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Insulin resistance and endothelial dysfunction which shares multiple signaling
pathways likehyperinsulinemia, glucotoxicity and inflammation in type 2 Diabetes Mellitus
(DM) leads to several micro and macrovascular complications. Studies have shown the antiinflammatory effects of certain oral hypoglycemic agents which will be helpful in preventing the
impact of diabetes related complications. The study aimed to compare the anti-inflammatory
effects of Sitagliptin and Acarbose in combination with Metformin and Sulfonylurea in Type2DM
patients by using Anti-inflammatory markers Interleukin-6 (IL6), high sensitive C-reactive
protein (hsCRP) and also to compare the clinical outcome between these two groups by using
the parameters Fasting blood sugar (FBS), Post prandial blood sugar (PPBS), hemoglobin A1c
(HbA1C), Plasma Insulin. In this open labeled prospective parallel group clinical study 30 type
2 diabetes patients on Metformin and Sulfonylurea combination, with HbA1c value >/=7.5
were recruited in tertiary care hospital and divided into two groups based on their HbA1C
levels and were added on either Acarbose or Sitagliptin along with Metformin Sulfonylurea
combinations and were followed for 3 months. Parameters like FBS, PPBS, HbA1c, Plasma
Insulin hs CRP, IL-6were measured before and after the study. In the study the mean value of
FBS, PPBS, HbA1c, Plasma Insulin, Insulin Resistance, hsCRP were reduced in both Sitagliptin
and Acarbose group, which were similar to the results of previous studies except IL6 which
got reduced in Sitagliptin group but increased in Acarbose group. The study had showed the
synergism of Sitagliptin with Metformin Sulfonylurea combinationin reducing inflammation
however; still long term studies are required to confirm their anti-inflammatory effects.

Keywords: Acarbose, Cardiovascular risk, high sensitive C-reactive protein,
Interleukin-6, Sitagliptin.

Diabetes mellitus is one of the non
communicable diseases which have become a
major global health problem1 This is mainly due
to insulin resistance or decreased production of
insulin. Insulin resistance, one of the key factor
common to obesity and type 2 DM, is associated
with endothelial dysfunction and increases the

This is an

cardiovascular risk2 by sharing multiple signaling
pathways which include hyperinsulinemia,
glucotoxicity, lipotoxicity and inflammation2
In 2010, it was found that 285 million
people around world have diabetes, of which 80%
are from developed countries. The prevalence of
diabetes is expected to reach about 438 million by
20301, 3
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Type 2 DM is characterized by improper
secretion of insulin, resistance to insulin, increased
glucose production in liver, and abnormal lipid
metabolism. Most studies say that insulin resistance
occurs before the insulin secretory defect and type
2 diabetes develops only when insulin secretion
become less. In the earlier stages of diabetes,
glucose tolerance is found to be normal, because
pancreatic beta cell gives a compensatory increase
in insulin output which further leads to insulin
resistance after a certain period of time leading to
a state called Impaired Glucose Tolerance (IGT),
where there will be high postprandial glucose level.
Later reduction in secretion of Insulin and high
hepatic glucose formation leads to overt diabetes
with increasing blood glucose values, indicating
the failure of beta cells4
The obesity in diabetes increases the
levels of fat cell products like, nonesterified free
fatty acids, retinol-binding protein 4, leptin, Tumor
Necrosis Factor (TNF)-á, resistin, adiponectin and
free fatty acids (FFA) in circulation. Adipokines
modulate the sensitivity of insulin plus increase
in FFA production, causes resistance of insulin in
hepatic and skeletal muscle. Products of adipocyte
ground a state of inflammation and in turn they
involve in the pathogenesis of insulin resistance
and endothelial dysfunction5-11
Diabetes -Inflammation - Cardiovascular risk
The hypotheses propose that
hyperglycemia and insulin resistance increases FFA
and forms diacylglycerol leading to stimulation of
protein kinase C (PKC). PKC modifies the gene
transcription of endothelial cells12 Endothelial
dysfunction presents in patients with insulin
resistance in stages prior to the development of
impaired glucose tolerance (IGT) and type 2 DM.
This suggests that insulin resistance is key factor
and endothelial dysfunction is not simply a result
of hyperglycemia.
Rise in FFA stimulates toll like receptor
(TLR) and Nuclear Factor-kB (NF-kB) and
subsequently promotes the genes of inflammation
like TNF-a and Interleukin-6 (IL-6), which
is followed by PKC activation and decreases
insulin sensitivity. Impaired Insulin sensitivity
in endothelium of the blood vessels promotes
Reactive oxygen species (ROS) formation, FFA
oxidation, which subsequently stimulates PKC
activation leading to advanced glycated end

