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Objective:  To  investigate  associations  between  continuity  of  care  (COC)  and  emergency  department  (ED)
visits and  hospitalization  for chronic  obstructive  pulmonary  disease  (COPD)  or asthma  among  elderly
adults  with  asthma-COPD  overlap  (ACO).
Methods:  A retrospective  cohort  study  was  performed  using  the  Taiwan  National  Health  Insurance
research  database.  A  total  of  1141  ACO  patients  aged  ≥65  years  during  2005–2011  were  observed  and
followed  for  2 years.  The  Bice  and  Boxerman  COC  index  (COCI)  was  used  to  evaluate  COC  by considering
ambulatory  care  visits  duo  to  COPD  or  asthma  in  the  first year;  ED  visits  and  hospitalization  for  COPD
or  asthma  were  identified  in the  subsequent  year,  respectively.  The  COCI  was divided  into  three  levels
(COCI  <  0.3=  low,  0.3  ≤  COCI<1=medium,  COCI  =  1=high).  The  Cox  model  was used  to estimate  the  hazard
ratio  (HR)  for  ED  visits  and hospital  admissions  due  to COPD  or asthma.
Results:  The  average  COCI  was  0.55.  21.3%  patients  received  outpatient  care  from  a single physician.
ospitalization Compared  to  patients  with  high  COC,  those  with  low  and  medium  COC  had  a higher  risk  of ED  visits
(aHR  = 2.80  and 2.69,  P < .01)  and  admissions  (aHR  =  1.80  and  1.72,  P < .05).
Conclusion:  Increasing  COC is  beneficial  for elderly  patients  with  ACO  in  disease  management.  Policy-
makers  could  create  effective  pay-for-performance  programs  for the  elderly  ACO  population  to  enhance

tcom
COC and  improve  care  ou

. Introduction

Asthma–chronic obstructive pulmonary disease (COPD) over-
ap (ACO) is characterized by persistent airflow limitation with
everal similar features associated with asthma and COPD [1].
lobal Initiative for Asthma (GINA) and Global Initiative for Chronic
bstructive Lung Disease (GOLD) recognized ACO to notice clin-

cians, researchers and regulators being aware of these patients
ecause of complex conditions [2]. Studies of ACO reported the
revalence ranges from 0.9% to 11.1% among general population
round the world [3]. The disease burden and healthcare utilization
uch as emergency department (ED) visits and hospital admissions
or patients with ACO has been found to be higher than those with

sthma or COPD alone [4–9]. While the importance of caring for
atients with ACO has become a critical issue, there is limited infor-
ation regarding treatment in ACO patients to reduce the resulting
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healthcare utilization. Additionally, there was a greater increase in
the proportion of patients with ACO with increasing age [7,8,10].
Hence, an investigation of elderly patients with ACO is necessary
because our society is aging.

Previous literature demonstrated that appropriate asthma or
COPD control leads to high quality of life and lower healthcare
utilization [11]. Therefore, the Agency of Healthcare Research and
Quality (AHRQ) [12] and the Centers for Medicare and Medicaid
Services (CMS) [13] have identified admissions for COPD or asthma
in older adults as a prevention quality indicator (PQI), which may
be avoided under more effective treatment in outpatient care.
In regard with disease management especially for chronic dis-
eases, continuity of care (COC), is a crucial element of primary
care [14] to improve clinical outcomes by consistent and seamless
treatment between patients and physicians over time [15]. Previ-
ous studies revealed COC is associated with healthcare outcomes
in elderly patients with asthma or COPD, respecitively [16–23].
These studies supported higher COC is associated with fewer ED

visits [16–18] and hospitalizations [16, [18–23], and lower health-
care cost [16,18]. However, the potential impact of COC and the
therapeutic relationship between physician and patient, in which
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mprovements in healthcare outcomes such as ED visits or hospi-
al admissions due to asthma or COPD for elderly adults with ACO,
s not sufficiently understood. Therefore, to examine the associ-
tion between COC and care outcomes among ACO population is
orthwhile for patients, clinicians and policy regulators in disease
anagement and policy development.
The Taiwanese government implemented a single-payer

