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Abstract: Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa glycoprotein expressed and
secreted by renal tubular cells, immune cells and cancer cells under various pathologic states. NGAL plays
important roles in renal tubular epithelial recovery, bacterial defense and inflammation. Currently, NGAL is
considered as an accurate early biomarker for acute renal disease, and also shows great potential in improving
the assessment of risk groups and the short-term and the long-term prognosis of chronic renal disease.
Systemic reviews and meta-analysis illustrated that systemic and urinary NGAL have similar sensitivity
and specificity for assessing renal damage, however, emerging studies found that they behaved dissimilar
in certain patients, suggesting they may have different clinical significances. Moreover, plenty of studies
have found that pathologic conditions, like inflammation, sepsis and cancer also upregulate NGAL protein,
which caused the fluctuations of systemic and urinary NGAL concentrations and blurred the accuracy of
NGAL as renal damage indicator. The purpose of this review article is to examine the different performances
of systemic and urinary NGAL in diagnosis and prognosis of renal diseases and summarize the current
knowledge on factors affecting NGAL as sensitive renal damage biomarker.
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Introduction activated neutrophils, and is also released by epithelial cells,

kidney tubular cells, and hepatocytes under pathological

Human neutrophil gelatinase-associated lipocalin (NGAL), conditions, like epithelial cells damage, inflammation and

also known as neutrophil glucosaminidase-associated
lipocalin, 24p3 and al-microglobulin related protein, is a
25 kDa secreted glycoprotein, which was firstly discovered
as a complex protein with human neutrophil gelatinase in
1993 (1). NGAL shares a common secondary and tertiary
structural feature—called as the “lipocalin fold” with other
lipocalin family proteins (2), and plays critical roles in
bacteria defense, signal transduction, neutrophil maturation
and renal tubular damage (3). NGAL is mainly secreted by
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bacterial infection (4).

So far, NGAL has been investigated extensively and
considered as one of the most promising renal disease
biomarkers, especially as an early biomarker of acute
kidney injury (AKI) (5). Systemic and urinary NGAL both
respond to the onset of renal tubular damage, however,
many researches revealed that systemic and urinary NGAL
provided different information in disease diagnosis and
prognosis (3). This review summarizes current knowledge
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about the usefulness of systemic and urinary NGAL in
diagnosis, risk stratification and prognosis of acute and
chronic renal diseases. The different performances of
systemic and urinary NGAL are carefully examined and the
underlying reasons of this discrepancy are also discussed.

NGAL is a biomarker which can be detected in
both circulation and urine

Being a small glycosylated protein, NGAL is freely filtered
through the glomerular membrane, and its reabsorption
mainly depend on endocytosis by the proximal tubule (6),
which makes NGAL a potential biomarker for renal
tubular damage. NGAL was firstly discovered as a
urinary biomarker of renal injury in the mouse model
of renal ischemia-reperfusion injury (7). Later, systemic
and urinary NGAL were proved to be sensitive, specific,
and highly predictive early biomarkers of AKI in patient
undergoing cardiopulmonary bypass surgery (8), kidney
transplantation (9) and coronary angiography (10).
Following intensive studies revealed that the levels of
NGAL protein in circulation and urine were low, and
upon the damage of proximal tubule, NGAL protein
was upregulated and secreted by the loop of Henle and
collecting ducts (11), which then entered both the urine and
the circulation. Systemic NGAL is filtrated in glomerulus
and uptake by proximal tubular epithelia via endocytosis (6).
Thus, detectable concentration of NGAL protein emerges,
and the concentrations of NGAL protein in urine and
circulation reflect disease severity. However, due to different
mechanisms of appearances, they may behave differently
and result in confused diagnosis, which was observed in
many studies. Moreover, the kidney cells seem not to be the
only source of NGAL protein in response to renal damage.
Patients underwent bilateral nephrectomy showed significant
higher level systemic NGAL than healthy people, suggesting
an extrarenal production of NGAL protein (12).

