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Introduction

Diabetes mellitus has become the most prevalent non-com-
municable disease and its incidence is globally increasing. 
According to the World Health Organization (WHO) state-
ment, the number of people with diabetes has increased from 
108 million in 1980 to 422 million in 2014. The global prev-
alence of diabetes among adults over 18 years of age has 
risen from 4.7% in 1980 to 8.5% in 2014.1 Data from 
Southeast Asia are even worse with 88 million adults (age 
group of 20–79 years) living with diabetes in 2019 and is 
estimated to increase to 153 million by 2045.2 Left ventricu-
lar systolic dysfunction has been identified in diabetic 
patients even with preserved left ventricular ejection fraction 
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Abstract
Objective: The primary objective of the study was to estimate the prevalence of sub-clinical left ventricular dysfunction 
among asymptomatic diabetic patients, while the secondary objectives were to determine its association with 
microvascular complications and to find correlation with the baseline clinical and demographic parameters.
Material and methodology: This was a cross-sectional study conducted on 226 type 2 diabetic patients who did 
not have any diagnosed cardiac disease, baseline ECG abnormality or cardiac symptoms. Two-dimensional strain 
echocardiography was performed to estimate the prevalence of left ventricular systolic dysfunction by measuring 
global longitudinal strain rate (cutoff < 18). Its association with microvascular complications was analysed with SPSS 23 
software. Other baseline clinical parameters and demographic profile were also analysed.
Result: Among 226 patients (151 males, 75 females), cardiac abnormality was found in 29.2% patients. Diabetic 
microvascular complications (e.g. neuropathy, retinopathy and nephropathy) were strongly associated with it (each with 
p < 0.0001) in addition to dyslipidaemia, history of hypertension, higher body mass index and poor glycaemic parameters. 
Among them, proteinuria showed a linear inverse relationship without any specific cutoff value.
Conclusion: It was found that sub-clinical left ventricular dysfunction was found in significantly high proportion 
among patients with microvascular complications. Hence, routine screening of all diabetics for such complications and 
subsequently high-risk patients undergoing strain echocardiography can be a very cost-effective diagnostic, therapeutic 
and prognostic modality.
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(LVEF) without overt coronary artery disease or heart failure 
(HF).3 In addition to glycaemic parameters and traditional 
risk factors, diabetes-related vascular complications have 
also been found to be associated with cardiac dysfunction.4–6 
Microvascular complications (nephropathy, neuropathy, 
retinopathy) can be detected in any outpatient department 
without undergoing any time-consuming or expensive inves-
tigation. These are part of a routine evaluation for any dia-
betic patients. These microvascular complications can play 
an important role as a screening marker for cardiac evalua-
tion. Because most of the cardiac dysfunctions in diabetics 
remain asymptomatic for a long time during initial period.7 
We do not have adequate data about complex relation 
between these two entities. Considering the huge diabetes 
burden in India and Southeast Asia, this information can be a 
policy changing factor. Hence, this study was conducted in 
an attempt to understand the correlation and determine the 
strength of association between microvascular complications 
and cardiac dysfunction

Methods

This was a cross-sectional study conducted in the depart-
ment of diabetes and metabolism (Internal Medicine) 
together with department of cardiology in our institution 
over a period of 15 months. After obtaining institutional 
ethical committee clearance, a total of 400 type 2 diabe-
tes mellitus (T2DM) patients were screened after taking 

written and informed consent. Based on their clinical 
symptoms, past medical records, baseline ECG and rou-
tine blood investigation, 226 patients were included in 
the study. All the patients with diagnosed cardiac condi-
tions or symptoms suggestive of cardiac diseases, uncon-
trolled hypertension (BP > 140/90), abnormal ECG and 
comorbidities like chronic smoking, alcoholism, chronic 
kidney disease, cerebrovascular events, thyroid disorder, 
anaemia and obesity were excluded. All the included par-
ticipants were evaluated for nephropathy (by 24-h uri-
nary protein), neuropathy [by nerve conduction study 
(NCS)] and retinopathy (by ophthalmoscopy examina-
tion by experienced ophthalmologist). They underwent 
conventional two-dimensional (2D) echocardiography 
with commercially available PHILLIPS EPIQ 7C echo-
cardiography machine and speckle trekking strain imag-
ing (Figure 1) with the ‘QLAB software’ provided in-built 
by the manufacturer. Data were recorded on MS office 
Excel sheet and various clinical and demographic param-
eters were analysed with SPSS version 23. LV systolic 
dysfunction was defined by global longitudinal strain 
(GLS) rate <18. The value of p < 0.05 was considered as 
statistically significant.

