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ABSTRACT

Patients with diabetes mellitus (DM) are at risk
of developing diabetic nephropathy (DN), a con-
dition whose onset and progression are linked
to increased morbidity and mortality. Therefore,
early recognition is crucial. Presently, this relies
on the albumin excretion rate (AER) and glo-
merular filtration rate (GFR). Nevertheless, DN
eventually affects patients with normal AER and
GFR. Thus, further easy-to-handle biomarkers of
DN onset/worsening are needed. Liver-type fatty
acid-binding protein (L-FABP) has been associ-
ated with renal damage and could help predict/
diagnose DN. We performed a literature selec-
tion to evaluate the performance of urinary
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excretion of such biomarker (urinary-L-FABP:uL-
FABP) in predicting/diagnosing DN and its pro-
gression in diabetes. We evaluated 635 publica-
tions, 21 of which were included. Of these, 14
have cross-sectional design/arms and ten lon-
gitudinal design/arms. Cross-sectional studies
showed uL-FABP to correlate with DN onset and
severity in type-1 DM and type-2 DM, besides
being higher than in healthy controls in the
case of normoalbuminuria. Longitudinal stud-
ies showed baseline uL-FABP to predict DN onset
in normoalbuminuric patients with T1DM and
DN progression independently of diabetes type.
The results suggest that uL-FABP is a marker
of tubular damage detectable before increased
albumin excretion and can represent the earli-
est sign of DN. Indeed, it discloses its onset and
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often predicts its severity in T2DM and patients
with T1IDM. Currently, uL-FABP can be routinely
assessed and, being available as a point-of-care
fast-test kit, may also become an easy-to-handle
diagnostic tool for outpatients. In conclusion,
uL-FABP represents a user-friendly biomarker
of DN and can even predict DN progression in
T2DM and T1DM over time.

Keywords: Diabetic nephropathy; Liver-type
fatty acid-binding protein; Urinary biomarker

Key Summary Points

Diabetic nephropathy (DN) is the first cause
of chronic kidney disease and end-stage renal
disease worldwide, the detection of its onset
and progression are crucial. Cost-effective
early biomarkers of DN are advisable and
needed.

Liver-type fatty acid-binding protein (L-FABP)
has been associated with renal damage and
has been reported to help predict/diagnose
DN even before the onset of albuminuria.

We performed a review of the literature
reporting on the diagnostic performance of
urinary L-FABP as a potential point-of-care
diagnostic tool for DN in patients with type 1
and type 2 diabetes.

The scientific evidence reviewed supports the
idea that urinary L-FABP represents an easy-
to-handle biomarker of DN in type 2 and
type 1 diabetes, even predictive of its progres-
sion over time.

INTRODUCTION

Patients with type 1 and type 2 diabetes mellitus
(T1DM and T2DM) are at high risk of develop-
ing diabetic nephropathy (DN). This complica-
tion is the most common cause of chronic kid-
ney disease (CKD) and end-stage renal disease
(ESRD), affecting approximately half of these

patients [1]. DN significantly increases the risk
of cardiovascular disease (CVD) and mortality
and often necessitates costly, quality-of-life-
disrupting renal replacement therapies, such as
dialysis or kidney transplantation. Accordingly,
its early prediction is crucial for timely inter-
ventions to stop or slow its natural progression
[2]. For these reasons, monitoring renal func-
tion through a fast, reliable, and easy-to-handle
method in T1DM and T2DM is clinically crucial
[1]. Generally, laboratory findings of DN range
from microalbuminuria to macroalbuminu-
ria and increased plasma creatinine/decreased
glomerular filtration rate (GFR) [1]. Compared
to plasma creatinine, albuminuria is time- and
cost-effective for outpatients, requiring only a
commercial dipstick for a urine spot test. How-
ever, since about 20% of diabetic patients with
CKD may be normoalbuminuric [3, 4], repeated
efforts have been made to find a suitable urinary
DN biomarker without microalbuminuria [5, 6].
DN is one of the most common complications of
diabetes, accounting for 25-50% of T1DM and
45-57% of patients with T2DM, more than half
(52.5%) of whom suffer from moderate-to-severe
disease (stage 3-4) [7, 8]. The most widely used
method to assess impaired renal function is AER
in terms of spot urine albumin/creatinine ratio
(ACR) [9, 10]. Despite being fast and cost-effec-
tive, such measurement is only partially reli-
able, as several patients with DN do not display
increased AER [11]. Also, the present best eGFR
calculator (CKD-EPI) in people with diabetes has
the bias of depending only on creatinine, age,
and sex, so eGFR underestimation is quite likely
to occur [12, 13].

