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Regression of Left Ventricular
Hypertrophy in Diabetic Nephropathy:
Loss of Parasympathetic Function Predicts

Response to Treatment

Larry A. Weinrauch, MD; 134 Andrew J. Burger, MD;24 Doron Aronson, MD;2
Ray E. Gleason, PhD;# Annette T. Lee, PhD;> John A. D’Elia, MD'24

Both left ventricular (LV) bypertrophy and
decreased autonomic function are predictors of
adverse cardiac events. Patients with diabetic
nephropathy have an excess cardiovascular risk.
The authors determined heart rate variability
from 24-bour ambulatory electrocardiographic
recordings and measures of LV mass with systolic
and diastolic function from echocardiograms.
Patients with diabetic nephropathy (n=16) were
seen weekly for insulin and hypertension man-
agement. Glycobemoglobin decreased from
9.5+0.4% to 8.3+0.4% (p=0.01), and advanced
glycated end products decreased from 12.1+2.2
to 7.4 +1.2 units (p=0.03). Mean arterial pres-
sure and body weight did not change. Serum
creatinine increased (1.8 +0.1 mg/dL to 2.0+0.2
mg/dL; p=0.03). The authors used a panel of
markers of baseline beart rate variation to assess
autonomic function. When covariance of the
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heart rate interval results were evaluated, the
group below the median was found to have a
significant decrease in LV mass, from 230 g to
184 g (p=0.013); the group above the median
had an increase (182 g to 193 g; p=0.5329).
Baseline covariance of the heart rate interval pre-
dicted 12-month changes in LV mass in 13 of 16
patients (predictive accuracy, 81%). Improvement
in measures of beart rate variation correlated
with a decrease in LV mass. Parallel improvement
of LV mass and autonomic function suggests a
common mechanism, allowing for prediction

of LV mass improvement through analysis of
baseline heart rate variation. (] Clin Hypertens.
2006;8:330-335) ©2006 Le Jacq Ltd.

Increases in left ventricular (LV) mass and decreases
in LV function have individually been associated
with excess cardiovascular morbidity and mortality
in both acute? and chronic studies.’* Increases in
LV mass have been postulated to be due to trophic
and hemodynamic stresses. Loss of parasympathetic
function as a result of long-term diabetes mellitus
may be a major factor in excess cardiac mortal-
ity. In this prospective study, we postulated that
LV remodeling and parasympathetic improvement
could both be attained by aggressive treatment of
hypertension and hyperglycemia. We suspected that
these changes over 12 months would be closely cor-
related with each other. If these concepts are correct,
it would be reasonable to expect that baseline tests
might be useful in predicting subsequent changes.
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METHODS

Patients were prospectively and consecutively enrolled
as part of a multicenter study involving seven institu-
tions in the United States. Inclusion criteria included
a run-in period to assure optimal (<140/90 mm Hg)
blood pressure (BP) control before the initiation of
the study, and were as follows: 1) onset of insulin
dependence before the age of 35; 2) albuminuria of
>0.1 g/d or proteinuria of >0.3 g/d on two separate
24-hour urine collections; 3) creatinine clearance of
>30 cc/min; and 4) absence of pregnancy or acute
or chronic illness that would render testing unin-
terpretable (e.g., drug dependence, recent myocar-
dial infarction, or stroke). Enrollment in this study
required an evaluation of several weeks to collect
the required urine samples and confirm the level of
control of diabetes and BP.

All patients were treated with at least four
daily doses of insulin. Oral hypoglycemic agents
were not used in this study (average daily dose of
insulin was 45 U at entry and 42 U at 12 months).
Management of hypertension was commenced
preferentially with angiotensin-converting enzyme
(ACE) blocking agents, if tolerated. No patients
were treated with angiotensin receptor blockers.
Given the importance of BP control in diabetic
patients with renal disease, medication regimens
were regulated with the help of quarterly ambula-
tory BP monitoring. We attempted to avoid the
use of any drug that was, at the time, known to
exert major effects on the autonomic nervous sys-
tem that would interfere with either the patient’s
sensation of hypoglycemic reactions or with the
testing of cardiac autonomic function. Patients
underwent 24-hour ambulatory BP measurements
(model 90207, Spacelabs Medical, Issaquah, WA).
Glycohemoglobin A, was measured at baseline
and 12 months (high-pressure liquid chromatogra-
phy, Nichols Institute, Van Nuys, CA).

