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Effect of Continuity of Care on Emergency
Department Visits in Elderly Patients with Asthma
in Taiwan
Yu-Hsiang Kao, PhD, and Shiao-Chi Wu, PhD

Background: Continuity of care (COC) is positively associated with health care outcomes. However, the
effect of COC on the reduction of asthma-related emergency department (ED) visits among older asth-
matic patients is not clearly understood.

Methods: We conducted a retrospective cohort study using the Taiwan nationwide health insurance
claims database between 2004 and 2013. Patients aged 65 years with asthma during 2005 to 2011 were
selected. The COC index (COCI) is used to measure the number of individual physicians a patient sees in
the first year and we identified asthma-related ED visit in the subsequent year. Cox model was used to
examine the hazard ratio (HR) between COC and an ED visit for asthma.

Results: Among a total of 3395 subjects, the overall mean COC was 0.73, and 48.5% of subjects had
perfect COC (COCI � 1). After controlling for covariables, in the group of patients with low COC, the
risk of having an asthma-related ED visit was higher compared with those with perfect COC (Adjusted
HR, 2.11; 95% CI, 1.37�3.25).

Conclusions: Elderly asthmatic patients with lower COC had a significantly higher likelihood of hav-
ing asthma-related ED visits. (J Am Board Fam Med 2017;30:384–395.)
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Asthma is a chronic inflammatory respiratory dis-
ease and is associated with various morbidities1 and
high medical costs.2 A common misconception is
that asthma occurs only in childhood. A consider-
able number of studies focus on children with asth-
ma; however, few studies have examined asthma in
adults.3 Asthma also occurs in people aged �40
years.4 The prevalence of asthma among people
aged �65 years is approximately 7% in Taiwan,5

which is similar to that in the United States.6,7 The
average annual rate of outpatient visits for older
patients with asthma in Taiwan is 6.3 per 100

persons,8 and this rate is also similar to that in the
United States (5.6 per 100 persons).7 The mortality
rate among older people with asthma is higher than
that among adults or children with asthma.7,9,10 In
addition, health care utilization is higher among older
people with asthma than their healthy peers.11 There-
fore, an investigation of elderly patients with asthma
is necessary because of societal aging.

The Global Initiative for Asthma has indicated
that the symptoms and frequency of exacerbations
can be controlled and patients’ quality of life im-
proved if patients receive regular and continuous
medication and appropriate disease management.12

To ensure that health care providers are aware of
the treatment goals of providing better care for
patients with asthma,13 Taiwan’s government pub-
lished the Taiwan Asthma Guidelines in 2000, fol-
lowing the Global Initiative for Asthma guidelines.

Poor asthma management on the part of health
care providers and patients often increases asthma-
related health care utilization and expenditures.14

Hence, asthma is an ambulatory care–sensitive con-
dition (ACSC).15 ACSCs are conditions character-
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ized by episodes that may have been avoided if the
condition had been more effectively managed.16–18

According to the concept of ACSC, asthma is clas-
sified as a condition that is urgent but treatable with
primary care during emergency department (ED)
visits.19,20 Continuity of care (COC) is a process in
which a patient and a medical team are coopera-
tively involved in ongoing health care management.
Although studies have linked high COC to less
hospitalization,21,22 the relationship between COC
and ED visits among aging adults remains uncl-
ear. Studies have ascribed better health care out-
comes in chronic diseases, such as asthma, to high
COC.23–26 However, the effect of COC on aging
populations with asthma has not yet been well ex-
plored.

Taiwan implemented a single-payer National
Health Insurance (NHI) program in 1995, and ap-
proximately 99% of Taiwan’s 23 million residents
are enrolled in this program. The NHI program
provides universal and compulsory health insurance
to reduce financial barriers and strengthen the ac-
cessibility of health services.27 Furthermore, 70%
of primary care is provided in clinics, and 30% of
outpatient care is provided in hospitals. Under the
NHI program, patients can freely visit any health
care provider in a clinic or in a hospital, without a
referral. This study investigated whether high con-
tinuity of ambulatory asthma care reduces asthma-
related ED visits among the aging population with
asthma under a national insurance system without
referral arrangements.

