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Abstract: Objective: To do a systematic review using meta-analysis to assess the diagnostic accuracy of fecal lac-
toferrin (FL) in patients with inflammatory bowel disease (IBD). Methods: We performed a literature review and 
systematically searched the Medline and EMBASE databases for eligible studies. The quality of the included studies 
was assessed using the QUADAS tool. The sensitivity, specificity, and other diagnostic indexes of FL were pooled 
using a random-effects model. Results: Seven studies, involving 1816 patients, met the inclusion criteria. In all stud-
ies, the pooled FL sensitivity and pooled specificity were 0.82 (95% confidence interval [CI]: 0.72, 0.89) and 0.95 
(95% CI: 0.88, 0.98), respectively. The positive and negative likelihood ratios were 16.63 and 0.18, respectively. The 
area under the summary receiver-operating characteristic curve (SROC) was 0.95 (95% CI: 0.93, 0.97), and the di-
agnostic odds ratio was 90.04 (95% CI: 37.01, 219.02). The pooled FL sensitivity and specificity for Crohn’s disease 
(CD) diagnosis (sensitivity =75%, specificity =100%) was not as good as it was for ulcerative colitis (UC) diagnosis 
(sensitivity =82%, specificity =100%). Conclusion: FL, as a noninvasive and screening marker, has a high specificity 
and a modest specificity during the diagnosis of suspected IBD. 
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Introduction

Inflammatory bowel disease (IBD), i.e., Crohn’s 
disease (CD) and ulcerative colitis (UC), are 
chronic, nonspecific, and relapsing inflamma-
tory conditions affecting varying layers of the 
gastrointestinal (GI) tract with a poor prognosis. 
In routine clinical practice, early and accurate 
diagnosis of IBD is essential for optimal treat-
ment and the avoidance of surgery. The con-
ventional diagnostic approaches to symptoms 
of IBD are based on a combination of clinical 
symptoms, colonoscopy, biopsy, radiologic 
techniques and serological markers. An endos-
copy with biopsies remains the accepted gold 
standard for detecting and quantifying bowel 
inflammation [1, 2]. 

Although considered the current standard for 
evaluation of intestinal inflammation, these 
techniques create a heavy socioeconomic bur-
den because they can be embarrassing, pain-
ful, invasive, costly and time-consuming for the 
patient [3, 4]. 

Therefore, in clinical practice, a simple, rapid, 
inexpensive, and noninvasive marker for 
screening and monitoring IBD is greatly 
needed. 

With that in mind, several markers of the leuko-
cyte proteins in feces, especially calprotectin 
(Cal) and lactoferrin (Lf), have been increasingly 
studied because of their non-invasive qualities 
[5]. 

Cal is a calcium and zinc binding protein and 
cytoplasmic antimicrobial component promi-
nent in granulocytes, monocytes, and macro-
phages. Fetal calprotectin (FC) concentration 
reflects neutrophil migration in the intestines of 
IBD patients and helps to distinguish IBD from 
non-inflammatory bowel conditions, and, during 
remission, to predict an IBD patient’s clinical 
relapse [6-10].

Lf is an iron-binding protein secreted by most 
mucosal membranes that is found in various 
secretions, such as saliva, breast milk, tears, 
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and serum, as well as in specific neutrophil 
granules [11-13]. Lf is a primary component of 
the acute inflammatory response and has an 
antibacterial effect [14, 15]. During intestinal 
inflammation, leukocytes infiltrate the mucosa, 
resulting in an increase in the concentration of 
lactoferrin in the feces [16].

Both Cal and Lf are degradation-resistant in 
stools for more than 7 days at different tem-
peratures and easily quantified using the com-
mercially available enzyme-linked immunosor-
bent assay (ELISA) [15, 17]. FC, as well as LF, 
has been shown to be valuable in the diagnosis 
and management of IBD [18-20]. However, the 
utility of FL has been studied less extensively 
compared with FC in the distinction of IBD and 
non-inflammatory conditions, and the out-
comes remain inconsistent [3, 14, 17, 21-25]. 

