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Purpose: Metabolic syndrome (MetS) and aortic arterial stiffness (AS) are risk factors for
future cardiovascular events. We evaluated their roles in first hospitalization or all-cause
mortality prediction in coronary artery disease (CAD) patients.

Patients and methods: From January to December 2012, 115 CAD patients were enrolled
from a single center and followed up for 5.5 years. The composite endpoint included
hospitalization for unstable angina, myocardial infarction, revascularization, or heart failure
and all-cause mortality. Patients with carotid-femoral pulse wave velocity > 10 m/s (mea-
sured using applanation tonometry) constituted the high AS group.

Results: During a median 54-month follow-up, there were 43 (37.4%) and 11 (9.6%)
hospitalization and mortality events, respectively. Overall, 41 (35.7%) and 70 (60.9%) patients
were diagnosed with AS and MetS, respectively. CAD patients with high AS had higher
diabetes and MetS percentages, were older, and had higher waist circumference and systolic
blood pressure (SBP) but lower glomerular filtration rate than those with low AS. Multivariate
logistic regression analysis revealed old age (P < 0.001), diabetes (P = 0.003), and high waist
circumference (P = 0.044) and SBP (P = 0.007) as independent predictors of AS in CAD
patients. Kaplan—Meier analysis showed that CAD patients with concurrent MetS and high AS
had a higher risk for hospitalization (log rank test, P = 0.005) or developing all-cause mortality
(log rank test, P = 0.002). Compared with CAD patients without MetS or AS, composite
outcome development risk in those with both the conditions was 10.2-fold higher (P < 0.001);
this risk was 6.54-fold higher in those with AS alone (P = 0.007).

Conclusion: In CAD patients, age, diabetes, and high waist circumference and SBP are the
independent predictors of AS. Additionally, CAD patients with AS with and without MetS
have a high first hospitalization or all-cause mortality development risk.

Keywords: aortic arterial stiffness, carotid-femoral pulse wave velocity, coronary artery
disease, hospitalization, metabolic syndrome, mortality

Introduction

Metabolic syndrome (MetS) is defined as central obesity accompanied by features
such as hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-C)
levels, hyperglycemia, and hypertension (HTN); this condition adversely affects
cardiovascular (CV) outcomes."? Evidence had shown that there is correlation
between adverse CV events such as ischemic stroke and immune-inflammatory
activation.> Also, the features characterizing MetS are reportedly associated
with a proinflammatory state through a combination of atherogenic dyslipidemia,
dysglycemia, and a prothrombotic state.'> Earlier longitudinal studies have shown
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that men with at least three features of MetS have an
increased risk of coronary artery disease (CAD) and dia-
betes mellitus (DM) development.®’ Evidence has shown
that compared with patients without MetS, those with
MetS have a significantly increased adjusted risk of mor-
tality from CAD and cardiovascular disease (CVD) and
all-cause mortality.®

Arterial stiffness (AS) due to loss of arterial compli-
ance caused by phenomena such as elastin fiber and col-
lagen deregulation, cellular element re-organization, and
low-grade inflammation results in a more rapid travel time
and hence a high pulse wave velocity (PWV). Carotid-
femoral pulse wave velocity (cfPWYV) is a non-invasive
and simple clinical method to evaluate AS, and AS is an
emerging CVD marker.” Studies have suggested a relation-
ship of increased PWV with coronary artery calcium score
and subclinical CAD and suggested that AS could be a
predictor for CVD.'%"" Moreover, a meta-analysis has
shown that AS, represented as aortic PWV, is a strong
predictor of future CV events and all-cause mortality;
additionally, the study has reported that AS’s predictive
ability is higher in subjects with a higher baseline CV
risk.’

In a study conducted in Chinese HTN patients, increas-
ing levels of cfPWV with an increasing number of MetS
components independent of age or gender were observed.'?
In an earlier cross-sectional study on DM patients, AS,
defined by cfPWV, positively correlated with MetS."
Moreover, MetS components including obesity, HTN,
hypertriglyceridemia, and low HDL-C levels have been
shown to be significantly associated with higher annual
medical costs.'* However, while increased PWV has been
shown to predict a greater risk of CV morbidity and mor-
tality in HTN and DM patients,'” the association between
AS and CAD patients with or without MetS remains
unclear. To overcome this limitation, the present study
aimed to examine the risk factors for AS in CAD patients
and the influences of MetS and AS on first hospitalization or
all-cause mortality in these patients.

