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Abstract
The fatty acid-binding proteins play a major role in intracellular transportation of long-chain fatty acids. Nine fatty acid-
binding proteins have been identified, with each having individual tissue-specific functions in addition to regulation of fatty 
acids. This review focuses on the three fatty acid-binding proteins found in the gastrointestinal tract and discusses their role 
as diagnostic or disease monitoring markers in neonatal necrotizing enterocolitis, acute mesenteric ischemia, celiac disease, 
and inflammatory bowel disease. Of these three fatty acid-binding proteins, intestinal fatty acid-binding protein is of the most 
interest due to its exclusive expression in the gastrointestinal tract. The elevation of intestinal fatty acid-binding protein in 
blood and urine reflects enterocyte damage, regardless of the underlying cause. The short half-life of intestinal fatty acid-
binding protein also means it is a relatively sensitive marker. In contrast, there is currently less evidence to support liver fatty 
acid-binding protein and ileal bile acid-binding protein as sensitive biomarkers in these conditions. More extensive studies 
with specific endpoints are required to validate the roles of these fatty acid-binding proteins in gastrointestinal diseases.

Keywords  Intestinal fatty acid-binding protein · Liver fatty acid-binding protein · Neonatal necrotizing enterocolitis · Acute 
mesenteric ischemia · Celiac disease · Inflammatory bowel disease

Introduction

The term fatty acid-binding protein (FABP) was first coined 
in 1972 by Ockner et al. [1] following their studies of the 
absorption of long-chain fatty acids into human enterocytes. 
Similar FABPs were subsequently found in the cell cytosol 
of other tissues including brain, myocardium, adipose tissue, 
kidney, and liver, with each named after the tissue in which 
they were discovered or predominantly expressed. Nine dif-
ferent tissue-specific FABPs have been identified to date 
(Table 1), all of which have a similar tertiary structure and 

a single ligand (fatty acid, cholesterol, or retinoid) bound in 
an internal water-filled cavity [2].

The primary role of the FABPs is to regulate the uptake 
and intracellular transport of long-chain fatty acids (≥ 14 
carbons). All FABPs bind to a single fatty acid, with the 
exception of liver FABP (L-FABP) that binds to two fatty 
acids or other hydrophobic molecules [3]. Recent research 
suggests that the individual FABPs may also have other tis-
sue-specific functions that are driven by protein–protein and 
protein–membrane interactions additional to their primary 
role [4, 5].

This review focuses on the three FABPs found in the 
gastrointestinal (GI) tract and discusses their role as diag-
nostic or disease monitoring markers in specific gastroin-
testinal diseases. Intestinal FABP (I-FABP) and L-FABP 
are found most abundantly in the mature enterocytes of 
jejunal villi, with lower amounts present in duodenal 
enterocytes [6–8]. Both I-FABP and L-FAPB are also 
expressed in colonocytes. While there is evidence that 
L-FABP expression is increased over that of I-FABP, 
expression of both proteins is comparatively low in the 
colon [7, 8]. L-FABP is also expressed in hepatocytes, 
renal tubular cells, pancreas, and lung [9]. In contrast, the 
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third FABP of interest, ileal FABP, which is also known 
as ileal bile acid-binding protein (I-BABP), is expressed 
in the ileum, ovary, and adrenal gland [9].

The gastrointestinal FABPs have unique, tissue-specific 
roles. This is exemplified by the findings in cell culture 
and animal models that neither I-FABP nor L-FABP com-
pensates or upregulates each other in the absence of the 
other proteins [4, 5]. When the L-FABP (Fabp1) gene is 
knocked out in mice, the remaining I-FABP directs fatty 
acids toward triacylglycerol synthesis, whereas knockout 
of I-FABP drives fatty acids and dietary monoacylglycer-
ols toward the oxidative and anabolic pathways, respec-
tively [5]. There is also evidence that L-FABP is required 
for enterocyte proliferation, suggesting it has a specific 
role in regulating intestinal homeostasis [4]. I-BABP has 
an additional specific function of transporting bile acid 
from the intestinal lumen back to liver via the enterohe-
patic circulation [10].

I-FABP is the most studied of the three as regards 
human GI disease because of its specificity to the small 
intestine. Moreover, I-FABP levels can be detected at low 
levels in blood consequent to the constant shedding of 
mature enterocytes from villi as part of normal gut homeo-
stasis. Thus, when enterocytes are damaged, I-FABP levels 
in the blood are correspondingly elevated. L-FABP can 
also be detected in the circulation, although evidence sug-
gests that efficient removal of this FABP by the kidneys 
means it has an estimated plasma half-life of only 11 min 
[11]. Given their molecular homogeneity, it is likely that 
I-FABP and I-BABP may also have correspondingly simi-
lar circulating half-lives.

