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Abstract

The prognostic value of arterial stiffness in Korean hypertensive patients has not
been specified. This study was performed to evaluate the prognostic value of bra-
chial-ankle pulse wave velocity (baPWYV) in Korean hypertensive patients and to
propose a cutoff value of baPWYV predicting future cardiovascular events. A total
of 2561 hypertensive patients without documented cardiovascular disease (mean
age, 63 years; 47% females) who underwent baPWV measurement were retrospec-
tively analyzed. Composite events of cardiac death, non-fatal myocardial infarction,
coronary revascularization, and ischemic stroke were assessed during the clini-
cal follow-up period. During a median follow-up period of 4.14 years (interquartile
range, 2.18-5.48 years), there were 69 cases of composite events (2.7%). In receiver
operating characteristic curve analysis, the best cutoff value of baPWV predicting
composite events was 1630 cm/s (sensitivity, 79.7%; specificity, 49.1%; area under
curve, 0.674; 95% confidence interval [Cl], 0.613-0.735; P < .001). In multivariable
Cox regression analysis, higher baPWV (21630 cm/s) was independently associated
with higher risk of the occurrence of composite events even after controlling for po-
tential confounders (hazard ratio, 2.83; 95% confidence interval, 1.49-5.36; P = .001).
In conclusion, increased baPWYV in Korean hypertensive patients was associated with
an increased risk of future cardiovascular events. In addition, we suggested 1630 cm
as a cutoff value of baPWV for predicting cardiovascular events, which will be helpful

in guiding the treatment strategy of Korean hypertensive patients.

Measurement of arterial stiffness is clinically important, since ar-

terial stiffness is associated with patients’ future cardiovascular

Hypertension is a disease that has a high prevalence and is closely
related to the occurrence of cardiovascular disease, which poses a
huge burden on mankind."?> Therefore, early detection and active
treatment of hypertension are very important for improving patient’
prognosis.3 Additionally, it would be beneficial to find factors that
can predict future cardiovascular events and use them for risk classi-
fication in hypertensive patients.

A long-lasting increase in blood pressure causes histological

changes in the arterial wall, which increases arterial stiffness.*

events, independent of traditional cardiovascular risk factors.>®
Recent guidelines recommend the measurement of arterial stiff-

9-11

ness in the initial evaluation of hypertensive patients,”** and sev-

eral studies have reported that arterial stiffness is an important
factor determining the prognosis of hypertensive patients.12'19
There are various methods for measuring arterial stiffness;
however, pulse wave velocity (PWV) is non-invasive and rela-
tively simple to measure, making it widely used clinically or for

research purposes.?® The cutoff values of PWYV in the prediction
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of cardiovascular events in hypertensive patients have been pre-
sented in a few studies.’?!® Suggesting this cutoff value is very
important, because it provides an opportunity for clinicians facing
patients to make better use of PWV. The cutoff value depends on
PWV measurement methods and races and patient characteristics.
Although PWYV has been increasingly used in Korea, studies on the
usefulness of PWYV for predicting the prognosis of hypertensive
patients have not been conducted. Therefore, the purpose of this
study was to evaluate the prognostic value of PWV in Korean hy-
pertensive patients and to propose a cutoff value of PWV predict-

ing future cardiovascular events.

2 | METHODS
2.1 | Study population

This is a single-center and retrospective study, performed at a gen-
eral hospital of a big city (Seoul, Korea). Between January 2008 and
June 2018, hypertensive patients aged between 19 and 90 years
who underwent the measurement of brachial-ankle pulse wave ve-
locity (baPWYV) were eligible to this study. Measurement of baPWV
was performed as part of a general cardiovascular examination in
our hospital. Initially, 3527 patients were screened, but those with
following conditions were excluded: (a) prior history of documented
cardiovascular disease including coronary revascularization and
myocardial infarction, and stroke; (b) ankle-brachial index < 0.9 or
> 1.4; (c) uncontrolled arrhythmia; (d) significant valvular heart dis-
ease greater than mild degree of regurgitation or stenosis; and (e)
presence of pericardial effusion. Finally, 2561 hypertensive patients
were analyzed in this study. The study protocol was approved by
the Institutional Review Board of Boramae Medical Center (Seoul,
Korea), and informed consent was waived due to its retrospective

study design and the routine nature of information collected.

