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INTRODUCTION 

Iron deficiency anemia (IDA) occurs in 2–5% of adult men 
and postmenopausal women in the developed world,1,2 and it 

is one of the common indications for referral to gastroenterol-
ogists.3 While the most common cause of IDA in premeno-
pausal women is menstrual blood loss, the major cause of 
IDA in adult men and postmenopausal women is occult gas-
trointestinal (GI) bleeding.4-7 IDA is considered as an alarm 
sign for the presence of serious GI disease, because a substan-
tial proportion of patients with asymptomatic GI cancer and 
precancerous lesions may present with IDA.8-10 Colorectal 
cancer (CRC) is one of the most important causes of IDA and 
is estimated to be found in 4–16% of patients with IDA.3,11

 Occult GI bleeding may be indicated by a positive result on 
fecal immunochemical test (FIT), which has been developed 
to selectively recognize unnoticeable bleeding from colorectal 
origin.6,12,13 CRC screening with FIT has proven to be an effec-
tive, non-invasive method for detecting the majority of CRC 
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cases in asymptomatic populations and reducing the mortali-
ty of patients with CRC.14,15 Accordingly, FIT has been widely 
adopted as a CRC screening tool.16 

Recently, some studies have reported that subjects with both 
IDA and positive FIT results have an increased risk of CRC.17,18 
Based on the results of those studies, we hypothesized that 
participants with positive FIT results and IDA would have a 
high percentage of advanced colorectal neoplasia (ACRN) on 
colonoscopy. If our hypothesis is correct, a combination strat-
egy of FIT and hemoglobin level (IDA) would be helpful in the 
selection and prioritization of asymptomatic participants for 
colonoscopy. This combination strategy may be useful, partic-
ularly in countries with limited colonoscopy resources. How-
ever, data regarding this topic are limited. Therefore, in this 
study, we aimed to evaluate whether a combination strategy of 
FIT results and IDA is useful for risk stratification for ACRN in 
a large sample of asymptomatic male subjects.

MATERIALS AND METHODS

Study population 
We retrospectively analyzed data from a prospectively estab-
lished cohort. The present study population consisted of as-
ymptomatic male participants who underwent both FIT and 
colonoscopy as part of a comprehensive health screening 
program at Kangbuk Samsung Hospital, Seoul and Suwon, 
Korea, from 2010 to 2014 (n=21646). The screening program 
aimed to promote health through regular medical checkups 
and to enhance early detection of existing diseases. In Korea, 
the Industrial Safety and Health Law requires employees to 
participate in annual or biennial health examinations. About 
80% of the participants comprised employees of various com-
panies and local governmental organizations and their spouses, 
while the remaining participants had registered individually 
for the program. Prior to colonoscopy, interviews by general 
practitioners were conducted to ensure that all participants 
were asymptomatic (i.e., no lower abdominal pain, hematoche-
zia). Participants who had overt GI symptoms were urged to 
seek medical care.

The exclusion criteria for participation in the study were as 
follows: previous colonoscopy experience (n=1374), a history 
of CRC or colorectal surgery (n=130), a history of inflammatory 
bowel disease (n=73), diagnosed with ischemic or infectious 
colitis during the study (n=11), use of anti-platelet agent or an-
ti-coagulant (n=425), poor bowel preparation (n=1684), inade-
quate biopsy (n=110), and subjects aged <30 years (n=603). Fi-
nally, the total number of eligible subjects for the study was 
17236 (Fig. 1). Poor bowel preparation was defined as “large 
amounts of solid fecal matter found, precluding a satisfactory 
study; unacceptable preparation; <90% of mucosa seen.”19

In our cohort, most women (80%, n=5393/6774) were pre-
menopausal. In other words, the major cause of IDA in 80% of 

women in our cohort was menstrual bleeding, but not GI 
bleeding. Therefore, we did not include female subjects.

This study was approved by the Institutional Review Board 
of Kangbuk Samsung Hospital, which exempted the require-
ment for informed consent as we only accessed de-identified 
data retrospectively.

