Preclinical Diabetic Cardiomyopathy: Relation of Left Ventricular Diastolic
Dysfunction to Cardiac Autonomic Neuropathy in Men With Uncomplicated
Well-Controlled Type 2 Diabetes
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Diabetic cardiomyopathy is an ill-defined entity. This study was designed to explore the possible association between left
ventricular diastolic dysfunction (LVDD) and cardiac autonomic neuropathy (CAN) independently from metabolic control.
Three groups of 10 age-matched men each with well-controlled type 2 diabetes were studied: (1) subjects with normal
diastolic function, (2) subjects with LVDD characterized by impaired LV relaxation, and (3) subjects with a more severe form
of LVDD characterized by a pseudonormalized pattern of LV filling. No subject had evidence of clinical diabetic complications,
coronary artery disease (CAD), hypertension, congestive heart failure, or thyroid or overt renal disease, and all had a negative
maximal exercise test. LVDD was evaluated by Doppler echocardiographic and CAN was evaluated using spectral analysis of
heart rate variability (HRV; time and frequency domains) from 24-hour Holter recordings. Findings showed that the high
frequency power (HF: 0.15 to 0.4 Hz) tends to decrease with worsening diastolic function; 5.0 = 0.2 ms? (mean =+ SE) in group
1,4.2 = 0.3 ms? in group 2, and 3.9 = 0.4 ms? (P = .03) in group 3, respectively, whereas the low frequency power (LF: 0.04
to 0.15 Hz) was similar between groups. In the time domain, the mean squared differences of the successive RR intervals
(rMSDD) also showed the same pattern, ie, 31.0 + 2.8 ms, 23.8 = 1.6 ms, and 21.5 + 2.9 ms in groups 1, 2, and 3, respectively
(P = .03). The E/A ratio correlated significantly with indices of parasympathetic modulation (HF; r = 0.448, P = .013; rMSDD:
r = 0.457, P = .011; pNN50: r = 0.425, P = .019). LVDD and CAN are associated in patients with otherwise uncomplicated
well-controlled type 2 diabetes. The parameters defining these 2 abnormalities may serve to better define diabetic cardio-
myopathy as a distinct entity and could eventually become useful prognostic indicators as it has been shown in nondiabetic

populations.
© 2003 Elsevier Inc. All rights reserved.

UBJECTS WITH diabetes mellitus have a poorer cardio-
vascular prognosis than individuals without diabetes?; the
vast mgjority of subjects with diabetes will die from heart
disease.2 Up to 60% of unselected populations with type 2
diabetes have autonomic neuropathy.3-¢ In subjects with diabe-
tes, a reduction in heart rate variability (HRV) is associated
with an adverse cardiovascular prognosis?? and stroke.4 The
most frequently reported autonomic abnormalities are a dight
increase in heart rate and an altered HRV that have been
ascribed to vagal damage.8® Autonomic neuropathy is a fre-
quent complication of diabetes and is often clinically inappar-
ent_Z,lO
Left ventricular diastolic dysfunction (LVDD) may represent
the first stage of diabetic cardiomyopathy, which is an ill-
defined entity.1-13 Recently in a population-based sample of
adults with type 2 diabetes, a distinct diabetic cardiomyopathy,
independent of age, arteria pressure, LV mass, and systolic
function, was described.1 The prevalence of LVDD in middle-
aged asymptomatic subjects with type 2 diabetesis estimated to
be about 30%.14-16 However, in subjects with type 2 diabetes,
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a pseudonormal pattern of LV filling that is often noted in the
evaluation of LVDD17:18 suggests that LVDD may be more
frequent (45% to 60%) than previously suspected.19-21 |nterest-
ingly, athough the pseudonormalized pattern of ventricular
filling was not assessed, an association between cardiac auto-
nomic neuropathy (CAN) and LVDD has been described in
subjects with type 110 and type 2 diabetes.22 However, the
presence of comorbidities such as poor metabolic control, hy-
pertension, significant coronary artery disease (CAD), prolifer-
ative retinopathy, impaired LV systolic function, and the ab-
sence recoghition of the pseudonormalized pattern of
ventricular filling limit the interpretation of these results.10.22
The pseudonormal pattern is especially important since it rep-
resents a more advanced stage of LVDD. The association
between a pseudonormal pattern of ventricular filling and car-
diac dysautonomy has never been evaluated in subjects with
diabetes. The objective of this study was to evaluate the asso-
ciation between stages of LVDD and the degree of CAN in
normotensive men with well-controlled type 2 diabetes without
clinical evidence of heart disease.

