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Background: Diabetes mellitus (DM) is on the increase globally. Cardiovascular complications,
such as left ventricular dysfunction is a major cause of death in patients with type Il DM. Prior to
the development of symptomatic heart failure, subclinical left ventricular dysfunction (systolic
and diastolic) may exist for some time.

Aim: The aim of the study was to determine the prevalence of left ventricular dysfunction in
non-hypertensive type II DM patients.

Methods: A cross sectional study of left ventricular function in 90 normotensive type II dia-
betes mellitus patients using echocardiography was carried out. Healthy normotensive controls
matched for age, sex, and body mass index were selected for comparison. Patients and controls
who had hypertension (blood pressure of >140/90 mmHg), history of smoking, significant
alcohol history, pregnancy, features of thyroid disease, or valvular heart disease were excluded.
Left ventricular diastolic and systolic functions were assessed.

Results: Ninety patients, (39 males and 51 females) and 90 healthy controls (39 males and
51 females) were enrolled. Mean age of patients was 50.76 + 9.13 years and 51.33 £ 7.84 years
for controls. Mean body mass index was 26.88 + 4.73 kg/m? in patients and 27.09 £ 4.04 kg/m?
in controls. Mean ejection fraction was 62.4% + 8.47% and 68.52% =+ 7.94% in patients and
controls, respectively (P < 0.001). Fourteen (15.56%) patients had ejection fraction less than
55% compared to four (4.44%) in controls (P < 0.001; odds ratio = 3.96). Impaired diastolic
function was found in 65.6% of patients compared to 3.3% of controls (P < 0.001). Left ven-
tricular mass index of >99 kg/m? in females and >115 kg/m? in males was considered abnormal.
The left ventricular mass index was also higher in patients than in controls (95.17 £ 25.67 g/m?
versus 85.40 £ 18.0 g/m? P = 0.004).

Conclusion: Normotensive diabetic patients have a high prevalence of left ventricular dysfunc-
tion even in the absence of cardiac symptoms.

Keywords: type I diabetes mellitus, diastolic dysfunction, systolic dysfunction

Introduction

The prevalence of diabetes mellitus (DM) is increasing globally."? It is projected that
366 million people will be diabetic in 2030, 290 million of whom will be living in
developing countries.** In Nigeria, the prevalence of DM is between 6% and 6.8% in
urban areas.* Type Il DM is a risk factor for cardiovascular disease and cardiovas-
cular complications are a major cause of mortality and morbidity in diabetic patients.’
Left ventricular dysfunction, increased left ventricular wall thickness, increased left
ventricular mass, and specific diabetic cardiomyopathy are some of the cardiovascular
complications associated with diabetes.® Left ventricular diastolic dysfunction has been
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demonstrated in diabetic patients who are normotensive and
have no symptoms of cardiac disease.>'° Increased mortal-
ity among type II diabetic patients with heart failure with
normal ejection fraction also suggests a role for diastolic
heart failure.!!

The aim of this study was to determine the prevalence of
left ventricular dysfunction in diabetic patients and to com-
pare it with that of healthy adult Nigerians in Port Harcourt,
southern Nigeria.

Methodology

A cross sectional study was undertaken among type 11
diabetic patients attending the Medical Outpatient Depart-
ment of the University of Port Harcourt Teaching Hospital.
All type II DM patients with normal blood pressure (blood
pressure <140/90 mmHg)'? and were not on anti-hyperten-
sive medications who gave informed consent were recruited
into the study. An equal number of apparently healthy adults
matched for age, sex, and body mass index were recruited
for comparison. Height in meters was measured using a
Stadiometer with subjects standing feet together without
shoes or headgear, back and heel together against a vertical
ruled bar to which a movable attached horizontal bar was
brought to the vertex of the patients head and reading taken
to the nearest 0.5 centimeter. Weight was taken using a
weighing scale with the subject wearing only light clothing.
The scale used was standardized against a fixed weight every
ten readings.

Body mass index was defined as weight in kilograms
divided by the square of the height in meters (kg/m?). Waist
and hip circumference were measured in cm using a tape
measure. Waist circumference was taken at the part of the
trunk located midway between the costal margin and the iliac
crests with the subject standing with feet about 25-30 cm
apart."

The tape was fitted snugly without compressing underly-
ing soft tissue and circumference was measured to the nearest
0.5 cm at the end of a normal expiration. Hip circumference
was taken at the level of the greater trochanters. The waist
to hip ratio was calculated.

