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1 | INTRODUCTION

Background: Although obesity-associated metabolic abnormalities (insulin resistance-IR) may
not play as marked a role in determining left ventricular (LV) diastolic dysfunction (DD) as hyper-
tension, the impact of combinations of these risk factors on DD is unknown.

Hypothesis: We hypothesized that IR influences the impact of hypertension on DD.

Methods: In 704 randomly selected participants from a community sample with a high preva-
lence of hypertension (50.6%) and obesity (46.5%), we determined adiposity indices, IR from the
homeostasis model (HOMA-IR) and LV diastolic function using standard echocardiographic
techniques.

Results: HOMA-IR was independently associated with lateral wall e' and E/e' (P < 0.05 to
P < 0.005) as well as a diagnosis of DD (P < 0.02). Importantly, however, an enhanced relation-
ship between HOMA-IR and E/e' in hypertensives (n = 356, partial r = 0.15, P < 0.005) as com-
pared to normotensives (n = 348, partial r = 0.02 P = 0.75) was noted. Consequently, as
compared to normotensives, with adjustments for confounders, hypertension was indepen-
dently associated with DD only in those with the highest tertile of HOMA-IR (odds ratio = 2.65,
95% confidence interval = 1.29-5.42, P < 0.01), while in those with the lowest tertile of HOMA-
IR, hypertension failed to show a higher prevalence of DD (P = 0.22).

Conclusions: Insulin resistance enhances the impact of hypertension on LV DD. Thus, DD is

more likely to occur with the combination of hypertension and IR.
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pre-clinical DD predicts the progression to heart failure with a normal

ejection fraction,'? it is possible that the pathophysiological mecha-

Heart failure with a preserved (normal) ejection fraction may contrib-
ute to close to half of all admissions for heart failure, and the out-
comes may be equally as poor as heart failure with a reduced ejection
fraction.)™ There is presently little evidence for proven treatment
benefits for heart failure with a normal ejection fraction.>¢ Although
diastolic dysfunction (DD) is central to the pathophysiology and out-
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comes of heart failure with a normal ejection fraction and
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nisms responsible for DD may differ depending on the risk factors
involved. In order to better identify therapeutic targets for heart fail-
ure with a preserved ejection fraction, an improved understanding of
the role of the risk factors for DD is required. In this regard, the
impact on DD of the combination of the commonly occurring co-mor-
bidities, hypertension, and obesity or the associated metabolic distur-
bances, is uncertain.

Some prior studies conducted in elderly populations, in patients

referred for echocardiography, or in samples with a high proportion of
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participants receiving therapy, report on an equal or greater impact of
obesity as compared to hypertension on left ventricular (LV) diastolic
function.*®>~*> However, in studies conducted across the full adult age
range in a community sample with a high proportion of obesity and
hypertension, but a low proportion of participants who were receiving
antihypertensive therapy, blood pressure (BP) was noted to be the
main determinant of DD.'® Nevertheless, more recent evidence sug-
gests that a more concentrically remodeled LV determines whether
obesity-related insulin resistance (IR) is associated with LV diastolic
function.r” As hypertension is a strong determinant of concentric LV
remodeling, the possibility exists that even if obesity or associated IR
have only a modest impact on LV diastolic function, that obesity or its
metabolic consequences may determine the extent to which DD
occurs in hypertension. Consequently, in the present study, we aimed
to determine whether adiposity indices or IR influence the extent to
which DD occurs in hypertension in a community sample with a high

prevalence of hypertension and obesity.

2 | METHODS

2.1 | Study sample

The present study was approved by the University of the Witwaters-
rand Committee for Research in Human Subjects (approval number
M02-04-72 renewed as M07-04-69, M12-04-108, and M17-04-01).
Participants gave informed, written consent. The study design has
previously been described.*®-2! 1044 Participants of nuclear families
of black African descent with siblings older than 16 years were ran-
domly recruited from the South West Township of Johannesburg,
South Africa for echocardiographic studies. Tissue Doppler measures
of myocardial function were obtained in a sub-study conducted in
704 participants from the time that these measures became routinely

available.

