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Abstract

Globally, chronic kidney disease (CKD) has emerged as a significant public health
concern, characterized by high rates of morbidity and mortality. To assess the risk of
kidney damage, researchers have identified tissue inhibitor of matrix
metalloproteinase-2 (TIMP-2) and fatty acid-binding protein-1 (FABP-1) as valuable
biomarkers. This study aims to analyse the effectiveness of specific biomarkers in
assessing CKD and its associated mechanisms in Iraqi patients. The study was
conducted from December 2023 to May 2024. Ninety subjects, aged 48—65 years;
including 60 patients with CKD (38 male and 22 female) attended the Baghdad
Teaching Hospital/ Medical City/ Dialysis Unit- Baghdad, Iraq. In addition, 30
healthy people (15 male and 15 female) were selected as a control group. The findings
reveal a significant (p= 0.001) in serum TIMP-2 and FABP-1 levels among CKD
patients as compared to the control group (6.30£2.19 vs. 0.62+0.21) ng/mL and
(9.38+3.14 vs. 1.80+0.01) ng/mL respectively. In addition, the present results
revealed a significant positive correlation (p < 0.05) between serum TIMP-2 and
FABP-1 and levels of various parameters, including fasting glucose, lipid profile, and
renal function tests. Conversely, a significant negative correlation (p < 0.05) was
observed between serum TIMP-2 and FABP-1 levels with serum total protein,
albumin, and estimated glomerular filtration rate in the CKD group. In conclusion,
the study concludes that elevated serum levels of TIMP-2 and FAB-1 in CKD patients
underscore their critical role in renal dysfunction. Therefore, these factors may serve
as biomarkers of kidney injury progression among patients with CKD.

Keywords: Chronic kidney disease, Diabetic nephropathy, Fatty acid-binding
protein-1, Glomerular filtration rate, Tissue inhibitor of metalloproteinase-2.
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1. Introduction

Chronic kidney disease (CKD) is a condition characterized by gradual and irreversible
damage to the kidneys, leading to loss of kidney function over time. It is defined by
abnormalities in kidney structure or function, lasting up to 3 months, with health implications.
The primary diagnostic criteria include a urinary albumin to creatinine ratio > 30 mg/g or
estimated glomerular filtration rate (eGFR) < 60 mL/min/ 1.73 m?; CKD has emerged as a
major public health issue, affecting 8-16% worldwide, leading to end-stage renal disease
(ESRD). It is the 12" primary cause of death and the 7™ primary cause of disability worldwide
[1]. Various factors contribute to the development of CKD, including diabetes mellitus (DM),
hypertension (HTN), obesity, chronic kidney inflammation, and genetic disorders, i.e.,
polycystic kidney disease. Common risk features comprise progressive age, family history of
kidney disease, and high blood cholesterol concentrations [2]. Early detection through blood
and urine tests is essential to managing CKD. Additionally, there is a pressing need for more
sensitive and specific biomarkers are needed for early diagnosis and prediction of disease
severity, which can help in early treatment and produce more effective drugs for management
[3]. Since the incidence of diabetics in the ESRD population is rising along with the overall
number of diabetics, diabetic nephropathy (DN) is a significant concern, leading to higher rates
of morbidity and death. Therefore, it is essential to categorize DN patients as soon as possible
to assist early treatments and improve diagnosis [4].

Tissue inhibitor of metalloproteinase-2 (TIMP-2) is a protein that regulates matrix
metalloproteinase (MMP) activity, which are enzymes involved in the degradation and
remodeling of proteins within the human body [5]. Also, TIMP-2 inhibits MMPs by binding to
the catalytic zinc cofactor. Its expression can be stimulated by various cytokines, chemokines,
and factors intricate in proliferation and differentiation can stimulate its expression. It
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contributes to G1 cell cycle arrest in the early phase of cell injury, thus donating to maintaining
the protein balance in the body, reducing tissue damage, and its association with kidney injury
[6]. Imbalances between MMPs/TIMPS have been linked to the pathogenesis, clinical
manifestations, and prognosis of arterial and venous diseases. Research indicates that the CKD
condition contributes to supporting the risk pathways oriented from MMPs toward
cardiovascular (CV). Numerous MMP molecules are likely responsible for CV, kidney
damage, and related clinical manifestations. Hence, such biomarkers warrant further
investigation, suggesting that higher levels of these markers may be related to deteriorating
CKD and tissue abnormalities and may indicate kidney tissue damage and failure. Deteriorating
CKD can lead to severe health problems such as kidney failure and the need for a kidney
transplant [7]. While TIMP-2's anti-fibrotic properties and its role in cell cycle regulation has
been identified for some time. However, its presence in distal tubule cells has been elucidated
in vitro. It is a classic marker of acute kidney injury (AKI), but its role in assessing kidney
damage during the progression of CKD is uncertain [8].

