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Purpose: The purpose of this study is to investigate the effect of interdependences of 
healthcare providers’ referral behaviors on the quality of ambulatory care. The significance 
of this study is to address the concern regarding the low quality of ambulatory care due to the 
lack of a compulsory referral system under Taiwan’s National Health Insurance system.
Methods: We applied the dynamic connectedness network analysis to estimate the total 
connectedness index of the referral behavior network, which was separated into the hor-
izontal and vertical referral behavior components in order to measure the interdependences of 
horizontal and vertical referral behaviors across hospitals and local clinics, respectively.
Results: Our results suggest that the interdependences of referral behaviors increase the 
quality of ambulatory care. The harmful effect on the quality of ambulatory care from the 
interdependences of horizontal referral behaviors within the local clinics sector is more 
significant than that from the interdependences of horizontal referral behaviors within the 
hospital sector, and the negative effect on the overall and chronic composite measures of 
avoidable hospital admissions from the interdependences of vertical behaviors associated 
with local clinics is more substantial than that from the interdependences of vertical 
behaviors within the hospital sector.
Conclusion: These results not only highlight the significance of care collaboration between 
local clinics and hospitals to restrain avoidable hospital admissions of chronic diseases for 
a better overall quality of ambulatory care, but they also suggest that the surveillance system 
established for the quality of ambulatory care under the global budget payment scheme for 
the local clinics sector should target ambulatory care for patients with acute conditions.
Keywords: connectedness network analysis, connectedness index, referral behavior, referral 
policy, National Health Insurance

Introduction
Background
Taiwan’s National Health Insurance (NHI) system is a single-payer compulsory 
social insurance program providing a comprehensive healthcare package with 
moderate cost-sharing for all residents in Taiwan. This system divides healthcare 
providers into four levels: local clinics (responsible for primary care), district 
hospitals (delivering secondary care), regional hospitals (providing tertiary care), 
and medical centers (dealing with the most complicated illnesses and supporting 
teaching and research in clinical practices). Almost all healthcare providers are 
contracted with the National Health Insurance Administration (NHIA), and 
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healthcare services are reimbursed through the global bud-
get payment scheme on a fee-for-service basis. Therefore, 
healthcare providers have strong incentives to compete 
with the quantity rather than quality of healthcare services 
in order to gain the targeted profit under a fixed total 
budget for healthcare services.1

It is important to address that hospitals provide exten-
sive ambulatory care services for the general public in 
Taiwan. Approximately 66–70% of total healthcare expen-
diture was spent on ambulatory care services, and hospital 
ambulatory departments contributed around 55–60% of 
these ambulatory care expenditures since Taiwan’s NHI 
system was inaugurated in 1995.2 In addition, the health-
care expenditure per visit to ambulatory departments in 
hospitals was around 2–5 times higher than that to local 
clinics during the period of 1995–2019.2,3 Due to there 
being no compulsory referral policy imposed on Taiwan’s 
NHI system, the beneficiaries of the NHI program are 
allowed to visit any number of physicians across different 
hospitals and clinics without any referral restrictions in 
Taiwan. Doctor or hospital shopping behaviors are fre-
quently observed among Taiwanese patients seeking 
ambulatory care from different levels of healthcare provi-
ders, and these behaviors have imposed a detrimental 
effect on both cost and quality of healthcare under 
Taiwan’s NHI system.1,4

In order to build a referral system in a way that would 
effectively constrain ambulatory care spending in the hos-
pital sector, Taiwan’s Ministry of Health and Welfare 
(MOHW) has adopted both demand-side and supply-side 
policies in an effort to promote two-way referral across 
different levels of healthcare providers.5 The demand-side 
policy consists of a copayment-differentiating scheme that 
reduces copayments for referrals to medical centers and 
regional hospitals but increases copayments for healthcare 
at a medical center without a referral, and this policy is 
intended to lead patients to seek healthcare first at local 
clinics.6 The supply-side policy, however, is associated 
with the use of two-way referrals across different health-
care providers initiated by the so-called NHI Family 
Doctor Plan, aiming to encourage local clinics and differ-
ent levels of hospitals in the same residential area to work 
together as a community healthcare group.6 In order to 
consolidate healthcare providers into a community health-
care group, two-way referrals across different levels of 
healthcare providers are further promoted through 
a reimbursement-differentiating mechanism for the inter- 
organizational care collaboration.5 In general, hospitals 

who devote themselves to the treatment of severe illnesses 
or refer patients who need primary care to local clinics 
obtain a higher reimbursement payment. Local clinics and 
hospitals are also encouraged to refer their patients to an 
appropriate specialist in hospitals or local clinics in the 
same way, when specialty care is necessary for their 
patients.5

