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- INTRODUCTION
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his review was performed by conducting an elec-
tronic literature search in medical databases (MED-
- LINE, SciELO, LILACS from 1980 to 2009), and a
 manual search in textbooks and review articles. We used
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SUMMARY

It has been well documented that there is an increased prevalence of standard cardiovascular
(CV) risk factors in association with diabetes and with diabetes-related abnormalities. Hyper-
glycemia, in particular, also plays an important role. Heart failure (HF) has become a frequent
manifestation of cardiovascular disease (CVD) among individuals with diabetes mellitus. Epide-
miological studies suggest that the effect of hyperglycemia on HF riskis independent of other
known risk factors. Analysis of datasets from populations including individuals with dysglyce-
mia suggests the pathogenic role of hyperglycemia on left ventricular function and on the natu-
ral history of HE Despite substantial epidemiological evidence of the relationship between dia-
betes and HF, data from available interventional trials assessing the effect of a glucose-lowering
strategy on CV outcomes are limited. To provide some insight into these issues, we describe in
this review the recent important data to understand the natural course of CV disease in diabetic
individuals and the role of hyperglycemia at different times in the progression of HFE Arq Bras
Endocrinol Metab. 2010;54(5):488-97
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SUMARIO

Ja foi bem documentado um aumento da prevaléncia dos fatores de risco cardiovascular con-
vencional em portadores de diabetes melito e em pessoas com as anormalidades relacionadas
ao diabetes. A hiperglicemia, particularmente, teria um papel critico. A insuficiéncia cardiaca
(IC) tem se tornado uma manifestagao frequente da doenca cardiovascular em individuos com
diabetes. Estudos epidemioldgicos sugerem que o efeito da hiperglicemia no risco para IC é
independente dos outros fatores de risco. A analise dos dados de populagdes que incluem indi-
viduos com disglicemia sugere um papel patogénico da hiperglicemia na fung¢ao do ventriculo
esquerdo na historia natural da IC. A despeito de evidéncias epidemiologicas na relagao entre
diabetes e IC, os dados disponiveis de estudos clinicos de intervencao para avaliar o efeito
da estratégia de redugao da glicose sobre os desfechos cardiovasculares ainda sdo limitados.
Para trazer alguma compreensao nesse topico, descrevemos nesta revisao os dados recentes
e importantes para entender a historia natural da doenca cardiovascular em individuos com
diabetes e o papel da hiperglicemia em diferentes periodos na progressao da doenca. Arq Bras
Endocrinol Metab. 2010;54(5):488-97

Descritores
Estado pré-diabético; glicemia; hiperglicemia; disfungéo ventricular esquerda; insuficiéncia cardiaca

the following key words: blood glucose; hyperglycemia;
prediabetic state; cardiomyopathies; ventricular dys-
function, left; heart failure; echocardiography, and Dop-
pler. The aim of this review was to search and provide
a better understanding to the current knowledge of the
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relationship between glucose levels and cardiovascular
disease, highlighting the importance of early subtle
changes either in glucose levels or cardiac structure and
the relationship between them.

DIABETES MELLITUS AND HEART FAILURE

Heart failure (HF) is considered a progressive disorder
that can be represented as a clinical continuum. The
American College of Cardiology/American Heart As-
sociation (ACC/AHA) updated 2005 guidelines for
the management of chronic HF, clearly recognizing 4
stages in this continuum (1), and linking these stages
to the natural history of HF and providing therapeutic
recommendations. Patients defined as Stage A are those
with risk factors that clearly predispose toward the de-
velopment of HF such as patients with coronary artery
disease, hypertension, or diabetes who do not yet de-
monstrate impaired left ventricular function, hypertro-
phy, or geometric chamber distortion; whereas patients
who are asymptomatic but demonstrate left ventricular
hypertrophy (LVH) and/or impaired left ventricular
function would be designated as Stage B. Structural he-
art disease with prior or current symptoms of HF cha-
racterizes Stage C, and refractory HF requiring specia-
lized interventions such as heart transplant or chronic
inotrope treatment characterizes Stage D. Left ventricu-
lar (LV) diastolic function is affected earlier than systolic
function in the development of HF and cardiovascular
disease (CVD) in patients with diabetes mellitus (DM)
(2). The diastolic filling abnormalities in type 2 diabetes
mellitus (T2DM) subjects without clinical evidence of
heart disease appear to be common and suggest the pre-
sence of early subclinical alterations in cardiac function.

