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Abstract

Objective: Arterial stiffness may be an intermediary biological pathway involved in the association
between cardiovascular health (CVH) and cardiovascular disease. Ve aimed to evaluate the effect
of CVH on progression of brachial-ankle pulse wave velocity (baPVWV) over approximately 4 years.
Methods: We included 1315 cardiovascular disease-free adults (49+12 years) who had two
checkups from 2010 to 2019. CVH metrics (current smoking, body mass index, total cholesterol,
blood pressure, and fasting plasma glucose) were assessed at baseline, and the number of ideal
CVH metrics and CVH score were calculated. Additionally, baPVWWV was examined at baseline and
follow-up.

Results: Median baPWYV increased from 1340 cm/s to 1400 cm/s, with an average annual change
in baPWYV of 15cm/s. More ideal CVH metrics and a higher CVH score were associated with
lower baseline and follow-up baPWYV, and the annual change in baPWVV, even after adjustment for
confounding variables. Associations between CVH parameters and baseline and follow-up
baPWYV remained robust in different sex and age subgroups, but they were only able to predict
the annual change in baPWV in men and individuals older than 50 years.

Conclusions: Our findings highlight the benefit of a better baseline CVH profile for progression
of arterial stiffness.
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Introduction

Cardiovascular disease (CVD), including
coronary heart disease and cerebrovascular
disease, is the leading cause of death in
China. Additionally, China is one of the
countries that have the highest burden of
CVD internationally."> The CVD epidemic
can be curtailed by identification and man-
agement of risk factors for CVD.
Communicating this risk in a more under-
standable and easier manner will have a
greater emotional impact and be able to
motivate a population to make lifestyle
changes.® To reduce CVD mortality and
the prevalence of risk factors, the American
Heart Association proposed a simple and
useful concept called cardiovascular health
(CVH).* This new concept developed defini-
tions of “ideal”, “intermediate”, and “poor”
CVH on the basis of seven health behaviors
(current smoking, body mass index [BMI],
physical activity, and healthy diet score)
and health factors (total cholesterol, blood
pressure, and fasting plasma glucose[FPG]).*
Previous evidence has suggested that the
presence of more ideal CVH metrics is asso-
ciated with a lower incidence and mortality
of CVD,> ' but the mechanisms underlying
this association warrant investigation.
Vascular structure and function become
damaged over time. Vascular aging provides
a more comprehensive explanation for devel-
opment of CVD events, especially for those
with little atherosclerosis.'! Arterial stiffness
is a major age-related, arterial, degenerative
phenotype and is considered a physiological
method for quantifying vascular aging.'*'°
Accumulating studies have shown that

arterial stiffness is an independent predictor
for CVD events and deaths.'®!” Therefore,
arterial stiffness has been proposed as a sur-
rogate endpoint for CVD. We hypothesized
that the protective effects of CVH on the
incidence and mortality of CVD are mediat-
ed by the favorable effects of CVH on arte-
rial stiffness.

Many studies have reported the associa-
tion between CVD risk factors and arterial
stiffness, but evidence of their joint effect on
arterial stiffness is lacking, particularly in
longitudinal studies. Limited prospective
studies have investigated the association
between CVH and arterial stiffness.'®
However, these studies were based on mea-
surement of arterial stiffness at a single time
point at follow-up and ignored the change
in arterial stiffness during the study period.
Therefore, this study aimed to examine the
predictive value of the baseline CVH profile
in relation to the progression rate of arterial
stiffness over 4.2 years of follow-up.

