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Abstract 

Background: Diabetic nephropathy (DN) is a type of progressive kidney disease affecting approximately 40% of 
patients with diabetes. Current DN diagnostic criteria predominantly rely on albuminuria and serum creatinine (sCr) 
levels. However, the specificity and reliability of both markers are limited. Hence, reliable biomarkers are required for 
early diagnosis to effectively manage DN progression.

Methods: In this study, a cohort of 159 individuals were clinically evaluated and the plasma levels of NGAL, IGFBP‑1, 
IGFBP‑3, and IGFBP‑4 were determined using Multiplexing Assays. Additionally, the association between the plasma 
levels of NGAL, IGFBP‑1, IGFBP‑3, and IGFBP‑4 in patients with DN were compared to those in patients with T2D with‑
out kidney disease and control participants.

Results: Circulating level of NGAL were significantly higher in people with DN compared to people with T2D and 
non‑diabetic groups (92.76 ± 7.5, 57.22 ± 8.7, and 52.47 ± 2.9 mg/L, respectively; p <  0.0001). IGFBP‑4 showed a similar 
pattern, where it was highest in people with DN (795.61 ng/ml ±130.7) compared to T2D and non‑diabetic people 
(374.56 ng/ml ±86.8, 273.06 ng/ml ±27.8 respectively, ANOVA p <  0.01). The data from this study shows a significant 
positive correlation between NGAL and IGFBP‑4 in people with DN (ρ = .620, p <  0.005). IGFBP‑4 also correlated posi‑
tively with creatinine level and negatively with eGFR, in people with DN supporting its involvement in DN.

Conclusion: The data from this study shows a parallel increase in the plasma levels of NGAL and IGFBP‑4 in DN. This 
highlights the potential to use these markers for early diagnosis of DN.
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Introduction
Diabetic nephropathy (DN) is a kidney-related com-
plication that affects approximately 40% of patients 
with type 1 and type 2 diabetes mellitus (T1D and T2D, 
respectively), and is one of the most common causes of 
end-stage renal disease (ESRD) worldwide [1, 2]. It is a 

progressive condition that gradually impairs kidney func-
tion. Clinically, DN is diagnosed in people with persis-
tent elevation in urinary albumin (> 300 g/24 h) and a 
progressive decline in glomerular filtration rate (GFR). 
It has been shown to be associated with an elevated risk 
of cardiovascular morbidity and mortality [1]. Due to its 
progressive nature, early detection of DN is critical to 
have better treatment outcomes. Therefore, the need for 
identifying additional diagnostic and prognostic markers 
is essential [3].
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The current diagnostic markers of DN are not reflec-
tive of direct renal injury and are insensitive to small 
changes in renal function [4]. For instance, the level of 
microalbuminuria shows considerable daily variations, 
which are caused by other conditions such as exercise, 
diet, infection, and high blood pressure [5]. Therefore, 
measuring microalbuminuria is an imprecise predic-
tor for the progression or regression of DN [4]. Hence, 
the use of microalbuminuria in the early detection of 
diabetic renal lesions is questionable [6]. Serum cre-
atinine (sCr)) is also widely used for diagnosing and 
monitoring various renal conditions including DN. 
However, its level is influenced by age, gender, muscle 
mass, and hydration levels and the changes in its serum 
level may be observed only after a substantial amount 
of renal function is lost. Hence the reliability of using 
SCr as a diagnostic tool is also questionable [7–10]. 
This explains the necessity to identify biomarkers that 
are more specific for early diagnosis and progression of 
kidney related diseases.

First identified in 1993 and purified from neutro-
phil granules [11], the neutrophil gelatinase-associated 
lipocalin (NGAL) is a promising marker for acute kidney 
injury (AKI) and kidney disease [12]. NGAL is a 25 kDa 
protein that belongs to the lipocalin superfamily and is 
encoded by the Lipocalin-2 (LCN2) gene. Similar to other 
members of the lipocalin family, NGAL acts as a trans-
porter for small hydrophobic molecules and is involved 
in many physiological processes, such as modulating 
inflammation, innate immune response, and maintaining 
metabolic homeostasis [13, 14]. Several studies reported 
a significant increase in the level of NGAL in serum and 
urine associated with various renal pathological condi-
tions. Therefore, NGAL has emerged as a potential bio-
marker for kidney dysfunction and AKI [15]. In patients 
with nephropathy and T1D or T2D, NGAL levels were 
significantly elevated in serum and urine, and it inversely 
correlated with the estimated glomerular filtration rate 
(eGFR) [16, 17]. However, these patients had normal 
albuminuria, implicating the potential role of NGAL as a 
diagnostic biomarker for DN [17].

The insulin-like growth factor (IGF) system is known 
to be involved in kidney growth, structure, and func-
tion. Several studies investigated the role of insulin-like 
growth factor-binding proteins (IGFBPs) that act as 
carriers and modulators for IGF-1 in the renal system. 
IGFBP-1, − 2, − 4, and − 5 are predominantly produced 
and expressed in the glomerulus, whereas IGFBP-3 and 
-6 are chiefly expressed in the kidney cortex [18]. Previ-
ously, it was reported that patients with DN, showed a 
significant increase in IGFBP-1 serum level, while the 
level of IGFBP-3 was low compared with control subjects 
[19, 20]. This dysregulation sheds light on the potential 

of using IGFBPs as promising diagnostic biomarkers for 
DN.

