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Abstract

Background Taiwan implemented the Cancer Screening Quality Improvement Program (CAQIP) in 2010. The
program sought to enhance mass breast cancer screening accessibility. This study aimed to examine socioeconomic
disparities in outreach screening utilization pre-CAQIP (2005-2009) and post-CAQIP (2010-2014).

Method We conducted a nationwide population-based observational study in Taiwan, analyzing four population
databases to evaluate socioeconomic disparities among women aged 50 to 69 years undergoing their first
mammography screening pre-CAQIP. Multivariate logistic regression was used to examine changes in utilization
of outreach screening pre- and post-CAQIP implementation, and to estimate the Slope Index of Inequity (SI) and
Relative Index of Inequity (RIl) values.

Results Utilization of outreach screening through mobile mammography units (MMUs) increased from 6.12

to 32.87% between the two periods. Following CAQIP, a higher proportion of screened women were older, less
educated, and from suburban or rural areas. The Sll and Rl for age, income, and urbanization levels decreased post-
CAQIP. However, regarding education level, Sll was —0.592 and RIl was 0.392 in the pre-CAQIP period, increasing to
-0.173 and 0.804 post-CAQIP, respectively.

Conclusions Our study observed that utilization of outreach screening through MMUs increased after CAQIP. The
MMUs made outreach screening services more accessible in Taiwan. Expanding outreach screening services and
educational programs to promote mammography uptake in local communities could help reduce the potential effect
of socioeconomic disparities, and thus may enhance early detection of breast cancer. Further study could focus on
the accessibility of outreach screening and breast cancer outcomes.
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Introduction

Female breast cancer, with 2.3 million new cases every
year, is the most common female cancer worldwide
according to the estimates of GLOBOCAN 2020 [1]. In
Taiwan, female breast cancer is also the leading cause
of cancer incidence among women, and the age-stan-
dardized incidence rate was 80.99 per million per year in
2019 [2]. Mammography is the most common screening
modality utilized for early identification of pre-clinical
disease, and for reducing breast cancer mortality among
women aged 50 years or older [3, 4]. The strategies in
mammography screening differ between countries. Sev-
eral countries, such as the United Kingdom, France, and
Italy, have population-based screening programs which
invite eligible women individually to attend each round
of screening [5, 6]. The opportunistic screening is depen-
dent on the individual’s decision or the offer of health
professionals. For example, in addition to the population-
based screening among women aged 50 years or older in
the US, selected screening is provided to women aged
40-49 years according to individual and clinician deci-
sion making [3]. Currently, mobile screening units have
been implemented in many countries to expand access
to screening services, including settings in rural or urban
regions for elderly and medically underserved popula-
tions [7, 8].

Taiwan implemented a single-payer health system
with universal National Health Insurance (NHI) in 1995,
encompassing the entire population of Taiwan. Taiwan’s
government implemented a nationwide population-
based breast cancer screening program to eliminate
accessibility barriers to promote women’s mammography
screening participation [9, 10]. The breast cancer screen-
ing policy has subsequently been reformed several times.
Taiwan’s Ministry of Health Promotion Administration
first implemented a nationwide screening service with
free biennial mammography screening for eligible women
aged 50 to 69 years in 2004 [11]. Initially, fewer hospitals
were equipped to provide mammography screening, and
the limited availability of mobile mammography units
(MMU ) led to an overall screening rate of only 11.6% in
2009 [12, 13]. Before 2010, numbers of MMUs were very
limited, and these numbers increased with greater access
to outreach screening services after implementation
of a new Cancer Screening Quality Improvement Pro-
gram (CAQIP) [12] in 2010. CAQIP aimed to improve
the accessibility of breast cancer screening through both
inreach and outreach screening services. The age range
for women participating in mammography screening has
been extended to 45 to 69 years, and 40 to 44 years for
those with family history, since 2010. CAQIP contracts
with nearly 230 qualified hospitals annually, providing
financial support for health staff, gifts, MMU rentals, and
health advertisement and marketing costs to improve
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mammography capacity and accessibility. In turn, hos-
pitals are required to offer both inreach mammography
screenings in the hospital outpatient setting and out-
reach mammography screening services across the coun-
try through MMUs in local communities. They are also
required to regularly report their performance metrics,
such as screening volume and cases with positive results.
The biennial mammography screening rate then gradu-
ally increased to 36% in 2013 [4, 12, 14].