Patients and methods

Subjects

This retrospective, longitudinal study was
conducted at the physical examination
center of the Geriatric Department of
Tongji Hospital and was approved by the
medical ethics committee of Tongji
Hospital (TJ-IRB20190410). We screened
21,627 brachial-ankle pulse wave velocity
(baPWYV) database records from November
2010 to October 2019. A total of 1564 indi-
viduals had a second baPWV measurement
after a delay of more than 3 years, and their
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second baPWV measurement depended on
their own personal arrangements. The exclu-
sion criteria were as follows: age younger
than 18 years, coronary disease (n=60),
stroke (n=4), obvious arrhythmia (persis-
tent atrial fibrillation, frequent premature
beats, or wearing a pacemaker) (n=33), car-
diomyopathy (n=2), valvular heart disease,
chronic liver or kidney disease (n = 8), cancer
(n=36), ankle—brachial index<0.9 (n=3),
and missing data (n=103). Verbal informed
consent was obtained from all participants.

Baseline clinical characteristics

When the subjects visited the physical exam-
ination center, trained personnel conducted
standardized in-person interviews with the
subjects to collect information regarding
age, sex, current smoking and alcohol drink-
ing status, medical history, and medication
use. Anthropometric indices, including
height and weight, were measured. BMI was
computed as the weight in kilograms divided
by the square of the height in meters. Blood
pressure and heart rate were measured using
an Omron sphygmomanometer (Omron
Corporation, Kyoto, Japan). Systolic blood
pressure, diastolic blood pressure, and heart
rate used in the analysis were calculated as
the average of three measured values.
Fasting venous blood samples were collected
and sent to the hospital’s clinical chemistry
laboratory. Total cholesterol, low-density
lipoprotein  cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C),
FPG, glycated hemoglobin (HbAlc), creati-
nine, and uric acid levels were measured using
standard certified assays.

Number of ideal CYH metrics and CVH
score at baseline

In the present study, we included five CVH
metrics (current smoking, BMI, total choles-
terol, blood pressure, and FPG). Each metric
was categorized as ideal, intermediate, or

poor according to American Heart
Association criteria (Table 1). For each par-
ticipant, the number of ideal CVH metrics
was calculated (total scale: 0-5 points). We
also constructed a CVH score on the basis
of the five CVH metrics (poor=0 points;
intermediate = 1 point; ideal =2 points; total
scale: 0-10 points).>>*

Arterial stiffness at baseline and follow-up

The ankle—brachial index and baPWV were
measured using the Vascular Profiler BP-
203RPEIII system (Omron Corporation).
Trained technicians placed the pressure
cuffs on the subjects (i.e., one on the
upper part of each arm and one on each
ankle). The subjects were then examined
after 10 minutes of rest in the supine posi-
tion. The device simultaneously recorded
the bilateral pulse waves of the brachial
and posterior tibial arteries using an oscil-
lometric method. baPWV was calculated as
the ratio of the traveled distance, which was
automatically estimated from the body
height divided by the transit time of the
pulse wave between the brachial and poste-
rior tibial arteries. The annual change in
baPWYV was calculated by dividing the dif-
ference between baseline and follow-up
baPWYV incm/s by the interval time in years.

Statistical analysis

Data were analyzed using R version 3.6.2
and R Studio version 1.2.5033 (https://
www.R-project.org/). Continuous variables
are presented as the mean =+ standard
deviation or median (interquartile range),
as appropriate for the distribution.
Categorical variables are shown as counts
(%). Log-transformation was conducted to
achieve normality. We compared the base-
line variables between groups using analysis
of variance or the chi-square test according-
ly. We used univariate linear regression or
the Mantel-Haenszel test to calculate the
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Table I. Distribution of individual baseline CVH metrics.

Total sample

Metrics Definition* (n=1315)
Current smoking

Ideal Never or quit for > 12 months 943 (71.7)

Intermediate Former for < 12 months 48 (3.7)

Poor Yes 324 (24.6)
BMI (kg/m?)

