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The Role of Urinary Liver-Type Fatty Acid-Binding Protein  
in Critically Ill Patients 

Although several urinary biomarkers have been validated as early diagnostic markers of 
acute kidney injury (AKI), their usefulness as outcome predictors is not well established. 
This study aimed to determine the diagnostic and prognostic abilities of urinary liver-type 
fatty acid-binding protein (L-FABP) in heterogeneous critically ill patients. We prospectively 
collected data on patients admitted to medical and surgical intensive care units (ICUs) from 
July 2010 to June 2011. Urine neutrophil gelatinase-associated lipocalin (NGAL) and L-FABP 
at the time of ICU admission were quantitated. Of the 145 patients, 54 (37.2%) had AKI 
defined by the Acute Kidney Injury Network (AKIN) criteria. AKI patients showed 
significantly higher level of urinary NGAL and L-FABP and also higher mortality than non-
AKI patients. The diagnostic performances, assessed by the area under the ROC curve, 
were 0.773 for NGAL and 0.780 for L-FABP, demonstrating their usefulness in diagnosing 
AKI. In multivariate Cox analysis, urinary L-FABP was an independent predictor for 90-day 
mortality. Urinary L-FABP seems to be promising both for the diagnosis of AKI and for the 
prediction of prognosis in heterogeneous ICU patients. It needs to be further validated for 
clinical utility.
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INTRODUCTION

Acute kidney injury (AKI) is a frequent clinical problem in criti-
cally ill patients, and the incidence and mortality are still high 
despite improvements in the knowledge of pathophysiologic 
mechanisms and in supportive care, including renal replace-
ment therapy (RRT) (1, 2). Serum creatinine-based detection  
of AKI is thought to hamper timely diagnosis and intervention, 
because it is a suboptimal marker of kidney injury, with relative-
ly low sensitivity and specificity. There have been intensive in-
vestigative efforts to identify an optimal biomarker for sensitive 
early detection of kidney injury, and several promising serum 
and urine biomarkers have been identified (3). However, for 
clinical utility and to replace current use of serum creatinine, 
these biomarkers need to be extensively validated in a hetero-
geneous population.
 Urinary liver-type fatty acid-binding protein (L-FABP) reflects 
renal tubular injury and has been shown as a promising bio-
marker in both chronic kidney disease (CKD) and AKI (4, 5). 
This study was aimed first to determine the diagnostic value of 
urinary L-FABP compared to urinary neutrophil gelatinase-as-
sociated lipocalin (NGAL), one of the most widely investigated 

biomarkers of AKI, and secondly, to investigate the ability of 
urinary L-FABP for predicting prognosis in heterogeneous criti-
cally ill patients with or without AKI.

MATERIALS AND METHODS

Patients
This study was a prospective observational study conducted be-
tween July 2010 and June 2011. We enrolled adult patients older 
than 18 yr who were admitted to the medical or surgical inten-
sive care units (ICUs) at the Korea University Medical Center, 
Seoul, Korea. Patients with end-stage renal disease or kidney 
transplantation and those with life expectancy of < 48 hr were 
excluded. 

Definitions
AKI was diagnosed by the change of serum creatinine until 5 days 
of ICU admission according to the Acute Kidney Injury Network 
(AKIN) criteria (i.e., ≥ 0.3 mg/dL or ≥ 50% increase of serum 
creatinine from baseline value within 48 hr) (6). The glomerular 
filtration rate (GFR) was estimated using the Modification of Diet 
Renal Disease equation, and the baseline serum creatinine was 
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defined as the level at steady state prior to hospitalization. We 
obtained serum creatinine values from this center or other hos-
pitals or from the routine laboratory examination annually pro-
vided by the National Health Service of Korean Medical Insur-
ance System. When this was not available, the lowest level dur-
ing hospitalization or after discharge was used. CKD was de-
fined as baseline GFR < 60 mL/min/1.73 m2. The presence of 
liver disease was defined as having known liver cirrhosis or more 
than 3 times increase of alanine aminotransferase than the up-
per normal value (40 IU/L) in our laboratory test. 

