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Abstract

This study aimed to explore whether brachial-ankle pulse wave velocity (baPWV) and

brachial artery flow-mediated dilation (FMD) or the interaction of both parameters

are associated with subclinical target organ damage (STOD) indices in patients with

essential hypertension. A total of 4618patients registered fromJanuary2015 toOcto-

ber 2020 were included. baPWV and FMD were measured to evaluate arterial stiff-

ness and endothelial dysfunction. Whereas left ventricular hypertrophy (LVH), urine

albumin-creatinine ratio (UACR), and carotid intima-media thickness (CIMT) were

obtained as STOD indicators. Onmultivariable logistic regression analysis with poten-

tial confounders, higher quartiles of baPWV and FMD were significantly associated

with an increased risk of STOD. In patients <65 years of age, the odds ratio (OR) of

LVH, UACR, and CIMT ≥.9mm for the fourth versus the first quartile of baPWV were

1.765 (1.390–2.240), 2.832 (2.014–3.813), and 3.075 (2.315–4.084), respectively. In

interaction analysis, an increase in baPWV shows a progressively higher risk of STOD

across the quartiles of FMD. Also, the estimated absolute risks of LVH, UACR, and

CIMT ≥.9mm for the first to fourth quartile of baPWV increased from 1.88 to 2.75,

2.35 to 4.44, and 3.10 to 6.10, respectively, in patients grouped by FMD quartiles. The

addition of baPWV to FMD slightly improved risk prediction for STOD. BaPWV and

FMD were independently associated with an increased risk of STOD in patients with

essential hypertension especially among patients <65 years of age. Patients with ele-

vated baPWV and decreased FMDparameters are at increased risk of STOD.
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1 INTRODUCTION

Hypertension-induced subclinical target organ damage (STOD)

is the primary risk factor for cardiovascular diseases (CVDs) and

mortality.1–3 Endothelial dysfunction and arterial stiffness, the inde-

pendent predictors of hypertension, are increasing with age-related
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physiological alterations.4–7 At the same time, the prevalence of STOD

dramatically increases with uncontrolled blood pressure (BP) levels.8,9

Although endothelial dysfunction and arterial stiffness increase with

hypertension synchronously, the correlation between endothelial

dysfunction and arterial stiffness with STOD was controversial in pre-

vious studies.10 It remains unknown whether endothelial dysfunction
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and arterial stiffness amplify the risk of STOD in the hypertension

population.

Some studies suggested that chronic elevation in BP resulted in

arterial stiffness through its unfavorable effects on structural and

functional alterations in the walls of central elastic arteries.11–13 In

contrast, other studies showed that arterial stiffness led to higher BP

because of the changes in the buffering function of conduit arteries.14

Scientifically, both theoriesmay justify an increase in BP contributes to

arterial stiffness but whether an increase in arterial stiffness predicts

the preceding STOD remains unknown. From a hemodynamic perspec-

tive, the body maintains normal BP by adjusting peripheral resistance

and cardiac output.15 Also, other studies have suggested that target

organ damage characterized by left ventricular hypertrophy (LVH),

high levels of albuminuria (UACR), and carotid intima-media thickness

(CIMT) significantly predicts future cardiovascular and renal events in

hypertensive patients.4,5 In this context, we hypothesize that vascular

resistance resulting from endothelial dysfunction and arterial stiffness

may positively associate with STOD indicators.

Both endothelial dysfunction and arterial stiffness contribute to

physiological hardening of the arterial system and are surrogate mark-

ers for impaired vascular function and structure. One method to

assess systemic arterial stiffness is brachial-ankle pulse wave veloc-

ity (baPWV).16 Whereas, endothelial dysfunction that associate with

a decrease in bioavailability of vasodilator factors has been reported

to associate with atherogenesis, atherothrombotic complications, and

subclinical organ damage8,9 and can be determined using brachial

artery flow-mediated dilation (FMD).10,11 Recent evidence illustrated

the relationships among endothelial dysfunction, arterial stiffness, and

STOD, based on animal studies17 and small clinical studies.10 However,

this hypothesis has not been tested in large-scale epidemiological stud-

ies. Elucidating the association between endothelial dysfunction, arte-

rial stiffness and STOD is significant because hypertension-induced

STOD will lead to an increased clinical burden of CVDs and mortal-

ity. Thus, we investigated the association between endothelial dys-

function, arterial stiffness, and STOD in a large hospital-based cohort

including 4618 adults.

