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Abstract

BACKGROUND: Diabetes mellitus (DM), which has a high morbidity and mortality rate, has emerged as a significant worldwide health
issue. One of the most significant long-term microvascular consequences of diabetes mellitus (DM) is type 2 diabetic nephropathy (T2DN),
which is a major contributor to end-stage renal disease (ESRD) globally. There is data indicating that T2DM is a mild inflammatory
condition. Inflammatory markers including high-sensitivity C-reactive protein (hs-CRP) have been linked to an increased risk of diabetes,
and its role in diabetic nephropathy (DN) pathogenesis is yet unknown. AIM: This study aimed to measure the levels of serum high
sensitivity C-reactive protein(hs- CRP) and lipid profile in patients with diabetic nephropathy and to compare with that of normal subjects.
MATERIAL AND METHODS: In this study, T2DM patients with nephropathy were enrolled in the study group (n=70) and healthy
subjects were enrolled in the control group (n=70). Serum hs-CRP levels and lipid profile were assessed in both the groups. The data was
analysed using SPSS version 26. RESULTS: When compared to controls, patients with DN had significantly higher levels of hs-CRP as
compared to that of controls. The mean value total cholesterol, LDL, and triglycerides is also significantly more in patients with diabetic
nephropathy as compared to controls with p-value <0.001. CONCLUSION: According to our findings, patients with diabetic nephropathy
frequently experience an increase in hs-CRP levels along with dyslipidemia. Regular monitoring of these markers may help to reduce the
incidence of unfavourable outcomes in patients with diabetic nephropathy.
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INTRODUCTION

Diabetic nephropathy [DN] is amongst the most significant medical concerns that affects people with diabetes. It currently
constitutes as the primary cause of cardiovascular morbidity and mortality as well as the primary cause of end-stage renal
disease in patients with diabetes [1]. DN affects 20-40% of T2DM patients [2], mostly because Type 2 diabetes is becoming
more common and is linked to obesity [3,4]. Earlier Diabetic Nephropathy was not thought of as an inflammatory
iliness. However, according to current research, the development and progression of DN are aided by kidney inflammation.
The established metabolic, biochemical, and hemodynamic abnormalities in the diabetic kidney may be a major component
that activates inflammation [5].

According to studies, those who develop diabetic nephropathy have low-grade inflammation for years before the disease
manifests itself [6]. Numerous human investigations have confirmed similar results, and numerous cross-sectional studies have
shown an association between diabetic nephropathy and elevated levels of inflammatory markers such IL-6, fibrinogen, or hs-
CRP [7].

A highly sensitive indicator of inflammation is an acute phase reactant known as C-reactive protein (CRP). When there is
inflammation, its level drastically increases [8]. It is considered as the best markers of vascular inflammation because of its
extended half-life, low cost of estimation, and level stability without diurnal change [9]. Disorders including diabetes mellitus
(DM), cardiovascular disease, metabolic syndrome, renal failure, etc. are linked to CRP [10,11,12]. A highly sensitive variant
of CRP is called high-sensitivity CRP (hs-CRP). It is detected using highly sensitive assays, which are capable of detecting
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CRP levels with a sensitivity range of 0.01 mg/L to 10 mg/L. In the absence of obvious inflammation, these assays can therefore
detect even low-grade inflammation [13].

Patients with Type 2 diabetes have greater serum levels of high sensitivity CRP (hs-CRP) than healthy individuals, and this
factor is crucial to the onset and progression of T2DM [9]. It has also been demonstrated that the amount of this inflammatory
marker correlates with glycemic control markers such glycated haemoglobin Alc (HbAlc) [14]. However, the association of
hs-CRP with development and progression of Diabetic nephropathy is yet not very clear.

Therefore, the present study was conducted in order to assess serum hs-CRP levels and lipid profile in patients with DN.

MATERIAL AND METHODS:

STUDY DESIGN:

This cross-sectional and observational study was carried out at Index Medical College and Hospital, Indore from January 2021
to January 2022. The ethical clearance was obtained from the Ethical Committee of Index Medical College and Hospital,
Malwanchal University, Indore.

INCLUSION CRITERIA:[15,16,17]

The study group included 70 diagnosed cases of T2DM (FPG > 126 mg/dl and HbAlc > 6.5%) with nephropathy who were
between the ages of 30 and 70. The urine albumin/creatinine ratio was used to compute the UACR. ACR 30 mg/g and/or eGFR
60 mL/min/1.73 m2 were used to define DN.

Age as well as sex-matched healthy subjects who attended the OPD and IPD of the Medicine Department of Index Medical
College and Hospital were enrolled as the control group.

EXCLUSION CRITERIA: [16,17]

The study excluded participants who had a history of active infections, trauma, malignancy, smoking, alcoholism, cancer,
rheumatoid arthritis, and those taking any anti-inflammatory medications or who had a body mass index (BMI) >30. The study
excluded patients with type 1 diabetes, gestational diabetes mellitus, diabetic ketoacidosis, smoking, alcoholism, chronic
illnesses, and those receiving treatment with lipid-lowering medications, anti-inflammatory drugs, multivitamins, and aspirin.

