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Abstract

Background—Neutrophil gelatinase-associated lipocalin (NGAL) is a biomarker of acute
kidney injury (AKI). Recently, elevated NGAL levels have also been reported in heart failure,
coronary heart disease, and stroke. Other studies demonstrate that NGAL is upregulated in failing
myocardium and in atherosclerotic plaque. Our aim was to synthesize the current evidence on
NGAL and cardiovascular disease (CVD), and to clarify the prognostic significance of systemic
NGAL levels in CVD.

Methods—We performed a systematic review to identify experimental and human studies on
NGAL and CVD. We excluded articles which specifically dealt with AKI or renal endpoints.

Results—We identified 22 studies, including both animal and human data. NGAL is highly
expressed in the heart, both in failing myocardium and myocarditis, and is also expressed in
atherosclerotic plaques. Areas of co-localization of NGAL and matrix metalloproteinase (MMP)-9
exhibited increased MMP-9 proteolytic activity. Systemic NGAL levels correlated with renal
function and severity of CVD in several, but not all, studies. An association between elevated
systemic NGAL levels and clinical outcomes (e.g., death, hospital readmissions) were reported in
six CVD studies, but these had limited adjustment for potential confounders.
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Conclusions—There is ample literature to support a putative role of NGAL in the
pathophysiology of CVD, but at present there is insufficient data regarding the clinical utility of
systemic NGAL levels in the management of CVD. Available evidence regarding NGAL as a
predictor of outcomes in CVD is very limited.
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Introduction

Neutrophil gelatinase-associated lipocalin (NGAL) is a protein belonging to the lipocalin
family, expressed by neutrophils and various epithelial cells (1). It represents one of the
earliest kidney markers of ischemic and nephrotoxic kidney injury in animals models and is
detected in blood and urine of humans soon after acute kidney injury (AKI). It is emerging
as a promising troponin-like biomarker for the early diagnosis of AKI, and for the prediction
of clinical outcomes, such as dialysis requirement and mortality in cardiac surgery, critical
care, and contrast nephropathy (2-5). In addition, NGAL measurements have potential
relevance in chronic kidney diseases (6).

Beyond the kidney, recent evidence suggests that NGAL plays a crucial role in vascular
remodeling and plaque instability in atherosclerosis (7, 8). Other studies demonstrate that
NGAL is upregulated in cardiomyocytes in failing myocardium (9). Collectively, these
findings provide biological plausibility for the potential role of NGAL as a biomarker in
cardiovascular disease (CVD). Elevated NGAL levels have been reported in various
cardiovascular conditions, including both acute and chronic heart failure (AHF, CHF),
coronary heart disease (CHD), and stroke (9-12).

To date, the overall relationship between NGAL and CVD remains unclear. We therefore
performed a systematic review to synthesize the evidence on the pathophysiological
relationship between NGAL and myocardial remodeling and atherosclerotic plaque
formation. Second, we sought to clarify the prognostic significance, if any, of systemic
NGAL levels in CVD.

Concise methods

Detailed methods are described in ESM File 1 which accompanies the article at http://
www.degruyter.com/view/j/cclm.2012.50.issue-9/issue-files/cclm.2012.50.issue-9.xml. We
performed a systematic search to identify animal and human studies that assessed the
relationship between NGAL and CVD. The literature search (MEDLINE, PubMed) was
based on three search themes using Boolean operators, without language, restrictions.
Search terms included keyword/MESH headings describing heart failure, CHD and other
heart diseases, cerebrovascular disease, peripheral vascular disease, and NGAL (ESM File
1).
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We also utilized the “Related citations” tool of PubMed, hand-searched bibliographies of
relevant articles and consulted with experts to find additional pertinent studies.

Study selection

Two reviewers (DC, SG) independently performed an initial eligibility screen. Studies
reporting original data that specifically mentioned NGAL and any CVD were selected for
further review for the following eligibility criteria: 1) reporting of NGAL expression or
protein in any CVD animal model; 2) NGAL expression or protein in animal or human
tissue from subjects with CVD; 3) blood or urine NGAL levels in CVD patients. Since our
objective was to examine the link between NGAL and CVD itself, we excluded articles
which specifically dealt with AKI or renal endpoints.