Measurements and definitions
Data on medical history and health-related behaviors were 
collected through a standardized, self-administered question-
naire. Physical measurements, such as height and weight, 
were performed by trained staff. The participants’ smoking 
status was categorized into never, formerly, or currently, and 
family history of CRC was defined as CRC in one or more first-
degree relatives at any age. Self-reported use of nonsteroidal 
anti-inflammatory drugs (NSAIDs), anti-platelet, or anticoag-
ulant (regular use over the previous month) was also assessed. 

Hypertension was defined as a systolic blood pressure ≥140 
mm Hg, diastolic blood pressure ≥90 mm Hg, or current use 
of antihypertensive medication. Diabetes mellitus was de-
fined as a fasting blood glucose ≥126 mg/dL, hemoglobin A1c 
≥6.5%, or current use of insulin or antidiabetic medications. 
Obesity was defined as body mass index (BMI) ≥25 kg/m2, 
which is the proposed cut-off for obesity diagnosis in Asians.20 
BMI was calculated by dividing the measured weight (kg) by 
the square of the height (m2). 

Anemia was defined as hemoglobin below 13 g/dL, and 
IDA was defined as anemia with at least one of the following 
criteria characterizing iron deficiency: 1) serum ferritin <15 
ng/mL and 2) transferrin saturation (serum iron/total iron bind-
ing capacity) <16%.2,21

Fecal immunochemical test
A one-time stool sample was collected by participants in a 
sampling tube (Eiken Chemical Company, Tokyo, Japan) con-
taining 2.0 mL of buffer designed to minimize hemoglobin 
degradation at home within 3 days before initiating bowel 
cleansing for colonoscopy. The collected fecal material, sealed 
in a plastic bag, was sent to the laboratory. Fecal hemoglobin 
concentration was quantitated using OC-SENSOR DIANATM 
(Eiken Chemical Company), and FIT results were expressed 
in nanograms of hemoglobin per milliliter of buffer (ng Hb/
mL). The FIT-positivity cutoff value was 100 ng Hb/mL (equiv-
alent to 20 micrograms of hemoglobin per gram of feces).22

Colonoscopy and histologic examination
All colonoscopies were performed using the EVIS Lucera CV-
260 colonoscope (Olympus Medical Systems, Tokyo, Japan) 
by experienced board-certified endoscopists. All participants 
took 4 L of polyethylene glycol solution for bowel preparation. 

All endoscopically detected polypoid lesions were biopsied 
or removed. All specimens obtained from biopsy, polypecto-
my, or endoscopic mucosal resection were evaluated by expe-
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rienced GI pathologists via histopathological examination. 
Polyps were classified by number, size, and histologic charac-
teristics (tubular, tubulovillous, or villous adenoma; hyper-
plastic polyp; inflammatory polyp; and sessile serrated ade-
noma or traditional serrated adenoma). Pathologic results of 
the hyperplastic polyps, inflammatory polyps, or lipomas were 
considered normal findings. Advanced adenoma was defined 
as the presence of one of the following features: >10 mm di-
ameter, tubulovillous or villous structure, and high-grade dys-
plasia.23 Colorectal neoplasia (CRN) was defined as a cancer or 
any adenoma, and ACRN was defined as a cancer or advanced 
adenoma.24 For patients with multiple neoplasms, the most ad-
vanced lesion was reported (e.g., adenoma with the greatest di-
ameter or the most serious histology). 

Statistical analysis
Data are expressed as mean±standard or frequency (%). The 
prevalences of cancer, ACRN, and non-advanced CRN ac-
cording to FIT result and presence of IDA were compared us-
ing chi-square test or Fisher’s exact test. 

The sensitivity, specificity, positive predictive value (PPV), 
negative predictive value, and corresponding 95% confidence 
intervals (CIs) of FIT and IDA in predicting ACRN and cancer 
were calculated. The area under the receiver operating char-

acteristic curve (AUROC) of FIT and IDA for detecting ACRN 
and cancer was also calculated. We determined whether sta-
tistically significant differences exist among the diagnostic 
strategies using chi-squared test of homogeneity of areas.

All of the reported p values are two-tailed, and p values <0.05 
were considered to be statistically significant. SPSS version 21 
(IBM Corp., Armonk, NY, USA) was used for statistical analyses. 

