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A
biomarker is a specific
measurable biological indicator

that will assess the risk, presence, or
stage of a disease. Biomarkers can be
used for screening, diagnoses, and
monitoring disease activity. The Na-
tional Institutes of Health Biomarkers
Definitions Working Group defines a
biomarker as “a characteristic that is
objectively measured and evaluated
as an indicator of normal biological
pro-cesses, pathogenic processes, or
pharmacologic responses to a thera-
peutic intervention.”1 An ideal
biomarker should be noninvasive,
highly sensitive and specific, easily
measurable, biologically plausible,
inexpensive, and vary with disease
severity and treatment.

Conventional kidney function
biomarkers include serum creati-
nine, urine microscopy, and urine
output. Acute kidney injury (AKI) is
defined by a rise in serum creatinine
or a decrease in urine output, which
can be reflective as a decrease in
glomerular filtration rate.2 Serum
creatinine changes lag behind
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glomerular filtration rate changes
and is a suboptimal biomarker. It has
poor sensitivity for AKI and does not
help in differentiating between
various causes of AKI.3 By the time
serum creatinine levels rise, a crucial
therapeutic window may be missed,
especially in cases of acute tubular
injury. Other reasons for the slow
increase in creatinine values may be
the dilutional effect of i.v. fluids and
decreased creatinine production.4,5

Therefore, various urine and serum
biomarkers have been assessed for
more timely diagnosis and differen-
tiation of structural versus func-
tional AKI6,7 over the past 2 decades
(Table 1S1–S9).

The association between AKI
severity and subsequent develop-
ment of chronic kidney disease
(CKD) has been described exten-
sively over the past 2 decades.S10,S11

Whether this relationship is causal
or not is a matter of debate, yet it is
important to follow up with some
patients who survive an episode of
AKI for development of CKD because
such surveillance has the potential
to improve patient outcomes.S12,S13

Accurate prediction of patients
who are truly at risk of developing
CKD after AKI has been elusive,
and current best practice still re-
quires functional monitoring after
K
idney International Reports (2022) 7, 1458–1460
hospitalization.S14 Thus, if tubular
AKI biomarker concentration trajec-
tories or levels delineate patients at
risk for CKD earlier than waiting for
functional change at 3 or 6 months,
resources would be focused effi-
ciently for follow-up.

In this context, Wen et al.8

leveraged the Assessment, Serial
Evaluation, and Subsequent
Sequelae of AKI (ASSESS-AKI) study
cardiac surgery cohort to evaluate
potential biomarker associations
with CKD after an episode of AKI in
this issue of KI Reports. Half of the
1538 ASSESS-AKI cohort subjects
developed in-hospital AKI after car-
diac surgery, and 300 (20%) of them
developed CKD. Most urinary bio-
markers are measured from spot
urine samples and therefore can be
indexed to urine creatinine concen-
tration or osmolarity. This method-
ology considers the variation of urine
concentration to estimate a rate of
biomarker excretion. However,
urine creatinine concentration varies
widely and depends on individual
characteristics such as sex, diet,
muscle mass, and function of the
proximal tubule. Thus, whereas it is
common to index clinically available
urine analyte (e.g., microalbumin,
protein, and calcium) concentrations
to creatinine, the authors also tested
the hypothesis that indexing would
strengthen individual AKI
biomarker associations with CKD.

The authors observed variable
effects of indexing on CKD predic-
tion. Interestingly, in-hospital urine
creatinine concentration and osmo-
larity were both inversely associated
with CKD development at 3 months.
This inverse relationship suggests
that tubular function preservation
may be a protective predictor of lack
of CKD development. These re-
lationships were not maintained 3
months after the AKI episode.
Indexing urine KIM-1, IL-18, and
MCP-1 to urine creatinine or urine
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Table 1. Biomarkers of acute kidney injury
Biomarkers Source Clinical significance Validation Time of detection References

Urinary tubular enzymes.
Proximal renal tubular epithelial
antigen (HRTE-1), a-glutathione
S-transferase, pi-glutathione
S-transferase, gamma-
glutamyltranspeptidase, alanine
aminopeptidase, lactate
dehydrogenase, N-acetyl-b-
glucosaminidase, and alkaline
phosphatase

Enzymes Released from damaged
tubular epithelial cells

Elevated in AKI and acute tubular
necrosis

Further validation is needed to
differentiate between prerenal AKI

and ATN

It is released within 12 hours of
injury and is seen 4 days before the

elevation of serum creatinine

Lisowska-MyjakS1

Urinary low-molecular-weight
proteins

a1-microglobulin,
b2-microglobulin, retinol-
binding protein, adenosine

Produced at various sites, filtered
and reabsorbed by the proximal
tubular cells but are not secreted.
Increased levels are suggestive of

proximal tubular injury or
dysfunction

It is presumed that tubular
proteinuria indicates the need for
kidney replacement therapy in

patients with AKI

Further validation is needed Detected in the urine within 4 hours Herget-Rosenthal et al.S2

Neutrophil gelatinase-associated
lipocalin

Is predominantly produced by thick
ascending limb of the loop of Henle

and intercalated cells of the
collecting duct

Ischemic, septic, post-
transplantation AKI,

decompensated cirrhosis, type1
cardiorenal syndrome

may be useful for early injury
prediction and progression of
injury. Can differentiate between

