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Summary

With the increasing prevalence of obesity and especially
abdominal obesity, a simple clinical tool is needed that identifies
the cardiometabolic risk for cardiovascular disease and type 2
diabetes. The aim of our study was to evaluate a broad spectrum
of metabolic variables and IMT in subjects with and without
hypertriglyceridemic waist (HTGW) and compare it with the
harmonized definition of metabolic syndrome (MS) with both
a higher (MS-I) and lower waist circumference (MS-II) for
Europids. We enrolled 607 asymptomatic dyslipidemic subjects
(295 men and 312 women) into our cross-sectional study. The
subjects with HTGW had an atherogenic lipid profile (significantly
higher triglycerides, AIP, non-HDL-C, lower HDL-C and ApoA-1,
and the women also higher TC and ApoB), increased markers of
resistance (insulin, HOMA, C-peptide,
inflammation (hsCRP), thrombosis (fibrinogen, PAI-1), SBP and
DBP, and lower adiponectin (p<0.05-0.001 for all). These risk
factors were entirely similar in HTGW, MS-I and MS-II.

insulin proinsulin),

Age-adjusted IMT was significantly higher only in the women
with HTGW but this significance disappeared after further
adjustment for TC, SBP, and smoking. Our results support the
routine use of HTGW as a simple and inexpensive screening tool
to detect subjects at increased cardiometabolic risk in clinical
practice.
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Introduction

With the increasing prevalence of obesity in
populations throughout the world and the changing of
risk factors towards more abdominal obesity and
subsequent insulin resistance (Bruthans et al. 2014),
a simple needed that

cardiometabolic risk for diseases such as cardiovascular

clinical tool is identifies
disease and type 2 diabetes.

The concept of hypertriglyceridemic waist
(HTGW) as a simple phenotype to detect subjects with
cardiometabolic risk was suggested 15 years ago by
Lemieux et al. (2000). They were the first group to
recognize that hypertriglyceridemia plus a large waist

circumference (WC)  (hypertriglyceridemic ~ waist,
HTGW) 1is associated with a metabolic triad of
unconventional risk  variables  (hyperinsulinemia,

hyperapolipoprotein B, and small dense LDL). This
atherogenic metabolic triad was associated with a more
than 20-fold increase in the risk of ischemic heart disease
Quebec
Cardiovascular Survey, beyond the presence of traditional
risk factors (Lamarche ef al. 1998). Lemieux et al. (2007)

in middle-aged men enrolled in the
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also suggested that the HTGW phenotype is a central
component of metabolic syndrome.

The definition
depending on the presence of at least three out of five

of metabolic syndrome,
markers, was proposed by many expert groups until
a harmonized definition of MS was recently accepted
(Alberti et al. 2009). This definition is also supported by
the ESC/EAS guidelines
dyslipidemias (Reiner et al. 2011).

for the management of

The aim of our study was to compare a broad
spectrum of metabolic variables (atherogenic lipid
profile, markers of insulin resistance, inflammation,
thrombosis and fibrinolysis, and adiponectin) in
asymptomatic dyslipidemic subjects with and without
HTGW and compare it with the last harmonized
definition of MS. In a subset of patients we also evaluated
intima media thickness (IMT) as a marker of subclinical

atherosclerosis.
Materials and Methods

Study design and subjects

The study was carried out as a cross-sectional
study on asymptomatic dyslipidemic subjects who had
been examined at the Lipid Center of the 3™ Department
of Internal Medicine, University Hospital Olomouc,
Czech Republic. All the dyslipidemic subjects filled out
a questionnaire on their medical history, especially their
cardiovascular status, medication and smoking habits.
All the subjects were tested for an underlying cause
diabetes

impairment, and

of secondary hyperlipidemia: mellitus,
hypothyroidism, hepatic or renal
nephrotic syndrome. Subjects with these diagnoses were
not enrolled in the study. Other exclusion criteria were
a history of clinically manifest atherosclerosis (coronary
artery disease, cerebrovascular ischemic disease, and
peripheral arterial disease), hypolipidemic treatment in
the previous six weeks, and the clinical presence of acute
infectious disease or trauma. Dyslipidemia was defined as
total cholesterol > 5 mmol/l and/or triglycerides (TG) >
1.5 mmol/l. 607 subjects (295 men and 312 women)
fulfilled the above-mentioned criteria and were included
in the study. In a subset of 369 patients (60.8 % —
173 males and 196 females) IMT measurement was
performed.

