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Abstract

Background: Albuminuria is used to screen early stages of diabetic nephropathy (DN) but it is limited by the fact
that structural damage may precede albumin excretion. This necessitates identifying better biomarkers that
diagnose or predict diabetic nephropathy. The study aimed to evaluate tissue inhibitor metalloproteinase-1
(TIMP-1), plasminogen activator inhibitor 1 (PAI-1), and neutrophil/lymphocyte ratio (NLR) as potential
biomarkers for early detection of diabetic nephropathy and its progression in patients with type 2 diabetes.

Materials and Methods: A total of 88 subjects were included in this cross-sectional hospital-based study, healthy
individuals (N=10) and diabetic patients (n= 78). Diabetic patients were classified according to an albumin
creatinine ratio (ACR) into normoalbuminuria (A1=30), microalbuminuria (A2=14), and macroalbuminuria (A3
=34). TIMP-1, PAI-1 levels, NLR were measured in all subjects. Multivariate discriminant analysis (MDA) was
used to develop a novel index. The diagnostic value of TIMP-1, PAI-1, and NLR was assessed by the area under
the receiver operating characteristic (ROC). Results: The mean = SD of NLR, PAI-1 (ng/ml) and TIMP-1 (ng/ml)
in healthy were (1.9+0.30; 6.8 £2.4 and 76.8+15.7) and in A1 were (3.0 +2.5;7.7+1.8 and 91.4+19.8) and in A2
were ( 2.2+1.5; 7.6+£1.9 and 104.5+20.9) and in A3 were (5.2+3.9; 8.7£1.2 and 120.6+18.2). The differences
between the mean of NLR, PA1-1 and, TIMP in A2 and that of A3 were significant (p <0.007, p =0.03 and, p <
0.011; respectively). TIMP-1 was the most efficient marker with an AUC of 0.72 for discriminant diabetics with
Al from A2; 0.88 for Al vs A3 and 0.82 for A2 vs A3. A novel index was developed for differentiated between
stages of DN based on three blood markers (TIMP-1, PAI-1, and NLR) named TPN. The mean + SD of TPN
index in healthy was (1.1+0.4) and in Al was (1.2 £0.3) and in A2 was (1.3 £0.2) and in A3 were (1.8+0.3) with
a highly significant difference between A2 and A3. The AUC of the TPN index was 0.61, 0.88, and 0.88 for
discriminant diabetics with A1 from A2, Al vs A3, and A2 vs A3. Conclusions: A novel index named TPN
based on three blood markers (TIMP-1, PAI-1, and NLR) may be potentially useful for early detection and to
discriminate macro-albuminuria from micro-albuminuria stages.
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1. Introduction: biomarkers associated with early DN in diabetic
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Worldwide, diabetes is the most common metabolic
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between activity of both matrix metalloproteinases
(MMP) and tissue inhibitors of metalloproteinases
(TIMPs) is involved in DN. Expression of MMPs is
decreased and expression of TIMPs is increased by
high glucose level (McLennan et al., 2004).
Plasminogen activator inhibitor-1 (PAI-1) has been
associated with coronary heart diseases and with matrix
accumulation in chronic inflammatory kidney diseases
(Malgorzewicz et al., 2013; Baker et al., 2018). The
NLR is a blood marker used as an indicator of chronic
kidney inflammation and its value increase with the
severity of CKD (Tatar et al., 2016). This work aimed
to evaluate whether TIMP-1, PAI-1, and NLR can be
used as single and combined diagnostic biomarkers to
screen for diabetic nephropathy and its progression in
type 2 diabetic subjects.