Methods
Study Data and Design
A population-based, retrospective cohort study was
conducted using the 2004 to 2013 NHI Research
Database and was organized by the National
Health Research Institutes. This study used the
Longitudinal Health Insurance Database 2010,
which contains data from 1 million beneficiaries
randomly selected from all insured beneficiaries in
2010 and covers approximately 1/23 of the NHI
enrollee population. This data set contains all ad-
ministration claims data for these beneficiaries for
the period from 2004 to 2013.8 To protect patients’
privacy, identifying information is encrypted and
can be linked by an encrypted but unique number.
These data files also provide longitudinal medical
records and the International Classification of Dis-

eases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes of each patient. The accuracy of the
data and diagnoses retrieved from the database has
been validated.28 This study protocol was reviewed
and approved by the Institutional Review Board of
National Yang-Ming University, Taiwan (approval
no. YM103047E).

Study Population
The study population comprised patients aged �65
years who either had at least 2 ambulatory visits or
had 1 inpatient visit for asthma29 as a major diag-
nosis (ICD-9-CM code 493.xx) during the period
from 2005 to 2011 (n � 8173). Patients who were
not continuously enrolled in the NHI program
(n � 326) or had no outpatient visits (n � 269)
during the study period were excluded. Further-
more, patients with �4 outpatient visits during the
COC period were excluded (n � 4183).25,26,30,31 In
total, 3395 patients were included (Figure 1).

The index date was set as the earliest date for
patients who had �1 record during this period. To
avoid time-dependent bias and incorrect conclu-
sions, we examined COC and health outcomes in-
dependently, and each patient was followed for 2
years after the index date. The first year was the
COC period, and the subsequent year was the out-
come period (Figure 2).

Variables
Dependent Variable
According to the prevention quality indicator of the
US Agency for Healthcare Research and Quality,
ED visits for asthma were identified by the main
ICD-9-CM diagnostic code 493.xx.32 An ED visit
was defined as an event that occurred during the
outcome period. The follow-up duration was de-
fined as the number of days from the date of the
end of the COC period to the date of an ED visit
for asthma. If a patient had no ED visit for asthma,
then that patient was censored at the end of the
outcome period.

Independent Variable
The score of the continuity of care index (COCI),
ranging from 0 to 1, reflects the dispersion of con-
tact between a patient and a physician.33 A higher
value represents better COC. A COCI of 1 indi-
cates that all outpatient visits were to the same
physician; in other words, patients had a continu-
ous connection with 1 physician. This index has
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been widely adopted in studies using claim data
sets30,31,34,35 because the index is less sensitive to
the number of physician visits and more suitable for
a higher number of outpatient visits.33 The general
formula for COCI is as follows:

COCI �
�i�1

j ni
2�N

N(N-1)

where N is the total number of outpatient asthma
care visits, ni is the number of outpatient asthma
care visits to ith physician, and j is the total number
of physicians. The total number of physician visits
(N) and the number of visits to a given physician
(ni) include ambulatory claims (including clinic or
hospital physician visits) in the principal diagnosis
(ICD-9-CM code 493.xx). We calculated COCI

Figure 1. Diagrammatic representation of the patient populations. *The results of analysis among those patients
are demonstrated in Appendix Table 1. COC, continuity of care.
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Figure 2. The schematic diagram of the time frame. CCI, Charlson comorbidity index; COC, continuity of care;
COCI, continuity of care index; COPD, chronic obstructive pulmonary disease; ED, emergency department.
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during the COC period and then categorized
COCI into 3 groups according to the first and third
quartiles: low (COCI �0.47), moderate (0.47 �

COCI � 1), and perfect (COCI � 1).36

Covariables
Several covariables were considered in this study.
Patient characteristics at baseline were age, sex, and
insurance premiums (low [�US$667], medium
[US$667-1333], and high [�US$1333]). One US
dollar was equal to 30 New Taiwan dollars in
2012.37 Patients’ educational level or household
income may affect health care outcomes6,23,38; the
NHI claims data set does not provide this informa-
tion. Hence, insurance premiums were used as a
proxy for socioeconomic status.39 Enrollment in
the asthma pay-for-performance (P4P) program
during the COC period was considered because the
P4P program has been proven to improve both
COC and health care outcomes among patients
with chronic diseases.35,40–42 In addition, health
status and disease severity may affect the measure-
ment of health outcomes; therefore, we considered
medical conditions in the previous year and in the
COC period to identify patients’ health status and
disease severity. Furthermore, the Charlson Co-
morbidity Index (CCI) and a history of chronic
obstructive pulmonary disease (COPD; ICD-
9-CM codes 491, 492, or 496)22 were included
and identified in the previous year. The CCI,
which was calculated for each patient according
to outpatient or inpatient care, was divided into 3
groups: 0, 1 to 2, and �3.43 The number of am-
bulatory visits for asthma (4–12, 13–24, and �25
times),25,26,30 whether a patient was hospitalized for
asthma,24 and whether a patient had an ED visit for
asthma22,24,25—all during the COC period—were
used as proxies for disease severity.

Statistical Analysis
The association of patients’ characteristics with
COC was examined using the �2 test for categorical
variables and 1-way analysis of variance for contin-
uous variables. The Cochran-Armitage trend test
was used to evaluate the association of asthma-
related ED visits with the level of COC. In addi-
tion, with the valid proportional hazard assumption
(P � .927),44 Cox regression models were used to
examine the association between COC levels and
the risk of ED visit for asthma in elderly patients
with asthma. In the adjusted model, we calculated

the adjusted hazard ratio (aHR) after adjusting for
sex, age, insurance premium, P4P participation sta-
tus, CCI, COPD, number of ambulatory visits for
asthma, hospitalization for asthma, and ED visits
for asthma. All variables had no multicollinearity in
our model. In addition to these models, we con-
ducted a supplementary analysis including patients
with �4 annual visits.

All analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC). All tests were
2-sided, and a P value �.05 was defined as statisti-
cally significant for all tests.

Results
Table 1 lists the characteristics of the patients with
asthma (n � 3395). The average COCI of elderly
patients with asthma was 0.73 (standard devia-
tion � 0.3; data not shown). Furthermore, 1663
(49.0%), 906 (26.7%), and 826 (24.3%) patients
were included in the perfect (COCI � 1), moderate
(COCI � 0.47–0.99), and low (COCI �0.47)
COC groups, respectively. Across the entire sam-
ple, the mean age was 74.0 years and men com-
prised 50.5% of the patients. Furthermore, 56.3%
of the patients had a low insurance premium, and
89.7% of the patients did not participate in the
asthma P4P program. Regarding medical condi-
tions during the COC period, 80.5% of the pat-
ients had 4 to 12 ambulatory visits. The proportion
of patients with a history of COPD (77.7%), the
number of asthma-related outpatient visits
(83.8%), and the number of asthma-related hospi-
talizations (98.5%) and ED visits (96.8%) during
the COC period were lower in the perfect COC
group than in the low and moderate COC groups.

The incidence of asthma-related ED visits is
shown in Table 2. The overall rate was 3.45%, and
it increased significantly with a decrease in the level
of COCI (perfect: 2.22%, moderate: 3.31%, and
low: 6.05%; P for trend �.01). Of the patients’
characteristics at baseline, a significant dose-re-
sponse association was identified for sex, a low
insurance premium, and no participation in the
asthma P4P program (P for trend �.01). An in-
creased rate of ED visits was found to correlate
with a decreased level of COC among the patients
with a CCI of �3 and patients with a history of
COPD (P for trend �.01). The incidence of asthma-
related ED visits across the 3 COCI levels tended to
increase significantly among the patients with 4 to 12
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or 13 to 24 ambulatory visits, those not requiring
hospitalization, and those having ED visits during the
COC period (P for trend �.01).

