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Abstract

Background: The prevalence of diabetes mellitus (DM) is increasing 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. Hypertension and age are
recognized as important risk factors for left ventricular (LV) diastolic dysfunction. Some
studies have shown that diabetes itself may also be an independent risk factor for LV diastolic
dysfunction, although this is controversial.

Aim: The aim of this study was to determine the factors associated with LV diastolic
dysfunction in patients with type 2 diabetes in the absence of hypertension or ischemic heart
disease (IHD).

Methods: Participants in this study consisted of 25 type 2 diabetes patients (M : F = 15 : 10;

mean age 51 [26 to 76] years; mean body mass index [BMI] 25.0 kg/m2) without hypertension,
heart disease, or renal disease. Individuals with history of ischemic heart disease were
excluded. LV diastolic function was evaluated by echocardiographic studies.

Results: Five patients (20%) showed LV diastolic dysfunction on echocardiographic studies.
Patients with LV diastolic dysfunction were older than those without diastolic dysfunction . After

adjusting for age and sex, BMI was higher (26.6 vs. 24.6 kg/m2) and diabetes duration was
longer (9.65 vs. 4.71 years) in patients with LV diastolic dysfunction than in those without
diastolic dysfunction. There were no differences in sex, smoking, blood pressure or diabetic
microvascular complications between the LV diastolic dysfunction group and the normal diastolic
function group. After adjusting for age, sex, and BMI, diabetes duration was found to be
independently associated with LV diastolic dysfunction.

Conclusion: These results suggest that diabetes duration and obesity may be a risk factors for
LV diastolic dysfunction in type 2 diabetic patients without hypertension or IHD.
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INTRODUCTION

Diabetes is a chronic disease that occurs either when the pancreas does not produce enough
insulin or when the body cannot effectively use the insulin it produces. Insulin is a hormone
that regulates blood sugar. Hyperglycaemia is a common effect of uncontrolled diabetes and
over time leads to serious damage to many of the body's systems, especially the nerves and
blood vessels.!!

The prevalence of diabetes mellitus (DM) is increasing globally. The number of people with
diabetes has risen from 108 million in 1980 to 422 million in 2014 worldwide.™

The global prevalence of diabetes among adults over 18 years of age has risen from 4.7% in
1980 to 8.5% in 2014, it has been rising more rapidly in middle- and low-income countries. ™!

In 2016, diabetes was the direct cause of 1.6 million deaths and in 2012 high blood glucose was
the cause of another 2.2 million deaths globally, WHO estimates that diabetes was the seventh
leading cause of death in 2016 worldwide.!!

Heart failure is a common comorbidity and fatal complication of diabetes mellitus. The
Framingham heart study demonstrated an increased risk of heart failure in patients with
diabetes: a two-fold higher incidence in men and a five-fold higher incidence in women with
diabetes compared with age-matched non-diabetic subjects.?!

Many epidemiological studies have confirmed a significantly increased prevalence of cardiac
dysfunction in diabetic patients, independent of the influence of relevant covariates.®#l Left
ventricular (LV) diastolic dysfunction is thought be an early preclinical manifestation of heart
failure.®! The incidence of diastolic dysfunction in diabetic patients has been demonstrated to
be 30-75% in recent studies.®*]

Diastolic dysfunction is defined as functional abnormalities that exist during LV relaxation and
filling. When such abnormalities cause or contribute to the clinical syndrome of heart failure
with a normal LV ejection fraction, it is appropriate to describe the condition as diastolic heart
failure.l"l Some previous studies demonstrated LV diastolic dysfunction in normotensive patients
with diabetes, and the existence of LV diastolic dysfunction in the absence of coronary artery
disease and hypertension has been ascribed to diabetic cardiomyopathy. [¢-4!

The proposed mechanisms of diabetic cardiomyopathy from animal studies are: i) excessive
production of reactive oxygen species ! , ii) over-activation of poly-(ADP-ribose) polymerase
(101 jii) increased activity of protein kinase CMY, iv) dysfunctional calcium handling in
cardiomyocytes 2, and v) enhanced activity of the renin-angiotensin-aldosterone system.*l

Age, hypertension, and ischemic heart disease (IHD) are thought to be important risk factors
for diastolic dysfunction in both patients with diabetes and non-diabetics.!*41°!

