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Abstract 
Introduction: Diabetes mellitus is one of the leading causes of morbidity and mortality for its association with complications 

like nephropathy, neuropathy, retinopathy and cardiovascular diseases. Chronic inflammation plays an important role in the 

development and progression of late complications of diabetes, and diabetic nephropathy (DN) is one of the major long-term 

complications of diabetes mellitus. 

Aims and Objectives: To determine serum high sensitivity C-reactive protein (hs-CRP) and urine albumin creatinine ratio 

(UACR) in patients with type 2 DM and to evaluate the relationship of hs-CRP with UACR as markers of early kidney damage. 

Materials and Methods: Cross sectional study which included 95 clinically diagnosed type 2 DM patients of age group 40 to 70 

years. Spot urine microalbumin and creatinine were estimated by immunoturbidimetry and Jaffe method respectively, and the 

results were reported as albumin creatinine ratio (mg/g). The patients were divided into two groups, diabetic with 

microalbuminuria as cases and without microalbuminuria as controls. hs-CRP was estimated by immunonephelometry method. 

Statistical analysis was done using SPSS 20.0. Data were analysed using student ‘t’ test for their level of significance. Correlation 

between variables was carried out using the Pearson correlation co-efficient. 

Results: The mean hs-CRP was higher in diabetic patients with microalbuminuria (7.28 ± 3.46) comparing to diabetic patients 

without microalbuminuria (1.04 ± 0.85) and was statistically significant (p<0.001). The Pearson correlation test showed a 

positive correlation between hs-CRP level and UACR level (r = 0.41; P =0.02). 

Conclusion: Microalbuminuria was accompanied by elevated hs-CRP level suggesting activation of inflammatory pathways in 

development of kidney disease. So as a screening method, measurement of serum hs-CRP along with urine albumin creatinine 

ratio helps in diagnosing early stages of diabetic nephropathy. 
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Introduction 
Diabetes mellitus is one of the leading causes of 

morbidity and mortality for its association with 

complications like nephropathy, neuropathy, 

retinopathy and cardiovascular diseases.1 Diabetic 

nephropathy (DN) is one of the major long-term 

complications of diabetes mellitus and is the leading 

cause of end-stage renal disease.2 Many studies have 

proved that type 2 diabetes mellitus (type 2 DM) was 

frequently associated with inflammatory state.3,4 and 

chronic inflammation plays an important role in the 

development and progression of late complications of 

diabetes.5 Quite a few studies put forward that pro-

inflammatory cytokines/chemokines, such as 

interleukin (IL)-1, IL-6, IL-8, and tumour necrosis 

factor-alpha (TNF-alpha), monocyte chemoattractant 

protein-1 (MCP-1), intercellular adhesion molecules 

(ICAM-1), vascular cellular adhesion molecules 

(VCAM-1) and C-reactive protein (CRP) play 

significant roles in the pathogenesis of diabetic 

nephropathy.6,7 Inadequate control of blood glucose 

level increases the risk of complications of diabetes 

mellitus by causing low-grade vascular inflammation 

and endothelial dysfunction.8  

The earliest clinical evidence of renal dysfunction 

in patients with diabetes is generally microalbuminaria 

- a sign of vascular endothelial dysfunction9 and by 

early detection of microalbuminuria in diabetics can 

significantly reduce the progression of renal 

complications.10 High sensitivity C-reactive protein (hs-

CRP) is one of the sensitive markers of subclinical 

inflammation, and its level in serum concentration is a 

gauge of intensity of low-grade inflammation of the 

arterial wall.8 The main advantage of hs-CRP is that it 

can be measured at any time of the day and is also a 

very stable parameter.11 An understanding of the 

clinical pathology associated with the development and 

advancement of diabetic nephropathy is worthwhile for 

instituting effective therapeutic approaches to prevent 

the progression. One of the previous study stated that 

low-grade inflammation, reflected by high CRP levels 

were associated with a subsequent augmentation of 

urinary albumin excretion in patients with type 2 

diabetes.12 The aim of the study is to determine the 

serum high sensitivity C-reactive protein (hs-CRP) and 

urine albumin creatinine ratio (UACR) in patients with 

type 2 diabetes mellitus and to scrutinize the role of 

low-grade inflammation in the pathogenesis of early 

kidney damage in type 2 diabetes mellitus by evaluating 
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the association between hs-CRP with urine albumin 

creatinine ratio.  

