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Abstract

Background: left ventricular hypertrophy is
independent risk factor for cardiovascular morbidity
and mortality. The presence of diabetic complications
such as autonomic neuropathy and retinopathy may
predict cardiac structural changes in diabetic patients.
Objective: To explore the chance of occurrence of
left ventricular hypertrophy in diabetic patients and
whether it is related to the presence of other diabetic
complications.

Methods: ninty seven (97) normotensive diabetic
patients (57) type Il with mean duration of diabetes of
(1246 y) and forty (40) type | with mean duration of
(8t6 y) were studied by echocardiography and
compared with 41 patients as control.

Results: The LVMI was significantly higher in type Il
diabetics compared to control (102+31 vs. 67+16 p<
0.001), although LVVMI was higher in type | compared
to controls but it was statistically non significant

(76.7£18 vs. 76 16 P < 0.25). The increased in
LVMI was correlated with long duration of diabetes >
15 years in type | but not in type Il (p<0.001),
retinopathy (34.5% vs. 4.8 p< 0.001), sings and
symptoms of autonomic dysfunction (32.7% vs.
10.4% p=0.008) and (38.2% vs. 12.7%p=0.004)
respectively. After adjustment for duration of
diabetes, age, gender and the type of diabetes, the
LVMI was only significantly correlated with long
duration of diabetes (>10Qy).

Conclusion: LV mass index was higher in diabetic
patient mainly in type I, more prevalent with long
duration of diabetes and if there are other diabetic
complications.
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Introduction
Diabetes mellitus is a clinical syndrome
characterized by hyperglycemia due to
absolute or relative insulin deficiency myocardial calcium handling ®**®, cardiac
and/or insulin action abnormalities “*¥.  autonomic neuropathy “°.
Diabetes mellitus is associated with multitude of Echocardiography has been introduced into

cardiovascular complications e.g. increased
incidence of atherosclerotic coronary artery
disease, congestive heart failure, coronary
microangiography and arterial hypertension. In
addition structural myocardial involvement
termed as diabetic cardiomyopathy  may be
there suggested by clinical, epidemiological and
gigtglogical studies in large number of diabetics
Prior to the development of symptomatic
congestive heart failure, subclinical left
ventricular dysfunction (systolic & diastolic)
exists for some time " ® %, The Framingham
heart study “? found that diabetic men had twice
the frequency of congestive heart failure than
non-diabetics, while diabetic woman had five
fold increased the risk. In diabetic patients left

ventricular functional and structural
abnormalities have been demonstrated
independently from ischemic, Valvular or

Hypertensive heart diseases @ > . The possible
contributors to diabetic cardiomyopathy are:
intramyocardial ~ deposition  of  collagen,
accumulation of advanced glycosylation
products  (AGEs) 2 abnormalities  of

epidiological studies ” with the expectation that
it provides diagnostic, pathogenetic and
prognostic insights into cardiovascular disease.
The aim of this study is to evaluate left
ventricular function, other echocardiographic
parameters in relation to many variables (age,
glycemic control, and obesity, duration of
diabetes, micro vascular

Complication, autonomic nervous function, and
type of diabetes) that free from clinically evident
cardiovascular disease or hypertension.

Methods

The study population consists of already

diagnosed diabetic patients attending the out
patient clinic of Al-Rasheed teaching hospital &
the endocrinology center in Baghdad for the
period from April 2001 to July 2002.
Two groups of patient were included, forty (40)
IDDM, age range (18-49 y), (31) males and (9)
females mean age 28.3+8 years .The second
group fifty seven (57) NIDDM, age range (40-
69) years, (39) males and (18) females with
mean age of 53+6 years.
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Any patient with clinical evidence of
concomitant illness (IHD, CVD, valvular heart
disease, hypertension) was excluded. All patients
were either known to be diabetic on oral
hypoglycemic agents or insulin or were newly
diagnosed as diabetic according to following
criteria: Fasting blood sugar > or = 126 mg /dI
on more than two occasions or random blood
sugar > or =200 mg /dl on more than two
occasions (3). The study populations were
matched with (41) healthy non-diabetic,
normotensive subjects, (30) males and (11)
females, age range 18-73 years, mean age of
36+12.

All  patients were subjected to clinical
examination including cardiovascular system,
body height and weight to calculate body mass
index (BMI > or = 25 kg/m2 were considered as
index of overweight). Blood pressure
measurement were performed with standard
sphygmomanometer after ten minutes of rest in
recumbent and standing position, any systolic
drop of 20 mm Hg or diastolic drop of 10 mm
Hg was considered as postural hypotension @&,
standard ECG was obtained for all patients, any
patient with ECG changes was not included.
Echocardiography performed by one
experienced operator by the machine (ultra mark
6),M mode recordings guided by two
dimensional views were obtained.

