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Abstract

Introduction: In recent decades, the number of patients with chronic kidney disease (CKD) and obesity has
increased. The pathological cascade that combines these pathologies is characterized by an imbalance of
adipokines, a change in metabolic homeostasis indicators, in particular, a violation of lipid metabolism, and low-
intensity inflammation. Neutrophil gelatinase-associated lipocalin (NGAL, lipocalin-2) is a small protein
purified from neutrophil granules and can serve as a biomarker of kidney pathology against the background of
obesity formation.

The purpose is to evaluate changes in lipocalin-2 level as a marker of early diagnosis of damage to the renal
tubular apparatus and its relationship with individual indicators of lipid metabolism in patients with the initial
stages of CKD against the background of obesity.

Materials and methods: 304 patients with chronic kidney disease (134 women and 170 men) and 30 practically
healthy persons were examined. Patients were divided into 2 groups: the first group consisted of 148 patients
with stage 1 of CKD and obesity and the second group consisted of 156 patients with stage 2 of CKD and
obesity. All patients underwent general clinical examinations, determination of body mass index, indicators of
glomerular filtration rate, microalbuminuria, and determination of lipocalin in urine and lipid panel indicators.
Statistical processing of the obtained results was carried out using the Statistica 10.0 statistical analysis program.
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Results: The increase of NGAL excretion with urine was greater in patients of the second group with an
increased body mass index. An increase in NGAL level in urine was found to be a significant predictor of
albuminuria, especially among patients of the second group. Calculated according to the CKD-EPIcysClcr
formula, GFR indicates a 1.5-fold decrease (p<0.001) of this indicator in patients of the second group compared
to the first group, which confirms the impairment of kidney function, despite normal creatinine values.

A direct correlation of medium strength was established between NGAL and BMI in both groups - r1=0.45,
r2=0.58, respectively (pl.2<0.05), between NGAL and microalbuminuria - r1=0.45, r2 =0.48, respectively
(p1.2<0.05). In patients of the second group, a direct correlation of average strength was found between the
indicator of daily albuminuria and BMI (r=0.56, p<0.05), and an inverse correlation of average strength between
NGAL and GFR (CKD-EPIcysC/cr) - r2= - 0.53. A weak positive correlation was established between
microalbuminuria and triglyceride levels in patients of group 2 (r2=0.3, p>0.05). Analysing correlations between
NGAL and specific indicators of lipid metabolism, there was no reliable relationship between the level of
lipocalin and general cholesterol as well as between lipocalin and high- and low-density lipoproteins. Instead, a
positive correlation was observed between NGAL and triglyceride levels in patients of group 2 (r2= 0.51,
p<0.05).

Conclusion: Thus, the study of changes in the level of lipocalin-2 in the early stages of CKD, which developed
against the background of obesity, can serve as a marker of damage to the tubular apparatus, as indicated by the
average inverse correlation between the glomerular filtration rate and the direct correlation between lipocalin
and microalbuminuria. Also, in the early stages of CKD against the background of obesity, there is a lipid
metabolism imbalance — an increase of general cholesterol, triglycerides, low-density lipoprotein levels, and a
decrease of high-density lipoprotein levels. Dyslipidemia, which develops in the early stages of CKD and is
associated with obesity, probably increases the progression of renal tissue damage and is a risk factor for
cardiovascular events.
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Introduction

Chronic Kidney Disease (CKD) is a global healthcare problem. The frequency and prevalence of CKD are
increasing, especially in the early stages, often asymptomatic, and thus its actual prevalence may be even higher,
with an annual mortality rate exceeding 20% among patients undergoing renal replacement therapy. The burden
of comorbid conditions and the cost of caring for CKD patients are high, so the primary focus should be on
strengthening screening and early detection of CKD, when measures aimed at preventing CKD progression can
be effective. There are several reasons for the development of CKD, the most common of which in Western
countries are arterial hypertension and diabetes mellitus. However, according to D.D. Ivanov (2018), there is a
broader spectrum of etiological factors, including infectious, autoimmune, genetic, obstructive, and ischemic
kidney damage. Risk factors for CKD also include gender, age, smoking, overweight, obesity, arterial
hypertension, and a family anamnesis [1, 2].

