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SUMMARY
Background: Some studies have investigated the diagnostic value of intestinal fatty acid binding protein (I-FABP)
for acute intestinal ischemia (II), but the results were not always consistent. Therefore, we performed a systematic
review and meta-analysis to determine the diagnostic accuracy of I-FABP for II.
Methods: Publications included in the PubMed and EMBASE before April 7, 2019 were retrieved to identify studies investigating the diagnostic accuracy of I-FABP for II. The Revised Tool for the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) was used to assess the quality of eligible studies. Diagnostic accuracy of IFABP in all eligible studies was pooled by a bivariate model. Summary receiver operating characteristic (ROC)
curves (AUC) were constructed to calculate the overall diagnostic accuracy of I-FABP.
Results: A total of 10 studies with 1,265 (219 IIs and 1,046 controls) subjects were included in this systematic review and meta-analysis. The major design weaknesses of included studies were patient selection bias. The overall
diagnostic sensitivity, specificity, and AUC of I-FABP were 0.75 (95% CI: 0.68 - 0.82), 0.85 (95% CI: 0.74 - 0.92),
and 0.82 (95% CI: 0.79 - 0.86), respectively. In patients with acute abdominal pain, the sensitivity, specificity, and
AUC of I-FABP were 0.71 (95% CI: 0.59 - 0.81), 0.89 (95% CI: 0.69 - 0.97) and 0.80 (95% CI: 0.76 - 0.83), respectively.
Conclusions: I-FABP has moderate diagnostic accuracy for II. Due the patient selection bias of available studies,
further studies with rigorous design are needed to evaluate the diagnostic accuracy of I-FABP for II.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.191139)
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INTRODUCTION
Intestinal ischemia (II) is fatal among emergency cases,
with extremely high mortality and morbidity [1]. Timely and accurate diagnosis is crucial for improving the
prognosis of II [2]. However, because the clinical presentation of II is non-specific, it is really a challenge for
clinicians to identify II patients among suspected II patients, especially at the early phase. The gold standard
for II diagnosis is surgery with pathological findings [1,
2]. However, the clinical use of surgery is often limited
because it is an invasive approach. Computed tomography (CT) is widely used as an alternative approach for
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II diagnosis, but the diagnostic accuracy of CT is greatly affected by the experience of clinicians and radiologists [3]. In addition, long-term hazards related to radiation exposure and high cost are not to be ignored.
Therefore, it is of great value to develop serum or plasma markers for II diagnosis. Obviously, the major advantages of blood markers are low cost, noninvasiveness, and their diagnostic accuracy are less affected by
the experience of clinicians [4,5].
Intestinal fatty acid binding protein (I-FABP) is a cytosolic protein responsible for the uptake and intracellular
transport of fatty acids [6]. It is expressed in the enterocytes at the tips of the intestinal mucosal villi. In the
condition of mucosal tissue injury, I-FABP entered into
the bloodstream. Therefore, circulating I-FABP can be
used as an adjunctive diagnostic test of II [5]. During
past years, several studies have investigated the diagnostic accuracy of I-FABP for II, but the results were
not always consistent. Here, we performed a systematic
review and meta-analysis to pool the results of published studies.

DAS-2) [8]. Study data extracted from eligible studies
included the first author, publication year, country, sample size, studies population characteristics, area under
receiver operating curve (AUC), sensitivity and specificity, diagnostic threshold, type of data collection (prospective or retrospective), subject enrollment, and gold
criteria for II. Any disagreements in quality assessment
and data extraction were resolved by consensus or a
third investigator.
Data analysis
Using sensitivity, specificity, and sample size, a twoby-two table was constructed for each eligible study.
The bivariate random-effects model and hierarchical
summary receiver operating characteristic (HSROC)
curves were used to pool data [9]. Funnel plots and
Deeks’ test were used to determine the degree of publication bias [10]. We performed all analyses with Stata
13.0 (Stata Corp LP, College Station, TX, USA) and the
midandi command.

RESULTS
MATERIALS AND METHODS

Study selection
Two investigators independently screened abstract and
title of the searched studies to verify their eligibility.
Disagreement was resolved by consensus or full text review. The inclusion criteria of this systematic review
and meta-analysis were: (i) studies investigating the diagnostic accuracy of I-FABP for intestinal ischemia; (ii)
studies have sufficient details to construct a two-by-two
table. Exclusion criteria were: (i) animal studies; (ii) review, editorial or conference abstract; (iii) studies in
which the subjects are postoperative; (iv) sample size
less than 10; (v) case report or series.