All eligible subjects who took part in the study were informed of its objectives. Informed consent was taken from all the
participants. Physical examination along with previous history taking was done for all patients. All anthropometric
measurements, including waist circumference, body mass index, height and weight were obtained. To conduct several
biochemical investigations, blood samples were collected.

SAMPLE COLLECTION:

After fasting of eight to twelve hours, 7 ml of venous blood was drawn from the antecubital vein. 4 ml of blood was placed into
a plain vacutainer and,1.5ml was transferred into the fluoride vial whereas last 1.5 ml was transferred into an EDTA vacutainer.
Centrifugation was used to separate the sera from the blood samples.
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The GOD-POD method was used to measure plasma glucose levels[18]; the High Performance Liquid Chromatography
technique was used to calculate HbA1c[19]; the cholesterol oxidase peroxidase method was used to measure serum
cholesterol[20]; the Glycerol oxidase-Trinder method was used to measure serum TGs[21]; and the modified polyethylene
glycol precipitation method was used to measure high-density lipoprotein (HDL) levels [22]. To calculate LDL, the Fridelwald
equation was used [23].Estimation of serum creatinine was done by the modified Jaffe’s method [24] and urea was estimated
by Urease Berthelot’s method [25] by using Cobas Integra (Roche) fully automated analyser. Urine ACR was measured from
random urine sample. Urinary albumin was measured by ‘Immuno Turbidometry method’ while urinary creatinine was
measured by ‘Jaffe’s spectrophotometric method’[26]eGFR was calculated using Cockcroft and Gault equation[27].
Immunoturbidometric analysis of serum hs-CRP was performed using a COBAS-501 fully automated analyzer. (28,29).

RESULTS

STATISTICAL ANALYSIS

The data was arranged in tabular form and SPSS software 26.0 was used to analyse the data . According to age, gender, and
BMI, descriptive statistics (frequency and percentage) were obtained for the distribution of diabetic nephropathy cases and
controls.

The mean values of constant variables were compared between cases and controls using the independent-student t test.
Interpretation of results:
p-values below 0.05 were considered significant, while those below 0.01 were considered very significant.

TABLE 1: DISTRIBUTION OF PATIENTS WITH DIABETIC NEPHROPATHY ACCORDING TO AGE AND GENDER

AGE GROUP(YEARS) NUMBER OF CASES TOTAL
(N=70)
MALES FEMALES
30-40 13 8 21
41-50 14 7 21
51-60 17 11 28

The distribution of patients with diabetic nephropathy according to gender and age is shown in Table 1. In the age group of 31
to 40, there were 21 patients (13 men and 8 women), 41 to 50, there were 21 patients (14 men and 7 women), and 51 to 60,
there were 28 patients (17 men and 11 women), for a total of 70 patients (44 males and 26 females).

TABLE 2: DISTRIBUTION OF HEALTHY CONTROLS ACCORDING TO AGE AND GENDER

AGE GROUP(YEARS) NUMBER OF SUBJECTS TOTAL
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(N=70)

MALES FEMALES
30-40 8 8 16
41-50 14 13 27
51-60 16 11 27

The age and gender distribution of the control group is shown in Table 2. Between the ages of 31 and 40, there were 16 healthy
subjects (8 men and 8 women), between the ages of 41 and 50, there were 27, (14 men and 13 women), and between the ages
of 51 and 60, there were 26, (16 men and 11 women), for a total of 70 healthy subjects (38 males , 32 females).

TABLE 3: DISTRIBUTION OF THE STUDY POPULATION ACCORDING TO BMI

BMI RANGE DIABETIC NEPHROPATHY CONTROLS

CASES
(kg/m?)

N(70) % N(70) %
Below 18 1 1.42% 5 7.14%
18-24.99 22 31.4% 41 58.57%
25-29.99 37 52.85% 21 30%
30 and above 10 14.28% 3 4.28%
Mean + SD 25.56 £ 3.50 23.7143.72

According to the above mentioned table, 41 (58.57%) of the controls and 22 (31.4%) of the patients with diabetic nephropathy
both had normal BMI.

37(52.85%) of the cases were found to be overweight (BMI 25-29.99), compared to 21(30%) controls who fell into this
category.

10 (14.28%) of the diabetic nephropathic cases had a BMI of 30 or above, compared to just 3 (4.28 %) of the controls.

Table 4: COMPARISON OF BLOOD PRESSURE OF THE STUDY POPULATION

PARAMETERS DIABETIC CONTROLS p-Value
NEPHROPATHY
CASES (Mean + SD)
(Mean + SD)

Systolic BP(mm of Hg) 139.40 +12.35 127.49 +11.6 <0.001
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Diastolic BP(mm of Hg) 89.89 + 7.54 78.81 + 7.68 <0.001

In patients with diabetic nephropathy, the mean systolic blood pressure is 139.40 + 12.35mm Hg, which is substantially higher
than the mean systolic blood pressure of controls, which is 127.49 + 11.6 mm Hg (p< 0.001).

Diastolic blood pressure in cases with diabetic nephropathy is higher than in controls, with mean values of 89.89 + 7.54mm Hg
and 78.81 + 7.68 mm Hg, respectively.