Left ventricular mass (LVM) in grams was
calculated according to Devereux modified
American Society of Echocardiography cubic
formula “: LV mass= 0.8 [1.04 (LVEDD +
PWT + VST)® - LVEDD® ] + 0.6 and was
indexed to body surface area, LVMI = LVM
(gm) / BSA (m%. LVH was considered to be
present when LVMI exceeded 116 gm / m? and
104 gm / m? in women @,

Ophthalmologic examination was performed by
experienced ophthalmologist to detect diabetic
retinopathy, neuropathy was considered to be
present when there was absent ankle reflexes and
for typical gloves and stocks sensory loss.
Peripheral vascular disease was considered to be
present when there was diminished or absent
peripheral pulses. All patients were asked for
symptoms of autonomic dysfunction (nocturnal
diarhorroea, impotence, urine  retention).
Aglycosylated hemoglobin (HbAIc)
measurement was obtained for all patients within
one month from echocardiographic exam. (>7%
was considered as index of uncontrolled DM.

Results

The mean duration of diabetes in type |
subjects was 8.2 + 6 years (ranged from 2
months — 23 years), and in type Il subjects was
12.8 £ 6.5 (one month — 30 years), table (1).

The mean BMI was (25.7 = 4) in type Il
diabetics, which is significantly higher than in
type | diabetics (22.8 = 3) (P<0.001) table (1).
Over weight was reported in 29/57 (50.8%) of
type 1l diabetics and in 8/40 (20%) of type |
diabetics. The prevalence of abdominal obesity
was significantly higher in type Il 35/57 (61.4%)
than in type | diabetics 5/40 (12.5%) (P< 0.001).
Both groups of diabetics were poorly controlled
as reflected by the mean HbAIC, which was
(11.5 = 2) and (10.4 + 2) in type | and type Il
diabetics respectively.

Symptoms of autonomic dysfunction (postural
dizziness, nocturnal diarrhea, impotence) were
more prevalent in type 11 DM than type | (36/57
63.2% vs. 13/40 32.5%), postural hypotension
was more common in type Il DM (27/57 47.4%
vs. 7/40 17.5%) while  retinopathy was almost
equal in both types of DM (44/57 77.1% vs.
11/40 78%) (Table-1).

Table (1) also presents a comparison of mean M
mode echocardiographic values between diabetic
groups, and between each of them and healthy
controls. The mean LVMI was significantly
higher in type 1l diabetics (102.9 +31) compared
to both type | (76.7 +£18), and healthy controls
(67 +16) (P<0.001), although type I had higher
mean LVMI than controls, this difference was
not significant statistically (P = 0.25). F.S was
significantly lower in type Il diabetics (29%)
compared to both type | (34.2%) and controls
(36.5%) (P<0.001), but there was no significant
difference of F.S between type | and controls (P
=0.78).

PWTD, IVSTD, LVEDD and LAD all were
significantly higher in type Il diabetics compared
with healthy controls (P<0.001), while in type |
diabetics only the PWTD was significantly
higher than controls (P = 0.01).

The prevalence of LVH was significantly higher
in type 11 19/57 (33.3%) compared to type | 2/40
(5%) (P<0.001). The rate of abnormal F.S was
significantly higher in type Il 35/57 (61/4%)
compared with type | diabetes 11/40 (27.5%)
(P<0.001).

To study the relation between the duration of
diabetic state and LVMI, patients were divided
into four groups according to the duration of
diabetes: <5 years, 5-9 years, 10-14 years and >
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or =15 years. The LVMI was only significantly
higher in patients with type | diabetes of 15 years
duration and more in comparison to the duration
of less than 5 years, while there was no
significant correlation between LVMI and
duration of diabetes in type Il diabetics.

The rate of LVH was significantly higher among
diabetic subjects who had symptoms (32.7% VS
10.4%) (P = 0.008) and signs (38.2% VS 12.7%)

(P = 0.004) of autonomic dysfunction or
retinopathy (34.5% VS 4.8%) (P<0.001)
compared with patients with no such

complications, LVH also was significantly
higher in patients who had diabetes for (10)
years or more (29.2% in 10-14 years; 36.4% in
>= 15 years duration) (P = 0.009) compared with
those with duration of < 10 ears (5.6%, 4.5%).
There was no any significant correlation between
abnormal F.S and any of the measured variables.
A multiple regression model was used to assess
the net & independent effect of being type | or 1l
DM on having higher LV mass index (compared
to healthy control), after adjusting for the
possible confounding effect of age, gender and
body mass index. Both types showed significant
association with LV mass index, bening type Il
DM was associated with a mean increase in LV
mass index of 30.8 gm/m2 compared to healthy
control, which is higher than type | DM of 12
gm/m2. Age has positive correlation with BMI,
coming 3" after the two types of DM, vyet its
effect on LV mass index was statistically not
significant, (Table -2).

