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Aim. Early left ventricle (LV) abnormalities are hardly detectable by means of standard echocardiography in patients with hypertension (HTN)
and glucose metabolism disorders. The objective of this study was to assess changes in LV function with speckle tracking echocardiography in
hypertensive males with different types of glucose metabolism abnormalities.

Methods and results. We recruited 158 hypertensive males with different glycemic status. The multidirectional LV strain was assessed by
two-dimensional speckle tracking echocardiography. The patients with HTN and type 2 diabetes mellitus demonstrated significant reduction of
LV global longitudinal strain and early diastolic strain rate despite preserved LV ejection fraction.

Conclusion. Speckle tracking echocardiography can identify subclinical myocardial alterations in hypertensive males with glucose metabolism
abnormalities.

CrnekJI-TpekiHr exokapaiorpadisi B 40/I0BiKiB 3 apTepiaJbHOIO rinepTeH3icio Ta MopymeHHAMU MeTa00i3My [TIOK03H
M.IO. Konecnux

CrangapTHa exokapaiorpadis He Ma€ JOCTaTHOI Yy TAMBOCTI AJIs OLIHIOBaHHS BIUIMBY NOPYIICHb META00Ii3My IIIIOKO3M HA CTaH MioKapzaa
niBoro nutyHouka (JII) y XxBopux 3 apTepialbHOO TilepTeH3ielo. 3 METO0 OLIHIOBAHHS MOXIIMBOCTI PaHHBOI iarHOCTUKH CyOKITiHIYHOTO
ypakeHHst Miokapaa JIIII 3amyunnn 1o oOcTexeHHs: 158 40NOBIKIB 3 apTepialbHOIO TIMEPTEeH3IEI0 Ta PI3HUM ITIKEMIYHUM CTaTycoM, SIKHM
BHUKOHAJIU CIICKJI-TPEKIHT exokapaiorpadito. BcraHoBmim, 1m0 y XBOpUX Ha TIIEPTEH3II0 Ta IyKPOBUH 1ia0eT 2 TUIY PeECTPYETHCS BiporinHe
3MEHIIIEHHS ITI00AJIBHOTO MTO3J0BKHBOT0 CTPEHHY Ta paHHBOTO JiacToIiYHOTO cTpeiiH peiity JILL, He3Bakaroun Ha 30epekeHy (HpaKilito BUKHILY
JIII. I1e cBiquuUTh PO AONUIBHICTS BUKOPUCTAHHS CHEKII-TPEKIHT eXoKapiorpadii y XBOpUX 3 apTepiallbHOIO TiMePTEH31€I0 Ta OPYIICHHIMA
MeTaboIi3My TJTFOKO3H.

Knrwuosi cnosa: apmepianvha einepmensis, yykposuii diabem 2 muny, ROpyuweHHs Memabonizmy eloKo3u, CneKi-mpeKine exokapoioepapis.
3anopizekuii meouunuit yncypuan. — 2014. — Ne6 (87). — C. 4-10

CnexJI-TpeKHHT IXoKapauorpagusi y My:K4iH ¢ apTepHaIbHOl rUNepTeH3neil 1 HapyIeHusIMH MeTa60JIu3Ma IJTI0KO03bI
M.FO. Konecnuk

CrangapTHas 5XoKapauorpadus He 00IagaeT T0CTaTOYHON YyBCTBUTEIIBHOCTBIO ISl OLICHKY BIMSIHUS HAPYIICHU I MeTa00IM3Ma IITFOKO3bI Ha
COCTOsIHME MHOKapa JieBoro xenyaodka (JIXK) y 6onbHBIX ¢ apTepuanbHoi runepreHsueil. C 1enbio paHHeH TMarHOCTUKH CYyOKIMHNYECKOrO
nopaxkernst muokapaa JIK obcenoBano 158 MykuuH ¢ apTepruanbHON THIICPTEH3HUEH U PA3INYHBIM TITHKEMUIECKUM CTaTyCOM, KOTOPBIM BbI-
MOJTHUJIM CIICKJI-TPEKUHT SXOKapaAnorpadpuoo. YCTaHOBUIH, YTO Y OOJBHBIX C THIICPTCH3UCH U caXapHbIM JHa0eTOM 2 THIIA PETHCTPUPYETCS
JOCTOBEPHOE YMEHbIICHHE TI00aTFHOTO TPOIOIFHOTO CTPEHa H PAHHET0 AUACTONHYecKoro cTpeiiH peiita JOK, HecMOTpst Ha COXpaHEHHYIO
(pakuuro Beiopoca JIXK. DTo CBHIETEIBCTBYET O IEIECO00PA3HOCTH UCTIONB30BaHHS CIIEKI-TPEKHUHT 3X0Kapauorpaduu y OOJIBHBIX ¢ apTepH-