Blood sugar was analyzed using glucose oxidase
method.

All patients and control subjects had trans thoracic
echocardiographic evaluation using an ALOKA® SSD
400 machine (Fair Medical Company Ltd., Matsudo, Japan).
Echocardiography was done in standard views and measure-
ments taken in accordance with the American Society of
Echocardiography guidelines.' The views and measurements

were undertaken by two observers conversant with echocar-
diographic procedures. The left ventricular systolic func-
tion measurement was based on the Teichoiz method while
diastolic function was based on the Doppler recording of
left ventricular filling dynamics. The peak velocities of left
ventricle filling during the early rapid (E wave m/seconds)
and atrial contraction (A wave, m/second) phases, the ratio
of the two filling velocities (E/A ratio), E wave deceleration
time (DT in milliseconds) from the peak of the E wave to the
portion at which the deceleration velocity reaches the base-
line and the isovolumic relaxation time (IVRT milliseconds),
the time from aortic valve closure to the beginning of the E
wave were all recorded at the end of expiration for five con-
secutive beats. Valsalva maneuver was performed to unmask
pseudo normal filling. Patients were directed to perform a
standard valsalva maneuver by holding a breath and bearing
down against a closed glottis at the same time for at least
10 seconds. All diastolic indices were recorded again in the
second phase of the valsalva maneuver. Patients who had
valvular abnormalities or wall motion abnormalities were
excluded from the study. Patients were graded into abnormal
relaxation, pseudo normal filling, and restrictive filling. Left
ventricular mass index was also assessed. Left ventricular
mass index (LVMI) of >99 kg/m? in females and >115 kg/
m? in males was considered abnormal.'*

All data obtained were analyzed using SPSS version
15.0 (IBM Corporation, Armonk, NY, USA). The results
are presented as means * standard deviation, percentages,
and tables. Continuous variables were compared using the
Student’s #- test, while categorical parameters were analyzed
with the Chi-square test or two tailed Fischer’s exact test
as appropriate. A P-value of 0.05 or less was considered
statistically significant.

Results

There were 90 patients (39 males and 51 females) with male
to female ratio of 2:3. The age range was 3665 years with a
mean age of 50.76 = 9.13 years. The age range of the controls
was 35-60 years with mean age of 51.33 £+ 7.84 years. There
was no significant difference between mean ages of patients
and controls (P = 0.66).

The mean duration of diabetes was 3.43 + 2.89 years and
83.3% (n = 75) of patients had diabetes for 5 years or less,
while 16.7% (n = 15) had diabetes for more than 5 years.
The most frequently prescribed anti-diabetic treatment was
diet and oral hypoglycemic agents in 72 (80%) patients.
The majority of patients were on oral hypoglycemic agents,
biguanides, and sulphonylureas. Only two patients (2.2%)
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were on diet and lifestyle measures alone while 16 (17.8%)
were on diet, oral hypoglycemic agents, and insulin.

The mean systolic and diastolic blood pressures were
normal in both patients and controls. The mean body mass
index in both groups showed that they were overweight but
there was no statistically significant difference between the
two groups (Table 1).

The patients had a normal but significantly lower mean
ejection fraction than the controls (62.4% + 8.47% versus
68.52% + 7.94%, respectively; P < 0.001) as shown in
Table 2. Fourteen patients (15.6%) and four (4.4%) con-
trols had depressed ejection fraction <55% (P = 0.013;
odds ratio = 3.96). The mean fractional shortening was
33.76% % 6.20% in patients and 38.22% + 6.10% in controls.
Eleven (12.2%) of the patients and two (2.2%) controls had
abnormal fractional shortening (<25% in males and <27%
in females; P < 0.001).

The mean early to late diastolic filling ratio (E/A ratio)
in subjects was 1.03 = 0.37 and 1.44 £ 0.29 in controls
(P < 0.001). Left ventricular diastolic filling pattern was
abnormal in 59 (65.6%) patients and three (3.3%) controls
(P < 0.001). Fifty two (57.8%) patients and three (3.3%)
controls had a reversed E/A ratio. Six (6.7%) patients and
one (1.1%) control had a pseudo normal filling pattern.
A restrictive pattern was seen in one patient but none in
the controls (Table 4). The mean isovolumic relaxation
time was 124.91 * 34.18 seconds in the subjects and
114.56 £ 23.64 seconds in the controls and this difference was
statistically significant (P < 0.001). The mean relative wall
thickness was higher in patients than controls 0.475 + 0.09
versus 0.405 = 0.07, respectively, and this difference was
statistically significant (P < 0.001). The mean LVMI was
significantly higher in patients (95.17 £ 5.67 g/m?) compared
to controls (85.40 £+ 18.0 g/m?; P = 0.004; Table 2).