Regardless of the cause, patients with CKD are at an increased risk of Cardiovascular Diseases (CVD).
Therefore, the National Kidney Foundation has classified patients with this disease as being in the ‘highest risk’
category for the letter [3].

As mentioned above, one of the significant risk factors for CKD is overweight or obesity. According to Csaba P.
Kovesdy, S. Furth, C. Zocalli (2017), due to the increasing prevalence of obesity in the population, there has
been a more frequent occurrence of both cardiovascular diseases and CKD. Additionally, a high body mass
index (BMI) is considered one of the most significant risk factors for the development of CKD [4].

Currently, it is known that the main markers of kidney function, such as creatinine and Glomerular Filtration
Rate (GFR), are not sensitive enough for the diagnosis of CKD, especially in its early stages. Therefore, new
biomarkers that indicate kidney function impairment are being studied, and through their use, CKD can be
diagnosed and its progression predicted earlier than changes in serum creatinine levels and GFR occur. [5].
Neutrophil Gelatinase-Associated Lipocalin (NGAL) is one of the modern and studied biological indicators used
as a biomarker for both acute and chronic kidney damage. The presence of NGAL in urine indicates damage to



the renal tubules and interstitium. According to S.A. Jaberi et al. (2021), NGAL serves as a transport protein
responsible for various physiological processes such as inflammation, immune response, and metabolic
homeostasis. Lipocalin is also expressed in various tissues of the body, including the kidneys, liver, lungs,
trachea, small intestine, bone marrow, macrophages, and adipose tissue [6, 7].

The results of certain studies have shown that in the group of patients with CKD against the background of
increased body mass, the levels of NGAL in the blood and urine were higher than in the group without CKD.
The low molecular weight of NGAL allows it to be easily filtered through the glomeruli and later reabsorbed in
the proximal tubules. If damage to the renal tubules occurs, the reabsorption changes, and as a result, NGAL
excretion begins earlier. It is likely that damage to the tubular epithelium leads to an increase in NGAL
concentration in both blood serum and urine [8-10].

Chronic Kidney Disease (CKD) is also associated with dyslipidemia. Hyperlipidemia is a common companion
of kidney diseases, and in some cases, it reflects the severity of renal impairment. The ‘nephrotoxic’ effect of
lipids has been studied since 1982 when J. Moorhead proposed a theory about the damaging effects of lipid
metabolism products on the endothelium of glomerular capillaries. Since then, it has been known that mesangial
cells, which have receptors for Low-Density Lipoproteins (LDL), bind and oxidize them, initiating a cascade of
pro-inflammatory cytokine production, stimulating mesangial proliferation, and leading to the development of
glomerulosclerosis. Lipoproteins deposited in the basement membrane of cells bind to negatively charged
glycosaminoglycans neutralizing their negative charge and increasing membrane permeability to proteins. At the
same time, lipoproteins filtered in the glomeruli settle in the renal tubules, inducing tubulointerstitial processes
and contributing to the progressive decline in their function [11, 12].

Low-grade systemic inflammation with progressive weight gain affects other organs, including the kidneys.
Local lipid accumulation in various organs acts as a trigger for end-organ damage. There is currently evidence
that dysfunction of adipose tissue in patients with increased body weight can lead to comorbidities, including
Chronic Kidney Disease (CKD). However, the mechanisms of such an impact are not yet fully understood.
Glomerulopathy associated with obesity requires the study of tubulointerstitial damage mechanisms and early
diagnostic markers of CKD against the background of obesity [13-15].

The purpose is to evaluate changes in lipocalin-2 level as a marker for early diagnosis of renal tubular damage
and its correlation with specific lipid metabolism markers in patients with early stages of Chronic Kidney
Disease (CKD) against the background of obesity.

Materials and methods:

304 patients with chronic kidney disease (134 women and 170 men) hospitalized in the Department of arterial
hypertension of Communal non-commercial enterprise ‘Ivano-Frankivsk Regional Clinical Cardiologic Centre
of Ivano-Frankivsk City Council’ and in the Department of Urology and Cardiology Department of Communal
Non-Commercial Enterprise ‘Central City Clinical Hospital of Ivano-Frankivsk City Council’ in Ivano-
Frankivsk City (Ukraine) was examined. The average age of the examinees was 55.36+2.02 years for women
and 47.45 years + 2.66 years for men.