Results

A total of 226 patients with a mean age of 52.66 ± 8.43 years 
underwent transthoracic 2D echocardiography along with 

Figure 1. Acquisition of strain imaging in para-sternal short axis.
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strain imaging. Baseline demographic parameters are shown 
in Table 1. Of 226 participants, 66 (29.2%) were found to 
have sub-clinical LV dysfunction as assessed by GLS <18%. 
Among the baseline characteristics, older age (p = 0.002) and 
poor glycaemic status, that is, high fasting blood sugar (FBS) 
(p = 0.007), post-prandial blood sugar (PPBS) (p = 0.001), 
higher HbA1c (p = 0.004) and longer duration of diabetes 
(p = 0.009), were associated significantly with reduced GLS 
<18% by univariate analysis. Traditional risk factors like 
dyslipidaemia, higher low-density lipoprotein (LDL) choles-
terol (p = 0.026), higher total cholesterol (p = 0.015) and 
hypertension (p = 0.007) were also strongly associated with 
sub-clinical LV dysfunction. After applying multivariate 
analysis (Table 2) on the descriptive data, it was found that 
only 24-h urinary protein [95% confidence interval 
(CI) = −0.006 to −0.002; p = 0.0001], total cholesterol (95% 
CI = −0.029 to −0.014; p = 0.0001), duration of diabetes (95% 
CI = −0.081 to 0.048; p = 0.018) and body mass index (BMI) 
(95% CI = −0.588 to −0.112; p = 0.004) were significantly 
associated with reduced GLS value.

In terms of microvascular complications, out of 65 neu-
ropathy patients, 40 (61.5%) were found to have sub-clinical 
LV dysfunction [95% CI = 1.910–6.350, odds ratio 
(OR) = 3.483, p < 0.0001] (Table 3). Out of 66 patients with 
retinopathy, 36 (54.5%) had sub-clinical LV dysfunction 
(95% CI = 2.780–9.728, OR = 5.20, p < 0.0001) (Table 4). 
Similarly 24-h proteinuria was also higher among diseased 
group (259.41 ± 204.79 vs 69.02 ± 70.17 mg) with a value of 
p < 0.0001. It showed an inverse relation with the GLS value 
on plotting in scatter diagram (Figure 2).

Discussion

The major contributor of morbidity and mortality in both 
type 1 and type 2 diabetes is related to direct or indirect 
effects of hyperglycaemia on vascular system.8 Diabetic 
patients generally have two- to fivefold increased risk of 
cardiac disease when compared to non-diabetics. It com-
prises both systolic and diastolic heart failure with worse 
outcome once symptomatic heart failure develops. The 
term diabetic cardiomyopathy (DCM) was coined almost 
40 years ago and was initially used to describe ventricular 
dysfunction in the absence of coronary artery disease and 
hypertension in diabetic patients.9 Insulin resistance and 
hyperglycaemia are the major etiological factors as they 
increase the levels of free fatty acids, growth factors and 
causes imbalance in demand and supply in cardiomyocyte. 
Furthermore, they also promote excessive production and 
release of reactive oxygen species, which induces oxida-
tive stress leading to abnormal gene expression and cardio-
myocyte apoptosis.10

The overall prevalence of diabetes-related cardiac dys-
function is found to be 16.9%, whereas in the hospital set-
ting it is found to be around 18%.11 With the advancement 
of diagnostic modalities, many sub-clinical cardiac dys-
functions are getting identified among diabetic patients.12 
Our study revealed 29.2% of patients having sub-clinical 
dysfunctions as assessed by measuring GLS rate in other-
wise asymptomatic patients with a normal 2D echocardi-
ography. Considering the fact that most of the confounding 
factors that affect heart were excluded, it implies that 

Table 1. Baseline parameters of the study population.