Since the global budget payment scheme began being 
used to reimburse healthcare services from the hospital 
sector in 2002, the number of hospitals in Taiwan 
decreased by 21% during the period of 2002–2019 due 
to a severe quantity competition of healthcare services for 
the share of a fixed total budget for healthcare services.7 In 
addition, since physicians practicing in hospitals are 
mainly employees of hospitals, the closure of hospitals 
has led physicians to increasingly practice in local clinics. 
We found that the number of local clinics in Taiwan 
increased by 28% during the same period.7 Since the 
healthcare services provided by local clinics are also reim-
bursed by the global budget scheme,6 both hospitals and 
local clinics have strong incentives to follow the two-way 
referral policy in order to look for other financial resources 
beyond the fixed total budget for healthcare services. 
Therefore, two-way referral behaviors have become one 
of the competitive strategies to establish patient-sharing 
networks, allowing healthcare providers to compete for 
their own share of a fixed total budget through maintaining 
loyal patients within the same level of healthcare providers 
or collaborating with different levels of healthcare provi-
ders in order to obtain new patients from referrals.

The effectiveness of demand-side policy on the estab-
lishment of a referral system under Taiwan’s NHI system 
has been extensively examined by recent studies,8,9 and 
the quality of ambulatory care under Taiwan’s NHI system 
has been criticized in terms of providing short visit time 
lengths and failing to provide easy-to-understand explana-
tions to patients.1,4 Therefore, in this study, we intend to 
investigate the effect of interdependences of healthcare 
providers’ referral behaviors (associated with the supply- 
side policy on the establishment of a referral system) on 
the quality of ambulatory care from the market competi-
tion perspective. Previous studies on the effect of market 
competition on the quality of healthcare have generated 
ambiguous results. For example, Jiang et al conducted 
a systematic review and meta-analysis to investigate the 
relationship between hospital competition and the quality 
of inpatient care.10 The results generated from their ran-
dom effect meta-analysis indicated a weak or an 
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insignificant association between hospital competition and 
quality of inpatient care. In addition, Shen et al also 
performed a comprehensive literature review and meta- 
analyses on the relationship between hospital competition 
and 30-day mortality of acute myocardial infarction, and 
results of their meta-regression analyses also suggested 
that there is insufficient evidence to support a connection 
between hospital competition and quality of inpatient 
care.11 Similar to these two meta-analysis studies focusing 
on the linkage between hospital competition and quality of 
inpatient care, recent empirical studies found the effect of 
market competition on quality of healthcare in various 
healthcare markets to be positive in the homecare 
market,12 negative in the physiotherapy and nursing 
home markets,13,14 and inconsistent in the primary care 
market.15,16

It is important to address that the aforementioned stu-
dies exploring the impact of market competition on the 
quality of healthcare applied to a single competition indi-
cator (such as the Herfindahl-Hirschman index) to measure 
market competition. Nevertheless, the major shortcoming 
of using a single competition indicator for measuring 
market competition is that this ignores the fact that inter-
dependences of healthcare providers’ behaviors are the 
underlying mechanism of market competition. It follows 
that most of the previous studies investigating the connec-
tion between a single competition indicator and the quality 
of healthcare failed to model the interdependences of 
healthcare providers’ behaviors (constituting a central 
role in market competition) and regarded the underlying 
mechanism of market competition processing the quality 
of healthcare as a black box.10–16

In order to establish the linkage between the underlying 
mechanism of market competition and quality of health-
care, three research questions of this study were proposed 
as follows: First, whether or not the relationship between 
the underlying mechanism of market competition and 
quality of healthcare could be established. Second, how 
do we model competition and collaboration between hos-
pitals and local clinics and evaluate their impact on the 
quality of ambulatory care? Third, do the interdependences 
of healthcare providers’ referral behaviors have significant 
impacts on the quality of healthcare? It follows that the 
purpose of this study is threefold: First, we unravel the 
underlying mechanism of market competition black box 
by estimating Total Connectedness Index (TCI) of the 
referral behavior network through the dynamic connected-
ness network analyses,17 with the interdependences of 