Although several studies have shown that poor glycemic control and longer duration of
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diabetes may be associated with early diastolic dysfunction in type 2 diabetes %1 there have
been few studies on the factors associated with LV diastolic dysfunction in type 2 diabetes
without hypertension or IHD.

Considering the high prevalence and significant morbidity and mortality of heart failure in
patients with type 2 diabetes, identification of risk factors for LV diastolic dysfunction and an
index of early-stage diabetic cardiomyopathy are necessary to delay or prevent the onset of
heart failure. Therefore, we sought to determine the risk factors associated with subclinical LV
diastolic dysfunction in type 2 diabetic patients without hypertension or IHD.

METHODS
A cross sectional study was undertaken among type 1l diabetic patients attending AL-Hussein
Teaching Hospital and diabetes center, between January 2019 and April 2019.

The study subjects consisted of 25 type 2 diabetic patients without hypertension or IHD (M : F
=15 : 10) mean age 51 [26-76] years; mean body mass index [BMI] 25.0 kg/m?).

Inclusion criteria were: normal arterial blood pressure (< 130/85 mm Hg) without
antinypertensive medication, no symptoms or signs of heart disease, no history of coronary
heart disease or valvular heart disease, no evidence of severe medical illness including liver
cirrhosis, end stage renal disease, or cancer. Patients were excluded from participation in the
study if either of the following criteria applied diabetes diagnosed before the age of 26 or
history of type 1 diabetes or diabetic ketoacidosis.

Echocardiographic study

The examination was performed while the patient was in a period of quiet respiration.
Echocardiograms were analyzed by more than one examiner. Left ventricular systolic function
was determined by estimation of left ventricular ejection fraction (LVEF), The normal range of
LVEF was 65 %.

The following criteria were used for the diagnosis of LV diastolic dysfunction 2%: impaired
relaxation pattern was defined as E/A ratio < 1.0, pseudonormal pattern as E/A ratio from 1.0 -
2.0 with E> < A’ and E/E’ ratio > 10; and restrictive pattern as E/A ratio > 2.0 and DT < 150
ms.

RESULTS

The median duration of diabetes for the study subjects was 5 years (range, 0 to 26).

Five patients (20%) showed diastolic dysfunction on echocardiographic study. The
characteristics of the patients with and without prevalent diastolic dysfunction are compared in
Table (1). Patients with LV diastolic dysfunction were older than patients without LV diastolic
dysfunction (60.0 vs. 51.5 years). There was no difference in the sex ratio between the two
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groups. After adjusting for age and sex, BMI was found to be higher (26.6 vs. 24.6 kg/mz)and
diabetes duration was found to be longer (9.65 vs. 4.71 year) in patients with LV diastolic
dysfunctionthan in those without LV diastolic dysfunction.

There were no differences in smoking, blood pressure or diabetic microvascular complications
between the LV diastolic dysfunction group and the normal LV diastolic function group.

Table 1. Age, sex and age and sex-adjusted characteristics according to the presence of diastolic
dysfunction in type 2 diabetic patients without hypertension

Age, yr 51.2 60.0 <0.01
Men/Total 12/20 3/5 0.52
BMI, kg/m2 24.6 26.6 0.01
Current smoking, % 25 20 0.74
Duration of diabetes, yrs. 4.71 9.65 <0.01
Diabetic retinopathy, % 10 20 0.15
Diabetic neuropathy, % 8 20 0.13

Echocardiographic parameters

No subject had LV systolic dysfunction and no differences in LVEF were found between the LV
diastolic dysfunctiongroup and the normal LV diastolic function group . The E/ A ratio was lower
in patients with LV diastolic dysfunction (0.70 vs. 1.07). There were no significant differrences in
other parameters between the LV diastolic dysfunction group and the normal LV diastolic function
group (Table?2)

Table 2. Echocardiographic parameters

(n =20) (n=5)
E/A ratio 1.07 0.70 <0.001
E/E’ ratio 8.5 9.5 0.25
LVEF, % 67.5 65.5 0.18

Data are expressed as mean
E/A, the ratio of early and late left ventricular diastolic filling. E/E’, the
ratio of E and E’ where E’the early diastolic velocity,LVEF, left
ventricular ejection fraction.
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Diabetes duration as an independent determinant for diastolic dysfunction
Logistic regression analysis for diastolic dysfunction with age, sex, BMI, and diabetes duration
as covariates showed that diabetes duration and BMI were independent determinants (Table 3).

