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Introduction
Inflammation is thought to be a critical regulator in type-2 
diabetes mellitus development. In type-2 diabetes mellitus, 
several proinflammatory cytokines generate low-grade 
inflammation, which is a frequent occurrence in most people. 
Diabetes patients have greater C-reactive Protein (CRP) 
levels than those who do not have diabetes. [1,2,3]

CRP is a significant inflammatory markers. A category of non-
enzymatic  protein cytokines tr iggers the body's 
inflammatory and immunological responses. [7] Type-2 
diabetes has been linked to a higher incidence of low-grade 
inflammation. CRP and other inflammatory markers have 
been linked to DM and diabetic nephropathy. [6,7,8,9] 
Inflammation has a key role in the onset and progression of 
renal disease in diabetic patients. [10] 

By this study, we will try to assess the levels of serum CRP in 
type-2 diabetes mellitus patients and thereby see whether 
there is any correlation with the stage of diabetic 
nephropathy, and if these markers can be used to detect the 
presence of nephropathy.

AIMS AND OBJECTIVES 
1. To study serum levels of CRP in patients of type-2 diabetes 
mellitus, 
2. To study the correlation of serum CRP with diabetic 
nephropathy. 

Review of Literature
In 1998, a concept was postulated that long-term activation of 
the innate immune system, resulting in chronic inflammation, 
triggered illness rather than repair, leading to the 
development of type-2 diabetes. Since then, numerous 
studies have been conducted to determine the relationship 
between inflammatory markers such as CRP  and 
atherosclerosis and microvascular consequences of diabetes 
mellitus, such as nephropathy. [11]

C-REACTIVE PROTEIN 
C-reactive Protein (CRP) is a multifunctional molecule that is 
produced by the human innate immune system.[12,13,14,14] 
CRP is a non-covalently linked cyclic pentameric protein with 
five identical subunits. Each subunit is 23 kDa in size and 
possesses an intra-disulfide bond.[69,70] On the same face of 
each homopentamer subunit is a phosphocholine (PCh)-
binding site. 

The CRP was identified at Rockefeller University in 1930. 
Patients with acute pneumococcal pneumonia had this 

protein in their blood. Unlike antibody, CRP was detectable 
from the beginning of the illness and decreased significantly 
as the disease progressed. These modifications happened 
before the immunoglobulin IgG response was present. The 
CRP was named after its reaction with the pneumococcal cell 
wall's C-polysaccharide.[16]

CRP is a pattern recognition molecule that activates the 
adaptive immune response as part of the innate immune 
system. In humans, CRP is the prototypical acute phase 
reactant. Acute phase reactants are proteins that the liver 
produces in reaction to a number of clinical situations, such as 
infection, inflammation, and trauma. Opsonization is one way 
in which CRP plays an important role in host defense from 
infection.[16]

Another important activity of CRP is its ability to activate the 
complement system. [17] Hepatocytes produce the majority 
of circulating CRP, which is controlled by IL-6.[13] CRP 
production begins quickly in response to an inciting stimulus, 
with a peak in serum levels arriving in about 48 hours. C-
Reactive Protein is the principal downstream mediator of the 
acute phase response and is primarily derived via IL-6 
dependent hepatic biosynthesis. 

CRP binds to the phosphorylcholine of  cell-wall 
polysaccharides from a wide spectrum of bacteria and fungi 
and interacts with phagocytic cells at an injury site. When CRP 
attaches to a bacterium, it makes the pathogen vulnerable to 
phagocytosis and activates the immune complement 
cascade. CRP and other acute-phase reactants, unlike 
antibodies, have no structural diversity and are not released 
or targeted specifically. CRP can be retained in the hepatic 
endoplasmic reticulum in addition to the regular hepatic 
storage and release, and this storage declines during 
inflammation, resulting in more effective CRP secretion. CRP 
can also be released by atherosclerotic plaques, vascular 
tissue, lymphocytes, and monocytes, among other things. 
Because of its quick (24–28 h) and strong response to a wide 
array of inflammatory situations, CRP is a major marker of the 
acute-phase responses. CRP is thus a component of the 
nonadaptive (innate) host response to infection and other 
diseases.[18]