aJbHOM runepTeH3uell 1 HapyluIeHHAMH MeTa00INu3Ma IITFOKO3bI.

Knroueewie cnosa: apmepudaibHas c2unepmen3us, caxaprnI ouabem 2 muna, Hapyuienue Mmemabonusma 2J/IIOKO3bl, CNEKI-MpeKune

axoKapouocpaghusi.

3anoposcckuii meouyunckuil ycypnan. — 2014, — Ne6 (87). — C. 4-10

ype 2 diabetes mellitus (DM) and arterial hypertension

(HTN) are major medical and public health problems
worldwide. The total number of people with DM will rise from
171 million in 2000 to 552 million by 2030 [1]. The number
of adults with HTN is predicted to increase by 60% to a total
of 1.56 billion people by 2025 [2]. HTN is present in approxi-
mately 60% of patients with type 2 DM [3]. 80% of diabetic
patients die from cardiovascular complications. Both diseases
affect the same major target organs. Myocardial envolvement is
characterized by microvascular disease, altered metabolism and
increased fibrosis that lead to gradual decline in left ventricular
(LV) function. Early alterations of myocardium should be diag-
nosed early and treated aggressively to prevent microvascular
and macrovascular morbidity and mortality.

Insulin resistance (IR) is a key pathogenetic mechanism of
type 2 DM and exists for many years even in normoglycemic
patients. Impaired fasting glucose (IFG), or ‘pre-diabetes’, re-
flect the natural history of progression from normoglycaemia to

© M.Yu. Kolesnyk, 2014

type 2 DM. The hypertensive patients with IR and pre-diabetes
may have long-standing subclinical myocardial dysfunction
before onset of DM [4]. Speckle-tracking echocardiography is
amodern ultrasound technique which allows to investigate early
myocardial changes in patients even without LV hypertrophy and
diastolic dysfunction. Compared to standard echocardiography
parameters, myocardial strain and strain rate (SR) analyses are
more sensitive indices of LV function. At present, there is a
lack of studies concerning the development of structural and
functional myocardial abnormalities in patients with different
glucose abnormalities like IR, pre-diabetes and type 2 DM.
The aim of our study was to assess changes in LV function
with speckle tracking echocardiography in hypertensive patients
with different types of glucose metabolism abnormalities.

Materials and methods

Study cohort. We enrolled 158 untreated hypertensive males
(mean age 5148 years). The inclusion criteria were: arterial
HTN, sinus rthythm, insulin resistance, IFG or newly diagnosed
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type 2 DM. The exclusion criteria were: white-coat hypertension,
secondary hypertension, cardiomyopathy, documented coro-
nary artery disease, moderate to severe valvular heart disease,
reduced LV ejection fraction (<45%), atrial fibrillation, type
1 DM, type 2 DM on insulin therapy, chronic kidney disease
(defined in case of creatinine clearance less than 60 ml/min/1.73
m?) and significant pulmonary disease. All patients gave written
informed consent to our study protocol that was supported by
local Ethical Committee. The study was conducted in accordance
to Helsinki Declaration.

24-hour ambulatory blood pressure monitoring. The HTN
was confirmed by office measurement and 24—hour ambulatory
blood pressure monitoring (ABPM) using ABPM-04 device
(Meditech, Hungary). The measurements were carried out every
15 minutes during the active period and every 30 minutes during
the passive period. The periods were set according to the diary
of patient. The cuff was placed on the non-dominant arm and the
patients were instructed to maintain their usual level of activity.
HTN was defined as office blood pressure exceeding 140/90 mm
Hg and average 24-hour blood pressure above 125/80 mm Hg.