Ideal <25 716 (54.4)

Intermediate 25-29.9 551 (41.9)

Poor > 30 48 (3.7)
Total cholesterol (mmol/L)

Ideal < 5.18 893 (67.9)

Intermediate 5.18-6.20 or treated to goal 345 (26.2)

Poor > 6.21 77 (5.9)
Blood pressure

Ideal < 120/< 80 mmHg 511 (38.9)

Intermediate SBP of 120-139, DBP of 80-89 mmHg, 447 (34.0)

or treated to goal

Poor SBP > 140 or DBP > 90 mmHg 357 (27.1)
FPG (mmol/L)

Ideal < 5.56 1032 (78.5)

Intermediate 5.56-6.99 or treated to goal 215 (16.3)

Poor > 7.00 68 (5.2)

Data are shown as number (%).

CVH, cardiovascular health; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting

plasma glucose.
*According to reference 4.

p value for trend. Paired t-tests were used to
determine if baPWV changed over the
follow-up period. Crude and multivariable
linear regression models were developed to
estimate fis and 95% confidence intervals
(CIs) for baseline baPWV, follow-up
baPWV, and the annual change in
baPWV associated with CVH. Age and
sex were controlled for in model 1.
Further adjustments were made for heart
rate, LDL-C, HDL-C, triglycerides,
HbAlc, current alcohol drinking status,

creatinine, and uric acid in model 2.
Baseline baPWV was adjusted in all
models using the annual change in

baPWYV as the dependent variable. We con-
ducted subgroup analyses to examine
whether the effects of CVH differed with

sex (male vs female) or age (< 50 years
vs > 50 years). Two-tailed p values < 0.05
were considered significant.

Results

Baseline characteristics and the CVH
profile

A total of 1315 subjects were included in this
study. The proportions of participants in the
total sample who had ideal levels of individ-
ual CVH metrics at baseline were as follows:
current smoking, 71.7%; BMI, 54.4%; total
cholesterol, 67.9%; blood pressure, 38.9%;
and FPG, 78.5% (Table 1). Among the
total sample, 194 (14.8%) subjects had five
ideal CVH metrics (Figure 1). The median
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Figure |. Histograms of the number of ideal CVH metrics and the CVH score at baseline.

CVH, cardiovascular health.

number of ideal CVH metrics was 3 points
and the median CVH score was 8 points.

Table 2 shows the baseline demographic
and metabolic characteristics of the 1315
participants free of CVD, stratified by
the number of ideal CVH metrics. The
subjects’ mean age was 49 + 12 years, and
1005 (76.4%) were men and 310 (23.6%)
were women. The presence of more ideal
CVH metrics was significantly associated
with a younger age, female sex, non-
smokers, non-alcohol drinkers, lower
BMI, blood pressure, heart rate, total cho-
lesterol levels, LDL-C Ilevels, triglyceride
levels, FBG levels, HbAlc levels, creatinine
levels, and uric acid levels, and higher
HDL-C levels (all p<0.001). Therefore,
CVD risk factors (older age, obesity,
smoking, high blood pressure, dyslipide-
mia, and elevated glucose) were clustered
together in subjects with less ideal CVH
metrics.

Progression of arterial stiffness over the
follow-up period

The median duration of follow-up was 4.2
years (interquartile range: 2.8 years). There
was a significant increase in arterial stiff-
ness, as evaluated by baPWV from baseline
to follow-up (p<0.001), with an annual
change in baPWV of 15cm/s (Table 2).
Participants with four to five ideal CVH
metrics had significantly lower baseline
and follow-up baPWV compared with
those with a low or medium amount
of ideal CVH metrics (both p<0.001,
Figure 2). The annual change in baPWV
also appeared to be lower in individuals
with a high number of ideal CVH metrics,
but this was not significant. Although
grouping may help data presentation in
tables, categorization leads to loss of infor-
mation and the statistical power to detect a
relation between variables is reduced.?
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Table 2. Baseline characteristics and progression of arterial stiffness of the study sample in relation to CVH

categories.
Number of ideal CVH metrics
All participants  Low, 01 Medium, 2-3  High, 4-5

