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1 | INTRODUCTION

Cholemic nephropathy (CN) or bile cast nephropathy is a form of renal
disorder, which can cause acute kidney injury (AKI), occurring in pa-
tients with elevated bilirubin values due to cholestatic or hepatocel-
lular disease.)® CN is a common and clinically relevant cause of renal
impairment in people with cholestasis and advanced liver disease;
however, there are currently no widely accepted diagnostic criteria,
and pathophysiological mechanisms underlying CN are not completely
understood.? Various pathogenetic hypotheses have been formulated
and various factors related with bile constituents such as bile acids,
bilirubin, and cholesterol could contribute directly or indirectly to
cause a nephrotoxic effect.* Elevated bile component levels and bile
component deposition in the kidneys may directly cause renal tubule
injury and decrease kidney function; furthermore, the presence of bile
casts in the kidneys can lead to inflammation, oxidative stress and di-
rect toxicity to the renal tubules resulting in AKI or can exacerbate pre-
existing kidney impairment.>® Indirect mechanisms that may underlie
the susceptibility to renal failure in patients with obstructive jaundice
are cardiovascular instability manifested as systemic hypotension, de-
fective vascular reactivity, hypovolemia and the negative inotropic ef-
fect of bile acids on cardiac function.”

In recent decades, there has been an increase in interest in CN,
especially as a contributing cause of AKI in patients with advanced
liver disease; however, the prevalence of CN is probably underes-
timated because the gold standard for diagnosis is renal biopsy.
Typical histomorphological characteristics found on renal biopsy
of patients with CN are pronounced interstitial fibrosis, dilatated
tubules of distal nephron segment and obstruction by intraluminal
cast.® Previous studies on CN focused their attention on patients
with severe hyperbilirubinemia, and there is a paucity of data regard-
ing patients with low and mild bilirubin levels; however, kidney func-
tion alterations may occur sub-clinically in patients with jaundice,
before the increase of serum creatinine or urea.” These alterations
could become clinically relevant in patients with hyperbilirubinemia
who are frequently exposed to other high AKI risk conditions, such
as the use of contrast agents, nephrotoxic drugs or undernutrition.'°
For this reason, the early identification of renal damage in this par-
ticular group of patients could be extremely useful for a more cau-
tious intra-hospital management.

Previous studies showed that urinary biomarkers of tubular
damage, such as urinary neutrophil gelatinase-associated lipocalin

Conclusions: This study demonstrated increased urinary biomarkers of tubular dam-
age (u-NGAL, u-B2M, u-OPN, u-TFF3, and u-Cys) in patients with mild hyperbiliru-
binemia in comparison with a control group. These findings suggest early renal tubular
damage in the absence of alterations of the normal parameters used in clinical prac-

tice (eGFR, serum urea and renal morphology).

acute kidney injury, cholemic nephropathy, jaundice, urinary biomarker

Key points

e Patients with jaundice are at high risk of developing
cholemic nephropathy due to bile component deposi-
tion in the kidneys.

e Our study evaluated early renal function impairment in
patients with jaundice.

e We found subclinical renal damage in patients with
jaundice in the absence of alterations of the common
parameters used in clinical practice. These data suggest
the importance of a careful diagnostic and therapeutic
approach in the management of jaundiced patients to

prevent further renal damage.

(u-NGAL), urinary beta-2-microglobulin (u-B2M) and urinary os-
teopontin (u-OPN), were able to identify, in other clinical settings,
early renal damage even before the increase of serum creatinine or
azotemia 1t3

The aim of this study was to evaluate early renal function impair-
ment in patients with mild acute hyperbilirubinemia, in the absence
of alterations of the common parameters used in clinical practice
such as serum creatinine or urea. Renal function was investigated
with the following urinary biomarkers of tubular damage: u-NGAL,
u-B2M, u-OPN, urinary trefoil factor 3 (u-TFF3) and urinary Cystatin
C (u-Cys).

2 | MATERIALS AND METHODS

2.1 | Study subjects

We enrolled 74 subjects who attended the internal medicine unit
and the hepatology unit of the university hospital of Catania, Italy, in
the period from October 2021 to November 2022.