2.2 | Demographic and clinical information

A standardized questionnaire was administered to obtain demographic
and clinical data.'8-2% Height, weight, and waist circumference
(WC) were measured using standard approaches and participants
were identified as being overweight if their body mass index (BMI)
was 225 kg/m?, obese if their BMI was 230 kg/m? and morbidly
obese of their BMI was 235 kg/m?. Central obesity was defined as an
enlarged WC (288 cm in women and > 102 cm in men). Laboratory
blood tests including percentage glycated hemoglobin (HbA1c) were
performed. Fasting plasma insulin concentrations were determined
from an insulin immulite, solid phase, two-site chemiluminescent
immunometric assay (Diagnostic Products Corporation, Los Angeles,
California). Diabetes mellitus or an abnormal blood glucose control
was defined as the use of insulin or oral hypoglycemic agents or a gly-
cated hemoglobin (Roche Diagnostics, Mannheim, Germany) value
greater than 6.5%. Insulin resistance was estimated by the homeosta-
sis model assessment of IR (HOMA-IR) using the formula (insulin
[nU/mL] x glucose [mmol/L])/22.5.

Nurse-derived conventional BP was measured according to
guidelines using a mercury sphygmomanometer after 5 minutes of
rest in the seated position as previously described.?° Five consecutive
BP readings were obtained using an appropriately sized cuff, 30 to
60 seconds apart. The average of the five readings was taken as the
BP. None of the visits had fewer than the planned BP recordings.
Hypertension was defined as the use of antihypertensive medication
or if the mean of the five conventional BP measurements was >140
(systolic BP) or 90 (diastolic BP) mm Hg in those not receiving

medication.
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Echocardiographic measurements were performed as previously
described'®"1? by two experienced observers (AJW and CDL) with

the participants in the partial left decubitus position. All potential

Echocardiography

participants were assessed for mitral valve abnormalities as deter-
mined using two-dimensional and color Doppler imaging and
excluded if significant valve abnormalities were present. Left ven-
tricular dimensions were determined using two-dimensional directed
M-mode echocardiography in the short axis view and these record-
ings were analyzed according to the American Society of Echocardi-
ography convention.??2 The LV dimensions were measured only
when appropriate visualization of both the right and the left septal
surfaces occurred and where the endocardial surfaces of both the
septal and posterior wall were clearly visible. Left ventricular ejec-
tion fraction was calculated using the biplane Simpson method. Left
ventricular mass (LVM) was determined using a standard formula®®
and indexed (LVMI) to height®”.

Left ventricular diastolic function was assessed from a pulsed
wave Doppler examination of the mitral inflow at rest and using tissue
Doppler indices (TDI) as well as left atrial volumes (LAV).24 Pulse wave
Doppler recordings of trans-mitral velocity were obtained with the
sample volume at the tip of the mitral valve in the apical four-chamber
view. Trans-mitral velocity measurements were obtained during the
early (E) period of left ventricular diastolic inflow. To perform TDI, the
velocity of myocardial tissue lengthening at the level of the mitral
annulus was recorded in the apical four-chamber view. The sample
volume was positioned at the septal and lateral corners of the mitral
annulus. To determine diastolic function using TDI, peak velocities
during early (e') diastole were measured. Data were expressed as the
E/e' ratio (an index of LV filling pressures). Because mitral annular
velocity (e') remains constant and trans-mitral flow (E) increases with
an increased filling pressure, E/e’ ratio correlates well with left ventric-
ular filling pressures. Left atrial volume indexed to body surface area,
was calculated using the area-length method, where length was
defined as the shortest of the two long axes measured in the apical
four-chamber and two-chamber views. Left atrial area was measured
by planimetry in the apical four-chamber and two-chamber views at
left ventricular end systole (maximum left atrial dimensions). As no
participants had a reduced EF, LV DD was identified by the presence
of at least two of the following: a lateral €' < 10 cm/s or a septal
e' <8cm/s, E/e' > 14, or LAV index 234 mL/m2.2*
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2.4 | Data analysis

Database management and statistical analyses were performed with
SAS software, version 9.4 (SAS Institute Inc., Cary, North Carolina).
Data from individuals were averaged and expressed as mean + SD or
the SE of the mean (SEM). To improve on the distribution of data,
HOMA-IR, lateral €', septal €', E/e', and LAV index were logarithmically
transformed. To determine independent relations, multivariate
adjusted linear (continuous data) or logistic (discrete data) regression
analysis was performed. Indexes of diastolic LV function were
adjusted for several confounders associated with diastolic function
noted in bivariate analysis. Relationships (partial r values) were com-
pared with z-statistics.

