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Abstract

Introduction: The associations between B-type natriuretic peptide (BNP), high sensitivity C-reactive protein (hs-CRP)
and diabetic nephropathy (DN) in patients with type 2 diabetes mellitus remain controversial.
Aim: To analyze the performance of BNP and hs-CRP in the screening for DN in type 2 diabetic patients without renal
dysfunction.
Methods: In a cross sectional study, we enrolled type 2 diabetic patients aged less than 65 years and having a glomerular
filtration rate > 60 ml/minute/1.73 m2. All patients had plasma BNP and hs-CRP measurements.
Statistical analysis used: A receiver operating characteristic (ROC) curve was used to determine the optimal cut-off values of plasma BNP and hs-CRP in the screening for DN.
Results: Among 69 participants (mean age: 56.7 ±6.9 years, sex ratio (M/F): 1.46), 26 patients (38%) had diabetic nephropathy (DN). BNP level was higher in patients with DN (42.0 ± 42.2 pg/ml vs 19.2 ± 20.7 pg/ml, p=0.04) and was
significantly correlated with albuminuria level (r= 0.295, p=0.017). However, hs-CRP level was not significantly different
between the two groups. Using BNP and hs-CRP, the area under the ROC curve was 0.702 (p=0.007) and 0.570 (p=0.316),
respectively. A BNP level ≥ 15 pg/ml was significantly associated with DN (Odds Ratio= 3.91, p= 0,008). This cut-off
value had a sensitivity of 65 % and a specificity of 67 %.
Conclusion: BNP level was positively associated with diabetic nephropathy. However, prospective controlled studies
including a large population are needed to confirm these results.
Keywords: Type 2 Diabetes; Diabetic Nephropathy; Biomarker; B-Type Natriuretic Peptide; High Sensitivity C-Reactive
Protein

Introduction

Diabetic nephropathy (DN) is a syndrome characterized by
diabetic glomerular lesions, a pathological urinary albumin
excretion and a loss of glomerular filtration rate in diabetic
patients [1]. It represents the first cause of kidney disease in
patients starting renal replacement therapy and affects 40% of
type 1 and type 2 diabetic patients (T2D) [2]. Furthermore, DN
is a risk factor for cardiovascular diseases. So, the diagnosis
and the management of DN are important for the prevention of
chronic kidney disease (CKD) and its complications.
Brain natriuretic peptide (BNP) is one of the predictive biomarkers of cardiovascular events. In fact, it is secreted as a
prohormone from cardiomyocytes in response to volume ex-

pansion and ventricular wall stress, and is then released into
the circulation following cleavage into active BNP and N-terminal pro-BNP (NT-pro-BNP) fragment. Although the two latter parameters are released in equimolar amounts, NT-pro-BNP
is found in higher concentrations in the circulation and has a
longer half-life than active BNP, possibly due to differences in
its specific degradation [3]. It is also used for the prediction of
cardiovascular events in diabetic patients and in patients undergoing dialysis. Moreover, BNP is considered as a biomarker of
renal function and can predict the progression of non-diabetic
CKD [4]. In DN, some reports have shown that the plasma
BNP level is high in DN and may increase depending on the
stage of albuminuria [4-6]. However, the role of BNP as a
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marker of DN has not yet been established. High sensitivity
C-reactive protein (hs-CRP), a marker of inflammation, has
been reported to be associated with the development of DN
and some authors noted an increase in serum Hs-CRP with the
degree of albumin excretion rate (AER) and the severity of DN
in T2D [7-9]. Nevertheless, there is not conclusive evidence
that the development and the progression of DN were associated with high levels of hs-CRP.
The aim of this study was to analyze the performances of BNP
and hs-CRP in the screening for DN in Tunisian T2D patients.

Subjects and Methods
Study Protocol and Subjects

A cross-sectional study was conducted among consecutive
T2D patients who attended the Endocrinology outpatient department of the Rabta University Hospital in Tunis from March
to September 2017.
Type 2 diabetes was diagnosed according to the American
Diabetes Association (ADA) criteria [10]. Inclusion criteria
were T2D patients aged between 30 and 65 years and having
glomerular filtration rate > 60 ml/mn/1.73 m2. Patients with
urinary tract infection, history of treated diabetic nephropathy,
severe concomitant diseases, inflammatory and or infectious
diseases, heart failure or left ventricular hypertrophy, pregnant
or nursing women and patients with hypothyroidism or hyperthyroidism were not included. Patients with BNP level ≥ 300
pg/ml and or hs-CRP > 10 mg/l were excluded.
Sixty nine patients were eligible to participate in this study.
They were informed about the aim of the study and were included if they had signed a consent form. All procedures performed in our study were in accordance with the ethical standards of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
Participants were divided into two groups according to the
presence of DN. DN was defined by the presence of a pathological excretion of urinary albumin (with repeated measurements) referred to as microalbuminuria if the level is 30–299
mg/24 hours or macroalbuminuria if the level is ≥ 300 mg/24
hours [1].