The aim of the current study was to analyze the cir-
culating levels of NGAL and various IGFBPs in T2D 
patients with or without nephropathy and compare them 
to non-diabetic individuals. Furthermore, the possible 
association between NGAL and IGFBPs in relation to DN 
was investigated to identify if they could serve as sensi-
tive biomarkers for DN.

Materials and methods
Study population
A total of 159 Kuwaiti participants were enrolled in this 
study. The study involved three main groups: 67 partici-
pants with diabetic nephropathy (DN), 50 with Type 2 
diabetes (T2D) and no kidney disease and 42 non-diabetic 
individuals matched for age and body mass index (BMI). 
Clinical diagnosis of T2D was based on having persistent 
hyperglycemia (fasting glucose level > 7 mmol/L and 2-h 
FBG > 11 mmol/L) with normal kidney function. Peo-
ple with DN were clinically diagnosed by a nephrologist 
according to the American Diabetes Association cri-
teria [21]. These patients showed pronounced T2D and 
persistent elevation in ACR > 30 mg/g and/or sustained 
reduction in estimated glomerular filtration rate (eGFR; 
< 60 ml/min per 1.73 m2). Patients’ exclusion criteria 
included: 1) Non-diabetic kidney disease, 2) Chronic 
liver disease, 3) Heart failure, 4) Current/recent infec-
tion, 5) Acute/chronic inflammatory disease, 6) Allergic 
condition, 7) Autoimmune disease, 8) Malignancy. Non- 
diabetic participants, who underwent routine medical 
check-ups at the Amiri Hospital, Kuwait, and had no 
history of T2D or DN and were not diagnosed with any 
other medical conditions were recruited as controls. This 
study was approved by the Ethical Review Committee of 
Dasman Diabetes Institute and were in accordance with 
the guidelines of the Declaration of Helsinki. All partici-
pants were recruited at Dasman Diabetes Institute (Das-
man, Kuwait) and gave written informed consents before 
enrollment in the study.

Sample collection and biochemical measurements
Blood and urine samples were obtained from partici-
pants under fasting conditions (8–12 h). Blood samples 
were collected in vacutainers containing Ethylenediami-
netetraacetic acid (EDTA) and centrifuged at 400×g for 
10 min. The Plasma was separated, aliquoted and stored 
at − 80 °C for further analysis. First void urine samples 
were collected in 120 mL urine collection tubes in the 
morning. The blood pressure readings presented are 
the average of three consecutive measurements, with a 
10-min rest period between each reading (digital sphyg-
momanometer, Omron HEM-907XL Digital). Fasting 
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blood glucose (FBG), triglyceride (TG), total cholesterol 
(TC), low-density lipoprotein (LDL), and high-density 
lipoprotein (HDL) were quantified using the chemistry 
analyzer (Siemens Dimension RXL; Diamond Diagnos-
tics, Holliston, MA). Concentrations of urinary albumin 
“spot” and creatinine in addition to urinary albumin-to-
creatinine ratio were measured using an automated ana-
lyzer (CLINITEK Novus Automated Urine Chemistry 
Analyzer; Siemens Healthineers, Erlangen, Germany). 
Fully automated renal function tests (RFTs) were per-
formed using a VITROS 250 automatic analyzer. The 
estimated glomerular filtration rate (eGFR) was calcu-
lated using the modification of diet in renal disease study 
(MDRD) equation [22].

Measurement of NGAL and IGFBPs
Stored plasma samples were thawed and centrifuged 
at 10,000×g for 5 min at 4 °C to remove any debris. The 
level of NGAL, IGFBP-1, − 3, and − 4 were measured 
using customized Human Magnetic Luminex Assays 
(LXSAHM-11 and LXSAHM-13; R&D Systems Europe, 
Ltd., Abingdon, UK). As per the manufacturer’s assur-
ance, the Luminex assay kits are accurate and consistent. 
They perform rigorous assay validation for specificity, 
precision, stability, linearity and recovery to ensure high 
quality results. The plasma samples were diluted 50× 
with sample diluent for the multiplex assay to detect 
NGAL. To detect the different IGFBPs, plasma was 
diluted 2x with sample diluent. The assays were per-
formed following manufacturer’s instructions. The 
results were obtained by running the assays on the Bio-
Plex 200 system (Bio-Rad, CA, USA), and the Bio-Plex 
manager software was used to quantify the concentration 
of each analyte through the generated standard curve. It 
has been reported that the reference range for NGAL in 
healthy male population aged 41–60 yrs. is 103.95 ± 13.39 
to 123.7 ± 15.94 μg/L. While, the reference range in 
healthy females is 158.37 ± 20.44 to 163.62 ± 21.12 μg/L 
[23]. The detection limits for IGFBP4 are 70–51,300 pg/
mL and for NGAL the detection limits are 38–28,130 pg/
mL. For both assays, results were calculated using the 5 
PL non-linear setting in the Bioplex software with a con-
fidence range between 75 and 110%. The standard values 
in the assays show 95–100% confidence range. The inter 
and intra-assay CVs for IGFBP4 was < 3% and the inter 
and intra-assay CV for NGAL was ≤5%.