ational Health Insurance (NHI) program in March 1995 and
pproximately 99% of Taiwan’s 23 million residents are enrolled in
his program [24]. The NHI program provides universal and com-
ulsory health insurance to strengthen accessibility of health care
ervices and to reduce patients’ financial barriers. Under the NHI
rogram, patients can freely visit any health care provider at any

evel without referral [25]. Due to features of this healthcare sys-
em, patients with ACO may  seek out one or more physicians to
are for their health, which leads increase outpatient care visits.
owever, there is no evidence reporting the relationship between
OC and healthcare outcomes for these elderly patients. There-
ore, exploration of the COC and its effects on healthcare outcomes
mong elderly ACO patients may  offer new contributions to extend
urrent literature regarding healthcare outcomes. For this reason,
he aim of this study is to investigate whether high COC reduces the
isk of ED visits and hospital admissions for COPD or asthma among
lderly patients with ACO under a national insurance system.

. Methods

.1. Study data and design

This retrospective cohort study is based on claim data col-
ected from 2004 to 2013 from the longitudinal Health Insurance
atabase for 2010 (LHID2010) and consists of a million random-

zed beneficiaries in 2010 from the entire National Health Insurance
NHI) enrollee maintained by the National Health Research Insti-
ute. All selected beneficiaries were retrospected to 1996 and
ollowed to 2013. The claim data contain comprehensive personal
nd healthcare care records, such as cryptographic identification
or each patient and physician, patient’s gender, date of birth,
nd International Classification of Diseases, Ninth Revision, Clinical
odification (ICD-9-CM) codes for primary and secondary diseases.

here were no significant differences in the distributions of age
r gender between patients in the LHID2010 and the nationwide
atabases [26]. Therefore, the LHID2010 database is representa-
ive of the entire population. The years between 2004 and 2013
ere selected in this study because of Severe Acute Respiratory

yndrome (SARS) outbreak in Taiwan from March 14 to May  22 in
003 [27]. The institutional review board at National Yang-Ming
niversity of Taiwan approved this study (IRB Approval Number:
M103047E).

.2. Study subjects

There were 15,762 patients aged ≥65 years who either had
t least 2 outpatient visits or 1 inpatient admission for COPD
s a primary diagnosis (ICD-9-CM codes: 491.xx, 492.xx, 496.xx)
5,6,28,29] identified during the period from January 1, 2005, to
ecember 31, 2011. The index date was set as the earliest date for
atients who had a record during this period. Patients who  were not
ontinuously enrolled in the NHI program (n = 954) until the end
f study period were excluded. To identify ACO patients, patients
ithout ≥2 outpatient visit claims or 1 inpatient admission for
sthma (ICD-9-CM code 493.xx) in a prior year of index date [29,30]
ere excluded (n = 13,409). In order to calculate a stable COC value

hat requires ≥3 outpatient visits; therefore, patients had <3 outpa-
ient visits during the COC period were excluded (n = 222). In total,
y 123 (2019) 222–228 223

1141 patients were included (Fig. 1). To avoid time-dependent bias
and incorrect conclusions [31], we  followed each patient for 2 years
after the index date. The first year was the COC period, and the
subsequent year was the outcome period (Fig. 2).

2.3. ED visits and hospital admissions

Two  interesting outcomes in our study concerned ED visits
and hospital admissions for either COPD or asthma. According to
the PQI for COPD or asthma in older adults proposed by AHRQ
and CMS, a certain number of ED visits and hospital admissions
for asthma (ICD-9-CM codes: 493.xx in the primary diagnosis) or
COPD ((1) ICD-9-CM codes: 4910, 4911, 49120, 49121, 4918, 4919,
4920, 4928, 494, 4940, 4941, and 496 in the primary diagnosis;
(2) ICD-9-CM codes: 4660 and 490 must combined with a sec-
ondary diagnosis code of COPD) were identified [12,13]. ED visits
and hospital admissions were separately defined as an independent
event that occurred during the outcome period for each patient. The
follow-up duration was defined as the number of days from the date
of the end of the COC period to the date of the first ED visit or hos-
pitalization for COPD or asthma, respectively. If a patient had no
ED visits or hospital admissions in this period, then that the patient
was censored at the end of the outcome period.

