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ABSTRACT: Choosing between OHA and insulin especially in type 2 diabetes has always been a
challenge. Recent studies have indicated that insulin proved superior as it has additional
inflammatory properties. Thus insulin could prove beneficial especially in diabetics with coronary
artery disease (CAD) where inflammation causes plaque instability. With this background we
studied the influence of insulin on inflammation in patients with coronary artery disease. The
influence of admission sugars and duration of disease was also studied. METHODS: 83 diabetics
coming with history of diabetes were studied .Patients were divided into those on insulin and those
on OHA. Admission RBS and HsCRP (inflammatory marker) were done after a thorough history.
Appropriate statistical methods were employed where necessary. RESULTS: HsCRP was
consistently higher in patients with higher admission RBS (p=.000), however patients on insulin had
comparatively low HsCRP levels despite high RBS values (p=.000). Mean HsCRP values were higher
in patients with myocardial ischemia and unstable angina than in stable angina, hereto it was
observed that patients on insulin had much lower HsCRP values (p=.005). HsCRP was highest in
those with diabetes of less than 1yr duration (p=.000). HsCRP was much lower in insulin group
irrespective of the duration of therapy (p=.010). CONCLUSION: Insulin exerts marked anti-
inflammatory effect on patients with CAD irrespective of admission sugars and duration of diabetes.
Insulin could thus add to plaque stability and improved outcomes in patients with CAD.
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INTRODUCTION: Diabetes is the most common metabolic disorder all over the world. Diabetes has
now reached pandemic proportions; it has been recognized as an independent risk factor for various
diseases including the dreaded ischemic heart diseases. Recently the role of inflammation in the
pathogenesis of diabetic complications has been recognized. Inflammation which is now recognized
as a key mechanism in diabetes also contributes to increased atherosclerosis and plaque instability
which can cause many an unstable coronary syndromes. Therapy in diabetes has always been a
subject of intense debate. An oral hypoglycemic drug (OHA) versus insulin as the option of choice in
the treatment of diabetes has always been a dilemma. Recent studies have demonstrated that insulin
has a marked anti-inflammatory effect in addition to its action of glycemic controlt-4Thus insulin
could score a point over OHAs as anti inflammation would confer additional protective effect
especially in ischemic heart disease. With this background in mind we conducted this study to
evaluate the anti-inflammatory effect of insulin in patients of diabetes coming with coronary artery
disease using HsCRP as a marker of inflammation.

METHODS: Patient Selection-we included 83 patients coming to KLE Hospital Belgaum with history
of coronary artery disease including chronic stable angina (SA), Unstable Angina(USA) and
myocardial infarction(MI). Patients were interviewed at admission according to a predetermined
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questionnaire after an informed written consent. Diagnosis was established based on history,
electrophysiology and serum enzymes in accordance with standard diagnostic criteria. History of
diabetes with mention to the time from onset, the type of treatment and the duration of treatment
was elicited. All our study subjects were known diabetes; all were on the same therapy that is either
insulin or OHA for a minimum of 6 months before the inclusion into the study. All patients with renal
or hepatic diseases, autoimmune disorders and chronic inflammatory diseases were excluded as
these conditions could influence HsCRP levels and give false values. We also excluded patients with
hypertension, smoking and other risk factors for coronary artery disease as this could influence
HsCRP levels. Patients with fever and history of surgery in the past three months were also excluded.

Laboratory assessment-once consent was taken patients blood sample was collected for
cardiac enzymes, HsCRP and other biochemical parameters. Random sugars were measured at
admission. Samples for HsCRP were collected and sent to laboratory as soon as possible .Patients
serum HsCRP was measured using PETIA(Particle Enhanced Turbidimetric Immuno analysis
Method) using Dade Behring UK kit. HSCRP values were reported in mg/L. The assay had sensitivity
to detect as low as 0.5 mg/liter of CRP. Undetectable CRP values were recorded as 0.015 mg/liter.
Levels greater than 1 were considered significant.