Using Gastrointestinal FABPs to Diagnosis 
and Monitor Gastrointestinal Diseases

The three gastrointestinal FABPs, in particular I-FABP, 
have been studied in the context of a number of GI and 
extra-intestinal diseases [12, 13]. Of these, four diseases 
stand out as regards the reported roles of FABPs in diag-
nosis and subsequent monitoring of responses to ther-
apy: neonatal necrotizing enterocolitis, acute mesenteric 
ischemia, celiac disease, and inflammatory bowel disease. 
These are the focus of this review.

Neonatal Necrotizing Enterocolitis

Neonatal necrotizing enterocolitis (NEC) is a gastrointes-
tinal condition primarily seen in preterm and low-birth-
weight infants. NEC occurs at a rate of 0.5 to 5 patients per 
1000 live births and is associated with a mortality rate of 
between 15 and 30% [14]. The pathophysiology of this dis-
ease is yet to be fully understood, but infants who receive 
formula milk are three times more likely to develop NEC 
compared to those who are exclusively breast fed [15]. The 
initial symptoms of NEC can be non-specific and include 
feed intolerance, mild abdominal distention, hematochezia, 
and/or lethargy. The diagnosis of NEC is definitive when 
evidence of pneumatosis intestinalis is present, with or 
without other clinical features such as absent bowel sounds 
and progressive metabolic acidosis. NEC is considered 
advanced when multiple organs are compromised with 

Table 1   Characteristics of known fatty acid-binding proteins (adopted from Furuhashi et al. [9])

aP2 adipocyte P2, I-BABP ileal bile acid-binding protein, MDGI mammary derived growth inhibitor, MRG MDGI-related gene, PA-FABP psori-
asis-associated FABP, PMP2 peripheral myelin protein 2

Gene Common name Alternative names Tissue expression

Fabp1 Liver FABP L-FABP Liver, intestine, pancreas, kidney, lung, stomach
Fabp2 Intestinal FABP I-FABP Intestine, liver
Fabp3 Heart FABP H-FABP, MDGI Heart, skeletal muscle, brain, kidney, lung, 

stomach, testis, aorta, adrenal gland, mam-
mary gland, placenta, ovary, brown adipose 
tissue

Fabp4 Adipocyte FABP A-FABP, aP2 Adipocytes, macrophages, dendritic cell
Fabp5 Epithelial FABP E-FABP, PA-FABP, mal1 Skin, tongue, adipocytes, macrophages, den-

dritic cell, mammary gland, brain, intestine, 
kidney, liver, lung, heart, skeletal muscle, 
testis, retina, lens, spleen

Fabp6 Ileal FABP Il-FABP, I-BABP, gastrotropin Ileum, ovary, adrenal gland, stomach
Fabp7 Brain FABP B-FABP, MRG Brain, glia cell, retina, mammary gland
Fabp8 Myelin FABP M-FABP, PMP2 Peripheral nervous system, Schwann cell
Fabp9 Testis FABP T-FABP Testis, salivary gland, mammary gland
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worsening of GI features including significant abdominal 
distension, or pain on palpation.

Bell’s staging system is a commonly used staging sys-
tem for the various symptoms and signs of NEC [16]. This 
system includes three stages ranging from suspected (Stage 
1), to definite (Stage 2), and advanced (Stage 3). Although 
advanced stages of NEC can be more obvious clinically, 
early stages of NEC may present with non-specific features. 
Consequently, a biomarker that might predict or identify 
early stage NEC could enable appropriate intervention to 
be instituted before progression to more advanced disease.

The Role of I‑FABP as a Diagnostic and Disease 
Severity Marker for NEC

Among the three gastrointestinal FABPs, I-FABP (measured 
in blood or urine) is the most promising diagnostic marker 
for NEC. Although I-FABP has been evaluated in a number 
of studies, there is significant heterogeneity (I2 greater than 
50%) among these reports, as highlighted in the three pub-
lished meta-analyses [17–19]. The most recent meta-anal-
ysis, including 572 infants (262 infants with NEC and 310 
healthy controls), found that expression of I-FABP in serum 
or urine is positively associated with the presence of NEC; 
standardized mean difference (SMD) = 2.88, 95% confidence 
intervals (CI) = 2.09–3.67, P < 0.001 [18]. The study also 
found I-FABP levels increased significantly in those with 
advanced stage disease (Bell’s stage ≥ 2) compared to those 
with an early stage of NEC (Bell’s Stage 1), SMD = 0.48, 
95% CI = − 0.87 to − 0.09, P = 0.015 [18]. This finding is 
further supported by additional studies (not included in the 
meta-analysis) that also describe the sensitivity, specificity, 
positive predictive value, and negative predictive value of 
two gastrointestinal FABPs (I-FABP and L-FABP) in the 
diagnosis of NEC (Table 2). Further to this, there is a wide 
inconsistency of the best diagnostic cutoff values described 
by each study. This is likely due to the different test kits 
used to measure I-FABP and/or different control groups that 
range from matched controls to patients with other non-NEC 
conditions.

