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Abstract

Background: Limited information is available on arterial stiffness risk among hypertensive patients with metaboli-
cally abnormal but normal weight. Visceral adiposity index (VAl) is a novel indicator for visceral fat mass and metabo-
lism, however, whether can be used to assessed arterial stiffness in a normal-weight population remains unclear. The
goal of this study was to examine the independent association of VAl with arterial stiffness in normal-weight hyper-
tensive patients.

Methods: 3258 participants recruited from the China H-type Hypertension Registry Study. VAl value was calculated
using sex-specific equations. High arterial stiffness was defined as baPWV > 18 m/s. Multivariable regression analysis
was used to identify the association of VAl with baPWV and high arterial stiffness.

Results: Of participants, 50.5% (1644) were males, the mean age was 65.5 (SD, 9.1) years. Mean VAl and baPWV were
2.0(SD, 2.3) and 18.2 (SD, 3.9) m/s, respectively. For each unit increase of Ig VAl in multivariable regression analysis,
there was a 1.05 m/s increase in baPWV (95% Cl 0.67, 1.43) and a 2.13-fold increase in the risk of high arterial stiffness
(95% Cl 1.59, 2.86). In all models, the VAl was consistently and significantly associated with baPWV after adjustment for
different confounders. High VAl levels were stably associated with baPWV in all subgroups.

Conclusions: We found positive association of VAl with baPWV and high arterial stiffness in normal-weight adults
with hypertension. The establishment of this association could help the arterial stiffness risk stratification in normal-
weight hypertensive populations, who are frequently overlooked in preventing cardiovascular disease.
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Introduction

Appropriate large arterial elasticity exerts a buffering

effect to protect the microcirculation and main organ

from harmful fluctuations in pressure and pulsatile flow

by limiting arterial pulsatility. Nevertheless, reduced
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mortality globally [1-3]. A meta-analysis of 17 longitudi-
nal studies with 15,877 subjects for a mean of 7.7 years
followed-up concluded that per 1 m/s increase in aortic
pulse wave velocity (PWYV), a quantitative index of arte-
rial stiffness, corresponded to adjusted risk in total cardi-
ovascular events, cardiovascular mortality, and all-cause
mortality with respective increases of 14%, 15%, and
15% [4]. Arterial stiffness is the leading cause of elevated
blood pressure and hypertension, which in turn predis-
poses individuals to elevated arterial stiffness [5]. Data
from 90 countries estimated that over 1.3 billion (31.1%)
adults worldwide living with hypertension in 2010 [6,
7]. According to the Report on Cardiovascular Diseases
in China, approximately 270 million Chinese were living
with hypertension in 2017 [8]. Framingham Offspring
Study suggested that excessed weight, especially vis-
ceral adiposity deposited, is a major cause of hyperten-
sion, accounting for 65% and 78% of the risk for primary
hypertension in women and men, respectively [9]. The
coexistence of hypertension with increased visceral adi-
posity substantially contributes to the likelihood of arte-
rial stiffness.

Visceral adiposity is the fat deposited around internal
organ sites. Radiographic imaging, including computed
tomography (CT) and magnetic resonance imaging
(MRI), can accurately and sensitively detect the distri-
bution and amount of visceral adiposity. However, these
methods are time-consuming and costly, which limit-
ing their use in the general population. Based on sim-
ple parameters including body mass index (BMI), waist
circumference (WC), triglycerides (TG), and high-den-
sity lipoprotein cholesterol (HDL), the visceral adipos-
ity index (VAI) is an empirical-mathematical model to
indicate the visceral fat distribution and function, which
shows a strong correlation with the visceral fat area
(Spearman, R;=0.437, P=0.025) and volume (R,=0.744,
P<0.001) detected by MRI [10].

