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Background. Iron deficiency (ID) is a common micronutrient deficiency and the leading cause of anemia worldwide. ID can be
caused by chronic occult blood loss from colorectal neoplasia including colorectal cancer (CRC) and advanced precancerous
colorectal lesions. Current guidelines recommend colonoscopy in both men and postmenopausal women presenting with ID
anemia (IDA). However, there is controversy on the investigation of patients presenting with a lower risk of CRC including
younger women with ID and those with nonanemic ID (NAID). There is a need for a triaging tool to identify which ID
patients may benefit from colonoscopy. The fecal immunochemical test (FIT) is sensitive for CRC screening in an
asymptomatic population, but its role in ID patients is unclear. The aim of this study is to conduct a systematic review to
determine the diagnostic accuracy of FIT for detecting CRC and advanced precancerous neoplasia in individuals presenting
with ID with or without anemia. Methods and Analysis. This protocol conforms with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols and Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy.
A comprehensive search of the MEDLINE, Embase, and Web of Science databases will be undertaken for studies published
after 2010 which involve patients with ID, who completed a FIT in the 6 months prior to colonoscopy, with FIT sensitivity
and specificity calculated against the reference standard colonoscopy. The search will be limited to studies conducted after
2010 to reduce variability in colonoscopy quality. Risk of bias assessment will be conducted using the Quality Assessment of
Diagnostic Accuracy Studies version 2. FIT sensitivity and specificity will be the primary measure of diagnostic accuracy, and
data will be analysed using a random effects meta-analysis. Discussion. This review and meta-analysis will be the first to
systematically explore the value of the FIT as a triaging tool for patients with ID. This trial is registered with CRD42022367162.

1. Introduction

Iron deficiency (ID) is a highly prevalent micronutrient defi-
ciency and is the leading cause of anemia globally [1, 2].
While the World Health Organization defines ID as
<15μg/L (15 ng/mL, 0.0337 nmol/L, and 1.5μg/dL) of serum
ferritin in adults [3], <30μg/L (30 ng/mL, 0.0674 nmol/L,
and 3μg/dL) is commonly used as a cutoff for clinical diag-

nosis [4, 5]. ID anemia (IDA) occurs when ID is severe
enough to affect hemoglobin (Hb) synthesis and is defined
as a Hb concentration below 130 g/L (13 g/dL, 130mg/mL)
in men, 120 g/L (12 g/dL, 120mg/mL) in nonpregnant
women, and 110 g/L (11 g/dL, 110mg/mL) in pregnant
women [6].

One of the causes of ID is chronic occult blood loss from
colorectal neoplasia [6]. Colorectal cancer (CRC) is the third
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most commonly diagnosed cancer and is the second leading
cause of cancer-related death globally [7]. CRC develops
from two types of precancerous neoplasia: adenomatous
polyps and sessile serrated lesions [8]. Polyps that are at
higher risk of turning malignant include advanced adeno-
mas (adenomas with a diameter of 1 cm or greater and/or
villous features and/or high-grade dysplasia) [8] and
advanced serrated lesions (sessile serrated lesions with a
diameter of 1 cm or greater and/or with dysplasia, or all tra-
ditional serrated adenomas) [9]. Such larger lesions are also
more likely to bleed [10–12]. Early detection of precancerous
neoplasia allows an opportunity to remove growing lesions
before they develop into CRC, thereby reducing CRC inci-
dence and mortality [13].

Current guidelines recommend colonoscopy in men and
postmenopausal women presenting with IDA to exclude
CRC and precancerous neoplasia [14]; however, the investi-
gation of lower risk patients including nonanemic ID
(NAID) and younger premenopausal women remains a clin-
ical challenge [15–17]. The cost of colonoscopy in low-risk
ID patients may not outweigh the benefits: the procedure
can be costly and inconvenient and has long wait times with
risks of bleeding, bowel perforation, and death [18]. The risk
of colorectal neoplasia varies, and while up to approximately
8.9% of patients may have a malignancy identified at colo-
noscopy [17], others with ID are at much lower risk (<1%)
of CRC [19]. In this low-risk group, the risks and costs asso-
ciated with colonoscopy may therefore outweigh the benefits,
and resources may be better directed to those at higher risk.