Forty five (50%) patients had abnormal LVMI while 23
(25.6%) controls had abnormal LVMI and this difference
was statistically significant (P < 0.001; Table 3).

Table | Demographic characteristic in subjects and controls

Table 2 Indices of left ventricular structure and function in

subjects and controls

Indices Subjects Control P-value
Mean E/A ratio 1.03 +0.37 1.44+0.29 0.00
Mean IVRT (milliseconds) 12491 +34.18 11456 £23.64 0.0l
Mean DT (milliseconds) 21849+4883 212.97+3534 038
Mean E (cm/second) 68.57 + 16.01 78.16 + 1531  0.00
Mean A (cm/second) 69.17 £ 14.67 5331+ 1146 0.00
Mean EF (%) 62.40 + 8.47 68.52+7.94 0.00
Mean FS (%) 33.76 £ 6.20 3822+6.10 0.00
Mean LVMI (kg/m?) 95.17£2567 8540+ 180  0.004
Mean RWT 0.475 + 0.09 0.405 + 0.07 0.00

Variable Subjects Controls t-test P-value
Mean age 50.76 £9.13 51.33£7.84 0.460 0.66
(years)

Mean BMI 26.88 + 4.73 27.09 + 4.04 0.330 0.74
(kg/m?)

Mean SBP 113.87 £ 10.27 117.93 + 8.81 2.850 0.005
(mmHg)

Mean DBP 70.87 +7.34 64.64 + 8.80 0.036 0.036
(mmHg)

Abbreviations: E, peak velocity of early left ventricular filling; A, peak velocity
of atrial contraction; DT, deceleration time; EF, ejection fraction; FS, fractional
shortening; IVRT, isovolumetric relaxation time; LVMI, left ventricular mass index,
RWT, relative wall thickness.

The mean fasting blood sugar was 7.673 mmols/L in
patients and 4.830 mmols/L in controls and this difference
was statistically significant (P = 0.05).

Discussion

The role of elevated blood sugar in the causation of various
cardiovascular diseases has been investigated by several
researchers.”!>!¢ These studies have shown that DM causes
structural and functional abnormalities that are independent
of the effect of atherosclerosis and these abnormalities
contribute significantly to adverse cardiovascular events.®
Chronic hyperglycemia in DM expresses its toxicity by form-
ing non-enzymatic glycation of tissue macromolecules, such
as proteins, lipids, and deoxyribonucleic acid (DNA) to form
irreversibly bound advanced glycated end products.'” Such
products have been found to accumulate in tissues such as
the heart.'® The DM patients in our study had thicker mean
interventricular septal thickness in diastole and left ventricu-
lar posterior wall thickness in diastole compared to controls
(P < 0.001 for both). Abnormalities in cardiac structure of
diabetic patients included a significant increase in LVMI and
relative wall thickness compared to normal controls. The
LVMI also increased in 45 (50%) patients compared to 23
(25.6%) controls (P < 0.001). This change in cardiac structure
has been postulated to be due to deposition of glycoprotein,

Table 3 Comparison of number of patients and controls with
normal and abnormal left ventricular mass index

Study LVMI X2 P-value OR
status Abnormal Normal

Patient 45 (50%) 45 (50%) 11.4 0.0007* 291
Control 23 (25.6%) 67 (74.4%)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic

blood pressure.

Note: *P-value =0.05 is statistically significant.
Abbreviations: OR, odds ratio; LVMI, left ventricular mass index.
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Table 4 Comparison of number of patients and controls with
normal and abnormal diastolic filling pattern

Filling Patient Control x? P-value
pattern

Normal 31 (34.4%) 87 (96.7%) 77.16 0.00%*
(EIA > 1)

Abnormal 52 (57.8%) 2 (2.2%) 1.44 0.510
Relaxation

(EIA <1)

Pseudonormal 6 (6.7%) 1 (1.1%) 3.66 0.118
Restrictive I (1.1%) 0 (0%) 1.01 1.000
(EIA > 2)

