 7.0 mmol/L or higher, or the
application of antidiabetic medication. Coronary artery
disease was based on cardiovascular ischemia evidence
including clinical symptoms, electrocardiogram and cor-
onary artery angiography. Antihypertensive medications
were classified as angiotensin converting enzyme inhibitor
(ACEI), angiotensin receptor blocker (ARB) and calcium
channel blocker (CCB). Antiplatelet drugs and statins were
recorded. Body mass index (BMI) was calculated as the
ratio of body weight in kilograms to the square of body
height in meters (kg/m?). Estimated glomerular filtration
rate (¢GFR) was calculated by the simplified Modification
of Diet in Renal Disease equation.'®

Clinical Outcome

The primary endpoint of this study was defined as new-onset
ischemic stroke, including cerebral infarction and transient
ischemic attack. Clinical outcomes were ascertained from
the local medical administrative bureau, which included the
medical records of hospitalization and physical examina-
tions. In the medical record, ischemic stroke was diagnosed
according to the imaging evidence, including cranial com-
puted tomography (CT) or contract vascular CT scan, mag-
netic resonance imaging of the brain, or cerebrovascular
angiography, showing the evidence of obstruction or steno-
sis on the supplying blood vessel to the brain.

Statistical Analysis

The collected data were double entered to EpiData soft-
ware 3.1 (EpiData Associations, Odense, Denmark).
Statistical analysis was performed by R version 3.5.2 for
windows (https://www.r-project.org/). Continuous vari-

ables were expressed as mean and standard deviation
(SD), and categorical variables were presented as number
and percentage. Departure from normality was evaluated
by the Kolmogorov—Smirnov test. Skewness and kurtosis
were computed as the third and fourth moments about the
mean divided by the cube of the standard deviation. The

differences between groups were evaluated by Student’s
t-test and ANOVA statistics for continuous variables or
Chi-square test for categorical variables.

In exploratory analysis, VOI was expressed as
a continuous variable and a categorical variable by quar-
tiles. Hazard ratio (HR) and 95% confidence interval
(95% CI) were derived from Cox regression model.
Unadjusted, adjusted and fully adjusted models were
constructed to estimate the association between VOI
(independent variable) and new-onset ischemic stroke
(dependent variable). Unadjusted model adjusted for no
covariates. Adjusted model included sex, age and BMI at
baseline as covariates. Fully adjusted model additionally
accounted for smoking status, alcohol consumption, SBP,
total cholesterol, triglyceride, LDL-C, HDL-C, glucose,
eGFR, diabetes mellitus, coronary artery disease, antihy-
pertensive medication including ACEI, ARB and CCB.
The covariates were selected according to the previously
published literatures, which were associated to VOI
(independent variable) and ischemic stroke (dependent
variable).*'”"'? Sensitivity analysis was applied in sub-
groups by fully adjusted multivariate Cox regression
model. Bonferroni correction was performed for multiple
testing.”’ The curves of HR and probability of ischemic
stroke were generated with full adjustment. The thresh-
old of statistical significance was defined as p<0.05.

Results

Characteristics of Participants

Baseline characteristics of all participants and in subgroups
by quartiles in VOI are shown in Table 1. Of 3315 partici-
pants, 1475 (44.5%) were male and 1840 (55.5%) were
female. At baseline, age averaged 71.4 = 7.20 years, body
mass index 23.9 + 3.80 kg/m?, total cholesterol 11.3+2.53
mmol/L, LDL-C 5.75+1.63 mmol/L and eGFR 98.7
+35.5 mL/min/1.73m>. Among whom, 933 (28.1%) partici-
pants are current smokers and 338 (10.2%) consumed alco-
hol. 505 (15.2%) were diagnosed with diabetes mellitus and
34 (1.03%) had coronary artery disease. All continuous
variables included in the analysis complied with normal
distribution. Across the quartiles of the distribution of
VOI, smoking status (p = 0.003), alcohol consumption
(p < 0.001), age (p < 0.001), BMI (p = 0.018), SBP (p <
0.001), DBP (p < 0.001), VOI (p < 0.001), triglyceride (p =
0.021), ACEI (p < 0.001), ARB (»p < 0.001), CCB (p <
0.001) and history of coronary artery disease (p = 0.015)
were significantly different among groups.
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Table | Baseline Characteristics of Participants Overall and in VOI by Quartiles