Existing literature suggests that socioeconomic-related
barriers may affect women’s participation in mammog-
raphy screening. For example, a systematic review and
meta-analysis in 2022 found that factors such as a low
household income, low education levels, greater distance
from place of residence to screening unit, and immigrant
status were associated with a lower rate of screening par-
ticipation [15]. Furthermore, several previous studies
have discussed socioeconomic inequalities in screening
participation, finding that more deprived women were
less likely to participate in screening [16—18]. Palencia et
al. (2010) conducted a study in European countries that
reported that greater population socioeconomic dispari-
ties were more likely to result in opportunistic screen-
ing rather than nationwide population-based screening
programs [5]. Choi et al. (2018) investigated inequalities
in breast cancer screening among Korean women from
2005 to 2015, and found that income-related socioeco-
nomically deprived women were most adversely affected
[19].

Few empirical studies investigated the association
between enhanced accessibility and changes in the extent
of socioeconomic inequalities. Guillaume et al. (2017)
used cross-sectional data from 2003 to 2012 among
women who first participated in breast cancer screen-
ing in Orne, France, to evaluate the association between
MMUs and population geographic variations. They
found that MMUs may reduce the impact of social and
geographic inequities in participation in cancer screen-
ing [20]. Li et al. (2018) conducted an observational study
using data from the 2001, 2005, 2009, and 2013 National
Health Interview Surveys in Taiwan, and found that
income-related inequality in mammography screening
was higher in 2001 but decreased in 2013 when breast
cancer screening rates were higher [21]. However, to
the best of our knowledge, no studies specifically exam-
ine the effect of socioeconomic inequalities on outreach
mammography utilization before and after breast cancer
screening policy reform. To address this gap, this study
evaluated socioeconomic inequalities in the uptake of
outreach screening services and mammography screen-
ing utilization during 2005-2009 and 2010-2014, the
periods before and after CAQIP implementation in 2010.
Specifically, we calculated the slope index of inequity
(SII) and relative index inequity (RII) to assess changes
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in socioeconomic inequity associated with implementa-
tion of CAQIP in 2010 among women aged 50 to 69 years
undergoing mammography screening for the first time.

Methods

We conducted an observational population-based study
using four nationwide population databases in Tai-
wan. The first database was a nationwide breast cancer
screening registry collecting participants’ information
at the time of each mammography screening, includ-
ing personal identification, screening date, education
level, family history, related hormone risk factors, and
the screening service (inreach vs. outreach screening).
The second was the National Health Insurance Research
Database (NHIRD), which enrolled more than 99% of
Taiwan’s population; information includes birth year, sex,
monthly payroll, and place of residence. The third data-
base was the Taiwan Cancer Registry tracked from 1979
to 2017, which contains the diagnoses and dates of all
types of cancer. The fourth was the National Death Reg-
istry, which records accurate death causes and dates for
all populations in Taiwan, tracked from 1971 to 2017.
We analyzed all data in 2022 in the Health and Welfare
Data Science Center of the Ministry of Health and Wel-
fare, which is a government-operated national data ware-
house. Encrypted identifiers were linked through the four
population-based databases for the study population and
variables for investigating the study question.

Ethical aspects

The study followed the Helsinki Declaration of the
World Medical Association and the ethical standards
of the Institutional Review Board of the Kaohsiung
Medical University Hospital (IRB number: KMUHIRB-
E(I)-20190177). Given that these three population-based
datasets were all encrypted and de-identified when ana-
lyzed under the patient privacy protection regulation of
the Health and Welfare Data Science Center of the Min-
istry of Health and Welfare in Taiwan, individual patient
informed consent was waived.