Two groups of patients (case-control) were selected upon admis-
sion to the department. We consecutively enrolled 36 patients who
were hospitalised with the diagnosis of ‘jaundice’. The inclusion crite-
ria were total serum bilirubin higher than 3mg/dL occurring less than
30days before and age ranging from 18 to -90years. The exclusion
criteria were chronic kidney disease (estimated glomerular filtration
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rate [eGFR] <60mL/min/1.73m?), kidney morphological alterations
evaluated by computed tomography scan (CT-scan), treatment with
nephrotoxic drugs in the 5days prior to enrolment (aminoglycosides,
iodinated contrast medium, non-steroidal anti-inflammatory drugs,
vancomycin) and urinary infections. The control group (n=38) com-
prised non-jaundiced patients attending the day hospital service of
the internal medicine unit, in the same period of time, matched by
sex and age. The exclusion criteria for control group were a previous
history of overt cardiovascular events (stroke, ischemic heart dis-
ease, chronic obstructive peripheral arteriopathy or heart failure),
anaemia or hemoglobinopathies, use of medications known to affect
renal function, positivity for antibodies to hepatitis C virus or hep-
atitis B surface antigen, clinical evidence of advanced liver or renal
disease, chronic gastrointestinal diseases, rheumatic diseases and/or
recent history of acute illness, malignant disease, and drug or alcohol
abuse. All patients underwent a physical examination and review of
clinical history and medications.

We collected venous blood samples from the antecubital vein on
the morning after an overnight fast. Baseline venous blood samples
were obtained for the measurement of clinical biochemistry parame-
ters. Low density lipoprotein (LDL) cholesterol concentrations were
estimated using the Friedewald formula. Two samples of spot urine
were collected. All these samples were collected upon admission to
the department.

2.2 | Biochemical analyses
Plasma glucose, serum total cholesterol, triglycerides, high den-
sity lipoprotein (HDL) cholesterol, total and conjugated bilirubin,
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyltransferase (gamma-GT) and alkaline phosphatase
were measured using available enzymatic methods.

eGFR was assessed with the chronic kidney disease epidemiol-
ogy collaboration (CKD-EPI) equation.'*

Fractional excretion of sodium (FENa) was calculated with the
following formula: ((Na urine/Na plasma)/(creatinine urine/creati-

nine plasma) x 100).*>

2.3 | Quantification urinary renal
function biomarkers

The BioPlex® (Bio-Rad, Hercules, California, USA) platform was
used for the determination of urinary biomarkers. The commercial
package Bio-Plex ProTM RBM Human Kidney Toxicity Assay Panel
2 (albumin, u-NGAL, u-B2M, u-OPN, u-TFF3 and u-Cys) was used to
evaluate the protein content in the urinary samples, according to the
manufacturer's protocol, as previously described.'® Briefly, previ-
ously frozen urine samples were thawed on ice and, after centrifuga-
tion at 500xg for 5min, were diluted 1:50 with dilution buffer. After
blockade of nonspecific binding sites, 30pL of standards, controls
or diluted samples were added to 96-well plates and incubated with
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10pL of fluorescently dyed magnetic microspheres covalently cou-
pled to specific antibodies for the desired biomarkers. The plates
were incubated for 1h at RT and washed three times with wash
buffer. Afterward, 40puL of biotinylated detection antibody was
added to the wells and the plates were incubated for an additional
1h at RT. The final detection complex was completed with the addi-
tion of conjugated streptavidin-phycoerythrin. The median relative
fluorescence units from the antibody reactions were acquired using
a BioPlex 200 analyzer (Bio-Rad) and BioPlex Manager SoftwareTM
version 6.2 Build 175 (Bio-Rad).

2.4 | Statistical analysis

The power calculation was based on previous studies examining dif-
ferences among NGAL urinary levels in the two groups.?” We used a
level of significance («) set to 5% and a power (1-p) set to 80%. The
estimated sample size was 25 patients for group.

Statistical comparisons of clinical and biomedical parameters
were performed using Stat View 6.0 for Windows. The data are pre-
sented as mean +SD or median (interquartile range). Each variable's
distributional characteristics, including normality, were assessed
using the Kolmogorov-Smirnov test. One-way ANOVA for clinical
and biological data was performed to test the differences among
groups. The;(2 test was used for categorical variables. A p value <.05
was considered significant. When necessary, numerical variables
were logarithmically transformed to reduce skewedness.