Sub clinical dysfunction (GLS < 18), n = 66 Normal LV function (GLS ⩾ 18), n = 160 Total (n = 226)

Age (years) 55.44 ± 8.33 51.52 ± 8.22 52.66 ± 8.43
Weight (kg) 64.09 ± 4.95 63.1 ± 5.49 63.39 ± 5.34
Height (m) 1.66 ± 0.04 1.67 ± 0.05 1.668 ± 0.05
BMI (kg/m2) 22.50 ± 1.13 21.88 ± 0.97 22.06 ± 1.18
Duration of DM (year) 6.264 ± 2.1547 5.22 ± 4.18 5.52 ± 3.74
FBS (mg/dL) 136.83 ± 21.69 118.38 ± 18.77 123.77 ± 21.34
PPBS (mg/dL) 195.09 ± 37.05 171.58 ± 29.56 178.45 ± 33.60
HbA1c 8.489 ± 0.6064 8.106 ± 0.83 8.218 ± 0.79
T. cholesterol (mg/dL) 189.11 ± 38.14 144.19 ± 29.85 157.31 ± 38.32
TG (mg/dL) 216.32 ± 47.58 172.16 ± 42.47 185.05 ± 48.31
HDL (mg/dL) 35.05 ± 4.13 36.05 ± 4.06 35.76 ± 4.10
LDL (mg/dL) 111.41 ± 38.92 101.81 ± 24.4 104.62 ± 29.62
24-h urine protein (mg) 259.41 ± 204.79 69.02 ± 70.17 124.62 ± 152.06
LA volume (mL) (PS view) 35.47 ± 3.693 35.55 ± 4.432 35.53 ± 4.222
LVED vol. (mL/m2) 50.77 ± 4.683 50.95 ± 5.488 50.9 ± 5.256
LVES vol. (4 chm view 23.09 ± 3.987 23.13 ± 3.723 23.12 ± 3.793
2D echo (LVEF) 60.02 ± 4.491 60.89 ± 3.753 60.63 ± 3.993

GLS: global longitudinal strain; LV: left ventricular; DM: diabetes mellitus; BMI: body mass index; FBS: fasting blood sugar; PPBS: post-prandial blood 
sugar; T. cholesterol: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein; LDL: low-density lipoprotein; 4 chm view: four chamber 
view; 2D: two-dimensional; LA: left atrial; LVED: left ventricular end-diastolic; LVES: left ventricular end-systolic; LVEF: left ventricular ejection 
fraction.
Values represent mean ± standard deviation.
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hyperglycaemia with insulin resistant can be an independ-
ent factor in its pathogenesis. This is consistent with vari-
ous previous studies.13

Diabetic complications are divided as either acute or 
chronic with sub-classification of chronic into microvascular, 
macrovascular and non-vascular complications, and diabetic 
nephropathy, retinopathy and neuropathy are the classical 
microvascular complications. While macrovascular compli-
cations include coronary artery disease, peripheral vascular 
disease (PVD) and cerebrovascular disease,14 cardiovascular 
complications fall under macrovascular complication as it is 
believed to be due to underlying compromised coronary per-
fusion.15 Because of similarity of pathogenesis between car-
diac and microvascular complications at the molecular level, 
researchers have been trying for a long time to establish a 
clinically useful relationship between the two entities.

The current study has further strengthened the belief of 
mutual existence of cardiac and microvascular complica-
tions. In addition, the study also leaves a question to ponder 

Table 3. Association between sub-clinical systolic dysfunction and diabetic neuropathy.

Diabetic neuropathy Sub-clinical LV dysfunction (GLS < 18%) OR 95% CI

Absent Present Total Chi p value

Present 25 (38.5%) 40 (61.5%) 65 (100%) 46.14 <0.0001 3.483 1.910–6.350
Absent 135 (83.9%) 26 (16.1%) 161 (100%)
Total 160 (70.8%) 66 (29.2%) 226 (100%)

GLS: global longitudinal strain; LV: left ventricular; OR: odds ratio; CI: confidence interval.

Figure 2. Scatter diagram showing relation between GLS and 
24-h urinary protein.

Table 2. Association between the various parameters with global longitudinal strain (GLS) rate by univariate and multivariate 
analysis.