Abbreviations: E/A, the ratio of peak velocities of early left ventricular filling to
peak velocity of atrial contraction.
Note: * = significant P value: P =< 0.05.

fibrosis, and presence of microangiopathy.®!* In the diabetic
heart, there is an increase in apoptosis leading to increased
collagen deposition in a diffuse manner as a result of replace-
ment fibrosis and connective tissue proliferation. Ultimately
there is decreased ventricular compliance.?® Left ventricular
diastolic dysfunction has been proposed to be the first stage of
the putative “diabetic cardiomyopathy”.?! A reduced E/A ratio
has been shown to be independently associated with increased
all-cause mortality as well as cardiovascular mortality.”? These
structural abnormalities may lead to increased wall stress,
increased oxygen demand, ischemia, and the development of
left ventricular diastolic dysfunction.® The prevalence of left
ventricular diastolic dysfunction in these normotensive and
asymptomatic diabetics without previous history of cardiac
disease was quite high compared to controls (65.6% versus
3.3%) but is comparable to findings by other workers using
similar Doppler methods for assessing left ventricular func-
tion."”* Furthermore, in this study, of the 65.5% diabetic
patients with diastolic dysfunction, 57.8% had impaired
relaxation, 6.7% had pseudo normal filling, and 1.1% had
restrictive filling pattern. Valsalva maneuver was used to
unmask pseudo normal filling. In the control group, three
had impaired relaxation while only one subject had pseudo
normal diastolic filling pattern. These results were similar to
the findings of other workers. In the study by Ojji et al*! of
the 71% of diabetic patients who had diastolic dysfunction,
58% had impaired relaxation, 7% had pseudo normal filling,
and 6% had restrictive filling. They did not assess systolic
dysfunction. Poirer et al' found a prevalence of diastolic
dysfunction of 60% when they studied 46 normotensive type
I DM patients and 15 (32%) had impaired relaxation while
13 (28%) had pseudo normalized filling. Zabalgoiha et al,*
however, found diastolic dysfunction in 47% of patients, while
Boyer et al'® found that the prevalence of diastolic dysfunction

was 75% because of the use of tissue Doppler imaging, which
increased the detection of diastolic dysfunction.

The present study also demonstrated a significant
reduction in mean left ventricular ejection fraction in dia-
betics compared to healthy controls (62.2% versus 68.5%;
P < 0.001), although the mean values were normal in both
groups. This significant reduction in mean ejection frac-
tion signifies early left ventricular systolic dysfunction
in these diabetic patients despite absence of symptoms of
cardiovascular disease. A reduced ejection fraction (<55%)
of 15.65% was found in diabetics compared to only 4.4%
of control subjects. The findings of systolic dysfunction
and increased prevalence of diastolic dysfunction has also
been previously demonstrated.’ Diastolic dysfunction was
found in 3.3% of controls. This is probably because over-
weight and obese controls, who had to be matched with the
overweight and obese in the diabetic group, were used in
the study. Obesity is known to increase the risk of diastolic
dysfunction and increase LVMI. This study is, however, dif-
ferent from most previous studies in Nigeria as it excluded
hypertensive diabetic patients and assessed both systolic and
diastolic function. Patients were also closely matched with
controls for age, sex, and body mass index. The patients in
this study were asymptomatic with short duration of DM
(mean duration of diabetes was 3 years). This showed that
even early in the diagnosis of type II DM left ventricular
dysfunction exists.

Conclusion

Left ventricular dysfunction is prevalent among type II dia-
betic patients in Port Harcourt, Nigeria without symptomatic
heart disease. Echocardiography is of immense benefit in the
management of type Il DM patients as this will enhance early
detection of left ventricular dysfunction with a view to early
treatment in order to reduce morbidity and mortality.

Limitations of the study

1. Stress electrocardiography, stress echocardiography,
myocardial perfusion imaging, and coronary angiography
were not used to exclude sub clinical coronary disease;
and

2. A larger number of subjects may be required to draw
definitive conclusions.

Recommendations
1. It is necessary to screen diabetics early for sub clinical
left ventricular dysfunction which may be present even in
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patients with short duration of DM as seen in this study;
and

There is a need for early commencement of treatments,
such as angiotensin receptor blockers or angiotensin
converting enzyme inhibitors, when subclinical left
ventricular dysfunction is detected to prevent the devel-
opment of symptomatic left ventricular dysfunction.
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