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Abbreviations 

T2DM  Type 2vDiabetes mellitus  

LVH  Left ventricular hypertrophy 

LVMI  Left ventricle mass index 

IHD  Ischemic heart disease 

CNS  Cardiovascular  

PVD  High density lipoprotein 

FBG  Fasting plasma glucose  

RBG  Random plasma glucose  

MW  Mann-Whitney Rank Sum Test  

KW  Kruskal-Wallis One Way Analysis of Variance  

                                on Ranks 

2  Chi-square  

RWT  Relative wall thickness 

IR  Insulin resistance 

IDF  International Diabetes Federation  

2H-OGTT 2-hours oral glucose tolerance test 

IVS  Interventricular septal thickness 

BMI  Body mass index  

AV   One Way Analysis of Variance 

OHA  Oral hypoglycemic agents 

Abstract 

Background: The cardiovascular (CV) diseases, including left ventricular hypertrophy (LVH) are major 

causes of morbidity and mortality in T2DM. The LVH is associated with ventricular arrhythmias, ischemic 

heart disease (IHD), heart failure and sudden death. Although the LVH is frequent in T2DM, screening for 

this disorder is frequently done.  

Material and Methods: In this study, 120 Sudanese T2DM patients were recruited, (70 with and 50 

without LVH) from four cardiac centers in Khartoum, the latter is inhabited by most of the Sudanese Afro-

Arab ethnic groups. Clinical data were obtained from almost all patients together with measurement of 

glycemic and renal parameters. Echocardiography was performed for each patient, the left ventricle 

geometry components including the relative wall thickness (RWT) were estimated and the left ventricle 

mass index (LVMI) was calculated.  

Results: The commonest LVH type was eccentric (65.7%), and grade was severe (37.1%), and both were 

strongly associated, p<0.001, while the frequency of the mild LVH was 28.6%. Out of 10 tested variables 

only HhA1c (p<0.001), urea (p=0.039) and creatinine (p=0.043) were significantly associated with LVH, 

while the sex, age, T2DM duration, smoking, obesity, random and fasting blood glucose were not. 

Moreover, the LVMI was positively correlated with HbA1c (CC0.188, p<0.039), and negatively with RWT 

(CC-0.495, p<0.000). Finally, significantly higher number of patients with IHD (p=0.038) and cerebral 

complications (p=0.014) had LVH.  

Conclusion: In this unique setting of interethnic cross, the results suggest that more genetic than 

environmental factors could be involved in diabetic LVH development. 

Keywords: T2DM; left ventricular hypertrophy; left ventricular mass index; relative wall thickness; afro-

arab ethnicity 
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by 

hyperglycemia due to impaired insulin secretion, insulin resistance (IR), 

or both. The DM is proving to be a global public health burden, according 

to the latest 2019 data from the International Diabetes Federation (IDF), 

approximately 463 million adults had DM [1], this number is expected to 

increase by another 200 million by 2040 [2]. Type 2 diabetes mellitus 

(T2DM) makes up about 85-90% of all DM cases [1]. The prevalence and 

incidence rates of DM in Sudan, as in many other low-income countries, 

are increasing to epidemic levels, leading to emergence of a public health 

problem of major socio-economic impact [3,4]. In Sudan, DM is 

associated with poor glycemic control, high prevalence of complications, 

and low quality of life [5,6]. As well as, DM is the commonest cause of 

hospital admissions due to a non-communicable disease in Sudan, with 

an overall increased age-adjusted mortality and reduced life expectancy 

of about 5–10 years [7].  

It is well established that various left ventricle (LV) abnormalities are 

strongly promote cardiac disease and death, in particular the left 

ventricular hypertrophy (LVH) and LV systolic dysfunction (LVSD) [8]. 

Impaired long axis contraction of the LV may also be associated with 

increased mortality. Furthermore, LV diastolic filling abnormalities has 

been shown to place an individual at an increased cardiovascular (CV) 

risk and is associated with impaired exercise tolerance [9]. The LVH is a 

condition in which there is an increase in LV mass, either due to an 

increase in wall thickness or due to left ventricular cavity enlargement, or 

both. Most commonly, the LV wall thickening occurs in response to 

pressure overload, and chamber dilatation occurs in response to volume 

overload [10]. Hypertension and aortic valve stenosis are the most 

common causes of LVH, in both conditions; the heart is contracting 

against an elevated after-load leading to concentric LVH as a result of an 

abnormal increase in LV myocardial mass [11]. Increased filling of the 

LV leads to diastolic overload, which is the underlying mechanism for 

eccentric LVH in patients with aortic or mitral regurgitation as well as in 

the case of dilated cardiomyopathy [10,11]. 

 

In LVH, the sustained increase in wall stress along with cytokine and 

neuro-activation stimulates the development of myocardial hypertrophy 

or increasing muscle thickness and deposition of the extracellular matrix 

[11], with concomitant development of myocardial fibrosis. Initially, 

fibrosis is clinically manifested by diastolic dysfunction, but systolic 

dysfunction also develops with progressive disease. 

 

The DM is associated with LVH, LV diastolic dysfunction, LV systolic 

dysfunction and cardiac autonomic neuropathy [12,13]. A large 

proportion of patients with T2DM whom are not known to have a primary 

CV disease, have LVH [14], and the regression of LVH by 

pharmacological intervention is associated with an improvement in 

prognosis [15], which are objective clues for the link between DM and 

LVH. The IR, which frequently accompanies T2DM, is reported to be 

associated with LVH [16]. Moreover, the T2DM and IR are closely 

associated with obesity. 

 

The complications of T2DM are common and largely account for the 

excess morbidity and mortality associated with this disease. As such 

routine screening of asymptomatic patients with T2DM for retinopathy, 

nephropathy and neuropathy is recommended. However, the DM is a 

major risk factor for ischemic heart disease (IHD), cardiomyopathy, and 

congestive heart failure, which are all the most important causes of 

morbidity and mortality in T2DM, accounting for approximately half of 

total mortality [17]. T2DM is associated with a high prevalence of 

hypertension, dyslipidemia, and microalbuminuria, which are all known 

as independent CV risk factors. Even in populations with low CV risk, 

DM is associated with an increased incidence of CV death [18]. 