RESULTS

Baseline characteristics of the study population
A total of 17236 male subjects were eligible for the analysis 
(Fig. 1). Baseline characteristics of the study population are 
summarized in Table 1. The mean age of the study participants 
was 40.8 years, and the proportions of subjects aged 30–39, 
40–49, and ≥50 years were 48.2, 40.1, and 11.7%, respectively. 
The proportions of subjects with smoking, family history of 
CRC, NSAIDs use, and obesity were 65.6, 3.4, 3.2, and 41.5%, 
respectively. Among 17236 participants, 522 (3.0%) showed 
positive FIT results (≥100 ng Hb/mL) and 26 (0.2%) had IDA. 
The prevalences of cancer, ACRN, non-advanced CRN, and 
overall CRN were 0.1, 1.9, 16.4, and 18.3%, respectively.

Male participants who underwent both FIT and colonoscopy for health checkup at Kangbuk Samsung Hospital from 2010 to 2014 (n=21646)

FIT (+) and IDA (+)
(n=7)

FIT (+) and IDA (-)
(n=515)

FIT (-) and IDA (+)
(n=19)

FIT (-) and IDA (-)
(n=16695)

Eligible subjects (n=17236)

Exclusion
 - Under 30 years (n=603)

Potential participants (n=17839)

Exclusion (n=1794)
- Poor bowel preparation (n=1684)
- Lack of an adequate biopsy (n=110)

Potential participants (n=19633)

Exclusion (n=2013)
- Previous colonoscopy experience (n=1374)
- A history of colorectal cancer or colorectal surgery (n=130)
- A history of inflammatory bowel disease (n=73)
- Diagnosed with ischemic or infectious colitis during this study (n=11)
- Use of anti-platelet agent or anti-coagulants (n=425)

Fig. 1. Flow diagram illustrating the selection of study subjects. FIT, fecal immunochemical test; IDA, iron deficiency anemia.
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Prevalence of CRN according to FIT result and 
presence of IDA
The prevalences of CRN according to FIT result and presence 
of IDA are compared in Table 2. The prevalence of cancer was 
significantly higher in subjects with positive FIT result (1.9% 
vs. 0.01%, p<0.001) and IDA (7.7% vs. 0.1%, p<0.001) than in 
those with negative FIT result and no IDA, respectively. The 
prevalence of ACRN was also higher in subjects with positive 
FIT result (13.6% vs. 1.5%, p<0.001) and IDA (11.5% vs. 1.9%, 
p=0.013) than in those with negative FIT result and no IDA, 
respectively. The prevalence of non-advanced CRN was lower 
in subjects with IDA than in subjects without IDA (0.0% vs. 
16.4%, p=0.015), while it was not different significantly be-
tween subjects with positive vs. negative FIT result (19.3% vs. 
16.3%, p=0.061).

The participants were classified into four groups stratified 
by FIT results and the presence of IDA. Subjects with positive 
FIT result and IDA were assigned to group 1 (G1, n=7); sub-
jects with positive FIT result and no IDA, group 2 (G2, n=515); 
subjects with negative FIT result and IDA, group 3 (G3, n=19); 
and subjects with negative FIT result and no IDA, group 4 (G4, 
n=16695). The prevalences of ACRN in G1, G2, G3, and G4 
were 28.6, 13.4, 5.3, and 1.5%, respectively (p<0.001). Subjects 
with both positive FIT result and IDA (G1) had a higher preva-

lence of ACRN than the other groups. In post-hoc analysis, the 
prevalence of ACRN was significantly higher in G1 and G2 
than in G4, respectively (all p<0.001) (Fig. 2). The prevalences 
of cancer in G1, G2, G3, and G4 were 28.6, 1.6, 0.0, and 0.01%, 
respectively (p<0.001). Subjects with both positive FIT result 
and IDA (G1) also showed a higher prevalence of cancer than 
the other groups. The prevalence of non-advanced CRN was 
higher in subjects with positive FIT result and no IDA than in 
other groups (0.0, 19.6, 0.0, and 16.3% in G1, G2, G3, and G4, 
respectively; p=0.025). 