Overall VOI by Quartiles (mm Hg) p-value
<7.88 7.88-16.10 16.10-27.14 >27.14
Number 3315 806 851 825 833
Sex (%) 0.15
Male 1475 (44.5) 371 (46.0) 391 (45.9) 370 (44.8) 343 (41.2)
Female 1840 (55.5) 435 (54.0) 460 (54.1) 455 (55.2) 490 (58.8)
Smoking status (%) 933 (28.1) 258 (32.0) 252 (29.6) 222 (26.9) 201 (24.1) 0.003
Alcohol consumption (%) 338 (10.2) 111 (13.8) 86 (10.1) 81 (9.82) 60 (7.20) <0.001
Age (years) 71.4 (7.20) 70.8 (6.64) 70.7 (6.78) 71.9 (7.22) 72.2 (7.98) <0.001
Body mass index (kg/m?) 23.9 (3.80) 23.7 (3.92) 23.9 (3.78) 23.8 (3.75) 24.3 (3.75) 0.018
SBP (mm Hg) 131 (17.2) 119.5 (3.26) 123 (9.12) 130 (14.0) I51 (17.6) <0.001
DBP (mm Hg) 78.3 (9.55) 75.0 (6.93) 76.9 (6.89) 78.3 (9.48) 83.2 (11.9) <0.001
VOI (mm Hg) 20.0 (16.6) 3.00 (2.32) 11.9 (2.22) 21.8 (3.04) 43.1 (14.0) <0.001
Total cholesterol (mmol/L) 11.3 (2.53) 1.3 (2.52) 11.4 (2.55) 1.3 (2.64) 1.1 (2.40) 0.052
Triglyceride (mmol/L) 8.33 (6.44) 8.23 (6.43) 8.00 (6.15) 8.17 (6.22) 8.92 (6.91) 0.021
LDL-C (mmol/L) 5.75 (1.63) 5.65 (1.58) 5.82 (1.69) 5.73 (1.59) 5.80 (1.67) 0.14
HDL-C (mmol/L) 2.82 (0.78) 2.82 (0.76) 2.81 (0.69) 2.83 (0.89) 2.81 (0.76) 0.95
Glucose (mmol/L) 5.16 (1.49) 5.16 (1.58) 5.17 (1.56) 5.06 (1.37) 5.27 (1.44) 0.055
eGFR (mL/min/1.73m?) 98.7 (35.5) 101 (38.3) 97.4 (32.5) 96.7 (36.6) 95.2 (324) 0.17
ACEI (%) 212 (6.40) 41 (5.09) 39 (4.58) 55 (6.67) 77 (9.24) <0.001
ARB (%) 646 (19.5) 123 (15.3) 146 (17.2) 152 (18.4) 225 (27.0) <0.001
CCB (%) 656 (19.8) 123 (15.3) 135 (15.9) 152 (18.4) 246 (29.5) <0.001
Antiplatelet drugs (%) 197 (5.94) 48 (5.96) 64 (7.52) 40 (4.85) 45 (5.40) 0.11
Statin (%) 286 (8.63) 68 (8.44) 89 (10.5) 70 (8.48) 59 (7.08) 0.10
Diabetes mellitus (%) 505 (15.2) 136 (16.9) 141 (16.6) 115 (13.9) 113 (13.6) 0.13
Coronary artery disease (%) 34 (1.03) 12 (1.49) 4 (0.47) 14 (1.70) 4 (0.48) 0.015

Notes: Data are presented as mean (standard deviation) for continuous variables and number (percentage) for categorical variables.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; VOI, vascular overload index; LDL-C, low density lipid cholesterol; HDL-C, high density lipid
cholesterol; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.

With regard to the blood pressure, the averaged SBP/DBP
were 131£17.2/78.3£9.55 mmHg among all participants.
Correspondingly calculated by SBP and DBP, mean VOI
was 20.0+16.6 mmHg. Among the VOI quartiles (<7.88
mmHg; 7.88-16.10 mmHg; 16.10-27.14 mmHg; >27.14
mmHg), mean VOI were 3.00£2.32 mmHg, 11.9+2.22
mmHg, 21.8+3.04 mmHg and 43.1+14.0 mmHg, respectively
(Table 1).

Clinical Outcome

In a median follow-up period of 5.5 years (range inter-
val, 5.0-7.0 years), a total of 206 (6.21%) participants
reached the endpoint, new-onset ischemic stroke. In the
subgroups of VOI in quartiles, the mobility of new-
onset ischemic stroke was 4.96%, 5.64%, 6.06%, and
8.16%, respectively (Table 2). Across the quartiles of
the distribution of VOI, the incidence of the endpoint,
new-onset ischemic stroke
(Table 2, p for trend <0.001).

increased significantly

Association Between VOI and Ischemic
Stroke

In Cox regression models, association between VOI and
new-onset ischemic stroke were both significant when
VOI was expressed as continuous and categorical vari-
ables (Table 2). For all participants, as VOI increased per
SD as continuous variable, it was significantly associated
with new-onset ischemic stroke in non-adjusted (HR, 1.11;
95% CI: 1.03-1.22; p = 0.001), adjusted (HR, 1.11; 95%
CI, 1.04-1.22; p = 0.003), and fully adjusted models (HR,
1.15; 95% CI: 1.08-1.26; p<0.001). The curves of HR and
probability of new-onset ischemic stroke in VOI are
shown with full adjustment of confounders in Figures 2
and 3, respectively.