 

Genetic and ethnic difference in susceptibility to the different DM 

complications is well known. The Sudanese are relatively heterogeneous 

population with marked cross–ethnic breed, due to the intermarriage 

between different tribes unlike the case in the Arab, African or American 

societies where there are clear ethnic segregation as in USA [19] and sub-

Saharan Africans [20], and familial segregation (consanguinity) as in 

Arabic settings [21]. In Sudan the original Africans have frequent inter 

marriage with the Arabs and other ethnicities [22]. 

 

The LVH is a strong predictor of CV disease among T2DM patients. The 

objective of this study was to determine the type and severity of LVH in 

T2DM as well as the risk factors, including the association with other 

diabetic complication, but in a different setting of patients with different 

genetic complexion.  

Materials and Methods: 

Study design and area  

This is a descriptive multicenter cross-sectional hospital-based study, 

conducted in Omdurman Teaching Hospital, Alshab Teaching Hospital, 

Ahmed Gasim Hospital and Alsalam Cardiac Center, in the period 

between April and August 2021.  

Study population 

The study subjects, men and women, are adult Sudanese patients, aged 

between 30-85 years and known to have T2DM. All diabetic patients 

referred from diabetic clinics or came for CV checkup to the above 

mentioned national cardiac centers, presented during the study period and 

accepted to participate in this study, were included. The exclusion criteria 

were; hypertension, aortic stenosis, hypertrophic obstructive 

cardiomypathy, severely ill patients and professional athletics.  

The T2DM diagnosis in Sudan is based on either the estimation of plasma 

glucose [fasting plasma glucose (FPG), 2-hours oral glucose tolerance test 

(OGTT) and random plasma glucose (RBG)] or HbA1c. For diagnosis of 

T2DM the following were nationally approved: a FPG of ≥ 126 mg/dL 

(7.0 mmol/L), 2-h OGTT ≥ 200 mg/dL (11.1 mmol/L), RBG ≥ 200 mg/dL 

(11.1 mmol/L) or HbA1c ≥ 6.5% (48 mmol/mol), along with symptoms 

of hyperglycemia/DM. The HbA1c has also been accepted for T2DM 

diagnosis [23]. However, all study subjects were known to be T2DM 

patients. 

Diagnosis of LVH 

Echocardiogram: According to the American Society of 

Echocardiography, the echocardiogram is the test of choice in diagnosis 

of LVH. Its sensitivity is significantly higher than ECG, and the test can 

also detect other abnormalities such as left ventricular dysfunction 

(systolic as well as diastolic) and valvular heart disease. Cardiac 

ultrasound utilizes transthoracic or transesophageal positioning of the 

transducer to measure the end-diastolic interventricular septal thickness 

(IVS), LV internal diameter, and posterior wall thickness. From these 

measurements and the patient’s height and weight, the LV mass index was 

determined. The LVH was diagnosed when LV mass index (LVMI) was 

>115 g/m2 in men and >95 g/m2 in women. The LVMI (LVM [left 

ventricular mass] normalized for body surface area or height) is calculated 

using the following equation: LVMI = LVM/body surface area. The LVM 

= 0.8 [1.04 (LVEDD + IVSd +PWd)3 - LVEDD3)] + 0.6 (Devereux et 

al'2000 [24]). The LVH were categorized according to the Relative Wall 

Thickness as follow:  RWT= Posterior wall thickness x 2 / LV internal 

diameter at end-diastole. Based on RWT, and the LVMI, the LVH can be 

categorized into 2 types; concentric hypertrophy (increased LVMI and 

RWT more than 0.42) or eccentric hypertrophy (increased LVMI and 

RWT less than or equal to 0.42) [11]. 

Data collection tools  

https://en.wikipedia.org/wiki/International_Diabetes_Federation
https://en.wikipedia.org/wiki/Epidemiology_of_diabetes#cite_note-WHO2016-5
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Epidemiology_of_diabetes#cite_note-WHO2016-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4478580/#B103
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Data was collected through structured questionnaires consisting of the 

following parameters: demographic, social, clinical, therapeutic and 

laboratory investigations.   

Data analysis  

The LVH was the dependent variable, while the independent variables 

were; demographic data (age, gender, BMI), smoking, T2DM duration, 

diabetic complications and the laboratory variables (blood glucose, 

HbA1c, urea, creatinine). Data was analyzed by using a computer 

program Sigma Stat software, p value was considered as significant at 

level <0.05. 

Ethical consideration  

An ethical approval was obtained from Sudan medical specialization 

board (SMSB). Data used anonymously by using identity numbers to 

protect patient’s identity. An oral informed consent was obtained from 

each patient. 

Results 

Characteristics of the study subjects  

As seen in (Table 1), 120 T2DM patients were enrolled in this study, 50 

patients without and 70 patients with LVH. Overall, 61.7% (74) were 

males and 38.3% (46) were females, their mean age was 59.8±11.3, (range 

30.0-85.0), and 23.3% (28) of all the patients were smokers. The mean of 

their BMI was 28.8± 4.1, 20.0 - 39.0 kg/m, with 45% (54) were 

considered as obese (data not shown). The mean duration of their DM was 

12.4± 7.1 (range 1.0 - 30.0) years. Most of the patients (61.7%, 74) were 

using oral hypoglycemic agents (OHA), 31.7% (38) insulin, 5% (6) both 

OHA and insulin and 1.7% (2) were on diet control (Table 2) 

 

Study subjects  All LVH P 

 Yes No 

Number 120 70 (58.3%) 50 (41.7%)  

   Age (Yrs) Mean  

                   Range 

59.8±11.3 

30.0 -85.0 

61.4±12.2 

30.0 -85.0 

57.7±9.6 

40.0 - 80.0  

0.078 t-test 

 

Gender (M/F) 

Males ratio 

74/46 

61.7% 

46/24 (1.9:1) 

65.7%   

28/22 (1.3:1) 56.0% 0.374 2 

T2DM duration (yrs) 12.4 ± 7.1 (1.0 - 30.0) 12.8±7.2 (1.0-30.0) 11.9 ± 7.1 (1.0- 0.0)

