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Abstract

Background: Metabolic Syndrome (MS) is associated to vascular damage, increased arterial stiffness, and impaired
myocardial perfusion. Subendocardial viability ratio (SEVR) is a noninvasive estimation of myocardial workload, oxygen
supply, and perfusion. The aim of the study was to describe the relation between arterial stiffness, SEVR, and cardio-
metabolic risk factors.
Methods: A cohort of 55 patients, aged 59.9 ± 10.8 years, was studied; 28 subjects (50.9%) had metabolic syndrome. All
patients underwent a clinical evaluation and blood venous sampling, to assess glico-lipid profile. Applanation tonometry was
performed, to obtain pulse wave analysis and SEVR values.
Results: In the overall study population, SEVR showed negative associations with mean (r =�0.301; p = 0.026) and systolic
(borderline relation, r = �0.257; p = 0.058) arterial pressure. Metabolic syndrome patients presented lower level of SEVR
(p = 0.012), even after adjusting for age, sex, and mean arterial pressure (p = 0.040). Subdividing the study population by the
number of metabolic syndrome components, SEVR significantly decreased as the number of Metabolic Syndrome
components increased (p for trend 0.005). In a logistic backward regression analysis, both metabolic syndrome and mean
arterial pressure resulted significant predictors of SEVR, accounting for 18% of variance.
Conclusion: The reduced SEVR in metabolic syndrome patients could be an important pathophysiological determinant of
the increased cardiovascular risk.
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Introduction

Metabolic syndrome (MS) is a cluster of abnormalities
leading to increased cardiovascular risk. MS is strongly
associated to both evident and subclinical vascular dam-
age1 as well as increased arterial stiffness,2–4 but the
possible implication on myocardial perfusion should be
further analyzed. Pulse wave analysis (PWA) and sub-
endocardial viability ratio (SEVR) estimation are inter-
esting methods aimed to determine the burden of MS on
arterial and myocardial function.

PWA is a noninvasive method which provides he-
modynamic parameters and information concerning
subendocardial perfusion; it is considered a valid

instrument in cardiovascular risk assessment.5 SEVR is a
noninvasive estimation of myocardial workload, oxygen
supply, and perfusion,6 and it can be obtained by ap-
planation tonometry. First defined by Buckberg in 1972,7
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it represents the ratio between diastolic pressure time index
(DPTI) and systolic pressure time index (SPTI), also known
as tension–time index (TTI or Sarnoff Index).8 DPTI, which
is the area under the diastolic phase in the aortic profile,
estimates myocardial oxygen supply, whereas SPTI (the area
under the systolic phase) represents cardiac tissue oxygen
consumption.9 Therefore, low values of SEVR indicate an
impaired subendocardial perfusion.7,8

Several studies described the possible relations between
SEVR and many pathological conditions. SEVR reduction
can mirror an impaired coronary flow reserve in hypertensive
patients,10 and it is related to peripheral arterial disease.11,12

Moreover, SEVR impairment is a frequent finding in aortic
stenosis, described both in animal models13,14 and human
subjects15,16; it shows a positive relation with the disease
severity, and a significant improvement after aortic valve
replacement.16 Low SEVR values have been related to al-
buminuria,6 reduced hemoglobin level,17 and they predict
cardiovascular events in patients with chronic kidney dis-
ease.18 Aging itself, is known to be an independent predictor
of SEVR,19 but the relation is not completely defined and it is
not possible to draw cause-effect conclusions.

Just a few previous studies demonstrate that SEVR is
reduced in patients affected by metabolic syndrome,20,21 or
with single metabolic abnormalities as obesity, dyslipi-
demia, and hyperglycemia.19

The aim of the present study was to further describe the
relation between metabolic syndrome, arterial stiffness, and
SEVR.

Materials and methods

Subjects

Consecutive patients who were referred to the outpatient
clinic of the Geriatric Department of Verona University
Hospital, for Clinical Nutrition or Cardiovascular Risk
Factors or Hypertension evaluation, were included in the
present study. A detailed clinical history and physical
examination were recorded for each patient. Inclusion
criteria were age >40 years and life expectancy >2 years.
Exclusion criteria were: (I) limb amputation or history of
surgical treatment to aorta, carotids, or femoral arteries; (II)
severe peripheral arterial disease or proximal arterial ste-
nosis; (III) body mass index (BMI) >40 kg/m2; (IV) atrial
fibrillation or other major arrhythmias. None of the subjects
was affected by heart failure or ischemic heart disease. The
study was approved by the Ethical Committee of the
University of Verona. All participants gave informed
consent to be involved in the research study.