Table 5: COMPARISON OF GLYCEMIC PARAMETERS BETWEEN PATIENTS WITH DIABETIC NEPHROPATHY
AND HEALTHY CONTROLS

PARAMETERS DIABETIC CONTROLS p-Value
NEPHROPATHY
CASES (Mean + SD)
(Mean + SD)
FPG(mg/dl) 175.84+ 44.71 83.77+ 10.12 <0.001
PP(mg/dl) 254.29+ 91.68 122.09 + 12.25 <0.001
HbAlc (%) 9.09+1.92 5.30+0.61 <0.001

When compared to the controls with mean value of FPG 83.77+ 10.12 mg/dl, patients with diabetic nephropathy had a
considerably higher mean FPG of 175.84+ 44.71mg/dl.

When compared to controls, who had mean PP glucose levels of 122.09 + 12.25mg/dl, patients with diabetic nephropathy had
mean PP glucose levels of 254.29+ 91.68mg/dl.

In cases of diabetic nephropathy, the mean HbAlc value was 9.09+ 1.92%, whereas in controls, it was 5.30 + 0.61%. This
difference was highly significant with a p value < 0.001.

TABLE 6: COMPARISON OF BLOOD UREA, SERUM CREATININE, ACR AND eGFR BETWEEN PATIENTS WITH
DIABETIC NEPHROPATHY AND HEALTHY CONTROLS

PARAMETERS DIABETIC CONTROLS p-Value
NEPHROPATHY
CASES (Mean + SD)
(Mean + SD)
BLOOD UREA(mg/dl) 155.11+59.45 30.19+10.43 <0.001
SERUM 5.17+£3.02 0.96+0.27 <0.001
CREATININE(mg/dI)
UACR (mg/g) 725.90+577.89 18.20+5.24 <0.001
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eGFR(ml/min/1.73m?) 22.71£12.77 89.41+32.25 <0.001

According to the above table, diabetic nephropathy cases had significantly higher blood urea, serum creatinine, and urine
albumin-creatinine ratios (UACR) than controls.

When compared to controls, who had blood urea levels of 30.19 + 10.43 mg/dl, patients with diabetic nephropathy had blood
urea levels that were considerably higher, with a mean value of 155.11+59.45 mg/dl.

When compared to controls with mean value 0.96+0.27 mg/dl individuals with diabetic nephropathy had a significantly higher
mean blood creatinine level 5.17+3.02 mg/dl

Cases with diabetic nephropathy had mean value of UACR 725.90 £ 577.89 mg/gm, as compared to controls with mean value
18.20+5.24 mg/dl , which is highly significant with a p value of less than 0.001.

In patients of diabetic nephropathy, the mean eGFR was 22.71+12.77 ml/min/1.73 m?, which is substantially lower than the
mean eGFR of controls, which was 89.41+32.25 ml/min/1.73 m? (p<0.001).

TABLE 7: COMPARISON OF LIPID PROFILE BETWEEN PATIENTS WITH DIABETIC NEPHROPATHY AND

HEALTHY CONTROLS

PARAMETERS DIABETIC CONTROLS p-Value

NEPHROPATHY

CASES (Mean + SD)

(Mean + SD)
TOTAL
CHOLESTEROL
(mg/dl) 216.21+40.02 168.60+38.24 <.001
HDL (mg/dl) 37.03+8.85 47.849.91 0.058
LDL (mg/dl) 139.17+41.21 90.44+33.14 <.001
VLDL (mg/dl) 40.00+11.29 30.35+12.67 <.001
TG (mg/dl) 200.04456.45 151.77+63.38 <.001

In patients of diabetic nephropathy, the mean serum cholesterol level was 216.21 + 40.02mg/dl, whereas in controls, it was
168.60+38.24 mg/dl. The mean value of serum LDL in cases with diabetic nephropathy was 139.17 + 41.21mg/dl, compared
to 90.44+33.14 mg/dl in controls.

When compared to controls, who had a mean value of 30.35+£12.67 mg/dl for serum VLDL, cases of diabetic nephropathy had
a mean value of 40.00 £ 11.29 mg/dl, which was noticeably higher.

The results of TG likewise followed the same pattern, with a mean value of 151.77+63.38 mg/dl in controls and 200.04 + 56.45
mg/dl in patients of diabetic nephropathy.

When compared to controls, who had mean value of HDL levels 47.8+9.91 mg/dl patients with diabetic nephropathy cases had
a mean value of 37.03 £ 8.85 mg/dl.
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TABLE 7: COMPARISON OF LIPID PROFILE BETWEEN
PATIENTS WITH DIABETIC NEPHROPATHY AND HEALTHY

CONTROLS
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TABLE 7: COMPARISON OF hs-CRP BETWEEN PATIENTS WITH DIABETIC NEPHROPATHY AND HEALTHY
CONTROLS
PARAMETERS DIABETIC CONTROLS p-Value
NEPHROPATHY
CASES (Mean + SD) (Mean + SD)
hs-CRP(mg/L) 4.17+1.57 1.22+0.54 <0.001

In compared to controls, who had a mean value of hs-CRP 1.22+0.54 mg/L, patients with diabetic nephropathy had a mean
value 4.17 + 1.57 mg/L, which was highly significant (p < 0.001).
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FIGURE 10 : COMPARISON OF hs-CRP BETWEEN DIABETIC
NEPHROPATHY CASES AND HEALTHY CONTROLS
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DISCUSSION:

Diabetic nephropathy (DN) and End-stage kidney disease (ESKD) are becoming more common among those with type 2
diabetes mellitus (DM)[30]. Growing data emphasises how important inflammation is to the development of DN. The influence
of growth factors, proinflammatory cytokines including IL-1, IL-6, IL-18, and TNF[31-33], and other chemokines may have
direct or indirect contributions to the pathogenesis of DN[34,35]. In both DN patients as well as experimental animal models
of DN increased expression of these cytokines have been observed[36-38]. However, the cost of measuring these variables
restricts their therapeutic use.