We further analyzed subjects aged ≥50 and <50 years, re-
spectively (Table 2). Among subjects aged ≥50 years, the preva-
lences of ACRN in G1, G2, G3, and G4 were 100% (n=1/1), 
29.9% (n=29/97), 33.3% (n=1/3), and 4.3% (n=82/1917), re-
spectively (p<0.001), and those for CRC were 100% (n=1/1), 
6.2% (n=6/97), 0.0% (n=0/3), and 0.1% (n=1/1917), respec-
tively (p<0.001). Among subjects aged <50 years, the preva-
lences of ACRN in G1, G2, G3, and G4 were 16.7, 9.6, 0.0, and 
1.2%, respectively (p<0.001) and those for CRC were 16.7, 0.5, 
0.0, and 0.007%, respectively (p<0.001). In other words, sub-
jects with positive FIT results and IDA had an increased risk of 
ACRN and CRC in subjects aged <50 years as well as ≥50 years.

Table 3 shows the diagnostic performance of FIT and IDA 
for ACRN and cancer. As mentioned above, a combined strate-
gy of FIT results and IDA had higher PPV than FIT alone and 
IDA alone. The sensitivities of FIT for ACRN and CRC were 
21.6 and 83.3%, respectively, while the sensitivities of IDA for 
ACRN and CRC were 0.9 and 16.7%, respectively. The sensitivi-
ties of the combination strategy of FIT and IDA for ACRN and 
CRC were 0.6% (n=2/328) and 16.7% (n=2/12), respectively.

We also calculated the AUROC of FIT and IDA for detecting 
ACRN and cancer. The AUROCs of FIT, IDA, and combination 
strategy of FIT and IDA for ACRN were 59.5 (95% CI, 57.3–
61.7), 50.4 (95% CI, 49.9–50.9), and 59.6 (95% CI, 57.3–61.9), 
respectively (p<0.001). The AUROCs of FIT, IDA, and combi-
nation strategy of FIT and IDA for cancer were 90.2 (95% CI, 
79.2–100.0), 58.3 (95% CI, 47.3–69.3), and 90.4 (95% CI, 79.3–
100.0), respectively (p<0.001). In post-hoc analysis, the AUO-
RCs of combination strategy of FIT and IDA for ACRN and 
cancer were significantly higher than those for IDA, but they 
were not significantly different to those for FIT.

We did not include female subjects, because most of them 
(80%, n=5393/6774) were premenopausal. However, we further 
compared the prevalence of ACRN among four groups strati-
fied by FIT results and the presence of IDA in postmenopausal 
female subjects (n=1381). As a result, the prevalences of ACRN 
in G1, G2, G3, and G4 were 100% (n=1/1), 16.7% (n=8/48), 0.0% 
(n=0/32), and 2.6% (n=34/1300), respectively (p<0.001).

DISCUSSION

To the best of our knowledge, this study is the first to compare 

Table 1. Characteristics of the Study Population
Variable Participants (n=17236)

Age (yr) 40.8±7.5
30–39   8300 (48.2)
40–49   6918 (40.1)
≥50   2018 (11.7)

Current or ex-smoker 10807/16470 (65.6)
Family history of CRC   594 (3.4)
Use of NSAIDs   553 (3.2)
BMI (kg/m2) 24.6±2.9
Obesity (≥25 kg/m2) 7156/17228 (41.5)
Fatty liver   7297 (42.3)
Hypertension   2601 (15.1)
Diabetes mellitus   892 (5.2)
Fecal immunochemical test

Positive (≥100 ng Hb/mL)   522 (3.0)
Negative (<100 ng Hb/mL) 16714 (97.0)

Iron deficiency anemia
Present     26 (0.2)
Absent 17210 (99.8)

Detection of CRN
Cancer     12 (0.1)
ACRN   328 (1.9)
Non-advanced CRN   2820 (16.4)
Overall CRN   3150 (18.3)