Growing evidence has verified that VAI is associated
with insulin resistance [11, 12], kidney dysfunction [13]
and cardiovascular disease [14, 15]. Nevertheless, most
of the studies mentioned above usually focused on the
obese, with limited attention to normal-weight popula-
tions. An estimated 20% of the normal weight cohort was
classified as metabolically obese, which involves a series
of risk factors of metabolic disorders [16, 17]. Bouchi
et al. investigated type 2 diabetes mellitus (T2DM)
patients admitted to the Tokyo Medical and Dental Uni-
versity Hospital, which indicated that 7.2% of participants
(N'=30) were eligible for both normal weight and visceral
fat area > 100 cm? [18]. Therefore, it is important to know
the risk of visceral adiposity in normal-weight popula-
tions. To date, though, the role of VAI as a risk evaluation
tool of arterial stiffness in the hypertension population
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with normal weight remains poorly understood. Few
investigations have further been performed to addressed
potential effect modifications of the relationship between
VAI and arterial stiffness. This study, as a part of the
China H-type Hypertension Registry Study, was under-
taken to improve the understanding of the association
between VAI and arterial stiffness in the hypertensive
population with normal-weight, beyond that, we sought
to further explore the potential modifiers.

Methods

Study design and population

This is a cross-sectional baseline survey, which is part of
the China H-type Hypertension Registry Study (Registra-
tion number: ChiCTR1800017274), a real-world, obser-
vational study designed to enroll and monitor cohorts
of the hypertensive population with high prevalence
of hyperhomocysteinemia in China, which conducted
from March 2018 in Wuyuan, China. Methodological
details, including inclusion and exclusion criteria of the
China H-type hypertension Registery Study, have been
previously published elsewhere [19]. In brief, partici-
pants > 18 years of age with a diagnosis of hypertension,
defined as systolic blood pressure (SBP) > 140 mm Hg or
diastolic blood pressure (DBP) >90 mm Hg in the sitting
position after 10 min of rest or use of antihypertensive
treatment, were eligible for inclusion. Participants who
could not accept the long-term follow-up visit due to
objective reasons or those living with severe neurologi-
cal or psychiatric conditions resulting in an inability to
demonstrate informed consent were excluded. The study
protocol was approved by the Ethics Committee of the
Institute of Biomedicine, Anhui Medical University, and
performed in accordance with the Declaration of Hel-
sinki. All participants provided written informed consent
after reading a statement that explained the purpose of
the study.

Analysis was restricted to the subset of partici-
pants who had baPWYV data at the time of recruitment
(n=5233). Two participants were missing BMI data. Par-
ticipants with underweight (BMI<18.5 kg/m?, n=409),
overweight and obese (BMI 25 to <30 kg/m? and > 30 kg/
m?, n=1564) categorized according to the World Health
Organization were excluded. Ultimately, 3258 partici-
pants were suitable for the final analysis. The flow of the
screening process was detailed in Additional file 1: Figure
S1.

Clinical characteristics

At recruitment, socio-demographic, medical history, and
drug use data were collected at the health center during
an interview by trained research staff who followed the
standard operating procedure of the study. Participants
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were seated for blood pressure measurements under
resting conditions. The blood pressure was measured by
a calibrated electronic sphygmomanometer (OMRON;
Dalian, China) in both arms at recruitment and thereaf-
ter repeated four times in the arm that showed the higher
blood pressure, the average blood pressure value was
taken. Waist circumference, height, and weight were col-
lected without shoes and heavy clothes and measured by
the medical scale. Body mass index (BMI) was calculated
by the formula BMI=weight (kg)/square of height (m?).
Cigarette smoking, including never, former, and current
smoking, was defined as smoking>1 cigarette per day
for 1 year or more or a cumulative smoking amount > of
360 cigarettes per year. Alcohol consumption was defined
as drinking an average of at least 2 or more times a week
over a year.

Laboratory assays

All blood samples were collected in the fasting state, then
flash processed and frozen. Serum fasting blood glucose
(FBQG), total cholesterol, TG, HDL, creatinine, and homo-
cysteine levels were assayed using automatic clinical ana-
lyzers (reagents from Guangdong Biaojia Biotechnology
Co., Ltd., using Beckman Coulter AU680). The estimated
glomerular filtration rate (eGFR) was calculated using the
equation of Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI). We defined diabetes in this study
as self-reported diabetes or use of antidiabetic drugs or
FBG concentration > 7.0 mmol/L.

