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Background: The estimated glomerular filtration rate (eGFR) is the most widely used bio- Received: August 5, 2024
marker of kidney function. However, measurement of biomarkers more sensitive than eGFR ~ Accepted: August 20, 2024
may be required to detect subtle renal changes and to identify additional predictors and con-
sequences of kidney injury. Aim of the study: In the present study, we aimed to identify
predictors and consequences of subclinical renal impairment, as reflected by the levels of
neutrophil gelatinase-associated lipocalin (NGAL) and cystatin C. Material and Methods: We
carried out a cross-sectional study involving 71 consecutive patients with vascular disease.
Demographic and anthropometric data, medical history, and ongoing drug therapy were re-
corded for each patient. Total blood count, hemoglobin, plasma potassium, glucose, choles-
terol, triglycerides, total protein, albumin, serum creatinine, uric acid, NGAL and cystatin C
levels, and eGFR were evaluated in all patients. Potential predictors and consequences of in-
creased NGAL and cystatin C levels were assessed. Results: History of hypertension, diabetes,
and ongoing diuretic therapy were the only independent predictors of decreased eGFR (all p
< 0.05). Meanwhile, increased white blood cell count and diuretic usage were independently
associated with higher NGAL and cystatin C levels, respectively, and increased uric acid levels
were independently associated with higher levels of both biomarkers of kidney injury (all p <
0.05). Furthermore, increased NGAL and cystatin C levels were independently associated with
lower albumin and HDL-C levels, and increased cystatin C levels were also associated with
higher serum potassium (all p < 0.05). Conclusions: In this study, eGFR values were inde-
pendently associated with widely known risk factors for impaired renal function. Meanwhile,
NGAL and cystatin C evaluation identified more subtle hematologic and biochemical changes
related to subclinical kidney injury. These data reinforce the role of NGAL and cystatin C as  Alina Scridon
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CORRESPONDENCE

INTRODUCTION acid—base balance, removal of drugs and metabolism

waste products, and regulation of the levels of several hor-
The kidneys are involved in numerous homeostatic func- mones.' With its wide array of underlying causes, ranging
tions that are critical for survival and proper body func- from hypertension to diabetes mellitus and atherosclerotic
tioning, including regulation of fluid, electrolyte, and disease, chronic kidney disease (CKD) has become a major
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public health problem, with rising incidence and preva-
lence, poor outcomes, and increasing costs.? The evalua-
tion of kidney function is therefore a major desideratum,
and numerous laboratory parameters, such as blood urea
nitrogen and uric acid, urine protein content, blood and
urine electrolyte and glucose levels, urine output, specific
gravity, and osmolality, and particularly serum creatinine
are routinely evaluated for estimating renal function in a
wide array of clinical settings.> Most of these parameters
are, however, nonspecific for kidney disease.

The glomerular filtration rate (GFR) represents at
present the single most widely used parameter for kid-
ney function assessment and has been used in numerous
studies to identify both predictors and complications of
CKD.* Inulin is an ideal filtration marker seen as the gold
standard for GFR assessment, although other exogenous
markers, such as 51-chromium-labeled ethylenediamine
tetra-acetic acid (51Cr-EDTA), diethylenetriaminepen-
taacetic acid, iothalamate, or iohexol, can also be used.
Although extremely useful in physiological studies and as
a research tool, using exogenous markers for renal clear-
ance assessment is complex, expensive, time-consuming,
and too cumbersome to be implemented as a routine clini-
cal tool. Creatinine, an endogenous by-product of creatine
phosphate produced at a constant rate by the body and
cleared from the blood by the kidneys, has emerged as a
widely available marker for GFR estimation.

However, the evaluation of serum creatinine and serum
creatinine-derived estimated GFR (eGFR) has non-negli-
gible limitations. Creatinine production is closely related
to muscle bulk, and is therefore highly variable accord-
ing to age, sex, race, and bodyweight. These factors are
incorporated, in various combinations, in the equations
most commonly used to estimate GFR. Other factors, such
as pregnancy, dietary protein intake, liver disease, muscle
injury, rhabdomyolysis, or muscular dystrophy, and the
administration of certain drugs that block creatinine secre-
tion in the renal tubules (e.g., cimetidine, spironolactone,
trimethoprim) can also affect the levels of serum creati-
nine and the eGFR values derived from them.® Additionally,
studies evaluating the accuracy of one of the most wide-
ly used equations, Modification of Diet in Renal Disease
(MDRD), in patients in whom iothalamate clearance tests
were performed to measure GFR have shown that although
the MDRD equation was relatively accurate in patients with
CKD, it greatly underestimated GFR in healthy individuals.”
Similarly, studies assessing the Cockroft—Gault equation
in patients in whom GFR was measured using 51Cr-EDTA
clearance tests have shown reduced sensitivity and accu-
racy of this equation and overestimated GFR levels, par-