Data extraction and synthesis

Results

Two authors (DC, SG) extracted the data independently using standardized case report
forms. For pre-clinical studies, we extracted data on the animal model, specimen retrieval,
techniques and findings regarding NGAL expression or protein. For clinical studies,
outcomes of interest included association of blood or urine NGAL levels with severity of
CVD, other biomarkers, death and major adverse CV events. The heterogeneous reporting
on mortality did not permit a quantitative pooled analysis; a tabular summary of the relevant
results is provided.

Study selection and characteristics

One hundred and eighteen citations were identified; 22 studies were included in the analysis
(Figure 1). Four studies reported both human and animal data, one, animal data alone, and
17, human data. The studies were related to AHF and CHF (n=8), CHD (n=5), myocarditis
(n=1), cerebrovascular disease (n=7) and peripheral vascular disease (n=1). The last was a
study of tissue from abdominal aortic aneursyms (AAA).

Systemic NGAL levels were measured in 19 clinical studies (Figure 1); some had control
subjects for comparison. In CHF, six studies reported either blood or urine NGAL. Blood
NGAL levels were measured in four studies on AHF, four on CHD and five on
cerebrovascular disease. Six studies examined associations between NGAL levels and
clinical outcomes, such as death, myocardial infarction (Ml), stroke, transplant and hospital
readmissions; follow-up ranged from 30 days to 4 years.

Animal studies

Major findings are summarized in Table 1. In a model for atherosclerotic heart disease,
atherosclerotic and control mice were exposed to hypoxic stress, and NGAL-homolog 24p3
and matrix metalloproteinase (MMP)-9 were analyzed 48 h later (7). Aortas from
atherosclerotic mice exhibited higher levels of NGAL mRNA than normal mice. Hypoxic
stress increased NGAL mRNA expression in the aorta only in atherosclerotic mice that
developed M, suggesting that NGAL was upregulated as a result of infarction or possibly
that NGAL expression was necessary for MI development. Abundant NGAL protein was
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seen in the lipid core and border regions of aortic plaques of atherosclerotic mice, and co-
localized with MMP-9. These regions of co-localization also displayed high MMP-9
activity. Normal aortas of control mice displayed neither NGAL nor MMP-9 protein.
Hypoxic stress also significantly increased NGAL mRNA in the myocardial tissue of both
normal and atherosclerotic mice; the highest increase was observed in atherosclerotic mice
developing MI (7). Similarly, NGAL and MMP-9 also co-localized in the cardiomyocytes of
atherosclerotic mice.

In a rat model for AHF post-Ml, the left coronary artery was ligated (9), resulting in a
transmural infarction of the left ventricular (LV) free wall. Myocardial NGAL/lipocalin-2
expression was investigated; rats with HF had significantly raised NGAL expression in the
non-ischemic area of the LV after the induction of M, representing development from acute
to a chronic stage of HF in this model. This upregulation of NGAL was restricted to
cardiomyocytes. The investigators further examined the effect of various stimuli relevant to
HF, e.g., cytokines, neurohormones and microbial antigens, on NGAL expression in rat
cardiomyocytes. Agonists of toll-like receptor (TLR)-2 and TLR-4, leukemia inhibitory
factor (LIF) and interleukin (IL)-1p3 promoted a marked increase in NGAL mRNA
expression, indicating a role for innate immune responses in the regulation of myocardial
NGAL levels.

In a rat model for autoimmune myocarditis, NGAL was strongly expressed in
cardiomyocytes, vascular wall cells and fibroblasts (13). Elevation of both the cardiac
expression of NGAL and plasma NGAL levels was more pronounced during the active
stages of myocarditis, and closely paralleled cardiac IL-1 and plasma IL-1f levels.

In terms of cerebrovascular disease, NGAL was highly induced in the intima after balloon
injury to the common carotid artery in rats, as was MMP-9 (14). Blocking of NF-xB by
adenovirus-mediated expression of a dominant-negative mutant of inhibitor of NF-xB
kinase B (dnIKKp) resulted in virtually complete suppression of NGAL and MMP-9
expression, implying a pivotal role for NF-xB signaling in their transcriptional regulation.
Expression of NGAL mRNA and protein was also upregulated in an NF-xB -dependent
manner in vascular smooth muscle cells in response to IL-1 stimulation. Finally, ApoEy/ /
eNOS 5/, mice were injected with NGAL/24p3-targeted micelles then subjected to magnetic
resonance imaging (MRI) (15). Enhancement on MRI of the abdominal aorta was observed
at 72 h. The specificity of these results for atherosclerotic plague was validated by histology,
and co-localization of micelles, macrophages, and NGAL/24p3 was observed.