CRC, colorectal cancer; NSAIDs, non-steroidal anti-inflammatory drugs; BMI, 
body mass index; ACRN, advanced colorectal neoplasia; CRN, colorectal 
neoplasia.
Values are presented as a mean±standard deviation or number (%). 
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the prevalences of ACRN and CRC among four groups strati-
fied by FIT results and the presence of IDA. This large-scale 
study of 17236 asymptomatic men showed that patients with 
both positive FIT results and IDA had the highest rate of 
ACRN and CRC. The prevalences of ACRN among patients 
with positive FIT result/IDA, positive FIT result/no IDA, nega-
tive FIT result/IDA, and negative FIT result/no IDA were 28.6, 
13.4, 5.3, and 1.5%, respectively, and those for CRC were 28.6, 

1.6, 0.0, and 0.01%, respectively. Our findings suggest that 
subjects with positive FIT results with IDA should be consid-
ered a higher priority for colonoscopy. A combination strategy 
of FIT results and hemoglobin level (IDA) may be useful for 
risk stratification for detecting ACRN.

IDA is a common medical condition encountered in clini-
cal practice and accounts for approximately one-half of all 
anemia cases.25,26 The etiologies of IDA differ with age and 

Table 2. Prevalence of CRN According to FIT Result and Presence of IDA

All participants (n=17236)
Cancer (n=12) ACRN (n=328) Non-advanced CRN (n=2820)

Prevalence (%) p value Prevalence (%) p value Prevalence (%) p value
FIT <0.001 <0.001 0.061

Positive (n=522) 10 (1.9)   71 (13.6)   101 (19.3)
Negative (n=16714)   2 (0.01) 257 (1.5) 2719 (16.3)

IDA <0.001   0.013 0.015
Present (n=26)   2 (7.7)     3 (11.5)       0 (0.0)
Absent (n=17210) 10 (0.1) 325 (1.9) 2820 (16.4)

Combination of FIT result and IDA <0.001 <0.001 0.025
G1: FIT (+) and IDA (+), (n=7)   2 (28.6)*†     2 (28.6)†       0 (0.0)
G2: FIT (+) and IDA (-), (n=515)   8 (1.6)†   69 (13.4)†   101 (19.6)‡§

G3: FIT (-) and IDA (+), (n=19)   0 (0.0)     1 (5.3)       0 (0.0)
G4: FIT (-) and IDA (-), (n=16695)   2 (0.01) 256 (1.5) 2719 (16.3)

Participants aged ≥50 yr (n=2018)
Cancer (n=8) ACRN (n=113) Non-advanced CRN (n=650)

Prevalence (%) p value Prevalence (%) p value Prevalence (%) p value
FIT <0.001 <0.001 0.217

Positive (n=98)   7 (7.1) 30 (30.6)     26 (26.5)
Negative (n=1920)   1 (0.1)   83 (4.3)   624 (32.5)

IDA   0.016   0.017 0.312
Present (n=4)   1 (25.0)     2 (50.0)       0 (0.0)
Absent (n=2014)   7 (0.3) 111 (5.5)   650 (32.3)

Combination of FIT result and IDA <0.001 <0.001 0.427
G1: FIT (+) and IDA (+), (n=1)   1 (100.0)*†‡     1 (100.0)†       0 (0.0)
G2: FIT (+) and IDA (-), (n=97)   6 (6.2)†   29 (29.9)†     26 (26.8)
G3: FIT (-) and IDA (+), (n=3)   0 (0.0)     1 (33.3)§       0 (0.0)
G4: FIT (-) and IDA (-), (n=1917)   1 (0.1)   82 (4.3)   624 (32.6)

Participants aged <50 yr (n=15218)
Cancer (n=4) ACRN (n=215) Non-advanced CRN (n=2170)

Prevalence (%) p value Prevalence (%) p value Prevalence (%) p value
FIT <0.001 <0.001 0.041

Positive (n=424)   3 (0.7) 41 (9.7)     75 (17.7)
Negative (n=14794)   1 (0.007) 174 (1.2) 2095 (14.2)

IDA   0.006   0.269 0.062
Present (n=22)   1 (4.5)     1 (4.5)       0 (0.0)
Absent (n=15196)   3 (0.02) 214 (1.4) 2170 (14.3)