ticularly at low filtration rates, due to creatinine secretion
by the renal tubules and lack of adjustment for body surface
area.® Creatinine clearance also overestimates renal func-
tion in obese and edematous patients, and is futile in pa-
tients who are cachectic or pregnant, who have ascites or
low muscle mass.® In addition, increases in serum creati-
nine levels are late indicators of renal dysfunction, which
may sometimes become apparent only when renal function
has already decreased by 50-75%,° and are therefore inca-
pable of identifying subclinical kidney impairment.? Serum
creatinine concentrations are also not related to structural
injuries of the kidneys, and cannot differentiate between
different causes of kidney dysfunction such as parenchymal
renal injury due to nephrotoxicity, severe liquid loss, or ob-
structive renal disease.'

Therefore, similarly to other clinical settings,™'* bio-
markers more sensitive than serum creatinine may be
required to detect subtle renal changes, and to identify
additional predictors and consequences of kidney injury.
This would be particularly useful in emergency settings
that require contrast media administration, such as coro-
nary or peripheral angiography or angioplasty procedures.
Among these markers, neutrophil gelatinase-associated
lipocalin (NGAL), a glycoprotein that is rapidly released
into the bloodstream in response to renal injury,” and
cystatin C, a low molecular-weight protein that accurately
reflects early kidney impairment,** appear to be extreme-
ly promising candidates. Unlike serum creatinine, which
provides a rather late reflection of significant functional
renal injury, NGAL is an early and highly sensitive marker
of structural renal damage,” and both NGAL and cystatin
C levels are less affected by factors such as age, sex, or
muscle mass than serum creatinine.’

Accordingly, in this study we aimed to identify predic-
tors and consequences of subclinical renal impairment, as
reflected by the levels of two biomarkers more sensitive
than serum creatinine, NGAL and cystatin C, in patients
with vascular (coronary or peripheral) artery disease.

MATERIALS AND METHODS

STUDY POPULATION

We carried out a cross-sectional study involving patients
hospitalized with stable coronary and/or peripheral vas-
cular disease in our center between January 2020 and
November 2021. All patients were =18 years of age and
provided written informed consent to participate in the
study. Patients with acute conditions, regardless of their
nature, and those with known CKD were excluded from
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the study. The research protocol complied with the Dec-
laration of Helsinki and was approved by the ethics com-
mittees of the Emergency Institute for Cardiovascular
Diseases and Transplantation Targu Mures (approval no.
7545/26.10.2018) and of the “George Emil Palade” Uni-
versity of Medicine, Pharmacy, Science and Technology of
Targu Mures (approval no. 230/07.11.2018), Romania.

EVALUATED PARAMETERS

All patients were evaluated at hospital admission, prior to
any medical and/or surgical intervention. Demographic and
anthropometric data, history of diabetes mellitus, arterial
hypertension, and heart failure, and ongoing drug thera-
py were recorded. Blood samples were collected, and total
blood count, hemoglobin, plasma potassium, glucose, cho-
lesterol, triglycerides, total protein, albumin, serum cre-
atinine, and uric acid levels were evaluated. The eGFR was
calculated using the MDRD equation. Cystatin C and NGAL
levels were measured using ELISA on the Elisa Dynex DSX
fully automated analyzer (Dynex Technologies).

STATISTICAL ANALYSIS

Continuous variables are presented as mean values = s.d. or
median and interquartile range, as appropriate. Categori-
cal data are expressed as numbers and percentages. Pa-
tients were divided into groups depending on the presence
or absence of the tested categorical variables, and cystatin
C and NGAL levels were compared between groups using
the unpaired t-test or the Mann—Whitney U-test, as ap-
propriate. Correlations between cystatin C and NGAL lev-
els and the tested continuous variables were investigated
using Pearson’s or Spearman’s correlation methods, as
appropriate. Multiple linear regression analysis was used
to assess predictors of increased cystatin C and NGAL
levels. The models included all parameters that were sig-
nificantly associated with increased cystatin C and NGAL
levels in univariate analyses. All tests were two-sided, and
a p value of less than 0.05 was considered statistically sig-
nificant. All data were computed using MedCalc for Win-
dows v.12.4.3.0 (MedCalc Software).