Liver-type fatty-acid binding protein (L-FABP),
also known as FABP1, is an intracellular carrier
protein of free fatty acids expressed in several
organs, such as the liver, intestine, lungs, pan-
creas, and kidneys [14]. Its increased expression
correlates with local and systemic inflamma-
tion and, within the kidney, is predominantly
found in proximal tubules [14]. Increased levels
of urinary and serum L-FABP have been corre-
lated with intestinal ischemia, ischemic damage
caused by renal transplantation or cardiac bypass
surgery, obesity, and also with hepatic tumori-
genesis [15-18]. High urinary L-FABP (uL-FABP)
levels are associated with tubule-interstitial
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damage [19]. Moreover, there is increasing evi-
dence that uL-FABP excretion is associated with
the protein-to-creatinine ratio, thus correlating
with DN onset and progression [20]. Finally,
by detecting the positive effects of therapeutic
intervention on DN, uL-FABP can be used as an
accurate marker of individual responsiveness to
reno-protective treatment protocols [21-23].

With the above-mentioned indications, the
healthcare system in Japan reimburses its clinical
use. Considering it a highly desirable early marker
of DN for widespread utilization, we performed a
review of the literature with the aim of evaluat-
ing uL-FABP in terms of diagnostic performance
to detect the onset and predict the progression of
DN in patients with T2DM and T1DM.

METHODS

Two authors (MM and SG) searched the literature
through the most relevant electronic databases
(MEDLINE/PubMed, SCOPUS, EMBASE, Web
of Science) by entering the following Boolean
string: “L-FABP AND diabetes AND nephropa-
thy OR L-FABP AND diabetes AND kidney disease
OR liver-type fatty acid-binding protein AND
diabetes AND nephropathy OR liver-type fatty
acid-binding protein AND diabetes AND kidney
disease” keywords. Also, a free-text search was
performed by entering the same keywords. We
retrieved 90 papers in-extenso from Medline/Pub-
Med, 78 from EMBASE, 354 from Scopus, and
113 from Web of Science until September 2022.
After removing duplicates, the authors reviewed
all identified articles and discarded those not
pertinent to the aim. In particular, the inclu-
sion criteria were original papers published in
English on the diagnostic performance of uri-
nary L-FABP for predicting DN in humans. Con-
versely, the exclusion criteria for the study design
were papers published in non-English language
or unrelated to diabetes or L-FABP, non-human
studies, reviews, abstracts, missing DN-related
data, studies reporting data that duplicated those
already included in the review, and interven-
tional studies exclusively evaluating the effects
of a specific therapy, therefore not aimed at the

diagnostic performance of L-FABP. The PRISMA
flow diagram is shown in Fig. 1.

We selected 21 cross-sectional and/or longi-
tudinal studies for inclusion in this review. Due
to their inhomogeneity in terms of statistical
analysis and data presentation, we refrained
from performing a meta-analysis and preferred
to extract their most significant results and sum-
marize them into dedicated tables.

Patients are classified as normoalbuminuric
with an ACR < 30 mg/g creatinine, microalbu-
minuric with an ACR of 30-299 mg/g creatinine,
and macroalbuminuric with an ACR > 300 mg/g
creatinine. By definition, patients with diabetic
nephropathy (DN) had albuminuria, reduced
glomerular filtration rate (GFR), or both [1]. This
article is based on previously conducted stud-
ies and does not contain any new studies with
human participants or animals performed by
any of the authors.

SEARCH RESULTS

In the 21 selected studies (Tables 1 and 2),
L-FABP measurement primarily relied on com-
mercially available, clinically validated enzyme-
linked immunosorbent assay (ELISA) kits and
DN assessment on albumin excretion rate (AER)
or albumin-to-creatinine ratio (ACR) [9]. We
assessed uL-FABP’s ability to detect DN onset
and predict DN progression by analyzing cross-
sectional and longitudinal evaluations.