referral behaviors across hospitals and local clinics mea-
sured by the TCI of the referral behavior network. Second, 
since competition and collaboration between hospitals and 
local clinics are well documented in the literature of 
healthcare service research,18–21 the TCI of the referral 
behavior network was further decomposed into the hori-
zontal and vertical referral behavior components, measur-
ing the interdependences of horizontal and vertical referral 
behaviors across hospitals and local clinics, respectively. It 
is essential to note that the former component portrays the 
coexistence of quantity competition and quality collabora-
tion behaviors within the same level of healthcare provi-
ders under a fixed total budget for healthcare services, and 
the latter component describes the collaboration behaviors 
across different levels of healthcare providers. Third, the 
relationship between the interdependences of healthcare 
providers’ referral behaviors and quality of ambulatory 
care is identified to provide a complete picture of the effect 
of market competition on quality of ambulatory care.

Literature Review
The methodology of network analyses is growing in 
importance in the field of healthcare service research due 
to its capacity to analyze relational phenomena such as 
collaboration and coordination between healthcare entities 
and their inter-reliant activities.22,23 The applications of 
network analysis for healthcare service research include 
the analyses of the patient referral pathway,24,25 the spread 
of infectious diseases,26,27 the dissemination of health 
technology, new drugs and health intervention 
programs,28–30 the formation of collaborative networks of 
health professionals,31,32 the impact of care coordination 
and patient-sharing networks on cost and quality of 
care,33–41 and others.

Despite network analysis having abundant applica-
tions in healthcare service research, studies incorporating 
network analyses to reveal the underlying mechanism of 
healthcare market competition is limited in the literature. 
To the author’s best knowledge, Mascia and Di Vincenzo 
would be the first published research disentangling the 
network of interconnected inter-organizational relation-
ships constituting the underlying mechanism of the mar-
ket competition black box and revealing the effects of 
both collaborative network ties and competitive linkage 
of healthcare providers on hospital performance.42 The 
implications generated from their study are twofold: 
First, collaborative and competitive relationships coexist 
among hospitals, a scenario termed as “co-opetition”. 
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Second, hospital productivity is negatively (positively) 
associated with market competition (care collaboration) 
among providers. Hence, the evidence supports the exis-
tence of trade-offs between collaborative and competi-
tive behaviors with regard to hospital productivity. 
Following this line of research, Mascia et al conducted 
a series of research studies utilizing the same data from 
Mascia and Di Vincenzo42 to formally test the relation-
ship between inter-hospital collaboration and competi-
tion, and their results suggest that market competition 
among healthcare providers does not hinder inter- 
hospital collaboration but the inter-hospital collaboration 
is a significant predictor of competitive interdependences 
among hospitals.43,44

Several challenges inherent in the work of Mascia et al 
are worth to be addressed. First, their results are restricted 
to patent-sharing data (eg, number of patients shared 
within the hospital sector) with some specific criteria of 
threshold (eg, distance) of shared patients that are used to 
serve as a marker of actual competition and collaboration 
among the same levels of healthcare providers. Thus, their 
results are likely to be sensitive to different shared patient 
threshold criteria of threshold.45 Second, the unit of ana-
lysis in the aforementioned studies is the number of 
patients shared among hospitals without any referral path 
information. Therefore, the unit of analysis in these studies 
is not a direct measure for healthcare providers’ referral 
behaviors, and, therefore, their analysis is incapable of 
modeling healthcare providers’ referral behaviors.

In response to the challenges of arbitrarily defining 
a network of healthcare providers without any referral 
path information, we first included 16 referral behaviors 
from four levels of healthcare providers (ie, local clinics, 
district hospitals, regional hospitals, and medical centers) 
delivering ambulatory care services under Taiwan’s NHI 
system as the entities of the referral behavior network, and 
aggregate ambulatory referral visits across these four 
levels of healthcare providers were obtained to acquire 
the referral path information. Second, the dynamic con-
nectedness network analyses17 were used to establish 
a dynamic connectedness network relationship among var-
ious referral behaviors from these four levels of healthcare 
providers. It follows that the TCI of the referral behavior 
network can be further decomposed to portray the inter-
dependences of horizontal behaviors and vertical referral 
behaviors.

This research contributed to existing literature on the 
relationship between healthcare market competition and 

quality of care in two aspects: First, this study emphasized 
the effects of multiple competition indicators (measured by 
various connectedness indices of the referral behavior net-
work) on the quality of ambulatory care in contrast to 
previous research on the relationship between a single 
competition indicator and quality of healthcare.10–16 

Second, contrary to previous research using patient- 
sharing data without referral information to establish net-
work relationships among healthcare providers,42–44 we 
applied healthcare providers’ referral data to directly mea-
sure the interdependences of referral behaviors across dif-
ferent levels of healthcare providers. The results generated 
from this study provide new insights into the relationship 
between market competition and the quality of ambulatory 
care.