The other two meta-analyses included studies that 
measured I-FABP in blood, and both found this to provide 
a moderately accurate diagnostic marker with medium 
sensitivity but high specificity [17, 19]. Cheng et al. [19] 
reported a pooled sensitivity of 0.67 for NEC Bell Stage 1, 
0.74 for NEC Bell Stage 2 and 0.83 for NEC Bell Stage 3. 
In contrast, Yang et al. [17] calculated the pooled sensitiv-
ity and specificity of plasma I-FABP for diagnosing NEC 
(Bell Stage 2 or 3) to be 0.64 (95% CI = 0.53–0.74) and 
0.91 (95% CI = 0.84–0.95), respectively. In a sub-analysis, 
urinary I-FABP was found to be equally sensitive but less 
specific than plasma I-FABP, with pooled sensitivity and 
specificity of 0.64 (95% CI = 0.53–0.74) and 0.73 (95% 

CI = 0.64–0.80), respectively. In addition, standardizing to 
urine creatinine (urine I-FABP:Cr) to adjust for variable 
urine concentrations did not appreciably affect the sensitiv-
ity or specificity of I-FABP [17].

GI FABPs Compared to Other NEC Diagnostic 
Markers/Combination Markers

Other biomarkers have also been evaluated as diagnostic 
markers for NEC and many of them have been considered in 
concert with the FABP proteins. Fecal calprotectin (S100A8/
A9), a protein released mainly from activated neutrophils, is 
widely used as a biomarker of GI inflammation [20]. While 
the measurement of fecal calprotectin in infants with NEC 
has slightly higher sensitivity than urinary I-FABP:Cr (0.81 
versus 0.79), specificity is lower (0.79 versus 0.85) [21]. 
However, when measured in combination (urine I-FABP:Cr 
and fecal calprotectin), the sensitivity and specificity for the 
diagnosis of NEC increased to 94% and 79%, respectively 
[21].

The finding that fecal calprotectin is raised in infants 
with NEC fits with one of the underlying hypotheses for the 
development of NEC, which is dysregulation of the immune 
system and activation of proinflammatory cytokines such as 
interleukin-8 (IL-8) [22–24]. One study has compared serum 
IL-8 levels to levels of serum I-FABP and L-FABP in infants 
with and without NEC [25]. All three markers were signifi-
cantly elevated in the infants with NEC (Bell’s stage ≥ 2) 
compared to age-matched controls, with IL-8 observed to 
have the highest area under the curve (AUC) of 0.99, sug-
gesting that serum IL-8 may be a better diagnostic marker 
than I-FABP or L-FABP.

A recent systematic review, however, involving ten stud-
ies with NEC Bell stage ≥ 2 as the target condition, ana-
lyzed the utility of a group of serum inflammatory response 
amplification markers that included IL-8, monocyte chem-
oattractant protein 1 (MCP-1), interleukin 10 (IL-10), and 
IL-1 receptor antagonist (IL-1ra) as diagnostic markers for 
NEC [26]. This study determined that IL-10 and IL-1ra had 
the highest sensitivity and specificity (100% and 90%, and 
100% and 91.7%, respectively) within this group of proteins. 
I-FABP and ischemia-modified albumin were found to have 
sensitivity and specificity similar to those of IL-10 and IL-
1ra (100% and 91%, and 94.7% and 92%, respectively) in 
diagnosing NEC [26].

The combination of L-FABP and I-FABP with a marker 
that reflects alteration in intestinal barrier function has also 
been evaluated in the diagnosis of NEC. In this study involv-
ing 20 infants with NEC stage ≥ 2, 40 infants with septicemia 
and 40 control infants, the combination of L-FABP, I-FABP 
and trefoil factor 3 (TFF3), also known as the LIT score [27], 
was evaluated. The plasma level of each marker was ranked 
on a scale of 0 to 3 based on defined cutoff values (i.e., low, 
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medium and high), giving a combined range between 0 and 
9. The study found that a LIT score > 4.5 had the highest 
diagnostic accuracy in differentiating NEC from septicemia 
and controls, providing sensitivity of 50% and specificity 
of 96%. In addition, a LIT score greater than 6 identified 
infants who would not survive their episode of NEC, with 
sensitivity and specificity of 78% and 91%, respectively. To 
date, no further assessments of the LIT score as a means to 
diagnose NEC have been reported.

Marker to Predict Timing and Need for Surgery

While most infants with NEC are managed medically, 
20–40% will need surgical intervention. Severe NEC need-
ing surgical intervention is associated with mortality up 
to 50%, especially in the smallest and least mature infants 
[14]. Having a biomarker that could predict a more compli-
cated NEC course would assist clinicians in deciding which 
infants to consider for surgical intervention, and timing of 
the procedure.