Studies on human tissue

Human tissue that has been studied for NGAL expression includes heart tissue, myocardial
biopsy, carotid and internal mammary arteries, and human AAA (Table 2).

In terms of CHF, tissue aliquots from failing myocardium (explantation of hearts from
endstage HF patients undergoing cardiac transplantation) were compared to control (non-
failing) human LV tissue (obtained from sex- and age-matched potential cardiac donors).
The strongest NGAL immuno-staining was observed in cardiomyocytes within failing
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myocardium, with some immunoreactivity also seen in vascular smooth muscle and
endothelial cells (9).

There is also evidence for the potential role of NGAL in the pathogenesis of human
myocarditis. NGAL was detected in cardiomyocytes, vascular wall cells and fibroblastoid
cells and leukocytes in human hearts with myocarditis (13). The authors propose that
NGAL's role in the heart may involve acting in an autocrine fashion to clean up iron and
other potential free radical generating molecules that may leak into the extracellular space
following cardiomyocyte injury.

Atherosclerotic plaque in both carotid artery and AAA demonstrate co-localization of
NGAL and MMP-9, particularly in the lipid core of the plaque (7, 8, 15). NGAL was also
detected in AAA thrombus, the interface between the thrombus and the underlying
aneurysm wall, and in the wall itself (8). Double staining showed that neutrophils are the
major source of NGAL expression. Similar to the findings in carotid artery, NGAL and
complexes of NGAL and active MMP-9 were seen in the thrombus and aneurysm wall (15).
Plaque levels of NGAL itself tended to be higher when intra-plaque hemorrhage or luminal
thrombus was present.

Clinical studies

Chronic heart failure (CHF)—The major findings of clinical studies on heart disease are
summarized in Table 3. CHF patients have been found to have significantly higher levels of
both serum and urine NGAL when compared with control subjects, despite having only
modest reductions in estimated glomerular filtration rates (eGFR) (9, 10, 17, 18).
Furthermore, both serum and urine NGAL levels correlated with various indices of renal
function, such as creatinine (range, r=0.22-0.55, p<0.0001-<0.05), eGFR (r=-0.53 to
-0.29, p<0.001-<0.01), cystatin C (r=0.20-0.60, p<0.0001), blood urea nitrogen (r=0.42,
p<0.0001) and urinary albumin (r=0.33, p=0.001) (10, 17, 19) (Tables 3, 4). However, in
other studies, serum and urine NGAL did not have significant correlations with these renal
indices (16, 18).

Other than renal function, NGAL values also correlated with the clinical severity of CHF
(e.g., New York Heart Association, NYHA class) (9, 17, 18) and as well as N terminal pro-
brain natriuretic peptide (Nt-pro-BNP, r=0.24-0.37, p<0.001-0.008) (9, 10, 19). However,
some investigators did not observe this after reanalyzing the same cohort (10, 16). There
were also divergent results with regards to ventricular structure and function. Serum NGAL
was weakly correlated with left ventricular ejection fraction (LVEF, r=0.19, p=0.05) in one
small study (18), while other studies found no correlation between plasma or urine NGAL
and echocardiographic indices of LV cardiac structure or LV or RV systolic function (9, 19).
In another study, plasma NGAL levels were modestly associated with indices of diastolic
dysfunction, but not after adjustment for renal function (19). Other divergent results include
higher serum NGAL levels observed in ischemic, compared with non-ischemic, etiology for
CHF in one study (19), but not in others (9, 10).

In terms of NGAL's prognostic value, in a small study of 46 elderly CHF patients, those
with a serum NGAL >783 ng/mL, a value selected by receiver operator characteristic (ROC)
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curve analysis, had a significantly higher mortality over 2-years [unadjusted hazard ratio
(HR) 4.08, 95% CI 1.29-12.96] (18). However, the results of such univariate analysis should
be interpreted in light of the small sample size and the collinearity of NGAL with other
factors which affect long-term outcomes in HF, including renal function. Indeed, in another
study, plasma NGAL predicted cardiac death or transplantation after adjustment for age,
gender, LVEF, and mitral E/Ea, but not after adjustment for renal function (19).