Calculation of VAI

VAI was calculated by using the following sex-specific
equations. In the equations, the unit of WC is cm; BMI is
kg/m? TG and HDL are mmol/L.

wC TG 131

VAlnales = X\ 7 ) X o7
39.68 + (1.88 x BMI) ~ \ 1.03 HDL

VAL B wce (TG (152
females = 3058 1 (1.89 x BMI)  \ 0.813 HDL

Brachial-ankle pulse wave velocity (BaPWV) measurements
BaPWV was automatically measured by Omron Colin
BP-203RPE III device (Omron Health Care, Kyoto,
Japan). The participants were positioned supine after
at least 5 min of bed rest, with both the arms and
ankles exposed and fully extended. Bilateral brachial
and ankles arterial pressure waveforms were recorded
by extremities cuffs connected to a plethysmographic
sensor and oscillometric pressure sensor. The baPWV
was automatically computed as the brachium and
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ankle transmission distance divided by the time inter-
val between the wavefront of the brachial waveform
and that of the ankle waveform (La — Lb)/Tba, with the
highest baPWV value being used.

Statistical analysis

Continuous data are presented as means with standard
deviations (SD) and categorical variables are given as
frequencies and percentages. The baseline characteris-
tics of the study population were presented by quartile
groups of VAL Group comparison was performed with
variance (ANOVA) or Chi-squared tests. High baPWV
value of 18 m/s was widely used as a cut-off threshold
to identify for high-risk of cardiovascular events in the
Asian population [20, 21], thus, we used baPWV value
greater than 18 m/s as define of high arterial stiffness.
The VAI was not normally distributed; the variable was
log-transformed, and the transformed version was used
for analysis when VAI was treated as continuous. Inde-
pendent association of VAI with baPWV and high arte-
rial stiffness was done by multivariable linear regression
models and multivariable regression logistic regression
models. These covariates were included in the adjusted
regression models when satisfying one of the follow-
ing conditions: (1) the regression coefficient P-value for
covariates on outcome variable <0.10, or (2) the incor-
poration of covariates in the model causes a more than
10% change in regression coefficients, or (3) covari-
ates as potential confounders based on prior literature.
Crude model did not include any covariates; Model I
adjusted for sex and age; Model II further adjusted SBP;
DBP; years of hypertension; cigarette smoking; alcohol
consumption; homocysteine; total cholesterol; eGFR;
diabetes; self-reported stroke and coronary heart dis-
ease; antihypertensive drugs; lipid-lowering drugs. The
generalized additive model with the smoothing curve
(penalized spline method) was used to analyze the
dose-response association of VAI with baPWV and
high arterial stiffness. Finally, further stratified analy-
ses by subgroups including sex, age, SBP, DBP, years of
hypertension, cigarette smoking, alcohol consumption,
homocysteine, total cholesterol, eGFR, diabetes, stroke,
antihypertensive drugs, and lipid-lowering drugs were
also explored by multivariable linear regression models
to test for consistency of results. Tests for interaction
were performed by using a likelihood ratio test to com-
pare models with and without interaction terms.

All analyses were done using Empower (R) statisti-
cal software (www. empowerstats.com; X&Y Solutions,
Inc., Boston, MA) and the statistical package R (http://
www.r-project.org). A 2-tailed P<0.05 was considered
statistically significant.
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Results

Participant characteristics

A total of 3258 hypertensive participants of the China
H-type Hypertension Registry Study with normal weight
were included in the final analysis. Of them, 50.5% (1644)
were males, the mean age of the participants was 65.5
(SD, 9.1) years. Mean VAI and baPWV were 2.0 (SD,
2.3) and 18.2 (SD, 3.9) m/s, respectively. Characteristics
of the study participants by VAI quartiles were shown in
Table 1. Participants with higher VAI (> 2.35) seemed to
be younger, females, have lower levels of homocysteine,
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HDL, as well as a lower proportion of current cigarette
smoking and alcohol consumption than other groups,
but more likely to have higher BMI, waist circumference,
fasting glucose, total cholesterol, triglyceride, eGFR lev-
els, and the prevalence of diabetes.