Anthropometric variables

With the subject barefoot and wearing light indoor
clothing, body weight was measured to the nearest 0.1 kg

(Salus scale, Milan, Italy), and height to the nearest 0.5 cm
using a stadiometer (Salus stadiometer, Milan, Italy). BMI
was calculated as body weight adjusted by stature (kg/m2).
Waist circumference was obtained with a measuring tape at
the level of the narrowest part of the torso as viewed
anteriorly.

Blood pressure and arterial stiffness measurements

Brachial blood pressure (BP) was measured thrice in a time
frame of 15 min using a mercury sphygmomanometer
(Heine Optothechnik, Gliching, Germany) in the left arm of
the subject, in the supine position. The average of three
readings was considered as the subject’s BP. Mean arterial
pressure (MAP) was then derived by the formula:

MAP ¼ DBP þ 1

3
ðSBP � DBPÞ

Pulse pressure (PP), strongly related to cardiovascular
risk and coronary heart disease,22–24 was derived as the
difference between SBP and DBP.

The BP was recorded immediately prior to tonometric
recording. The PWA was performed noninvasively using a
small portable device called PulsePen® (Diatecne, Milan)25

and its software, WPulsePen 2.0.1 (Diatecne, Milan). Also,
pulse pressure amplification (PPa%) was calculated; it
represents the increment of peripheral PP as compared to the
central PP, and it relates to age, sex, and body composition.26

PPa% is described as the ratio between the difference of
brachial PP (pPP) and ascending aorta PP (cPP):

PPa ¼ pPP � cPP

cPP

Subendocardial viability ratio

PulsePen® Software, by PWA traces analysis, provides
SEVR measurement, which represents an indirect esti-
mation of myocardial perfusion, relative to left ventricle
workload.27 SEVR is obtained by the following formula:
SEVR = DPTI/SPTI. DPTI, which is the area under the
diastolic phase in the aortic profile, estimates myocardial
oxygen supply, and it is defined by the formula: DPTI =
[(mean diastolic aortic pressure�mean diastolic left ven-
tricular pressure) × diastolic time]; whereas SPTI (the area
under the systolic phase) represents cardiac tissue oxygen
consumption, defined as SPTI = mean systolic aortic
pressure (corresponding to left ventricular mean systolic
pressure) ×left-ventricular ejection time.9 Since SEVR is
described as DPTI/SPTI ratio, it indirectly reflects the
adequacy of subendocardial perfusion.

A critical value for SEVR of 0.5 has been suggested,13,28–30

lower values may represent insufficient subendocardial per-
fusion, as indicated by a corresponding reduction of the ratio of
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subendocardial/subepicardial flow per gram of left ventricular
myocardium.9

Metabolic syndrome criteria

MS diagnoses was valued according to the NCEP classi-
fication.31 NCEP, modified in 2005,32 establishes that the
metabolic syndrome is diagnosed if at least 3 among the
following criteria are exceeded: waist circumference
greater than 102 cm for men and greater than 88 cm for
women; triglycerides, 150 mg/dL or greater; high-density
lipoprotein (HDL) cholesterol, less than 40 mg/dL for men
and less than 50 mg/dL for women (or patients having
HDL-lowering treatment); systolic blood pressure,
130 mmHg or higher, and diastolic blood pressure,
85 mmHg or higher (or treatment of previously diagnosed
hypertension); and fasting glucose, 100 mg/dL or higher
(or previously diagnosed diabetes).

Biochemical analyses

Venous blood samples for all metabolic assessments were
obtained after the subjects fasted overnight. Plasma
glucose was measured with a glucose analyzer (Beckman
Instruments Inc, Palo Alto, CA). Cholesterol and tri-
acylglycerol concentrations were determined with an
automated enzymatic method (Autoanalyzer; Technicon,
Tarrytown, NY). High-density lipoprotein (HDL) cho-
lesterol was measured by using the method of Warnick
and Albers. LDL cholesterol was calculated using the
Friedwald formula.33

Statistical analyses

Results are shown as mean value ± standard deviation
(SD). Variables not normally distributed were log-
transformed before analysis. Pearson correlation analyses
were used to test association between SEVR and other
variables. Independent Samples t-tests were used to
compare baseline characteristics of male and female
population and of the subgroups with and without MS.
ANOVA and ANCOVA analyses were performed to study
SEVR and numbers of MS components, even after age,
sex, and glucose level adjustment. Multiple backward
regression analysis valued the combine effects of age, sex,
MAP, and MS presence on SEVR.