SUBJECTS AND METHODS
Sudy Population

From a previous study,® we have congtituted 3 age-matched groups
of men with type 2 diabetes without clinical evidence of cardiovascular
disease including hypertension (blood pressure > 140/90 mm Hg) or
respiratory diseases on the basis of their LV function to evaluate
cardiac autonomic nervous system between the groups. The groups
were separated as follows: (1) subjects with normal LV diastolic
function (n = 10), (2) subjects with an impaired relaxation pattern of
LVDD (n = 10), and (3) subjects with a pseudonormalized pattern of
LVDD (n = 10). All subjects underwent a maximal treadmill exercise
test and in subjects with exercise-induced ST-segment depression,
myocardial perfusion imaging with thallium 201 was performed to
exclude CAD.1¢ Also excluded were subjects with diabetic complica-
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tions such as retinopathy, macroalbuminuria, or any clinical signs or
symptoms of autonomic dysfunction; subjects who were involved in
regular physical training; subjects using insulin, cardiovascular drugs,
or medication known to influence the autonomic nervous system; and
subjects with regional or globa wall motion abnormalities or valvular
disease on echocardiography. Subjects were treated with diet and/or
oral hypoglycemic agents (sulfonylurea and/or metformin) and their
diabetes had to be well controlled during the last 3 months.22 The Laval
Hospital Ethics Committee approved the protocol, and all subjects gave
written informed consent.

Biochemistry

Plasma glucose concentration, glycated hemoglobin A, (normal
range, 4.4% to 6.6%), serum total cholesterol, high-density lipoprotein
(HDL)-cholesteral, and triglycerides (TG) were analyzed as previously
described.1619 | ow-density lipoprotein (LDL)-cholesterol was calcu-
lated using Friedewald's formula2* LDL-cholesterol was not calcu-
lated in 2 subjects because the TG level was =6.0 mmol/L. Body mass
index (BMI) was calculated as weight (kg)/height (m?).

Echocardiography

Standard parasternal, short-axis, and apical views were performed in
accordance with the recommendations of the American Society of
Echocardiography and the same observer obtained all recordings and
measurements.1® LV DD, using transmitral and pulmonary veins record-
ings, was evaluated using well-standardized criteria.17.1° The following
parameters were obtained: peak E velocity in cm/s (peak early trans-
mitral filling velocity during early diastole), peak A velocity in cm/s
(peak transmitral atrial filling velocity during late diastole), decelera-
tion time in ms (time elapsed between peak E velocity and the point
where the extrapolation of the deceleration slope of the E velocity
crosses the zero baseline), isovolumic relaxation time (time elapsed
between aortic valve closure and mitral valve opening), and E/A ratio
(peak E wave velocity divided by peak A wave velocity). To diminish
the high filling pressures encountered in the pseudonormalized pattern
of LV filling, the same measurements were repeated during phase |1 of
the Valsalva maneuver.1”

Pulmonary venous flow recordings were obtained from the 4-cham-
ber view directed at the right upper pulmonary vein. Sample volume
placed 1 to 2 cm into the pulmonary vein for the measurement of peak
A wave velocity in cm/sec (peak reversed systolic wave during atrial
contraction). The reference values from the Canadian Consensus on
Diastolic Dysfunction were used to identify the group without
LVDD.' To distinguish the latter from those with a pseudonormalized
pattern of ventricular filling, 2 of the 3 following criteria had to be met:
(2) the E/A ratio was less than 1 after the Valsalva maneuver; (2) the
E/A ratio decreased by =25% after the Valsalva maneuver; and (3)
pulmonary A wave duration was longer than mitral A wave duration.®

Left ventricular mass (LVM) was calculated with the following
formulas: LVM (g) = 0.8 X 1.04 [(LVEDD + IVST + PWT)® —
(LVEDD)? + 0.6, where LVEDD was the left ventricle end diastolic
dimension, IVST the interventricular septal thickness, and PWT the
posterior wall thickness.

