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Abstract

The aim of this study was to address whether albuminuria could predict myocardial dysfunction in diabetic patients without overt heart
disease. We studied 67 patients with normal left ventricular (LV) ejection fraction and no evidence of LV hypertrophy or coronary artery
disease (47 patients with type 2 diabetes mellitus and hypertension and 20 patients with hypertension only). Diabetes patients were divided
into 3 groups based on albuminuria status: group II = no albuminuria (n = 20, <30 mg/d), group III = microalbuminuria (n = 13, 30-300 mg/
d), and group IV = macroalbuminuria (n = 14, >300 mg/d). Twenty patients with hypertension only served as a control group (group I).
Conventional 2-dimensional and Doppler echocardiography was done. Peak strain, peak systolic strain rate (SR), and peak diastolic SR of
6 LV segments in the apical views were measured and averaged in each patient. Conventional 2-dimensional parameters such as LV ejection
fraction; left atrium volume index; LV mass; deceleration time; and mitral early peak, mitral late peak, myocardial early peak diastolic,
and myocardial peak systolic velocities were not different among the 4 groups. However, peak strains were significantly lower in group III
(P =.002) and group IV (P <.001) than in group I; and the absolute value of peak systolic SR was lower in group III (P = .033) and
group IV (P <.001) than in group I. Furthermore, the value of peak diastolic SR was lower in group IV than in group I (P = .014). In
diabetic patients with albuminuria, Doppler strain and SR imaging detected subclinical LV systolic and diastolic dysfunction; and
albuminuria was associated with myocardial dysfunction in diabetic patients without overt heart disease.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Patients with diabetes mellitus are characterized by an
increased likelihood of heart failure, largely through its
association with coronary artery disease and hypertension
[1]. Diabetic patients have myocardial dysfunction
independent of coronary artery disease, hypertension,
and other heart diseases. The underlying mechanisms of
myocardial dysfunction are proposed to be multifactorial
such as metabolic disturbances, myocardial fibrosis,
microangiopathy, autonomic dysfunction, and insulin
resistance [2].

Albuminuria is a predictor of cardiovascular morbidity
and mortality in diabetic patients. This is independent of
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conventional cardiovascular risk factors including age,
arterial hypertension, and hypercholesterolemia [3,4]. Albu-
minuria reflects renal and systemic transvascular albumin
leakage and has been considered a marker of microangio-
pathy [5], but the mechanism of albuminuria on myocardial
dysfunction is not yet clearly understood.

The aim of this study was to examine the relationship
between albuminuria and myocardial dysfunction in diabetes
mellitus without overt heart diseases using Doppler strain
and strain rate imaging (SRI).

2. Materials and methods
2.1. Study subjects

Sixty-seven patients (28 men; mean age, 59 + § years; 47
patients with type 2 diabetes mellitus and hypertension and
20 patients with hypertension only) were consecutively
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recruited at Yonsei Diabetes Clinic and Yonsei Cardiovas-
cular Center in Seoul, Korea.

All patients had well-controlled arterial blood pressure
(<140/90 mm Hg) and underwent stress electrocardiogram
(ECG) or sestamibi scan to exclude the possibility of
significant coronary artery disease. The blood pressure was
measured with the dominant arm after being seated for
5 minutes using a mercury sphygmomanometer. The blood
pressure was measured twice at S-minute intervals, and the
average value was used for analysis. The subjects who were
on medication with angiotensin-converting enzyme inhibi-
tors or angiotensin II receptor blockers were excluded, and
any antihypertensive drug was not withdrawn for this study.
All patients were in sinus rhythm without signs of ischemia
or bundle-branch block on resting 12-lead ECG. All patients
had normal left ventricular ejection fraction (LVEF) >55%,
as measured by the Simpson method. Patients with LV
hypertrophy on 2-dimensional (2D) echocardiography,
evidence of inducible ischemia on treadmill ECG or
sestamibi scan, uncontrolled hypertension defined as seated
office blood pressure >140/90 mm Hg, moderate-to-severe
valvular disease, atrial fibrillation or other severe arrhythmia,
and congenital heart disease were excluded. Diabetes
patients were divided into 3 groups based on albuminuria
status of 24-hour urine analysis. Normoalbuminuria was
defined as an albumin excretion of less than 30 mg within
24 hours. Microalbuminuria was defined as an albumin
excretion of 30 to 300 mg/d and macroalbuminuria as an
albumin excretion of greater than 300 mg/d (group II = no
albuminuria [n = 20], group III = microalbuminuria [n = 13],
and group IV = macroalbuminuria [n = 14]). Twenty patients
with hypertension only served as a control group (group I).
This study received prior approval from the institutional
ethics committee, and the procedures followed were in
accordance with the institutional guidelines. All patients
gave informed consent before being enrolled.

