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1. INTRODUCTION 

Diabetes mellitus is a chronic condition that can be 

caused by a variety of genetic and/or environmental 

factors.
[1] 

Type 2 Diabetes Mellitus (T2DM) certainly has 

emerged as a new and extremely important health 

concern during the past 20 years, impacting even 

children.
[2] 

Frequent urination, excessive thirst and 

hunger, weight loss, fatigue, blurred vision, nausea, 

vomiting, stomach pain, recurrent infections like 

candidiasis, male balanitis, female vulvovaginitis, 

delayed wound healing, and tingling in the extremities 

are some of the symptoms that type 2 diabetes mellitus 
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ABSTRACT 

Background: Diabetes mellitus is a chronic condition that can be caused by a variety of genetic and/or 

environmental factors. Heart conditions, particularly coronary artery disease, congestive heart failure, and arterial 

hypertension, are closely connected to type 2 diabetes mellitus. Left diastolic dysfunction is the first functional 

abnormalities which might impact patients newly diagnosed with type 2 DM within less than one year. Objectives: 

To assess the prevalence of left ventricular diastolic dysfunction in patients with asymptomatic type 2 diabetes 

mellitus at Mosul general Hospital in Mosul/ Iraq. Methods: This is a cross sectional study conducted at Mosul 

General Hospital during the period from the 1st of November 2022 to the end of December 2024. The patients were 

diagnosed with diabetes mellitus (DM) using the American Diabetes Association's diagnostic criteria. All type 2 

diabetes patients over the age of 18 and who gave their consent were included in the trial. The study excluded 

patients with clinically noticeable cardiovascular conditions, as well as patients with severe anemia, thyroid issues, 

hemoglobinopathies, severe renal insufficiency and pregnancy were further exclusion criteria. The questionnaire 

includes four parts, part one for sociodemographic information of the study participants. Part two for 

anthropometric information. Part three for diabetes questions and part four for echocardiography details. Results: 

The study includes 200 patients with type 2 diabetes mellitus. The mean age ± standard deviation of the study 

participants was 56.46 ± 6.92 years. Of them, 112 (56%) patients were females and 88 (44%) were males, with 

male to female ratio of 1:1.27. Left diastolic dysfunction was present in 101 (62.3%) patients. Moreover, grade 1 

was present in 87 (53.7%) patients while grade 2 was present in 13 (8%) patient and only one (0.6%) patient. 

Statistically significant difference between patients with left ventricular dysfunction and those without dysfunction 

regarding their means of ages, presence of overweight and obesity, diabetes for more than or equal to five years, 

glycated hemoglobin, presence of albuminuria, retinopathy, their mean of blood urea and serum creatinine (P value 

< 0.05). On the other hand, no statistically significant difference between the two groups regarding their gender, 

active smoking, and received drugs. Conclusion: Asymptomatic patients with type 2 diabetes have a higher 

prevalence of left ventricular diastolic dysfunction, with Grade I being the most common type. Higher prevalence 

of diastolic dysfunction was significantly linked to advance age, overweight and obesity, longer duration of 

diabetes, poor control of diabetes and presence of microvascular complication. 
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commonly manifests as.
 
It's crucial to remember that 

some people could not exhibit any symptoms.
[3] 

 

Heart conditions, particularly coronary artery disease, 

congestive heart failure, and arterial hypertension, are 

closely connected to the majority of health problems 

associated with type 2 diabetes mellitus.
[4] 

Many people 

with established coronary artery disease have type 2 

diabetes mellitus or its precursor forms, suggesting a link 

between the two conditions.
[5] 

Approximately 20-30% of 

those with acute coronary syndromes have type 2 

diabetes, and more than 40% have impaired glucose 

tolerance.
[6] 

 

Studies showed that the risk of death from an acute 

myocardial infarction is higher for those with diabetes 

than in non diabetic patients.
[7-9] 

Moreover, type 2 

diabetes mellitus, in addition to coronary artery disease, 

is a substantial risk factor for arrhythmias and cardiac 

dysfunction.
[10] 

 

Diabetic cardiomyopathy begins with left ventricular 

diastolic dysfunction and progresses to systolic function. 