To summarize the pertinent data, we performed 
a systematic review and meta-analysis to 
assess the diagnostic performance of FL in dis-
criminating IBD from non-inflammatory con- 
ditions.  

Methods

Literature search

We developed a protocol for the systematic 
review and conformed to standard reporting 
guidelines for the systematic review of diagnos-
tic studies [26, 27]. An electronic search (from 
the earliest records to April 30, 2015) was con-
ducted using Medline (with PubMed as the 
search engine) and EMBASE, using a compre-
hensive, detailed search strategy. English lan-
guage restriction was imposed on the search 
criteria.

The search was performed using the following 
index terms: “fecal lactoferrin”, “lactoferrin and 
inflammatory bowel disease”, “lactoferrin and 
irritable bowel syndrome”, “lactoferrin and 
intestinal inflammation”, “diagnosis”, and “diag-
nostic test”. Duplicate reports, reviews, and 
patients were eliminated, and appropriate arti-
cles were then retrieved. Furthermore, a hand 
search of articles was also performed, drawn 
from relevant citations of all retrieved primary 
diagnostic studies, meeting abstracts, and per-
sonal collections. 

Study eligibility and selection 

Two authors (W.Y. and D.H.L.) independently 
evaluated titles and abstracts for eligibility, 
with any discrepancy resolved by discussion. 
The full text of the selected articles was 
retrieved and read. We identified all relevant FL 
diagnostic tests if the following criteria were 
met: 

Observational studies conducted without inter-
vention imposed by researchers. Case reports, 
letters, and reviews to the editors were exclud-
ed from the study.

Colonoscopy was used as a “gold standard” for 
IBD.

Studies that evaluated the diagnostic accuracy 
of FL in IBD.

Studies that enrolled at least 10 IBD patients 
and at least 10 control persons.

Studies that provided the absolute data of true 
positive (TP), false positive (FP), true negative 
(TN) and false negative (FN) and allowed for the 
calculation of sensitivity and specificity for the 
diagnosis of IBD.

All the involved sampled were diagnosed by 
both gold standard and index reference. 

The following data were extracted from each 
included study: first author, publication year, 
country of origin, age range of study subjects, 
reference standard, number of IBD cases (sub-
divided into Crohn’s disease (CD) and ulcerative 
colitis), number of non-IBD cases (controls), FL 
assay used, FL normal cutoff value, and num-
bers of TP, FP, TN, and FN. 

Data extraction and study quality assessment

The following data were extracted from each 
included study: first author, publication year, 
country of origin, age range of study subjects, 
number of IBD cases (subdivided into Crohn’s 
disease (CD) and ulcerative colitis), number of 
non-IBD cases (control), brand name of FL test, 
FL normal cutoff value, and numbers of TP, FP, 
TN, and FN. 

Two reviewers (D.H.L. and P.F.Y.) independently 
evaluated the methodological quality of the 
individual study using the Quality Assessment 
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of Diagnostic Accuracy Studies (QUADAS) tool, 
which is a standardized quality appraisal form 
that is recommended by the Cochrane 
Diagnostic Reviewers’ Handbook [26]. All crite-
ria were classified as “yes”, “no”, or “unclear” 
based on information available in the publica-
tion; disagreements were resolved by consen-
sus. No summary quality score was calculated 
in line with previous concerns regarding their 
validity.

Statistical analysis

Data were extracted from the primary studies 
to obtain the four cell values of a diagnostic 
two-by-two table. We used the bivariate regres-
sion models with a random-effects model for 
diagnostic meta-analysis to obtain pooled esti-
mates and 95% confidence intervals (CI) of 
these variables [28]. 

Hierarchical summary receiver operating char-
acteristic (HSROC) curves were fitted by the 

defined as heterogeneity. In order to combine 
data and estimate the underlying relationship 
between specificity and sensitivity, a summary 
receiver operating characteristic (SROC) curve 
was constructed to summarize true positive 
rates (TPR = sensitivity) and false positive rates 
(FPR = 1-specificity) [34]. The Spearman corre-
lation coefficient of sensitivity and 1-specificity 
were calculated to assess the threshold effect. 
Finally, funnel plots were used to explore poten-
tial publication bias in our meta-analysis [35]. 
Data were analyzed using Meta-Disc, software 
for statistical analysis (version 1.4; Ramony 
Cajal Hospital, Madrid, Spain) [36, 37].