2.2. Conventional 2D echocardiography

All echocardiography examinations were performed on a
GE Vivid Seven ultrasound machine (General Electric,
Milwaukee, WI) with a 2.5-MHz transducer and stored
digitally and analyzed. Left ventricular diameters and wall
thickness were measured by 2D M-mode echocardiography
using the criteria of the American Society of Echocardio-
graphy [6]. Left ventricular mass was determined by the
formula of Devereux et al [7]. Left ventricular hypertrophy
was defined as LV mass index >131 g/m* in men and
>100 g/m” in women [8]. Left ventricular volumes and
ejection fraction were estimated using a modified Simpson
biplane method. Each representative value was obtained
from the average of the 3 measurements.

2.3. Doppler echocardiography

Pulsed wave Doppler measurements were obtained with
the transducer in the apical 4-chamber view with the

Doppler beam aligned perpendicular to the plane of the
mitral annulus. The sample volume was placed between
the tips to the mitral leaflets. Peak early mitral inflow (E)
velocity, peak atrial filling (A) velocity, and deceleration
time (DT) were measured.

Tissue Doppler imaging (TDI) was obtained from the
apical 4-chamber view. Peak myocardial early diastolic (Em)
velocity, peak myocardial late diastolic velocity, and peak
myocardial systolic (Sm) velocity were obtained by placing a
tissue Doppler sample volume at the septal annulus.

2.4. Doppler strain and SRI

Strain is produced by application of a stress, a dimension-
less quantity; and the resulting deformation of the material is
expressed as either fractional or the percentage change from
the original dimension [9]. Strain rate is the change of strain
over time (7) [9]. Peak strain is a marker of regional systolic
function, and peak systolic SR is an index of the speed of
regional myocardial contraction [10]. Peak diastolic SR is an
index of the speed of regional myocardial relaxation.

Doppler strain and SR curves were extracted from an
average of 3 cycles of TDI data. Strain and SR were derived
from strain and SR curves obtained by placing a bar (7 mm)
on 6 LV segments in the 3 apical views. Sampling in the
midmyocardial layer was performed in each segment and
maintained by tracking wall motion.

Peak strain was defined as the most negative value on
the strain curve. Peak systolic SR was determined as the
most negative value in the SR curve preceding the peak
systolic strain, and peak diastolic SR as the most positive
value in the early diastolic portion of the SR curve [11].
In this study, we measured peak strain, peak systolic SR,
and peak diastolic SR on 6 LV segments and averaged
the values.

2.5. Statistical analysis

Values were expressed as mean + SD. Comparisons of the
discrete variables were performed using the % analysis, and
comparisons of continuous variables between the 4 study
groups were performed using analysis of variance. Post hoc
analysis was performed using the Bonferroni method.
Independent predictors of peak strain, peak systolic SR,
and peak diastolic SR were determined using multiple linear
regression analysis. Statistical analysis was done using SPSS
11.0 software (SPSS, Chicago, IL).