Adipocytes release a variety of biologic products, including 
nonesterified free fatty acids, retinol-binding protein-4, 
leptin, TNF-alpha, resistin, IL-6, and adiponectin. Insulin 
sensitivity is modulated by adipokines, which also regulate 
body weight, hunger, and energy expenditure. Insulin 
resistance in skeletal muscle and liver is caused by an 
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increase in adipokines and free fatty acids. Adipocyte 
products and adipokines trigger an inflammatory response, 
which explains why inflammatory markers like CRP rise in 
type-2 diabetes mellitus. Inflammatory cells have also been 
discovered infiltrating fat tissues.

circulating concentrations of markers and mediators of 
inflammation, as well as acute-phase reactants such as 
fibrinogen, CRP, IL-6, plasminogen activator inhibitor-1, sialic 
acid, and white cells, were shown to be elevated in these 
conditions, epidemiologic associations of inflammation with 
obesity and T2DM were made. [24-28] Several studies on 
human and animal models during the next few decades 
added to the body of evidence showing the involvement of 
inflammation in the onset and progression of diabetes. [19-29] 
Chronic activation of pro-inflammatory pathways in insulin 
action target cells, according to accumulating data, may lead 
to obesity, insulin resistance, and related metabolic diseases, 
including T2DM. [29] Obesity and metabolic syndrome are a 
group of diseases linked to a diet high in fat and low in 
exercise, conditions in which sub-acute chronic inflammation 
is a common and potentially unifying cause, accompanied by 
activation of at least two major inflammatory pathways, stress-
activated Jun N-terminal kinases (JNK) and the transcription 
factor NF-kappaB. [19,23,30-34] Although a number of studies 
have shown that adipokines generate extra inflammatory 
responses in obesity and worsen obesity-induced metabolic 
and cardiovascular disorders, this inflammatory state is 
further amplified by adipokines via the generation of pro-
inflammatory cytokines. [71] Brown adipose tissue (BAT) has 
been linked to peripheral insulin resistance and glucose 
levels in animal studies, indicating that it plays a significant 
role in energy and glucose homeostasis.[35-37] White 
adipose tissue (WAT), particularly visceral WAT (around the 
trunk, upper body, or belly), appears to be a primary source 
of inflammatory indicators in T2DM, as well as a target of the 
inflammatory process in diabetics. TNF- �, IL-1, IL-6, IL-10, 
leptin, adiponectin, monocyte chemoattractant protein, 
angiotensinogen, resistin, chemokines, serum amyloid 
protein, and a variety of other bioactive substances involved 
in the inflammatory pathways are among the cytokines and 
other bioactive compounds produced. [38-41]

DIABETES MELLITUS: EVOLVING FROM A METABOLIC 
DISORDER TO AN INFLAMMATORY CONDITION [42] 
Although diabetic nephropathy has long been thought to be a 
non-immune illness, mounting data now suggests that chronic 
low-grade inflammation and innate immunity activation play 
a role in the pathogenesis of type-2 diabetes. Inflammatory 
and pro-inflammatory markers such as CRP, sialic acid, 
tumour necrosis factor-alpha, and IL-6 have been shown to be 
positively correlated with measures of insulin resistance in 
non-diabetic patients with impaired glucose tolerance or 
impaired fasting glucose, as well as diabetic patients. 
Furthermore, diabetic patients had higher levels of 
inflammatory parameters than non-diabetics. Various 
inflammatory indicators, adhesion molecules, and 
proinflammmatory molecules may also have a role in the 
development of microvascular diabetic complications, such 
as nephropathy. Additional evidence comes from the fact that 
anti-inflammatory medications can diminish the acute phase 
response and may lower the chance of developing type-2 
diabetes mellitus.