A significance threshold level of 0.05 was used
throughout the study. All statistical analyses were performed
using SPSS 23.0 version for Windows (IBM, Armonk, NY).

Results

A cohort of 55 patients, aged 59.9 ± 10.8 years, 63% female
(n = 35) was studied. The main characteristics of the study
population are explained in Table 1.

A subgroup of 28 subjects (50.9%) had MS, according
to NCEP-ATPIII criteria.31 A large percentage of the study
population was composed by obese patients (81.8%, n =
45) and forty-one subjects (74.5%) were affected by arterial
hypertension.

Looking at the biochemical profile, 30.9% (n = 17) had
low HDL cholesterol level, 20% (n = 11) had high tri-
glycerides, and 5.5% (n = 3) presented impaired fasting
glucose tolerance (IFG).

Total cholesterol and HDL cholesterol were signifi-
cantly higher in female population (p value 0.033 and 0.001
respectively).

Female population also presented higher DBP (p =
0.029) and PP (p = 0.027) values.

No significant difference was observed between male
and female population for SEVR values (p = 0.419).

Univariate analysis between SEVR and main study
variables was performed. A significant negative relation
was found between SEVR and MAP (r = �0.301 and p =
0.026). SEVR was not related to age neither to other
metabolic parameters.

The subpopulation of patients with MS (n = 28, 50.9%)
was further analyzed (Table 2): it was composed by older
subjects (64.2 ± 10.4 years vs 55.4 ± 9.5 years; p = 0.002),
with larger waist circumference (108.54 ± 15.04 cm vs
101.50 ± 12.29 cm, p = 0.079) and higher blood glucose
level (103.07 ± 18.44 mg/dL vs 88.31 ± 8.87 mg/dL; p =
0.001). HDL cholesterol was significantly lower (49.92 ±
11.64 mg/dL vs 58.96 ± 16.28 mg/dL, p = 0.028)

Table 1. Study population characteristics. BMI = body mass
index; TG = triglycerides; SBP = systolic blood pressure; DBP =
diastolic blood pressure; PP = pulse pressure; MAP = mean
arterial pressure; SEVR = subendocardial viability ratio; PPa% =
pulse pressure amplification.

Total (n = 55)

Age (years) 59.91 ± 10.84
Body weight (kg) 83.64 ± 14.18
Height (cm) 164.38 ± 9.75
BMI (kg/m2) 30.92 ± 4.58
Waist circumference (cm) 105.09 ± 14.07
Blood glucose (mg/dL) 95.39 ± 15.98
Total cholesterol (mg/dL) 186.21 ± 36.88
HDL cholesterol (mg/dL) 54.35 ± 14.69
LDL cholesterol (mg/dL) 110.53 ± 30.32
TG (mg/dL) 114.41 ± 51.91
Creatinine (mg/dL) 0.86 ± 0.16
SBP (mmHg) 140.67 ± 13.32
DBP (mmHg) 88.16 ± 8.07
PP (mmHg) 52.51 ± 10.68
MAP (mmHg) 109.29 ± 11.59
SEVR 1.19 ± 0.27
PPa (%) 25.78 ± 10.80
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Blood pressure parameters did not significantly differ
among groups.

The MS subgroup showed lower level of SEVR (1.10 ±
0.20 vs 1.28 ± 0.30, p = 0.012), even after adjustment for
age, sex, and MAP (p = 0.040).

As concerns single MS components, SEVR values were
higher in normoglycemic subjects than IFG or diabetic
patients (p = 0.07). No significant relation was found
between BMI, waist circumference, HDL levels, Triglyc-
erides levels, presence of hypertension, and SEVR.

Furthermore, we observed that as the number of MS
components increased (Figure 1), SEVR significantly de-
creased (p = 0.05), even after adjustment for age, sex and
glucose level (p = 0.044).

A logistic backward regression analysis (Table 3) in
which SEVR was considered the dependent variable, and
age, sex, MAP and the presence of MS were covariates was
performed. MS and blood pressure were predictors of
SEVR, explaining about 18% of variance.

Discussion

The present study shows that SEVR is significantly re-
duced in patients affected by MS. Moreover, SEVR de-
creases as the number of MS criteria increases and finally
MS and MAP resulted as predictors of SEVR, justifying
18% of variance.