Furthermore, a logistic regression analysis was performed to
investigate the association of clinical and biochemical variables
with variations of urinary biomarkers (u-NGAL, u-B2M, u-OPN, u-
TFF3, u-Cys). The independent variables considered were sex, age,
type 2 diabetes, history of arterial hypertension, haemoglobin,
eGFR and presence/absence of jaundice. Urinary biomarker values
were divided into high or low value based on the median value: u-
NGALy 1 /u-NGAL, . u-B2M, ., /u-B2M, . u-OPN, ., /u-OPN
TFFShigh/u-TFF3 u-Cyshigh/u-Cyslow.

low? low? low U~

low?

3 | RESULTS

3.1 | Patients' characteristics
According to the eligibility criteria, 74 patients were included in
this study: 36 patients with jaundice and 38 patients without jaun-
dice. Twelve patients were excluded as they underwent contrast-
enhanced CT in the 5days prior to admission. One patient was
excluded from the analysis because he presented an episode of AKI
secondary to acute on chronic liver failure (ACLF) and 9 patients
were excluded because of CKD.

Among the causes of jaundice 25 were of an obstructive nature
(8 from bile duct stones, 16 from pancreatic/biliary neoplasia, 1 from
primary biliary cholangitis) and 11 were of hepatocellular aetiology
(6 from acute decompensated cirrhosis, 2 from acute hepatitis B, 2
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from acute drug-induced liver injury and 1 from acute autoimmune
liver injury).

As shown in Table 1, the two groups were homogeneous for
age, sex, arterial hypertension, type 2 diabetes mellitus, glycemia
and total cholesterol. However, differences were found between
cases and controls as regards total bilirubin (respectively, .8 +.4
vs. 12.4+7.3mg/dL, p<.0001), conjugated bilirubin (.3+.1 vs.
8.6+5.4mg/dL, p<.0001), serum bile acids (2 [2, 3] vs. 43 [13-147.2],
p<.0001), AST (23 [20-26] vs. 110 [74-222.5] IU/L, p<.0001), ALT
(22.5[16-27] vs. 187 [83-276] IU/L, p <.0001), alkaline phosphatase

TABLE 1 Clinical and metabolic characteristics of the study
population according to the presence/absence of jaundice.

Controls (no jaundice)  Jaundice

(n=36) (n=38)
Age, years 60.5+11.2 63.4+15.1
Sex, no. (%) of females 18 (47) 14 (39)
History of hypertension, 20 (52) 20 (55)
no. (%)
History of diabetes 11 (28) 9.25%
mellitus, no. (%)
Fasting glucose, mg/dL 109.1+30.2 108.1+49.2
Total cholesterol, mg/dL 172.8+49.5 176.8+84.9
HDL cholesterol, mg/dL 54.3+14.8 16.6+12.9*
LDL cholesterol, mg/dL 100.6+41.9 123.6 +75.3
Triglycerides, mg/dL 113.5(69-171) 156.5

(110-209.5)*
Total bilirubin, mg/dL 12.4+7.3*
Conjugated bilirubin, + 8.6+5.4*
mg/dL
Serum bile acids, pmol/L 2 (2-3) 43 (13-147.2)*
AST, IU/L 23 (20-26) 110
(74-222.5)*

ALT, IU/L 22.5(16-27) 187 (83-276)*
Alkaline phosphatase, 63.5 (52-73) 263.5

U/L (122.5-427)*

Gamma-GT, IU/L 20 (18-32) 333.5
(137.5-618)*
Total serum protein, 71+.4 6.0+.9*
g/dL
WBC, 10%/pL 7.5+1.8 8.4+3.1
RBC, 10°/pL 49+.5 3.9+.8*
Hgb, g/dL 13.7+1.5 11.2+1.9*
PLT, 10%/uL 232.3+51.8 208.1+94.1
Neutrophils, 103/pL 4.6+1.7 5.3+29
Lymphocytes, 10%/uL 2.0+.5 2.0+1.5

Note: Data are presented as mean +SD, median (IQR), or number
(percentage).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Gamma-GT, Gamma-glutamyltransferase; HDL, high
density lipoprotein; Hgb, haemoglobin; PLT, platelets; LDL, low density
lipoprotein; RBC, red blood cells; WBC, white blood cells.

*p<.05.

(63.5[52-73] vs. 263.5 [122.5-427] IU/L, p<.0001) and gamma-GT
(20 [18-32] vs. 333.5 [137.5-618] IU/L, p<.0001), as expected.

