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Background/Aims: Postal distribution of a fecal immuno-
chemical test (FIT) kit has been recommended as an effec-
tive method of increasing participation in colorectal cancer 
(CRC) screening. The present study was performed to assess 
the impact of the round-mailed FIT kit on screening participa-
tion in underserved regions of Korea and to identify factors 
related to nonparticipation. Methods: Residents were re-
cruited from three rural regions of Korea that lack screening 
units for the National Cancer Screening Program. A package 
containing a FIT kit for stool self-sampling and a return enve-
lope addressed to the local health center was postally distrib-
uted to each subject. Thirty days after the kits were mailed, 
nonresponders were reminded via telephone as the second 
intervention. The participation rates and odds ratios with 
95% confidence intervals (CIs) for each intervention response 
were calculated to evaluate the effect of the interventions 
and factors related to screening participation in response to 
the interventions. Results: CRC screening participation rates 
increased from 24.5% (95% CI, 21.6% to 27.4%) to 42.6% 
(95% CI, 39.3% to 46.0%) as a result of postal screening and 
increased further to 51.4% (95% CI, 48.0% to 54.9%) after 
the telephone reminder. After controlling for the sex, age, and 
household type of each subject, factors associated with poor 
response to postal screening were identified as low educa-
tional attainment and poor previous participation in the Na-
tional Cancer Screening Program. Conclusions: Round-mailed 
FIT kits with phone call reminders were an effective inter-
vention, nearly doubling the screening rate in underserved 
regions of Korea. (Gut Liver 2020;14:323-330)
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INTRODUCTION

The global burden of colorectal cancer (CRC) is rising, and it 
continues to be a leading cause of cancer worldwide, associated 
with significant morbidity and mortality.1 In Korea, CRC has 
been consistently ranked the third highest cause of mortality 
among cancers since 2016.2 The fecal immunochemical test (FIT) 
is an effective screening tool that can reduce CRC incidence 
and mortality, and its use is supported by considerable recent 
research.3-5 The U.S. Multi-Society Task Force on CRC recently 
published guidelines recommending FIT as the first-tier screen-
ing method for CRC, along with colonoscopy, both of which are 
appropriate for programmatic systems.6

One of the major challenges for any screening program is the 
participation rate, which determines the effectiveness of screen-
ing in reducing disease mortality, and therefore the program’s 
cost-effectiveness.7,8 U.S. and European guidelines recommend 
a minimum uptake or completion rate for CRC screening of 
60% and 65%, respectively, although European guidelines also 
consider 45% participation to be acceptable.3,9 Recent screen-
ing rates for CRC among the Korean population involved in the 
National Cancer Screening Program (NCSP) are reported to be 
just 30%, making it the lowest screening rate of the five major 
cancer sites in Korea (stomach cancer, CRC, liver cancer, breast 
cancer, and cervical cancer).10 The authors denoted that incon-
venience of stool sampling using conventional container and 
visiting the screening unit at least twice for stool blood test (FIT), 
the principle test used by the NCSP, has been reported to be a 
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major barrier to participation.
It is widely accepted that distribution of a FIT kit by post is 

an effective intervention to increase CRC screening compli-
ance.5,11,12 It seems to be able to play an important role in Korea 
where programmatic screening for CRC is established with FIT; 
because such an intervention can reduce disparities in acces-
sibility caused by geographical or system-related barriers. Such 
barriers can be difficult to overcome, even with an organized 
screening program.13 Research regarding the ability of this in-
tervention to increase CRC screening rates in Korea has been 
limited, and additional research in this area is urgently needed.

Therefore, the purpose of this study was to evaluate the im-
pact of the round-mailed FIT kit distribution on the CRC screen-
ing rate in underserved regions, and to identify potential factors 
affecting this impact. In addition, data was extrapolated to pre-
dict improvements in final screening rates if this intervention 
was applied to all underserved regions in Korea. 

MATERIALS AND METHODS

1. Study population and data collection

Residents were recruited from three rural regions (Jangsu, 
Goseong, and Uiryeong) lacking NCSP screening units, between 
July 2015 and February 2016. Participation in the NCSP for 
CRC in 2014 and 2015 was initially assessed by questionnaire 
and was confirmed retrospectively using the National Health 
Insurance Service screening record. A detailed explanation of 
the NCSP system is provided elsewhere.10 Subjects who were 
not eligible for CRC screening at baseline, that is, aged less than 
50 years in 2015, and those who could not be assessed for their 
participation in the NCSP in 2014/2015, were excluded.