Hyperglycemia is the diagnostic feature of DM,
the target for antidiabetic therapy and, together with
HDbAIC, the marker of glucose control. The plasma
glucose level for the diagnosis of DM is currently based
on the risk of microvascular complications. Maintaining
a good glucose control has beenassociated with marked
reduction in the risk of developing retinopathy, nephro-
pathy, and neuropathy in both type 1 and type 2 diabe-
tic patients (3,4). Moreover, intensive diabetes therapy
has been shown to have long-term beneficial effects on
the risk of CVD in both type 1 and type 2 diabetes (5).
A new meta-analysis suggests that intensive control
of blood glucose levels significantly reduces the risk
of myocardial infarction (MI) and coronary heart di-
sease (CHD) events and has no effect on all-cause
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mortality. These findings, which include five of the
pivotal diabetes studies including The United King-
dom Prospective Diabetes Study (UKPDS), Action in
Diabetes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation (ADVANCE),
Veterans Affairs Diabetes Trial (VADT), Action to
Control Cardiovascular Risk in Diabetes (ACCORD),
and the Prospective Pioglitazone Clinical Trial in Ma-
crovascular Events (PROACTIVE), have caused a stir
regarding blood glucose control, and they give sup-
port to continued therapy targeting hemoglobin A,
(HbA,)) to less than 7.0% (6).

Type 2 DM is associated with an increased risk of
HF. The mechanisms underlying this association re-
main controversial, and there may be at least three pos-
sibilities. First, T2DM is often associated with hyper-
tension and obesity, and these important risk factors
may in part account for the association of T2DM with
HEF. Second, T2DM may lead to HF by impairing both
large and small artery function, and it has consequently
been related to atherothrombotic CHD, diabetic mi-
croangiopathy, small artery endothelial dysfunction and
increased arterial stiffness. Third, T2DM may cause a
distinct metabolic cardiomyopathy related to hyper-
glycemia and /or hyperinsulinemia (7).

Whether hyperglycemia is the culprit of such an
elevated cardiovascular (CV) risk remains to be eluci-
dated, in case it could be a simple useful marker for
a condition characterized by concomitance of multiple
cardiovascular risk factors. The period of exposure to
hyperglycemia before the diagnosis of T2DM is likely
to contribute to the hyperglycemic memory, and this
may account for later complications in individuals who
achieve and maintain near-normal glucose control from
the time of diagnosis on.

Diabetes is a strong risk factor for CV events such
as MI and stroke. A growing body of evidence is now
showing that CV risk is not restricted to glucose le-
vels above the thresholds that differentiate DM from
nondiabetic states. Indeed, CV risk is predicted by the
degree of glucose elevation and not by the presence or
absence of DM per se (8). Even in early reports, diabetic

cardiomyopathy was related to hyperglycemia-induced -

myocardial microvascular damage because of its associa-
tion with glomerulosclerosis and retinopathy (9).

HF has become a frequent manifestation of CVD
among individuals with DM (10). The diabetic car-
diomyopathy was initially classified as a dilated cardio-

myopathy as it featured prominent LV enlargement and =
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depressed LV systolic function. Over the last decade,
however, diastolic LV dysfunction was identified as an
carlier manifestation of diabetic cardiomyopathy (2),
and this restrictive phenotype of diabetic cardiomyopa-
thy was also related to hyperglycemia. Impaired diastolic
LV distensibility was thought to result from advanced
glycation end-products (AGE) causing strong collagen
cross-links in the myocardial extracellular matrix (11).

However, myocardial damage does not only result from
hyperglycemia but also from hyperinsulinemia, inflam-
mation, and oxidative stress (12).

Thus, the relationship between glucose and CV
events is clearly not limited to diabetic patients, and the
degree of hyperglycemia, as measured by either plasma
glucose or HbAlc levels, seems to be progressively rela-
ted to the risk for a new or recurrent CV event (Table 1).