  

0.495 t-test 

Cigarette smoking  23.3% (28/120) 28.6% (20/70) 16.0% (8/50) 0.166 2 

Complications     

IHD   18 21.4% (15) 6% (3) 0.038 

Renal    12 14.3% (10) 4.0% (2) 0.123 

Cerebral   10 14.3% (10) 0.0% (0) 0.014 

PVD 6 8.6% (6) 0% (0) 0.089 

BMI Kg/m2 

(range) 

28.8±4.1 

 (20.0 - 39.0) 

29.0, 27.0 - 32.0 

(20.0 - 39.0)  

28.0, 26.0 - 31.0 

(22.0 - 33.0)  

0.285 MW 

Glycemic profile      

      FBG (mg/dl) 123.7±32.2 (78.0-211.0) 120.0, 105.0-145.0 110.0, 99.5 - 133.0 0.063 MW 

 

      RBG (mg/dl) 227.4±67.0 (111.0-44.0) 240.0, 181.0-270.0 206.0, 180.0-226.0 0.111 MW 

 

      HbA1c (%) 8.8 ± 1.9, (6.0 - 12.7) 9.7, 8.8 - 11.0 7.0, 6.5 - 8.0 <0.001 MW 

Renal function      

    Urea (mg/dl) 49.2 ± 27.1, (14.0 -48.0) 43.0, 35.0 - 67.0 40.0, 26.0 - 55.0 0.039 MW 

   Creatinine (mmol/l) 1.04 ± 0.61, (0.40 - .50) 1.00, 0.70 - 1.30 0.80, 0.60 -1.00 0.043MW 

Ecocardiography     

LV mass index (g/m2) 116.8 ± 36.7  139.0, 121.0 - 158.0 86.0, 77.0 - 95.0 0.001 

LVH types   

             Eccentric 

             Concentric 

NA  

65.7% (46) 

34.3% (24) 

NA  

RWT NA 0.399  ± 0.093 NA  

 

Table 1: Description of the study subjects, the type 2 diabetes mellitus (T2DM) with and without left ventricular hypertrophy (LVH) 

PVD= peripheral vascular disease, RWT= relative wall thickness, MW= Mann-Whitney Rank Sum Test, 2= Chi-square 

 

Clinical and laboratory profiles: The frequencies of the diabetic 

complications were as follows; ischemic heart disease (IHD) 15% (18); 

renal disease 10% (12); central nervous system (CVS) disease 8.3% (10); 

and peripheral vascular disease (PVD) 5% (6) (Table 4).  
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The biochemical tests’ results were as follows; mean FBG was 123.7 ± 

32.2 (range 78.0 - 211.0) mg/dl,  RBG was 227.4 ± 67.0 (range 111.0 - 

444.0) mg/dl, and mean of HbA1c was 8.8 ± 1.9 (range 6.0 - 12.7). For 

the renal function tests, the mean plasma level of urea was 49.2 ± 27.1 

(14.0 -148.0) mg/dl and creatinine was 1.04 ± 0.61 (range 0.40 - 4.50) 

mg/dl (Table 1).  

The LVH types and severity in T2DM: Out of 120 patients with T2DM, 

58.3% (70) had LVH (cases) and 41.7% (50) had no LVH (control). Based 

on RWT, the prevalence of the eccentric LVH was 65.7% (46) and that of 

the concentric LVH was 34.3% (24), while the mean RWT was 0.399 ± 

0.093 (Table 1). The LVH was severe in 37.1% (26/70) of the cases, in 

34.8% (24/70) was moderate and in 28.6% (20/70) it was mild (Table 3). 

The mean of the LVHI in all study subjects was 116.8 ± 36.7 g/m2, and it 

was139.0, 121.0 - 158.0 in the cases and 86.0, 77.0 - 95.0, in the controls, 

p 0.001 (Table 1).  

 

  Study subjects  LVH grades of severity  p  

Mild Moderate Severe 

Number 28.6% (20) 34.3% (24) 37.1% (26)  

Type (ecc/con) 13% (6) 58.3% (14) 34.8% (16) 33.3% (8) 52.2% (24) 8.3% (2) <0.0012 

Age (Yrs)  63.5, 53.0-70.0 64.0, 59.5-65.0 65.0, 55.0-68.0 0.880 KW 

Gender (M/F) 10/10 18/6 18/8  

T2DM duration  14.3 ± 6.4 11.8 ± 6.8 12.6 ± 8.1 0.516 AV 

BMI (kg/m2) 28.0, 24.0-32.0 27.0, 25.5-31.5 31.0, 27.0-33.0 0.221 KW 

Glycemic profile      

      FBG (mg/dl) 130.5, 90.0-155.0 118.5, 109.0-140.5 122.0, 105.0-142.0 0.747 KW 

      RBG (mg/dl) 234.5, 181.0-250.0 210.0, 166.5-262.5 243.0, 219.0-270.0 0.184 KW 

      HbA1c (%) 8.6, 8.0-9.5 9.2, 9.0-11.5 11.0, 10.0-12.0 <0.001 KW 

Renal function     

      Urea 46.5, 38.0-71.0 33.5, 22.5-51.0 65.0, 39.0-72.0 0.004 KW 

      Creatinine  1.0, 0.60-0.600 0.85, 0.65-1.05 1.2, 0.8-1.40  0.043 KW 

 
KW = Kruskal-Wallis One Way Analysis of Variance on Ranks 

AV=One Way Analysis of Variance 

 

Table 3: Description of types and grades of LVH in T2DM patients and associations of different parameters with the LVH severity grades 

 