3 | RESULTS

3.1 | Characteristics of study sample

Table 1 gives the demographic and clinical characteristics of the nor-
motensive and hypertensive participants. More women than men par-
ticipated in the study and a high proportion of participants,
particularly, the hypertensives, were overweight, obese or morbidly
obese and had central obesity. As compared to participants recruited
prior to TDI becoming available, participants in whom echocardiogra-
phy was performed once routine TDI became available, were mod-
estly older with more abdominal obesity, but a lower HOMA-IR and
LVMI and more were receiving treatment for hypertension (Table S1,
Supporting Information). A 5.5% of the normotensives and 25.0% of

the hypertensives had DD and this was largely determined by a

TABLE1 Characteristics of the study sample

combination of either reductions in lateral or septal €' and increases in
E/e' (75%). No participants had an ejection fraction <40% and 4.4%
had an ejection fraction <50%. Of the sample 39.3% had LV hypertro-
phy (LVH) (LVMI > 80 g/m*” for men and >60 g/m*” for women)
and 18.1% had concentric LV remodeling (relative wall thick-
ness >0.42). A greater proportion of hypertensives than normoten-

sives had LVH and concentric LV remodeling.

3.2 | Factors associated with LV diastolic function

With adjustments for confounders, systolic BP, and either WC,
HOMA-IR, or BMI were independently associated with lateral and
septal wall e' and E/e' (Table S2). While WC and systolic BP were
independently associated with LAV index, HOMA-IR, and BMI were
not (Table S2). However, with adjustments for confounders systolic
BP and HOMA-IR, but not WC or BMI were independently associated
with the presence of LV DD (Table 2).

3.3 | Impact of IR on LV diastolic function in
hypertensives and normotensives

In both normotensives and hypertensives, WC (and BMI) as well as
HOMA-IR were independently associated with lateral wall €'
(Table 3). However, in normotensives, but not in hypertensives, WC
or BMI were independently associated with E/e', while in hyperten-
sives, but not normotensives, HOMA-IR was independently
associated with E/e' (Table 3). Importantly, as compared to normo-
tensives, this translated into an independent effect of hypertension
on E/e' (and lateral wall €') only in those hypertensives with a
HOMA-IR in the upper two tertiles (Figure 1). Although

All
Sample number (% female) 704 (67.3%)
Age (years) 472 +18.1
Body mass index (kg/m?) 30.1+8.1
% Overweight/obese/morbidly obese 23.0/20.2/26.3
Waist circumference (WC) (cm) 93.9 + 18.2
% Abnormal WC 52.3
Regular tobacco (% subjects) 16.5
Regular alcohol (% subjects) 19.5
% Diabetes mellitus or an HbAlc > 6.5% 144
% Treated for hypertension 29.3
HOMA-IR 2.51 +£3.92

Brachial SBP/DBP (mm Hg)

128 +21/83 + 13

E/e' 7.5+42
Lateral e' (cm/s) 11.3+41
Septal e' (cm/s) 9.6+3.6
Left atrial volume (LAV) index (mL/m?) 19.7 +3.6
Left ventricular (LV) mass index (g/m*7) 62.7 + 231
LV relative wall thickness 0.36 +0.08
% with diastolic dysfunction 15.3

Normotensives

Hypertensives

348 (65.8%) 356 (68.8%)

37.8 £ 145 56.5 + 15.5%*
27.9+80 322 +7.6%*
27.0/16.1/16.1 19.1/24.2/36.2%*
87.6+17.2 100.0 + 17.0%*
39.2 65.1%*

18.1 14.9

218 171

5.7 22.7%*

0 57.9%*

213 £3.74 2.88 +4.07*

114 + 11/76 £ 8 141 + 22/89 + 13%**
70+33 9.2 £4.3%*
132+£3.9 9.5 £ 3.4%*
11.2+£35 8.0 £ 3.0%*

18.6 £7.0 20.9 + 7.8%*

55.9 + 20.3 69.2 + 23.8**
0.34 +0.07 0.38 + 0.08%*

55 25.0%*

Abbreviations: DBP, diastolic blood pressure; €', myocardial tissue lengthening in early diastole at the mitral annulus; E/e', transmitral early blood flow velo-
city/velocity of the mean value of lateral and septal wall myocardial tissue lengthening in early diastole at the mitral annulus;HbA1c, glycated hemoglobin;
HOMA-IR, homeostasis model of insulin resistance; LV, left ventricle; SBP, systolic blood pressure .