Renal dysfunction and microalbuminuria in type-2 diabetes 
mellitus patients are closely related to raised levels of serum 
CRP.[43,44], which is indicative of a close link between serum 
levels of CRP and the development of diabetic nephropathy. 
IL-6 in the inflammatory cascade is induced by CRP through 
the NF-�B-dependent mechanism.[72] In a study published in 
2016 , it was demonstrated that C-Reactive Protein Promotes 
Diabetic Kidney Disease in db/db Mice via the CD32b-
Smad3-mTOR signaling Pathway. They found that CRP 
promoted renal inflammation via the CD32b-NF-�B-

dependent mechanism, resulting in upregulation of TNF-�, IL-
1� and MCP-1 and an increase in CD3+ T cell and F4/80+ 
macrophage infiltration in the diabetic kidney of CRPtg-
db/db mice, revealing a role for CD32b-NF-�B signaling in 
CRP-mediated renal inflammation. This finding was 
consistent with a known mechanism of NF-�B in diabetic renal 
inflammation [43-50]. 

A novel and significant finding in this study was that CRP 
mediated renal fibrosis via the CD32b-Smad3-mTOR 
signaling pathway. Increasing evidence shows that activation 
of TGF-�/Smad signaling contributes to accumulation of the 
extracellular matrix, resulting in progressive renal fibrosis in 
both animal and human diabetic kidneys[50-57].

DN has been shown to show indications of inflammation in a 
number of experimental and clinical trials. Three recent 
studies support the notion that inflammation plays a key role 
in the development of DN. Patients with type-2 diabetes and 
overt nephropathy have the greatest levels of many acute-
phase indicators of inflammation, such as CRP (CRP), serum 
amyloid A (SAA), fibrinogen, and IL-6, according to Dalla 
Vestra and colleagues[73]. Furthermore, participants with a 
wider glomerular basement membrane (GBM) had greater 
levels of CRP, SAA, and IL-6. More importantly, the scientists 
established a link between GBM thickening, a critical diabetic 
disease, and in addition, two experimental studies provide 
light on how diabetes-related kidney impairment is linked to 
inflammation. Chow et al.[74] found that db/db mice, a model 
of type-2 diabetes and DN, had higher levels of intracellular 
adhesion  molecule-1  ( ICAM-1) , which  promotes 
inflammation by increasing leukocyte infiltration and 
adherence, in the glomeruli and tubules, as well as a 
significant increase in macrophage infiltration.These findings 
strongly involve ICAM-1-induced inflammation in the 
development of renal injury in diabetes. In the second study, 
Kelly et al.[75], demonstrated in a model of diabetes and 
hypertension that, despite hyperglycemia and elevated 
blood pressure, albuminuria was reduced and renal function 
was preserved in rats treated with ruboxistaurin, an inhibitor 
of protein-kinase C-ß. Protein-kinase C contains several 
isoforms that are active in diabetes and signal a variety of 
cellular responses, including inflammatory mediator 
activation and production, such as pro-inflammatory 
cytokines. Interleukin-6 regulates extracellular matrix 
dynamics in mesangial and podocyte cells, stimulates 
mesangial cell proliferation, boosts fibronectin expression, 
and improves endothelial permeability. A link between pro-
inflammatory cytokines and DN has been suggested in a 
number of clinical investigations. Pro-inflammatory cytokines 
can be produced by endothelial, mesangial, glomerular, and 
tubular epithelial cells. These compounds have also been 
linked to substantial renal consequences. Among the 
inflammatory markers CRP has been widely studied and used 
as marker of underlying inflammation in pathogenesis of 
nephropathy [4,60].

