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ﬂBSTRACT

identified so far and its clinical usefulness.
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It has been well known that inflammation plays a key role in the development of Type 2
Diabetes Mellitus. Anti-inflammatory diet and exercise are recommended to control it. The
inflammatory chemicals cytokines play a major role in Diabetes Mellitus. A host of inflammatory
markers have been identified and found to influence Type 2 Diabetes, some of which are C-reactive
proteins, Tumor necrosis factor, interlukin-6, serum amyloid A and fibrinogen. Number of other
inflammatory markers have been recently identified, all of which are linked to Type 2 Diabetes
Mellitus. This review article gives up-to-date findings on the various inflammatory markers
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1.INTRODUCTION

It has been well known that high sensitive
C-reactive protein(hs-CRP)is an independent
marker of the risk of Cardio Vascular Disease
(CVD), but the predictive capacity remains
controversial, but many prospective studies have
observed that hs-CRP shows increased risk of
Type 2 Diabetes Mellitus (T2DM). High
consumption  of  vegetables and fruits
are associated with lower levels of circulating hs-
CRP, perhaps by exerting anti-inflammatory
effects. Both mechanistic and epidemiologic
studies regarding dietary factors and low-grade
inflammation are necessary to add to our
knowledge of dietary influence on chronic disease
development 1. Routine hs-CRP measurement will
be useful to assess cardio metabolic syndrome to
improve detection of risk for both diabetes and
cardiovascular events in patients. Multiple clinical
studies are now underway that are evaluating
whether agents traditionally used to improve
glycemic control may also significantly reduce hs-
CRPE2. Type 1 Diabetes Mellitus(T1DM)is a pro
inflammatory state, as evidenced by increased
levels of monocyte Interlukin-6(IL-6), superoxide
anion, and plasma CRP, soluble inflammation cell
adhesion molecule(sICAM), sCD40L, and Nitro

Tyrosine(NT). All these have a major implication
on our understanding of the role of inflammation
in vasculopathies in T1DM[BL Serum hs-CRP
showed significant correlation to 24hrs urine
albumin excretion and Metabolic Syndrome (MS)
and might be used as the future criteria of MS.
Among microvascular complications, only diabetic
nephropathy was found to be associated with hs-
CRP level, suggesting that inflammatory process
plays a role in nephropathy in T2DMU“.

Alterations in innate immune pathways
are detectable in genetically susceptible
individuals and could be linked with the early
course of T1DMDL IL-6 causes vascular smooth
muscle contraction in abdominal aorta of rats with
T1DM [l Strong interaction effects between age
and diabetes and Body Mass Index(BMI) were
observed for IL-8, resistin and hs-CRP. The
cytokine/adipokine profiles of Mexican Americans
with diabetes suggest an association between low-
grade inflammation and quality of glucose control.
Unique to in our population is that the chronic
inflammation is accompanied by lower levels of
leptinl?. It is imperative that researchers
recognize and acknowledge the limitations of
the leptin/leptin receptor- based rodent models
and invest in research methods that would be
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directly and reliably applicable to humans in order
to advance T2DM managementl8. Data do not
support an insulin sensitizing effect of n-3
Polyunsaturated Fatty Acids by means of
influencing circulating adipocytokines®l. Both
chronic and acute exercise influence the
phosphorylation and expression of components of
the Adenosine Mono phosphate activated Protein
Kinase (AMPK) and downstream to PIK3 (aPKC,
Akt), and improve Glucose Transporter
type4(GLUT4) trafficking in skeletal musclel0],

Diversity in adiposity, age and sex could
not account for the heterogeneity across different
studies. In a study there was no substantial
associations between the common polymorphisms
in IL6 gene and circulating IL-6 levels and the risk
of T2DMMI. Elevated IL-6 concentration is
associated with diabetes-related variables which
could accelerate progression of microvascular
complications in T1DM patients[!2l. IL-6 gene -174
G/C polymorphism is not associated with T1DM
risk. However, due to small sample sizes included
in most of the studies and the selection bias
existed in some studies, the results should be
interpreted with caution('3l. Expression of Toll
Like Receptor-4 (TLR4) in db/db mouse islets
increased in parallel with hyperglycaemia. A
similar increase in expression and secretion of
TNF-q, IL-1 and IL-6 was observed. In addition to
its contribution to insulin resistance, TLR4 might
also play a role in B-cell dysfunction in T2DMI14,