Univariate Multivariate

 β 95.0% CI p value B 95.0% CI p value

Age (years) −0.058 −0.095 to −0.021 0.002 −0.011 −0.04 to 0.018 0.444
Weight (kg) −0.004 −0.064 to 0.056 0.314 −0.026 −0.092 to 0.041 0.447
Height (m) 7.207 1.341 to 13.072 0.266 3.756 −2.504 to 10.015 0.238
BMI (kg/m2) −0.829 −1.074 to −0.584 0.001 −0.350 −0.588 to −0.112 0.014
Duration of DM (year) −0.097 −0.181 to −0.013 0.009 −0.016 −0.081 to 0.048 0.018
FBS (mg/dL) −0.045 −0.058 to −0.031 0.007 −0.010 −0.029 to 0.009 0.317
PPBS (mg/dL) −0.023 −0.032 to −0.014 0.001 −0.010 −0.021 to 0.002 0.108
HbA1c −0.723 −1.113 to −0.334 0.004 −0.095 −0.51 to 0.321 0.653
T. cholesterol (mg/dL) −0.035 −0.042 to −0.028 0.005 −0.022 −0.029 to −0.014 0.0001
TG (mg/dL) −0.017 −0.023 to −0.011 0.001 −0.003 −0.008 to 0.003 0.317
HDL (mg/dL) −0.012 −0.022 to −0.001 0.097 −0.005 −0.014 to 0.005 0.338
LDL (mg/dL) 0.058 −0.019 to 0.135 0.026 −0.044 −0.108 to 0.021 0.181
24-h urine protein (mg) −0.009 −0.011 to −0.007 <0.0001 −0.004 −0.006 to −0.002 0.0001
LA volume (mL) (PS view) −0.001 −0.077 to 0.074 0.969 −0.027 −0.086 to 0.032 0.368
LVED vol. (mL/m2) 0.021 −0.039 to 0.082 0.486 0.035 −0.01 to 0.079 0.126
LVES vol. (4 chm view −0.012 −0.096 to 0.072 0.771 0.047 −0.019 to 0.113 0.160
2D echo (LVEF) 0.053 −0.026 to 0.133 0.187 −0.003 −0.062 to 0.056 0.923

CI: confidence interval; BMI: body mass index; DM: diabetes mellitus; FBS: fasting blood sugar; PPBS: post-prandial blood sugar; T. cholesterol: total 
cholesterol; TG: triglycerides; HDL: high-density lipoprotein; LDL: low-density lipoprotein; 4 chm view: four chamber view; 2D: two-dimensional; 
LA: left atrial; LVED: left ventricular end-diastolic; LVES: left ventricular end-systolic; LVEF: left ventricular ejection fraction.



Roy et al. 5

whether microvascular complications can be considered as 
sine quo non for cardiovascular complications, as we could 
see that 40 (61%) of those with diabetic neuropathy were 
also found to have sub-clinical cardiac dysfunction. Being 
asymptomatic, they would have been missed otherwise. 
Diabetic neuropathy has been found to have variable occur-
rence among different studies. One of the largest popula-
tion-based studies done by Zeigler et al.16 showed 
prevalence of neuropathy to be approximately 8.54% in 
type 1 and 13.46% in type 2 diabetic patients. On the other 
hand, a study done 4 years back by Popescu et al.17 found 
that 66% in type 1 and 59% in type 2 were having diabetic 
neuropathy in western population. Probably the rapidly ris-
ing number of diabetic patients and inclusion of better diag-
nostic tools for neuropathy might explain differences in 
these numbers. Nerve conduction studies (NCSs) are rec-
ommended as the gold standard for objectively diagnosing 
diabetic peripheral neuropathy (DPN). Abnormal NCS 
together with signs and symptoms are the best diagnostic 
approach for DPN as advised by the Toronto Consensus 
committee. The characteristics of electrophysiological 
findings are reduced amplitude, slowing of sensory and 
motor nerve signal conduction velocity and prolonged 
F-wave latency along with absent Hoffman reflex.18 Our 
results support previous studies.

A meta-analysis of 12 studies showed that cardiac auto-
nomic neuropathy (CAN) is associated with silent myocar-
dial infarction (MI) detected by the exercise test with 
prevalence ratios of 0.85 to 15.53,6 while in another multi-
centre randomized study, patients with established cardiac 
diseases were found to have increased risk of developing 
neuropathy over 10 years of follow-up.19 So, from the 
review of literature, the relationship between cardiovascular 
disease (CVD)-related mortality and CAN has been almost 
well demonstrated.20 But the evidence on the relationship 
between DPN and CVD seems to be erratic and scanty. 
Probably our study can serve as an evidence to further 
emphasize the relation between the two. Considering the 
disease burden of diabetes, it is important to screen for neu-
ropathy by simple clinical examination and questionnaire so 
that their CVD-related mortality and morbidity can be pre-
vented or delayed. A more holistic approach by diabetolo-
gist, cardiologist and neurologist is needed in this scenario.