The role of NGAL in renal damage response is believed to
be protective. NGAL protein transfers iron to the proximal
tubule by forming siderophore: iron-NGAL complex, which
may contribute to NGALs tissue-protective effects (6). In
line with this, NGAL was isolated from a ureteric bud cell
line as a factor which could induce the differentiation of
kidney progenitors in the metanephric mesenchyme into
renal epithelia (13). Thus, NGAL contributes to the recovery
of tubular epithelia after damage, making it a biomarker of
renal injury, but not renal function (14).

Besides renal tubular protection, NGAL is also a critical
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component of innate immunity in defending bacteria.
NGAL protein is critical to the maturation of neutrophil.
The expression of NGAL was initiated in the early stage
and stopped at the end stage of neutrophil maturation,
then NGAL protein was eliminated from the neutrophil
by secretion (3). Circulating NGAL protein inhibited
bacterial growth by binding siderophore: iron, which is the
major source of iron in iron-limited environment. In line
with this, NGAL expression could be induced by several
cytokines and growth factors including interleukin-1,
IL-17, IL-22, insulin like growth factor-1, transforming
growth factor alpha and tumor necrosis factor alpha,
facilitating its protective function (3). Genetically modified
mice, with both copies of the NGAL gene deficient, were
more susceptive to bacterial infection and more vulnerable
to sepsis than wild-type mice (15). Therefore, NGAL is one
of the major contributors in response to bacterial infection.
However, the rising of NGAL concentration in circulation
upon bacterial infection and sepsis may limit the utilization
of NGAL as a renal damage biomarker, which will be

discussed later.

Systemic and urinary NGAL as biomarkers of
acute renal diseases

Systemic and urinary NGAL predict cardiac surgery
associated AKI

Cardiac surgery is one of the most common aetiology of
hospital-acquired AKI. Depending on the definition of
AKI, the incidence rate of the cardiac surgery associated
AKI was reported to range from 3% to 30%. Since the first
discovery of NGAL as the early biomarker of AKI in 2005,
the usefulness of both systemic and urinary NGAL in early
diagnosis of AKI in patients undergoing cardiac surgery
has been proved by many clinical studies. A systemic review
published in 2014 which enrolled more than 7,000 patients
undergoing cardiac surgery showed NGAL predicted the
subsequent development of AKI with area under receiver
operating characteristic curve (AUC-ROC) of 0.82-0.83 (16).
Recent meta-analysis with 4,066 patients enrolled revealed
that when sample (including serum, plasma, urine and
whole blood) was collected within 12 h post-operatively,
the sensitivity of NGAL for the diagnosis of AKI was 0.68,
and the specificity was 0.79 (17). These studies show that
NGAL preforms even better than commonly used AKI
diagnostic criteria, including kidney disease: improving global
outcomes (KDIGO), Risk, Injury, Failure, Loss of kidney
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function, and End-stage renal failure (RIFLE) and Acute
Kidney Injury Network (AKIN) criteria (18), suggesting
NGAL is a promising candidate to be an important part of
clinical management protocols. Moreover, analysis showed
that NGAL had better performance in neonates/children
compared to adults (AUC-ROC 0.89 vs. 0.83), making
NGAL the optimal biomarker for diagnosing AKI in young
patients receiving cardiac surgery. Specifically, among other
potential AKI biomarker, only NGAL has predictive value
as early as 2 h post-operatively (19), highlighting its huge
potential in the early diagnosis of AKL.