2.2 | Clinical data collection

Baseline clinical data were obtained based on when the patient
was first tested for baPWV. Body mass index was calculated as
body weight divided by height in square meters (kg/m?). Body mass
index = 25 kg/m2 was considered as having obesity.21 Hypertension
was defined on the basis of (a) previous diagnosis of hypertension, (b)
current anti-hypertensive medications, or (c) systolic/diastolic blood
pressure 2140/90 mm Hg. Diabetes mellitus was defined on the
basis of (a) previous diagnosis of diabetes mellitus, (b) current anti-
diabetic medications, or (c) fasting blood glucose level 2126 mg/dL in
repeated tests. Dyslipidemia was defined on the basis of (a) previous
diagnosis of dyslipidemia, (b) current anti-dyslipidemic medications,
or (c) low-density lipoprotein cholesterol >130 mg/dL. A person
who smoked regularly within the last year was defined as a smoker.
After overnight fasting, blood levels of following laboratory param-

eters were obtained: white blood cell count, hemoglobin, creatinine,

glucose, glycated hemoglobin, total cholesterol, low-density lipopro-
tein cholesterol, high-density lipoprotein cholesterol triglyceride,
and C-reactive protein. Estimated glomerular filtration rate was cal-
culated using Modification of Diet in Renal Disease (MDRD) Study
equation.22 Information on concomitant cardiovascular medications
including calcium channel blocker, beta blocker, renin-angiotensin
system blocker, diuretics, and statin was also obtained.

2.3 | baPWV measurement

The baPWV measurement method has been published elsewhere. 2324
Briefly, the test subjects restricted smoking, drinking, and caffeine-
containing beverages on the day of baPWV measurement, but main-
tained medications that were normally taken on a regular basis. The
patient lay still in a quiet room for at least 5 minutes before the exami-
nation. For baPWV measurement, a commercially available volume-
plethysmographic apparatus (VP-1000; Colin Co., Ltd., Komaki, Japan)
was used. Electrocardiographic electrodes were applied to both
wrists, phonocardiographic electrodes were placed on the edge of the
sternum to detect heart sounds, and pneumatic cuffs were wrapped
on both upper arms and ankles. PWV was calculated by dividing dis-
tance by transit time. The distance between measurement points of
baPWYV was estimated by subject height. Transit time was calculated
from the start point of the brachial pulse wave to the start of the ankle
pulse wave. The average value of left and right baPWV measurements
was used for the study. The coefficient of variance for interobserver
reliability of baPWV was 5.1% in our laboratory.?*

2.4 | Assessment of cardiovascular events

The primary end point of this study was the composite of cardiac
death, non-fatal myocardial infarction, coronary revascularization,
and ischemic stroke. Cardiac death was defined as death caused by
acute myocardial infarction, fatal ventricular arrhythmia, and pump
failure. Unexplained sudden death was also considered as cardiac
death. Non-fatal myocardial infarction was defined on the basis of
electrocardiographic findings, elevated cardiac enzyme, and coro-
nary angiography results. Coronary revascularization indicated
percutaneous coronary intervention and coronary bypass surgery.
Ischemic stroke was defined on the basis of neurologic signs or
symptoms with documented imaging studies. For patients who were
unable to follow-up for more than 6 months on medical records, we
attempted to obtain the information on the occurrence of cardio-
vascular events as accurately as possible by using telephone contact

and national death data.

2.5 | Statistical analysis

Continuous variables are expressed as mean + standard deviation,

and categorical variables are expressed as n (%). Student’s t test was
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used for the comparisons of continuous variable, and chi-square
test was used for the comparison of categorical variables between
patients with and without events. Receiver operating characteris-
tic (ROC) curve analysis was performed to obtain cutoff value of
baPWYV in the prediction of composite events. Cox proportional
hazard analysis was performed to determine independent associa-
tions between baPWV and composite events. The following clinical
covariates were considered as potential confounders and controlled
during multivariable analysis: age, sex, body mass index, heart rate,
diabetes mellitus, dyslipidemia, cigarette smoking, and cardiovas-
cular medications including beta blocker, renin-angiotensin system
blocker, and statin. The baPWV measurements were categorized
into 2 groups according to the cutoff value obtained from ROC curve
analysis and into 3 groups according to tertiles during multivariable

analysis. Kaplan-Meier survival curves were generated with log-rank

TABLE 1 Baseline clinical

WILE Y-

comparison to show differences in event-free survival rates accord-
ing to baPWYV values. A P value of < .05 was considered statistically
significant. All statistical analyses were conducted using SPSS ver-
sion 21.0 (IBM Crop., Armonk, NY, USA).