Regarding metabolic profile, there were no differences between jaun-
diced and non-jaundiced subjects in terms of plasma glucose (109.1 +30.2
vs. 108.1+49.5mg/dL, p=.90), total cholesterol (172.8+49.5 vs.
176.8+84.9mg/dL, p=.80) and LDL cholesterol (100.6+41.9 vs.
123.6+75.3mg/dL, p=.10). HDL cholesterol had lower values in jaundiced
patients compared with the control group (54.3+14.8 vs. 16.6+12.9mg/
dL, p<.0001), while serum triglycerides were higher in jaundiced subjects
(113.5 [69-171] vs. 156 [110-209.5] mg/dL, p<.0001). Finally, haemo-
globin was lower in subjects with hyperbilirubinemia compared with con-
trols (13.7+1.5vs. 11.2+1.9g/dL, p<.0001).

Since the jaundice group was heterogeneous in terms of aetiology
of hyperbilirubinemia, we performed a subanalysis of the study group
divided in two subgroups: obstructive (n=25) and hepatocellular jaun-
dice (n=11). As shown in Table 2, there were no differences between
the subgroups in terms of total and conjugated bilirubin levels, serum
bile acids, bilirubinuria, AST, ALT and kidney function (creatinine, urea,
eGFR, FENa). Total and LDL cholesterol was higher in the obstructive
group compared with hepatocellular group (p=.01, p=.03). Finally, al-
kaline phosphatase and gamma-GT had higher values in obstructive

than hepatocellular group (p=.0002; p=.002).

3.2 | Renal profile of the study population
according to presence/absence of jaundice

As shown in Table 3, the two groups of patients did not present sta-
tistically significant differences regarding renal function evaluated
with serum urea (39.3+12.8 vs. 39.9+24.9mg/dL, p=.89), serum
creatinine (.8 +.2 vs. .8 +.3mg/dL, p=.96) and eGFR (91.4+13.3 vs.
92.6+22.5mL/min/2.73m?, p=.79). Regarding serum electrolytes,
we found that patients with hyperbilirubinemia had lower values of
both sodium (138.3+4.8 vs. 139+2.0mEqg/L, p=.05) and plasma
potassium (3.8 +.6 vs. 4.5+.54mEq/L, p<.0001) with a statistically
significant difference for the latter.

Physical, chemical and morphological urine examination did
not present significant differences regarding urine specific weight
(1016.6 +9.2 vs. 1015+7.4, p=.61) and the presence of sediment,
while higher values of urobilinogen (1.3+2.4 vs. .2+1.1mg/dL,
p=.01) and bilirubinuria (2.3+2.9 vs. .0+.0mg/dL, p<.0001) were
found in patients with hyperbilirubinemia.

Finally, there were statistically significant differences between the
two groups in FENa values (%) with higher values in jaundiced patients
compared with controls ((90+.78 vs. .59 +.21, p=.020). As concerns
urinary biomarkers of kidney damage (Figure 1), no differences were
observed between the two groups in terms of albuminuria (4283
[1639-19721] vs. 3059.7 [1286-9.396] ng/mL, p=.31), while significant
differences were described in the other urinary biomarkers: higher val-
ues of u-NGAL (43.9 [18.4-82.5] vs. 15.1 [10-26.6] ng/mL, p=.0004),
u-B2M (76.5[32.5-218.9] vs. 14.9 [7.8-21.4] ng/mL, p<.0001), u-OPN
(2676.9 [1698.4-4270.8] vs. 1646.7 [925-2527.1] ng/mL, p=.01),
u-TFF3 (1596.1 [702.2-3173.0] vs. 1058.6 [403.8-2129.8] ng/mL,
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TABLE 2 Clinical, metabolic and
renal characteristics of the study group
according to the aetiology of jaundice:

obstructive or hepatocellular. Age, years
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Obstructive jaundice Hepatocellular jaundice

Sex, no. (%) of females
Total cholesterol, mg/dL
LDL cholesterol, mg/dL
Triglycerides, mg/dL
Total bilirubin, mg/dL
Conjugated bilirubin, mg/dL
Serum bile acids, pmol/L
AST, IU/L