On the other hand, hs-CRP can conveniently and cheaply offer useful information regarding the status of inflammation [39]. It
is susceptible to inflammation because of the multiple inflammatory stimuli that affect it [40]. Additionally, glycation,
oxidation, and insulin resistance in type 2 diabetes mellitus are linked to obesity, hypertension, dyslipidemia, and altered levels
of lipoproteins [41,42]. In patients with diabetic nephropathy, low-grade systemic inflammation and lipid profiles may be used
to anticipate the development of cardiovascular disease[43].

In order to determine the association between serum hs-CRP & lipid profile in patients with diabetic nephropathy, the current
study was conducted. In this work, we focused on the possibility that early detection of changes in these parameter and timely
treatment could slow the development and progression of diabetic nephropathy and reduce the risk of consequences like
cardiovascular disease.

In this present study, 70 participants as healthy controls & 70 participants diagnosed with diabetic nephropathy attending OPD
& IPD of Index Medical College & Research centre were selected randomly.

DISTRIBUTION OF DN PATIENTS & CONTROLS ACCORDING TO GENDER AND AGE

The study population included participants who had been diagnosed with DN and were between the age group of 30 and 60
years. Number of patients in age group from 31 to 40 years, were 21 (13 men and 8 women), 41 to 50 years, were 21(14 men
and 7 women), and 51 to 60 years were 28 (17 men and 11 women) patients, for a total of 70 patients (44 males and 26 females).
For healthy controls between the age group of 31 and 40, there were 16 healthy individuals (8 men, 8 women), between the age
group of 41 and 50, there were 27, (14 men, 13 women), and between the age group of 51 and 60, there were 27, (16 men, 11
women), for a total of 70 healthy subjects (38 males, 32 females).

DISTRIBUTION OF THE STUDY POPULATION ACCORDING TO BMI

According to table 3, 41 (58.57%) controls and 22 (31.4%) patients with diabetic nephropathy both had normal BMIs.37 cases
(52.85%) were found to be overweight (BMI 25-29.99), compared to 28 controls (40%) who fell into this category. 10 (14.28%)
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of the diabetic nephropathic cases had a BMI of 30 or above, compared to just 1 (1.42%) of the controls.

Intraglomerular hypertension, which elevates renal blood flow and fractional urine albumin clearance, is a major contributor to
obesity-related albuminuria[44-46]. The resulting mechanical stress damages a crucial cellular layer of the glomerular filtration
barrier, causing glomerular hypertrophy and an increase in the distance between nearby podocytes. This could possibly lead to
podocyte mortality with focal segmental glomerulosclerosis[47,48].

A study also showed that in patients with an eGFR of at least 60 mL/min per 1.73 m? and a BMI of 30 kg/m? or above, there is
a rapid loss of renal function; this trend is increased in older patients [49].

COMPARISON OF BLOOD PRESSURE OF THE STUDY POPULATION

In patients with diabetic nephropathy, the mean systolic blood pressure is 137.91 + 12.90 mm Hg, which is substantially higher
than the mean systolic blood pressure of controls, which is 124.03 + 10.08 mm Hg (p < 0.001). Diastolic blood pressure in
cases with diabetic nephropathy is higher than in controls, with mean values of 88.20 + 8.58 mm Hg and 79.69 + 7.28 mm Hg,
respectively.

Albuminuria or overt nephropathy frequently occur in type 1 diabetic patients before hypertension [50]. Due to common risk
factors such as obesity, dyslipidemia, and the cardiorenal metabolic syndrome, however, the development of alouminuria and
decrease in estimated GFR (eGFR) in type 2 diabetes typically occur before the onset of hypertension.

Patients with DN may develop hypertension for a variety of reasons, including inappropriate renin-angiotensin aldosterone
system (RAAS) and sympathetic nervous system activation, volume expansion is brought on by increased sodium reabsorption,
peripheral vasoconstriction, endothelin 1 upregulation, inflammation, the production of reactive oxygen species, and nitric
oxide downregulation[51]. Numerous of these elements raise the incidence of CVD in individuals with diabetes and
hypertension as well as speed up the onset of renal disease[50].

A meta-analysis of 16 cohort studies involving 3,15,321 participants found that persons in general were more likely to
experience lower eGFR levels when their blood pressure was between 120/80 and 139/ 89 mmHg. [52] A similar link between
repeated SBP between 125 and 134 mmHg and the likelihood of developing chronic kidney disease was shown by an
investigation involving roughly 267 469 people from Hong Kong[53].

