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Abstract

Background: Diabetic cardiomyopathy is a well-known cardiovascular disorder. This study was aimed to
evaluate diastolic function in patients with type 2 diabetes mellitus without cardiovascular risk factors
based on echocardiographic findings.

Material: One year hospital based cross-sectional study. A total of 100 patients with type 2 diabetes
mellitus for a period of one year were enrolled. All the patients underwent 2D echocardiography and were
evaluated for diastolic dysfunction.

Observations: 58% patients were males and male to female ratio was 1.38:1. The common age group in
this study was >60 years (43%) and the mean age was 55.67+-11.13 years. In 41% of the patients the
duration of diabetes was between 1-5 years. 57% of the patients had uncontrolled diabetes with HbAlc of
>8%. Diastolic dysfunction was present in 36% of the patients. Significant association of diastolic
dysfunction was noted with age (p=0.012) and duration of diabetes (p=0.022) but no association was found
with sex (p=0.118), body mass index (p=0.419) and glycemic control (p=0.433).

Conclusion: Diastolic dysfunction is widely prevalent in patients with type 2 diabetes mellitus even in the
absence of cardiovascular risk factors. Increased age and duration are the significant risk factors for
diastolic dysfunction in patients with type 2 diabetes mellitus.

Keywords: Diabetes mellitus; Diabetic cardiomyopathy; Diastolic dysfunction.

Introduction

Diabetes mellitus (DM) is a heterogeneous group
of metabolic disorders characterized by chronic
hyperglycemia with disturbance of carbohydrate,
fat and protein metabolism. It results from defects
in insulin secretion, insulin action or both. The

effect of diabetes mellitus include long term
damage, dysfunction and failure of various
organs, eyes, kidneys, nerves and heart and blood
vessels. Several distinct types of DM are caused
by complex interaction of genetics and
environmental factors.! Type 2 diabetes mellitus is
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metabolic  and  endocrinological disease
characterized by hyperglycemia associated with
insulin  resistance and/or defective insulin
secretion.’

The persistence of these metabolic disturbances
lead to permanent and irreversible functional and
structural changes in the cells of the body which
in turn lead to the development of “diabetic
complications”, characteristically affecting, the
cardiovascular system, eye, kidney and nervous
system mainly.®

Risks of incidence from CAD or fatal CAD are
two- to fourfold higher in people with DM than in
those without. Furthermore, long-term prognosis
after a coronary event is significantly worse
among people with DM than those without.*
Accordingly, the National Cholesterol Education
Program (NCEP) guidelines classify DM as a
CAD “risk equivalent” — a disorder that carries an
absolute, 10-year risk for developing new major
coronary events equal to that of non-diabetic
persons with established CAD (i.e., less than
20%). However, the core metabolic defect in DM
(i.e., hyperglycemia) does not by itself raise the
risk to the level of a CAD risk equivalent — it is a
constellation of metabolic risk factors that
combine with hyperglycemia to impart a high
risk.”

Diastolic heart failure (HF) is also referred to as
HF, with preserved left ventricular systolic
function. Many studies have reported that the
incidence of heart failure in diabetic subjects is
high even in the absence of hypertension and
coronary artery disease. Studies have reported a
high  prevalence of pre-clinical diastolic
dysfunction among subjects with DM.® The
evidence indicates that myocardial damage in
diabetic subjects affects diastolic function before
the systolic function. Diabetic cardiomyopathy
has been proposed as an independent cardiovas-
cular disease, and many mechanisms, such as
microvascular disease, autonomic dysfunction,
metabolic disorders, and interstitial fibrosis, have
been suggested as causative factors.’

Hence this study was planned to determine
whether there is any association between diastolic
dysfunction and type 2DM in the asymptomatic
subjects.

Objectives

e To evaluate diastolic function in patients with
type 2 DM without cardiovascular risk factors
based on echocardiographic findings.

Materials and Methods

This study was done in the Department of
Medicine, S. S. Institute of Medical Sciences and
Research Centre, Davangere, Karnataka. The
study design was a hospital based cross-sectional
study. The present study was conducted for the
period of one year.

Source of Data

Patients with history of type 2 diabetes mellitus as
per ADA qguidelines attending Out Patient
Department of Medicine and admitted in the
Wards of Medicine at S. S. Institute of Medical
Sciences and Research Centre, Davanagere were
enrolled.

Sample Size

A total of 100 patients with type 2 diabetes
mellitus as per ADA guidelines were included.
Selection Criteria

Patients of both the sex aged above 30 years, with
type 2 diabetes mellitus and blood pressure
<130/80 mmHg with normal ECG were included
in the study.