Statistical methods-statistical analysis was done using standard statistical methods. ANOVA
test was used for correlation of HsCRP with admission RBS and duration of disease. T-test was used
to compare HsCRP in types of treatment. Univariate analysis using general linear mode was used to
compare disease types with type and duration of treatment with HsCRP. Other statistical methods
were employed wherever necessary.

RESULTS: Of the 83 patients in our study there were 27 with unstable angina (USA), 17 with stable
angina (SA) and 39 with myocardial infarction (MI). In the study group 39 were on insulin and 44
were on OHAs. Most patients came with admission sugars of 200-300 mg/dl. HsCRP showed a linear
relation with blood sugars and was highest in patients with highest sugars with a high correlation
coefficient of p=.000.HsCRP was significantly higher in OHA group in comparison with insulin group
irrespective of the admission RBS (p=.010) see table 1.

Mean HsCRP was significantly higher in OHA group (8.59) than in the insulin group(4.25)
,this was statistically significant p=.000.HsCRP and thus the inflammatory burden correlated
significantly with the type of disease with the mean HsCRP much higher in unstable diseases like
unstable angina and myocardial infarction than in stable angina this was statistically significant. In
all the disease types it was noticed that the insulin group had significantly lower HsCRP than the
OHA group which was also statistically significant (p=.000) as shown in table 2.

HsCRP and thus inflammation did not show any significant relation with the duration of
therapy (p=0.632). However it was noticed that irrespective of the duration of therapy HsCRP was
much lower in the insulin group than the OHA group (p=.010) as shown in table 3.

Therapy: Most patients in our study had a history of diabetes for one to five years. Thus HsCRP was
significantly lower in insulin group when compared to OHA group.

DISCUSSION: In the study we found that insulin showed anti-inflammatory effect irrespective of the
glycemic status of the individuals. There are two possible mechanisms for the anti-inflammatory
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effects of insulin one being its ability to control blood sugars which add to the inflammatory burden
and the second being an inherent anti inflammatory effect of insulin.

Pro-inflammatory effects of glucose and response to insulin: There have been several studies
that have demonstrated the proinflammatory effects of glucose. This may then mean that the anti-
inflammatory effect of insulin may be secondary to its glucose lowering effect. Glucose has been
shown to induce the generation of ROS and superoxide radical and to induce P47phox by leucocytes
upon the administration of 75 g of glucose even in normal subject’s normal subject’s 5.Thus blood
sugars can increase the oxidative stress even in the presence of a non diabetic state. Glucose intake
was proved to cause translocation of P47phox to the cell membrane and also increasing NF kf
(regulator of inflammation) binding and the activation of IkB kinases a and b with a decrease in
IkBasé. Glucose intake also increases tumor necrosis factor a (TNF o) mRNA. This was shown in one
study where infusion of glucose into normal subjects results in an increase in TNF a and IL-6 if the
subject’s endogenous insulin secretion is inhibited by the concomitant infusion of somatostatin 7. In
one study glucose intake has also been shown to increase activator protein-1 (AP-1) and Egr-1, two
major pro-inflammatory transcription factors and the key genes activated by them: MMP-2, MMP-9
and tissue factor (TF) 8. TF is an activator of the extrinsic pathway of coagulation; this may explain
the predisposition of patients with poor glycemic status to develop thrombosis 9 Glucose has been
shown to increase thrombin activation in subjects with type 2 diabetes and this effect has been
reduced with the administration of antioxidants. Thus glucose itself may be a potent stimulator of
inflammatory activity. This adds proof to the theory that it may be the sugar lowering by
medications or life style modification may contribute to anti-inflammation. In our study we
demonstrated that the admission glycemic status did have a marked effect on the inflammatory
burden in an individual. It was also noticed that the inflammatory burden was much lower in
patients who were on insulin rather than in those who were on OHA across the spectrum of glycemic
control. [t was also noticed that the inflammatory burden in patients was low even in those patients
with high blood sugars; this means that insulin irrespective of the sugars has an ability to bring
down the inflammatory burden which may be induced by blood glucose. As OHAs did not
demonstrate any such effects it may be reasonable to conclude that insulin may be superior to OHA
at least in its anti-inflammatory effect. This benefit is relevant more so in intensive care set ups
where stress related increase in sugars may cause greater damage here ant inflammation by insulin
may be an absolute necessity. One study we found that insulin therapy with its anti-inflammatory
effect could explains the beneficial effects on organ failure and mortality in medically and surgical
critically ill patients.1Qur study also demonstrated this benefit.