Results

The literature search yielded 385 references. 
The 52 potentially eligible studies were 
retrieved for full text review after the screening 
of titles and abstracts. Of these, fourteen trials 
(1816 patients with IBD, 476 with UC, and 366 
with CD) were identified to meet the inclusion 

Figure 1. Summary of evidence search and selection.

HSROC package [29] to 
explore the influence of 
threshold effects and pro-
duce a global summary of 
test accuracy [30]. An 
HSROC curve with a 95% 
confidence region and a 
95% prediction region was 
performed to examine the 
interaction between sensi-
tivity and specificity. For the 
bivariate random-effects re- 
gression and HSROC analy-
ses, we used Stata 12.0 
(Stata Corporation, College 
Station, TX, USA) [31]. 

The threshold effect was 
explored by computing the 
Spearman correlation coef-
ficient between the logit of 
sensitivity and logit of 
1-specificity. A strong posi-
tive correlation (Spearman 
P>0.6) would suggest the 
presence of a threshold 
effect [32].

Heterogeneity was asses- 
sed by means of the 
Cochran Q method, the test 
of inconsistency (I2), and for-
est plots [33]. I2>50% was 
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Table 1. Characteristics of the studies included in the meta-analysis

Study Nation Age (mean/
range) Reference standard Total  

IBD
Patients  
(UC/CD) Control participants FL assay FL  

cut-off
Test result (Total/UC/CD)

TP FP FN TN
1 Fine 1998 (retro) USA NK Colonoscopy 10 6/4 Healthy volunteers (n=10)  

Non-neutrophilic inflammatory  
disease (n=83)

TechLab NK 9 2 1 91

2 Kayazawa  
2002 (retro)

Japan 20.8-62.5 Colonoscopy 114 55/59 Patients without digestive tract 
disease (n=35)

Noncommercial 1.58  
μg/ml

66/31/35 0/0/0 48/24/24 35/35/35

3 Kane 2003  
(retro)

USA 10.0-78.0 Clinical and colonoscopy  
and histology and

149 71/78 Healthy volunteers (n=56)  
IBS (n=31)

TechLab 4  
μg/g

111/51/60 0/0/0 38/20/18 87/87/87

4 Silberer 2005  
(prospective)

Germany 52.3/16.0-82.0 Colonoscopyand histology 39 18/21 Healthy volunteers (n=40)  
IBS (n=40)

Noncommercial 6.64  
μg/g

13 4 26 76

5 D’Incà 2007  
(retro)

Italy 49.0/16.0-82.0 Colonoscopyand histology 77 46/31 Patients with lower gastrointestinal  
symptoms (n=67)

IBD-CHEK 0.04OD 62 10 15 57

6 Walker 2007  
(retro)

USA 13.4/2.0-21.0 Colonoscopyand histology 141 62/79 Healthy volunteers (n=22)  
IBS (n=7)

IBD SCAN 7.25  
μg/ml

118 1 23 28

7 Schröder 2007 
 (prospective)

Germany 20.0-75.0 Colonoscopy 45 20/25 IBS (n=31) IBD SCAN 7.3  
μg/g

37 0 8 31

8 Langhorst 2008  
(retro)

Germany 15.0-70.0 Clinical and colonoscopy 85 42/43 IBS (n=54) IBD SCAN 7.05  
μg/ml

72/37/35 12/18/22 13/5/8 42/36/32

9 Otten 2008  
(retro)

Nertherlands 52.3/44.5* Colonoscopyand histology 23 NK IBS (n=91) IBD SCAN 7.25  
mg/ml

18 9 5 82

10 Schoepfer 2008  
(prospective)

Switzerland 20.0-79.0 Colonoscopyand histology 64 28/36 IBS (n=30) IBD SCAN 7.0  
g/ml