2. Materials & methods
Patients:

A cross-sectional study was performed on 88
subjects (33 males, 55 females; mean age 56.3+11.4
years). Patients were selected from attendants of the
endocrinology and nephrology units and outpatient
clinics of Mansoura university hospital, Mansoura,
Egypt. These subjects were classified into three
groups: ten non-diabetic healthy subjects (5 males, 5
females; mean age 58.1+ 8.3 years) with no family
history of diabetes, and diabetic patients (n= 78).
Diagnosis of diabetes was done based on the American
Diabetes Association criteria
(American Diabetes Association, 2018). Diabetic
patients were classified according to an albumin
creatinine ratio (ACR) into normoalbuminuria
(A1=30), microalbuminuria (A2=14), and
macroalbuminuria (A3 =34) (Guy et al., 2019). The
assessment was carried out by collecting the following
clinical and demographic variables for each patient: full
personal history, age (years), sex, history of diabetes
(duration and complications) and arterial pressure,
clinical examination including abdominal examination

pISSN: 2356-9174, elSSN: 2356-9182 299

and abdominal ultrasound, and CT scan. Excluded
subjects were having type-1 diabetes mellitus, and
other causes of proteinuria (urinary tract infection,
severe hypertension, and hematuria).

Samples:

Blood was obtained from each subject and collected
in the morning after fasting overnight and another
sample was collected two hours after breakfast. A
portion of the blood was treated immediately with K-
EDTA as an anti-coagulant for a complete blood
picture (CBC) and Glycosylated hemoglobin (HBALc).
Another portion of blood samples was allowed to clot
at room temperature before centrifugation for 15
minutes at (1000 x g) to collect the serum. Serum
samples were stored at -80 C until analysis. The first-
morning urine specimen was collected from all
participants. Urine samples were examined for albumin
creatinine ratio (ACR) (Guy et al., 2019). Diabetic
patients were divided into three groups by urinary
albumin-to-creatinine ratio (ACR): normoalbuminuria
group (ACR <30 mg/g), microalbuminuria (ACR 30-
300 mg/g) and macroalbuminuria (ACR >300 mg/g).
The value of eGFR was calculated according to MDRD
GFR Equation (Levey et al., 2014).

Biochemical analysis:

All participants were subjected to routine laboratory
investigations, including complete blood picture (using
automated hematology analyzer (KX-21 Sysmes,
System Corporation, Japan)), fasting blood sugar,
kidney function tests, and lipid profile using an
automated biochemistry analyzer (BT1500; Biotecnica
instruments S.P.A, Italy). HBAlc was measured by
using an automated analyzer (Labona Check Alc,
SYNAPSE, Belgium). NLR was calculated as a simple
ratio between the absolute neutrophil and the absolute
lymphocyte counts both obtained from the same
automated blood sample at the admission of the study.
Serum PAI-1 and TIMP-1 levels were assayed by using
an ELISA kit (Elabscience, Wuhan, Hubei, China), and
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an absorbance reader (Tecan Austria GmbH, Sunrise —
Basic TECAN) at 450 nm was used to measure the
developed color absorbance.

Data analysis:

Qualitative and quantitative data were analyzed
using the Statistical Package of Social Sciences (SPSS)
system (version 19.0). Comparisons of quantitative
variables were done with ANOVA test, t-test while the
Mann-Whitney U test was used in cases with
nonparametric variables. The correlations between
variables were analyzed with the Spearman correlation
coefficient. Multivariate discriminant analysis (MDA)
was used to develop the novel index. The diagnostic
value of TIMP-1, PAI-1, and NLR was assessed by the
area under the receiver operating characteristic (ROC).
The best cutoff points were selected and diagnostic
powers were determined.

3. Results:

Laboratory data of studied groups were presented
in table 1. Using t-test, there were significant
differences (p values ranged from 0.001- 0.0001)
between A2 and A3 in kidney function tests, HBA1C,
GFR, and ACR. The mean + SD of NLR, PAI-1 (ng/ml)
and TIMP-1 (ng/ml) in healthy were (1.9+0.30; 6.8
+2.4 and 76.8+15.7) and in Al were 3.0 £ 2.5; 7.7+1.8
and 91.4+19.8) and in A2 were 2.2+1.5; 7.6+1.9 and
104£20.9) and in A3 were (5.2+3.9; 8.7+1.2 and
120+18.2). There were significant differences between
A2 and A3 in NLR (p 0.007), PAI1 (0.03) and TIMP1
(0.031); respectively.