Statistical analysis
One-way analysis of variance (ANOVA) was used to 
compare the three study groups, namely: non-diabetic 
(healthy controls), T2D and DN, Bonferroni post hoc 
test was used for multiple comparisons to determine 
pair-wise statistical significance. All data are presented as 

mean ± standard deviation (SD). Spearman’s correlation 
analysis was used to evaluate the univariate association 
between NGAL and other biomarkers. The analysis was 
also used to evaluate the correlation between IGFBPs and 
renal function. Statistical assessment was considered sig-
nificant with p <  0.05. Data was statistically analyzed with 
IBM Corp. (2017) IBM SPSS Statistics for Windows, ver-
sion 25.0 (Armonk, NY: IBM Corp.). Received operating 
curve (ROC) analysis was performed to study the utility 
of NGAL and IGFBP-4 as markers for people with DN. 
To obtain statistical measures of the NGAL and IGFBP-4 
the scales were categorized based on the elevated serum 
creatine or ACR to assess the AUC analysis of ROC 
curves. We calculated 95% CIs from the ROC analy-
sis results based on cut-off points established. The ROC 
analysis results were interpreted as follows: AUC < 0.70, 
low diagnostic accuracy; AUC in the range of 0.70–0.90, 
moderate diagnostic accuracy; and AUC ≥0.90, high 
diagnostic accuracy.

Results
The physical and biochemical characteristics of the 
study population were analyzed using one-way ANOVA 
and the data are presented in Table 1 as the findings of 
study population. The results showed no significant dif-
ference in systolic and diastolic blood pressure. There 
was a significant difference in FBG level between peo-
ple with T2D, DN and non-diabetic control (Table  1, 
p <   0.001), with the highest values presented in people 
with DN. Levels of glycated hemoglobin (HbA1c) were 
higher in people with T2D and DN compared to the non-
diabetic group (Table 1, p <  0.05). People with T2D and 
DN showed a significant increase in both TG and vLDL 
(p <  0.001), while a significant reduction in the levels of 
TC, LDL and HDL (Table 1, p <  0.01).

Differential levels of NGAL and IGFBPs in plasma
In this study, the level of NGAL in plasma was investi-
gated. The data showed a significant increase in plasma 
level of NGAL in people with DN (92.76 ± 7.5 mg/L, 
Table 1) compared to people with T2D (57.22 ± 8.7 mg/L; 
p = 0.002, Table  1) and non-diabetic individuals 
(52.47 ± 2.9 mg/L; p = 0.001, Table  1) (Fig.  1A). The 
levels of different IGFBP proteins were also analyzed. 
The results showed a significant increase in the level of 
IGFBP-4 in people with DN (795.61 ± 130 ng/ml) com-
pared to both, people with T2D (374.56  ±  86.8 ng/ml, 
p = 0.013) and non-diabetic group (273.06 ± 27.8 ng/ml, 
p = 0.003) (Table 1, Fig. 1D). On the other hand, a signifi-
cant increase in the level of IGFBP-1was seen among the 
DN (34.85 ±  3.3 mg/l) when compared to people from 
the non-diabetic group (19.01 ± 2.2, p = 0.008). However, 
no significant difference was observed between DN and 
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T2D groups (31.38 ± 4.7 mg/l) (Table 1, Fig. 1B) IGFBP-3 
expression levels showed no significant differences 
between the three groups (Table 1, Fig. 1C).

Correlation analysis of NGAL with kidney function 
parameters
Spearman’s correlation analysis showed a significant 
association between NGAL and various markers of kid-
ney function (Table  2) within the DN group. The data 
showed that NGAL was positively correlated with SCr 
(ρ = 0.53, p <  0.001, Fig. 2A), while it correlated negatively 
with eGFR (ρ = − 0.552, p <   0.001, Fig.  2B). A positive 
correlation was also observed between NGAL and the 
blood urea nitrogen (BUN) (ρ = 0.608, p <  0.001, Fig. 2C). 
Interestingly, the analysis revealed a significant corre-
lation between NGAL and IGFBP-4 in people with DN 

(ρ = 0.62, p <  0.001, Fig. 3C). No significant associations 
between NGAL and IGFBP1/3 (Fig.  3A and B respec-
tively). In a similar manner, NGAL showed a significant 
association with parameters of kidney function in people 
with T2D (Table 2). The correlation was positive with SCr 
(ρ = 0.63, p <  0.001), and BUN (ρ = 0.577, p <  0.001) but 
negative with eGFR (ρ = − 0.707, p <   0.001). There was 
no significant correlation between NGAL and IGFBP-4 
in people with T2D (Table 2). Furthermore, no significant 
association between NGAL and urinary proteins was 
found.

Correlation analysis of IGFBPs with kidney function 
parameters
Spearman’s rank correlation analysis was performed 
to study the correlation between the IGFBPs and the 

Table 1 Physical and Biochemical characteristics of the study population

Data are presented as mean ± SEM. One-way ANOVA was used to compare various clinical and biochemical parameters (n = 156). SBP systolic blood pressure, DBP 
diastolic blood pressure, HbA1c hemoglobin A1c, Tchol total cholesterol, TG triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein, VLDL very low 
density lipoprotein, BUN blood urea nitrogen, eGFR glomerular filtration rate, ACR  urine albumin to creatinine ratio, Bonferroni post-hoc analysis was performed to 
compare the groups. Statistical significance is presented when p-value < 0.05

Marker Non-diabetic group 
(± SEM)
N = 42

T2D group 
(±SEM)
(n = 50)

DN group 
(±SEM)
(n = 67)

ANOVA
(P value)

Multiple comparisons with post hoc 
Bonferroni (P value)