The fecal immunochemical test (FIT) has been used in
primary care in Australia, Spain, and the UK to help deter-
mine which patients presenting with low-risk CRC symp-
toms should be referred for colonoscopy [20]. The FIT
detects occult blood using antibodies that bind to the globin
moiety of Hb in a provided fecal sample [21]. The quantita-
tive concentration of occult Hb within the FIT is measured,
allowing different positivity thresholds to be used [21]. Cur-
rently, only 3 countries have adopted the use of FIT in pri-
mary care, as there is still a limited body of evidence to
support the use of FIT as a triaging tool in symptomatic
patients [20]. However, a systematic review has shown that
FIT can have a sensitivity of up to 90% and specificity of
87% in symptomatic patients [22]. There is no consensus
on the use of FIT in patients with IDA [14] and very limited
evidence on the use of FIT inNAID. Additionally, the optimal
FIT threshold for detecting CRC and precancerous neoplasia
in symptomatic and ID patients remains unclear. Therefore,
this project is aimed at evaluating the existing evidence on
the diagnostic accuracy, inclusive of the sensitivity and speci-
ficity, of FIT for detecting CRC and precancerous colorectal
neoplasia in patients with ID, with or without anemia, com-
pared to the reference standard colonoscopy and further
determining the optimal FIT positivity threshold which can
be used to triage patients with ID ahead of colonoscopy.

2. Methods and Analysis

2.1. Study Registration. The protocol was developed follow-
ing the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) 2020 guidelines and the
Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy. The protocol is registered with PROSPERO
and is accessible from https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42022367162.

2.2. Eligibility Criteria

2.2.1. Population. The study participants of interest will be
adult patients (aged ≥18 years) diagnosed with ID, with or
without anemia. Individuals with a known coexisting cancer
and/or a genetic predisposition for CRC (e.g., Lynch syn-
drome and familial adenomatous polyposis) will be excluded
due to an above-average risk for CRC. Where known, indi-
viduals who have been diagnosed with inflammatory bowel
disease prior to colonoscopy will be excluded, as this condi-
tion can also lead to occult blood loss and a false-positive
FIT. Individuals with known hematological conditions will
be excluded due the conditions’ effect on blood results and
iron studies. Individuals with known coeliac disease will
similarly be excluded due to potential malabsorption of iron.

2.2.2. Interventions. This review will examine the diagnostic
accuracy of the FIT for the detection of advanced colorectal
neoplasia in individuals with ID with or without anemia. FIT
must be completed within 6 months prior to diagnostic colo-
noscopy, and only studies using quantitative FITs in which
Hb thresholds are reported will be included. All other types
of fecal occult blood test, including guaiac-based tests, will
be excluded.

2.2.3. Comparators. Colonoscopy is considered the gold
standard test for identifying both precancerous neoplasia
and CRC [23]. As such, the diagnostic accuracy of FIT will
be compared to colonoscopy. All other endoscopic methods
as sigmoidoscopy and computed tomography (CT) colono-
graphy will be excluded.

2.2.4. Outcomes. The primary outcome will be the diagnostic
accuracy of quantitative FIT compared to the reference stan-
dard colonoscopy for the identification of advanced colorec-
tal neoplasia in individuals with ID with or without anemia.
The sensitivity and specificity of FIT will be determined sep-
arately for diagnosis of CRC, advanced colorectal neoplasia
(inclusive of CRC and any advanced precancerous colorectal
neoplasia), advanced conventional adenomas, advanced
serrated lesions, and advanced precancerous neoplasia
(inclusive of advanced conventional adenomas and advanced
serrated lesions). Only studies that have sensitivity and speci-
ficity data of FIT for detecting advanced colorectal neoplasia
will be included. Other measures of diagnostic accuracy,
including positive predictive values, negative predictive
values, and odds ratios, will be included where available.