55/25/30 1/1/1 9/3/6 29/29/29

11 Joishy 2009 
 (prospective)

UK 13.2 Clinical and colonoscopy  
biopsy

24 NK Patients with GI disease (n=26) 
Patients without GI disease (n=24)

IBD SCAN 4  
μg/g

22 9 2 41

12 Masoodi 2009  
(retro)

India 25.0-49.0 Clinical and colonoscopy  
and histology

37 37/0 Healthy volunteers (n=37) Noncommercial Titers 
>1:40

35 0 2 37

13 Pfefferkorn 2010  
(prospective)

USA 4.0-20.0 Clinical and colonoscopy 54 0/54 Patients with non-IBD (n=37) IBD SCAN 7.25  
μg/ml

54 21 0 16

14 Sidhu 2010  
(retro)

UK 42/58/56& Colonoscopy 230 126/104 IBS (n=137) IBD SCAN 7.5  
μg/g

70 6 32 131

NK, not known; IBD, inflammatory bowel disease type unclassified; IBS, initable bowel syndrome (IBS); GI, gastrointestinal; CD, Crohn’s disease; UC, ulcerative colitis; FL, fecal lactoferrin; Cont, controls; FN, false negative; FP, false positive; TN, 
true negativel; TP, true positive. *Numbers are mean values for IBS and IBD respectively. &Numbers are mean values for IBS, UC and CD respectivetly.
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criteria and were included in the final analysis 
[17, 18, 21, 32, 38-47]. The search and selec-
tion of included studies is shown in Figure 1.

Study characteristics 

Baseline data were extracted from the manu-
scripts or obtained directly from the authors; 
the clinical characteristics of each study are 
described in Table 1. The fourteen eligible stud-
ies (containing a total of 1092 cases and 832 
controls) were published in the last seventeen 
years in countries with developed healthcare 
services. The reported mean of median age of 
the included patients ranged from 2 to 82 
years. Five studies used prospective study 
design, and the others were carried out retro-
spectively. Four studies were carried out in the 
USA, three in Germany, and two in the UK. One 
study included pediatric patients [41], and the 
others focused primarily on pediatric and adult 
patients. The sample size varied considerably 
among the included studies, and four larger 
studies were published in 2002, 2003, 2007, 
and 2010 [21, 40, 42, 44]. Of the 14 studies, 8 
studies used a commercial assay manufac-
tured by IBD-SCAN (IBD-SCAN, TechLab, 
Blacksburg, VA, USA) (cutoff, 4.0 or 7.5 μg/g) to 

measure FL, 2 used an assay produced by 
TechLab (TechLab, Blackburg, VA) (cutoff, 4 
μg/g), and 4 (28.6%) used assays produced by 
other manufactures (cutoff, 1.58 or 6.64 μg/g). 
The characteristics of the control groups varied 
among the 14 studies. Two studies used 
healthy persons as a control group. Four stud-
ies used a mixture of healthy volunteers and 
non-IBD patients, while eight studies used 
patients with other diseases as controls.

Study quality  

The fourteen studies underwent quality assess-
ment using the QUADAS criteria for diagnostic 
studies. The results of the quality assessment 
after consensus are displayed graphically in 
Figure 2. Of the 14 studies, 1 met 13 criteria, 4 
met 12 criteria, 1 met 11 criteria, 2 met 10 cri-
teria, and 6 studies met fewer than 10 criteria. 
The median score for quality was 10. Regarding 
study design and execution, 5 studies were 
identified as prospective research, and 9 were 
retrospective. In addition, the reference stan-
dard evaluation in all studies was blinded to the 
FL assay results. All studies used colonoscopy 
as the gold standard for IBD and clearly 
described the definition of the FL assay imple-

Figure 2. Assessment of the 14 included studies quality with use of the Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS) tool.
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Figure 3. Forest plots of coupled sensitivity and specificity estimate for IBD.  : point estimates of sensitivity and specificity from each study; —--: 95% confidence 
intervals; df: degrees of freedom.
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mented. All of the studies explained patient 
withdrawals from the research and reported 
uninterpretable or intermediate test results. 
Characteristics of these patients were fully 
described in 64% of all studies. 