The study was reviewed and approved by the
Institutional Ethics Committee of the Medical Faculty
and University Hospital and informed consent was

obtained from all participants.

Anthropometric and laboratory measurements

The WC was measured in the standing position,
at the middle point between the anterior iliac crest and the
lower border of the ribs. The body mass index (BMI),
waist circumference (WC), systolic (SBP), and diastolic
(DBP) were determined. The auscultatory method of BP
measurement with a properly calibrated and validated
mercury sphygmomanometer was used. At least three
sitting BP measurements were taken at 30-s intervals and
the mean of the last two was calculated. Patients treated
with antihypertensive drugs or with SBP > 140 or DBP >
90 mm Hg were assumed to be hypertensive.

The hypertriglyceridemic waist phenotype was
defined as waist > 90 cm and TG > 2.0 mmol/l in men,
and waist > 85 cm and TG > 1.5 mmol/l in women
(Arsenault ef al. 2010).

For a diagnosis of MS we used a harmonized
definition (Alberti et al. 2009) with both the higher
(MS-I) and lower (MS-II) WC thresholds for Europids
(MS-I: WC > 102 cm in men and > 88 cm in women;
MS-II: WC > 94 cm in men and > 80 cm in women).
The presence of any three of five risk factors constitutes
of MS: elevated WC (see
triglycerides > 1.7 mmol/l (drug treatment for elevated

a diagnosis above);
TG is an alternative indicator — not present in our
cohort); reduced HDL-C < 1.0 mmol/l in men and
< 1.3 mmol/l in women (drug treatment for reduced
HDL-C is an alternative indicator — not present in our
cohort); elevated blood pressure (systolic > 130 and/or

diastolic > drug

85 mm Hg or antihypertensive
treatment in a patient with a history of hypertension),
and elevated fasting glucose > 5.6 mmol/l (drug

treatment of elevated glucose is an alternative indicator
— not present in our cohort).

Biochemical analyses

Venous blood samples were drawn in the
morning after a 12-h fast. Total cholesterol (TC),
triglycerides (TG), and HDL-cholesterol (HDL-C) were
determined enzymatically on a Modular SWA analyzer
(Roche, Basel, Switzerland) using commercially available
kits (Cholesterol SYS 917, Triglycerides GPO-PAP and
HDL cholesterol plus, third-generation kits, Roche,
Basel, Switzerland). The determination of HDL-C was
performed by a direct method without precipitation of
apoB. LDL-C
calculated according to the Friedewald formula (for TG
< 4.5 mmol/l) in subjects with TG < 4.5 mmol/l. We also
calculated the non-HDL cholesterol (non-HDL-C = TC —

lipoproteins  containing levels were
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HDL-C) and atherogenic index of plasma AIP =
log (TG/HDL-C). The concentration of apolipoprotein B
(ApoB) and apolipoprotein Al (apoAl) was determined
immunoturbidimetrically on a Modular SWA analyzer
(TinaQuant Apo Al, TinaQuant Apo B Kkits, all Roche,
[Lp(a)] was
determined immunoturbidimetrically using a Lipopro-
tein (a) Tina-Quant TQ kit (Roche, Basel, Switzerland).
protein  (hs-CRP) was
latex
immunoturbidimetric method on a Modular SWA
analyzer (CRP latex TinaQuant kit, all Roche, Basel,
Switzerland). Glycemia was determined by means of the
enzymatic-colorimetric method (Glucose GOD-PAP kit)
on a Modular SWA analyzer. Insulin was determined

Basel, Switzerland). Lipoprotein (a)

High-sensitivity ~C-reactive

assessed by means of an ultra-sensitive

using commercially available kits — Insuline

(Immunotech, Marseille, France) wusing specific
antibodies by the IRMA (immunoradiometric assay)
method. The result obtained was then used for the
calculation of the parameter of insulin resistance HOMA
[homeostasis model assessment, described by Matthews
et al. (1985): fasting glycemia (mmol/l) « fasting insulin
(mU/1)/22.5].