Table 1. Summary of the most important studies of dysglycemia and heart failure

Study Design Subjects Results Ref.
UKPDS 35 Prospective observational study ~ n = 4,585 patients (white, Asian Incidence of clinical complications was significantly 13
Indian, and Afro-Caribbean) associated with glycemia
No threshold of risk for any end point
16% increase in the risk for HF for each 1% rise in Alc
EPIC Norfolk Epidemiologic study n =10,000 subjects 21% increase in CV events for each 1% rise in A1c > 5% 14
6-year follow-up (45 to 79 years) Increase in mortality of 24% in men and 28% in women
Increase in the risk of a CHD event by 40% and 26% in
mortality for each 1% of A1c > 7%
Framingham Community-based observational n=3370 Independent relationship between markers of dysglycemia, 15
Offspring Study study of risk factors for CVD including Alc, and incident CV events
OPTIMAAL Study Clinical trial which compared n=2,841 (HbA1c measured at Each 1% increase in A1c > 5% over a 2.5 yr follow-up period 16
Group losartan to captopril baseline) increased 24% mortality
diabetic patients who survived an
MI complicated by HF
DECODE study Data on fasting and 2 h glucose n = 29,714 participants of 22 Increase in postprandial glucose below the threshold for 17
level ona OGTT from population- cohorts diabetes diagnosis could independently predict an increased
based studies or large studies in risk of CV mortality
occupational groups in Europe Follow up of 11 years
Funagata study Cohort population Follow up of 7 years IGT was a risk factor for CVD disease, but IFG was not 18
ARIC study Case-control study n = 208 normoglycemic individuals ~ Alc and carotid intimal-medial thickening were related in 19
with carotid initial-medial nondiabetic subjects
thickening (case subjects) and 208
normoglycemic control
MESA Population-based sample 6,814 men and women from 4 Small differences in LVMI, volumes, and function were 20
ethnic groups detected among IFG and diabetes compared with those with
(white, Hispanic, African American, ~ NGT; the pattern of abnormality and the degree to which risk
and Chinese) factors and subclinical atherosclerosis modified the

aged 45-84 without clinical CVD
before recruitment

association differed by ethnicity

Copyright® ABE&M todos os direitas reservados.

Held and cols. 2 parallel randomized controlled ONTARGET; n =25 620
trials TRANSCEND; n = 5,926)
(ONTARGET/ peaple at high risk of CVD with
TRANSCEND studies) and without a history of DM
2.4-year follow-up
Ingelsson and cols. Prospective n = 1,187 Swedish men > 70 years

population-based cohort

Data were extracted from the
Veterans Affairs electronic
medical record systems

Population-based cohort

Nielson and Lange

Reykjavik study n=19,381

n = 20,810 nondiabetic patients,
predominantly male

FPG was modest but significant independent risk factor for 21
incident CHF hospitalization and the combined end point of
CHF/CV death, that persisted after adjustment for diabetes status
The absence of a significant interaction between patients with
and without known diabetes suggests that the degree of
dysglycemia, and not the diagnosis of DM per se, is the key of
that relationship

Abnormal 2-h postload glucose response was an independent 22
predictor of CHF

Increasing glucose in the absence of diabetes is 23
independently associated with greater incidence of HF

Strong associations between dysglycemia, prevalent CHF and 24,25
incident morbi-mortality during follow-up of 21.3 years, even

after adjustments for traditional risk factors

UKPDS: UK Prospective Diabetes Study; EPICNorfolk: European Prospective Investigation into Cancer in Norfolk study;
* ARIC: The Atherosclerosis Risk in Communities study; MESA: Multi-Ethnic Study of Atherosclerosis; CHF: Congestive Heart Failure; CHD: Coronary Heart Disease; CV: cardiovascular; MI: myocardial
ischemia; HF: heart failure; IGT: impaired glucose tolerance; IFG: impaired fasting glucose; Ref: reference.
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ASSESSMENT OF DIASTOLIC FUNCTION BY
DOPPLER ECHOCARDIOGRAPHY

Diastole of the cardiac cycle has traditionally been di-
vided into 4 phases: isovolumic relaxation; early rapid
filling; diastasis; and atrial contraction. The isovolumic
relaxation time is a continuum of the systolic cardiac
cycle and is, therefore, dependent on systolic function
in addition to relaxation of the LV. The early diastolic
filling phase is dependent on both LV relaxation and
chamber compliance. The slow diastolic filling phase,
or diastasis, is dependent on heart rate and chamber
compliance. The atrial contraction phase is dependent
on the chamber compliance, left atrial (LA) function,
and the electrical conduction system of the heart (26).

The clinical importance of the evaluation of diasto-
lic function warrants a simplified approach to diastolo-
gy, which is broadly accessible to general endocrino-
logists. Doppler echocardiography is ideally suited for
assessment of diastolic function, being widely available,
non-invasive, and less expensive than other techniques.
However, a significant limitation is the requirement of
expert interpretation of multiple parameters that vary
with loading conditions and often provide conflic-
ting information. The assessment of diastolic function
should be based on a comprehensive echocardiographic
study integrating all available two dimensional and Do-
ppler data.