1. Satyesh K Sinha et al. discovered a link between serum 
hsCRP and the incidence of diabetic nephropathy in the 
Jackson Heart Study(JHS). They recruited 5,306 persons from 
the city of Jackson, Minnesota, who self-identified as African 
Americans or black adults with a baseline age of 21-84 years 
between 2000 and 2004 (exam 1). JHS 2 data was collected 
from 2005 to 2008, whereas JHS 3 data was collected from 2009 
to 2013. Patients with Diabetic Nephropathy or no information 
on hs-CRP at exam 1 were excluded from the JHS 3 trial to 
investigate the link between hs-CRP and incident instances of 
Diabetic Nephropathy. There were a total of 4,043 persons 
detected after all of the exclusions. Those who developed 
diabetic nephropathy had significantly higher baseline 
values of hsCRP, age, fasting plasma glucose, serum lipids, 
systolic blood pressure, waist circumference, and diabetes 
mellitus duration (p 0.05) than those who did not. The overall 
incidence rate of DN was reported to be 7.9%. Participants 
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with high tertile hs-CRP (>4.24 mg/L) took less time to 
develop Diabetic nephropathy than those with low tertile hs-
CRP (1.461 mg/L); P 0.001. Participants with increased hs-CRP 
had a higher incidence of Diabetic Nephropathy (HR 2.34, 95 
percent CI 1.04–5.24) when compared to the control group. 
[76]. 

2. Abid K Shaheer, et al. published A Comparative Study of 
High Sensitivity C-Reactive Protein and Metabolic Variables 
in Type-2 Diabetes Mellitus with and without Nephropathy. 
The study comprised 96 people divided into three groups: 
healthy non-diabetic controls, type-2 diabetic patients with 
no problems, and type-2 diabetes mellitus patients with 
nephropathy. The findings  a statistically significant (p <0.05) 
link between rising blood hsCRP levels and the degree of 
microalbuminuria, as well as the severity of diabetic 
nephropathy. The result showed a significant (p<0.05) 
relationship between hs-CRP and the different metabolic 
variables like Fasting Blood Glucose (FBG), Post Prandial 
Blood Glucose (PPBG), Total Cholesterol (TC), Triglycerides 
(TG), LDL-Cholesterol (LDL-C), TC:HDL-Cholesterol (HDL-C) 
ratio and estimated Glomerular Filtration Rate (eGFR)[61]. 

3. Study of C-Reactive Protein in Type-2 Diabetes and its 
Relation with Various Complications from Eastern India done 
by Ramtanu Bandyopadhyay, et al selected a total of 80 
patients (M:F:: 47:33), found that patients with the 
complications of diabetes, like nephropathy had significantly 
higher levels of serum CRP[62]. 

4. In a study on the elevated Serum C-Reactive Protein Level 
and Microalbuminuria in Patients With Type-2 Diabetes 
Mellitus done by Mohammad Javad Mojahedi et al. They 
measured serum levels of HS-CRP in 87 patient with type 2 
diabetes mellitus. They were divided into a microalbuminuric 
group (n = 45) and normoalbuminuric group ,i.e. those with a 
24-hour urine albumin less than 30 mg/d (n = 42). Patients 
with microalbuminuria were significantly older and affected 
by  d iabetes  mel l i tus  longer  than  those  wi thout 
microalbuminuria. Also, their mean HS-CRP was significantly 
higher (4.98 ± 1.45 mg/L versus 2.82 ± 2.10 mg/L; P < .001). 
The Pearson correlation test showed a significant correlation 
between HS-CRP level and urine albumin level (r = 0.43; P < 
.001). The specificity and sensitivity of HS-CRP for detection of 
microalbuminuria in were 78.5% and 68.8%, respectively, and 
the positive and negative predictive values were 77.5% and 
70.2%, respectively. In conclusion type 2 diabetic patients, 
microalbuminuria is accompanied by elevated hs-CRP, 
suggesting activation of inflammatory pathways in 
progression of renal and cardiovascular atherosclerotic 
disease[63]. 