Clinical and Biochemical Data

Sociodemographic characteristics (age, gender and smoking
habits), diabetes mellitus history (diabetes duration, antidiabetic medication, and diabetic complications), comorbidities
and drugs use were determined via a structured interview. Cardiovascular disease (coronary heart disease, peripheral artery
disease and or stroke) and microangiopathies (retinopathy and
or neuropathy) were assessed based on the medical records
and/or the admission data. Cardiovascular disease (CVD) was
considered present if any of the following criteria was present:
history of stroke, history of myocardial infarction, history of
coronary angioplasty or coronary bypass surgery or history of
peripheral artery disease.
Patients’ weight and height were recorded. Body mass index
(BMI) was calculated as weight (kilograms) divided by height
(meters) squared. Overweight and obesity were defined as
BMI ≥ 25 and ≥ 30 kg/m2, respectively. Blood pressure was
measured after a rest period of approximately 15 minutes in
a sitting position. High blood pressure was defined as systolic
blood pressure ≥ 140 mmHg and or diastolic blood pressure
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≥ 90 mmHg or the use of blood pressure lowering medication
during the previous two weeks [11].
Blood samples were drawn after an overnight fast of at least
12 hours. Urine was collected over a full 24-hour period. Fasting blood glucose, HbA1c, total cholesterol (TC), triglycerides (TG), HDL-cholesterol (HDLc), serum creatinine, BNP
concentration, hs-CRP and albuminuria level were measured.
Fasting blood glucose and HbA1c were measured using glucose oxidase method and high performance liquid chromatography (HPLC) method, respectively. TC, TG and HDLc were
measured using enzymatic colorimetric methods. The plasma
BNP level concentration was measured with specific chemiluminescent enzyme immunoassay using a human BNP kit. Serum hsCRP concentration was determined by a turbidimetric
immunoassay method. Urinary albumin rate was assessed by
an immuno-nephelometric method. The presence of abnormal
albuminuria was confirmed in at least two consecutive samples.
The level of glycemic control was evaluated according to the
recommendations of the American Diabetes Association, ADA
2016 [10]. Good glycemic control was defined as HbA1c ≤ 7%
for most adult patients or as HbA1c ≤ 8% for patients with a
history of severe hypoglycemia, limited life expectancy, advanced microvascular or macrovascular complications, extensive comorbid conditions, or long-standing diabetes in whom
the goal was difficult to achieve despite diabetes self-management education, appropriate glucose monitoring, and effective
doses of multiple glucose-lowering agents including insulin.
Dyslipidemia was defined according to the guidelines of the
European Society of cardiology ESC 2016 [12]. Glomerular
filtration rate (eGFR) was estimated using the MDRD (Modification of Diet in Renal Disease Study) equation.

Statistical Analysis

All data were analyzed using the Statistical Program for Social Sciences, SPSS version 22.0 (SPSS Inc., Chicago, IL).
Continuous variables were expressed as mean ± SD, and categorical variables were expressed as percentages. For independent groups, we used the parametric Student’s T-test for the
comparison of means and the Pearson’s Chi-2 test to compare
proportions. Receiver operating characteristics (ROC) analysis
was used to identify optimal cut-off values of BNP and hs-CRP
for the prediction of DN. The area under the ROC curve (AUC)
and the 95% confidence interval (95% CI) were used as measures of the discriminative power of the BNP and the hs-CRP.
AUC value above 0.80 was considered as excellent. We calculated quartiles of BNP to analyze the association between BNP
serum levels and DN. Relative risk analysis was performed
using univariate regression analysis. A nominal p value <0.05
was considered statistically significant.