2.4. Continuity of care index

We applied the Bice and Boxerman COC index (COCI) [32] as our
primary dependent variable. COCI represents the concentration of
visits to individual physicians and has been widely employed in
studies using claim data sets [16–20]. In addition, the index is suit-
able for a higher number of outpatient visits [33] because it is less
sensitive to the number of physician visits [34]. The COCI score,
ranging from 0 to 1, measures the dispersion of contact between
patient and physician, and the value close to 1 that represents
greater COC. The general formula is

COCI =
∑k

i=1n2
i

− N

N (N − 1)

Where N is the total number of physician visits, ni is the number of
visits to the physician, and k is the total number of physicians. The
total number of physician visits (N) and the number of visits to a
given physician (ni) included ambulatory claims (clinic or hospital
physician visits) due to asthma or COPD as the principal diagnosis.
COCI was categorized into three level (low (COCI < 0.3), medium
(0.3 ≤ COCI<1) and high (COCI = 1)) [16,35].

2.5. Covariates

A number of control variables were considered in our study.
Patients’ characteristics at baseline were age, gender and insur-
ance premiums (low: <US$667, medium: US$667-1333, high:
≥US$1333). The average monthly minimum wage in Taiwan was
around 20,000 N T dollars in this study period ($US667, one US dol-
lar was equal to 30 New Taiwan dollars in 2012) [36]. Therefore,
we used US$667 and doubled this amount (US$1333) to categorize
three levels of insurance premiums [37]. Due to the relationship
between socioeconomic status (SES) and health care outcomes
[38,39], insurance premiums were used as a proxy for SES because
the NHI claims data set does not provide patients’ educational levels
or household incomes. In addition, health status and disease sever-
ity may  affect the measurement of health outcomes [6,9,16,39];

therefore, any history of hypertension (ICD-9-CM codes 401.xx-
405.xx), and diabetes (ICD-9-CM codes 250.xx) [4,6,9], whether a
patient had ED visits for COPD or asthma and whether a patient was
hospitalized for COPD or asthma were included in the previous year
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Fig. 1. A flow chart demonstrating study subject selection. COPD = Chronic Obstructive Pulmonary Disease.
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ig. 2. A framework for this study. COPD = Chronic Obstructive Pulmonary Disease, C
D  = emergency department.

f the index date. The Charlson comorbidity index (CCI) [4,5,7,40]
hat was calculated for each patient according to outpatient or
npatient care by using the Quan adaptation of the Elixhauser
omorbidities [41] and the number of outpatient visits for COPD
r asthma (3–12, 13–24, and ≥25 times) [16] was measured during
he COC period.

.6. Statistical analysis
This study used descriptive statistical analyses to present the
istribution of subjects’ characteristics and performed �2 tests and
ne-way analyses of variance to analyze the associations between
ontinuity of care, COCI = continuity of care index, CCI = Charlson comorbidity index,

subjects’ characteristics and COC. The Cochran-Armitage trend test
was used to evaluate the association of both ED visit and hospital
admission for COPD or asthma with the level of COC. Furthermore,
with the valid proportional hazard assumption for ED visit and hos-
pital admission [42], Cox regression models were used to examine
the association between COC levels and the risk of ED visits and
hospital admission for COPD or asthma in elderly patients with
ACO. In the adjusted model, we  calculated the adjusted hazard ratio
(aHR) after adjusting for sex, age, insurance premium, history of

hypertension and diabetes, ED visits for COPD or asthma, hospi-
tal admissions for COPD or asthma, CCI and number of ambulatory
visits for COPD or asthma. All variables had no multicollinearity in
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ur model. All statistical analyses and data management were con-
ucted using SAS software version 9.4 (SAS Institute, Cary, NC). All
ests were 2-sided and P values of <0.05 were considered statisti-
ally significant.

