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Abstract---Diabetes Mellitus (DM) is a disease with multi-system
complications. Left ventricular diastolic dysfunction (LVDD) is an early
stage of diabetic cardiomyopathy that can develop to heart failure. It
has no clinical symptoms and can be easily diagnosed with
echocardiography. The study aims to evaluate the LVDD in Type-2 DM
with no symptoms of cardiovascular disease and its association with
glycaemic control (HbAlc), DM duration, and microangiopathy. The
cross-sectional hospital-based study included 100 asymptomatic
patients with type 2 DM without evidence of cardiovascular
involvement were studied. LVDD was evaluated by doppler
echocardiography, which included E/A ratio, assessed in relation with
age, sex, duration of diabetes and HbAlc level. LVDD was present in
57 % of the type 2 DM patients with males accounting for the majority

International Journal of Health Sciences ISSN 2550-6978 E-ISSN 2550-696X © 2022.
Manuscript submitted: 9 March 2022, Manuscript revised: 18 April 2022, Accepted for publication: 1 May 2022
5579


https://doi.org/10.53730/ijhs.v6nS3.7176

5580

of cases (63.2%). Diastolic dysfunction was more common in patients
on oral hypoglycaemic agents (78%), insulin (2%) and/or both (19%).
There was a linear progression of diastolic dysfunction with the
increase age group (P = 0.001). LVDD was significantly associated with
uncontrolled diabetes as measured by HbAlc levels with higher
number patients among HbAlc >8.5 (71.9%; P = 0.001) and a longer
duration of DM with highest among 6 -10 years (38.6%; P = 0.001).
Overall, the prevalence of diastolic dysfunction was 357% in
asymptomatic type 2 DM subjects. Our study indicates that
myocardial damage in patients with diabetes affect diastole function
before systolic function in asymptomatic diabetes patients. Doppler
Echocardiography identifies large percentage of diabetes subjects
before abnormalities are detected with clinical examination and ECG.

Keywords---diabetes mellitus, diastolic dysfunction, chocardiography,
glycosylated haemoglobin, heart failure.

Introduction

Diabetes mellitus (DM) refers to a group of common metabolic disorders that
share the phenotype of hyperglycaemia.! According to the Diabetes Atlas 2017,
the India's diabetes population is currently about 72.9 million people and is
expected to grow to 134.3 million by 2045 unless immediate preventive measures
are adopted.? Although the prevalence of microvascular complications of diabetes
like retinopathy and nephropathy are lower in Indians, premature coronary artery
disease is considerably greater compared to other ethnic groups.® However, heart
failure was more common in diabetes due to diabetic cardiomyopathy.* The
Framingham heart study revealed a marked increase in congestive heart failure,
coronary artery disease, and myocardial Infarction in diabetic patients.4. Left
ventricular diastolic dysfunction (LVDD) is an initial preclinical sign of diabetic
cardiomyopathy prior to changes in systolic function.> The diastolic
abnormalities in diabetic patients without diabetic complications of
cardiovascular system, is the earliest and specific functional abnormality in
diabetic cardiomyopathy and can affect patients who are free of macrovascular
complications and newly diagnosed DM or even in those with a disease duration
of less than a year.® Hence, earlier detection of diastolic dysfunction in diabetic
patients could assist to prevent or considerably postpone the onset of CHF.

Doppler recordings of transmitral and pulmonary venous flow velocities have
traditionally been used to assess LVDD and filling pressure.” E/e (the early
passive transmitral inflow velocity [E]) to pulsed tissue doppler velocity of the
septal mitral annulus during passive filling [e]ratio has appeared to
independently predict the heart failure and mortality.8° in DM. Several previous
research investigations have shown that the patients with DM have LVDD10-12;
however, there is dearth in Indian literature. Therefore, this study was conducted
to evaluate the Left ventricular diastolic dysfunction in Type-2 DM who have no
symptoms of cardiovascular disease and its association with glycaemic control,
duration, microangiopathy.
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Materials and Methods
Study design and settings

Patients with a history of type 2 diabetes who visited our tertiary care center's
Department of Medicine between November 2016 and September 2018 were
enrolled in the prospective cross-sectional hospital-based study. Simple random
sampling technique was applied to include the study patients. Patients aged >18
years of diabetes mellitus (either on treatment or newly diagnosed) were included.
Patients with type 2 DM with other cardiac diseases (valvular heart disease,
congestive heart failure, ischemic heart disease, cardiomyopathy, hypertension)
and neuro-psychiatric disorder were excluded. Institutional ethical committee was
sought before the including the patients in the study. Informed consent was taken
from the patients prior to their enrolment. All the included patients were
evaluated for the LVDD.