Materials and Methods
Methods
Ambulatory care services are delivered by four levels of 
healthcare providers (namely, local clinics, district hospi-
tals, regional hospitals and medical centers) under 
Taiwan’s NHI system. Since there is no compulsory refer-
ral policy, each level of healthcare providers has 4 differ-
ent referral behaviors, we can define a total of 16 referral 
behaviors (see Figure 1 A1–A4) and assign 16 correspond-
ing referral behavior codes, ie, RBCi, i=1,2,…,16). These 
16 referral behaviors could be further separated into hor-
izontal (Figure 1 B1–B3) and vertical referral behaviors 
(Figure 1 C1–C3), corresponding to co-opetition behaviors 
within the same level of healthcare providers under a fixed 
total budget for healthcare services and collaborative beha-
viors across different levels of healthcare providers, 
respectively. Contrary to previous studies that analyzed 
the social network of healthcare providers using specific 
network indicators of patient-sharing data (such as degree, 
density and network ties) to measure either competitive or 
collaborative behaviors among healthcare providers,45 we 
model the interdependences of referral behaviors from 
different levels of healthcare providers through the con-
nectedness network of these 16 referral behaviors (as illu-
strated by Figure 1 D1).

Specifically, we estimated the TCI by measuring the 
total contribution of spillovers from shocks to 16 referral 
behaviors to the total forecast error variance through the 
dynamic connectedness network analysis. Thus, the TCI is 
an index quantifying the total interdependences of these 16 
referral behaviors. Note that we can separate TCI into two 
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Figure 1 Referral behaviors and referral behavior network. 
Notes: MC, RH, DH, and LC indicate medical centers, regional hospitals, district hospitals, and local clinics, respectively. RBCi represents referral behavior code i (i=1,2, …,16) 
generated from MC, RHw, DH, and LC. The circle icons and arrows in A1–A4, B1–B3, and C1–C3 represent decision-making units, and referral paths, respectively. The red, yellow, 
green, and blue dots in D1 are referral behavior codes from MC, RH, DH, and LC, respectively. The blue lines in D1 represent interdependences of referral behavior network.
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components (HRB and VRB), corresponding to contribu-
tions from interdependences of horizontal and vertical 
referral behaviors, respectively, to total interconnectedness 
of the referral behavior network, and a further decomposi-
tion of the interconnectedness of the referral behavior 
network contributed by interdependences of horizontal 
and vertical referral behaviors within the hospital sector 
(ie, HRBH and VRBH) or associated with local clinics (ie, 
HRBL and VRBL) can also be computed accordingly (see 
Section A1 in the online supplementary materials for 
details). Additionally, the relationship between interdepen-
dences of referral behaviors on the quality of ambulatory 
care could be estimated the Ordinary Least Square (OLS) 
method with the robust t-statistics in order to avoid 
a potential serial-correlation bias from the OLS 
estimation.46 The quality of ambulatory care measures 
used in this study is the prevention quality indicators 
(PQIs) developed by the US Agency for Healthcare 
Research and Quality (AHRQ). The PQIs are calculated 
as hospital admissions per 100,000 population for ambu-
latory care-sensitive conditions (ACSCs) for which ade-
quate ambulatory care could avoid hospitalization.47 These 
quality indicators should be relevant measures with which 
to evaluate the quality of ambulatory care under Taiwan’s 
NHI system. Specifically, we regressed the hospital admis-
sions for the ACSCs on explanatory variables (ie, TCI and 
its decomposition) and control variables (namely, demo-
graphic structure and income level). The formal model 
specification for the OLS is displayed in Section A2 of 
the online supplementary materials.

Materials
The data used for the dynamic connectedness network 
analyses include 16 time series of national ambulatory 
referral visits to measure 16 referral behaviors generated 
from local clinics, district hospitals, regional hospitals and 
medical centers under Taiwan’s NHI system. We retrieved 
weekly time series of aggregate ambulatory referral visits 
from the National Insurance Research Database in Taiwan 
over the period from January 1st, 2013 to December 31st, 
2018, generating 313 weekly observations. These 16 time 
series of ambulatory referral visits were proved to be 
stationary data according to the PP unit root test (see 
Section A3 in the online supplementary materials for 
details). Therefore, we applied these data to perform the 
dynamic connectedness network analyses.