Data collection
The patient demographic data, comorbidities, type of admis-
sion, and etiology of AKI were obtained, and the following data 
were prospectively collected: 6 hr urine output, total fluid bal-
ance during 24 and 72 hr, RRT requirement, and other physio-
logic and clinical variables composing the simplified acute phys-
iology score II (SAPS II) (7). Each patient was followed up to 90 
days from the date of ICU admission or until death, whichever 
came first. The survival was assessed through phone calls when 
needed.

Measurement of urinary NGAL and L-FABP
Urine samples were collected at the time of ICU admission and 
centrifuged at 2,500 rpm at 4ºC for 5 min. The supernatants were 
frozen at -80ºC until the biomarker assay was performed. Uri-
nary NGAL and L-FABP were measured using NGAL ELISA kit 
(BioPorto, Gentofte, Denmark) and human L-FABP Assay kit 
(CMIC Co Ltd, Tokyo, Japan), respectively, according to the man-
ufacturer’s instructions.

Statistical analysis
Continuous variables were expressed as means with standard 
deviation (SD) and compared using Student’s t-test. When vari-
ables were not normally distributed, they were presented as me-
dian and interquartile range (IQR) and compared using the 
Mann-Whitney U test. Categorical variables were compared 
using chi-square test or Fisher’s exact test. The performance of 
urinary biomarkers in detection of AKI was assessed using re-
ceiver operating characteristic (ROC) curve analysis. The com-
parison between area under the ROC curves (AUC-ROC) was 
determined using MedCalc program. We identified prognostic 
factors for 90 day mortality with multivariate analysis in the Cox 
proportional hazard model by the backward stepwise method 
and evaluated the performance of predictors by plotting ROC 
curves. We also depicted Kaplan-Meier curves to evaluate the 
impact of urinary L-FABP on survival. Log-rank test was used to 
test differences in survival. All statistical analysis was performed 
with SPSS version 18, except comparing ROC curves, which used 
MedCalc program. P value < 0.05 was considered statistically 
significant.

Ethics statement
The study was approved by the institutional review board of 
Korea University Anam Hospital (IRB No. 1159), and written in-
formed consent was confirmed by the IRB and obtained from 
each patient or legal guardian.

RESULTS

Patient Characteristics and outcomes
During one year of the study period, 145 patients (84 male, 58.6%; 
mean age, 62 yr) were enrolled, and 75 (51.7%) had medical 
causes of admission. Among them, AKI compromised 54 (37.2%) 
patients; 37 had established AKI at the time of ICU admission, 
while the remaining 17 had newly developed AKI within 5 days 
of ICU admission. The etiologies of AKI were diverse, but sepsis 
was the leading cause of AKI (26 patients, 48.1%) and others 
were as follows: ischemic in 9 (16.7%), associated with brain le-
sion such as intracranial hemorrhage in 8 (14.8%), associated 
with heart failure in 3 (5.6%), drug intoxication in 1 (1.9%), and 
multifactorial including postoperative AKI in 7 (12.9%). Patients 
with both established and newly developed AKI were placed in 
the AKI group. Regarding the AKIN stage, 28 (51.9%) patients 
were classified as stage 1, 13 patients as stage 2 and another 13 
patients as stage 3. The clinical characteristics of the AKI versus 
non-AKI group are presented in Table 1. Diabetes and CKD were 
more prevalent in the AKI group than the non-AKI group (40.7% 
vs 20.9%, P = 0.013; 22.2% vs 8.8%, P = 0.044, respectively). Pa-

Table 1. Basic characteristics and outcomes

Parameters
No. (%) of patients

P
AKI (n = 54) Non-AKI (n = 91)