The body mass index was calculated according to the Quetelet formula: BMI=body weight, kg/ (height), m?
(kg/m?). Stage 1 of CKD was diagnosed in 148 patients (68 women and 80 men, whose average age was 46.43
years + 3.77 years), and stage 2 was diagnosed in 156 patients (74 women and 82 men, whose average age was
53.07 years + 2.61 years). Patients were divided into 2 groups: the first group consisted of 148 patients with
stage 1 of CKD and obesity and the second group consisted of 156 patients with stage 2 of CKD and obesity.
The control group consisted of 30 practically healthy people (13 women and 17 men), who’s average age was
41.1 years + 1.6 years.

Among the causes of CKD, upper urinary tract infections accounted for 11.8%, urolithiasis for 19.89%,
previously diagnosed glomerulonephritis with symptomatic renoparenchymal arterial hypertension for 15.76%,
developmental anomalies of the genitourinary system for 6.9%, essential arterial hypertension for 29.1%, and
ischemic heart disease with stages 1-2A of heart failure for 18.89%. The average duration of CKD was 7.1 years
+ 4.2 years. Exclusion criteria included diabetes mellitus, hypothalamic and endocrine obesity, acute myocardial
infarction, stage 4 of congestive heart failure according to NYHA, liver failure, and stage 3-4-5 of CKD. All
patients underwent a general clinical examination. Albumin in the 24-hour urine was determined using the



turbometric method with the Microalbumin diagnostic kit (Germany) and was evaluated in mg/day. Glomerular
filtration rate was calculated using the CKD-EPI formula based on creatinine and cystatin C levels, and their
combination (CKD-EPIcysC/cr) (ml/min/1.73 m?) using the National Kidney Foundation calculator
(http://www.kidney.org/professionals/kdoqi/gfr_calculator.cfm). Cystatin C levels in blood serum (in healthy
patients - 0.79 mg/I-2.15 mg/l) were measured using the immunoassay method with the Human Cystatin C
ELISA kit (Czech Republic) on a STAT FAX analyser (No. 7898). Levels of Neutrophil Gelatinase-Associated
Lipocalin (NGAL) (ng/ml) in urine were determined using the sandwich immunoassay method (in healthy
patients — 0.16 ng/ml-10 ng/ml) with the HUMAN NGAL ELISA Kit (USA). All immunoassay tests were
performed on a STAT FAX analyser (No. 7898).

The determination of total cholesterol in blood serum was performed using the colorimetric method with the
Liquick Cor-CHOL 30 kit (Poland). LDL cholesterol was determined using the CHOLESTEROL-LDL-CpL kit
(Ukraine) and the colorimetric method. LDL particle number (LDL-P) was measured using the CORMAY LDL
DIRECT 60 kit (Poland), and triglycerides were assessed by the colourimetric method with the Liquick Cor-TG
60 kit (Poland).

The research protocol was approved by the ethics committee of Ivano-Frankivsk National Medical University,
protocol No. 97/17 of 19 October 2017. All patients provided informed consent to participate in the study. The
research was conducted following the principles of the Helsinki Declaration of the World Medical Association,
“Ethical Principles for Medical Research Involving Human Subjects” of 1 October 2008, No. 900_005.

The statistical processing of the obtained results was carried out using the statistical analysis software Statistica
10.0. For quantitative variables, mean values (M) and standard deviations (SD) were calculated when the data
followed a normal distribution and the median with lower and upper quartiles (Me [LQ; UQ]) when the
distribution deviated from normal. For qualitative variables, the absolute frequency of manifestations (number
of examined cases), the frequency of feature occurrence in percentage (%), or a 95% Confidence Interval (CI)
were calculated. The distribution type of the data was analysed using the Shapiro-Wilk and Kolmogorov-
Smirnov tests. Statistical analysis was performed using non-parametric methods (Kruskal-Wallis test) since
most variables had a distribution different from normal. Spearman’s rank correlation coefficient was used to
assess correlation relationships. The results were considered statistically significant at p<0.05.