ALT, IU/L

Alkaline phosphatase, 1U/L
Gamma-GT, IU/L

Urea, mg/dL

Creatinine, mg/dL
eGFR, mL/min/1.73m?
FENa, %

Bilirubinuria, mg/dL
u-Alb, ng/mL

u-NGAL, ng/mL

u-B2M, ng/mL

u-OPN, ng/mL

u-TFF3, ng/mL

u-Cys, ng/mL

(n=25) (n=11)
67.4+12.7 55.9+16.7*
11 (44) 4 (36)

177 (138-236)

125 (100-168)

171 (129-207)
121+6.2

8.8+4.8

34 (9.2-200)

102 (71.7-166.5)
203 (108.2-293.7)
343 (204.7-502.5)
439 (292-687)
37.8+20

.8+.2

90.2+18.6

91+.70

2(1-2)

5550 (2162-22206)
43(19-98)

85.8 (36.4-284.2)
2642.9 (1937.9-3639.4)
1744.6 (818.6-3005.3)
66.5(38.8-104.4)

94 (51-212) *

69 (23-128) *

141 (92-260)
17.8+13.3
10.9+79

92 (53-123)

173 (67.7-459)

100 (50.5-500)

117 (99.7-197.5) *
130 (59.7-217.7) *
48.6+36.7

9+.3

94.2+33.1

73+.24

3(1-8)

6771 (1760-33607)
48 (16-58)
65(30.5-201.1)
3117.9 (1050.6-4517.8)
1420.8 (367-3985.9)
48.7 (39.4-70.2)

Note: Data are presented as mean +SD, median (IQR), or number (percentage).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR,

estimated glomerular filtration rate; FENa, fractional excretion of sodium; Gamma-GT, gamma-
glutamyltransferase; HDL, high density lipoprotein; LDL, low density lipoprotein; u-Alb, urinary
albumin; u-B2M, urinary p2 microglobulin; u-Cys, urinary Cystatin C; u-NGAL, urinary neutrophil
gelatinase-associated lipocalin; u-OPN, urinary osteopontin; u-TFF3, urinary TreFoil Factor 3.

*p<.05.

p=.01), u-Cys (64.1 [37.8-90.7] vs. 34.5 [28.3-49.5] ng/mL, p=.0082)
were found in jaundiced group compared with controls.

Evaluating these biomarkers in the study group divided according
to jaundice aetiology (obstructive and hepatocellular), no statistically

significant differences were found between the two groups (Table 2).

3.3 | Simple regression analysis in the
study population

In the entire population of subjects (74 patients) examined the fol-
lowing correlations were observed (Figure 2): total serum bilirubin
directly correlated with all biomarkers of tubular damage, such as
u-NGAL (r=.429, p=.0001), u-B2M (r=.657, p<.0001), u-OPN
(r=.270, p=.02), u-TFF3 (r=.208, p=.07), u-Cys (r=.321, p=.0053)
and FENa (r=.326, p=.009).

Moreover, in the general study population, the tubular biomark-
ers were significantly associated with serum bile acids [u-NGAL

(r=.276,p=.02), u-B2M (r=.569, p <.0001), u-OPN (r=.267,p=.02),
FENa (r=.258, p=.04)].

Alkaline phosphatase was associated with u-NGAL (r=.506,
p<.0001), u-B2M (r=.623, p<.0001), u-OPN (r=.371, p=.0012), u-
TFF3 (r=.296, p=.01), u-Cys (r=.412, p=.0003) and FENa (r=.250,
p=.04).

Finally, urinary bilirubin presented direct correlations with u-
NGAL (r=.347,p=.004),u-B2M (r=.545, p <.0001), u-OPN (r=.221,
p=.07) and u-Cys (r=.301, p=.01).

3.4 | Multiple regression analysis to identify
variables independently associated with tubular
biomarker variations

A multiple regression analysis was performed to identify variables
independently associated with elevated tubular biomarker values
(Table 4).
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TABLE 3 Blood and urinary tests related to renal function
according to the presence/absence of jaundice.