RESULTS

STUDY POPULATION CHARACTERISTICS

The study included a total of 71 patients (mean age 63.8 +
9.3 years; 66.1% males). Patient characteristics are sum-
marized in Table 1.

PREDICTORS AND CONSEQUENCES OF DECREASED
GLOMERULAR FILTRATION RATES

There was no significant correlation between eGFR and
the patients’ white blood cell and platelet count, plasma
glucose, total cholesterol, triglycerides, low-density li-
poprotein cholesterol (LDL-C), uric acid, total protein,
and albumin levels (all p > 0.05). Similarly, there was no
significant difference in eGFR values according to the pa-
tients’ history of heart failure or ongoing therapy with
angiotensin converting enzyme or angiotensin II receptor
inhibitors (all p > 0.05).

Meanwhile, eGFR values were significantly lower in pa-
tients with a history of arterial hypertension (p < 0.01),
diabetes mellitus (p < 0.0001), and in those undergoing

TABLE 1. Main characteristics of the study participants (n = 71)

Parameter Value

Age (years) 63.8 + 9.3
Male sex (n, %) 47 (66.1%)
Body mass index, mean (kg/m?) 28.6 + 3.9

Medical history
65 (91.5%)
30 (42.2%)

Arterial hypertension (n, %)
Diabetes mellitus (n, %)

Heart failure (NYHA class) 2(2-2)
Ongoing therapy
ACEI (n, %) 49 (69.0%)

ARB (1, %)

Diuretic (n, %)

Statin (n, %)
Laboratory parameters

15 (21.1%)
30 (42.2%)
70 (98.5%)

White blood cells (/mm?3) 7,648 + 1,876
Platelets (/mm?3) 231,812 + 66,047
Hemoglobin (g/dl) 13.4 + 15
Glucose (mg/dl) 1411 + 62.7
Total cholesterol (mg/dl) 163.6 + 47.8
LDL-cholesterol (mg/dl) 00.9 + 41.6
HDL-cholesterol (mg/dl) 40.6 £ 24.3
Triglycerides (mg/dl) 163.4 + 104.5
Total protein (g/dl) 66.0 + 4.8
Albumin (g/dl) 4.3 +0.3
Uric acid (mg/dl) 6.2+ 1.7
Potassium (mEq/1) 3.9+ 0.4
Serum creatinine (mg/dl) 1.04 + 0.32
eGFR (ml/min/1.73 m?) 76.0 + 23.0
Cystatin C (mg/1) 1.10 + 0.37
NGAL (ng/ml) 75.8 + 26.6

Quantitative data are expressed as mean + s.d. or median and interquartile range, as
appropriate. Categorical data are expressed as numbers (percentages).
ACEI angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker
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TABLE 2. Correlation analysis of patient characteristics and cystatin C levels

Parameter Correlation coefficient p value
Age 0.38 (0.16—0.57) <0.001"
Body mass index - 0.52
Heart failure (NYHA class) - 0.34
Hemoglobin -0.30 (-0.50 to -0.07) 0.01"
White blood cells - 0.47
Platelets - 0.52
Glucose 0.32 (0.10-0.52) <0.01"
Total cholesterol - 0.52
LDL-cholesterol - 0.68
HDL-cholesterol -0.54 (-0.74 to -0.31) <0.01"
Triglycerides - 0.12
Total protein - 0.72
Albumin -0.67 (-0.88 to -0.42) 0.02"
Uric acid 0.70 (0.50-0.87) <0.0001"
Potassium 0.65 (0.43—0.82) 0.0001"

Correlations were ascertained using Pearson’s or Spearman’s correlation methods, as appropriate.

* Statistically significant

diuretic therapy (p < 0.0001), and were significantly nega-
tively correlated with serum potassium levels (r = -0.42, p
< 0.001). In the multiple regression analysis, only history of
arterial hypertension (R = -0.28, standard error [SE] 0.01,
p = 0.02), diabetes mellitus (R = -0.37, SE 0.02, p < 0.01),
and ongoing diuretic therapy (R = -0.40, SE 0.02, p = 0.001)
remained independent predictors of decreased eGFR values.

PREDICTORS AND CONSEQUENCES OF
INCREASED CYSTATIN C LEVELS

As expected, cystatin C levels were significantly positively
correlated with serum creatinine (r = 0.80 [0.71-0.87], p
< 0.0001] and negatively correlated with eGFR (r = -0.65

[-0.77 to -0.50], p < 0.0001). There was also a significant
positive correlation between cystatin C and NGAL levels (r
=0.67[0.48-0.81], p < 0.0001).