Variables (n=1315) (n=138) (n=655) (n=522) 3} p for trend
Age, years 49+ 12 52+9 51+11 46+ 12 <0.001  <0.001
Male sex 1005 (76.4%) 134 (97.1%) 572 (87.3%) 299 (57.3%) <0.001 <0.001
BMI, kg/m? 24.6+3.0 27.4+2.1 25.6+2.6 225+24 <0.001 <0.001
SBP, mmHg 123+ 15 131+ 12 128 + 14 114+ 13 <0.001 <0.001
DBP, mmHg 75+ 11 82+9 79+9 69+ 10 <0.001  <0.001
Heart rate, beats/minute 67+ 10 69+ 10 67+ 10 66+ 10 0.03 0.02
Hypertension 438 (33.3%) 80 (58.0%) 296 (45.2%) 62 (11.9%) <0.001 <0.001
Antihypertensive medication 303 (23.0%) 58 (42.0%) 206 (31.5%) 39 (7.5%) <0.001  <0.001
Total cholesterol, mmol/L 471 £0.86 5.184+0.97 4.82+0.87 445+0.71 <0.001  <0.001
LDL-C, mmol/L 2.86+0.73 3.08 +0.85 2.95+0.75 2.69+0.63 <0.001 <0.001
HDL-C, mmol/L 1.234+0.30 1.12+0.23 1.17+0.28 1.324+0.31 <0.001  <0.001
Triglycerides, mmol/L 1.30 (1.01) 2.06 (1.47) 1.49 (1.08) 0.98 (0.65) <0.001  <0.001
Lipid-lowering medication 66 (5.0%) 19 (13.8%) 45 (6.9%) 2 (0.4%) <0.001 <0.001
FPG, mmol/L 5.18+0.91 6.26 £ |.45 5.194+0.75 4.89 +0.66 <0.001  <0.001
HbAlc, % 57+05 6.2+0.8 57+0.4 55+04 <0.001 <0.001
Diabetes mellitus 108 (8.2%) 50 (36.2%) 53 (8.1%) 5 (1.0%) <0.001  <0.001
Diabetes medication 47 (3.6%) 27 (19.6%) 19 (2.9%) 1 (0.2%) <0.001 <0.001
Current smoking <0.001  <0.001

Yes 324 (24.6%) 84 (60.9%) 197 (30.1%) 43 (8.2%)

Former for < 12 months 48 (3.7%) 13 (9.4%) 24 (3.7%) I (2.1%)

Never or quit for 943 (71.7%) 41 (29.7%) 434 (66.3%) 468 (89.7%)

>12 months

Current alcohol drinking <0.001  <0.001

Yes 247 (18.8%) 57 (41.3%) 158 (24.1%) 32 (6.1%)

Former for < 12 months 400 (30.4%) 41 (29.7%) 210 (32.1%) 149 (28.5%)

Never or quit for 668 (50.8%) 40 (29.0%) 287 (43.8%) 341 (65.3%)

>12 months

Creatinine, pmol/L 75.6+15.2 772+ 11.7 79.0+ 14.8 709+ 154 <0.001  <0.001
Uric acid, pmol/L 357 +90 398 +86 380 + 85 317 +81 <0.001  <0.001
Number of ideal 3(2) 1 (0) 3(1) 4 () <0.001  <0.001

CVH metrics
CVH score 8 (3) 4(2) 7(2) 9 () <0.001  <0.001
ABI I.11+0.08 1.12+0.08 1.12+0.08 1.09 +0.08 <0.001 <0.001
Baseline baPWYV, cm/s 1340 (321) 1430 (214) 1390 (322) 1220 (242) <0.001 <0.001
Follow-up baPWV, cm/s 1400 (336) 1500 (319) 1470 (352) 1290 (274) <0.001  <0.001
Annual change in 15.0 (43.3) 20.4 (50.5) 15.0 (45.9) 14.5 (39.5) 0.17 0.93

baPWYV, cm/s per year

Data are mean =+ standard deviation, median (interquartile range), or number (%).