A similar correlation (p < 0.0001) is seen in our study 
with 24-h urinary protein level, a hallmark of diabetic 
nephropathy. There is a progressive decrease in GLS value 

with increasing levels of proteinuria. It was even more 
important to understand that all our study participants had 
well-preserved kidney function [estimated glomerular fil-
tration rate (eGFR > 60)]. This raises an important ques-
tion whether sub-clinical systolic dysfunction is directly 
related to sub-clinical renal dysfunction among diabetics 
or not. The Heart Outcomes Prevention Evaluation 
(HOPE) study found that proteinuria was associated with 
adverse outcome independently of traditional cardiovascu-
lar risk factors.21 Furthermore, cardiovascular risk appears 
to be increased even at those levels of proteinuria which 
are considered to be pathologically insignificant. In fact, 
there is no distinct cutoff level that confers increased car-
diovascular risk; rather, increasing albuminuria is associ-
ated with a graded increase in risk.22 A similar study done 
by J J Cao et al. in the elderly population also found a 
significant association between nephropathy and CVD, 
but not with sub-clinical atherosclerosis (as measured by 
carotid intima-media thickness). This led the authors to 
conclude that micro-albuminuria may be associated with 
plaque destabilization rather than with atherosclerosis 
itself.23 K Wachtell et al.24 found that the level of microal-
buminuria was inversely related to adiponectin levels and 
directly related to levels of C-reactive proteins and asym-
metric dimethylarginine (ADMA), an inflammatory bio-
marker which causes endothelial dysfunction through 
inhibition of nitric oxide production. But Jager et al.25 in 
their study on albuminuria, PVD, did not find a significant 
correlation. Considering the similarity of pathophysiology, 
this was a relatively contradictory finding. However, more 
evidences have been there in favour of the association 
between diabetic nephropathy and CVD mortality.26 It can 
be said that the relationship is well established, yet poorly 
understood. All those underlying inflammatory markers 
explained above probably act together both in the glomer-
uli and in coronaries to increase the risk of CVD in patient 
with proteinuria.27 Hence, our study states that there is a 
direct relation between microvascular and macrovascular 
complications in diabetic patients.

The current study also clearly demonstrates a positive 
correlation between diabetic retinopathy and LV systolic 
dysfunction. We can see in our result that 36 (54.5%) 
patients had sub-clinical LV systolic dysfunction out of 66 
patients with diabetic retinopathy (all had non-proliferating 
retinopathy). Probably inclusion of only asymptomatic 
patients yielded this milder version of retinopathy. However 

Table 4. Association between diabetic retinopathy and sub-clinical systolic dysfunction.

Diabetic retinopathy Sub-clinical LV systolic dysfunction OR 95% CI

Absent Present Total Chi p value

Present 30 (45.5%) 36 (54.5%) 66 (100%) 28.95 <0.0001 5.2 2.780–9.728
Absent 130 (81.3%) 30 (18.8%) 160 (100%)
Total 160 (70.8) 66 (29.2) 226 (100)

LV: left ventricular; OR: odds ratio; CI: confidence interval.
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as per the evidence, severity of retinopathy is associated 
directly with the severity of CVD. Shoeibi et al. in their 
study showed that after adjustment for traditional risk fac-
tors for CVD, the risk of CVD remained markedly increased 
in the presence of diabetic retinopathy. Risk of CVD was 
significantly higher in PDR [proliferative diabetic retinopa-
thy vs non-proliferative diabetic retinopathy (NDR)] 
(18.7 ± 10.0% vs 11.3 ± 8.4%, p = 0.01).28 However, 
Karagöz et al.29 in their recently conducted study using 
speckled tracing imaging on 82 patients could not find a sig-
nificant relationship between diabetic retinopathy and LV 
longitudinal systolic function. Similar study done by 
Annonu et al.30 found that E/A ratio (which is considered to 
be the parameter for diastolic dysfunction) did not differ sig-
nificantly in diabetic patients with and without retinopathy. 
K Bućan et al.31 in their study on type 1 diabetes mellitus 
also did not find any difference with systolic function. But 
with the advancement of diagnostic modality, more positive 
correlations have come up. A recently published study on 
1740 participants has found that diabetic retinopathy has 
been significantly associated with CVD (p = 0.003) with an 
OR of 2.16 and 95% CI.32 Probably ophthalmoscopy being 
an observer dependent procedure, we could find almost 
equal number of results on either end of the association. 
Hence in this grey zone of evidence, our positive result can 
certainly provide an encouragement for pursuing more stud-
ies to explore the relation between CVD and retinopathy.