Echocardiographic study. Conventional echocardiography
was performed with My Lab 50 echocardiographic machine
(Esaote, Italy), equipped with a 2.5-MHz phased array trans-
ducer. Standard echocardiographic views were obtained in
two-dimensional (2D) modes, including parasternal long- and
short-axis views, apical four-chamber (4C), three-chamber (3C),
and two-chamber (2C) views with subjects in the left lateral
decubitus position. The LV wall thicknesses, end-diastolic and
end-systolic diameters, and left atrial (LA) dimension were de-
termined from M-mode echocardiography. LV ejection fraction
was calculated using the biplane modified Simpson’s method.
LV mass was calculated according to Devereux’s formula. The
increased LV mass index (LVMI) was defined as 125 g/m?
Transmitral peaks of early diastolic mitral inflow velocity (E),
and late diastolic mitral inflow velocity (A) were recorded at the
tips of the mitral valve leaflets. Early (e’) diastolic myocardial
velocity was measured in the apical 4-chamber view, placing
the sample volume at the junction of LV interventricular septum
with mitral annulus. The E/e’ ratio was calculated.

Speckle tracking echocardiography. 2D harmonic image cine-
loops recordings were acquired and stored with good quality
ECG signal and a frame rate between 60—70 fps. Strain analysis
was performed offline by use of a software package XStrain
(Esaote, Florence, Italy). Segmental evaluation of strain was
conducted from clips of basal, apical parasternal short axis and
apical 4C, 3C and 2C views. The initial frame was chosen, when
endocardial border was better visible, and border tracking of the
LV was manually traced by operator in the recorded clips. Endo-
cardial border was traced as a sequence of 13 equidistant points
and frame-by-frame displacement of these points was automati-
cally evaluated. Global longitudinal strain (LS) was calculated
as the mean strain of all 18 segments, derived from three apical
views. Peak global longitudinal strain rate (LSR) was measured
at peak of systole, early and late diastole. The global strain rate
values were averaged from the 3 apical views and used for final
analysis. Two short-axis planes were acquired at basal and apical
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levels to evaluate LV rotation, twist, circumferential and radial
strain. The average circumferential and radial strain and strain
rate were calculated for the six basal LV segments and for the six
apical LV segments. Twist was calculated as the net difference
of LV mean rotation between basal and apical short-axis plane.

Laboratory tests. Venous blood samples were taken in the
morning between 7 and 9 into plasma vacuum tubes containing
7.2 mg di-potassium EDTA. Creatinine, total cholesterol, high
density lipoprotein (HDL) cholesterol, low density lipoprotein
(LDL) cholesterol, triglycerides, glucose and glycated hemo-
globin (HbA1)) were measured by standard kits and using an
auto analyzer Prestige 241 (Tokyo-Boehi, Japan). Insulin was
measured using ELISA kits (DRG Diagnostics, Germany).
Insulin resistance was assessed from fasting insulin and glu-
cose levels using homeostasis model assessment (HOMA-IR),
thus: HOMA-IR=fasting glucose (mmol/L) X fasting insulin
(nU/mL)/22.5. The value above 2.77 was considered to be
pathological. IFG was defined as level from 6.1 to 6.9 mmol/l.
Undiagnosed diabetes was defined by the 2014 ADA criteria
(fasting glucose >7.0 mmol/l and/or HbA1 >6.5%). Renal
function was expressed as estimated glomerular filtration rate
(eGFR, mL/min/1.73 m?) calculated from the Modification in
Diet and renal Disease equation.

Statistical tests. Statistical analysis was performed using
standard commercial software Statistica 7.0 (Statsoft, Tulsa,
USA). Continuous variables are presented as meantstandard
deviation. Categorical variables are presented as counts and
proportions. All normally distributed parameters were compared
using a one-way ANOVA, followed, in case of significance,
by a two-side Neuman-Keuls test for multiple comparisons.
Categorical variables were compared using Fisher’s exact
test or y? test whenever appropriate. Correlation analysis was
performed using Spearman rank correlation. A p-value of <0.05
was considered significant.