The secondary outcomes will include the following:

(1) The optimal FIT positivity threshold to refer individ-
uals with ID for colonoscopy

(2) The diagnostic accuracy of FIT to identify precancer-
ous neoplasia/or CRC for different population groups
(e.g., different age groups, males, and females)
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(3) The diagnostic accuracy of FIT to identify precancer-
ous neoplasia and/or CRC for individuals with IDA
compared to NAID

(4) The diagnostic accuracy of FIT for different CRC
types (e.g., location, staging, and histological subtype
where available)

(5) The diagnostic accuracy of FIT for precancerous
neoplasia compared to CRC

The optimal threshold for FIT will be determined using a
summary receiver operating characteristic (SROC) curve.
The sensitivity and specificity of FIT and other measures of
diagnostic accuracy including positive predictive values,
negative predictive values, and odds ratios will be included
where available for different colonoscopy outcomes and
study demographics.

2.2.5. Studies. Colonoscopy quality has improved signifi-
cantly over time due to technological advances. The high-
resolution colonoscopy first introduced in 2005 has over
the years replaced traditional colonoscopy methods due to
its improved visualisation and neoplasia detection rate and
is currently the standard of care [24, 25]. A study analysing
the colonoscopy quality from 2000 to 2014 found that colo-
noscopic bowel preparation and polyp identification
improved after 2010 in both average risk screening and sur-
veillance colonoscopies [26]. As such, only studies that con-
ducted data collection after 2010 will be included in the
review to minimise variability due to colonoscopy quality.
Studies that commenced data collection before 2010, even
if it continued beyond 2010 (e.g., 2008-2012), will be
excluded. In addition, by 2010, FIT was found to be more
sensitive in detecting colorectal neoplasia and resulted in
the higher participation rates compared to guaiac fecal
occult blood tests and has been widely used in CRC screen-
ing programs globally [27, 28]. Cohort studies, cross-
sectional studies, case-control studies, randomised control
trials and clinical trials will be included. Reviews and case

studies will be excluded. Summary of the inclusion and
exclusion criteria is provided in Table 1.

2.3. Information Sources. Studies will be identified through a
literature search from inception to search date in the MED-
LINE, Web of Science, and Embase databases. Further stud-
ies will be identified from reference lists of eligible studies
and review articles. The search will be limited to studies con-
ducted after 2010. The search will be rerun before final anal-
ysis to include recently published articles. Only published
articles will be included. This will include published confer-
ence abstracts that have sufficient data.

2.4. Search Strategy. The search strategy will be developed by
two reviewers (JP and MMW) with the support of a research
librarian. All other reviewers will provide feedback on the
search strategy. The master search will be developed on
MEDLINE using appropriate Medical Subject Headings
(MeSH) keywords as described in Supplementary Table 1.
MeSH keywords will be adjusted as necessary for the
remaining two databases. The final search will be done all
on the same day and recorded.

2.5. Data Management. Studies and their citation and
abstract will be downloaded into EndNote V.20 (Clarivate
Analytics) and then uploaded to Covidence, a systematic
review management software. The inclusion and exclusion
criteria will be uploaded on Covidence to assist reviewers
in screening.