There was no significant correlation between cystatin C
levels and the patients’ body mass index, white blood cell
and platelet count, total cholesterol, LDL-C, triglycerides,
and total protein levels (all p > 0.05). Similarly, there was
no significant difference in cystatin C levels according to
patients’ sex, history of arterial hypertension, or ongoing
therapy with angiotensin converting enzyme or angioten-
sin II receptor inhibitors (all p >0.05).

However, cystatin C levels were significantly higher in
patients undergoing diuretic therapy (p < 0.001) and in
those with diabetes mellitus (p = 0.02) (Figure 14), were

TABLE 3. Multiple linear regression analysis of factors associated with increased cystatin C

levels

Parameter Correlation coefficient Standard error p value
Age 0.40 0.01 0.30
Hemoglobin -0.30 0.02 0.46
Glucose 0.32 0.01 0.73
HDL-cholesterol -0.20 0.01 0.03"
Albumin -0.24 0.02 0.04"
Uric acid 0.56 0.02 <0.001"
Potassium 0.61 0.07 0.0001"
Diuretic therapy 0.42 0.03 0.02"

* Statistically significant
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FIGURE 1. Significant differences in cystatin C levels according to the presence or absence of diabetes mellitus and diuretic therapy (A)
and in NGAL levels according to the presence or absence of diuretic therapy (B). Data expressed as means =+ s.d.; p values obtained using

the unpaired t-test.

significantly positively correlated with patients’ age (p <
0.001), plasma glucose (p < 0.01), uric acid (p < 0.0001),
and potassium (p = 0.0001) levels, and negatively corre-
lated with hemoglobin (p = 0.01), high-density lipoprotein
cholesterol (HDL-C) (p < 0.01), and albumin (p = 0.02)
levels (Table 2). In the multiple regression analysis, only
increased uric acid and potassium, decreased albumin and
HDL-C levels, and use of diuretic therapy remained inde-

pendently associated with increased levels of cystatin C
(all p< 0.05; Table 3).

Predictors and consequences of increased neutrophil
gelatinase-associated lipocalin levels

Similarly to cystatin C levels, NGAL levels also sig-
nificantly positively correlated with serum creatinine (r
= 0.74 [0.43-0.91], p < 0.0001] and negatively correlated
with eGFR (r = -0.63 [-0.83 to -0.30], p < 0.01).

TABLE 4. Correlation analysis of patient characteristics and NGAL levels

Parameter Correlation coefficient p value
Age - 0.31
Body mass index - 0.13
Heart failure (NYHA class) 0.26 (0.03—0.46) 0.02"
Hemoglobin - 0.94
White blood cells 0.68 (0.45-0.88) 0.01"
Platelets - 0.41
Glucose — 0.51
Total cholesterol - 0.89
LDL-cholesterol - 0.47
HDL-cholesterol -0.60 (-0.82 to -0.44) 0.03"
Triglycerides - 0.76
Total protein - 0.96
Albumin -0.52 (-0.72 to -0.29) <0.01"
Uric acid 0.78 (0.55-0.97) 0.001"
Potassium 0.40 (0.18-0.58) <0.001"

Correlations were ascertained using Pearson’s or Spearman’s correlation methods, as appropriate.

* Statistically significant
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TABLE 5. Multiple linear regression analysis of factors associated with increased NGAL

levels

Parameter Correlation coefficient Standard error p value
Age 0.29 5.52 0.06
Hemoglobin 0.49 0.01 <0.01"
Glucose -0.46 0.04 0.03"
HDL-cholesterol -0.34 0.05 0.02"
Albumin 0.39 0.07 <0.01"
Uric acid 0.43 6.22 0.10
Potassium 0.28 5.80 0.31
Diuretic therapy 0.42 0.03 0.02*

* Statistically significant

There was no significant correlation between NGAL
levels and the patients’ age, body mass index, hemoglobin
levels, platelet count, plasma glucose, total cholesterol,
triglycerides, LDL-C, and total protein levels (all p > 0.05).
Similarly, there was no significant difference in NGAL lev-
els according to the patients’ sex, history of arterial hy-
pertension or diabetes mellitus, or ongoing therapy with
angiotensin converting enzyme or angiotensin II receptor
inhibitors (all p > 0.05).