 

Materials and Methods 
The design was a cross-sectional study conducted 

in a tertiary care centre for a period of seven months 

from January 2015 to August 2015, and was carried on 

patients with type 2 diabetes mellitus presented to the 

endocrinology clinics. The study proposal was 

approved by the Institutional ethical committee and 

informed consent was obtained from all study subjects. 

In the present study ninety five (95) clinically 

diagnosed type 2 DM patients with more than ten years 

of duration in the age group of 40 to 70 years were 

selected. We excluded subjects with history of any 

significant infectious diseases, trauma, malignancy, 

active immunological diseases, cardiovascular disease; 

tuberculosis, pregnancy or confounding factors for 

proteinuria such as severe uncontrolled hypertension or 

renal insufficiency from the study. Detailed history was 

taken and physical examination was done for all 

patients who were enrolled for the study. 

Spot untimed urine samples were collected for 

quantitation of albumin and creatinine. Urine 

microalbumin and creatinine were estimated by 

immunoturbidimetry and Jaffe method respectively, 

using OLYMPUS AU2700 analyser and the results 

were reported as urine albumin creatinine ratio (mg/g). 

The concentration ratio of urine albumin to creatinine 

was used to assess the total daily albumin excretion. 

Microalbuminuria was defined as urine albumin value 

between 30 mg/day and 300 mg/day. Presence of 

microalbuminuria was equated as a urinary albumin: 

creatinine ratio of more 25 mg/g for women and more 

than 17 mg/g for men, which is based on the National 

Kidney Foundation's Kidney Disease Outcome Quality 

Initiative working group definition.13 High sensitivity 

C-reactive protein was estimated by 

immunonephelometry method using BECKMAN 

COULTER IMMAGE® Immunochemistry Systems. 

Analytical sensitivity for CRP determination by this 

assay system was 0.06 mg/L. The desirable level of hs-

CRP is < 1mg/L. The patients were divided into two 

groups, diabetic with microalbuminuria as cases and 

without microalbuminuria as controls. 

 

Statistical Analysis 
Statistical analyses were performed using the SPSS 

software (Statistical Package for the Social Sciences, 

version 20.0, SPSS Inc, Chicago, Ill, USA). Continuous 

variables were expressed as mean ± standard deviation. 

Data were analysed using independent student ‘t’ test 

for their level of significance. Chi square test was used 

to determine association between micro-albuminuria 

and hs-CRP. Correlation between variables was carried 

out using the Pearson correlation co-efficient. The value 

of p<0.05 was taken as significant. 

Results 
The present study enrolled ninety five (95) 

clinically diagnosed type 2 diabetes mellitus patients. 

Out of ninety five (95) diabetic patients forty nine (49) 