Several studies, with the exception of that by Ng et al. 
[27] using the LIT score, have demonstrated that a single 
measurement of I-FABP or L-FABP when NEC is suspected 
or established (by the presence of pneumatosis intestinalis) 
is not able to distinguish infants needing surgical interven-
tion from those requiring medical treatment only [25, 28, 
29]. It appears that sequential measurements of I-FABP 
(with increasing expression) over a period of time may 
have a role in differentiating these infants, as exemplified 
by a small prospective study involving 37 infants (includ-
ing 22 infants with NEC stage ≥ 2) [29]. This study found 
that subsequent plasma and urinary I-FABP levels measured 
between 8 and 16 h following the onset of clinical features 
associated with NEC were able to differentiate those infants 
with a subsequent complicated course (surgical intervention 
and/or death) from those who had a non-complicated course. 
A cutoff value of 19 ng/mL for plasma I-FABP provided sen-
sitivity and specificity of 88% and 88%, and a cutoff value 
of 232 ng/ml for urinary I-FABP gave sensitivity of 71% 
and specificity of 80% [29]. An unrelated study with a simi-
lar sample size evaluated serial measurements (every 24 h 
from onset of symptoms): The mean serum I-FABP level 
measured at 72 h was significantly higher in infants who 
underwent surgery compared to those who received medi-
cal treatment only (P = 0.001) [28]. In contrast is the single 
study that has shown that a LIT score greater than 4.5 (based 
on single blood measurement taken at clinical presentation) 
is able to distinguish those infants needing surgery from 
those who only required medical treatment, with sensitivity 
of 83% and specificity of 100% [27].

Collectively, these studies suggest that serial assessment 
of I-FABP alone or in combination with other markers in 
the first days following diagnosis of NEC may be helpful in 

prediction of the course of condition, especially regarding 
the need for surgical intervention. However, this concept 
remains to be validated in a larger trial.

I‑FABP Correlates with Disease Extent 
at Laparotomy

As well as having a biomarker to indicate the need for sur-
gery in infants with NEC, being able to predict the extent 
of disease prior to surgical intervention would be useful for 
surgeons when consulting parents on disease prognosis and 
for surgical planning. Two small studies showed that plasma 
I-FABP, urine I-FABP, and urine I-FABP:Cr were associ-
ated with disease extent at laparotomy [30, 31]. One study 
of nine infants with NEC also found that the level of I-FABP 
in urine at the onset of disease correlated significantly better 
than plasma I-FABP as regards the length of bowel resec-
tion needed (spearman 0.92, P = 0.001 versus spearman 
0.68, P = 0.04, respectively) [31]. However, measurement 
of I-FABP in plasma (measured in 19 infants with NEC) was 
unable to differentiate between those infants needing small 
intestinal resection and those needing colonic resection 
[31]. An unrelated study found the urine I-FABP:Cr ratio 
in infants who had small intestinal involvement appeared 
higher than those with isolated or mainly colonic involve-
ment [30]. This finding has potential clinical relevance, but 
larger studies are needed to provide evidence to support the 
concept of prognosticating outcome with I-FABP.

Summary

In summary, I-FABP is shown to be a moderately sensitive, 
but highly specific stand-alone biomarker for the diagnosis 
of NEC. The available evidence also suggests that diagnostic 
accuracy can be further improved by measuring I-FABP in 
combination with other biomarkers. Larger well-designed 
studies, however, are required to validate the potential for 
this biomarker to predict the need for surgical intervention 
and/or the extent of disease involvement in infants with 
NEC.

Acute Mesenteric Ischemia

Acute mesenteric ischemia (AMI) occurs when blood flow 
is unable to meet the metabolic demands of the intestinal 
mucosa [32]. Although the initial response is vasodilation, 
prolonged ischemia leads to vasoconstriction, activation of 
systemic inflammatory pathways, full-bowel wall thickness 
injury, infarction and eventually death. AMI can originate 
from various pathophysiological causes including vascular 
narrowing or blockage by a thrombus, mechanical volvulus, 
or any underlying process resulting in low blood pressure 
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(e.g., shock or heart failure). Typically, AMI presents with 
sudden onset of symptoms such as severe abdominal pain, 
nausea or vomiting, indicative of an acute abdomen.

At present, diagnosis of AMI relies on the clinician’s clin-
ical expertise, imaging findings, and general blood markers 
such as leukocyte count, base excess, lactate dehydrogenase, 
creatine kinase, alanine aminotransferase, and D-dimer level. 
Most of these clinically used markers are non-specific. For 
example, D-dimer assessment (a marker of thrombosis) for 
AMI, exhibits good sensitivity (96%) but poor specificity 
(40%) [33]. There is a clear need for more specific markers 
that could differentiate AMI from other causes of an acute 
abdomen and that might potentially serve as early indicators 
prompting earlier intervention.