Results

In recent years, various early specific markers of kidney damage have been actively studied. In particular,
Gharishvandi F., Kazerouni F., Ghanei E., et al. (2015), analysed the role of lipocalin-2 in the diagnosis of renal
diseases, suggesting its role as a new biomarker of chronic kidney disease [16].

According to the results of our research, the excretion of lipocalin-2 in the urine of patients in The first and the
second groups exceeded the values in healthy individuals by 3.6 and 6.3 times, respectively (p1,2<0.001)
(FIGURE 1).The increase in NGAL excretion in the urine was more pronounced in patients in the second group
with an elevated body mass index. When comparing u-NGAL values in patients from both groups, it was found
that in patients with stage 2 of CKD with obesity, it was 1.8 times higher (p<0.05) than in stage 1 of CKD with
obesity TABLE 1.
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FIGURE 1. Lipocalin-2 levels in all studied patient groups

The level of daily microalbuminuria in patients in the first and the second groups also exceeded the values in
healthy individuals by 7.4 and 8.9 times, respectively (p1,2<0.001) (FIGURE 2). When comparing the levels of
daily microalbuminuria in patients from both groups, it was found that in patients with stage 2 of CKD with
obesity, microalbuminuria was 1.2 times higher (p>0.05) than in stage 1 of CKD with obesity.

TABLE 1. Characteristics of laboratory parameters in patients with CKD of stages 1 and 2 and obesity.

Indices Healthy (Group 0), n=30 Group 1, n=148 Group 2, n=156
Age, years 41.10+1.6 46.43 £3.77 53.07£2.61
21.9 34.2 36.2

2
BMI, kg/m [21.00; 22.60] [33.00; 35.50] [36.10; 38.60]
Albuminuria, mg / day 19.00 [18.00; 22.00] 121 [100; 134]* 170 [156; 189]*
NGAL, ng/ml 4.6 [3.40; 4.99] 13.80[12.00; 15.70]* 24.00 [22.00; 27.00] *°
Creatinine, pmol /1 78.00 [76.00; 87.20] 89.90 [88.00; 100.00]* 112.00 [96.00; 116.00]*°
GFR, ml/ min/1.73 m? ] 98 ] o
CRD-EPIcysC / cr 110[101; 118] [91.00; 100.00]* 79.00[62.00; 88.00]
Total cholesterol, pmol / | 4.30[4.10; 4.80 6.3 [5.35; 7.10]* 6.3 [5.70; 7.88]*
Triglycerides, pmol / | 1.57[1.38; 1.67 1.87[1.79; 1.96 1.90[1.78; 2.50
LDL, umol /| 2.2[1.99; 2.80] 3.40[2.89; 3.80 3.88[3.56; 3.99]*
HDL, umol /| 1.76 [1.60; 1.90] 1.09[0.92; 1.23] 0.81[0.80; 0.94]*

* - statistically significant difference in indicators compared to the healthy group
° - statistically significant difference in indicators in comparison with group 1

The increasing level of NGAL in urine significantly predicted albuminuria, especially among patients in the
second group. Calculated using the CKD-EPIcysC/cr formula, the eGFR indicates a 1.5-fold decrease (p<0.001)
in this parameter in patients of the second group compared to the first group, confirming kidney function
impairment despite normal creatinine levels.

A direct correlation of moderate strength was established between NGAL and BMI in both groups - r1=0.45,
r2=0.58, respectively (pl, 2<0.05), and between NGAL and microalbuminuria - r1=0.45, r2=0.48, respectively
(p1,2<0.05).
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FIGURE 2. Indicators of daily microalbuminuria in all groups of examined patients

In patients of the second group, a direct correlation was found between the average daily albuminuria and BMI
(r=0.56, p<0.05), indicating a deterioration in kidney function in the context of obesity. Additionally, in patients
of the second group, a reverse correlation was observed in the strength of the relationship between NGAL and
eGFR (CKD-EPIcysClcr) - r2=-0.53 (p2<0.05), indicating impaired tubular function even at the early stages of
CKD.