Three-channel, 24-hour electrocardiographic
recordings were obtained at baseline and 12 months.
The studies were analyzed on a commercially avail-
able scanner (Zymed Medical Instruments, model
1610, Camarillo, CA). After a normal QRS was
chosen, computer-assisted rate and arrhythmia
analyses were performed with a cardiologist and
technician overreading and editing. Excessive noise
and artifact were noted and ectopy was quantified.
After technician analysis and physician review,
the results were downloaded into a computer and
analyzed using software developed by Zymed. The
program produced a panel of measurements of
the RR interval and various derivations of the RR
interval (Table I).
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Table I. Panel of Measurements of the RR Interval and
Various Derivations of the RR Interval

Time domain intervals
Average heart rate
Average RR interval (NN)
SD of the RR intervals over a 24-hour period (SDNN)
SD of all 5-minute mean RR intervals (SDANN)
Average SD of all 5-minute RR intervals (ASDNN)
Percentage of RR intervals with >50 ms variation (pNN50)

Square root of mean squared differences of successive RR
intervals (RMSSD)

Covariance of the RR intervals (CVNN)
Frequency domain indices

Total power spectrum (0-0.4 Hz)

High-frequency power (HF, 0.015-0.4 Hz)

Low-frequency power (LE 0.04-0.15 Hz)

Very-low-frequency power (VLE 0.003-0.04 Hz)

Ultra-low-frequency power (ULE, <0.003 Hz)

Echocardiography was performed to assess the
structure and function of the heart using standard
echocardiographic views and measurements at
baseline and 12 months (Hewlett Packard, model
2500 or 5500, Andover, MA).

Frequency data were tested for significance
using Fisher’s exact test since expected fre-
quencies were less than five. For quantitative
variables, unpaired ¢ tests were used to test
for significance between the means of various
classification variables (gender, normal/abnor-
mal stratification of cardiac autonomic func-
tion). The paired ¢ test was used for changes in
variables over time. Interrelationships among
the variables were tested for significance using
Pearson’s product moment correlations. All data
are expressed as frequencies or means with SEM
as a measure of dispersion. An o level of 0.05
was considered statistically significant. All anal-
yses were carried out using SAS software (SAS
Institute, Cary, NC).

RESULTS

Sixteen insulin-dependent, juvenile-onset diabetics
between the ages of 21 and 65 years (mean age,
42.4 years; range, 33-64 years) were enrolled in
this study (Table II). Better control of glycemia
was achieved, while renal function diminished and
mild anemia worsened. Table III demonstrates the
evaluation of LV structure and function at baseline
and 12 months for the 16 patients. There was no
significant change over time in BP, LV mass, septal
thickness, or parameters of systolic or diastolic
function for the total group.
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Table II. Demographic Data for 16 Patients (10 Males) Aged 33—64 Years, at Baseline and 12 Months

PARAMETER (MEAN + SEM) BASELINE 12 MoNTHS P VALUE
Glycohemoglobin A, (%) 9.5+0.4 8.3+0.4 0.01
Advanced glycated end products (units) 12.142.2 7.4+1.2 0.03
Serum creatinine (mg/dL) 1.8+0.1 2.0+0.2 0.03
Creatinine clearance (mL/min) 55+3 50+5.0 0.20
Hemoglobin (g/dL) 13.5+0.4 12.2+0.4 0.01
Hematocrit (%) 39.5+1.4 36.6x1.3 0.01
Systolic blood pressure (mm Hg) 140+3 14142 0.64
Diastolic blood pressure (mm Hg) 81+2 81+1 0.93
Mean arterial pressure (mm Hg) 100+2 101+2 0.60
Weight (kg) 72.8+2.5 72.8+2.9 1.00