I‑FABP as a Marker of Enterocyte Damage 
in an Ischemic‑Reperfusion Event

I-FABP is of particular interest in the context of AMI due 
to its responsiveness during an ischemic–reperfusion event 
[34, 35]. A study of 32 adults who underwent a pancreati-
coduodenectomy (27 patients who had 6 cm of their jejunum 
removed underwent ischemia time of 15, 30 or 60 min fol-
lowed by 30 and 120 min of reperfusion with comparison to 
five untreated controls) found plasma I-FABP levels progres-
sively increased with ischemia time, and that this increase 
correlated with epithelial damage (r = − 0.82, P < 0.001) 
[35]. While I-FABP levels progressively declined following 
reperfusion, levels only returned to baseline in those patients 
who had 15 or 30 min ischemia time. This occurred 120 min 
after reperfusion, and the epithelial lining was restored. In 
contrast, I-FABP levels did not return to baseline at 120 min 
in the patients who had 60 min of ischemia time. This corre-
lated with irrepairable epithelial damage, which manifested 
as markedly shortened villi exposing the subepithelial space 
[35]. Collectively, these findings suggest that I-FABP is a 
sensitive marker for enterocyte damage following a signifi-
cant episode of ischemia.

I‑FABP Compared to Other Clinical Markers

The identification of I-FABP as a sensitive marker of an 
ischemia–reperfusion event has informed other human stud-
ies comparing I-FABP to other established clinical blood 
markers. All but one of these studies found I-FABP to be 
the best diagnostic marker of AMI, evidenced by I-FABP 
having the largest AUC in receiver operating characteristic 
curve analyses [36–41]. One study involving 120 patients 
in a critical care setting, however, found d-lactate and l-lac-
tate to be superior to I-FABP in the diagnosis of AMI [42]. 
Almost half (39) of the 81 patients in this study with unlikely 
or no intestinal ischemia were diagnosed with shock; these 
patients were potentially predisposed to some degree of 

enterocyte damage secondary to their shock, leading to 
release of I-FABP and limiting the differentiation from the 
AMI group. The two lactate markers were found to be more 
sensitive than I-FABP in this study. This may reflect the 
critically ill nature of the patient group, where l-lactate is 
likely to be elevated and d-lactate, which is exclusively pro-
duced by the bowel flora, is likely to translocate into the 
blood stream during a severe bowel ischemic event.

I‑FABP as a Diagnostic Marker for AMI

Despite various studies supporting I-FABP as a specific 
diagnostic marker for AMI, there are a range of recom-
mended I-FABP cutoff levels within the individual studies 
(with various sensitivities and specificities) (Table 3). The 
wide variation of optimal diagnostic thresholds could be due 
to a few reasons, such as having different study endpoints. 
For example, in the studies by Cronk et al. [36] and Kanda 
et al. [41], the definition of AMI was based on findings at 
surgery while other studies [39, 40] defined AMI according 
to imaging, surgical and histological findings. Other rea-
sons may include the different underlying causes of AMI 
and whether cases of colonic ischemia were included in the 
studies. Matsumoto et al. [40] compared patients with small 
bowel vascular intestinal ischemia to non-vascular ischemia 
and another non-ischemia group, while Cronk et al. [36] 
only included mechanically strangulated small bowel in their 
cohort. Subsequently, Güzel et al. [38] included all patients 
with gastrointestinal ischemia (small bowel and/or colon) 
in their study.

A recent meta-analysis combined the results of 1246 
patients (that includes most studies in Table 3) and found 
serum I-FABP could be a useful diagnostic marker of AMI 
in patients who present with acute abdominal symptoms 
[43]. The pooled sensitivity, specificity, positive and nega-
tive likelihood ratio, and AUC were 80% (95% CI 72–86%), 
85% (95% CI 73–93%), 5.5 (95% CI 2.8–10.8), 0.23 (95% 
CI 0.15–0.35), and 0.86 (95% CI 0.83–0.89), respectively 
[43]. This study also found substantial heterogeneity in the 
sensitivity and specificity analysis due to the reasons dis-
cussed above.

Urine I‑FABP as a Diagnostic Marker for AMI

Urine, as a less-invasive and easily accessible body fluid, has 
been increasingly utilized for I-FABP measurement as an 
alternative method of diagnosing AMI. Two small studies, 
involving 21 and 22 patients with AMI (included in Table 3), 
found urine I-FABP measurement may be comparable to (if 
not more sensitive than) blood I-FABP in diagnosing AMI 
[36, 44]. A larger sample size is needed to validate urinary 
I-FABP as an alternative way of diagnosing AMI.
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GI FABP Markers in Predicting AMI Disease Location 
and Extent

Despite the diagnostic value of the I-FABP, this marker does 
not predict the disease location (whether ischemia involves 
the small intestine, colon or both), or the extent of ischemia. 
In studies that included small bowel and colon ischemia [38, 
39, 44], only one study has addressed this question. Güzel 
et al. [38] measured serum levels in 30 patients with AMI 
and reported that I-FABP levels do not correlate with disease 
location or disease extent. In contrast, an unrelated study that 
evaluated plasma I-BABP levels in all patients with intesti-
nal ischemia found this marker to have the potential in iden-
tifying those with ileal ischemia compared to those without 
ileal involvement, 18.4 ng/mL vs 2.9 ng/mL, respectively 
(P = 0.05) [44].