COMPARISON OF LEVELS OF BLOOD UREA, SERUM CREATININE AND URINARY ALBUMIN-
CREATININE RATIO IN PATIENTS WITH DIABETIC NEPHROPATHY AND HEALTHY CONTROLS

In the current investigation, we found that patients with diabetic nephropathy had significantly higher levels of blood urea,
serum creatinine, and ACR than controls (p< 0.001).

Additionally, study by Shin DI et al. in 2013 showed an independent relationship between ACR and hs-CRP (r = 0.62, p<0.001).
Our results are consistent with earlier research on the relationships of hs-CRP with ACR in diabetes as in the present study[54]

COMPARISON OF LIPID PROFILE BETWEEN PATIENTS WITH DIABETIC NEPHROPATHY AND HEALTHY
CONTROLS

The levels of TC, LDL, TG, and VLDL were found to be considerably higher in diabetic nephropathy cases as compared to
controls (p <0.001), whereas the levels of HDL were found to be lower in diabetic nephropathy patients as compared to controls.

It's possible that insulin resistance and poor insulin action on lipoprotein metabolism are responsible for the altered lipid profile
in T2DM. Increased lipolysis will enhance the production of VLDL and LDL-c, which is high in triglycerides. It will also speed
up the breakdown of HDL-c and accelerate the synthesis of triglycerides [55]. Diabetes mellitus results in diabetic nephropathy,
which is marked by albumin excretion in the urine, elevated blood pressure, decreased glomerular filtration rate, and a higher
risk of cardiovascular disease [56]. An altered lipid profile could make the condition worse and lead the disease towards kidney
dysfunction [57] Elevated lipoproteins and lipids may aggravate diabetic nephropathy by resulting in glomerular and
tubulointerstitial damage [58].

In a study conducted by NN Jisieike-Onuigbo et al., DN was significantly associated with high TC and high TG (p<0.001) but
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not with LDLC or HDL-C. (p value 0.49 and 0.26 respectively) [59] Our findings are similar to Kamran Mahmood Ahmed
Aziz's findings, [60] who demonstrated a substantial (p < 0.001) correlation between DN and High LDL-C. Similar findings
were obtained by Noura Al-Jameil et al in their study. [62]

COMPARISON OF hs-CRP BETWEEN PATIENTS WITH DIABETIC NEPHROPATHY AND HEALTHY
CONTROLS

In contrast to controls, who had a mean value of 1.00+0.48 mg/L, patients with diabetic nephropathy had a mean value of
4.17£1.57 mg/L, which was highly significant (p<0.001)[Table 7]

There are a number of potential processes that could result in chronic low-grade inflammation in diabetes and associated
consequences. The concentration of advanced glycation end products rises in a hyperglycemic state. Advanced glycation end
products have been demonstrated to activate macrophages, upregulate the manufacture of interleukin-1, interleukin-6 (IL-6),
and tumour necrosis factor, which results in the generation of CRP. These end products have also been proven to increase
oxidative stress. [62] Another explanation is that the rise in CRP levels is due to cytokines produced by adipose tissue. [63].

Inflammation and hyperglycemia have been linked in studies. [64] Glycation is known to start the inflammatory process, which
raises hs-CRP levels. Since poor glycemic control causes glycation-induced inflammation, hs-CRP can indicate when it will
start. [65] The pathophysiology of DN may not only be influenced by the load of long-term glucose intake (diabetes), but also
by impaired insulin sensitivity. Patients with type-2 diabetes may be at risk for nephropathy due to low-grade inflammation. In
their investigation, M. S. Roopakalal et. al. came to the same conclusion as us that hs-CRP levels gradually rise in DN
patients[66]

In order to investigate the relationship between the concentration of hs-CRP and the prevalence of DN, a meta-analysis was
conducted. It was confirmed that elevated hs-CRP levels were associated with the prevalence of DN, which is also consistent
with our findings. It is still debatable, though, whether hs-CRP is a separate risk factor for diabetic nephropathy.

As the current investigation was an observational study rather than a randomised controlled trial, the possibility of residual
confounding factors cannot be completely ruled out when interpreting the results. Second, the study sample size was small and
all the data came from a single hospital, which could have a negative impact on the accuracy of the findings. To investigate
this, additional studies with a wider population are necessary. Third, the underlying processes of hs-CRP and DN were not
examined in our investigation, and it is important to determine if elevated hs-CRP levels are a cause or an effect of DN.
Additionally, a number of inflammatory cytokines, including IL-6, IL-18, and TNF-, which are linked to DN and could
potentially the results, were not included in our study.

CONCLUSION:

In the current investigation, we discovered that patients with diabetic nephropathy had significantly higher values of the lipid
profile (Total cholesterol, HDL, VLDL and TG) , hs-CRP, BMI, and blood pressure when compared to controls. As a result, it
was shown from this study that hs-CRP was related to and may have influenced the development of DN. As a result, doctors
may use hs-CRP as an independent indicator when assessing diabetics who are developing complications like DN. Potentially,
hs-CRP can act as a biomarker for the emergence of DN. In the meanwhile, improving our knowledge of the mechanism(s) by
which inflammatory molecules like hs-CRP may contribute to the onset of DN can aid in the development of new treatment
strategies and, if successful, lower the incidence of DN.