ATN vs. prerenal AKI. Approved as
biomarker of AKI in some countries

Can be detected 3 hours after
injury, peaks in 8–12 hours,

persists for 5 days

Albert et al.S3

Urinary kidney injury molecule-1
T cell immunoglobulin mucin
domain-1

Produced predominately by
proximal tubular epithelial cells in

ischemic and toxic injury

Elevated levels correlated with
increased risk in death or

hospitalization in cardiac studies

Further validation is needed Detected as early as 24 hours after
tubular injury

Ghatanatti et al.S4

Urinary interleukin-18 Formed in the proximal tubules Biomarker of renal parenhymal
injury. Elevated in ATN compared
with prerenal AKI, urinary tract

infection, or CKD

Further validation is needed Peaks around 12 hours of injury Parikh et al.S5

Urinary liver-type fatty acid-binding
protein

Secreted by proximal tubular
epithelial cells during ischemic and

hypoxic injury

Correlates strongly with ischemic
time in post-transplant patients,
elevated after cardiac surgery,
a predictor of poor prognosis

Further validation is needed Yamamoto et al.S6

Urinary angiotensinogen is an amino acid cleaved by renin
to form angiotensin 1

It is promising to detect progressive
AKI, especially in acute

decompensated heart failure

Further validation needed Chen et al.S7

Urinary Calprotectin Promising role in differentiating
ATN vs. prerenal AKI

Further validation neededIt is
secreted by immune cells as
danger-associated molecular

pattern protein

Detected within 2 hours and
peaked by 48 hrs

Chen et al.S8

Urinary TIMP-2 � IGFBP-7
(Commercially marketed as
NephroCheck)

It induces G1 cell cycle arrest in
renal tubular cells to postischemic

or septic injury

Predicts AKI in critically ill and
perioperative patients

It is approved by US FDA Detected in the urine within 4 hours
whereas serum creatinine took 1 to

3 days to increase

Timi et al.S9

AKI, acute kidney injury; ATN, acute tubular necrosis; CKD, chronic kidney disease; FDA, Food and Drug Administration.
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osmolarity strengthened their asso-
ciation and prediction of CKD,
whereas the same was not observed
for urine albumin, NGAL or YKL-40.
Furthermore, indexing uromodulin,
an AKI biomarker that is lower in
patients who do not develop AKI,
resulted in a diminution of its nega-
tive predictive performance. As a
result, the authors provide helpful
clinical recommendation scenarios in
Figure 2 of their manuscript to guide
indexing biomarkers to urine creati-
nine or osmolarity.

The authors’ work and findings
are important and have both clin-
ical and research implications for
the AKI field. The ASSESS-AKI
parent study was well-designed
and rigorously executed with a
large patient sample size, and AKI
rates are consistent with other
published cardiac surgery associ-
ated AKI epidemiologic studies.
With respect to future AKI
biomarker research, the current
work provides cautionary advice
to ensure that studies evaluating
certain biomarkers (e.g., KIM-1,
IL-18, MCP-1) index and adjust
for urine creatinine and osmolar-
ity. More importantly, when
“more” novel biomarkers undergo
evaluation in the future, the au-
thors make a strong case for
indexing as well.

The clinical implications are
currently less pressing or evident.
Only 2 AKI biomarkers, TIMP-
2*IGBP7 and NGAL are widely
available in clinical practice, and
only the former has been approved
by the US Food and Drug Adminis-
tration (Nephrocheck, Biomerieux
Inc.). Neither of these biomarkers
have been studied extensively to
predict CKD, and NGAL is generally
not elevated in patients who develop
CKD after AKI at the time of CKD
diagnosis.S15

Evidently, more work is needed
to translate this important work
for clinical purposes. Several
studies have assessed different
1460
biomarkers for CKD, albeit mostly
in diabetic kidney disease
(Supplementary Table S1). In the
current issue, Amatruda et al.9

studied 6 urinary biomarkers spe-
cific to kidney tubule health in
diabetic kidney disease for patients
with an estimated glomerular
filtration rate of <60 ml/min per
1.73 m2. These were as follows:
KIM-1 (tubule injury), MCP-1
(interstitial fibrosis), YKL-40 (tu-
bule epithelial repair), a1-
microglobulin (proximal tubule
resorptive capacity), UMOD, and
epidermal growth factor (synthetic
function of the tubule). They
observed that higher urine KIM-1,
a1-microglobulin, and MCP-1
were independently associated
with disease progression to end-
stage kidney disease. These
important findings highlight the
potential mechanism of rapid CKD
progression and therefore, poten-
tial therapeutic targets.

A takeaway message from these
2 complementary studies is that
acute kidney disease and CKD,
while connected, have different
mechanistic underpinnings which
are manifested by different
biomarker patterns and even the
way the biomarker is assessed. The
complexity of both AKI and CKD is
repeatedly demonstrated in the
literature. These 2 studies continue
the long research journey to pro-
vide clinicians with tools to help
identify who is at risk for CKD
development and progression.
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