Correlation among TIMP-1, PAI-1, and other tests:

Linear significant correlations were observed
between TIMP-1 levels and kidney function tests that
included: creatinine (r=0.418; p <0.0001), uric acid (r
= 0.469; p <0.0001), BUN (r=0.503; p <0.0001), and

pISSN: 2356-9174, elSSN: 2356-9182 300

eGFR (r = -0.488; p <0.0001). Linear significant
correlation were observed between PAI-1 and eGFR (r
=-0.348; p <0.001).

3.7 Diagnostic power of NLR, TIMP-1, and PAI-1:

Using the ROC curve, we assessed the diagnostic
powers of NLR, TIMP-1, and PAI-1 to discriminate
among different study groups was presented in table 2.
TIMP-1 was the most efficient marker (AUC = 0.72,
71.4% sensitivity and 66.7 specificity) for discriminant
diabetics with Al from A2; for Al vs A3 (AUC =0.88,
with 81.8% sensitivity and 8.3 % specificity ) and for
A2 vs A3 (AUC = 0.82 with 81.8% sensitivity and
78.6% specificity); table 2.

Development of a novel index for discriminant
between DN stages

We developed a new index for differentiated
between DN stages based on three blood markers
(TIMP-1, PAI-1, and NLR) named TPN. It can be
calculated as ((0.006x TIMP-1) + (0.104x PAI-1) +
(0.004x NLR) — 0.078)). The levels of the TPN index
were increased with the severity of DN. The mean = SD
of TPN index in healthy was (1.1+0.4) and in Al was
(1.2 £0.3) and in A2 was 1.3 £0.2) and in A3 were
(1.8+0.3) with a highly significant difference between
A2 and A3 (p< 0.0001). The diagnostic power of the
TPN was tested for three clinically relevant thresholds
of DN (A1, A2, and A3). The AUC of the TPN index
was 0.61 with 64.3% sensitivity and 63.3% specificity
for discriminated patients with Al from A2. For
discriminated patients with A1 vs A3, AUC was 0.88
with 81.8 % sensitivity and 80% specificity. Also, for
discriminated patients with A2 vs A3, AUC was 0.88
with 81.8 % sensitivity and 85.7% specificity at best
cutoff = 1.48 (i.e. less than 1.48 indicated micro-
albuminuria and greater than 1.48 indicated macro-
albuminuria)
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Table 1. Laboratory data of studied groups

Variables Healthy (n=10) Al (n=30) A2 (n=14) A3 (n=34) P-value”
Gender  male 5(50.0%) 14(46.7%) 3(21.4%) 11(32.4%)

Female 5(50.0%) 16(53.3%)  11(78.6%)  23(67.6%) 449
Age (years) 38.1+8.3 55.8+10.4 57.9+9.0 60.7+8.8 0.328
Neutrophils (10%1) 59.7+4.4 60.9+15.4 57.3+14.8 71.9+11.6 0.001
Lymphocytes (10%/1) 31.9+4.8 28.4+12.9 33.3+x12.2 19.4+9.4 <0.0001
Creatinine (mg/dl) 0.7£0.1 0.7£0.1 1.1+0.2 3.6£1.9 <0.0001
Uric acid (mg/dl) 3.4+0.3 4.8+.9 4.7£2.5 10.2+3.6 <0.0001
Cholesterol (mg/dl) 122.5+15.4 154.3+58.2  162.8+49.2  164.4+56.3 0.939
Triglycerides (mg/dl) 73.4+8.5 144.0£66.9  170.3£74.9  159.0+91.1 0.746
HDL-Ch (mg/dl) 69.2+5.5 55.1+11.3 36.2+12.9 41.2+13.0 0.336
LDL-Ch (mg/dl) 38.6+£13.1 74.2+47.5 97.7+£39.6 100.2+48.5 0.890
F.B.G (mg/dl) 89.1+4.9 157.0+47.7 182.6+123.4 175.1+99.7 0.849
HBALC (%) 4.9+0.2 8.9+2.7 9.1+2.9 6.5+1.17 0.001
ACR (mg/g) 4.9+2.0 22.7+5.6 151.5+100.7 1915+1101 <0.0001
GFR (ml/min/1.73 m?) 129.7+£18.1 113.1+11.5 72.6+19.5 23.1+14.8  <0.0001
NLR 1.9+0.30 3.0+25 2.2+1.5 5.2+3.9 0.007
PAIL (ng/ml) 6.8+2.4 7.7+1.8 7.6£1.9 8.7+1.2 0.031
TIMP1 (ng/ml) 76.8+15.7 91.4+19.8 104.5£20.9  120.6+18.2 0.011
TPN 1.1+0.4 1.240.3 1.3£0.2 1.840.3 <0.0001