Signs of vascular affection such as diminished
peripheral  pulses, retinopathy, peripheral
neuropathy and signs & symptoms of autonomic
dysfunction were tested for the presence &
magnitude of prediction of increased LV mass
index .A multiple regression model was used
with these variables as independent predictors &
LV mass as the dependant variable .The model
showed that that the presences of retinopathy
predicted a mean increase in LV mass index of
18.4 gm/m2, while sings & symptoms of
autonomic dysfunction was associated with
mean increase of 11.2 gm/m2, (Table -3).

After adjusting for age, type and duration of DM
in addition to the mentioned sings & symptoms
of autonomic dysfunction in an other multiple
regression model, retinopathy & signs &
symptoms of autonomic dysfunction lost their
predictive power for the increase of LV mass
index and only the duration of DM exceeding 15
y was statistically significant associated with
increase in LV mass index of 18.9 gm/m2.

Coming second is type Il DM of 13gm/m2 (yet
statistically not significant)( Table -4).

Discussion

The mean resting heart rates in type | and type
Il diabetics were significantly higher than
controls  (P<0.001). The Framingham Heart
Study concluded that diabetics had higher resting
heart rates than non-diabetics, which may
represent early evidence of autonomic
dysfunction @9,
In the present study the prevalence of autonomic
neuropathy signs and symptoms, macro vascular,
and micro vascular complications were
significantly higher in type Il diabetics compared
with type I, and this could be explained by the
longer duration of diabetes in type Il diabetics
(12.8 + 6.5 VS 8.2 %6), in addition to the
preclinical course of type Il DM that may reach
to a decade, and that about 50% of type Il
diabetics presented with complications.
LVMI was significantly higher in type Il
diabetics compared with controls, which were
comparable to the result of other studies **?2,
On the other hand the rate of LVH (LVMI >116
mg/m2 in male and >104 in female) was also
significantly higher in type Il compared with
type | diabetics (P= 0.001), a similar result was
found by Robillon JF) @,
In this study we found that PWTD, IVSD,
LVEDD & LAD were significantly higher and
the F.S was significantly lower in type Il
diabetics compared with controls, while only
PWTD in type | diabetics was significantly
higher than controls. This result was comparable
to the results of other studies (Robillon JF) 3.
On the other hand, the rate of abnormally low
F.S (<30%) was significantly higher in type II
compared with type | diabetics (P=0.001). This
result was comparable to the result of Mustonen
IN et al ® in which abnormally low EF (<50%)
by radionuclide angiography was reported in
31%of type Il diabetics compared with 7% in
type I.
In the present study we found a significant
correlation between increased LVMI and a
duration of diabetes of more than 15 years in
type I, while no significant correlation was found
between type Il and duration of diabetes,
although the mean LVMI was significantly
higher in type Il than type | diabetics. This can
be explained by the long preclinical course in
type 11 diabetes that may reach up to a decade ¥
and this will underestimate the actual duration of
type 1l diabetes.
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On the other hand, we found a significant
correlation between the rate of LVH in diabetic
patients as a whole (type | + type Il) with the
presence of autonomic signs and symptoms,
retinopathy and long duration of diabetes (more
than 10 years), a finding that is supported by
other studies (Cardiovascular Health Study;
Vanninen E) .

On a Multivariate analysis model which studied
the net effect of each variable on LVMI
independently, both type Il and type | had
independent significant correlation with LVMI
with a mean increase in LVMI of 30.8 gm/m2 in
type Il and 12 gm/m2 in type |, noteworthy, type
I had no statistically significant effect on LVMI
compared to healthy controls in univariant
analysis but after adjustment for age its effect
became more obvious and statistically
significant, and this might be due to the
significantly higher mean age for the controls
group (36.8) than the mean age for type |
diabetics (28.3) (P<0.001),(age positively
correlated with LVMI).

No significant independent correlations were
found between age, sex and BMI with LVMI.
This means that the effect of diabetes on LVMI
was far more and minimizes the effect of age,
sex and BMI in non-diabetic subjects. (Age, sex
and BMI are positively correlated with LVMI in
non-diabetic subjects) >,

Among the diabetic complications, we found that
the presence of retinopathy, and symptoms of
autonomic dysfunction were good independent
predictors of increased LVMI, but after
adjustment for duration of diabetes, age and the
type of diabetes their predictive power were lost

and only duration of diabetes exceeding 15 years
was associated with a statistically significant
increase in LVMI (18 gm/m2). Coming second
in importance (although not significant
statistically) was having type Il diabetes (13
gm/m2). This can be explained by the fact that
these micro vascular complications are already
related to duration of diabetes, and by the longer
duration of disease in type Il diabetics compared
to type I in addition to the long preclinical course
of disease that often precedes the diagnosis of
type 1l diabetes.