Along with these three microvascular complications, 
other traditional risk factors like older age, history of 
hypertension, dyslipidaemia and poor glycaemic parame-
ters (e.g. FBS, PPBS, HbA1c) were associated with LV 
dysfunction. However, hyperglycaemia remains as an 
important contributor.

Conclusion

The strong association between microvascular complica-
tions and CVD risk is proven in our study. Our study is 
unique as it included all the three parameters of microvascu-
lar complication in a single study group of population and is 
probably the first of its kind. Hence, a risk stratification for 
early CVD evaluation based on these readily detectable 
microvascular parameters should be given a priority in any 
diabetologists’ or general physician’s outpatient clinic.

Key messages
India together with Southeast Asia carries the highest 
burden of diabetes mellitus and CVD being the most 
common cause of mortality, it is always important to 
detect this condition early. Hence, being able to iden-
tify those high-risk patients in their asymptomatic 
stage based on the presence of these microvascular 
complications is the key learning point from our study.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship and/or publication of this article.

ORCID iD

Shankar Roy  https://orcid.org/0000-0003-3869-3888

References

 1. Roglic G. WHO Global report on diabetes: a summary. Int J 
Non Commun Dis 2016; 1(1): 3.

 2. Yuen L, Saeedi P, Riaz M, et al. Projections of the preva-
lence of hyperglycaemia in pregnancy in 2019 and beyond: 
results from the international diabetes federation diabetes 
atlas. Diabetes Res Clin Pract 2019; 157: 107841.

 3. Hobbs FR, Roalfe AK, Davis RC, et al. Prognosis of all-cause 
heart failure and borderline left ventricular systolic dysfunc-
tion: 5 year mortality follow-up of the Echocardiographic 
Heart of England Screening Study (ECHOES). Eur Heart J 
2007; 28(9): 1128–1134

 4. Bissinger A. Cardiac autonomic neuropathy: why should 
cardiologists care about that? J Diabetes Res 2017; 2017: 
5374176.

 5. Baltzis D, Roustit M, Grammatikopoulou MG, et al. 
Diabetic peripheral neuropathy as a predictor of asymp-
tomatic myocardial ischemia in type 2 diabetes mellitus: 
a cross-sectional study. Adv Therap 2016; 33(10): 1840–
1847.

 6. Dinneen SF and Gerstein HC. The association of microal-
buminuria and mortality in non – insulin-dependent diabe-
tes mellitus: a systematic overview of the literature. Archiv 
Intern Med 1997; 157(13): 1413–1418.

 7. Miller TD, Rajagopalan N, Hodge DO, et al. Yield of stress 
single-photon emission computed tomography in asymp-
tomatic patients with diabetes. Am Heart J 2004; 147(5): 
890–896

 8. American Diabetes Association. Standards of medical care 
in diabetes – 2016: summary of revisions. Diabet Care 
2016; 39(Suppl. 1): S4–S5.

 9. Care D. Medical Care in Diabetes 2018. Diabet Care 2018; 
41(1): S105–S118.

 10. Rubler S, Dlugash J, Yuceoglu YZ, et al. New type of car-
diomyopathy associated with diabetic glomerulosclerosis. 
Am J Cardiol 1972; 30(6): 595–602.

 11. Falcão-Pires I and Leite-Moreira AF. Diabetic cardiomyo-
pathy: understanding the molecular and cellular basis to 
progress in diagnosis and treatment. Heart Fail Rev 2012; 
17(3): 325–344.

 12. Dandamudi S, Slusser J, Mahoney DW, et al. The preva-
lence of diabetic cardiomyopathy: a population-based 
study in Olmsted County, Minnesota. J Card Fail 2014; 
20(5): 304–309

 13. Scott CG, From AM and Chen HH. The development of 
heart failure in patients with diabetes mellitus and pre-clinical 

https://orcid.org/0000-0003-3869-3888


Roy et al. 7

diastolic dysfunction: a population-based study. J Am Coll 
Cardiol 2010; 55(4): 300–305.