Study population

To make the comparison between the pre- and post-
CAQIP periods, we first identified women aged 50-69
years with their first-time mammography screening using
the nationwide breast cancer screening registry from Jan-
uary 1, 2005, to December 31, 2014 (2=2,181,769). The
exclusion criteria included any cancer diagnosis or death
event before the index date, incomplete personal data or
any error in the record (e.g., sex missing), or age younger
than 50 years or older than 69 years. Finally, 542,602
women aged 50-69 years were identified from 2005 to
2009 including 509,387 who underwent inreach screen-
ing and 33,215 who underwent outreach screening;
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948,082 women aged 50-69 years were identified from
2010 to 2014, including 636,471 who underwent inreach
screening and 311,611 who underwent outreach screen-
ing. Figure 1 presents the inclusion and exclusion cri-
teria among the study population in 2005-2009 and
2010-2014.

Measures of outcome of interests and Health inequities

To address the main objectives of this study, we exam-
ined whether women utilized outreach screening ser-
vices, and created a binary dependent variable to indicate
preference for screening service (outreach screening=1;
inreach screening=0). Individual socioeconomic charac-
teristics included age categories (50-54, 55-59, 60—64,
65—69 years), education level (no education, elementary
school, junior high school, senior high school, university
and above), average monthly income level (dependent,
less than N'TD 20,000, 20,000—-40,000, more than 40,000),
and urbanization level (urban, suburban, and rural).

To measure health inequities related to socioeconomic
characteristics, following previous studies [22], we first
conducted a logistic regression as Eq. (1) and then esti-
mated the SII in Eq. (2) and the RII in Eq. (3) for each
socioeconomic covariate, as follow:

=080+ 0B1R; (1)

S iR (g —n)
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RII = ST = b (3)
poop

Where #j is the average outreach screening utilization
rate of socioeconomic group (SEG) for individual j; Pj
is the population share of SEG j; R;is the relative rank
of SEG j; M is the average outreach screening utiliza-
tion rate in the population; 3 is the estimated outreach
screening utilization at the bottom of the SEG hierarchy;
B34 is the difference in average outreach screening utili-
zation between individuals at the bottom and the top of
the SEG distribution.

Both SII and RII provide valuable insights into inequal-
ities by accounting for the entire distribution of the uti-
lization of outreach screening services across different
socioeconomic groups. The SII was the regression coeffi-
cient which acted for the relation between the frequency
of health behaviors in each socioeconomic category and
the lined-up hierarchical ranking of social groups. As a
result, SII represented an absolute difference in the fre-
quency of health behaviors between the individuals with
the highest and lowest socioeconomic status. In addi-
tion, RII could be estimated by dividing the frequency
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Total number of women at first mammography screening date
(index date) in nationwide breast cancer screening registry
from 2005 to 2014 (n=2,181,769)

Exclude those who:

1. had underlying cancer history before first
screening (n=98,753)

2. had any death record before first screening (n=43)

3. had blank personal information or any error
record from nationwide breast cancer screening
database (n=25,105)

4. aged younger than 50 years or older than 69 years
(n=567,184)

s o

v

Number of women aged 50-69 years at first mammography
date (index date) from 2005 to 2014 (n=1,490,684)

Number of women aged 50-69 years at first
mammography date (index date) in 2005 to
2009 (n=542,602)

Number of women aged 50-69 years at first
mammography date (index date) in 2010 to
2014 (n=948,082)

Women with
outreach screening
(n=33,215)

Women with
inreach screening
(n=509,387)

Women with
outreach screening
(n=311,611)

Women with
inreach screening
(n=636,471)

Fig. 1 Flow chart of inclusion and exclusion criteria for the study population between 2005-2009 and 2010-2014

of health behaviors in the highest socioeconomic status
by that of the lowest with the identical equation, reflect-
ing relative disparity. SII focuses on absolute differences,
while RII focuses on relative differences in the outcome
of interest concerning the socioeconomic spectrum (SII
and RII) [19, 23]. A positive SII value indicates inequal-
ity associated with socioeconomic status; the larger the
SII, the larger the inequalities [22, 24]. A negative SII
indicates an increase in women’s participation in out-
reach mammography in the group with low socioeco-
nomic status [22, 24]. An SII value of zero and an RII
value of 1 indicate no difference in women’s participation
in outreach screening between the highest and lowest

socioeconomic groups. An RII greater than 1 suggests a
greater level of inequity between the groups in the worst
and best socioeconomic conditions [22, 24].