Summary

In summary, I-FABP appears to be a promising diagnostic 
marker for AMI. Most studies show that blood I-FABP is 
able to distinguish intestinal ischemia from non-ischemic 
events in the abdomen. However, it is unclear whether 
I-FABP can differentiate between small intestinal and 
colonic ischemia or determine the extent of ischemia, a point 
that highlights the need for well-defined study endpoints to 
be included in the design of future studies.

Celiac Disease

Celiac disease (CeD) is a common chronic immune-medi-
ated enteropathy that affects up to 1.4% of the global popu-
lation [45]. The condition is induced by persistent gluten 
exposure in genetically susceptible individuals, producing 
a range of classic gastrointestinal malabsorption symptoms 
and/or non-specific symptoms that include weight loss, fail-
ure to thrive, iron deficiency, headache, or osteoporosis [46].

I‑FABP as an Adjunct Diagnostic Marker for Celiac 
Disease

Diagnosis of CeD typically relies on duodenal morphology 
using the Marsh–Oberhuber classification [47] after recog-
nition of possible symptoms and measurement of various 
serological markers. This diagnosis is referred to as biopsy-
proven. In 2012, the European Society of Paediatric Gas-
troenterology Hepatology and Nutrition (ESPGHAN) intro-
duced a non-biopsy CeD-based protocol [48], but this has 
yet to be considered universally for children or for adults [49, 
50]. There are many reasons why a simpler and less-invasive 

diagnostic process would be advantageous, and additional 
biomarkers may be able to guide and support this non-biopsy 
pathway.

Among the gastrointestinal FABPs, I-FABP is shown to 
be a better CeD marker than L-FABP, which likely reflects 
the specific expression of this FABP in the small intestine 
[7]. Blood and urine I-FABP levels positively correlate with 
the severity of villous atrophy (assessed as Marsh-Oberhu-
ber grading histologically) and anti-tissue transglutaminase 
IgA (TTG-IgA) levels at diagnosis [7, 51, 52]. In addition, 
elevated I-FABP levels appear to be able to distinguish 
patients with CeD from patients with inflammatory bowel 
disease (IBD) [6], although this finding remains to be vali-
dated in a larger study. Collectively, these studies indicate 
a role for I-FABP as an alternative or adjunctive diagnostic 
marker for CeD.

In addition, measurement of I-FABP appears to be 
advantageous in children who do not fulfill the non-biopsy 
CeD criteria [53]. A sub-analysis of one study identified 
30 children with anti-TTG-IgA levels < 10x upper limit of 
normal (ULN), and of these children, 14 (46.7%) children 
had plasma I-FABP > 450 pg/mL (defined to be abnormal 
by authors). All 14 patients were confirmed to have CeD 
by biopsy, which suggests that I-FABP may also have an 
adjunctive diagnostic role in pediatric CeD. The significance 
of this is the potential to reduce the need for intestinal biop-
sies, given that children having an endoscopy are usually 
given a general anesthetic.

I‑FABP as a Monitoring Marker for Celiac Disease

Assessment of adherence to a gluten-free diet (GFD) fol-
lowing a diagnosis of CeD can be challenging. Systematic 
interviews by experienced dietitians or clinicians provide a 
subjective tool, but the only objective assessments routinely 
available are the normalization of celiac antibodies over time 
(reflecting mucosal recovery after starting a GFD), or repeat 
intestinal biopsies. Reports and meta-analysis have indicated 
that normalization of serological markers does not consist-
ently reflect mucosal healing due to its low sensitivity in 
detecting persistent villous atrophy [54–57]. Furthermore, 
normalization of elevated serum TTG-IgA has been reported 
to take > 1 year in 75% of GFD adherent children with CeD 
[58]. Hence, there is a need for other markers to objectively 
monitor disease progression.

I-FABP has been identified as a useful marker in monitor-
ing progress due to its rapid normalization following com-
mencement of a GFD. In a follow-up study of 79 children 
with newly diagnosed CeD, both plasma I-FABP and TTG-
IgA levels reduced significantly following three weeks of 
GFD. However, of these two markers, only I-FABP levels 
were found to have normalized (normal range < 450 pg/mL 
defined by study) at 26 weeks [53]. Similarly, in another 
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study involving 20 children with CeD commencing a GFD, 
within three months after gluten withdrawal 80% of these 
children had I-FABP levels below the study threshold level 
of 224 pg/mL that best discriminates CeD (Marsh ≥ 3) from 
non-CeD [52].