Materials And Methods

Patients

In total, 115 CAD participants were enrolled in this long-
itudinal study; the participants were found to have a history
of CAD between January and December 2012 at the
Buddhist Tzu Chi General Hospital, Hualien, Taiwan. In
this study, CAD was defined as any segment of coronary

arteries with >50% stenosis observed on angiography follow-
ing medical record review. Blood pressure (BP) for all parti-
cipants was measured with automatic sphygmomanometer
by trained staff in the morning after >10-min rest. Systolic
BP (SBP) and diastolic BP (DBP) were recorded three times
at 5-min intervals; the measurements were averaged for
analysis. Patients with an SBP >140 mmHg and/or DBP
>90 mmHg or those who had received any anti-HTN medi-
cation over the past 2 weeks were defined as having HTN.
Patients were diagnosed with DM if either their fasting
plasma glucose levels were >126 mg/dL or they were using
oral hypoglycemic medications or insulin. Exclusion criteria
were as follows: presence of acute inflammatory diseases,
acute CAD, pulmonary edema at the time of blood sampling,
or refusal to provide informed consent for the study. An
informed consent was obtained from all patients prior to
study participation. The study was approved by The
Protection of the Human Subjects Institutional Review
Board of Tzu-Chi University and Hospital.

Anthropometric Analysis

As done in our previous studies, body weight and body
height were measured and waist circumference was mea-
sured at the midpoint between the lowest ribs and the iliac
crest with the participants in light clothing without shoes.
Body mass index (BMI) was calculated as the weight in

kilograms divided by the height in meters squared.'®'®

Biochemical Examinations

After 8-h overnight fasting, blood samples (approximately
5 mL) of all participants were collected and sent for exam-
ination. Laboratory tests performed were as follows: serum
levels of blood urea nitrogen (BUN), creatinine (Cre), fasting
glucose, total cholesterol, triglyceride (TG), HDL-C, low-
density lipoprotein cholesterol, total calcium, and phos-
phorus. An autoanalyzer (COBAS Integra 800, Roche
Diagnostics, Basel, Switzerland) was used for performing
the tests. Serum levels of intact parathyroid hormone
(iPTH) (Diagnostic Systems Laboratories, Texas, USA)
were measured using a commercially available enzyme-
linked immunosorbent assay. Finally, the estimated glomer-
ular filtration rate (¢GFR) was calculated using the Chronic

Kidney Disease Epidemiology Collaboration equation.'®™®

Metabolic Syndrome

MetS was defined as per the International Diabetes
Federation definition, which includes central obesity with
a waist circumference of >90 cm (men) or >80 cm
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(women) (Chinese criteria) and meeting at least two of the
following criteria: fasting glucose levels > 100 mg/dL, TG
levels > 150mg/dL, HDL-C levels of <40mg/dL (men) or
<50mg/dL (women), or BP > 130/85 mmHg."’ Serum
insulin levels were measured using the microparticle
enzyme immunosorbent assay method with an autoanaly-
zer (Abbott Laboratories, Abbott Park, IL, USA). Insulin
resistance was calculated using a homeostasis model
assessment of insulin resistance (HOMA-IR) as follows:
HOMA-IR = fasting plasma glucose (mg/dL) x fasting
serum insulin (uU/mL)/405."

Carotid-Femoral Pulse Wave Velocity

Measurements

After at least 10-min rest in a quiet and temperature-con-
trolled room in the morning, cfPWV measurements were
performed once for all patients by one trained staff using
pressure applanation tonometry (SphygmoCor system,
AtCor Medical, Australia) in the supine position, as done
in previous studies.'®'® Pulse wave recordings were per-
formed electrocardiogram (ECG)-gated simultaneously
with an R-timing reference and consecutively at the car-
otid and femoral arteries (the carotid-femoral segment).
Integral software was used to process each pulse wave
and ECG data set to calculate the mean time difference
between R-wave and pulse wave on a beat-to-beat basis,
with an average of 10 consecutive cardiac cycles.
Subsequently, cfPWV was calculated using distance and
the mean time difference between the two recorded points.
As previously defined, patients with cfPWV values > 10