Our findings align with the research of Dahiya K., Prashant P., Dhankhar R. (2023), which demonstrated that
the onset of microalbuminuria and a slight decrease in eGFR occur later than the appearance of NGAL in the
urine, reflecting earlier signs of kidney damage when urinary microalbumin may not yet be detectable. Various
clinical studies have shown that the emergence of lipid metabolism disorders in patients with kidney disease and
obesity worsens the prognosis of the disease due to the acceleration of the development of not only
atherosclerosis and cardiovascular complications but also nephrosclerosis [17-18].

Analysing the lipid metabolism indicators, an increase in the levels of total cholesterol, triglycerides, LDL, and
a decrease in HDL levels were observed in patients from both groups. A weak positive correlation between
MAU and triglycerides in patients of the second group was established (r2=0.3, p>0.05). When analysing the
correlation between NGAL and lipid metabolism parameters, no significant correlation was found between
lipocalin and total cholesterol, between lipocalin and high and low-density lipoproteins. However, a positive
correlation was found between NGAL and triglycerides in patients of the second group (r2=0.51, p<0.05). Our
results are consistent with the findings of K. Rosenstein and Lisa R. Tannock (2022), who also showed that in
CKD, proteinuria correlates with the levels of total cholesterol and triglycerides, although levels of LDL (and
thus total cholesterol) are typically not elevated [19].

Discussion

CKD is a global healthcare problem, and its frequency and prevalence have been increasing in recent years.
CKD, especially in its early stages, is often asymptomatic, which may lead to an actual prevalence of this
condition higher than estimated. The relation between obesity and chronic kidney disease is quite complex, and
this complexity can be explained by shared pathophysiological mechanisms (such as chronic inflammation,
increased oxidative stress, and hyperinsulinemia), common clusters of risk factors, as well as comorbid
conditions (insulin resistance, hypertension, and dyslipidemia). The burden of concomitant diseases, including
obesity, and the consequences of CKD are intricate, prompting recent research in the direction of screening and
early detection with an evaluation of both lipid and carbohydrate metabolism indicators and markers of renal
tubular dysfunction [20-22].



Neutrophil gelatinase-associated lipocalin (NGAL), also known as lipocalin-2, is a small protein and identified
adipokine purified from neutrophil granules that is considered a good marker of acute and chronic kidney
disease. It belongs to the lipocalin family and is encoded by the lipocalin-2 (LCN2) gene on chromosome 9.
NGAL is a transport protein responsible for various physiological processes, including inflammation, immune
response formation, and metabolic homeostasis [23, 24].

Elevated levels of lipocalin-2 in serum and urine are associated with renal damage in patients with CKD, and the
ratio of lipocalin-2 to urinary creatinine is positively correlated with mortality in such patients. According to
Jasotani K., Dahiya K., Ahlawat R., et al. (2022), urinary NGAL is likely to have a positive relation with
microalbuminuria and may be a non-invasive tool for early diagnosis and monitoring of renal dysfunction
progression. The measurement of NGAL in urine is currently a more sensitive method than the detection of
microalbumin [25, 26].

According to research by Wai Yan Sun, Bo Bai Cuiting Luo, Paul M. Vanhoutte, et al., (2018), the presence of
NGAL in urine may also be a more specific marker of active renal tubular epithelial damage and
tubulointerstitial inflammation, while plasma NGAL is more indicative for the state of the renal (and possibly
extrarenal) vascular system, including the rate of glomerular filtration. We found a positive average correlation
between NGAL in urine and BMI in patients of both groups and at the same time a negative average correlation
between NGAL and GFR (CKD-EPIcysC/cr) in both groups, which indicates a violation of tubular function
even at initial stages of CKD. According to Lakkis JI. and Weir MR., (2018), subjects with higher baseline
lipocalin-2 levels show an increased risk of CKD progression compared to those with lower baseline values,
even after adjusting for changes in glomerular filtration rate (GFR). Due to the close relation of chronic kidney
disease (CKD) and obesity, studies by Rico-Fontalvo J., Daza-Arnedo R., Rodriguez-Yanez T. et al. (2022)
explore the hypothesis that activation of the Renin-Angiotensin-Aldosterone System (RAAS) stimulates the
production of lipocalin-2 by adipose tissue, which, in turn, leads to kidney damage and gradual fibrosis of renal
tubules. The persistent upregulation of lipocalin-2 expression also contributes to the development of metabolic
disorders associated with obesity [27-30].