Controls (no Jaundice

jaundice) (n=36) (n=38)
Urea, mg/dL 39.3+12.8 39.9+24.9
Creatinine, mg/dL 8+.2 .8+.3
eGFR, mL/min/1.73m? 91.4+13.3 92.6+£22.5
Serum sodium, mEq/L 139.9+2.0 138.3+4.8
Serum potassium, mEq/L 45+.4 3.8+.6"
FENa, % 59+.21 .90+.78~
Proteinuria, g/dL 10.6+9.3 15.3+15.1
Urine specific weight 1015.6 +7.4 1016.6+9.2
Urinary urobilinogen, mg/dL 2+1.1 1.3+2.4*
Bilirubinuria, mg/dL .0+.0 2.3+29*

Note: Data are presented as mean +SD or median (IQR).

Abbreviations: eGFR, estimated glomerular filtration rate; FeNa,
fractional excretion of sodium.

*p<.05.

The model included age, sex, eGFR, haemoglobin, type 2 dia-
betes mellitus, arterial hypertension, and the presence or absence
of jaundice as independent variables. We found a significant as-
sociation between the presence of jaundice and the risk of having
elevated u-NGAL (OR 3.81, 95% CI 1.07-13.5, p=.03) in a model
adjusted for the above-mentioned variables. The logistic regression
model was then performed for the other markers and we found an
association between the presence of jaundice and the risk of having
elevated u-B2M values (OR 9.46, 95% Cl 2.30-38.90, p=.0018) and
elevated u-OPN values (OR 3.17, 95% Cl .90-11.10, p=.07).

4 | DISCUSSION

The clinical relevance of CN and the associated increased risk of AKI
has been a topic of growing interest among researchers and clini-
cians over the last few years; however, the prevalence of this con-
dition remains underestimated since subclinical renal damage often
goes undetected by normally used markers of renal function, such
as serum creatinine, eGFR, serum urea and renal morphology evalu-
ated with imaging. For these reasons, the aim of this study was to
evaluate early renal function impairment in patients with acute mild
hyperbilirubinemia in the absence of alterations of the common pa-
rameters used in clinical practice such as serum creatinine or urea.
We used the following urinary biomarkers of renal damage: u-NGAL,
u-B2M, u-OPN, u-TFF3 and u-Cys and albuminuria.

We found that subjects with mild hyperbilirubinemia exhibited
higher u-NGAL levels, which is a tubular damage biomarker, com-
pared with controls; furthermore, higher values of u-NGAL, u-B2M,
u-OPN, u-TFF3 and u-Cys were found in the jaundiced group com-
pared with the non-jaundiced group. Finally, no differences were
observed between the two groups in terms of albuminuria, which is

a marker of glomerular injury.
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FIGURE 1 Box plots of urinary biomarkers of tubular damage
according to the presence/absence of jaundice. The x-axis shows
the study groups, while the y-axis shows the log-transformed
concentrations (ng/mL) of urinary biomarkers. (A) u-alb according
to the presence/absence of jaundice. (B) u-NGAL according

to the presence/absence of jaundice. (C) u-B2M according to

the presence/absence of jaundice. (D) u-OPN according to

the presence/absence of jaundice. (E) u-TFF3 according to

the presence/absence of jaundice. (F) u-Cys according to the
presence/absence of jaundice. u-Alb, urinary albumin; u-B2M,
urinary p2 microglobulin; u-Cys, urinary Cystatin C; u-NGAL,
urinary neutrophil gelatinase-associated lipocalin; u-OPN, urinary
osteopontin; u-TFF3, urinary trefoil factor 3. *p<.05; **p<.001;
***p <.0001.

To the best of our knowledge, there are still few studies that have
demonstrated tubular damage in patients with mild hyperbilirubin-
emia without any alteration of eGFR, serum urea or renal morphology.
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FIGURE 2 Correlation graphs.

The x-axis shows log-transformed
concentrations (ng/mL) of u-NGAL. (A)
Total serum bilirubin (mg/dL) according
to u-NGAL values. (B) Bilirubinuria (mg/
dL) according to u-NGAL values. (C)
Log-transformed values (UI/L) of alkaline

phosphatase according to u-NGAL values.

(D) Log-transformed values (umol/L) of
serum bile acids according to u-NGAL
values. u-NGAL, urinary neutrophil
gelatinase-associated lipocalin.