In addition, the 2020 version of the prevention quality 
indicators (developed by the US AHRQ) included 10 

individual PQIs measured by admission rate per 100,000 
population.47 Three composite measures of PQIs were used 
to measure the quality of ambulatory care under Taiwan’s 
NHI system. These three composite measures include the 
PQI_90 (Overall PQI composite measure), PQI_91 (Acute 
PQI composite), and PQI_92 (Chronic PQI composite mea-
sure). All PQIs were computed in accordance with the 
guidance of the 2020 version of the prevention quality 
indicators,47 and weekly time series of three composite 
measures were constructed using hospital admission data 
from the National Insurance Research Database from 
January 1st, 2013 to December 31st, 2018. Since all three 
composite measures are aggregate time-series data, the first 
order of difference of time-series data was taken to assure 
the stationarity of these three measures of quality of ambu-
latory care under Taiwan’s NHI system.

Furthermore, we retrieved the monthly data of age 
distribution, labor force, index of average regular earnings 
of employees in the industrial and services sectors (as 
a proxy to measure the income level of residents) from 
the Macroeconomic Statistics and the Demographic 
Statistics Databases in Taiwan. These data enabled us to 
calculate the old-age economic dependency ratio (ie, the 
population aged 65 and above divided by labor force). 
Since these monthly data belong to the unit root time 
series, the temporal disaggregation of time-series method 
proposed by Litterman48 was used to obtain the weekly 
data of these variables in order to prevent potential aggre-
gation of biased relationships between dependent and 
explanatory variables of weekly frequency data.49

Results
Table 1 displays descriptive statistics and unit root tests 
of all variables used in equation (A7) (see Section A2 of 
the online Supplementary materials and Figure 2 for time 
plots of these variables). In order to prevent false correla-
tion between quality of ambulatory care and the under-
lying mechanism of market competition, the first-order 
difference of time series was used to proceed with our 
analyses. Table 2 presents the relationship between the 
interconnectedness of the referral behavior network con-
tributed by various types of referral behaviors (such as 
TCI and its decomposed components of TCI) and the 
quality of ambulatory care (measured by three composite 
measures of PQIs). It is important to address that the 
PQIs measure the worst outcomes of ambulatory care, 
so the negative (positive) signs of the estimated coeffi-
cients represent the beneficial (harmful) effects generated 
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from the variation of explanatory variables. As indicated 
in Panel A of Table 2, the TCI has significant and nega-
tive effects on three composite measures of hospital 
admissions for the ACSCs, and the absolute value of 
the standardized coefficient of TCI for PQI_92 is much 
higher than that for PQI_91. These results indicate that 
interdependences of the referral behaviors across hospi-
tals and local clinics benefits the quality of ambulatory 
care for chronic conditions more substantially than that 
for acute conditions. Additionally, as shown in Panel B of 
Table 2, the beneficial effects of interdependences of 

vertical referral behaviors (VRB) on three composite 
measures of hospital admissions for the ACSCs have 
been substantiated, but the interdependence of the hori-
zontal referral behaviors (HRB) does not generate any 
significant effect on the quality of ambulatory care. In 
addition, the interdependence of vertical referral beha-
viors also benefits the quality of ambulatory care for 
chronic conditions more substantially than that for acute 
conditions, as indicated by a higher absolute value of the 
standardized coefficient of VRB for the PQI_92 than that 
for the PQI_91.

Table 1 Descriptive Statistics of Connectedness Indices and Quality of Care Indicators†

Variables Description Descriptive Statistics Unit Root Tests

Level Level 1st Difference

Mean SD Max Min Cons Cons & 
Trend

Cons Cons & 
Trend

TCI Total Connectedness Index measures total referral 

connectedness within the referral behavior 
network

88.62 0.71 91.14 83.04 −10.00 −10.02 −23.98 −24.09

HRB Referral connectedness generated from horizontal 
referral behaviors from the same level of care 