Associations of VAl with baPWV and high arterial stiffness

Smoothing curve fitted the significant positive asso-
ciation of g VAI with baPWV and high arterial stiffness
(Fig. 1a and b). For each unit increase of lg VAL, there
was 1.05 m/s increase in baPWV (95% CI 0.67, 1.43) and

Table 1 Characteristics of the study population by quartile groups of VAI

Characteristics Visceral adiposity index P value
Q1:<0.86 Q2:>0.86,<1.41 Q3:>1.41,<2.35 Q4:>2.35

N 796 832 815 815

Age, years 66.9+9.0 66.4+9.2 65.3+8.8 635+9.0 <0.001

Male, n (%) 646 (81.2) 476 (57.2) 310(38.0) 212 (26.0) <0.001

BMI, kg/m2 213+£17 219+17 223+1.7 228+16 <0.001

Waist circumference, cm 763+63 787 6.5 80.5+64 825+59 <0.001

BaPWV, m/s 179437 18.1£4.0 18.5+39 185+4.0 0.002

Visceral adiposity index 06£0.2 1.1+£02 1.8£03 44435 <0.001

High arterial stiffness, n (%) 329 (41.3) 360 (43.3) 400 (49.1) 404 (49.6) <0.001

SBP. mm Hg 14744186 147.7£176 147.14£1738 14824171 0.680

DBP, mm Hg 88.0+£11.0 8844108 876+104 88.5+109 0.308

Years of hypertension, years 66+7.1 72+78 72+74 69+70 0.380

Laboratory tests

Homocysteine, umol/L 19941238 20.0£135 184+114 16.7+79 <0.001

Fasting glucose, mmol/L 58+1.2 59413 6.1+14 6.5+19 <0.001

Total cholesterol, mmol/L 49410 50£1.1 52+1.1 52+12 <0.001

Triglyceride, mmol/L 0.8+02 12+03 16+04 29415 <0.001

HDL, mmol/L 1.8+£04 16+£03 14+£03 1.2£03 <0.001

eGFR, ml/min/1.73m? 846+194 848+19.0 856+19.1 87.2+196 0.032

Cigarette smoking, n (%) <0.001

Never 245 (30.8) 390 (46.9) 510 (62.6) 544 (66.7)

Former 200 (25.1) 171 (20.6) 121 (14.8) 106 (13.0)

Current 351 (44.1) 271 (32.6) 184 (22.6) 165 (20.2)

Alcohol consumption, n (%) <0.001

Never 336 (42.2) 508 (61.1) 573(70.3) 618 (75.8)

Former 134 (16.8) 126 (15.1) 79(9.7) 75(9.2)

Current 326 (41.0) 198 (23.8) 163 (20.0) 122 (15.0)

Medical history, n (%)

Diabetes (W 0.7) 107 (12.9) 140 (17.2) 216 (26.5) <0.001

Stroke 7(72) 67 (8.1) 75(9.2) 63(7.7) 0.489

CHD 47 (5.9) 59(7.1) 66 (8.1) 52 (6.4) 0.328

Antihypertensive drugs, n (%) 440 (55.3) 502 (60.3) 521 (63.9) 506 (62.1) 0.003

Lipid-lowering drugs, n (%) 21(26) 26 (3.1) 26(3.2) 33(4.0) 0.449

Antidiabetic drugs, n (%) 8(2.3) 26 (3.1) 31(3.8) 57 (7.0) <0.001

Continuous data are presented as means with standard deviations (SD) and categorical variables are given as frequencies and percentages

VA, visceral adiposity index; baPWYV, brachial-ankle pulse wave velocity; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high
density lipoprotein eGFR, estimate the glomerular filtration rate; CHD, coronary heart disease
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Fig. 1 The associations of Ig VAl with baPWV and high arterial stiffness in normal-weight adults with hypertension. a Ig VAl and baPWV; b Ig
VAl and high arterial stiffness. Adjusted for sex, age, systolic blood pressure; diastolic blood pressure; years of hypertension; cigarette smoking;
alcohol consumption; homocysteine; total cholesterol; eGFR; diabetes; self-reported stroke and coronary heart disease; antihypertensive drugs;

lipid-lowering drugs. VAI, visceral adiposity index; baPWV, brachial-ankle pulse wave velocity; eGFR, estimate the glomerular filtration rate