Acute heart failure (AHF)—Similar to the results seen in CHF, serum NGAL also
appeared to correlate with renal function, like eGFR (r=-0.60 to —0.42, p<0.0001-<0.001),
serum creatinine (sCr, r=0.44-0.57, p<0.0001-<0.001) and cystatin C (r=0.65, p<0.0001)
(19, 21, 28, 29). Significantly elevated serum NGAL levels were found in patients with
NYHA class Il (vs. NYHA I/1), both at baseline and on follow-up (9). Moreover, NGAL
correlated weakly, but significantly, with Nt-pro-BNP (r=0.15-0.38, p=0.004-0.03) and
BNP (r=0.22, p=0.002) (9, 19, 21) (Tables 3 and 4).

In terms of prognosis, higher baseline serum NGAL levels have been associated with all-
cause death and readmissions at 3 months (20), and a trend to higher incidence of the
composite endpoint of non-fatal MI, CV death, all-cause death, and stroke at median follow-
up of 27 months (9). The GALLANT study (n=186) instead looked at the prognostic value
of plasma NGAL at the time of hospital discharge (21). Interestingly, discharge plasma
NGAL level was a stronger predictor of 30-day outcome (all-cause death and HF
readmissions) than BNP (adjusted HR for NGAL, 19.91, 95% CI 3.47-114.19 vs. adjusted
HR for BNP, 2.33, 95% C1 0.93-5.79). The investigators speculate that NGAL is not only a
risk predictor for renal injury but is an overall strong risk marker for cardiac events in the
setting of AHF.

In addition, although not the primary focus of this review (not included in Table 3), there is
preliminary evidence elevated admission serum NGAL levels predicts worsening renal
function in patients with acute decompensated HF, with area under the ROC curve ranging
from 0.70 to 0.93 (28, 29). Of note, recent evidence suggests that the monomeric form of
NGAL is associated more closely with AKI (30, 31). Furthermore, blood NGAL values
observed in HF and CHD patients (21, 22) are relatively lower compared to those seen in
AKI, particularly in cardiac surgery and intensive care units (2, 32). Therefore, a more
specific assay targeting the monomeric form, with an extended range, may be more
appropriate for diagnosing renal injury, particularly in CVD patients (33, 34).

Coronary heart disease (CHD)—Four studies measured NGAL levels in patients with
CHD (Table 3). In 34 adults who underwent elective nuclear stress perfusion testing, only
23 had detectable plasma NGAL levels; the rest had values below the lower limit of the
assay (60 ng/mL). Those with detectable plasma NGAL had more segmental perfusion
defects at rest, and lower LVEF at rest and with stress, and lower end systolic volume with
stress (22). In a second study, serum NGAL was significantly higher in 49 patients with
angiographically confirmed CHD when compared to 42 age-, gender-, and BMI-matched
controls (82.6 ng/mL in CHD vs. 43.8 ng/mL in controls, p <0.001) (23). Furthermore, they
observed a positive correlation between serum NGAL and body weight, fasting insulin
levels and insulin resistance, and a negative correlation with high density lipoprotein (HDL)
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levels. On multivariable analysis, NGAL level was independently associated with the
presence of CHD, along with systolic blood pressure and insulin resistance. In another
study, serum NGAL levels were measured in 73 patients who underwent first-time
angiography for suspected CHD (11). Marginally higher NGAL levels were noted in
patients with angiographically confirmed CHD compared to those with normal coronary
arteries (29 vs. 22.4 ng/mL, respectively, p =0.004). Furthermore, they observed statistically
significant correlations between NGAL levels and the number of diseased vessels (r = 0.39,
p =0.01) and the severity of CHD, as indicated by the modified Gensini score (r = 0.356, p
=0.002). The last study investigated markers of neutrophil activation, including serum
NGAL, following reperfusion of acute myocardial infarction (AMI) by percutaneous
coronary intervention (PCI) (24). No significant changes in NGAL were seen within 24 h of
PCl, in contrast to an increase in cytokines and C-reactive protein (CRP), and a decrease in
plasma myeloperoxidase and malondialhyde.

