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ABSTRACT

Background: Hypertension and type 2 diabetes
mellitus (T2DM) are important causes of non-
ischaemic heart failure (HF). Understanding the
pathophysiology of early HF may guide screening. We
hypothesised that the underlying physiology differed
according to aetiology.

Methods: In this cross-sectional study of 521
asymptomatic community-based subjects >65 years
with >1 HF risk factors, 187 participants (36%) had
T2DM and hypertension (T2DM+/HTN+), 109 (21%)
had T2DM with no hypertension (T2DM+/HTN-) and
72 (14%) had neither T2DM nor hypertension (T2DM
—/HTN-). In 153 patients (29%), clinic blood pressure
was >140/90 mm Hg, defined as active hypertension
(T2DM—/HTN+). All underwent a comprehensive
echocardiogram, including conventional parameters for
systolic and diastolic function as well as global
longitudinal strain (GLS), diastolic strain (DS) and DS
rate (DSR). A 6 min walk (6MW) test was used to
assess functional capacity.

Results: GLS in T2DM—/HTN+ group (—18.9+2.7%)
was similar to that in T2DM—/HTN— group (—19.4
+2.4%) and greater than T2DM+/HTN— (—18.0+2.8%,
p=0.005). DS in T2DM—/HTN— (0.47+0.15%)
exceeded that in T2DM—/HTN+ (0.43+0.14%) and
T2DM+/HTN—- (0.43+0.13%). 6MW distance was
preserved in T2DM—/HTN+ (482+85 m) and reduced in
T2DM+/HTN— (469+93, p<0.001). Those with T2DM
and active hypertension had worst GLS, DS, DSR and
shortest 6MW distance (p<0.002). In multivariable
analysis, GLS was associated with T2DM but neither
active hypertension nor a history of hypertension.
Diastolic markers and left ventricular (LV) mass were
associated with hypertension and T2DM. Thus,
patients with HF risk factors show different functional
disturbances according to aetiology.

Conclusions: Patients with hypertension had relatively
less impaired GLS and preserved 6MW distance but
more impaired diastolic function.

INTRODUCTION

The aetiology and pathophysiology of heart
failure (HF) is undergoing a transition. With
the decline of coronary artery disease (CAD),
hypertension and type 2 diabetes mellitus
(T2DM) have become the most common aeti-
ologies of incident HF. Among these preclin-
ical individuals with stage A HE' the risk of
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What is already known about this subject?

» New imaging techniques may be used to identify
the early stages of heart failure (HF). It is
unclear as to whether these are interchangeable
or should be used in specific circumstances.

What does this study add?

» Patients with HF risk factors show different func-
tional disturbances according to aetiology.
Patients with hypertension had relatively preserved
global longitudinal strain and 6 min walk test dis-
tance but more impaired diastolic strain (DS) and
DS rate.

How might this impact on clinical practice?

» The epidemiology of HF is changing, with hyper-
tension and type 2 diabetes being the main causes
of non-ischaemic HF. Early detection and manage-
ment may help to reduce presentations with overt
HF, and a mechanistic understanding of the differ-
ent aetiologies may help appropriate therapy.

incident HF with hypertension is known to be
relatively low than CAD and T2DM;” the role
of hypertension as the leading cause of HF®
reflects its prevalence in the community. In
contrast, the risk of incident HF is nearly
twice as high in those with T2DM than with
hypertension.”  Conventional  echocardio-
graphic measures of diastolic dysfunction and
myocardial strain analysis have been well
studied in T2DM and are early markers of dia-
betic cardiomyopathy.”® Unfortunately, the
conventional echocardiographic assessment
of diastolic function in hypertension
often  provides inconsistencies’  which
may compromise its use to screen for
preclinical HE.

A screening and early treatment process
could limit the progression to HF arising
from the heavy burden of hypertension and
T2DM in the community. However, it is not
clear whether strain or conventional diastolic
measures would be optimal for this purpose,
whether they are analogous, or indeed if the
underlying ethology has a differential effect
on either marker. An understanding of the
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pathophysiological differences of different causes of pre-
clinical HF might guide screening for early intervention
and disease prevention. We hypothesised that the optimal
cardiac markers vary with the underlying aetiology, and
that the degree of underlying cardiac dysfunction corre-
lates with their functional capacity measured by 6 min
walk (6MW) test distance—a simple measure of the func-
tional status of patients and a predictor of morbidity and
mortality in left ventricular (LV) dysfunction.8