The LVH associations and correlates  

The T2DM patients with and without LVH were of comparable sex 

distribution although males were more dominant in the former group, 

male to female ratio of 1.9:1 vs. 1.3:1, respectively, p 0.374 2. The two 

groups had comparable mean age, 61.4±12.2 vs. 57.7±9.6 yrs., 

respectively, p 0.078. Moreover, both groups had comparable, T2DM 

disease duration (p 0.495), frequency of cigarette smoking (p 0.166), and 

BMI (p 0.285). The frequency of obesity (BMI ≥30kg/m) is comparable 

between the two study groups, 59.3% vs. 40.7%, p1.00 (Table 2). Also 

the usage of OHG (oral hypoglycemic drugs) and insulin was not 

significantly different between the patients with and without LVH, p 

0.815 (Table 2). Of the T2DM complications, the prevalence of the renal 

(p 0.123) and PVD (p 0.089) diseases, were also comparable between the 

two groups. The biochemical profiles showed that the RBG (p 0.111) and 

FBG (p 0.063) were not significantly different between the T2DM 

patients with and without LVH, (Table 1). However, the prevalence of the 

IHD and renal complications were significantly higher in patients with 

LVH, p 0.038 and p 0.014, respectively. As well as, the HbA1c (p 

<0.001), blood urea (p 0.039), and creatinine (p 0.043), were significantly 

higher in the patient with LVH. The median (25% - 75%) LVMI in 

patients with LVH, was139.0, 121.0 - 158.0 gm/m2, while it was 86.0, 

77.0 - 95.0 gm/m2 in patients with no LVH, p 0.001, (Table 1). 

 

LVH -

grades 

Obese 

(BMI 30-39] 

Non-obese 

(BMI 22-29) 

p value OHA Insulin p value 2 

No 40.7% (22) 42.4% (28)  

 

= 0.765 

37.8% (28) 42.1% (16)  

 

0.107 
Mild 14.8% (8) 18.2% (12) 10.8% (8) 26.3% (10) 

Moderate 18.5% (10) 21.2% (14) 24.3% (18) 15.8% (6) 

Severe 25.9% (14) 18.2% (12) 27.0% (20) 15.8% (6) 

       

LVH     .  

No 40.7% (22) 42.4% (28)  

1.000 

37.8% (28) 42.1% (16)  

0.815 Yes 59.3% (32) 57.6%  (38) 62.2% (46) 57.9% (22) 

 

Note: 6 patients (5%) used both OHA and insulin, and 2 patients (1.7%) were on diet control, 2 from the former had mild LVH, while the rest (6) didn’t 

had LVH. 2= Chi-square, LVH= left ventricular hypertrophy, BMI= body mass index, OHA= oral hypoglycemic agents 

 

Table 2: The association between LVH and BMI and anti-diabetic treatment 

For the variants which were significantly different between the study 

groups, the correlation analysis showed significant positive correlations 

between the LVMI and HbA1c, CC 0.641, p< 0.00, but no correlation 

with urea (p 0.113), and creatinine (p 0.142) or age as a major 

demographic variable, p 0.396, although the latter was significantly 
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correlated with the former variables which were all significantly 

positively inter-correlated (Figure. 1). The other variables, the disease 

duration (p 0.608), BMI (p 0.458), RBG (p 0.234) and FBG (p 0.845) 

were not correlated with the LVMI.  

 

 
 

Figure 1: The correlation of the left ventricular mass index (LVMI) labeled as LVH, with age and the parameters which were significantly associated 

with the LVMI (shown in table 1), the HbA1c, blood urea, and plasma creatinine. Only HbA1c was significantly correlated with the LVH, CC 0.641, 

p< 0.001, Pearson Product Correlation Coefficient. 

 

Finally, 52.2% (24) of the patients with eccentric LVH had severe, 34.8% 

(16) had moderate and only 13% (6) had mild LVH, while 8.3% (2) of 

patients with concentric LVH had severe, 33.3% (8) had moderate and 

58.3% (14) had mild LVH, p <0.001, (Table 3). However, none of all the 

other tested variables was found to be associated with any of the types of 

the LVH (data not shown).   

Comparisons between the different severity grades 
of the LVH   

As seen in (Table 3, and Figure. 2), limiting the analysis to T2DM patients 

with LVH only, the prevalence of the three grades of LVH, mild, 

moderate and severe were 28.6% (20), 34.3% (24), and 37.1% (26), 

respectively. The three subgroups had similar median age distribution, 

63.5, 53.0-70.0; 64.0, 59.5 - 65.0; 65.0, 55.0 - 68.0 years, respectively, p 

0.880, mean T2DM disease duration, 14.3 ± 6.4; 11.8 ± 6.8; and 12.6 ± 

8.1 years, respectively, p 0.516, and median BMI, 28.0, 24.0-32.0, 27.0, 

25.5-31.5, and 31.0, 27.0 - 33.0 kg/m2, respectively, p 0.221. Among the 

glycemic parameters (RBG, FBG, and HbA1c), only higher HbA1c was 

significantly associated with LVH severity, 8.6, 8.0- 9.5; 9.2, 9.0 - 11.5; 
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and 11.0, 10.0 - 12.0, respectively, p <0.001, while both renal function 

parameters were significantly higher in severe LVH, the urea (median 

levels, 46.5, 38.0 - 71.0; 33.5, 22.5 - 51.0; and 65.0, 39.0 -72.0 mg/dl, 

respectively, p 0.004) and creatinine (median levels,1.0, 0.60 -.600; 0.85, 

0.65- 1.05; 1.2, 0.8 - 1.40 mmol/L, respectively, p 0.043). Finally, the 

LVH index, was significantly higher with increasing severity, 107.0, 

101.0 - 121.0; 139.5, 137.0 - 143.5; 161.0, 145.0 - 179.0, respectively, p 

<0.001. On the contrary, the RWT was significantly higher in the milder 

forms of LVH, 0.495, 0.360 - 0.520; 0.360, 0.320 - 0.480; 0.370, 0.340 - 

0.380, respectively, p 0.013, (Figure. 2A&B). Furthermore, in patients 

with LVH, the LVH index was significantly negatively correlated with 

the RWT, cc-0.495, p<0.000, (Figure. 2 C). 

 

 
Figure 2. The relationship between the left ventricular hypertrophy (LVH) severity, left ventricular mass index (LVMI), and relative wall thickness 

(RWT), in diabetic patients: 

A. Comparison of left ventricular mass index (LVMI) between the 3 

grades of severity of LVH; mild, moderate and severe (median, 

25% - 75%), 107.0, 101.0 - 121.0 vs. 139.5, 137.0 - 143.5 vs. 