Data synthesis and analysis

Figure 3 shows the forest plot for the sensitivity 
and specificity of FL in discriminating between 
IBD and non-IBD patients. Fourteen studies 
reported a wide range of sensitivity estimates 
(13-95%), and specificity estimates were vari-
able (43-100%). In comparison with the univari-
ate analysis, a bivariate analysis for sensitivity 

and specificity achieved a similar estimate. 
Pooled sensitivity and specificity estimates for 
the FL assay were 82% (95% CI: 72%-89%) and 
95% (95% CI: 88%-98%), respectively (Table 2). 
The PLR for FL testing was high enough for this 
assay to be used as a rule-in test (PLR: 16.63; 
95% CI: 7.06-39.18), while the NLR was suffi-
ciently low for the assay to be used as a rule-
out test (NLR: 0.18; 95% CI: 0.16-0.30). The 
area under the SROC curve was 0.95 (95% CI: 
0.93-0.97). 

Of the 14 eligible studies, there were 5 studies 
evaluating UC and 4 evaluating CD. The sum-
mary point of sensitivity, specificity, PLR, NLP, 
DOR, and AUC are also listed in Table 2. The 
AUC of the UC group were higher than those of 
the CD group. Overall results suggested that 
the FL test appeared to have greater ability to 
evaluate disease activity in UC than in CD.

On the basis of the pooled estimates of sensi-
tivity and specificity, the average likelihood 
ratio of the positive and negative test result 
was calculated. The use of the FL testing 
changed the post-test probability of IBD, allow-
ing us to illustrate the result in a more reason-
able way: with a pretest probability of 56%, a 
positive FL test result for FL concentration 
increases the probability of IBD to 95%, where-
as the negative FL result for FL concentration 
decreases the probability to 19% (Figure 4). It 
is worth noting the pretest probability of 56% 
indicated that a relatively large proportion of 
recruited patients had IBD. 

The HSROC model generated a summary point 
represented by a dot, surrounded by a 95% 
confidence region and a 95% prediction region. 
In Figure 5A, the HSROC curve of the IBD group 
is near the upper left corner, and the 95% con-
fidence region is narrow, indicating a relatively 

Table 2. Different Groups
IBD UC CD

Patients 1092 511 534
SN (95% CI) 0.82 (0.72-0.89) 0.82 (0.67-0.91) 0.75 (0.65-0.84)
SP (95% CI) 0.95 (0.88-0.98) 1.00 (0.67-1.00) 1.00 (0.50-1.00)
+LR (95% CI) 16.63 (7.06-39.19) 184.97 (1.87-18272.07) 134.88 (0.87-20872.83)
-LR (95% CI) 0.18 (0.16-0.30) 0.18 (0.09-0.35) 0.24 (0.16-0.35)
DOR (95% CI) 90.04 (37.01-219.02) 1039.24 (12.76-84587.73) 558.80 (4.28-72823.33)
AUC 0.95 (0.93-0.97) 0.94 (0.91-0.96) 0.84 (0.81-0.87)
IBD, inflammatory bowel disease type unclassified; CD, Crohn’s disease; UC, ulcerative colitis; SN, sensitivity; SP, specificity; 
+LR, positive likelihood ratio; -LR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area under curve. 

Figure 4. Fagan’s nomogram for faecal lactoferrin 
showing posttest probability of IBD after positive re-
sult (upper line) and negative result (lower line).
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high overall level of accuracy. Figure 5B and 5C 
visually demonstrate the large variation in 
specificity estimates between studies. 

Heterogeneity analysis

When these studies were combined, there was 
significant heterogeneity in nearly all of the 
pooled estimates; hence, these should be 
interpreted with caution. We first explored het-
erogeneity through threshold analysis by find-
ing the logarithm of true-positive rates of FL 
assay detection and the logarithm of false-pos-
itive rates. The Spearman correlation coeffi-
cient for FL, performed as a test for a threshold 
effect, was 0.235 (P=0.418), indicating that 
the heterogeneity was not caused by a thresh-

old. Secondly, a meta-regression model failed 
to demonstrate a statistical difference as well. 
Restricted by the number of available studies, 
we did not determine a reference standard in 
the meta-regression model. Lastly, sensitivity 
analysis showed that the result of the large 
sample studies was stable, with summary 
DORs ranging from 29.61 to 107.55. 