Glyburide treatment of  diabetes
decreased hs-CRP and did so even though body
weight increased. Both hs-CRP and adiponectin
correlate strongly to insulin sensitivity. hs-CRP in
contrast to adiponectin, is far more dependent on
adiposity. The relationship between hs-CRP like
leptin and gender depends on how CRPis
expressed relative to  adiposity. These
observations raise the possibility that gender
differences in adiponectin may be lost in diabetes.
Pharmacologic treatment of diabetes may
modulate CRP independent of adiposity!15l. hsCRP
values of both gestational diabetic (GD) and non-
diabetic pregnant women were significantly
higher compared to controls. Significant negative
correlations were found between serum selenium
and total cholesterol, low-density lipoprotein
cholesterol(LDL), and hs-CRP values indicating
that low selenium levels are associated with
increased lipid peroxidation. Serum selenium
concentrations of Hungarian pregnant women are
low compared to internationally published
datafltél. Multivariate regression analysis using
mean common cardiac artery - Intima-media
thickness (CCA-IMT) as the dependent variable
identified only age, hs-CRP and diastolic blood
pressure as independent determinants of mean
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CCA-IMT. While hs-CRP associates with insulin
resistance and subclinical atherosclerosis in early-
state T2DM, hs-CRPis a useful marker of
subclinical ~ atherosclerosis in  early-state
T2DM independent of factors that directly reflect
insulin resistancell’. T2DM patients with
metabolic syndrome MS have elevated markers of
inflammation and evidence of cardiac sympathetic
predominance. High serum concentrations of hs-
CRP are associated with relative cardiac
sympathetic over activity during the early
morning in T2DM patients[18l.

Increased placental leptin (PL) and
placental leptin receptor gene (LEPR) expression
may have a role in stimulating fetal overgrowth in
T1DM pregnancy(!?l. Parameters such as age,
Waist to Hip ratio(WHR), Fasting plasma glucose
(FPG), HbA1C, LDL, HDL, Total Cholesterol and
Family History were significantly different among
the subjects with GIn223Agr polymorphism of
LEPRI20], Vitamin D3 supplementation
significantly increased serum leptin and
osteoprotegerin (OPG) levels. Further, large-scale
clinical trials are warranted to confirm these
results(21l. Obesity mainly central type might be
responsible for insulin resistance in T2DM
whereas leptin, a potential marker for obesity,
may not. This perhaps points towards the
multifactorial causation of insulin resistance in
T2DMI[22. In a large cohort study of Sudanese
subjects with T2DM sherved circulating leptin
levels are lower in diabetic subjects than in
controls of similar age and BMI. The lower
serum leptin in diabetic subjects may be a
consequence of differences in fat distribution(23l.
Leptin levels correlated significantly with CRP in
healthy controls and in patients with newly
diagnosed diabetes before, and after metformin
therapy, while there was no significant correlation
between leptin and CRP in patients with long-
standing diabetes. After multiple adjustments for
potential confounders, leptin was the best
predictor of CRP in controls, and in patients with
newly diagnosed T2DM who received metformin.
Statin treatment did not have any significant effect
on the results(4],

Palmitate or oleate pre treatment
combined with aleptin antagonist induced
Receptor for Advanced Glycation End products
(RAGE) expression, advanced glycation end
products (AGE)-elicited apoptosis, and impaired
glucose-stimulated insulin secretion by AGE in
MING6 cells. Free Fatty Acid(FFA) elevation with
concomitant AGE formation during prolonged
hyperglycemia could cause B-cell damage through
insufficient leptin action and subsequent RAGE
induction in T2DMI25l. The increased expression
of leptin and LEPR may contribute to these effects.
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These results may provide a possible mechanism
for the previously observed increase in placenta
growth in GDM[26l. Leptin therapy is an effective
and safe treatment for therapy-resistant diabetes
and hypertriglyceridemia in patients with
congenital lipodystrophy!?’l. Leptin may be an
effective therapeutic option for both T1DM and
T2DM. However, short-term human clinical
studies in overweight and obese patients with
recently diagnosed T2DM have reported minimal
efficacy ofleptin administration to lower blood
glucose levels(28l,