2 METHODS

2.1 Study participants

We examined patients with hypertension who were hospitalized

between January 2015 and October 2020 at the First Affiliated Hos-

pital of Dalian Medical University. Those with diagnosis of secondary

hypertension defined based on 2018 ESC/ESH guidelines18) (n= 106),

malignancy (n = 21), severe arrhythmia (n = 102), moderate and

severe kidney dysfunction (estimated glomerular filtration rate [eGFR]

≤60ml/min/1.73m2), proteinuria (>300mg/24h) (n = 122), left ven-

tricular systolic dysfunction (LVEF <50%) (n = 58), severe valvular

heart disease (n= 26), peripheral vascular diseases (PAD) (n= 62), and

myocardial infarction or unstable angina pectoris (n= 117).

Also, electronic health records data comprises substantial missing

information that if left unaddressed could decrease the validity of con-

clusions drawn.19 Therefore, missing data of the key variables that rule

out the aforementioned disease conditions were also excluded to con-

trol selection bias and avoid interpretation of our results (n = 2774).

Finally, the present study included a total of 4618 patients. Figure 1

describes a brief overview of the selection of study participants. The

research was conducted in accordance with the Helsinki declaration

guidelines and was approved by the institutional review board of the

First Affiliated Hospital of Dalian Medical University. The informed

consent provision was waived and all procedures listed here were car-

ried out in compliance with the approved guidelines.

2.2 Clinical measurements and definition of
explanatory variables

Demographic and clinical data including age, gender, current smok-

ing, diabetes mellitus, cardiovascular disease, use of antihypertensive

drugs, hypoglycemic drugs and statin were retrieved from the elec-

tronic data recordof theFirstAffiliatedHospital ofDalianMedicalUni-

versity. Participantswere deemed current smokers if reported they are

currently smoking or registered smoking at least 100 cigarettes dur-

ing their lifetime.20,21 Body mass index (BMI) was calculated as weight

in kg per squared height measured in meters. Data on biochemical

parameters including total cholesterol (TC), triglycerides (TG), High-

density lipoprotein (HDL) cholesterol, low-density lipoprotein choles-

terol (LDL-C), hypersensitivity C-reactive protein (hs-CRP) were also

retrieved from the First Affiliated Hospital of Dalian Medical Uni-

versity and all these biochemical parameters were performed using

the standard protocols. eGFR was calculated according to the equa-

tion suggested by the Chronic Kidney Disease Epidemiology (CKD-

EPI) Collaboration.22 Diabetes mellitus (DM) was defined as fasting

plasma glucose ≥7.0mmo/L or 2 h plasma glucose ≥11.1mmo/L or a

self-reported history of diabetes mellitus or currently receiving antidi-

abetic treatments. Peripheral artery disease (PAD) was defined as ABI

<.9, stent implantation, or according to the past medical records. LVH

was defined according to 2018 ESC/ESH guidelines and we strictly

adhered in the criteria of echocardiography LVH (LV mass index:

men >50 g/m2.7; women >47 g/m2.7 [height in m2.7]; indexation for

body surface area [BSA] may be used in normal-weight patients; LV

mass/BSA g/m2
>115 [men] and >95 [women]). Also, data on urinary

albumin-to-creatinine ratio was produced from the first urine in the

morning. Elevate UACRwas defined as 30–300mg/g.

2.3 Echocardiography

All subjects received echocardiography examinations at rest in the

left lateral decubitus position using the Vivid E95 ultrasound system.

The left ventricular end-diastolic diameter, left ventricular posterior

wall thickness, interventricular septal thickness, and left ventricular
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F IGURE 1 A brief overview of the selection of study participants.

ejection fraction were measured. LVMI was calculated by using the

Devereux formula23 via thesemeasurements.