Discussion

The FL assay was initially used as a nonspecific 
marker for intestinal inflammation. The initial 
study conducted by Guerrant et al. [16] in 1992 
can be considered a proof-of-principle demon-
stration, so higher accuracy may be expected. 
As a simple, noninvasive and inexpensive mea-

Figure 5. Hierarchical summary receiver operating 
characteristic (HSROC) curves of fecal lactoferrin for 
the diagnosis of IBD (A), UC (B) and CD (C), together 
with the summary receiver operating characteristic 
(SROC) curve(solid line) and the bivariate summary 
estimate (solid square), with the corresponding 95% 
prediction ellipse (outer dotted line) and 95% confi-
dence ellipse (inner dashed line). The symbol size for 
each study is proportional to the study size. Ellipses 
indicate the bidimensional limits of confidence of 
sensitivity and specificity for each diagnostic criterion: 
square, bivariate summary estimate; solid line, hsROC 
curve; dotted line, 95% prediction area; dashed line, 
95% confidence area. 
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surement, the FL test was fast-tracked subse-
quently for commercial development [18, 
48-50]. Subsequent analyses indicated that 
the FL test may also be a useful marker to dis-
criminate between IBD (a particularly active 
disease) and irritable bowel syndrome (IBS) 
[18, 21, 32, 38, 51, 52], determining whether 
such disease is active [17, 18, 21, 42, 51, 
53-57] and monitoring IBD therapy [25, 58, 
59]. Previous evidence for the use of the FL 
assay for diagnosing IBD was assessed by sys-
tematic review and meta-analysis [23, 60-62]. 
The Däbritz et al. recent review revealed that 
the diagnostic accuracy of FL in the discrimina-
tion between IBD and IBS had sensitivities and 
specificities between 56%-100% and 61%-
100%, respectively [62]. 

Indeed, a recent meta-analysis summarized 
the results obtained for the FL test, and there 
was a high pooled FL sensitivity and specificity 
of 78% (95% CI: 0.75-0.82) and 94% (95% CI: 
0.91-0.96), respectively, in the diagnosis of IBD 
from IBS [60]. This analysis included only eight 
studies and a control group based IBS patients 
fulfilled their inclusion criteria. As we know, clin-
ical manifestations of IBD are relatively unspe-
cific, so the range of diagnostic possibilities of 
a patient showing, for example, diarrhea and 
abdominal pain, is considerably wide. On the 
other hand, FL is a major component of neutro-
phils, presenting in the feces at trace or low lev-
els in healthy subjects, subjects with IBS, and 
other gastrointestinal (GI) tract disease pa- 
tients. However, the level may be increased 
dramatically in IBD patients. Therefore, in the 
current meta-analysis, the control group of the 
included studies that contained patients with 
clinical suspicious IBS, other gastrointestinal 
(GI) tract diseases, and healthy volunteers. 
Furthermore, our study assessed the diagnos-
tic accuracy of FL assay in UC and CD patients, 
respectively. 

The present meta-analysis showed that the FL 
test has a high sensitivity (82%) and specificity 
(95%) for the discrimination of patients with 
IBD against non-IBD patients. The pooled SROC 
showed an AUC of 0.95, indicating a promising 
discriminative power for IBD and non-IBD 
patients. 

The differences in the sensitivity (33% to 100%) 
of the different versions of the FL assay may 
result from different factors. Methodological 

differences between the earlier and later stud-
ies, cutoff value differences (including differ-
ences in study design), patient population, and 
disease severity are very plausible explana-
tions for the large range of sensitivity estimates 
reported.