Fatty acid binding protein-1 (FABP-1), also known as liver-type FABP-1 (LFABP), is a 14-
kDa molecule expressed in the kidney's proximal tubules. It plays a crucial role in fatty acid
(FA) metabolism; their function is to transport non-esterified FA (unbound FAs) into cells and
facilitate their use as an energy source. This protein is expressed in kidney cells and can be
revealed as a kidney injury biomarker. Upregulation of FABPs, especially FABP-1, has been
associated with renal damage in CKD [9]. Therefore, this study aims to analyze the usefulness
of TIMP-2 and FABP-1 in evaluating the mechanisms related to CKD in Iraqi patients.

2. Materials and Methods
2.1 Subjects

The study was conducted from December 2023 to May 2024, involving ninety subjects,
aged between 48-65 years; 60 patients with CKD (38 male and 22 female) attended the
Baghdad Teaching Hospital/ Medical City/ Dialysis Unit- Baghdad, Iraq. These patients had
been undergoing dialysis for a duration of 2-10 years, between 2-3 once weekly. Additionally,
a control group of 30 healthy individuals (15 males and 15 females) was included. A
questionnaire containing age, height, weight, duration of CKD, family history, smoking, and
treatment was discussed; CKD was diagnosed according to the Kidney Disease Outcomes
Quality Initiative (KDOQI)/ 2002 criteria [10].

2.2 Inclusion and exclusion criteria

The inclusion criteria for the study specified that participants must be aged between,
advanced CKD (stages 4-5), and participation in a hemodialysis program at least during the 6
months before recruitment. Exclusion criteria were AKI, pregnancy, type 1 DM, liver disease,
thyroid dysfunction, and malignancy.

2.3 Biochemical analysis

For each participant, measurements were taken for sex, age, weight, height, body mass index
(BMI), systolic and diastolic blood pressure (SBP and DBP, respectively). Additional
anthropometric and clinical data were also collected. A biochemical automated analyzer
(Cobas e411) was used to test the levels of FSG, total cholesterol (TC), triglycerides (TG), and
high-density lipoprotein cholesterol (HDL-C) in blood samples obtained from each individual
while they were fasting for a laboratory examination. Low-density lipoproteins (LDL) were
estimated using Friedewald's equation, and very LDL (VLDL) was calculated by dividing TG
by 5 using the following formula: LDL-C (mg/dL)=TC- HDL-C — (TG/5)
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Glycated hemoglobin (HbA1c) is separated using automated and accurate ion-exchange high-
performance liquid chromatography (HPLC) techniques by the Bio-Rad VARIANT
hemoglobin A1C. Non HDL-C was calculated by subtracting HDL-C from TC [11]. Serum
urea, creatinine, total protein, and albumin levels were measured to determine renal function.
The eGFR was calculated according to the CKD-EPI formula [12].

eGFR= 144 x (SCr/0.7)"?% x(0.993)¢° [For women and serum creatinine > 0.7 mg/dL]
eGFR= 141 x (SC1/0.9)%% x (0.993)A¢° [For men and serum creatinine > 0.9 mg/dL]
Additionally, serum TIMP-2 and FABP-1 levels were evaluated using a sandwich enzyme
immunoassay (Cat No. E-EL-H1453 and E-EL-H6153; Elabscience, USA), respectively, with
sensitivity: 0.1 ng/mL and detection range: 0.16-10 ng/mL for TIMP-2 and sensitivity: 0.28
ng/mL with detection range: 0.47-30 ng/mL for FABP-1. Figure 1 illustrates a flow chart of
the study.