determined using commercially available kits — C-peptide

C-peptide and intact proinsulin were

(Immunotech, Marseille, France) and Proinsulin (DRG
Instruments GmbH, Marburg, Germany) using specific
antibodies by the IRMA method for C-peptide and the
radioimmune assay (RIA) method for proinsulin.
Concentrations of insulin, proinsulin, C-peptide, and
hs-CRP were measured in the serum stored at —80 °C. For
the assessment of prothrombotic markers venous blood
was collected in 3.8 % sodium citrate tubes (dilution
1:10). The following markers were examined: fibrinogen
with the TC Thrombin Reagent (Technoclone, Vienna,
Austria) using the method according to Clauss on an
ACL Top coagulation analyzer (Werfen, Milano, Italy)
the von Willebrand factor —
immunoturbi-dimetric assay (Instrumentation Laboratory

from fresh plasma,

Spa, Milan, Italy), plasminogen activator inhibitor-1 and
tissue plasminogen activator — ELISA (Technoclone,
Vienna, Austria).

The total adiponectin was measured in serum
(one separate aliquot stored at —80 °C until the day
ELISA
imunochemical kit (Biovendor Laboratory Medicine Inc.,

of analysis) with Human Adiponectin
Brno, Czech Republic), according to the manufacturer's

instructions.

IMT measurement

IMT measurement was performed in a subset of
369 patients (60.8 % — 173 males and 196 females).
Ultrasound scanning of IMT was performed with
a 10-MHz linear array transducer (Philips Sonos 5500,
2004). All the measurements were performed with the
subjects in a supine position. The head was tilted to one
side at an angle of 45°. The longitudinal B-mode image
of the common carotid artery (CCA) was displayed just
before the widening of the bulb. When an optimal
longitudinal image of the far wall of the CCA in the
region of 1 cm proximally from the bulb was obtained, it
was frozen on the R wave according to a simultancous
ECG and videotaped. Three video recordings were made
on both CCA. The IMT measurements were processed
off-line using the Image-Pro Plus software (Version 4.0,
Media-Cybernetics, Silver Spring, USA). The region
under evaluation was the CCA wall 1-2.cm distant
proximally from the above-mentioned border. The
average of all the mean IMT of three frozen images of
both sides was chosen as the outcome variable. The
measurement of IMT was performed without knowledge
of the laboratory results.

Statistical analyses

All the values are expressed as means = SD or as
median for variables with non-normal distribution. The
Kolmogorov-Smirnov test was used to test for normal
distribution. Variables with a non-normal distribution
(hsCRP, TG, insulin, HOMA, C-peptide, proinsulin,
t-PA, PAI-1,
transformed to normalize their

fibrinogen, adiponectin) were log-
distribution before
statistical analysis. The differences in the means between
the groups were analyzed using ANKOVA after
adjustment for age in both sexes. IMT was further
adjusted for other variables incorporated in the SCORE
system (total cholesterol, systolic blood pressure, and
smoking). Differences in categorical variables were
analyzed by means of x* test. Statistical analysis was
performed using SPSS for Windows version 12.0
(Chicago, Illinois, USA). Probability values of p<0.05

were considered statistically significant.
Results

The characteristics of the dyslipidemic subjects
without (0) and with (1) HTGW, MS-I, and MS-II are
summarized in Table | for the male subjects and in
Table 2 for the female subjects.
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Table 1. Physical characteristics and cardiometabolic risk profile of MALE dyslipidemic subjects with (1) and without (0) HTG W, MS-I
and MS-II.