#P < 0.01, #*P < 0.0001 vs normotensives.
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TABLE2 Multivariate adjusted associations between risk factors and left ventricular (LV) diastolic dysfunction (DD) in a community

sample (n = 704)

Models with HOMA-IR Waist circumference (WC) Body mass index (BMI)

LV DD vs Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value
HOMA-IR/WC/BMI 1.428 (1.078-1.890) 0.013 1.013 (0.995-1.031) 0.16 1.039 (0.999-1.080) 0.06
Age 1.038 (1.017-1.059) <0.0005 1.035 (1.015-1.056) <0.001 1.037 (1.017-1.058) <0.0005
SBP 1.021 (1.010-1.033) <0.0005 1.020 (1.008-1.031) <0.001 1.019 (1.008-1.031) 0.001
Female gender 1.663 (0.863-3.202) 0.13 1.319 (0.679-2.563) 0.41 1.193 (0.590-2.412) 0.62

Abbreviations: Cl, confidence interval; HOMA-IR, homeostasis model of insulin resistance; LV, left ventricle; SBP, systolic blood pressure.
Additional adjustors include regular tobacco use, regular alcohol consumption, treatment for hypertension, diabetes mellitus, and pulse rate.

TABLE 3

Impact of hypertension on multivariate adjusted relationships between the homeostasis model of insulin resistance (HOMA-IR), waist

circumference or body mass index and indexes of left ventricular diastolic function in a community sample (n = 704)

Normotensives (n = 348)

Hypertensives (n = 356)

p-Coefficient

+ SEM Partial r (95% Cl)
HOMA-IR vs
Log lateral wall €' —0.018 +0.008 -0.12 (-0.23 to —0.02)
Log septal wall €' —0.010 + 0.008 —0.07 (-0.17 to 0.03)
Log E/e€' 0.003 +£0.011 0.02 (-0.09 to 0.12)
Left atrial (LA) volume 0.009 +0.010 0.05 (—0.06 to 0.15)
index
Waist circumference vs
Log lateral wall €' —0.0018 + 0.0004 —0.23 (-0.34 to —0.12)
Log septal wall e —0.0021 + 0.0006 —0.22 (-0.32 to —0.10)
Log E/e' 0.0023 + 0.0006  0.22(0.11 to 0.32)
LA volume index 0.0014 + 0.0006 0.14 (0.08 to 0.25)
Body mass index vs
Log lateral wall €' —0.0032 + 0.0009 -0.19 (-0.29 to —0.09)
Log septal wall ' —0.0033 + 0.0010 -0.17 (-0.27 to —0.07)
Log E/e€' 0.0035+0.0012  0.16 (0.05 to 0.26)
LA volume index 0.0010 + 0.0012 0.05 (—0.06 to 0.15)

p-Coefficient

P-value + SEM Partial r (95% Cl) P-value
0.024 -0.017 + 0.008 —-0.11 (-0.21to -0.002)  0.046
0.19 —-0.013 + 0.008 —0.08 (-0.18 to 0.02) 0.13
0.75 0.031 +0.010**  0.15 (0.05 to 0.25) 0.004
0.39 0.006 + 0.010 0.03 (-0.07 to 0.14) 0.57
<0.0001 -0.0011 + 0.0005 —0.13 (-0.24 to —0.02) 0.020
<0.0005 -0.0013 + 0.0005 —0.15 (-0.26 to —0.04) 0.008
<0.0005 0.0009 + 0.0007 0.08 (-0.03 to 0.19) 0.16
0.015 0.0004 + 0.0006 0.004 (-0.11 to 0.12) 0.95
<0.0005 -0.0017 +0.0011 —0.08 (-0.18 to 0.02) 0.13
0.001 —-0.0017 + 0.0011 —0.08 (-0.18 to 0.02) 0.12
0.004 0.0023 + 0.0014 0.09 (-0.02 to 0.19) 0.11
0.39 0.0024 + 0.0013 0.10(-0.01 to 0.21) 0.06

*Adjustments are for age, sex, systolic blood pressure, regular tobacco use, regular alcohol consumption, diabetes mellitus, and pulse rate. **P < 0.05 vs