TNF-a acutely lowers basal plasma
insulin levels but does not impair glucose-
stimulated insulin secretion. The mechanisms
behind this are unknown but it may be due
to TNF-a increasing clearance of insulin from
plasma without impairing beta-cell function or
hepatic insulin sensitivity29]. Though TNF-a G-
238A and G-308A polymorphisms were not
involved in the pathogenesis of T2DM, but such
patients carrying TNFA-a or TNF-308*2 genotype
might be more susceptible to diabetic
complications such as atherosclerosisB30l. A state
of subclinical inflammation defined and
quantifiable by inflammatory score including TNF-
a, IL-6, Monocyte Chemo attractant Protein-
1(MCP-1), osteopontin, fractalkine and
adiponectin is associated with both hyperglycemia
and whole body insulin resistance in T2DMI31l.
The TNF-a concentrations in tears increase with
the severity of pathology and were lower in
control group than in diabetic subjects. The level
of TNF-a is highly correlated with severity of
diabetic retinopathy and with nephropathy. Tear
fluid collection may be a useful non invasive
method for the detection of proliferative diabetic
retinopathyf32l. Inflammation is important in the
pathogenesis of Diabetic Nephropathy (DN) and
indicate that TNF-a may be used as an
independent predictor for the progression of DN
at the early stage[33l.

TNF-a -308A variant could be a risk factor
for the development of T2DM, particularly in
Asian subjects. However, this association was not
statistically significant in Caucasian subjects. More
specified ethnical studies are required to reveal
the detailed physiological characteristics of
the TNF-a -308 G/A polymorphism[34l. TNF-a is a
significant risk factor for more severe periodontal
disease because, as compared to non-diabetics,
diabetic subjects react with an abnormally high
degree of inflammation to an equivalent bacterial
burdenB3sl. TNF-a secretion phenotype (4.6-fold
increase) which, in the presence of Gram-negative
bacterial challenge, is associated with a more
severe periodontal disease expression. In addition,
approximately 40% T1DM periodontitis patients
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demonstrated a 62-fold elevation in TNF-a
secretion relative to non-diabetic gingivitis or
periodontitis patients and a 13.5-fold increase
relative to T1DM group A (gingivitis or mild
periodontitis) patients[36l. The expression of IL-6
has an effect on obesity and the metabolism of
glucose and lipid in diabetic mice and that the
expression site of IL-6 is not an important
factorf37l.

Diabetic heterozygous superoxide
dismutase 2 (SOD2) mice had no evidence of
increased renal disease, and Ampka2 (-/-) mice
had increased albuminuria that was not reduced
with Amino Imidazole Carboxamido
Ribonucleotide (AICAR) treatment. Reduction of
mitochondrial superoxide production with
rotenone was sufficient to reduce AMPK
phosphorylation in mouse kidneys. Taken
together, these results demonstrate that diabetic
kidneys have reduced superoxide and
mitochondrial  biogenesis and  activation
of AMPK enhances superoxide production and
mitochondrial function while reducing disease
activity[38l. AMPK activator 5-aminoimidazole-4-

carboxamide  1-B-d-ribofuranoside and the
antihyperglycemic drug metformin mimicked
protective effects of C-peptide. C-peptide

replacement therapy normalized hyperglycemia-
induced AMPKa dephosphorylation, Reactive
Oxygen  Species (ROS) generation and
mitochondrial disorganization in aorta of diabetic
mice, highlighting a novel mechanism by which C-
peptide activates AMPKa and protects against
hyperglycemia-induced vasculopathy(3°l. There is
evidence that both metformin and aspirin provide
some protection against development of cancer in
humans, and whether AMPK might be involved in
these effects is also not clear(*?l. AMPK activation
by Low Molecular Weight Fucoidan (LMWF) could
prevent metabolic diseases by controlling the ER
stress-dependent pathway and that this beneficial
effect of LMWF provides a potential therapeutic
strategy for ameliorating Endoplasmic Reticulum
(ER) stress-mediated metabolic dysfunctionsf*1l.
Combining GC/MS profiling with random forest is
a useful approach to analyze metabolites and to
screen the potential biomarkers for exploring the
relationships  between AMPK and DM[#2.  The
combination of [A-2A and/or Glutamate
Decarboxylase A (GADA) had a higher sensitivity
for T1IDM than Internal Carotid Arteries(ICA)
alone. The close association between [A-2A and
HLA DR4, the strongest single allele predisposing
to T1DM, suggests that IA-2A may be a more
specific marker of beta-cell destruction than
GADA, which have been shown toassociate with
the DR3 allele and thyroid autoimmunity43l.
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Patients with newly diagnosed
T1DM manifest significantly lower apoTf serum
levels compared to healthy controls and patients
with long-lasting disease, suggesting that apoTf
pivotal role in the perpetuation of T1DM