providers

20.14 0.47 20.89 17.34 −6.55 −7.52 −17.37 −17.28

HRBL Referral connectedness generated from horizontal 

referral behaviors from local clinics

4.55 0.72 5.28 1.20 −5.02 −6.40 −18.03 −18.12

HRBH Referral connectedness generated from horizontal 

integration behaviors from the hospital sector

15.59 0.51 17.70 14.92 −1.88 −2.00 −16.47 −16.89

VRB Referral connectedness generated from vertical 

referral behaviors of care providers from the 

different levels of care providers

68.49 0.52 70.41 65.69 −7.11 −9.63 −29.86 −30.28

VRBL Referral connectedness generated from vertical 

referral behaviors linking with local clinics

34.63 0.70 35.78 32.66 −2.68 −3.59 −27.93 −27.88

VRBH Referral connectedness generated from vertical 

referral behaviors within the hospital sector only

33.86 1.02 36.46 32.62 −1.75 −4.26 −21.19 −21.21

AGE Old-age economic dependency ratio (%) 25.30 1.77 28.64 22.69 2.00 −1.68 −3.58 −3.79

RWI Index of Average Regular Earnings of employees 

for the industrial and services sectors

99.07 2.92 105.59 94.42 1.28 −2.98 −3.40 −3.47

PQI90 Prevention Quality Overall Composite, per 

100,000 population

69.97 5.45 86.34 20.30 −8.20 −8.23 −26.04 −26.20

PQI91 Prevention Quality Acute Composite, per 100,000 

population

28.29 2.49 37.30 5.35 −2.50 −1.97 −21.93 −22.11

PQI92 Prevention Quality Chronic Composite, per 

100,000 population

41.68 3.57 52.36 14.95 −11.57 −11.38 −33.03 −33.17

Notes: †Bold fonts represent 5% (or rigorous) significance levels. The computation and definitions for the TCI, HRB, HRBL, HRBH, VRB, VRBL, and VRBH can be found in the 
Section A1 of the online supplementary materials.
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Although the interdependence of horizontal referral 
behaviors within the hospital sector (HRBH) does not 
show any significant effect, the significantly harmful 
effects of the interdependence of horizontal referral 
behaviors within the local clinics sector (HRBL) on 
three composite measures of hospital admissions for 
the ACSCs are verified (see Panel C of Table 2). 
These harmful effects have more influence on the qual-
ity of ambulatory care for acute conditions than that for 
chronic conditions, corresponding to a higher value of 

the standardized coefficient of HRBL for the PQI_91 
than that for the PQI_92. The interdependence of ver-
tical referral behaviors within the hospital sector 
(VRBH) negatively impacts three composite measures 
of hospital admissions for the ACSCs, and it benefits 
the quality of ambulatory care for chronic conditions 
more substantially than that for acute conditions, as 
shown by a higher absolute value of the standardized 
coefficient of VRBH for the PQI_92 than that for the 
PQI_91.

Figure 2 Quality of care indicators vs network connectedness. 
Notes: VRB(HRB), VRBH(HRBH), VRBL(HRBL) represent referral connectedness obtained by the vertical (horizontal) referral behaviors from four different levels of 
healthcare providers, hospital sector, and local clinics, respectively. TCI=VRB+HRB=(VRBH+VRBL)+(HRBH+HRBL).
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The interdependences of vertical referral behaviors 
associated with local clinics (VRBL) are significantly 
and negatively associated with the Overall (PQI_90) and 
Chronic (PQI_92) composite measures of hospital admis-
sions for the ACSCs. It follows that the beneficial effect of 
the interdependences of vertical referral behaviors asso-
ciated with local clinics (VRBL) is more significant on the 
quality of ambulatory care for chronic conditions than that 
for acute conditions. Moreover, the absolute values of the 
standardized coefficients of VRBL are higher (lower) than 
those of VRBH for the PQI_90 and PQI_92 (PQI_91), 
suggesting that care collaboration between local clinics 
and hospitals would contribute to a better overall quality 
of ambulatory care via reduction of the chronic composite 
measure of hospital admissions for the ACSCs. Finally, we 
identified a negative and significant relationship between 
income and Chronic (PQI_92) composite measure of hos-
pital admissions for the ACSCs. The ageing population is 
most likely to be positively related to three composite 
measures of hospital admissions for the ACSCs but these 
relationships are not significant.