The high specificity of FL is useful for the clini-
cian in screening patients at high risk of IBD as 
a rule-in test or for appropriately directing the 
workup of an endoscopic procedure of the 
colon with a patient with chronic diarrhea. 
However, the FL assay has some limitations in 
that FL is a specific measurement of local gut 
inflammation rather than systemic inflamma-
tion, which is not always obvious in IBD. Thus, 
in several diseases (colorectal cancer and pol-
yps) other than UC and CD, levels of FL were 
also increased [16]. Moreover, FL is a marker of 
“neutrophilic intestinal inflammation” and able 
to detect inflammation throughout the GI tract 
in patients with different GI illnesses. Thus, any 
cause of increased intestinal neutrophils will 
result in the elevation of FL levels. In other 
words, a negative FL test should be explicated 
only as the absence of significant neutrophilic 
intestinal inflammation [14]. Therefore, FL was 
deemed to be more effective in identifying IBD 
activity than in distinguishing between IBD and 
other diseases [10, 18, 19, 53]. So far, meta-
analysis of FL and IBD activity could not be per-
formed due to lack of the data necessary for 
aggregation. On the other hand, the precision 
of fecal lactoferrin for the diagnosis of IBD 
appears to be superior to serological markers 
such as ESR, CRP, ANCA, and ASCA, and inferi-
or to FC [18, 42, 45, 51, 63, 64]. Recent meta-
analysis showed that the FC test was found to 
be 93% sensitive and 96% specific for diagnos-
ing IBD [64]. 

For the first time, our study evaluated the diag-
nostic accuracy of FL performance in UC and 
CD. The results demonstrate that the pooled FL 
sensitivity and specificity for CD diagnosis 
(Sen=75%, Spe=100%) was not as good as for 
UC diagnosis (Sen=82%, Spe=100%), which 
indicates that using FL for the diagnosis of UC 
appears to be superior to CD. 

There are several possible reasons to explain 
the higher sensitivity of FL assay in UC patients. 
Possible explanations for this discrepancy in 
sensitivity of fecal lactoferrin include the com-
bination of various sources of lactoferrin, ratios 
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between monocytes and neutrophils, and the 
estent of disease within the large intestine. UC 
and CD share a variety of common immunologi-
cal characteristics, but there are also some dif-
ferences [65]. In CD, inflammation occurs any-
where throughout the GI tract but primarily 
affects the ileum and is characterized by granu-
lomatous inflammation, transmural and fibrosis 
[66]. In patients with CD, the levels of the neu-
trophil-derived proteins were affected by the 
accumulation and/or longer transit time of 
inflammatory cells in deeper mucosal layers, 
thereby lowering the quality of the results. 
Whereas, superficial inflammation during UC is 
mainly restricted in left colonic and rectal 
mucosa [67]. In active UC, FL may be released 
in a short transit time. Therefore, their levels 
are relatively well reflected in feces [15]. 
Accordingly, higher levels of FL have been 
detected in UC patients when compared with 
those with CD [21]. Thus, FL measurement 
appears to reflect histological and endoscopic 
disease activity in UC but not in CD, to a certain 
degree.

Similar to other meta-analyses of diagnostic 
tests, there are several limitations to our analy-
sis. First, this meta-analysis only contained 
fourteen studies, though we tried to retrieve 
appropriate papers. Thus, we were unable to 
evaluate the presence of publication bias 
because the studies included in this meta-anal-
ysis of a diagnostic test were <20, and hetero-
geneity was significant. Under these conditions, 
all the available methods (Egger’s regression, 
funnel plots symmetry, etc.) are unreliable and 
function under the wrong assumptions [18]. 
Second, different cut-off values, ranging from 
1.58 to 7.5 μg/ml, exist in the included studies. 
To explore the reasons for heterogeneity, we 
considered the diagnostic cut-off point, which 
may partially explain this heterogeneity 
because of differences between studies. 
However, we did not estimate and compare the 
sensitivity and specificity of FL by different cut-
off values used in the included studies due to a 
lack of documents. Third, we did not compare 
the sensitivity and specificity of the different 
source regents in an ELISA of FL test due to a 
lack of data. There is significant heterogeneity 
among the included studies. No significant 
threshold effects were found using Spearman’s 
correlation coefficient, which indicates no het-
erogeneity form threshold effects. Different 

ethnicities, different study designs, measure-
ment methods, and different cutoff values may 
contribute to heterogeneity sources. However, 
we were unable to perform a meta-regression 
analysis to estimate the contribution of the fac-
tors above and found the sources of heteroge-
neity to be due to a lack of data. 