In addition, when VOI was applied as categorical vari-
ables by quartiles, the participants with higher levels of
VOI positively associated with the incidence of ischemic
stroke compared with the lowest quartile (all p for trend
<0.002). Applied with fully adjusted model, the
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Table 2 Association Between VOI and Ischemic Stroke in Multivariate Cox Regression Model
N (%)° Non-Adjusted® Adjusted® Fully Adjusted?
HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value
\ol 206 (6.21) | I.11 | (1.03-1.22) | 0.001 I | (1.04-1.22) | 0.003 115 | (1.08-1.26) | <0.001
VOI by quartiles®
<7.88 mmHg 40 (496) | 1.0 1.0 1.0
7.88-16.10 mmHg 48 (5.64) .12 (0.74-1.73) 0.56 .11 (0.74-1.72) 0.58 .11 (0.81-1.74) 0.65
16.10-27.14 mmHg | 50 (6.06) I.14 | (1.07-1.72) | 0.59 .13 | (1.08-1.80) | 0.63 1.34 | (1.11-1.90) | 0.003
227.14 mmHg 68 (8.16) | 1.67 | (1.15-2.13) | 0.028 171 | (1.17-2.16) | 0.044 175 | (1.18=2.17) | <0.001
P for trend <0.001 0.002 <0.001 <0.001

Notes: *VOI was defined as continuous variable. The corresponding HRs represent the hazard ratio as per standard deviation of VOI increasing. ®VOI was defined as
categorical variable by quartiles. The lowest quartile was reference group. The corresponding HRs represent the hazard ratio in different categories compared with
reference group. °N (%) represents the number (percentage) of participants with new-onset ischemic stroke during follow up in total and in VOI categories. ®HR and 95% CI
were derived from multivariate Cox regression models. Adjusted model accounted for age, sex and body mass index. Fully adjusted model additionally accounted for
smoking status, alcohol consumption, systolic blood pressure, total cholesterol, triglyceride, low density lipid cholesterol, high density lipid cholesterol, glucose, estimated
glomerular filtration rate, diabetes mellitus, coronary artery disease, antihypertensive medication including angiotensin converting enzyme inhibitor, angiotensin receptor

blocker and calcium channel blocker.

Abbreviations: VOI, vascular overload index; HR, hazard ratio; 95% Cl, 95% confidence interval.

relationship between VOI and ischemic stroke was ambig-
uous for the participants with VOI in second quartiles (p =
0.65), whereas significant positive associations were
shown in the third (HR, 1.34; 95% CI: 1.11-1.10) and
the highest quartile (HR, 1.75; 95% CI: 1.18-2.17). In the
highest quartile of VOI >27.14 mmHg, the associations
were significant in non-, adjusted and fully adjusted mod-
els (all p<0.044) (Table 2). The main result in fully
adjusted Cox regression models was valid in multiple
testing as well.

Stratification Analysis in Subgroups

The associations between VOI and ischemic stroke inci-
dence were stratified by sex, smoking status, alcohol con-
sumption, diabetes mellitus, SBP <140 and >140 mmHg,
BMI <25 and >25 kg/m? hypertensive medication of
ACEI, ARB and CCB (Table 3). Estimated by fully
adjusted multivariate Cox regression models, the positive
association between VOI and new-onset ischemic stroke
were significant within above stratifications (all p<0.015).
The associations were not significantly different between
subgroups (all p for interaction >0.15).

Discussion

Interpretation of Current Study

In our longitudinal study, among the elderly population
aged 60 years or more, the elevated VOI at baseline was
significantly associated with the higher HR and possibility
of ischemic stroke in a median follow-up period of 5.5
years. Elevated VOI is the risk factor and prognostic

marker of ischemic stroke, which represents the effective
systolic blood pressure increment.'® As the current study
was conducted in a hypertensive elderly population, var-
ious hypertensive medications and different physical status
might cause uneven effect on blood pressure control. To
exclude the interaction effects derived from the confoun-
ders, stratification analyses were applied in the subgroups
of SBP <140 and >140 mmHg, BMI <25 and >25 kg/m?,
antihypertensive medication application and habitual
smoking and alcohol consumption (Table 3), which proved
to be consistent between stratums.