Several meta-analysis showed systemic and urinary
NGAL were both competent in early diagnosis of AKI
after cardiac surgery (17,20), howbeit, a few clinical studies
measuring systemic and urinary NGAL simultaneously
showed somehow contradictory results. A study enrolled
60 patients undergoing cardiac surgery found that the
concentration of urinary NGAL was significantly higher in
AKI patient than non-AKI patient 24 h post-operatively,
but systemic NGAL was not different between groups (21).
Another study enrolled 1,219 adults undergoing cardiac
surgery showed the AUC-ROC of systemic NGAL to
predict AKI was 0.7, and when combining with clinical
model, the AUC-ROC reached 0.75 (22). Systemic NGAL
also improved risk classification in addition to clinical
model. However, urinary NGAL did not improve the
AUC-ROC above that of the clinical model, no matter
for AKI prediction or risk classification. Although these
studies didn’t find the underlying reason of the discrepancy,
there may be unnoticed conditions affecting the accuracy
of systemic or urinary NGAL differently, and care must
be taken in the further utilization of systemic and urinary
NGAL.

Systemic and urinary NGAL predict AKI of critically ill

Critically ill patients are another population vulnerable to
AKI, despite the aetiology of these patients are various.
NGAL has good overall predictive performance for
intensive care unit (ICU) patients and patients admitted
in the emergency department with an AUC-ROC of
0.79-0.80 (16). A study recruiting 151 patients admitted
to ICU after major or ultra-major non-cardiac surgery
found systemic NGAL was useful in AKI prediction and
risk classification (23). Moreover, NGAL also significantly
contributed to the accuracy of the RIFLE criteria to
predict AKI in critically ill patients by improving the
AUC-ROC (24). These results show that NGAL is able
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to predict AKI caused by various aetiology, not limiting
to cardiac surgery. Systemic and urinary NGAL could
also distinguish oliguria due to the functional adaptation
from AKI (25), suggesting the predictive value of NGAL
is not significantly influenced by urine volume. All current
evidence shows that NGAL is a sensitive early biomarker
for AKI in critically ill patients.

The different performances of systemic and urinary
NGAL are also observed in predicting AKI of critically ill
patients. In two studies measuring systemic and urinary
NGAL simultaneously, urinary NGAL was proved to have
better sensitivity and specificity. In one study recruited
65 patients, urinary NGAL was a good predictor (AUC-
ROC 0.86) whereas systemic NGAL was a poor predictor
(AUC-ROC 0.67) for AKI within the next 12 h (26). In
another more detailed study enrolled 632 patients, both
systemic and urinary NGAL values at ICU admission were
significantly related to AKI severity. The AUC-ROC of
systemic and urinary NGAL were for RIFLE R (0.776+0.05
and 0.806£0.04, respectively), RIFLE I (0.806+0.06 and
0.856£0.04, respectively), and RIFLE F (0.866+0.06 and
0.886+0.04, respectively) (24). Urinary NGAL performs much
better than systemic NGAL in predicting less severe AKI, but
in predicting renal failure, they are almost the same.

The defect of systemic NGAL in predicting AKI of
critically ill patients may attribute to the function of
NGAL in bacterial defense. Most critically ill patients
were concomitant with systemic inflammatory response
syndrome, sepsis or septic shock. Upon bacterial infection,
neutrophils significantly upregulate the expression of
NGAL protein, then large amount of NGAL protein
is released into the circulation to inhibit the growth of
bacteria. In septic patients with less severe AKI, a relatively
small amount of NGAL protein is released by kidney cells,
thus the concentration of systemic NGAL is readily affected
by NGAL protein secreted by neutrophils. But most urinary
NGAL is possibly originated from kidney cells, which is less
likely affected by immune response.

Systemic and urinary NGAL as early biomarkers of graft
function after kidney transplant

Although NGAL is a biomarker reflecting renal damage,
it can also serve as a biomarker to monitoring the recovery
of kidney function after transplant (27). The ischemia and
reperfusion injury are considered as the main reason of
kidney injury and failure in transplant. NGAL may reflect
the extent of injury after reperfusion, which determines
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the probability of renal function recovery. Delayed graft
function is defined as the necessity for dialysis within the
first week post-transplant. A review enrolled 1,079 kidney
transplant patients demonstrated that measuring systemic
and urinary NGAL 6-12 hours after transplantation could
predict delayed graft function with 82% sensitivity and 82%
specificity (16). Another study also showed that NGAL
level measured 24 h post-transplant, was an early accurate
predictor of delayed graft function after kidney transplant
with an AUC-ROC of 0.82 (28).