Characteristics of included studies
Figure 1 is a flowchart of study selection. Finally, 10
studies were included in this systematic review and meta-analysis [11-20]. The characteristics of the included
studies were summarized in Table 1. Five studies were
performed in Japan [11,13,15,17,20], the remaining six
studies were performed in the USA [12], Turkey [16],
China [18], Canada [19], and Netherlands [14]. The
sample sizes of included studies range from 18 to 371,
with the total sample size of 1,265 (219 IIs and 1,046
controls). The studied population in included studies
were various, including patients with acute abdominal
pain visiting emergency department [11,13,14,16,18],
with suspected AMI [16,19], and small bowel obstruction [12,17]. The prevalence of II ranged from 5% to
72%. Eight of included studies were prospective designs and the remaining 2 were retrospective [17,20].
Subjects were consecutively enrolled in only 4 studies
[14,15,19,20], but the remaining 6 studies were not consecutively enrolled or not reported. The reference methods used to define II included surgery, imaging, and
clinical details.
The quality of included studies was presented in Figure
2. The major design weaknesses of included studies
were: (i) Patient selection bias because of retrospective
design or non-consecutive subject enrollment; (ii):
Thresholds of I-FABP in included studies were not prespecified; (iii) The time of blood collection was not reported and not all subjects were included into final analysis.

Quality assessment and data extraction
Two investigators independently assessed the quality of
eligible studies with the Revised Tool for the Quality
Assessment of Diagnostic Accuracy Studies (QUA-

Diagnostic accuracy of I-FABP
Table 2 summarizes the diagnostic accuracy of I-FABP
in each of the included studies. The pooled sensitivity,
specificity, PLR, NLR, and DOR of I-FABP were 0.75

Literature search strategy
This systematic review and meta-analysis was performed and reported in accordance with the Preferred Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test Accuracy Studies (PRISMADTA) [7]. We searched PubMed and EMBASE to identify relevant studies up to April 7, 2019. The search algorithm in PubMed included: (“fatty acid-binding protein” or “I-FABP” or “FABP”) and (“intestine*” or
“gut” or “mesentery*” or bowel) and (ischemia* or infarction or obstruction). Similar search strategy was
used in EMBASE. Manual search was performed with
the references listed at the end of eligible studies or relevant reviews. All potential studies were imported into
Endnote, a literature management software, to remove
duplicate records.
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Table 1. Summary of eligible studies.
Author
Kanda
[11]
Cronk
[12]
Kanda
[13]
Thuijls
[14]
Matasumoto
[15]
Uzun
[16]
Kittaka
[17]
Shi
[18]
Salim
[19]
Matasumoto
[20]

Reference

Year

Country

Disease/
Control

Studied
population

Target
disease

Data
collection

Consecutive
enrollment

1996

Japan

13/48

AAP

II

Prospective

Unknown

2006

USA

3/18

Mechanical
SBO

II

Prospective

Unknown

2011

Japan

52/309

AAP

II

Prospective

No

●

2011

Netherlands

22/24

AAP

II

Prospective

Yes

●

2014

Japan

24/184

Suspected
II

Vascular II

Prospective

Yes

●

2014

Turkey

7/132

AAP

AMI

Prospective

No

2014

Japan

21/16

SBO

Strangulated
SBO

Retrospective

Unknown

●

2015

China

39/233

AAP

II

Prospective

Unknown

●

2016

Canada

13/5

AMI

Prospective

Yes

●

2019

Japan

25/71

NOMI

Retrospective

Yes

●

Suspected
AMI
Suspected
AMI

SGR

IMG

CLN

●
●
●

●
●

●
●

●

●

Note: AMI - acute mesenteric ischemia, NOMI - nonocclusive mesenteric ischemia, AAP - acute abdominal pain, II - intestinal ischemia, SBO,
small bowel obstruction, NR - not reported, SGR - surgery, IMG - Imaging, CLN - clinical.

Table 2. Diagnostic accuracy of HE4 in the eligible studies.
Author

AUC (95% CI)

Cutoff

Sensitivity

Specificity

TP

FP

FN

TN

Cronk [12]

0.89

100.0 pg/mL

1.00

0.78

3

4

0

14

Kanda [13]

0.79

3.1 ng/mL

0.79

0.74

41

81

11

228

Uzun [16]

0.76

144.9 pg/mL

0.71

0.95

5

7

2

125

Kanda [11]

NR

100.0 ng/mL

0.54

1.00

7

0

6

54

Thuijls [14]

0.70

268.0 pg/mL

0.68

0.71

15

7

7

17

Shi [18]

0.85

82.4 ng/mL

0.76

0.75

30

59

9

174

Salim [19]

0.66

0.7 ng/mL

0.92

0.40

12

3

1

2

Matasumoto [20]

0.81

8.3 ng/mL

0.76

0.80

19

14

6

57

Matasumoto [15]

0.88

9.1 ng/mL

0.83

0.89

20

20

4

164

Kittaka [17]

0.85

6.5 ng/mL

0.71

0.94

15

1

6

15

Note: AUC - area under ROC curve, TP - true positive, FP - false positive, TN - true negative, FN - false negative, NR - not reported.

