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Abstract

Background This study evaluates cost reduction in participants of a health awareness program (the Center
of Healthy Aging Program, CHAP) in a Japanese rural area, characterized by an annual check-up and personalized
interview on health issues and related risks immediately after the check-up.

Methods This is a cross-sectional study using medical and caregiving costs and Japan-specific health check-up
results in Hirosaki residents stored by the local government, which were individually-based linked to the CHAP infor-
mation collected by Hirosaki University. This is the first study that used anonymized data with individually-based link-
ages to both a research institute and a local government in Japan under a strict limitation regarding linking to third-
party data. We included residents who had been continuously enrolled for>6 months as of 1 July 2015. We compared
5-year all-cause costs between three groups (with CHAP, with Japan-specific health check-up, and no check-up) using
a multivariate negative binomial regression model considering risk factors including lifestyle habits and an inverse
probability weight to adjust for baseline characteristics: age, sex, Charlson comorbidity index, baseline care level,

and risk score of coronary heart diseases.

Results A total of 384, 9805, and 32,630 residents aged 40-74 years were included for the CHAP, Japan-specific health
check-up, and no check-up groups, respectively. The Japan-specific health check-up group showed older and higher
Charlson comorbidity index than the others. After inverse probability weight adjusting, the amount of all-cause
medical costs was significantly lower only in the CHAP group. Faster walking speed and exercise habits were indepen-
dently associated with lower all-cause medical and caregiving costs.

Conclusions We demonstrated a 5-year all-cause cost reduction in residents who participated in the CHAP

and also suggested the effect of exercise habits in Hirosaki, which indicated the significance of individually-based data
linkages to external third-party data for all local governments to improve the health condition of residents.
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Introduction

Health conditions vary among communities, and are
associated with differences in income, health behaviours,
supplies of healthcare resources, education levels, local
government expenditures, and local area characteristics
[1-3]. Furthermore, rural communities sometimes face
more serious health conditions leading to high mortality
rates owing to older and/or low-income residents [4—6],
which may contribute to both an increase in the health-
care burden and financial stress. The weaker financial
base in smaller local governments hinders their ability to
implement long-term community-based measures.

Japan is a rapidly aging country with the highest pro-
portion of elderly people in the world. According to the
Ministry of Internal Affairs and Communications, in
2021, people aged 65 and over accounted for 28.9% of
the total population [7]. The disparity in average lifetime
between different areas in Japan is 3.5 years in men or 2.0
years in women (Fig. 1). To prevent premature death, a
national health check-up (Japan-specific health check-up,
SHC) and health guidance program are provided to the
whole population aged 40 years and over. Although the
program has been shown to be beneficial [8—10], the par-
ticipation rate varied from 25.5% to 47.2% among areas
and its long-term benefits are controversial [10]. The
Aomori Prefecture, a typical rural area located in north-
ern Japan (Fig. 1), has the shortest life expectancy since
records began, and the differences from the national
average and from the longest value have expanded over
the last 20 years. Hirosaki University (Aomori, Japan)
started an awareness and encouragement program—the
Center of Healthy Aging Program (CHAP) in 2013 in
Hirosaki [11], the third-largest city in the Aomori Pre-
fecture, to improve overall life quality and longevity. The
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CHAP combines an annual check-up and personalized
interview, where participants are informed about health
issues and related risks based on individual results imme-
diately after the check-up.

We have demonstrated the decreased risks of coronary
heart diseases (CHDs) and stroke after the start of CHAP.
Furthermore, assuming the participation of all residents,
which amounted to 1.29 million in the Aomori Prefec-
ture [11], we estimated that the CHAP would lead to a
reduction of 22,486 and 9,603 patients and a reduction in
JPY 21,973 (USD 156.01 or EUR 138.43, JPY 100=USD
0.71 or EUR 0.63) and JPY 16,056 million (USD 114.00
or EUR 101.15) in medical costs over a 10-year period
by avoiding CHDs and stroke, respectively. However, in
the study, we extrapolated medical costs for CHD and
stroke per patient from the aggregated data of the entire
Aomori Prefecture presented in the latest governmental
statistics, which does not reflect the area-specific health
conditions. Individual data on health resource utilization
for CHAP participants are owned by the Hirosaki city
government, but in Japan, the sharing of data that enables
individually-based linking to data owned by third parties
is strictly limited. To the best of our knowledge, the pre-
sent study was the first to utilize anonymized data with
linkage from both a research institute and a local gov-
ernment in Japan. The study aimed to compare all-cause
medical and caregiving cost reduction using individual
data on resource utilisation between participants and
non-participants of the CHAP.