T2D vs. DN T2D vs. Healthy DN vs. Healthy

Age in years 57.74 ± 1.32 58.96 ± 1.02 59.09 ± 1.38 0.015 1.000 0.104 0.014

Gender (M % / F%) 43 / 57 44 / 56 41 / 59

Body Mass Index 33.20 ± 0.69 33.94 ± 0.88 34.23 ± 0.85 0.001 1.000 0.006 0.001

SBP (mmHg) 122.50 ± 2.25 132.98 ± 3.88 132.03 ± 3.41 0.087 1.000 0.139 0.162

DBP (mmHg) 73.76 ± 1.52 69.72 ± 2.26 68.78 ± 1.98 0.21 1.000 0.574 0.261

Fasting Glucose (mmol/l) 5.52 ± 0.12 8.27 ± 0.36 9.61 ± 0.48 < 0.001 0.050 0.0001 0.0001

HbA1C (%) 5.66 ± 0.09 9.53 ± 1.73 8.09 ± 0.22 0.031 0.816 0.027 0.236

T chol (mmol/l) 4.79 ± 0.15 4.15 ± 0.0.13 4.02 ± 0.0.12 < 0.001 1.000 0.006 0.0001

TG (mmol/l) 1.07 ± 0.08 1.41 ± 0.16 1.77 ± 0.11 < 0.001 0.102 0.202 0.001

HDL (mmol/l) 1.44 ± 0.06 1.25 ± 0.0.05 1.13 ± 0.0.03 < 0.001 0.207 0.026 0.0001

LDL (mmol/l) 3.57 ± 0.73 2.28 ± 0.11 2.1 ± 0.10 0.01 1.000 0.050 0.011

VLDL (mmol/l) 0.43 ± 0.03 0.56 ± 0.06 0.71 ± 0.04 < 0.001 0.105 0.196 0.0001

Serum Creatinine (μmol/l) 75.69 ± 2.89 79.42 ± 3.54 118.36 ± 6.57 < 0.001 0.0001 1.000 0.0001

BUN (mmol/l) 5.02 ± 0.20 5.10 ± 0.29 7.53 ± 0.52 < 0.001 0.001 1.000 0.0001

eGFR MDRD (mL/min /1.73 m2) 81.07 ± 2.14 79.22 ± 3.19 59.7 ± 3.00 < 0.001 0.0001 1.000 0.0001

Albumin (g/l) 40.5 ± 0.52 37.94 ± 0.50 37.28 ± 0.42 < 0.001 0.927 0.002 0.0001

Urine Creatinine (mg/l) 14.75 ± 1.22 11.94 ± 0.86 9.08 ± 0.77 0.049 0.071 0.140 0.001

Microalbumin (mg/l) 14.82 ± 2.0 14.35 ± 1.61 490.72 ± 186.62 < 0.001 0.003 1.000 0.005

ACR (mg/g) 9.77 ± 1.2 11.32 ± 1.07 953.48 ± 327.78 0.004 0.013 1.000 0.020

NGAL (mg/l) 52.47 ± 2.9 57.22 ± 8.7 92.76 ± 7.5 < 0.001 0.002 1.000 0.001

IGFBP-1 (mg/l) 19.01 ± 2.2 31.38 ± 4.7 34.85 ± 3.3 0.0091 1.000 0.080 0.008

IGFBP-3 (mg/l) 66.01 ± 32.4 64.99 ± 27.8 69.65 ± 24.8 0.425 0.661 1.000 1.000

IGFBP-4 (ng/ml) 273.06 ± 27.8 374.56 ± 86.8 795.61 ± 130.7 < 0.001 0.013 1.000 0.003

Medications
 • ARBs (%) None 85.3 76.2

 • ACEi (%) 14.7 23.8
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various indicators of renal activity. A significant cor-
relation was observed between IGFBP-4 and the indi-
cators of renal activity within the DN group. This was 
presented through a significant positive correlation with 
serum creatinine (ρ = 0.39, p <   0.001), BUN (ρ = 0.32, 
p <   0.05), and a negative correlation with eGFR 
(ρ = − 0.44, p <  0.001). In the case of IGFBP-1, the data 
showed a significant negative correlation with both sCr 
(ρ = − 0.249, p <  0.05) and BUN (ρ = − 0.371, p <  0.001) 

in people with DN, whereas eGFR showed no associa-
tion with IGFBP-1 in the same group (Table 3). No asso-
ciation was found between IGFBP-3 and the parameters 
reflecting kidney function in people with DN (Table 3). 
Furthermore, the relationship between IGFBP4 and uri-
nary protein excretion (urine creatinine, microalbumin 
and ACR) was assessed. IGFBP4 was found to associate 
significantly only with urine Creatinine in the DN group 
(ρ = − 0.289, p = 0.021, Supplementary Table 1).

Fig. 1 Circulatory levels of NGAL, IGFBP‑1, IGFBP‑3, and IGFBP‑4the 3 study groups: non‑diabetic (n = 42), T2D (n = 50) and DN (n = 67). A 
Circulating level of NGAL B Circulating level of IGFBP‑1 (C) Circulating level of IGFBP‑3 (D) Circulating level of IGFBP‑4, statistical significance is 
presented when p‑value < 0.05

Table 2 Spearman’s rank correlation between NGAL with Serum Creatinine, BUN, eGFR and IGFBPs

IGFBP Insulin-like growth factor binding protein −1, 3, 4, BUN blood urea nitrogen, eGFR glomerular filtration rate, Spearman’s correlation coefficient ρ and p-value are 
presented. The Association is considered statistically significant when p-value < 0.05