. Results

The average COCI of older ACO patients was 0.55 (standard devi-
tion = 0.3). A total of 243 patients (21.3%) had index values of
, indicating maximum or all outpatient care received from the
ame physician. There were 644 (56.4%) and 254 (22.3%) of 1141
atients in the medium (0.3 ≤ COCI<1) and low (COCI < 0.3) COC
roups, respectively. The mean age was 74.4 years, and men  com-
rised 61.3% of the patients. Furthermore, 38.2% of the patients had

 low insurance premium level. Regarding medical conditions in a
receding year, the percentage of patients who had hypertension
nd diabetes was 33.6% and 10.4%. 11.4% and 12.2% of the patients
ad at least one ED visits and admissions, respectively. Regarding
he number of ambulatory visits for COPD or asthma during the
OC period, 59.8% of the patients had 3 to 12 ambulatory visits.

he overall rate for ED visits was 12.6%, and a negative association
as found across all levels of COCI (high: 4.9%, medium: 14.6%,

nd low: 15.0%; P for trend <0.001). The overall rate for hospital
dmissions was 13.0% and the rate of admissions increased when

able 1
haracteristics in subjects aged 65+ by continuity of care index group (N=1141).

Characteristics %
Level of COCI (%

<0.3 (n=254)

Total 100.0 22.3 

Demographics at baseline
Gender 

Female 38.7 36.6 

Male 61.3 63.4 

Age  (mean ±SD) 74.4(6.2) 74.4(6.6) 

Insurance premium (USD) 

<  667 38.2 40.2 

667-1333 44.5 44.8 

≥1333 17.3 15.0 

Medical conditions
In preceding year
History of hypertension 

No  66.4 64.2 

Yes  33.6 35.8 

History of diabetes 

No  89.6 89.4 

Yes  10.4 10.6 

ED  visits for asthma/COPD 

No  88.6 86.6 

Yes  11.4 13.4 

Admissions for asthma/COPD 

No  87.8 86.2 

Yes  12.2 13.8 

In  the COC period
CCI (mean ±SD) 1.3(1.5) 1.4(1.6) 

No. of ambulatory visits
3-12 59.8 62.2 

13-24 34.9 30.7 

≥25 5.4 7.1 

Healthcare outcome
ED visits for asthma/COPD 

No  87.4 85.0 

Yes* 12.6 15.0 

Admissions for asthma/COPD 

No  87.0 84.7 

Yes** 13.0 15.4 

OPD: Chronic Obstructive Pulmonary Disease; COCI: continuity of care index; CCI: Charl
verall COC mean=0.55(SD=0.3).
a �2 test for difference level of COCI.
b One-way ANOVA test.
* P for trend <0.001.

** P for trend <0.013.
y 123 (2019) 222–228 225

COCI decreased (high: 7.8%, medium: 14.0%, and low: 15.4%; P for
trend = 0.013). The characteristics of all patients and of each COC
group are shown in Table 1.

The results of Cox proportional regression are presented in
Table 2. After adjustment, the patients in either the low or medium
COC group had a significantly higher risk of ED visits for COPD or
asthma compared with the patients in the high COC group (aHR,
2.80; 95% confidence interval [CI], 1.45–5.38; aHR, 2.69; 95% CI,
1.47–4.93, respectively). In addition, the risk of ED visits was associ-
ated with a statistically significant increase of 4% for each additional
year of age (aHR, 1.04; 95% CI, 1.01–1.07). Patients who had ED vis-
its (aHR, 2.87; 95% CI, 1.93–4.26) or admissions (aHR, 1.63; 95% CI,
1.09–2.46) for COPD or asthma in the previous year had higher risks
of ED visits for COPD or asthma than those who  had no ED visits or
admissions. Compared to the patients having 3–12 ambulatory vis-
its, the patients having 13–24 or ≥25 ambulatory visits during the
COC period were 100% (aHR, 2.00; 95% CI, 1.39–2.88) or 191% (aHR,
2.91; 95% CI, 1.67–5.08) more likely to have ED visits for COPD or
asthma, respectively.