Echocardiographic evaluation of diastolic function
has been traditionally performed by measurement of
transmitral flow parameters from an apical four cham-
ber view with conventional pulsed wave Doppler. The
mitral inflow velocity profile is used to initially characte-
rize LV filling dynamics. The E velocity (E) represents
the early mitral inflow velocity and is influenced by the
relative pressures between the LA and LV, which, in
turn, are dependent on multiple variables including LA
pressure, LV compliance, and the rate of LV relaxation.
The A velocity (A) represents the atrial contractile com-
ponent of mitral filling, and it is primarily influenced
by LV compliance and LA contractility. The decelera-
tion time (DT) of the E velocity is the interval from
peak E to a point of intersection of the deceleration
of flow with the baseline and it correlates with time of
pressure equalization between the LA and LV. As the
early LA and LV filling pressures either evolve toward
or away from equivalence, so will the DT either shor-
ten or lengthen respectively. Based upon age-adjusted
interpretation of the transmitral flow profile, diastolic
function is initially classified as either normal, impaired
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relaxation, pseudonormal, restrictive (which may be re-
versible or non-reversible with preload reduction), or
indeterminate (if normal or pseudonormal cannot be
differentiated).

Long axis shortening (contraction) and lengthe-
ning (relaxation) of myocardial segments result in lon-
gitudinal motion of the mitral annulus toward or away
from the (relatively fixed) LV apex during systole and
diastole, respectively. Although long axis segmental
shortening remains fairly uniform along the myocardial
wall, a gradient of increasing velocity from apex to base
has been demonstrated. Mitral annular velocities may
therefore be regarded as an “‘aggregate” of segmental
myocardial velocities and in the absence of regional LV
dysfunction accurately reflect global long axis LV func-
tion. The tissue Doppler imaging evaluates the early
(E’) and late (A”) diastolic velocities that correspond to
the transmitral Doppler flow. In normal subjects the E’
occurs coincidently with, or just before, the transmitral
E wave, whereas in HF there is a progressive delay in E’
with respect to E. The E’ velocity progressively decrea-
ses as the long axis relaxation rate becomes increasingly
reduced in the setting of a wide range of cardiac disease
processes including dilated, restrictive, and hypertro-
phic cardiomyopathies. Specifically, the E’ velocity is
much less susceptible to the effects of increased prelo-
ad and remains low in patients with advanced diastolic
dysfunction and pseudonormalisation of the transmitral
E velocity. Furthermore, E’ is typically lower in patients
with severe LV dysfunction and restrictive filling.

The colour Doppler M mode can be used to pro-
vide a two dimensional representation of the velocity
of early diastolic filling as the bolus of blood propaga-
tes through the mitral valve towards the LV apex. This
flow propagation velocity (Vp) can be measured from
an apical four chamber view with the M mode beam
aligned parallel to LV inflow. The E/Vp ratio has been
demonstrated to correlate with LV filling pressure (27).

DYSGLYCEMIA, HYPERGLYCEMIA AND HEART
FAILURE

Epidemiological clinical trials data

The periods of impaired glucose tolerance (IGT) and
undiagnosed T2DM that typically precede diagnosis of
T2DM may expose individuals to more than a decade of
mild to moderate hyperglycemia. Indeed, at least 25%
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sis which could reflect, at least in part, prior exposure to
hyperglycemia. Moreover, several large epidemiological
studies have repeatedly shown that the degree of gluco-
se and HbAlc elevation in diabetic patients correlates
with a greater risk for CV events. For example, in an
epidemiological analysis of the United Kingdom Pros-
pective Diabetes Study (UKPDS), for each 1% rise in
HbAIlc a 14% rise was shown in the risk for myocardial
infarction, a 12% rise in the risk for stroke, and a 16%
rise in the risk for congestive heart failure (CHF) (13).
In the epidemiologic European Prospective Investiga-
tion into Cancer in Norfolk study, a 6-year follow-up
of over 10,000 subjects (45 to 79 years) showed a 21%
increase in CV events for each 1% rise in HbAlc above
5% and an increase in mortality of 24% in men and 28%
in women. For every 1% of HbAlc above 7%, the risk of
a CHD event and mortality increased by 40% and 26%
respectively. It is noteworthy that this relationship was
independent of other CV risk factors, including age,
body mass index, abdominal obesity, systolic blood
pressure, cholesterol, smoking, and previous CVD (14).
Meigs and cols. (15) at the Framingham Offspring Stu-
dy also reported a similar independent relationship be-
tween markers of dysglycemia, including HbAlc, and
incident CV events in a study controlled for the factors
included in the Framingham Risk Score (sex, age, total
and high-density lipoprotein cholesterol levels, systolic
and diastolic blood pressure, DM, and smoking) (18).
In a Danish study of diabetic patients who had survi-
ved myocardial ischemia complicated by HF, each 1%
increase in HbAlc above 5% over a 2.5-year follow-up
period resulted in a 24% increase in mortality (16).