The subjects’ baseline data were collected through face-to-
face interviews conducted by trained research staff. Each subject 
completed a structured questionnaire regarding their socio-
demographic characteristics and their perception of CRC screen-
ing. Previous NCSP participation was categorized as follows: 
poor, nonparticipation in 2014 and 2015 although they were 
invited; moderate, participation in either 2014 or 2015; and 
good, participation in every invited screening among 2014 and 
2015. Written informed consent was obtained from all subjects 
at the time of recruitment. Ethical approval was obtained from 
the Institutional Review Board at the National Cancer Center in 
Korea (IRB number: NCCNC2015-0095).

2. Intervention and measurement of outcomes

In the current study, round-mailed FIT screening was per-
formed by delivering a FIT kit to the residents of three rural 
regions lacking a screening unit. In 2015, we conducted a pre-
liminary investigation and pilot study to assess the feasibility 
of the intervention in this regional environment; and the main 
intervention was conducted in early 2016. The postage of the 
FIT kit and enclosed instruction manual constituted the primary 

intervention in this study. All subjects were sent a package con-
taining: (1) a one-sample FIT kit (Eiken Chemical Co., Ltd., To-
kyo, Japan); (2) an instruction manual for stool collection using 
the FIT kit; and (3) a postage-paid, self-addressed envelope for 
returning the stool sample. Subjects were instructed to take stool 
samples themselves, and return them using the enclosed re-
sponse envelope addressed to their regional health center. Thirty 
days after postage of the FIT kit, nonresponders were reminded 
via telephone and this constituted the second intervention. The 
final response was followed up until the end of April 2016.

For analysis, CRC screening rates of the study subjects were 
compared to the screening rates for the same individuals via the 
NCSP in the previous year, 2015. The primary outcome measure 
was overall participation in CRC screening via postal FIT, which 
could be divided into two groups: responders who submitted 
stool specimens through round-mailed FIT within a month of 
kit postage, requiring only the first intervention; and responders 
who submitted their specimen following the second interven-
tion, more than one month after kit postage, and who required 
phone call reminders. The overall participation rate was defined 
as the proportion of study subjects who returned a stool sample 
to the National Cancer Center within two months of FIT kit 
postage (responders).

3. Estimation of the expected outcomes of the hypothetical 
(expanded) intervention

Study data was extrapolated to estimate final screening 
rates for the hypothetical use of this intervention in eight re-
gions of Korea which lack an NCSP screening unit. To achieve 
this, information was obtained regarding the size of the target 
population, the estimated number of FIT kits needed to increase 
screening participation by one person, and the current partici-
pation rates in each area. Detailed assumptions and methods for 
these calculations are described in Supplementary Material 1.

The estimated cost of this intervention was assessed, and the 
average cost-effectiveness ratio (cost per returned FIT kit) and 
incremental cost-effectiveness ratio (incremental cost per addi-
tional one screening relative to increase in screening rate) were 
calculated. Detailed methods for these analyses are described in 
Supplementary Material 2. 

4. Statistical analysis

Descriptive analyses for various socio-demographic char-
acteristics of the study population were carried out in each 
response category, both at baseline and after the intervention. 
Characteristics of the study subjects are reported as percentages. 
The chi-square test was conducted to evaluate differences in 
characteristics between responders and nonresponders. The ef-
fects of intervention were evaluated by comparing the overall 
participation rate after the intervention to that of the reference 
status (baseline or no intervention). After adjusting for factors 
with the potential to affect screening participation, logistic re-
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gression analysis was performed to estimate the odds ratios (ORs) 
for intervention response, either by FIT kit delivery (primary in-
tervention) only, or by FIT kit delivery and phone call reminders 
(primary and secondary intervention). Reported p-values were 
two-sided, and p<0.05 was considered statistically significant. 
All statistical analyses were conducted using SAS software ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). 