In type-2 diabetic nephropathy , high-sensitive CRP tests 
were performed. Lan Liao et al used an ELISA to measure 
blood hs-CRP levels in 55 healthy controls, 66 Type-2 diabetes 
patients without DN, and 68 Type 2 diabetic patients with DN. 
In 58 diabetic patients without DN at the baseline, a 5-year 
prospective study was conducted to assess changes under 
urine albumin excretion (UAE), serum hs-CRP concentration, 
and kidney function in targeted intervention comprising 
blood glucose and blood pressure. Results: Type-2 diabetes 
patients with DN had the highest baseline hs-CRP 
concentration, followed by Type-2 diabetic patients without 
DN, while normal controls had the lowest. In patients who did 
not have DN at the end of the 5-year intervention, hs-CRP 
concentration at the end was considerably lower than at the 
start (p< 0.05). However, towards the end of the study, the 
patients with DN had a slightly lower hs-CRP concentration 
than at the start . The hs-CRP concentrations in individuals 
with DN at the endline were substantially greater than those 
without DN at the endline at both baseline and endpoint. In 
conclusion, a higher blood hs-CRP concentration in Type-2 
diabetes patients may be a risk factor for DN. In Type-2 
diabetes individuals, hs-CRP can predict the onset of DN to 

some extent. [64] 

In a study done by Nikhil Choudhary and Ravinder S Ahlawat 
on the role of IL-6 and CRP in pathogenesis of diabetic 
nephropathy, 60 patients were taken with type-2 diabetes 
mellitus, who were then further divided into 3 groups of 20 
each – normoalbuminur ia, microalbuminur ia and 
macroalbuminuria. They found that there was a positive 
correlation between the urinary albumin excretion and levels 
of hsCRP (p<0.001), and interleukin-6 ( p<0.001); which 
showed that inflammatory markers were elevated in diabetic 
nephropathy and an association with urinary albumin 
excretion was also present.[11] 

In a related study on CRP and its significance in CKD, done by 
PC Lalramenga et al, on 140 subjects with CKD, they found that 
high serum CRP levels are associated with lower eGFR.[65] 

In another study done by V. Panichi et al on the levels of CRP in 
CKD patients, they found that CRP (as well as IL-6) levels were 
related with renal function ( p<0.001).[66] 

MATERIALS AND METHODS
Estimation of C-reactive Protein: 
C-reactive Protein was estimated by the turbidometric 
method. 

Specimen: Fresh serum specimen should be preferred. 
Samples with presence of fibrin should be centrifuged before 
testing. CRP in serum is stable for 7 days at 2-8°C and for 3 
months at -20°C. Sample should be brought to room 
temperature before testing. Hemolysed sample should not be 
used. 

Reagent: Turbilatex CRP is a reagent set for quantitative 
determination of CRP in human serum based on turbidimetric 
method. Turbilatex CRP is a two liquid reagent using one step 
procedure. By this method, CRP can be determined within 2 
m i n u t e s . T u r b i l a t e x  C R P  c a n  b e  u s e d  o n  a n y 
spectrophotometer, discrete semi automated and automated 
analyser. 

Principle: Turbilatex CRP contain latex particles coated with 
specific antihuman CRP which reacts with CRP in the sample 
resulting in agglutination. Agglutination causes change in 
absorbance, measured at 540nm (530-550nm) and is 
proportional to the concentration of CRP in the sample.

RESULTS AND OBSERVATIONS

The mean CRP of the subjects in Case group was 10.9 mg/dl & 
in control group was 0.7mg/dl, The case group had 
significantly higher (p <0.0001) mean value than the control 
group.
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The highest mean serum CRP 30.77±9.63 mg/dl was noticed 
in macroalbuminuria group and the lowest mean serum CRP 
2.01±2.73mg/dl was noticed in normoalbuminuria 
group.There was significant (<0.0001) difference between 
the group

he mean values of CRP as per CKD stage were- 4.57+8.22 
mg/dl, 8.38+10.03mg/dl, 18.8+6.83mg/dl, 26.9+8.45mg/dl, 
36+7.14mg/dl, 46.53+12.11 mg/dl in the stage 1, 2, 3A, 3B, 4, 
and 5 respectively. There was significant positive correlation 
between the values of CRP and CKD stage , with the 
progression of different stages of nephropathy.