HTGW (0) HTGW (1)  MS-I(0 MS-I (1) MS-II (0) MS-II (1)
Parameter

n=160 n=135 n=184 n=111 n=158 n=137
Age (vears) 4194154  46.6:11.1%%* 41.6+14.5 483+113""  40.7+14.7  48.0+11.5
BMI (kg/m?) 252432 20.2433%%% 2554309 29.5+3.62""  25.143.1 29.2+43 4%
Waist (cm) 88.149.3 101.2+7.7%%*%  89.5+8.9 101.849.1""  88.0+8.9 101.1+8.3%
SBP (mm Hg) 127.4+£152  133.2+13.8%  126.8£14.6 135.6+13.6"" 127.4+152 133.2+13.8*
DBP (mm Hg) 78.9+8.8 82.8+7.1%*  78.9+85  83.8+6.9" 78.9+8.8 82.8+7.1%
Hypertension (/%)  53/33.1 74/54 8%* 55/30.0 72/64.87 41/25.9 86/62.7+%
Smoking (/%) 28/17.5 47/34.8%%%  33/179 41/36.97" 29/18.3 46/33.54
TC (mmol/l) 6.48+1.88  6.86+1.77 6.53+1.81  6.85+1.88 6.53£1.90  6.79+1.76
TG (mmol/l) 2.09+2.55  5.30+4.98%%* 2484266  5.29+5407" 2304274  5.02+4.99%

(1.59) (3.68) (1.75) (3.61) (1.63) (3.46)

AIP: log(TG/HDL-C)  0.09+0.30  0.60£0.29%** 0.15+0.33  0.59+0.33"""  0.10+£0.32  0.57£0.31*
NonHDL-C (mmol/l) ~ 5.10£1.90  5.78£1.77**  5.17+1.84  5.81+1.87" 5.13+1.93  5.74+1.75%

HDL-C (mmol/l) 1.38+0.35 1.07£0.26%**  1.36+0.32  1.04+0.29"""  1.40+0.34  1.05+0.24*
LDL-C (mmol/l) 420+1.36  3.95+1.44 4.14+133  4.01£1.54 420+1.37  3.96+1.43
Apo A-1 (g/]) 1.47+0.26 1.3540.25%%%  1.46+0.26  1.32+0.24"™"  1.48+027  1.33+0.23*
Apo B (g/l) 1.2140.31 1.25+0.34 1214031 1.25+0.35 1.2040.31  1.25+0.33
Apo B/Apo A-1 0.86+0.32  0.96+0.41*  0.86+0.32  0.98+0.43"" 0.84£0.33  0.97+0.40%
Lp(a) (/) 0.42£0.45  0.28+0.36%*  0.41£042  0.27+0.39" 0.41£0.43  0.29+0.39*
(0.24) (0.13) (0.24) (0.12) (0.23) (0.13)
Fibrinogen (g/l) 3.05£0.71  3.2+0.7%* 3.08£0.72  3.19£0.71"" 3.0+0.73 3.19+£0.69%
VIWF (%) 132450 126450 129451 128448 131453 127447
1-PA (ng/ml) 426+4.33  4.94+4.50 4.10+4.28  5.27+4.497 424+438  4.95+4.44
(3.00) (3.05) (2.90) (3.40) (3.00) (3.00)
PAI-1 (ng/ml) 77439 Q4-£44% %k 78+37 97+47" 76+37 96:+46+
(74) 93) (76) 93) (74) 92)
hsCRP (mg/l) 1.66£2.02  2.76+£3.17%%% 1.69+2.13  2.98+324"""  1.54+£1.89  2.88+3.20"
(1.04) (1.79) (1.06) (2.05) (1.00) (1.90)
Glucose (mmol/l) 5.1140.68  5.3940.79%  5.03+0.60  5.57+0.80"""  5.0240.62  5.49+0.80
Insulin (mIU/l) 7.8+4.9 11.846.9%%*  7.7+4.78 12.8+7.2" 7.6+4.9 12.0+6.8%
(6.8) (10.9) (6.8) (11.2) (6.5) (11.0)
HOMA 1.8+1.2 2.8+1.9%%* 1.7+1.1 3.2+1.9" 1.7£1.2 2.9+1.8%
(1.5) (2.5) (1.5) (2.7) (1.4) (2.6)
C peptide (mg/l) 2224121 3.15£1.44%%% 221x1.14 337149 2.1+1.1 32414
(2.0 (2.98) (2.04) (3.19) (1.9) (3.0
Proinsulin (mIU/I) 12.5+7.8 18.5+£11.0%**%  12.6+8.0 19.9+11.17"  12.5+8.4 18.5+10.5
(10.4) (15.4) (10.5) (15.7) (10.3) (15.5)
Adiponection (mg/l)  9.6+5.4 TA4+4.5%%% 94451 72448 9.5+5.2 7.4+4 74
(8.7) (6.5) (8.4) (5.9) (8.5) (6.2)
IMT (mm) + 0.66£0.14  0.71+0.14 0.66+0.13  0.73+0.15 0.65+0.13  0.72+0.14