3. Results
3.1. Clinical and biochemical characteristics

There were no significant differences among the 4 groups
in age, heart rate, systolic blood pressure, diastolic blood
pressure, and body mass index. Most of the subjects enrolled
in this study were relatively well-controlled hypertensive
patients. There were no significant differences in the
antihypertensive treatments. The proportion of patients
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Table 1
Clinical characteristics
Group I Group I Group III Group IV
m=200 ®m=200 @=13) (n=14)
Age (y) 57+9 60+ 11 60 + 7 60 £ 10
Sex (male/female) 8:12 9:11 5:8 6:8
HR (beats/min) 71+8 67 +7 75+7 68 £ 8
SBP (mm Hg) 130+9  130+7  123+9 134+ 4
DBP (mm Hg) 83+7 82+6 75+6 80 +7
BMI (kg/m?) 232+1.7 237429 238+29 247+44
Smoker, n (%) 52500 5(250) 23154*T 21431
Dyslipidemia, n (%) 3 (15.0) 4(25.00*  4(30.00* 4 (28.0)*
LVEF (%) 68+ 6 66+ 5 72+5 66 + 10
LA vol index 18+ 6 17+ 4 17+3 21+6
(mL/m?)
LV mass index 77 £ 12 75+15 78 £ 10 80+ 12
(g/m?)
Antihypertensives,
n (%)
CCBs 7 (35.0) 8 (40.0) 6 (46.2) 6(42.9)
B-Blockers 3 (15.0) 4 (20.0) 2 (15.4) 3(214)
Diuretics 5(25.0) 4 (20.0) 3(23.1) 4 (28.6)

HR indicates heart rate; SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; LA vol index, left atrium volume index;
CCBs, calcium channel blockers.

* Significant difference vs group L

T Significant difference between groups Il and III.

¥ Significant difference between groups II and IV.

taking each major class of antihypertensives are specified in
Table 1. Patients with diabetes mellitus (groups II, III, and
IV) showed a greater prevalence of dyslipidemia than group
I, but there were no significant differences among the
diabetic groups. There were also no significant differences in
LVEF, left atrium volume index, and LV mass index among
the 4 groups. Table 2 summarizes the clinical and
biochemical characteristics of the diabetic patients. The
duration of diabetes mellitus was longer in group IV than in

Table 2
Clinical and biochemical characteristics in diabetic patients
Group II Group III Group IV
m=200 (=13 (n=14)
DM duration (mo) 45+ 34 37 £20 168 + 12771
Blood chemistry
Hemoglobin A, (%) 75+22 8.0+2.0 79+15
Fasting glucose (g/dL) 166 + 44 177 £ 26 180 + 50
Creatinine (mg/dL) 1.0£02 1.0+02 1.6+0.6"%
Sodium (mmol/dL) 140 + 4 139+3 138+ 4
Potassium (mmol/dL) 41+£06 4.0+05 4.0+0.6
Calcium (mg/dL) 9.1£0.7 9.0+0.8 9.2+0.6
Magnesium (mmol/dL) 1.8 +0.2 1.9+04 1.9+03

24-h urine albumin 243 +224 46.0+37.7% 2164.7+1221.0"%
(mg/d)
Diabetic treatment, n (%)
Insulin 2/15 (13%)  2/12 (17%)
Diet treatment only 7/15 (47%) 5/12 (42%)
Metformin 4/15 (29%) 4/12 (33%)
Sulfonylurea 4/15 27%)  2/12 (17%)

4/10 (40%) -*
3/10 (30%)
4/10 (28%)
4/10 (40%) T

* Significant difference between groups II and III.
¥ Significant difference between groups Il and IV.
¥ Significant difference between groups III and IV.

the other groups, but there were no significant differences in
the hemoglobin A and fasting glucose among the 3 groups.
Serum creatinine was higher in group IV than in groups Il and
I1I; but there were no differences in the level of electrolytes
such as sodium, potassium, calcium, and magnesium. In the
treatment of diabetes mellitus, insulin and sulfonylurea were
used more frequently in group IV.