m/s were defined as the high AS group.'>'®!®

Follow-Up And Endpoints

Patients’ conditions were traced by regular outpatient ser-
vices or via telephone (in cases of physical immobility)
until June 30, 2017. The endpoints were defined as fol-
lows: first hospitalization for unstable angina, myocardial
infarction, revascularization, and heart failure or all-cause
mortality. The event-free survival was defined as the inter-
val between the date of cfPWYV evaluation and the date of
occurrence of endpoints or the end of follow-up.

Statistical Analysis

Kolmogorov—Smirnov test was used to analyze continuous
variables for normal distribution. Normally distributed
variables were expressed as means + standard deviations,
and Student’s #-test (two-tailed) was used to compare the

patients. Non-normally distributed variables were
expressed as medians and interquartile ranges (IQRs),
and patients were compared using Mann—Whitney U-test.
Categorical variables were expressed as patient numbers
and percentages and were analyzed using chi-square test.
For further analysis, patients were sub-grouped into four
groups as follows: no MetS + no AS, MetS + no AS, no
MetS + AS, and MetS + AS. Comparisons among the
groups were performed using Kruskal-Wallis analysis or
one-way analysis of variance for parameters that presented
without or with normal distribution, respectively.
Multivariate logistic regression analysis was used to ana-
lyze variables associated with the presence of high AS in
CAD patients. Kaplan—-Meier survival curves with a log
rank test were used for comparing the cumulative propor-
tion of CAD patients free from first hospitalization or
mortality among these four groups. Multivariate Cox
regression models were used to analyze variables asso-
ciated with the risk of first hospitalization. Data were
analyzed using SPSS for Windows (version 19.0; SPSS
Inc., Chicago, IL, USA). P-values < 0.05 were considered

significant.

Results

The baseline characteristics of the 115 CAD patients,
divided into low and high (n=41, 35.7%) AS, are described
in Table 1. Among the 115 patients, 54 (48.7%), 92
(80.0%), and 70 (60.9%) patients were defined as having
DM, HTN, and MetS, respectively.

On sub-grouping the CAD patients, 34 (29.5%), 11
(9.6%), 40 (34.8%), and 30 (26.1%) patients were categor-
ized into the no MetS + no AS, MetS +no AS, no MetS + AS,
and MetS + AS groups, respectively (Table 2). Interestingly,
significant differences were identified among these groups in
age; waist circumference; BMI; cfPWYV values; SBP; eGFR;
TG, HDL-C, fasting glucose, BUN, total calcium, phosphor-
ous, calcium-phosphorous product, and insulin levels; and
HOMA-IR. After adjusting the risk factors including age,
waist circumference, SBP, eGFR, DM, and MetS, old age
(P < 0.001), DM (P = 0.003), high waist circumference
(P = 0.044), and SBP (P = 0.007) were identified as the
independent predictors of AS in CAD patients (Table 3).

During a median 54-month follow-up, 43 (37.4%) first
hospitalization and 11 (9.6%) mortality events were
observed. Kaplan—Meier analysis showed that CAD patients
with both MetS and AS had the worst free-survival from first
hospitalization (log rank test, P = 0.005) (Figure 1A) or all-
cause mortality (log rank test, P = 0.002) (Figure 1B). For
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Table | Clinical Variables Of The 115 Coronary Artery Disease Patients With Or Without Aortic Arterial Stiffness

Variables All Participants No Arterial Stiffness High Arterial Stiffness P value
(n=115) Group (n = 74) Group (n = 41)