2.4 Ultrasonographic examination of the carotid
arteries

All subjects received Bilateral duplex US (Philips iU-22 Ultrasound

System, Philips Medical Systems, Bothell, Washington, USA) exami-

nations in the supine position. Longitudinal images of the common

carotid artery, 1 cm proximal to the bifurcation in which the far wall

intima-media interface (M-line) was clearly defined, were magnified

and recorded on videotape for later analysis. The distance between the

leading edge of the intima and themedia-adventitia interfacewasmea-

suredwith ultrasonic calipers. Threemeasurementswere taken in both

the right and left common carotid arteries, and a mean IMT was calcu-

lated as previously described.24 CIMT≥.9mmwas defined as positive.

2.5 Measurement of FMD

Patients were examined in the supine position after 15min rest

and after at least a 6-h fasting. An automated sphygmomanometer

(Dinamap device) was used to monitor blood pressure and pulse in the

left armat5-min intervals throughout theexam.A standardbloodpres-

sure cuff was positioned around the right arm, two inches below the

antecubital fossa, and the artery was imaged 5–9 cm above the ante-

cubital fossa. A linear-array multifrequency transducer operating at

9MHz (GE Logiq 700 Device) was used to acquire images of the right

brachial artery. After obtaining baseline images, the cuff was inflated

to 50mm Hg above the participant’s systolic blood pressure for 5min.

Images of the right brachial artery were captured continuously for

30 secbefore cuff inflation, and for2minbeginning immediately before

cuff deflation to document the vasodilator response. Images of the

brachial artery diameters were captured in diastole (gated with elec-

trocardiograph R-wave). The semi-automated readings of these digi-

tized images generated the baseline and maximum diameters of the

brachial artery fromwhich the rate FMDwas computed.

2.6 Measurement of baPWV

BbaPWV measurements were obtained using a volume-

plethysmography device (VP-1000, OMRON, Dalian, China), which

measures both brachial and posterior tibial artery pressurewaveforms

using an oscillometric method with cuffs placed around both arms
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and ankles of the patients. baPWV was calculated automatically

by time-phased analysis, and the distance between the upper arm

and ankle was estimated based on height. The baPWV values were

obtained from the right and left measurements, and the higher reading

of the twomeasurements was used for analysis.25

2.7 Outcome definition

Hypertension-related STOD is characterized by significant changes in

LVH, CIMT, and UACR.18 Therefore, we used LVH, CIMT, and UACR as

the indices of STOD.Wedefined STOD if any oneof the following exists

(i) echocardiographic LVH; (ii) CIMT ≥.9mm; or (iii) UACR between 30

and 300mg/g.

2.8 Statistical analysis

All statistical analyses were conducted using SPSS version 26.0. Par-

ticipants were categorized based on age into two groups, including

<65 years of age and ≥65 years of age, and were stratified into quar-

tiles based on the baPWV and FMD values. Kolmogorov–Smirnov test

was used to test the normality of distribution. Quantitative variables

with a normal distributionwere specified as themean± standard devi-

ation.Whereas thenon-normal distributeddatawas present asmedian

(percentile 25, percentile 75). Analysis of variance (ANOVA) was used

to compare whether the differences between three or more groups

were statistically significant in variables comprising numerical data.

Chi-squared test was computed to analyze categorical data and results

wereexpressedas counts andpercentiles. The likelihoodof STODasso-

ciated with baPWV or FMD was calculated using a logistic regres-

sion model. While running logistic regression analysis, the baPWV or

FMD quartiles were entered in the models with the first baPWV or

FMD-specific quartile as a reference to assess the odds ratio (OR) and

95%Confidence Interval (95%CI). The logistic regression analysis was

carried out in three models. Model 1 was unadjusted, model 2 was

adjusted for age and sex, and model 3 was adjusted for age, sex, BMI,

eGFR, smoking, SBP, DBP, use of calcium channel blocker, angiotensin-

converting enzyme receptor blocker, β-Blocker, diuretic, α-Blocker,
use of statins, diabetes, and stable angina. To compute whether ele-

vated baPWV combined with reduced FMD or vice versa influences

the risk of STOD, we estimated the OR and 95% CI of STOD using

multivariate regression analysis among those participants grouped in

different quartiles of baPWV/FMD along with their corresponding

FMD/baPWV quartiles. Receiver operator characteristics (ROC) curve

analysis was used to evaluate the productive power of baPWV, FMD,

and baPWV+FMD for STOD. Also, Youden’s index statistics were cal-

culated to capture the performance of the parameters.26 We further

run a sub-analysis to calculate the OR for STOD associated with quar-

tiles of baPWV grouped by FMD or vice versa to establish the effect of

the interaction of the twoparameters (baPWVandFMD). All statistical

analyses were two-sided, and a p-value of less than .05was considered

statistically significant.