3 | RESULTS

Table 1 shows the baseline clinical characteristics of the study sub-
jects. Mean age was 62.7 + 11.7 years, and about half (46.9%) were
female. The prevalence of obesity, diabetes mellitus, dyslipidemia,
and current cigarette smoking was 51.5%, 35.0%, 65.7%, and 15.9%,
respectively. Major laboratory results were within normal limits ex-
cept elevated blood levels of glucose and C-reactive protein. The

proportion of subjects taking calcium channel blocker, beta blocker,

characteristics of study patients Characteristic Z\Ot:I2561) E‘vin;;;') (E:inzti;)z) Calue
Age,y 62.7 +11.7 65.8 +9.3 62.6 +11.8 .007
Female sex 1202 (46.9) 26 (37.7) 1176 (47.2) 118
BMI, kg/m? 254 +34 26.0+3.5 254 +34 147
SBP, mm Hg 138 + 19 136 + 20 138 + 19 .540
DBP, mm Hg 81.2+12.1 79.5+10.8 81.3+12.1 231
Heart rate, per min 70.2 +12.5 69.7 +11.5 70.2 +12.5 724
Cardiovascular risk factors
Obesity (BMI = 25 kg/m?) 1320 (51.5) 41 (59.4) 1279 (51.3) 185
Diabetes mellitus 896 (35.0) 39 (56.5) 857 (34.4) <.001
Dyslipidemia 1682 (65.7) 57 (82.6) 1625 (65.2) .003
Cigarette smoking 406 (15.9) 16 (23.2) 390(15.7) .091
Laboratory findings
WBC, per microliter 7191 + 3647 7557 + 2711 7180 + 3669 412
Hemoglobin, g/dL 133+ 1.9 29 % 2.5 133+ 1.9 191
GFR, mL/min/1.73 m? 80.7 + 30.1 74.5+36.8 80.9 +29.9 159
Fasting glucose, mg/dL 124 + 43 133 + 53 123 +42 146
Glycated hemoglobin, % 644 +1.12 6.89 +1.21 643 +1.11 .021
Total cholesterol, mg/dL 155 + 39 142 + 36 155 + 39 .006
LDL cholesterol, mg/dL 87.8 +32.8 75.5+33.6 88.1 +32.7 .003
HDL cholesterol, mg/dL 489 + 129 47.5+ 13.9 48.9 +12.9 400
Triglycerides, mg/dL 129 + 76 126 + 61 129 + 76 719
C-reactive protein, mg/dL 1.17 + 3.66 1.92 +4.39 1.15 + 3.64 212
Concomitant medications
Calcium channel blocker 979 (38.2) 26(37.7) 953(38.2) 925
Beta blocker 800 (31.2) 29 (42.0) 771(30.9) .050
RAS blocker 1284 (50.1) 34 (39.3) 1250(50.2) .885
Diuretics 71(2.8) 0 71(2.8) 262
Statin 1467 (57.3) 52(75.4) 1415 (56.8) .002

Note: Numbers are expressed as mean + standard deviation or n (%).

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; GFR, glomerular filtration
rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RAS, renin-angiotensin system;
SBP, systolic blood pressure; WBC, white blood cell.
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renin-angiotensin system blocker, diuretics, and statin were 38.2%,
31.2%, 50.1%, 2.8%, and 57.3%, respectively.