Statistical analysis

This study reports the percentage of inreach and out-
reach screening mammography among each subgroup
of variables, and a chi-square test was used to compare
the proportions of these variables between 2005 and
2009 and 2010-2014. Cramer’s V coefficients measured
the correlations among two nominal variables, and they
ranged from O (no association) to 1 (perfect association)
(Supplementary appendix eTable 1) [25]. Multivariate
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logistic regression was performed to investigate the pref-
erence in outreach screening before and after CAQIP
implementation, as well as estimated SII and RII values.
Adjust odds ratios (aOR) and 95% confidence intervals
are reported. All statistical operations were performed
using SAS version 9.4. P values<0.05 were considered
statistically significant.

Results

Table 1 presents the socioeconomic characteristics of
women aged 50—69 years undergoing inreach or out-
reach mammography services before and after CAQIP
implementation. Our findings reveal a rising percentage
of women participating in outreach screening, increasing
from 6.12 to 32.87% following CAQIP implementation.
Regarding the age categories, the increase in outreach
screening percentage was more prominent among elderly
women aged 65 to 69 years between the two periods.
Women with no education experienced a greater increase
in the utilization of outreach screening, rising from 5.94
to 39.03%, compared with those with a university edu-
cation or higher, whose percentage change was lower,
increasing from 3.32 to 19.19%. Women with a monthly
income level exceeding NTD 40,000 experienced the
smallest increase in outreach screening percentage, from
591 to 28.52%. Moreover, women living in rural areas
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experienced the greatest increase in outreach screening
percentage between the two periods, rising from 1.76
to 40.72%. Supplemental Appendix eTable 1 shows the
Cramer’s V coefficient matrix among nominal variables
before and after CAQIP implementation to present sig-
nificant correlations between socioeconomic characteris-
tics and participation in outreach screening.

Table 2 presents the adjusted odds ratio results of
multivariate logistic regression models followed by SII
and RII of women’s participation in outreach screen-
ing before and after CAQIP implementation. Before
CAQIP implementation, women aged 55-69 years were
less likely to participate in outreach screening compared
with women aged 50-54 years. Women who were more
educated or had higher incomes seemed to use less out-
reach screening. Additionally, those living in subur-
ban and rural area were less likely to undergo outreach
screening. After CAQIP implementation, women aged
55-69 years and those living in suburban and rural areas
became more likely to participate in outreach screening.
The SII and RII for age variables decreased from 0.038 to
1.030 from 2005 to 2009 to -0.032 and 0.960 from 2010
to 2014, respectively, which reflected a 184.2% decrease
in SII and a 6.8% decrease in RIL Similarly, the SII and
RII for income and urbanization level slightly decreased
between periods. However, the SII and RII by education

Table 1 Basic characteristics and percentage of inreach and outreach screening in each subgroup among women participating in

breast cancer screening pre- and post-CAQIP implementation

2005-2009 2010-2014

Inreach screening Outreach screening  Inreach screening Outreach screening P-value

N % N % N % N %
N 509,387 93.88 33,215 6.12 636,471 67.13 311,611 32.87 <0.001
Age categories
50-54 years 204,354 93.76 13,590 6.24 274,837 69.17 122474 30.83 <0.001
55-59 years 147,628 93.98 9,459 6.02 171,895 66.58 86,277 3342 <0.001
60-64 years 87,306 94.20 5375 5.80 118,093 64.85 64,021 3515 <0.001
65-69 years 70,099 93.60 4,791 6.40 71,646 64.85 38,839 35.15 <0.001
Education
No education 61,596 94.06 3,892 5.94 47,756 60.97 30,575 39.03 <0.001
Elementary school 186,732 92.63 14,854 7.37 191,116 62.58 114,270 37.42 <0.001
Junior high school 77,387 9297 5,850 7.03 110,684 64.20 61,721 35.80 <0.001
Senior high school 136,594 95.12 7,003 488 194,330 70.06 83,057 29.94 <0.001
University and above 47,078 96.68 1,616 332 92,585 80.81 21,988 19.19 <0.001
Income level (monthly)
Dependent 169,562 9493 11,961 507 173,189 70.22 86,257 29.78 <0.001
Less than NTD 20,000 70,221 93.41 3,751 6.59 99,442 66.75 42,172 33.25 <0.001
NTD 20,000- NTD 40,000 209,134 93.85 13,703 6.15 268,396 64.91 145,108 35.09 <0.001
NTD 40,000+ 60,470 94.09 3,800 591 95,444 71.48% 38,074 28.52 <0.001
Urbanization level
Urban 321,941 93.57 22,131 643 437,962 71.01% 178,802 28.99 <0.001
Suburban 146,201 93.39 10,344 6.61 160,274 60.07% 106,545 3993 <0.001
Rural 41,245 98.24 740 1.76 38,235 59.28% 26,264 40.72 <0.001

Note: NTD, New Taiwanese Dollar

P-value was computed based on a chi-square test to compare the proportions of the variables between 2005 to 2009 and 2010 to 2014
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Table 2 Socioeconomic inequalities and women's preference in outreach screening in different periods analyzed by multivariate

logistic regression after adjusting the baseline variables

2005-2009 2010-2014

aOR 95% Cl P-value aOR 95% Cl P-value
Age categories
50-54 years (Ref)
55-59 years 0.901 (0.877,0.927) <0.001 1.070 (1.058,1.082) <0.001
60-64 years 0.845 (0.816,0.875) <0.001 1.103 (1.089,1.117) <0.001
65-69 years 0.934 (0.899, 0.970) <0.001 1.029 (1.013,1.045) <0.001
SI* 0.038 (0.011,0.065) -0.032 (-0.044,-0.018)
Rip** 1.030 (1.008, 1.057) 0.960 (0.932,0.989)
Education
No education (Ref)
Elementary school 1.152 (1.109, 1.197) <0.001 0.983 (0.968, 0.999) 0.039
Junior high school 1.030 (0.985,1.077) 0.192 0.957 (0.941,0.974) <0.001
Senior high school 0.681 (0.652,0.712) <0.001 0.799 (0.786,0.812) <0.001
University and above 0.462 (0.434,0491) <0.001 0494 (0484, 0.503) <0.001
Sli -0.592 (-0.773,-0.409) -0.173 (-0.269,-0.014)
RIl 0.392 (0.211,0.539) 0.804 (0.677,0.938)
Income level
Dependent (Ref)
Less than NTD 20,000 0.867 (0.835,0.901) <0.001 0.955 (0.944, 0.966) <0.001
NTD 20,000- NTD 40,000 0976 (0.950, 1.002) 0.072 1.058 (1.048,1.068) <0.001
NTD 40,000+ 0.962 (0.925, 1.000) 0.053 0973 (0.961,0.985) <0.001
S 0.110 (-0.315,0.588) 0.027 (0.011,0.038)
RII 1.108 (0.869, 1.305) 1.013 (1.002,1.016)
Urbanization level
Urban (Ref)
Suburban 0.935 (0.912,0.959) <0.001 1.531 (1.519,1.543) <0.001
Rural 0.929 (0.912,0.947) <0.001 1.509 (1.488, 1.530) <0.001
SI -0.006 (-0.318,0.294) -0.012 (-0.411,0.460)
RII 0.987 (0.891,0.994) 0.980 (0.973,0.991)

Note: aOR, adjusted odds ratio; Ref., reference group; Sll slope index of inequality; RIl, relative index of inequality; NTD, New Taiwanese Dollar

*SlI (slope index of inequality) represents an absolute difference in women'’s participation in outreach screening between the highest and lowest socioeconomic
groups. An Sll value of zero indicates no difference between the socioeconomic groups. A positive Sl value indicates larger inequality but a negative Sl value means
less inequality

**RIl (relative index of inequality) represents a relative difference in women'’s participation in outreach screening between the best and worst socioeconomic
conditions. An RIl value of 1 indicates no difference between the socioeconomic groups. An Rll value greater than 1 indicates larger inequality but an Rl value

smaller than 1 means less inequality

level were —0.592 and 0.392 in 2005-2009 and increased
to -0.173 and 0.804 in 2010-2014, indicating a 70.8%
increase in SII and a 105.1% increase in RII.

Discussion

This study evaluated the changes in screening mam-
mography utilization among women aged 50 to 69 years
before and after CAQIP implementation in 2010; CAQIP
aimed to improve accessibility and utilization of out-
reach mammography screening. Specifically, we analyzed
inequalities by accounting for the entire distribution of
utilization of outreach screening services across differ-
ent socioeconomic groups between the two periods. The
goal of the outreach screening service was to increase
the accessibility of breast cancer screening. Before 2010,
numbers of MMUs were limited, and these numbers

increased with greater access to outreach screening ser-
vices after CAQIP implementation [12]. Consistent with
the study by Hsieh et al. (2021) [12], we observed that uti-
lization of outreach screening through MMUs was 6.12%
in 2005-2009, increasing to 32.87% in 2010-2014. We
found that a higher proportion of screened women utiliz-
ing outreach services were older, less educated, and resid-
ing in suburban or rural areas after CAQIP. Our study
further provided real-world empirical evidence of the
impact of the CAQIP policy on reducing socioeconomic
and geographical disparities in access to mammography
screening in Taiwan.

Previous studies have indicated that women aged 55
years or older may have a lower inclination to participate
in screening mammography [14, 26-28]. Older women
may be concerned about the cost or the inconvenience
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of mammography screenings, which may influence their
decision to participate [26]. Therefore, the accessibility
enhancement approach (i.e., MMUs) may help alleviate
such disparities by addressing the specific issues of cost
and convenience for these women. Our study found that
the SII and RII for age variables decreased after CAQIP
implementation. The current study finding was con-
sistent with Guillaume et al. (2017), which found that
French women aged older than 70 years in remote and
underserved regions preferred mobile mammograms
over screening in a central radiology office suite [20].

A systematic review in 2017 mentioned that mobile
screening units were predominantly utilized in North
America and European countries, with 52% serving
mixed rural/urban regions [8]. In previous studies con-
ducted in France, researchers compared the use of breast
cancer screening at the radiologist’s office alone with the
use of screening that included both radiologist’s office
and MMUs. They found that screening with MMUs was
more cost-effective and significantly increased the uptake
of mammography screening in deprived or remote areas
[20, 29]. Our study also found that a greater percent-
age of women utilizing outreach mobile mammogra-
phy resided in suburban or rural areas between 2010
and 2014 after CAQIP implementation. Rural outreach
screenings increased notably from 1.76% (2005-2009) to
40.72% (2010-2014) in Taiwan, which may be related to
the increased ease of access to screening using MMU’s in
these previously underserved areas. The significant rise
in outreach screenings in rural areas may help reduce
health inequality. The phenomenon may resemble the
“inverse equity hypothesis’, which suggests that public
health interventions initially affect individuals of higher
socioeconomic status before reaching those of lower
socioeconomic status, but improvements occur as indi-
viduals with lower socioeconomic status gain increased
access to these interventions over time [30]. Further
policy initiatives should aim to expand outreach services’
accessibility in rural regions, facilitating the participation
in cancer screenings of women living in rural or remote
areas.

Concerning income factors, in the initial period, we
did not detect a significant difference in the utiliza-
tion of outreach mammography services among women
with different income levels. However, we did observe a
decrease in the degree of income inequality across vari-
ous income groups, potentially stemming from the rise
in outreach MMU utilization within the middle-income
range (NTD 20,000-40,000) following CAQIP imple-
mentation. Several studies specifically examined the
association between income level and utilization of out-
reach mammography services through MMUs. One
recent study by van den Bruele et al. (2022) reported the
characteristics among 32,350 women who participated
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in mobile mammography in New York City and found
that 63% of women had an annual household income less
than USD 25,000, and 30% did not have health insurance
[31]. Vang et al. (2018) conducted a systematic review to
describe sociodemographic characteristics of mobile unit
users and found results similar to van den Brule et al.
(2022), that women who received mobile mammography
outreach services had incomes below $25,000, or were
uninsured [7]. Given that culture and social norms in dif-
ferent countries may affect women’s preferences, future
studies may investigate the association between income
levels and utilization of outreach mammography services
through MMUs. This would enable policymakers to tar-
get specific populations and address disparities in access
to screening.

Regarding educational characteristics, to the best of
our knowledge, there is still a lack of studies specifically
examining the association between education level and
utilization of outreach mammography services through
MMUs. Our study found that women with lower educa-
tion levels underwent a higher percentage of outreach
screening during the initial period. Furthermore, the per-
centage of outreach screening service uptake increased
notably among this group following CAQIP implementa-
tion, and the magnitude of social inequality by education
level also increased. This suggests that outreach screen-
ing services through MMUs were more accessible to the
less-educated population in Taiwan. Our findings may
provide valuable insights for expanding access to out-
reach services and designing educational programs tar-
geted at eligible women with lower levels of education in
local communities, thereby encouraging them to partici-
pate in mammography screening.

One key strength of this study is that it is an observa-
tional cross-sectional study using four nationwide popu-
lation-based databases from 2005 to 2014. This allowed
us to compare the extent of socioeconomic inequalities in
the utilization of outreach screening services before and
after CAQIP implementation. Additionally, socioeco-
nomic status records, including education level, income
level, and urbanization level, were obtained from the
nationwide breast cancer screening registry and NHIRD.
This approach helped to mitigate potential recall bias and
selection bias. However, there were several limitations.
First, the study population was focused on women aged
50 to 69 years for comparison in two periods. This study
did not analyze the utilization of screened women aged
45 to 49 years in inreach or outreach screening services
in 2010-2014 with their socioeconomic status. Second,
the current study did not investigate those without mam-
mography screening and their socioeconomic status
before and after CAQIP implementation due to limita-
tions of secondary data analysis. Third, the current study
focused on women with first-time mammography; those
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participating in second or third-time mammography
screening (repeated screening) were not analyzed, and
they may have different preferences in inreach or out-
reach screening services. Fourth, due to secondary data
analysis, there were some unobservable potential factors
related to receiving mammography screening, including
personal factors such as immigration status, language
barriers, or lack of knowledge of health access. In addi-
tion, potential confounding factors related to screening
services included the sex of the technician performing
the mammogram, and the public media for outreach
service. Fifth, there may be geographic variations in the
socioeconomic characteristics of women participating
in inreach and outreach screenings. Nevertheless, the
current study used the population-based registry data
to analyze screening utilization, which can capture real-
world inreach and outreach services across the whole
country between 2005 and 2009 and 2010-2014. Finally,
the findings in this study may not be generalized to other
countries.

Conclusion

Our study found that utilization of outreach screening
through MMUs was 6.12% in 2005-2009, and increased
to 32.87% in 2010-2014. We found that a higher propor-
tion of screened women utilizing outreach services were
older, less educated, and residing in suburban or rural
areas after CAQIP implementation. Our study found that
the impact of socioeconomic variables in age, income,
and residential area on screening participation decreased
after CAQIP implementation. Moreover, MMUs made
outreach screening services more accessible to the less-
educated population in Taiwan. Expanding outreach
screening services and educational programs to promote
mammography uptake in local communities could help
reduce the potential effect of socioeconomic disparities,
and thus may enhance early detection of breast cancer.
Further study could focus on the accessibility of outreach
screening and breast cancer outcomes.
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