products (AGE)synthesis, and down-regulates
Prostacyclin(PGI2). Finally endothelial nitric oxide
synthatase(eNOS) activity is impaired leading to
endothelial dysfunction12-14
Obese diabetic patients treated with
Metformin have proven to lower the levels of
hsCRP, expression of TNF-á and TLR 2/4 15
Previous studies proved that Sitagliptin apart
from stimulating the Adenosine Mono phosphate
(AMPK)phosporylation, it also inhibit the
activation of Mitogen activated protein kinase
(MAPK) including p38 and Extracellular signal
regulated kinase(ERK)and arrest the progression
of atherosclerosis leading to decreases in adhesion
molecules and inflammatory cytokines like
hsCRP, IL-6 and FFA levels after 12 weeks of
therapy16-19 It concludes the anti-inflammatory
action of Sitagliptin and its effect in inhibition
of atherosclerosis20 The results from the previous
studies revealed, that the Acarbose treatment
showed hopeful benefits in cardiovascular disease
by decreasing the proinflammatory transcription
factor (NFê B) activity and hsCRP levels21-24
Based on this background information,
the study targeted the oral hypoglycemic
agents like Acarbose and Sitagliptin to look
for their anti-inflammatory action.Hence the
study aimed to compare the anti-inflammatory
effects of Metformin sulfonylurea and Sitagliptin
combination with Metformin Sulfonylurea and
Acarbose combination in Type2DM patients by
using Anti-inflammatory markers (IL6, hsCRP)
and also to compare the clinical outcome between
these two groups by using the following parameters
like FBS, PPBS, HbA1C, and Plasma Insulin.
MATERIALS AND METHODS
This study was an open labeled
prospective parallel group clinical study. After
getting approval from the Institute Human Ethics
Committee (IHEC) (proposal no: 12/282), 30
type 2 diabetic patients (convenient sample)
attending Endocrinology and Medicine OPD in a
Tertiary care hospital Coimbatore were recruited.
We included all type 2 diabetic patients in an age
group of 25-65 years, who were on conventional
treatment of Metformin Sulfonylurea combination
with HbA1C level > 7.5%.Patients with diabetes
other than type 2, history of cardiac, renal and
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cerebrovascular diseases, patients on treatment
with statins and steroids, history of altered liver
function and pancreatitis, known history of alcohol
intake and smoking were excluded from the study.
The details of the study were explained to each
participant individually before getting the informed
consent. Basic data’s like name, age and height,
weight were recorded and comorbid conditions
were noted.
Then the clinical examination and the
base line investigations (Fasting blood glucose,
postprandial blood glucose, HbA1C, hsCRP, IL6,
Plasma Insulin) were done before starting the
treatment. Later those 30 participants were divided
into two groups based on their HbA1C values
with 15 patients in each group. One group was on
Sitagliptin, and the other group was on Acarbose
treatment along with their conventional Metformin
and Sulphonylurea combination. Sitagliptin was
started on 50mg OD and then titrated to 100mg
according to the patient’s blood glucose level by the
physician. In the same way, Acarbose was started
on 25mg BD initially and later it was titrated to
50mg BD or 25mg TDS according to the patient’s
blood glucose level .The study participants were
advised to come for review after two weeks for
titration of the drug dosage and followed for 3
months. In between the 3 months of study period,
the participant‘s FBS, PPBS levels were noted in
the case file.
Finally at the end of three months the
clinical examination and the investigations (FBS,
PPBS, HbA1C, IL6, hsCRP and Plasma insulin)
were done again and the study was completed.
The results of the parameters were
analyzed in the hospital laboratory for FBS, PPBS,
HbA1c, hsCRP, Plasma Insulin. By using the
formula of Homa Index, HOMA-IR = [Fasting
glucose (nmol/L) * insulin (µU/mL)/22.5]Insulin
Resistance for all the 30 patients were calculated.
The Interleukin-6 (Krishgen Biosystems) was
estimated in the Pharmacology laboratory by
enzyme immunoassay which wasprogrammed
for quantification of human interleukin-6 and
analyzed.
Statistical analysis
Data was analyzed using SPSS soft ware
version 19.0. Values between the two groups were
interpreted using independent sample t-test and
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before and after values within the same groups
with paired t test.
RESULTS
Among the total number of 30 patients
77% of study population were under 55 years of
age and 23% were between 55 to 65 years of age. In
that 57% were male and 43% were female patients.
Regarding the duration, 50% were in
between 0-5 years , 37% of patients were between
6-10 yrs, and 13% of patients were beyond 11years
of duration of DM .This mainly implied the
chronicity and progression of disease pattern in
those study participants.
Results of BMI in Acarbose and Sitagliptin
groups showed no statistical significance even
though there was greater reduction in Sitagliptin
group in which mean value decreased from 27.02
+ 4.64 SD to 26.32 + 4.81 SD ( p value 0.033)
(Table 1). End values of FBS in the study showed
reduction in mean value in both Acarbose and
Sitagliptin group ranging from 183.71 +44.99
SD to 142.92 +33.60 SD, 178.07 + 46.73 SD
to 138.84 +25.13 SD with p value 0.007, 0.020
respectively(Table 1). Regarding PPBS it showed
reduction in mean value in both Acarbose and
Sitagliptin group ranging from 272.35 + 64.08
SD to 204.85 + 57.97 SD , 263.92 + 101.60 SD
to 194.23 + 44.50 SD with p value 0.006, 0.025
respectively(Table 1).
Results of HbA1c in the study showed
statistical reduction in mean value in both Acarbose
and Sitagliptin group ranging from 10.01 + 1.51 SD
to 8.17 + 1.28 SD , 9.69 +1.53 SD to 7.75 + 1.32
SD (p value of 0.001, 0.004) respectively(Table
1). Results of Plasma Insulin in the study showed
reduction in mean value in both Acarbose and
Sitagliptin group ranging from 18.71 + 16.42 SD
to 14.18 + 6.71 SD , 27.72 +25.98 to 22.58 +
17.68 SD respectively. This was of no statistical
significance because of p value = 0.327, 0.324
respectively (Table 1). End values of IR in this
study showed reduction in mean value in both
Acarbose and Sitagliptin group ranging from 9.00
+ 8.38 SD to 5.12 + 3.14 SD , 11.49 +9.42 SD to
7.63 + 5.78 SD respectively (p value = 0.100 ,
0.101) (Table 1) but no statistical significance.
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Results of hsCRP in this study showed
reduction in mean value in both Acarbose and
Sitagliptin group ranging from 0.58 + 0.93 SD to
0.30 + 0.30 SD, 0.45 + 0.43 SD to 0.41 + 0.39 SD
respectively. This was of no statistical significance
(p value = 0.265, 0.671 respectively) (Table 1).
Results of IL-6 in this study showed
reduction in mean value of Sitagliptin group
ranging from 136.32 + 241.81 SD to 57.679 +
78.55 SD (p value =0.314 ) but in case of Acarbose
group there was slight increase in IL-6 levels with
the mean value ranging from 120.01 + 203.3 SD
to 174.08 + 492.1 SD .(p value=0.591) (Table 1).
At the end of three months there was no
significant difference seen in the reduction of FBS
(p value = 0.725), PPBS (p value = 0.600), HbA1C
(p value =0.403), Plasma Insulin (p value =0.110),
Insulin Resistance (p value =0.170), hsCRP (p
value =0.451) IL-6 (p value = 0.408) on comparing
the after values of Acarbose and Sitagliptin group.