(95% CI: 0.68 - 0.82), 0.85 (95% CI: 0.74 - 0.92), 5.1
(95% CI: 2.9 - 9.1), 0.29 (95% CI: 0.23 - 0.37), and 18
(95% CI: 9 - 33), respectively. Figure 2 is a SROC for
I-FABP with an AUC of 0.82 (95% CI: 0.79 - 0.86).
The heterogeneity across all studies was 0.90 (95% CI:
0.80 - 1.00), and all heterogeneity was likely due to
threshold effect.
The target population in some studies is patients with
acute abdominal pain, and it is of great value to estimate
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the diagnostic accuracy of I-FABP in these patients.
Therefore, we performed a subgroup analysis in these
studies. The pooled sensitivity, specificity, PLR, NLR,
and DOR of I-FABP were 0.71 (95% CI: 0.59 - 0.81),
0.89 (95% CI: 0.69 - 0.97), 6.3 (95% CI: 2.2 - 17.9),
0.33 (95% CI: 0.24 - 0.46), and 19 (95% CI: 6 - 56), respectively. The area under SROC was 0.80 (95% CI:
0.76 - 0.83).
Sensitivity and specificity are not straightforward met-
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Table 3. Predictive values of I-FABP under different thresholds.
Prevalence of II (%)

PPV (%)

NPV (%)

0.01

< 0.01

98.90

0.03

< 0.01

74.86

0.5

< 0.01

64.08

1

0.01

47.02

3

0.02

22.47

5

0.04

14.55

8

0.06

9.34

10

0.08

7.47

15

0.13

4.83

20

0.18

3.46

PPV - positive predictive value, NPV - negative predictive value.

Figure 1. Flowchart of study selection.
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Figure 2. Summary of Quality Assessment tool for Diagnostic Accuracy tests (QUADAS-2).

Figure 3. Summary receiver operating characteristic curve for iFABP.

rics to measure the diagnostic accuracy of an index test.
By contrast, positive and negative predictive values
(PPV and NPV) are more clinically meaningful. However, both PPV and NPV are greatly affected by prevalence of target disease [21]. Therefore, we calculated
the PPV and NPV of I-FABP under different prevalence
Clin. Lab. 6/2020

and the results are summarized in Table 3.
Publication bias
No publication bias was observed (p = 0.32), as shown
in Figure 4.
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Figure 4. The Deek’s funnel plot for the assessment of potential publication bias.

enrolled consecutively under uniform inclusion and exclusion criteria [24]. We noted that in some of the eligible studies, subjects were not consecutively enrolled.
Therefore, these studies may have patient selection bias
and their results may be unreliable. We noted that the
prevalence of II in eligible studies varied, ranging from
5% to 72%. It seems that the prevalence of II in acute
abdominal pain is much higher than some well-designed
studies [25]. This may be due to the fact that the majority of the subjects in eligible studies have received surgery and thus represent patients with a high likelihood
ratio of II. Actually, the prevalence of II in patients with
acute abdominal pain is very high. In studies that consecutively enroll patients with acute abdominal pain, the
prevalence of II in patients with acute abdominal pain is
only 1% [25,26]. We found that at a prevalence of 1%,
the PPV of I-FABP was only 0.01%, indicating that the
probability of II is extremely low when I-FABP is positive. The NPV under such conditions was 47.02%, indicating that in patients with negative I-FABP, the probability of non-II is only 47.02%. Therefore, the diagnostic accuracy of I-FABP in clinical settings (e.g., patients
with acute abdominal pain visiting emergency department) with low prevalence of II seems limited, and its
clinical significance should be interpreted within the
clinical content.
We noted that the quality of eligible studies was fair. In