Methods

This was a cross-sectional study in which Hirosaki Uni-
versity, Hirosaki city, and the University of Tokyo col-
laborated to confirm the impact of an innovative health

3
e Aomori  Shiga
(worst)  (best)
Population 12550 Mil. 1.22 Mil. 1.41 Mil.
Life Male 81.5 79.3 82.7
expectancy  Female 87.6 86.3 88.3

Fig. 1 The location of Aomori Prefecture and Hirosaki City
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promotion program on the residents’ health. The study
was conducted in accordance with the Declaration of
Helsinki from 1964 and its later amendments, and with
the approval of the Ethics Committee of the University of
Tokyo Faculty of Medicine (2023080NTI).

Study population

We included residents who were enrolled in the res-
idence-based insurance administered by the govern-
ment of Hirosaki City in Aomori Prefecture, located in
the northern part of Japan, were included in this study
(Fig. 1). Hirosaki is associated with unhealthy lifestyle
factors such as a high rate of smoking, high percentage of
obesity, high alcohol consumption, high salt intake, and
low vegetable intake than other prefectures [12]. These
included those who were unemployed or self-employed
residents and their non-working dependents. All par-
ticipants had been continuously enrolled for more than
6 months as of 1 July 2015 (index date). In Japan, insur-
ance comprises over 3000 providers and can be classi-
fied into three types: employee-based health insurance,
residence-based insurance, and health insurance for indi-
viduals in the late-stage elderly category (i.e., those 75
years and over) [13]. Approximately half of the residents
in Hirosaki City are involved in the agriculture, forestry,
or fishery industry, and as a result, the enrolment of the
residence-based insurance is anticipated to closely reflect
the population within this sector. Residents who had
withdrawn from the insurance at the index date or who
chose to opt-out were excluded.

We classified the included residents into three groups
based on their history and type of check-ups during the
previous year: CHAP, Japan-specific health check-up
(SHC), and no check-up. The CHAP is provided to resi-
dents living in the Iwaki area, accounting for approxi-
mately 6% of the total number of residents in Hirosaki
City. Developed to increase the health awareness of
residents, the CHAP combines an annual check-up with
more than 3,000 check-up items and a personalised inter-
view in which participants are informed of their health
issues and related risks based on individual results. In
contrast, the SHC is a national program provided by the
government of Hirosaki City. It targets insured residents
aged 40—74 years and is mandatory for all insurance pro-
viders, including residence-based insurance societies.
It is conducted annually using common check-up items
(e.g. body composition, blood pressure, blood test results,
and lifestyle habits) [14, 15]. Unlike the CHAP, the SHC
does not provide any further information, except to high-
risk participants, about health issues and risks, nor does
it recommend any particular lifestyle. The no check-up
group included residents who had been recommended
to receive the SHC but had not responded or could not
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receive it due to illness and those who were ineligible
for the SHC (aged under 40 years or 75 years and over).
Therefore, to maintain comparability, we included par-
ticipants aged 40—74 years in our analyses.

Data sources

We used anonymized resident information and medi-
cal and long-term care insurance claims data of the
included residents, as well as the results of the SHC for 5
years from the index date, which were provided to Hiro-
saki University by the government of Hirosaki City, and
were individually linked to the Iwaki Cohort data and
anonymized. The cohort data have been collected by
Hirosaki University since 2005 [12] and contain results
of check-ups as part of the CHAP. All participants in
the cohort provided written informed consent to Hiro-
saki University [12]. The resident information contains
the enrolment date and the date on which residents lost
their insurance coverage. The medical claims data con-
tain sex, birth year and month, disease names and the
dates when healthcare resources were utilized, and the
information on utilized resources such as drugs, proce-
dures, and materials, including their amount and price.
The care claims data contain the type of care services and
corresponding costs and dates. Informed consent was
obtained by allowing all residents of Hirosaki City to opt-
out of the study through an official city newsletter. We
had no access to information that could identify individ-
ual participants during or after data collection.

Some participants in the CHAP group also received the
SHC check-up; thus, they had two types of results. For
participants with both results, we only used the results of
the SHC.