RESULTS

Of the 1,051 individuals initially recruited, subjects aged less 
than 50 years in 2015 (n=120), and those for whom participa-
tion in the NCSP in 2015 could not be identified (n=103) were 
excluded. Accordingly, a total of 828 subjects (331 males and 
497 females) were included in this study. General characteristics 
of the study population are presented in Table 1. The overall 
mean age was 68.1 years (range, 50 to 92 years); more than 
60% of subjects had an educational level below middle school 
graduation; and more than 20% lived alone.

In contrast to the CRC screening rate (via NCSP) for the 
study population in 2015 of 24.5% (95% confidence interval 

[CI], 21.6% to 27.4%), the screening rate in 2016 was higher, at 
42.6% (95% CI, 39.3% to 46.0%) after the initial intervention 
(FIT kit postage); and further increased to 51.4% (95% CI, 48.0% 
to 54.9%) after the second intervention (phone call reminder 1 
month after FIT kit postage) (Fig. 1). The differences between 
these three screening rates were statistically significant. The dis-
tribution of sample return time, that is, the time taken for a FIT 
kit to be delivered to the subject, stool to be sampled, and the 
sample returned, is graphically represented as cumulative return 
rate over time in Fig. 2.

Table 2 presents the distributions of study subjects and their 
characteristics, by participation in CRC screening before (base-
line) and after the intervention. Among the baseline nonpar-
ticipants of 2015 NCSP (n=625), roughly half (n=303; 48.5%) 
participated in CRC screening after the intervention conducted 
in the next year; these subjects tended to be younger, highly-
educated, living with family, and more participating in previous 
2014/2015 NCSP than subjects who remained nonparticipants 
for two consecutive years (2015 and 2016). Of the 203 baseline 
participants of 2015 NCSP, 123 (60.6%) also participated in 
screening in 2016 (after intervention); these subjects had similar 
characteristics to those described for nonparticipants who par-
ticipated in 2016.

Table 3 shows the ORs and 95% CIs for the multivariate 
logistic regression analyses. After adjusting for sex, age, and 
household type, both low educational level and poor previous 
NCSP screening participation were identified as significant fac-
tors limiting the efficacy of the intervention. Individuals with 
less than nine years of education were less likely to respond to 
the postal FIT intervention, even with phone call reminders (OR, 
0.61; 95% CI, 0.39 to 0.97), compared to those with more than 
9 years of education. Similarly, subjects with poor or moderate 
participation in NCSP screening during previous years were less 

Table 1. Baseline Characteristics of the Study Population

Characteristic No. (%)

Overall study population 828 (100.0)

Region

   Jangsu 503 (60.8)

   Goseong   196 (23.7)

   Uiryeong 129 (15.6)

Sex

   Male 331 (40.0)

   Female 497 (60.0)

Age, yr

   50–59 171 (20.7)

   60–69 246 (29.7)

   70–79 350 (42.3)

   ≥80 61 (7.4)

Educational attainment, yr*

   <9 468 (67.4)

   9–11 105 (15.1)

   ≥12 121 (17.4)

Household type*

   Single-person   146 (20.5)

   Family (≥2 people) 567 (79.5)

Screening participation rate (%)†

   2014 34.0 

   2015 24.5 

*Nonresponders were excluded; †2014 and 2015: participation in Na-
tional Cancer Screening Program.
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Fig. 1. Colorectal cancer screening participation rates (Jangsu, Gos-
eong, and Uiryeong) at baseline and following the first and second 
interventions.
NCSP, National Cancer Screening Program; FIT, fecal immunochemi-
cal test.
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Fig. 2. Distribution of sample return times and cumulative return rates over time following the first intervention.
FIT, fecal immunochemical test.
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Table 2. Distribution of Subjects by Characteristics and Screening Participation at Baseline and after the Round-Mailed FIT Kit Interventions

Characteristics

Baseline screening (NCSP, 2015):
nonparticipants (n=625)

Baseline screening (NCSP, 2015):
 participants (n=203)

Nonparticipants 
after intervention

Participants 
after intervention

p-value
Nonparticipants 

after intervention
Participants 

after intervention
p-value

Total subjects 322 (38.9) 303 (36.6) 80 (9.7) 123 (14.9)

Region 0.070 0.236

   Jangsu 189 (58.7) 188 (62.1) 44 (55.0) 82 (66.7)

   Goseong 64 (19.9) 71 (23.4) 28 (35.0) 33 (26.8)