The DECODE study gave further insights into the
topic, and reported that increased postprandial glu-
cose excursions below the threshold for the diagnosis
of DM could independently predict increased risk of
CV mortality among over 25,000 subjects followed for
11 years (17). The Funagata study group interestingly
showed higher CV mortality in people with IGT when
compared with individuals with impaired fasting glu-
cose (IFG) (18), suggesting the CV importance of an
IGT diagnosis rather than an IFG. Furthermore, Vitelli
and cols. (19) reported in The Atherosclerosis Risk in
Communities Study that HbAlc and carotid intimal-
medial thickening were related in nondiabetic subjects,
showing a relationship of glucose levels to subclinical
atherosclerosis (19).

Large epidemiological studies, including the Fra-
mingham Heart Study, the National Health and Nutri-
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tion Examination Survey, and the Cardiovascular He-
alth Study, have shown that T2DM is an independent
risk factor for the development of HF (28-30). In dia-
betic individuals, the risk of developing HF is greater in
those with an elevated body mass index, poor glucose
control as indicated by HbAlc level, nephropathy, reti-
nopathy, and CHD (31).

However, it is not clear yet if an increased plasma
glucose level below the diabetic cutoff is a risk factor
for HF. Bertoni and cols. (20) investigated whether
ventricular abnormalities related to DM were also ob-
served in IFG and whether these abnormalities may be
mediated by atherosclerosis in the Multi-Ethnic Study
of Atherosclerosis (MESA). It was composed by a po-
pulation-based sample of 6,814 men and women from
four ethnic groups (white, African American, Hispanic,
and Chinese) aged 45-84 without clinical CVD before
recruitment. This study showed that ethnicity-specific
differences in LV mass, end diastolic volume and stroke
volume are associated with abnormal glucose metabo-
lism and they are independent of subclinical CVD (20).

Held and cols. (21) identified in a large, prospecti-
ve, 2.4-year follow-up of a cohort of people at high risk
of CVD with and without a history of DM that fasting
plasma glucose (FPG) was a modest but significant in-
dependent risk factor for incident CHF hospitalization
and the combined end point of CHF/CV death. These
associations persisted after adjustment for diabetes sta-
tus, and the absence of a significantinteraction between
patients with and without known DM suggests that the
degree of hyperglycemia and not the diagnosis of DM
per se, it was the key determinant of the relationship
(21). These findings for CHF were consistent with In-
gelsson and cols. (22) data in a population-based pros-
pective study of 1,187 Swedish men older than 70 years
in which an abnormal response to the 2-hour glucose
value on the standard oral glucose tolerance test (as well
as fasting serum proinsulin concentration and clamp
glucose disposal rate) was an independent predictor for
incident HF hospitalization (22).

In an investigation of 20,810 nondiabetic patients,
predominantly male, receiving care in Veterans Affairs
medical centers, Nielson and cols. (23) found that hi-
gher morning glucose levels were independently asso-
ciated with a linear increase in the risk of incident HF
as defined by clinic diagnosis or in-hospital admission.
The relationship appeared to be relatively continuous
without a clear lower threshold. These studies suggest
that glucose intolerance may be an additional indication
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for careful clinical evaluation with respect to risks for
subsequent HF (23).

The Reykjavik study of a population-based cohort
(n = 19,381) showed strong associations between dys-
glycemia, prevalent CHF and incident morbidity and
mortality during follow-up of an average of 21.3 years,
even after adjustments for traditional risk factors, inclu-
ding ischemic heart disease (24). The relationship be-
tween increasing glucose levels and new onset HF was
almost linear, suggesting a likely association of gluco-
metabolic alterations and myocardial dysfunction (25).

Epidemiological studies have suggested that poor
overall glucose control may be associated with an in-
creased risk of HF among patients with DM: HbAlc
higher or equal to 10, relative to lower than 7, implied
a 1.56-fold greater risk to HF (32). At least two diffe-
rent epidemiological studies using sensitive diagnostic
methods found the prevalence of asymptomatic diasto-
lic dysfunction in patients with T2DM to be between
52% and 60%, despite an acceptable blood glucose con-
trol (33,34). Left ventricular diastolic dysfunction, cha-
racterized by impaired early diastolic filling, prolonged
isovolumetric relaxation, and an increased atrial filling
has been demonstrated even in young type 1 diabetic
patients (35).