Discussion
Several policy implications obtained from our empirical 
results have merits that should be addressed: First, the 
evidence presented in Panel A of Table 2 shows the 
beneficial effect of the total interconnectedness of the 
referral behavior network on the quality of ambulatory 
care across different levels of healthcare providers, and 
the response of the healthcare providers to market com-
petition leading to a higher connectedness of referral 
behavior network improves the quality of ambulatory 
care for chronic conditions more than that for acute 
conditions. Hence, our findings not only echo the results 
from the previous studies on the relationship between 
market competition and quality of healthcare,10–12,16 but 
they are also consistent with the evidence obtained from 
prior research on the impact of care coordination and 
patient-sharing networks on the cost and quality of 
healthcare.33,35–37,39–41 Moreover, the share of total 
healthcare expenditure spent on chronic diseases has 
increased from 39.9% to 47.9% from the period of 
2010–2020, and the rapidly increasing rate of population 
ageing will further expand healthcare spending on 
chronic diseases in Taiwan.50 The results discussed here 
do provide solid evidence for the importance of promot-
ing and establishing a two-way referral mechanism in 

order to improve the quality of ambulatory care and 
constrain healthcare expenditure growth in Taiwan.

Second, it is worth addressing that the horizontal refer-
ral behavior is referred to as the co-opetition behavior 
since referrals of patients within the same level of provi-
ders not only indicate the collaboration between two 
healthcare providers to provide better care for their 
patients but also imply the healthcare providers’ competi-
tion for a share of a fixed total budget for healthcare 
services. The insignificant effects of the interdependences 
of the horizontal referral behaviors on three composite 
measures of hospital admissions for the ACSCs shown in 
Panel B of Table 2 suggest that the beneficial effect of the 
interdependences of horizontal referral behaviors from 
care collaboration is probably offset by the harmful effect 
of the interdependences of horizontal referral behaviors 
from quantity competition of care within the same level 
of healthcare providers. Our results resemble the trade-off 
relationship between collaborative and competitive beha-
viors in responses to market competition within the same 
level of healthcare providers identified in the literature 
addressing the co-opetition relationship in the healthcare 
market.42–44

Third, the previous theoretical research predicts that 
the global budget payment scheme used to reimburse 
healthcare services would generate a quality-enhancing 
and efficiency-improving outcome if managerial slack 
(consisting of pure inefficiency and consumption in the 
workplace yielding positive utility of medical staff) is 
reduced due to market competition.51 Our findings shown 
in Panel C of Table 2 show that the harmful effect of the 
interdependences of the horizontal referral behaviors 
within the local clinics sector is more significant than 
that of the horizontal referral behaviors within the hospital 
sector. These results reflect the fact that the reduction of 
managerial slack in hospitals is most likely to be higher 
than that in local clinics. In addition, the number of local 
clinics (hospitals) in Taiwan increased (decreased) from 
18,183 (594) in the year 2003 to 22,512 (480) in the year 
2019,7 but the share of the global budget for the local 
clinics (hospital) sector decreased (increased) from 
22.00% (65.00%) to 16.00% (67.47%) during the same 
period.52,53 It follows that the quantity competition of 
healthcare services in the local clinics sector would be 
more severe than that in the hospital sector, and that the 
adverse effect of the interdependences of horizontal refer-
ral behavior within the local clinics sector would have 
a more substantial impact on the quality of ambulatory 
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care for acute conditions than on that for chronic condi-
tions (see Panel C of Table 2). Hence, the surveillance 
system established to track the quality of ambulatory care 
under the global budget payment scheme for the local 

clinics sector should target ambulatory care services for 
patients with acute conditions.

Fourth, it is also worth addressing that vertical referral 
behavior refers to integrated collaboration behavior across 

Table 2 Association Between Network Connectedness and Prevention Quality Indicators†

Panel A: Total Connectedness of Referral Behavior Network

ΔPQI90 ΔPQI91 ΔPQI92

Variables Coef (T-Stat) Standardized 
Coef

Coef (T-Stat) Standardized 
Coef

Coef (T-Stat) Standardized 
Coef

Δ(TCI) −2.912 (−3.45)*** −0.218 −0.456 (−2.42)** −0.102 −2.456 (−3.47)*** −0.241

Δ(AGE) 7.606 (0.68) 0.022 0.079 (0.02) 0.001 7.527 (1.10) 0.029

Δ(RWI) −1.445 (−1.10) −0.050 −0.910 (−2.38)** −0.094 −0.535 (−0.45) −0.024

Constant −0.200 (−1.22) −0.032 (−0.39) −0.168 (−1.56)