The included studies had an exclusively cross-
sectional design in 11 cases [20-22, 24-31], an
exclusively longitudinal design in seven cases
[32-38], and a both cross-sectional and longitu-
dinal evaluation in three cases [39-41].

CHARACTERISTICS OF THE
INCLUDED STUDIES

Cross-Sectional Studies

Fourteen studies reported cross-sectional
results (ten on T2DM and four on patients with
T1DM). The ten studies on patients with T2DM
enrolled 3126 adults with T2DM ranging from

A\ Adis



1110

Diabetes Ther (2025) 16:1107-1124

Pubmed
90 papers

EMBASE
78 papers

Scopus
354 papers

Web of Science
113 papers

Not pertinent to the topic!

Duplicated contents

290 papers

278 papers

Content analized
60 papers

Focused on therapy

Reviews

26 papers

13 papers

Included
21 papers

Cross-sectional only
11 papers

Longitudinal & cross-sectional
3 papers

Longitudinal only
7 papers

Fig.1 PRISMA flow diagram for the selection of the
papers included in the present review [1]. The papers were
considered “not pertinent to the topic” when conducted
exclusively on animal/cellular experimental models, una-
vailable in extenso, in a non-English language, not includ-
ing patients with diabetes, data on DN, and presented as

normoalbuminuria, micro-albuminuria, macro-
albuminuria, and DM-related CKD [20, 21,
24-27, 29, 30, 40, 41]. Five papers also included
574 healthy control (HC) subjects without
T2DM or CKD [20, 21, 25, 27, 30, 40]. The geo-
graphical provenience of the studies was the Far
East (12 studies) and Northern Europe (two stud-
ies from Germany).

The four studies that dealt with patients with
T1DM included 2440 subjects and 327 controls
as a whole [22, 28, 31, 39]. The geographical

editorials or non-original publications. The included stud-
ies had an exclusively cross-sectional design in 11 cases
[9-11, 14-21], an exclusively longitudinal design in seven
cases [22-28], and both cross-sectional and longitudinal
evaluation in three cases [29-31]

provenience areas were Northern Europe (two
studies), Egypt, and South Korea (see Table 1 for
further details).

The cross-sectional analyses measured uL-
FABP using commercial and self-made non-
commercial ELISA kits or enzyme-chemilumi-
nescent immunosorbent assay (ECLIA) Kkits (see
Table 1 for details on which kit was used in each
study). uL-FABP levels were found to be signifi-
cantly higher in normoalbuminuric T1IDM and
patients with T2DM than in HC in five of six
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studies concerning T2DM and all four on T1DM.
Moreover, in all the studies included in this
analysis, independently of being measured on
random spot urine, first-morning urine, or 24-h
urine samples, uL-FABP significantly correlated
with albuminuria or DN as measured by eGFR
AER or ACR.

T2DM Cross-Sectional Studies

The cross-sectional studies that enrolled the
higher number of patients with T2DM were
from Japan, i.e., Suzuki et al. 2005 [24] and
Ito et al. 2017 [41]. Suzuki et al. recruited 356
adult outpatients with T2DM from the Division
of Nephrology and Hypertension of a tertiary
center in Tokyo, Japan, and stratified them into
four ACR classes. Two hundred sixteen patients
had normoalbuminuria, 64 microalbuminu-
ria, 46 macroalbuminuria, and 30 renal fail-
ure. Being the study from 2005, by design, the
authors referred to the 2004 American Diabetes
Association position statement on nephropathy
in diabetes [42]. Therefore, they defined patients
with a serum creatinine concentration > 2.0 mg/
dl as having renal failure; those with serum cre-
atinine < 2.0 mg/dl were classified as normoal-
buminuric if ACR was < 30 mg/g creatinine,
as microalbuminuric if ACR was 30-299 mg/g
creatinine, and as having clinical albuminuria
if ACR was 2 300 mg/g creatinine. The authors
found that in patients with macroalbuminuria
and renal failure, uL-FABP (measured on first-
morning urine spot samples) was significantly
increased compared to those with normo- and
micro-albuminuria (p < 0.001). Moreover, the
difference between macroalbuminuric and renal
failure patients was also statistically significant
(p <0.001). In univariate and multivariate anal-
ysis, the only variables significantly associated
with uL-FABP were urinary albumin (directly)
and eGFR by MDRD (inversely). The authors
concluded that uL-FABP might be associated
with advanced kidney disease in T2DM [24].
In the other study from Ito et al., uL-FABP was
measured in random spot urine samples in 788
outpatients with T2DM reporting for routine
screening to the Department of Diabetes, Metab-
olism and Kidney Disease of a tertiary center in
Tokyo, Japan. Four hundred sixty-six patients