A similar trend was found in hospital admissions (Table 2). The

risk of hospital admissions for COPD or asthma for patients in the
low and medium COC group was  significantly higher than for those
in the high COC group (aHR, 1.80; 95% CI, 1.03–3.13; aHR, 1.72; 95%
CI, 1.04–2.83, respectively). Male patients had a higher risk of hospi-

) P
valuea

0.3-0.99 (n=644) 1 (n=243)

56.4 21.3

0.711
39.6 38.7
60.4 61.3
74.4(5.8) 74.3(6.5) 0.985b

0.767
38.0 36.6
44.6 44.0
17.4 19.4

0.654
67.4 66.3
32.6 33.7

0.783
90.1 88.5
9.9 11.5

0.313
88.5 91.0
11.5 9.1

0.638
88.5 87.7
11.5 12.4

1.3(1.5) 1.2(1.4) 0.489b

<.001
53.6 73.7
41.2 22.6
5.3 3.7

<.001
85.4 95.1
14.6 4.9

0.023
86.0 92.2
14.0 7.8

son Comorbidity Index; ED: emergency department.
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Table 2
Factors associated with ED visits and hospital admissions for COPD or asthma among ACO patients aged 65+ using Cox models (N=1141).

ED visits Hospital admissions

Crude model Adjusted model Crude model Adjusted model

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

COCI
1 (Reference) 1.00 1.00 1.00 1.00
0.3-0.99 3.11 1.70-5.66 2.69 1.47-4.93 1.85 1.13-3.03 1.72 1.04-2.83
<0.3  3.22 1.68-6.15 2.80 1.45-5.38 2.04 1.18-3.53 1.80 1.03-3.13

Patient characteristics at baseline
Gender

Female (Reference) 1.00 1.00 1.00 1.00
Male 1.33 0.94-1.88 1.21 0.84-1.74 1.49 1.05-2.11 1.49 1.03-2.13

Age  (years) 1.04 1.01-1.06 1.04 1.01-1.07 1.03 1.00-1.05 1.02 0.99-1.05
Insurance premium (USD)

<667 (Reference) 1.00 1.00 1.00 1.00
667-1333 1.14 0.80-1.61 1.24 0.86-1.77 0.91 0.65-1.29 0.98 0.69-1.40
≥1333 0.54 0.30-0.96 0.73 0.40-1.33 0.61 0.36-1.02 0.75 0.44-1.28

Medical conditions
In a previous year
History of hypertension

No (Reference) 1.00 1.00 1.00 1.00
Yes  0.70 0.48-1.00 0.81 0.55-1.18 0.94 0.67-1.33 0.99 0.70-1.41

History of diabetes
No (Reference) 1.00 1.00 1.00 1.00
Yes  0.70 0.38-1.30 1.05 0.55-1.99 0.98 0.57-1.67 1.12 0.64-1.96

ED  visits for asthma/COPD
No (Reference) 1.00 1.00 1.00 1.00
Yes  4.25 2.99-6.04 2.87 1.93-4.26 2.81 1.93-4.10 1.83 1.21-2.77

Admissions for asthma/COPD
No (Reference) 1.00 1.00 1.00 1.00
Yes  2.56 1.75-3.75 1.63 1.09-2.46 3.01 2.09-4.32 2.39 1.62-3.51

In  the COC period
CCI 0.93 0.83-1.05 0.96 0.85-1.08 1.03 0.93-1.14 1.04 0.93-1.16
No.  of ambulatory visits

3-12 (Reference) 1.00 1.00 1.00 1.00
13-24 2.56 1.79-3.65 2.00 1.39-2.88 1.65 1.17-2.31 1.39 0.98-1.97

.67-5.0
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≥25  4.96 2.93-8.39 2.91 1

OCI, continuity of care index; CCI, Charlsons’ Comorbidity Index; COPD, Chronic O

al admission than female (aHR, 1.49; 95% CI, 1.03–2.13). Compared
o the patients without ED visits or admissions for COPD or asthma
n the previous year, patients had higher risk of hospital admis-
ions if they experienced ED visits (aHR, 1.83; 95% CI, 1.21–2.77)
r admissions (aHR, 2.39; 95% CI, 1.62–3.51). The patients having
25 ambulatory visits (aHR, 1.85; 95% CI, 1.03–3.31) during the COC
eriod had a higher risk of hospital admissions for COPD or asthma
han those who had 3–12 ambulatory visits. No significant interac-
ions were observed between the COC groups and other variables
n all regression models.