According to data from Friedman AN., Kaplan LM., le Roux CW. and Schauer PR. (2021), circulating levels of
lipocalin-2 are positively correlated with obesity and hypertriglyceridemia in humans but negatively correlated
with high-density lipoprotein cholesterol levels. According to Hager, M.R., Narla, A.D. and Tannock, L.R.
(2017), CKD leads to reduced regulation of lipoprotein lipase and low-density lipoprotein receptor, and the
increased triglycerides in CKD result from slowed catabolism of triglyceride-rich lipoproteins without
differences in production rates. In your study, there were almost no established correlations with total
cholesterol and HDL levels, which is consistent with the findings of studies by Cruz D.N., Gaiao S., Maisel A.,
Ronco C., Devarajan P. (2012), and Gorshunska M.Y. (2015). This could be explained by the dominance of
autocrine and paracrine effects of this protein over systemic functions of adipose tissue and may require further
investigations at the cellular level [31-34].

Conclusion

Thus, studying changes in the level of lipocalin-2 in the early stages of CKD, which has developed in the
context of obesity, can serve as a marker of tubular apparatus damage. This is indicated by the average inverse
correlation between glomerular filtration rate (GFR) and the direct correlation between lipocalin and
microalbuminuria. Additionally, in the early stages of CKD on the background of obesity, there is a disruption
in lipid metabolism, characterized by increased levels of total cholesterol, triglycerides, low-density lipoprotein
and decreased high-density lipoprotein levels.

Our study also found that in patients with early-stage CKD and obesity, urinary NGAL levels positively
correlate with elevated triglyceride levels. Dyslipidemia that develops in the early stages of CKD and is
associated with obesity likely increases the rate of progression of kidney tissue damage and is a risk factor for
cardiovascular events.

Declarations

=  Conflict of interest



The authors declare no conflict of interest.

References

1) NICE. Chronic kidney disease in adults: assessment and management. (2015).

2) Ivanov DD. Chronic kidney diseases: differential tactics of renoprotection. Ukr med j. III/IV. 2(1) 124
(2018).

3) Ene-lordache B, Perico N, Bikbov B, et al. Chronic kidney disease and cardiovascular risk in six
regions of the world (ISN-KDDC): a cross-sectional study. Lancet Glob. Health. 4(5) e307-e319
(2016).

4) Kovesdy CP, Furth S, Zoccali C, World Kidney Day Steering Committee. Obesity and kidney disease:
hidden consequences of the epidemic. Physiol. int. 104(1) 1-4 (2017).

5) Wu G, Li H, Zhou M, et al. Mechanism and clinical evidence of lipocalin-2 and adipocyte fatty acid-
binding protein linking obesity and atherosclerosis. Diabetes Metab Res Rev. 30(6) 447-56 (2014).

6) Gharishvandi F, Kazerouni F, Ghanei E, et al. Comparative assessment of neutrophil gelatinase-
associated lipocalin (NGAL) and cystatin C as early biomarkers for early detection of renal failure in
patients with hypertension. Iran Biomed J. 19(2) 76-81 (2015).

7) Al Jaberi S, Cohen A, D’Souza C, et al. Lipocalin-2: Structure, function, distribution and role in
metabolic disorders. Biomed. Pharmacother. 142 112002 (2021).

8) Dahiya K, Prashant P, Dhankhar R, et al. Lipocalin-2 as a biomarker for diabetic nephropathy. World J
Meta-Anal. 11(4) 92-101 (2023).

9) Szeto HH, Liu S, Soong Y, et al. Protection of mitochondria prevents high-fat diet-induced
glomerulopathy and proximal tubular injury. Kidney Int. 90(5) 997-1011 (2016).

10) Satirapoj B. Tubulointerstitial Biomarkers for Diabetic Nephropathy. J Diabetes Res. 2852398 (2018).

11) Schuchardt M, Tolle M, van der Giet M. High-density lipoprotein: structural and functional changes
under uremic conditions and the therapeutic consequences. High Density Lipoproteins. 423-453 (2015).