Hypertriglyceridemic waist (HTGW) in men is defined as waist = 90 cm and TG = 2.0 mmol/I; MS — harmonized definition of metabolic
syndrome (Alberti et a/. 2009); MS-I: WC > 102 cm in men and > 88 cm in women; MS-II: WC = 94 cm in men and = 80 cm in
women. Data are expressed as mean * standard deviation and for variables with non-normal distribution also as (median). Statistical
significance (after adjustment for age) of difference between subjects with and without HTGW: * p<0.05, **p<0.01, *** p<0.001; with
and without MS-I: * p<0.05, ** p<0.01, *** p<0.001; with and without MS-II: * p<0.05, * p<0.01, ** p<0.001; tIMT was assessed in
a subset of 173 men.
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Table 2. Physical characteristics and cardiometabolic risk profile of FEMALE dyslipidemic subjects with (1) and without (0) HTG W, MS-I
and MS-II.

Parameter HTGW (0) HTGW (1) MS-I (0) MS-I (1) MS-II (0) MS-II (1)
n=211 n=101 n=224 n=88 n=207 n=105
Age (vears) 43.9+144  53.6+11.1%%*  44.4+147  53.9£9.7" 43.3+14.6  54.5+9.7
BMI (kg/m’) 23.943.1 29.143.6%** 24.0+3.0 29.5+43.8"" 23.943.0  28.8+3.9%
Waist (cm) 77.248.9 94 247 4% 78.249.3 94.2+8.8""" 77.749.3 92.7+8.9%
SBP (mm Hg) 1247143  136.9£16.9%** 124.0+£13.8 140.5£15.9™" 1235134 138.8+16.4 %
DBP (mm Hg) 77.1+8.3 82.249 3% 76.7+8.1 84.1+8.9"" 76.5+8.2 83.2+8 .7
Hypertension (n/%)  45/21.3 59/58 4% 43/19.1 61/69.37" 36/17.3 68/64.7+
Smoking (n/%) 33/15.4 21/20.7 32/14.3 22/25.0°" 29/14.0 25/23.8*
TC (mmol/l) 6.551.16  7.32£1.78%%*  6.63£1.26  7.27x1.77 6.5+1.18 7.28+1.75%
TG (mmol/l) 1.50£0.88  3.59+£3.96***  1.61x1.45 3.61x3.87 1.4540.63  3.62+3.95%
(1.37) (2.59) (1.4) (2.67) (1.36) (2.59)
AIP: log(TG/HDL-C)  -0.10£0.25  0.33£0.27***  -0.08+0.26 0.35£0.28"  -0.11£0.23  0.34+0.28"*
NonHDL-C (mmol/) ~ 4.79£1.18  5.95+1.72%**  488+1.29  593+1.64""  4.79+1.20  5.92+1.68%
HDL-C (mmol/l) 1.75+0.44  1.37+0.34%%* 1743042 1344038  1.77£042  1.360.35%
LDL-C (mmol/l) 4.10+1.07  4.53+1.37 4.14+1.16  4.50+1.21 4.10+1.11  4.51+1.30
Apo A-1 (g/]) 1.7940.34  1.58+0.27*%**  1.79+0.33  1.55+0.28"""  1.80+0.33  1.56+0.27**
Apo B (g/l) 1.18+027  1.37+0.36***  1.19+0.28  1.37+0.35"""  1.1720.27  1.37+0.35%
Apo B/Apo A-1 0.68+£0.22  0.89+0.29%**  0.69+0.22  0.90+029"™"  0.68+0.21  0.89+0.29**
Lp(a) (/) 0.44+0.52  0.30+£0.33%**  0.44+0.51  0.29+034™"  043+0.52  0.32+0.36"*
(0.21) (0.16) (0.23) (0.13) (0.22) (0.16)
Fibrinogen (g/l) 3.240.75 3.4+0.71%* 3.1940.73  3.48+0.74" 3.17£0.73  3.46+0.73%
VIWF (%) 128+45 142458 130+46 140+59 128+45 14358
1-PA (ng/ml) 3.1943.36  4.0243.6 2974278  4.7+4.57" 2.8342.68  4.72+4.40%
2.1) (3.0) (2.1) (3.0) (2.0) (3.0)
PAI-1 (ng/ml) 59+33 T8+4] %% 59+32 82443 58+32 8041+
(53) (76) (56) (79) (52) (78)
hsCRP (mg/l) 2.63£3.47  3.14+3.43% 2.66+3.5 3.13+£3.36" 2.59+3.5 3.18+3.36%
(1.4) (2.15) (1.32) (2.22) (1.31) (2.22)
Glucose (mmol/l) 4.8240.61  5.44+1.17%%*  4.79+0.55  5.61£1.23""  4.78+0.53  5.50+1.19%
Insulin (mIU/l) 7.3+3.9 11.045.5%%* 7.243.6 11.7+6.0""" 7.143.6 11.2+5.744
(6.9) (10.3) (6.9) (10.7) (6.9) (11.2)
HOMA 1.5£0.9 2.6+1.5%%* 1.5+0.8 2.9+1.6™ 1.5+0.8 2.7+1.5%
(1.4) (2.2) (1.4) (2.6) (1.4) (2.4)
C peptide (mg/l) 2.03£0.81  3.16£1.26*%**  2.03+0.78  3.33+1.28"""  1.98+0.76  3.21+1.24*
(1.94) (2.92) (1.95) (3.10) (1.91) (3.02)
Proinsulin (mIU/I) 10.7+4.9 16.4+£10.1%%%  10.6+4.8 18.0£10.4™"  10.5+4.9 16.9+9.9%#
9.7) (13.2) (9.6) (15.4) 9.5) (14.7)
Adiponection (mg/)  15.2£10.1  12.5+7.6%* 15.1£10.1  12.4+7.2" 15.3£10.5  12.4+6.8%
(13.0) (10.5) (12.9) (10.3) (12.9) (11.2)
IMT (mm) + 0.64£0.12  0.74+0.12% 0.64+0.12  0.74+0.11 0.64+0.12  0.73%0.11