had normoalbuminuria, 218 microalbuminuria,
and 104 macroalbuminuria. In this study, which
also included a longitudinal evaluation, the
authors found that uL-FABP (ELISA Kit, CMIC
Co. Tokyo, Japan) significantly correlated with
HbA1c levels, systolic blood pressure, and eGFR
in normoalbuminuric patients and with serum
HDL cholesterol, ACR, and renin-angiotensin
system (RAS) inhibitors treatment in micro-/
macro-albuminuric ones. The authors concluded
that uL-FABP correlated with part of the meta-
bolic derangements of T2DM normoalbuminuric
patients (levels of HbAlc and systolic blood pres-
sure) and vascular complications in albuminuric
subjects [41].

T1DM Cross-Sectional Studies

Regarding T1DM studies, the study enrolling
the higher number of patients was the one from
Panduru et al. [39]. This paper reported part of
the Finnish Diabetic Nephropathy Study (Finn-
Diane). In this multicenter nationwide study
based in Finland, 2246 adult patients with
T1DM were evaluated and compared to a cohort
of 208 healthy controls. A total of 1549 patients
had normoalbuminuria, 334 had microalbumi-
nuria, and 363 had macroalbuminuria. At the
cross-sectional baseline analysis, 24-h uL-FABP
levels, as measured by an ELISA commercial kit
(Cobas Elecsys 411 Immunoanalyzer, Roche
Diagnostics GmbH, Mannheim, Germany) on
spot urine samples, were significantly higher
in patients with T1IDM with normal AER than
controls, in microalbuminuric than normoalbu-
minuric patients, and macroalbuminuric than
microalbuminuric patients (p < 0.001, for each).
The study also included a longitudinal evalua-
tion (discussed below). From their results, the
authors concluded that uL-FABP, i.e., a param-
eter closely associated with structural and func-
tional tubular damage, was a reliable predictor
of disease progression in patients with T1DM at
all DN stages, even with normal AER [39].

Longitudinal Studies

Ten of the selected studies included a longi-
tudinal observation of uL-FABP, intending to
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evaluate the prognostic performance of such a
test on DN onset and evolution. Their features
are summarized in Table 2.

Five studies dealt with T2DM [34, 37, 38, 40,
41], four with T1DM [32, 33, 35, 39], and one
included T1DM and patients with T2DM [36].
Overall, the authors analyzed 833 T1DM and
4513 patients with T2DM (with a follow-up time
ranging from 6 months to 18 years) by measur-
ing uL-FABP on 24-h urine samples, spot urine,
or first-morning urine samples according to the
above-mentioned ELISA or ECLIA methods. All
of the studies had the endpoint to evaluate ulL-
FABP predictive value on CKD onset and pro-
gression by assessing the rate of albuminuria
increase and GFR/eGFR decline, ESRD onset,
or the requirement for dialysis or kidney trans-
plant. All of the studies, within their specific
endpoints, found that uL-FABP could predict
DN onset and progression.