. Discussion

This study used the Taiwanese nationwide claims data to exam-
ne the association between COC and ED visits and hospitalization
or COPD or asthma among the elderly ACO patients. The findings
f this study revealed that 21.3% of older patients with ACO had
he highest score of COCI (COCI = 1) during the first observational
ear, and the average COCI was 0.55 among the study popula-
ion. Previous studies reported that the mean of COCI in elderly
atients with COPD ranged 0.49–0.71 [16,18,21,23] and in elderly
sthmatic patients the mean ranged from 0.66 to 0.73 [16,17,22].
n the other hand, studies revealed the mean of COCI was  around
.3 among senior population when COC was estimated by consid-
ring for any condition [35,43,44]. A high COC score for the elderly
atients with ACO might be attributable to the asthma pay-for-

erformance (P4P) program. The Taiwan government launched the
sthma P4P program in 2001 to encourage clinics and hospitals to
rovide patient-centered care and focus on disease management.
his program proposed a guideline-based practice with financial
8 2.69 1.54-4.71 1.85 1.03-3.31

tive Pulmonary Disease; ED, emergency department.

incentives. Except for the regular reimbursement for health care
services, physicians (internist, pediatrician, family physician, and
otorhinolaryngologist) who acquire asthma care training at least
eight hours can receive additional compensates including case
management fees and enlarged physician fees if their patients have
a high follow-up rate and a low rate of hospitalization and ED visits
for asthma. Previous studies focusing on asthma care found that
the asthma P4P program in Taiwan might ameliorate COC score for
elderly patients [17] and children [45]. Additionally, the benefit of
P4P programs in improving COC as well as health outcomes was
found among patients with diabetes [46].

Our study demonstrates that COC plays a critical role in the
reduction of ED visits and hospitalization for asthma or COPD
among older ACO patients under a free access policy. The find-
ings were also supported by the previous literature [43]. We  also
observed that 56%, 17% and 12% (unpublished data) of elderly ACO
patients in the high COC group (COCI = 1) sought internist, pul-
monary and critical care medicine specialist and family physician
to take care of their overlapping problem. Unlike most citizens who
seek care first through a primary care physician in the United States,
patients in Taiwan enjoy easy access physicians either in a commu-
nity clinic or in a hospital outpatient care without a referral when
they seek care [25]. In this free access policy, these patients directly
selected their principal outpatient care providers by themselves. In
addition, the Taiwan NHI Administration launched the P4P program
to enhance disease management from healthcare providers. Those

could be the reason why  these patients had a high COC.

Elderly ACO patients with lower COCI showed a significantly
higher risk of ED visits and hospital admissions related to COPD
or asthma than those with higher value of continuity. These find-
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ngs support the prior literatures that associated superior COC with
ewer ED visits and inpatient admissions in aging populations with
ifferent single chronic disease such as asthma or COPD alone
16–21]. These findings might indicate that COC is important for
lder patients with ACO. They would receive timely and efficient
are because their healthcare providers has obtained and become
amiliar with the details of their disease condition. Therefore, we
uggest that these patients with low COC should attempt to increase
OC in order to reduce the risk of either ED visits or hospital admis-
ions for COPD or asthma because patients have a higher COC, which
epresents better interpersonal relationships between patients and
heir physicians and better care outcomes. This robust partnership
etween patient and physician can be favorable for both patients
nd the health care system.

Our data also suggests that elderly patients with ACO who  had
12 outpatient visits for COPD or asthma in a calendar year should
e more diligent regarding follow-up care. Those patients had a sig-
ificant risk increase for ED visits and hospitalizations of COPD or
sthma than those having 3–12 outpatient visits. The increased ten-
ency in the rates of ED visit and admission for COPD or asthma in
hose patients with decreased COC levels further supports that COC

ight play a much more crucial role for those patients to reduce
he risk of ED visits and admissions.

