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Abstract
Insulin resistance, appearing years before diabetes main 
diagnostic sign, hyperglycemia, stands in the origin of type 
2 diabetes (T2DM), generated by complex impairment of a 
spectrum biochemical processes the most important of whi-
ch is the failure of phosphatidylinositol 3-kinase enzymatic 
chain responsible for glucose uptake and endothelial nitric 
oxide (NO) synthase activation. Therefore in conditions 
with insulin resistance the impairment of glucose uptake 
is strongly coupled with NO deficit and severe vasodilatory 
dysfunction. However T2DM conventional treatment even 
worsens diabetes fundamental pathophysiological mecha-
nisms reflected by aggravated obesity and insulin resistan-
ce. These may generate vasodilatory dysfunction, arterial 
hypertension and dyslipidemia, diminishing intensive glyce-
mic control mainly microvascular benefit. Glucocentric mo-
del of T2DM management should be replaced by approach 
focused primarily to impede insulin resistance rather then 
manage its cardiometabolic consequences. Antidiabetics 
should be selected to achieve hypoglycemic goals without 
increase of body weight and with ability to decrease insulin 
resistance, the key triggering factor of global vascular im-
pairment and T2DM cardiovascular mortality.
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pairment of a spectrum biochemical processes the most 
important of which is the failure of phosphatidylinositol 
3-kinase enzymatic chain responsible for glucose upta-
ke, endothelial nitric oxide (NO) synthase activation and 
NO supplementation [1].

NO is a highly reactive signaling molecule with basic 
role in an array of fundamental intracellular processes 
leading to vasorelaxation, inhibition of platelet aggrega-
tion, suppression of vascular smooth muscle cell prolif-
eration, cardiovascular remodeling and atherosclerosis 
[2,3]. NO is permanently secreted by endothelial cells op-
posing vasoconstrictor effect of tonic sympathetic drive 
[4], contributes to arterial baroreflex and vascular blood 
pressure buffering mechanisms [5], and participates in 
fine regulation of microcirculatory blood flow adjusted 
to actual metabolic demands. Therefore in insulin resis-
tant states NO deficit is coupled with severe vasodilatory 
dysfunction, generating a major cardiovascular risk even 
before the manifestation of hyperglycemia.

The meta-analysis of 87 studies with 951,083 partici-
pants showed that individuals with metabolic syndrome 
but without hyperglycemia have similarly malignant car-
diovascular outcomes as overt T2DM [6]. The relative risk 
of cardiovascular mortality in this study was: 1.75 - 2.40 
(insulin resistance - overt diabetes), stroke: 1.86 - 2.27, 
myocardial infarction: 1.62 - 1.99 and all-cause mortali-
ty: 1.32 - 1.58. The minor position of hyperglycemia be-
tween diabetic cardiovascular risk factors was also sup-
ported by negative results of intensive glycemic control 
on cardiovascular outcomes in ACCORD, ADVANCE and 
VADT trials [7-9], backed in addition by enhance cardio-
vascular mortality even 9 years after diabetes intensive 

Taoist thinking postulates the route to be more im-
portant than goal being the goal by itself. Applying for 
type 2 diabetes (T2DM), the method is crucial how to 
achieve glycemic goals but at the same time do not am-
plify insulin resistance, the cornerstone of diabetes pa-
tophysiology and the key cardiovascular risk factor.

Insulin resistance, appearing years before the out-
break of hyperglycemia is generated by complex im-
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treatment in ACCORD [10] and by absence of the legacy 
effect 15 years after intensive glycemic control in VADT 
trial [11]. Intensive glycemic control in UKPDS study was 
enable to prevent 80% of macrovascular and 75% micro-
vascular complications [12] revealing a huge body of re-

sidual cardiovascular risk left behind the management of 
hyperglycemia. Importantly, high residual cardiovascular 
risk still persists even after adjustment of blood pressure 
and hyperlipidemia [13], pointing on a powerful, under-
estimated cardiovascular slayer to be in play.

(Scherrer et al., Eur
J Endocrinol, 2000)

(Montero et al., 
Diabetologia, 2013)

(Gmitrov, Microvasc Res, 2015)

(Kim et al.,
Circulation, 2006)

Figure 1: The vicious circle between insulin resistance, sympathetic overactivity and NO-mediated dilation, the crucial me-
chanism of diabetic cardiovascular impairment. 
The vicious circle may be broken by augmentation of vessel sensitivity to NO- mediated dilation achieved by vascular sym-
pathetic withdrawal, generated by carotid baroreceptor magnetic activation.
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Figure 2: The lethal seesaw between micro- and macrovascular benefit of tight glycemic control with conventional drugs may 
be cranked by pathophysiologic approach.
Conventional glycemia depleting therapy decreases primarily microvascular complications, with reciprocal neutral or even 
aggravating effect on macrovacular impairment generated by worsened obesity, insulin resistance, arterial hypertension and 
hyperlipidemia, the “large” cardiovascular risk factors. This may result in negative net effect on cardiovascular outcomes. At 
the same time combination therapy with new drugs (GLP-1 agonist + SGLT2 inhibitor) generates both micro- and macrova-
scular protective effect with synergetic cardiovascular benefit.
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This mechanisms may partially explain the property of 
this combination to decrease systolic blood pressure, 
body weight and HbA1c, generating favorable cardiova-
scular outcomes [21].