3.2. Doppler echocardiography data

There were no significant differences in E velocity, A
velocity, DT, and Em velocity among the 4 groups. Stepwise
decreases were seen in Sm velocity in TDI, but there was no
statistical significance (Table 3).

3.3. Strain and SRI analysis

The absolute value of peak strain was significantly lower
in group Il (-19.6% + 1.2%, P = .002) and group IV
(—=17.4% + 1.9%, P <.001) than in group I (—23.2% + 1.9%),
but time to peak strain did not differ among the 4 groups. The
absolute value of peak systolic SR was lower in group III
(—1.44£0.27/s, P=.033) and group IV (=1.11 £1.19/s, P <
.001) than in group I (—1.58 + 0.30/s). The value of peak
diastolic SR was lower in group IV (1.83 + 0.60/s, P =.014)
than in group I (2.32 + 0.29/s) (Table 4). Multiple linear
regression analysis showed significant negative correlation
of 24-hour urine albumin with peak strain (f = —.32, P =
.042), peak systolic SR (f = —.303, P = .045), and peak
diastolic SR (= —.325, P = .042) when controlled for age,
diabetes duration, and LV mass index (Table 5).

3.4. Comparison of TDI and SRI parameters on the
prediction of myocardial dysfunction

3.4.1. LV systolic function

There were no significant differences among the 4 groups
in Sm velocity on TDI, but the absolute values of peak
systolic strain and peak systolic SR were significantly lower
in groups III and IV than in group I (Tables 3 and 4).

3.4.2. LV diastolic function
There were no statistically significant differences
among the 4 groups in Em velocity on TDI, but peak

Table 3
Doppler echocardiography data
Group I Group II Group III Group IV
(n=20) (n = 20) (n=13) (n=14)
E velocity (m/s) 0.6=0.1 0.6 0.1 0.7+0.2 0.7+0.2
A velocity (m/s) 0.7+0.2 0.7+0.1 0.8+0.2 0.8+0.2
E/A 0.85+0.15 0.87+0.20 0.87+0.18 0.84+0.25
DT (ms) 210+ 132 216+ 39 199 + 38 200 + 28
Em velocity (cm/s) 5.8 1.1 63+14 59+14 6.0+2.0
Sm velocity (cm/s) 6.8 +0.8 6.7+ 1.1 63+0.5 6.4+0.8
E/Em 102+2.5 99+32 11.1£27 11.0+34

E/A indicates ratio of the early to the late peak diastolic transmitral flow
velocity; E/Em, ratio of the mitral early peak velocity to the myocardial early
peak diastolic velocity.
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Table 4
Doppler strain and SRI data

Group I (n = 20)

Group II (n = 20)

Group III (n = 13) Group IV (n = 14)

Peak strain (%) 232419 213433 -19.6+1.2% —174+£1.9%%
Time to peak strain (ms) 310 + 40 300 + 30 300 + 40 310 + 30
Peak systolic SR (/s) -1.58 £0.30 -1.50 £0.29 —1.44+£0.27%* “1.11 £ 1.19%%
Peak diastolic SR (/s) 2.32+£0.29 2.46 £0.77 2.09 £ 0.33 1.83 +0.60 * ¥

TSignificant difference between groups II and II1.
* Significant difference vs group 1.
* Significant difference between groups II and IV.

diastolic SR was significantly lower in group IV than in
group | (Tables 3 and 4).

4. Discussion

The development of myocardial dysfunction represents a
major complication of diabetes. This condition is char-
acterized by defects of contractile and relaxation function in
the absence of significant coronary artery disease or
systemic hypertension. In the past 3 decades, a number
of experimental, pathological, epidemiological, and clinical
data were reported that confirmed the association of
diabetes with myocardial dysfunction [2,12-19]. The
pathogenesis of myocardial dysfunction in diabetes remains
unclear, although several mechanisms, including metabolic
disturbances, myocardial fibrosis, microangiopathy, auto-
nomic dysfunction, and insulin resistance, have been
proposed [2]. In these mechanisms, the alteration of
microvascular structure and function is considered to be
an important mechanism.