2.6. Study Selection

2.6.1. Title and Abstract Screening. The screening will be
done according to PRISMA 2020 guidelines and through
using the Covidence program, a systematic review manage-
ment system [29]. Prior to screening, the inclusion and
exclusion criteria for studies will be discussed amongst all
reviewers to develop a clear guideline. The first phase of
screening will be on article titles and abstracts of all studies
identified from the search. Studies will be divided amongst

Table 1: Summary of inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Population
(i) 18 years and older
(ii) Any sex
(iii) Diagnosed with ID, with or without anemia

(i) Known coexisting cancer of any type
(ii) Known genetic predisposition for CRC including Lynch

syndrome and familial adenomatous polyposis
(iii) Known inflammatory bowel disease
(iv) Known hematological diseases
(v) Known coeliac disease

Intervention (i) Quantitative FIT
(i) Guaiac-based fecal test
(ii) Nonquantitative FIT

Comparison (i) Colonoscopy done within 6 months after FIT
(i) Other screening options including sigmoidoscopy and

CT colonography

Study type

(i) Cohort studies
(ii) Cross-sectional studies
(iii) Case-control studies
(iv) Clinical trials
(v) Randomised controlled trials

(i) Reviews
(ii) Case studies
(iii) Animal models
(iv) In vitro studies
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the 5 reviewers with each study requiring assessment by 2
independent reviewers. Decisions by individual reviewers
will be recorded on Covidence. Covidence ensures that the
decisions made by reviewers are blinded to other reviewers.
Reasons for exclusion in this phase of screening will not be
recorded. Studies will be excluded if they are irrelevant to
the research question. Studies that mention keywords rele-
vant to the research question or needing further evaluation
of full text to determine relevance will be included. The
Covidence tool will flag disagreements in the screening.
The disagreements will be resolved via discussion with all
members of the review team.

2.6.2. Full-Text Screening. Once all studies have been
assessed and conflicts resolved, the remaining articles that
pass the title and abstract screening will undergo full-text
screening. Similarly, the studies will be divided amongst
the reviewers with each study requiring a full-text assess-
ment by 2 independent reviewers. The screening decisions
will be recorded on Covidence and will be kept blinded.
Reviewers will review the full-text articles and use the prede-
fined inclusion and exclusion criteria to determine eligibility
of studies. Reviewers will keep a record of their reasons for
excluding or including studies that they have assessed. The
reasons for exclusion in the full-text screening will be
recorded and included in the final PRISMA 2020 flow dia-
gram. Disagreements regarding inclusion, as well as reason
for exclusion of full studies will be flagged by Covidence
and will be discussed with all members of the review team
until a consensus is achieved. Studies may have multiple dif-
ferent reasons for being excluded. The review team will dis-
cuss this and develop a hierarchy order of different reasons
of exclusion to be applied to studies that have multiple rea-
sons for exclusion. Studies that pass the full-text screening
will move on to data extraction.

2.6.3. Assessing the Reliability between Reviewers. The inter-
rater reliability (IRR) will be calculated to determine the reli-
ability of decisions made by different reviewers. Cohen’s
kappa can be used to assess IRR. Cohen’s kappa value will
be interpreted as values 0-0.20 indicating no agreement,
0.21–0.39 as minimal agreement, 0.40-0.59 as weak agree-
ment, 0.60-0.79 as moderate agreement, 0.80-0.90 as strong
agreement, and above 0.90 as almost perfect agreement [30].

2.7. Data Extraction and Collection. Data will be extracted
from eligible studies that have passed the full-text screening
by two independent reviewers on separate Microsoft Excel
sheets using a premade template. Data that will be extracted
will include background information including authors, year
of publication, year the study was conducted, aim of study,
country of study, inclusion and exclusion criteria, study set-
ting, population demographics (age, sex), and recruitment
strategy. Information about the methodology of included
studies that will be extracted will include the study type, def-
inition of ID and anemia including ferritin and hemoglobin
thresholds, definition of colorectal precancerous neoplasia,
FIT details (brand/company, number of samples, FIT
instructions, and FIT positivity thresholds), colonoscopy

procedure (procedure instructions, quality, and outcomes),
and the time between FIT and colonoscopy. Results that will
be extracted are sample size, prevalence of CRC and precan-
cerous neoplasia, sensitivity and specificity of FIT, and raw
data including true positives, true negatives, false positives,
and false negatives if available, and additional measures of
diagnostic accuracy such as positive predictive value and
negative predictive values may be calculated from data
where available. The extracted data will then be compared
for discrepancies, and disagreements will be resolved by a
third reviewer.