161.0, 145.0 - 179.0, respectively, p<0.001, Kruskal-Wallis One 

Way Analysis of Variance on Ranks (KW). 

B. Comparison of the relative wall thickness (RWT) between the 3 

grades of severity of LVH; mild, moderate and severe (median, 

25% - 75%), 0.495, 0.360 - 0.520 vs. 0.360, 0.320 - 0.480 vs. 

0.370, 0.340 - 0.380, respectively, p 0.013, KW. 

C. The inverse (negative) correlation of the LVMI with RWT, CC -

0.495, p <0.001, Pearson Product Correlation Coefficient. 

 

Discussion 

Heart diseases occur eventually in the majority of patients with DM and 

continue to be the outstanding factor in overall diabetic morbidity and 

mortality. An increased LVMI, the objective measure for LVH, may 

contribute to the increased CV risk because LVH is an ominous 

prognostic sign and an independent risk factor for sudden death, 

ventricular dysarrhythmia, IHDs and heart failure. In this study, the LVH 

and the associated risk factors among patients with DM were 

examined. The mean of LVMI was found to be 117±37 g/m2, indicating 

a significant hypertrophy among the affected patients, as reported 

elsewhere [18,25]. The mechanisms responsible for the LVH in DM 

remain unclear, but hyperglycemia/insulinemia and the IR state have been 

implicated in the pathogenesis of increased LVM [16]. In the present 

study the chronic hyperglycemia, as revealed by the strong association of 

the raised HbA1c with the prevalence of the LVH and its severity was the 

main and only evidence among the tested variables, in the implication of 
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T2DM in LVH. Undeniably, the role of hyper-insulinemia and IR in LVH 

cannot be ruled out since both abnormalities are cardinal features of 

T2DM.  

The majority of patients with LVH in this study had eccentric left 

ventricular geometry (65.7%), in agreement with previous study [9]. 

Unlike in some other studies which showed association of concentric 

LVH with a higher risk of stroke, cardiac death and all-cause mortality 

than eccentric LVH [26, 27], in the present study the eccentric rather than 

the concentric LVH was associated with the severe grade of LVH, since 

more than 50% of the eccentric hypertrophy cases had severe LVH 

compared to only 8% of the concentric hypertrophy cases, p <0.001 

(Table 3). Extra DM complications were seen in patients with eccentric 

LVH but the differences were not significant (data not shown). Moreover, 

though severe LVH was significantly associated with increased HbA1c, 

blood urea and creatinine, neither the urea nor creatinine, or age, sex, 

obesity nor smoking were associated with the types of LVH, the eccentric 

and concentric, in this study (data not shown). For no doubt, poor 

glycemic control is risk factor for numerous diabetic complications 

including cardiac diseases [16]. In the present study LVH was strongly 

associated with raised HbA1c more evident in patients with HbA1c above 

9% (data not shown). The association between glycemic control and LVM 

has been previously described in diabetic patients [28], and it is supposed 

to reflect a glucose-induced activation of epigenetic mechanism 

regulating cardiomyocyte hypertrophy, as well as accelerated collagen I 

and III synthesis by cardiac fibroblasts exposed to high glucose levels 

[29]. Increased plasma glucose levels also augment the generation of 

advanced glycation end-products (AGEs) [29], which stimulate the 

expression of extracellular matrix genes, and the tissue accumulation of 

AGEs has been shown to be associated with inappropriate LVM 

increment [30].  

There have been reports suggesting that the relationship between T2DM 

and LVH is due to the associations of the former with age and obesity i.e., 

an epiphenomenon, rather than the effect of T2DM per se [31]. In pre-

diabetic and diabetic elderly subjects, the fat mass was shown to be a 

major determinant of LVM in women [32]. In the present study, the 

diabetic patients with LVH although were relatively older than the 

patients without LVH, the difference was not significant (Table 1), and 

there was no correlation between LVMI and age (Figure 1). Other studies 

reported a significant influence of increasing age on the LVM [33, 34]. In 

addition, unexpectedly, no influence for T2DM duration on the LVMI in 

the current study (Table 1& 2), in contradistinction to what was 

mentioned before [18,33]. Also the LVH prevalence and LVMI were 

comparable between the obese and non-obese diabetics (Table 1 & 2), and 

there was no correlation between LVMI and BMI. In addition obesity was 

not associated with types or severity of LVH in this study (Table 2). There 

have been several studies showing that high BMI is strongly associated 

with increased LVM [31,18]. Because obesity and insulin resistance are 

closely associated with each other, obesity itself may have an impact on 

increased LVM in diabetics [31]. Furthermore, no association between 

smoking and LVH was noticed in this study, as reported in other studies 

[35,36], however, the number of smokers was generally small in this 

study.  

Not unexpected was that the diabetic patient with LVH, had significantly 

higher frequency of IHD and CNS complications and a trend (below the 

significant level) of high prevalence of PVD and renal diseases (Table 1) 

independent of the patient age or disease duration. The coronary artery 

disease has been demonstrated to play a role in the pathogenesis of LVH, 

as compensation for tissue that has become ischemic or infracted with 

concomitant development of myocardial fibrosis [37]. In contrast, the 

LVH is known to predispose to IHD [8], and to be important risk factor 

for ischemic stroke [38]. 

 

Finally and importantly, in this study the demographic and biochemical 

determinants of LVH in T2DM were unexpectedly limited as seen from 

significant correlates and associations, which cannot explain the generally 

high prevalence of LVH seen in diabetic patients, thus genetic 

predisposition would be expected to play a major role as seen in 

hypertension [13]. Unlike in most of the Arabs and Africans countries, 

this setting is unique in the sense that the genetic makeup of the Sudanese, 

including the study subjects, is mostly a cross between several Africans 

and Arabs and other ethnic minorities, although some ethnic groups are 

conserved [22], unlike the multi-ethnicity in USA [31], which is coupled 

with ethnic segregation in marriage. It is difficult to classify most people 

in Sudan to a single tribe biologically, although socially is doable. In such 

setting, defining common genetic traits associated with LVH adds to 

existing data/knowledge and fills the gaps. Of the limitations of this study; 

the relatively small number of patients, no long term follow up to track 

for future LVH conversion, and importantly lack of data about genetic 

markers.  