Combination therapy approach fits diabetes pa-
thophysiology, allowing to address both micro- and 
macrovascular complications including high residual 
cardiovascular risk left behind the management of the 
hyperglycemia generating a potential to significantly im-
prove cardiovascular outcomes. Of course, such T2DM 
entrance treatment has strong economic limitations. 
However, favorable cardiovascular impact of each drug 
may generate durable, synergistic cardioprotective ef-
fect in combination, making this approach in perspecti-
ve even economically advantageous.

Interestingly, a link may exist between T2DM hypo-
tensive and hypoglycemic treatment. Hypotensives 
which decrease cardiovascular mortality (AT-1 recep-
tor blockers and ACE-inhibitors) were found effectively 
ameliorate endothelial dysfunction, sympathetic ove-
ractivity and, importantly, insulin resistance, preventing 
thus new onset T2DM [22]. This suggests interrelated 
etiopathogenetic background of T2DM and hyperten-
sive cardiac disease severity of which depends on the 
magnitude of preexisting insulin resistance [23]. The 
property of the arterial baroreflex-mediated vascular 
sympathetic withdrawal to augment vessel sensitivity 
to NO proposed to be the right feature to cut off the vi-
cious circle between endothelial NO deficit, sympathe-
tic overactivity and insulin resistance, the cornerstone 
of diabetic cardiovascular injury, Figure 1 [24].

And in conclusion, the glucocentric model of T2DM 
management should be replaced by approach focused 
primarily to impede insulin resistance rather then simply 
manage its cardiometabolic consequences, such as ar-
terial hypertension or hyperglycemia. Hyperinsulinemic 
drugs (sulfonylureas or insulin) should be administered 
in minimal amounts to avoid obesity and insulin resi-
stance, the key triggering factor of global vascular im-
pairment and T2DM cardiovascular mortality.
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scular structural and regulatory damage, responsible 
for malignant cardiovascular outcomes independent-
ly on hyperglycemia, Figure 1. The wiring of the arte-
rial baroreflex-mediated sympathetic withdrawal with 
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T2DM conventional treatment even worsens diabetes 
fundamental pathophysiological mechanisms reflected 
by autonomic dysfunction and aggravated obesity, a 
reliable visible sign of progressing insulin resistance. 
These promote arterial hypertension and dyslipidemia, 
the “large” macrovascular risk factors, diminishing thus 
intensive glycemic control mainly microvascular cardio-
vascular benefit Figure 2.

It seems that in clinical practice is not taken into con-
sideration enough the common knowledge that T2DM 
is a completely different condition than type 1 diabetes 
and rigidly pursuing the paradigm of tight glycemic con-
trol. This approach is even boosted by deeply anchored 
laic judgment linking diabetes only with hyperglycemia. 
Intensive glycemic control is useful to prevent cardio-
vascular complications primarily in younger patients 
and may be harmful in older individuals with longer 
history of T2DM and pre-existing cardiovascular dis-
eases [17]. It is crucial persuade patients to change life 
stile, intensify physical activity and decrease obesity. At 
least 10% weight reduction achieved by diet combined 
with aerobic and resistance exercises seems to be the 
most effective method to accomplish significant and 
sustained decrease of insulin resistance in diabetic and 
nondiabetic obese individuals [18].

Governments should be directly involved in T2DM 
prevention and treatment. State owned and private fa-
cilities (farms, camps, spas) should be established with 
high quality weight reduction and healthy life style mo-
dification programs. Antidiabetics should be selected 
to achieve hypoglycemic goals at least without weight 
gain, but better with capacity to decrease obesity and 
insulin resistance, and with evidence-based cardiova-
scular protective properties. Treatment should begin 
with dual or triple combinations, simultaneously targe-
ting different constituents of diabetes pathophysiology, 
such as: metformin + pioglitazone + SGLT2 inhibitor or 
metformin + GLP-1 agonist + SGLT2 inhibitor, Figure 
2. In particular the combination of GLP-1 agonist and 
SGLT2 inhibitor seems to be promising by its synergetic 
effect on renal and heart failure probably by vascular 
insulin resistance impeding - NO boosting mechanism 
[19], potentiated in addition by cardioprotective effect 
of increased myocardial tissue sensitivity to insulin [20]. 
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