Insulin as an anti-inflammatory agent: The next prospect that would also need attention would be
whether insulin itself is an anti inflammatory molecule. Several studies have shown that insulin
suppresses the expression of the pro-inflammatory intracellular adhesion molecule (ICAM)-1, the
chemokine, monocyte chemoattractant protein-1 (MCP-1), and the key pro-inflammatory
transcription factor, nuclear factor kfj (NF k) in human tissue cells 1 2 3. Insulin also was shown to
causes an acute reduction in plasma concentrations of ICAM-1, MCP-1and another pro-inflammatory
transcription factor, early growth response-1 (Egr-1), tissue factor and plasminogen activator
inhibitor-1 (PAI-1) 11. In recent experiments intensive insulin treatment during sepsis was shown to
decrease proinflammatory (IL-1, IL-6, macrophage inflammatory factor, TNF a) and increase anti-
inflammatory cytokines (IL-4, IL-10) (9), indicating an immunomodulating effect. One study has
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shown that insulin influences T cell differentiation, promoting a shift toward a Th2-type response
rather than a Thltype of response which alters the Th1 to Th2 ratio and thus reducing inflammation
by reducing cell mediated immune responsel2. Insulin has also been shown to suppress matrix
metalloproteinase (MMP)-9 and vascular endothelial growth factor (VEGF), two key mediators
involved in the spread of inflammation and in the increase of vascular permeability 13 14. Recently
data demonstrating interference by insulin on signal transduction of interleukin-6 (IL-6) on
adipocytes, in vitro, has also been shown. Insulin has been shown to inhibit IL-6 induced
phosphorylation and activation of STAT-3 which leads to its translocation into the nucleus and the
transcriptional activation of genes regulated by STAT-3 which include SAA and haptoglobin 15.
Furthermore, anti apoptotic effects of insulin and other growth factors have also been described, and
inhibiting sepsis-induced apoptosis of T and B cells is thought to be beneficial. Thus these studies
demonstrate that insulin in itself may have a marked anti-inflammatory effect. Our study
demonstrated this anti-inflammatory effect and also a fact that this effect starts as soon as the
therapy is started that is nearly one year and is sustained over a long period of time. Insulin early in
the treatment of diabetes has always been a subject of intense debate the above evidence would
support early insulin over OHA for its anti inflammatory effect.

Anti inflammation by insulin and Cardio protection: Hyperglycemia has always been found to be
associated with poorer outcome in patients with strokes, myocardial infarction and several other
acute conditions. Inflammation has been known to contribute to this poor outcome. Inflammation
causes plaque instability and thus more episodes of unstable coronary syndromes like unstable
angina and myocardial infarctions. In our study too we found that patients with unstable coronary
diseases had more amount of inflammation. We also found that patients with unstable diseases who
were on insulin therapy had inflammatory burdens much lower than those on OHAs. Several studies
have demonstrated such benefits. In one study subjects with ST-segment elevation myocardial
infarction, undergoing percutaneous coronary intervention, and a blood glucose of over160 mg/dl
increased the risk of no reflow phenomenon, and a blood glucose of over 140mg/dl was associated
with a 2.6-fold increase in the failure of spontaneous reperfusion 16 17. This could possibly be due to
the proinflammatory effect of blood glucose and insulin therapy would be of help here. In another
study insulin infusion titrated to reduce blood glucose has been shown to improve clinical outcomes
in hyperglycemic patients even in those who were non diabetics hospitalized with an AMI 18 19,
Insulin has also been shown to reduce the myocardial infarct size, independent of FFA modulation in
experimental MI 20,21, 22 [n these models, insulin infused prior to reperfusion has reduced the size of
the myocardial infarct by nearly 45%.The potential benefits of insulin could be secondary to its anti-
inflammatory effects. In another study involving patients with acute myocardial infarction, insulin
was also shown to suppress C-reactive protein (CRP) and serum amyloid A (SAA) by 40% within 24
h of the initiation of the insulin infusion even though glucose concentrations were not allowed to
change 23. Treatment of acute myocardial infarction (AMI) patients with insulin has been shown to
suppress the inflammatory molecules PAI-1, pro-MMP-1 23 24, In patients treated in an ICU, insulin
infusions have also been shown to suppress inducible nitric oxide synthase (iNOS) expression in the
liver and reduce plasma concentrations of nitrite and nitrate, the two metabolites of nitric oxide 25.