During a median follow-up period of 4.14 years (interquartile
range, 2.18-5.48 years), there were 69 cases of composite events
(2.7%), including 6 cases of cardiac death (0.2%), 2 cases of non-fa-
tal myocardial infarction (0.1%), 38 cases of coronary revascular-
ization (1.5%), and 24 cases of ischemic stroke (0.9%). There were
38 cases (1.5%) of all-cause death. Comparisons of baseline clinical
characteristics between patients with and without events are also
demonstrated in Table 1. Patients with events were older had more
cardiovascular risk factors including diabetes mellitus and dyslip-
idemia than those without. Beta blocker and statin were more fre-
quently prescribed in patients with events than those without. In
ROC curve analysis, the best cutoff value of baPWV predicting com-
posite events was 1630 cm/s (sensitivity, 79.7%; specificity, 49.1%;
area under curve, 0.674; 95% confidence interval [Cl], 0.613-0.735;
P < .001) (Figure 1). There was a significant difference in event-
free survival rates between subjects with baPWV < 1630 cm/s and
21630 cm/s, which was demonstrated in the Kaplan-Meier survival
curve (log-rank P < .001) (Figure 2). In univariable Cox regression
analysis, both above cutoff value (21630 cm/s) and higher tertile of
baPWYV (middle and highest tertile compared to lowest tertile) were
associated with increased risk of clinical events (P < .05). In multi-
variable Cox regression analysis, higher baPWV (21630 cm/s) was
independently associated with higher risk of the occurrence of com-
posite events even after controlling for potential confounders (haz-
ard ratio [HR], 2.83; 95% Cl, 1.49-5.36; P = .001). Compared to the
lowest tertile, middle tertile (HR, 2.40; 95% Cl, 1.08-5.33; P =.032)
and the highest tertile (HR, 3.81; 95% Cl, 1.68-8.60; P = .001) of
baPWV were significantly associated with higher incidence of
composite events in the same multivariable model (Table 2). The
Kaplan-Meier survival curves show a significant difference in event-
free survival rates according to baPWV tertiles (log-rank P < .001)
(Figure 3).

4 | DISCUSSION

Our study showed that higher baseline baPWV value was associ-
ated with the development of cardiovascular events even after con-
trolling for important clinical risk factors in hypertensive patients
without documented cardiovascular disease. We also proposed that
abaPWYV value of 1630 cm/s was the cutoff value predicting cardio-
vascular events in hypertensive patients.

4.1 | Therole of arterial stiffness in
hypertensive patients

Many studies have been conducted on the important role of arte-
rial stiffness in hypertensive patients, mainly in Europe and Japan. In
Europe, a study of 1980 patients with essential hypertension showed

that an increase in cfPWV of 5 m/s was associated with 1.4-fold
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FIGURE 1 Receiver operating characteristic curve analysis
showing the cutoff value of baPWYV in the prediction of composite
events. baPWYV, brachial-ankle pulse wave velocity

increase risk of cardiovascular mortality.17 As a result of analyzing
the same cohort data, an increase in 1 SD in carotid-femoral PWV
(cfPWV) (4 m/s) increased the risk of stroke by 1.72 times, independ-
ent of other cardiovascular risk factors.’” The same cohort study
also showed that baseline cfPWV was significantly associated with
the occurrence of coronary events even after controlling for the
Framingham risk score (relative risk, 1.34 for 3.5 m/s).16 Kawai et al'®
investigated 338 Japanese subjects with essential hypertension and
showed that those having upper one-fourth of baPWV (>1888 cm/s)
had more cardiovascular events, stroke, and death. Another small
observational study of 531 Japanese hypertensive subjects dem-
onstrated that high cfPWYV (>10.1 m/s) was associated with the de-
velopment of stroke and cardiovascular disease.*® Another recent
observational study of 662 Japanese patients with essential hyper-
tension confirmed that high baPWV (21750 cm/s) compared with low
baPWYV (<1750 cm/s) was associated with a significantly increased
risk of cardiovascular events (HR [hazard ration], 2.97).1* Consistent
with these findings, our result also showed increased the risk of
cardiovascular events in hypertensive patients with higher baPWV.
Taken together, arterial stiffness may be an important prognostic fac-
tor predicting future cardiovascular events in hypertensive patients.

4.2 | Cutoff value of PWYV in hypertensive patients

Information on the cutoff value of baPWYV is useful for both research
and clinical purposes. Two Japanese studies have proposed the cut-
off value of baPWV for predicting future cardiovascular events in
hypertensive patients: 1750 cm/s in one study®® and 1830 cm/s in

the other study.*? These values are somewhat higher than 1630 cm/s
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Log-rank P < 0.001
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0 2 4 6 8 10
Follow-up duration (years)
Number of patients at risk
baPWV < 1630 cm/s 1237 952 622 277 138
baPWV > 1630 cm/s 1324 993 716 280 133
TABLE 2 Independent association of Univariabl Multivariable
baPWYV with clinical outcomes nivariable uitivariable
Variable HR (95% ClI) P HR (95% ClI) P
Cutoff value of baPWV
baPWYV 2= 1630 cm/s 2.87 (1.66-4.96) <.001 2.83(1.49-5.36) .001
Tertile of baPWV
Lowest tertile 1 1
(814 ~ 1525 cm/s)
Middle tertile 2.39 (1.14-5.00) .021 2.40(1.08-5.33) .032
(1526 ~ 1800 cm/s)
Highest tertile 3.66 (1.81-7.40) <.001 3.81(1.68-8.60) .001

(1801 ~ 4672 cm/s)

Abbreviations: baPWYV, brachial-ankle pulse wave velocity; Cl, confidence interval; HR, hazard

ratio.