A total of 90 subjects were enrolled in the study

CKD Patients (n= 60) Subjects apparent healthy control
(n=30)

| 1 I

Anthropometric and clinical
measurements

Blood sample collection (centrifuged,
then serum stored at -2(rC)

\

Biochemical analysis including:
- Glycemic and lipid profile

- Renal function test

- Serum TIMP-2 and FABP-1

v

Statistical analysis

Figure 1: Flow-chart of the study

2.4 Statistical analysis

The Statistical Package for the Social Sciences (SPSS)—IBM 29, Chicago, USA—was used
to analyze the data. All results were presented as mean + standard deviation (SD). The chi-
square test was employed to compare percentage data. Numerical variables with normally
distributed data were compared between two groups using the independent samples t-test. Also,
Pearson’s correlation (r) was used to investigate the relationships between TIMP-2 and FABP-
1 and other CKD group variables. The p-values below 0.05 were regarded as significant. The
receiver operating characteristic (ROC) curve was used to analyze the possibility of using
TIMP-2 and FABP-1 in the prognostic of CKD by measuring the area under the curve (AUC)
with the cut-off values and their sensitivity and specificity.
3. Results
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Table 1 reveals no statistically significant (p= 0.06) in age between the studied groups.
However, there were considerable (p= 0.001) increases in BMI and SBP, as well as in DBP
(»=0.03) in CKD patients compared to a control group.

Table 1: Demographic, anthropometric and clinical manifestations of the studied groups

Parameters Mean £ SD p-value
CKD Control
Number 60 30 -
Male sex 38(63%) 15(50%) 0.001
Age (Years) 55.60+ 10.22 53.43+5.46 0.06
BMI (kg/m?) 30.52+2.14 24.85+1.12 0.001
SBP (mmHg) 152.30+2.41 120.60+0.21 0.001
DBP (mmHg) 90.21+ 1.87 82.15+1.02 0.030

The difference is significant at p < 0.05 and highly significant at p < 0.01.

Table 2 shows significant increases (p= 0.001) in FSG, serum TC, TG, VLDL, and non
HDL-C in the CKD group compared with controls. A significant decrease (p=0.001) in serum
HDL-C level was observed in the CKD group compared to the controls. However, no
significant (p= 0.06) difference was found in HbA 1c between the two groups.

Table 2: Glycemic and lipid profiles of the studied groups

Mean = SD
Parameters CKD Control p- value
(n=60) (n=30)

FSG (mg/dL) 158.44+17.26 98.20+5.31 0.001
HbA1lc (%) 8.25+1.12 5.67+0.08 0.06
TC (mg/dL) 215.60 £ 10.45 142.50 +£10.22 0.001
TG (mg/dL) 250.20 +£10.53 106.35 + 8.68 0.001

VLDL (mg/dL) 50.04 £2.08 21.27+1.73 0.001
HDL-C (mg/dL) 35.20 £ 5.06 58.34 £ 5.86 0.001
LDL-C (mg/dL) 130.36 £3.28 62.89 £2.62 0.001
Non HDL-C (mg/dL) 180.40 £ 5.36 84.15+4.30 0.001

The difference is highly significant at p <0.01 and not significant at p > 0.05.
The CKD group had significant (p= 0.001) increases in serum urea and creatinine levels
compared to the controls. Moreover, serum total protein, albumin levels, and eGFR decreased

considerably (p=0.001) in the CKD group compared to the controls, as shown in Table 3.

Table 3: Serum renal function test and total protein for the studied groups

Mean + SD
Parameters CKD Control p-value
(n=60) (n=30)

Urea (mg/dL) 135.40+8.45 20.05+1.12 0.001
Creatinine (mg/dL) 10.13+0.82 0.62 +£0.01 0.001
Total protein (g/L) 50.72+6.40 68.80+4.25 0.001

Albumin (g/L) 32.80+5.24 45.0+£3.12 0.001

¢GFR (mL/min/1.73m?) 34.72+16.70 105.80+17.06 0.001

The difference is highly significant at p <0.01.
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Table 4 reveals significant (p= 0.001) increases in TIMP-2 and FABP-1 levels in CKD
patients compared to the controls.