VOI and Cardiovascular Risks

Hypertension increases the prevalence of target organ
damage in the brain, of which transient ischemic attack
and stroke are the most dramatic acute clinical manifesta-
tions, and white matter hyperintensities and silent infarcts
are pathophysiological process in asymptomatic phrase.’®
In the current study, VOI represents the increase in arter-
iolar resistance and the increase in large-artery stiffness
with resulting early-wave reflection that occur with aging
and hypertension.'* In terms of the calculation formula,
the value of VOI is mainly attributed to systolic BP and
diastolic BP is the secondary component. The Systolic
Hypertension in the Elderly Program (SHEP) enrolled
4736 participants aged 60 years or more with isolated
160-219
mmHg; diastolic BP <90 mmHg) and randomized the
2365) and placebo
(n=2371) groups.?"** The 5-year incidence of total stroke

systolic hypertension (systolic BP ranged

participants to active treatment (n =
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Figure 2 Hazard ratio and 95% confidence interval of new-onset ischemic stroke in
vascular overload index. Hazard ratio and 95% confidence interval were derived
from fully adjusted Cox regression model, accounted for sex, age at baseline, BMI,
smoking status, alcohol consumption, SBP, total cholesterol, triglyceride, LDL-C,
HDL-C, glucose, eGFR, diabetes mellitus, coronary artery disease, antihypertensive
medication including ACEI, ARB and CCB.

Abbreviation: VOI, vascular overload index.

was 5.2 versus 8.2 per 100 participants in active treatment
versus placebo (systolic BP: 143 vs 155 mmHg) with
a relative risk by proportional hazards regression analysis
of 0.64 (p = 0.0003).' Similar to SHEP, the Systolic
Blood Pressure Intervention Trial (SPRINT) was con-
ducted in the hypertensive population aged 50 years or
more, and observed a lower annual stroke incidence rate in
intensive group (0.41%) compared with standard treatment
group (0.47%) with a hazard ratio of 0.89 (95% CI: 0.63—
1.25),>* in line with the subgroup analyses results in the
participants aged 75 years or more.”* These studies
demonstrated that systolic BP is a more effective predictor
of stroke and better prognosis can be achieved by effective
control on systolic BP. Besides systolic BP, progressive
elasticity on vessels wall, arterial stiffness and arteriolar
resistance is associated with mean arterial pressure and
diastolic BP,>2’ which indicates that vascular overload
rather than BP parameters might be a better physiological
measure to assess hypertensive cardiovascular and cere-
brovascular risks."?

In a cross-sectional study that recruited 646 patients
(386 male and 260 female) aged 62.2+12.3 years with
essential hypertension, the investigators measured the
intima media thickness of carotid artery (CA-IMT) and
echocardiogram to evaluate the association with VOI.'*
Cases were categorized by the cut-off of IMT < 1.0 mm
(n = 376) and IMT >1.0 mm (n = 270), and 98 normo-
tensive subjects were included in control group.'*

Figure 3 Probability and 95% confidence interval of new-onset ischemic stroke in
vascular overload index.
Abbreviation: VOI, vascular overload index.

Compared with the lower IMT stratum, the participants
with IMT >1.0 mm had an elevated VOI, left ventricular
mass index and left-ventricular-mass-to-height ratio.
Similar results were shown between hypertensive and
control group.'* VOI was significantly associated with
CA-IMT in multiple regression analysis after adjusted
confounders.'* In order to explore the risk of increased
VOI in different age groups, Wen and the co-author
enrolled 102 middle-aged (<60 years) and 104 elderly
(=60 years) hypertensive participants matched for gender,
body height, body weight, body mass index and body
surface area, and measured blood pressure and
echocardiogram.”® As compared with the middle-aged
group, the elderly group had a higher left ventricular
mass index (140.1£10.7 vs 123.5+11.9 g/m?, p<0.05)
and VOI (43.3+8.3 vs 40.1+8.9 mmHg, p<0.05). VOI
was the significant correlated factor to left ventricular
mass index in both middle-aged (» = 0.70, p<0.01) and
elderly (r = 0.78, p<0.01) groups.”® Another observa-
tional cross-sectional study compared the correlation of
target organ damage and VOI between hypertensive
patients with and without metabolic syndrome.'> The
parameters to evaluate target organ damage were defined
as albumin-to-creatinine ratio, left ventricular mass index
and carotid intima-media thickness.'> Compared with the
non-metabolic dysfunction group, this study demon-
strated a significant association between VOI and target
organ damage in the metabolic syndrome group,'> while
to some extent the significant relationship of VOI and
adverse outcome was clarified indefinitely with the
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Table 3 Association Between VOI and Ischemic Stroke in Subgroups