Early ventricular function evaluation is crucial for 

patients with diabetes.
[11] 

Left diastolic dysfunction is the 

first functional abnormalities which might impact 

patients newly diagnosed with type 2 DM within less 

than one year.
[12] 

 

Diabetic cardiomyopathy may be diagnosed using many 

imaging modalities that analyze morphological 

parameters and measure cardiac function. 

Echocardiography is the most often used technique to 

assess the heart's structure and function, including shape 

and contractions. This is mostly due to its accessibility 

and affordability.
[13] 

Diastolic function is assessed using 

pulse wave doppler, tissue doppler imaging, and left 

atrial volume. It evaluates diastolic function and tracks 

disease progression, from mild dysfunction (impaired 

relaxation) to more severe stages (pseudonormalization 

or limitation).
[14] 

Two-dimensional, doppler, and speckle 

tracking echocardiography provides a thorough 

assessment of heart function in patients with diabetes. 

Stress echocardiography and coronary flow reserve 

assessment provide extra prognostic value.
[15] 

 

The aim of this study was to assess the prevalence of left 

ventricular diastolic dysfunction in patients with 

asymptomatic type 2 diabetes mellitus at Mosul general 

Hospital in Mosul/ Iraq. 

 

2. PATIENT AND METHOD 

The study was conducted at Medical outpatient 

consulting clinic at Mosul General Hospital with the aid 

of Echocardiography unit in the same hospital, From the 

1
st
 of November 2022 to the end of December 2024. The 

patients were diagnosed with diabetes mellitus (DM) 

using the American Diabetes Association's diagnostic 

criteria, which include the following. 

I. Fasting plasma glucose (FPG) > 126 mg/dL (7.0 

mmol/L). Of note; fasting is defined as consuming no 

calories for at least 8 hours. 

II. 2-hour Plasma Glucose > 200 mg/dL (11.1 mmol/L) 

during an Oral Glucose Tolerance Test (OGTT), the test 

employs a glucose load of 75 g of anhydrous glucose 

dissolved in water. 

III. HbA1c ≥ 6.5. 

IV. Random plasma glucose level > 200 mg/dL (11.1 

mmol/L). In addition to the following symptoms; 

polyuria, polydipsia, and unexplained weight loss, or 

hyperglycemic crises. 

 

Participants in this descriptive cross-sectional study, 

must not have any clinically noticeable cardiovascular 

conditions, such as exertional dyspnea or chest pain. In 

addition, all participants must have a normal resting 

electrocardiogram (ECG) and be normotensive, meaning 

their blood pressure should be less than 130/80 mmHg. 

Diabetic patients aged less than 18 years old 

were excluded from the study. Moreover, the study 

excluded patients with significant valvular heart disease, 

coronary artery disease as indicated by symptoms, 

electrocardiogram results, or evidence of regional wall 

motion abnormalities on coronary angiography or 

echocardiography, hypertensive heart disease, congestive 

heart failure, and cardiomyopathies including dilated or 

hypertrophic cardiomyopathy, presence of severe 

anemia, thyroid issues, hemoglobinopathies, atrial 

fibrillation, or other arrhythmias, those with severe renal 

insufficiency and pregnancy were further exclusion 

criteria. Lastly, the study excludes those with inadequate 

transthoracic echocardiographic windows or those with 

abnormal ECG findings. 

 

Two hundred newly diagnosed type 2 diabetes were 

enrolled in to this study. In addition to Echocardiography, 

the patients evaluated for pulse rate and blood pressure 

using manual sphygmomanometers. BMI was calculated 

by dividing weight (kg) by height (m) squared. All of the 

enrolled patients did ECG, blood urea, serum creatinine 

and glycated hemoglobin. They were sent for 

ophthalmologist for retinal checking. Of note only 162 

did echocardiography due to the presence of 

hypertension (23) patient, sever anemia (less than 7 g/dl) 

in (4) patients, atrial fibrillation (7) patients and thyroid 

problem (4) patients. 