Table 4: Serum TIMP-2 and FABP-1 for the studied groups

Mean + SD
Parameters CKD Control p-value
(n=60) (n=30)
TIMP-2 (ng/mL) 6.30£2.19 0.62+0.21 0.001
FABP-1 (ng/mL) 9.38+3.14 1.80+0.01 0.001

The difference is highly significant at p < 0.01.

The current findings demonstrate a significant positive correlation (p < 0.05) between the
levels of TIMP-2 and FABP-1 and various parameter, including FSG, TC, TG, LDL-C, urea,
and creatinine. Furthermore, there is a significant negative correlation (p < 0.05) between
TIMP-2 and FABP-1 levels with serum total protein, albumin, and eGFR. Additionally, no
significant association was observed between the serum levels TIMP-2 and FABP-1 with
HbAlc, as shown in Table 5.

Table 5: Correlation coefficient between TIMP-2 and FABP-1 with other study parameters in
CKD group

TIMP-2 (ng/mL) FABP-1 (ng/mL)
Parameters

r D r y
FSG (mg/dL) 0.450 0.001 0.510 0.001
HbAlc (%) 0.153 0.06 0.148 0.08
Urea (mg/dL) 0.346 0.005 0.278 0.006
Creatinine (mg/dL) 0.630 0.001 0.530 0.001
Total protein (g/L) -0.425 0.001 -0.382 0.001
Albumin (g/L) -0.352 0.030 -0.345 0.005
¢GFR (mL/min/1.73m?) -0.507 0.001 -0.460 0.001
TIMP-2 (ng/mL) - - 0.651 0.001

FABP-1 (ng/mL) 0.540 0.001 - -

The correlation is significant at p < 0.05.

The ROC, sensitivity, specificity, and AUC in the studied groups are displayed in Table 6.
The ROC curve indicates that TIMP-2 is an excellent, sensitive marker in the diagnosis of
CKD, and it exhibits an AUC of 1.000 with p= 0.0001 when tested in the control group, as
shown in Figure 2. Moreover, the ROC curve analysis indicates that FABP-1 is an excellent
and sensitive marker for diagnosing CKD. It has exhibited an AUC of 1.000 with p= 0.0001
when tested in the control group, as shown in Figure 3.

Table 6: Sensitivity, specificity, and AUC of TIMP-2 and FABP-1 in the studied groups

Cut-off AUC
ROC SD p-value  Sensitivity  Specificity value Lower Upper
Bound Bound
TIMP-2 (ng/mL) 0.023 0.0001 93% 96% 0.32 0.932 1.000

FABP-1 (ng/mL) 0.010 0.0001 98% 93% 0.67 0.971 1.000
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Figure 2: The ROC curve for TIMP-2 in patients and control
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Figure 3: The ROC curve for FABP-1 in patients and control

4. Discussion

CKD activates the kidneys' defensive and protective mechanisms in response to immune
cell activity, inflammation, or apoptosis [13]. The incidence of CKD varies by state, often
falling between 10% and 20%. However, it progressively increases, primarily in developed
states. This trend is especially evident among older people, as shown in this study. Furthermore,
DM, obesity, HTN, age, and primary renal diseases are associated with CKD. The GFR
declines with age, and the prevalence of CKD is highest in older adults [14].

