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Abstract  

     Both obesity and diabetes are major problems for the public's health. Both are 

known to contribute to the development of atrial cardiomyopathy. However, the 

consequences of obesity on the function of the left atrium(LA) in diabetic 

individuals have not been determined as of yet. The aim of this study is to compare 

the peak atrial longitudinal strain (PALS) measured by two-dimensional (2D) 

speckle tracking in obese versus non-obese diabetic Iraqi patients. For a study that 

was designed to be cross-sectional, the data collection period lasted for a total of ten 

months. In this study, the participants had to have diabetes mellitus type 2. A 

comparison was made between patients who were obese and patients who were not 

obese using 2-D speckle tracking to measure the peak left atrial longitudinal strain. 

Several additional factors, such as age, gender, body mass index, conventional 

echocardiographic parameters, and volume-derived LA function, were investigated 

during this study. A total of 59 patients participated in this study. The ratio of males 

to females was exactly 1:1.5, and the average age was (54 ± 9.4) years old. 

Coexistent systemic arterial hypertension was observed in 25 % of the study 

population. Patients with type 2 diabetes mellitus and obesity had ad higher E/e` 

ratio and lower PALS than patients with type 2 diabetes mellitus without obesity, 

whereas all other parameters were statistically non-significant (EF, E/A, S prime, 

LA volume index). It was found that the peak longitudinal strain of the LA, which 

was measured using 2-D speckle tracking, was lower in the obese diabetic 

individuals. This was in contrast to diabetic people, who did not have obesity issues. 

An evaluation of the global strain in the left atrium can help in the early detection of 

remodeling and dysfunction in the left atrium if it is compared to the size of the left 

atrium and the filling pressures of the left ventricle, both of which are respectively 

determined by the E/e' ratio and the left atrial volume. 
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تقييم وظيفة الذين الايسر باستخدام تتبع البقعه ثنائية الابعاد في مرضى السكري الذين يعانون من  
 السمنه وبدونها 
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 الخلاصة 
القلب         الخطر لاعتلال عضلة  السكري من عوامل  يعتبران من مشاكل  السمنة ومرض  الاذيني، وبالتالي 

يتم   لم  السكري  مرضى  لدى  الايسر  الأذين  وظيفة  على  السمنة  تأثيرات  فإن   ، ذلك  ومع   . العامة  الصحة 
التي تم قياسها عن    (PALS) تحديدها بعد. الهدف من الدراسة هو المقارنه بين ذروة الاجهاد الطولي الاذيني

طريق التتبع البقعي الثنائي الابعاد في مرضى السكري الذين يعانون من السمنة مقابل غير المصابين بالسمنة  
. اجرينا دراسة مقطعيه خلال فترة عشرة اشهر. شملت مرضى يعانون من داء السكري من النوع الثاني ، تمت  

ون من السمنة  مقارنة ذروة الاجهاد الطولي الاذيني الايسر عن طريق تتبع البقعة ثنائية الابعاد بين مرضى يعان
ومرضى لايعانون من السمنة. تضمنت المتغيرات الاخرى التي تم تقييمها خلال هذه الدراسة العمر، الجنس،  
مؤشر كتلة الجسم معايير تخطيط صدى القلب القياسية ووظيفة الاذين الايسر المشتقة من الحجم. شملت هذه  

)   59الدراسة   العمر  ، كان متوسط  الذكور/الاناث      9.4±  54مريضا  ،وكانت نسبة  لوحظ    1.5:1( سنه 
 اعلى وقيمة  ( (`E/e    % من مجموع المشتركين. كانت نسبة  25ارتفاع ضغط الدم الشرياني المصاحب في  

 ( PALS )      اقل في المرضى الذين يعانون من داء السكري من النوع الثاني والسمنة مقارنة بالمرضى الذين
 (S prime ,E /A, EF, LA VI ) النوع الثاني دون السمنة، في حين باقي المتغيرات يعانون من داء السكري 

تقييمها   تم  كما  الايسر  الاذين  من  الطولية  السلالة  ذروة  ان   : الاستنتاج  إحصائية.  دلاله  ذات  غير  كانت 
بواسطة تتبع البقعه ثنائية الابعاد قد انخفضت في مرضى السمنة المصابين بداء السكري مقارنة مع مرضى  
الايسر   الاذين  تشكيل  اعادة  عن  المبكر  بالكشف  الايسر  الاذين  سلالة  تقييم  يسمح   . البدينين  غير  السكري 
الاذين   حجم  يحدده  الذي  الايسر  البطين  ملئ  وضغط  الايسر  الاذين  حجم  مع  بالمقارنة  الوظيفي  والاختلال 

 .على التوالي `E/eالايسر ونسبة
 

1. Introduction  

     Obesity has spread worldwide during the last 20 years, affecting both children and adults. 