3 RESULTS

3.1 Baseline characteristics of the participants

Among the 8006 subjects during the study period, 4618 participants

had sufficient data on baPWVand FMD. The prevalence of LVH, UACR,

and CIMT were 49.7%, 20.7%, and 84.8%, respectively. The character-

istics for patients with age <65 and ≥65 years based on baPWV and

FMD quartiles are presented in Tables 1 and 2. Also, characteristics

including heart rate, Hs-CRP and drugs using have been shown in Sup-

plementary Tables S1 and S2, respectively for patients with age <65

and ≥65 years based on baPWV and FMD quartiles. Table 1 showed

patients inhigherquartiles of baPWVandFMDhadhighermeanvalues

of SBP, UACR, and LVMI. Also, patients in higher quartiles of baPWV

and FMD were more likely to have CIMT ≥.9mm, LVH, DM, and sta-

ble angina. Likewise, they had a higher proportion of older age and

decreased rate of LVEF. However, unlike the patients in higher quar-

tiles of baPWV, those patientswith higher quartiles of FMDweremore

likely to be males and smokers. In the group of ≥65 years of age, the

proportion of patientswith LVH,UACR, andCIMT≥.9mmwas increas-

ing across the quartiles of baPWV. Conversely, there were no signifi-

cant differences in age, smoking status, andmean TC andHDL-C levels

across the baPWV and FMDquartiles (Table 2).

3.2 Relationship between baPWV/FMD and
STOD indices in patients <65 years of age

Table 3 presents the ORs of STOD indices among patients <65 years

of age (Table 3). The patients in the highest baPWV/FMD quartile had

a significantly increased risk of STOD. This association persisted even

after adjusting for potential confounding factors, including age, sex,

BMI, eGFR, smoking, SBP, DBP, antihypertensive use including calcium

channel blocker, angiotensin-converting enzyme receptor blocker, β-
Blocker, Diuretic, α-Blocker, use of statins, diabetes, and stable angina.
TheOR (95%CI) of LVH and UACR for the fourth versus the first quar-

tile of baPWVwere 1.765 (1.390–2.240) and 2.832 (2.014–3.813) and,

whereas for the fourth versus the first quartile of CIMT ≥.9mm was

3.075 (2.315–4.084).

The ORs and 95% CI for STOD were further evaluated using the

quartile of FMD. Importantly, the patients in the highest FMD quartile

had a significantly increased risk of STOD. The OR (95% CI) of LVH,

UACR, and CIMT ≥.9mm for the fourth versus first quartile of FMD

were 1.428 (1.151–1.772), 1.503 (1.148–1.968), and 2.323 (1.796–

3.005), respectively.

3.3 Relationship between baPWV/FMD and
STOD indices in patients ≥65 years of age

The association between the baPWV/FMD and the risk of STOD

among patients ≥65 years of age is presented in Table 4. The patients

in the highest baPWV quartiles had a significantly increased risk of
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F IGURE 2 The risk of STOD based on baPWVquartiles in patients grouped by FMDquartiles. (A). The risk of LVH based on baPWVquartiles
in patients grouped by FMDquartiles. (B). The risk of UACR based on baPWVquartiles in patients grouped by FMDquartiles. (C). The risk of CIMT
≥.9mm based on baPWVquartiles in patients grouped by FMDquartiles. STOD, subclinical target organ damage; baPWV, brachial-ankle pulse
wave velocity; FMD, flow-mediated dilation; LVH, left ventricular hypertrophy; UACR, urine albumin–creatinine ratio; CIMT, carotid intima-media
thickness

STOD. Compared with patients in the first quartile of baPWV, the OR

(95%CIs) of UACR for the subjects in quartile four was 2.39 (1.53–

3.75), P for trends <.001. Likewise, compared with patients of the

first quartile of baPWV, the multivariate-adjusted ORs and 95% CIs of

CIMT ≥.9mm were 2.647 (1.141–6.141), 2.789 (1.192–6.526), 4.374

(1.596–11.986) for the second, third, and fourth quartiles, respectively.