METHODS

Patient selection

Asymptomatic individuals aged >65 years with HF risk
factors were recruited through local media advertising
based on the presence of >1 of the following HF risk
factors: (1) hypertension (based on self-report of diagno-
sis including medication); (2) T2DM (based on self-
report of diagnosis including medication); (3) obesity
(body mass index (BMI) >30); (4) previous chemother-
apy; (5) family history of HF and (6) previous history of
heart disease (but not existing HF). The exclusion cri-
teria were patients with (1) a history of HE, (2) a history
of CAD, (3) a history (or evidence on baseline echocar-
diogram) of >moderate valvular heart disease, (4) LV
ejection fraction (LVEF) <40% on baseline echocardio-
gram and (5) inability to acquire interpretable images for
speckle-tracking imaging analysis at baseline. This study
was performed in accordance with a research protocol
approved by the Tasmanian Human Research Ethics
Committee. A written informed consent was obtained
from each participant after explaining the nature and
purposes, complexity and level of risk of the study.

Data collection

Data were collected prospectively at facilities in the com-
munity from all participants enrolled in the study. All
completed standard questionnaires relating to health
status (EuroQol 5-dimension index, EQ5D), functional
capacity (Duke Activity Score Index, DASI), frailty
(Study of Osteoporotic Fractures (SOF) frailty index)
and symptom status (Minnesota Living with Heart
Failure Questionnaire, MLHFQ). Anthropometric mea-
surements were obtained and BMI was calculated. Waist
and hip measurements were obtained. Standard serial
blood pressure (BP) measurements, standard 12-lead
ECG and a comprehensive transthoracic echocardio-
gram including speckle-tracking imaging were per-
formed. 6MW test was used to assess submaximal
functional capacity.

Other collected data included socioeconomic indica-
tors, complete medical history, family history, cardiovas-
cular risk factors, heart rate and patientreported
outcome measures.

BP measurements
Peripheral and derived aortic BP readings were obtained
using a validated technique,’ with a commercially

available pulse wave analysis system (Mobil-O-Graph
PWA, IEM, Stolberg, Germany). Serial measurements
were conducted after a 10 min rest in a quiet room, with
readings obtained twice in a seated position at rest and
immediately after 6MW. To define active hypertension,
an averaged (at least two) sitting systolic BP (SBP)
>140 mm Hg or diastolic BP (DBP) >90 mm Hg was
used as cut-off."" !

Standard echocardiographic study

Standard transthoracic two-dimensional (2D) and
Doppler echocardiographic studies were performed
using a commercial system (Siemens ACUSON SC2000,
4Vlc and 4Z1c probes, Siemens Healthcare, Mountain
View, California, USA) in accordance with the American
Society of Echocardiography guidelines.'® '* IV dimen-
sions during diastole and systole and wall thicknesses
were measured from parasternal long-axis views accord-
ing to the recommended criteria. LV mass was calculated
according to the guidelines and indexed for body
surface area (BSA; g/m?). LV hypertrophy (LVH) was
defined as LV mass index (LVMi) >115 g/m2 in men
and >95 g/m2 in women.'? LV and left atrial (LA)
volumes were calculated by the Simpson biplane
method, and indexed to BSA (LAVi). Abnormal LAVi
was defined as >34 mL/m2%!'? For diastolic function
assessment, mitral inflow peak early diastolic velocity
(E), peak late diastolic velocity (A), E/A ratio and E
wave deceleration time (DT) were measured; E/A<0.8
identified delayed relaxation. Tissue Doppler mitral
annular early diastolic velocity (e') was assessed at septal
and lateral walls and averaged for calculation of E/ e’; an
average E/ e’>15 was considered consistent with raised
filling pressure.

Myocardial strain

Speckle tracking was used for the measurement of
global longitudinal strain (GLS), from three standard
apical views, using commercial software (Syngo VVI,
Siemens Medical Solutions). After manual tracing of LV
endocardial border during end systole, this was automat-
ically tracked throughout the cardiac cycle. GLS was
obtained by averaging all 18 segment strain values from
the three standard views; abnormal GLS is defined as >
—18%.'"* Global diastolic strain (DS) was obtained by
averaging of all 18 segment strain values and measured
according to method published by Ishii et al'
Calculation of DS was determined as (A—B)/Ax100%
(A=the systolic value of strain at closure of aortic valve;
B=the value of strain at the one-third point of diastole
duration) (figure 1). DS rate (DSR) was determined
from the average of 18 segments of early DSR.