Abbreviations: Al: normo-albuminuria; A2: micro-albuminuria; A3: macro-albuminuria; HDL : high density
lipoprotein; LDL : low density lipoprotein; FBS: fasting blood sugar; HBALC ; hemoglobin Al concentration;
GFR: Glomerular filtration rate; NLR: neutrophil lymphocyte ratio; PAI-1 Plasminogen activator inhibitor 1; TIMP:
Tissue inhibitor metalloproteinase-1,

*p < 0.05 is considered significant using Student’s t test for comparison between A2 vs A3
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Table 2. Diagnostic performances of single and combined markers

Variables AUC  cutoff  Sensitivity  Specificity PPV NPV  Accuracy
A. Normoalbuminuria group (Al) vs Microalbuminuria group (A2)
NLR 0.41 1.9 42.9 46.7 27.3 636 45.5
TIMP-1 (ng/ml) 0.72 96 714 66.7 50.0 833 68.2
PAI-1 (ng/ml) 0.51 8.6 57.1 53.3 36.4 727 54.6
TPN 0.61 1.34 64.3 63.3 450 79.2 63.6
B. Normoalbuminuria group (Al) vs Macroalbuminuria group (A3).
NLR 0.72 2.9 67.7 70.0 719 656 68.8
TIMP-1 (ng/ml) 0.88 109 81.8 83.3 844  80.7 825
PAI-1 (ng/ml) 0.72 8.8 67.7 63.3 742  66.7 70.3
TPN 0.88 1.48 81.8 80.0 81.8 80.0 81.0
C. Diabetic without nephropathy (A1) vs Diabetic with nephropathy (A2&A3)
NLR 0.63 2.5 60.4 56.7 69.1 47.2 59.0
TIMP-1 (ng/ml) 0.83 101 76.6 73.3 81.8 66.7 75.3
PAI-1 (ng/ml) 0.66 8.6 66.7 53.3 69.6 50.0 61.5
TPN 0.80 1.42 70.2 70.0 786  60.0 70.1
D. Early stage of DN (A2) vs late stage of DN (A3).

NLR 0.81 2.3 79.4 78.6 90.0 611 79.2
TIMP-1 (ng/ml) 0.82 109 81.8 78.6 90.0 64.7 80.9
PAI-1 (ng/ml) 0.74 8.8 67.7 64.3 82.1 450 66.7
TPN 0.88 1.48 81.8 85.7 93.1 66.7 83.0

Abbreviations:

lymphocyte ratio;

Al: normo-albuminuria; A2: micro-albuminuria; A3: macro-albuminuria; NLR: neutrophil