REFERENCES

1.  Donate-Correa J, Luis-Rodriguez D, Martin-Nufiez E, Tagua VG, Hernandez-Carballo C, Ferri C, Rodriguez-Rodriguez AE, Mora-Fernandez C,
Navarro-Gonzalez JF. Inflammatory Targets in Diabetic Nephropathy. J Clin Med. 2020 Feb 7;9(2):458. doi: 10.3390/jcm9020458. PMID: 32046074,
PMCID: PMC7074396.

2. Tuttle KR: Linking metabolism and immunology: Diabetic nephropathy is an inflammatory disease. J Am Soc Nephrol 16 : 1537 —1538, 2005

3. Ritz E,, Rychlik I., Locatelli F., Halimi S. End-stage renal failure in type 2 diabetes: A medical catastrophe of worldwide dimensions. Am. J. Kidney
Dis. 1999;34:795-808. doi: 10.1016/S0272-6386(99)70035-1. [PubMed] [CrossRef] [Google Scholar]

4.  Garcia-Garcia PM, Getino-Melian MA, Dominguez-Pimentel V, Navarro-Gonzalez JF: Inflammation in diabetic kidney disease. Worl J Diabetes 2014;

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 1 | 2022 m




©

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

26.

217.
28.

29.

5:431-443.

Andy K. H. Lim, Gregory H. Tesch, "Inflammation in Diabetic Nephropathy", Mediators of Inflammation, vol. 2012, Article ID 146154, 12 pages, 2012.
https://doi.org/10.1155/2012/146154

S.-Y. Lee and M. E. Choi, “Urinary biomarkers for early diabetic nephropathy: beyond albuminuria,” Pediatric Nephrology, vol. 30, no. 7, pp. 1063—
1075, 2015.

Y. Hayashino, T. Mashitani, S. Tsujii, and H. Ishii, “Serum highsensitivity c-reactive protein levels are associated with high risk of development, not
progression, of diabetic nephropathy among japanese type 2 diabetic patients: a prospective cohort study (diabetes distress and care registry at tenri
[DDCRTY7]),” Diabetes Care, vol. 37, no. 11, pp. 2947-2952, 2014.

Dong Q, Wright JR.Expression C-reactive protein by alveolar macrophage.J Immunology 1996;56:481-20

Wang AY. Prognostic value of C-reactive protein for heart disease in dialysis patients.Curr Opin Invest Drugs 2005;6:879-86.

Doggen CJ, Berckmans RJ, Sturk A, Cats VM, Rosendaal FR. C-reactive protein, cardiovascular risk factors and the association with myo-cardial
infarction in men. J Intern Med 2000; 248:406-14.

Kang ES, Kim HJ, Ahn CW, et al. Rela-tionship of serum high sensitivity C-reactive protein to metabolic syndrome and micro-vascular complications
in type 2 diabetes. Diabetes Res Clin Pract 2005;69:151-9.

Aronson D. Hyperglycemia and the patho-biology of diabetic complications. Adv Cardiol 2008;45:1-

Kamath DY, Xavier D, Sigamani A, Pais P: High sensitivity C-reactive protein (hsCRP) & cardiovascular disease: an Indian perspective. Indian J Med
Res. 2015, 142:261-8.

Roopakala M S, Pawan H R, Krishnamurthy U, Wilma Delphine Silvia C R, Eshwarappa M, Prasanna Kumar K M. Evaluation of high sensitivity
creactive protein and glycated hemoglobin levels in diabetic nephropathy. Saudi J Kidney Dis Transpl 2012;23:286-9

Shaheer AK, Tharayil JK, Krishna PW.A Comparative Study of High Sensitivity C-Reactive Protein and Metabolic Variables in Type 2 Diabetes Mellitus
with and without Nephropathy.J Clin of Diagn Res.2017; 11(9):BC01-BC04. https://www.doi.org/10.7860/JCDR/2017/30272/10528

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, et alA New Equation to Estimate Glomerular Filtration Rate. Ann Intern Med
(2009) 150(9):604-12. doi: 10.7326/0003-4819-150-9-200905050-000066PubMed Abstract | CrossRef Full Text | Google Scholar

American Diabetes Association. Microvascular Complications and Foot Care: Standards of Medical Care in Diabetes-2021. Diabetes Care (2021)
44(Suppl 1):S151-s67. doi: 10.2337/dc21-S011

AMBADE VIVEKN, SHARMA YV, SOMANI BL. Methods for estimation of bloodglucose : A comparative evaluation. Medical Journal Armed Forces
India.1998;54(2):131-3.

Slowinska-Solnica K, Pawlica-Gosiewska D, Gawlik K, Kuzniewski M, Maziarz B,Solnica B. High Performance Liquid chromatography accurately
measures hbalc also inpatients with end-stage renal disease - performance evaluation of the A1C HPLCanalyzer. Clinical Laboratory. 2018;64(9):1451-
1455.20.

HDL [Internet]. Biotec. 2018 [cited 2022Jul16]. Available from: https://www.biotec-
co.com/images/products/clinical_chemistry/kits/chemistry/HDL%20CHOLESTEROL..pdf.