Endpoints

The primary endpoint was all-cause medical costs during
the observation period up to 5 years after the index date.
As the CHAP did not focus on the prevention of specific
diseases but aimed at total health promotion, we included
all-cause medical costs. These were compared between
the three groups and limited to participants aged 40 to
74 years at the index date because the SHC is provided
only for this age group. The observation period ended for
participants who were withdrawn from the insurance. To
adjust for risk factors, the Charlson Comorbidity Index
(CCI)[16] was calculated for every participant based on
the diagnosis without any suspicious flags (registered by
physicians if they had insufficient information to provide
a definitive diagnosis) during the 6 months preceding
the index date (i.e., 1 January 2015 to 30 June 2015). This
study included relatively healthy people without any dis-
orders; however, we used the CCI as a risk factor because
residents in the no-check-up group had no data reflecting
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health conditions other than claims data. Participants
without a diagnosis corresponding to the CCI during that
period were considered to not have any high-risk disease
(i.e., CCI of 0). The risk score of CHDs, which was devel-
oped based on a population-based prospective cohort
study in Japan and predicts the 10-year probability of
developing CHD [17] (Table S1 and S2 in Supporting
Material 1) was not adapted for the primary endpoint,
because it requires blood pressure and blood test results,
both of which the no exam group did not have, although
it is also considered a risk factor for future medical costs.

The secondary endpoints were CHD-related medical
costs and all-cause total costs, including not only medi-
cal costs but also caregiving costs. For the former, we
defined the costs of participants diagnosed with CHDs
(ICD-10 codes 120.x, I21.x, 122.x, 123.x, 124.x, and 125.x)
as CHD-related costs. For the latter, we aimed to con-
firm the effect of improving lifestyle habits on caregiv-
ing resource utilization. This is because the 5-year period
is considered too short to prevent lifestyle diseases but
has potential in preventing fragility. The caregiving costs
were expected to be higher in residents with low motor
function, which was identified only in the SHC group and
the CHAP group as exercise habits (engaging in exercis-
ing that induces sweating two or more times a week for
more than 30 min) (yes or no) and walking speed com-
pared with a person of the same generation and the same
sex (faster or not) [15]. Therefore, in the analysis, we
excluded the no check-up group and considered the risk
score of CHDs as an adjusting variable, which we were
able to calculate using the check-up results.

Statistical analysis

We used the hurdle negative binomial regression model,
because only a subset of participants who experience
the onset of any disease needs healthcare resources. We
considered the log of the individual exposure duration
as an offset variable to account for the varying lengths of
the observable periods among the participants. We con-
firmed the goodness of fit of the model compared with
the hurdle Poisson regression model and generalised
negative binomial model using Akaike’s Information Cri-
terion (AIC).

To adjust for the differences in characteristics between
the three groups, additional weighted analyses were per-
formed using the inverse probability weight, which was
obtained from a multi-logit regression model based on
all variables considered: age, sex, CCI, baseline care level
in the primary analysis, and age, sex, CCI, baseline care
level, risk score of CHDs, exercise habits and walking
speed in the secondary analysis. Standardized differences
of less than 0.1 and the lowest Rubin index value were
the criteria used for the best balance of baseline. The care
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level was evaluated for residents who found it difficult to
live by themselves and who needed care services from the
local government.

In the secondary analysis for all-cause total costs, the
association between lifetime habits and costs for 5 years
after the index date was also confirmed. However, data on
exercise habits and walking speed were missing for par-
ticipants who had been examined but did not answer the
questionnaire about lifetime habits. Multiple imputation
was applied to the pooled dataset to generate 10 imputed
datasets via a cart using all-cause total costs, age, sex,
CCI score, risk score, baseline care level, exercise habits,
and walking speed. The analysis was performed across
all imputed datasets using Rubin’s rules to obtain a set of
final estimates.

All statistical analyses were carried out using R soft-
ware, version 4.1.2 (R Project for Statistical Computing)
and the following R packages: twang, Weightlt, mice, and
MatchThem. All statistical tests were two tailed, and a
significance level of 5% was used.

