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Abstract 

Background:  High-cost (HC) patients, defined as the small percentage of the population that accounts for a high 
proportion of health care expenditures, are a concern worldwide. Previous studies have found that the occurrence of 
HC population is partially preventable by providing a greater scope of primary health care services. However, no study 
has examined the association between the service scope of primary care facilities and the prevalence of HC popula-
tions. Therefore, this study aimed to investigate the association between the service scope of primary care facilities 
(PCFs) and the prevalence of HC populations within the same communities.

Methods:  A multistage, stratified, clustered sampling method was used to identify the service scope of PCFs as of 
2017 in rural Guizhou, China. The claims data of 299,633 patients were obtained from the local information system 
of the New Rural Cooperation Medical Scheme. Patients were sorted by per capita inpatient medical expenditures in 
descending order, and the top 1%, top 5% and top 10% of patients who had incurred the highest costs were defined 
as the HC population. Logistic regression models were used to assess the association between the service scope of 
PCFs and the prevalence of the HC population.

Results:  Compared with those in the 95% of the sample deemed as the general population, those in the top 5% 
of the sample deemed as the HC population were more likely to be over the age of 30 (P <  0.001), to be female 
(P = 0.014) and to be referred to high-level hospitals (P <  0.001). After controlling for other covariates, patients who 
lived in the communities serviced by the PCFs with the smallest service scope were more likely to be in the top 1%, 
top 5% and top 10% of the HC population.

Conclusion:  A greater PCF service scope was associated with a reduction in the prevalence of the HC population, 
which would mean that providing a broader PCF service scope could reduce some preventable costs, thus reducing 
the prevalence of the HC population. Future policy efforts should focus on expanding the service scope of primary 
care providers to achieve better patient outcomes.
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Background
High-cost (HC) populations have been widely studied 
worldwide. Previous studies in the United States (US) 
and Canada have found that the top 5% of the HC pop-
ulation accounts for approximately 50% of total health 
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care expenditures [1–3]. The HC population was also 
defined as the top 10% or top 1% of patients by medical 
expenditure, who are generally most affected by chronic 
diseases in the last years of their lives [4]. The HC pop-
ulation is also often associated with high need, which 
means that these populations often suffer from three or 
more chronic diseases [1, 5]. These HC populations often 
require extensive attention and consume a dispropor-
tionate share of resources [6]. If their needs for health 
care services are unmet, they will experience a greater 
risk of poor health outcomes and increased health care 
utilization and health care expenditures [7]. Previous 
studies showed that the HC population status for over 
half of certain patients would persist for many years [8]. 
In China, previous studies have found that the top 5% 
of HC families in Hubei Province spent approximately 
44.9% of the total medical expenditures on frequent 
emergency department (ED) visits and hospital stays [9], 
and approximately 68.0% of total medical expenditures of 
families in Jiangsu Province were attributed to the top 5% 
of HC patients [10].

Many studies have proven that health care costs 
incurred by the HC population are partially prevent-
able. Of the 4.8% of potentially preventable Medicare 
spending, 73.8% was used by the HC population [11]. 
In 2010, 32.9% of ED-related costs were incurred by the 
HC population, and 41% of these costs were preventable 
[12]. A population-based study of HC patients with can-
cer in Ontario, Canada, revealed that 9% of their medical 
spending stemmed from potentially preventable or avoid-
able acute care [2]. The overuse of costly therapies and 
services that are disconnected from patients’ multiple 
needs places a heavy burden both on the patients and the 
health care system [13]. Previous studies have also shown 
that HC patients with chronic conditions rely heavily on 
health care services delivered by primary care providers 
[14, 15]. Moreover, simple interventions among patients 
with heart failure in outpatient settings, such as home-
based physical therapy programs, may reduce unneces-
sary spending [11], and intensive outpatient health care 
programs were found to be useful in reducing ED visits, 
hospitalization and costs [16].