Heart Rate Variability

HRV was derived from a 24-hour Holter monitoring system (Mar-
quette Electronics, Milwaukee, WI) in al subjects during normal daily
life activity. HRV derived from 24-hour ambulatory monitoring is
reproducible and free of placebo effect.26 Using frequency domains,
power in the low frequency (LF: 0.04 to 0.15 Hz), an index of both
sympathetic and parasympathetic activity, and power in the high fre-
quency (HF: 0.15 to 0.4 Hz), an index of solely parasympathetic
activity, were calculated. The LF/HF ratio is the power in low fre-
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quency divided by the power in high frequency. Using time domains,
the standard deviation of the RR intervals (SDNN), the square root of
the mean sgquared differences of successive RR intervals (rMSDD), and
the standard deviation of the average RR intervals calculated over
5-minute periods (SDANN) were determined. pNN50 is the proportion
of interval differences of successive NN intervals greater than 50 ms.
NN or RR intervals are the normal-to-normal intervals that include all
intervals between adjacent QRS complexes resulting from sinus node
depolarizations in the entire 24-hour electrocardiogram recording.

Satistical Analysis

The data are presented as mean = SD unless otherwise specified.
Comparison among the 3 groups of subjects for various parameters was
performed by 1-way analysis of variance (ANOVA) and the post hoc
Tukey test for multiple comparisons. When normality and/or equal
variance testing conditions were not met, the Kruskal-Wallis rank test
and/or the Dunn test for multiple comparisons were used, respectively.
Student’s paired t test was used to evaluate the responses to the
Valsalva maneuver within groups. Pearson’'s linear correlation coeffi-
cients were calculated for pairs of continuous variables. Logarithmic
transformation was used for variables not normally distributed. A P
value less than .05 was considered statistically significant.

RESULTS
Clinical Parameters

Table 1 shows clinical characteristics of the 3 groups. No
subject had a restrictive pattern of ventricular filling. There
were no differences in treatment for diabetes, daily dosages of
hypoglycemic agents, diabetes duration, BMI, resting heart
rate, diastolic and mean blood pressure, fasting blood glucose,
glycated hemoglobin A,., and lipid profile. Although within
normal limits, systolic blood pressure was lower in normal
subjects compared to subjects with a pseudonormalized pattern
of ventricular filling (P = .043).

Echocardiographic Measurements (M-mode)

All measurement for LVM cavity dimensions were within
normal limits. There were no differences between groups in
aortic root, posterior wall, LV systolic or diastolic or right
ventricular diastolic dimensions, LVM, or LV gjection fraction
(data not shown).

Transmitral and Pulmonary Venous Doppler Flow Velocity
Recordings

Table 2 summarizes the results from Doppler-derived dia-
stalicfilling indices for the 3 groups. Transmitral recordings are
reported at baseline and during phase Il of the Vasalva ma
neuver (Table 2). LV diastolic function using transmitral and
pulmonary venous flow recordings was measured in all sub-
jects. E and A wave velocity values for the group with normal
diastolic function were within the accepted normal range.t”

Before the Valsalva maneuver (Table 2), subjects with im-
paired relaxation showed lower E wave velocity compared to
subjects with normal diastolic function (P = .025) and subjects
with a pseudonormalized pattern (P = .036). A wave velocity
was higher in subjects with impaired relaxation compared to
normals (P < .001) and subjects with a pseudonormalized
pattern (P = .002). Consequently, the E/A ratio was smaller in
subjects with impaired relaxation compared to subjects with
normal diastolic function (P < .001) and subjects with a



1058

POIRIER ET AL

Table 1. Characteristics of 30 Men With Type 2 Diabetes Separated on the Basis of Left Ventricular Diastolic Function