patients (51.6%) had microalbuminuria (cases), 

whereas forty six (46) patients (48.4%) without 

microalbuminuria (controls). Fig. 1 demonstrates the 

percentage of diabetic patients with microalbuminuria 

and without microalbuminuria. Mean urine albumin 

creatinine ratio of diabetic patients with 

microalbuminuria was 134.6 + 56.78 mg/g and diabetic 

patients without microalbuminuria were 10.42 + 6.24 

mg/g. This difference was found to be statistically 

significant (p value <0.001). Table 1 depicts mean 

value of urine albumin creatinine ratio of diabetic 

patients with and without microalbuminuria. Mean 

serum hs-CRP value of diabetic patients with 

microalbuminuria was 7.28 ± 3.46mg/L and diabetic 

patients without microalbuminuria was 1.04 ± 

0.85mg/L. This difference was also found to be 

statistically significant (p value <0.001). Table 2 

depicts mean value of serum hs-CRP of diabetic 

patients with and without microalbuminuria. It was 

found that out of the forty nine patients with 

microalbuminuria, forty three (87.8%) patients had 

associated increase of hs-CRP. In contrast, of 46 

patients without microalbuminuria, 39 (84.8%) had 

normal hs-CRP level (P < 0.001). Table 3 depicts 

association between microalbuminuria and hs-CRP in 

diabetic patients. Correlation between variables was 

carried out using Pearson correlation co-efficient which 

showed a significant positive correlation between hs-

CRP level and urine albumin creatinine ratio level (r = 

0.41; P =0.02) which is shown in Table 4. Fig. 2 

demonstrates the correlation between hsCRP and urine 

albumin creatinine ratio level. 
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Fig. 1: Percentage of diabetic patients with microalbuminuria and without microalbuminuria 

 

Table 1: Mean value of urine albumin creatinine ratio of diabetic patients with and without 

microalbuminuria 

 Diabetics with 

microalbuminuria (n=49) 

(Mean ± SD) 

Diabetics without 

microalbuminuria (n=46) 

(Mean ± SD) 

p value 

Urine albumin 

creatinine ratio 

(mg/g) 

 

134.60+56.78 

 

10.42+6.24 

 

< 0.001 

 

Table 2: Mean value of serum hs-CRP of diabetic patients with and without microalbuminuria 

 Diabetics with 

microalbuminuria (n=49) 

(Mean ± SD) 

Diabetics without 

microalbuminuria (n=46) 

(Mean ± SD) 

p value 

hs-CRP (mg/L) 7.28 ± 3.46 1.04 ± 0.85 < 0.001 

 

Table 3: Association between microalbuminuria and hs-CRP in diabetic patients 

Total no of cases n=95 hsCRP raised n 

(%) 

hsCRP normal n (%) p-value 

Diabetics with 

microalbuminuria (n=49) 

43 (87.8) 6 (12.2)  

 

 

<0.001 
Diabetics without 

microalbuminuria (n=46) 

7 (15.2) 39 (84.8) 

 

Table 4: Correlation between urine albumin creatinine ratio and hs-CRP in diabetic patients 

Parameter hsCRP 

 

Urine albumin 

creatinine ratio 

(UACR) 

r p value 

 

0.41 

 

0.02 
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Fig. 2: Correlation between hsCRP and urine albumin creatinine ratio  

 

Discussion 
C-reactive protein (CRP) is an acute-phase 

reactant, and is considered as a biomarker of 

inflammation. Plasma CRP level increase hastily and 

intensely in response to tissue injury or inflammation, 

but its measurements in apparently healthy individuals 

may not truly reflect the basal level if inflammation is 

present. High-sensitivity CRP (hs-CRP) is more 

sensitive than standard CRP and is utilised for detecting 

normal or baseline concentrations. High-sensitivity 

assay techniques such as immunoturbidimetry, 

immunonephelometry, high-sensitivity enzyme-linked 

immunosorbent assay (ELISA) can sense CRP with a 

sensitivity range of 0.01 to 10 mg/ L.14 These high-

sensitivity assays help quantify low grades of systemic 

inflammation, in the absence of overt systemic 

inflammatory or immunologic disorders. The 

prevalence of microalbuminuria in type 2 diabetic 

patients in the present study is 51.6%. 

Microalbuminuria is defined as urinary albumin 

excretion ranging from 30 to 300 mg in a 24-hr urine 

collection.15 It is a marker of diffuse endothelial 

dysfunction. The suggested method to estimate 

albuminuria is to measure urinary albumin to creatinine 

ratio (UACR) in a spot urine sample. The rationale for 

measuring UACR is to overcome variation in urine 

concentration and dilution. Urinary albumin to 

creatinine ratio is calculated by dividing albumin 

concentration in milligrams by creatinine concentration 

in grams. Albumin excretion rate ≥30 mg/24 hours or 

albumin to creatinine ratio (ACR) ≥30 mg/g is used as a 

marker of renal impairment. Persistent 

microalbuminuria is a strong predictor of development 

of diabetic nephropathy and lead to end stage renal 

disease if flouted. Therefore, detection of 

microalbuminuria during the early period may help to 

prevent progression of kidney disease in diabetic 

patients. 