As previously mentioned, it is not economical 
for all those patients suspected of IBD to 
accept endoscopic examinations [1]. Appro- 
ximately 70% of IBD patients have severe 
abnormalities that were not found through 
endoscopy [68]. Thus, endoscopy is not neces-
sary in all primary care patients with chronic 
abdominal complaints. In addition, endoscopic 
examination is not well tolerated because it is 
costly, cumbersome, and usually unacceptable 
to patients, particularly those quiescent 
patients. Though autologous leukocyte imaging 
and ultrasonography have been previously 
used as noninvasive measurements, they are 
expensive and require special equipment and 
expertise that are not widely used in clinical 
practice [69]. Therefore, less invasive, cheaper, 
and highly specific measurements may be 
needed to resolve this problem. Several factors 
support the adoption of FL levels in the diagno-
sis and assessment of IBD. Because lactoferrin 
can be measured in feces, the level of FL is a 
direct reaction of intestinal inflammation state, 
and FL assay is used in all patients, especially 
in pediatric patients, due to its noninvasive col-
lection. FL measurements are suited for follow-
up testing of the same patients over time 
because of its convenient and stable sample 
collection. In addition, the US Food and Drug 
Administration has confirmed some commer-
cial kit of FL assay, and quantitative FL levels 
are easily and reliable measured [21, 25, 58]. 
In addition to discriminating inflammatory from 
functional intestinal disorders, FL also provides 
a clinical use in the diagnosis and prognosis of 
IBD after treatment, although the studies per-
formed are scarce [14]. Comparable decreases 
of FL after other CD therapies have also been 
tested [25, 58, 59]. The detection of lactoferrin 
in stools of patients with chronic abdominal 
complaints may more effectively rule out IBD 
with chronic lower abdominal complaints and 
improve the time- and cost-effectiveness of 
diagnostic evaluation. Therefore, we suggest 
that FL can serve as a screening test to avoid 
unnecessary endoscopies in patients with 
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functional disease and save limited medical 
resources. However, IBD remains a histological 
diagnosis requiring intestinal biopsies, which 
will always be necessary for definitive tissue 
diagnosis. Therefore, FL measurements cannot 
replace invasive tests such as endoscopy, but 
they could be useful in avoiding unnecessary 
invasive investigations in many individuals. A 
positive lactoferrin will require further tests not 
only to refute or confirm a diagnosis of IBD, but 
also to exclude other factors of raised biomark-
ers including viral, bacterial gastroenteritis, pol-
yps or malignancy, untreated celiac disease or 
gastro-esophageal reflux disease [70, 71]. 
Additional prospective studies are necessary to 
define the role of FL and assess the clinical util-
ity of detecting elevated FL levels in different 
settings of IBD patients. Other future areas of 
research using simultaneous FL and endoscop-
ic assessment will be necessary to fully define 
the degree to which FL is effected by the local-
ization and extent of endoscopic inflammation.

In conclusion, despite the limitations men-
tioned above, our results indicate that FL is an 
inexpensive, simple, stable and useful screen-
ing marker with high specificity and modest 
sensitivity for differentiating between IBD and 
functional disorders, appearing to have greater 
ability to evaluate UC rather than CD. The fecal 
lactoferrin methods are the first line of tech-
niques that allow non-invasive assessment of 
IBD. In summary, FL will never fully replace colo-
noscopy and radiology, which are necessary to 
obtain tissue samples and investigate the com-
plications of IBD. However, in a society where 
patient satisfaction, risk minimization, cost 
reduction, and hospitalization avoidance are a 
priority, these non-invasive, inexpensive, repro-
ducible, and clinically significant measure-
ments are likely to have a greater role in our 
future diagnostic and therapeutic pathways. In 
order to decrease the misdiagnosis rate, the FL 
could be used in conjunction with other param-
eters (FC or blood inflammatory markers) to 
determine the subset of patients who have 
active disease or who may require a step up in 
therapy. 
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