Interestingly, urinary NGAL, but not systemic NGAL
can predicts long-term prognosis after transplant, especially
for immediate graft function patients. By measuring
urinary NGAL concentration fourth and seventh days post-
surgery, NGAL predicts 1-year graft function, independent
of donor characteristics, acute rejection episodes and re-
hospitalizations (29). Another research found that urinary
NGAL measured at day 2 post-operatively was a significant,
independent factor for predicting poor long-term graft
function, with 95% sensitivity and 65% specificity (30).
These results demonstrate that urinary NGAL is useful in
predicting adverse 1-year outcome for kidney transplant
patients. However, systemic NGAL measured at day 2 post-
operatively was not associated with 3 months outcome,
although systemic NGAL concentration raised significantly
in some patients (31). The reason is still remained to be
discovered, however the immune response after kidney
transplant may account for the elevated systemic NGAL
concentration. Anyhow, urinary NGAL is a useful
prognostic biomarker for subclinical tubular ischemic injury

post-surgery.

Factors affecting systemic and urinary NGAL as
biomarkers of AKI

Although several meta-analysis show that both systemic and
urinary NGAL are effective in predicting AKI and renal
function recovery after transplant, there are still limitations
for their usefulness in certain circumstances. These
limitations may be the main reasons for the discrepancy of
systemic and urinary NGAL described above, and should be
considered carefully before disease diagnosis.

NGAL is one of the critical component of bacterial
defense system in the circulation, and functions in
neutrophil maturation and bacterial growth inhibition (3).
NGAL concentration in circulation markedly increases
in response to infection, systemic inflammatory response
syndrome and sepsis, which is observed in both AKI and
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non-AKI patients (32,33). As systemic NGAL is mostly
filtered by glomerulus and then reabsorbed by proximal
tubular, markedly elevated NGAL concentration may
overload the absorption capacity of tubular epithelia, and
excess NGAL protein emerges in the urine. Thus, the
utilization of NGAL in predicting AKI in sepsis patients
has been questioned by some studies, especially systemic
NGAL, which is more readily affected by NGAL protein
released from immune cells.

A research enrolled 45 septic patients found that peak
level of systemic NGAL was elevated in 40 patients,
and peak level of systemic NGAL were not significantly
different between septic patients with and without
AKIT (26). However, the peak level of urinary NGAL were
mostly below the upper reference limit in patients without
AKI. Another research reported that systemic and urinary
NGAL levels increased with biomarker of inflammation, but
both of them failed in differentiating AKI from no AKI in
patients with sepsis, although NGAL concentration was higher
in AKIT patients (33). Those results reveal that the usefulness
of NGAL in sepsis patients should be carefully examined. The
combination of NGAL with inflammation biomarkers, like
procalcitonin and C-reaction protein, may provide further
information on AKI prediction and risk classification.

Another factor affecting systemic and urinary NGAL
concentrations is glomerular filtration rate (GFR). Oliguria
and anuria occur frequently after kidney transplant, and
patients with end stage renal damage and renal failure may
exhibit oliguria, anuria and diuresis at different stages of
disease. The collection of urine from oliguria and anuria
patients may be impractical, which limits the utilization
of urinary NGAL. Oliguria and anuria may also lead to
the accumulation of NGAL in the circulation. These are
supported by the observation that in patients with baseline
estimated GFR <60 mL/min, urinary NGAL failed to
distinguish AKI from non-AKI patients (34). And urinary
NGAL best identified AKI in patients with baseline
estimated GFR 90 to 120 mL/min. Diuresis disable the
utility of urine output as the marker of kidney injury, and
may also lead to the dilution of NGAL protein in case of
using diuretic, which causes false-negative result. Thus, in
patients with impaired renal function, especially those with
very low GFR, NGAL is likely to lose its predictive value.