When participants were classified into four groups based on the duration of diabetes (< 1, >1
and <5,> 5 and < 10, > 10 years), the frequency of LV diastolic dysfunction increased with
increasing duration of diabetes after adjusting for age, sex, and BMI(Fig. 1).

Table 3. Logistic regression analysis of diastolic dysfunction
in type 2 diabetic patients without hypertension with age,
sex, BMI, and diabetes duration as covariates

Exp (B) (95% ClI) P value
Age 1.04 (0.96 to 1.12) 0.385
Female 0.57 (0.09 to 3.75) 0.558
BMI 2.03 (1.21t0 3.41) 0.008

DM duration 1.39 (1.12 to 1.72) 0.003

BMI, body mass index; Exp (B), exponentiation of the
B coefficient; DM, diabetes mellitus; CI, confidence interval.
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Fig. 1. Frequency of LV diastolic dysfunction according to diabetes
duration in type 2 diabetic patients without hypertension.
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DISCUSSION

In the present study, we found that duration of diabetes was associated with the presence of LV
diastolic dysfunction in type 2 diabetic patients without hypertension or IHD. After adjusting for
age, sex, and BMI, the frequency of LV diastolic dysfunction correlated positively with the
duration of diabetes. Aging and duration of diabetes were related to LV diastolic dysfunction in
normotensive type 2 diabetic patients in a previous study [, which was also demonstrated in this
study.

Several studies have suggested that hyperglycemia alters the metabolism of cardiac myocytes and
could be the primary insult in the pathogenesis of diabetic cardiomyopathy.?*?? Even in type 2
diabetic patients without cardiac involvement, uncontrolled hyperglycemia is known to provoke
diastolic LV dysfunction**-*71 Nichols et al. 2! demonstrated that a reduction in HbA1C coupled
with a lower baseline HbAL1C was predictive of a decreased incidence of heart failure in a
multivariate model, emphasizing the importance of glycemic control for prevention of heart
failure, In this study it was not possible to determine HbALC level in most of patients due to
logistic problems.

Some data have suggested that diabetic cardiomyopathy could be one of the microvascular
complications of diabetes related to endothelial dysfunction. ! Considering that duration of
diabetes is the strongest predictor for diabetic microvascular complications, the strong
association of duration of diabetes with LV diastolic dysfunction observed in this study is plausible,
whereas diabetes duration was a significant determinant, suggesting that cumulative exposure to
hyperglycemia may be important for the development of LV diastolic dysfunction.

Several studies have reported that obesity is associated with heart failure and ventricular
dysfunction?*!, Another study found that reduced LV diastolic function was apparent in 24% of
severely obese subjects, and that the risk was linearly associated with BMI.24 From the results of
this study, we suggest that obesity may be associated with LV diastolic dysfunction independent of
other clinical parameters related to diastolic dysfunction in type 2 diabetic patients without
hypertension or IHD.

In this study, the prevalence of LV diastolic dysfunction was lower than in other studies.[®*]
which could be because of the relatively short duration of diabetes, and our selection criteria
excluding patients with hypertension or IHD. We did not find a significant association of diabetic
microvascular complications such as retinopathy, nephropathy, and neuropathy with LV diastolic
dysfunction, although frequencies of each microvascular complication tended to increase with
the presence of LV diastolic dysfunction. This non-significant association may be explained by
the earlier development of LV diastolic dysfunction compared with other microvascular
complications 2%, relatively well-controlled hyperglycemia, short duration of diabetes, and
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selection criteriaexcluding patients with hypertension or IHD.

The first limitation of our study is that it was cross-sectional and unable to suggest a causal
relationship.

The second limitation of this study: it was not possible to tell whether the increased
incidence of LVDD is due to the duration of DM or due to aging itself. To answer this
question, we need a controlled study (rather than cross sectional study design) to detrmine
the exact role of diabetes as a precursor for LVDD. Other limitations were the uncertainty of
ischemic heart disease and diabetes duration. Our exclusion of IHD based on history and presence of
symptoms might have not ruled out IHD completely. Besides, the onset of type 2 diabetes is not
always clear, and previous medical records related to initial diagnosis were not available, another
prospective study for individuals with newly detected type 2 diabetes is needed to confirm the
results of our study.

Despite the limitations of the study, our data showed that duration of diabetes and obesity
could be a marker for LV diastolic dysfunction independent of other diastolic dysfunction-related
variables in type 2 diabetic patients without hypertension or IHD.
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