DISCUSSION
The major findings of this systematic review and metaanalysis were: (i) A total of 10 studies investigated the
diagnostic accuracy of I-FABP for II; (ii) The overall
diagnostic accuracy of I-FABP for II was moderate,
with a sensitivity of 0.75 and a specificity of 0.85; (iii)
In patients with acute abdominal pain, the diagnostic
sensitivity and specificity of I-FABP were 0.71 and
0.89; (iv) The quality of available studies is fair and
more studies with rigorous design are needed in future;
(v) There was no publication bias.
Compared with a previous meta-analysis investigating
the diagnostic accuracy of I-FABP for II [22], our study
has its strengths. First, we updated the previous study as
the last literature search time in our work is April 2019.
Second, we calculated the diagnostic sensitivity and
specificity of I-FABP in patients with acute abdominal
pain. Furthermore, the PPV and NPV of I-FABP under
different prevalence were also calculated.
The clinical interpretation of PPV and NPV is more
straightforward than sensitivity and specificity, because
the probability of the presence or absence was clearly
indicated [23]. However, unlike sensitivity and specificity, both NPV and PPV are affected by the prevalence
of the target disease in study cohort. To ensure the representativeness of the study cohort, subjects should be
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addition to the patient selection bias mentioned above,
nearly all eligible studies did not prespecify the I-FABP
threshold before calculating sensitivity and specificity.
It is widely accepted that data-driven selection of optimal thresholds may overestimate the diagnostic accuracy of an index test [27]. Another weakness of eligible
studies was that all of them did not report the study results in accordance with the Standards for Reporting of
Diagnostic Accuracy (STARD) guideline [28,29].
Therefore, it is difficult to assess the bias of eligible
studies. Last but not the least, all of the eligible studies
only reported the sensitivity, specificity, and AUC. Although these metrics have been widely used in diagnostic trials, they only reflect the diagnostic accuracy of an
index test and do not incorporate information on consequences. Therefore, we suggest further studies using
some advanced statistical methods, such as decision
curve analysis [30], to calculate the net benefit of IFABP test in patients with acute abdominal pain.

3.

Sheedy SP, Earnest F, Fletcher JG, Fidler JL, Hoskin TL. CT of
Small-Bowel Ischemia Associated with Obstruction in Emergency Department Patients: Diagnostic Performance Evaluation. Radiology 2006;241:729-36 (PMID: 17114622).

4.

Peoc’h K, Nuzzo A, Guedj K, Paugam C, Corcos O. Diagnosis
biomarkers in acute intestinal ischemic injury: so close, yet so far.
Clin Chem Lab Med 2018;56:373-85 (PMID: 28841570).

5.

Montagnana M, Danese E, Lippi G. Biochemical markers of
acute intestinal ischemia: possibilities and limitations. Ann Transl
Med 2018;6:341 (PMID: 30306080).

6.

Veerkamp JH, Peeters RA, Maatman RG. Structural and functional features of different types of cytoplasmic fatty acid-binding
proteins. Biochim Biophys Acta 1991;1081:1-24 (PMID: 19911
51).

Clin. Lab. 6/2020

9.

Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM,
Zwinderman AH. Bivariate analysis of sensitivity and specificity
produces informative summary measures in diagnostic reviews. J
Clin Epidemiol 2005;58:982-90 (PMID: 16168343).

13. Kanda T, Tsukahara A, Ueki K, et al. Diagnosis of ischemic
small bowel disease by measurement of serum intestinal fatty
acid-binding protein in patients with acute abdomen: a multicenter, observer-blinded validation study. J Gastroenterol 2011;46:
492-500 (PMID: 21298292).
14. Thuijls G, Wijck K, Grootjans J, et al. Early Diagnosis of Intestinal Ischemia Using Urinary and Plasma Fatty Acid Binding Proteins. Ann Surg 2011;253:303-8 (PMID: 21245670).
15. Matsumoto S, Sekine K, Funaoka H, et al. Diagnostic performance of plasma biomarkers in patients with acute intestinal ischaemia. Br J Surg 2014;101:232-8 (PMID: 24402763).
16. Uzun O, Turkmen S, Eryigit U, et al. Can Intestinal Fatty Acid
Binding Protein (I-FABP) Be A Marker in the Diagnosis of Abdominal Pathology? Turkish J Emerg Med 2014;14:99-103
(PMID: 27355087).

References:

Debus E, Müller-Hülsbeck S, Kölbel T, Larena-Avellaneda A. Intestinal ischemia. Int J Colorectal Dis 2011;26:1087-97 (PMID:
21541663).

Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med 2011;155:529-36 (PMID: 22007046).

12. Cronk DR, Houseworth TP, Cuadrado DG, Herbert GS, McNutt
PM, Azarow KS. Intestinal Fatty Acid Binding Protein (I-FABP)
for the Detection of Strangulated Mechanical Small Bowel Obstruction. Curr Surg 2006;63:322-5 (PMID: 16971202).