Cerebrovascular disease—Key results are summarized in Table 5. Numerous
abnormalities of leukocyte function have been described in patients with acute and chronic
ischemic vascular diseases, including cerebrovascular disease (36). In subjects with
asymptomatic early atherosclerosis, plasma levels of markers of systemic leukocyte
activation, including NGAL, neutrophil proteinase-4 (NP4), tumor necrosis factor (TNF)-a,
soluble TNF receptor protein-1 (STNFR-1), were correlated with age, blood pressure, and
smoking (25). No significant correlations were found between these markers and the degree
of atherosclerosis. Similarly, in patients with advanced carotid atherosclerosis, plasma
NGAL was associated with hypertension, increased age and homocysteine, but not with
degree of carotid stenosis (26). As in the HF studies, NGAL correlated with renal function
(sCr, r=0.46; eGFR, r=-0.49, p<0.0001 for both) in this study.

In patients with acute ischemic cerebrovascular insult [72 with stroke, 48 with transient
ischemic attack (TI1A)], leukocyte activation markers were measured 1-3 days after the
cerebrovascular event (12). Plasma NGAL was significantly higher in the stroke group
(median 122 pg/L, p<0.0001 vs. age- and sex-matched controls) and the TIA group (median
110 pg/L, p<0.01 vs. control) than in the control group (median 97 ug/L). They also noted
significant correlations between plasma NGAL and other markers of leukocyte activation:
fibrinogen (r=0.40), erythrocyte sedimentation rate (ESR, r=0.35), leukocyte counts (r=0.3),
STNFR-1 (r=0.45), and NP4 (r=0.45). These results suggest that activated leukocytes and
their secretory inflammatory mediators are involved in acute cerebrovascular ischemia and
its consequences. No correlation was observed between NGAL and the degree of carotid
artery atherosclerotic changes. In a follow-up study by the same investigators on 59 patients
with acute ischemic stroke or TIA, they found that levels of plasma NGAL, sTNFR-1 and
cyclic 3/, 5’ -adenosine monophosphate (CAMP) were higher 1 year following the acute
event of cerebral ischemia, indicating persistent and increasing leukocyte activation even
after the acute stage of ischemic cerebrovascular disease (35). On 4-year follow-up of these
same patients, high levels of NGAL and sTNFR-1 at the time of ischemic event were
associated with higher cardiovascular mortality (odds ratio 3.6 and 2.0, respectively) after
adjustment for age, sex and diagnosis (27) (Tables 4 and 5).
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Discussion

Neutrophil gelatinase-associated lipocalin has generated great interest as a novel biomarker
for the timely detection of AKI, and for the prediction of clinical outcomes, such as dialysis
requirement and mortality in several common clinical scenarios (1-6).

Although best known for its properties as a renal biomarker, NGAL has multiple functions,
depending on the context of its primary ligand in specific tissue (1). For instance, when
NGAL is complexed with MMP-9, there is enhancement of the active MMP-9 pool with
resultant upregulation of MMP-9's well-known pro-angiogenic and pro-invasive properties.
This interaction between NGAL and MMP-9 may be especially pertinent to the
pathophysiology of atherosclerotic plaques and acute coronary syndromes. MMP expression
has been shown to be induced by activated macrophages both directly through the oxidative
stress that comes with the intracellular accumulation of lipid and indirectly by cytokine
release (37). Excessive MMP activity can weaken vessels and, more importantly, destabilize
plaques leading to an increased risk of rupture. Evidence suggests a critical role for MMP-9
in acute coronary syndrome (38). Degradation of MMP-9 has been shown to be significantly
inhibited in the presence of NGAL and results in the preservation of MMP-9 enzymatic
activity (39). This particular aspect of NGAL biology has important cardiovascular
implications, and served as an important stimulus for this systematic review.

To our knowledge, this is the first systematic review on NGAL and cardiovascular disease,
specifically focusing on its “non-renal” aspects. Multiple animal and human studies were
identified. Data from animal studies and human tissue demonstrate that NGAL is highly
expressed in the heart, both in failing myocardium and myocarditis, and it is also expressed
in atherosclerotic plaques (Tables 1 and 2). Furthermore, NGAL and MMP-9 co-localized in
these tissues, and these areas of co-localization exhibited increased MMP proteolytic
activity. Collectively, these data provide biological plausibility for an active role of NGAL
in CVD, particularly with regards to atherosclerotic plaques and myocardial remodeling.