Male 33 (61.1%) 52 (57.1%) 0.728
Age (yr)* 65.4 ± 14.8 60.4 ± 17.4 0.084
Hypertension 30 (55.6%) 38 (41.8%) 0.123
Diabetes 22 (40.7%) 19 (20.9%) 0.013
Cancer   7 (13.0%) 20 (22.0%) 0.195
Liver Disease   6 (11.1%) 6 (6.6%) 0.363
CKD 12 (22.2%) 8 (8.8%) 0.044
Surgical admission 23 (42.6%) 47 (51.6%) 0.308
Mechanical ventilation 19 (35.2%) 25 (27.5%) 0.354
6 hr urine output (mL)† 460 (312-980) 800 (455-1,290) 0.003
24 hr fluid balance (mL; 
   median, min-max) 

1,111 
(-2,000-+7,286)

653 
(-2,185-+2,860)

0.002

72 hr fluid balance (mL)† 2,547 
(-4,277-+ 11,010)

2,237
(-1,491-+8,529)

0.117

SAPS II score* 37.59 ± 15.73 29.68 ± 16.59 0.006
Urine NGAL (ng/mL)† 104.4 (23.7-616.5) 12.4 (6.8-43.7) < 0.001
Urine L-FABP (ng/mL)†   67.5 (19.8-120.6)   7.3 (0.3-28.4) < 0.001
Mortality
   30 days
   90 days

 
12 (22.2%)
17 (31.5%)

 
  7 (7.8%)‡

  11 (12.2%)‡

 
0.021
0.008

*Mean ± SD; †median (interquartile range); ‡for survival analysis, 90 patients were 
assessed in the non-AKI group. AKI, acute kidney injury; CKD, chronic kidney disease; 
SAPS, simplified acute physiology score; NGAL, neutrophil gelatinase-associated li-
pocalin; L-FABP, liver-type fatty acid binding protein.
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tients with AKI had higher SAPS II scores, less 6 hr urine output, 
and more positive fluid balance with wider range during the first 
day of ICU admission. Table 2 shows the types of surgery in pa-
tients admitted with surgical indications. Intra-abdominal sur-
gery was the most common cause of surgical admissions in pa-
tients with AKI. In the AKI group, 9 (17%) patients required RRT, 
and 34 (62.9%) recovered their renal function at hospital dis-
charge. Overall, 19 (13.1%) and 28 (19.3%) patients showed 30 
day and 90 day mortality, respectively. Patients with AKI had sig-
nificantly worse prognosis as presented in Table 1. Additionally, 
we also assessed the 90 day mortality only in patients who sur-
vived at 30 days of ICU admission to assess whether an episode 
of AKI lead to additional mortality. There was no significant dif-
ference in additional mortality at 90 days in patients with AKI 
compared to those without AKI (11.9% vs 4.8%, P = 0.162).

Diagnostic performance of urinary biomarkers for AKI
Both urinary NGAL and L-FABP at the time of ICU admission 
were significantly higher in patients with AKI (Table 1). We eval-
uated and compared the diagnostic performances of urinary 
biomarkers for AKI by calculating the area under the ROC curves. 
Fig. 1 displays the ROC curves of both urinary biomarkers and 
the combination of the two. This analysis demonstrated that uri-
nary L-FABP could detect AKI a little better than urinary NGAL, 
with the AUC of 0.780 (95% confidence interval [CI] 0.702-0.857, 
with a sensitivity of 71.7% and a specificity of 75.8% at a cutoff 
value of 28.45 ng/mL). The combination of both urinary bio-
markers showed slightly greater diagnostic performance than 
each biomarker; however, there were no significant differences 
between them.

Predictive factors for 90 day mortality and their prognostic 
performance
Twenty-eight among 144 critically ill patients died during the 
90 days of the follow-up period. Survival data was unavailable 
for one patient. Nonsurvivors had significantly elevated initial 
urinary L-FABP and NGAL compared to survivors (Table 3); 
urinary L-FABP (median, 57.16 vs 10.88 ng/mL, P = 0.004) and 
urinary NGAL (median, 68.18 vs 18.13 ng/mL, P = 0.010). To 
determine the predictive value of urinary biomarkers in predict-
ing patient prognosis, we performed multivariate Cox regres-
sion analysis. Variables included in the model were tested for 
multicolinearity and were as follows: age, gender, hypertension, 
diabetes, cancer, liver disease, CKD, fluid balance for 24 and 72 
hr, 6 hr urine output, requirement of mechanical ventilation or 
RRT, SAPS II score, and urinary L-FABP and NGAL. The pres-
ence of CKD was the most powerful predictor for 90 day mor-