Systemic and urinary NGAL as biomarkers of
chronic renal diseases

Tubular epithelia damage is associated not only with
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AKI, but also with various kinds of chronic kidney disease
(CKD), like cardiorenal syndrome, diabetic nephropathy,
lupus nephritis, glomerulonephritis, obstruction, dysplasia,
polycystic kidney disease and IgA nephropathy. Growing
literatures suggest that NGAL is also a marker of disease
severity and clinical outcome for CKD patients. In 45
child patients with CKD stages 2—4, systemic NGAL
concentrations were significantly associated with
GFR (35). In 92 non-diabetic patients with CKD stages
2-4, both systemic and urinary NGAL correlated with
estimated GFR, and the systemic NGAL/urinary NGAL
ratio showed the best correlation (36). In a 9-year follow-
up study enrolled 143 healthy controls and 143 patients
with estimated GFR >60 mL/min/1.73 m’ and urinary
albumin-creatinine ratio <30 mg/g, patients with urinary
NGAL concentrations in the fourth quartile had more than
2-fold higher odds of incident CKD stage 3 compared to
those in the first quartile (37), suggesting higher urinary
NGAL levels are prognostic marker for the progression
of CKD. Moreover, a prospective-cohort study of 1,245
older women with 10-year follow-up found that women
with above-median systemic NGAL had significantly
higher risk of renal function decline and renal disease (38).
Systemic NGAL also provided additional information on
estimated GFR for predicting 10-year risk of renal disease
events (AUC-ROC without and with NGAL 0.64 and 0.71,
respectively) and risk reclassification. These results illustrate
that both systemic and urinary NGAL are useful biomarkers
for the risk classification and prediction of clinical outcome
in CKD patients. However, due to the various aetiology
of CKD, close attention has been paid to the usefulness of
NGAL in different kinds of CKD.

Cardiorenal syndrome

Renal damage and dysfunction are commonly associated
with heart failure (HF), which would cause grim prognosis.
NGAL was firstly found to have predictive value for the
short-term and long-term outcome of HF patients in
2009 (39,40). In a study with 46 elderly chronic HF patients,
the concentrations of systemic NGAL were significantly
higher, and increased in parallel with the clinical
severity of CHF [New York Heart Association (NYHA)
classification] (39). And patients with higher baseline NGAL
concentrations also had a significantly higher mortality in
2-year follow-up. In the other study with 236 patients with
acute post-myocardial infarction HF and 150 chronic HF
patients, elevated systemic NGAL concentrations were
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strongly associated with adverse outcomes in 27-month
follow-up (40). Urinary NGAL is also related to a poor
clinical outcome in HF patients. In a study enrolled
2,130 HF patients, urinary NGAL concentrations were
strongly associated with the combined endpoint of all-cause
mortality and HF hospitalizations in 3-year follow-up (41).
And even in patients with normal estimated GFR, urinary
NGAL was also related to a poorer outcome. Recent study
found that in acute decompensated HF patients, elevation
urinary NGAL level on the first day of admission was
associated with poor prognosis independently (42).

B-type natriuretic peptide (BNP) or N-terminal
pro b-type natriuretic peptide (NT-proBNP) is a well-
established marker for the diagnosis of acute HF, and
BNP levels at discharge is highly predictive of short-term
outcomes (43). A study with 186 acute HF patients showed
that NGAL was even better than BNP in predicting 30 days
outcome in patients with acute HF (44). Subjects with high
BNP/high NGAL value had the worst outcomes; while
subjects with low BNP/high NGAL group had significant
risk, and the risk of other patients was low, suggesting that
NGAL provides additional information on BNP in risk
classification. Another study also found that for acute HF
patients, the combination of N'T-proBNP or BNP plus
NGAL at presentation had the best prediction value for the
occurrence of worsening renal function (45).