DISCUSSION
It is a well known fact that, the risk of
cardiovascular disorder is high in both type I and
type II Diabetes Mellitus .In case of type I DM
risk of CVD arise after some decades but in type II
DM, it sets very early in the asymptomatic period
of hyperglycemia and even by the time of diagnosis
these patients are at potential risk. This is mainly
due to the Insulin Resistance, which emerges at an
early stage of type II DM. Obesity in diabetes along
with inflammation leads to endothelial dysfunction
and IR which then subsequently causes platelet
aggregation, and all this process collectively
leads to atherogenesis and cardiovascular disease
ultimately. It has been proven that increase in the
inflammatory markers would predict the risk of
cardiovascular complications at the earliest.
Previous studies states that drugs like
Metformin, Sitagliptin and Acarbose effectively
reduces the inflammatory markers TNF-a, IL-6,

Table 1. Mean values of the test parameters
Week 0
(baseline)
mean ± SD

Week 12
mean ± SD

Mean
difference

P
value

BMI				
Acarbose
25.20+2.84
25.25+2.83
-.056+.79
0.796
Sitagliptin
27.02+4.64
26.32+4.81
0.69+1.04
0.033
FBS				
Acarbose
183.71+44.99
142.92+33.60
40.78+47.75
0.007
Sitagliptin
178.07+46.73
138.84+25.13
39.23+52.50
0.020
PPBS				
Acarbose
272.35+64.08
204.85+57.97
67.50+76.83
0.006
Sitagliptin
263.92+101.60
194.23+44.50
69.69+98.3
0.025
HbA1c				
Acarbose
10.01+1.51
8.17+1.28
1.83+1.67
0.001
Sitagliptin
9.69+1.53
7.75+1.32
1.94+1.99
0.004
Plasma Insulin				
Acarbose
18.71+16.42
14.18+6.71
4.52+16.60
0.327
Sitagliptin
27.72+25.98
22.58+17.68
5.13+17.9
0.324
Insulin Resistance				
Acarbose
9.00+8.38
5.12+3.14
3.88+8.19
0.100
Sitagliptin
11.49+9.42
7.63+5.78
3.86+7.84
0.101
hsCRP				
Acarbose
0.58+0.93
0.30+0.3
0.27+0.89
0.265
Sitagliptin
0.45+0.43
0.41+0.39
0.48+0.40
0.671
IL6				
Acarbose
120.01+203.3
174.08+492.1
-54.07+36.7
0.591
Sitagliptin
136.32+241.81
57.67+78.55
78.64+269.97
0.314
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hsCRP and NF-kB levels in diabetes patients and
facilitate the prevention of endothelial dysfunction
and atherosclerosis15,20, 24,25
In this study the results of BMI showed
greater reduction in the Sitagliptin group with mean
value ranging from 27.02 +4.64 SD to 26.32 +
4.81SD, p value = 0.033 compared to the Acarbose
group. These were similar to the results of previous
studies. [20]
Regarding the mean values of FBS, PPBS,
HbA1c, Plasma Insulin, Insulin Resistance, both
Sitagliptin and Acarbose combination groups