Results and discussion

We divided the patients into 4 groups according to glycemic
status. The first group included the normoglycemic hypertensive
patients without IR (n=43). The second group included the
normoglycemic hypertensive males with IR (n=70). The third
group contained patients with HTN and IFG (n=25). The fourth
group consisted of patients with HTN and newly diagnosed type
2 DM (n=20). The clinical characteristics of the patients are
summarized in Table 1. The age, smoking status, office systolic
(SBP) and diastolic blood pressure (DBP), heart rate, glomerular
filtration rate, cholesterol level were comparable in all groups.
The patients with HTN and type 2 DM had significantly higher
body mass index. The participants of the 1% group had lower
waist circumference compared with other groups. The patients
of the 4" group had higher 24-hour SBP level, despite similar
office SBP and DBP values in all groups. The hypertensives
with IFG had raised triglycerides.

Table 2 shows comparisons of echocardiographic parameters.
The patients with HTN and IR had higher LV ejection fraction
compared with hypertensives with DM. The participants of the 4™
group demonstrated reduced e’ velocity and increased E/e’ ratio.
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Table 1
Baseline characteristics of the patients
1t group 2" group 3 group 4" group
(n=43) (n=70) (n=25) (n=20) P
Age (years) 51.2+8.73 50.2+7.64 50.3+8.35 53.1+7.66 0.53
Smoking, n (%) 23 (53%) 31 (44%) 13 (52%) 6 (30%) 0.32
BMI (kg'm; median and range) 26.7+3.23 28.5+3.5 29+3.65 29.8+2.51* 0.003
Waist circumference (cm) 94.3+9.64 100.2+8.47x | 100.4+10.89% 103.9+9.22* 0.0005
Office SBP (mm Hg) 15322 150420 152421 150%17 0.9
Office DBP (mm Hg) 100+13 97+10 98+12 99+13 0.68
24-hour SBP (mm Hg) 14514 14112 144114 154+£19*%# 0.008
24-hour DBP (mm Hg) 9249 888 90+10 92+14 0.123
Heart rate (beats/min) 74411 7319 7519 75+10 0.84
Total cholesterol (mmol/l) 5.8£1.23 5.741.23 6.3+1.26 6+1.15 0.11
Low-density lipoprotein cholesterol (mmol/l) 3.9+1.15 3.9£1.19 4.5+1.13 4.3+0.9 0.11
High-density lipoprotein cholesterol (mmol/l) 1.4+£0.5 1.2+0.27 1.2+0.26 1.240.32 0.06
Triglycerides (mmol/l) 1.5+0.78 1.9+0.28 2.6+1.46% 2.2+1.08 0.003
Glomerular filtration rate (mL/min/1.73 m?) 9719 100+16 91+19 91+19 0.11
Fasting venous plasma glucose (mmol/l) 5+0.48 5.2+0.51 6.3+0.21%" 8.243.05*% <0.0001
HbA, (%) 4.7+0.67 5.1+0.67 5.7+0.8%" 7.3+1.3*# <0.0001
Insulin (mU/mL) 8.7+2.8 20.2+7.6% 17.3+10.46% 22.1+8.67* <0.0001
HOMA-IR (median and range) 1.9+0.58 4.6+1.76% 4.9+3.06% 8.3+5.03** <0.0001

NB: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA, homeostasis model assessment; IR, insulin
resistance; HbA , glycated hemoglobin; * p<0.05 4™ group vs. 1" group; * p<0.05 2" group vs. 1% group; ¥ p<0.05 4" group vs. 2" group; *
p<0.05 3" group vs. 1% group; ¥ p<0.05 3 group vs. 2™ group; # p<0.05 4 group vs. 3* group.

Table 2
Conventional echocardiographic characteristics of the patients
1st group 2" group 31 group 4" group
(n=43) (n=70) (n=25) (n=20) P

LV end-diastolic diameter (cm) 5.3+0.6 5.2+0.49 5.14£0.36 5.2+0.36 0.68
Interventricular septum thickness (cm) 1.17+0.21 1.17+0.21 1.19+0.21 1.27£0.17 0.24
Posterior wall thickness (cm) 1.05+0.18 1.06+0.21 1.05+0.19 1.16+0.2 0.17
LV mass index (g/m?) 139.2+41.82 129.4+30.17 126.8+30.8 147.3+28.2 0.11

LA volume index (mL/m?) 27.1+6.59 27.2+7.46 28.4+9.17 28.6+7.46 0.81
LV ejection fraction (%) 67.817.4 71.86.14 69.2+7.05 66.1+9.528 0.004