HF is considered as a disorder at the level of both the
heart and the kidneys. The findings that NGAL is an
independent biomarker for adverse outcome for HF patients
and combination of NGAL with BNP/NT-proBNP
provides more information on risk stratification highlight
the values of systemic and urinary NGAL as biomarkers of
HF associated chronic renal disease.

Diabetic nepbropathy

Both systemic and urinary NGAL was raised in diabetic
nephropathy, and were associated with albuminuria,
suggesting that NGAL may play important role in the
development of nephropathy in diabetes (46,47). A 1-year
follow-up study with 74 type 2 diabetic patients found
that systemic NGAL positively correlated with albumin
concentration in the urine, but the concentration of urinary
NGAL was just the opposite (48). Thus systemic NGAL
may reflect renal damage at the early stage of diabetic
nephropathy, and urinary NGAL may be more meaningful
in renal function assessment at the late stage of disease.
Another study found that urinary NGAL was a sensitive
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marker of microalbuminuria and early renal damage with
70.6% sensitivity and 83.3% specificity (49). And systemic
NGAL discriminated diabetic nephropathy and diabetic
without nephropathy groups with 87% sensitivity and 74%
specificity (50).

Lupus nephritis

Lupus nephritis is a great challenge in the management of
systemic lupus erythematosus (SLE) patients because of
the difficulty in its diagnosis. A study enrolled 107 patients
found that urinary NGAL was a good predictor of renal
damage in all kinds of SLE patients, with 67% sensitivity
and 38% specificity (51). However, systemic NGAL was
inferior to urinary NGAL in predicting renal disease
activity in a prospective study with 123 lupus nephritis
patients (52), and was even shown to be useless in child
lupus nephritis patients (53). High levels of systemic NGAL
was only associated with faster progression to CKD in
patients with lupus nephritis (52). One possible reason for
the useless of systemic NGAL in predicting lupus nephritis
is that not only renal source of NGAL is involved in lupus
nephritis, but also extra renal sources (53).

The accuracy of NGAL as renal disease
biomarker is limited under certain pathological
conditions

Besides bacterial infection and kidney injury, NGAL
protein also upregulates and functions under many other
pathological conditions, like cancer, atherosclerosis and
Alzheimer’s disease, which also limits the utilization
of NGAL as accurate renal disease biomarker. And as
extrarenal sources of NGAL protein, they may affect
systemic and urinary NGAL differently.

In tumor samples from breast carcinomas patients,
NGAL expression was upregulated in 1/3 of the samples,
and was associated with decreased disease-specific
survival (54). In ovarian cancer, NGAL was downregulated
in ovarian cancer cell lines undergoing epithelio-
mesenchymal transition induced by epidermal growth
factor, and systemic NGAL concentration was significantly
higher in patients with malignant ovarian tumors (55).
The concentration of systemic NGAL was also elevated in
chronic myeloid leukemia patients (56).

NGAL was highly expressed in atheromatous
human plaques and associated with increased matrix
metalloproteinase-9 activity (57). Later research proved that
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NGAL involved in atherogenesis by promoting polarization
and migration of monocytic cells and development of
macrophages towards foam cells (58). The elevation of
NGAL concentration in atherosclerosis may reflect the
severity of vessel inflammation. Interestingly, systemic
NGAL was also significantly higher in patients with Down
syndrome, which was characterized by the accumulation of
amyloid-p deposits and the presence of activated immune
response (59).

As a protein with multiple function, it’s reasonable that
NGAL responds to various pathological activities, thus the
usefulness of NGAL as renal injury biomarker of patients
with cancer, atherosclerosis and Alzheimer’s disease should
be carefully examined, and studies should be carried out
to further evaluate whether the expression of NGAL is
upregulated in other diseases. Although studies discussed
above reported that only systemic NGAL was interfered,
the possibility that the concentration of urinary NGAL
was also altered under these disease conditions cannot be
excluded, which needs further investigation as well.