T2DM Longitudinal Studies

In particular, the study enrolling the highest
number of patients with T2DM, recently pub-
lished by Ide et al., recruited 2685 subjects from
the “Fukuoka Diabetes Registry” study, i.e., a
multicenter prospective longitudinal study,
included 5131 adults (aged > 20 years) with
T2DM in the Fukuoka Prefecture, Japan with (i)
eGFR > 15 ml/min/1.73 m? at baseline; (ii) > 3
annual eGFR recordings during a 5-year follow-
up; (iii) simultaneous measurement of urinary
NGAL, KIM-1, L-FABP, and albumin [38]. A total
of 1634 (60.85%) patients had normal, and 1051
(39.15%) increased albuminuria at baseline.
The latter were significantly older, had longer
diabetes durations, higher BMI, blood pres-
sure, HbAlc, and proportion of RAS inhibitor
use, and, as an even more relevant issue, lower
eGFR, and increased urinary L-FABP. During the
5-year follow-up, an over 30% decline in eGFR
was observed in 17% of the participants. At
multivariable analyses adjusted for age, sex, dia-
betes duration, BMI, blood pressure, smoking,
HbA1c, RAS-inhibitors utilization, and eGFR as
confounding factors, uL-FABP turned out to be
capable of predicting an over 30% eGFR decline
only in those with baseline ACR >30 mg/gCr
(HR: 2.78-2.24-3.45 95% CI) independently

of ACR and eGFR baseline levels. Moreover,
the three combined urinary markers of tubu-
lar injury (NGAL + KIM-1 + uL-FABP) increased
the predictive power of the above association
(HR: 7.00-4.69-10.47 95% CI). The authors
concluded that the three tubular injury markers
might help identify and aggressively treat high-
risk albuminuric East Asian patients to reduce
the ESRD onset [38].

The other studies on T2DM were also pub-
lished principally in Japan [34, 36, 40, 41], with
only one on American Pima Indians [37]. As
stated above, all the longitudinal studies dem-
onstrated, within their endpoints, an associa-
tion between L-FABP and DN progression (see
Table 2).

T1DM Longitudinal Studies

Similarly, the previously mentioned large study
from Panduru et al., involving north-European
subjects included in the Finn-Diane cohort,
analyzed longitudinally uL-FABP ability to pre-
dict DN progression in patients with T1DM for
a median follow-up of 5.8 years [39]. In detail,
68.97% of the 2246 patients in the study were
normoalbuminuric, 14.87% micro-albuminu-
ric, and 16.16% were macro-albuminuric. The
definition of DN progression relied on shifting
from one stage to the following based on AER
or developing ESRD (i.e., the need for dialysis
or a kidney transplant). At univariate and Cox
regression analyses, L-FABP independently pre-
dicted the progression from normoalbuminuria
to microalbuminuria (HR: 2.97-1.49-5.89 95%
CI, p <0.002), from microalbuminuria to mac-
roalbuminuria (HR: 1.40-1.10-1.79 95% CI, p
= 0.006) and from macroalbuminuria to ESRD
(HR: 1.24-1.19-1.28 95% CI, p < 0.001), and
the association persisted after adjusting for
potentially interfering medications (except for
antihypertensive drugs, including ACE inhibi-
tors). The authors concluded that uL-FABP was
an independent predictor of progression across
all stages of DN in patients with T1DM [39].
The other studies on T1DM are from Europe
[32], Egypt [35], and Japan [36]. All of the stud-
ies demonstrated a correlation between L-FABP
levels and DN progression variously evaluated,
except the one from Nielsen, on 63 Danish
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T1DM macroalbuminuric patients, in which
uL-FABP was not correlated to GFR decline (see
Table 2) [33].

DISCUSSION

As extensively discussed in the Introduction,
there is a strong need for a sensitive DN bio-
marker, possibly endowed with reliable disease
progression-predicting capacity, especially in the
early stages, to enable clinicians to slow down
and even stop it with adequate treatment [43,
44]. Indeed, we must point out that DN cannot
be reverted after reaching its clinically detect-
able phase. Therefore, early diagnosis is crucial
to start the best pharmacological and lifestyle
interventions against its progression toward
advanced stages until dialysis or transplant [45,
46]. uL-FABP is a marker of renal tubular dam-
age, a condition emerging in the early stages of
DN and promoting renal disease progression [47,
48]. In addition, uL-FABP is also available as a
POC (point-of-care) fast spot urine test (e.g., the
simplified kit, Dip-test, CMIC Co Ltd, Tokyo,
Japan). Such formulation is affordable and does
not need costly equipment or procedures, which
makes it particularly suited for population
screening programs, especially in low-income
settings [49]. The majority of cross-sectional
studies including a control group, analyzed in
the present review, showed that, in the presence
of DN, uL-FABP levels were significantly higher
in T1DM and patients with T2DM with normal
AER than in healthy controls, thus suggesting
that it could detect renal impairment in patients
with diabetes earlier than AER.