The risk of ED visits for asthma is demonstrated
in Table 3. The patients in the low COC group had
a significantly higher risk of asthma-related ED
visits than did the patients in the perfect COC

group (aHR, 2.11; 95% confidence interval [CI],
1.37–3.25). However, the patients in the moderate
COC group exhibited a tendency to visit the ED
because of asthma (aHR, 1.15; 95% CI, 0.70–1.87).
Furthermore, patients with COPD were more
likely to have asthma-related ED visits (aHR, 2.20;
95% CI, 1.46–3.30). Compared with the patients

Table 1. Characteristics of Subjects (N � 3395) by Continuity of Care Index Group

Characteristics Subjects

Level of COCI (%)

P Value*�0.47 (n � 826) 0.47–0.99 (n � 906) 1 (n � 1663)

Total 100.0 24.3 26.7 49.0
Patient characteristics at baseline

Sex .111
Female 49.5 49.9 52.1 47.8
Male 50.5 50.1 47.9 52.2

Age, years (mean � SD) 74.0 (6.2) 73.7 (6.2) 74.0 (6.0) 74.2 (6.2) .155
Insurance premium (US$) .147

�667 56.3 56.8 57.5 55.4
667–1333 27.1 26.3 24.5 28.9
�1333 16.6 17.0 18.0 15.7

P4P participating status .867
Not a participant 89.7 90.1 89.3 89.7
Participant 10.3 9.9 10.7 10.3

Medical conditions
In a preceding year

CCI .094
0 17.0 17.1 14.4 18.3
1–2 11.9 12.8 12.4 11.1
�3 71.1 70.1 73.3 70.5

COPD .004
No 75.3 72.0 73.7 77.7
Yes 24.7 28.0 26.3 22.3

In the COC period
Ambulatory visits for asthma, n �.001

4–12 80.5 82.7 72.6 83.8
13–24 17.3 14.9 24.1 14.9
�25 2.2 2.4 3.3 1.4

Hospitalization for asthma �.001
No 97.0 95.4 95.6 98.5
Yes 3.0 4.6 4.4 1.5

ED visits for asthma �.001
No 94.5 91.0 93.5 96.8
Yes 5.5 9.0 6.5 3.2

Healthcare outcome
ED visits for asthma �.001

No 96.5 93.9 96.7 97.8
Yes 3.5 6.1 3.3 2.2

Data are percentages unless otherwise indicate.
*�2 test for difference in the level of Continuity of Care Index (COCI).
CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; ED, emergency department; P4P, pay for
performance; SD, standard deviation.
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having 4 to 12 ambulatory visits, the patients hav-
ing 13 to 24 or �25 ambulatory visits during the
COC period were 124% (aHR, 2.24; 95% CI,
1.49–3.36) or 203% (aHR, 3.03; 95% CI, 1.44-
6.39) more likely to have more ED visits for asthma,
respectively. Moreover, experience of asthma-related
ED visits during the COC period was associated with
a higher risk of asthma-related ED visits (aHR,
6.69; 95% CI, 4.40–10.17). No significant interac-
tions were observed between the COC groups and
other variables in the regression model. The results
of the supplementary analysis including the pa-
tients with �4 annual visits were consistent with

those obtained from the original models (Appendix
Table 1).

Discussion
Taiwanese nationwide claims data were used in this
study to examine the association between COC and
asthma-related ED visits among older patients with
asthma. The results of this study revealed that half
of the elderly patients with asthma in Taiwan re-
ceived ambulatory asthma care from a single phy-
sician during the first observational year, and the
average COCI was 0.73 among the study popula-

Table 2. Incidence of Emergency Department Visits Across Continuity of Care Index Groups (n � 3395)

Variables Total (n � 3395)

Level of COCI

P for trend*�0.47 (n � 826) 0.47–0.99 (n � 906) 1 (n � 1663)

Overall 3.45 6.05 3.31 2.22 �.01
Patient characteristics at baseline

Sex
Female 1.33 2.18 1.43 0.84 �.01
Male 2.12 3.87 1.88 1.38 �.01

Insurance premiums (US$)
�667 2.06 3.75 2.21 1.14 �.01
667–1333 0.97 1.57 0.77 0.78 .09
�1333 0.41 0.73 0.33 0.30 .19