In conclusion, the frequency of severe and eccentric LVH was relatively 

high among diabetic patients in this setting. The risk factors associated 

with development of LVH were mainly, the poor glycemic control, high 

urea and creatinine levels and co-existence of IHD. The association of 

cerebral and vascular diseases with T2DM can equally be consequences 

or causes of the LVH. Finally, the study suggest a greater role for genetic 

factors in development of LVH in diabetic patients.  

Acknowledgment 

The efforts of the medical staff in the four hospitals, Omdurman Teaching 

Hospital, Alshab Teaching Hospital, Ahmed Gasim Hospital and Alsalam 

Cardiac Center, and the willingness of the patients/families in 

participation in this study are highly appreciate. 

 

Declarations 

Funding: No fund 

Conflicts of interest/Competing interests: No conflict of interest for all 

authors to declare 

Availability of data and material: The data is available upon genuine 

request  

Code availability: 'Not applicable'  

Authors' contributions (optional): 'Not applicable'  

Ethics approval: The studies were ethically approved by the ethical 

committee of Sudanese medical speciation board (no reference number). 

Consent to participate: An informed consent was obtained from each 

patient before inclusion in the study. 

Consent for publication: Consent for publication was obtained. 

References 

1. International Diabetes Federation(2019). IDF Diabetes Atlas, 

9th edn. Brussels, Belgium. 

2. Goyal R, Jialal I(2020). Diabetes Mellitus Type 2. (Updated 

2020 Nov 20). In: StatPearls (Internet). Treasure Island (FL): 

StatPearls Publishing. 

3. WHO. The burden of mortality attributable to diabetes in 

Sudan, Geneva. World Health Organization 2013. 

4. Beran, D. and J.S(2014). Yudkin, Diabetes care in sub-Saharan 

Africa. Lancet, 368(9548): 1689-95 

5. Khattab M Khader YS, Al-Khawaldeh A & Ajlouni K(2010). 

Factors associated with poor glycemic control among patients 

with type 2 diabetes. J Diabetes Complic,24:84–89. 

6. Elmadhoun WM, Noor SK, Ibrahim AA, Bushara SO, Ahmed 

HM(2016). Prevalence of diabetes mellitus and its risk factors 

in urban communities of north Sudan: Population-based study. 

J diabetes, 8(6): 839–846. 

https://europepmc.org/article/nbk/nbk513253
https://europepmc.org/article/nbk/nbk513253
https://europepmc.org/article/nbk/nbk513253
https://www.who.int/gho/publications/world_health_statistics/EN_WHS2013_Full.pdf
https://www.who.int/gho/publications/world_health_statistics/EN_WHS2013_Full.pdf
https://pubmed.ncbi.nlm.nih.gov/17098088/
https://pubmed.ncbi.nlm.nih.gov/17098088/
https://pubmed.ncbi.nlm.nih.gov/19282203/
https://pubmed.ncbi.nlm.nih.gov/19282203/
https://pubmed.ncbi.nlm.nih.gov/19282203/
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12364/
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12364/
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12364/
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12364/


Cardiology Research and Reports                                                                                                                                                                   Copy rights@ Hayder A Giha et.al. 

 
Auctores Publishing LLC – Volume 4(4)-054 www.auctoresonline.org  
ISSN: 2692-9759   Page 8 of 9 

7. Mandrup-Poulsen(1998). Diabetes. BMJ; 316: 1221–1225. 

8. Kannel WB, Gordon T, Castelli WP, Margolis JR(1970). 

Electrocardiographic left ventricular hypertrophy and risk of 

coronary heart disease: the Framingham Study. Ann Intern 

Med.]72(6):813–22.  

9. Dawson A, Morris A, Struthers A (2005). The epidemiology of 

left ventricular hypertrophy in type 2 diabetes mellitus. 

Diabetologia.48: 1971–1979 

10. Cuspidi C, Sala C, Negri F, Mancia G, Morganti A(2012). 

Italian Society of Hypertension. Prevalence of left-ventricular 

hypertrophy in hypertension: an updated review of 

echocardiographic studies. J Hum Hypertens. 26(6):343-9 

11. Bornstein AB, Rao SS, Marwaha K. Left Ventricular 

Hypertrophy. (Updated 2021 Aug 11). In: StatPearls (Internet). 

Treasure Island (FL): StatPearls Publishing.  

12. Fang ZY, Prins JB, Marwick TH(2004). Diabetic 

cardiomyopathy: evidence, mechanisms, and therapeutic 

implications. Endocr Rev.25(4):543–67.  

13. Magnusson M, Jovinge S, Shahgaldi K, Israelsson B, Groop L, 

Melander O(2010). Brain natriuretic peptide is related to 

diastolic dysfunction whereas urinary albumin excretion rate is 

related to left ventricular mass in asymptomatic type 2 diabetes 

patients. Cardiovasc Diabetol. 9(1):1–8.  

14. Palmieri V, Tracy RP, Roman MJ, Liu JE, Best LG, Bella JN, 

et al(2003). Relation of left ventricular hypertrophy to 

inflammation and albuminuria in adults with type 2 diabetes: 

the strong heart study. Diabetes Care.26(10):2764–9.  

15. Verdecchia P, Angeli F, Borgioni C, Gattobigio R, De Simone 

G, Devereux RB, et al(2003). Changes in cardiovascular risk by 

reduction of left ventricular mass in hypertension: a meta-

analysis. Am J Hypertens.16(11):895–9. 

16. Ronald MA, Otto K, Piet J( 2004). Left Ventricular Mass 

Increases With Deteriorating Glucose Tolerance, Especially in 

Women: Independence of Increased Arterial Stiffness or 

Decreased Flow-Mediated Dilation. Diabetes Care; 27(2): 522-

529.  

17. Einarson TR, Acs A, Ludwig C, Panton UH(2018). Prevalence 

of cardiovascular disease in type 2 diabetes: a systematic 

literature review of scientific evidence from across the world in 

2007-2017. Cardiovasc Diabetol.17(1):83  

18. Sukamal S, Basu AK, Roychowdhury P, et al(2011). 

Comparison of left ventricular mass in normotensive type 2 

diabetes mellitus patients with that in the nondiabetic 

population. J Cardiovasc Dis Res. 2(1):50-56.  