Many indices were developed to evaluate COC such as COCI,
erfindhal Index, usual provider of care index (UPC), and Sequen-

ial Continuity of Care Index (SECON) in claims data [47]. COCI
eflects the dispersion of contact between patients and physicians
32]. This index identifies visit concentration of a patient with each
hysician. The UPC, a density measure, focuses on the number
f visits to the most frequently visited physicians, which cannot
ecognize whether patients reduce their visits or change health-
are providers frequently [48]. SECON determines the sequences of
hange in healthcare process, but it is limited to the detection of
on-sequential issues [49]. The COCI, a most useful and common

ndex, is adopted to measure for COC [50]. Additionally, compared
ith UPC and SECON, the COCI is suitable for a higher number of

utpatient visits [33] because it is less sensitive to the number of
hysician visits [34]. Therefore, COCI was selected as our primary
ependent variable to measure COC.

In light of the effect of the P4P program of asthma care and COC
s vital for COPD patients from our previous studies [20,23], the
aiwan NHI Administration has launched the COPD P4P program
n 2017. ACO, which does not describe a single disease entity, likely
ncludes patients with several different forms of airways pheno-
ypes caused by a range of different mechanisms. However, there
s limited evidence to investigate in regard of treating ACO [2]. This
tudy used comprehensive data from a health care system with
ree access policy to provide the evidence that better COC is related
o lower risk of ED visits and hospitalization for COPD or asthma
mong elderly ACO patients. Therefore, we suggest that policymak-
rs could consider designing a program that focused on ACO to
mprove COC and disease-controlling ability.

This study has some limitations. First, the claims data did not
nclude clinical data such as peak expiratory flow or forced expi-
atory volume to identify ACO [40]. Therefore, we  used ICD-9-CM
odes to define ACO as done in previous studies [4,6,29]. Second,
he claims data lacks personal anthropometric measurements such
s body mass index [39,40] and smoking status [39,51,52] that
ay  affect healthcare outcomes. Therefore, we adopted ED visits

nd admissions for COPD or asthma as well as the frequency of
mbulatory visits for COPD or asthma in the COC period as prox-
es for disease severity [9,52]; also, we used patients’ history of

ypertension and diabetes and CCI as proxy indicators to present
ach patient’s health status [5,40]. Third, we used insurance pre-
iums  as an indicator to represent patients’ socioeconomic status

ecause the database could not provide patients’ educational level
y 123 (2019) 222–228 227

or household income, which may  affect the measurement of COC
and outcomes [8]. Forth, we  excluded patients who  had less than
three outpatient visits during the COC period, which might limit the
generalizability for elderly patients with ACO. Finally, claim-based
COC measurements could offer only limited aspects of information
regarding COC [33,53] and fails to incorporate the view of COC from
patient-centered point of view [54,55] because measures are based
on the patterns of patient encounters during a time period.

Although some limitations exist, the study has several strengths.
First, this retrospective cohort study presents stronger evidence
of the association between COC and healthcare outcomes than a
cross-sectional study. Second, the dataset are highly representa-
tive of the entire population because 99% of Taiwanese residents
enroll in the NHI program which may  reduce selection bias. Third,
using the nationwide electronic health records (EHR) databases can
reduce the effect of recall bias and make our results more informa-
tive. Fourth, this study focuses on ACO instead of either COPD or
asthma, and provides empirical evidence of an adverse association
between COC and the risk of ED visit and hospital admission. Fifth,
this study adopted COCI which is the most commonly used index
to measure the degree of coordination required between different
providers during a clinical episode. Finally, the COCI was  measured
by continuity relationship between patients and physician, which
may  provide information that is superior to that obtained from
measurements between patients and institutions.

5. Conclusion

An adverse association exists between COC and the risk of ED
visits and hospital admissions for COPD or asthma among elderly
patients with ACO in Taiwan. Elderly ACO patients with higher COC
were more likely to have lower risk of ED visits and hospital admis-
sions for asthma or COPD. Therefore, elderly ACO patients should
be encouraged to concentrate on few physicians they trust and to
develop a long-term relationship with these physicians to enhance
disease management. Policymakers could initiate P4P programs
of ACO to motivate physicians and patients to enhance COC and
disease control for reducing the ED visit and hospitalization.
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