Do systemic NGAL levels reflect the severity of CVD (Table 4)? In both AHF and CHF,
NGAL correlated with clinical and neurohormonal measures of disease severity in some but
not all, studies. In an analogous manner, blood NGAL levels showed an association with the
presence and severity of coronary lesions. However, in both carotid and aortic
atherosclerotic disease, these levels did not appear to correlate with degree of stenosis in the
studied vessels. It is worthy of note that plasma levels of markers of NGAL correlated with
other markers of systemic leukocyte activation, such as leukocyte counts, CRP, fibrinogen,
ESR, sTNFR-1, NP4, cAMP in CVD, such as HF and cerebrovascular disease. In stroke
patients, these plasma markers remained elevated 1 year following an acute event of cerebral
ischemia, indicating persistent and increasing leukocyte activation even after the acute stage
of ischemic cerebrovascular disease (35). These results support the hypothesized
relationship between the level of systemic leukocyte activation and CVD.

It is likewise important to note that studies showing a relationship between levels of NGAL
and inflammatory markers only measured NGAL in the blood (9, 12). Recent evidence has
shown that blood NGAL, but not urine NGAL, correlates with leukocytosis (40).

Clin Chem Lab Med. Author manuscript; available in PMC 2014 August 26.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Cruz et al.

Page 9

Conversely, the presence of urinary tract infection and leukocyturia has been observed to
affect urine NGAL levels (41). It is the dimeric form which is predominantly secreted by
neutrophils (30, 31).

In general, NGAL appeared to correlate with various indices of renal function, especially in
HF. Elevated urine NGAL was felt to represent tubular damage (10). Investigators have also
speculated that both serum and urine NGAL may be potential early and sensitive markers of
kidney impairment/injury in CHF patients. This was, however, not a universal finding. It is
interesting that one set of investigators published their data on the same 90 CHF patients in
two papers. In the first, they concluded that urine NGAL correlated with renal indices and
Nt-pro-BNP (10); in the second, NGAL did not correlate with measured GFR, estimated
renal plasma flow, urinary albumin excretion or Nt-pro-BNP (16). This difference could
potentially be attributed to inclusion of data from control subjects in the first, but not the
second, paper.

Some investigators have suggested that measurement of NGAL may be of prognostic value.
Such an association has been observed in CHF, AHF and cerebrovascular disease (9, 18-21,
27) (Table 4). In contrast, others argue that systemic NGAL levels are largely determined by
underlying impairment of renal rather than myocardial function, and that prognostic
significance does not persist after adjustment for underlying renal function (19). Indeed, in
most of these studies, there has been minimal to no adjustment for potential confounders,
such as CKD. It is relevant therefore, that in AHF, discharge plasma NGAL level was a
stronger predictor of 30-day outcome than BNP, the guideline-supported standard for risk
prediction (42), even after adjustment for renal function. If reproduced in other studies, one
could speculate that a high NGAL at the time of discharge for AHF might, at a minimum, be
a signal for early follow-up. It is also conceivable that the prognostic significance is related
to NGAL being a marker of leukocyte activation.

Ours is the first comprehensive review on the cardiovascular aspects of NGAL, and have
important implications for clinicians and future research strategies. Nonetheless, we
acknowledge certain limitations in this systematic review. Likely there is inherent
publication bias, as negative biomarker studies often go unpublished. The studies which
reported on prognosis were of modest sample sizes (range, 46—236), with limited adjustment
for confounding variables and cannot be considered definitive.

Conclusions

In summary, we performed a novel systematic review on NGAL and cardiovascular disease,
focusing on its “non-renal” aspects. Data from animal and human tissue indicate the NGAL
is highly expressed in cardiomyocytes and other heart tissue, and co-localized with MMP-9
in atherosclerotic plaques. Modest elevations of systematic NGAL levels have been reported
in a variety of CVDs, including heart failure, coronary disease and stroke. A prognostic
value for NGAL has been suggested in few studies, in part limited by modest sample size
and minimal adjustment for potential confounders. There appears to be ample evidence to
support a putative role of NGAL in the pathophysiology of CVD, but there is insufficient
data regarding the clinical use of urine or plasma NGAL levels in the current management of
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CVD. Available evidence regarding NGAL as a predictor of outcomes in CVD is very
limited and remains inconclusive. While research on NGAL in CVD is still in the early
stages, on the basis of current data we believe it merits further study to clarify its potential
role, if any, in the arsenal of cardiac biomarkers available to scientists and clinicians.
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Figure 1.

Study selection diagram.
Systemic NGAL levels (blood or urine) were measured in 18 of the included studies.
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