DISCUSSION
In the present study, mean levels of CRP in the case group is 
10.9 mg/dl and control group was 0.7 mg/dl, which is 
statistically significant. In a study by Mohammed Javad 
Mojahedi et al, published in 2009, mean hsCRP was found to 
be significantly higher in diabetic patients[63]. In a study 
published by R Tabassum et al, the mean CRP levels were 
found to be significantly higher in the diabetic patients when 
compared to non diabetic patients[68]. In the study done by 
Ritu Gupta et al, they found that the mean values of hsCRP in 
the control group was  0.93+0.81 mg/l, whereas 4.06+2.59 
mg/l in the diabetic patients. [67] In a followup study 
conducted by Barbara Thorand et al, they found that the mean 
values of CRP were 16.48+12.69 mg/l and <6.00+0.00 mg/l in 
the diabetic and non-diabetic groups at the end of study 
period.[77]

In this present study, the highest serum CRP levels were noted 
in the macroalbuminuria group and lowest in the 
normoalbuminuria group, which was statistically significant. 
This was consistent with the results of the study done by Nikhil 
Choudhary et al[11]. Another study by Fatima El Boukhrissi et 
al , found signif icantly higher levels of  hsCRP in 
microalbuminuria compared to diabetes mellitus patients 
without albuminuria[78].  In the study done by Mohammad 

Javad Mojahedi, they showed a significant correlation 
between hsCRP and urinary albumin levels, p value 
<0.001.[63]

In the current study, serum CRP levels showed positive 
correlation with CKD stages, consistent with the study done 
by V Panichi et al which demonstrated that CRP levels 
increased as renal function decreased[66]. Another study by 
PC Lalramenga et al showed that higher levels of CRP were 
associated with CKD stage 4 and 5 (i.e.lower eGFR)[79]. In a 
study by Tri Asih Imro'ati et al results of hsCRP data 
description as per the CKD stages revealed highest mean 
values of hsCRP in CKD stage 4 as compared with stage 3 and 
stage5. hsCRP levels in this study did not represent CKD 
stages due to insufficient samples[80].

SUMMARY
In the present study, mean CRP in the case group is 10.9 mg/dl 
and control group was 0.7 mg/dl, which is statistically 
significant. 

In this present study, the highest serum CRP levels were noted 
in the macroalbuminuria group and lowest in the 
normoalbuminuria group, which was statistically significant. 

In the current study, serum CRP levels showed positive 
correlation with CKD stages, 

CONCLUSION
In conclusion, the chief observation seen in our present study 
was that there is a significant difference between the 
inflammatory parameter,CRP between diabetic and non 
diabetic groups, and also a significant relation between the 
inflammatory parameters and urinary albumin excretion as 
well as severity of diabetic nephropathy. 

The values of CRP in type-2 diabetes mellitus and control was 
10.9 mg/dl and control group was 0.7 mg/dl respectively, 
which was statistically significant. The values of CRP showed 
positive correlation with urinary albumin excretion and a 
negative correlation with estimated GFR. A decrease in 
estimated GFR signifies a decrease in renal function, denoting 
severity of diabetic nephropathy. 

Similar to several studies, this present study suggests the fact 
that there is a significant correlation between CRP with 
diabetic nephropathy, which indicates that inflammation may 
play a significant role in the pathogenetic mechanism of type-
2 diabetes mellitus and its complications, one of them being 
diabetic nephropathy. 

Since inflammatory markers, CRP showed significant rise in 
the diabetic group when compared to the non diabetic 
control.group and also showed positive correlation with 
diabetic nephropathy, CRP estimation at earlier stages of 
type-2 diabetes mellitus can help to detect risk for 
nephropathy in the early phase and help prevent 
development and progression of diabetic nephropathy by 
taking appropriate measures at the earliest
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