12) Mefford MT, Rosenson RS, Deng L, et al. Trends in Statin Use Among US Adults With Chronic
Kidney Disease, 1999-2014. J Am Heart Assoc. 8(2) e010640 (2019).

13) Fuster JJ, Ouchi N, Gokce N, et al. Obesity-Induced changes in adipose tissue microenvironment and
their impact on cardiovascular disease. Circ Res. 118(11) 1786-1807 (2016).

14) Monteillet L, Gjorgjieva M, Silva M. et al. Intracellular lipids are an independent cause of liver injury
and chronic kidney disease in non-alcoholic fatty liver disease-like context. Mol Metab. ; 16 100-115

(2018).

15) Shang, W, Wang Z. The update of NGAL in Acute kidney injury. Curr Protein Pept Sci. 18(12)
1211-1217 (2017).

16) Gharishvandi F, Kazerouni F, Ghanei E, et al. Comparative assessment of neutrophil gelatinase-
associated lipocalin (NGAL) and cystatin C as early biomarkers for early detection of renal failure in
patients with hypertension. Iran Biomed J. 19(2) 76-81 (2015).


https://www.nice.org.uk/guidance/cg182#classification-of-chronic-kidney-disease-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chronic%2Bkidney%2Bdiseases%3A%2Bdifferential%2Btactics%2Bof%2Brenoprotection.%2BUkrainskyi%2Bmedychnyi%2Bchasopys%2BUkr%2Bmed%2Bj.%2B%D0%86%D0%86%D0%86%2F%D0%86V.%2B2%281%29%2B124%2B%282018%29.%2B%2B%2B&btnG
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)00071-1/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)00071-1/fulltext
https://pubmed.ncbi.nlm.nih.gov/28356657/
https://pubmed.ncbi.nlm.nih.gov/28356657/
https://onlinelibrary.wiley.com/doi/abs/10.1002/dmrr.2493
https://onlinelibrary.wiley.com/doi/abs/10.1002/dmrr.2493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4412917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4412917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4412917/
https://www.sciencedirect.com/science/article/pii/S075333222100785X
https://www.sciencedirect.com/science/article/pii/S075333222100785X
https://www.wjgnet.com/2308-3840/full/v11/i4/92.htm
https://www.sciencedirect.com/science/article/pii/S0085253816302952
https://www.sciencedirect.com/science/article/pii/S0085253816302952
https://www.hindawi.com/journals/jdr/2018/2852398/
https://link.springer.com/chapter/10.1007/978-3-319-09665-0_13
https://link.springer.com/chapter/10.1007/978-3-319-09665-0_13
https://www.springer.com/series/164
https://www.ahajournals.org/doi/full/10.1161/JAHA.118.010640
https://www.ahajournals.org/doi/full/10.1161/JAHA.118.010640
https://www.ahajournals.org/doi/full/10.1161/CIRCRESAHA.115.306885
https://www.sciencedirect.com/science/article/pii/S221287781830646X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intracellular%2Blipids%2Bare%2Ban%2Bindependent%2Bcause%2Bof%2Bliver%2Binjury%2Band%2Bchronic%2Bkidney%2Bdisease%2Bin%2Bnon%2Balcoholic%2Bfatty%2Bliver%2Bdisease-like%2Bcontext&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intracellular%2Blipids%2Bare%2Ban%2Bindependent%2Bcause%2Bof%2Bliver%2Binjury%2Band%2Bchronic%2Bkidney%2Bdisease%2Bin%2Bnon%2Balcoholic%2Bfatty%2Bliver%2Bdisease-like%2Bcontext&btnG
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4412917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4412917/

17) Dahiya K, Prashant P, Dhankhar R, et al. Lipocalin-2 as a biomarker for diabetic nephropathy. World J
Meta-Anal. 11(4) 92-101 (2023).

18) Moyseyenko V. Dyslipidemia: contradictions in treatment from the positions of nephrologists and
cardiologists. Actual Probl. Nephrol. 25 8-13 (2019).

19) Rosenstein K, Tannock LR. Dyslipidemia in chronic kidney disease. Endotext Internet. (2022).