Evaluations

All the patients underwent clinical and relevant laboratory investigations such as
ECG, FBS, PPBS, urea, creatinine, glycosylated haemoglobin (HbAlc), urine
albumin, fasting lipid profile. Fundus examination and echocardiography were
also performed. For each patient, a Doppler Echocardiography was performed,
and three to four cardiac cycles were analysed to determine the optimal phase for
a better outcome. Doppler study was used to examine the following indices: E-
peak velocity of early mitral flow, A-peak velocity of late mitral flow, and E/A
ratio. Ejection fraction was also determined in all the patients. The data was
recorded using a pre-tested proforma.

Statistical analysis

SPSS 18.0, and R ver.3.2.2 were used for the analysis of the data. Continuous
measurements are presented on Mean + SD (Min-Max) and results on categorical
measurements are presented in number (%). Student t test (two tailed,
independent) was used to find the significance of study parameters on continuous
scale between two groups (Inter group analysis) on metric parameters. Chi-
square/Fisher Exact test was used to find the significance of study parameters on
categorical scale between two or more groups, Nonparametric setting for
Qualitative data analysis. Fisher Exact test used when cell samples are very
small. Significance is assessed at 5 % level of significance.
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Results

A total of 100 patients with type 2 DM were studied. Mean age of the patients was
52.1149.98 years with a male dominance (63%). The study group's average age of
diabetes onset was 44.45 years, with an average duration of 7.7 years. Three-
fourths (78%) of the patients were on Oral hypoglycaemic agents and 54% of them
used them on regular basis. Table 1 list other baseline characteristics of the study
cohort.

Table 1
Baseline demographics, clinical, and biochemical investigations of the study
population
Variables N =100
Age (years) 52.11+9.98
Gender
Female 37 (37%)
Male 63 (63%)
Duration of DM (years) 7.72£5.94
BMI (Kg/m2) 26.14+2.34
Age of onset (years) 44.45£7.20
Treatment of OHA
NA 1 (1%)
Oral hypoglycaemic agents 78 (78%)
Insulin 2 (2%)
Both 19 (19%)
Treatment
NA 3 (3%)
Regular 54 (54%)
Irregular 43 (43%)
Blood pressure
Systolic (mmHg) 120.82+6.46
Diastolic (mmHg) 77.62+4.58

FBS 199.13+66.89
PPBS 276.29+78.63
HbAlc% 9.08£1.84
Urine Albumin

Nil 78 (78%)
Traces 13 (13%)

1+ 6 (6%)

2+ 3 (3%)

Urine sugar

Nil 65 (65%)
0.50 3 (3%)

1.50 2 (2%)

1% S (5%)

2% 25 (25%)
Blood Urea (mg/dl) 31.74+12.97
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Serum Creatinine (mg/dl) 0.90+0.32
Total Cholesterol (mg/dl) 202.90+26.62
Data are expressed in N (%) and mean + SD

Clinically, none of the diabetic patients showed cardiovascular system
abnormalities, just one had peripheral neuropathy, and 10% had diabetic
retinopathy. In 84% of the patients had EV max values between 50 and 100,
while 90% had AV max values between 50 to 100. More than half of the patients
had E/A ratio < 0.8 and 72% EF between 60 to 70% in (Table 2). All the patients'
ECGs were within normal limits.

Table 2

Baseline Cardiovascular Characteristics of the study population
Variables N =100 (%)
CVS examination
NAD 100 (100%)
Abnormal 0 (0.00)
Peripheral neuropathy
No 99 (99%)
Yes 1 (1.00%)
Fundus
NAD 90 (90%)
Diabetic retinopathy 10 (10%)
EV Max
<50 13 (13%)
50-100 84 (84%)
>100 3 (3%)
AV Max
<50 0 (0)
50-100 90 (90%)
>100 10 (10%)
E /e Ratio
<0.8 57 (74%)
>0.8 43 (22%)
EF%
<60 25 (25%)
60-70 72 (72%)
>70 3 (3%)

CVS, Cardiovascular system; NAD, no abnormality detected; EF, Ejection fraction;
E/e' (the early passive transmitral inflow velocity [E]) to pulsed tissue doppler
velocity of the septal mitral annulus during passive filling [e'] ratio.