pathologyl#4l.  Quantitative determination of
interleukin-8  (IL-8), ferritin and soluble
transferring receptor (sTFR) could help in
predicting T2DM-associated immuno-

inflammatory manifestations characterize the
micro-and macrovascular disease complications,
particularly for high risk populations!4sl. A rise in
serum Sialic Acid (SA) and a decrease in
Carbohydrate-Deficient Transferrin (CDT)
concentrations were observed in both diabetic
groups with and without complications, and there
were no differences between the two groups of
patients. There was a statistically significant
correlation between serum SA and CDT in diabetic
subjects with microvascular complications, but
not in patients without such complications. This
proves that the serum changes in CDT and SA
levels in the course of T2DM are associated with
each other in the presence of microangiopathy!46l.
Oxygen free radicals are formed in DM and can
result in diabetic complications and that a
prooxidant/oxidant imbalance is involved in
tissue injury in DM and diabetic complications[47].

Plasma total thiol (T-SH) was not
different between diabetic patients and the
controls. Serum nitrotyrosine (NT), nitric oxide
(NO), and erythrocyte superoxide dismutase
(SOD) levels were not different either between
three groups of diabetic patients or between the
patients and their controls. Changes in markers of
oxidative stress other than NT, NO, and SOD
observed in adolescent and young adult early
stage T1DM patients contribute to the imbalance
in the redox status of the plasma. This imbalance
may be due to metal-catalyzed protein oxidation
in both groups of T1DM patients clinically free
from complications*8l. Although redox status of
plasma is impaired in diabetic patients, but these
significantly different markers reflect enhanced
oxidative protein damage in diabetic patients with
complications*®l. The exact mechanisms by which
growth hormone (GH) damages the Kkidney
inducing diabetic nephropathy has not yet been
elucidated. Recently, it has been shown
that transferrin has the same diabetogenic effects
as that of GH, being its mediator. Selective
deposition of transferrin was associated with
signs of organelle and cytoskeleton damage. On
the basis of previous evidence and present
glomerular findings, these results suggest an
indirect diabetogenic effect on the kidney by GH
mediated through transferring(>°l. CRPis
increased in some patients by severe diabetic
ketoacidosis (DKA) and its treatment, and that
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DKA can be associated with a non-infectious form
of systemic inflammatory response syndrome
(SIRS)I51],

While univariate analysis has established
that age, Diabetes Mellitus (DM), presence of CVD,
low prealbumin all are associated with patient
survival, multivariate analysis demonstrates that
DM, older age, CVD, hs-CRP were independent
predictors for mortality in incident Peritoneal
Dialysis(PD) patientsl52l. Preoperative prealbumin
levels could be a useful marker for predicting
complications, especially infectious complications,
after gastric surgery(®3l. Circulating Retinol-
binding Protein 4 (RBP4) and Transthyretin (TTR)
were not affected by human obesity or T2DM,
which might be attributed to the absence of
alterations of TTR isoforms and the ratio of holo-
and apo-RBP4 that might modify the TTR-RBP4
interaction>4.  Alphal-Antitrypsin (AAT) gene
therapy attenuates cell-mediated autoimmunity,
alters the T cell receptor repertoire, and efficiently
prevents T1DM in the Non Obese Diabetic (NOD)
mouse model. These results strongly suggest that
rAAV1-mediated AAT gene therapy may be useful
as a novel approach to prevent T1DM [55],