Analytical limitations of NGAL measurements

NGAL has been extensively studied as a biomarker of
kidney injury for nearly 10 years. Most researches focused
on the diagnostic value of NGAL for AKI, however,
the analytical factors limiting its accuracy in practical
application were neglected to some extent. Those analytical
factors, including biological variation, reagent analytical
performance, consistency and interference tolerance, should
be explored in depth before NGAL become the “gold
standard” of kidney injury diagnosis.

The reported intra-individual biological variation of
urinary NGAL ranged from 27% to approximately 180%,
and most studies revealed that normalizing NGAL with
urinary creatinine would further enlarge the biological
variation (60-64). Thus, urinary NGAL concentration was
more reliable than NGAL/creatinine ratio in assessing kidney
injury, which was also proved by a meta-analysis (65). The
concentration of urinary creatinine is affected by gender, age,
metabolism and muscle content, which may conversely blur
the accuracy of NGAL. The biological variation of systemic
NGAL was about 40% (64), indicating that systemic NGAL
measurement may perform better in diagnosing kidney injury.
However, more attention should be paid to the biological
variation of both urinary and systemic NGAL as those studies
only tested the biological variation of healthy individuals, but
not kidney injury patients.
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Figure 1 Systemic and urinary NGAL as renal damage biomarkers and their limitations. NGAL, neutrophil gelatinase-associated lipocalin.

Due to the lack of commercial NGAL testing reagent
(especially in the early stage of clinical investigation) and
reference material for NGAL, the reported cut-off values
for diagnosing AKI varied greatly in different papers
(17,66). In addition, the self-made reagents were not
validated by clinical trial, thus the analytical performances
of these reagents were questionable. Even commercial
reagents could give false-positive results if samples contain
hemoglobin at physiological concentration (67), indicating
that the results of some published clinical studies were not
reliable. These practical issues bring great challenges to the
standardization of NGAL testing.

Altogether, standardization of NGAL measurement
based on the reference material, and further determination
of cut-off value would greatly improve the accuracy of
NGAL in diagnosing kidney injury and promote the clinical
application of NGAL.

Future direction

Nowadays, it has been generally acknowledged that
NGAL is a sensitive early biomarker for the prediction of
AKT in cardiac surgery, critically ill and kidney transplant
patients, and it also provides important information in the
risk stratification and prediction of short-term and long-
term outcome for CKD patients with various aetiology
(Figure 1). Further studies into the detailed utilization of
NGAL in different kinds of renal injury could well improve
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knowledge, and, fundamentally, improve patient diagnosis,
risk stratification and prognosis.

There are still a few factors affecting the accuracy of
NGAL as early renal damage biomarker. And because both
systemic and urinary NGAL are shown to be effective, the
question that whether they reflect the same disease state
arises. All studies measured systemic and urinary NGAL
simultaneously reported that their concentrations correlated
weakly (33,36,48,52,68). Two factors have been proved to
limit the accuracy of NGAL (Figure I): one is damaged
kidney function prior to NGAL measurement, especially
the impaired glomerular filtration capacity. Upon chronic
injury, the baseline NGAL remains at a high level, thus
kidney fails to response to acute injury. And impaired GFR
leads to accumulation of NGAL in the circulation, as well
as abnormal NGAL concentration in the urine. Extrarenal
sources of NGAL protein released from neutrophils
and other cells contributes to the other factor. Sepsis,
inflammation and cancer could upregulate the expression
of NGAL protein in neutrophils and cancer cells, which
may alter the concentration of systemic and urinary NGAL
differently.

In China, NGAL testing is usually much more expensive
than other biomarkers of kidney function, and is not
covered by medical insurance, bringing a great challenge
in the application of NGAL for routine measurement of
outpatients. Further studies should focus on the kinetics
of systemic and urinary NGAL in different diseases and
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identify their specific field as renal disease biomarkers,
maximizing the benefits of patients. For diseases
compromise the accuracy of NGAL, a combination of
biomarkers may help in the accurate prediction and risk
stratification of renal damage, which still require minute
investigations.
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