Table III. Left Ventricular Structure and Function at
Baseline and 12 Months

PARAMETER P
(MEaN + SEM) BaseLINE 12 MONTHS VALUE

Left ventricular mass (g) 206.1x13.8 187.5£14.7 0.11

Left ventricular 10.25£0.36  9.63+0.42 0.08
septum (mm)

Fractional shortening (%) 38.8+1.4 38.8+1.5  0.97

Ejection fraction (%) 60+2 60+2 1.00

Left ventricular 1.19+0.07 1.22+0.08 0.56

compliance (ratio
P

Heart rate variability was significantly depressed
in the time and frequency domains (Table IV) at
baseline and 12 months. There were no significant
changes in time and frequency domain measures of
autonomic function over 12 months with the excep-
tion of the very low frequency measure (p=0.03).

Baseline autonomic function test results above
vs. below the median were used to define two
groups: 1) the group with a baseline heart rate
variability (CVNN) result above the median dem-
onstrated an increase in LV mass from 182 g to
193 g (p=0.5329); 2) the group with a CVNN
result below the median demonstrated a reduction
in IV mass from 230 g to 184 g (p=0.0013). Thus,
the group with greater cardiac autonomic impair-
ment at baseline had a significantly larger LV mass,
a reduction in LV mass (p=0.005), and an increase
in ejection fraction (p=0.009) over 12 months.
Baseline BP (140/81 mm Hg; mean arterial pres-
sure [MAP], 100 mm Hg) did not change at 12
months. This comparison of baseline CVNN levels
(above vs. below the median) identified 13 of 16
study subjects with respect to changes in LV mass
over 12 months (sensitivity, 77 %; specificity, 86 %;
positive predictive value, 88%; negative predictive
value, 75%; predictive accuracy, 81%). The rela-
tionships of baseline CVNN results to changes in
LV septal thickness, compliance, fractional short-
ening, or ejection fraction were not statistically
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significant. Square root of mean squared differ-
ences of successive RR intervals results above the
median were associated with an improvement in
diastolic compliance (p=0.0298): E/A 1.19 to 1.26
vs. 1.19 to 1.16 for the group below the median
(p=0.6648). There was a correlation in the total
group among baseline low frequency, SD of the RR
intervals, and the observed change in LV mass over
time (r=+0.52; p=0.04; -0.53, 0.04 respectively).

Table V sets forth the comparison of baseline auto-
nomic data (above vs. below the median) to changes
in cardiac structure and function over 1 year. Table VI
lists significant negative correlations between changes
in time and frequency variables vs. changes in LV mass
over 12 months.

DISCUSSION

We have previously noted that LV mass improved
with glycemic control over time’ and have also
described improvement in autonomic function
with metabolic control.® In a large cohort of hyper-
tensive patients, inappropriate LV hypertrophy
was demonstrated to be an independent predictor
of risk for morbidity and mortality.” We hypoth-
esized that unopposed sympathetic tone in diabetic
patients with increased LV mass would exacerbate
diastolic dysfunction.® We postulated that down-
regulating sympathetic stimulation by pressor and
glycemia control would result in a greater impact
in hearts that had sustained the greatest impair-
ment of baseline parasympathetic function.

The present study had a two-fold purpose: 1) to
determine whether the most abnormal autonomic
baseline function would predict the greatest suscep-
tibility to LV remodeling (reduction of LV hypertro-
phy) from glycemic and hypertensive control; and 2)
to determine whether there is a correlation between
therapeutic LV remodeling and improvement in
autonomic function over time of therapy.

With respect to the value of baseline autonomic
function to predict LV remodeling, we found that

VOL. 8 NO. 5 MAY 2006

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq Ltd., Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2005 by Le Jacq Ltd., All rights reserved. No part of this publication may be
reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions
and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Sarah Howell at
p—4l showell@lejacg.com or 203.656.1711 x106.