Albuminuria has been considered to be a marker of a
generalized vascular dysfunction [20]. It has been shown to
predict cardiovascular morbidity and mortality in diabetic
patients independent of conventional cardiovascular risk
factors including age, arterial hypertension, and hypercho-

Table 5
Independent determinants of parameters of systolic and diastolic function

Standardized 8 pP*

Dependent variable Independent variables

coefficients

Peak strain 24-h urine albumin -.32 .042
(R=0.57) Age .14 312
DM duration =35 .039

LV mass index -.07 .607

Peak systolic 24-h urine albumin -.30 .045
SR (R =0.62) Age .02 .883
DM duration -.29 .066

LV mass index =31 .026

Peak diastolic 24-h urine albumin -.33 .042
SR (R = 0.55) Age 22 133
DM duration -.17 316

LV mass index =31 .031

DM indicates diabetes mellitus.
* P <.05 is considered significant.

lesterolemia [3,4]. Although the mechanism of the associa-
tion of albuminuria with cardiac events is not clear, it is
possible that the vascular changes leading to renal dysfunc-
tion may also be present in the vasculature of the heart and
thus contribute to cardiac dysfunction [5,20]. In diabetic
hearts, morphological changes of small vessels characterized
by microangiopathy vessel disease were seen in several
animal and autopsy studies [21-23].

Our study provides important findings, identifying
association of albuminuria with myocardial systolic and
diastolic dysfunction in diabetic patients without overt
heart disease.

Hypertension and LV hypertrophy frequently coexist
with diabetes. In previous studies, the association of
albuminuria with myocardial dysfunction has been
described [24-26]; but in these previous studies, the patients
with LV hypertrophy were not excluded. It is unclear
whether myocardial dysfunction is due to LV hypertrophy
secondary to combined hypertension or microangiopathy
secondary to diabetes itself. In our study, all subjects were
hypertensive diabetic patients; but we excluded patients
with LV hypertrophy on echocardiography. Therefore, we
could precisely examine the association of microangiopathy
with myocardial dysfunction.

Tissue Doppler imaging of the mitral annulus is
potentially a simple and reliable method of assessment of
overall longitudinal LV systolic function [27]. Strain rate
imaging is a newly developed echocardiographic mod-
ality based on TDI that allows quantitative assessment of
regional myocardial wall motion. Strain rate is defined
as the difference of tissue velocities between 2 distinct
points [9,28]. Several studies have suggested that strain
and SR are good indicators for evaluation of regional LV
systolic and diastolic function [10,28-30]. Our study
revealed that SRI data were significantly correlated with
the albuminuria status but TDI data were not. These results
show that subclinical myocardial dysfunction can be
detected by SRI more sensitively than by TDI. It may be
due to regional myocardial dysfunction preceding global
myocardial dysfunction.

Our study provides the first data on LV systolic and
diastolic function in diabetic patients without overt heart
disease including LV hypertrophy by using Doppler strain
and SRI.
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4.1. Study limitations

All patients included in this study were diagnosed with
hypertension. Although many subjects were on medication,
the influence of antihypertensive drugs cannot account for
our results. We only excluded the subjects on medication
with angiotensin-converting enzyme inhibitor or angiotensin
IT receptor blocker because they could influence the
albuminuria status.

Because coronary angiography was not performed, the
possibility of coronary artery disease cannot be completely
excluded. However, we attempted to rule out ischemia by
performing noninvasive tests, such as treadmill exercise
ECG and sestamibi scanning.

5. Conclusions

In diabetes patients without overt heart disease, albumi-
nuria is associated with myocardial dysfunction assessed by
strain and SRI. Unlike conventional 2D and Doppler
parameters, strain and SRI detected subclinical LV systolic
and diastolic dysfunction in diabetic patients.
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