Panel B: Decomposition by Referral Behaviors

ΔPQI90 ΔPQI91 ΔPQI92

Variables Coef (T-Stat) Standardized 
Coef

Coef (T-Stat) Standardized 
Coef

Coef (T-Stat) Standardized 
Coef

Δ(VRB) −7.448 (−2.98)*** −0.331 −1.068 (−1.98)** −0.141 −6.379 (−2.94)*** −0.372

Δ(HRB) 3.110 (0.80) 0.109 0.357 (0.35) 0.037 2.753 (0.88) 0.127

Δ(AGE) 3.262 (0.30) 0.009 −0.508 (−0.10) −0.004 3.769 (0.62) 0.014

Δ(RWI) −1.019 (−0.97) −0.035 −0.852 (−2.33)** −0.088 −0.167 (−0.17) −0.008

Constant −0.155 (−1.04) −0.026 (−0.33) −0.129 (−1.32)

Panel C: Decomposition by Referral Behaviors of Hospitals and Clinics

ΔPQI90 ΔPQI91 ΔPQI92

Variables Coef (T-Stat) Standardized 
Coef

Coef (T-Stat) Standardized 
Coef

Coef (T-Stat) Standardized 
Coef

Δ(VRBL) −8.146 (−1.72)* −0.287 −0.652 (−0.59) −0.069 −7.495 (−2.05)** −0.347

Δ(VRBH) −8.291 (−3.28)*** −0.265 −2.281 (−3.47)*** −0.218 −6.010 (−2.98)*** −0.253

Δ(HRBL) 10.691 (2.22)** 0.213 3.314 (2.47)** 0.197 7.377 (1.99)** 0.193

Δ(HRBH) −3.390 (−0.42) −0.065 −2.133 (−0.90) −0.121 −1.258 

–0.21

−0.032

Δ(AGE) 4.184 (0.42) 0.012 0.391 (0.08) 0.003 3.793 

0.57

0.014

Δ(RWI) −1.015 (−0.99) −0.035 −0.819 (−2.37)** −0.085 −0.196 

–0.20

−0.009

Constant −0.273 (−1.45) −0.085 

–1.12

−0.188 

–1.29

Notes: †T statistics were computed as the estimated coefficients divided by the Newey-West standard errors. “***”, “**”, and “*” represent 1%, 5%, and 10% significance 
levels, respectively. Bold fonts represent 10% (or rigorous) significance levels.
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different levels of healthcare providers. Although the posi-
tive effect of the interdependences of vertical referral beha-
viors on the quality of healthcare has been proved (see the 
Panel B of Table 2), the findings from Panel C of Table 2 
show that the negative effects on the overall and chronic 
composite measures of hospital admissions for the ACSCs 
generated from the interdependences of vertical behaviors 
associated with local clinics would have a more substantial 
impact than that from the interdependences of vertical 
behaviors within the hospital sector. The results generated 
from this study exhibit the significance of care collaboration 
between local clinics and hospitals in increasing the quality 
of ambulatory care through decreasing the chronic compo-
site measure of hospital admissions for the ACSCs.

This study is subject to the limitation of data availability. 
A high frequency of data from weekly ambulatory referral 
visits and hospital admissions for the ACSCs were collected 
for the dynamic connectedness network and multiple-linear 
regression analyses in order to obtain a large sample size that 
enables us to estimate 120 (=C16

2 ) bidirectional relations 
between two referral behaviors. Nevertheless, the demo-
graphic and income variables that serve as control variables 
to validate the association between quality of ambulatory 
care and various connectedness indices of the referral beha-
vior network are reported monthly. Thus, the temporal dis-
aggregation of time-series method was adopted to obtain the 
weekly data for our control variables.48 Finally, despite our 
results being validated by our empirical models based on the 
healthcare utilization data from Taiwan, the future research 
derived from this study is to analyze healthcare utilization 
data from other countries based on the same analytic frame-
work in order to see whether or not the results obtained from 
this study are reproducible for other countries.

Conclusions
The lack of a compulsory referral system under Taiwan’s 
NHI system has long been a source of concern regarding the 
detrimental effect of this lack on both cost and quality of 
healthcare services.1,4 In this study, we adopted the dynamic 
connectedness network analysis to investigate the effect of 
referral behaviors across different levels of healthcare provi-
ders on the quality of ambulatory care from a market com-
petition perspective. The results generated from this study 
not only provide solid evidence regarding the significance of 
care collaboration across hospitals and local clinics in curb-
ing the avoidable hospital admissions of chronic diseases 
thus improving the overall quality of ambulatory care, but 
they also accentuate the importance of ambulatory care 

quality surveillance for patients with acute conditions in the 
local clinics sector with reimbursement constrained by the 
global budget payment scheme under Taiwan NHI system.
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