However, the risk of STOD, assessed by LVH, was weakly associated

with baPWV in patients ≥65 years of age. Also, we observed no

significant association between the highest FMD quartiles and STOD

indicators.

3.4 Interaction effect of baPWV and FMD in
STOD in patients <65 years of age

To compute the interaction effect of elevated baPWV and reduced

FMD among participants <65 years of age, we evaluated the risk of

STOD and estimated the OR and 95% CI of STOD among those par-

ticipants grouped in different quartiles of baPWV along with their cor-

responding FMD quartiles. An increase in baPWV shows a progres-

sively higher risk of STODacross the quartiles of FMD (Figure 2). Those

patients at higher quartiles of baPWV grouped by FMD had a higher

risk of LVH,with patients in quartile four accounting for thehighest risk

of LVH (OR = 2.75). Also, the estimated risks of UACR for the first and

fourth quartile of PWV increased from2.35 to 4.44 in patients grouped

by FMD quartiles. Similarly, the estimated risk of CIMT ≥.9mm surged

from 3.10 in quartile 1 to 6.10 in quartile four of baPWV in patients

grouped by FMDquartiles.

3.5 Receiver operating characteristics (ROC)
analysis in patients <65 years of age

ROC analysis was used to evaluate the capacity of baPWV and FMD

models to predict STOD in patients <65 years of age (Figure 3A). The

AUC of baPWV and FMD models to predict LVH were .700 and .683,

respectively. The sensitivity and specificity of baPWVwere 47.2% and

68.2%, respectively. And Youden’s index was .154 with the highest J

value of 1576.25 cm/s. Similarly, the sensitivity and specificity of FMD

were 74.2% and 32.9%, respectively with a Youden’s index of .071.

The highest J value was 3.15%. Then we further combined baPWV and

FMD in a single model with the aim to evaluate whether the predictive

power of the model can increase, and the AUC of the combined model

reached .706.

We also performed ROC analysis to determine the diagnostic utility

of the baPWV, FMD, and the combined model to identify patients with

STOD assessed by UACR. The AUC for baPWV and FMDmodels were

.641 and .563, respectively. The sensitivity and specificity of baPWV

were 61.8% and 61.3%, respectively. Youden’s index was .231 and the

highest J value was 1543.75 cm/s. Likewise, the sensitivity and speci-

ficity of FMDwere 68.2% and 41.2%, and Youden’s index was .094 and

the highest J value was 3.45%. We tested then models to improve the

identification of STOD by combining both baPWV and FMD parame-

ters. The combination of the baPWVandFMDmodel reached the high-

est AUC of .642. The AUC results for the baPWV and FMDmodels and

the combinedmodel are shown in Figure 3B.

Briefly, the AUC of the baPWV, FMD, and the combined models

for the risk of STOD assessed by CIMT ≥.9mm were .619, .602, and

.642 (Figure 3C). The sensitivity and specificity of baPWVwere 41.2%

and 75.2%, respectively, and Youden’s index was .173 and the highest

J value was 1576.75 cm/s. Whereas the sensitivity and specificity of

FMDwere60.9%and56.8%, respectively, andYouden’s indexwas .177

and the highest J value was 4.95%.

3.6 Sensitivity analysis

We run the sensitivity analysis with the aim to estimate the magni-

tude of the risk of bias attributed to the missing data. Interestingly. we

find that therewas no statistically significant difference in the group of

patients with missing data and the group of patients without missing

data (Supplementary Table S3).