Functional capacity assessment

The 6MW test distance was used for the measurement of
submaximal functional capacity in this study. 6MW was
conducted following a standardised protocol.'®
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Figure 1

Statistical analysis

Data are presented as mean+SD after testing for normal
distribution with the Kolmogorov-Smirnov test. Data
deviating from normality are expressed as median and
IQR. Categorical variables are expressed as percentages.
Multigroup comparison was performed by the analysis
of variance (ANOVA) with Bonferroni post hoc analysis
when data showed a normal distribution. Otherwise, the
Kruskal-Wallis test was used for comparison of non-
normally distributed variables. Linear regression analysis
was used to examine the associations between clinical,
echocardiographic and functional variables before and
after adjustment for age, gender and other clinical vari-
ables. Logistic regression analysis was used to examine
the association of low functional capacity and abnormal
GLS. Statistical analysis was performed using a standard
statistical software package (SPSS software 22.0, SPSS
Inc, Chicago, Illinois, USA). Statistical significance was
defined by p<0.05.

RESULTS

Population characteristics

There were 535 community individuals potentially eli-
gible for assessment during the study period. After
exclusion of 14 individuals after the baseline echo
screening due to valvular pathology and poor LVEEF, the
final number of individuals included in this study was
521 (age 71xb5 years (IQR 67-74)), 49% of whom were
men. All had completed assessment according to the
standard protocol. The listed HF risk factors were

Measurement of GLS and DS. DS, diastolic strain; GLS, global longitudinal strain.

present in all of these participants, with self-reported
hypertension being the most common (82%), followed
by T2DM (54%), obesity (47%), family history of heart
disease at young age (36%), a known cardiac condition
without overt HF (10%) and previous chemotherapy
(9.2%). All had normal LVEF (>50%). A total of 340
out of 521 participants (65%) met the criteria of active
hypertension (SBP >140 mm Hg and or
DBP>90 mm Hg).

Four groups were derived according to the status of
T2DM and the presence of hypertension, namely T2DM
+/HIN-, T2DM/HTN+, T2DM+/HTN+ and T2DM
—/HTN-. These four aetiological groups were studied
to test the individual effect of hypertension versus
T2DM and combined effect of T2DM+HTN (table 1).
There was no difference in age and gender between
T2DM—-/HTN+ and T2DM+/HTN-. Other risk factors
including obesity, chemotherapy, family history and
history of heart disease were also similar between the
two groups (table 1). However, compared with T2DM
—/HTN+, T2DM+/HTN- had significantly higher
prevalence of dyslipidaemia (p<0.001) and higher
Atherosclerosis Risk in Communities (ARIC) and
Framingham Heart Study (FHS) score (p<0.001). The
T2DM+/HTN+ group had significantly greater BMI and
dyslipidaemia. Baseline medication history (including
B-blocker (BB), angiotensin-converting enzyme inhibitor
(ACEi), angiotensin receptor blocker (ARB), diuretics
and calcium antagonists) was similar. A greater percent-
age of participants with T2DM+/HTN+ were on statin
therapy than other groups.
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Table 1 Baseline demographic and clinical characteristics of patients with stage A heart failure, categorised by aetiology
T2DM—/HTN+ p (HTN- T2DM+/HTN-  p (T2DM- p (HTN- T2DM+/HTN+ p (both- p (both- p (both- T2DM-/HTN- p