Haptoglobin (HP) genotype is
significantly associated with the development of
reduced Glomerular Filtration Rate (GFR) and
End-Stage Renal Disease (ESRD) in the
Diabetes Control as observed in Complications
Trial/Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) studyls¢l. Vitamin E
administration to HP 2-2 DM mice resulted in a
significant decrease in both intralysosomal iron-
induced oxidation and lysosomal destabilization.
Iron-induced renal tubular injury may play a
major role in the development of diabetic
nephropathy and may be a target for slowing the
progression of renal diseasel57l. Temporary
changes in HP expression strongly correlated with
the serum levels of TNF-a and IL-6. Lower HP
expression at the fourth week and thereafter
correlated with a decrease in TNF-a concentration
and changes in the TNF-o/IL-6 ratio. If
glutathione/glutathione disulfide (GSH/GSSG)
ratio and antioxidant enzyme activities in liver
decreased at the end of fourth week,there it could
be concluded that the liver was exposed to
oxidative stress and injury which in the presence
of the above-mentioned inflammatory mediators
lead to different HP expression profiles at
different stages of DM. An inverse correlation was
observed between the HP and free iron serum
levels in diabetic rats. The higher levels of HP
during the first 2 weeks were accompanied by a
lower level of free iron. In view of the established
function of HP, a possible role in decreasing
oxidative stress during the early stage of diabetes
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has been postulated(*8]. HP is an acute phase
protein with antioxidant and immunomodulatory
properties. Three main genotypes/phenotypes
(Hp1-1, Hp2-1 and Hp2-2) show distinct
efficiencies in these activities and have
been associated with susceptibility and outcome
in several diseases, including DM. Polymorphism
of HP is notassociated with the presence of
Diabetic Retinopathy (DR) in the Brazilian
population studied(5l.

Recent studies show that nearly 13% of
Asian Indian children and young adults in India
have subclinical inflammation, and approximately
20% have insulin resistance, portending high risk
for coronary heart disease (CHD) in adulthood.
Possible determinants of high hs-CRP levels in
Asian Indians might be excess body fat,
including high subcutaneous fat, and physical
inactivity. The relationships of recurrent
infections, protein deficiency, and subclinical
inflammation in  Asian Indians remain
uninvestigated. Prevention of childhood adiposity
is critical to decrease future risk for development
of T2DM and CHD, particularly in highly
predisposed ethnic groups such as Asian Indians
and South Asians®?l. Women with diabetes but
without previous myocardial infarction (MI) were
more similar to women with previous MI (both
with and without diabetes) than to the healthy
controls. Compared with healthy women, the
women with diabetes and/or MI had higher IgG
and lower IgM antibody titres against oxidized
low density lipoprotein (LDL) and higher CRP
levels that were independent of other
cardiovascular risk factors. These findings might
indicate a differentiated immune response against
modified LDL, more pronounced inflammation
and a more aggressive atherosclerotic process in
women with diabetes[¢ll. Some of the risk factors
associated with CHD in T1DM patients are also
independently  predictive of high  CRP
concentrations. The reasons for this, and whether
intervention would prove useful, require further
investigation[®2l. Circulating levels of STNFaR; are
independently associated with the cumulative
incidence of ESRD. This association is both
significant and biologically plausible and appears
to provide added value as a biomarker, based on
the absolute values of net reclassification index
(NRI) and integrated discrimination improvement
(IDN)631.  Hyperglycemia  primes  palmitate
stimulated blood cells for NO, IL-6, and TNF-alpha
secretion under in vitro free fatty acids (FFA)
stimulation are associated with the secretion of
inflammatory biomarkers in diabetes. A combined
therapy targeting signaling pathways activated by
hyperglycemia in conjunction with simultaneous
control of hyperglycemia and
hypertriglyceridemia would be suggested for
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controlling the progress of diabetic complications
641,

The finding of novel pharmacologic
agents proficient to improve plasma adiponectin
(APN) levels should be target of exhaustive
research. Interesting future approaches could be
the development of APN -targeted drugs
chemically designed to induce the activation of its

receptors and/or post receptor signaling
pathways, or the development of specific
APN agonists[65]. APN signaling pathways

comprise at least two putative receptors (AdipoR1
and AdipoR2). Ways to enhance adiponectin
bioactivity are actively being sought. In obesity,
reducing chronic adipose-tissue inflammation and
macrophage infiltration into it could be beneficial
to reverse down regulation of APN gene
expression by pro-inflammatory cytokines.
Pharmacologically, thiazolidinediones and
cannabinoid-1 receptor blockers (e.g,rimonabant)
increase plasma APN and gene expression in
adipocytes. Finally, AdipoR activation to mimic
APN actions could prove beneficial to reduce
metabolic risk factors in conditions, such as
obesity, where low adiponectinemiaprevails(¢®l,
Even though pregnant women are diagnosed as
GDM according to the new International Diabetes
in Pregnancy Consensus Group (IADPSG) criteria,
the APN SNP45 may be closely correlated with the
prevalence of GDM in Han women of Nantong area
in China, and the allele +45G in APN gene might be
associated with reduced plasma APN levels and
adverse pregnancy outcomes!¢7],