A high-quality primary care delivery system usu-
ally requires the enhanced coordination of care and a 
multidisciplinary team [17]. One of the representative 
practices is to establish specialized clinics that provide 
intensive medical, social and psychosocial services with 
a wide array of providers (nurses, medical assistants 
and social workers). This model has been credited with 
a 20% reduction in monthly health care spending and 
a 55% reduction in ED visits [17]. Another study found 
that emphasizing interdisciplinary patient engagement 
led to a 7% reduction in the use of hospitalization and 

a 31% reduction in the rate of 30-day readmission [18]. 
For patients with cardiovascular disease, teams with good 
working relationships among members were also associ-
ated with fewer hospital stays and lower costs for patients 
[19]. Moreover, team-based primary care services could 
also improve the continuity of care, and a greater conti-
nuity of care is related to lower health care expenditures 
[20], thus leading to a reduced prevalence of the HC pop-
ulation [21]. Additionally, compared to beneficiaries with 
fewer regular primary care visits, subgroups with more 
frequent primary care visits had less utilization of ED vis-
its and hospitalization services and fewer overall Medi-
care costs [22].

Complex health care needs require more comprehen-
sive and high-quality services by primary care providers 
[23]. However, current primary care providers in China 
are ill-equipped and not sufficiently trained to manage 
these high-need or HC populations. Many studies have 
shown mixed results. Compared to the non-HC group, 
the HC population had a lower percentage of prevent-
able ED visits and hospitalization costs, and regions with 
a greater density of primary care physicians reported 
greater levels of preventable spending for the HC popula-
tion [12]. Another study also suggested that the non-HC 
population had over three times the rate of preventable 
utilization than HC patients [24]. No consistent asso-
ciation was found between changes in the capacity of 
patient-centred medical homes and the utilization of 
health care services among HC patients [24]. Addition-
ally, clinics that provide complex care management 
did not reduce overall expenditures after discounting 
upfront costs [6]. The reasons for these different results 
are complex. First, these interventions need substantial 
long-term investment, including providing the neces-
sary resources and training courses for these providers. 
For example, team-based care might only provide longi-
tudinal continuity of care rather than interpersonal con-
tinuity of care [21]. Second, the quality of these services 
varies widely and often cannot reach the places that need 
them most [5]. Third, although most studies overempha-
sized the utilization of acute care services, such as ED 
visits and hospitalization services for the HC population, 
nearly 70% of this spending was used in long-term care 
services [8], and the largest driver of inpatient spending 
was catastrophic events. Therefore, the factors associated 
with the prevalence of the HC population remain to be 
examined.

In China, although rural residents account for nearly 
half of the population, medical resources are still concen-
trated in urban areas [25]. To improve access to health 
care services and equity in the utilization of health care 
services, the 2009 New Health Care Reform has provided 
massive financial resources to provide public health care 
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services [26], and the central government has commit-
ted to supporting innovative pilots of home or commu-
nity-based care models, such as the Sanming Model and 
Xiamen Model [27, 28]. Although the Chinese govern-
ment has made great progress in improving equal access 
to basic health care and financial risk protection, gaps 
remain in the efforts to control unreasonable increases in 
health care expenditures [29]. More importantly, the ser-
vice scope of primary care facilities (PCFs) is narrowing, 
so patients tend to seek health care services at higher-
level facilities [26]. Many PCFs only provide services 
regarding chronic disease management and close their 
surgical and obstetric services [30, 31]. A previous study 
indicated that a wider PCF service scope could reduce 
the utilization of health care services outside of PCFs and 
thus reduce overall per capita spending [26]. Therefore, 
it is vital to explore ways to strengthen the primary care 
delivery system to reduce the prevalence of the HC popu-
lation. However, no studies have focused on the asso-
ciation between PCF service scope and the prevalence 
of the HC population, and the extent of the association 
between the service scope of PCFs and the prevalence of 
HC patients remains unclear. Therefore, this study aimed 
to investigate the association between PCF service scope 
and the prevalence of HC populations among corre-
sponding communities.

Methods
Study design and data collection
In 2020, Guizhou Province had a population of 38.9 mil-
lion within an area of 176.1 thousand square kilometres 
in southwestern China. In Guizhou, nearly half (46.9%) 
of the residents live in rural areas, with a total of 2.3 
physicians and 3.0 nurses per 1000 people [32]. Per the 
national guidelines on the capacity-building of PCFs that 
were launched in 2018 [33], only 133 of the 1369 PCFs 
in rural Guizhou met the basic standard criteria of the 
national guidelines for PCFs in 2019. In other words, only 
133 PCFs could provide a wider service scope of preven-
tive and public health services in addition to basic medi-
cal care services [34].