Markers Non-diabetic group T2D group DN group

ρ P value ρ P value ρ P value

Serum Creatinine 0.381 <  0.05 0.631 <  0.001 0.530 <  0.001

BUN 0.195 0.221 0.577 <  0.001 0.608 <  0.001

eGFR ‑ 0.430 <  0.001 ‑ 0.707 <  0.001 ‑ 0.552 <  0.001

IGFBP-1 0.010 0.950 0.167 0.256 0.195 0.120

IGFBP-3 0.005 0.976 ‑ 0.113 0.450 0.122 0.331

IGFBP-4 0.019 0.906 0.252 0.085 0.620 < 0.001
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ROC analyses for NGAL and IGFBP4
Receiver Operating Characteristic (ROC) analysis was 
performed to determine the probable use of NGAL 
and IGFBP4 markers to differentiate between diabetic 
patients with or without diabetic nephropathy. NGAL 
and IGFBP4 markers show moderate diagnostic accu-
racy considering the ROC analysis results and the fact 
that AUC for both markers were 76.2 and 74.3 respec-
tively (Fig.  4A and B). Moreover, ROC curve analyses 
showed significant predictive power of the ACR and 
SCr for NGAL and IGFBP4 markers, with SCr exhibit-
ing high accuracy (supplementary Fig.  1A and B) and 
ACR exhibiting low accuracy (Supplementary Fig.  1C 
and D). The AUCs, p-values, cut-off points optimized 
for sensitivity and specificity, 95% CIs, sensitivities, and 
specificities obtained for SCr and ACR are reported 
in Supplementary Table  2. The ROC analysis results 
were interpreted as follows: AUC < 0.70, low diagnos-
tic accuracy; AUC in the range of 0.70–0.90, moderate 
diagnostic accuracy; and AUC ≥0.90, high diagnostic 

accuracy. We also created ROC curve for serum creati-
nine as one of the conventional circulatory markers to 
assess the diagnostic utilities of the NGAL and IGFBP4 
circulatory molecules (Supplementary Fig. 2).

Assessing the levels of NGAL and IGFBP4 in normal 
creatinine group
The study groups namely non-diabetic, T2D and DN 
were further categorized based on creatinine levels 
into 2 sub-categories as normal (Male <=119.3; Female 
<=91.9) and high (Male > 119.3; Female > 91.9). Plasma 
levels for both NGAL and IGFBP4 seem to be increased 
in both subgroups. However, their increased in levels 
were more pronounced in the high creatinine subgroup 
(Supplementary Table 3). Moreover, and within the nor-
mal creatinine subgroup, it was evident the increased of 
both NGAL and IGFBP4 levels in the DN group com-
pared to both DM and non-diabetic ones supporting the 
utility of both markers for early diagnosis of DN.

Fig. 2 Correlation analysis between NGAL and kidney function parameters in DN group. A Spearman’s rank correlation between serum creatinine 
(SCr) and NGAL (B) Spearman’s rank correlation between eGFR and NGAL (C) Spearman’s rank correlation between BUN and NGAL. (Spearman’s 
correlation coefficient ρ and p‑value are presented. The Association is considered statistically significant when p‑value < 0.05)
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Discussion
During the past decade, the prevalence of diabetes has 
escalated, affecting 415 million people worldwide. DN 
is a common complication associated with T1D and 
T2D, and it is regarded as the leading cause of chronic 
kidney disease (CKD) worldwide [24]. In addition to 

the progress in the available management and treat-
ment options, finding biomarkers with higher sensitiv-
ity would greatly reduce the prevalence of DN and the 
incidence of diabetes related ESRD. Currently, micro-
albuminuria and serum creatinine are the diagnostic 
markers for DN, however they exhibit some limitations 

Fig. 3 Correlation analysis between NGAL and IGFBPs in people with DN. A Spearman’s rank correlation coefficient between IGFBP‑1 and NGAL 
(B) Spearman’s rank correlation coefficient between IGFBP‑3 and NGAL (C) Spearman’s rank correlation coefficient between IGFBP‑4 and NGAL 
(Spearman’s correlation coefficient ρ and p‑value are presented. The Association is considered statistically significant when p‑value < 0.05)

Table 3 Spearman’s rank correlation between IGFPBs and renal markers in the non‑diabetic, T2D and DN groups

IGFBP Insulin-like growth factor binding protein −1,3,4, BUN blood urea nitrogen, eGFR glomerular filtration rate, Spearman’s correlation coefficient ρ and p-value are 
presented. The Association is considered statistically significant when p-value < 0.05

Study group Markers IGFBP-1 IGFBP-3 IGFBP-4

ρ P value ρ P value ρ P value

Non-diabetic group Serum Creatinine ‑ 0.039 0.807 ‑ 0.176 0.270 0.302 0.052

BUN 0.047 0.769 0.212 0.183 ‑ 0.038 0.809

eGFR ‑ 0.010 0.948 0.177 0.267 ‑ 0.306 0.049

T2D group Serum Creatinine ‑ 0.006 0.966 ‑ 0.034 0.814 0.269 0.059

BUN 0.160 0.267 0.002 0.991 ‑ 0.013 0.927

eGFR ‑ 0.141 0.334 ‑ 0.036 0.794 −0.271 0.059

DN group Serum Creatinine ‑ 0.249 < 0.05 0.178 0.150 0.397 < 0.001

BUN ‑ 0.371 < 0.001 0.194 0.116 0.327 < 0.05

eGFR 0.171 0.166 ‑ 0.206 0.095 ‑ 0.448 < 0.001
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that affect their diagnostic efficiency [5, 8–10]. Indicat-
ing the need for identifying additional diagnostic and 
prognostic markers to achieve better management of 
DN. In the present study a significant increase in the 
circulatory level of NGAL was observed among individ-
uals with DN. This increase was significantly associated 
with elevated level of IGFPB-4 and renal indicators in 
people with DN. Only people with DN showed signifi-
cant increase in NGAL and IGFPB-4 levels, suggesting 
them as potential diagnostic and prognostic markers 
for DN.