Myocardial AdipoR1 protein expression
was positively correlated with myocardial APN
levels, and negatively correlated with Fasting
insulin (FINS) and HOMA-IR. Myocardial and
serum levels of APN are reduced in rats with
Diabetic = Cardiomyopathy  (DC). Metabolic
disorders of blood glucose and lipid levels, as well
as IR, are associated with low APN levels.
Furthermore, low levels of myocardial AdipolR
mRNA and protein expression correlate with
reduced insulin  sensitivityl®8l.  APN gene
polymorphisms  might be  effective on
susceptibility for T2DM development which
emerged from the interactions between multiple
genes, variants and environmental factorsié9l.
ALDH2  protects against diabetes-induced
myocardial dysfunction possibly through an
adenosine  monophosphate-activated  protein
kinase = (AMPK) -dependent  regulation  of
autophagy70. AMPK activators alleviate tissue
inflammation and promote re-epithelialization in
diabetic wounds. However, due to the complicated
pathological mechanism of diabetic foot
ulcers, AMPK activators should be combined with
other approaches. The new strategies for
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combination therapy with AMPK activator may
provide a therapeutic advantage for patients with
diabetic ulcers(71l.

Autoantibodies against oxidised LDL (ox
LDL) indicate the presence of oxidatively modified
LDL in vivo, but their titers in the serum do not
seem to associate with the excess cardiovascular
mortality, morbidity, or intimal-medial thickness
of the carotid arteryl72. Abnormal serum IgA
concentrations are very common in diabetic
patients and that further research should be
carried out to verify whether the determination of
serum immunoglobulins, IgA in particular, is of
clinical use for monitoring diabetes or evaluating
its secondary effectsl’3l. Progression to clinical
onset of T1DM is associated with a maturation and
a decrease in the Th2 immune response against
GADG65; findings which could have implications for
future intervention and prediction strategies[74l.
The  strengths of  association  between
periodontitis and diabetes were stronger in
people having elevated serum CRP and P
gingivalistiters. This may suggest that chronic
inflammatory condition could increase the impact
of periodontitis on hyperglycaemicstatusl75l.
Metabolic regulation of B-1 cells is of importance
for the understanding of the role of this cell type
in life-style-related conditionl’¢l. The continued
increase in IgG levels by age indicates that adult
levels are reached later than in previously studied
cohorts, thereby indicating a slower maturation of
the immune systeml[77],

Differences in IgM antibody
concentrations by nephropathy classification were
not supported by the data. The predominance of
pro-inflammatory  IgGoxLDL  antibodies is
associated with existence of diabetic nephropathy,
and a protective role of [gM antibodies could not
be demonstrated[”8l. Magnesium deficit has
profound immunosuppressive capabilities in
patients with T1DM by significantly reducing the
number of IgG synthesizing cells and serum
IgGconcentrations[791. Deposition of
immunoglobulins is a component of diabetic
microangiopathy. Differences in expression of
HLA-DR in glomeruli between diabetics and non-
diabetics remain to be exploredI8°l.

2. CONCLUSION

Among the various inflammatory markers
discussed in this review article, hs-CRP marker is
found to be useful in many diseases such as CVD,
T2DM andin various infectious diseases and is a
promising diagnostic tool for metabolic syndrome.
The other inflammatory markers found to be
useful are IL-6, leptin, TNF-a, adiponectin, apoTf,
SA, SOD, CDT, prealbumin, hepatoglobin and
transferrin. The inflammatory markers

www.ijcps.com

highlighted in this review article will make
awareness among research scholars to undertake
specific disease based analysis of inflammatory
markers for diagnostic purpose and to develop
cost effective methodologies for clinical purposes.
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