OTICE




WLE JACQ"

Table IV. Autonomic Function at Baseline and 12 Months

PARAMETER (MEAN + SEM) NORMAL BASELINE 12 MoNTHS P VALUE

Time domain variables (ms)
Average RR interval 667-1000 711.3+16.3 723.3+£19.1 0.18
SD of the average RR interval over a 24-h period 141+39 81.1+5.9 79.3+4.9 0.90
SD of all 5-min mean RR intervals 127435 75.6£5.9 72.9+4.4 0.79
Average SD of all 5-min RR intervals 27.1+2.5 26.9+2.3 0.80
% of RR intervals with >50 ms variation 0.64+0.26 1.11+0.80 0.53
' of mean squared differences of successive RR intervals 27412 9.9+1.3 11.2+1.6 0.41
Covariance of the RR intervals 11.4+0.8 10.9+0.6 0.61

Frequency domain variables (Hz)
High frequency (HF) 975203 59.6+25.7 36.1+7.3 0.37
Low frequency (LF) 11704416 180.3+60 119.3+29 0.14
LF/HF ratio 1.5-2.0 3.77+0.43 3.37+0.44 0.25
Very LF 715.0+166.4 411.2+72.3 0.03
Ultra LF 7186+1624 5654+830 0.30

Function Over 1 Year (# Test)

Table V. Comparison of Baseline Autonomic Data (Above vs. Below the Median) to Changes (A) in Cardiac Structure and

Autonomic Test  ALVM ALV Septum A FracTioNaL SHORTENING A EjectioN Fraction A Diastoric COMPLIANCE

SDNN 0.09 1.00 0.94
SDANN 0.09 1.00 0.94
pNN50 0.99 0.93 0.72
RMSSD 0.95 0.83 0.49
CVNN 0.005 1.00 0.41
LF 0.37 0.27 0.62
HF 0.40 0.13 0.88

0.24 0.94
0.24 0.94
0.55 0.12
1.00 0.05
0.009 0.84
1.00 0.72
0.56 0.87

LVM=left ventricular (LV) mass; SDNN=SD of the RR intervals over a 24-hour period; SDANN=SD of all 5-min mean RR
intervals; ASDNN=average SD of all 5-min RR intervals; pPNN50=% of RR intervals with >50 ms variation; RMSSD=V of mean
squared differences of successive RR intervals; CVINN=covariance of the RR intervals; LF=low frequency; HF=high frequency

CVNN (covariance: the percent the SD is of the
average RR interval) was useful in that patients
with low covariance responded to treatment by
reduction of LV hypertrophy with a high predictive
accuracy. Thus, the group with greater cardiac auto-
nomic impairment at baseline had a significantly
larger LV mass, a reduction in LV mass (p=0.005),
and an increase in ejection fraction (p=0.009) over
12 months. There were no significant differences
between the groups with high as opposed to low
covariance with respect to gender; age; or baseline
or change in weight, serum creatinine, MAP, insulin
requirement, glycohemoglobin, or advanced glycat-
ed end product. Baseline BP (140/81 mm Hg; MAP,
100 mm Hg) did not change at 12 months.

With respect to the relationship between chang-
es in both autonomic function and LV mass over
time, the present prospective study demonstrates
that improvement in parasympathetic function cor-
relates significantly with improvement in increased
LV mass, a finding suggested by prior cross sec-
tional studies”'® that span the spectrum of renal
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function from normal to dialysis dependency. This
statistical correlation between improvement in
autonomic function and remodeling of ventricular
architecture suggests common mechanisms.

Our target BP of <140/90 mm Hg is similar to
that of a large prospective study of 1590 diabetic
patients with nephropathy.!” In that study, angio-
tensin receptor blockade, usually with a diuretic,
was used to achieve a BP <135/85 mm Hg (MAP,
102 mm Hg), demonstrating that patients with BP
<120/85 mm Hg (MAP, 97 mm Hg) had a statisti-
cally significant increased incidence of myocardial
morbidity and mortality. In our study, the achieved
MAP was 100 mm Hg at baseline, and 101 mm Hg
at 12 months. Patients with no change in BP had a
similar change in LV mass to patients with a change
in BP. Thus, the BP differences did not account for
changes in cardiac morphology or function.