o
O
(1]
=]
I
(1]
[V
=
—-

Total (n=521) (n=153) control) (n=109) control) T2DM) (n=187) control) HTN) T2DM) (n=72) (total)
Age (years) 71 (5) 71 (5) 71 (4) 71 (5) 71 (5) 0.742
Gender male, 256 (49) 65 (43) 0.478 59 (54) 0.028 0.063 105 (56) 0.007 0.012 0.736 27 (38) 0.010
n (0/0)
Heart rate 67 (59-75) 66 (58-74) 1.000 68 (60-76) 0.102 0.324 68 (61-75) 0.162 0.530 1.000 64 (59-72) 0.035
(bpm)
SBP (mm Hg) 146 (18) 156 (15) <0.001 130 (8) 1.000 <0.001 154 (14) <0.001 0.460 <0.001 128 (10) <0.001
DBP (mm Hg) 82 (11) 90 (11) <0.001 74 (7) 1.000 <0.001 84 (10) <0.001 0.315 <0.001 74 (7) <0.001
Pulse pressure 64 (15) 67 (15) <0.001 55 (8) 1.000 <0.001 69 (15) <0.001 0.324 <0.001 54 (12) <0.001
(mm Hg)
Mean artery 108 (12) 114 (13) <0.001 99 (7) 1.000 <0.001 111 (9) <0.001 0.149 <0.001 100 (9) <0.001
pressure
Central SBP 149 (20) 158 (20) <0.001 131 (13) 0.947 <0.001 154 (18) <0.001 0.451 <0.001 138 (15) <0.001
(mm Hg)
Central DBP 83 (10) 87 (11) <0.001 78 (6) 1.000 <0.001 85 (9) <0.001 0.215 <0.001 77 (9) <0.001
(mm Hg)
ASBP (pre-post 18 (20) 18 (24) 20 (19) 0.392 <0.001 18 (19) 16 (16) 0.722
6MW)
Body mass 29 (26-33) 29 (26-32) 1.000 28 (26-32) 1.000 1.000 31 (27-34) 0.005 0.050 0.032 28 (25-31) 0.002
index (g/m?)
HF risk factors
ARIC risk 6.2 (3.6-11.4) 4.2 (2.5-7.3) 0.104 7.3 (4.6-11.9) <0.001 <0.001 9.2 (6.2-14.9) <0.001 <0.001 0.048 3.2 (1.8-4.9) <0.001
(4 year) (%)
FHS risk 4.0 (2.0-6.5) 3.0 (2-4) 0.186 4.0 (3-10) <0.001 <0.001 5.0 (3—14) <0.001  <0.001 1.000 2.5 (1.8-3) <0.001
(4 year) (%)
T2DM, n (%) 296 (57) 0 (0) n/a 109 (100) <0.001 <0.001 187 (100) <0.001 <0.001 n/a 0 (0) <0.001
Obesity, n (%) 245 (47) 67 (44) 0.197 46 (42) 0.313 0.798 107 (57) 0.001 0.014 0.013 25 (35) 0.003
History HTN, 421 (81) 134 (88) 0.556 75 (67) 0.015 <0.001 151 (81) 0.457 0.089 0.020 61 (85) 0.002
n (°/o)
Chemotherapy, 46 (9) 13 (9) 0.529 7 (6) 0.263 0.533 18 (10) 0.722 0.719 0.339 8 (11) 0.701
n (%)
Family history, 184 (35) 63 (41) 0.944 44 (40) 0.862 0.895 47 (25) 0.009 0.002 0.006 30 (42) 0.004
n (o/o)
History of heart 47 (9) 21 (14) 0.011 9 (8) 0.131 0.171 15 (8) 0.127 0.089 0.943 2 (3) 0.049
disease, n (%)
Dyslipidemia, 284 (55) 60 (41) 0.580 64 (63) <0.001 <0.001 121 (72) 0.018 <0.001 0.159 39 (56) <0.001
n (o/o)
Charlson score 1.0 (0.0-2.0) 0 (0-1) 1.000 1.0 (1-3) <0.001 <0.001 1.0 (1-2) <0.001 <0.001 1.000 0 (0-1) <0.001
Medication, n (%)
B-blocker 38 (7) 12 (7.8) 11 (10) 10 (5.3) 5 (6.9) 0.495
ACEi/ARB 360 (69) 104 (68) 69 (63) 137 (73) 50 (69) 0.344
Diuretics 67 (13) 22 (16) 11 (11) 21 (13) 13 (19) 0.432
Calcium 115 (22) 26 (19) 24 (25) 47 (28) 18 (27) 0.273
antagonist
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Continuous variables are listed either as mean (SD) or median (low quartile-upper quartile); categorical variables are listed as number (%).

6MW, 6 min walk test; ARB, angiotensin receptor blocker; ARIC, the Atherosclerosis Risk in Communities; Both

HTN—/T2DM—; DASI MET, Duke Activity Score Index

HTN+/T2DM+; Control

with metabolic equivalent task; DBP, diastolic blood pressure; EQ5D, European Quality of Life-5 dimensions; EQVAS, European Quality of Life Visual Analogue Scale; FHS, Framingham Heart

Study; HTN, hypertension; MLHF, Minnesota Living with Heart Failure score; PROMs, patient-reported outcome measures; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.

Echocardiographic assessment

Baseline echocardiographic measures stratified by the
four aetiological groups are summarised in table 2.
LVMi was higher in hypertensive groups (T2DM-/HTN+
and T2DM+/HTN+), but LVEF, LV end-diastolic volume
(LVEDV) and relative wall thickness (RWT) were similar
among the groups. Of the conventional diastolic para-
meters, mitral annular ¢’ (average of medial and lateral)
was lower and E/¢’ (average of medial and lateral) was
higher in T2DM-/HTN+ and T2DM+/HTN+ than
T2DM+/HTN-. Using E/€’ >15 as cutoff, the percent-
age of abnormal E/e¢’ in the groups was different
(p=0.049). T2DM+/HTN+ had the highest prevalence
of diastolic dysfunction (82%) according to the current
recommendations of the American Society of
Echocardiography,'® although this was not statistically
significant among the groups.