Patients with type diabetes mellitus with Evidence
of coronary artery disease, Valvular heart
diseases, cardiomyopathies, Hypertensive
patients, patients with Systolic dysfunction,
Dyslipidemia, Overweight and obesity (BMI > 25
Kg/m2) were excluded from the study.

Data collection

Patients were interviewed and demographic data
such as age and sex were noted. Further they were
subjected to thorough clinical examination and
systemic examination where patients were
evaluated for the vitals and clinical signs. These
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findings were recorded on a predesigned and
pretested proforma.

Investigations

All the patients were subjected to random blood
sugar, fasting blood sugar, HbAlc, Serum
creatinine, Lipid profile, Fundoscopy,
Electrocardiogram, 2D echocardiography
investigations.

Outcome variables

All the patients were evaluated for diastolic
function. The diastolic function was evaluated
using M Mode and Two dimensional transthoracic
echocardiography and color flow Doppler
examination.

Statistical analysis

The data obtained was coded and entered into
Microsoft Excel Worksheet (Annexure I11). The
data was analyzed using SPSS statistical software
version 20.0. The categorical data was expressed
in terms of percentage and ratios and comparison
was done using either Chi-square test or Fisher’s
exact test. The continuous data was expressed as
mean + standard deviation (SD) and comparison
was done using independent sample ‘t’test. A
probability value (‘p’ value) of < 0.05 at 95% CI
was considered as statistically significant.

Results

In the present study 58% of the patients were
males and 42% were females. The male to female
ratio was 1.38:1.

Table 1. Age distribution

Table 2. Duration of diabetes

Duration Distribution (n=100)
(Years) Number Percentage
<1 29 29.00
>1to5 41 41.00
61to 10 19 19.00
>10 11 11.00
Total 100 100.00

In the present study most of the patients (41%)
had duration of diabetes between >1 year to five
years followed by <lyear (29%).

In this study majority of the patients (72%) had
body mass index between 18.5 to 22.99 Kg/m2
while 28% of the patients had body mass index
between 23.00 to 24.99 Kg/m2.

In this study the fasting blood sugar levels were
raised (>126 mg/dL) in 83% of the patients.

In the present study HbAlc levels were > 8
percent in 57% of the patients while 38% of the
patients had HbALc levels between 7 to 8 percent.

Table 3 Clinical, diabetic and lipid profile of the
patients

Distribution (n=100)
Age group (Years)

Number Percentage
31t0 40 13 13.00
411050 22 22.00
51 to 60 22 22.00
> 60 43 43.00
Total 100 100.00

In this study the commonest age group was > 60
years (43%) followed by 51 to 60 years and 41 to
50 years (22% each).

_ Mean
Variables =
Mean SD
Age (Years) 55.67 11.13
Duration (Years) 45.11 25.53
Pulse rate (/Minute) 75.06 5.65
Respiratory rate (/Min) 15.07 1.16

Systolic blood pressure (mm Hg) 124.22 7.85
Diastolic blood pressure (mm Hg) 77.88 4.86

Body mass index (Kg/m2) 21.99 1.27
Random blood sugar (mg/dL) 213.11 66.04
Fasting blood sugar (mg/dL) 14758  39.89
HbAlc (%) 8.36 1.22
Cholesterol (mg/dL) 149.37 8.82

Low density lipoprotein (mg/dL) 118.09 8.92
High density lipoprotein (mg/dL) 51.06 3.90

Triglycerides (mg/dL) 141.97 6.80
Urea (mg/dL) 27.15 6.50
Serum creatinine (mg/dL) 0.78 0.16
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Graph 1. Diastolic dysfunction

OPresent BOAbsent

In this study diastolic dysfunction was present in
36% of the patients.

In the present study diastolic dysfunction was
noted in 41.38% of the males compared to 28.57%
of the females. but the difference was statistically
not significant (p=0.188)

In this study the incidence of diastolic dysfunction
was high in patients with age > 60 years (53.49%)
compared to diabetic patients who were aged
between 51 to 60 years (31.82%), 41 to 50 years
(18.18%) and 31 to 40 years (15.38%) (p=0.012).
In the present study diastolic dysfunction was
significantly high in patients who reported

duration of diabetes between 6 to 10 years
(88.89%) compared to those with duration
between > 1 to 5 years (46.34%) and < 1 year
(13.79%) (p=0.022).