20) Azhar A, Hassan N, Tapolyai M, et al. Obesity, Chronic Kidney Disease, and Kidney Transplantation:
An Evolving Relationship. Week Nephrol. 41(2) 189-200 (2021).

21) Kovesdy CP. Epidemiology of chronic kidney disease: an update 2022. Kidney Int Suppl. 12(1) 7-11
(2022).

22) Martin Taboada M, Vila Bedmar R, Medina Gomez G. From Obesity to Chronic Kidney Disease: How
Can Adipose Tissue Affect Renal Function? Nephron. 145(6) 609-613 (2021).

23) Jaberi SA, Cohen A, D’Souza C, et al. Lipocalin-2: Structure, function, distribution and role in
metabolic disorders. Biomed Pharmacother. 142 112002 (2021).

24) Hall JE, Mouton AJ, da Silva AA, et al. Obesity, kidney dysfunction, and inflammation: interactions in
hypertension. Cardiovasc Res. 117(8) 1859-1876 (2021).

25) Gonzalez S, Pascual R, Guijarro R, et al. Chronic kidney disease in Primary Health Care: prevalence
and associated risk factors. Aten Primaria. 47(4) 236-45 (2014).

26) Jasotani K, Dahiya K, Ahlawat R, et al. NGAL: An Upcoming Biomarker of Interest. Indian J Med
Biochem. 26(1) 26-30 (2022).

27) Sun WY, Bai B, Luo C, et al. Lipocalin-2 derived from adipose tissue mediates aldosterone-induced
renal injury. JCI insight. 3(17) e120196 (2018).

28) Lakkis JI, Weir MR. Obesity and Kidney Disease. Prog Cardiovasc Dis. 61(2) 157-167 (2018).

29) Rico-Fontalvo J, Daza-Arnedo R, Rodriguez-Yanez T, et al. Obesity and chronic kidney disease. A
look from the pathophysiological mechanisms, Narrative review. Rev Sen. 10(2) 97-107 (2022).

30) Kopp JB, Rosenberg AZ, Levi M. Introduction: Obesity and the kidney. Week Nephrol. 41(4) 295
(2021).

31) Friedman AN, Kaplan LM, le Roux CW, et al. Management of Obesity in Adults with CKD. J Am Soc
Nephrol. 32 (4) 777-790 (2021).

32) Hager MR, Narla AD, Tannock LR. Dyslipidemia in patients with chronic kidney disease. Rev Endocr
Metab Disord. 18 29-40 (2017).

33) Cruz DN, Gaiao S, Maisel A, et al. Neutrophil gelatinase-associated lipocalin as a biomarker of
cardiovascular  disease: a systematic review . Clin. Chem. Lab. Med. 50(9) 1533-1545 (2012).

34) Gorshunska MJ. Association of lipocalin-2 with pro-/antiatherogenic factors in patients with type 2
diabetes. Endocrinology. 20(1) 408-13 (2015).


https://www.wjgnet.com/2308-3840/full/v11/i4/92.htm
https://apn.org.ua/index.php/journal/article/view/2
https://apn.org.ua/index.php/journal/article/view/2
https://www.ncbi.nlm.nih.gov/books/NBK305899/
https://www.sciencedirect.com/science/article/abs/pii/S0270929521000450
https://www.sciencedirect.com/science/article/abs/pii/S0270929521000450
https://www.sciencedirect.com/science/article/pii/S2157171621000666
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=From%2BObesity%2Bto%2BChronic%2BKidney%2BDisease%3A%2BHow%2BCan%2BAdipose%2BTissue%2BAffect%2BRenal%2BFunction%3F%2B&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=From%2BObesity%2Bto%2BChronic%2BKidney%2BDisease%3A%2BHow%2BCan%2BAdipose%2BTissue%2BAffect%2BRenal%2BFunction%3F%2B&btnG
https://www.sciencedirect.com/science/article/abs/pii/S0033062018301282
http://rev-sen.ec/index.php/revista-nefrologia/article/view/32
https://link.springer.com/article/10.1007/s11154-016-9402-z
https://www.degruyter.com/document/doi/10.1515/cclm-2012-0307/html