Age (years) 65.61 + 8.97 63.38 + 8.57 69.63 + 832 < 0.001*
Height (cm) 161.21 + 8.08 161.53 £ 7.41 160.63 + 9.23 0.572
Body weight (kg) 6831 + 11.84 6741 £ 11.63 69.94 £ 12.17 0.273
Waist circumference (cm) 93.08 + 9.75 91.50 + 9.41 95.93 + 9.82 0.019*
Body mass index (kg/m?) 26.19 + 3.45 25.73 £ 3.34 27.03 + 3.53 0.053
cfPWV (m/s) 9.52 + 2.60 811 £ 1.59 12.06 = 2.09 < 0.001*
Systolic blood pressure (mmHg) 132.04 + 18.14 127.72 £ 15.50 139.85 + 20.05 < 0.001*
Diastolic blood pressure (mmHg) 72.55 + 10.28 71.74 £ 10.32 74.00 £ 10.18 0.261
Total cholesterol (mg/dL) 165.67 * 35.19 137.32 + 35.87 162.68 * 34.17 0.501
Triglycerides (mg/dL) 121.00 (90.00-166.00) 115.00 (89.00-184.25) 127.00 (90.50-152.50) 0.829
HDL-C (mg/dL) 44.92 £ 11.95 46.41 £ 11.79 4224 £ 11.92 0.074
LDL-C (mg/dL) 95.83 + 26.53 96.08 + 25.31 95.37 + 28.93 0.891
Fasting glucose (mg/dL) 111.00 (96.00-137.00) 106.00 (96.75-129.50) 118.00 (95.00-188.50) 0.140
Blood urea nitrogen (mg/dL) 16.00 (13.00—-19.00) 16.00 (13.00-18.00) 17.00 (13.00-21.50) 0.136
Creatinine (mg/dL) 1.10 (0.90-1.30) 1.00 (0.90-1.20) 1.20 (0.90-1.45) 0.054
Glomerular filtration rate (mL/min) 68.73 + 19.43 7332 £ 1735 62.26 + 21.45 0.007*
Total calcium (mg/dL) 9.12 £ 0.35 9.14 £ 036 9.09 + 0.35 0.503
Phosphorus (mg/dL) 3.52 £ 0.54 3.53 £ 0.56 3.51 £ 051 0.804
Calcium-phosphorous product (mg*/dL?) 32.16 £ 5.28 3232 £ 555 31.89 + 4.82 0.678
Intact parathyroid hormone (pg/mL) 52.87 + 26.81 52.73 £ 294I 53.10 £ 21.70 0.944
Insulin (ulU/mL) 11.90 (7.18-21.11) 11.06 (6.69—-19.85) 13.02 (8.51-23.12) 0.434
HOMA-IR 3.67 (2.11-7.27) 3.47 (1.81-7.06) 4.00 (2.73-7.33) 0.250
Female (%) 28 (24.3) 20 (27.0) 8 (19.5) 0.368
Diabetes (%) 56 (48.7) 27 (36.5) 29 (70.7) < 0.001*
Hypertension (%) 92 (80.0) 56 (75.7) 36 (87.8) 0.119
Metabolic syndrome 70 (60.9) 40 (54.1) 30 (73.2) 0.044*

Notes: Values for continuous variables given as means + standard deviation and compared by Student’s t-test; variables not normally distributed given as medians and
interquartile range and compared by Mann-Whitney U-test; values are presented as number (%), and analysis was performed using the chi-square test. *P < 0.05 was

considered statistically significant.

Abbreviations: cfPWYV, carotid-femoral pulse wave velocity; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR, home-
ostasis model assessment of insulin resistance; ARB, angiotensin-receptor blocker; ACE, angiotensin-converting enzyme; CCB, calcium-channel blocker.

further analyzing risk factors for developing endpoints using
multivariate Cox regression analysis, variables including
age, waist circumference, and BMI were adjusted in model
1. Additionally, variables in model 1 as well as SBP; TG,
HDL-C, fasting glucose, and insulin levels; and HOMA-IR
were adjusted in model 2. Finally, variables in model 2 as
well as BUN, Cre, total calcium, phosphorous, and calcium-
phosphorous product levels and eGFR were adjusted in
model 3 (Table 4). The results showed that compared with
CAD patients without MetS or AS, those with both MetS and
AS had a 7.38-fold (P < 0.001), 8.23-fold (P < 0.001), and
10.20-fold (P < 0.001) increased risk for developing end-
points as per Models 1, 2, and 3, respectively; furthermore,
CAD patients with only AS had a 3.86-fold (P=0.032), 5.48-
fold (P =0.010), and 6.54-fold (P = 0.007) increased risk for
developing endpoints as per Models 1, 2, and 3, respectively.
No significant increase in the risk for developing endpoints

was observed in CAD patients with MetS only compared
with those without both MetS and AS.