Moreover, those papers also spotted a sig-
nificant correlation with the DN severity, being
uL-FABP levels progressively increased along
with different renal impairment stages (normo-
> micro- > macro-albuminuric > CKD with
increased serum creatinine). This feature was
confirmed both in T1IDM and T2DM cohorts.
Of particular note, the study from Ito et al.,
including a large cohort of patients with T2DM
studied by cross-sectional and longitudinal anal-
ysis, reported that uL-FABP also correlated with

T2DM metabolic and cardiovascular risk factors
(namely HbA1lc, HDL, and blood pressure) [41].

Finally, according to the ten longitudinal
studies, including T1DM and patients with
T2DM with a follow-up time ranging from
6 months to 18 years, uL-FABP was able to pre-
dict DN onset and progression. In this particular
field, the study conducted in Japan by Ide et al.
on patients with T2DM is of great notice [38].
In this registry study, including a large cohort
of patients (2685 subjects) with all DN stages,
uL-FABP did not predict DN in normoalbumi-
nuric patients. This finding was likely because a
> 30 increase in % eGFR over 5 years of follow-
up was the clinical endpoint chosen to spot DN
onset and progression. Therefore, it is difficult
to imagine (and also desirable) that a significant
proportion of patients could reach such a wors-
ening starting from a normal glomerular filtra-
tion rate, given the progress made in the diagno-
sis and prevention of complications in diabetes.
However, the paper demonstrated that uL-FABP
was able to predict a significant eGFR decline (>
30%) in already albuminuric subjects, even after
adjusting for confounding factors such as age,
sex, diabetes duration, blood pressure, smoking,
HbA1c, therapy (RAS inhibitors), and baseline
eGFR. This finding is significant because uL-
FABP increase is a typical expression of tubular
damage, probably one of the first histologically
relevant signs in DN pathophysiology. Subse-
quently, after the first damage step, the patho-
physiological course of DN most often switches
to glomerular involvement and impaired barrier
function with albuminuria, overt proteinuria,
increased serum creatinine levels, and reduced
GFR [50]. Therefore, the fact that this tubular
damage marker was shown to predict the onset
and progression of glomerular involvement is
important and indicates that uL-FABP can detect
renal impairment progression in microalbumi-
nuric patients with T2DM and that its diagnostic
power is also relevant in advanced DN stages as
a predictor of disease progression over time [38].

Longitudinal T1DM cohorts replicated these
findings. This concept applies particularly to
the study by Panduru et al., whose endpoints
were probably more likely to be verifiable from
a pathophysiological point of view by defining
DN progression as the switch from one stage to
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another (normo-, micro-, macro-albuminuria,
and ESRD) instead of an increase in eGFR. With
this definition of DN progression, uL-FABP could
predict it in all patients with T1DM (including
normoalbuminuric subjects) after adjusting for
confounding factors such as interfering medica-
tions [39].

Taken as a whole, the results of these studies
demonstrated that uL-FABP could be a promis-
ing biomarker not only in the early DN stages
(characterized only by initial tubular damage)
but also when glomerular damage has occurred,
as a valuable predictor of disease progression,
both in T1IDM and T2DM.

Moreover, uL-FABP is also available as a fast
point-of-care kit, not requiring a laboratory
facility to collect and analyze urine and serum
samples. Instead, it can easily be performed at
the time of an outpatient visit. Therefore, uL-
FABP could be considered a reliable and easy-
to-handle candidate for screening programs
in low-income settings and whenever a quick
evaluation of the renal status of diabetic outpa-
tients is required, and a laboratory is not readily
accessible.

Several other urinary biomarkers have been
studied as potential diagnostic tools for DN.
These include neutrophil gelatinase-associated
lipocalin (NGAL), kidney injury molecule-1
(KIM-1), N-acetyl-beta-p-glucosaminidase (NAG),
alpha-1 microglobulin (A1M), beta 2-microglob-
ulim (B2-M), and retinol-binding protein (RBP),
to cite the most studied [51]. Each of these bio-
markers has strengths and weaknesses, and vary-
ing degrees of accessibility based on the availa-
bility of commercial kits. However, an extensive
analysis of the comparative performance with
respect to uL-FABP is difficult due to the almost
total absence (except in one case [37]) of direct
comparative studies and would also be beyond
the scope of this work.