Combination of FIT result and IDA <0.001 <0.001 0.047
G1: FIT (+) and IDA (+), (n=6)   1 (16.7)*†     1 (16.7)†       0 (0.0)
G2: FIT (+) and IDA (-), (n=418)   2 (0.5)†   40 (9.6)†     75 (17.9)§

G3: FIT (-) and IDA (+), (n=16)   0 (0.0)     0 (0.0)       0 (0.0)
G4: FIT (-) and IDA (-), (n=14778)   1 (0.007) 174 (1.2) 2095 (14.2)

CRN, colorectal neoplasia; ACRN, advanced colorectal neoplasia; FIT, fecal immunochemical test; IDA, iron deficiency anemia.
Values are presented as numbers and percentages.
*Indicates statistically significant from G2 (p<0.001), †Indicates statistically significant from G4 (p<0.001), ‡Indicates statistically significant from G3 (p<0.05), §In-
dicates statistically significant from G4 (p<0.05).
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gender, and chronic occult GI bleeding is the most common 
cause of IDA in adult men and postmenopausal women. CRC 
is one of the most important causes of IDA, and approximate-
ly 11–57% of patients with CRC present with IDA.17,27 Addi-
tionally, several studies have shown that patients subsequent-
ly diagnosed with CRC who first present with IDA typically 
have worse staging and mortality and that pre-existing IDA is 
an independent factor associated with poor survival out-
comes in patients with CRC.28-30 Therefore, when IDA is diag-
nosed in adult men and postmenopausal women, clinicians 
should carefully consider the possibility of undiagnosed CRC 
and need to recommend colonoscopy.30 However, IDA is in-
vestigated sub-optimally in general practice. Several studies 
have reported that only 19–31% of patients with IDA receive 
colonoscopic evaluation,31-33 which may be attributed to limit-
ed colonoscopy resources. 

FITs use specific antibodies that selectively react with the 
globin moiety of the human hemoglobin and detect the co-
lonic blood with great sensitivity.6,34 Globin is rapidly degrad-
ed by proteases during its passage through the GI tract. Thus, 
FIT does not detect small amounts of blood from the upper GI 
tract and selectively recognizes occult bleeding of colorectal 
origin.6,12 Given these characteristics, FIT has been widely ad-

opted as a CRC screening tool,16 and it has been proven to de-
tect a large portion of CRC cases in asymptomatic average-
risk populations.14,15

Based on the findings of previous studies, we speculate that 
a combination strategy of FIT results and IDA may be useful 
for selecting participants who are highly likely to have CRC or 
ACRN. Similar to our expectation, the highest rates of CRC 
and ACRN were found in patients with both positive FIT result 
and IDA. In accordance with the present investigation, a Japa-
nese study reported that the detection rates of CRC were 13, 
8.3, 0.4, and 0.1% in patients with positive FIT result and IDA, 
those with positive FIT result and no IDA, those with negative 
FIT result and IDA, and those with negative FIT result and no 
IDA, respectively.17 The study demonstrated that patients with 
both positive FIT results and IDA had the highest rate of CRC 
and suggested that colonoscopy is necessary, particularly in 
cases with positive FIT result and IDA.17 However, this study 
focused on CRC only and did not provide data regarding ACRN. 
Additionally, the substantial proportion of subjects were pre-
menopausal women in whom the major cause of IDA is men-
strual bleeding, but not GI bleeding. Recently, another study, 
including 140 IDA patients without overt bleeding, demon-
strated that potential GI lesions including CRC are frequently 
detected in FIT positive-IDA patients than in FIT negative-
IDA patients (33.3% vs. 8.7%, p=0.001).18 However, this study 
included a small number of subjects and compared the prev-
alence of potential GI lesions according to FIT results only 
among patients with IDA. 

Contrary to the results of CRC or ACRN, the prevalence of 
non-advanced CRN was lower in patients with IDA than in 
those without IDA, and it was highest in subjects with positive 
FIT result and no IDA. These findings suggest that IDA shows 
no predictability for non-advanced CRN. Additionally, con-
sidering that patients with positive FIT result and no IDA had 
a higher rate of ACRN than those with negative FIT result and 
IDA, although without statistical significance, FIT appears to 
better reflect the presence of ACRN than hemoglobin level. 