Echocardiographic assessment using speckle-tracking
analysis is also summarised in table 2. GLS was signifi-
cantly lower in T2DM+/HTN- and T2DM+/HTN+.
Using —18% as cut-off, abnormal GLS was present in
42% of the whole cohort, most commonly in those with
T2DM (T2DM+/HTN- and T2DM+/HTN+). DS and
DSR were reduced in T2DM-/HTN+, T2DM+/HTN-—
and T2DM+/HTN+. Comparison of conventional and
speckle tracking echocardiography (STE). analysis mea-
sures among and between four groups is shown in

figure 2A-H.

Association of hypertension and T2DM with cardiac
changes

The association between abnormal functional para-
meters and T2DM and hypertension was tested using
univariable analysis, followed by two multivariable
models to test the independent association between
T2DM, a history of hypertension and active hypertension
(the latter two being entered into each model separ-
ately) (table 3). When modelled with age, gender, BMI
and HR, reduced GLS was independently associated
with T2DM but not hypertension (either history or
active). In contrast, diastolic parameters were generally
associated with active hypertension as well as T2DM.

Association of exercise capacity with cardiac changes in
hypertension and T2DM

The 6MW test distance in the entire cohort correlated
with GLS (r=—0.11, p=0.01) and E/€’ (r=—0.10, p=0.03)
but not other diastolic parameters or LV mass. 6MW dis-
tance in subgroups is shown in figure 2H. Compared
with T2DM—-/HTN-, T2DM-/HTN+ had preserved
O6MW distance, while T2DM+/HTN- had a non-
significant reduction and T2DM+/HTN+ had signifi-
cantly lower 6MW distance (p=0.019). Multivariable ana-
lysis showed T2DM was independently associated with
reduced 6MW in both models (history of hypertension
and active hypertension). In contrast, active or history of
hypertension was associated with preserved 6MW after
adjustment for age, gender, height, SBP and heart rate

Yang H, Wang Y, Negishi K, et al. Open Heart 2016;3:¢000339.
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Table 2 Echocardiographic characteristics of patients with stage A heart failure, categorised by aetiology

Total T2DM—/HTN+ p (HTN- T2DM+/HTN-— p (T2DM- p (HTN- T2DM+/HTN+ p (both- P (HTN- p (T2DM- T2DM—/HTN- p

(n=521) (n=153) control) (n=109) control) T2DM) (n=187) control) both) both) (n=72) (total)
LVIDd 4.6 (0.6) 4.6 (0.6) 4.6 (0.5) 4.6 (0.6) 4.5 (0.5) 0.376
LVEDV (2D) 88 (26) 88 (22) 85 (25) 91 (27) 86 (28) 0.189
(mL)
LVEF (%) 63 (6) 64 (6) 64 (6) 63 (7) 65 (6) 0.115
RWT 0.43 (0.1) 0.43 (0.1) 0.43 (0.1) 0.44 (0.1) 0.42 (0.1) 0.289
GLS (%) -18.3(2.7) -18.9(3) 1.000 —18.0 (3) 0.005 0.056 -17.4 (3) <0.01 <0.01 0.436 -19.4 (2) <0.01
Abnormal GLS, 220 (42) 50 (33) 51 (47) 102 (55) 17 (24) <0.01
n (%)
DD (grade_0), 102 (20) 32 (21) 23 (21) 30 (16) 17 (24) 0.649
n (%)
DD (grade_l), 298 (57) 87 (57) 58 (53) 116 (62) 37 (51)
n (%)
DD (grade_lI), 100 (19) 27 (18) 21 (19) 36 (19) 16 (22)
n (%)
E/A 0.8 (0.2) 0.80 (0.2) 0.82 (0.21) 0.78 (0.20) 0.83 (0.18) 0.203
DT (ms) 249 (51) 247 (54) 248 (53) 253 (52) 245 (39) 0.597
e” (cm/s) 7.7 (1.6) 7.6 (1.6) 0.170 7.9 (1.7) 1.000 1.000 7.5 (1.5) 0.013 1.000 0.160 8.2 (1.6) 0.010
E/e’ 10.1 (3) 10.1 (3.2) 0.135 10.0 (2.7) 0.279 1.000 10.6 (3.2) 0.003 0.817 0.731 9.1 (2.6) 0.006
Preclinical HF 70 (13) 22 (14) 11 (10) 33 (20) 4 (6) 0.049
(E/e'15) (n, %)
Diastolic strain 0.41 (0.15) 043 (0.15) 0.278 0.43 (0.13) 0.411 1.000 0.39 (0.15) 0.003 0.417 0.411 0.47 (0.15) 0.006
(%)
Diastolic SR 0.96 (0.26) 0.97 (0.26) 0.280 0.97 (0.27) 0.278 1.000 0.91 (0.25) 0.001 0.117 0.297 1.05 (0.25) 0.001
(1/s)
LAVi (mL/m?) 31 (10) 31 (10) 31 (10) 33 (10) 30 (10) 0.148
LVMi (g/m?) 93 (24) 96 (22) 0.023 88 (21) 1.000 0.033 96 (26) 0.017 1.000 0.024 86 (21) 0.001
Preclinical HF 143 (27) 58 (38) 16 (15) 58 (31) 11 (15) <0.01