Discussion

The present study demonstrated that old age, DM, a high
waist circumference, and SBP were the predictors of high
AS in CAD patients. Additionally, CAD patients with or
without MetS but with high AS had a significantly higher
risk for first hospitalization and all-cause mortality events
than those without MetS and high AS.

Classic CV risk factors such as DM, dyslipidemia,
elevated BMI, MetS, and smoking have been implicated
in accelerating AS.'*!'%!32922 Aging is characterized by
dysregulated remodeling of elastin and collagen, causing
loss of arterial elasticity and thickening of the vascular
wall and increased arterial stiffening.?! Evidence has
shown that AS measured using PWV has a significantly
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Table 3 Multivariate Logistic Regression Analysis Of The Factors
Correlated With Aortic Stiffness Among The |15 Patients With
Coronary Artery Disease

Variables Odds 95% P value
Ratio Confidence
Interval

Age, | year 1.13 1.06—1.21 < 0.001*
Diabetes, present 4.76 1.68—13.47 0.003*
Waist circumference, | cm 1.06 1.00—1.11 0.044*
Systolic blood pressure, | 1.04 1.01-1.08 0.007*
mmHg

Notes: Analysis of data was done using the multivariate logistic regression analysis
(adapted factors were diabetes, age, waist circumference, systolic blood pressure,
glomerular filtration rate and metabolic syndrome). *P < 0.05 was considered
statistically significant.

positive correlation with patients’ age in the presence of
occult CAD, MetS, DM, or HTN.'*'*!*?* AS and HTN
are pathophysiologically correlated, as increased AS
reduces the lumen diameter and leads to a premature
return of the reflected wave in late systole, resulting in
increased pulse pressure and SBP and decreased DBP.?°
Studies have shown a positive correlation of cfPWV with
SBP as well as with MetS and increased waist circumfer-
ence in HTN and DM patients.'*** Moreover, a systemic
review has reported that other than classic risk factors such
as gender, dyslipidemia, smoking, and BMI, arterial aging
and BP elevation are independently associated with
cfPWV.** Schram et al have found that patients with
impaired glucose metabolism and DM have lesser total

systemic arterial compliance, greater aortic augmentation
index, and a lesser carotid-femoral transit time, which
indicates an increased central AS compared with that in
patients with normal glucose metabolism.> Additionally,
chronic DM has been found to be independently associated
with increased cfPWV and macrovascular event risk after
adjusting confounders.” In a longitudinal study, adiposity
was found to manifest as BMI and waist circumference
and was positively correlated with cfPWYV change, indicat-
ing that adiposity was also a predictor of AS.?’ In line with
these reports, our study revealed that CAD patients with
high AS with or without MetS, were significantly older,
had higher percentages of DM comorbidity with higher
fasting blood glucose levels, higher serum insulin levels
and HOMA-IR, and a higher waist circumference and SBP
than CAD patients with low AS without MetS.
Furthermore, old age, DM, waist circumference, and SBP
were found to be the possible risk factors for developing
high AS after adjusting for covariates in CAD patients.
When evaluating eGFR > 60 mL/min/1.73 m?, Yan et al
found that women with eGFR < 60 mL/min/1.73 m? had
higher PWV and that there was a negative association between
eGFR and PWV.*® Two studies have been performed to exam-
ine the association between AS and renal function: Ilyas et al
have found that CAD patients without a known renal disease
exhibit a negative association between PWV and eGFR; Ford
et al have found that in patients with more advanced chronic
kidney disease (CKD) and an eGFR 15-59 mL/min/1.73 m?,
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Figure | Kaplan-Meier analysis according to aortic arterial stiffness (AS) with or without metabolic syndrome (MS) for (A) first hospitalization (B) mortality in patients with

coronary artery disease.
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Table 4 Adjusted Hazard Ratios For A Composite End-Point Consisting Of First Hospitalization Based On A Multivariate Cox
Regression Model For Aortic Arterial Stiffness In The | |5 Coronary Artery Disease Patients With Or Without Metabolic Syndrome