TABLE 4 Logistic regression analysis
evaluating major determinants of elevated
values of u-B2M, u-NGAL, and u-OPN.
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Dependent variable Independent variables OR (95%Cl) p value

u-NGAL, ng/mL eGFR, mL/min/1.73m? .98 (.94-1.02) 47
Age, years 98 (.93-1.04) .66
Hgb, g/dL .87 (.62-1.20) .39
Sex, % of female 1.42 (.45-4.47) .53
History of diabetes mellitus  1.48 (.42-5.17) .53
History of hypertension 1.63(.53-4.97) .38
Jaundice (presence/ 3.81(1.07-13.5) .03*
absence)

u-B2M, ng/mL eGFR, mL/min/1.73m? .96 (.92-1.01) 17
Age, years .99 (.92-1.05) 77
Hgb, g/dL .69 (.46-1.04) .07
Sex, % of female .90 (.22-3.75) .89
History of diabetes mellitus .50 (.10-2.50) 40
History of hypertension 1.10 (.28-4.30) .88
Jaundice (presence/ 9.46 (2.30-38.90) .0018*
absence)

u-OPN, ng/mL eGFR, mL/min/1.73m? 97 (.93-1.01) 14
Age, years 97 (.92-1.02) .35
Hgb, g/dL .91 (.66-1.25) .56
Sex, % of female .89 (.29-2.72) .84
History of diabetes mellitus 40 (.11-1.45) .16
History of hypertension 1.16 (.38-3.50) 79
Jaundice (presence/ 3.10(.90-11.1) .07

absence)

Abbreviations: eGFR, estimated glomerular filtration rate; Hgb, haemoglobin; OR (95%Cl), Odds
Ratio (95% confidence interval); u-B2M, urinary p2 microglobuli; u-NGAL, urinary Neutrophil
Gelatinase-Associated Lipocali; u-OPN, urinary osteopontin.

*Statistically significant p value.
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Poloni et al.*®

showed that in patients with hyperbilirubinemia, the
urine sediment had greater numbers of renal tubular epithelial cells
and granular casts, suggesting an association between jaundice and
tubular injury independent of AKI. These data may suggest subclinical
kidney damage in these particular patients. The association between
hyperbilirubinemia and kidney impairment has been previously de-
scribed: Brasen et al.' have reported that CN is a common finding
in patients with liver disease in a study conducted on patients who
had undergone kidney biopsy; other clinical studies and case reports
supported these data. The role of CN in the pathogenesis of HRS in
decompensated cirrhosis with bilirubin levels exceeding 20 mg/dL was
investigated by Nayak et al.; in this study, direct serum bilirubin was
found to be a significant predictor of CN on a total of 127 postmortem
renal biopsies.?® Furthermore, Sitprija et al.?* studied 15 patients with
obstructive jaundice secondary to cholangiocarcinoma with no history
of renal dysfunction at baseline: no changes in renal function were
observed in patients with bilirubin levels less than 15mg/dL, while
at higher bilirubin levels, there was evidence of decreased creatinine
clearance. Clinical cases described by Betjes and Bejemia,?? by Patel
et al.?% and by Alkhunaizi et al.?* also supported the data of Sitprija
et al., showing a pronounced eGFR loss in the presence of hyperbiliru-
binemia (mean total bilirubin 30 mg/dL).

All the cited studies focused their attention on patients with very
high bilirubin levels; the novelty of our study is that we focused our
attention on patients with mild serum bilirubin levels and no alter-
ation of serum creatinine and urea, underlining the presence of sub-
clinical damage on kidney function. Similarly, Uslu et al.?> conducted
a study on patients with mild short-term jaundice (mean total bili-
rubin: 10.1+1.0mg/dL) and demonstrated that these patients fre-
quently showed acute tubular necrosis upon renal biopsies despite
maintenance of normal to only slightly impaired renal function (mean
eGFR 81.9 +.4mL/min).

This is not the first study focused on urinary biomarkers of tu-
bular damage in patients with jaundice; measurements of u-NGAL
have been demonstrated to be useful in CN to monitor tubular epi-
thelial damage and treatment outcomes in several experimental set-
tings.#2¢ Wang et al.l” observed a significant correlation between
bilirubin levels and the increase in u-NGAL in a paediatric population
affected by neonatal hyperbilirubinemia, the authors reported u-
NGAL values as an index of tubular damage that was reversible with
the resolution of jaundice.