Adveetabiotech.com. [cited 2022 Jun 30]. Available from:https://adveetabiotech.com/wp-content/uploads/2020/05/21_Triglycerides-_Test_Kit.pdf
HDL Cholesterol precipitating reagent set [Internet]. Biopacific.net. [cited 2022 Jun30]. Available from: http://www.biopacific.net/wp-
content/uploads/2016/07/Pointe-HDL-Cholesterol-PEG-Insert.pd

Krishnaveni P, Gowda VM. Assessing the validity of Friedewald’s Formula andanandraja’s formula for serum LDL-cholesterol calculation. J Clin Diagn
Res[Internet]. 2015;9(12):BC01-4. Available from:http://dx.doi.org/10.7860/JCDR/2015/16850.6870.

Bowers LD. Kinetic serum creatinine assays. The role of various factors in determining specificity. Clin Chem. 1980; 26: 551-4. 11.

Richterich R, Kuffer H. The determination of urea in plasma and serum by a urease/ Berthelot method. Klin Biochem. 1973; 11:553-64.

Urine ACR was measured from random urine sample. Urinary albumin was measured by ‘Immuno Turbidometry method” while urinary creatinine was
measured by ‘Jaffe’s spectrophotometric method’.

Cockcroft DW, Gault HM: Prediction of creatinine clearance from serum creatinine. Nephron 16:31—- 41, 1976

COBAS-6000 [Internet]. Full text of &quot;cobas 6000 sop pdf&quot;. [cited 2022Jul16].Available from:
https://archive.org/stream/Cobas6000SOPPdf/Cobas-6000-SOP-pdf_djvu.txt

Guest. Insert.c.f.a.s.  proteins.12104938001.v8.en  [Internet].  pdfcoffee.com.PDFCOFFEE.COM;  [cited = 2022Jul16].  Available
from:https://pdfcoffee.com/download/insertcfas-proteins12104938001v8en-pdf-free.html

Tuttle KR, Bakris GL, Bilous RW, et al. Diabetic kidney disease: a report from an ADA Consensus Conference. Diabetes Care 2014;37:2864-83

Tuttle KR.Linking metabolism and immunology: diabetic nephropathy is an inflammatory disease J Am Soc Nephrol 2005;16:1537-1538

Mora C, Navarro JF. Inflammation and diabetic nephropathy. Curr Diab Rep 2006;6:463—468

Galkina E, Ley K. Leukocyte recruitment and vascular injury in diabetic nephropathy. J Am Soc Nephrol 2006;17:368-377

Shikata K, Makino H. Role of macrophages in the pathogenesis of diabetic nephropathy. Contrib Nephrol 2001;1:46-54

Chow F, Ozols E, Nikolic-Paterson DJ, Atkins RC, Tesch GH. Macrophages in mouse type 2 diabetic nephropathy: correlation with diabetic state and
progressive renal injury. Kidney Int 2004;65:116-128

Navarro-Gonzalez JF, Mora-Fernandez C. The role of inflammatory cytokines in diabetic nephropathy. ] Am Soc Nephrol 2008;19:433-442

Thm CG. Monocyte chemotactic peptide-1 in diabetic nephropathy. Kidney Int Suppl 1997;60:S20-S22

Chow FY, Nikolic-Paterson DJ, Ozols E, Atkins RC, Rollin BJ, Tesch GH. Monocyte chemoattractant protein-1 promotes the development of diabetic
renal injury in streptozotocin-treated mice. Kidney Int 2006;69:73-80

Osei-Bimpong A, Meek JH, Lewis SM. ESR or CRP? A comparison of their clinical utility. Hematology. 2007;12(4):353—7.

Lapi¢ 1, Padoan A, Bozzato D, Plebani M. Erythrocyte Sedimentation Rate and C-Reactive Protein in Acute Inflammation. Am J Clin Pathol.
2020;153(1):1-16.

Duncan BB, Schmidt M, Pankow JS, Low grade systemic inflammation and the development of type 2 diabetes Diabetes 2003 52(7):1799-805
Shivananda N, Heidi D, Sunita L, Correlation of microalbumin and sialic acid with anthropometric variables in type 2 diabetic patients with and without
nephropathy Vasc Health Risk Manag 2008 4(1):243-47

Lerman A, Zeiher AM, Endothelial function: cardiac events Circulation 2005 111(3):363-68.

Belhatem, N. et al. Impact of morbid obesity on the kidney function of patients with type 2 diabetes. Diabetes Res. Clin. Pract. 108, 143-149 (2015).
Chagnac, A. et al. Glomerular hemodynamics in severe obesity. Am. J. Physiol. Ren. Physiol. 278, F817—F822 (2000).

Chen, H. M. et al. Obesity-related glomerulopathy in China: a case series of 90 patients. Am. J. Kidney Dis. 52, 58-65 (2008).

D’Agati, V. D. et al. Obesity-related glomerulopathy: clinical and pathologic characteristics and pathogenesis. Nat. Rev. Nephrol. 12, 453-471 (2016).
Lewko, B. & Stepinski, J. Hyperglycemia and mechanical stress: targeting the renal podocyte. J. Cell. Physiol. 221, 288-295 (2009).

Kambham, N., Markowitz, G. S., Valeri, A. M., Lin, J. & D’Agati, V. D. Obesity-related glomerulopathy: an emerging epidemic. Kidney Int. 59, 1498—
1509 (2001).