However, NGAL levels were significantly higher in pa-
tients undergoing diuretic therapy (p = 0.03) (Figure 1B),
were significantly positively correlated with New York
Heart Association (NYHA) heart failure class (p = 0.02),
white blood cell count (p = 0.01), uric acid (p = 0.001),
and potassium (p < 0.001) levels, and negatively corre-
lated with HDL-C (p = 0.03) and albumin (p < 0.01) levels
(Table 4). In the multiple regression analysis, only in-
creased white blood cell count and uric acid levels, as well
as decreased albumin and HDL-C levels remained inde-
pendently associated with increased levels of NGAL (all p
< 0.05; Table 5).

DISCUSSION

The main findings of the present study are the following:
1) decreased eGFR was only independently associated with
widely known risk factors for renal impairment (i.e., arte-
rial hypertension, diabetes mellitus, and diuretic usage);
meanwhile, 2) increased white blood cell count and diuret-
ic usage were independently associated with higher NGAL
and cystatin C levels, respectively, and increased uric acid
levels were independently associated with higher levels of
both biomarkers of kidney injury; and, 3) increased NGAL
and cystatin C levels were independently associated with
lower albumin and HDL-C levels, and increased cystatin C
levels were also associated with higher serum potassium.

NGAL AND CYSTATIN C — NOVEL
BIOMARKERS OF KIDNEY IMPAIRMENT

Several techniques are available for evaluating kidney
function, including the determination of circulating levels
of nitrogenous, non-protein molecules, the evaluation of
nephron filtration capacity and of the kidneys’ ability to
maintain electrolyte and water balance, and the assess-
ment of the excretion of various endogenous and exog-
enous molecules in the urine.

However, although far from ideal, the measurement of
serum creatinine levels and the calculation of serum cre-
atinine-derived eGFR remain the most widely used bio-
markers of kidney function in clinical practice, and have
been identified as predictors of negative outcomes in many
clinical settings.’® The use of urine creatinine in conjunc-
tion with serum creatinine to calculate the GFR strongly
increases the accuracy of GFR evaluation, but it is rarely
employed in routine clinical practice. Moreover, studies
have shown the abbreviated MDRD equation to signifi-
cantly underestimate GFR in healthy individuals, probably
because they were excluded from the study from which
the equation was derived.” At similar age, sex, and serum
creatinine levels, the GFR was on average 20% higher in
healthy subjects than in those with CKD, suggesting that
different equations may be required for patients without
CKD or with unknown kidney disease status.” By contrast,
due to creatinine secretion by the kidney tubules and lack
of adjustment for body surface area, the Cockcroft—Gault
formula has been shown to overestimate the GFR, par-
ticularly at low GFR values.? However, when compared to
each other, the MDRD equation was found to have bet-
ter accuracy in the diagnosis and stratification of patients
with CKD and of those with diabetes mellitus.® Similarly
to creatinine clearance, the clearance of urea, a major by-
product of protein metabolism, can also be used to esti-
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mate kidney function. However, 40—70% of the filtered
urea is reabsorbed from the kidney tubules, and this per-
centage considerably increases in settings with decreased
renal perfusion, leading to GFR underestimation. In ad-
dition, urea levels are also highly affected by diet, liver
function, and other conditions."”

Meanwhile, NGAL, a glycoprotein that is rapidly re-
leased into the bloodstream in response to renal tubular
injury, is more sensitive than creatinine and has emerged
as a promising biomarker of early and/or subtle kidney in-
jury.B Unlike serum creatinine, NGAL can unmask renal
injury even in the absence of significant renal functional
impairment’ and has been proposed as one of the most
promising biomarkers of renal structural injury*® in pa-
tients with septic shock or post cardiac interventions.!?°
In fact, the Acute Dialysis Quality Initiative has even pro-
posed the use of a combination of functional (i.e., serum
creatinine) and structural (e.g., NGAL) kidney damage
markers to stratify the risk of acute kidney injury.*

Cystatin C, a non-glycosylated low-molecular-weight
serine protease inhibitor produced by all nucleated cells at
a relatively constant rate, is freely filtered by the kidneys.
Its serum levels are therefore inversely correlated with
GFR,*? as also shown in the present study. Moreover, given
that its levels do not seem to be affected by inflammation,
liver cirrhosis, age, sex, muscle mass, diet, or ongoing
therapy, cystatin C is seen as a more accurate biomarker
of kidney function than serum creatinine.>**

PREDICTORS AND CONSEQUENCES OF
INCREASED NGAL AND CYSTATIN C LEVELS

In line with previous studies, in the present study, eGFR
values were independently associated with a history of
arterial hypertension, diabetes mellitus, and ongoing di-
uretic therapy, all of which are widely known risk fac-
tors for impaired renal function. Meanwhile, NGAL and
cystatin C evaluation allowed the identification of more
subtle hematologic and biochemical changes related to
subclinical kidney injury.