2.13-fold increase in risk of high arterial stiffness (95%
CI 1.59, 2.86). In all models, the VAI was consistently
and significantly associated with baPWV after adjust-
ment for different confounders. When VAI was treated as
quartiles, the adjusted [ for participants in the third and
fourth quartiles were 0.61 (95% CI 0.28, 0.93) and 0.74
(95% CI 0.40, 1.08), respectively, compared with those in
first quartile (P for trend <0.001) (Table 2). Additionally,

the risk of high arterial stiffness was generally greater in
patients with VAI levels in quartile 3 (OR, 1.59; 95% CI
1.23, 2.04) and 4 (OR, 1.76; 95% CI 1.35, 2.29) than those
with patients in quartile 1 (P for trend<0.001) among
participants with normal-weight (Table 3). Compared
with participants in lower two quartiles, a greater risk
of high arterial stiffness was presented among those in
upper two quartiles (OR, 1.59; 95% CI 1.32, 1.91).

Table 2 The association between Ig VAl and baPWV in normal-weight adults with hypertension

Visceral adiposity index N Mean+SD  Crude model Model | Model Il

B (95%Cl) P-value B (95%Cl) P-value B (95%ClI) P-value
Per unit increase in IgVAI 3258 182439 0.91(049,1.32) <0.001 1.32(0.90, 1.74) <0.001 1.05 (0.67, 1.43) <0.001
Quartile
Q1:<0.86 796 179437 Ref( ) Ref.(0) Ref.(0)
Q2:0.86-<141 832 18.1+40 8(-0.20,0.56) 0.345 0.15(-0.20, 0.50) 0415 0.09 (-0.22, 0.40) 0.562
03:141-<235 815 185+£39 0.61(0.23,0.99) 0.002 0.64 (O 28,1.01) 0.001 61(0.28,0.93) <0.001
Q4:>235 815 18.5+4.0 0.60 (0.22,0.98) 0.002 0.89(0.51,1.27) <0.001 0.74 (040, 1.08) <0.001
P for trend <0.001 <0.001 <0.001
Categorical
Q1,2:<141 1628 180£3.9 Ref.(0) Ref.(0) Ref.(0)
Q34:>141 1630 185+39 0.51(0.24,0.78) <0.001 0.68 (0.41,0.94) <0.0001  0.62(0.38,0.85) <0.0001

Crude model adjusted for: none; Model | adjusted for: sex; age; Model Il adjusted for: sex; age; systolic blood pressure; diastolic blood pressure; years of hypertension;
cigarette smoking; alcohol consumption; homocysteine; total cholesterol; estimated glomerular filtration rate; diabetes; relf-reported stroke and coronary heart

disease; antihypertensive drugs; lipid-lowering drugs
VA, visceral adiposity index; baPWV, brachial-ankle pulse wave velocity
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Table 3 The association between Ig VAl and high arterial stiffness in normal-weight adults with hypertension
Visceral adiposity index Events (%) Crude model Model | Model Il

OR (95% ClI) P-value OR (95% ClI) P-value OR (95% ClI) P-value
Per unitincrease in IgVAI 1493 (45.8) 1.60 (1.29,1.98) <0.001 2.23(1.72,2.89) <0.001 2.13(1.59,2.86) <0.001
Quartile
Q1:<0.86 329 (413) 1 1 1
Q2:0.86-<141 360 (43.3) 1.08 (0.89,1.32) 0429 1.09 (0.88, 1.35) 0450 1.08 (0.85, 1.38) 0519
03:141-<235 400 (49.1) 137(1.12,1.67) 0.002 1.51(1.20, 1.89) <0.001 1.59(1.23,2.04) <0.001
Q4:>235 404 (49.6) 1.40(1.15,1.70) 0.001 1.79(1.42,2.27) <0.001 1.76 (1.35,2.29) <0.001
P for trend <0.001 <0.001 <0.001
Categorical
Q1,2:<141 689 (42.3) 1 1 1
Q34:>141 804 (49.3) 1.33(1.16,1.52) <0.001 1.56(1.32,1.83) <0.001 1.59(1.32,1.91) <0.001