426 SUN ET AL.

F IGURE 3 Receiver-operating characteristics (ROC) curves for prediction of STODwith baPWV, FMD, and combinedwith baPWV and FMD.
(A) ROC curve for prediction of LVHwith baPWV, FMD, and combinedwith baPWV and FMD, respectively. (B) ROC curve for prediction of eUACR
with baPWV, FMD, and combinedwith baPWV and FMD, respectively. (C) ROC curve for prediction of CIMT≥.9mmwith baPWV, FMD, and
combinedwith baPWV and FMD, respectively. STOD, subclinical target organ damage; baPWV, brachial-ankle pulse wave velocity; FMD,
flow-mediated dilation; LVH, left ventricular hypertrophy; UACR, urine albumin–creatinine ratio; CIMT, carotid intima-media thickness

4 DISCUSSION

In this retrospective cross-sectional study, baPWV and FMD parame-

ters were positively associated with STOD indicators in patients with

essential hypertension. This association of the baPWV and FMD with

STOD indicators remain consistent even after adjusting for poten-

tial confounders. Participants with the highest quartile of baPWV and

FMD (baPWV ≥1683 cm/s, FMD ≤2.8% in <65 years of age, respec-

tively) had the highest risk of STOD comparedwith patients in the low-

est quartiles of baPWV and FMD. However, there was no significant

relationship between baPWV and FMDmeasurements and the risk of

STOD in patients≥65 years of age.

In the past, various studies reported that baPWV is associated

with cardiovascular morbidity and mortality, as well as with several

cardiovascular risk factors.27–30 The PWV has also been thoroughly

examined, and an elevated baPWV has been identified as a marker of
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vascular function.16 Furthermore, arterial stiffness might be involved

in a vicious cycle with the development/progression of hyperten-

sion, chronic kidney disease, and diabetes mellitus,31 suggesting high

baPWVand low FMDare not only considered as risk factors for hyper-

tension but also consequences of the damage that hypertension causes

on the vessels and heart. In this study, the risk of STOD increases

across baPWV and FMD quartiles. The findings regarding baPWV and

FMD associations with STOD indicators remain consistent after mul-

tivariate adjustment for the potential confounding factors, suggesting

that a vascular status evaluation is not inferior to the control strat-

egy of hypertension-related complications. Thus, our results provide

insights into the significance of strict measurement of baPWV and

FMDparameters to predict STOD as endothelial dysfunction and arte-

rial stiffness processesmay lead to an increased socioeconomic burden

of hypertension-associated CVDs andmortality.

baPWV is a marker of arterial stiffness and has been used for the

assessment of vascular function. Moreover, baPWV and STOD are

known to be independent predictors of future cardiovascular events.32

According to our study, baPWV was independently associated with

an increased risk of LVH, which was consistent with Tomiyama’s

demonstration.10 Mechanically, PWV reflects segmental arterial elas-

ticity, and contraction of the left ventricle generates a pulse wave that

is propagated throughout the arterial tree. Evidently, an increase in

arterial stiffness/baPWV is reported to associate with an increase in

the propagation speed of this pulse wave, which could contribute to a

greatermagnitude of blood flow back from the peripheral artery to the

aortic artery during late systole.33 These changes in the blood circula-

tion could again aggravate the left ventricular afterload and eventually

may lead to LVH.

Recently, several studies recommended UACR18,34 as predictors of

STOD in patients with hypertension. However, there was a lack of

robust knowledge on whether the combination of the endothelial dys-

function and arterial stiffness indicators is sufficient to predict the

STOD assessed by the UACR. To the extent of our knowledge, this was

the first study to evaluate the association between baPWV and FMD

and STOD, and we found that elevated baPWV and FMD were inde-

pendently linked with STOD indicators including UACR inmiddle-aged

hypertension patients. Also, the interaction analyses between baPWV

and FMD parameters show that patients in higher baPWV quartiles

grouped by the FMDquartiles reflect prominent UACR, indicating that

high/low values baPWV/FMD are associated with an increased risk of

STOD.