Similarly, our group evaluated diastolic function
with pulsed tissue Doppler imaging in gestational dia-
betes mellitus (GDM), which is considered a harbinger
of T2DM, and compared it to healthy pregnant wo-
men. During the third trimester of pregnancy and after
8 weeks postpartum the GDM group showed a diffe-
rent diastolic function profile. These findings sugges-
ted a mild degree of diastolic abnormality that persisted
postpartum and corroborates an early CV involvement
hypothesis in this group of women (36).

Fang and cols. (37) described in an observational
study utilizing tissue Doppler imaging parameters a re-
lationship between peak systolic strain and HbAlc but
not for E’, while Di Bonito and cols. (38) did not find
any link to metabolic variables apart from an association
of E’/A’ with insulin resistance. Bajraktari and cols.
(39) recently demonstrated that insulin resistance (IR)
was associated with impaired diastolic function of the
LV in subjects with either IGT or T2DM (39).

In a cohort of hospitalized nondiabetic patients
with HF, elevated admission blood glucose levels were
independently associated with significant in-hospital
and 60-day mortality increase. These findings may have
clinical implications as a potential new marker for early
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risk stratification and detection of a high-risk subset of
patients admitted because of HF (40).

Experimental animal data

The natural history of DM heart function by Doppler
echocardiography is limited, because most patients do
not have a prediabetic study, and most patients receive
treatments in the full-blown stage of DM or after ha-
ving diabetes complications. Therefore, the use of an
appropriate animal model may allow a better unders-
tanding of the processes that lead to diabetic cardiac
dysfunction.

The Otsuka Long-Evans Tokushima Fatty (OLETF)
rat was recently established as an animal model of con-
genital DM by selective mating. The strain manifests
stable clinical and pathological features that resemble
human T2DM. Briefly, the characteristics of this strain
are late onset of hyperglycemia, a mild and chronic
course of DM, mild obesity, inheritance by males, and
renal and cardiac complications. Using this model, the
serial changes in LV filling dynamics histopathology
and metabolic disorders, such as hyperglycemia, myo-
cardial collagen accumulation, hyperinsulinemia, and
IR during the process of DM progression have been
evaluated.

OLETEF rat hyperglycemia was associated with an in-
creased deposition of collagen in the myocardium and a
reduced peak velocity and prolonged deceleration time
of early transmitral flow during the pre-stage of T2DM
(41). In addition, rodent models of chronic DM also
demonstrate abnormalities in diastolic LV function,
with or without systolic LV dysfunction (12,42,43).

Evidence of cardiomyopathy has also been demons-
trated in animal models of both type 1 (streptozotocin-
induced diabetes) and T2DM (Zucker diabetic fatty
rats and 0&/0b or db/db mice). During IR or T2DM, the
heart rapidly modifies its energy metabolism, shifting
metabolism towards increased fatty acid (FA) utiliza-
tion and decreased glucose consumption (44).

Perspectives on glucose level interventions

Preliminary clinical observations suggest that early -

myocardial and microcirculatory dysfunction induced
by elevated glucose levels are dynamic and may be re-
versed by improved metabolic control (45,46). In a
pilot study, von Bibra and cols. (46,47) indicated that
optimized glucose control, especially if insulin-based,
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blood flow reserve during stress. In this observational
study, patients with T2DM referred to a diabetic cli-
nic due to poor metabolic control were monitored for
diastolic dysfunction and impaired coronary flow reser-
ve. Following three weeks of improved insulin-based
glucose control, there was an improvement in diastolic
functionand capillary perfusion. In a more recentstudy
the authors extended the observation time to up to 52
weeks, and they showed that diastolic function may be
also favorably influenced by an improved glucose con-
trol in the long term (46,47).

Jarnert and cols. (48), from the Karolinska Institu-
te in Stockholm, engaged in a larger randomized trial
(DM and diastolic dysfunction; DADD) which evalu-
ated the impact of strict glycemic control upon myo-
cardial diastolic function and perfusion in patients with
T2DM. Nevertheless, the DADD trial failed to confirm
the results of the previous observational study (48).

The effect of a 1 year physical training was investiga-
ted by Loimaala and cols. (49) in a controlled trial where
tissue Doppler imaging recognized a slightly compromi-
sed diastolic function in 48 male patients with T2DM
without other signs of CVD. Although this study sho-
wed that training improved glycemic control, no clear
impact on diastolic function could be observed (49).