Advancing age and impaired glucose metabolism are
widely accepted risk factors for kidney injury through mi-
crovascular renal angiopathy and nephron loss.>?? In line
with these data, in this study, cystatin C levels signifi-
cantly positively correlated with age and plasma glucose
levels, and NGAL levels significantly positively correlated
with the severity of heart failure, reflecting hemodynamic
renal impairment. However, none of those three factors
remained independent predictors of increased NGAL and
cystatin C levels after correction for potential confound-

ers. At the same time, diuretic drug usage was indepen-
dently associated with higher cystatin C levels, increased
white blood cell count independently predicted higher
NGAL levels, and increased uric acid levels were indepen-
dent predictors of both cystatin C and NGAL level increas-
es. Together, these data indicate inflammation, reflected
by increased white blood cell count, as a contributor to
structural kidney injury, although this does not seem to be
associated with concomitant functional impairment. Al-
ternatively, the positive correlation between white blood
cell count and NGAL levels could also be seen as a conse-
quence of higher NGAL release by a higher number of cir-
culating neutrophils.>* Meanwhile, diuretic usage was as-
sociated with subclinical impairment in kidney function,
in the absence of any apparent structural alterations. In-
deed, whereas diuretic overdosing has been associated in
previous studies with tubular cells apoptosis,** standard
diuretic doses can induce transient GFR alterations by in-
creasing tubular and/or decreasing glomerular hydrostatic
pressures, thereby altering the balance in glomerular fil-
tration forces. Unlike white blood cell count and diuretic
drug usage, increased uric acid levels affected both kid-
ney structure and function in the present study, suggest-
ing that uric acid may represent an important therapeutic
target for the prevention of CKD. High uric acid levels have
been shown to cause vascular inflammation, oxidative
stress, and endothelial dysfunction, and to significantly
affect glomerular arterioles.26-28

Features such as anemia, hyperkalemia, dyslipidemia,
or hypoproteinemia are often seen among patients with
CKD.*® The present study demonstrates that markers of
subclinical renal impairment, such as NGAL and cystatin
C, correlate negatively with HDL-C and albumin levels
and positively with potassium levels, even in the absence
of overt biochemical abnormalities. However, in the mul-
tiple regression analysis, only decreased HDL-C and al-
bumin levels were independently predicted by increased
NGAL and cystatin C levels. In addition, increased cystatin
C levels also positively correlated and independently pre-
dicted higher serum potassium. Previous studies have also
linked increased cystatin C levels with dyslipidemia and
vascular disease, even in the absence of other cardiovas-
cular risk factors.?%3

STRENGTHS AND LIMITATIONS

The present study investigated the relationship between
two emerging biomarkers of subclinical structural and
functional renal impairment and a wide range of bio-
chemical and hematological parameters that reflect an
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important number of factors involved in the occurrence
and progression of CKD, as well as a vast array of CKD
complications. Two major findings emerge from this
study: 1) even the presence of subtle, covert kidney disease
risk factors (e.g., uric acid) is associated with subclinical
kidney injury; 2) subclinical kidney injury is accompanied
by early, subtle changes in biomarkers of kidney disease-
related complications (e.g., albumin, serum potassium,
HDL-C). The sample size of the study was, however, rath-
er small, and this may have affected the ability to detect
other, more subtle predictors and complications of sub-
clinical kidney injury. Although NGAL and cystatin C are
clearly valuable biomarkers of subclinical renal impair-
ment, one should be aware that none of them are specific
for kidney injury. Small amounts of NGAL can also origi-
nate from other sources, such as neutrophils, myocardial,
prostatic, respiratory, or gastrointestinal cells," whereas
cystatin C is secreted by all nucleated cells and its levels
may be affected by the presence of cancer, thyroid disease,
or smoking.?* Finally, subclinical renal impairment was
evaluated in the present study using only NGAL and cys-
tatin C. Evaluation of the relationships between the stud-
ied variables and other markers of kidney injury, such as
urinary NGAL and cystatin C, f2- and p1-microglobulin,
B-trace protein, retinol-binding protein, or kidney injury
molecule-1, would also be of interest.

CONCLUSIONS

In the present study, eGFR values were independently as-
sociated with a history of arterial hypertension, diabetes
mellitus, and with ongoing diuretic therapy, all of which
are widely known risk factors for impaired renal function.
Meanwhile, NGAL and cystatin C evaluation identified
more subtle hematologic and biochemical changes related
to subclinical kidney injury. These data reinforce the role
of NGAL and cystatin C as biomarkers of subclinical kidney
injury and support their potential usefulness in the early
identification of subclinical kidney injury risk factors and
of subclinical kidney injury-related abnormalities. This
would be particularly useful in emergency settings that
require contrast media administration, such as coronary
or peripheral angiography or angioplasty procedures,
when the identification of subclinical kidney injury could
guide patient management to avoid further complications.