Despite extensive studies into the connection between obesity and cardiovascular diseases 

(CV), many unanswered problems still exist [1]. Obesity, for example, has been associated 

with various cardiovascular diseases and conditions, including atherosclerosis, symptomatic 

coronary artery disease (CAD), heart failure (HF), and atrial fibrillation. Obesity indirectly 

elevates the cardiovascular diseases risks because of its effect on the development and 

severity of comorbid conditions such as hypertension, dyslipidemia, glucose intolerance, and 

diabetes [2]. 

 

     A well-known cardiovascular risk factor associated to cardiovascular morbidity and 

mortality is type 2 diabetes mellitus. Myocardial deformation assessment gives important 

information regarding small changes in heart function that may be used to predict 

cardiovascular morbidity and mortality [3]. Several studies have used the benefit of strain 

analysis in diabetic patients to assess left ventricular(LV) deformation [4]. Since recent 

studies showed that the left atrium (LA) function and structure were powerful and 

independent predictors of cardiovascular events, and since comparable findings have been 
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duplicated in diabetic patients who do not have a previous history of cardiovascular disease, 

researching how the LA works have become even more important [5]. 

 

Studies have shown a strong correlation between weight and type 2 diabetes mellitus 

(T2DM), with obese people having the highest risk of getting the disease; the vast majority of 

type 2 diabetes patients are overweight or obese. It was determined that a patient is obese if 

his body mass index (BMI) was greater than 30 kilograms per square meter [6,7].  

Two-Dimensional Speckle-Tracking Echocardiography (2DSTE) is used to evaluate the 

longitudinal deformation in the left anterior myocardium. It is an acceptable and reliable 

method for assessing the function of the LA. It is an angle-independent method compared 

with color-coded 2-D tissue Doppler imaging, making it feasible to detect LA impairment in 

diabetic patients [8]. 

This study compares the peak atrial longitudinal strain (PALS) measured by 2D speckle 

tracking in obese versus non-obese diabetic patients. 

 

2. Materials and methods 

2.1 Study population 

     This cross-sectional observational study was undertaken between October 2020 and July 

2021 at the echocardiography unit of Baghdad Teaching Hospital. It included 59 patients who 

were referred to the hospital for multiple causes. An LV ejection fraction percentage of 

greater than 50%, type 2 DM, sinus rhythm, and informed consent were the inclusion criteria. 

Patients with significant coronary artery disease (defined as a history of MI or 

revascularization, significant Wall Motion Abnormality (WMA) on echocardiography, or a 

positive stress test of any kind) were excluded from the study. Other exclusion criteria 

included mitral and aortic valve disease, atrial fibrillation or flutter, any type of 

cardiomyopathy (dilated, ischemic, or hypertrophic), and poor echocardiographic views. 

Patients with BMI of 30 kg/m2 or more were considered obese. According to the American 

Diabetes Association's guidelines [9], diabetes was defined as having a minimum fasting 

blood sugar level of 126 mg/dL in 2 different samples or patients using either insulin or oral 

antidiabetic medications. The patient's medical history was used to determine the type of 

diabetes. Antihypertensive medication use or two different blood pressure readings that were 

at least 140 mmHg systole and/or 90 mmHg diastole were required to consider the patients as 

hypertensive. 

 

     All the study participants had anthropometric measurements (height and weight) and 

laboratory tests (fasting glucose level, HbA1c, total cholesterol, triglycerides, and C reactive 

protein). Each patient's body mass index and Body Surface Area (BSA) were determined. The 

study gained ethical approval from the ethical committee of the Department of Medicine/ 

College of Medicine /University of Baghdad, and the research was authorized to proceed. 

Before collecting any data each patient's explicit consent was obtained. 

 

2.2 Echocardiography 

     All echocardiographic examinations, including 2DSTE, were performed with Doppler 

studies using a (PHILIPS CX50 ultrasound USA) machine with a 3.5-MHz multiphase array 

probe on subjects in a left lateral decubitus position. One-lead electrocardiography monitor 

was used to check the patient rhythm and determine the timing of the cardiac cycle to display 

the different atrial phases. The 2-chamber and 4-chamber apical images of the LA were 

utilized to compute the volume of the LA, using the biplane Simpson approach. 