Number HR?* 95% CI? p-value p for Interaction

Sex 0.47
Male 1475 1.21 (1.08-1.33) <0.001
Female 1840 I.11 (1.07-1.22) 0.003

Smoking status 0.15
No 2382 I.11 (1.04-1.22) 0.015
Yes 933 1.20 (1.03-1.33) <0.001

Alcohol consumption 0.67
No 2977 I.14 (1.04-1.22) 0.004
Yes 338 1.17 (1.09-1.24) <0.001

Diabetes mellitus 0.38
No 2810 I.11 (1.01-1.22) <0.001
Yes 505 1.21 (1.09-1.33) <0.001

SBP 0.32
<140 mmHg 2361 I.19 (1.07-1.32) 0.003
2140 mmHg 954 I.11 (1.09-1.22) 0.005

Body mass index 0.57
<25 kg/m? 2127 I.11 (1.03-1.21) 0.010
225 kg/m? 1188 1.22 (1.09-1.33) <0.001

ACEI 0.43
No 3103 1.09 (1.01-1.22) <0.001
Yes 212 I.19 (1.07-1.32) <0.001

ARB 0.39
No 2669 I.11 (1.05-1.22) 0.005
Yes 646 1.20 (1.09-1.32) 0.004

CCB 0.37
No 2659 I.11 (1.04-1.22) 0.004
Yes 656 1.20 (1.09-1.32) <0.001

Notes: *HR and 95% CI were derived from multivariate Cox regression models. Multivariate Cox regression models accounted for age, sex, body mass index, smoking
status, alcohol consumption, systolic blood pressure, total cholesterol, triglyceride, low density lipid cholesterol, high density lipid cholesterol, glucose, estimated glomerular
filtration rate, diabetes mellitus, coronary artery disease, antihypertensive medication including angiotensin converting enzyme inhibitor, angiotensin receptor blocker and

calcium channel blocker.

Abbreviations: SBP, systolic blood pressure; VOI, vascular overload index; LDL-C, low density lipid cholesterol; HDL-C, high density lipid cholesterol; ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; HR, hazard ratio; 95% Cl, 95% confidence interval.

confounders of higher level of cholesterol and metabolic
system dysfunction. As reviewed and studied elsewhere,
aging,” blood pressure control,*’ cholesterol levels*’

and lifestyle?®?!

play non-negligible roles in the process
of adverse cardiovascular and cerebrovascular outcomes,
in particular the incidence of ischemic stroke.”** Our
study moved this field forward by administrating
a longitudinal design and excluding interaction effects
after adjusting confounders, proving the precise and
rational causal relationship between increased VOI and

ischemic stroke.

Strength and Limitations

Strong points of this study are the comparatively large
sample size in a longitudinal study and the annual fol-
low-ups to record the endpoint. Furthermore, we ran the
stratification analysis based on covariables to confirm the
association between VOI and new-onset ischemic stroke
in different subgroups and confirmed the main analysis
results. However, our current finding must also be inter-
preted within the context of their limitations. First, we
included a high prevalence of 15.2% of diabetic partici-
pants in analysis, whose pathologic vessel change and
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vulnerable vessel status may have a pathophysiologic
effect on the value of VOI. However, the stratification
analysis (Table 3) provided a reliable instruction on the
unbiased result between diabetic and non-diabetic parti-
cipants. Second, residual confounding effect might exist
due to the multiple mechanism of hypertension. Third,
this study was only administered in a single region and
Chinese ethnicity, which limits extrapolation to other
populations. Fourth, as VOI is a parameter reflecting
arterial stiffness, we did not perform the measurements
of pulse wave velocity and augmentation index as the
validation approach, which might be a limitation of this
study. Fifth, high sensitive C-reactive protein, the bio-
marker of atherosclerosis, is associated with arterial
stiffness and cardiovascular risks, which were not mea-
sured in our current study.*??? Further studies are
expected to make deeper clarification on the association
between VOI and ischemic stroke.

Conclusions

This longitudinal study demonstrated the significant asso-
ciation between VOI and new-onset ischemic stroke. VOI
is associated with new-onset ischemic stroke in an elderly
population with hypertension. Elevated VOI is a correlated
risk factor and increases the probability of new-onset
ischemic stroke. As a non-invasive and feasible parameter,
VOI can be a predictive factor of increasing risk of new-
onset ischemic stroke for clinical practice.
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