Our study group achieved an average glyco-
hemoglobin of 8.3% at 12 months. In a study
of type 1 diabetic patients followed for 18 years,
the group that achieved a glycohemoglobin level
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Table VI. Correlation Between Change in Autonomic
Function or Clinical Data With Respect to Change in Left
Ventricular Mass Over 12 Months (N=16)

R VALUE P VALUE

Autonomic tests (heart rate variations)

SD of the RR intervals over a 24-hour  -0.53 0.04
period

SD of all 5-min mean RR intervals -0.53 0.04

% of RR intervals with >50 ms -0.57 0.02
variation

Covariance of the RR intervals -0.59 0.02

v of mean squared differences of —0.47 0.08
successive RR intervals

Low frequency -0.59 0.02

High frequency -0.63 0.01

Clinical and laboratory data

Weight 0.34 0.23

Mean arterial pressure -0.35 0.19

Glycohemoglobin A _ 0.24 0.37

Advanced glycated end products -0.59 0.07

Insulin dose 0.18 0.54

Serum creatinine 0.73 0.80

<8.4% had significantly less evidence of dimin-
ished heart rate variation than the group that
had a glycohemoglobin level >8.4%.'® Animal
models of uncontrolled diabetes demonstrate high
catecholamine levels, down-regulation of cardiac
adrenoreceptors, and diastolic dysfunction. These
pathologic mechanisms have been reversed by the
use of insulin'® or angiotensin-converting enzyme
inhibition?? or blockade of formation of advanced
glycated end products.? Our results in both gen-
ders of type 1 diabetic patients confirm a relation-
ship between altered parasympathetic function and
diminished diastolic compliance previously noted
in type 2 diabetic men.?!

The most common explanations for the cardiac
dysfunction found in diabetic patients with renal
insufficiency include concomitant coronary artery
disease, fluid overload, uremia, and hypertension.
Hyperglycemia, in addition to its hemodynamic
effects, increases catecholamine levels and down-
regulates cardiac adrenoreceptors, leading to ven-
tricular diastolic dysfunction. Although cardiac
remodeling is most often considered hemodynami-
cally mediated, the similar hemodynamic profiles in
our groups suggest metabolic sources, or a reset of
autonomic receptors or cardiomyocyte responsive-
ness to growth factors. It is reasonable to assume
that unopposed sympathetic stimulation would
have resulted in greater LV mass (and decreased
LV compliance). Reduction of the sympathetic tone
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would, in such cases, be more likely to therapeuti-
cally modulate hypertrophy (and diastolic func-
tion). It is not clear whether pharmacologic block-
ade of the adrenergic receptor can achieve the same
LV remodeling as down-regulation of sympathetic
tone achieved through metabolic improvement.

Mechanisms for cardiac dysfunction in uncon-
trolled diabetes have been studied in animal mod-
els. Ventricular size enlarges with the accumulation
of collagen bound to advanced glycated end prod-
ucts, a pathologic process that can be prevented by
the administration of insulin or aminoguanidine,
which inhibit the formation of advanced glycated
end products. ACE inhibitors also prevent the
accumulation of advanced glycated end products in
ventricular tissue.?%?2 A similar observation dem-
onstrated inhibition of cardiac adrenoreceptors 1
and 2 plus stimulation of receptor 3, culminating
in a negatively inotropic response to uncontrolled
glycemia. These adrenoreceptor changes were
reversed by insulin replacement.?! Experimental
animals demonstrating cardiac accumulation of
collagen have been shown to have altered myocar-
dial pressure—volume curves that correct to normal
by inhibition of the production of angiotensin II or
advanced glycated end products.?®?> The enzyme
responsible for energy production in diastole was
shown to be impeded by advanced glycated end
products and restored by insulin administration.

We demonstrate herein that diabetic patients
with nephropathy and severe cardiac autonomic
dysfunction may, through a common mechanism,
have parallel improvement in both LV mass and
autonomic function through intensive therapy,
which improved sympathetic tone by restoring
glycemic control.

Disclosure: This paper was presented in part at the 65th Annual
Scientific Sessions of the American Diabetes Association, June
10-14, 2003; San Diego, CA. This study was supported in part
by Advanced Metabolic Systems, Bridgeport, CT, and the Pat
Covelli Foundation, Long Island City, NY.
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