In intensive care, the hyperglycemic (diabetic and
nondiabetic) individual who has sustained an MI has an
increased risk of HF and death (50). Euglycemia, obtai-
ned with intravenous insulin therapy, has been shown to
greatly improve the prognosis for both the diabetic and
the nondiabetic patient with stress hyperglycemia (51).

PATHOPHYSIOLOGY

The heart is one of the most metabolically active organs
in the body. Under normal physiological conditions
it can utilize multiple substrates including fatty acids
(FA), carbohydrate, amino acids, and ketones. Among
these substrates, carbohydrates and FA are the major
sources of energy. In a normal heart, 70% of adenosine
triphosphate (ATP) generation is through FA oxidation
owing to the high energy yield per molecule of subs-
trate metabolized, whereas glucose and lactate account
for approximately 30% of the energy provided to the
cardiac muscle. Meanwhile, it should be noted that the
heart can rapidly switch its substrate selection to glu-
cose, a more efficient fuel, to accommodate different
physiological and pathophysiological conditions invol-
ving altered extracellular hormones, substrate availabili-
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ty and energy demand, as in stress states (e.g., ischemia,
pressure load, injury) (44).

Several potential explanations exist for the obser-
ved relationship between FPG and CHF. First, people
with glucose intolerance exhibit higher LV mass and
wall thickness than people who are normoglycemic
(52), possibly explained by the formation of advanced
glycosylation end-products in the myocardium, leading
to myocardial stiffness (53). Second, the previously
described relationship between dysglycemia and CVD
risk suggests that individuals with higher FPG levels
have more underlying coronary artery disease. Hyper-
glycemia may have unfavorable effects on the heart by
inducing inflammation, modulating nitric oxide meta-
bolism, and increasing oxidative stress (54 ), which are
all factors involved in the development of atheroscle-
rosis and further damage and dysfunction of the myo-
cardium. Third, high FPG levels have been shown to
induce activation of signaling involving endothelial
apoptosis (55). Fourth, hyperglycemic individuals are
generally hyperinsulinemic, and the high insulin levels
may promote increased ventricular mass and decreased
cardiac output (56). Fifth, hyperglycemic individu-
als are also insulin resistant, which is an independent
predictor of incident CHF after accounting for DM
or obesity (20). Finally, activation of the sympathetic
nervous system either by the high insulin levels (57)
or possibly secondary to glucose-induced diuresis may
promote CHF.

Ren and Davidoff (58) demonstrated that short-
term hyperglycemia modifies cardiomyocite contrac-
tion and relaxation in an experimental model of isolated
ventricular myocites (58). In addition, a study of Fang
and cols. (37) performed on diabetic patients showed
that hyperglycemia and insulin resistance are able to in-
duce functional and structural changes of cardiomyoci-
tes, which lead to progressive deterioration of regional
and global myocardial dynamics (37).

A recent study used LV endomyocardial biopsies
and assessed the relative contributions of AGE depo-
sition, fibrosis, cardiomyocyte hypertrophy, and car-
diomyocyte resting tension to the high diastolic LV
stiffness of the failing diabetic heart (59). In diabetic
patients with diastolic HF, cardiomyocyte hypertrophy
and high cardiomyocyte resting tension were mainly
responsible for the increase in diastolic LV stiffness,
whereas in diabetic patients with systolic HF, AGE
deposition and fibrosis were the main contributors to
diastolic LV dysfunction.
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The possible molecular mechanisms of diastolic dys-
function associated with impaired glucose tolerance can
be divided into factors intrinsic to the myocardium, fac-
tors affecting the cardiac myocytes and the extracellular
matrix, and factors affecting the vascular system. In dia-
betics, chronic hyperglycemia leads to non-enzymatic
glycation of vascular and membrane proteins, produ-
cing either advanced glycation end-products or reactive
oxygen species. Once such end-products develop in the
myocardium and arterial wall, they form stable and irre-
versible cross-links with collagen polymers, thereby de-
creasing the compliance of the myocardium and vessels.
Thus, cardiac stiffness increases and leads to diastolic
dysfunction (60). Diabetes is also characterized by an
increase of free fatty acid turnover (42), which increa-
ses myocardial oxygen consumption and enhances the
intracellular accumulation of intermediates, leading to
various deleterious effects. In animals with IGT, colla-
gen-linked glycation has been reported to affect car-
diac stiffness leading to diastolic dysfunction. Impaired
glucose oxidation also results in lactic acid accumula-
tion that further promotes the degradation of free fatty
acids. In summary, the mechanisms by which diastolic
dysfunction may occur in patients with IGT appear to
be similar to those operating in DM (60).