In this study diastolic dysfunction was almost
comparable in patients with normal body mass
index (34.72%) and those who were at risk of
obesity (39.29%) (p=0.419)

In this study the frequency of diastolic
dysfunction was comparable in patients with
HbAlc <7 (40%), between 7 to 8 (31.58%) and >
8 percent (38.60%) (p=0.433)

Table 4. Association of diastolic dysfunction with diabetic control

Diastolic dysfunction

HbAlc (%) Present Absent

Number Percentage Number Percentage
<7 2 40.00 3 60.00
7to8 12 31.58 26 68.42
>8 22 38.60 35 61.40
Total 36 36.00 64 64.00

Table 5 shows comparison of clinical, diabetic
and lipid profile of the patients with and without
diastolic dysfunction. It was observed that,

patients ~ with  diastolic  dysfunction  had
significantly higher age (p=0.004) and duration of
type 2 diabetes mellitus (p=0.005).
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Table 5. Comparison of clinical, diabetic and lipid profile in patients with and without diastolic dysfunction
Diastolic dysfunction

Variables Present Absent p value
Mean SD Mean SD
Age (Years) 59.69 9.10 53.41 11.58 0.004
Duration (Years) 53.98 20.60 40.13 26.81 0.005
Pulse rate (/Minute) 74.17 5.52 75.56 5.71 0.234
Respiratory rate (/Min) 15.22 1.10 14.98 1.19 0.316
Systolic blood pressure (mm Hg) 124.39 7.82 124.13 7.92 0.872
Diastolic blood pressure (mm Hg) 79.06 571 77.22 4.21 0.097
Body mass index (Kg/m2) 22.17 1.30 22.03 1.48 0.636
Random blood sugar (mg/dL) 217.28 67.84 210.77 65.43 0.642
Fasting blood sugar (mg/dL) 144.03 42.62 149.58 38.47 0.520
HbAlc (%) 8.29 1.07 8.40 1.30 0.641
Cholesterol (mg/dL) 147.50 9.94 150.42 8.02 0.137
Low density lipoprotein (mg/dL) 117.44 8.51 118.45 9.18 0.582
High density lipoprotein (mg/dL) 45.83 8.69 48.00 8.12 0.225
Triglycerides (mg/dL) 149.08 7.17 149.55 8.61 0.774
Urea (mg/dL) 27.03 6.53 27.22 6.53 0.889
Creatinine (mg/dL) 0.79 0.16 0.78 0.15 0.674

Discussion dysfunction (systolic or diastolic) exists for

Diabetes mellitus is a group of common metabolic
disorders that share the phenotype of
hyperglycemia and associated with a multitude of
cardiovascular complications. Clinical,
epidemiological and pathological studies reveal
the increased occurrence of clinical congestive
heart failure in patients with diabetic patients to
diabetic cardiomyopathy as determined by
diastolic  and/or  systolic left ventricular
dysfunction.®

Left ventricular diastolic dysfunction represents
the reversible first stage of diabetic
cardiomyopathy2 which reinforces the importance
of evaluation for early examination of diastolic
ventricular function in patients with diabetes
mellitus. Even in diabetic patients, the risk of
heart failure is increased without the clinical
evidence of CAD. Myocardial involvement in
diabetes mellitus may occur early in the course of
disease which impairs early diastolic relaxation
initially and causes decreased myocardial
contraction when becomes more extensive. Prior
to the development of symptomatic congestive
heart failure, sub-clinical left ventricular

sometime.’

However, to-date, limited number of studies88-94
have reported the frequency of progression from
pre-clinical to clinically evident myocardial
dysfunction in patients with diabetes mellitus.
With the availability of echocardiography and
Doppler, the natural history of cardiac
involvement from pre-clinical to clinical stage in
patients with diabetes can be elucidated. This
prompted us to evaluate diastolic function in
patients with type 2 DM without having
cardiovascular ~ risk  factors  based  on
echocardiographic findings.

The present one year hospital based cross-
sectional study was performed in the settings of
Department of Medicine, S. S. Institute of
Medical Sciences and Research Centre,
Davangere, Karnataka from January 2014 to
December 2014. A total of 100 patients who were
diagnosed to have type 2 diabetes mellitus based
on ADA guidelines8 were enrolled. All the
patients  were  subjected to the 2D
echocardiography for the assessment of diastolic
dysfunction.