 

      The end-systolic and end-diastolic volumes of the left ventricle were measured in the 

apical 2- and 4-chamber views of the heart using a modified version of Simpson's method 
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[10]. Pulsed wave Doppler imaging was utilized to acquire the peak velocity of the mitral 

flow at early (E) and late (A) diastole, as well as the peak wave velocity of the lateral and 

septal mitral annuli at systole (s') and at early (e') and late (a') diastole in the apical 4-chamber 

view. The results were then calculated by averaging the readings over three cardiac cycles. 

The average values of the septal and lateral mitral annuli were then recorded, and E/ (the 

average of the e' values of the septal and lateral mitral annuli) was calculated. All of these 

measurements were performed in accordance with the American Society of 

Echocardiography's recommendations [11]. 

 

      At the end of the expiration, three consecutive cardiac cycles were acquired in apical 2- 

and 4-chamber views at a frame rate of between 50 and 60 per second for 2DSTE. These 

cardiac cycles were digitally recorded in the setup for subsequent analysis. It was decided not 

to include the pulmonary veins or the left atrial appendage. The study was carried out using of 

the QLAB 11 program, which featured a CMQ option that was developed specifically for 

2DSTE.  

 

2.3 Statistical Analysis 

       All statistical analyses were performed using version 26 of Statistical Package for the 

Social Sciences (SPSS). Simple measurements of frequency, percentage, mean, standard 

deviation, and range were used to present the data (minimum-maximum values). 

Using the Pearson Chi-square test, the significance of the difference in percentages 

(qualitative data) was determined. Statistical significance was evaluated when the P value was 

less than or equal to 0.05. 

 

3. Results  

3.1 Demographic and clinical characteristics of study participants  

      The current study was performed on 59 patients, with a mean age of 54.80 years old with 

a standard deviation of 9.474 years, and the majority was distributed between 50–64 years old 

(64.4%). The group with ages ranging from 34–49 constituted (27.1%). The remaining group, 

which included patients older than 64 years were (8.5%), Table 1.  

Almost 60% of the subjects were women; approximately one-half had diabetes, and one-

fourth had both diabetes and hypertension. The study populations were equally distributed 

between obesity and non-obesity. Table1 lists the demographic and clinical characteristics of 

the participants.  

 

Table 1: Participants' demographic and clinical characteristics (N=59) 

Demographic characteristics Number (N =     59) 

Age (year) 

34-49 16 

50-64 38 

>64 5 

Sex 
Male 22 

Female 37 

)2BMI (kg/m 
Non obese 30 

Obese 29 

Co-morbidities 

No known  morbidity 10 

DM 32 

Hypertension + DM 17 

Table 2 shows the relation between demographic characteristics in both obese and non-obese 

patients. It shows that there was a statistically significant difference for (sex, weight, height, 
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BMI, and BSA) with p-values of (0.003, 0.0005, 0.017, 0.013, 0.007) respectively, whereas 

other parameters, including age and comorbidities, showed insignificant differences.  

 

Table 2:  Demographic characteristics in both obese and non-obese patients (N=59) 

Demographic characteristics 
Non-Obese patients 

(N = 30) 

Obese patients 

(N = 29) 
p-value 

Age (year) 53.50±8.46 56.14±10.39 0.135 

Male sex (%) 14 8 0.003 

Weight (kg) 73.40±17.66 88.17±9.38 0.0005 

Height (m) 168±10.61 164.10±7.16 0.017 

)2BMI (kg/m 26.22±2.09 32.55±2.56 0.013 

)2BSA(m 1.81±0.203 1.92±0.128 0.0071 

Co-morbidities 

 

DM(%) 20 29 0.062 

HTN (%) 9 8 0.126 

 

Figure 1 demonstrates that almost 59% of the diabetic patients were obese, and 29% were 

overweight. 

 

 
Figure 1: The BMI distribution in diabetic patient. 

 

      Based on Table 3, it is evident that E/e` and LA strain show statistically significant 

differences (p-value > 0.05) between obese and non-obese patients, whereas all other 

parameters (EF, E/A, S prime, LA volume index) show no significant difference. 

 

Table 3: Distribution of the Echo parameters according to studied groups (obese versus non 

obese) (N = 59). 

Echo parameters 
Non-Obese patients 

(N = 30) 

Obese patients 

(N = 29) 
p-value 

EF 61.63±3.624 62.93±3.369 0.348 

E/A 1.120±0.367 1.179±0.391 0.365 

E/e` 8.03±1.426 10.45±2.284 0.006 

 S prime 13.23±2.373 12.72±2.576 0.328 

LA strain 29.90±7.078 22.69±5.478 0.008 

LA volume index 23.00±5.705 25.93±7.040 0.128 

Normal 
Weight

Over Weight
Obese

DM
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      Figure 2 illustrates the percentage of patients with diastolic dysfunction with and without 

obesity; (66%) of the non-obese group were of normal diastolic function. In comparison, it 

was (31%) of the obese group. On the other hand, obese patients were more likely to have 

grade 1 diastolic dysfunction. This percentage increases dramatically with grade 1 diastolic 

dysfunction compared to non-obese groups (55.1% versus 33%. Grade 2 diastolic dysfunction 

was seen only in (13.7%) of the obese group. 