 14. Alaboud AF, Tourkmani AM, Alharbi TJ, et al. 
Microvascular and macrovascular complications of type 
2 diabetic mellitus in Central, Kingdom of Saudi Arabia. 
Saudi Med J 2016; 37(12): 1408–1411

 15. Kang X, Berman DS, Lewin H, et al. Comparative ability 
of myocardial perfusion single-photon emission computed 
tomography to detect coronary artery disease in patients 
with and without diabetes mellitus. Am Heart J 1999; 
137(5): 949–957

 16. Zeigler D, Meisiner C, Rathmann W, et al. Prevalence of 
polyneuropathy in prediabetes and diabetes is associated 
with abdominal obesity and macroanigopathy. Diabetes 
2008; 31(3): 464.

 17. Popescu S, Timar B, Baderca F, et al. Age as an independ-
ent factor for the development of neuropathy in diabetic 
patients. Clin Interv Aging 2016; 11: 313–318.

 18. Tesfaye S, Boulton AJ, Dyck PJ, et al. Diabetic neuropathies: 
update on definitions, diagnostic criteria, estimation of sever-
ity, and treatments. Diabet Care 2010; 33(10): 2285–2293

 19. Ybarra-Muñoz J, Jurado-Campos J, Garcia-Gil M, et al. 
Cardiovascular disease predicts diabetic peripheral polyneu-
ropathy in subjects with type 2 diabetes: a 10-year prospec-
tive study. Eur J Cardiovasc Nurs 2016; 15(4): 248–254

 20. Hsu WC, Chiu SH, Yen AF, et al. Somatic neuropathy is 
an independent predictor of all-and diabetes-related mor-
tality in type 2 diabetic patients: a population-based 5-year 
follow-up study (KCIS No. 29). Eur J Neurol 2012; 19(9): 
1192–1198

 21. Gerstein HC, Mann JF, Yi Q, et al. Albuminuria and risk 
of cardiovascular events, death, and heart failure in diabetic 
and nondiabetic individuals. JAMA 2001; 286(4): 421–426.

 22. Hillege HL, Janssen WM, Bak AA, et al. Microalbuminuria 
is common, also in a nondiabetic, nonhypertensive population, 
and an independent indicator of cardiovascular risk factors and 
cardiovascular morbidity. J Intern Med 2001; 249(6): 519–526

 23. Cao JJ, Barzilay JI, Peterson D, et al. The association of 
microalbuminuria with clinical cardiovascular disease and 
subclinical atherosclerosis in the elderly: the Cardiovascular 
Health Study. Atherosclerosis 2006; 187(2): 372–377

 24. Wachtell K, Ibsen H, Olsen MH, et al. Albuminuria and 
cardiovascular risk in hypertensive patients with left ven-
tricular hypertrophy: the LIFE study. Ann Intern Med 2003; 
139(11): 901–906.

 25. Jager A, Kostense PJ, Ruhé HG, et al. Microalbuminuria 
and peripheral arterial disease are independent predictors 
of cardiovascular and all-cause mortality, especially among 
hypertensive subjects: five-year follow-up of the Hoorn 
Study. Arterioscler Thromb Vasc Biol 1999; 19(3): 617–624

 26. de Zeeuw D. Albuminuria, just a marker for cardiovascu-
lar disease, or is it more? J Am Soc Nephrol 2005; 16(7): 
1883–1885.

 27. Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, et al. 
Albuminuria reflects widespread vascular damage. 
Diabetologia 1989; 32(4): 219–226

 28. Shoeibi N and Bonakdaran S. Is there any correlation 
between diabetic retinopathy and risk of cardiovascular dis-
ease? Curr Diabetes Rev 2017; 13(1): 81–86

 29. Karagöz A, Bezgin T, Kutlutürk I, et al. Subclinical left ven-
tricular systolic dysfunction in diabetic patients and its asso-
ciation with retinopathy. Herz 2015; 40(Suppl. 3): 240–246

 30. Annonu AK, Fattah AA, Mokhtar MS, et al. Left ventricular 
systolic and diastolic functional abnormalities in asympto-
matic patients with non–insulin–dependent diabetes melli-
tus. J Am Soc Echocardiogr 2001; 14(9): 885–891

 31. Bućan K, Bojić L, Fabijanić D, et al. Left ventricular sys-
tolic function in selected type 1 diabetic patients with or 
without diabetic retinopathy and microalbuminuria. Acta 
Clinica Croatica 2014; 53(4)383: 9.

 32. Roy MS, Janal MN, Crosby J, et al. Inflammatory bio-
markers and progression of diabetic retinopathy in African 
Americans with type 1 diabetes. Invest Ophthalmol Visual 
Sci 2013; 54(8): 5471–5480.