Hypertriglyceridemic waist (HTGW) in females is defined as waist > 85 cm and TG = 1.5 mmol/l; MS — harmonized definition of
metabolic syndrome (Alberti et a/. 2009); MS-I: WC = 102 cm in men and = 88 ¢cm in women; MS-II: WC = 94 cm in men and = 80 cm
in women. Data are expressed as mean + standard deviation and for variables with non-normal distribution also as (median). Statistical
significance (after adjustment for age) of difference between subjects with and without HTGW: * p<0.05, **p<0.01, *** p<0.001; with
and without MS-I: * p<0.05, ** p<0.01, *** p<0.001; with and without MS-II: * p<0.05, ** p<0.01, ** p<0.001; TIMT was assessed in
a subset of 195 women.
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Both the men and women with the HTGW
phenotype were characterized by a more atherogenic lipid
profile, increased markers of insulin resistance, and
a proinflammatory and prothrombotic state in comparison
with those without HTGW. Despite the fact that blood
pressure does not belong among the diagnostic criteria of
HTGW, both the men and women with HTGW had
a significantly higher prevalence of hypertension and
higher SBP and DBP. Significantly more smokers were
found among the male HTGW subjects.

Increased IMT reached statistical significance
after adjustment for age only in the women with HTGW
(p=0.024) but after further adjustment for other risk
factors included in the SCORE risk estimation system
(TC, smoking, SBP), the effect of HTGW on IMT was no
longer significant. Increased IMT in the HTGW men and
in MS-I and MS-II in both genders did not reach
statistical significance after adjustment for age alone.

In our study, the prevalence of the HTGW
phenotype, MS-I, and MS-II was 45.7 %, 37.6 %, and
46.4 %, respectively in the men and 32.3 %, 28.2 %, and
33.6 %, respectively in the women.

69 % of the men and 77.2 % of the women with
HTGW phenotype also met MS-I criteria and 85.1 % of
the men and 86.1 % of the women also met the MS-II
criteria.

Markers all the
cardiometabolic risk factors that were followed up were

of insulin resistance and

expressed most in those who fulfilled the criteria for both
HTGW and MS-I (n=171) in comparison with those with
HTGW alone (n=65) and MS-I alone (n=25).
Nevertheless, the members of the group with HTGW
alone did not differ significantly from those with MS-I
alone, with the exception of lower SBP and DBP in the
subjects with HTGW alone.