Additionally, CKD is associated with an elevated risk of cardiovascular disease (CVD) and all-
cause mortality due to accelerated aging, with the highest absolute risk increase in those over
75. Indeed, premature death is a more common outcome than CKD progression to kidney
failure requiring kidney replacement therapy. The progressive aging of the world population
contributes to the projection that CKD will become the second most common cause of death



Talab and Ahmed Iraqi Journal of Science, 2025, Vol. xx, No. x, pp: xx

before the end of the century in countries with long life expectancy. According to present data,
CKD patients had an age range from 55-65 years, which agrees with a previous study [15]. The
kidneys control blood glucose levels by filtering the blood and selectively reabsorbing glucose
to maintain glucose homeostasis. Nevertheless, the complex control of glucose management
may be jeopardized in CKD. Glucosuria is a medical disorder when glucose is found in the
urine and is caused by defects in renal glucose reabsorption. This phenomenon pushes the
person into DM by raising blood glucose levels [16]. The CKD-related metabolic abnormalities
can have a significant effect on glucose metabolism. Individuals in this study who were
diagnosed with CKD may have abnormalities in their glucose metabolism, including decreased
insulin sensitivity and impaired glucose tolerance. The changes in glucose metabolism may
increase the risk of acquiring DM. Diabetic kidney disease (DKD) is a common and severely
incapacitating consequence of DM. It contributes significantly to the worldwide CKD burden
[17].

Regarding the lipid profile of CKD patients in this study, declining renal function appears
to drastically alter the lipid level outcomes as a side effect of CKD, documented in previous
data [18]. The quantity and quality of circulating lipoproteins vary depending on the uremic
condition. CKD patients with dyslipidemia are typically characterized by high TG and low
HDL-C values, along with additional abnormalities in lipoprotein composition. These
alterations are generally believed to encourage atherosclerosis, which raises the CV burden in
CKD patients [19]. The density and atherogenic potential of cholesterol are more critical its
total concentration. However, patients with CKD do not see a substantial increase in LDL or
TC values [20]; LDL-C exhibits a distinct structural alteration with a preponderance of dense
and tiny LDL particles. Small, dense LDL particles are known to be more atherogenic than
other LDL subfractions because of their enhanced susceptibility to oxidation and increased
capacity to permeate the artery intima [21]. Under uremic circumstances, HDL production and
maturation are impaired. First, there is a notable decrease in the production of hepatic
lipoprotein A-1, a crucial HDL lipoprotein. Second, down-regulation of the transporters impairs
the maturation of nascent HDL by preventing the outflow of free cholesterol molecules from
tissue macrophages via ATP-binding cassette (ABC) transporters, such as ABCAIl and
ABCRI. Third, there is a decrease in plasma levels and the activity of lecithin-cholesterol
acyltransferase, an enzyme that changes free cholesterol into cholesteryl ester (CE) and mature
HDL-C.

Moreover, CKD patients exhibit increased activity of CE transport protein (CETP) activity
[22]. Elevated CETP activity is associated with lower levels of HDL-C because it mediates the
exchange of TG and CE between HDL lipoproteins and ApoB. Consequently, patients with
CKD have significantly lower plasma levels and maturation of HDL-C, which may lead to poor
antioxidant and anti-inflammatory properties of HDL particles when uremic. Non-HDL-C may
be a better predictor of CVD risk in patients with non-dialysis CKD. However, previous study
indicates that HLD-C levels were positively related to risk in the presence of inflammation
[23].

Hypertriglyceridemia (HTG) is an early indicator of CKD and is one of the most common
features of dyslipidemia in patients with CKD, particularly those with diabetes and those
undergoing peritoneal dialysis [24]. Insulin resistance (IR)-induced disruption of intracellular
glucose transport routes also increases the development of metabolic syndrome [25]. The
primary reason for increased plasma TG levels is the delayed breakdown of lipoproteins
enriched-TG. Lipoprotein lipase (LPL) hydrolyzes TG contained in VLDL or chylomicrons to
release free fatty acids. In uremic circumstances, LPL expression is increased [26].
Furthermore, parathyroid hormone-induced IR and over-expression of its competitive
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inhibitor, such as apolipoprotein C-III, decrease LPL activity in individuals with CKD. As
VLDL receptors in adipocytes and muscle cells are down-regulated in uremia, there is also a
deficiency in the clearance of circulating VLDL particles [27]. Anemia, hypervolemia, HTN,
and low levels of serum total protein and albumin are common comorbidities in patients with
ESRD [28].