SEVR reduction describes a subendocardial perfusion
impairment. Vascular damage is a frequent and early
finding in MS patients, and low SEVR values, along with
higher intima-media thickness and higher augmentation

pressure have been previously described.20 Our data
confirm these previous observations, showing a significant
and strong reduction of SEVR values in patients with MS,
even if mean SEVR values exceed the critical threshold
level of 0.5 (probably also because of the small size of our
study population).

In our study, SEVR values decrease as MS components
increase and the relation remained still significant after
adjustment for age, sex, and glucose level. Although, single
MS components such as HDL cholesterol levels, triglyc-
erides, obesity, and hypertension did not show any sig-
nificant relation with SEVR reduction. Since SEVR
estimates subendocardial perfusion, we can hypothesize
that subendocardial perfusion impairment is a consequence
not properly of each single MS component, but mostly, it
may be related to the comprehensive burden of MS.
Therefore, SEVR may be considered an epiphenomenon of
MS, reflecting the complexity and inter-relation of several
components, with effects on endothelial dysfunction, ar-
terial stiffness and, consequently, on subendocardial per-
fusion. Anyway, the small size of our cohort did not allow
to draw definite conclusions about this pathophysiological
hypothesis.

As expected, in our study, we observed a significant
negative relation between SEVR andMAP (r =�0.301, p =
0.026), and a borderline negative relation with SBP (r =
�0.257, p = 0.058). In line with previous studies,11,20,34 our
data support the hypothesis that arterial hypertension is
strongly related to arterial stiffness and impaired sub-
endocardial perfusion. The underlying mechanism is not
completely clarified. Arterial stiffening is associated to

Table 2. Difference between subjects with and without metabolic syndrome. BW = body weight; BMI = body mass index; WC = waist
circumference; TG = triglycerides; SBP = systolic blood pressure; DBP = diastolic blood pressure; PP = pulse pressure; MAP = mean
arterial pressure.

n = 55 Metabolic syndrome (N = 28) Not metabolic syndrome (N = 27) p value

Age 64.25 ± 10.41 55.41 ± 9.50 0.002
BW (kg) 85.69 ± 14.84 81.51 ± 13.93 0.277
Height (cm) 164.46 ± 9.31 164.30 ± 10.37 0.95
BMI (kg/m2) 31.62 ± 4.50 30.19 ± 4.63 0.251
WC (cm) 108.54 ± 15.04 101.50 ± 12.29 0.079
Blood glucose (mg/dL) 103.07 ± 18.44 88.31 ± 8.87 0.001
Total cholesterol (mg/dL) 187.12 ± 39.35 185.31 ± 34.99 0.862
HDL cholesterol (mg/dL) 49.92 ± 11.64 58.96 ± 16.28 0.028
LDL cholesterol (mg/dL) 109.00 ± 32.51 112.12 ± 28.44 0.717
TG (mg/dL) 139.54 ± 54.42 88.28 ± 33.67 <0.001
Creatinine (mg/dL) 0.84 ± 0.20 0.88 ± 0.13 0.529
SBP (mmHg) 143.32 ± 13.12 137.93 ± 13.19 0.134
DBP (mmHg) 88.25 ± 7.90 88.07 ± 9.62 0.941
PP (mmHg) 55.07 ± 12.43 49.85 ± 7.89 0.068
MAP (mmHg) 111.04 ± 11.06 107.48 ± 12.04 0.26
SEVR 1.10 ± 0.20 1.28 ± 0.30 0.012
PPa (%) 24.67 ± 12.13 26.81 ± 9.55 0.494
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earlier pulse wave reflection and increased pulse pressure.
Thus, in case of hypertension, with augmented pulse
pressure (therefore higher SBP and lower DPB values), left
ventricular afterload would be increased, leading to a major
myocardial oxygen demand. At the same time, the reduced
DBP levels compromise coronary blood flow. Conse-
quently, the mismatch between increased oxygen demand
and reduced blood flow affects, particularly, sub-
endocardial perfusion. Among different blood pressure
parameters, MAP may better represent the arterial hyper-
tension burden. Our data showed in a multiple backward
regression analysis that MAP and presence of MS were the
main predictors of SEVR, explaining 18% of variance.

Furthermore, we found a borderline relation between
reduced SEVR and diabetes: diabetic and IFG patients had
lower SEVR (although with borderline significance) as
compared to normoglycemic subjects.