Table 3 shows association between clinical variables and the incidence of LVDD in
DM patients. Diastolic dysfunction of the left ventricle was found in 57% of the
study population. Out of 57 LVDD patients, most of them were in the age range of
51-60 years old (22%; P = 0.001) with a male predominance (63.2%; P = 0.970).
The majority of LVDD patients (38.6%; P = 0.001) had DM for 6-10 years and had
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HbAlc >8.5 (71.9 percent; P = 0.001) and 95% of LVDD patients had no

abnormalities on fundus examination (P = 0.18).

Table 3
Association of clinical variables with incidence of LVDD in DM patients
Variables LVDD (N = 100) P-value
No (n = 43) | Yes (n = 57)
Age
30-40 11 (25.6%) 4 (7%) 0.001
41 -50 16 (37.2%) 13 (13%)
51 -60 14 (32.6%) 22 (22%)
61-70 1 (2.3%) 17 (17%)
> 70 1 (2.3%) 1 (1%)
Gender
Female 16 (37.2%) 21 (36.8%) 0.970
Male 27 (62. 8%) 36 (63.2%)
Duration of DM
0-5 33 (77.1%) 13 (22.9%) 0.001
6-10 6 (14%) 22 (38.6%)
11-15 3 (37.2%) 12 (21.1%)
16 - 20 0 (0) 7 (12.3%)
> 20 1 (1%) 3(5.3%)
HbAlc
<6.5 1 (%) 0 (0) 0.001
6.5-8.5 29 (67.4%) 16 (28.1%)
> 8.5 13 (30.2%) 41 (71.9%)
Fundus
NAD 41 (95.4%) 49 (95.4%) 0.18
DR 2 (4.6%) 8 (4.6%)

NAD, no abnormality detected; DR, diabetic retinopathy

Discussion

Due to cardio-metabolic consequences of diabetes, a thorough assessment of
cardiovascular function in diabetic patients is critical, and some changes can be
noticed even in individuals with gestational diabetes.!3 Diabetes changes the
structure and function of the heart even if there is no atherosclerotic disease.!3
Doppler echocardiography is a noninvasive diagnostic technique that delivers
accurate information on diastolic and systolic function at various stages.!3 Hence,
in our study, E/e' ratio, a robust predictor of severe cardiovascular events in
patients with type 2 diabetes, was used to quantify LVDD. A total of 100
asymptomatic type 2 diabetic patients were studied for the incidence of LVDD and
its association to age, gender, duration of DM, HbA1C, and microagiopathy, and it
was found that age, duration of DM, HbA1C are the significant contributing
factors. The prevalence (57%) of LVDD was almost comparable to other studies,
which ranged from 54% to 68%.12.1415 While the prevalence of LVDD was to be
higher in older group patients’, particularly those above the age of 50.
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Mean age of the present study was almost identical to other previous studies with
the majority being males. Mean duration of diabetes was 7.72 + 5.94 years. The
majority of the individuals in this study had diabetes for less than 5 years and
were between the ages of 51 and 60, which was consistent with prior studies
12,1415, This was because as the duration of diabetes rose, other associated co-
morbid conditions such as hypertension and IHD were more prevalent, which
were removed from our analysis, resulting in a lower number of patients with
diabetes for more than 15 years and above the age of 70.