Results

Patients’ characteristics

Of the 68,233 enrolees at the index date, 66,436 were eli-
gible, which covered about 37% of the entire population
in Hirosaki City on 1 July 2015. After excluding residents
aged less than 40 years or 75 years and over, 384, 9805,
and 32,630 were included in the analysis for the CHAP,
SHC, and no check-up groups, respectively (Fig. 2). Par-
ticipants in the SHC group were older and had higher
CCI both before and after excluding the population aged
less than 40 years or 75 years and over. The baseline care
level was lowest in the CHAP group (Table 1). The all-
cause medical costs per person per observation year
was JPY 651,426 (USD 4,625.13 or EUR 4,103.98). Table
S3 shows the all-cause medical costs per person-year by
subcategory and by year of follow-up. Fig. S1 shows this
distribution.

Primary analysis

The incidence of all-cause medical costs was signifi-
cantly higher in both the SHC and CHAP groups,
and the amount of all-cause medical costs was signifi-
cantly lower in both SHC and CHAP group compared
with the no check-up group. The result was similar in
the IPW-adjusted analysis but the amount of all-cause
medical costs was significantly lower only in CHAP
group (Table 2). CCI was associated with a significantly
higher incidence rate and amount of all-cause medi-
cal costs. According to the estimated parameters, the
cost reductions attributed to the CHAP amounted to
JPY 302684 (USD 2149.06 or EUR 1906.91) per person,
assuming males aged 60 years with a CCI of one (one
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Enrollee at 1 July, 2015 (index date) 92,067
Continuously enrolled for more than 6 months at 1 July,
68,233
2015
Have more than 1 day of the observation period 66,436
\/ W/ N4
No checkup The SHC The CHAP
58,519 10,176 524
Aged 40 and over and 74 years or less 42,819
[
\/ N N2
No checkup The SHC The CHAP
32,630 9,805 384
Fig. 2 Flow of identifying subjects of analyses
Table 1 Characteristics of the enrolled residents
No check-up SHC CHAP
n, mean %, sd missing n, mean %, sd missing n, mean %, sd missing
N 32630 9805 384
Age (yrs) 60.50 9.70 0 64.77 7.98 0 6143 8.63 0
(mean, sd)
Sex (women) 16657 51.05 0 5706 58.19 0 233 60.68 0
(n, %)
CCl (mean, sd) 0.74 1.60 0 0.89 142 0 0.67 1.07 0
Care level (n, %) Level O (no 32238 98.80 0 9748 9942 0 383 99.74 0
need of care)
Level 1 40 0.12 0 22 0.22 0 0 0.00 0
Level 2 38 0.12 0 9 0.09 0 1 0.26 0
Level 3 76 0.23 0 10 0.10 0 0 0.00 0
Level 4 111 0.34 0 12 0.12 0 0 0.00 0
Level 5 56 0.17 0 2 0.02 0 0 0.00 0
Level 6 36 0.11 0 0 0.00 0 0 0.00 0
Level 7 35 0.1 0 2 0.02 0 0 0.00 0
Risk score (CHDs) (mean, sd) - - 32630 39.09 9.00 0 36.90 8.79 0
Exercise habits (n, %)® - - 32630 1001 33.90 6852 72 22.15 59
Walking Speedb (n, %) - - 32630 1271 43.03 6851 135 4154 59

CCl Charlson Comorbidity Index, CHD Coronary heart disease, SHC Standard health check-up, yrs Years

2 Exercise habits mean engaging in exercise that induces sweating two or more times a week for more than 30 min (yes or no)

b Walking speed compared with a person of the same generation and sex (faster or slower)

high-risk disease or disease group), while no significant
cost reduction was observed for the SHC. The propor-
tion of patients without any all-cause medical expendi-
ture was 17.6% among the analysed residents, which
supported the use of the hurdle or negative binomial

regression model. The AICs for the applied models
were the smallest for the negative binomial regression
model (11,158.8), followed by the generalised negative
binomial model (11,423.73) and the Poisson regression
model (1,145,567,338).
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Secondary analysis

The incidence of CHD-related medical costs was sig-
nificantly higher and the amount of CHD-related medi-
cal costs was significantly lower in both SHC and CHAP
groups compared with the no check-up group. However,
after IPW-adjusting, only the CHAP group was associ-
ated with a higher incidence and lower amount of CHD-
related medical costs (Table 3).