(LVH) (n, %)

Continuous variables are listed as mean (SD); categorical variables are listed as number (%).
Both=HTN+/T2DM+; control=HTN—/T2DM—; DD, diastolic dysfunction grading according to ASE recommendation; GLS, global longitudinal strain; HTN, hypertension; LAVi, left atrium volume
index; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVIDd, left ventricular internal dimension during end diastole; LVMi,
left ventricular mass index; RWT, relative wall thickness; T2DM, type 2 diabetes mellitus.
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Figure 2 Association of LV function with four groups of hypertension and T2DM. Abnormal strain (A) but not EF (B). Diastolic
markers (C—F), LV mass (G) and exercise capacity (H) were impaired in the presence of hypertension and T2DM. LV, left

Error Bars: 95% CI

ventricular; T2DM, type 2 diabetes mellitus.

Error Bars: 95% CI
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Table 3 Association of T2DM, history and actual hypertension with abnormal myocardial function

1deaH uadp

GLS DS  DSR e Ele’ E/A  LVMi
P P P P P P P
B (95% Cl) Value B (95% Cl) Value B (95% Cl) Value B (95% CI) Value B (95% CI) Value B (95% Cl) Value B (95% CI) Value

Univariate analysis

T2DM 1.383 (0.922 to 1.845)  <0.001 -0.031 (—0.056 to —0.01) 0.017 —0.068 (-0.11 to —0.022) 0.004 -0.002 (—0.005 to 0.001) 0.191 0.603 (0.073 to 1.134) 0.026 -0.015 (—0.051 t0 0.020) 0.396  0.097 (—3.99 to 4.19) 0.963
History —0.156 (—0.755 to 0.443) 0.608 —0.007 (—0.040 to 0.025) 0.649 -0.012 (-0.07 to 0.046) 0.679 —0.002 (—0.006 to 0.001) 0.214 0.689 (0.021 to 1.357) 0.043  0.011 (-0.034 to 0.057) 0.622 5.82 (0.695 to 10.94)  0.026
HTN

Active 0.463 (-0.031 t0 0.957) 0.066 —0.033 (—0.06 to —0.007) 0.014 —0.063 (—0.11to —0.016) 0.009 —0.005 (—0.007 to —0.002) 0.002 0.711 (0.160to 1.262) 0.012 —0.037 (-0.074 to 0.001) 0.053 8.72 (4.53 to 12.92) 0.000
HTN

Model with history of HTN*

T2DM 0.972 (0.522 t0 1.423)  <0.001 -0.021 (-0.043 to 0.000) 0.054 —0.062 (—0.11to —0.015) 0.01  —0.003 (-0.006 to —0.001) 0.02  0.764 (0.229 to 1.298) 0.005 —0.000 (—0.025 to 0.035) 0.996 —1.553 (—5/43 t0 2.321) 0.431
History —0.025 (-0.578 to 0.529) 0.931 -0.015(-0.042t0 0.012) 0.275 -0.016 (-0.073t0 0.042) 0.59  —0.002 (-0.006 to 0.001)  0.164 0.742 (0.086 to 1.399) 0.027  0.011 (-0.032 to 0.055) 0.615 4.26 (—0.493t0 9.02) 0.098
HTN

Model with active HTN*

T2DM 1.00 (0.56 to 1.45) <0.001 -0.022 (—0.04 to —0.001) 0.044 —0.064 (-0.11t0 —-0.02) 0.01  —0.003 (—0.006 to —0.001) 0.017 0.726 (0.19 to 1.26) 0.007 —0.003 (—0.04 to 0.03) 0.848 —1.564 (-5.375 to 2.247) 0.421
Active 0.408 (—0.05 to 0.86) 0.079 -0.035 (—0.06 to —0.013) 0.002 —0.059 (-0.11 to —0.013) 0.013 —0.005 (—0.007 to —0.002) 0.001 0.691 (0.151t0 1.23) 0.012 —0.033 (-0.069 to 0.032) 0.848  7.029 (3.144 to 10.91)  0.000
HTN

*Adjusted for age, gender, BMI and HR.
DS, diastolic strain; DSR, diastolic strain rate; GLS, global longitudinal strain; HTN, hypertension; LVMi, left ventricular mass index; T2DM, type 2 diabetes mellitus.