In our study, 99% of the DM patients were on medication i.e., OHAs or insulin or
on both. In a study conducted by Patil et al., diastolic dysfunction was present in
29/43 cases (67.44% of 43) who were solely on OHA and 2/3 cases who on
subcutaneous insulin injections. While 4 cases who were on both OHAs as well as
insulin injections had diastolic dysfunction.1# This result indicates diastolic
function is mostly affected in patients who were taking diabetic treatment.
Furthermore, diastolic dysfunction was more prevalent in those who were on
combined modalities of therapy i.e., both insulin and OHAs. Ejection fraction
being the most sensitive parameter for LV systolic function, the mean value was
62.37+4.24 and was in normal in all patients in our study. While E/e ratio being
the most sensitive and specific predictor showed 57% of the DM patients had E/e
ratio of < 0.8 as compared to 43% had > 0.8. This indicates that E/e ratio is a
reliable predictor to forecast cardiovascular events. A study by Blomstrand et al.,
shown that patients with an E/e€' ratio >15 are at three times higher risk of having
myocardial infarction or stroke® or even might lead to heart failure.8

Previous studied demonstrated LVDD was found in patients who were free of
cardiovascular disease and had diabetes for 5 years.16 or 7 years.!” Patil et al.
studied 127 subjects who had type 2 diabetes for more than 5 years reported that
diastolic dysfunction was more common in patients with DM for longer periods of
time (11 to 15 years).12 Hence, patients with DM from longer duration need to be
cautiously monitored to detect the risk of diastolic dysfunction in future.
Furthermore, the presence of LVDD was found to be independent of the DM
patients' age and gender.1” However, in our study, there was a linear progression
of diastolic dysfunction with the increase age group. Another study by From et
al. demonstrated that diastolic dysfunction was significantly associated with age,
female gender, BMI, and diabetes duration.® In our study, the incidence of
diastolic dysfunction increased gradually with the rise in HbA1lc levels. Patil et al.
study conducted in 50 normotensive diabetic patients reported diastolic
dysfunction in just 3/16 patients with a HbAlc of <7 and in all the cases with
HbAlc levels >10.14 This indicates that uncontrolled diabetes or elevated HbAlc
might indicates the risk of diastolic dysfunction in patients with DM and
independent of the E/e' ratio. While in another study by Romano et al., reported
no significant in HbAlc in patients with and without LVDD.!7 It was also reported
that for every 1% increase in HbAlc is associated with 18% increase in the risk of
cardiovascular events in patients with type 2 DM.18

We conclude that diabetics before they develop cardiac symptoms, patient need to
be followed up on a regular basis to assess the cardiac function. Hence, early
diagnosis and therapeutic interventions in DM might reduce the risk of heart
disease progression and prevent the heart failure. There are some potential
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limitations to our research that should be mentioned. The research was carried
out on the general population of India. As a result, these findings must be
investigated in various racial and ethnic groups. Our study is not a Case-Control
study, which would allow us to compare normal and diabetes participants more
effectively. Due to a lack of resources, the homeostatic model assessment (HOMA)
index for examining fasting insulin concentration was not calculated in our study.
The HOMA index was found to be a significant predictor of diastolic dysfunction.
Our study did not examine left atrial size, which is critical because left atrial size
varies by gender and is lower in females than in males.

Conclusion

Overall, the prevalence of diastolic dysfunction was 57% in asymptomatic type 2
DM subjects. The findings in our study indicates that myocardial damage in
patients with diabetes affect diastole function before systolic function in
asymptomatic diabetes patients. E/A ratio is significantly altered in diabetic
patients with diastolic dysfunction, and it is associated with age, duration of
diabetes, and glycemic control. Doppler Echocardiography is a valuable simple
non-invasive method to detect LVDD which is more prevalent in diabetes which
shows linear progression. It identifies large percentage of diabetes subjects before
abnormalities are detected with clinical examination and ECG.

Acknowledgments
All the authors have contributed equally to the development of manuscript.

Conflicts of interest
None

References
1. Powers AC. Diabetes Mellitus: Diagnosis, Classification, and Pathophysiology.

In: Kasper D, Fauci A, Hauser S, Longo D, Jameson JL, Loscalzo J, eds.
Harrison’s Principles of Internal Medicine. 19th ed. McGraw-Hill Education;

2014. Accessed January 7, 2022.
accessmedicine.mhmedical.com/content.aspx?aid=1120816080
2. 8th edition | IDF Diabetes Atlas. Accessed January 7, 2022.

https://diabetesatlas.org/atlas/eighth-edition/

3. Mohan V, Sandeep S, Deepa R, Shah B, Varghese C. Epidemiology of type 2
diabetes: Indian scenario. Indian J Med Res. 2007;125(3):217-230.