In our study we found that high sensitive CRP 

values were significantly higher in type 2 diabetic 

patients having microalbuminuria compared to diabetic 

patients without microalbuminuria indicating pertaining  

 

systemic inflammation in diabetic microalbuminuria 

patients compared to patients without 

microalbuminuria. Also, statistically positive 

correlation was seen between serum hsCRP and urinary 

albumin Creatinine level. In several studies, it has been 

reported that there is an association between serum 

CRP levels and microalbuminuria in diabetic 

patients.16-18 Many research works explained that 

elevated level of inflammatory cytokines and acute 

phase proteins can directly change glomerular function 

and thereby influence the development of 

microalbuminuria. And it is possible that increase of 

acute phase proteins and microalbuminuria have the 

same cause such as increased production of 

inflammatory cytokines.18 Quite a few mechanisms 

have been projected to explain the association between 

CRP and microalbuminuria. Animal studies in rat have 

shown that administration of CRP resulted in 

endothelial dysfunction and impaired vascular activity 

by inhibiting endothelial nitric oxide synthase.19 

Diminished nitric oxide production promotes 

vasoconstriction, platelet activation, leucocyte 

adherence, impaired coagulation and vascular 

inflammation.20 CRP also stimulates proinflammatory 

cytokine production21 leading to over production of 

matrix, mesangial cell proliferation, and augmented 

vascular permeability resulting in microalbuminuria.22  

In our study we found that low-grade inflammation 

was already present in the early stage of 

microalbuminuria and confirmed the importance of 

inflammatory marker hsCRP, by way of the existence 

of a positive relationship between serum hsCRP with 

microalbuminuria in diabetic patients. These findings 

was in agreement with the article published by 

Elmarakby et al7 who reported that low-grade 

inflammation was already present in the early stage of 

diabetic nephropathy and low-grade inflammatory 

markers could serve in predicting initiation, and the 

progression of diabetic nephropathy. In 2002, 

Stehouwer et al.12 reported that CRP levels were 

associated with a subsequent increment in urinary 

microalbumin levels in patients with diabetes. Another 
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study on patients with type 2 diabetes by Navarro et 

al.23,24 revealed that CRP levels were high in patients 

with microalbuminuria compared with those with 

normoalbuminuria. These observations suggest that 

low-grade inflammation, reflected by high serum 

hsCRP levels, may play a role in the pathogenesis of 

microalbuminuria which can be considered as a risk 

factor of diabetic nephropathy which was reported in 

many studies.25,26 The inference of attained results is 

revealed in the fact that simple, minimally invasive and 

reasonably priced tests such as the hsCRP measurement 

could be used for monitoring intensity of subclinical 

inflammation in patients with diabetes as an indicator of 

possible development of diabetic nephropathy. The 

novelty of the present study is to make an element that 

hsCRP estimation can be considered equivalent to 

UACR estimation for detecting early renal impairment 

in diabetic patients. Timely estimation of these sensitive 

biomarkers and possibly by early intervention could 

able to prevent further progression of renal damage in 

diabetic patient and reduce the number of patients with 

end-stage renal disease (ESRD). The scope of the 

present study is to make aware of this cost effective 

investigation (hsCRP) for primary care level treatment 

especially in primary health care centres, which can be 

utilised efficiently for early detection of diabetes-

induced nephropathy. 

 

Conclusion 
It is concluded that hs-CRP is elevated in 

microalbuminuria patients and also there is a significant 

association between the level of serum hs-CRP and 

microalbuminuria in type 2 diabetic patients. Thus 

activation of inflammatory pathways in progression of 

kidney disease in diabetic patients as indicated by high 

sensitive CRP suggests that as a screening method, 

measurement of serum hs-CRP can be useful for 

diagnosis of early stages of diabetic nephropathy. We 

concluded that type 2 DM patients who have a 

significant risk factor for developing renal impairment 

should be regularly monitored for more sensitive 

biomarkers of nephropathy such as high sensitivity C-

reactive protein and urine albumin to creatinine ratio, to 

facilitate early detection of diabetes-induced 

nephropathy. 
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