19. Garcia GE, Lewis R, Jr, Ford-Robertson J( 2015). Attitudes 

regarding laws limiting Black-White marriage: A longitudinal 

analysis of perceptions and related behaviors. Journal of Black 

Studies. 46:199–217.   
20. Crespin-Boucaud, J. (2020) Interethnic and interfaith 

marriages in sub-Saharan Africa. World Development 125, 1–

19.  

21. Al-Gazali L, Hamamy H(2014). Consanguinity and 

dysmorphology in Arabs. Hum Hered. 77(1-4):93-107.   

22. Ibrahim ME(2021). Genetic diversity of the Sudanese: insights 

on origin and implications for health. Hum Mol Genet. 30(R1): 

R37-R41.   

23. 16. Sacks DB, Arnold M, Bakris GL, Bruns DE, Horvath AR, 

et al (2011). Guidelines and recommendations for laboratory 

analysis in the diagnosis and management of diabetes 

mellitus. Clin Chem.57:e1–e47 

24. Devereux RB, Roman MJ, Paranicas M, O’Grady MJ, Lee et 

al(2000), Howard BV: Impact of diabetes on cardiac structure 

and function: the Strong Heart Study. Circulation;101:2271–

2276 

25. HM, Larson M, Levy D (2015) Prognosis of left ventricular 

geometric patterns in the Framingham Heart Study. J Am Coll 

Cardiol 25:879–884 

26. Ghali JK, Liao Y, Cooper RS(2018). Influence of left 

ventricular geometric patterns on prognosis in patients with or 

without coronary artery disease. J Am Coll Cardiol,31:1635– 

1640  

27. Felicio JS, Pacheco JT, Ferreira SR, Plavnik F, Moisés VA, 

Kohlmann O, Jr, et al(2006). Hyperglycemia and nocturnal 

systolic blood pressure are associated with left ventricular 

hypertrophy and diastolic dysfunction in hypertensive diabetic 

patients. Cardiovasc Diabetol. 5:19.  

28. Kozakova M, Morizzo C, Fraser AG, Palombo C(2017). Impact 

of glycemic control on aortic stiffness, left ventricular mass and 

diastolic longitudinal function in type 2 diabetes 

mellitus. Cardiovasc Diabetol.16(1):78.  

29. Wang CC, Wang YC, Wang GJ, Shen MY, Chang YL, Liou 

SY, et al(2017). Skin autofluorescence is associated with 

inappropriate left ventricular mass and diastolic dysfunction in 

subjects at risk for cardiovascular disease. Cardiovasc 

Diabetol. ;16:15–25. 

30. Kazuo E, Bernadette B, Zhezhen J(2008). Association Between 

Diabetes Mellitus and Left Ventricular Hypertrophy in a Multi-

Ethnic Population. Am J Cardiol. Jun 15; 101(12): 1787–1791. 

31. Kuch B, von Scheidt W, Peter W, Döring A, Piehlmeier W, 

Landgraf R, Meisinger C(2007). Sex-specific determinants of 

left ventricular mass in pre-diabetic and type 2 diabetic 

subjects: the Augsburg Diabetes Family Study. Diabetes 

Care.30(4):946-52.  
32. Jithendra B, Gillian A, Katrina K(2011). Screening for left 

ventricular hypertrophy in patients with type 2 diabetes mellitus 

in the community. Cardiovascular Diabetology. 10:29 

33. Volker H, Anna-Maria B, Andreas S(2021). Disturbed Glucose 

Metabolism and Left Ventricular Geometry in the General 

Population. J. Clin. Med. 10, 3851 

34. Payne JR, Eleftheriou KI, James LE, et al(2006). Left 

ventricular growth response to exercise and cigarette smoking: 

data from LARGE Heart. Heart.92(12):1784-1788.  

35. Sung Keun Park, MD, PhD, Jae-Hong Ryoo, MD, PhD, et 

al(2021), Smoking Status, Intensity of Smoking, and Their 

Relation to Left Ventricular Hypertrophy in Working Aged 

Korean Men, Nicotine & Tobacco Research.23(7):1176–1182. 

36. Marketou ME, Parthenakis F, Vardas PE (2016). Pathological 

Left Ventricular Hypertrophy and Stem Cells: Current 

Evidence and New Perspectives. Stem Cells 

Int.2016:5720758.  

37. Di Tullio MR, Zwas DR, Sacco RL, Sciacca RR, Homma S 

(2013) Left ventricular mass and geometry and the risk of 

ischemic stroke. Stroke .34:2380–2384.  

 

 

 
 
 
 
 
 