2.8. Dealing with Missing Data. If articles are missing data,
or further clarification is required, the corresponding author
will be contacted by email, telephone, or other means to
request missing data or additional information. If a study
is found to be nearly eligible for inclusion (e.g., some
patients in the study underwent CT colonography and
others underwent a colonoscopy, but all other inclusion
and exclusion criteria are met), the corresponding authors
will be contacted to extract data subsets matching the inclu-
sion criteria of this systematic review. If authors do not
respond within one month, a second attempt to contact
them will be made. If sufficient information remains unob-
tainable, we will try and use the available coefficients to cal-
culate the data. If available information is insufficient, and
the corresponding author does not respond to the data
request within one month of the second attempt at contact,
the study will be excluded. The impact of missing data on
the results will be explained in the final review.

2.9. Data Items. A summary of extracted data is provided in
Table 2.

2.10. Risk of Bias. The methodological quality of each eligible
study will be assessed using Quality Assessment of Diagnos-
tic Accuracy Studies, 2nd edition (QUADAS-2) [31], by eval-
uating risk of bias over four key domains: participant
selection, index test, reference standing, and flow and timing
[31]. This tool also assesses whether the eligible studies are
applicable to answer the review question and involves the
use of signalling questions to assess bias over each domain.
Prior to conducting the risk of bias assessment, reviewers
will work together to develop a clear guideline on how to
answer each of the signalling questions and how to use these
questions to assess bias and applicability in each domain. All
eligible studies will be subject to risk of bias assessment by a
minimum of two independent reviewers. Discrepancies in
the methodological quality of eligible studies between
reviewers will be resolved through arbitration with all mem-
bers of the review team.

2.11. Data Synthesis. The primary measure of diagnostic
accuracy of the FIT for detecting CRC and colorectal pre-
cancerous neoplasia or all neoplasia (CRC and precancerous
lesions) combined will be assessed using sensitivity and
specificity measurements, inclusive of 95% confidence inter-
vals. Other measures of diagnostic accuracy, including posi-
tive predictive values, negative predictive values, and odds
ratios, will also be calculated wherever possible. Sensitivity
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and specificity of individual studies will be combined using a
random effects meta-analysis. True positives, true negatives,
false positives, and false negatives will be required for the
random effects model. The optimal positivity threshold for
the FIT will be determined for different FIT thresholds using
an SROC curve. Area under the curve (AUC) will be used to
assess the diagnostic accuracy of FIT. Heterogeneity will be
assessed using chi-squared and I-squared tests as appropri-
ate. The I-squared test interpretation will follow Cochrane
guidelines [32]. Where possible, subgroup analysis will be
performed to compare the diagnostic accuracy of FIT in dif-
ferent groups such as different demographic groups and
comparing individuals with IDA compared to NAID.

2.12. Ethics and Dissemination of Results. This study is being
conducted using systematic review and meta-analysis
methods. Existing published trial data will be used through-
out this study. Individual patient data will not be used, and
as such, there are no ethical considerations associated with
this protocol. The results will be published in a peer-
reviewed journal and presented at conferences.