Normal Impaired Relaxation Pseudonormalized Pattern

(n =10) (n = 10) (n =10)
Age (yr) 51+4 56 + 4 54 =7
Diabetes duration (yr) 4+3 3+3 10 £ 10
BMI (kg/m?) 28.7 = 3.0 29.3+4.2 30.2+1.9
Resting HR (beats/min) 66 = 8 75+ 13 71+ 8
Systolic BP (mm Hg) 115 = 11 125 + 12 127 = 8%
Diastolic BP (mm Hg) 72 =7 79 +8 76 =9
Fasting glucose (mmol/L) 10.6 = 3.2 10.2 = 2.9 10.7 = 2.6
HbA, . (%)* 6.7 24 59 *1.2 6.7 *1.6
Total-cholesterol (mmol/L) 58+ 1.3 54 +1.2 5.4 + 0.7
HDL-cholesterol (mmol/L) 1.0 = 0.3 1.0 £ 0.3 1.0+0.3
LDL-cholesterol (mmol/L) 3.6 +1.0 3.6 +1.1 33+08
Triglycerides (mmol/L)t 2.9 (1.3-11.3) 2.2 (1.0-6.0) 2.2 (1.5-2.8)
Microalbuminuria (+) 4 6 7

NOTE. Data are the mean = SD

*Normal range HbA,: 4.4% to 6.6%.

tTriglycerides are expressed as the median (range).
P < .05 v normal subjects

Abbreviations: BMI, body-mass index; HR, heart rate; BP, blood pressure.

pseudonormalized pattern (P < .001). There was no statistical
difference in isovolumetric relaxation time, deceleration time,
or A wave duration among groups.

After the Valsava maneuver (Table 2), E wave velocity
decreased in the 3 groups (P < .001), whereas A wave velocity
decreased only in those with normal diastolic function or with
impaired relaxation (P < .005). As a consequence, a decrease
in the E/A ratio was observed in subjects with normal diastolic
function (P = .01) and with a pseudonormalized pattern (P <
.001). The decrease in E/A ratio was 13% in the group with
normal diastolic function, 11% in the group with impaired

relaxation, and 40% in the group with a pseudonormalized
pattern (P < .001 v normal and impaired relaxation). All
subjects without LVDD conserved an E/A ratio greater than 1,
whereas all subjects with a pseudonormalized pattern showed
an E/A ratio less than 1. Therefore, subjects with normal
diastolic function showed a higher E/A ratio than subjects with
impaired relaxation (P < .001) and subjects with a pseudonor-
malized pattern (P < .001). Deceleration time increased simi-
larly (29% to 33%) following the Valsava maneuver in al 3
groups (Table 2). Pulmonary reversed A wave duration (PVa)
was significantly longer in subjects with a pseudonormalized

Table 2. Transmitral and Pulmonary Doppler Flow Recordings in 30 Men With Type 2 Diabetes Separated on the Basis
of Left Ventricular Diastolic Function

Normal Impaired Relaxation Pseudonormalized Pattern
(n =10) (n =10) (n =10)
Baseline
E wave (cm/s) 69 + 13 56 = 10* 68 = 7t
A wave (cm/s) 52 =10 74 = 14% 55 + 88
E/A 1.35 = 0.14 0.77 = 0.06% 1.27 = 0.198
IVRT (ms) 109 = 15 110 £ 12 105 + 12
Deceleration time (ms) 188 + 32 229 = 57 188 + 24
A wave duration (ms) 128 + 20 128 = 24 119 = 21
PVa duration (ms) 100 =9 115 = 28 125 = 16*
PVa — Ma duration (ms) —28 + 14t -13 + 22 6 =229
During the Valsalva maneuver
E wave (cm/s) 45+ 9 36 + 3* 40 + 8
A wave (cm/s) 39 +8 53 + 9% 54 + 8
E/A 1.17 £ 0.14 0.69 = 0.12% 0.75 = 0.129
Deceleration time (ms) 245 + 54 294 + 102 250 * 55
A wave duration (ms) 108 + 27 121 + 23 116 = 21

NOTE. Data are the mean + SD

*P < .05 v normal subjects.

TP < .05 v subjects with impaired relaxation.
P < .005 v normal subjects.

§P < .005 v subjects with impaired relaxation.
[P < .005 v normal subjects.