E (m/s) 0.57+0.15 0.59+0.14 0.59+0.13 0.55+0.15 0.54

A (m/s) 0.63+0.1 0.59+0.1 0.64+0.09 0.63+0.11 0.18

E/A ratio 0.92+0.28 1.03+0.28 0.94+0.25 0.91+0.2 0.13
e’ (cm/s) 7.8+2.5 8.3+2.01 7.4+2.29 6.4+1.888 0.007
E/e’ ratio 7.6+1.92 7.311.96 8.5+2.26" 8.8+1.9*8 0.004

NB: LV, left ventricle; LA, left atrium; E, early diastolic velocity; A, atrial systole velocity; e’, early diastolic myocardial velocity; * p<0.05

4™ group vs. 1% group; ¢ p<0.05 4 group vs. 2 group; ¥ p<0.05 3 group vs. 2™ group.

Global LS was significantly reduced in diabetic patients
compared with other patients (7able 3). Circumferential and
radial strain at the basal and the apical LV levels didn’t dif-
fer between groups. Diabetic patients had also significantly
lower global longitudinal strain rate at early diastole (LSR,)
compared with insulin resistant hypertensives (Figure 1, A,
B, C, D). Global LS correlated positively with LV ejection
fraction (r=0.36; p=0.000002), E/A ratio (r=0.2; p=0.01), ¢’
septum (r=0.34;p=0.00001) and negatively with 24-hour SBP
(r=-0.19; p=0.02), 24-hour DBP (r=-0.27; p=0.0006), LVMI
(r=-0.26; p=0.0008) and E/e’ ratio (r=-0.19; p=0.01). Global
LSR, demonstrated positive correlation with LV ejection frac-
tion (r=0.22; p=0.000), E/A ratio (r=0.41; p<0.0001), e’ septum
(r=0.44; p<0.0001) and negative correlation with age (r=-0.26;
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p=0.001), 24-hour SBP (1=-0.29; p=0.02), 24-hour DBP (r=-
0.32; p=0.00005), LVMI (r=-0.22; p=0.004) and E/e’ ratio
(r=-0.18; p=0.02). Global LSR  correlated also negatively with
glucose (r=-0.17; p=0.03) and HBA_ (r=-0.28; p=0.0005).
The present study confirmed that hypertensive patients with
glucose abnormalities have subclinical alterations of myocardium.
Early manifestation of myocardial disorders is characterized
by impaired longitudinal function. The subendocardial fibers,
which are very sensitive to myocardial damage, have mainly
longitudinal direction. The presence of impaired longitudinal
function in diabetic patients has been reported previously using
tissue Doppler imaging [5]. However, this ultrasound technique
has many limitations (angle dependency, one-dimensional
imaging). The tissue Doppler imaging reflects predominantly
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Figure 1 (4, B). Examples of left ventricular segmental longitudinal strain analysis from 4-chamber apical view in a hypertensive patient

without IR [A, global LS=-17.3%] in a patient with HTN and IR [B, global LS= -17%)].
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Figure 1 (C, D). Examples of left ventricular segmental longitudinal strain analysis from 4-chamber apical view in a hypertensive patient
with IFG [C, global LS=-14.2%] and in a patient with HTN and type 2 DM [D, global LS=-11.6%].
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Table 3
Speckle tracking echocardiography
1st group 2" group 3 group 4™ group
(n=43) (n=70) (n=25) (n=20) P

Global LS (%) -15.9+1.96 -16.3+1.28 -16+2.3 -14.3+£2.3#* 0.009
Global LSR (s™) 0.93+0.13 0.96+0.14 0.98+0.14 0.9+0.15 0.22
Globa LSR_ (s) 0.91+0.29 0.99+0.32 0.91+0.21 0.78+0.28 0.03
Global LSR, (s) 0.66+0.18 0.69+0.18 0.72+0.2 0.66+0.18 0.49
Basal CS (%) -18.5£5.03 -19.2+3.58 -18.9+4.88 -17.4+4.72 0.41
Basal CSR (s™) 1.25+0.3 1.38+0.32 1.34+0.33 1.24+0.32 0.14
Basal RS (%) 27.5+10.86 25.8+10.54 24+8.92 21.7+8.8 0.18
Basal RSR (s™) 1.94+0.5 2+0.58 1.94+0.37 1.86+0.48 0.68
Basal rotation (°) 4.7£1.72 4.9+2.17 4.4+2 .48 5.1+2.13 0.72
Apical CS (%) -28.7+7.1 -28.746.3 -29+7.03 -26.5+7.72 0.58