P4P participating status
Not a participant 3.15 5.45 3.09 2.04 �.01
Participant 0.29 0.61 0.22 0.18 .12

Medical conditions
In a preceding year

CCI
0 0.38 0.61 0.22 0.36 .50
1–2 0.12 0.12 0.22 0.06 .78
�3 2.95 5.33 2.87 1.80 �.01

COPD
No 1.77 2.78 1.99 1.14 �.01
Yes 1.68 3.27 1.32 1.08 �.01

In the COC period
Ambulatory visits for asthma, n

4–12 2.09 3.51 1.77 1.56 �.01
13–24 1.12 2.06 1.32 0.54 �.01
�25 0.24 0.48 0.22 0.12 .13

Hospitalization for asthma
No 3.15 5.33 3.31 1.98 �.01
Yes 0.29 0.73 0.00 0.24 .12

ED visits for asthma
No 2.36 3.63 2.43 1.68 �.01
Yes 1.09 2.42 0.88 0.54 �.01

*Cochran-Armitage trend test.
CCI, Charlson Comorbidity Index; COCI, continuity of care index; COPD, chronic obstructive pulmonary disease; ED, emergency
department; P4P, pay for performance.
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tion. We also observed that internists and family
physicians were the principal outpatient care pro-
viders for patients in our study population; only 9%
of the health care providers for our subjects were
pulmonologists. A high COC score for the elderly
patients with asthma might be attributable to the
asthma P4P program. The Taiwan government
launched the asthma P4P program in 2001 to en-
courage clinics and hospitals to provide patient-
centered care and focus on disease management.

This program provides a financial incentive to
health care providers if their patients have a high
follow-up rate and a low rate of hospitalization and
ED visits for asthma. In addition, a previous study
reported that children with asthma in Taiwan have
a higher average COC score41 than do those in
America and Canada.24,30

The continuous treatment of patients with
asthma through inhaled medicine provides safe and
effective long-term disease management.45 Studies

Table 3. Factors Associated with Emergency Department Visits for Asthma Using Cox Models (n � 3395)

Variables

Crude Model Adjusted model

HR 95% CI HR 95% CI

COCI
1 (Reference) 1.00 1.00
0.47–0.99 1.50 0.92–2.42 1.15 0.70–1.87
�0.47 2.78 1.81–4.25 2.11 1.37–3.25

Patient characteristics at baseline
Sex

Female (reference) 1.00 1.00
Male 1.58 1.09–2.30 1.29 0.88–1.90

Age (years) 1.00 0.97–1.03 0.98 0.95–1.01
Insurance premium (US$)

�667 (Reference) 1.00 1.00
667–1333 0.98 0.65–1.48 1.13 0.74–1.72
�1333 0.67 0.38–1.19 0.94 0.52–1.69

P4P participating status
Not participating (reference) 1.00 1.00
Participating 0.81 0.42–1.55 0.78 0.40–1.50

Medical conditions
In a previous year

CCI
0 (Reference) 1.00 1.00
1–2 0.44 0.14–1.34 0.37 0.12–1.15
�3 1.85 1.04–3.29 1.00 0.53–1.87

COPD
No (reference)
Yes 2.97 2.07–4.27 2.20 1.46–3.30

In the COC period
Ambulatory visits for asthma, n

4–12 (Reference) 1.00 1.00
13–24 2.55 1.72–3.78 2.24 1.49–3.36
�25 4.40 2.12–9.15 3.03 1.44–6.39

Hospitalization for asthma
No (reference) 1.00 1.00
Yes 3.08 1.61–5.89 1.00 0.50–1.99

ED visits for asthma
No (reference) 1.00 1.00
Yes 8.89 6.02–13.13 6.69 4.40–10.17