 

 
Figure 2: Distribution of diastolic function in the study population according to presence or 

absence of obesity. 

 

4. Discussion  

     By analyzing the longitudinal deformation of the LA myocardium with 2DSTE, we could 

study the function of the LA in adult patients who had type 2 diabetes with or without obesity. 

This allowed us to evaluate how the patients' LA function altered throughout their treatment. 

According to the findings of Peter Blomstrand et al., patients with diabetes and obesity had a 

higher body mass index (BMI) as well as a bigger body surface area (BSA) [13]. 

 

     According to the findings of our research, a higher E/é ratio is connected with a higher 

prevalence of obesity. This finding is in agreement with those of Cil et al. [14], which found 

that obesity was a contributor to LV dilatation, hypertrophy, poor relaxation, and diastolic 

dysfunction. These results are also compatible with the findings of Arnold et al. [15]. 

 

     We found that LA strain was lower in obese patients compared with non-obese and this 

result is consistent with the result of Julio et al. [16] who found that obesity was associated 

with impaired longitudinal LA strain. While Peter Blomstrand et al. [13] found that the LA 

strain was of insignificant difference between obese and non-obese patients. 

 

      In this study, the ejection fraction was almost the same in the obese and the non-obese. 

This result was the same as that reported by Wang et al. [17], who identified an association 

between obesity and subclinical impairment of both the systolic and diastolic functions, 

whereas Peter Blomstrand et al. [13] showed a substantial link between obesity and impaired 

LV systolic function as measured by LVEF. The discrepancies between our results and those 

of other studies may be related to the exclusion of patients with low LVEF or established 

cardiovascular disease from our study. 
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      Concerning the E/A, we did not find any significant correlation between obese and non-

obese groups; however, Movahed et al. [18] did find such an association as they found that a 

reversal of the E/A ratio occurred more frequently in patients whose BMI was higher. This 

disparity may be attributable to the difference in sample size, as Movahed et al. study 

included 13,382 participants, but our research involved only 59 individuals. 

 

        Again, there was no statistically significant difference between S prime in both obese 

and non-obese groups in our study, and this was the same result found by Taşolar et al. [19]. 

However, the result mentioned by Barbosa et al. [20] showed that there was a significantly 

lower S prime in the obese group; this difference might be due to the exclusion of patients 

with systolic dysfunction in our study. Again, this was the same result found by Taşolar et al. 

[19]. 

 

      For the LA volume index, our study found no difference between obese and non-obese 

patients, which may have been due to geometrical assumptions in the calculation of the LA 

because we calculated the LAV in 2D, but the third dimension was lacking. The same result 

was reported by Antonello D' Andrea et al. [21] that there was no significant association 

between LAV index and BMI. Tadic et al. [22] observed an increase in the LAV index in 

their obese hypertensive group; this disparity may be due to the younger age group and a 

higher proportion of males in his sample compared to ours. In our study, most patients had a 

normal LAV index, despite the fact that the LAV index was not a requirement for patient 

inclusion. 

 

      According to the findings of our research, the diastolic function of patients was 

significantly related to their body mass index (BMI). While the majority of non-obese patients 

(66%) had normal diastolic function, only 31% of obese patients had normal diastolic 

function. Furthermore, this percentage increased with the grade of diastolic dysfunction as we 

observed that grade 2 diastolic dysfunction occurred only in obese patients. Powell et al. came 

to the same conclusion [23]. We discovered that approximately 29% of diabetic patients were 

overweight, and this number was roughly the same as what Esteghamati et al. [24] reported, 

which was approximately 33.7% of diabetic patients being overweight. On the other hand, our 

research indicated that almost 59% of diabetes patients were obese, although the rate of obese 

diabetic patients was just 10.2% in another study [24]. 

 

5. Conclusions  

      The following were concluded from this study: 

1. Obese diabetic individuals had a lower peak atrial longitudinal strain, as measured by 2D 

speckle tracking, in comparison to diabetic patients who were not obese. 

2. The evaluation of LA global strain enables the early diagnosis of LA remodeling and 

dysfunction by comparison to LA size and LV filling pressures, which are, respectively, 

dictated by LA volume and E/e' ratio. 
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