CVH, cardiovascular health; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma glucose; HbAlc,
glycated hemoglobin; ABI, ankle—brachial index; baPWYV, brachial-ankle pulse wave velocity.

Association between CVH and
progression of arterial stiffness

Figures 3 and 4 present the results of crude
and multiple linear regression analyses

using the number of ideal CVH metrics or
the CVH score as the independent variable,
respectively. The presence of more ideal

CVH metrics and a higher CVH score
were independently associated with lower
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CVH, cardiovascular health; baPWYV, brachial-ankle pulse wave velocity.
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Figure 3. Associations between the baseline number of ideal cardiovascular health metrics and progression
of arterial stiffness in different study population subgroups. f represents the change in the dependent
variable (cm/s for baseline baPWYV and follow-up baPWYV, or cm/s/year for the annual change in baPWYV) for
a | point increase in the baseline number of ideal cardiovascular health metrics. Model |: adjusted for
baseline age and sex; model 2: adjusted for baseline age, sex, heart rate, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, glycated hemoglobin, current alcohol drinking status,
creatinine, and uric acid. *Adjusted for the same independent parameters as those in models | and 2, except
for sex. tAdjusted for baseline baPWV plus the same independent parameters as those in models | and 2
baPWYV, brachial-ankle pulse wave velocity; Cl, confidence interval.

baseline baPWV, follow-up baPWV, and
the annual change in baPWV. Every addi-
tional ideal CVH metric corresponded to a
36cm/s (95% CI: 23-48; p < 0.001) decrease

in baseline baPWV, a 38 cm/s (95% CI: 25—

50;

p<0.001)

decrease

in follow-up

baPWV, and a 3.29cm/s (95% CI: 0.85—
5.72; p=0.008) decrease in the annual
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change in baPWYV, after adjustment for all
confounding variables. Every increase in
the CVH score by 1 point corresponded to
a 35cm/s (95% CI: 26-43; p<0.001)
decrease in baseline baPWV, a 3lcm/s
(95% CI: 23-39; p<0.001) decrease in
follow-up baPWV, and a 2.13cm/s (95%
CI: 0.46-3.80; p=0.01) decrease in the
annual change in baPWV, after adjustment
for all confounding variables.

In subgroup analysis, the effects of the
number of ideal CVH metrics and the
CVH score on arterial stiffness were similar
(Figures 3 and 4). The associations between
CVH parameters and baseline and follow-
up baPWV remained robust in different sex
and age subgroups. However, in subgroup
analysis, CVH parameters were only able to
predict the annual change in baPWV
change in men and individuals older than
50 years, after adjustment for all confound-
ing variables (all p <0.05).
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Discussion

Arterial aging-associated structural and
functional changes are accelerated by car-
diovascular risk factors, such as adiposity,
hypertension, hyperlipidemia, and diabe-
tes.”® Arterial stiffness is considered a
cumulative measure of the damaging effects
of these risk factors on the arterial wall with
aging.”” We confirmed the joint effect of
cardiovascular risk factors on arterial stiff-
ness in cross-sectional and longitudinal
analysis. The presence of more ideal CVH
metrics and a higher CVH score at baseline
were not only associated with baseline
baPWV in cross-sectional analysis, but
also independently predicted follow-up
baPWV and the annual change in
baPWYV. The significant and inverse rela-
tionship between CVH status and arterial
stiffness remained robust in different sub-
groups, especially in men and individuals
older than 50 years. These findings may
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Figure 4. Associations between the baseline CVH score and progression of arterial stiffness in different
study population subgroups. f represents the change in the dependent variable (cm/s for baseline baPWV
and follow-up baPWYV, or cm/s/year for the annual change in baPWYV) for a | point increase in the CVH
score. Model I: adjusted for baseline age and sex; model 2: adjusted for baseline age, sex, heart rate, low-
density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, glycated hemoglobin,
current alcohol drinking status, creatinine, and uric acid. *Adjusted for the same independent parameters as
those in models | and 2, except for sex. tAdjusted for baseline baPWYV plus the same independent
parameters as those in models | and 2 baPWYV, brachial-ankle pulse wave velocity; Cl, confidence interval.
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provide some evidence of the intermediary
biological pathways through which ideal
CVH results in a lower incidence and mor-
tality of CVD.