In the present study, mean levels of urea and creatinine were significantly elevated in
patients with CKD compared to healthy individuals. These results are consistent with several
previous studies [29, 30]. The rise in urea and creatinine levels occurs due to a decrease in the
number of nephrons in patients with kidney failure, which causes a reduction in the GFR and
is responsible for a significantly lower level of water and solutes. As a result, the kidneys lose
their efficiency in eliminating nitrogenous wastes from the blood, which leads to the
accumulation of these components in the bloodstream. The development of the disease is
mainly caused by high levels of urea in the blood. However, it is strongly affected by either a
catabolic state or excessive protein intake, leading to increased production of protein catabolic
wastes [31].

Furthermore, it should be noted that in observational studies, CKD patients were defined
as those with GFR < 60 mL/min/1.73 m2, and some studies used GFR as an index for renal
function. However, in this study, CKD patients had eGFR=34.72+16.70 mL/min/1.73 m2. The
disease spectrum of CKD varies between different populations; i.e., in the Asian population,
chronic glomerulonephritis predominates. In contrast, in European populations, DN and
hypertensive nephrosclerosis are more common; this may be another important reason for the
inconsistency in the results of observational studies that should not be ignored [32].

It has been proposed that kidney disease may promote the development of ESRD through
multiple mechanisms, for example, the critical role of the renin-angiotensin-aldosterone system
(RAAS) in the development of renal damage in proteinuric kidney disease. Upregulation of
RAAS can lead to endothelial dysfunction, inflammation, and oxidative stress. Additionally,
RAAS affects blood flow in the body by changing the balance between aqueous humor
production and its flow through physiological pathways, as the glomerulus has filtration
barriers regulated by RAAS [33].

A tenfold increase in serum TIMP-2 levels was accompanied by a fourfold increase in serum
FABP-1 in patients with CKD compared with controls. This pattern is specific to this study.
The negative association between serum TIMP-2 levels and decreased eGFR suggests an
associated systemic generation. This elevation could be caused by over-activation of MMP-2,
which can indeed be observed for inflammation and fibrosis, especially in the development of
kidney fibrosis, a prominent CKD feature consistent with previous data [34]. Thus, there was
a potential mechanism to protect against excessive loss of TIMP-2 via urine and maintain
homeostasis of serum levels. According to previous data, a decrease in serum TIMP-2 level in
stage I CKD indicates increased tubular reabsorption of TIMP-2. In contrast, the expression
and secretion of TIMP-2 are found to be strongly correlated with the distal tubules. This
hypothesis seemed feasible until stage IV CKD, when serum and urine TIMP-2 values
increased concomitantly, ending the previous period of stability. These increases could also
signify a protective anti-fibrotic reaction, distanced over time from pro-inflammatory and
migratory stimuli. Also, these elevations among CKD cases are associated with proteinuria,
increasing their role as markers of tubular damage in CKD patients [35].

Consequently, the comprehensive assessment of serum, one of the parameters examined, made
a thorough examination of the kidney injury stage linked to CKD possible. The cross-sectional
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approach and relatively small study group also raise the possibility of bias. Nonetheless, the
study design and the number of patients examined were modified to account for the total CKD
population [36]. However, increased mRNA expression of both markers is described in several
kidney diseases, i.e., focal segmental glomerulosclerosis, immunoglobulin A nephropathy,
lupus nephritis, DN, vasculitis, and CKD. Hyperglycemia is associated with increased levels
of transforming growth factor-f, which is reported to be able to influence the MMP promoter.
At the transcriptional level, MMP-2 mRNA was found to be increased despite decreased MMP-
2 activity [37]. In clinical data, the reduced level of TIMPs was further demonstrated by
decreased TIMP-2 concentrations, which had previously been shown in diabetic patients [38].
Contrary to the present results, only circulating TIMP-1 levels, not TIMP-2, increased in CKD
patients [39]. The present study includes diabetic patients with comorbid CKD, and the effect
of DM, not only related to its longer duration, appears to prevail over the expected impact of
CKD on the MMPs/TIMPs axis, which may differ in diverse tissues.