   Uiryeong 69 (21.4) 44 (14.5) 8 (10.0) 8 (6.5)

Sex 0.054 0.817

   Male 116 (36.0) 132 (43.6) 34 (42.5) 49 (39.8)

   Female 206 (64.0) 171 (56.4) 46 (57.5) 74 (60.2)

Age, yr 0.202 0.251

   50–69 160 (49.7) 167 (55.1) 31 (38.8) 59 (48.0)

   ≥70 162 (50.3) 136 (44.9) 49 (61.3) 64 (52.0)

Educational attainment, yr* 0.027 0.040

   <9 179 (71.9) 168 (62.7) 51 (79.7) 70 (62.0)

   9–11 37 (14.9) 41 (15.3) 5 (7.8) 22 (19.5)

   ≥12 33 (13.3) 59 (22.0) 8 (12.5) 21 (18.6)

Household type* 0.036 0.040

   Single-person 63 (24.8) 47 (17.0) 19 (28.4) 17 (14.7)

   Family (≥2 people) 191 (75.2) 229 (83.0) 48 (71.6) 99 (85.3)

Compliance to NCSP† <0.001 0.015

   Poor 239 (74.2) 184 (60.7) - -

   Moderate 83 (25.8) 119 (39.3) 58 (72.5) 67 (54.5)

   Good - - 22 (27.5) 56 (45.5)

Data are presented as number (%).
FIT, fecal immunochemical test; NCSP, National Cancer Screening Program.
*Nonresponders were excluded; †Poor=nonparticipation in both 2014 and 2015, moderate=participation in 2014 or 2015 but not both, 
good=participation in both 2014 and 2015.
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likely to respond to the intervention, compared to those with a 
good participation history (OR, 0.33; 95% CI, 0.19 to 0.56; OR, 
0.57; 95% CI, 0.33 to 0.99, respectively).

It was estimated that approximately four FIT kits were used 
to increase screening compliance by one person using this 
intervention. In a hypothetical situation where FIT kits are dis-
tributed to all residents in eight areas lacking an NCSP screen-
ing unit, the final screening rate among these regions would be 
expected to reach an average of 53.8% (Supplementary Table 
1). The average and incremental cost-effectiveness ratios are 
detailed in Supplementary Table 2. If FIT kits were distributed 
to all residents in underserved areas, the average cost would be 
an estimated 5,634 Korean won (KRW) ($5 USD) per FIT kit re-
turned. The incremental cost-effectiveness was 9,022 KRW ($8.0 
USD) per additional participant screened.

DISCUSSION

The intervention of delivering FIT kits to residents of three 
rural areas lacking an NCSP screening unit, followed by phone 
call reminders for nonresponders, resulted in an increase of 
about 2.1-fold in the CRC screening participation rate compared 
to the baseline rate (no intervention). Factors that reduced the 
effect of the intervention were low education level and a ten-
dency toward nonparticipation in NCSP CRC screening in previ-

ous years.
There are diverse recipient (individual), provider, and organi-

zational factors affecting CRC screening participation, but both 
rural location and geographical distance to a screening unit  
have been identified as particular barriers.8,14 Other studies did 
not find these two factors to be significant barriers to screen-
ing, though this is possibly due to compensation or attenuation 
by other factors, such as frequent or regular doctor’s visits.15,16 
Postal FIT, with or without introductory or reminder phone 
calls, is reported to be an effective and efficient approach to ad-
dress barriers of geographical location.8,17,18 In addition to sup-
porting these findings, our study provided further evidence of 
the beneficial effects of postal FIT specifically targeted to rural 
residents with inadequate access to screening facilities. 

The intervention conducted in our study mainly deals with 
organizational-level barriers (e.g., insufficient access to care 
providers or screening facilities, absence of systems for the 
identification of patients eligible for screening, financial bar-
riers, and other structural barriers for screening)19 rather than 
individual-level barriers. Therefore, individual-level barriers 
such as lack of knowledge regarding the test and its necessity, 
fear of diagnosis or treatment, financial concerns, lack of symp-
toms or current health problems, time, competing demands, 
and reluctance to handle stool or keep stool-identification cards 
in the house19-21 may remain an issue and effect nonparticipa-

Table 3. Adjusted Odds Ratios for Screening Participation after the Round-Mailed FIT Kit Intervention and Telephone Reminder