https://www.acpjournals.org/doi/abs/10.7326/0003-4819-72-6-813
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-72-6-813
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-72-6-813
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-72-6-813
https://link.springer.com/article/10.1007/s00125-005-1896-y
https://link.springer.com/article/10.1007/s00125-005-1896-y
https://link.springer.com/article/10.1007/s00125-005-1896-y
https://www.nature.com/articles/jhh2011104
https://www.nature.com/articles/jhh2011104
https://www.nature.com/articles/jhh2011104
https://www.nature.com/articles/jhh2011104
https://www.ncbi.nlm.nih.gov/books/NBK557534/
https://www.ncbi.nlm.nih.gov/books/NBK557534/
https://www.ncbi.nlm.nih.gov/books/NBK557534/
https://academic.oup.com/edrv/article-abstract/25/4/543/2355226
https://academic.oup.com/edrv/article-abstract/25/4/543/2355226
https://academic.oup.com/edrv/article-abstract/25/4/543/2355226
https://link.springer.com/article/10.1186/1475-2840-9-2
https://link.springer.com/article/10.1186/1475-2840-9-2
https://link.springer.com/article/10.1186/1475-2840-9-2
https://link.springer.com/article/10.1186/1475-2840-9-2
https://link.springer.com/article/10.1186/1475-2840-9-2
https://diabetesjournals.org/care/article-abstract/26/10/2764/26100
https://diabetesjournals.org/care/article-abstract/26/10/2764/26100
https://diabetesjournals.org/care/article-abstract/26/10/2764/26100
https://diabetesjournals.org/care/article-abstract/26/10/2764/26100
https://academic.oup.com/ajh/article-abstract/16/11/895/163459
https://academic.oup.com/ajh/article-abstract/16/11/895/163459
https://academic.oup.com/ajh/article-abstract/16/11/895/163459
https://academic.oup.com/ajh/article-abstract/16/11/895/163459
https://diabetesjournals.org/care/article-abstract/27/2/522/28419
https://diabetesjournals.org/care/article-abstract/27/2/522/28419
https://diabetesjournals.org/care/article-abstract/27/2/522/28419
https://diabetesjournals.org/care/article-abstract/27/2/522/28419
https://diabetesjournals.org/care/article-abstract/27/2/522/28419
https://cardiab.biomedcentral.com/articles/10.1186/s12933-018-0728-6
https://cardiab.biomedcentral.com/articles/10.1186/s12933-018-0728-6
https://cardiab.biomedcentral.com/articles/10.1186/s12933-018-0728-6
https://cardiab.biomedcentral.com/articles/10.1186/s12933-018-0728-6
https://www.sciencedirect.com/science/article/pii/S0975358311210088
https://www.sciencedirect.com/science/article/pii/S0975358311210088
https://www.sciencedirect.com/science/article/pii/S0975358311210088
https://www.sciencedirect.com/science/article/pii/S0975358311210088
https://journals.sagepub.com/doi/abs/10.1177/0021934714568017
https://journals.sagepub.com/doi/abs/10.1177/0021934714568017
https://journals.sagepub.com/doi/abs/10.1177/0021934714568017
https://journals.sagepub.com/doi/abs/10.1177/0021934714568017
https://www.sciencedirect.com/science/article/pii/S0305750X1930316X
https://www.sciencedirect.com/science/article/pii/S0305750X1930316X
https://www.sciencedirect.com/science/article/pii/S0305750X1930316X
https://www.karger.com/Article/Abstract/360421
https://www.karger.com/Article/Abstract/360421
https://academic.oup.com/hmg/article-abstract/30/R1/R37/6204791
https://academic.oup.com/hmg/article-abstract/30/R1/R37/6204791
https://academic.oup.com/hmg/article-abstract/30/R1/R37/6204791
https://academic.oup.com/clinchem/article-abstract/57/6/e1/5620987
https://academic.oup.com/clinchem/article-abstract/57/6/e1/5620987
https://academic.oup.com/clinchem/article-abstract/57/6/e1/5620987
https://academic.oup.com/clinchem/article-abstract/57/6/e1/5620987
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.101.19.2271
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.101.19.2271
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.101.19.2271
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.101.19.2271
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-2-14
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-2-14
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-2-14
https://www.jacc.org/doi/abs/10.1016/S0735-1097(98)00131-4
https://www.jacc.org/doi/abs/10.1016/S0735-1097(98)00131-4
https://www.jacc.org/doi/abs/10.1016/S0735-1097(98)00131-4
https://www.jacc.org/doi/abs/10.1016/S0735-1097(98)00131-4
https://link.springer.com/article/10.1186/1475-2840-5-19
https://link.springer.com/article/10.1186/1475-2840-5-19
https://link.springer.com/article/10.1186/1475-2840-5-19
https://link.springer.com/article/10.1186/1475-2840-5-19
https://link.springer.com/article/10.1186/1475-2840-5-19
https://link.springer.com/article/10.1186/s12933-017-0557-z
https://link.springer.com/article/10.1186/s12933-017-0557-z
https://link.springer.com/article/10.1186/s12933-017-0557-z
https://link.springer.com/article/10.1186/s12933-017-0557-z
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0495-9
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0495-9
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0495-9
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0495-9
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0495-9
https://www.sciencedirect.com/science/article/pii/S0002914908003834
https://www.sciencedirect.com/science/article/pii/S0002914908003834
https://www.sciencedirect.com/science/article/pii/S0002914908003834
https://www.sciencedirect.com/science/article/pii/S0002914908003834
https://diabetesjournals.org/care/article-abstract/30/4/946/25713
https://diabetesjournals.org/care/article-abstract/30/4/946/25713
https://diabetesjournals.org/care/article-abstract/30/4/946/25713
https://diabetesjournals.org/care/article-abstract/30/4/946/25713
https://diabetesjournals.org/care/article-abstract/30/4/946/25713
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-10-29
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-10-29
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-10-29
https://www.mdpi.com/1247148
https://www.mdpi.com/1247148
https://www.mdpi.com/1247148
https://heart.bmj.com/content/92/12/1784.abstract
https://heart.bmj.com/content/92/12/1784.abstract
https://heart.bmj.com/content/92/12/1784.abstract
https://academic.oup.com/ntr/article-abstract/23/7/1176/6127542
https://academic.oup.com/ntr/article-abstract/23/7/1176/6127542
https://academic.oup.com/ntr/article-abstract/23/7/1176/6127542
https://academic.oup.com/ntr/article-abstract/23/7/1176/6127542
https://www.hindawi.com/journals/sci/2016/5720758/
https://www.hindawi.com/journals/sci/2016/5720758/
https://www.hindawi.com/journals/sci/2016/5720758/
https://www.hindawi.com/journals/sci/2016/5720758/
https://www.ahajournals.org/doi/abs/10.1161/01.str.0000089680.77236.60
https://www.ahajournals.org/doi/abs/10.1161/01.str.0000089680.77236.60
https://www.ahajournals.org/doi/abs/10.1161/01.str.0000089680.77236.60


Cardiology Research and Reports                                                                                                                                                                   Copy rights@ Hayder A Giha et.al. 

 
Auctores Publishing LLC – Volume 4(4)-054 www.auctoresonline.org  
ISSN: 2692-9759   Page 9 of 9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI: 10.31579/2692-9759/054

 

 

 

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 

 

Learn more   https://www.auctoresonline.org/journals/cardiology-research-and-

reports 

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=67
https://www.auctoresonline.org/submit-manuscript?e=67
https://www.auctoresonline.org/submit-manuscript?e=67