3. Discussion

A small number of countries, including Australia, the UK,
and Spain, have recommended FIT to investigate patients
with low-risk CRC symptoms [20]. However, there is limited
evidence to support these recommendations in symptomatic
patients. Further, the value of the FIT for investigating ID
with or without anemia remains unclear. The aim of this
review is to determine the diagnostic accuracy of FIT for
detecting CRC and precancerous neoplasia in patients pre-
senting with ID. This will provide guidance to clinicians on
whether FIT is an appropriate triaging tool for determining
the need for diagnostic colonoscopy in individuals with ID.
Additionally, this review may be able to provide an optimal
FIT Hb threshold that can be used in the investigation of ID
patients. This review will evaluate the current evidence on
both IDA and NAID. Since there is limited evidence on
NAID, this research will provide more guidance on manag-
ing NAID and identify gaps that need further research.
Overall, the results of this review will provide more evidence
and clinical guidance in managing ID patients with or with-
out anemia in primary care.
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CRC: Colorectal cancer
CT: Computed tomography
FIT: Fecal immunochemical test
ID: Iron deficiency
IDA: Iron deficiency anemia
IRR: Inter-rater reliability
Hb: Hemoglobin
MeSH: Medical subject headings
NAID: Nonanemic iron deficiency
PRISMA: Preferred Reporting Items for Systematic

Reviews and Meta-Analyses
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Table 2: Summary of items to be extracted from included studies.

Information
area

Data to be extracted

Background

Authors

Year of publication

Year of study

Aim of study

Country of study

Inclusion and exclusion criteria

Study setting

Population demographics

Recruitment strategy

Methodology

Study type

Definition of ID and anemia

Definition for colorectal precancerous neoplasia

FIT information including brand/company,
number of samples, how FIT was performed,

FIT positivity thresholds

Colonoscopy procedure including quality
and completeness

Colonoscopy outcomes

Time between FIT and colonoscopy

Results

Sample size

Prevalence of CRC and precancerous neoplasia

Sensitivity of FIT

Specificity of FIT

Raw data including true positives, true negatives,
false positives, false negatives if available

Other diagnostic accuracy data including positive
predictive value, negative predictive value, odds

ratio if available

5Gastroenterology Research and Practice



Acknowledgments

Open access publishing is facilitated by Flinders University,
as part of the Wiley - Flinders University agreement via
the Council of Australian University Librarians.

Supplementary Materials

Supplementary Table 1: keywords and MeSH (Medical Sub-
ject Headings) used for different databases in the systematic
search. (Supplementary Materials)

References

[1] A. Al-Naseem, A. Sallam, S. Choudhury, and J. Thachil, “Iron
deficiency without anaemia: a diagnosis that matters,” Clinical
Medicine, vol. 21, no. 2, pp. 107–113, 2021.

[2] J. L. Miller, “Iron deficiency anemia: a common and curable
disease,” Cold Spring Harbor Perspectives in Medicine, vol. 3,
no. 7, 2013.

[3] World Health Organisation, Serum ferritin concentrations for
the assessment of iron status in individuals and populations:
technical brief, World Health Organization, 2020.

[4] E. T. Soppi, “Iron deficiency without anemia - a clinical chal-
lenge,” Clinical Case Reports, vol. 6, no. 6, pp. 1082–1086,
2018.

[5] S. R. Pasricha, S. C. Flecknoe-Brown, K. J. Allen et al., “Diagno-
sis and management of iron deficiency anaemia: a clinical
update,” Medical Journal of Australia, vol. 193, no. 9,
pp. 525–532, 2010.

[6] C. Camaschella, “Iron deficiency,” Blood, vol. 133, no. 1,
pp. 30–39, 2019.

[7] T. Sawicki, M. Ruszkowska, A. Danielewicz, E. Niedźwiedzka,
T. Arłukowicz, and K. E. Przybyłowicz, “A review of colorectal
cancer in terms of epidemiology, risk factors, development,
symptoms and diagnosis,” Cancers, vol. 13, no. 9, p. 2025,
2021.

[8] K. Simon, “Colorectal cancer development and advances in
screening,” Clinical Interventions in Aging, vol. 11, pp. 967–
976, 2016.

[9] V. Gupta and J. E. East, “Optimal endoscopic treatment and
surveillance of serrated polyps,” Gut and Liver, vol. 14, no. 4,
pp. 423–429, 2020.