The pathophysiology of DN has been attributed to 
multifactorial interactions between metabolic and 
hemodynamic factors, including glucose-dependent 
pathways and the renin–angiotensin system [25]. Such 
molecular abnormalities may damage the glomerulus 
and renal tubulointerstitium, which contribute to ele-
vated levels of NGAL and other renal markers, includ-
ing SCr and BUN. Compared to the routinely used renal 
markers, NGAL is a sensitive biomarker for AKI that 
increases significantly in the blood and urine within 
2 h of injury [26]. As such, elevated NGAL levels marks 
the occurrence of AKI [27]. Increased levels of plasma 
NGAL showed a predictive power for CKD progres-
sion and was reflective of renal disease severity [28, 29]. 

In this study, a rise in NGAL and IGFBP-4 levels was 
evident in people with DN even in those demonstrat-
ing normal creatinine levels, the increase in circulating 
NGAL in people with DN reflected its importance as 
an indicator of DN. This was accentuated by the signifi-
cant positive correlation with IGFBP-4 in people with 
DN, a marker that has been linked with DN [30, 31]. 
Conventional renal markers like Cr and microalbumin 
are important for the diagnosis and staging of kidney 
disease. However, a significant change in conventional 
markers is usually detected after the occurrence of a 
substantial glomerular damage. Although, NGAL is a 
rapid marker for the detection of an acute renal injury, 
changes in NGAL levels were not reflective of a kidney 
functional deficit [15]. Nonetheless, others found that 
changes in NGAL levels are predictive of CKD progres-
sion and severity [28].

Knowing that the IGF system is involved in CKD 
pathology [18], and IGF-1 is one of the main fac-
tors involved in the development of DN, the aim of 
this study was to investigate the involvement of other 
IGFBPs and their contribution to the pathology of a 
diabetic kidney. IGFBP-4, which is typically expressed 
in the kidneys, has been suggested as a marker for auto-
immune diseases, including chronic lupus nephritis 

Fig. 4 Receiver Operating Characteristic curves for IGFBP‑4 (A) and the NGAL (B) based on the diagnosis of DN
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[32]. Wu et  al. showed a positive correlation between 
circulating IGFBP-4 and SCr levels and an inverse cor-
relation with eGFR in patients with lupus nephritis. 
In the current study cohort, people with DN showed 
a significant elevation in levels of IGFBP-4 compared 
with the control or people with T2D [31]. The rise in 
IGFBP-4 levels demonstrated a significant association 
with renal markers including, SCr, BUN and eGFR. This 
came in agreement with previous reports and it sup-
ports the potential involvement of IGFBP-4 in diabetic 
kidney disease [30].

Collectively, this study highlights significant 
increase in the levels of two biomarkers, NGAL 
and IGFBP-4, in people with DN, implicating their 
involvement in renal pathology. This elevation was 
not prominent in people with T2D and was not pre-
sent in the non-diabetic group. The potential link of 
these proteins in DN was accentuated by the signifi-
cant positive correlation between IGFBP-4 and NGAL 
in people with DN, which could imply their potential 
use as biomarkers aiding in the early detection of DN. 
Our results indicated that NGAL and IGFBP4 plasma 
levels are high in patients with diabetic nephropa-
thy. Whether these markers are superior to the ratio 
of albumin to creatinine in providing earlier diagno-
sis for diabetic nephropathy require further analysis 
including annual follow-ups and monitoring before 
diabetic nephropathy develops. The current study 
is limited by its cross-sectional study design and the 
small sample size of the cohorts. Thus, future stud-
ies are required to elucidate the mechanism through 
which NGAL and IGFBP-4 contribute towards the 
progression and manifestation of DN and asses their 
possible inflammatory role. One of the main limi-
tations of this study is that it does not include CKD 
patients who are not diabetic. Inclusion of this cate-
gory of patients would allow better understanding on 
whether these markers are DN specific or if they can 
also detect other kidney impairments.

Conclusion
This report highlights the dysregulation and positive 
association between two proteins, NGAL and IGFBP-4 in 
circulation and their potential as biomarkers for DN. In 
the field of nephrology, DN continues to be a major con-
dition that is best managed by early detection to prevent 
the occurrence of irreversible kidney damage. The data 
from this study presented circulating markers as poten-
tial diagnostic tools for DN. Future studies are required 
to investigate the specific role of these markers and their 
feasibility as early diagnostic tools for kidney- related 
diseases.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12882‑ 022‑ 02692‑z.

Additional file 1. 

Additional file 2. 

Additional file 3. 

Acknowledgements
The authors would like to thank the staff at the Tissue Bank and Clinical Labo‑
ratory for their assistance throughout this study.

Rights and permissions
This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons license, and 
indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated 
otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons license and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this license, 
visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons 
Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma 
in/ zero/1. 0/) applies to the data made available in this article, unless otherwise 
stated in a credit line to the data.