*Following clinical covariates were controlled as potential confounders: age, sex, body mass index,
heart rate, diabetes mellitus, dyslipidemia, cigarette smoking, and cardiovascular medications
including beta blocker, renin-angiotensin system blocker, and statin.

suggested in our study. Differences among studies are probably due
to differences in races and study end points. Our study included car-
diac death, myocardial infarction, revascularization, and stroke, while
other studies included ischemic heart disease and stroke,*? or car-
diovascular disease, stroke, and total death.'® In one study, the clini-
cal follow-up period was longer than in our study and only patients
with recent cardiovascular disease were excluded from the study.'®
Therefore, the patients were more likely to be at higher risk and the
cardiovascular events were more frequent than in our study.18 The
other study was a meta-analysis from 8 different studies.!?

4.3 | cfPWV vs baPWV

It has been suggested that cfPWV measurement is the gold
standard non-invasive method for measuring arterial stiffness.?”
Measurement of cfPWV was developed earlier,?® and its clinical data
have been accumulated mainly in Western countries. Also, cfPWV is
theoretically more reasonable, because it contains only elastic ar-

teries between the carotid and femoral arteries. However, cfPWV

measurement has several shortcomings. When measuring cfPWV,
it requires skill to find exact locations of the carotid and femoral ar-
teries. In addition, it causes some discomfort to the patient in the
process of finding these blood vessels.?””?® Another non-invasive
method of measuring arterial stiffness is baPWV. Although it was
developed later than cfPWYV, and its measurement includes part of
the muscular arteries of the arms and legs, baPWYV has been widely
used especially in Asian countries, because baPWV measurement
is easy and simple by just wrapping blood pressure cuffs to both
arms and ankles.?3% Moreover, a number of clinical studies have
been demonstrated the usefulness of baPWV in Asian countries.?°
Recently, there have been some reports showing that the baPWV
better reflects the blood pressure condition or cardiac afterload
compared to the cfPWV.31:32

4.4 | Clinical implications

In patients with hypertension, arterial stiffness is related to target

organ damage and clinical outcomes, so it can be helpful for risk
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stratification and determination of treatment strategy. The recent
hypertension guidelines recommend the measurement of arterial
stiffness in the evaluation of hypertensive patients.”*! Based on
the meta-analysis,'? current Japanese hypertension guideline used a
cutoff level of baPWV 2 1800 cm/s in risk assessment of hyperten-
sive patients.* Although no Korean data are available, recent Korean
hypertension guidelines also applied this cutoff value of baPWV to
Koreans for classifying patient risk.? Our study of a large number of
hypertensive Koreans showed that baPWV > 1630 cm/s is the cut-
off value that best predicts future cardiovascular events. We believe
that the results of this study will be of great help in risk stratification

and treatment of Korean hypertensive patients using baPWV.

4.5 | Study limitations

This study has several limitations. First, although we attempted to
collect as much information as possible about the occurrence of car-
diovascular events, some cardiovascular events may not have been
recorded. Therefore, there might be a possibility that incidence rates
of cardiovascular events might be underestimated. However, even
considering the clinical follow-up period, the incidence of cardio-
vascular events in our study was similar when compared with Asian
data.®® Second, the diagnosis of hypertension was based on office
blood pressure in our study. If home or ambulatory blood pressure
monitoring were used, the diagnosis of hypertension could have
been more accurate. Third, this study was conducted in one hos-
pital and may have some potential bias. Lastly, our subjects are all
Koreans, which may make it difficult to generalize our research re-

sults to other races.

5 | CONCLUSIONS

Increased baPWYV in Korean hypertensive patients was associated

with an increased risk of future cardiovascular events. Given the

non-invasiveness and simplicity of baPWV measurement, baPWV
could be used as an important risk stratification tool in Korean hyper-
tensive patients. In addition, we suggested 1630 cm as a cutoff value
of baPWYV for predicting cardiovascular events, which will be helpful

in guiding the treatment strategy of Korean hypertensive patients.
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