Dr Yallappa Reddy H M et al IMSCR Volume 06 Issue 07 July 2018

Page 261



It is reported that, the prevalence of diabetes is
higher in men than women.*®*” Same was true in
the present study as most of the patients were
males (58%) and male to female ratio was 1.38:1.
These findings suggest higher prevalence of
diabetes among males in this study which was
consistent with the previous literature.

Unlike in the West, where older persons are most
affected, diabetes in Asian countries is
disproportionately high in young to middle-aged
adults. In the present study 43% of the patients
were aged > 60 years and the next common age
group was 51 to 60 years and 41 to 50 years which
were comprised of 22% of the patients each.
Based on the selection criteria being type 2
diabetes mellitus patients aged over 30 years, the
youngest patients was aged 34 years and oldest
patient was aged 84 years. The mean age was
55.67 + 11.13 years. These findings show that,
diabetes mellitus was widely prevalent among
elderly. The higher prevalence of diabetes among
aged can be explained by the rise in the segment
of geriatric population.

In the present study random and fasting blood
sugar levels (> 130 mg/dL and >110 mg/dL
respectively) in 97% and 83% of the patients.
Also HbAlc levels revealed 57% of the patients
with > 8 percent and 38% of the patients with
HbA1lc levels between 7 to 8 percent. The mean
fasting, random blood sugar and HbAlc levels
were 147.58 £+ 39.89 mg/dL, 213.11 + 66.04
mg/dL and 8.36 + 1.22 percent. These findings
suggest that, majority of the patients in this study
had poor glycemic control.

It is suggested that diabetes can affect cardiac
structure and function in the absence of changes in
blood pressure or coronary artery disease, a
condition called diabetic cardiomyopathy.!’
Cardiovascular complications are known to be the
main cause of death and morbidity in diabetic
patients, as over 75% of all diabetic patients die
from cardiovascular events. There is an increased
rate.  of ischemic  heart disease and
cardiomyopathy, which may lead to congestive
heart failure in the absence of coronary

atherosclerosis. Heart failure is a common and
serious  co-morbidity  of  diabetes.’®*  The
Framingham study'® demonstrated an increased
risk in heart failure in patients with diabetes and
that it has a greater impact on the incidence of
congestive heart failure, especially in women. It
has been shown a 2-fold higher incidence of heart
failure in men with diabetes and a 5-fold increase
in women. Additional trials, Studies of Left
Ventricular Dysfunction (SOLVD), the Heart
Outcomes Prevention Evaluation study (HOPE),
the Cardiovascular Health Study (CHS) and
nationwide case-control study — also identified
diabetes as a major risk factor for the development
of heart failure.?>?” Recently a study of health
maintenance organization in nearly 10,000 type 2
diabetic patients, 12% had heart failure at entry
and about 3.3% of type 2 diabetic subjects
developed heart failure each year.23 LVDD is
considered the earliest manifestation of diabetic
cardiomyopathy, preceding the development of
systolic dysfunction. In the present study based
36% of the patients had diastolic dysfunction.

Several studies have reported diastolic
dysfunction in patients with diabetes mellitus. The
reported range of diastolic dysfunction in patients
with diabetes mellitus ranges between 40% to as
high as 75%. Recently Dixit NM. et al.® (2013) in
their case control study from Surat, India reported
prevalence of diastolic dysfunction in as high as
66% of the patients with normotensive diabetic
patients. Similar rate of Diastolic dysfunction was
reported by Patiland Burji®* in 2012 from Mysore,
Karnataka where 64% of the subjects with type 2
diabetes mellitus had diastolic dysfunction. Patil
VC. et al.* in their case control study from during
2011 at Satara, Maharashtra reported 54.33% of
subjects with type 2 DM had diastolic
dysfunction. Poulsen MK. et al.?® in 2009 found
incidence of LV diastolic dysfunction in 40% of
the patients with T2DM with no history of
cardiovascular disease. A study by Shreshta et
al?® in 100 asymptomatic type 2 Diabetes
Mellitus, LVDD was found in 71 subjects.
Soldatos et al.*” in their case control study of 55
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individuals with type-2 DM reported presence of
DD in a significant proportion of population with
Type 2 DM. Boyer et al.28 stated that the
prevalence of LV diastolic dysfunction in
asymptomatic, normotensive patients with type 2
diabetes disease is high. Diastolic dysfunction was
found in 75% subjects. Exiara et al.” in their
study of 114 subjects reported 63.2% patients with
diastolic dysfunction in their study compared to
our prevalence of 36%.