Authors’ contributions
HA: conceptualized and designed the study, drafted the initial manuscript, 
and reviewed and revised the manuscript. MA: data analysis and interpreta‑
tion and critically revised the manuscript. EA: patient coordination and sample 
collection. SD: data analysis, management and statistical analysis. YB: patients’ 
recruitment and data interpretation. IA: performed the ELISA assay. PC: 
performed the ELISA assay. ZA: patient coordination and sample collection. 
VV: Blood processing, storage and data analysis. FA: Data interpretation and 
critically revised manuscript. AA: Study design, data interpretation and man‑
agement. JA: Study design, data interpretation, wrote and critically revised the 
manuscript. All authors have seen and approved the final manuscript.

Funding
This work was supported by the Kuwait Foundation for the Advancement of 
Sciences (KFAS) under projects (RA‑2015‑012), (PR17‑13MM‑07) and (RA HM 
2019–008).

Availability of data and materials
The datasets generated during and/or analyzed during the current study are 
not publicly available but are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
Written informed consent was obtained from all participants before enroll‑
ment to the study. The study and methods were approved by the Ethical 
Review Committee of the Dasman Diabetes Institute and were in accordance 
with the guidelines of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medical Laboratory Sciences, Faculty of Allied Health 
Sciences, Health Sciences Center, Kuwait University, Kuwait City, Kuwait. 

https://doi.org/10.1186/s12882-022-02692-z
https://doi.org/10.1186/s12882-022-02692-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


Page 10 of 10Ali et al. BMC Nephrology           (2022) 23:64 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

2 Department of Genetics and Bioinformatics, Dasman Diabetes Institute 
(DDI), Dasman, Kuwait. 3 Department of Biochemistry and Molecular Biology, 
Dasman Diabetes Institute (DDI), Dasman, Kuwait. 4 National Dasman Diabetes 
Biobank, Dasman Diabetes Institute (DDI), Dasman, Kuwait. 5 Medical Division, 
Dasman Diabetes Institute (DDI), Dasman, Kuwait. 6 Department of Pharmacy 
Practice, Faculty of Pharmacy, Health Sciences Center, Kuwait University, 
Kuwait City, Kuwait. 7 Diabetology Unit, Amiri Hospital, Ministry of Health, 
Kuwait City, Kuwait. 

Received: 31 May 2021   Accepted: 2 February 2022

References
 1. Rheinberger M, Boger CA. Diabetic nephropathy: new insights 

into diagnosis, prevention and treatment. Dtsch Med Wochenschr. 
2014;139(14):704–6.

 2. AlSahow A, AlHelal B, Alyousef A, AlQallaf A, Marzouq A, Nawar H, 
Fanous G, Abdelaty M, Bahbahani Y, AlRajab H, et al. Renal data from 
the Arab world dialysis in Kuwait: 2013‑2019. Saudi J Kidney Dis Transpl. 
2020;31(4):826–30.

 3. Rossing P, Persson F, Frimodt‑Moller M. Prognosis and treatment of 
diabetic nephropathy: recent advances and perspectives. Nephrol Ther. 
2018;14(Suppl 1):S31–7.

 4. Satirapoj B. Tubulointerstitial biomarkers for diabetic nephropathy. J 
Diabetes Res. 2018;2018:2852398–8.

 5. Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Boer IH, Goldstein‑Fuchs J, 
et al. Diabetic kidney disease: a report from an ADA consensus confer‑
ence. Am J Kidney Dis. 2014;64(4):510–33.

 6. Papadopoulou‑Marketou N, Chrousos GP, Kanaka‑Gantenbein C. Diabetic 
nephropathy in type 1 diabetes: a review of early natural history, patho‑
genesis, and diagnosis. Diabetes Metab Res Rev. 2017;33(2).

 7. Qiu X, Liu C, Ye Y, Li H, Chen Y, Fu Y, et al. The diagnostic value of serum 
creatinine and cystatin c in evaluating glomerular filtration rate in 
patients with chronic kidney disease: a systematic literature review and 
meta‑analysis. Oncotarget. 2017;8(42):72985–99.

 8. Alaini A, Malhotra D, Rondon‑Berrios H, Argyropoulos CP, Khitan ZJ, Raj 
DSC, et al. Establishing the presence or absence of chronic kidney dis‑
ease: uses and limitations of formulas estimating the glomerular filtration 
rate. World J Methodol. 2017;7(3):73–92.

 9. Delanaye P, Cavalier E, Pottel H. Serum creatinine: not so simple! Nephron. 
2017;136(4):302–8.

 10. Devarajan P. Neutrophil gelatinase‑associated lipocalin (NGAL): a new 
marker of kidney disease. Scand J Clin Lab Invest Suppl. 2008;241:89–94.

 11. Kjeldsen L, Johnsen AH, Sengelov H, Borregaard N. Isolation and primary 
structure of NGAL, a novel protein associated with human neutrophil 
gelatinase. J Biol Chem. 1993;268(14):10425–32.

 12. Ntrinias T, Papasotiriou M, Balta L, Kalavrizioti D, Vamvakas S, Papachristou 
E, et al. Biomarkers in progressive chronic kidney disease. Still a long way 
to go. PRILOZI. 2019;40(3):27–39.

 13. Moschen AR, Adolph TE, Gerner RR, Wieser V, Tilg H. Lipocalin‑2: a master 
mediator of intestinal and metabolic inflammation. Trends Endocrinol 
Metab. 2017;28(5):388–97.

 14. Parmar T, Parmar VM, Perusek L, Georges A, Takahashi M, Crabb JW, et al. 
Lipocalin 2 plays an important role in regulating inflammation in retinal 
degeneration. J Immunol. 2018;200(9):3128–41.