Interestingly, in a study of 69 adults with CeD, I-FABP 
levels significantly reduced after six months of a GFD [51]. 
Subsequently, levels plateaued for another one to two years 
rather than normalizing to the levels seen in an individual 
without CeD, and despite repeatedly normal duodenal his-
tology. In contrast, TTG-IgA levels normalized in 77% of 
these patients within two years of follow-up. Together, these 
findings suggest that further studies are needed to validate 
the I-FABP normalization threshold following the com-
mencement of a GFD. There is a possibility that there may 
be no additional benefit in measuring I-FABP levels beyond 
6 months.

I‑FABP as a Marker for Refractory Celiac Disease 
(rCeD)

Most patients with CeD can be treated successfully with a 
GFD. However, a small group will develop refractory celiac 
disease (rCeD) despite strict adherence to a GFD. This can 
be defined as having persistent or recurrent symptoms of 
malabsorption and villous atrophy despite strict GFD [46]. 
The additional finding of aberrant intraepithelial T-cells 
characterizes type 2 rCeD, which is recognized to have a 
higher risk of developing enteropathy-associated T cell 
lymphoma.

Persistent elevation of I-FABP levels following com-
mencement of GFD may suggest rCeD [51, 59], as evidenced 
in a subgroup of six patients in the I-FABP follow-up study 
(mean GFD of 19 months). These patients with persistently 
elevated I-FABP levels also scored at least Marsh ≥ 2 on 
repeat duodenal histology, despite some having normalized 
TTG-IgA (n = 3) or EMA (n = 3) [51]. A second study also 
identified 16 patients with rCeD had significantly elevated 
I-FABP levels compared to patients who showed mucosal 
recovery on a GFD [59]. In this study, a cutoff of 660 pg/mL 
gave the highest specificity and sensitivity (94% and 69%, 
respectively), in identifying rCeD. However, when I-FABP 
levels were assessed in conjunction with antibodies against 
luminal protein pancreatic GP2 protein (GP21), specificity 
was comparable (89%) and sensitivity increased to 80% [59]. 
These findings suggest that I-FABP alone or in combination 
with other markers may play a role in screening for rCeD, 
thereby facilitating prompt investigation and management.

I‑FABP Role in Gluten Re‑Challenge

Currently, a gluten re-challenge is required to confirm a 
diagnosis of CeD in situations where a GFD is commenced 

without adequate diagnostic assessment or when an individ-
ual wants to challenge their diagnosis. In general, adults are 
recommended to consume at least 3 g per day of gluten for 
6 weeks [60] prior to endoscopy, whereas children need at 
least 10–15 g gluten per day for 4 to 6 weeks [61]. However, 
measurement of I-FABP may have a role in shortening the 
gluten challenge period prior to repeat endoscopy.

I-FABP during a gluten challenge has proven to be a more 
responsive marker than any of the conventional celiac serol-
ogies such as TTG-IgA, deamidated gliadin peptides (DGP 
IgA/IgG) or anti-actin (AAA-IgA) [62]. This study involved 
a 2-week gluten challenge in 20 adults with biopsy-proven 
CeD in remission (asymptomatic with normalized TTG-IgA 
levels) on a GFD for at least 12 months. I-FABP was the 
only marker significantly elevated by day 14 of the gluten 
challenge [62]. While the other serological markers did 
increase, maximum levels were seen at day 28, two weeks 
after commencement of a GFD. I-FABP levels in this study 
also positively correlated with the intraepithelial lymphocyte 
(IEL) count at baseline and at day 14 (r = 0.458, P = 0.042 
and r = 0.654, P = 0.002, respectively). These outcomes sug-
gest that using I-FABP as an early marker of gluten-induced 
enteropathy has the potential to greatly shorten the duration 
of a gluten challenge prior to histologic confirmation.

Summary

In short, I-FABP is shown to have a potential diagnostic and 
monitoring role in CeD. It appears that I-FABP in combina-
tion with TTG-IgA may be advantageous in the develop-
ment of non-biopsy-based diagnostic protocols. Moreover, 
I-FABP appears to have potential as an indicator of mucosal 
recovery following commencement of a GFD, a biomarker 
of adherence to GFD and in the identification of those who 
are at risk of rCeD.

Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is a chronic relapsing 
inflammatory disorder of the GI tract, mainly divided into 
two subtypes known as Crohn’s disease (CD) and ulcerative 
colitis (UC) [63]. CD can manifest in any segment of the GI, 
most commonly involving the terminal ileum in adults [64] 
and the ileocolonic region in children [65]. On the other 
hand, UC is isolated to the colon, with more extensive dis-
ease typically seen in children than in adults [66].