As previously demonstrated,35 diabetes is associated to
increased arterial stiffness, due to Advanced glycation end
products (AGE) exposure. It is widely known that AGE
induce cross-linking of collagen binding molecules of
arterial walls; therefore, reduced arterial elasticity and
compliance may represent a possible mechanism of im-
paired subendocardial perfusion in diabetic subjects,

explaining the reduced SEVR values. Moreover, as pre-
viously described, diabetes is associated to endothelial
dysfunction, due to vasoactive substances impairment,
including NO, prostacyclin (PGI2), and endothelium-
derived hyperpolarizing factors (EDHF).36 The lack of
NO and EDHF is a relevant cause of microcirculation
dysfunction, and it may contribute to subendocardial
perfusion impairment. Another possible mechanism could

Table 3. Multiple backward regression analysis considering
SEVR as dependent variable and age, sex, and MS as covariates. MS
= metabolic syndrome, MAP = mean arterial pressure.

n=55 β Coefficient p value R2

Age 0 0.99
Sex �0.11 0.37
MS 0.29 0.04
MAP �0.26 0.05 0.19
Sex �0.11 0.38
MS 0.29 0.02
MAP �0.26 0.05 0.19
MS 0.3 0.02
MAP �0.25 0.05 0.18

Figure 1. SEVR values in the study population stratified accordingly to MS components before and after adjustment for age, sex and
glucose levels.
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be played by the higher inflammation of MS diabetic
patients. The presence of visceral adipose tissue, in these
subjects, contributes to higher levels of IL-6, plasminogen
activator inhibitor, TNFα, and leptin. All these cytokines
negatively affect endothelium homeostasis. Moreover,
these patients have lower levels of adiponectin, an adi-
pokine with known protective effect over endothelium.37

Further studies may better explain the relation between
endothelium homeostasis impairment, vascular inflam-
mation and SEVR reduction.

Finally, our data could not define a significant relation
between age and SEVR and previous researches show
contrasting results.10,19 Our conclusions are in line with
findings by Tsiachris et al.,10 who studied the relationship
between coronary flow reserve (CFR) and SEVR in a
population of 36 patients, with non-treated hypertension. In
this study, SEVR and age did not show any correlation. On
the other hand, in another study19 lead on 178 Japanese
subjects, age and heart rate were both significant predictors
of SEVR. Even if aging is strongly related to arterial
stiffness,37 further research is needed to better define
whether and how it affects coronary and subendocardial
perfusion.

In our opinion, SEVR provides an interesting evaluation
of myocardial workload, oxygen supply and perfusion,6

also because of its feasibility by the mean of a noninvasive
technique, such as applanation tonometry and it represents
DPTI on SPTI ratio.8 DPTI, which is the area under the
diastolic phase in the aortic profile, estimates myocardial
oxygen supply, whereas SPTI (the area under the systolic
phase) represents cardiac tissue oxygen consumption.9 As
previously described in patients with different hypertension
phenotypes,34 we suggest that SEVR may be considered a
valid alternative to invasive assessment of microvascular
coronary perfusion. Although, the relative lack of studies
comparing SEVR values to other estimations of endo-
cardial perfusion (by other cardiac imaging techniques)
represents a possible limitation to the systematic use of
SEVR, and further studies are needed.

Our study had some limitations. First, it was based on a
small population, and this could have influenced statistical
significance of some relationships. Second, we could not
provide information about inflammation indexes such as
IL-1, IL-6, and TNFα, all chronic inflammation mediators
that weigh on vascular damage, which is a possible link
between chronic inflammation and SEVR reduction.
Glycosylated hemoglobin could have better described the
effects of glycemic control on SEVR. Unfortunately it was
not available for our study population, and therefore we
based our analysis on fasting glucose level, as suggested by
MS definition criteria. Moreover, our study was cross-
sectional, and due to its own structural characteristics, it
did not allow conclusions regarding causality of arterial
stiffness, MS, DM on SEVR variations.

In conclusion, SEVR can be considered a valid nonin-
vasive estimation of subendocardial coronary perfusion that
mostly occurs during the diastolic phase. Subendocardial
perfusion impairment, as described by SEVR reduction,may
contribute to the burden of increased cardiovascular risk in
patients with MS. Thus, we suggest that considering sub-
endocardial perfusion pattern in patients with MS may
provide additional information aimed to comprehensive
evaluation of cardio-metabolic risk assessment.
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