Model | Model 2 Model 3

Hazard Ratio (95% ClI) | P value Hazard Ratio (95% CI) | P value Hazard Ratio (95% CI) | P value
No AS and no MS | Reference Reference Reference
No AS and MS 2.48 (0.93-6.60) 0.069 2.17 (0.75-6.28) 0.151 2.38 (0.77-7.38) 0.134
AS and no MS 3.86 (1.12-13.28) 0.032* 5.48 (1.50-20.05) 0.010* 6.54 (1.67-25.68) 0.007*
AS and MS 7.38 (2.61-20.83) <0.001* | 823 (2.46-27.86) <0.001* | 10.20 (2.77-37.53) < 0.001*

Notes: Model | is adjusted for age, waist circumference, and body mass index. Model 2 is adjusted for the model | variables and for systolic blood pressure, triglycerides,
high-density lipoprotein cholesterol, fasting glucose, insulin, and homeostasis model assessment of insulin resistance. Model 3 is adjusted for the model 2 variables and for
blood urea nitrogen, creatinine, glomerular filtration rate, total calcium, phosphorus, and calcium-phosphorous product. *P < 0.05 was considered statistically significant.

Abbreviations: AS, arterial stiffness; MS, metabolic syndrome; Cl, confidence interval.

AS is independently associated with a decline in renal
function.®?-3 Furthermore, in patients with advanced CKD,
increased severity of AS is an independent predictor of CV
events and mortality, with AS improving the risk prediction of
these events.*'* In this study, renal function did not appear as
arisk factor for AS development after adjusting for covariates;
however, still it was found that CAD patients with high AS
with or without MetS have lower renal function. Together with
the previously reported studies, we believe that renal function
decline plays a role in AS development.

MetS, defined as central obesity along with associated
factors such as dyslipidemia, hyperglycemia, and HTN,
together with DM and chronic inflammation has been impli-
cated in CV complications in urban population over 40 years
old and in AS development.'** Evidence has shown that
MetS and its components (ie, fasting glucose, BP, and waist
circumference) are associated with PWV.** Yokoyama et al
have found that as the number of MetS components increase,
PWYV significantly increases in patients with DM without CAD
or renal diseases.>* Our results showed that CAD patients with
MetS and AS had a higher waist circumference, SBP, hyper-
triglyceridemia, fasting glucose levels, cfPWV, and lower
HDL-C levels than those without MetS and AS. Taken
together, we believe that MetS plays a role in increased AS
in CAD patients.

Central AS associated with increased systolic load and
decreased myocardial perfusion pressure is an independent
predictor of CV morbidity and mortality.”*>' Ilyas et al
have found that in patients who have recently undergone
coronary angiography, increased PWYV is associated with
future hospitalization due to CVD and all-cause mortality.>
Other longitudinal studies performed in CKD patients have
shown AS, measured using PWYV, as a significant predictor
for future worse CV outcomes independent of age, gender,
BP, DM, or past CVD.>'*? A meta-analysis including

patients with HTN, DM, or end-stage renal disease has
shown AS, measured using PWYV, as an independent pre-
dictor of total CV events, CV mortality and all-cause
mortality.” Additionally, studies have shown that patients
with MetS, even those with 1-2 components or those with-
out CVD or DM, have an increased risk for future CAD,
CVD, all-cause mortality, and medical costs.”®!* In line
with these reports, this study showed that high AS or MetS
were risk factors for first hospitalization and all-cause mor-
tality events in CAD patients. More importantly, we addi-
tionally found that CAD patients with high AS had a higher
risk for developing these events than those with MetS. We
believe that AS may play a more important role than MetS
for worse prognosis prediction in CAD patients. However,
these results need further investigations for confirmation.
A limitation of the present study was that it was con-
ducted with a limited number of CAD patients at a single
center and not all risk factors for AS development, such as
smoking, were included. Therefore, more CAD patients
evaluated with a more detailed survey of risk factors were
required for studying the possible predictors for AS and its
role in the development of future CV events or mortality.

Conclusion

This study demonstrated age, DM, waist circumference,
and SBP to be the independent predictors for the presence
of high AS in CAD patients. Additionally, CAD patients
with MetS and especially the presence of high AS exhib-
ited a significantly higher risk for first hospitalization and
all-cause mortality events.
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