 

The questionnaire was utilized to gather information on 

the patient's age, gender and smoking state. Diabetes 

characteristic, including time of diagnosis glycated 

hemoglobin, presence of proteinuria, retinopathy, 

nephropathy, and treatment received. Echocardiographic 

finding of left ventricular dysfunction with its grading. 

 

The collected data were coded, entered, and analyzed 

using the available data base software program statistical 

package of IBM SPSS-29 (IBM Statistical Packages for 

Social Sciences- version 29, Chicago, IL, USA). Data 

were presented in simple measures of percentage, mean, 
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standard deviation, median and interquartile rang. 

Student’s t-test was used to compare numerical variables 

between the two groups with application of chi square 

test for categorical variables. Fisher’s exact was used 

when applicable. Statistical significance was considered 

whenever the P value was equal or less than 0.05. 

 

3. RESULTS 

The study includes 200 patients with type 2 diabetes 

mellitus. The mean age ± standard deviation of the study 

participants was 56.46 ± 6.92 years. Of them, 112 (56%) 

patients were females and 88 (44%) were males, with 

male to female ratio of 1:1.27. 

 

Table 1 shows distribution of the study participants 

according to their age. The majority of patients were 

belonging to the age category of 50-59 years followed by 

40-49 years and more than 60 years, while only minority 

of patients were belonging to the age category of 30-39 

and 18-29 years. 

 

Table 1: Distribution of patients with type 2 diabetes 

mellitus according to their ages. (number = 200). 

Age category (years) Number Percent 

18-29 1 0.5% 

30-39 4 2% 

40-49 31 15.5% 

50-59 43 21.5% 

More than 60 22 11% 

Table 2 shows distribution of the study participants 

according to their smoking state. Active (current) 

smoking was present in 67 (33.5%) patients, passive 

smoking in 33 (16.5%) patients and x-smoking in 12 

(6%) patients. On the other hand, 88 (44%) patients were 

report no smoking history. 

 

Table 2: Distribution of patients with type 2 diabetes 

mellitus according to their smoking state. (number = 

200). 

Smoking state Number Percent 

Non smoker 88 44% 

Active smoker 67 33.5% 

x-smoker 12 6% 

Passive smoker 33 16.5% 

 

Table 3 shows distribution of the study patients 

according to their body mass index. The majority of the 

study patients were obese with different grades and less 

extent they were overweight and normal body mass 

index. 

 

 

 

 

 

 

 

 

Table 3: Distribution of patients with type 2 diabetes mellitus according to their body mass index. (number = 

200). 

Body mass index (Kg/ meter 
2
) Number Percent 

Under weight (Less than 18.5) 0 0% 

Normal (18.5-24.9) 28 14% 

Overweight (25-29.9) 54 27% 

Obesity grade I (30-34.9) 57 28.5% 

Obesity grade II (35-39.9) 41 20.5% 

Obesity grade III (more than 40) 20 10% 

 

Table 4 shows distribution of the study participants 

according to their blood pressure and pulse. The majority 

of patients were normotensive and having normal pulse 

rate. 

 

Table 4: Distribution of patients with type 2 diabetes mellitus according to their Blood pressure and pulse rate. 

(number = 200). 

Variable Number Percent 

Blood pressure: 

- Hypotension (less than 90/60 mmhg) 

- Normal (90-119/60-79 mmhg) 

- Prehypertension (120-139/80-89 mmhg) 

- Hypertension stage 1 (140-159/90-99 mmhg) 

- Hypertension stage 2 (160-179/100-109 mmhg) 

- Hypertension stage 3 (more than 180/110 mmhg) 

 

11 

99 

52 

21 

8 

9 

 

5.5% 

49.5% 

26% 

10.5% 

4% 

4.5% 

Pulse: 

-less than 60 beat per minute 

- 60-100 beat per minute 

- More than 100 beat per minute 

 

13 

124 

63 

 

6.5% 

62% 

32.5% 
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Table 5 shows distribution of the study participants 

according to their basic diabetes characteristics. The 

majority of patients had diabetes for less than 5 years, 

moderate to poor control diabetes, on oral hypoglycemic 

drugs, had positive albuminuria and retinopathy. 