Characteristics

Participation after interventions

Round-mailed FIT intervention only Overall (round-mailed FIT+phone call)

aOR* (95% CI) p for trend aOR* (95% CI) p for trend

Sex 0.871 0.800 

   Male 1.00 (reference) 1.00 (reference)

   Female 0.94 (0.69–1.28) 0.92 (0.67–1.26)

Age, yr 0.352 0.233 

   50–69 1.00 (reference) 1.00 (reference)

   ≥70 0.90 (0.65–1.23) 0.88 (0.64–1.21)

Educational attainment, yr 0.954 0.037 

   <9 1.08 (0.69–1.67) 0.61 (0.39–0.97)

   9–11 1.36 (0.80–2.32) 0.79 (0.45–1.37)

   ≥12 1.00 (reference) 1.00 (reference)

Household type 0.334 0.129 

   Single-person 0.82 (0.54–1.25) 0.72 (0.47–1.08)

   Family (≥2 people) 1.00 (reference) 1.00 (reference)

Compliance to NCSP† <0.001 <0.001

   Poor   0.38 (0.23–0.63) 0.33 (0.19–0.56)

   Moderate 0.67 (0.40–1.12) 0.57 (0.33–0.99)

   Good 1.00 (reference) 1.00 (reference)

FIT, fecal immunochemical test; aOR, adjusted odds ratio; CI, confidence interval; NCSP, National Cancer Screening Program.
*Adjusted for sex, age, educational level, household type, and previous compliance to NCSP; †Poor=nonparticipation in both 2014 and 2015, 
moderate=participation in 2014 or 2015 but not both, good=participation in both 2014 and 2015.
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tion even after the intervention. Indeed, many subjects failed to 
participate after either the first or second intervention (57.4% 
and 48.6%, respectively). Regarding the primary reasons for 
nonattendance of CRC screening in Korea, Han et al.22 reported 
a number of causes identified by their survey: “Without any 
symptoms (56.5%),” “Lack of time (14.4%),” “Fear of exam pro-
cedure (11.0%),” “Economic reasons (7.2%),” “Fear of detecting 
cancer (4.9%),” and “Ignorance about screening (3.4%).” In this 
study, we investigated the reasons for nonparticipation after the 
intervention by asking questions during the phone call remind-
ers. Subjects’ responses are summarized in Supplementary Table 
2. Although there were limitations to the identification of spe-
cific reasons or barriers, these responses permitted the general 
evaluation of the attitudes and perceptions of nonparticipants. 
Although lack of insurance and other financial barriers are fre-
quently cited in reports from foreign studies, these were rarely 
reported in the current study, and this is likely due to the NCSP 
and the National Health Insurance systems in Korea.

Among the potential factors affecting screening participa-
tion, low education level remained significantly associated with 
nonparticipation, despite the aim of this intervention to manage 
existing disparities in screening participation. Previous studies 
have also found low educational level to be a barrier to cancer 
screening participation, including CRC screening.14 Experts have 
suggested that educated individuals are better at processing and 
responding to health information, recognizing their health risks, 
and adopting preventative behaviors, and this is reflected in 
their healthier lifestyle choices.23 This explanation is consistent 
with our findings that lower education levels are a strong fac-
tor affecting nonparticipation with CRC screening, even after 
targeted interventions are applied. Similarly, participation in 
previous NCSP CRC screening was significant factor affecting 
participation in the postal FIT screening intervention in our 
study. It indicates that individuals unlikely to participate in the 
NCSP are also unlikely to participate in the following year, even 
with round-mailed FIT screening intervention. This suggests 
that more client- or patient-oriented intervention approaches 
are needed, which specifically deal with unfavorable barriers 
from the individual’s point of view, such as augmenting ac-
tive reminders to eligible clients, providing education regarding 
screening tests and test choices, or developing other methods to 
reduce barriers to screening participation.19,24