Table 2. The analysis of surgical admissions

Category of surgery AKI (n = 23) Non-AKI (n = 47) P

Intra-abdominal surgery 8 (34.8%) 11 (23.4%) 0.622
Thoracic surgery 6 (26.1%)   5 (10.6%) 0.330
Neurosurgery 5 (21.7%) 26 (55.3%) 0.006
Orthopedic surgery 4 (17.4%) 3 (6.4%) 0.425
Other* 2 (4.3%)

*Two patients in non-AKI group were admitted with intracranial hemorrhage, but did 
not have an operation and ended up as cadaver donors. AKI, acute kidney injury.

Fig. 1. Diagnostic performance for AKI. Receiver operating characteristic curves for 
the diagnosis of AKI. The area under the ROC curves and the cutoff value of each uri-
nary biomarker are presented in the separate table under the figure.
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Table 3. Urinary biomarkers and SAPS II score in survivor versus non-survivor 

Biomarkers
Survivor 

(n = 116)
Non-survivor 

(n = 28)
P

AUC-ROC  
(95% CI)

NGAL (ng/mL)* 18.13  
(7.78-85.75)

68.18  
(16.80-592.77)

0.010

L-FABP (ng/mL)* 10.88  
(1.09-67.00)

57.16  
(12.71-114.27)

0.004 0.669  
(0.563-0.775)

SAPS II score 
   (mean ± SD)

29.19 ± 14.61 46.82 ± 17.44 < 0.001 0.778  
(0.675-0.880)

SAPS II score +  
   L-FABP 

0.794  
(0.699-0.890)

*Median (interquartile range). SAPS, simplified acute physiology score; AUC-ROC, 
area under curve-receiver operating characteristic; NGAL, neutrophil gelatinase-as-
sociated lipocalin; L-FABP, liver-type fatty acid binding protein.

Table 4. Independent predictors for 90 day mortality

Items Hazard ratio
95% Confidence 

interval
P

Chronic kidney disease 3.795 1.587-9.076 0.003
SAPS II score (per point) 1.054 1.030-1.078 < 0.001
Urine L-FABP (per 10 ng/mL) 1.018 1.001-1.034 0.036

SAPS, simplified acute physiology score; L-FABP, liver-type fatty acid binding protein.
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tality (Table 4). SAPS II score and urinary L-FABP, but not uri-
nary NGAL, were also found to be independent predictors of 90 
day mortality in the heterogeneous ICU population. The AUC-
ROC was calculated for SAPS II score (0.778, 95% CI 0.675-0.880) 
and urinary L-FABP (0.669, 95% CI 0.563-0.775) and depicted 
in Fig. 2. However, when we performed subgroup analysis in-
cluding only patients without AKI, the level of urinary L-FABP 
showed no significant difference between the survivor and the 
dead patients. And unfortunately, the combination of urinary 
L-FABP with the SAPS II score did not significantly improve the 
predictive ability for 90 day mortality (AUC 0.794, 95% CI, 0.699-
0.890). In Fig. 3, we also plotted Kaplan-Meier survival curves 
using a cutoff value of urinary L-FABP for detecting AKI (28.45 
ng/mL). Patients with higher urinary L-FABP showed shorter 
mean overall survival than patients with lower urinary L-FABP 
(73.1 ± 3.9 days vs 81.3 ± 2.6 days, P = 0.016 by the log-rank test).