In line with our study, three other cross-
sectional studies also showed that ideal
CVH had an independent favorable effect
on vascular elasticity, as measured by
baPWV or carotid—femoral pulse wave
velocity (cfPWV) in Chinese, Spanish, and
Australian adults.”®>° Furthermore, each
additional point in the ideal CVH score
was also associated with slower cfPWYV in
a population of Australian children aged 11
to 12years.®® This previous finding sug-
gested the importance of interventions to
improve CVH behavior and factors at a
young age.

Although previous longitudinal studies
examined the relationship between CVH
and arterial stiffness, they only had one
measurement of arterial stiffness at follow-
up and lacked baseline baPWV values.'®
Therefore, these studies may have been
insufficient to accurately assess the change
in arterial stiffness. An increasing number
of ideal CVH metrics at baseline were sig-
nificantly associated with decreased follow-
up cfPWV in American adolescents with
type 1 diabetes and American adults in the
SEARCH CVD study' and the Maine—
Syracuse Longitudinal Study.'® This find-
ing is in concordance with our study,
which showed that a higher baseline
number of ideal CVH metrics and CVH
score independently predicted a lower
baPWYV after 4.2 years. Additionally, this
relationship remained robust across all dif-
ferent sex and age subgroups. Previous
studies aimed to examine the association
between long-term patterns in the CVH tra-
jectory and follow-up arterial stiffness.?® 2
These studies showed that attainment of
ideal CVH typically declined with age, and
higher long-term attainment of ideal CVH
and improvement in the CVH profile

throughout life were associated with low
baPWYV or cfPWYV at follow-up.

None of the above-mentioned studies
took into account the long-term change in
arterial stiffness. In the current study, we
calculated the annual change in baPWV to
overcome the limitations of previous stud-
ies. We found that the presence of more
ideal CVH metrics predicted a lower pro-
gression rate of baPWV in men and individ-
vals older than 50 years, even after
adjustment for all confounding factors.
This conclusion is consistent with two
other Chinese studies, and both of them
only included middle-aged and elderly
adults.>'>? In contrast to our findings,
Wang et al.’> showed that the dose—
response effect of ideal CVH on elevated
baPWYV was attenuated in men and elderly
individuals in subgroup analysis. Therefore,
because of this discrepancy between studies,
further studies are required.

Some limitations of our study warrant
consideration. First, the proposed CVH
metrics include seven  components.
However, data on physical activity and
diet were not available in the present
study, and this might have decreased the
external validity of the study. A similar lim-
itation can be found in other studies.**-**
However, notably, physical activity and
diet pattern might also have had effects on
progression of arterial stiffness.>>** This
might lead to underestimation of the effect
of CVH on arterial stiffness. Second, we
only included baseline CVH status.
Therefore, we were not able to quantify
the effects of changes in the CVH profile
on arterial stiffness. Additionally, selection
bias might have occurred because whether
individuals came for a follow-up visit and
had a second baPWV measurement
depended on their own personal arrange-
ments. Finally, this study was conducted
at a single center, resulting in a sample
that comprised more men than women.
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Further large, community-based research is
still required.

In conclusion, our study shows that there
is a significant and inverse association
between baseline CVH status and progres-
sion of arterial stiffness in 4.2 years, espe-
cially in men and individuals older than 50
years. This finding indicates that optimizing
CVH metrics could delay the onset and pro-
gression of arterial stiffness and it might be
a potential intervention to reduce the
burden of CVD. Assessment of the CVH
profile at the population level should be
advocated in China.
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