I‑FABP as a Marker of Monitoring Disease 
Progression and Disease Extent in IBD

The diagnosis of IBD involves a combination of clinical fea-
tures, along with biochemical, endoscopic, histological, and 
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radiological assessments. None of the three gastrointestinal 
FABP markers have been assessed as IBD diagnostic mark-
ers. However, I-FABP has been investigated regarding a role 
for monitoring remission and predicting disease extent.

Sarikaya et al. [67] measured serum I-FABP in 41 indi-
viduals with active CD, 33 with CD in remission, and 37 
healthy controls. I-FABP was the highest in those with 
active disease and positively correlated with Crohn’s Dis-
ease Activity Index (CDAI) scores and C-reactive protein 
(CRP) levels (r = 0.319, P = 0.006 and r = 0.253, P = 0.008, 
respectively). Interestingly, another smaller study that 
involved ten adults with mostly active Crohn’s colitis found 
serum I-FABP levels to be reflective of tumor necrosis fac-
tor (TNF)-α levels [68]. Both markers were elevated prior to 
and reduced after anti-TNF-α antibody therapy. These data 
suggest that I-FABP could be a useful monitoring and prog-
nostic marker in patients receiving anti-TNF-α treatment. 
However, neither of these two studies provided detailed 
descriptions of disease phenotype or follow-up endoscopic 
re-assessment for mucosal healing.

Measurement of I-FABP levels was less helpful in a 
Dutch study [69]. This report evaluated plasma I-FABP in 
adults with CD and UC. Endoscopically active disease was 
defined by a Simple Endoscopic Score ≥ 4 for CD or Mayo 
endoscopy sub-score ≥ 1 for UC, and clinically active dis-
ease was defined by using a combination of fecal calpro-
tectin > 250ug/g, positive clinical activity index (Harvey-
Bradshaw index > 4 for CD and Simple Clinical Colitis 
Activity Index > 3 for UC) and CRP > 5 mg/L. I-FABP was 
unable to differentiate between patients with active disease 
and those in remission, whether defined by endoscopic or 
clinical scores. The study also found that plasma I-FABP 
was not able to identify the active disease site in CD or UC.

Another study evaluated I-FABP levels in a group of 42 
patients with UC [70]. Twenty-two patients had left-side 
colitis, and the other 20 patients were shown to have pan-
colitis. The mean serum I-FABP level was significantly 
higher in the patients with pancolitis compared to those 
with left-sided colitis (249.9 ± 58.4 pg/mL and 61.8 ± 8.5 pg/
mL, respectively). Similarly, mean I-FABP level was signifi-
cantly higher in those with severe disease (having an endo-
scopic score > 10 based on Meyers’ scoring system [71]) 
than those with mild disease (260.5 ± 60.6 pg/mL versus 
61.5 ± 7.9 pg/mL, respectively). The authors concluded that 
elevation of I-FABP levels in the subjects with severe or 
pancolonic disease is secondary to potential backwash ileitis. 
This, however, remains to be validated.

Summary

To summarize, I-FABP does not appear to have sufficient 
sensitivity for use as a disease monitoring biomarker in IBD. 

However, some of the available data are based upon small 
cohorts, indicating a need for further evaluations.

Evaluation of FABPs in Other 
Gastrointestinal Conditions

Preliminary reports have evaluated these three FABPs in 
conditions such as cystic fibrosis-related enteropathy [72], 
chemotherapy-related intestinal enteropathy [73], intestinal 
transplantation [74], primary bile acid malabsorption [75], and 
intestinal related trauma [76, 77]. In addition, L-FABP has also 
been studied in extra-intestinal diseases such as nonalcoholic 
fatty liver disease [13] and insulin resistance [78].

Conclusions

Of the three gastrointestinal FABPs, I-FABP is of most inter-
est due to its exclusive expression in the GI tract and its short 
half-life, allowing it to be a relatively sensitive disease marker. 
I-FABP elevation is mainly reflective of enterocyte damage, 
regardless of etiology. Overall, I-FABP has shown to be a 
promising diagnostic marker for NEC, AMI and CeD but not 
for IBD. Disease diagnostic accuracy may further improve 
when I-FABP is used in combination with other biomarkers. 
Sequential I-FABP measurements after diagnosis of NEC may 
prognosticate disease extent, allowing timely surgical interven-
tion; however, this approach has not been explored for AMI. 
On the other hand, I-FABP seems to have a role in monitoring 
CeD where the expression falls significantly more quickly than 
anti-TTG-IgA following commencement of a GFD, providing 
the advantage of reassuring patients that mucosal recovery is 
progressing well. Unfortunately, there are currently insufficient 
data to use I-FABP as a disease monitoring biomarker in IBD. 
However, limited data based upon small studies do indicate a 
need for further evaluations.

L-FABP and I-BABP have also been studied in the set-
ting of various diseases of the GI tract with limited evidence 
to date. The lower value of these two proteins in the setting 
of these conditions may reflect their lack of specificity to the 
intestinal tract compared to other complementary biomarkers.
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