B-coefficient in normotensives.

hypertension was also only independently associated with an
increased E/e' (and lateral wall €') in the upper two tertiles of BMI
this effect failed to show a stepwise relationship and hypertension
was also only independently associated with an increased E/e' (and
lateral wall ') in the second tertile of WC (Figure 1). Although more
hypertensives had DD across all tertiles of HOMA-IR, WC, or BMI
(Figure S1), these effects were largely attributed to age differences.
Indeed, beyond age and other confounders hypertension was only
independently associated with an increased odds of DD in those
with the higher tertiles of HOMA-IR, WC, or BMI (Figure 2). Impor-
tantly, a stepwise increase in the odds of DD occurred across ter-
tiles of HOMA-IR, but inconsistent effects were noted for WC and
BMI (Figure 2).

4 | DISCUSSION
The main findings of the present study are as follows: In a community
sample with a high prevalence of obesity, indices of excess adiposity

and IR were independently associated with indices of LV diastolic

function (e¢' and E/e'). However, while HOMA-IR was independently
associated with lateral wall e' in both hypertensives and normotensives,
HOMA-IR was independently associated with E/e" in hypertensives, but
not in normotensives. Consequently, HOMA-IR determined whether
hypertensives developed LV DD as compared to normotensives. In con-
trast, adiposity indices were associated with indices of diastolic function
less well in hypertensives as compared to normotensives and adiposity
indices were consequently not independently associated with DD.
Although several large studies have demonstrated that indices of
excess adiposity are strongly and independently associated with indices
of LV DD,**"%° these studies have been confounded by the use of pre-
dominantly elderly populations (where age is the principle determinant
of DD), in select patients referred for echocardiography, or in samples
with a high proportion of participants receiving antihypertensive ther-
apy.*®1% In contrast, in an alternative study conducted in a much smal-
ler cohort of the present community, but across the adult age range and
in a sample with a high prevalence of obesity and hypertension, where
antihypertensive therapy was employed in only half the
hypertensives,'® BP was noted to contribute far more to DD than adi-

posity indices. In keeping with this prior study® in the present study
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community sample. Adjustments are for age, sex, systolic blood pressure, pulse rate, regular smoking, regular alcohol consumption, and diabetes
mellitus. Tertiles of HOMA-IR, WC, and BMI are defined Table S3. *P < 0.02, **P < 0.001, ***P < 0.0001 vs normotensives. 1P < 0.05 vs
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diastole at the mitral annulus; LV, left ventricle

conducted in a much larger study sample of the same community we
show that while BP and HOMA-IR translated into DD, adiposity indices
failed to do so. The ability of HOMA-IR to associate with DD while adi-
posity indices did not, we attribute to an impact of HOMA-IR, but not
adiposity indices on E/e in the hypertensive, but not in the normoten-
sive BP range. These data therefore suggest that IR is an important con-
tributor to DD, but mainly in those with hypertension.

An important caveat of the present study is that the results do
not suggest that IR mediates LV DD through hypertension. Indeed,
relations between adiposity indices or HOMA-IR and LV diastolic
functional parameters were independent of systolic BP. Rather, the
present study suggests that the impact of hypertension on relations
between HOMA-IR and DD should be viewed as an additive effect
with systolic BP effects alone being more important, but with IR
influencing whether hypertension translates into DD.

The criteria for the diagnosis of LV DD have been debated over
several decades. As recently highlighted,? in those with a normal ejec-
tion fraction, tissue Doppler indices of DD (e' and E/e), LAV index and

the extent of tricuspid regurgitation, an index if pulmonary artery pres-
sures, are recommended for the diagnosis of DD. Although we deter-
mined three of the four recommended measures of DD (lateral and
septal wall €', E/e', and LAV index), at the time of initiating the present
study, we did not determine the extent of tricuspid regurgitation. To
diagnose DD, we nevertheless employed two of three criteria, while
current guidelines recommend two of four (50%) criteria. Although
there are no large studies that have demonstrated a relationship
between adiposity indices and the extent of tricuspid regurgitation, it is
therefore possible that we underestimated the prevalence of obesity-
associated DD in the present study. However, the present study is the
first to assess relations between adiposity indices and DD determined
according to contemporary guidelines,?* which do not include E/A if
ejection fraction is within a normal range. In this regard, because of
pseudo-normalization of E/A, E/A is only recommended for use for the
diagnosis of DD in those with a reduced ejection fraction. In this regard,