Earlier evidence established that elevated arterial stiffness linked

with early stages of chronic kidney disease,35 and vascular calcification

related to advanced chronic kidney disease may amplify this increase

in arterial stiffness.36 Various reasons could explain the observed rela-

tionship between endothelial dysfunction and arterial stiffness indi-

cators and UACR. Hypertension is a component of metabolic syn-

drome, and endothelial dysfunction has been reported as an early

pathogenic event in metabolic syndrome.37 What’s more, Tomiyama

and colleagues38 found that persistent metabolic syndrome status

aggravates the progression of arterial stiffness. The other possible link-

age is through the renal resistive index. Previous studies have reported

that microalbuminuria and arterial stiffness are related to resistive

index.39 Also, chronic inflammation-induced endothelial dysfunction

increases the progression to atherosclerosis and aggravates perme-

ability of the capillary basement membrane of the glomerulus, which

could further lead to albumin leak from the basement membrane and

may cause the appearance of UACR.40,41

Arterial stiffness and atherosclerosis often coexist in the same vas-

cular territories and share similar risk factors. And the presence of

atherosclerosis decreases the compliance of blood vessels, leading

to stiffening of the arteries.28 In addition, atherosclerosis may also

increase arteriosclerosis in its advanced stage.29 In the present study,

we found that baPWV and FMDwere positively associated with CIMT

≥.9mm. This could be explained by the fact that arterial stiffness could

be related toatherosclerosis throughendothelial dysfunction,mechan-

ical force on the inner wall of blood vessels, extracellular matrix disor-

der, elevated endothelial permeability, and vascular aging.26,27

The high values of baPWV were significantly associated with the

risk of STOD in participants younger than 65 years of age, whereas this

association was weakened to a nonsignificant level when we analyzed

data in the age group ≥65 years. PWV is known to be positively asso-

ciated with age.42 Of the many risk factors associated with endothelial

dysfunction and arterial stiffness, age and hypertension are by far the

most important factors influencing vascular function.43,44 Aging per se

is a promoter of arterial stiffness, especially in the older population.45

Consequently, this may mask the associations between baPWV for

STOD in the age category ≥65, but not in patients <65 years of

age. Therefore, further longitudinal studies are needed to validate the

potential benefit of implementing baPWV and FMD screening in order

to detect STOD in themiddle-aged population.

The present study demonstrated that baPWV and FMD biomark-

ers owna goodprognostic performance for STOD independently. Com-

pared with the baPWV model alone, the unified model that combined

the baPWV and FMD offered a slight increase in the AUC in STOD

detection. Therefore, simultaneous application of both baPWV and

FMD parameters facilitates the prediction of the risk of STOD more

accurately among patients with essential hypertension.

5 LIMITATIONS

The current study has certain advantages and disadvantages. To the

best of our knowledge, no study has looked into the interaction

between baPWV and FMD to predict STOD in hypertension. patients

using hospital data. This study, however, should be interpreted with

some limitations. First, the single-centered retrospective design has

limited the cause-and-effect relationship between baPWV/FMD and

the risk of STOD in hypertension. Also, our data cannot provide data

on the long-term visit-to-visit variabilities of baPWV and FMD and

their association with STOD prognosis. Third, the prevalence of STOD

increases dramatically in cases of uncontrolled blood pressure, and in

many cases, BPwas not controlled. Consequently, it is unclearwhether

the STOD risk is related to the presence of essential hypertension

or to the effectiveness or otherwise of therapy as every medication
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is known to have a positive or negative effect on cardiovascular risk.

Thus, our study would have benefited from dividing patients according

to blood pressure values at the time of evaluation of baPWV and FMD

parameters. However, we considered the adjustment of the individual

antihypertensive drugs including calcium channel blocker, angiotensin-

converting enzyme receptor blocker, β-Blocker, Diuretic, andα-Blocker
in the regressionmodel tominimize the risk of bias inherited to thepos-

sible positive and negative effects of the different types of antihyper-

tensive use.

6 CONCLUSION

We found strong independent associations between baPWV and FMD

parameters and the risk of STOD, assessed by LVH, UACR, CIMT

≥.9mm, in hypertension patients. Also, our study identified that ele-

vatedbaPWVanddecreasedFMDwere independent prognosticmark-

ers for STOD in middle-aged hypertension patients. The combination

of baPWV and FMD significantly improved the prediction of STOD

in hypertension patients, indicating that the simultaneous application

of this unified model can slightly improve discrimination for STOD in

hypertension patients.
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