Declaration of Interest:
The authors have no conflicts of interest to declare.

2.

8.

11. Kanda T, Fujii H, Tani T, et al. Intestinal fatty acid-binding protein is a useful diagnostic marker for mesenteric infarction in humans. Gastroenterology 1996;110:339-43 (PMID: 8566578).

Taken together, our systematic review and meta-analysis suggest that I-FABP has shown some diagnostic accuracy for II and its diagnostic value should be interpreted within clinical content. Due the weaknesses in
study design and reporting, further studies with rigorous
design are needed to evaluate the diagnostic accuracy of
I-FABP for II.

Tendler D. Acute intestinal ischemia and infarction. Semin Gastrointest Dis 2003;14:66-76 (PMID: 12889581).

McInnes MDF, Moher D, Thombs BD, et al. Preferred Reporting
Items for a Systematic Review and Meta-analysis of Diagnostic
Test Accuracy Studies: The PRISMA-DTA Statement. JAMA
2018;319:388-96 (PMID: 29362800).

10. Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and other sample size effects in systematic reviews
of diagnostic test accuracy was assessed. J Clin Epidemiol 2005;
58:882-93 (PMID: 16085191).

CONCLUSION

1.

7.

17. Kittaka H, Akimoto H, Takeshita H, et al. Usefulness of intestinal
fatty acid-binding protein in predicting strangulated small bowel
obstruction. PLoS One 2014;9:e99915 (PMID: 24926782).
18. Shi H, Wu B, Wan J, Liu W, Su B. The role of serum intestinal
fatty acid binding protein levels and D-lactate levels in the diagnosis of acute intestinal ischemia. Clin Res Hepatol Gastroenterol
2015;39:373-8 (PMID: 25683524).
19. Salim SY, Young PY, Churchill TA, Khadaroo RG. Urine intestinal fatty acid-binding protein predicts acute mesenteric ischemia
in patients. J Surg Res 2017;209:258-65 (PMID: 27555111).
20. Matsumoto S, Shiraishi A, Kojima M, et al. Comparison of diagnostic accuracy for nonocclusive mesenteric ischemia in models
with biomarkers including intestinal fatty acid-binding protein in
addition to clinical findings. J Trauma Acute Care Surg 2019;86:
220-5 (PMID: 30376539).
21. Hu ZD. Circulating biomarker for malignant pleural mesothelioma diagnosis: pay attention to study design. J Thorac Dis 2016;8:
2674-6 (PMID: 27867540).
22. Sun DL, Cen YY, Li SM, Li WM, Lu QP, Xu PY. Accuracy of
the serum intestinal fatty-acid-binding protein for diagnosis of
acute intestinal ischemia: a meta-analysis. Sci Rep 2016;6:34371
(PMID: 27681959).

7

Chun-Mei Ding et al.
23. Altman DG, Bland JM. Diagnostic tests 2: Predictive values.
BMJ 1994;309:102 (PMID: 8038641).
24. Schmidt RL, Factor RE. Understanding sources of bias in diagnostic accuracy studies. Arch Pathol Lab Med 2013;137:558-65
(PMID: 23544945).
25. Breidthardt T, Brunner-Schaub N, Balmelli C, et al. Inflammatory biomarkers and clinical judgment in the emergency diagnosis
of urgent abdominal pain. Clin Chem 2019;65:302-12 (PMID: 30
518662).
26. Laméris W, van Randen A, van Es HW, et al. Imaging strategies
for detection of urgent conditions in patients with acute abdominal pain: diagnostic accuracy study. BMJ 2009;338:b2431
(PMID: 19561056).
27. Leeflang MM, Moons KG, Reitsma JB, Zwinderman AH. Bias in
sensitivity and specificity caused by data-driven selection of optimal cutoff values: mechanisms, magnitude, and solutions. Clin
Chem 2008;54:729-37 (PMID: 18258670).
28. Bossuyt PM, Reitsma JB, Bruns DE, et al. Towards complete and
accurate reporting of studies of diagnostic accuracy: the STARD
initiative. Standards for Reporting of Diagnostic Accuracy. Clin
Chem 2003;49:1-6 (PMID: 12507953).
29. Bossuyt PM, Reitsma JB, Bruns DE, et al. STARD 2015: An Updated List of Essential Items for Reporting Diagnostic Accuracy
Studies. Clin Chem 2015;61:1446-52 (PMID: 26510957).
30. Vickers AJ, Elkin EB. Decision Curve Analysis: A Novel Method
for Evaluating Prediction Models. Med Decis Making 2006;26:
565-74 (PMID: 17099194).

8

Clin. Lab. 6/2020