Results

A total of 69 subjects with T2D were enrolled in this study.
Their mean age was 56.7 ± 6.9 years [extremes: 36-65] and the
sex ratio (men/women) was 1.46. The mean duration of diabetes was 10.6 ± 7.7 years.
DN was diagnosed in 26 patients (38%). The comparison of
clinical and biological parameters between patients with DN
and those without DN is shown in table 1.
BNP level was positively correlated with albuminuria level (r=
0.45, p<10-3). However, no correlation was found between hsCRP and albuminuria levels (r=-0.03, p=0.8).
Figure 1 shows a significant difference of BNP level between

Citation: Ibtissem O*, Rym B, Imen S, Emna T, Nadia K, Fatma C, Meriem Y and Melika C. B-Type Natriuretic Peptide and High Sensitivity CReactive Protein Performances in the Screening for Diabetic Nephropathy in Type 2 Diabetic Patients. IJCMCR. 2020; 6(2): 002

DOI: 10.46998/IJCMCR.2020.06.000123

2

ijclinmedcasereports.com

Volume 6- Issue 2

Table 1: Clinico-biological characteristic of the study population depending on the presence or the absence of DN.

Age (years)
Sex-ratio (M/W)
Tabagism (%)

Patients with
DN (n=26,
38%)
58.0 ± 5.7
1.89
31

Hypertension (%)

88

44

RASB (%)
Dyslipidemia (%)

85
88

44
60

CVD (%)

69

42

13.9 ± 8.5

8.7 ± 6.5

0.006

88
79
73
30.0 ± 4.5

60
16
23
29.3 ± 6

0.011
<10-3
<10-3
NS

Variables

Duration of diabetes
(years)
Insulin therapy (%)
Diabetic retinopathy (%)
Diabetic neuropathy (%)
BMI (kg/m2)
Overweight or obesity
(%)
SBP (mmHg)

DBP (mmHg)

Fasting glucose (g/l)

HbA1c (%)
Plasma creatinine level
(mg/l)
Creatinine clearance (ml/
mn/1.73 m2)
Albuminuria (mg/l)

BNP level (pg/ml)
Hs -CRP

100
143 ± 17.1

Patients without DN
(n=43, 62%)
55.9 ± 7.5
1.26
26

77
129 ± 17.1

p
NS
NS
NS
<10-3

0.001
0.013
0,027

Figure 1: Forest blot values of serum BNP levels according to
different nephropathy stages.
Table 2: Crude and adjusted odds ratio for nephropathy in
relation to plasma level of BNP. (Subjects were divided into
quartiles with the following cut-off points.)

0.01

Quartiles of BNP (pg/
ml)
BNP ≤ 9
9 < BNP ≤ 11,9

0.002

11,9 < BNP ≤ 32,2
BNP > 32,2

77.3 ± 8.7

2.1 ± 0.65

74.9 ± 8.7

2.1 ± 0.7

NS

NS

9.4 ± 2.1

9.1 ± 1.8

8.5 ± 2.1

8 ± 1.2

93.6 ± 22.5

95.4 ± 15.1

96.0 ± 74.0

12 ± 9

<10-3

42.0 ± 42.2

19.2 ± 20.7

0.04

3.3 ± 2.2

2.9 ± 2.2

NS

Prevalence of
DN (%)
23
40
35
65

Crude OR (95%
CI)
0.32 (0.11 – 0.92)
1.1 (0.17 – 7.13)
0.87 (0.28 – 2.73)
4.52 (1.42 – 14.4)

p
0.031
NS
NS
0.011

BNP: Type B Natriuretic Peptide
DN: Diabetic Nephropathy
OR: Odds Ratio
CI: Confidence Interval
NS: Not Significant

0.017
NS

NS

DN: Diabetic Nephropathy
M: Men
W: women
RASB: Rennin-Angiotensin System Blockers
CVD: Cardiovascular Disease
BMI: Body Mass Index
SBP: Systolic Blood Pressure
DBP : Diastolic Blood Pressure
BNP: Type B Natriuretic Peptide
Hs-CRP: High Sensitivity C-Reactive Protein
NS: Not Significant
the different stages of DN (p=0.011).
Figure 2 shows the ROC analysis of BNP level and hs-CRP
in the screening for DN. The area under the curve was 0.702
[95% CI: 0.563-0.840], p < 0.007] and 0.57 [95% CI: 0.460.69], p =0.316], respectively. According to the ROC analysis,
the cut-off level of BNP that best predicted DN was 15 pg/ml,
with a sensitivity of 65 % and a specificity of 67 %.
In the crude analysis, compared with BNP levels in the first

Figure 2: ROC curve analysis of BNP and Hs-CRP levels for
the prediction of diabetic nephropathy.
quartile (BNP ≤9 pg/ml), BNP levels in the fourth quartile
(BNP > 32.2pg/ml) were significantly associated with DN
(table 2).