As regards u-B2M, Zeng et al.?’ integrated data from renal bi-
opsy, immunohistochemistry and the measurement of u-B2M, and
observed how this biomarker was associated with proximal tubular
damage. These data were also confirmed by another study con-
ducted on patients with HRS and jaundice in which, despite normal
creatinine values, an increase in B2M was highlighted compared to
subjects with HRS but without jaundice.?®

The urinary biomarkers studied in our patients had direct cor-
relations with both serum bilirubin, alkaline phosphatase and serum
bile acid values. In agreement with our results, Van Slambrouck

1.2

et al.“” showed that among patients with jaundice who underwent

renal biopsy, those with intratubular bile deposits had significantly

higher total and direct bilirubin and alkaline phosphatase values than
those without bile deposits. Similar findings were confirmed in an-
other study, conducted by Brasen et al., in which elevated bilirubin
and serum alkaline phosphatase were independent risk factors for
the development of CN.*

In addition to this, high values of bilirubinuria and urobilinogen
were also found to be risk factors for the development of CN," and
these data were also observed in our study, demonstrating the pres-
ence of correlations between tubular biomarkers and bilirubinuria.

The multiple regression analysis showed that the presence of
jaundice increased the risk of having elevated u-NGAL values by
3.81 times, by 9.46 times the risk of having elevated u-B2M values,
and by 3.17 times the risk of having elevated u-OPN values, confirm-
ing the subclinical tubular damage in these patients. Therefore, our
results suggest that patients with jaundice exhibit a higher risk of
developing tubular damage compared with controls.

In the analysis conducted in the population divided according
to jaundice aetiology (obstructive and hepatocellular), no differ-
ences were observed in terms of renal biomarkers; this is proba-
bly due to the fact that the pathogenesis of CN is explained by the
intratubular deposition of bilirubin independently of the cause of
hyperbilirubinemia.

Regarding metabolic profile, in our study population, there were
no differences between jaundiced and non-jaundiced subjects in
terms of total and LDL cholesterol; however, HDL cholesterol had
lower values in jaundiced patients compared with the control group,
while serum triglycerides were higher in jaundiced subjects. This dif-
ference has already been found in the literature and could be due to
the production of a lipoprotein called Lipoprotein-X (Lp-X), which is
LDL richin triglycerides.30 Lp-Xis an abnormal lipoprotein produced
in the liver of patients with severe cholestasis, and, unlike LDL, Lp-X
does not contain apolipoprotein B nor is removed by the LDL recep-
tor but is eliminated by the reticuloendothelial system and the kid-
neys. Furthermore, Lp-X formation has also been reported to cause
electrolyte abnormalities such as pseudo hyponatremia, pseudo hy-
pokalaemia and pseudo hypochloremia.®?

Moreover, we noticed that patients with hyperbilirubinemia had
lower values of both sodium and plasma potassium, with a statisti-
cally significant difference for the latter. This could be attributable to
several factors associated with jaundice: therapy with loop diuretics,
poor nutrition secondary to pain or anorexia, tubular damage from
CN or a laboratory defect induced by the presence of Lp-X observed
in patients with cholestasis. In the literature, low serum sodium and
potassium values were observed in patients with obstructive jaun-
dice and one of the possible explanations could be an increase in
natriuresis and kaliuresis.%?

This study presents some limitations. First, this is a cross-
sectional study and a causal relationship between jaundice and al-
terations of kidney function cannot be established; for this reason,
further longitudinal studies are needed to establish the clinical im-
pact of CN and the rate of evolution to AKI. Moreover, our sample
size is relatively small; thus, future studies with larger sample size
are needed.
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Secondly, in the jaundice group, causes of hyperbilirubinemia
were various; thus, we cannot exclude some heterogeneity in these
patients. Finally, we did not monitor the trend of urinary biomarkers
upon resolution of jaundice, when it was observed: this evaluation
would be interesting in order to establish if the tubular damage is
reversible or permanent.

5 | CONCLUSIONS
In conclusion, this study demonstrated increased urinary biomark-
ers of tubular damage (u-NGAL, u-B2M, u-OPN, u-TFF3, u-Cys) in
patients with acute mild hyperbilirubinemia in comparison with a
control group. These findings suggest early renal tubular damage in
the absence of alterations of the normal parameters used in clinical
practice (eGFR, serum urea, renal morphology).

The early and non-invasive identification of CN in a subclinical
phase could allow a better management of these patients, a more
careful approach and management of therapies, avoiding nephro-

toxic drugs or factors, in order to prevent the evolution into AKI.
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