MS-II was slightly more prevalent than HTGW.
The criteria for MS-II + HTGW, MS-II alone, and
HTGW alone were fulfilled by 202, 41, and 35 subjects
respectively.

Discussion

In agreement with other studies, our subjects
with HTGW had an atherogenic lipid profile (Arsenault
et al. 2010, Blackburn ef al. 2009, 2012) with increased
triglycerides, non-HDL-C, AIP, ApoB/ApoAl, and low
HDL-C and ApoAl, but without significant changes in
LDL-C (Blackburn et al. 2009, 2012). This shows that in
these subjects we cannot rely only on LDL-C, which is

considered the main target of hypolipidemic therapy, but
we should also consider non-HDL-C or Apo B.

Surprisingly, we found lower levels of Lp(a) in
all three cardiometabolic risk phenotypes (HTGW, MS-I
and MS-II) in both the men and women — a finding which
had not previously been described. This finding needs
further investigation.

Contrary to the men, our female subjects with
HTGW also had significantly higher levels of TC and
Apo B. This might show that abdominal obesity with
hypertriglyceridemia is even more atherogenic in women
than in men. Also in agreement with previous studies are
the findings of increased markers of insulin resistance
(Blackburn et al. 2009, Han et al 2014), increased
2010,
Blackburn ef al. 2009), and lower levels of adiponectin
(Blackburn et al. 2009) in our subjects with HTGW. We
have not found an evaluation of prothrombotic markers in
subjects with HTGW in the literature but it is well known
that visceral obesity and MS are also associated with

markers of inflammation (Arsenault er al

prothrombotic changes (Pinheiro Volp et al. 2015, Festa
et al. 1999, Palomo et al. 2009, Sakkinen et al. 2000). In
the study of Festa et al. (1999), the decrease in insulin
sensitivity was an independent factor associated with high
fibrinogen and PAI-1 concentrations.

In our study, significant differences in all the
parameters that were followed up were very similar in all
three phenotypes associated with cardiometabolic risk
(HTGW, MS-1, and MS-1I).

In the whole group of men and women, HTGW
was diagnosed more frequently than MS-I (n: 236 vs.
199). On the contrary, MS-II was only slightly more
prevalent than HTGW (n: 242 vs. 236). It is possible that
the cutoff value of the waist circumference (> 102 cm in
men and > 88 cm in women) in MS-I may be too high
and may therefore lead to the misclassification of many
subjects with cardiometabolic risk.

Blackburn et al. (2009) compared the HTGW
phenotype with MS defined by the National Cholesterol
Education Program — Adult Treatment Panel 111 (NCEP
ATP III 2002) and the clinical criteria of the International
Diabetes Federation (IDF) (Alberti et al. 2005), with
similar results.

IMT is an established non-invasive method for
the detection of early atherosclerotic disease (Bots ef al.
1997). Longitudinal
association between IMT and a future risk of myocardial
infarction and stroke (Bots et al. 1997, O’Leary et al.
1999). In our study, only the women with HTGW showed

studies have shown a strong
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increased IMT after adjustment for age but after further
adjustment for factors included in SCORE (TC, SBP,
smoking) it was no longer significant.

The association of HTGW with IMT was also
evaluated in a multiethnic general population (Gasevic et
al. 2014). These authors found increased IMT in both
men and women with HTGW but similarly as in our
study, after further adjustment for traditional risk factors
for atherosclerosis, the effect of HTGW was no longer
significant.

Tanké et al. (2005) compared an enlarged
waist > 88 cm combined with elevated triglycerides
>1.45 mmol/l (EWET) with MS-NCEP. In their
prospective study, EWET was associated with a 4.7-fold
increased risk and MS-NCEP with a 3.2-fold increased
risk of fatal cardiovascular events (p<0.001 for both).
Their subjects with EWET did not differ from MS in
terms of their waist and lipid parameters but had
significantly lower systolic and diastolic blood pressure.
Nevertheless, those who had EWET alone at the baseline
had a higher progression rate of aortic calcification
compared with those who had MS-NCEP alone (p<0.05).
After
components  of

analysis of the association of individual
EWET and MS-NCEP with
cardiovascular mortality, they came to the conclusion that
the combined presence of an enlarged waist and elevated
triglycerides may be the best indicator of cardiovascular
risk in postmenopausal women. Other components of
MS-NCEP add little medical value (Tanko et al. 2005).