The frequent association of DM with hypertension,
retinopathy, nephropathy, and CVD has implicated the
rennin angiotensin system (RAS) in the initiation and
progression of these disorders. This has been demons-
trated by clinical trials in which RAS inhibitors signifi-
cantly reduced the incidence of vascular complications
in DM patients (61). RAS components, mostly Ang
11, have a potential role in endothelial cell dysfunction,
IR, inflammation, and proliferative effects. Angiotensin
(Ang) II exerts physiological and biochemical actions
that could contribute to these complications. It was ori-
ginally thought that Ang II mediated all actions of the
RAS. Over the past few years, other angiotensin pepti-
des, like Ang III, Ang IV, and especially Ang-(1-7) were
shown to selectively mediate different RAS effects (61).

One of the most relevant conceptual changes in our
understanding of the RAS was the discovery of local
or tissue RAS. A local system is characterized by the
presence of RAS components, such as angiotensinogen,
processing enzymes, angiotensins, and specific recep-
tors at tissue level. The local RAS has been found in the
heart, blood vessels, kidney, adrenal gland, pancreas,
central nervous system, reproductive system, lymphatic
and adipose tissue. Other important landmarks for the
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new concept of RAS were the characterization of Ang-
(1-7) as a biological active metabolite of RAS.

Ang-(1-7) has been associated to the physiopa-
thology of several diseases such as hypertension, pre-
eclampsia, hypertrophic myocardial disease and CHF,
MI, chronic renal diseases, diabetic nephropathy, GDM
and cirrhosis (62,63). Further studies should try to bet-
ter elucidate the role of Ang-(1-7), as opposed to Ang
11, in diabetes.

CONCLUSION

The term “dysglycemia” has been advocated to descri-
be the state of having a level of plasma glucose above
that at which adverse outcomes are likely to occur (64).
In the aforementioned studies a growing body of evi-
dence on the association between dysglycemia and HF
was highlighted, but these studies still raise many ques-
tions. Indeed, they do not describe the potential role
of intercurrent events such as acute coronary syndro-
mes or even changes in blood pressure accounting for
subsequent hospitalization for HF. Dysglycemia is of-
ten described as associated with a diffuse and aggressive
form of coronaryartery disease, which could potentially
lead to myocardial injury and failure.

Another confounding issue is the known high preva-
lence of dysglycemia in patients with asymptomatic LV
systolic dysfunction. This topic raises the question of
whether dysglycemia servesas a marker for a preexisting
potentially unrecognized ventricular dysfunction. Con-
versely, DM and dysglycemia are described as associa-
ted with worse symptoms and lesser functional capacity
in patients with HF and LV systolic dysfunction, which
raises the possibility of early HF recognition in these
dysglycemic patients. However, other factors common-
ly associated to dysglycemia should also be controlled
in order to better address this issue, including renal
dysfunction and the concomitant therapies such as the
use of thiazide diuretics.

On the other hand, dysglycemia may, in some way,
be directly implicated in the pathophysiology of a deve-
loping HE. However, glucose per se might not be the

culprit, and hyperinsulinemia could be very important, -

by causing myocardial hypertrophy. Several other me-
chanisms have been suggested, including: the formation
of AGE products causing collagen cross-linking and re-
ducing ventricular distensibility and vascular compliance;
AGE products causing modification of sarcoplasmic/

endoplasmic reticulum Ca?* ATPase; hyperglycemia and -~
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its association to oxidative stress; altered intracellular
signaling; decreased vascular endothelial growth factor
production; and some altered gene expression. Further-
more, autonomic neuropathy and microangiography are
well recognized complications of DM which may also
develop in the early stages of dysglycemia, and myocar-
dial metabolism may become more dependent on free
FA in dysglycemic states resulting in uncoupling of oxi-
dative phosphorylation potentially reducing contractility.
The observation that increased glucose indicates
risk for HF is of potential clinical importance regardless
of whether glucose is an independent risk or a covariant
to other recognized risk factors. However, there is little
clinical evidence that improved glucose control can im-
prove cardiac function and prevent HE. Further studies
should address this topic in the near future. A better
understanding of this issue will help clarify the role of
therapeutic intervention to dysglycemia, and the clini-
cal approach of dysglycemic states may finally be recog-
nized as an important tool for stopping the epidemic
prevalence of HF by acting on its early disease stages.

Disclosure: no potential conflict of interest relevant to this article
was reported.
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