[10] W.-F. Hsu, S.-Y. Cheng, C.-T. Shun et al., “Higher risk of
advanced histology in adenoma less than 10 mm in fecal
immunochemical test screening: implication for manage-
ment,” Journal of Gastroenterology and Hepatology, vol. 35,
no. 10, pp. 1738–1745, 2020.

[11] C. M. Nielson, A. F. Petrik, L. Jacob et al., “Positive predictive
values of fecal immunochemical tests used in the STOP CRC
pragmatic trial,” Cancer Medicine, vol. 7, no. 9, pp. 4781–
4790, 2018.

[12] H. R. Wilén, B. Johannes, H. Jonas, and H. Rolf, “Fecal immu-
nochemical test in colorectal cancer screening: colonoscopy
findings by different cut-off levels,” Journal of Gastroenterology
and Hepatology, vol. 34, no. 1, pp. 103–112, 2019.

[13] A. G. Zauber, S. J. Winawer, M. J. O'Brien et al., “Colonoscopic
polypectomy and long-term prevention of colorectal-cancer
deaths,” The New England Journal of Medicine, vol. 366,
no. 8, pp. 687–696, 2012.

[14] J. Snook, N. Bhala, I. L. P. Beales et al., “British Society of
Gastroenterology guidelines for the management of iron
deficiency anaemia in adults,” Gut, vol. 70, no. 11,
pp. 2030–2051, 2021.

[15] T. Majeed, J. Solomon, R. S. Ali, and P. Chitsabesan, “Non-
anaemic iron deficiency should be investigated with the same
priority as iron deficiency anaemia in fast track colorectal
clinics-retrospective cohort study,” Journal of Gastrointestinal
Oncology, vol. 11, no. 4, pp. 609–615, 2020.

[16] A. G. G. de Paredes, C. T. Sánchez-Vegazo, N. H. Ruiz et al.,
“Do patients with iron deficiency without anemia benefit from
an endoscopic examination?,” Journal of Digestive Diseases,
vol. 18, no. 7, pp. 416–424, 2017.

[17] D. C. Rockey, O. Altayar, Y. Falck-Ytter, and D. Kalmaz,
“AGA technical review on gastrointestinal evaluation of iron
deficiency anemia,” Gastroenterology, vol. 159, no. 3,
pp. 1097–1119, 2020.

[18] L. Rabeneck, L. F. Paszat, R. J. Hilsden et al., “Bleeding and per-
foration after outpatient colonoscopy and their risk factors in
usual clinical practice,” Gastroenterology, vol. 135, no. 6,
pp. 1899–1906.e1, 2008.

[19] O. Almilaji, C. Smith, S. Surgenor et al., “Refinement and val-
idation of the IDIOM score for predicting the risk of gastroin-
testinal cancer in iron deficiency anaemia,” BMJ Open
Gastroenterology, vol. 7, no. 1, article e000403, 2020.

[20] M. van Melle, S. I. S. Yep Manzano, H. Wilson, W. Hamilton,
F. M. Walter, and S. E. R. Bailey, “Faecal immunochemical test
to triage patients with abdominal symptoms for suspected
colorectal cancer in primary care: review of international use
and guidelines,” Family Practice, vol. 37, no. 5, pp. 606–615,
2020.

[21] J. Tinmouth, I. Lansdorp-Vogelaar, and J. E. Allison, “Faecal
immunochemical tests versus guaiac faecal occult blood tests:
what clinicians and colorectal cancer screening programme
organisers need to know,” Gut, vol. 64, no. 8, pp. 1327–1337,
2015.

[22] J. Stonestreet, S. Chandrapalan, D. Woolley, U. Uthman, and
R. P. Arasaradnam, “Systematic review and meta-analysis:
diagnostic accuracy of faecal immunochemical testing for hae-
moglobin (FIT) in detecting colorectal cancer for both symp-
tomatic and screening population,” Acta Gastro-enterologica
Belgica, vol. 82, no. 2, pp. 291–299, 2019.