Abbreviations: IVRT, isovolumetric relaxation time; PVa, reversed systolic wave in the pulmonary veins, Ma, transmitral A wave.
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Fig 1. HF (ms?2) in 30 men with type Il diabetes separated on the
basis of LV diastolic function. Values are mean = SD.

pattern compared to normal subjects (125 = 16 v 100 + 9 ms,
P = .019). PVa wave duration minus mitral A wave duration
was calculated and, as expected because of high left atrial
filling pressure, subjects with a pseudonormalized pattern
showed a significantly higher value than those without LVDD
(P = .002).

HRV Indices

Several HRV indices from frequency and time domains are
described in Fig 1 and Table 3. In the frequency domain, there
was no difference in LF (0.04 to 0.15 Hz) or LH/HF ratio
among groups (Table 3), whereas HF (0.15 to 0.4 Hz) de-
creased as the diastolic function worsened (P = .03, Fig 1).
Moreover, HF was decreased in subjects with a pseudonormal -
ized pattern of ventricular filling compared to controls (P =
.03). In the time domain, there were no differences in SDNN,
SDANN, or mean NN among groups. However, rMSSD also
decreased as the diastolic function worsened (Table 3, P =
.03). Thus, the indices of parasympathetic modulation (HF and
rMSSD) were decreased as the LV diastolic function worsened
in our cohort.

There were significant inverse correlations between E/A
ratio and age (r = —0.40, P = .028) and systolic blood pressure
(r = —0.425, P = .019). There was no correlation between E/A
ratio and lipid profile, metabolic control (expressed by HbA ),
fasting blood glucose, LVM, or heart dimensions. E/A ratio
correlated significantly with indices evaluating parasympa-
thetic modulation in both the frequency domains (HF: 0.15 to
0.4 Hz, r = 0.448, P = .013) and the time domains (rMSSD:
r = 0457, P = .011; pNN50: r = 0.425, P = .019).

DISCUSSION

The current findings suggest that preclinical manifestations
of diabetic cardiomyopathy, ie, LVDD and cardiac dysau-
tonomy, are associated and this maybe independent of meta-
bolic control. Although the pathogenesis and pathophysiology
of diabetic cardiomyopathy remain unclear and are probably
multifactorial 122728 L VDD is frequent in subjects with diabe-
tes.11.19-21 The LV elastic recoil, the rate of myocardial relax-
ation, chamber compliance, and loading conditions, all affect
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LV diastolic function. The association between LVDD and
CAN depicted in this study may be the hemodynamic conse-
quence of disturbed parasympathetic flow to the heart and/or an
abnormal afferent parasympathetic inflow from carotid and
aortic baroreflexes and atrial receptors. Whether efferent or
afferent, parasympathetic denervation may induce slowed ven-
tricular relaxation, leading to a fall in the velocity of the
passive, early diastolic transmitral flow (E wave) and a com-
pensatory increase in the flow velocity caused by atrial con-
traction (A wave). This is further reinforced by findings sug-
gesting that diastolic dysfunction is caused by impaired
myocyte handling of calcium, sincethe latter dependsin part on
autonomic nervous stimulation.2® Therefore, LVDD and car-
diac dysautonomy may well be related through a common
pathophysiological pathway at the preclinical stage, which may
better define the presence of diabetic cardiomyopathy.

Subjects with type 2 diabetes clearly show a widespread
abnormality in their autonomic modulation that impacts heart
rate, blood pressure, and the microvasculature.3° Consistent
with our results, it is thought that neural damage affects para-
sympathetic nerves earlier and to a greater degree than it affects
the sympathetic nerves. The reduction in cardiac vagal modu-
lation may be seen not only at the cardiac level, but aso at the
vascular level .10 As such, in this study, there was atrend toward
higher resting heart rate in all subjectswith LVDD compared to
subjects with normal diastolic function (73 = 11v66 = 8; P =
.09) and an increase in systolic blood pressure (Table 1).