A multistage, stratified clustered sampling method was 
used to collect data on the service scope of PCFs. Two 
cities from Guizhou were randomly selected based on 
their level of economic development; we then selected 
two counties from each city using the same principle. 
The detailed procedure of the sampling methods used 
has been described in a previous study [26]. A web-based 
survey using self-administered questionnaires on the 
service scope of PCFs in 2017 was first conducted under 
the coordination of the chief or deputy chief of the sam-
pled PCFs. As some PCFs located in urban communities 

also served rural residents, a total of 57 rural PCFs and 7 
urban PCFs were sampled. We then collected the claims 
data of 299,633 patients covered by these 64 PCFs from 
the local information system of the New Rural Coopera-
tion Medical Scheme.

Outcome variable
Based on the classification standards of previous stud-
ies, patients were sorted in descending order by their 
per capita inpatient medical care expenditures; the top 
1%, top 5% and top 10% of patients who had incurred 
the highest costs were defined as the HC population 
[4, 9, 10].

Independent variable
The facility-level service scope was divided into pre-
ventive and public health care services and basic medi-
cal care services [26]; these services are expected to be 
provided by the PCFs per the national guidelines for the 
capacity-building of PCFs that were launched in 2018 
[33]. Basic medical care services consist of 1) inter-
nal medicine, 2) surgical care, 3) paediatric services, 4) 
gynaecology services, 5) obstetrics services, 6) dental 
care, 7) referee services, 8) home care, 9) telemedicine 
services, 10) general practice services, 11) family practice 
services, 12) Traditional Chinese Medicine services, 13) 
rehabilitation services, 14) mental health services, 15) 
ED services, 16) hospice care, 17) basic anaesthesiology 
for minor procedures, 18) medical laboratory services, 
19) medical imaging services, and 20) electrocardiogra-
phy services. Preventive and public health services con-
sist of 1) residents’ health records, 2) health education, 
3) vaccination, 4) health management of children aged 
0–6 years, 5) maternal health care, 6) health management 
of older adults, 7) chronic disease management, 8) health 
management of patients with severe mental disorders, 
9) health management of patients with tuberculosis, 10) 
health management services with Traditional Chinese 
Medicine, 11) reporting of and response to infectious 
disease and public health emergencies, and 12) health 
inspection and supervision [26]. The service scope score, 
ranging from 1 to 32, was calculated per cumulative ser-
vice scope by PCFs [26].

Control variables
Age group, sex, and economic status were represented by 
whether the patients were enrolled in the local poverty 
reduction scheme, whether they were reimbursed by the 
Critical Illness Insurance Scheme, and whether they had a 
referral, and these were included as covariates. Length of 
stay was used to represent the severity of diseases [25, 35].
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Statistical analysis
The included PCFs were categorized into five groups 
according to facility-level service scope. Chi-squared 
tests were used to compare the prevalence of the HC 
population among PCFs of different groups in service 
scope. Since a limited higher-level sample size (50 or less) 
could lead to biased estimates of the second-level stand-
ard errors for the two-level regression model [36] and 
missing values in the facility-level factors (29 of 64 PCFs 
did not provide us with any data on the total financial 
subsidies that they received from the government or their 
total number of staff), we used logistic regression mod-
els to assess the association between PCF service scope 
and the prevalence of the HC population. Multicolline-
arity between the included variables was assessed using 
the variance inflation factor (VIF > 10). In this study, the 
VIFs of all regression models were less than 2. Moreover, 
to estimate the potential unmeasured confounding nec-
essary to explain the current results, E-values were cal-
culated for each adjusted relative risk [37, 38]. E-values 
estimated what the relative risk would have to be for any 
unmeasured confounder to overcome the observed asso-
ciation between PCF service scope and the prevalence 
of the HC population. All analyses were conducted with 
Stata 14.0, and a P value < 0.05 was considered to be sta-
tistically significant. In addition, we performed a sensitiv-
ity analysis on the top 1%, top 5% and top 10% of patients 
who comprised the HC populations that had been identi-
fied using the out-of-pocket cost dataset.

Results
Basic characteristics
As shown in Table  1, among the 299,633 patients 
grouped by facility-level service scope, 92,353 (30.8%) 
patients were between 45 and 64 years old, and 66,805 
patients (23.0%) were older than 64 years. Over half of 
the included patients were female (58.3%). Approximately 
one in six patients (13.6%) were enrolled in the local 
poverty reduction scheme, and 188,424 (6.2%) of them 
were referred. The top 5% of the HC population was 
more likely to be over 30 years of age (P <   0.001), to be 
female (P = 0.014) and to have a referral (P <  0.001). The 
top 5% of the HC population also had a slightly greater 
likelihood of being enrolled in the local poverty reduc-
tion scheme than the 95% general population (P <  0.001). 
No statistically significant difference in the length of stay 
between the top 5% HC and the 95% general population 
was found (P = 0.492). In a comparison of basic charac-
teristics between the top 1% HC and 99% general popula-
tion or the top 10% HC and 90% general population, the 
main results remained consistent, except for the noted 
difference in the sex mix between the top 1% HC and 99% 
general population (P = 0.137).