Discussion

In this cross sectional study, BNP level was significantly associated with the presence of DN in patients with T2D with
glomerular filtration rate > 60 ml/mn. A BNP threshold value
of 15 pg/ml was associated with a sensitivity of 62 % and a
specificity of 67% for the prediction of DN. Moreover, a BNP
threshold > 32.2 pg/ml was highly associated to DN with an
odds ratio of 4.42.
Several studies have evaluated the relationship between BNP
and DN. Hamano et al [6] and Seki et al [4] showed that BNP
level was significantly higher in the group of patients with DN
compared to patients without DN. In a recent study including
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687 patients withT2D, Furukawa el al [13] confirmed the existence of a positive association between elevated BNP levels,
microalbuminuria and proteinuria. Besides, Seki et al [4, 5],
demonstrated that baseline BNP level was an independent predictor of the annual decline in the glomerular filtration rate in
T2D.
Furthermore, our study showed a significant difference in BNP
levels according to nephropathy stages (p=0.011). Thus, it
is possible that BNP may induce by itself the progression of
DN. Seki et al [5] explained that elevated endogenous BNP
concentrations cause glomerular hyerfiltration which threatens renal function. Indeed, glomerular hyperfiltration, which
is often observed in early diabetes, induces glomerular hypertension and stretches mesangial cells mechanically. These
stretched cells secrete cytokines that stimulate production of
extracellular matrix proteins, accumulation of which promote
the progression of renal injury in DN [4]. Many physiological
and biochemical factors can be implicated in this association
between elevated BNP levels and DN such as cellular hypoxia,
increased oxidative stress, activation of renin angiotensin system, acceleration of the sympathetic nervous system, vascular
endothelial growth factors (endhotheline) and tumoral necrosis
factor α (TNFα) [5, 14]. Many reports demonstrated that the
infusion of natriuretic peptide induced proteinuria in diabetes
[15] whereas others showed that renal injury can be prevented
by the antagonism of natriuretic peptide receptor [16].
In contrast with other reports [17-20], our study has not found a
significant association between hs-CRP levels and the presence
of DN in T2D patients. In 2002, Stehouwer et al [21] reported
for the first time that CRP levels were associated with an increase of urinary microalbumin levels in patients with diabetes.
In a cohort of T2D patients, urinary albumin levels increased
by 1.02 mg/24 h (95% CI: 1.01–1.27) for each increase of 1
mg/L of CRP over 10 years of follow-up [21]. As well, Pojskić
et al [22] indicated that any increase of CRP by 1 mg/L would
increase the risk for microalbuminuria by 11.5%. Navarro et
al [23] revealed that CRP levels were higher in T2D patients
with microalbuminuria or mild proteinuria compared with
those with normoalbuminuria. According to Chuengsamarn et
al [20], the cut-off point for hs-CRP level for the prediction of
DN was 2.10 mg/L.
The exact mechanisms explaining this association are not yet
well understood. Some authors suggest that insulin resistance
and hyperglycemia may have a role in the development of DN
by promoting inflammation and increasing oxidative stress,
leading to elevated hs-CRP [9]. On the same way, other authors suggested that pro-inflammatory cytokines and chemokines such as TNF-α, IL-6, intercellular and vascular cellular
adhesion molecules (ICAM-1 and VCAM-1), and monocyte
chemo-attractant protein-1 (MCP-1) may play a significant
role in the development of microvascular diabetic complications such as DN [7, 24]. Thus, high hs-CRP levels may be
a part of this complex mechanism. However, further clinical
studies should be conducted in order to assess the place of the
hs-CRP in the prevention of DN.
Although our study had demonstrated a significant association
between BNP level and DN, some limitations should be acknowledged. In fact, this was a single center cross sectional
study including a small number of patients. Furthermore, some
confounding factors were not considered such as asymptomatic heart disease and beta-blocker use.

Volume 6- Issue 2
Thus, our results couldn’t be generalized to the whole T2D
population. Therefore, prospective controlled studies including
a large population are needed to confirm these results.

Conclusion

In contrast to hs-CRP, BNP level was associated with the presence and the severity of DN. However, further prospective
controlled studies including a large population are needed to
confirm the clinical effectiveness of BNP as a biomarker of
DN, especially in its early stages.
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