4. Kannel WB, Hjortland M, Castelli WP. Role of diabetes in congestive heart
failure: the Framingham study. Am J Cardiol. 1974;34(1):29-34.
doi:10.1016/0002-9149(74)90089-7

S. Cosson S, Kevorkian JP. Left ventricular diastolic dysfunction: an early sign
of diabetic cardiomyopathy? Diabetes Metab. 2003;29(5):455-466.
doi:10.1016/s1262-3636(07)70059-9

6. Piccini JP, Klein L, Gheorghiade M, Bonow RO. New insights into diastolic
heart failure: role of diabetes mellitus. Am J Med. 2004;116(5):64-75.
doi:10.1016/j.amjmed.2003.10.021

7. Nishimura RA, Tajik AJ. Evaluation of diastolic filling of left ventricle in
health and disease: Doppler echocardiography is the clinician’s Rosetta



10.

11.

12.

13.

14.

15.

16.

17.

18.

5587

Stone. J Am Coll Cardiol. 1997;30(1):8-18. doi:10.1016/s0735-
1097(97)00144-7

From AM, Scott CG, Chen HH. The development of heart failure in patients
with diabetes mellitus and pre-clinical diastolic dysfunction a population-
based study. J Am Coll Cardiol. 2010;55(4):300-305.
doi:10.1016/j.jacc.2009.12.003

Blomstrand P, Engvall M, Festin K, et al. Left ventricular diastolic function,
assessed by echocardiography and tissue Doppler imaging, is a strong
predictor of cardiovascular events, superior to global left ventricular
longitudinal strain, in patients with type 2 diabetes. Eur Heart J - Cardiovasc
Imaging. 2015;16(9):1000-1007. doi:10.1093/ehjci/jev027

Yokota S, Tanaka H, Mochizuki Y, et al. Association of glycemic variability
with left ventricular diastolic function in type 2 diabetes mellitus. Cardiovasc
Diabetol. 2019;18(1):166. doi:10.1186/s12933-019-0971-5

Zoppini G, Bonapace S, Bergamini C, et al. Evidence of left atrial remodeling
and left ventricular diastolic dysfunction in type 2 diabetes mellitus with
preserved systolic function. Nutr Metab Cardiovasc Dis NMCD.
2016;26(11):1026-1032. doi:10.1016/j.numecd.2016.05.004

Patil VC, Patil HV, Shah KB, Vasani JD, Shetty P. Diastolic dysfunction in
asymptomatic type 2 diabetes mellitus with normal systolic function. J
Cardiovasc Dis Res. 2011;2(4):213-222. d0i:10.4103/0975-3583.89805

Freire CMV, Moura ALMT, Barbosa M de M, Machado LJ de C, Nogueira Al,
Ribeiro-Oliveira A. Left ventricle diastolic dysfunction in diabetes: an update.
Arq Bras Endocrinol Metabol. 2007;51(2):168-175. do0i:10.1590/s0004-
27302007000200005

Patil MB, Burji NPA. Echocardiographic evaluation of diastolic dysfunction in
asymptomatic type 2 diabetes mellitus. J Assoc Physicians India.
2012;60:23-26.

Echocardiographic Study of Left Ventricular Diastolic Dysfunction in
Normotensive Asymptomatic Type II Diabetes Mellitus | PDF |
Echocardiography | Heart Failure. Scribd. Accessed January 7, 2022.
https://www.scribd.com/document/273114942 /Echocardiographic-study-
of-left-ventricular-diastolic-dysfunction-in-normotensive-asymptomatic-type-
[I-diabetes-mellitus

Attali JR, Sachs RN, Valensi P, et al. Asymptomatic diabetic cardiomyopathy:
a noninvasive study. Diabetes Res Clin Pract. 1988;4(3):183-190.
doi:10.1016/s0168-8227(88)80016-0

Romano S, Di Mauro M, Fratini S, et al. Early diagnosis of left ventricular
diastolic dysfunction in diabetic patients: a possible role for natriuretic
peptides. Cardiovasc Diabetol. 2010;9:89. doi:10.1186/1475-2840-9-89
Selvin E, Marinopoulos S, Berkenblit G, et al. Meta-analysis: glycosylated
hemoglobin and cardiovascular disease in diabetes mellitus. Ann Intern Med.
2004;141(6):421-431. doi:10.7326/0003-4819-141-6-200409210-00007