CCI, Charlson Comorbidity Index; CI, confidence interval; COCI, continuity of care index; COPD, chronic obstructive pulmonary
disease; ED, emergency department; HR, hazard ratio; P4P, pay for performance.
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have suggested an association of superior COC
with fewer ED visits in different populations with
asthma.23,26,30,41,46 Our findings are consistent with
those reported in a previous study focusing on
children.41 That study indicated that 42.3% of chil-
dren with asthma had high COC (COCI � 1), and
those with medium or low COC had a higher risk
of asthma-related ED visits (odds ratio, 1.21 and
1.38, respectively). In addition, a study investigat-
ing the effects of COC on older patients in South
Korea25 supported our finding of an inverse asso-
ciation between COC and the risk of asthma-re-
lated ED visits in elderly patients with asthma. In
that study, the COCI was determined using medi-
cal institution units. Moreover, the study suggested
that improved COC is associated with a lower risk
of ED visits in elderly patients with asthma. Al-
though the effect of COC may vary between dif-
ferent populations, our findings support the asso-
ciation of low COC with a high risk of ED visits for
asthma in elderly populations with asthma.

The data suggest that COC plays a much more
crucial role for older patients with asthma who have
a low insurance premium, have providers who do
not participate in the P4P program, and have a high
CCI score (CCI �3). In studies focusing on adults
or older people, low-income status was found to be
adversely associated with health outcomes.22,23 De-
spite the insignificance of enrollment in the P4P
program, the program seemed to be one of the
factors reducing the risk of asthma-related ED vis-
its in older patients with asthma (aHR, 0.78). A
study reported that P4P programs benefit patients
with diabetes and improve COC as well as health
outcomes.35 In addition, a randomized clinical
study demonstrated that offering financial incen-
tives to both physicians and patients can lead to
superior care outcomes for patients.47 Therefore,
we suggest that governments should consider de-
signing financial incentives for patients and physi-
cians in order to increase their motivation, thereby
improving patients’ COC. Furthermore, elderly
patients with asthma with higher levels of comor-
bidity might have poor health status. Upon suffer-
ing an asthma attack, older patients with asthma
should contact the physician who is their main
health care provider. As a result, these patients may
benefit from improving their own COC.

Older patients with asthma and COPD should
be more diligent regarding follow-up care. The
results of this study revealed that these patients

might have an approximately 2 times higher risk of
asthma-related ED visits, even after considering
COC and other covariables. An increased trend in
the rates of asthma-related ED visits was observed
to correlate with decreased COC levels in these
patients (P for trend �.01). An inverse association
was reported between COC and health outcomes,
such as hospitalization and ED visits, among pa-
tients with COPD.22,25 In addition, asthma–COPD
overlap syndrome has been increasingly discussed
recently because of the similar clinical features of
asthma and COPD.48 Therefore, our results sup-
port the theory that older patients with asthma and
COPD have a higher risk of ED visits. Thus, future
studies should further investigate this issue to
gather more evidence.

Studies evaluating COC for all diseases have
reported that patients with superior COC had a
lower risk of ED visits and avoidable hospitaliza-
tions.23,49 However, the effect of COC on health
outcomes can be confounded if a study includes
several diseases.26 Therefore, focusing on a single
disease can clarify the association between COC
and health outcomes. For instance, Lin et al22 in-
dicated that high COC was associated with a low
risk of avoidable COPD-related hospitalization
among adults with COPD. Our study focused on
elderly patients with asthma and found a signifi-
cantly inverse relationship between COC levels and
the risk of ED visits for asthma. Thus, we suggest
that these patients with low COC should attempt
to develop a continuing relationship with a single
physician in order to reduce the risk of ED visits for
asthma. Our study demonstrates that COC plays a
vital role in the reduction of ED visits for asthma
among elderly patients with asthma. The findings
also suggest that improving COC can be favorable
for both patients and the health care system.36

This study has some limitations. First, it ex-
cluded patients with �4 outpatient visits during the
COC period, which might limit the generalizability
for these patients.50 Second, the claims data did not
include the results of clinical data, such as peak
expiratory flow or forced expiratory volume, to define
disease severity and health status.38,51 Therefore, we
referred to previous studies to adopt the frequency of
ambulatory visits for asthma,25,26,30 hospitalization,24

and ED visits22,24,25 as a proxy for asthma severity,
and we used CCI as a proxy indicator to present
each patient’s health status.21,22,52 Third, we could
not obtain patients’ educational level or household
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income, and this may affect the measurement of
COC and outcomes.23 Hence, we used insurance
premiums as an indicator to represent patients’
socioeconomic status.39 In addition, despite mea-
suring COC before health care outcomes, as sug-
gested by a previous study,53 the problem of tem-
poral ambiguity between COC and health care
outcomes might not be completely avoided. We
recommend that this issue should be further inves-
tigated in the future.