DISCUSSION

Acute kidney injury is a continuing clinical problem, especially 
in critically ill patients. It occurs in 30%-50% of ICU patients and 
is associated with substantial mortality, despite advancements 
in laboratory science and critical care medicine. In current prac-
tice, AKI is diagnosed based on changes of serum creatinine con-
centration, with or without oliguria. However, serum creatinine 
measurement is relatively insensitive and nonspecific for the de-
tection of early kidney injury, which limits timely diagnosis and 
intervention, thus ultimately compromising patient outcome. 
Over the last decade, many efforts have been made to identify 
an ideal biomarker for detecting early stage of AKI and also to 

evaluate the prognostic performances of several candidate bio-
markers, including kidney injury molecule 1 (KIM-1), N-acetyl-
β-D-glucosaminidase (NAG), NGAL, and interleukin-18 (IL-18) 
(8, 9).
 Serum and urine NGAL have been most intensively investi-
gated across a wide range of clinical settings of AKI in pediatric 
and adult patients (10-12). Haase et al. (13) recently reviewed 
19 studies involving 2,538 patients and reported that the NGAL 
level appeared to serve as a useful diagnostic and prognostic 
tool of AKI. L-FABP is a newly emerging biomarker that has an-
tioxidant properties, and enhanced expression in proximal tu-
bule cells and subsequent urinary excretion are known to reflect 
the presence of tubular injury. In fact, Yokoyama et al. (14) re-
ported that the amount of renal expression and urinary excre-
tion of L-FABP were significantly correlated with the severity of 
tubulointerstitial damage in human L-FABP transgenic mice. 
Urinary L-FABP has also been validated in multiple clinical sit-
uations along with other known biomarkers of AKI (15-17).
 Until recently, most attempts to assess the usefulness of nov-
el biomarkers have been performed in homogeneous popula-
tions such as patients with cardiac surgery. For the application 
of these biomarkers in clinical practice, however, the focus of 
clinicians has now moved to performing studies in heteroge-
neous populations who were known to have increased risk of 
AKI. Ferguson et al. (18) performed a cross-sectional study us-
ing 92 patients with established AKI and 68 controls composed 
of four different groups. They found that urinary L-FABP had 
good performance in detecting AKI and significant predictive 
value for RRT requirement and for the composite end point of 
death/RRT, regardless of the etiology of AKI. More recently, Doi 

Fig. 2. Predictive performance for 90 day mortality. Receiver operating characteristic 
curves of SAPS II score and urinary L-FABP for 90 day mortality. The AUC-ROCs are 
presented in Table/2.
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Fig. 3. Kaplan-Meier survival curves according to the level of urinary L-FABP. Log-
Rank test.
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and colleagues (19) conducted a prospective observational study 
evaluating the performance of five urinary biomarkers (L-FABP, 
NGAL, IL-8, NAG, and albumin) in 339 adult ICU patients. They 
also demonstrated that urinary L-FABP had better diagnostic abil-
ity for the detection and prediction of AKI than other biomark-
ers, and also observed that L-FABP, along with urinary NGAL, 
were significantly associated with 14-day in-hospital mortality.
 Our study further investigated the diagnostic and prognostic 
value of urinary L-FABP in heterogeneous ICU patients, perform-
ing a prospective observational cohort study with extension of 
the follow-up period up to 90 days. As far as we know, there have 
been no studies that evaluate the role of urinary L-FABP in pre-
dicting relatively long-term outcome in a heterogeneous ICU 
population both with and without AKI. Overall, patients with 
AKI had more severe burden of illness and showed worse out-
come during 90 days of follow-up than patients without AKI. 
Urinary L-FABP and NGAL were significantly higher in the AKI 
group, which included patients with both established and new-
ly developed AKI. The ability of urine L-FABP to detect AKI was 
comparable with that of urine NGAL, with AUCs of 0.780 and 
0.773, respectively. This result again confirmed previous stud-
ies. In this study, urine L-FABP was measured only once at the 
time of ICU admission, and this should not be able to reflect the 
time of AKI development. If urine can be collected at the similar 
time point of AKI development and progression in future stud-
ies, the diagnostic ability can be more accurate. Also, the cutoff 
values were different from study to study depending on the tar-
get population. For example, the cutoff value of urinary L-FABP 
was 486 ng/mg creatinine (Cr) for AKI prediction after cardiac 
surgery (17), but it was 47.1 ng/mg Cr to identify established AKI 
from hospitalized patients in a cross-sectional study (18). Here-
in, we examined the cutoff value for detection of both established 
and newly developed AKI in a heterogeneous ICU population, 
and it was 28.45 ng/mL for L-FABP and 25.06 ng/mL for NGAL. 
More intense studies are needed to determine a reliable cutoff 
value in clinical practice. In this study, we used the absolute con-
centration of urinary biomarkers rather than the values that were 
normalized to urinary creatinine. Although the issue whether 
absolute concentration or normalized value against urinary cre-
atinine should be used is still controversial, evidences are accu-
mulating that suggest that absolute level of urinary biomarkers 
can be applicable to clinical evaluation (19-21). It is also note-
worthy that we tested whether the combination of both urinary 
biomarkers improved the detection ability for AKI. We could not 
observe any significant increase in AUC from combination of 
these two biomarkers. However, the possible effect of develop-
ing panel of biomarkers that can enhance its diagnostic ability 
should not be underestimated from this result (22).
 Thus far, many studies have assessed biomarkers as outcome 
predictors, adjusting only for age and gender. In the present study, 
we included various confounders in a multivariate Cox regres-