In addition to the above anti-inflammatory effect, insulin has also been shown to induce
vasodilatation in arteries and veins and to induce increased microcirculatory (capillary) flow 26 27,
This effect is mediated by the stimulation of eNOS and the generation of endothelial nitric oxide
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leading to an increase in cGMP in the vascular smooth muscle 26 27, Insulin has also been shown to
exert an antiplatelet effect, in vitro and in vivo 28. This effect is mediated by platelet nitric oxide
synthase activation and the release of nitric oxide and the subsequent generation of cGMP from
guanylate cyclase 29. This effect has recently been shown to occur in patients with acute coronary
syndrome following an intravenous infusion of insulin 30. Such an antiplatelet effect of insulin would
contribute further to its anti-inflammatory effect since the platelet is loaded with CD40 ligand which
when bound to its receptor, CD40 expressed on leucocytes and endothelial cells, activates pro-
inflammatory pathways 31.The inhibition of platelet aggregation would thus prevent the activation of
a major pro-inflammatory pathway in addition to suppressing thrombotic tendencies which is one of
the aims of therapy in these patients. Thus insulin by several novel mechanisms would be
cardioprotective especially in settings of acute coronary settings.

CONCLUSION: Inflammation plays a critical role in the pathogenesis of several acute conditions
including sepsis, stroke and myocardial infarction. Hyperglycemic is a potent proinflammatory
stimulus, which may explain the poorer prognosis in patients with raised sugars. Insulin plays a
critical role in diabetic therapy especially in acute settings. Insulin has a marked anti-inflammatory
effect; this may be due to its glucose lowering effects and also through potent inherent anti-
inflammatory properties. Insulin reduces anti-inflammatory burden soon after initiation of therapy
and this effect is sustained over a long period. The additional cardioprotective effects of insulin
would make it a agent of choice in further therapeutic strategies.

The authors of these paper have no conflicts of interest.
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INSULIN OHA
RBS mg/dl | n=| Mean HsCRP (mg/1t) GROUP (mg/1t) | GROUP(mg/It)
100-200 | 25 478 3.90 7.57
201-300 | 39 5.59 457 6.67
301-400 | 13 10.22 10.22
>400 6 12.16 12.16
Total 83 6.55

Table1- Mean RBS and HsCRP in different glycemic groups

R=0.617, p=.000 for hsCRP with RBS p=.010 for OHA vs insulin group
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F2,80=5.965P=.004 for diagnose F=48.525 p=.000 for treatment with diagnose

. _ OHA group | Insulin group
Diagnose | n= | Mean HsCRP(mg/1t) (mg/19) (mg/19)
SA 17 447 5.61 3.66
USA 27 6.16 8.45 3.69
MI 39 7.73 9.58 5.07

Table2- HsCRP in different disease groups

Table 3- Duration of therapy and HsCRP

. Insulin group | OHA group
Duration | n= | Mean HsCRP (mg/lt)
(mg/1t) (mg/1t)
<lyr 18 8.58 5.59 11.57
1-5yr | 40 5.74 3.54 7.37
>5yr | 25 6.37 4.25 8.69

R=.053, p=.632 for duration and HsCRP {=64.868, p=.010 for duration and type of therapy
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