Prevalence of the HC population among different PCF 
service scope groups
As Table  2 shows, within the top 5% HC population, 
we identified a gradual decline in the proportion of the 
HC population as the service scope of PCFs increased, 
which was also observed in the top 10% HC population. 
Although patients who lived in the communities with 
PCFs of the smallest service scope represented the high-
est proportion of the top 1% HC population and those 
areas that had PCFs with the greatest service scope had 
the lowest proportion of the top 1% HC population, the 
differences in the proportion of the 1% HC population 
between the five groups of PCF service scopes were not 
statistically significant (P = 0.173).

Association between PCF service scope and the prevalence 
of the HC population
Figure  1 presents the marginal association between the 
PCF service scope and the prevalence of the top 1%, top 
5% and top 10% HC populations from those same com-
munities. In the adjusted models, compared with patients 
who lived in the communities with PCFs of the smallest 
service scope, the likelihood of there being a top 1% HC 
population among the populations living in communities 
with PCFs of greater service scope declined by 0.08, 0.15, 
0.18 and 0.09%; the proportion of the top 5% HC popula-
tion for patients who lived in communities with PCFs of 
greater service scope declined by 0.28, 0.38, 0.26, 0.34%; 
and the proportion of the top 10% HC population for 
patients who lived in communities with PCFs of greater 
service scope declined by 0.36, 0.57, 0.39 and 0.72% (Sup-
plementary Table 1).

Sensitivity analysis
The results of regression models applied to the top 1%, 
top 5%, and top 10% of the HC population for out-of-
pocket expenditures remained consistent with our main 
results both in the direction and significance (Fig. 2 and 
Supplementary Table 2). The E-values for the point esti-
mates and lower 95% confidence bounds for the top 1%, 
top 5% and top 10% of the HC population are presented 
in Table  3. In this study, an E-value of 1.72 indicated 
that an unmeasured confounder would be necessary to 
increase both the likelihood of shifting from different 
groups of PCF service scopes and the likelihood of the 
top 1% HC population by 1.72-fold if PCF service scopes 
were not associated with the 1% HC population. In other 
words, the E-value of 1.72 was the minimum strength of 
association on the risk ratio scale that an unmeasured 
confounder would need to have with both the PCF ser-
vice scope and the likelihood of the top 1% HC popula-
tion to fully explain away the association, conditional on 
the measured covariates.
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Discussion
To the best of our knowledge, this study is the first to 
examine the association between PCF service scope 
and the prevalence of the HC population in China. Our 
results not only provide evidence for potential ways to 
expand the service scope of primary care providers but 
also offer strategies for reducing the prevalence of the HC 
population. We found that a greater PCF service scope 
was associated with a lower prevalence of the HC popu-
lation, which suggests that a greater PCF service scope 
can help avoid certain preventable costs, thus reducing 
the occurrence of the HC population. Differences in the 
proportion of HC patients by age group and sex once 
they had been enrolled in a poverty reduction scheme 
and regardless of their referral status were also observed.

First, patients living in communities with greater PCF 
service scopes were less likely to be in the HC population. 
This result may be related to the fact that an improved 
comprehensiveness of care can promote the use of health 
management services by those potential HC populations, 
especially those suffering from several chronic diseases 
[1, 5]. On the one hand, a wider PCF service scope sug-
gests that more services are provided by primary care 
physicians; thus, patients’ needs would be better satisfied 
by primary care providers than by medical staff in high-
level hospitals. On the other hand, better health manage-
ment and follow-up services also lead to more utilization 
of preventive services that improve patients’ health sta-
tus with less consumption of health care resources [39, 
40]. As a result, a greater service scope can reduce the 

occurrence of avoidable complications, thus reducing 
some preventable costs. Comprehensive care could also 
promote interpersonal continuity of care among primary 
care physicians, which has been shown to be associated 
with a modest survival improvement without increasing 
the intensity of end-of-life care [41]. Given that approxi-
mately 30% of HC patients are in their last year of life [4], 
a greater PCF service scope might mean better care for 
patients during their final phase of life.