Table 4 Association of 6MW distance with hypertension and T2DM status

Model with history

Univariable analysis of hypertension Model with active hypertension

r? B (95% CI) p Value B (95% Cl) r p Value B (95% Cl) pValue r?
Age 0.090 —6.314 (—8.06 to —4.56) 0.000 0.182 0.181
Male 0.023 30.8 (13.4 to 48.1) 0.001
Height 0.050 2.274 (1.41 t0 3.14) 0.000
SBP 0.017 —0.742 (—1.24 to —0.25) 0.003
HR 0.029 —1.559 (—2.345 to —0.773) 0.000
T2DM 0.024  —31.66 (—49.1 to —14.2) 0.000 _34.5(-51.2t0 —17.8) <0.001 _35.29 (-51.8t0 —18.7)  <0.001
History of HTN  0.000 272 (-19.441024.88)  0.810 7.056 (—13.9 to 28.0) 0.508 0.687
Active HTN 0.005 —15.14 (—33.56 to 3.28) 0.107 —4.88 (—28.7 to 18.9)

HR, heart rate; HTN, hypertension; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.
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Table 5 Association of 6BMW with echocardiographic
measures

r B (95% CI) p Value
GLS* 0.149 —0.003 (—0.005 to 0.000) 0.018
DS* 0.346 0.000 (0.000 to 0.000) 0.009
DSR* 0.057 0.000 (0.000 to 0.000) 0.967
e’ 0.116 0.000 (0.000 to 0.000) 0.114
E/e’* 0.071 0.000 (—0.003 to 0.003) 0.849
E/A* 0.110 0.000 (0.000 to 0.000) 0.686
LVMi* 0.149 —0.020 (—0.038 to —0.003) 0.024

*Adjusted with age, gender, height, HR and SBP.
DS, diastolic strain; DSR, diastolic strain rate; GLS, global
longitudinal strain; LVMI, left ventricular mass index.

(table 4). Table 5 summarises the association of 6MW
distance with abnormal cardiac functional parameters,
after adjusting for age, gender, height, HR, SBP and
T2DM. 6MW was independently associated with GLS, DS
and LVMi, not with other diastolic parameters. In multi-
variable logistic analysis using GLS (—18% cut-off) and
6MW (lower quartile distance: 410 cut-off), those with
6MW distance <410 m were associated with abnormal
GLS with an OR of 1.61 (95% CI 1.07 to 2.42, p=0.02).

DISCUSSION

This study demonstrated that in individuals with non-
ischaemic stage A HF risks, T2DM is associated with more
impaired cardiac function and reduced exercise capacity
than is present in those with hypertension. Although
patients with well-controlled and poorly controlled BP
showed abnormal diastolic function, it appears that
abnormal GLS is an independent marker for diabetic car-
diomyopathy rather than hypertensive heart disease.
Poor BP control is associated with more impaired cardiac
function with or without the presence of diabetes.

Combined effect of T2DM and hypertension on LV function

Diabetes and hypertension constitute two powerful inde-
pendent risk factors for cardiovascular disease. T2DM is
known to be a strong predictor of incident HEF, inde-
pendent of other concomitant risk factors.’ 17=21
Subclinical diastolic dysfunction and systolic impairment
assessed using GLS are believed to be early markers of
diabetic cardiomyopathy.” '® However, hypertension is
present in 40-80% of patients with long-standing dia-
betes,”* and most of these studies were performed in
populations with a high prevalence of hypertension and
therefore reflect the combined impact of hypertension
and T2DM. In our study, patients with mixed T2DM and
hypertension had a 20% prevalence of E/e’>15, analo-
gous to a 23% prevalence in another community-based
study of 1760 patients with T2DM with 86% of hyperten-
sion and 36% prevalence of CAD. Follow-up of that
group showed that the HR of hypertension (HR 4.27,
95% CI 1.92 to 12.15) for subsequent HF was almost
double that of CAD (HR 2.2, 95% CI 1.62 to 3.01). The