Apical CSR (s™') 1.79+0.6 1.81+0.44 1.9+0.53 1.76+0.55 0.8
Apical RS (%) 23.8+11.6 25.6+11 24.8+12.32 25.6+9.08 0.87
Apical RSR (s™) 1.54+0.51 1.57+0.45 1.6+0.48 1.58+0.42 0.97
Apical rotation (°) 6.1+2.9 6.3+3.65 6.94+3.3 5.742.44 0.64
Twist (°) 10.8+3.02 11.2+4.59 11.3+4.16 5.7+2.44 0.89

NB: LS, longitudinal strain; LSR, longitudinal strain rate; CS, circular strain; CSR, circular strain rate; RS, radial strain; RSR, radial strain
rate; * p<0.05 4™ group vs. 1* group; ¥ p<0.05 4™ group vs. 2" group; * p<0.05 4" group vs. 3™ group.

diastolic rather than systolic disorders in early stage of disease.
We have found that LV ejection fraction is inadequate to iden-
tify early myocardial impairment in hypertensive patients with
glucose metabolism disorders. The values of this parameter
were in normal ranges like in healthy individuals. Opposite,
the global LS was below normal range in all patients (less than
-18%). The progressive decline of this marker was found in hy-
pertensive patients with pre-diabetes and type 2 DM in our study.
The global LS was significantly reduced in patients with HTN
and type 2 DM compared with other participants. Surprisingly,
the presence of isolated IR wasn’t associated with worsening
of standard echocardiographic and speckle tracking imaging
parameters in hypertensives. The role of IR in cardiac remod-
eling remains complex and controversial. Some experimental
studies found that IR may be part of the antioxidant defense
mechanism [6]. Hyperinsulinemia exerts cardioprotective effects
via glucose-dependent and independent mechanisms, including
aversion of glucose toxicity, positive inotropy, modulation of
apoptosis, inflammation and coronary flow [7]. W. Dinh et al.
registrated that ranges of global LS didn’t differ between IR
and non-IR patients in a cross-sectional study [8]. According
to Framingham Heart Study, IR was associated with increased
LVMI and wall thickness in women but not in men [9]. From
another point of view, long standing IR may have deleterious
effect on LV diastolic function. C. Cadeddu et al demonstrated
that even isolated IR may adversely affect cardiac function, as
evidenced by reduced global LSR at peak of dobutamine stress
test [10]. The manifestation of type 2 DM in HTN is associated
with significant decrease of both systolic and diastolic speckle

tracking markers (global LS and global LSR ). It was estimated
in the study of Nakai H. et al. and confirmed by the results of
our study [11]. Recently, it was shown that speckle tracking
echocardiography may have advantages in follow-up of diabetic
patients. Asymptomatic patients with type 2 DM and normal
LVEF showed mild deterioration of subclinical LV function as-
sessed with speckle tracking echocardiography during 2.5-year
follow-up period [12].

Conclusions

Glucose metabolism disorders adversely affect heart func-
tion, as evidenced by the decreased left ventricular longitudinal
function.

Speckle tracking echocardiography can identify subclinical
alterations of left ventricle systolic and diastolic function in
patients with arterial hypertension and glucose metabolism
disorders.

The presence of insulin resistance isn’t associated with
worsening of systolic and diastolic function in hypertensive
patients, assessed by conventional and speckle tracking echo-
cardiography.

Worsening of glycemic status (from insulin resistance to
type 2 diabetes mellitus) is characterized by deterioration of left
ventricle global longitudinal strain and early diastolic strain rate
with significant reduction of these markers in diabetic patients.

The perspectives for future research. There is a lack of
longitudinal evaluations concerning the changes of structural
and functional myocardial abnormalities in patients with HTN
and type 2 DM assessed with two-dimensional speckle track-
ing analysis.
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