PAI-1 Plasminogen activator inhibitor 1; TIMP: Tissue inhibitor metalloproteinase-1.
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Figure 1. Levels of single candidate markers and combined markers in studied groups. A. level of neutrophil —
lymphocytes ratio. B. level of PAIL. C. level of TIMPL. D. level of combined three markers. p < 0.05 is considered
significant, and p < 0.0001 is considered extremely significant.
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Figure 2. Diagnostic performance of candidate markers and combined three markers. A. Normoalbuminuria
group (A1) vs microalbuminuria group (A2). B. Normoalbuminuria group (A1) vs macroalbuminuria group (A3).
C. Diabetic without nephropathy (A1) vs diabetic with nephropathy (A2&A3) D. Early stage of DN (A2) vs late
stage of DN (A3).
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4, Discussion:

This present study examined the role of NLR,
TIMP-1, and PAI-1 as biomarkers for the early
detection and for evaluating the progression of DN. In
this study, NLR values increased significantly with the
severity of DN (p=0.007). This finding agrees with
several authors (Huang et al., 2017). DN is
characterized by the progressive accumulation of ECM
and ECM turnover regulation depends on the balance
between its synthesis and degradation. The degradation
of ECM involves the interaction of metalloproteinases
with specific inhibitors such as TIMPs (Amanzadeh et
al., 2018). ECM degradation and the activities of
MMPs and TIMPs are affected by high glucose levels
(Rysz et al., 2007). TIMPs and PAI-1 may be
important in the development of diabetic nephropathy
(McLennan et al., 2000; McLennan et al., 2004). In
our study, the high levels of TIMP-1 were associated
with diabetic nephropathy. TIMP-1 levels were
increased in DM2 patients comparing to controls and
TIMP-1 levels were significantly increased with
advanced nephropathy (Lee et al., 2005; Mora-
Gutierrez et al., 2018). In contrast, our study results
don’t agree with the results of Rysz et al (2007) which
showed that TIMP-1 was significantly decreased in
patients  with diabetic nephropathy when compared
with diabetic patients without nephropathy (Rysz et al.,
2007). Plasminogen activator inhibitor-1 is an
important  multifunctional ~ glycoprotein  with
impressive fibrosis promoting effects in chronic kidney
diseases. Levels of PAI-1 were increased acute phase
and chronic kidney diseases (Eddy, 2006). In the
present study, PAI-1 levels were higher with a
significant difference between chronic kidney diseases
and diabetes. Our results were agreed with several
studies (Xu et al., 2016). In contrast, another study
showed that serum PAI-1 levels were lower in type 2
diabetic patients with macroalbuminuria comparing
with those normoalbuminuria and microalbuminuria

(Amanzadeh et al., 2018). In our study, using the
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ROC curve, we found that TIMP-1 has the highest
AUC, sensitivity, and specificity for DN comparing to
PAI-1 and NLR to discriminate between diabetic
patients with DN from diabetic patients; Our finding
agrees with Al-Rubeaan et al. study which reported
that PAI-1 had no any diagnostic value in DN patients
(AUC< 0.6) (Al-Rubeaan et al., 2017). In the present
study, NLR had AUC 0.81 with 79.4 % sensitivity, 78.6
% specificity, and 79.2 % accuracy to discriminate
between A3 from A2. The AUC of NLR was 0.89 with
86% sensitivity and 69%, specificity at cutoff 2 for
predicting albuminuria in type 2DM (Chittawar et al.,
2017). The AUC of NLR was 0.82 with 75%
sensitivity and 93 %, specificity at cutoff 1.8 for
predicting DKD in type 2DM (Huang et al., 2017). In
the present study, The AUC of the TPN index was
0.61, 0.88, and 0.88 for discriminant diabetics with Al
from A2, Al vs A3, and A2 vs A3. Li et al (2016)
developed an index for end-stage renal disease in
patients with type 2 diabetes based on vascular
adhesion protein-1, HbAlc, estimated GFR, and
proteinuria with AUC 0.94, 73% sensitivity, and 94%.
In conclusion: TIMP-1 is the most sensitive marker for
discriminant DN stages than NLR and PAI-1. But the
TPN index was the most efficient marker for
discriminant diabetics patients with macro-albuminuria
from patients with micro-albuminuria
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