Norgaard K, Feldt-Rasmussen B, Johnsen K, Saelan H, Deckert T. Prevalence of hypertension in type 1 (insulin dependent) diabetes mellitus.

21734 Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 1| 2022 y |



https://www.doi.org/10.7860/JCDR/2017/30272/10528
https://www.biotec-co.com/images/products/clinical_chemistry/kits/chemistry/HDL%20CHOLESTEROL.pdf
https://www.biotec-co.com/images/products/clinical_chemistry/kits/chemistry/HDL%20CHOLESTEROL.pdf
http://www.biopacific.net/wp-content/uploads/2016/07/Pointe-HDL-Cholesterol-PEG-Insert.pd
http://www.biopacific.net/wp-content/uploads/2016/07/Pointe-HDL-Cholesterol-PEG-Insert.pd
https://archive.org/stream/Cobas6000SOPPdf/Cobas-6000-SOP-pdf_djvu.txt

51

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

Diabetologia 1990;33:407-410 [PubMed] [Google Scholar]

Van Buren PN, Toto R. Hypertension in diabetic nephropathy: epidemiology, mechanisms and management. Adv Chronic Kidney Dis 2011;18:28-41
[PMC free article] [PubMed] [Google Scholar]

Garofalo C, Borrelli S, Pacilio M, et al. Hypertension and prehypertension and prediction of development of decreased estimated GFR in the general
population: a meta-analysis of cohort studies. Am J Kidney Dis. 2016; 67(1): 89- 97.

Wan EYF, Yu EYT, Chin WY, Fong DYT, Choi EPH, Lam CLK. Association of blood pressure and risk of cardiovascular and chronic kidney disease
in Hong Kong hypertensive patients. Hypertension. 2019; 74(2): 331- 340

Shin DI, Seung KB, Yoon HE, Hwang BH, Seo SM, Shin SJ, Kim PJ, Chang K, Baek SH. Microalbuminuria is independently associated with arterial
stiffness and vascular inflammation but not with carotid intima-media thickness in patients with newly diagnosed type 2 diabetes or essential hypertension.
Journal of Korean medical science. 2013 Feb 1;28(2):252-260.

Trovati M, Cavalot F. Optimization of hypolipidemic and antiplatelet treatment in the diabetic patients with renal disease. J Am Soc Nephrol 2004;15:12-
20.

Gross JL, Azevedo MJD, Silveiro SP, Canani LH, Caramori ML, Zelmanovitz T. Diabetic Nephropathy: Diagnosis, Prevention, and Treatment. Diabetes
Care 2005; 28 Nosadini R, Tonolo G. Blood glucose and lipid control as risk factors in the progression of renal damage in type 2 diabetes. J Nephrol
2003; 16:42-47:1164-1176.

Valabji J, Elkeles RS. Dyslipidemia in type 2 diabetes — Epidemiology and biochemistry. The British Journal of Diabetes and Vascular disease
2003;3:184-189.

Nosadini R, Tonolo G. Blood glucose and lipid control as risk factors in the progression of renal damage in type 2 diabetes. J Nephrol 2003;16:42-47.
Jisieike-Onuigho N, Unuigbe E, Kalu O, Oguejiofor C, Onuigbo P. Prevalence of dyslipidemia among adult diabetic patients with overt diabetic
nephropathy in Anambra state South-East Nigeria. Niger J Clin Pract. 2011;14(2):171-5.

Mahmood K, Aziz A. Targeting LDL Dyslipidemia for Controlling Progression of Nephropathy in Diabetic Population: A Cross Sectional Analytical
Study. 2012;6(1):7-11.

Al-jameil N, Khan FA, Arjumand S, Khan MF, Tabassum H. Dyslipidemia and its correlation with type 2 diabetic patients at different stages of
proteinuria . 2014;25(3):327-31.

Yan SF, Ramasamy R, Naka Y, Schmidt AM. Glycation, Inflammation, and RAGE. A Sca-ffold for the Macrovascular Complications of Diabetes and
Beyond. Circ Res 2003;93:1159-69.

Alexandraki K, Piperi C, Kalofoutis C, Alaveras A, Kalofoutis A. Inflammatory process in type 2 diabetes: The role of cytokines. Ann N'Y Acad Sci
2006;1084:89-117.

Rekeneire DN, Peila R, Ding J, et al. Diabetes, hyperglycemia, and inflammation in older Individuals. The Health, Aging and Body Com-position study.
Diabetes Care 2006;29:1902-8.

Schalkwijk CG, Poland DC, Van Dijk W, et al. Plasma concentration of C-reactive protein is increased in Type | diabetic patients without clinical
macroangiopathy and correlates with markers of endothelial dysfunction: evidence for chronic inflammation. Diabetologia 1999; 42:351-7.

Evaluation of High Sensitivity C-reactive Protein and Glycated Hemoglobin Levels in Diabetic Nephropathy M. S. Roopakalal , H. R. Pawanl , U.
Krishnamurthy2 , C. R. Wilma Delphine Silvia3 , Mahesh Eshwarappa4 , K. M. Prasanna Kumar

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 1 | 2022 m