13-15

the present and previous studies were conducted in participants

with a largely normal ejection fraction. Hence, relations between
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OR of DD versus NT OR (95% CI) p value
HT HOMA-IR Tertile 1 ——6——— 162 (0.75 to 3.49) =022
HT HOMA=-IR Tertile 2 e 2.05 (1.00 to 4.24) =0.05
HT HOMA-IR Tertile 3 - T— 265 (1.29 to 5.42)  =0.008
I T 1
0.5 1 10
Odds Ratio
OR of DD versus NT OR (95% cCl) p value
HT Waist Circ Terlile 1 ——6&——— 1.99 (0.94 to 4.21)  =0.07
HT Waist Circ Tertile 2 —_ 239 (1.17 to 4.92) =0.02
HT Waist Circ Tertile 3 {+——6——— 193 {0.92 10 4.04] =0.08
I T 1
0.5 1 10
Odds Ratio
OR of DD versus NT OR (95% CI) p value
HT BMI Tertile 1 © 1.49 (069 to 3.23) =0.31
HT BMI Tertile 2 — 237 (1.15 to 4.88) =0.02
HT BMI Tertile 3 - 256 (1.24 to 5300 =0.01
T T 1
0.5 1 10
Odds Ratio

FIGURE 2

Impact of insulin resistance (homeostasis model-homeostasis model of insulin resistance [HOMA-IR]), waist circumference (WC) or

body mass index (BMI) on the odds of independent associations between hypertension and left ventricular diastolic dysfunction. Adjustments in
the left panels are for age, sex, pulse rate, regular smoking, regular alcohol consumption, and diabetes mellitus. Tertiles of HOMA-IR, WC, and

BMI are defined in Table S3

HOMA-IR or indices of excess adiposity and DD, as described in the
present study, are more likely to reflect relations between an excess
adiposity and actual DD than those previously described.*3-1°

An explanation for the impact of HOMA-IR on E/e' (an index of LV
filling pressures) and hence DD in hypertensives, but not normotensives
in the present study, is unclear. It is possible that because hypertension
is associated with concentric LV remodeling, and as recently demon-
strated, a more concentrically remodeled LV determines the impact of
IR on E/e',Y” that IR only contributes to LV filling pressures when the
LV is more concentrically remodeled. Importantly, however, the pres-
ence of hypertension in the present study did not influence the associa-
tion between HOMA-IR and lateral wall €', an index of LV relaxation,
while previous work does show an impact of relative wall thickness on
relations between HOMA-IR and lateral wall €'.'” Hence, the impact of

hypertension on relations between HOMA-IR and E/e' may not be

accounted for just by an effect of the extent of concentric LV remodel-
ing, but by an alternative as yet unidentified factor.

There are several potential implications of the findings of the
present study. First, in contrast to adiposity indices, which had less
of an ability to determine the impact of hypertension on DD, the
assessment of IR may better characterize hypertensives at risk of
developing DD and hence heart failure with a preserved ejection
fraction. In this regard, longitudinal studies are required to assess
this question. Second, targeting IR as opposed to an excess adipos-
ity per se with behavioral modification in hypertensives may have
marked benefits to preventing the development of DD and hence
heart failure with a preserved ejection fraction. In this regard, inter-
vention studies are required to assess these hypotheses.

The limitations of the present study are as follows: First, this is a

cross-sectional study and hence, we cannot draw conclusions
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regarding causality. Whether the development of IR influences that of
LV DD in those with hypertension rather than normotension there-
fore requires further study. Second, we are not statistically powered
to perform sex-specific analysis and hence, it is possible that as more
women than men volunteered for the study, the results may relate
mainly to women.

In conclusion, in a relatively large community-based sample with a
high prevalence of obesity and hypertension, we show that indepen-
dent of confounders, the extent of IR influences whether hyperten-
sion translates into diastolic dysfunction. These data suggest that
from a clinical perspective, hypertensives with IR may be particularly
prone to the development of LV DD and thus possibly the progression
to heart failure with a preserved ejection fraction. Consequently, tar-
geting IR in hypertension may have marked benefits for preventing
the development of heart failure.
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