Both incidence and amount of all-cause total costs
were significantly lower in the CHAP group compared
with the SHC group in the IPW-adjusted analysis. Faster
walking speed and exercise habits were associated with
a lower amount of costs. After the missing data were
imputed, the results were similar (Table 46). The den-
sity plots of the original and imputed datasets are shown

Page 6 of 9

in Fig. S2 in Supporting Material. On the other hand, it
might associate with any bias due to the characteristics
of missing values. Assuming males aged 60 years with
CCI of one (one comorbidity) and CHD risk score of
35, the cost reductions owing to having exercise habits
and higher walking speed were JPY 103830 (USD 737.20
or EUR 654.13) and JPY 230632 (USD 1637.49 or EUR
1452.98) per person, respectively. The CHAP indepen-
dently contributed to a reduction of JPY 322981 (USD
2293.17 or EUR 2034.78) per person.

Discussion

We revealed that the CHAP, an innovative awareness
program, reduced all-cause medical and caregiving costs
within a 5-year period. These findings were based on

Table 2 Difference in the amount and incidence ofall-cause medical costs among groups®

Count Incidence
Estimated RR 95% Cl P-value Estimated OR 95% Cl P-value
Check-up type No check-up Reference Reference
SHC —-0.028 0972 (0.700-1.350) 0.865 2.269 9.671 (3.265-28.651) <0.001
CHAP -0438 0.645 (0.458-0.910) 0.013 1.269 3.556 (1.565-8.082) 0.002
OR Odds ratio, RR Risk score, SHC Standard health check-up, yrs Years
?The covariates used to adjust for differences in characteristics between the groups were age, sex, and the Charlson Comorbidity Index (CCI)
Table 3 Difference in the amount and incidence of CHD-related costs among groups®
Count Incidence
Estimated RR 95% Cl P-value Estimated OR 95% Cl P-value
Check-up type No check-up Reference Reference
SHC -0.212 0.809 (0.505-1.296) 0.378 0.257 1.292 (0.727-2.298) 0.382
CHAP —-0.503 0.605 (0.377-0.970) 0.037 0.586 1.797 (1.004-3.218) 0.048
CHD coronary heart disease, OR odds ratio, RR risk score, SHC standard health check-up, yrs Years
@The covariates used to adjust for differences in characteristics between the groups were age, sex, and the Charlson Comorbidity Index (CCl)
Table 4 Difference in the amount and incidence of all-cause medical and caregiving costs among groups®
Count Incidence
Estimated RR 95% Cl P-value Estimated OR 95% Cl P-value
Before imputing
Check-up type SHC Reference Reference
CHAP -0171 0.843 (0.799-0.890) <0.001 0.712 2.038 (1.315-3.158) 0.001
After imputing
Check-up type SHC Reference Reference
CHAP -0425 0.654 (0.576-0.742) <0.001 -1211 0.298 (0.197-0.450) <0.001

OR odds ratio, RR Risk score, SHC Standard health check-up, yrs Years

2The covariates used to adjust for differences in characteristics between the groups were age, sex, risk score (coronary heart disease), baseline care level, exercise
habits, walking speed, and the Charlson Comorbidity Index (CCl). Exercise habits refer to engaging in exercise that induces sweating two or more times a week for
more than 30 min (yes or no). Walking speed compared with a person of the same generation and sex (faster or slower)
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the actual healthcare resource utilization data of indi-
vidual residents. Our findings are significant as they
stem from the first-ever linkage study utilizing individ-
ual data owned by a local government and a university
in Japan. In a previous study [11], we demonstrated the
cost reduction effect of the CHAP using the aggregated
total medical costs in the Aomori Prefecture, but did not
consider individual variation caused by comorbidities
and health behaviours. In this study, we confirmed that
individual costs were reduced in the CHAP group, after
adjusting for differences in demographic and clinical
characteristics.

Generally, health awareness programs aim to encour-
age high-risk individuals to visit physicians [18—20] or to
change their habits and attitudes [21-23]. Both of these
strategies are expected to result in a long-term health
maintenance and healthcare cost reduction, for which
the 5-year evaluation period is short. Actually, in the
SHC groups, CHD-related costs were similar to those
in the no check-up group in the IPW-adjusted analyses.
However, there was a significant reduction in the analysis
without adjusting, suggesting that the difference in 5-year
CHD-related costs was strongly associated with the dif-
ference in baseline conditions between the groups. Basi-
cally, residents who receive any check-ups are considered
to have low care levels or enough health consciousness to
participate in health programs [24]. Higher CCIs in the
SHC group might suggest that the comorbidity of chronic
diseases encourages individuals to participate in routine
check-ups [25]. Nonetheless, the finding that the CHAP
remained associated with a significant reduction in all-
cause costs in the IPW-adjusted analyses indicates an
additional benefit of the CHAP in preventing expensive
therapies independently of observed baseline conditions.