 

Table 5: Distribution of patients with type 2 diabetes mellitus according to their Blood pressure and pulse rate. 

(number = 200). 

Variable Number Percent 

Diabetes duration: 

-Less than five years 

-More than or equal to five years 

 

121 

79 

 

60.5% 

39.5% 

Glycated hemoglobin: 

-4-5.7% 

-5.8-6.4% 

-More than 6.5% 

 

38 

86 

76 

 

19% 

43% 

38% 

Received treatment: 

-Oral hypoglycemic drug 

-Insulin 

-Both 

 

171 

15 

14 

 

85.5% 

7.5% 

7% 

Presence of Albuminuria: 

-Yes 

-No 

 

108 

92 

 

54% 

46% 

Presence of retinopathy: 

-Yes 

-No 

 

111 

89 

 

55.5% 

45.5% 

Blood urea, mean ± standard deviation 31.3 ± 9.3 mg/d 

Serum creatinine, mean ± standard deviation 0.77 ± 0.17 mg/dl 

 

Table 6 shows distribution of the study participants 

according to their echocardiographic findings. Left 

diastolic dysfunction was present in 101 (62.3%) 

patients. Of them, grade 1 was present in 87 (53.7%) 

patients while grade 2 was present in 13 (8%) patient and 

only one (0.6%) patient. 

 

Table 6: Distribution of the patients with type 2 diabetes mellitus according to their echocardiography findings. 

(number = 162). 

Echocardiography findings Number Percent 

Normal 61 37.6% 

Presence of left diastolic dysfunction: 

-Grade I 

-Grade II 

-Grade III 

 

87 

13 

1 

 

53.7% 

8% 

0.6% 

 

Table 7 shows comparison between with left diastolic 

dysfunction and those without dysfunction according to 

different variables included in the study. Statistically 

significant difference between them regarding their 

means of ages, presence of overweight and obesity, 

diabetes for more than or equal to five years, glycated 

hemoglobin, presence of albuminuria, retinopathy, their 

mean of blood urea and serum creatinine (P value < 

0.05). On the other hand, no statistically significant 

difference between the two groups regarding their 

gender, active smoking, and received drugs (P value > 

0.05). 

 

Table 7: Comparison between patients with left diastolic dysfunction and those without dysfunction according to 

different variables included in the study. (number = 162). 

Variable Diastolic dysfunction = 101 No diastolic dysfunction = 61 P-value 

Age (year), mean ± standard deviation 59.64 ± 6.79 50.21 ± 7.12 <0.001 

Male/ female 42/ 59 26/35 0.819 

Active smoking 38 (37.6%) 21 (34.4%) 0.248 

Overweight and obesity 96 (95%) 41 (67.2%) <0.001 

Diabetes duration of more than or 

equal to five years 

 

61 (60.4%) 

 

11 (18%) 
 

<0.001 

Glycated hemoglobin, mean ± 

standard deviation 

 

9.5 ± 2.7 

 

7.3 ± 0.6 
 

<0.001 

Received treatment:    
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-Oral hypoglycemic drug 

-Insulin 

-Both 

87 (86.2%) 

10 (9.9%) 

4 (3.9) 

57 (91.9%) 

4 (6.5%) 

1 (1.6%) 

0.728 

Presence of Albuminuria 94 (93.1%) 12 (19.3%) <0.001 

Presence of retinopathy 94 (93.1%) 13 (21%) <0.001 

Blood urea (mg/d), mean ± standard 

deviation 

 

32.1 ± 9.3 

 

30 ± 3.2 
 

0.017 

Serum creatinine (mg/dl), mean ± 

standard deviation 

 

0.81 ± 0.21 

 

0.75 ± 0.15 
 

0.021 

 

4- DISCUSSION 

In this study the mean age of type 2 diabetes mellitus 

was (56 years). This is higher than what was found by 

recent pooled analysis showing a global average of 

around (45 years).
[16]