In addition, MMP activity is likely to be affected by drugs in human studies, such as
angiotensin-converting enzyme inhibitors. The reduced activity of the axis of MMPs and
TIMPs is consistent with the decreased MMP-2/TIMP-2 ratio in DM alone and chronic renal
failure (CRF) alone [40]. However, it provides evidence of elevated MMP activity in the DN
and putatively enhanced extracellular matrix turnover, which may further differentiate the
effects of DN on MMP activity from those observed with DM or CRF alone. However,
increased MMP/TIMP ratio in DN may only show inappropriate tendency and alternation with
increased MMP activity [41].

Furthermore, high levels of FABP1 in urine or blood may indicate kidney dysfunction.
Monitoring FABPs can be valuable in assessing the severity of renal injury and may have
implications for diagnostic and therapeutic strategies in managing CKD. The glomeruli filter
the circulating fraction of FABP-1 and subsequently reabsorbed in the proximal renal tubules.
This explains its increased concentration in urine when proximal tubular cells are injured. It
has shown that the human FABP-1 gene is overexpressed in the kidney and that stress can lead
to increased excretion of the human FABP-1 gene in the urine due to conditions such as urinary
protein excess, tubular dilatation, ischemia, and toxins, HTN and hyperglycemia [42].
Moreover, a clinical investigation discovered associations between urinary FABP1 excretion,
tubulointerstitial damage degree, and CKD progress rate among non-diabetic patients. These
outcomes suggest that urinary FABP-1 can be used as a clinical marker to monitor for renal
impairment and categorize individuals in case of renal function decline over time [43].

Numerous conditions, including hyperglycemia, HTN, proteinuria, and toxin-induced injury to
proximal tubule cells, directly or via gene expression regulation that increases urinary-derived
FABP-1 secretion [44]. Furthermore, it has been revealed that FABP1 may be essential to
kidney damage and repair and that it may predict the onset and severity of diverse kidney
diseases by determining the level of FABP-1 in urine [45,46]. The FABP-1 levels were linked
to DN in this investigation, and an increase in plasma FABP-1 levels coincided with an eGFR
decline. Massive proteinuria and FA overload in the proximal tubules are symptoms of CKD,
and FA overload can also be brought on by HTG [47]. Furthermore, compared to individuals
with mild change nephrotic syndrome, patients with CKD had considerably increased urine
excretions of linoleic acid and arachidonic acids. Following peroxidation, non-oxidized FAs
seem cytotoxic and may cause macrophage infiltration, releasing inflammatory mediators and
accelerating tubulointerstitial damage [48]. This could be because DN patients have greater
plasma FABP-1 levels. Additionally, independent of the stage of the disease, Panduru et al.
demonstrated that FABP-1 was a predictor of DKD progression in humans. After the onset of
microalbuminuria, the increase in FA binding to albumin may lead to increased FA load in the
proximal tubules, leading to up-regulation of the L-FABP gene to increase FFA export to
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mitochondria [49]. Moreover, it was found that the level of FABP was significantly increased
in the group of people with diabetes with CKD compared to people with diabetes without CKD;
this may be due to hypoxia and oxidative stress, which possibly cooperate with increased
albuminuria excretion, leading to elevated serum FABP and urinary FABP [50]. Serum FABP
shows a strong relationship with eGFR in the present analyses, reflecting its role in renal
deterioration.

Conclusions

Serum levels of TIMP-2 and FABP-1 may serve as valuable tools in the comprehensive
assessment of kidney injury associated with CKD, encompassing apoptosis, fibrosis,
inflammation, and cell migration. Elevated serum concentrations of TIMP-2 indicate the
delayed regulation of protective anti-apoptotic and anti-fibrotic mechanisms, which emerge
only after fully sustained tubular damage. Thus, there is currently enough data to support the
idea that CKD, eGFR, TIMP-2, and FABP-1 are causally related. These findings underscore
the importance of eye exams on individuals diagnosed with different CKD-related conditions.
Furthermore, this study emphasizes the importance of using more extensive and diverse
populations to examine these associations in more detail. These findings imply that serum
FABP-1 can be used as a clinical marker to screen for renal impairment and identify individuals
most likely to check their renal function decline over time.
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