negative synergistic effect of hypertension and diabetes
was likely the cause of high prevalence of impaired dia-
stolic and systolic dysfunction and associated adverse
outcome.’ '® ** However, the exact underlying patho-
physiology of this combined impact is unclear. Diabetes
is a metabolic disorder characterised by intracellular
accumulation of toxic fatty acid intermediates.”* This
change also affects cardiac mitochondria, resulting in
contractile dysfunction.”” There is a well-recognised ten-
dency to develop diastolic dysfunction even in the
absence of significant hypertension; however, the pres-
ence of hypertension may accelerate the adverse
changes and cause end-organ damage.”® Quantitative
measure using fibrosis score showed the degree of myo-
cardial and interstitial fibrosis contributes to the patho-
logical involvement.?” The score was found to be lowest
for hypertensive, midrange for diabetic and highest for
hypertensive diabetic. It is presumed that fibrosis and
metabolic consequences of myocyte in diabetes lead to
impaired systolic and diastolic function, while chronic
afterload causes interstitial fibrosis, leading to a more
impaired diastolic than systolic function in hypertension.
The coexisting hypertension exacerbates functional
changes by producing larger amount of fibrosis.
Another observation was described that abnormal GLS
and diastolic dysfunction were not analogous to each
other. As an early marker, diastolic function was docu-
mented in 47% of patients with T2DM, Ernande showed
abnormal strain in 28% of those with normal diastolic
function.” In multivariable analysis, a history of hyper-
tension but not T2DM was associated with diastolic para-
meters. This relationship was mirrored in our study, in
which the prevalence of diastolic dysfunction was 72% in
those with T2DM with abnormal strain in 47% of them
(table 2)—a higher prevalence found in our study was
likely due to older age (71+5 vs 52+5 years) and higher
prevalence of history of hypertension (67% vs 38%). A
history of hypertension but controlled BP was associated
with increased E/€’, which may represent a combined
impact. The findings parallel the finding that hyperten-
sion (either historical or high BP at the time of the
echocardiogram) was independently associated with e’
and E/¢’ and diabetes was associated with E/¢e’.%3

It needs to be noted that our finding of GLS consistently
associated with diabetes but not hypertension in the multi-
variable analysis should not be interpreted as a normal
GLS in this population. Influence of afterload on LV
causing reduced GLS in early disease stage was described
in animal model and human studies.”* " Understanding
these differences would be important and beneficial to
guide effective screening and early intervention in the
community as hypertension and diabetes are the two
leading aetiologies of preclinical HF in this population.

Effects of controlled and uncontrolled hypertension on LV
impairment

Hypertension has been shown to precede the develop-
ment of HF in men and women.”" Although there have
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been improvements in the overall management of hyper-
tension, there remain a significant number of hyperten-
sive patients who remain untreated or fail to achieve
optimal control.”® ** Of the 82% with a known history of
hypertension in our study, 92% were on antihypertensive
therapy, but only 33% had good control of BP (table 1).
Our study demonstrated uncontrolled BP was independ-
ently associated with more severe cardiac dysfunction
including abnormal €', E/¢/, DS, DSR and LV mass.
However, GLS appeared to be relatively preserved in
those with hypertension compared with those with
neither hypertension nor T2DM. These findings are
inconsistent with previous work in a small group of
younger (46x14 years) hypertensive patients with con-
trolled BP showing lower peak strain and strain rate at
rest, with blunting of strain increment during exercise.”
The dependence of myocardial strain on haemodynamic
conditions has been reported in hypertension® ** and
valve disease.”

Assessment of exercise capacity using 6MW

Impaired exercise capacity and functional changes
during exercise were known to be early markers of sub-
clinical LV dysfunction in patients with hypertension
and diabetes.”” > However, a standard exercise testing
protocol is not feasible in community-based screening
for subclinical LV dysfunction. Owing to its simplicity
and inexpensiveness, the 6MW test is often used to esti-
mate submaximal functional capacity in this setting; the
predictive value of 6MW for peak oxygen uptake is of
moderate accuracy.”” In our study, BMW distance corre-
lated with subclinical cardiac dysfunction and was signifi-
cantly reduced in those with T2DM+HTN+ individuals
but relatively preserved in those with hypertension
alone.

Limitations

The present analysis was based on a cross-sectional
sample from a clinical trial population of participants
aged >65 years with at least one of the listed non-
ischaemic stage A HF risks. The control group without
T2DM or hypertension had other HF risks (mainly
obesity), but there were no age-matched controls
without HF risk factors. Another important limitation
of this study was the concomitant presence of CAD was
not assessed. Our intention and focus was on non-
ischaemic population with a very low prevalence of
known CAD (<5%). However, diabetic cardiomyopathy
and hypertensive heart disease are known as part of
atherosclerosis process, which make their heart suscep-
tible to ischaemia coronary changes. Some of the func-
tional change may be caused by underlying ischaemic
and non-ischaemic pathophysiological changes. A pos-
sible approach to address this limitation would be a
stress test to identify those with underlying CAD, but we
could not perform this in the context of a community-
based study.

Conclusions

Hypertension is associated with less impairment of GLS
and exercise capacity than is T2DM. Those with well-
controlled and poorly controlled BP showed abnormal
diastolic functional markers, and more severely impaired
cardiac function was associated with worse BP control.
However, GLS appears to be associated with diabetic car-
diomyopathy rather than hypertensive heart disease in
this population at risk of HE.
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