Second, we found that the marginal differences 
detected in facility-level service scope between the top 
5% and top 10% HC populations, between the service 
scopes of quantile 3 vs. quantile 1 and between those of 
quantile 5 and quantile 1 were slightly larger than the 
results of comparisons between the other subgroups and 
quantile 1. One previous study pointed out that a greater 
PCF service scope could lead to a smaller rate of 30-day 
readmission [26], which would promote cost savings 
through a reduction in preventable readmissions and the 
unnecessary utilization of related services. We also found 
that older adults are more likely to be in the HC popula-
tion, which is consistent with a US study that found that 
the HC frail and elderly group accounts for over 40% of 
total potentially preventable spending [4]. Moreover, a 
broader service scope of PCFs, combined with home-
based health care services, could generate cost savings 
for both patients and health care providers [42]. Evi-
dence suggests that meeting their housing, nutritional 
and personal care needs can also reduce patients’ health 
care costs [43]. However, the greatest PCF service scope 

Fig. 1  Marginal differences of facility-level service scope on the prevalence of the HC population, 2017
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was not associated with a reduction in the likelihood of 
the top 1% HC population, which may be related to the 
fact that the top 1% HC population might go to high-
level hospitals directly since PCFs cannot deal with these 
patients’ health care needs. This result raises concerns 
about the effectiveness of tailored interventions that are 
aimed both at the population and community levels in 
meeting the health care needs of these HC patients, espe-
cially those in the top 1% of the HC population [44, 45].

Third, although expanding the service scope of PCFs is 
a promising way to meet the health care needs of the HC 
population and to reduce the incidence of the HC popu-
lation, the presence of most intensive primary health care 
services did not lead to a reduced use of hospitalization 
services or to a reduction in their associated costs dur-
ing the half-year follow-up [46]. The validation of these 
results through the use of a larger-scale dataset and the 
inclusion of a greater number of covariates, such as the 

travel distance between the centre of different com-
munities and the PCFs that service them, is urgent. 
Additionally, policy efforts may also increase health dis-
parities if these interventions disproportionately benefit 
advantaged groups while leaving vulnerable populations 
behind. Therefore, a more detailed assessment of the uti-
lization of practitioner-level and facility-level services 
among different subgroups that could inform the capac-
ity-building of the primary care system in China is also 
warranted.

Limitations
This study has several limitations. First, the self-
reported scope of service programs may be subject 
to social desirability bias. Second, as a less developed 
province in China, the fact that the findings of this 
study are based in Guizhou Province might limit their 
applicability in similar resource-limited settings. Third, 

Fig. 2  Marginal differences of facility-level service scope on the prevalence of the HC population by out-of-pocket cost, 2017

Table 3  E-values for facility-level service scope and HC population, 2017

Note: HC high-cost

Variable 1% HC population 5% HC population 10% HC population
E-value (lower 95% confidence bound)

Quantile 2 (vs. Quantile 1) 1.43 (1.00) 1.35 (1.12) 1.27 (1.07)

Quantile 3 (vs. Quantile 1) 1.63 (1.29) 1.42 (1.25) 1.37 (1.23)

Quantile 4 (vs. Quantile 1) 1.72 (1.33) 1.33 (1.04) 1.29 (1.08)

Quantile 5 (vs. Quantile 1) 1.44 (1.00) 1.39 (1.20) 1.42 (1.30)
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different services might make different potential contri-
butions to the prevalence of the HC population. There-
fore, future studies conducted in other areas or at the 
national level using different weights and relying on 
more abundant datasets are needed to provide compre-
hensive evidence to better inform policy-makers, health 
care organizations and providers. Fourth, causal infer-
ence could be investigated based on a cross-sectional 
study, and future studies should conduct trials to evalu-
ate the extent to which PCF service scope expansion 
could help prevent the incidence of the HC population.

Conclusion
Our results show that a greater PCF service scope is 
associated with a reduction in the prevalence of the HC 
population, which may help inform future policies on 
the capacity-building of PCFs and may guide the imple-
mentation of different prevention, treatment, rehabili-
tation and end-of-life programs. Policy-makers could 
make more tailored efforts to expand the service scope 
of PCFs, including providing multiple primary care 
services and improving the ability of primary care phy-
sicians, thus collaboratively providing appropriate ser-
vices and achieving better patient outcomes.
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