[23] I. A. Issa and M. Noureddine, “Colorectal cancer screening: an
updated review of the available options,” World Journal of
Gastroenterology, vol. 23, no. 28, pp. 5086–5096, 2017.

[24] M. Soeder, A. Turshudzhyan, L. Rosenberg, and M. Tadros,
“High-quality colonoscopy: a review of quality indicators and
best practices,” Gastroenterology Insights, vol. 13, no. 2,
pp. 162–172, 2022.

[25] G. Tziatzios, P. Gkolfakis, L. D. Lazaridis et al., “High-defini-
tion colonoscopy for improving adenoma detection: a system-
atic review and meta-analysis of randomized controlled
studies,” Gastrointestinal Endoscopy, vol. 91, no. 5, pp. 1027–
1036.e9, 2020.

[26] S. C. Mathews, N. Zhao, J. L. Holub, and D. Lieberman,
“Improvement in colonoscopy quality metrics in clinical prac-
tice from 2000 to 2014,” Gastrointestinal Endoscopy, vol. 90,
no. 4, pp. 651–655.e3, 2019.

[27] J. E. Allison, C. G. Fraser, S. P. Halloran, and G. P. Young,
“Population screening for colorectal cancer means getting
FIT: the past, present, and future of colorectal cancer screening

6 Gastroenterology Research and Practice

https://downloads.hindawi.com/journals/grp/2023/5982580.f1.pdf


using the fecal immunochemical test for hemoglobin (FIT),”
Gut and Liver, vol. 8, no. 2, pp. 117–130, 2014.

[28] G. P. Young, E. L. Symonds, J. E. Allison et al., “Advances in
fecal occult blood tests: the FIT revolution,” Digestive Diseases
and Sciences, vol. 60, no. 3, pp. 609–622, 2015.

[29] M. J. Page, J. E. McKenzie, P. M. Bossuyt et al., “The PRISMA
2020 statement: an updated guideline for reporting systematic
reviews,” International Journal of Surgery, vol. 88, article
105906, 2021.

[30] M. L. McHugh, “Interrater reliability: the kappa statistic,” Bio-
chemia Medica, vol. 22, no. 3, pp. 276–282, 2012.

[31] J. B. Reitsma, A. Rutjes, P. Whiting et al., “Chapter 8: Assessing
risk of bias and applicability, draft version,” in Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy,
J. J. Deeks, P. M. Bossuyt, M. M. Leeflang, and Y. Takwoingi,
Eds., Cochrane, London, 2022.

[32] H. J. Schünemann, J. P. T. Higgins, G. E. Vist et al., “Chapter
14: Completing ‘summary of findings’ tables and grading the
certainty of the evidence,” in Cochrane Handbook for System-
atic Reviews of Interventions, J. P. T. Higgins, J. Thomas, J.
Chandler, M. Cumpston, T. Li, M. J. Page, and V. A. Welch,
Eds., Cochrane, 2022.

7Gastroenterology Research and Practice


	The Diagnostic Accuracy of a Fecal Immunochemical Test in Detecting Colorectal Cancer and Advanced Precancerous Colorectal Neoplasia in Patients with Iron Deficiency: �A Protocol for Systematic Review and Meta-Analysis
	1. Introduction
	2. Methods and Analysis
	2.1. Study Registration
	2.2. Eligibility Criteria
	2.2.1. Population
	2.2.2. Interventions
	2.2.3. Comparators
	2.2.4. Outcomes
	2.2.5. Studies

	2.3. Information Sources
	2.4. Search Strategy
	2.5. Data Management
	2.6. Study Selection
	2.6.1. Title and Abstract Screening
	2.6.2. Full-Text Screening
	2.6.3. Assessing the Reliability between Reviewers

	2.7. Data Extraction and Collection
	2.8. Dealing with Missing Data
	2.9. Data Items
	2.10. Risk of Bias
	2.11. Data Synthesis
	2.12. Ethics and Dissemination of Results

	3. Discussion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials



