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KEYWORDS Summary
Health information Background: Community-based multiple screening for common cancers and chronic
system; diseases has increasingly gained attention. However, as infrastructure and evaluation

system are more diversified and complicated compared with single screening, the
development of a novel health information system is paramount.

Methods: The main goal of our health information system was to support the mul-
tiple screening program not only from technical aspect but also from a broad range
of perspectives including quality assurance system, organized features appertain-
ing to screening, economic evaluation (cost-effectiveness or cost-utility analysis),
service epidemiological applications, behavior risk factor surveillance system, and social
impact due to the introduction of the Keelung Community-Based Integrated Screen-
ing (KCIS) program.

Results: Health information system was designed and programmed on the basis of
the demand derived from KCIS within which five cancers and three chronic diseases
were included. In addition to the detailed description of infrastructure and process,
design, relevant database and security involved in health information system, an
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innovative and extensive evaluation system in accordance with the main goals was
included in our health information system.

Conclusion:: Our information system proposed several aspects regarding organized
screening system that has never been addressed in computerized system supporting
for single screening. These included quality assurance system, organization features,
co-morbidity profiles, epidemiological applications and social and economic consid-

erations.

© 2005 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mass screening for reducing mortality from cancers
or chronic diseases has been demonstrated in ear-
lier studies, including breast cancer screening with
mammography [1,2], colorectal cancer screening
with fecal occult blood test (FOBT) [3,4], cervical
cancer screening with Pap smear test [5], and early
detection of type 2 diabetes and hypertension [6],
respectively.

As each single screening has been proven effec-
tive, community-based multiple screening for the
inclusion of these cancers and chronic diseases
has increasingly gained attention [7]. However, the
infrastructure and evaluation system required for a
multiple screening program are more complicated
compared to those for single screening, i.e. cer-
vical cancer screening proposed by Marrett et al.
[8]. The complexity can be viewed from several
angles. First, the appropriate age ranges for the
various diseases included in the multiple screening
program may vary. For instance, an age range of
50—79 years may be recommended for colorectal
cancer screening whereas 30—79 years for cervi-
cal cancer screening. Second, the inter-screening
interval varies with disease type as well as with
age group. In breast cancer screening, an annual
screening regime is suggested for young women [9]
but a triennial screening program is mostly used for
old women [10]. Furthermore, the inter-screening
interval may also vary with different diseases. An
annual FOBT is recommended for average-risk peo-
ple aged 50 years or more [3] but a 3 yearly screen-
ing regime is suggested for breast cancer screening
with mammography for the same woman. The more
diseases under consideration the more complicated
the information system will be with respect to the
heterogeneous inter-screening intervals. Third, as
organized screening programs are characterized by
an out-reaching service as a first step and confir-
matory diagnosis and referral of abnormal cases at
a second stage, concern is raised over the multipli-
cation of health manpower required to handle the
referrals and confirmatory diagnoses in the same
subject given two or more abnormal findings.

Fourth, clinical surveillance of high-risk group is
also complex when the number of diseases under
consideration increases. Clinical surveillance for
patients diagnosed as colorectal adenoma together
with cervical intraepithelial neoplasia (CIN) 3 is
more complicated than when one only diagnosis
is involved. Fifth, clinical management of asymp-
tomatic cancers or chronic diseases requires the
integration of inter-disciplinary specialty. Sixth, the
procedures required in multiple screening are also
more sophisticated with respect to the identifica-
tion and invitation of eligible subjects, computer
registration of attendants at on-site screening, and
linkage between primary data and archival data.
The preparation of archival data before screening
should consist of retrieval from several registry-
based resources, including the national health
insurance, the cancer registry, the Pap smear reg-
istry and the mortality registry. Primary data from
questionnaires or biological measures are also com-
prehensive as to cover as much issues as possible
related to the diseases considered for screening.
Finally, the evaluation of efficacy and effective-
ness of a multiple screening program may also be
different from the evaluation of a single screening
regime.

The main goals of our health information sys-
tem for multiple screening were: (1) to develop a
quality assurance system for screening cancers as
well as chronic diseases; (2) to assess how multi-
ple screening can be organized in terms of health
manpower, mode of early detection of cancers
or chronic diseases (out-reach/opportunistic), age
ranges and inter-screening intervals, the referral
and confirmatory diagnosis system, and the clini-
cal surveillance system; (3) to develop an outcome
evaluation system, including effectiveness or eco-
nomic evaluation (cost-effectiveness or cost-utility
analysis); (4) to do epidemiological evaluation such
as co-morbidity profiles, and familial aggregation
or genetic contribution; (5) to set up a behavior
risk factor surveillance system and (6) to evaluate
social impact due to the introduction of the Keelung
Community-Based Integrated Screening (KCIS) pro-
gram.
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Fig. 1 Thedistribution of geographical area and network
backbone of Keelung City.

The rest of this paper was organized as fol-
lows. Section 2 refers to background of KCIS. Sec-
tion 3 delineates infrastructure, database, admin-
istration support and security. Section 4 gives the
detailed description of evaluation system from dif-
ferent aspects. Section 5 gives the discussion of this
paper.

2. Background

2.1. Architecture of health information
network of Keelung City

Keelung City is located at the northernmost Tai-
wan and close to the capital, Taipei. There are
seven administration districts (Joshang, Jongjeng,
Shinnyi, Renay, Noannoun, Anleh and Chiduu) in
Keelung as shown in Fig. 1. The total area cov-
ered is 132.76 square kilometers (km?). Each dis-
trict has one local health service center, the basic
administrative unit responsible for the execution
of the multiple screening program in Keelung (see

below). These seven health centers were ramified
from the Health Bureau of Keelung City, which is the
headquarter of health policy and administration. To
exchange and share information, the seven health
centers are connected with the Health Bureau by
leased line or ADSL underpinning National Health
Information Network Service Center (NIH-SC) set up
in 1995 (Fig. 1) by Ministry of Health in Taiwan.

2.2. Multiple screening model and screened
population

In Taiwan, a nationwide policy of cervical cancer
screening and surveillance system of Pap smear has
been established in 1996. Selective screenings for
breast cancer, oral cancer and colorectal cancer
have been launched since 1997. The prevalence of
chronic diseases, such as type 2 diabetes, hyper-
tension and cardiovascular disease increased over
the years. To enhance the feasibility and accept-
ability of each individual screening, a multiple
screening model for the Keelung community, named
as Keelung Community-Based Integrated Screening,
was developed between 1999 and 2001 to inte-
grate screening for five types of cancers (cervical
cancer, breast cancer, colorectal cancer, oral can-
cer and liver cancer) and three types of chronic
diseases (hypertension, hyperlipidemia and type 2
diabetes). The target population invited to screen
consisted of 217,895 residents aged 30—79 years
(Table 1). The detailed procedures and criteria
of disease screening have been described in full
elsewhere [7]. This model has been continuously
applied to cover 28.4% of the total target popula-
tion, amounting to 61,869 attendants until the end
of 2003 (Table 1).

3. Materials and methods

3.1. Infrastructure and procedure

Supporting multiple screening processes with
information technology requires workflow specifi-

Table 1 Target population, attendants and coverage rate of the underlying population
Age group Target population Attendants Coverage rate (%)
Male Female Total Male Female Total

30—-39 36255 34468 70723 4334 8935 13269 18.8

40—-49 33371 32371 65742 6067 10855 16922 25.7

50—-59 17440 18016 35456 4395 7944 12339 34.8

60—69 12554 13646 26200 4421 7633 11154 42.6

70—79 11077 8697 19774 4145 4040 8185 41.4

Total 110697 107198 217895 23362 38507 61869 28.4
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cation, such as identification of tasks, procedures
of screening, input and output information and
information management. The infrastructure and
procedures of the CIS information system were
divided into three phases, pre-screening phase,
screening phase and post-screening phase.

The process in the pre-screening phase included
data linkage and filtering. Through the linkage pro-
cess, subjects ascertained as death through mor-
tality registry were excluded from invitation list.
The cancer registry was used to determine whether
the subject had been diagnosed as cancer before
screening. Subjects with previously certain diag-
nosed cancer were not invited to attend screening
for this specific cancer. However, she/he was still
eligible to attend other screening activities. We
obtained data on utilization of medical care and
history of chronic disease, particularly including
type 2 diabetes, hypertension and cardiovascular
disease from claim data from the national health
insurance. Pap smear screening database was used
to assess whether women who attended screening
had been undergone Pap smears within the recent
3 years because the three-yearly screening regime
has been applied to the KCIS program.

After this filtering process, we produced for each
household unit in each community parish an invita-

Pre-Screening Phase

Screening Phase

tion list with known information including history of
Pap smear, and history of chronic disease, history of
other screening items done fore. Since Pap smear
screening is a national program, the correspond-
ing database has been centralized. Other screening
projects, not included in a national program, were
obtained from our community-based screening pro-
gram. Thus, primary data generated from the pre-
vious post-screening phase were used to renew the
history of each disease.

The screening phase, consisted of nine items
(Fig. 2). The first item was registration. The out-
put of the pre-screening phase regarding selected
and classified invitation list was an input to the
screening phase. Subjects on the list were invited
to screening by a telephone call done by a pub-
lic health nurse. Attendants in the KCIS were reg-
istered. According to the classification list in the
first phase, participants were informed about how
many diseases he/she should be screened on this
occasion. In the registration process, a document
related to insurance claims was filled out and demo-
graphic information was updated if needed. The
item after registration was blood drawing. Usually
blood sample screening was done for type 2 dia-
betes (fasting blood sugar), hyperlipidemia (choles-
terol, triglyceride, high density lipid (HDL), low
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Fig. 2 The infrastructure and workflow of building-up information system for multiple screening.
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density lipid (LDL)), liver cancer first-stage screen-
ing (HBsAg, Anti-HCV, a-fetoprotein (AFP), alanine
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST)), and health check-up for uric acid,
BUN, creatinine. The sequence in which the other
screening items were performed was flexible and
varied by location and occasion. In the example in
Fig. 2, the third item is a questionnaire for health
risk appraisal. The questionnaire covers behav-
ior risk factors, family history and personal dis-
ease history, and female reproductive factors. High-
risk subjects of breast cancer were determined by
reproductive factors. The fifth was a urine test
to get biochemical data on urine protein, sugar,
pH and so on. The sixth was Pap smear examina-
tion for early detection of cervical neoplasm. The
seventh was related to the FOBT test for colorec-
tal cancer screening. The eighth item consists of
anthropometrical measurements, such as height,
weight, waist-to-hip ratio, blood pressure. The
ninth was dental examination for the identification
of oral pre-malignancy and oral cancer. Each item
results in a set of data that is stored in a specific
database.

3.2. Database of CIS

Table 2 shows the relevant databases involved in
the multiple screening program. They are classi-
fied into two types, secondary and primary data.
Primary data are generated during the screening;
secondary data are obtained from elsewhere and
used as input for the screening program. Secondary
data consist of population registry, Pap smear reg-
istry, cancer registry, claim data on national health
insurance and mortality data. Primary data include
questionnaire of behavior risk factor, personal dis-
ease history and family history, biochemical data

obtained from blood sample screening and follow-
up system (referral and confirmatory diagnosis).
Table 2 also shows type of data, source of database,
character and frequency of renewal. It should be
noted that, for mortality, we updated information
weekly on the basis of local mortality data. To
capture the migrants who have been dead outside
Keelung, national mortality registry was used to
update information annually.

3.3. Administration support

Our health information system also provided each
one attending the screening the option make
their appointment through internet or through
the telephone registration system. Time schedules
for the appointment were posted on the web-
site for reference 1 month before each screening
activity.

A temporary server was set up for this commu-
nity out-reaching services. The main server was
installed at the headquarters of Keelung Health
Bureau. Basic information was downloaded from
the main server to temporary server as the first step
of registration and to provide the report regard-
ing the result of check-up in the previous year.
After out-reaching services, new lists of registra-
tion were generated and uploaded to the main
server for updating population-based database
(Fig. 3).

Our information system supported follow-up and
referral systems and confirmatory diagnoses for the
patients for which abnormal findings were found
during the screening. The system also produced
electronic reports on the results of biochemical
test, follow-up, confirmatory diagnosis, health
consultation and health education or primary pre-
vention of relevant disease. Real-time and flexible

Table 2 Dataset used in community-based multiple screening

Iltems Source Character Renewal
Population registry Bureau of Census Secondary data Annually
Pap smear screening registry Ministry of Health Secondary data Annually
Cancer registry Ministry of Health Secondary data Annually
National health insurance Bureau of National Claim data Annually

Health Insurance

Mortality registry Ministry of Health

Questionnaire Community-based
Risk Factor Survey
Community-based
Screening

Referral Hospital

Biochemical data

Follow-up system

Secondary data Annual update from national
mortality and weekly update
from local mortality data

Primary data Annually

Primary data Depends on disease

Primary data Depends on disease
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Fig. 3 Ambulatory support setting for community out-reach services.

criteria query functions were also embedded in
system as required by the staff.

3.4. Security

For each screenee, an individual informed con-
sent was given while he/she attended the on-site
screening. Individual data on occurrence of cancer,
death and medical utilization during the follow-up
period were updated by cancer registry, mortal-
ity registry data and claim data from the national
health insurance, respectively. Security control was
implemented by including only the identification
number without any further description of char-
acteristics of patient such as name and correspon-
dence address in the formal transactions between
two or three administrations.

To protect confidentiality and security of per-
sonal health information, the strictest standard
procedures and a special privacy policy statement
was proposed and audited. Users of the informa-
tion system are first informed about this statement
before they login with a password. Signing this
statement by the staff was required. Users are given
access to functionalities dependent on their roles
in the screening process, e.g. upload of biochemi-
cal test data, download of ambulatory database for
registration and update of follow-up information.
Firewall, fixed access IP and password verification
were incorporated to guard against infringement of
the database.

4, Evaluation system

The evaluation system of the KCIS included several
aspects that are delineated in Table 3.

4.1. Quality assurance system

In a multiple screening program, it is paramount
to link together a series of registration data in
the pre-screening phase (see Fig. 2). Doing so not
only yielded invitation lists for screening but also
offered an opportunity to build up a data quality
assurance system in the multiple screening pro-
gram.

There are five dimensions related to the quality
assurance of the KCIS program (Table 3). Selected
results for some indicators based on the KCIS study
will be presented. First, the linkage of screening
data with the claim data from the national health
insurance can assess the validity of self-reported
chronic diseases such as type 2 diabetes and hyper-
tension. The misclassification of self-reported dis-
eases can be expressed by sensitivity and speci-
ficity.

Second, the linkage of primary data from the
KCIS program with national health insurance and
cancer registry data enables us to assess the com-
prehensiveness timeliness of reporting to the can-
cer registry for the five neoplastic diseases covered
by our multiple screening program. Such an anal-
ysis shows that the proportions for colorectal can-
cer and Hepatocellular carcinoma reported to the
national cancer registry until the end of 2003 among
screen-detected cases in the same period were 74.4
and 88.4%, respectively (Table 3).

Third, the linkage of attendants who were diag-
nosed as free of cancer at screening with the
national cancer registry can ascertain occurrence
of interval cancers (cancers diagnosed between
screens), a crucial indicator for evaluation of pro-
gram sensitivity and inter-screening interval in
population-based cancer screening (see below) [8].
The higher the interval cancer rate the poorer the



Table 3 Evaluation System of KCIS program

Components

Methods/data sources

Indicators/selected results from the KCIS
program/comments

1. Quality assurance
(1.1) Consistency

(1.2) Comprehensiveness or delay report
of national cancer register

(1.3) Interval cancer rate

(1.4) Cumulative survival rate

(1.5) Data quality of questionnaire

2. Organization
(2.1) Coverage rate

(2.2) Outreach/opportunistic screening

(2.3) Health manpower involved in on-
site screening

Self-reported disease from KCIS data vs. claim
data from national health insurance (NHI)

Proportion of cancers reported to national
cancer registry among screen-detected cases
at of specific time

Interval cases found by linking normal subjects
at screen cancers with national cancer registry
Number of death from screen-detected cases
or clinically-detected cases by the linkage of
the KCIS data with national cancer registry

(a) Any key variables of questionnaire were
missing

(b) Duplicate cases within a year

(c) Data logical checking

(d) Household coverage rate

Proportion of population served with the KCIS
project

Linkage of the KCIS data with claim data from
NHI for adult health check-up

Number and composition (volunteer social
worker vs. professional health manpower) of
health manpower

Sensitivity and specificity for Self-reported disease (yes or
no) cross-tabulated by data from NHI
i.e. Type 2 diabetes: Sen, 76.37%; Spe, 97.52%

Cases reported to cancer registry/cases from the KCIS
program until 2003

i.e. Colorectal cancer: 74.42% (32/43)

i.e. Hepatoma: 88.41% (122/138)

Program sensitivity = [1 — (interval cancer rate/the
expected incidence rate)] x 100%, i.e. CRC: 85%
1, 5, or 10 year cumulative survival rate

(a) Missing records/total records
i.e. Missing rate (2000—2002): 2.27% — 0.00%

(b) Duplicate attendants/total attendants
i.e. Duplicating rate (2000—2002): 3.97% — 0.02%

(c) Error records/total records
i.e. Inaccurate rate (2000—2002): 0.86% — 0.00%

(d) Households of KCIS/total households
i.e. 35.8% (48166/134607)

Total attendants/total population
i.e. age 30—79 (2000—2002): 19.5% — 28.4%

Attendants of outreach since from the KCIS/attendant
from opportunistic visit, i.e. adult health checkup: 43%;
KCIS attendants: 57%

(a) Average served attendants per manpower: 2.2

(2000) — 4.4 (2003)

(b) The proportion of volunteer social worker on
professional health manpower: 25.4%(2000) — 32.1%(2003)
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Table 3 (Continued)

Components

Methods/data sources

Indicators/selected results from the KCIS
program/comments

(2.4) Referral and confirmatory diagnosis

(2.5) Age ranges and inter-screening
interval

(2.6) Clinical surveillance

3. Basic findings
(3.1) Attendance rate

(3.2) Abnormal rate

(3.3) Referral performance

(3.4) Biopsy rate

4. Effectiveness
(4.1) Prevalence/incidence ratio

(4.2) I/E ratio

(4.3) Proportion or cumulative incidence
rate of advanced cancers or

(4.4) Abnormal outcomes of relative
chronic disease

Clinical capacity for referral and confirmatory
diagnosis

Depending on diseases

Depend on characteristic of screening finding

Attendance rate of before and post KCIS
projects

Abnormal rates of screening test

Calculated data by referral part of database

Confirmatory biopsy of abnormal findings

Prevalence rate (P) from the KCIS and
incidence (I) from national cancer registry

See the point (1.3) of quality assurance
mentioned above

Proportion or cumulative incidence rate of
large tumor, lymph nodes, and poor
differentiation

Proportion of abnormal outcomes of chronic
diseases

(a) Mean waiting time for referral and confirmatory
diagnosis
(b) Times of referral

Colorectal Cancer: 50—79, annually

Cervical cancer: 30—79, every 3 years

Pre-cancer lesion: colorectal cancer
<1cm adenoma: 3—6 years after the initial polypectomy
>1cm adenoma: within 3 years after initial polypectomy

Attendants/number of Invitation
i.e. Cervical cancer: Before: 55.5% — Post: 80.5%

Positive of test/total attendants
i.e. FOBT positive rate (2001—2003): 4.1%, 4.5%, 3.7%

Referral cases/abnormal finding (2000—2002)
i.e. Colonoscopy for CRC: 67.13% — 73.97%
i.e. Ultrasonography for HCC: 77.37% — 88.52%

Biopsy cases/abnormal cases
i.e. Breast cancer: 2.87%

Prevalence rate from screen/incidence from cancer
registry. Average duration of pre-clinical phase (in year),
i.e. CRC: 3.7 year (1.52 x 1073/4.1 x 1079)

See above

Number of tumor characteristic/cancer cases

i.e. Dukes stages of CRC: Dukes A: 13 (39.4%), Dukes B:13
(39.4%), Dukes C: 6 (18.2%), Dukes D: 1 (3.0%)

Hyperlipidemia: total cholesterol >240ng/dl/total
hyperlipidemia: 12.7%

9.¢
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(4.5) Long-term mortality

5. Co-morbidity profiles

6. Behavior risk factor surveillance

7. Decision/economic evaluation
(7.1) Cost-effectiveness analysis

(7.2) Cost-utility analysis

8. Epidemiological profiles

9. Social aspect
(9.1) Cue to attending KCIS

(9.2) Satisfaction toward the KCIS

(9.3) Interaction with local primary care
or public health system

Linkage data to ascertain date of death and
cause of death

(a) Empirical data

(b) Project: Monte Carlo Computer simulation

Attendants have more than one disease
simultaneously

Life-style factors and biochemical data from
the KCIS program

Markov decision analysis (see Fig. 4) of cost and
effectiveness for the following comparisons

(1) Multiple/single screening
(2) Single screening/none

Linkage to national cancer registry to ascertain
incident tumors and active follow-up of chronic
disease

Survey by random sampling

Survey by random sampling from attendants in
the KCIS

Participation and engagement from primary
care unit or specialist

Relative mortality rate for screened vs. unscreened

Attendants of >2 types of disease/total attendants
i.e. chronic disease: two: 20.7%, three: 7.0% and four: 0.9%

Monitor the changes of these factors and biochemical
markers through repeated screens in the KCIS program

Incremental cost-effectiveness or utility ratio expressed by
cost per life year gained or cost per quality-adjusted life
year gained

(a) A series of longitudinal outcomes for elucidating causal
relationships between baseline covariates and cancer or
chronic disease through case-cohort or nested case-control
study

(b) Family-based epidemiological design for family
aggregation or genetic contribution

Heard about the KCIS/total survey cases 49.3%

(2000) — 65.6% (2003)

Number of attendants toward satisfaction/Total samples:
81.4% (2000) — 93.9% (2003)

Proportion of GP or social works included in the KCIS
involved in the KCIS program
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performance of the screening regime. The interval
cancer rate as a percentage of the underlying inci-
dence rate for colorectal cancer was 15%, which, in
turn, yielded 85% program sensitivity.

Fourth, the linkage of primary data on screen-
detected cases from the KCIS program and
clinically-detected cases ascertained from the can-
cer registry and the national health insurance data
with mortality allows us to evaluate the benefit of
screening by comparing cumulative survival rates
between early screen-detected cases and clinically-
detected cases.

Fifth, our information system also evaluated the
aspect of completeness and accuracy of data on
questionnaires. The missing rates decreased from
2.27 to 0.00% through the period from 1999 to 2002.
The duplicate rates decreased from 3.97% in 1999
t00.02%in 2002. Rate of inaccuracy decreased from
0.86% in 1999 to 0.00% in 2002.

4.2. Organizational aspects

Evaluation of the KCIS program with respect to the
organizational aspects includes coverage rate, out-
reach/opportunistic proportion, health manpower
at on-site screening and referral and confirmatory
diagnosis. Table 2 shows that the coverage rate
increased from 19.5% in 2000 to 28.4% in 2002.

Our national health insurance system fully sub-
sidizes adult health check-up for chronic diseases
such as type 2 diabetes, hypertension, and hyper-
lipidemia regardless of whether it is performed by
opportunistic visits to primary care clinics or hos-
pitals or out-reach services provided by the KCIS
program. Analysis of the data showed that 57% of
those screened for chronic diseases were reached
by our KCIS out-reach service program.

The number of attendants served per unit man-
power increased from 2.2 in 2000 to 4.4 in 2003,
demonstrating the efficiency of on-site multiple
screening.

The system also allows to evaluate other orga-
nizational aspects, e.g. whether clinical capacity
for referral and confirmatory diagnosis can be met
using indicators such as waiting time for specific
disease or total of diseases included in the KCIS pro-
gram. Times of referral and confirmatory diagnosis
for multiple diseases included in the KCIS program
can be assessed as well. It can also be determined
whether loss to follow-up in a multiple screening
program is lower compared with single screening
from other data sources.

4.3. Basic outcomes

These included attendance rate, positive results
of screening, referral rate, biopsy rate, detection

rate of asymptomatic neoplasm or non-neoplastic
chronic diseases, program sensitivity and speci-
ficity, positive predictive value for yield of
screening.

In the KCIS program, we used the Pap smear reg-
istry as a base to invite other family members to
have the uptake of screening. Such a strategy is
innovative and practical because women can play
an important role in caring for the health status of
other family members. The empirical result from
a previous study showed that the attendance rate
for cervical cancer screening has been enhanced
from 55 to 80% after the introduction of multi-
ple screening [7]. Our health information system
can also evaluate how women in the same family
can affect the uptake of screening for other fam-
ily members and how attendance rates vary with
diseases included in the KCIS program.

Regarding referral rate, our information system
can also assess whether the referral rate in the mul-
tiple screening program increased over time. For
colorectal cancer screening, it increased from 67%
in 2000 to 74% in 2002. The rates for liver can-
cer screening increased from 77% in 2000 to 89% in
2002. The system can also check whether and why
the referral rate varies with disease. For the yield
of screening, our information system also assesses
whether the multiple screening program can detect
a higher proportion of asymptomatic diseases com-
pared with single screening. The previous studies
showed our multiple screening program can vyield
16 per 1000 of asymptomatic neoplastic or non-
neoplastic chronic diseases [7]. Other outcomes
such as abnormal rates and biopsy rates are also
listed in Table 3.

4.4, Effectiveness of screening

The assessments of the effectiveness of screen-
ing include short-term and long-term indicators.
The former consist of prevalence/incidence (P/I)
ratio, the incidence rate of interval cancer as a
percentage of the expected incidence rate from
the underlying population (I/E ratio), proportion or
cumulative incidence rate of advanced cancer such
as tumor larger than 2cm or nodes positive. The
higher P/l ratio, the lower I/E ratio, and the lower
the proportion or the cumulative incidence rate of
advanced cancers, the better the benefit of screen-
ing achieved. For colorectal cancer we estimated
3.7 years of average duration of pre-clinical phase
using P/I ratio (Table 3), 15% of I/E ratio and 80% of
early CRC (Dukes’ A +Dukes’ B).

The primary long-term outcome is mainly based
on mortality reduction from specific causes of the
underlying diseases that are covered in the KCIS
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program. However, since mortality or incidence
needs long-term follow-up, a computer simulation
system for predicting long-term mortality reduction
orincidence reduction will be included in our future
information system.

4.5. Co-morbidity profiles

As multiple disease screening may find multiple
asymptomatic cases, our evaluation system also
included the estimation of co-morbidity of dis-
eases in each individual. The proportions of atten-
dants with two, three and four chronic diseases
are listed in Table 3. The co-morbidity of cancers
and chronic diseases are also evaluated in the KCIS
program.

4.6. Behavior risk factor surveillance

The KCIS program provides a platform for bridging
screening with primary education, particularly per-
taining to a health promotion program for preven-
tion of chronic diseases. Repeated biochemical data
together with life-style factors obtained from ques-
tionnaires in our KCIS program offer an opportunity
to monitor changes in behavior risk factors, includ-
ing the cessation rate of smoking and the changes
of blood pressure, blood lipids, fasting blood level,
dietary habits and status of physical activity after
the introduction of a series of primary education
programs, by comparing the mean or median for

each specific biochemical variable before and after
intervention.

4.7. Decision/economic evaluation

The novel idea of our multiple screening program
is that the effectiveness of mortality reduction in
multiple disease screening should represent early
detection of multiple asymptomatic neoplasm or
non-neoplastic chronic disease rather than only
single disease. Markov decision analysis is applied
to estimating multiple benefits for early detection
of two non-neoplastic chronic diseases (including
asymptomatic type 2 diabetes, and hypertension)
and four common cancers (cervical neoplasm, oral
neoplasm, breast cancer and colorectal neoplasm).
The decision tree was delineated in Fig. 4. Three
decisions were considered and represented as
three branches after the decision node. After each
decision, Markov node was shown to exhibit the
repeated property for a longitudinal course. Each
Markov node was followed by states of the six
diseases of interest. The progression of the six
diseases was determined by screening policy and
its natural history.

This decision framework enables our health
information system to perform economic evalua-
tion of the KCIS program, particularly in compar-
ison with single screening. Types of economic eval-
uation included are cost-effectiveness and cost-
utility analysis. In cost-effectiveness analysis, we
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including Type 2 DM free, asymptomatic
DM, Symptomaitc DM.and DM related

Staes of Type 2 DM

progression according to the screening policy and
the stochastic process of natural history of Type 2 DM

O M
including breast cancer free, preclinical stage I, preclinical progression according o the screening policy and
stage I1+, clinical stage 1. clinical stage I+, and breast Staes of Hypertension the stochastic process of natural history of hypertension .
M
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Staes of Breast cancer the .
. 7 ; " - v o d +
including cervical lesion free, LSIL, HSIL, S|
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Fig. 4 Decision framework of multiple screening and single screening.
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compared the following counterparts of screening
regimes: multiple versus single screening or single
versus non-screening program by using incremen-
tal cost-effectiveness ratio, which aims to estimate
incremental cost incurred for the KCIS program
against single screening or single screening against
non-screening program to gain an additional life
year. A hypothetic cohort with similar features in
distribution of age and gender of Keelung com-
munity was simulated. Underpinning the Markov
decision framework mentioned above (see Fig. 4),
people in the cohort were randomly assigned into
the three arms, multiple screening, single screening
and non-screening. After 6 year screening period
and 10 year follow-up, multiple screening with 100%
compliance rate yielded incremental cost of US$
6002 per life year gained compared to no screening
performed. For single screening with 100% compli-
ance rate, the corresponding figure was USS$ 8829
per life year gained. In cost-utility analysis, we
translated life years into quality-adjusted life years
(QALYs) by the incorporation of the utility of each
health state to calculate incremental cost-utility
ratio.

4.8. Epidemiological profiles

The follow-up of normal subjects in the KCIS pro-
gram will yield a series of longitudinal incident
cases regarding chronic diseases or cancers rather
than single ones, which not only provides the
chance of elucidating the associations between dif-
ferent outcomes but also throw light on causal
relationships between baseline or time-dependent
covariates and cancers or chronic diseases. In addi-
tion, household data from the KCIS program offers
an opportunity to investigate family aggregation or
genetic contribution using family-based epidemio-
logical design.

4.9. Social aspects

From the social aspect, evaluation also included
the assessment of satisfaction with the KCIS pro-
gram. Each year approximately 200 people, ran-
domly selected from the population registry in
Keelung City are interviewed through the telephone
to assess whether they have heard about the KCIS
program. In this survey, the proportion of atten-
dants who heard about the KCIS program increased
from 49% in 2000 to 66% in 2003. Of those who par-
ticipated in the KCIS program, 82% in 2000 to 94%
in 2003 were satisfied with the program. The social
impact regarding interaction with local primary
care or public health system was also included.

5. Discussion

The present study developed a novel health
information system for the multiple screening
program implemented in Keelung, Taiwan, which
is called as Keelung Community-Based Integrated
Screening program. Compared with the existing
health information system for single screening such
as cervical cancer screening [8], breast cancer
screening [11,12], and primary care for chronic
disease [13,14], the novel idea of our health
information system for the KCIS program can be
addressed from several dimensions, including: (1)
the unification of a series of cancers and chronic
diseases as a system; (2) quality assurance program
with the incorporation of a series of registry-based
or claim data; (3) household invitation system; (4)
the consideration of heterogeneous organizational
factors involved in multiple screening such as
manpower, age ranges, referral and confirmatory
diagnosis, clinical surveillance, and inter-screening
interval; (5) economic evaluation of multiple
versus single screening; (6) the collection of a
series of longitudinal cancers and chronic diseases
rather than single disease; (7) the integration
of social aspect related to screening and (8) the
combination of out-reach service and opportunistic
screening.

The integration of cancers and chronic dis-
eases as a union enables one to investigate co-
morbidity profiles and the association between can-
cer and chronic diseases. For example, those who
were diagnosed as metabolic syndrome were at
increased risk for colorectal neoplasm [15—17].
However, the incorporation of multiple diseases
increased the complexity of organized screening
such as age ranges and inter-screening intervals
for difference cancers. Our KCIS system also sup-
ports clinical surveillance of high-risk group for
colorectal cancer such as pre-cancerous lesion of
colorectal adenoma or cervix and the deployment
of health manpower involved at on-site screen-
ing, and referral and follow-up system for multiple
diseases.

Another novel property of in our health informa-
tion system is that our KCIS program used a Pap
smear as a base to invite other family members
by linkage with the population registry. Invitation
is therefore based on the household unit what has
been addressed barely in single screening for breast
or cervical cancer. The incorporation of household
information allows to evaluate the attendance rate
not only on an individual basis but also based on the
household unit. It should be noted that household
invitation may not only increases coverage rate of
screened population by inviting other family mem-
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bers who have been rarely involved in the uptake
of screening but also reduce the cost and time for
the public health nurse to generate an invitation
list with repetition.

For quality assurance, the linkage of population
registry data with cancer registry data or claim
data from the national health insurance enables
one to assess the validity of self-reported chronic
diseases from questionnaires or biochemical tests
or to assess comprehensiveness or delay of report-
ing to the national cancer registry. In addition, the
linkage of the KCIS data with claim data on adult
health check-up from the national health insurance
can reveal whether out-reached services dominate
opportunistic visits in routine primary care. When
it comes to quality assurance for cancer screening,
primary screened data can provide for pathologi-
cal staging information on tumor size, nodes status
and histological differentiation that may offset the
weakness of being unable to collect staging infor-
mation in the cancer registry system, one of limita-
tions of quality assurance programs in some coun-
tries participating in the International Breast Can-
cer Screening Network (IBSN) [11,12]. Until now,
the Taiwan cancer registry has not collected stag-
ing information.

Our information system has also strength in
facilitating on-site screening activities. These
include the determination of inter-screening inter-
vals for all sorts of screening items according to
different individual characteristics such as age and
risk factors, the update of personal correspondence
information such as number of cell phone, the
results of previous screening for subjects attending
the repeated screening, risk assessment of the
presence of disease of interest given individual
characteristics. The first aspect is crucial for mul-
tiple screening because it is difficult for attendants
or personnel involved in periodical screening to
apprehend whether he/she should undertake a
certain screening test in this occasion without the
aid of computer-based information system. The
second point is related to the attendance rate of
repeated screenings and the cost related to the
invitation of subjects to attend the KCIS program.
Due to the wide use of cellular phones in Taiwan,
keeping the number of the mobile phone with
the approval of participants up-to-date when they
re-attended the screening at approximately 1 year
interval can reduce the chance of losing contact
with him/her. The availability of the mobile phone
number may also reduce the cost of repeated
invited calls using the telephone number at home.
The third and fourth points provide an opportunity
of enhancing the awareness of early detection at
regular intervals.

For the effectiveness of multiple screening,
in addition to fundamental short-term or long-
term indicators, the brand new idea is that
extra benefit achieved from the KCIS in com-
parison with single screening was evaluated by
using Markov decision analysis (Fig. 4). Economic
evaluation based on this decision framework was
performed for evaluation of multiple screening
opposed to single screening. The results from
incremental cost-effectiveness analysis show mul-
tiple screening is more cost-effective than single
screening.

Our system also makes significant contribution
to epidemiological profiles, which include the
elucidation of causal relationships between base-
line covariates, particularly biological markers,
and certain cancers or chronic diseases and the
investigation of familial aggregation or genetic
contribution using family-based epidemiologic
design.

Compared with certain health information
related to chronic disease management that only
focuses on opportunistic health screening [13], our
health information system for multiple screening
covers an out-reach screening service. The property
of out-reach service enables us to investigate epi-
demiological rate and distribution of five common
cancers and three non-neoplastic diseases, which
is very helpful to clarify the etiology of disease.
The usefulness of this system in this respect is very
similar to that of the computerized community-
oriented primary care developed by Mettee et al.
[18].

Repeated collection of biochemical variables,
reproductive factors and life-style factors obtained
from the KCIS program yields data for behav-
ior risk factor surveillance, which, in turn, builds
up health risk assessment for occurrence of spe-
cific diseases. Setting up a behavior risk fac-
tor surveillance system may be helpful for the
improvement of primary care and secondary
care regarding chronic disease as seen in a
previous study addressing the measurement of
clinical performance and outcomes in diabetes
after the introduction of an information system
[14]. This aspect should be evaluated in the
future.

We also evaluated social aspects including sat-
isfaction with the KCIS program, cue to attend-
ing the KCIS program, and engagement of com-
munity and primary care. It is important to eval-
uate how the KCIS program with community objec-
tives fit in the organization of the public health
or primary care system locally, i.e. for example
what are the relationships with general practi-
tioners or specialist units. Whether to offer spe-
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cialistic screening tests should be considered in
relation to the need for and availability of highly
specialistic treatment. This is particularly impor-
tant for screening for type 2 diabetes. Those who
had type 2 diabetes ascertained from the KCIS
program will be referred to general practition-
ers for dietary, exercise and metabolic control. In
addition, these subjects were also referred to an
ophthalmologist to undergo screening for diabetic
retinopathy.

From the aspect of data security, our system
not only provides standard procedures for disease
screening but also offers an environment for data
exchange and referral across hospitals, which is the
most important property of the health level seven
(HL-7). Information systems with such communi-
cation facilities can dispense with paper delivery
between the screening administration and hospitals
and will increases the quality of the cancer screen-
ing. This system enables provider and client who
are involved in the multiple screening program to
undertake the screening activity in an efficient and
systematic way.

The demand for our health information system
is remarkable. It is reported that of 23 counties
in Taiwan, 19 have undertaken or are in prepa-
ration for the adoption of our multiple screening
model. As computerized system for these counties
has been lacking or incomplete, the health informa-
tion system is still run manually and by paper. The
demand for the development of health informa-
tion system similar to the KCIS program is urgently
required.

In conclusion, a health information system for
a multiple disease screening program was devel-
oped and applied to the community-based inte-
grated screening program. Our information system
incorporates several aspects that has never been
addressed in computerized systems supporting sin-
gle screening, including quality assurance, organi-
zation features, co-morbidity profiles, epidemio-
logical application, social and economic consider-
ation.

Summary points

What was already known on this topic?

Health information system plays an important role
in a population-based screening for cancer and
chronic disease regarding age range,
inter-screening interval, development of
manpower, referral and confirmatory diagnosis

Information system for single disease such as Pap
smear screening has been provided but limited to
infrastructure and formulation of database
without extensive evaluation system

What this study added to our knowledge?

Health information system on multiple disease
screening has been developed and applied to a
community-based integrated screening regime,
including five neoplastic diseases and three
non-neoplastic diseases

The current health information system has been
demonstrated to be a crucial factor for the
development of out-reaching screening service
with respect to quality assurance system,
organization features, co-morbidity profiles,
epidemiological applications, and social and
economic considerations
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