Crude model adjusted for: none; Model | adjusted for: sex; age; Model Il adjusted for: sex; age; systolic blood pressure; diastolic blood pressure; years of hypertension;
cigarette smoking; alcohol consumption; homocysteine; total cholesterol; estimated glomerular filtration rate; diabetes; relf-reported stroke and coronary heart

disease; antihypertensive drugs; lipid-lowering drugs

VAI, visceral adiposity index; baPWV, brachial-ankle pulse wave velocity

Subgroup analyses by potential effect modifiers

Stratified analysis was carried out to assess the stabil-
ity in various subgroups (Fig. 2). Subsequent results
showed no significant interaction in the association of
lg VAI with baPWV among the following subgroups,
including sex (male vs. female, P for interaction =0.677),
age (<65 vs.>65 years, P for interaction=0.163), SBP
(<140 vs.> 140 mm Hg, P for interaction=0.727), DBP
(<90 vs.>90 mm Hg, P for interaction=0.513), years of
hypertension (<5 vs.>5 years, P for interaction=0.936),
alcohol consumption (never vs. former vs. current, P for
interaction =0.691), alcohol consumption (never vs. for-
mer vs. current, P for interaction=0.737), homocysteine
levels (<15 vs.>15 umol/L, P for interaction=0.330),
total cholesterol (<5.2 vs.>5.2 mmol/L, P for interac-
tion=0.351), eGFR (<60 vs.>60 ml/min/1.73m? P for
interaction=0.189), diabetes (no vs. yes, P for interac-
tion=0.715), stroke (no vs. yes, P for interaction = 0.440),
use of antihypertensive drugs (no vs. yes, P for interac-
tion=0.214) and lipid-lowering drugs (no vs. yes, P for
interaction=0.631), tested by linear regression analysis.

Discussion

The findings presented in this study were the first to
examine the independently and stably association of
VAI with baPWV and the risk of high arterial stiffness in
hypertensive adults with normal-weight.

Some researchers had reported relevant studies, but
multiple studies had focused on general or diabetes-
related populations. Choi et al. reported that VAI was
positively associated with arterial stiffness, represented
by the mean baPWYV, in both Korean males and females
who underwent a routine health checkup [22]. This

result was supported by study performed in community-
dwelling individuals over 40 years of age in China [23].
A cross-sectional study recruited 97 postmenopausal
females with T2DM examined that increased visceral
fat were independently associated with increased arte-
rial stiffness in postmenopausal females [24]. Among
non-industrial workers aged 25 to 55, Nakagomi and
his groups found a stronger association between VAI
and baPWV in females than males [25]. But Morigami
et al. demonstrated visceral fat area and subcutaneous
fat area were associated with arterial wall stiftness only
in males with T2DM but not in females [26]. The differ-
ences in sample size, inconsistent definitions, age range
of study population and participants screening methods
may partially explain why these studies’ conclusions were
inconsistencies. Additionally, the presence of the general
obesity population may still confound the impact of VAI
on arterial stiffness, although most of these studies had
adjusted for BMI to rule out or minimize the influence of
obesity. However, the evidence that follows with normal-
weight population was still limited. The study by Bouchi
et al. showed compared to patients with normal-weight
and visceral fat area < 100 cm?, those with normal weight
and visceral fat area> 100 cm? were significantly associ-
ated with increased baPWV even after adjustment for
covariates which could affect arterial stiffness [18]. Our
study was possibly the first to identified and validated the
dose-dependent association of VAI with baPWV and the
risk of high arterial stiffness in normal-weight individu-
als with hypertension. Consistent results were observed
in stratified analysis, there was no significant interaction
between males and females. Thus, our findings indicated
that VAI could be used as a simple and reliable alternative
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Subgroups
Sex, n(%)
male
female
Age, years
<65
>65
SBP, mm Hg
<140
>140
DBP, mm Hg
<90
>90
Years of hypertension, years
<5
>5
Cigarette smoking, n(%)
never
former
current
Alcohol consumption, n(%)
never
former
current
Homocysteine, pumol/L
<15
>15
Total cholesterol, mmol/L
<5.2
>5.2
eGFR, ml/min/1.73m?
<60
>60
Diabetes, n(%)
no
yes
Stroke, n(%)
no
yes
Antihypertensive drugs, n(%)
no
yes
Lipid-lowering drugs, n(%)
no
yes