CONFLICT OF INTERESTS

The authors declare that they have no competing inter-
ests.

ACKNOWLEDGEMENT

This work was supported by the “George Emil Palade”
University of Medicine, Pharmacy, Science and Technol-
ogy of Targu Mures, grant no. 171/5/09.01.2024

REFERENCES

1. Kleyman TR. Renal physiology: an evolving field. Am J Physiol
Renal Physiol. 2007;293(1):F1. doi: 10.1152/ajprenal.00189.2007

2. GBD Chronic Kidney Disease Collaboration. Global, regional,
and national burden of chronic kidney disease, 1990-2017:
a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2020;395(10225):709-733. doi: 10.1016/S0140-
6736(20)30045-3

3. Ogedegbe HO. Renal function tests: a clinical laboratory
perspective. Laboratory Medicine. 2007;38(5):295-304. doi:
10.1309/RWG5DY7RG1CYBUR?7

4. Gowda S, Desai PB, Kulkarni SS, Hull VV, Math AA, Vernekar
SN. Markers of renal function tests. N Am ] Med Sci.
2010;2(4):170-173.

5. Stevens LA, Coresh ], Greene T, Levey AS. Assessing kidney
function--measured and estimated glomerular filtration
rate. N Engl J Med. 2006;354(23):2473-2483. doi: 10.1056/
NEJMrao54415

6. Mouton R, Holder K. Laboratory tests of renal function.
Anaesthesia & Intensive Care Medicine. 2006;7(7):240-243.
doi: 10.1053/j.mpaic.2006.04.003

7. RuleAD, LarsonTS, Bergstralh EJ, Slezak JM, Jacobsen SJ, Cosio
FG. Using serum creatinine to estimate glomerular filtration
rate: accuracy in good health and in chronic kidney disease.
Ann Intern Med. 2004;141(12):929-937. doi: 10.7326/0003-
£4819-141-12-200412210-00009

8. Rigalleau V, Lasseur C, Perlemoine C, et al. Estimation of
glomerular filtration rate in diabetic subjects: Cockcroft
formula or modification of Diet in Renal Disease study
equation? Diabetes Care. 2005;28(4):838-843. doi: 10.2337/
diacare.28.4.838

9. Hoskova L, Franekova J, Malek I, et al. Comparison of Cystatin
C and NGAL in Early Diagnosis of Acute Kidney Injury After
Heart Transplantation. Ann Transplant. 2016;21:329-245. doi:
10.12659/a0t.896700

10. Himmelfarb J, Sayegh MH. Chronic kidney disease, dialysis,
and transplantation. 3rd ed. Philadelphia: Saunders, 2010.

11. Deliniére A, Baranchuk A, Giai J, et al. Prediction of ventricular
arrhythmias in patients with a spontaneous Brugada type
1 pattern: the key is in the electrocardiogram. Europace.
2019;21(9):1400-1409. doi: 10.1093/europace/euzis56

12. Scridon A, Serban RC. Laboratory monitoring — a turning
point in the use of new oral anticoagulants. Ther Drug Monit.
2016;38(1):12-21. doi: 10.1097/FTD.0000000000000247

13. Shacham Y, Leshem-Rubinow E, Steinvil A, et al. Renal
impairment according to acute kidney injury network criteria
among ST elevation myocardial infarction patients undergoing
primary percutaneous intervention: a retrospective
observational study. Clin Res Cardiol. 2014;103(7):525-532.
doi: 10.1007/s00392-014-0680-8

14. Endre ZH, Walker R]. Biomarkers of cardiovascular risk in
chronic kidney disease. In Biomarkers of Kidney Disease. 2nd
ed. Cambridge, MA: Academic Press, 2017.



15.

16.

17.

18.

19.

20.

21.

22.

Journal of Cardiovascular Emergencies 2024; Epub ahead of print 9

Liu Z, Shang A, Chen Z, Yin L, Qi H. Neutrophil gelatinase-
associated lipocalin as an early predictor of contrast-
induced nephropathy following endovascular therapy
for arteriosclerosis obliterans. Medicine (Baltimore).
2020;99(37):€21386. doi: 10.1097/MD.0000000000021386
Serban RC, Sus I, Lakatos EK, et al. Chronic kidney
disease predicts atrial fibrillation in patients with ST-
segment elevation myocardial infarction treated by
primary percutaneous coronary intervention. Acta Cardiol.
2019;74(6):472-479. doi: 10.1080/00015385.2018.1521558
Laterza OF, Price CP, Scott MG. Cystatin C: an improved
estimator of glomerular filtration rate? Clin Chem.
2002;48(5):699-707.