A combination of an enlarged waist and elevated
triglycerides has an advantage in indentifying individuals
with atherogenic “lipid over-accumulation”. As waist
circumference cannot fully discriminate visceral adiposity
from subcutaneous abdominal obesity, elevated
triglyceride levels have been adopted as a marker of
dysfunctional visceral adipose tissue (Lemieux et al.
2000). It was recently suggested that a limited ability of
subcutaneous fat to store excess energy results in an
overflow of triglycerides to intraabdominal (visceral) fat
and to ectopic sites, such as the liver, the epicardial fat,
and the skeletal muscle. This leads to metabolic
dysfunction of these organs and the development of
dyslipidemia and insulin resistance (Despres 2012). The
expansion of adipose tissue leads to adipocyte
hypertrophy, adipocyte hypoxia and the activation of
oxidative and inflammatory cellular stress pathways with
the activation of production of cytokines and other pro-
inflammatory signals. Locally produced chemokines

attract pro-inflammatory macrophages to adipose tissue,

which form a crown shape structure around the dead
and/or sick big adipocytes (Heilbronn and Campbell
2008). With advanced expansion of adipose tissue, M2
antiinflammatory macrophages acquire an M1 pro-
inflammatory phenotype. Proinflammatory cytokines
including TNF-qa, IL-6, IL-1B produced by M1 further
exacerbate local inflammation, promoting insulin
resistance (Heilbronn and Campbell 2008, Finucane ef al.
2012). Dysbalance in the production of specific proteins
and hormones produced by omental and mesenteric
adipose tissue, such as inflammatory adipokines (resistin,
leptin, adiponectin), angiotensinogen, and cortisol can
also contribute to cardiometabolic disease (Klein et al.
2007).

accumulation of visceral fat and with features of insulin

Factors associated with a  preferential
resistance include, among others, genetic predisposition,
maladaptive response to stress, and smoking (Despres
2012). The higher prevalence of smokers in all three
phenotypes associated with cardiometabolic risk (HTGW,
MS-I, and MS-II) in our study supports the importance of
the role of smoking in the development of visceral
obesity, insulin resistance, and a proatherogenic lipid
profile. It is also in agreement with our previvous study
(Cibickova et al. 2014).

Our results HTGW s

associated with a proatherogenic lipid profile, elevated

demonstrate  that

blood pressure, the presence of insulin resistance, and
with
impaired fibrinolysis, similarly to individuals meeting the

proinflammatory and prothrombotic changes
harmonized definition of MS. Thus it is not surprising
that in multiple prospective studies HTGW has been
shown to be associated with an increased risk of
developing cardiovascular disease (Czernikow et al.
2007, Tanko et al. 2005, Arsenault et al. 2010, St-Pierre
et al. 2007) and type 2 diabetes mellitus (Zhang et al.
2012, Carlsson et al. 2013, Han et al. 2014, He et al.
2013, Diaz-Santana et al. 2014).

Thus, HTGW represents a simple screening
with
cardiometabolic risk. Plasma triglyceride levels are

phenotype for the detection of subjects
available from any standard lipid profile and waist
circumference can be measured at no cost. Nevertheless,
despite the increasing prevalence of obesity and
especially abdominal obesity, the measurement of waist
circumference in daily clinical practice is still very rare.
Gupta et al. (2012) surveyed Canadian primary care
physicians and found that WC was routinely measured by

only 6 % of these physicians.
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Conclusion diabetes mellitus, which is unquestionably a predictor of
a further epidemic of cardiovascular disease.
The inclusion of HTGW as a simple, easily
accessible, and inexpensive screening tool into daily = Conflict of Interest
clinical practice in primary care could lead to the  There is no conflict of interest.
detection of large numbers of subjects with
cardiometabolic risk. It is especially important in this era ~ Acknowledgements
of the increasing prevalence of obesity and type2  Supported by grant Nr. LF — 2015 - 015.
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