The present review has some limitations. First
of all, as already mentioned in the Methods sec-
tion, the studies included were quite different in
study design, statistical analysis, and data pres-
entation; therefore, it was impossible to perform
a meta-analysis of the pooled data. In particular,
regarding the topic of the study design, it has
to be mentioned that urinary L-FABP measure-
ments were carried out by using several different

laboratory assays (i.e., commercial and non-
commercial ELISA, ECLIA, and LEIA assays) on
different types of urine samples (i.e., random
spot, first-morning spot, and 24-h urine). This
fact may have introduced a bias in efficiently
comparing each study’s results. However, we
must also point out that, despite these differ-
ences, all the analyzed studies reported consist-
ent results on uL-FABP’s capacity to predict DN.
Moreover, the geographical provenience of
the included patients was almost entirely lim-
ited to East Asian (mostly Japanese) and north-
European patients. Therefore, more studies
are needed on other ethnicities to confirm the
reported results of this review. Furthermore, as
already mentioned, other biomarkers of tubu-
lar renal impairment have been proposed in DN
[52, 53]. However, as it has already been pointed
out, a direct comparison (or even an associa-
tion) between these molecules and L-FABP was
only reported in one study [37]. Therefore, no
inference was possible on the possible different
efficacy of those biomarkers other than report-
ing that, in a specific study, pooling biomark-
ers improved the predictive performance of the
tests. Another limitation to be considered is that
all the evaluated studies reported their results
referring to the diagnosis of DN (which implic-
itly infers the presence of a glomerular dam-
age) instead of that of “diabetic kidney disease”
(DKD), which is a clinical diagnosis based on the
presence of proteinuria, decreased eGFR, or both
in diabetes, and can be caused by diverse causes
(i.e., hypertensive nephrosclerosis or unresolved
acute kidney failure) other than glomerular
damage. Because of this, and even if L-FABP has
demonstrated to predict renal alterations also
when increased albuminuria is not present, we
cannot conclude that L-FABP is a good predictor
of DKD. However, since the major cause of DKD
is DN, this fact could strengthen the idea of the
usefulness of L-FABP in DN diagnosis, particu-
larly at the normoalbuminuric stages [54, 55].
Finally, it must be mentioned that the diag-
nostic performance of uL-FABP in DN was
already the subject of two reviews published in
the past. The first, published in 2016 by Fiseha
and Tamir [51], was a narrative review on the
performance of several urinary biomarkers. It was
focused precisely on the diagnosis of early DN, in
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which a chapter was dedicated to uL-FABP. Like
us, those authors concluded that uL-FABP could
be a good biomarker of early DN. However, the
study was only partially focused on uL-FABP and,
being published in 2016, was therefore missing
the studies published subsequently. The other
review was published by Zhang et al. in 2022
[56]. This paper reported a series of metanalyses
on the diagnostic performance of uL-FABP in pre-
dicting various stages of DN. Those authors also
reached the conclusion of a good performance
of such biomarker in predicting DN. However,
they included only 13 of the 21 studies we evalu-
ated. This was probably due both to the technical
needs related to the execution of the metanalyses
and the publication date. Moreover, the hetero-
geneity measurements of their pooled analyses
were not below an I-square of 80%, probably
demonstrating our belief that a metanalysis on
this topic may not be sufficiently accurate. For
these reasons, we believe that the present work
has new elements that further strengthen the
indication of the clinical usefulness of uL-FABP
in the early diagnosis of DN.

CONCLUSIONS

In conclusion, uL-FABP assessment by mean of
commercially available and clinically validated
kits on either 24-h, first-morning, or random spot
samples, showed excellent performance in predict-
ing renal impairment in both T1DM and T2DM
and, therefore, proving to be a good candidate for
a role as a reliable and easy-to-use, point-of-care
early biomarker of DN onset and progression.
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