The remaining unexplained variation in LVMI is
attributed to other factors, which were not
included in our study, like hyperinsulinaemia and
genetic constitution.

Finally it is worthy to mention that the
estimation of LVM by echocardiography offers
prognostic information beyond that provided by
evaluation of the traditional cardiovascular risk
factors. An increase in LVM predicts higher
incidence of clinical events including death
attributable to coronary heart disease (increase
morbidity and mortality) "

Conclusions

Increased LVMI occurs in normotensive
diabetics (both type | and type I1), more frequent
in type Il. The presence of retinopathy and
autonomic neuropathy may be predictors of
structural changes in diabetic hearts. The
duration of diabetes is the most significant
independent risk factors for increased LVMI in
diabetic subjects.

(Table- 1)
Demographic Characteristics of the Study Group

Healthy control Type | DM Type 11 DM P value
Gender F: 11 (26.8 %) F: 9 (22.5 %) F: 18 (31.6 %)

M: 30 (73.2 %) M: 31 (77.5%) M: 39 (68.4 %)

T:41 T: 40 T:57
Mean age 36.8 yr 28.3yr 53.3yr 0.001
Mean BMI 22.8 25.7 0.001
Duration of DM (mean) 8.2yr 12.8yr 0.001
Diabetic complications
Symptoms of aut. dysfunction 13 (32.5 %) 36 (63.2 %)
Signs of aut. Dysfunction : '
Signs of vascular affection 7(17.5%) 27 (474 %)
Abnormal cardiac function
LVH 2(5%) 19 (33.3 %) 0.001
Abnormally low FS 5 (11.5 %) 35 (61.4 %) 0.001
Echocardiographic parameters
Mean LVMI (Gm /m? 67.3 76.7 102.9 <0.001
Mean FS (%) 36.5 34.2 29 <0.001
Mean PW thickness (cm) 0.8 0.9 1 <0.001
Mean IVS thickness in diastole (cm) 0.9 0.4 11 <0.001
Mean LVD dimension 4.2 44 4.7 <0.001
Mean left atrial dimension 2 2.9 3.1 <0.001
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(Table-2)
Multiple Regression Model with LV Mass Index,as the Dependent Variable Showing the Age,
Gender and the BMI Adjusted Effect of Type I & Type 11 DM Compared to the Healthy Control

Standardized
s B
P
Type | DM (compared to healthy control) 12.0 0.19 0.04
Type II DM (compared to healthy control) 30.8 0.53 <0.001
Body mass index (BMI) 0.3 0.02 0.81
Male gender (compared to female) -15 -0.02 0.75
Age inyears 0.8 0.14 0.23
P =031
P (model) <0.001
(Table- 3)

Multiple Regression Model with Lv Mass Index as the Dependent Variable among Diabetics and Evidence of
Autonomic Dysfunction and Vascular Affection as Independent Variables

Standardized
g g P

Having retinopathy 18.4 0.31 0.007
Positive symptoms of autonomic dysfunction 11.2 0.19 0.05
Positive signs of autonomic dysfunction 7.4 0.12 0.26
Diminished peripheral pulses 3.6 0.05 0.64
Positive signs of peripheral neuropathy -8.8 -0.15 0.17

P =020

P (model) <0.001

(Table -4)

Multiple Regression Model with Lv Mass Index_ as the Dependent Variable among Diabetics and Evidence of
Autonomic Dysfunction Together with Age, Gender, Type and Duration of Dm as Independent Variables.

Standardized
g B P

15 + years duration of DM (compared to < 15 years) 18.9 0.30 0.004
Type |1 DM (compared to type | DM) 13.0 0.26 0.15
Positive symptoms of autonomic dysfunction 9.9 0.17 0.11
Having retinopathy 9.5 0.16 0.16
Age in years 0.2 0.09 0.64
Positive signs of autonomic dysfunction 3.6 0.06 0.56
Male gender (compared to females) -3.8 -0.06 0.54
Diminished peripheral pulses -5.8 -0.07 0.44
Positive signs of peripheral neuropathy -15.4 -0.22 0.23
rr =034

P (model) <0.001

Forward stepwise selection method for the same independent variables

Type |1 DM (compared to type | DM) 219 0.37 <0.001
15+ years duration of DM (compared to < 15 years) 154 0.25 0.01
P =025

P (model) <0.001

levels in U.S population aged 20-74 years.
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