 15. Papadopoulou‑Marketou N, Kanaka‑Gantenbein C, Marketos N, Chrousos 
GP, Papassotiriou I. Biomarkers of diabetic nephropathy: a 2017 update. 
Crit Rev Clin Lab Sci. 2017;54(5):326–42.

 16. Wu J, Shao X, Lu K, Zhou J, Ren M, Xie X, et al. Urinary RBP and NGAL 
levels are associated with nephropathy in patients with type 2 diabetes. 
Cell Physiol Biochem. 2017;42(2):594–602.

 17. Papadopoulou‑Marketou N, Margeli A, Papassotiriou I, Chrousos GP, 
Kanaka‑Gantenbein C, Wahlberg J. NGAL as an early predictive marker of 
diabetic nephropathy in children and young adults with type 1 diabetes 
mellitus. J Diabetes Res. 2017;2017:7526919.

 18. Oh Y. The insulin‑like growth factor system in chronic kidney disease: 
pathophysiology and therapeutic opportunities. Kidney Res Clin Pract. 
2012;31(1):26–37.

 19. Vasylyeva TL, Ferry RJ Jr. Novel roles of the IGF‑IGFBP axis in eti‑
opathophysiology of diabetic nephropathy. Diabetes Res Clin Pract. 
2007;76(2):177–86.

 20. Wedrychowicz A, Dziatkowiak H, Nazim J, Sztefko K. Insulin‑like growth 
factor‑1 and its binding proteins, IGFBP‑1 and IGFBP‑3, in adoles‑
cents with type‑1 diabetes mellitus and microalbuminuria. Horm Res. 
2005;63(5):245–51.

 21. Haneda M, Utsunomiya K, Koya D, Babazono T, Moriya T, Makino H, et al. 
A new classification of diabetic nephropathy 2014: a report from joint 
committee on diabetic nephropathy. J Diabetes Invest. 2015;6(2):242–6.

 22. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate 
method to estimate glomerular filtration rate from serum creatinine: 
a new prediction equation. Modification of diet in renal disease study 
group. Ann Intern Med. 1999;130(6):461–70.

 23. Pennemans V, Rigo JM, Faes C, Reynders C, Penders J, Swennen Q. 
Establishment of reference values for novel urinary biomarkers for renal 
damage in the healthy population: are age and gender an issue? Clin 
Chem Lab Med. 2013 Sep;51(9):1795–802. https:// doi. org/ 10. 1515/ cclm‑ 
2013‑ 0157 PMID: 23648635.)10.1515/cclm‑2013‑0157. PMID: 23648635.).

 24. Shahbazian H, Rezaii I. Diabetic kidney disease; review of the current 
knowledge. J Ren Inj Prev. 2013;2(2):73–80.

 25. Cao Z, Cooper ME. Pathogenesis of diabetic nephropathy. J Diabetes 
Invest. 2011;2(4):243–7.

 26. Bennett M, Dent CL, Ma Q, Dastrala S, Grenier F, Workman R, et al. Urine 
NGAL predicts severity of acute kidney injury after cardiac surgery: a 
prospective study. Clin J Am Soc Nephrol. 2008;3(3):665–73.

 27. Khawaja S, Jafri L, Siddiqui I, Hashmi M, Ghani F. The utility of neutrophil 
gelatinase‑associated Lipocalin (NGAL) as a marker of acute kidney injury 
(AKI) in critically ill patients. Biomarker Res. 2019;7:4.

 28. Wasung ME, Chawla LS, Madero M. Biomarkers of renal function, which 
and when? Clin Chim Acta. 2015;438:350–7.

 29. Bolignano D, Lacquaniti A, Coppolino G, Donato V, Campo S, Fazio MR, 
et al. Neutrophil gelatinase‑associated lipocalin (NGAL) and progression 
of chronic kidney disease. Clin J Am Soc Nephrol. 2009;4(2):337–44.

 30. Ulinski T, Mohan S, Kiepe D, Blum WF, Wingen AM, Mehls O, et al. 
Members of the German study group for growth hormone treatment in 
chronic renal F: serum insulin‑like growth factor binding protein (IGFBP)‑4 
and IGFBP‑5 in children with chronic renal failure: relationship to growth 
and glomerular filtration rate. Pediatr Nephrol. 2000;14(7):589–97.

 31. Al Shawaf E, Abu‑Farha M, Devarajan S, Alsairafi Z, Al‑Khairi I, Cherian P, 
et al. ANGPTL4: a predictive marker for diabetic nephropathy. J Diabetes 
Res. 2019;2019:4943191–1.

 32. Wu T, Xie C, Han J, Ye Y, Singh S, Zhou J, et al. Insulin‑like growth factor 
binding Protein‑4 as a marker of chronic lupus nephritis. PLoS One. 
2016;11(3):e0151491.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1515/cclm-2013-0157
https://doi.org/10.1515/cclm-2013-0157

	Association of significantly elevated plasma levels of NGAL and IGFBP4 in patients with diabetic nephropathy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study population
	Sample collection and biochemical measurements
	Measurement of NGAL and IGFBPs
	Statistical analysis

	Results
	Differential levels of NGAL and IGFBPs in plasma
	Correlation analysis of NGAL with kidney function parameters
	Correlation analysis of IGFBPs with kidney function parameters
	ROC analyses for NGAL and IGFBP4
	Assessing the levels of NGAL and IGFBP4 in normal creatinine group

	Discussion
	Conclusion
	Acknowledgements
	References