N mean+SD

1644
1614

1378
1880

1098
2160

1787
1471

1478
1726

1689
598
971

2035
414
809

1554
1704

1855
1403

359
2899

2710
548

2996
262

1289
1969

3152
106

B(95%CT)

17.8+3.8
18.6 4.0

0.97 (0.43, 1.51)
1.02 (0.49, 1.55)

16.8+3.2
19.3+4.1

0.75 (0.27, 1.22)
0.85 (0.24, 1.46)

16.6 £3.1
19.1£4.0

1.10 (0.55, 1.65)
0.98 (0.47, 1.49)

17.8+£3.6
18.8+4.2

0.97 (0.48, 1.47)
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marker for identifying the risk of high arterial stiffness in
normal-weight adults with hypertension.

Chronic inflammation and insulin resistance were pos-
sible mechanisms linking VAI and arterial stiffness. Vis-
ceral adipocyte was the primary source of inflammatory
cytokines and adipokines [27, 28], which may elicit reac-
tive oxygen species (ROS) production in arterioles. The
inflammatory cytokines and ROS work together, lead-
ing to reduced production and increased consumption
of nitric oxide (NO) [29]. Various lines of research had
demonstrated that reduced NO concentrations were sig-
nificantly associated with increased risk of arterial stiff-
ness [30, 31]. Further, the "portal theory" showed that
the accumulation of visceral adiposity and linked chronic
inflammation also promoted insulin resistance by pro-
ducing free fatty acids and accumulating in the liver [32,
33]. In this study, higher FBG levels were observed in
participants with fourth quartile VAL Through the up-
regulate activity of the renin—angiotensin—aldosterone
system, insulin resistance and chronic hyperglycemia
promoted hypertrophy and fibrosis of the vascular wall,
consequently leading to stiffening of the artery [34].

There were several limitations of our study that deserve
further mention. First, the cross-sectional study design,
in which the variables were measured at the same time
point, makes it difficult to infer temporal relationships
or causality and assess the predictive ability of VAI for
arterial stiffness. Second, the baPWV test at recruit-
ment was voluntary and it might, therefore, restrict the
representativeness of the sample included. The mean age
of the participants in our study was 65.5 (SD, 9.1) years
and 45.8% of participants were high arterial stiffness with
baPWV >18 m/s, thus, the study conclusions may not
be generalizable to the normal-weight younger popula-
tions, who had a better vascular function. Moreover, we
failed to determine changes in the recent weight of par-
ticipants, which means overweight or underweight par-
ticipants might be misclassified to normal-weight due to
the recent weight changes. Finally, although an extensive
list of possible confounding factors was adjusted in the
multivariable regression analysis, unrecognized residual
confounding variables may still remain. Absence of imag-
ing data in the present study, we were unable to adjust
for subcutaneous adipose tissue or total adipose tissue
in the model due to limited budget. Indeed, Arner et al.
reported a low correlation between PWYV and subcuta-
neous adipocyte volume (r=0.20, P=0.031), assessed
by dual-X-ray absorptiometry in obese subjects. Still, the
relationship became non-significant after controlling for
visceral fat cell volume [35]. However, visceral adipocyte
volume was strongly (P<0.0001) and positively corre-
lated with PWV. Similar results have also been reported
by Han et al. [36]. Based on the above study thus, we
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think that non-adjustment for subcutaneous adipose tis-
sue or total adipose tissue in the regression model might
have little effect on our results.

Conclusions

In the current study, we observed the stable and signifi-
cant association of VAI with baPWV and high arterial
stiffness in a dose-dependent manner among normal-
weight adults with hypertension. The establishment of
this association could help the arterial stiffness risk strati-
fication in normal-weight hypertensive populations, who
are frequently overlooked in preventing cardiovascular
disease.
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