In Korea, organized CRC screening is conducted as a part 
of the NCSP via FIT, which implies that access to a screening 
unit is relatively common in the general population. However, 
individuals in underserved regions are considerably restricted 
in their access to screening units, due to geographical distance 
for example. The interventions applied in the present study are 
intended to be used to target such populations, provided that 
they prove cost-effective. Schlichting et al.18 previously reported 
that the average cost per FIT returned from a postal interven-
tion in the United States was $44.86 USD, for a FIT return rate 

of about 14%. After the inclusion of introductory and reminder 
phone calls, the return rate rose to 85% and the estimated cost 
per FIT returned decreased to $27.43 USD. These results were 
based on the purchase price of $5.0 USD per FIT kit, one-way 
postage costs of $1.2 USD, and hourly wages for calling per-
sonnel of $15.0. Schlichting’s study therefore reported a higher 
cost for more intensive intervention, that is, phone calls, which 
was compensated by a strong effect on participation, resulting 
in a lower cost-effectiveness ratio. In the current study, we esti-
mated the average cost per FIT kit returned to be approximately 
2.8 times the purchase price of a FIT kit, compared to a cost of 
more than 5 times the purchase price in Schlichting’s study. The 
above cost per FIT kit returned was almost equal to the sum 
of the purchase price of a FIT kit plus the estimated cost of a 
round-trip ticket for a screenee to a screening unit using public 
transport, indicating that the cost of this interventional would 
be reasonable.

Several limitations of our study should be considered. First, 
although our results were obtained by comparing the partici-
pation rates of a single group of subjects before and after the 
intervention, they could have been influenced by other factors 
relating to the 1-year time difference. Second, since the second 
intervention (phone call reminders) was conducted only among 
nonresponders from the first intervention (postal FIT kit), the 
effects of the two interventions could not be compared inde-
pendently. Third, we analyzed a limited range of characteristics 
and socioeconomic indicators as potential factors affecting 
participation; and factors that were not evaluated, such as fam-
ily history of CRC,25 marital status,26 knowledge or information 
about CRC,14 may also have potential effects on the results. 
However, when we mainly focus on socioeconomic factors, 
organized CRC screening is performed free-of-charge, and the 
Korean population is covered by the National Health Insurance 
Service or medical aid; hence, disparities purely attributable to 
the subjects’ economic status and insurance coverage should 
have a relatively small effect on screening participation. Finally, 
we cannot interpret the results from this study as general effects 
of the intervention, because the study was limited to regions of 
Korea that lack a regional screening unit and all subjects were 
volunteers. Prior to the practical implementation of interven-
tions to increase CRC screening participation in Korea, it will be 
necessary to accumulate further evidence and to identify spe-
cific strategies of intervention through follow-up research. 

To the best of our knowledge, the current study represents 
the first intervention study in Korea regarding round-mailed FIT 
strategy for regions with inadequate access to CRC screening 
units. This intervention was designed to improve participation 
in NCSP CRC screening, based on reports that FIT performs 
well compared with other screening tests.3,6,27 Another domestic 
study carried out an alternative intervention to increase the 
CRC screening rate among middle-aged citizens in a particular 
area, consisting of postal or telephone notification and educa-
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tion for CRC screening.28 The authors concluded that telephone 
intervention, and combined telephone and postal intervention, 
were both effective in improving the participation rate for CRC 
screening.28 Our study builds on this report, with novel findings 
regarding the effects of round-mailed FIT screening and its ac-
ceptable cost-effectiveness. In addition, our study is also mean-
ingful as an intervention using a more convenient and satisfac-
tory tool for sampling (the FIT kit or sampling bottle), which 
differs from the conventional container used for the NCSP.29 
However, it is important to note that even though FIT is ac-
cepted as a cost-effective screening tool that is suitable for pro-
grammatic screening,6,12 a postal FIT screening program needs 
to be carefully designed and implemented based on thorough 
consideration of economic impact, competence of the eligible 
population, and local conditions in the target region.

In summary, this study demonstrates that round-mailed FIT 
combined with phone call reminders is an effective way to 
increase CRC screening rates in underserved regions, though 
it can be limited by the educational level and previous par-
ticipation of subjects in NCSP screening. In addition to the 
community-level barriers addressed by this intervention, further 
interventions at an individual-level, such as systematic counsel-
ing, patient navigation, or education regarding screening could 
allow more comprehensive approach, provided they are based 
on sufficient evidence and have acceptable cost-effectiveness. 
Further research followed by a coordinated and sustained policy 
are required to implement an effective strategy to increase CRC 
screening in appropriate groups, which may lead to an overall 
reduction in the burden of CRC in Korea.
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