 However, this is depending on the 

population and screening measures used. As its crucial to 

distinguish between age at diagnosis and age at onset, as 

onset can occur years before diagnosis. Anyhow, 

comparable findings were found in Saudi patients (58 

years)
[17]

, Pakistan (56 years)
[18]

 and China (54.6 

years).
[19]

 Moreover; the study found type 2 diabetes 

affect females more than males. This might due to, 

women undergoing significant hormone fluctuations, 

particularly during pregnancy (gestational diabetes) and 

menopause, which can increase their risk of developing 

type 2 diabetes. In addition to the fact that women 

generally carry a higher burden of obesity which is a 

significant risk factor for type 2 diabetes.
[20] 

consistent 

finding obtained from other studies.
[21-22]

 Additionally; 

the study found that active smokers, passively smokers 

and x-smokers collectively affect by type 2 diabetes 

more than non smokers. Which indicates that active 

smokers face a significant increase in risk, while former 

smokers also carry an elevated risk that gradually 

decreases over time after quitting. Furthermore, exposure 

to secondhand smoke also raises the risk of developing 

the condition, highlighting the public health importance 

of reducing both active and passive smoking. Consistent 

finding found by a meta-analysis conducted by Qin et 

al.
[23]

 In same way, the study found that type 2 diabetes 

linked with overweight and obesity more than normal or 

underweight. As obesity increases the risk of insulin 

resistance, which interferes with blood sugar regulation 

and leads to high glucose levels, characteristic of type 2 

diabetes. While not everyone who is obese develops type 

2 diabetes, and not all people with type 2 diabetes are 

obese, excess body weight is a major risk factor and a 

leading contributor to the condition. Which runs with 

other studies.
[24-25] 

 

The study found that there is considerable portion 

(19.5%) of type 2 diabetic patients had hypertension, this 

high rate of co-occurrence is due to shared 

pathophysiological mechanisms and lifestyle factors, and 

managing hypertension in type 2 diabetics is crucial for 

preventing serious complications like cardiovascular 

disease, stroke, and kidney disease. As noted by Petrie et 

al study results.
[26]

 On the other hand, about one third of 

the study population (32.5%) had sinus tachycardia, this 

finding highlights a significant association between type 

2 diabetes and cardiac autonomic neuropathy, causing a 

persistently elevated heart rate, aligning with Shihab et al 

study findings.
[27] 

 

Regarding diabetes characteristics, the study found that 

most of patients had diabetes for less than 5 years, 

having uncontrol diabetes in spite of treatment, with the 

presence of albuminuria, retinopathy but normal mean of 

blood urea and serum creatinine levels. The simultaneous 

presence of complications like albuminuria and 

retinopathy despite a short disease duration and normal 

blood urea and serum creatinine levels suggests that 

significant microvascular damage is occurring early, 

despite seemingly normal markers of advanced kidney 

disease. These finding were similar to Suleman et al 

study findings.
[28] 

 

The main finding of this study was more than 62% of the 

study patients had diastolic dysfunction. Additionally, 

this diastolic dysfunction associated with advance age, 

overweight and obesity, longer duration of diabetes, poor 

control of diabetes and presence of microvascular 

complication. As diastolic dysfunction is common in 

people with type 2 diabetes and it consider as a 

preclinical form of heart failure leading to heart failure, 

which is comparable to other studies’ findings.
[28-29] 

 

The limitations of the study were; its cross-sectional, 

having small sample size, additionally, other variables as 

hyperlipidemia was not included in this study, due to 

limited resources in the study setting. However, more 

studies with larger sample size were need for 

confirmation of
 
the exact prevalence of left ventricular 

diastolic dysfunction in patients with asymptomatic type 

2 diabetes mellitus in Mosul/ Iraq. 

 

5. CONCLUSION 

Asymptomatic patients with type 2 diabetes have a 

higher prevalence of left ventricular diastolic 

dysfunction, with Grade I being the most common type. 

Higher prevalence of diastolic dysfunction was 

significantly linked to advance age, overweight and 

obesity, longer duration of diabetes, poor control of 

diabetes and presence of microvascular complication. 
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