sion model to find independent predictors of 90 day mortality, 
such as fluid balance, urine output, acute illness score, and un-
derlying diseases. Our study revealed that urinary L-FABP, but 
not NGAL, was the independent biomarker with prognostic abil-
ity in heterogeneous ICU population including both with and 
without AKI. At a cut-off value of 28.45 ng/mL, Kaplan-Meier 
curves showed significant differences in survival. CKD had the 
highest hazard ratio (3.795) among independent outcome pre-
dictors, and it reminds us that baseline characteristics of patients 
should always be concerned even when investigators focus on 
biomarkers. Recent studies reported that fluid overload was as-
sociated with increased mortality and suggested fluid balance 
as a biomarker for adverse outcome (23-25). In this study, day 
one and day three fluid balance did not independently predict 
90 day mortality, although patients with AKI had less 6 hr urine 
output and higher positive fluid balance with wider range than 
the non-AKI group. However, the importance of fluid balance 
should not be underestimated from this result. On the other 
hand, using the absolute concentration of urinary L-FABP at the 
time of admission was again found to be useful in predicting pa-
tient prognosis, because it was shown to be independently as-
sociated with 90 day mortality, even after adjusting for urine out-
put and fluid balance. We also plotted ROC curves of the SAPS 
II score, urinary L-FABP, and the combination of the two to find 
the predictive performance for 90 day mortality. However, the 
improvement of predictive performance with the combination 
was not significant in our study. Nevertheless, as mentioned 
earlier, development of panel assays of outcome predictors are 
still warranted for early detection and outcome prediction.
 Although this prospective study revealed some important find-
ings, there are several limitations. First, this is a single center 
study with a relatively small sample size. Second, the AKI group 
in our study included both newly developed AKI and established 
AKI, and because of the too small sample size, we could not as-
sess the true predictive ability of urinary biomarkers for earlier 
detection of AKI compared to serum creatinine. Third, as in all 
other biomarker studies, urinary NGAL and L-FABP were com-
pared to serum creatinine, which is insensitive and nonspecific 
for kidney injury but defines AKI in clinical practice. Fourth, se-
rial measurement of urinary biomarkers will provide better in-
formation for future usage of these markers, although a single 
urine sample at the time of ICU admission is the easiest meth-
od to use in clinical practice.
 In conclusion, AKI in ICU patients is still a challenging prob-
lem with a high incidence and mortality. Numerous biomark-
ers have been investigated, because timely diagnosis and inter-
vention in AKI is crucial to improve patient outcome. This study 
suggests that urinary L-FABP could be an adjunctive and inde-
pendent biomarker for both the detection of AKI as well as the 
prediction of prognosis in heterogeneous ICU patients. To vali-
date these results and develop a panel of reliable biomarkers, 
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further studies are required.
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