The frequency of diastolic dysfunction observed
in the present study was comparable with a study
done by Poulsen MK. et al.® who reported
diastolic dysfunction in 40% of the patients with
T2DM. The frequency of diastolic dysfunction
observed in the present study that is, 36% was low
compared to the previous studies due to careful
selection of patients with type 2 diabetes mellitus
excluding cardiovascular risk factors like
smoking, consumption of tobacco products,
overweight and obesity, dyslipidaemia and
hypertension. Majority of the patients in this study
(72%) had body mass index between 18.5 to 22.99
Kg/m2 while 28% of the patients had body mass
index between 23.00 to 24.99 Kg/m2. Further the
frequency of diastolic dysfunction was almost
comparable in patients with normal body mass
index (34.72%) and those who were at risk of
obesity (39.29%) (p=0.419). Epidemiological
studies®*3* have associated diastolic function with
aging, hypertension and myocardial ischemia.
Besides, more recent data have also demonstrated
an independent association between diastolic
function and obesity,* especially with abdominal
obesity* and visceral fat mass.34We presume that
if these risk factors are considered the rate
diastolic dysfunction could be very high.

In this study the rate of diastolic dysfunction was
significantly high in elderly patients (age > 60
years). It was observed that, 53.49% of the
patients with age >60 years had diastolic
dysfunction which reduced with decline in age
that is, 31.82% of the patients with age between
51 to 60 years, 18.18% aged between 41 to 50
years and least that is 15.38% of the patients in 31

to 40 years (p=0.012). Further the mean age was
significantly high in patients who had diastolic
dysfunction (59.69 + 9.10 years vs 53.41 + 11.58
years; p=0.004). These findings were consistent
with previous reports by Mishra et al.*® and Patil
VC. et al.* Patil and Burji36 also reported linear
progression of diastolic dysfunction with the
increase age group. Exiaraet al.29 in their study of
114 subjects also stated that the prevalence of LV
diastolic dysfunction in normotensive,
asymptomatic and well-controlled DM type 2
patients is high, and increases with age.

In the present study 41% of the patients had
duration of diabetes between >1 year to five years.
Diastolic dysfunction was significantly high in
patients who reported duration of diabetes
between 6 to 10 years (88.89%) compared patients
having duration between more than one year to
five years (46.64%) and less than or equal to one
year (13.79%) (p=0.022). Further the mean
duration was significantly high in patients with
diastolic dysfunction (5.66 *+ 4.13 years vs 3.87
4.04 years; p=0.040). Similar observations were
reported in other studies by Patil and Burji,36
Mishra et al.,* From et al.37 and Patil VC et al.*®
Mishra et al.* in their case control study of 71
subjects with type 2 DM found that asymptomatic
diabetic patients have reduced LV systolic and
diastolic function as compared with healthy
subjects. LV systolic and diastolic abnormalities
correlated with the duration of diabetes. From et
al.*" in their study of 484 subjects between 1996
to 2007 year found that a duration of diabetes > 4
years was independently associated with LV
diastolic dysfunction (E/e’ >15) with odds ratio
1.91.

In the present study no statistically significant
association was found between diastolic
dysfunction and sex as 41.38% of the males and
28.57% of the females had diastolic dysfunction
(p=0.188). In contrast to these observations Patil
MB and Burji NP* reported that diastolic
dysfunction is more common among female sex
(68.18%) compared to male (60.17%).
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In this study no association was found between
diastolic dysfunction and glycemic control. The
frequency of diastolic  dysfunction  was
comparable in patients with HbAlc <7 (40%),
between 7 to 8 (31.58%) and > 8 percent (38.60%)
(p=0.433). However in contrast to our findings,
Patil MB and Burji NP*® reported that, diastolic
dysfunction was significantly associated with
uncontrolled diabetes as assessed by HbAlc
levels.

Overall this study demonstrates that the incidence
of diastolic dysfunction in patients with type 2
DM is high. Also there is a direct relation between
age of the patients and diastolic dysfunction.
However, since this study was hospital based
study and included patients from single centre, the
rate of diastolic dysfunction cannot be generalized
and needs further evaluation.

Conclusion

Heart failure is one of the common manifestations
in patients with type 2 diabetes mellitus and
diastolic dysfunction represents early stages of
heart failure. From the findings of this study it
may concluded that, a considerable subset of
patients with type 2 diabetes mellitus are likely to
have diastolic dysfunction as more than two thirds
of the selected population had diastolic
dysfunction. Furthermore, increased age and
duration are the significant the risk factors for
diastolic dysfunction in patients with type 2
diabetes mellitus.
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