showed good reduction in their mean value, which
were again similar to the results of previous studies.
[20, 22, 27].
Then mean levels of hsCRP at the starting
of study in Acarbose and Sitagliptin groups were
found to be 0.58 +0.93 SD and 0.45 + 0.43 SD
respectively. At the end of the three months levels
of hsCRP were reduced in both Acarbose and
Sitagliptin groups to the mean value of 0.30+0.3
SD (p value= 0.265) and 0.41 + 0.39 SD (p value=
0.671) (Table 1) respectively. Though there
was greater reduction in mean values of hsCRP

Fig. 1. Methodology of anti-inflammatory effect of oral hypoglycemic drugs
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Fig. 2. hcCRP status in Acarbose and Sitagliptin groups
at 1 month and at the end of 3 month

Fig. 3. IL-6 status in Acarbose and Sitagliptin groups at
1 month and at the end of 3 month

levels which were consistent with the results of
previous studies [20, 25, 26] these results were not
statistically significant. When the values of hsCRP
were compared between Acarbose and Sitagliptin
groups, at the end of the three months there were
no statistical significant reduction in hsCRP values
(p value=0.451).
Next inflammatory marker analyzed was
the IL-6 levels. The mean values in the starting of
treatment were 120.01 + 203.3 SD in Acarbose
group and 136.32 + 241.81 SD in Sitagliptin
group. At the end of the three months the mean
values of IL-6 in Acarbose group was found to be
increased to the mean value of 174.08 + 492.1 SD
but in Sitagliptin group it was found to be reduced
to 57.69 + 78.55 SD.When the before and after
values of Sitagliptin group was analyzed, it showed
reduction in the mean values of IL-6 levels at the
end of the three months. But there was no statistical
significance (p value =0.314) (Table 1).
When comparing the after values of
IL-6 in Acarbose and Sitagliptin groups, greater
reduction was seen in the Sitagliptin group after 3
months of therapy. Thus the findings in the study
were consistent with the previous studies which
showed the anti- inflammatory effect of Sitagliptin
therapy. 20,21 But this is again not statistically
significant (p value = 0.408).

Concerning the results of the antiinflammatory markers in Sitagliptin treated group
with metformin sulphonylureas combination
showed a definite reduction in the mean values
of both hsCRP, IL-6 levels after the three months
treatment, but still it was not statistically significant.
This may be due to less sample size, and the patients
were followed only for 3 months. A long term
follow up and a bigger sample size ismandatory to
get a statistically significant results.Sitagliptin has
proven to have a definite role in reducing chronic
inflammation. Based on this study finding, fixed
dose combination of Sitagliptin and Metformin
might be helpful in preventing the progress of
diabetes.
When the results of inflammatory markers
in Acarbose group were analyzed and compared
with previous studies,22-24 Acarbose also reduced
the inflammatory markers moderately in this study.
This study showed a greater reduction in the mean
value of hsCRP levels but not in IL-6, this might
be because of small sample size, poor compliance
of patients and the patients were followed only for
3 months. Hence long term follow up and large
sample size may be required to see the reduction
in the inflammatory markers and the role of these
drugs in the insulin resistant states. During the
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study period no adverse reactions were noted
among the study participants.

4.

CONCLUSION
This study demonstrated the additive antiinflammatory effect of Sitagliptin, and Acarbose
as these groups of drugs are now in trend and
commonly been prescribed either as base line
therapy or as add on therapy based on the HbA1C
values. When such anti inflammatory property is
pronounced with Sitagliptin, it can be sure that
addition of Sitagliptin with Metformin will be a
beneficial combination at the initial therapy to the
patients in preventing the progression of diabetic
related cardio vascular complications26
Limitations
In this study the patient sample size
was small and the study duration was 3 months
which is again one of the limitations to assess
the anti-inflammatory effects of these drugs on
long term effects. Hence long term follow up and
bigger sample size may be mandatory in future
to get the statistically significant reduction in the
inflammatory markers.
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