Singer E, Markd L, Paragas N, et al. Neutrophil gelatinase-
associated  lipocalin:  pathophysiology and clinical
applications. Acta Physiol (Oxf). 2013;207(4):663-672. doi:
10.1111/apha.12054

Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-
Fielitz A; NGAL Meta-analysis Investigator Group. Accuracy
of neutrophil gelatinase-associated lipocalin (NGAL) in
diagnosis and prognosis in acute kidney injury: a systematic
review and meta-analysis. Am J Kidney Dis. 2009;54(6):1012-
1024. doi: 10.1053/j.ajkd.2009.07.020

Lupu L, Abukatash H, Banai A, et al. Relation of Baseline
Neutrophil Gelatinase-Associated Lipocalin (NGAL) Levels
and Contrast-Induced Nephropathy following Percutaneous
Coronary Intervention among Chronic Kidney Disease Patients.
J Clin Med. 2021;10(22):5403. doi: 10.3390/jcm10225403
Murray PT, Mehta RL, Shaw A, et al; ADQI 10 workgroup.
Potential use of biomarkers in acute kidney injury: report
and summary of recommendations from the 10th Acute
Dialysis Quality Initiative consensus conference. Kidney Int.
2014;85(3):513-521. doi: 10.1038/Kki.2013.374

Orlando R, Mussap M, Plebani M, et al. Diagnostic value
of plasma cystatin C as a glomerular filtration marker in
decompensated liver cirrhosis. Clin Chem. 2002;48(6 Pt
1):850-858.

23.

24.

25.

26.

27.

28

29.

30.

31

32.

Odden MC, Tager IB, Gansevoort RT, et al. Age and cystatin C in
healthy adults: a collaborative study. Nephrol Dial Transplant.
2010;25(2):463-469. doi: 10.1093/ndt/gfp474

Yndestad A, Landrg L, Ueland T, et al. Increased systemic and
myocardial expression of neutrophil gelatinase-associated
lipocalin in clinical and experimental heart failure. Eur Heart
J. 2009;30(10):1229-1236. doi:10.1093/eurheartj/ehpo88
Choudhury D, Ahmed Z. Drug-associated renal dysfunction
and injury. Nat Clin Pract Nephrol. 2006;2(2):80-91. doi:
10.1038/ncpnepho076

Srivastava A, Kaze AD, McMullan CJ, Isakova T, Waikar SS. Uric
Acid and the Risks of Kidney Failure and Death in Individuals
With CKD. Am J Kidney Dis. 2018;71(3):362-370. doi: 10.1053/j.
ajkd.2017.08.017

Kurts C. A crystal-clear mechanism of chronic kidney disease.
Kidney Int. 2013;84(5):859-861. doi: 10.1038/ki.2013.251

. Corry DB, Eslami P, Yamamoto K, Nyby MD, Makino H,

Tuck ML. Uric acid stimulates vascular smooth muscle cell
proliferation and oxidative stress via the vascular renin-
angiotensin system. ] Hypertens. 2008;26(2):269-275. doi:
10.1097/HJH.0b013e3282f2/0bf

Muntner P, Vupputuri S, Coresh J, Uribarri J, Fox CS.
Metabolic abnormalities are present in adults with elevated
serum cystatin C. Kidney Int. 2009;76(1):81-88. doi: 10.1038/
ki.2009.76

Eriksson P, Deguchi H, Samnegard A, et al. Human evidence
that the cystatin C gene is implicated in focal progression
of coronary artery disease. Arterioscler Thromb Vasc Biol.
2004;24(3):551-557. doi: 10.1161/01.ATV.0000117180.57731.36
Gai Z, Wang T, Visentin M, Kullak-Ublick GA, Fu X, Wang Z.
Lipid Accumulation and Chronic Kidney Disease. Nutrients.
2019;11(4):722. doi: 10.3390/nu11040722

Hounkpatin HO, Fraser SDS, Glidewell L, Blakeman T,
Lewington A, Roderick PJ. Predicting Risk of Recurrent Acute
Kidney Injury: A Systematic Review. Nephron. 2019;142(2):83-
90. doi: 10.1159/000497385



