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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 < I8). 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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Figure |. Acquisition of strain imaging in para-sternal short axis.

(LVEF) without overt coronary artery disease or heart failure
(HF).? In addition to glycaemic parameters and traditional
risk factors, diabetes-related vascular complications have
also been found to be associated with cardiac dysfunction.*¢
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.’
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
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Table |. 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) 5544833
Weight (kg) 64.09 =4.95
Height (m) 1.66 £0.04
BMI (kg/m?) 2250+ 1.13
Duration of DM (year) 6.264 +2.1547
FBS (mg/dL) 136.83 £21.69
PPBS (mg/dL) 195.09 = 37.05
HbAlc 8.489 + 0.6064
T. cholesterol (mg/dL) 189.11 +=38.14
TG (mg/dL) 216.32+47.58
HDL (mg/dL) 35.05+4.13
LDL (mg/dL) 111.41 £3892

24-h urine protein (mg) 259.41 =204.79
LA volume (mL) (PS view)  35.47 £3.693

LVED vol. (mL/m?) 50.77 = 4.683
LVES vol. (4 chm view 23.09 £3.987
2D echo (LVEF) 60.02 4491

51.52+8.22 52.66 =8.43
63.1 £549 63.39 =534
1.67 =0.05 1.668 = 0.05
21.880.97 2206 1.18
522*418 552374
118.38 £ 18.77 123.77 = 21.34
171.58 £29.56 178.45 +33.60
8.106 = 0.83 8218+0.79
144.19 £29.85 157.31 +3832
172.16 £42.47 185.05 +48.31
36.05 +4.06 3576 =4.10
101.81 =244 104.62 +29.62
69.02+70.17 124.62 = 152.06
35.55+4432 35534222
50.95*=5.488 50.9 £5.256
23.13%£3.723 23.12£3.793
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.

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 (»=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 HbAlc (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 wurinary 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% CI1=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.® 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
40years ago and was initially used to describe ventricular
dysfunction in the absence of coronary artery disease and
hypertension in diabetic patients.’ 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. '’

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%.!! With the advancement
of diagnostic modalities, many sub-clinical cardiac dys-
functions are getting identified among diabetic patients.'?
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
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Table 2. Association between the various parameters with global longitudinal strain (GLS) rate by univariate and multivariate
analysis.

Univariate Multivariate

B 95.0% ClI p value B 95.0% ClI p value
Age (years) -0.058 —0.095 to —0.021 0.002 -0.011 -0.04t0 0.018 0.444
Weight (kg) -0.004 —0.064 to 0.056 0314 -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/m?) -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 0.0I18
FBS (mg/dL) —0.045 —0.058 to —0.031 0.007 -0.010 —0.029 to 0.009 0317
PPBS (mg/dL) -0.023 —0.032 to —-0.014 0.001 -0.010 —-0.021 to 0.002 0.108
HbAIlc -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 —0.01 | 0.001 -0.003 —0.008 to 0.003 0317
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 to0 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/m?) 0.021 —0.039 to 0.082 0.486 0.035 -0.0l to 0.079 0.126
LVES vol. (4 chm view -0.012 —0.096 to 0.072 0.771 0.047 -0.019t0 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

Cl: 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.

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; Cl: confidence interval.

hyperglycaemia with insulin resistant can be an independ-
ent factor in its pathogenesis. This is consistent with vari-
ous previous studies.'?

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,'* cardiovascular
complications fall under macrovascular complication as it is
believed to be due to underlying compromised coronary per-
fusion.'® Because of similarity of pathogenesis between car-
diac and microvascular complications at the molecular level,
T B e =T = researchers have been trying for a long time to establish a

24 hours urinary protein clinically useful relationship between the two entities.
The current study has further strengthened the belief of
Figure 2. Scatter diagram showing relation between GLS and mutual existence of cardiac and microvascular complica-
24-h urinary protein. tions. In addition, the study also leaves a question to ponder
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Table 4. Association between diabetic retinopathy and sub-clinical systolic dysfunction.

Diabetic retinopathy Sub-clinical LV systolic dysfunction OR 95% Cl
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; Cl: confidence interval.

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.'® 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 4years back by Popescu et al.!” 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.'® 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,° while in another multi-
centre randomized study, patients with established cardiac
diseases were found to have increased risk of developing
neuropathy over 10years of follow-up."” So, from the
review of literature, the relationship between cardiovascular
disease (CVD)-related mortality and CAN has been almost
well demonstrated.”’ 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 (¢GFR > 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.?! 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.?? 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.?> K Wachtell et al.>* 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.>® 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.?® 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.”’” 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
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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*+84%, p=0.01)* However,
Karagdz et al.?’ 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.>° 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 Buéan et al.3! 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, HbAlc) 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.
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