Although the PPV of the combination strategy of FIT results 
and IDA for ACRN and CRC was higher than that of FIT alone 

Table 3. Diagnostic Performance of FIT and IDA for ACRN and Cancer

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)
ACRN

FIT   21.6 (17.3–26.5) 97.3 (97.1–97.6)   13.6 (10.8–16.8) 98.5 (98.3–98.6)
IDA 0.9 (0.2–2.7) 99.9 (99.8–99.9) 11.5 (2.5–30.2) 98.1 (97.9–98.3)
FIT (+) and IDA (+)   0.6 (10.7–2.2) 100.0 (99.9–100.0) 28.6 (3.7–71.0) 98.1 (97.9–98.3)

Cancer
FIT   83.3 (51.6–97.9) 97.0 (96.8–97.3) 1.9 (0.9–3.5)   100.0 (100.0–100.0)
IDA 16.7 (2.1–48.4) 99.9 (99.8–99.9)   7.7 (0.9–25.1)   99.9 (99.9–100.0)
FIT (+) and IDA (+) 16.7 (2.1–48.4) 100.0 (99.9–100.0) 28.6 (3.7–71.0)   99.9 (99.9–100.0)

ACRN, advanced colorectal neoplasia; FIT, fecal immunochemical test; IDA, iron deficiency anemia; PPV, positive predictive value; NPV, negative predictive value; 
CI, confidence interval.
Values are presented as percentages (95% CI).

100%
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60%

40%

20%
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*
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FIT (+) and IDA (+)
(n=7)

FIT (+) and IDA (-)
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FIT (-) and IDA (-)
(n=16695)

*

Fig. 2. Prevalence of ACRN according to FIT results and presence of 
IDA. *p<0.001. ACRN, advanced colorectal neoplasia; FIT, fecal immu-
nochemical test; IDA, iron deficiency anemia.
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and IDA alone, the sensitivities of IDA (0.9% for ACRN and 
16.7% for CRC) and the combination strategy of FIT and IDA 
(0.6% for ACRN and 16.7% for CRC) were lower than that of 
FIT (21.6% for ACRN and 83.3% for CRC). This is because the 
proportion of patients with IDA was very small. In addition, 
the AUROC of the combination strategy of FIT and IDA (90.4) 
and FIT alone (90.2) for CRC was high, whereas that of IDA 
alone was low (58.3). Our results suggest that hemoglobin lev-
el (IDA) is inappropriate for screening test and that it should be 
used as an adjunct to FIT.

Our study showed that subjects with positive FIT results 
and IDA had an increased risk of ACRN and CRC in subjects 
aged <50 years as well as ≥50 years. Although the prevalence 
of ACRN in subjects aged <50 years was lower than that in 
subjects aged ≥50 year, given that the incidence of CRC is in-
creasing in young populations,35,36 a combination strategy of 
FIT results and IDA may be useful for some young adults at 
high risk for ACRN (such as smoker or obese person). Primary 
screening with colonoscopy, however, is difficult to imple-
ment in young populations.

The present study has three limitations. First, this study was 
hospital-based rather than population-based, and our cohort 
was recruited at two medical centers in Korea. Therefore, se-
lection bias may occur to some extent. Second, we adopted a 
one-specimen FIT; thus, the sensitivity of FIT for detecting 
ACRN may have been underestimated. Third, the proportion 
of patients with IDA is very small and patients with both posi-
tive FIT results and IDA are also very rare. These results raise 
concerns for the usefulness of additive serology test (IDA), 
and further consideration for cost-effectiveness is needed. Fi-
nally, our cohort included relatively young participants (the 
proportion of participants aged <50 years was 88%). Care 
must be taken when making generalizations from our results. 

In conclusion, subjects with positive FIT results with IDA 
had an increased risk of ACRN and CRC. Our results suggest 
that subjects with positive FIT results and IDA should be con-
sidered higher priority for colonoscopy. A combination strate-
gy of FIT results and the presence of IDA may be helpful in the 
selection and prioritization of asymptomatic men for colo-
noscopy.
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