It has generally been accepted that autonomic neuropathy is
a consequence of long-term hyperglycemiad! and uncontrolled
diabetes negatively affects the progression of autonomic neu-
ropathy.25 Also, suboptimal glucose control has been associ-
ated with abnormal LV relaxation,! but abnormal relaxation is
also associated, in subjects with type 2 diabetes, with rena
microvascular disease and arterial stiffening, again supporting
a systemic pathological process.32 Metabolic control at least in

Table 3. Heart Rate Variability Indices in 30 Men With Type 2
Diabetes Separated on the Basis of Left Ventricular
Diastolic Function

Impaired Pseudonormalized
Normal Relaxation Pattern
(n =10) (n =10) (n =10)
LF ms?

(0.04-0.15 Hz) 554 + 180 444 + 298 349 * 332
LF/HF 412 *+1.84 532*214 5.10 £ 2.86
SDANN (ms) 129 = 23 130 = 55 111 £ 25
rMSSD (ms) 31x9 24 +5 22 = 9%
pNN50 (%) 8.8 £5.1 49+ 25 43 48
NN (ms) 753 = 83 797 + 156 728 + 85
SDNN (ms) 139 = 24 141 = 64 117 = 26

NOTE. Data are the mean + SD

*P < .05 v normal subjects.

Abbreviations: LF/HF, low frequency/high frequency ratio; SDANN,
standard deviation of the average NN intervals calculated over 5
minutes periods; rMSSD, the square root of the mean squared differ-
ences of successive NN intervals; pNN50, the proportion of interval
differences of successive NN intervals >50 ms; NN, normal-to-normal
intervals between adjacent QRS complexes resulting from sinus node
depolarizations; SDNN, standard deviation of the NN intervals.
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the last few months prior the study was excellent. Moreover,
since abnormal LV relaxation in diabetes mellitus has been
recently shown to be similar in degree to the well-known
impaired relaxation associated with hypertension without dia-
betes,1 a common link independent of hyperglycemia or insu-
lin resistance may be suspected. Accordingly, Liu et a have
demonstrated in alarge cohort of subjects that plasmainsulinis
not related to diastolic stiffness.1t

On the other hand, subclinical autonomic neuropathy may
develop in the absence of long-term hyperglycemia since au-
tonomic neuropathy may be present in nondiabetic subjects
with a family history of type 2 diabetes.3® There is a large
variability in the susceptibility of the subject with diabetes to
develop complications inherent to this disease.2 It is also plau-
sible that clinical methods for the diagnosis of diabetic neu-
ropathy are insufficiently sensitive34 and that HRV may rep-
resent a useful screening tool in the early assessment of CAN
(much as the Valsalva maneuver may unmask the pseudonor-
malized pattern of ventricular filling). Additionally, HRV is
accepted as a method to evaluate subclinical cardiac
neuropathy in individuals at increased risk of cardiac-related
mortality25 and is more widely available than other more
sophisticated method of evaluation such as myocardia
m[*23]iodobenzylguanidine scintigraphy.22.34.35

Itisunlikely that impaired diastolic function was simply due
to increased heart rate, since there was no difference in heart
rate between the subjects with impaired relaxation and the
group with a pseudonormalized pattern of ventricular filling.

POIRIER ET AL

However, astructural cause for the diastolic dysfunction cannot
be excluded. Advanced glycosylation end-products (AGES)
cause diastolic dysfunction in animal model of diabetes.36
Indeed, interstitial accumulation of AGEs, which include col-
lagen, elastin, and other connective tissue proteins, have been
reported in human diabetic hearts.37.38 Also, increased LVM
may be associated with progressive autonomic neuropathy3°
and it is of note that subjects with abnormal diastolic function
have higher, although within normal range, interventricular
septum thickness. Although several studies evaluating LVDD
have included both gender,2540-47 further studies using the
same evaluation technique are needed to assess the prevalence
of this phenomenon in women or minorities with type 2 dia-
betes.

In conclusion, the present study describes an association
between the degree of LV diastolic dysfunction and the degree
of cardiac dysautonomy in well-characterized subjects with
type 2 diabetes free of clinicaly overt heart disease. These
clinical noninvasive tools can better define and detect diabetic
cardiomyopathy at a very early stage. These findings should
lead to further studies to advance understanding of this clinical
entity and may have implications in the evaluation and defini-
tion of the poor prognosis associated with this high-risk pop-
ulation.
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