This study has several advantages. First, 99% of
Taiwanese residents are enrolled in the NHI pro-
gram; therefore, the findings are highly representative
of the entire population. Second, the nationwide ad-
ministrative databases include all information on clin-
ical practices and reduce the effect of recall bias,
thereby delivering results that are superior to those
from hospital-based data sets54 or national sur-
veys.55 Third, this study applied a longitudinal de-
sign in order to avoid the problem of a cross-
sectional design and present stronger evidence of
an association between COC and ED visits for
asthma. Fourth, previous studies have explored the
effect of COC on health care outcomes in children
and adolescents with asthma.24,30,41 Our study pro-
vided empirical evidence of an adverse association
between COC and the risk of ED visits among
older patients with asthma. Fifth, we focused on a
specific disease (asthma) and used critical criteria to
identify patients; these criteria could be used more
precisely to reflect the actual asthma care received
and examine the association between COC and
asthma-related ED visits. Previous research has re-
ported that using a specific disease to calculate the
COCI is more helpful for interpreting the relation-
ship between COC and health outcomes.41,56 Fi-
nally, we measured the COCI at the physician level,
which may provide information about the associa-
tion between COC and asthma-related ED visits
among elderly patients with asthma that is superior
to that obtained from measurements at the institu-
tional level.

Conclusions
This study demonstrates that an adverse association
exists between COC and the risk of ED visits
among elderly asthmatics, and that a long-term
continuous relationship with the same physician is
favorable for elderly patients with asthma in order
to improve health care outcomes. We recommend

that policymakers create effective policies for el-
derly patients with asthma to enhance the ongoing
physician-patient relationship and improve disease
control.

To see this article online, please go to: http://jabfm.org/content/
30/3/384.full.
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Appendix Table 1. Factors Associated with Emergency Department Visits for Asthma Using Cox
Models (N � 7578)

Variables

Crude Model Adjusted Model

HR 95% CI HR 95% CI

COCI
1 (Reference) 1.00 1.00
0.47–0.99 2.03 1.34–3.09 1.21 0.76–1.91
�0.47 2.73 1.99–3.74 2.11 1.52–2.92

Patient characteristics at baseline
Sex

Female (4eference) 1.00 1.00
Male 1.49 1.11–1.99 1.27 0.94–1.72

Age (years) 1.01 0.99–1.03 1.00 0.97–1.02
Insurance premium (US$)

�667 (Reference) 1.00 1.00
667–1333 0.80 0.57–1.11 0.92 0.66–1.28
�1333 0.65 0.42–1.02 0.85 0.54–1.34

Asthma P4P program
Not enrolled (reference) 1.00 1.00
Enrolled 1.08 0.57–2.04 0.83 0.43–1.60

Medical conditions
In a previous year
CCI

0 (Reference) 1.00 1.00
1–2 1.21 0.65–2.26 0.84 0.41–1.73
�3 2.28 1.69–3.06 1.39 0.86–2.24

COPD
No (reference) 1.00 1.00
Yes 4.81 3.39–6.82 2.91 1.99–4.25

In the COC period
Ambulatory visits, n

4–12 (Reference) 1.00 1.00
13–24 2.55 1.72–3.78 2.12 1.42–3.19
�25 0.70 0.50–0.96 1.12 0.69–1.84

Hospitalization
No (reference) 1.00 1.00
Yes 5.00 2.95–8.48 1.36 0.76–2.41

ED visits
No (reference) 1.00 1.00
Yes 10.42 7.47–14.54 6.09 4.19–8.85

CCI, Charlson Comorbidity Index; CI, confidence interval; COCI, continuity of care index; COPD, chronic obstructive pulmonary
disease; ED, emergency department; HR, hazard ratio; P4P, pay for performance.
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