In the present study, participants in both programs
were more likely to incur costs, specifically in terms of
more frequent visits to physicians compared with non-
participants, because both programs recommend par-
ticipants with abnormal check-up results to have detailed
examinations in clinics. The noteworthy characteristics
of the check-up as part of the CHAP compared with the
SHC is that it explains the results immediately after the
check-up. This provides individuals with a deep under-
standing of their health followed by a behaviour modifi-
cation and an early initiation of treatment to prevent the
onset of diseases accompanied by more expensive treat-
ments. These characteristics promote outpatient visits
over the next year but possibly reduce them in the suc-
ceeding years through the improvement in health condi-
tions. Conversely, the results of the SHC are less detailed.
Such difference is believed to account for the disparity in
the reduction of both the incidence and amount of all-
cause costs between the CHAP and SHC groups. The
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all-cause medical costs per person-year by subcategory
(i.e. inpatient, outpatient, and medication) and by year of
follow-up showed that the inpatient costs in the CHAP
group remained at a relatively lower level than those in
the no check-up group compared to other cost categories
(Table S2).

Public medical insurance providers, including local
governments, who provide enrolees with the oppor-
tunity to opt-out (passive consent), are able to utilize
anonymized data without data linkage in collaboration
with academic and research organizations, solely for
getting valuable information to maintain and improve
enrolees’ wellness [26]. Under this process, the limited
long-term effect of a local government health program
on medical cost reduction was reported [26]. The nation-
wide SHC program has been required to be offered by
law since 2008, but a recent report indicated that it had
no effect on improving or maintaining laboratory values
[10].

We used anonymized data owned by a local govern-
ment and a university with data linkage and observed a
significant effect of CHAP on healthcare cost reductions.
To develop effective health programs beyond standard-
ized approaches, analyses using individually-based linked
data to external data owned by third parties who have
innovative health programs should be required by local
governments. We believe this result can be useful in set-
ting goals to encourage residents. In programs that pro-
mote health behaviours, local governments frequently
provide laboratory values as goals, such as blood pres-
sure, blood glucose, cholesterol, or risk scores of CHDs
and stroke, and leave residents to decide how to modify
their daily habits to achieve the goals. While such pro-
grams might improve health conditions in residents with
high health literacy, residents with low health literacy
are often stuck behind. Clear behavioural goals, such as
implementing a habit of exercising twice per week or
more than 30-min or faster walking are accessible and
easy to start, irrespective of individuals’ living environ-
ment or health literacy.

Limitations of this study

Several limitations should be mentioned. First, we clas-
sified eligible residents into three groups solely based on
the history and type of check-ups during the year before
the index date. Therefore, there was no differentiation
between residents who annually received check-ups and
those who incidentally received them, even though there
may be a difference regarding all-cause medical and car-
egiving costs between them. Second, our results may
not fully reflect the effects of the programs themselves.
This is because of the possible presence of unmeasured
confounders, which could not be adequately controlled
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owing to limited information. Third, residents aged 75
years and over were not included in the study, although
they are expected to incur a higher amount of medi-
cal and caregiving costs than those aged less than 75
years, because they are covered by other types of insur-
ance. Finally, 70% of residents in the SHC group did not
answer the question regarding their exercise habits and
walking speed. As the analysis in which missing values
were imputed showed similar results, we believe that the
impact of this limitation on our findings is limited. How-
ever, a future consideration is needed whether the miss-
ing values were affected by unobserved factors and our
imputing process were appropriate.

Conclusions

We demonstrated a 5-year all-cause cost reduction in res-
idents who participated in the innovative health aware-
ness program, CHAP, and suggested the effect of exercise
habits in a rural city in Japan by using real healthcare
resource utilization data from individual residents. Our
results supported our previous report of the CHAP effect
on the future cost reduction and confirmed no long-term
effect of SHC suggested by previous reports. individually-
based data linkage to external data owned by third parties
should be valuable for all local government to improve
the health condition of residents.
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